
MC68356 M/AD 

8 

User's Manual 
® MOTOROLA 



PREFACE 

The complete documentation package for the MC68356 consists of MC68356UM/AD, the 
MC68356 Signal Processing Communications Engine User's Manual; MC68356/D, the 
MC68356 Signal Processing Communications Engine Product Brief; DSP56KFAMUM/AD 
the DSP56000 Digital Signal Processor Family Manual; and M68000PM/AD, the M68000 
Programmer's Reference Manual. Information on Plastic Ball Grid Array (PBGA) layout con
siderations is available in AN1231/D, nPlastic Ball Grid Array Application Noten, available 
from your local Motorola sales office. 

The MC68356 Signal Processing Communications Engine User's Manua/describes the pro
gramming, capabilities, registers, and operation of the MC68356; the MC68356 Signal Pro
cessing Communications Engine Product Brief provides a brief description of the MC68356 
capabilities; the DSP56000 Digital Signal Processor Family Manual describes programming 
and the instruction set for the DSP engine; and the M68000 Programmer's Reference Man
ual describes programming and the instruction set for the IMP processor. 

This user's manual is organized as follows: 

Section 1 Introduction 
Section 2 Signal Description 
Section 3 IMP and DSP Clocking and Low Power Modes 
Section 4 68000 Core 
Section 5 
Section 6 
Section 7 
Section 8 
Section 9 
Section 10 
Section 11 
Section 12 
Section 13 

Memory Map 
System Integration Block 
Communications Processor 
PCMCIA Controller 
DSP Memory Modules and Operating Modes 
DSP Port A 
DSP Host Port 
DSP Serial Ports 
IEEE 1149 Test Access Port (TAP) 

Section 14 Electrical Specifications 
Section 15 Ordering Information and Mechanical Data 
Appendix A SCC Performance 
Appendix B Development Tools and Support 
Appendix C DSP Bootstrap Program 

Applications and Technical Information 

For questions or comments pertaining to technical information, questions, and applications, 
please contact one of the following sales offices nearest you. 
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SECTION 1 
INTRODUCTION 

The MC68356 is the first commercially available monolithic device to offer a general purpose 
digital signal processor, CISC microprocessor, and RISC microprocessor on a single chip. 
Included in the list of features of the MC68356 are a static integrated multiprotocol commu
nications processor (IMP) whose features form a superset of the popular MC68302, a static 
DSP56002 based 24-bit digital signal processor with greatly expanded on-board memory 
spaces, a PCMCIA slave interface with a UART block that emulates the UART 16550, and 
a fully programmable low-power management system. These features make the MC68356 
ideally suited for applications requiring DSP technology, portability, low power consumption, 
and high integration. The planned modem version of the MC68356 features fully functional 
ROM resident modem datapump code implementing popular dial line modem protocols, in
cluding the new V.34 standard. 

1.1 MC68356 KEY FEATURES 

The following list summarizes the key features of the MC68356. The features are divided 
into separate sections for the communications processor and DSP portions of the device. 
New features, which do not exist on the current versions of the MC68302 and the 
DSP56002, are highlighted in bold text. 

Integrated Multiprotocol Processor (IMP) Features: 

• CPM68000 Core Processor 

-Fully Static Version of the HCMOS MC68000/MC68008 Core 

-25MHz at 5V, Future Version - 20MHz at 3.3 V 

• System Integration Block Including: 

-Fully Programmable PLL for System Clock Generation with Low Power Clock 
Output Drivers 

-Independent DMA (IDMA) 

-Interrupt Controller with Two Modes of Operation 

-Up to 45 Parallel VO Pins with Up to 8 Extra Input Pins 

-Three Timers Including a Watchdog Timer 

-Four Programmable Chip-Select Lines 

-Glueless Interface to SRAM, EPROM, Flash EPROM, and EEPROM 

-Programmable Interrupt Timer with Independent Clocking 

-Programmable Address Mapping of the Dual-Port RAM and IMP Registers 
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-System Control: 

--Bus Arbitration Logic with Low-Interrupt Latency Support 

--System Status and Control Logic 

--Disable CPU Logic (M68000) 

--Hardware Watchdog 

--DRAM Refresh Controller 

• Communication Processor (CP) 

-RISC Controller 

-Six Serial DMA (SDMA) Channels 

-1152 Bytes of Dual Port RAM 

-Serial Channels Physical Interface: 

--Motorola Interchip Digital Link (lDL) 

--General Circuit Interface (GCI) 

--Pulse Code Modulation (PCM) Highway 

--Non-Multiplexed Serial Interface (NMSI) Implementing Standard Modem Signals 

-SCP for Synchronous Communication 

-Two Serial Management Controllers (SMC's) to Support IDL and GCI Channels 

-Three Serial Communication Channels (SCC's) Protocol Support Includes: 

--HDLC 

--UART 

--UART 16550 Emulation 

--BISYNC 

--Totally Transparent Mode 

-Autobaud Support Up to 115 Kbps with Multiple SCC's 

-Internal Connection Option between SCC1 and DSP SCI with Separate Transmit 
and Receive Clocks 

• PCMCIA Support 

-PCMCIA 2.1 Compatible Slave Interface (8- or 16-bit Options) 

-Support for Ring Detect and Other Indications 

-Support for Power-Down Modes 

-Support for Direct Access by PCMCIA Host to 68000 Bus for Fast Data 
Transfers 

• 16550 Emulation Block 

-Complete HIW and SIW Emulation of the 16550 UART 

-DMA Support for the 68000 Side of the 16550 Emulation Controller 
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-On Chip PLL Can Be Used with 32-KHz Crystal 

-Ability to Change the System Clock Frequency "On the Fly" Using a 
Programmable 4-bit Clock Divider 

-New Low-Power Modes 

-Minimum Current Drain in JlA Range 

-One External Crystal Can Generate Clocks for both IMP and DSP 

Digital Signal Processor Features: 

• DSP56K Central Processing Unit 

-30 MIPS at 60MHz - 5V, Future Version at 22.5 MIPS (45 MHZ) at 3.3 V 

-Single Instruction Cycle 24 x 24-Bit Parallel Multiply-Accumulator 

-Highly Parallel Instruction Set with Unique Addressing Modes 

-Zero-Overhead Nested Do Loops 

-Fast Auto-Return Interrupts 

-On-Chip Emulator (OnCE) for Unobtrusive, Full-Speed Debugging 

-Fully Static Logic, Operating Frequency Down to DC 

-Low-Power CMOS Design 

-STOP and WAIT Low-Power Standby Modes 

• Low Power Control 

-On Chip PLL Can Be Used with 32-KHz Crystal 

-Slow-Go Modes "On the Fly" using the 4-Bit Clock Divider Output 

-Minimum Current Drain in JlA Range 

-One External Crystal Can Generate Clocks for Both IMP and DSP 

• Expanded DSP Memory Spaces: 

~S.2SK x 24 Program RAM 

-64 x 24 Program Bootstrap ROM 

-3K x 24 X-Data RAM 

-2.SK x 24 V-Data RAM 

-2 x 256 x 24 Data Jl and A Law and Sine ROM 

• Full Speed Memory Expansion Port with 16-Bit Address and 24-Bit Data Bus 

• 8-bit Host Interface 

-Internally Connects to 68K Bus 

-Configurable Interface Logic Selects between DMA Transfers and Interrupt-
Driven Transfers 

-Accessible by External 68000 Bus Masters 

• Synchronous Serial Interface (SSI) Port 
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• Serial Communication Interface (SCI+ Port) 

-Separate RX and TX Clocks 

-Internal Connection Option - Internally Connects SCC1 of IMP to SCI of DSP 

-DTE to Datapump Direct Mode - Direct Connection of SCC2 to DSP SCI for 
Support of Synchronous Modem Protocols 

• Direct Access from DSP to 68000 Bus 

-Allows the DSP to Read and Write Locations on the 68000 Bus 

1.2 MC68356 ARCHITECTURE OVERVIEW 

The architecture of the MC68356 is shown in Figure 1-1. The top portion of Figure 1-1 is the 
integrated multiprotocol processor section (IMP), which is based on the MC68302. The low
er half of the block diagram is the DSP section of the MC68356 and includes large memory 
blocks of DSP program and data RAM. 

r-------------------------------
68302 

RISC 
CONTROLLER ~--.--L---r----r---I--+----'~ 

I 

--------------------------------! 
Figure 1-1. MC68356 Block Diagram 
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1.2.1 Integrated Multiprotocol Processor (IMP) Portion of the MC68356 

The integrated multiprotocol processor (IMP) portion, which is based on the MC68302, con
sists of a communications processor section with three serial communications channels 
(SCC) that handle popular communications protocols such as HDLC, asynchronous 
(UART), BYSYNC, and synchronous protocols. Two serial management channels (SMC) 
and an interchip serial interface are also included. Flexible physical interfacing options ease 
connections to ISDN GCI and IDL interfaces as well as other muxed interfacing options. In 
addition, the system integration block includes an IDMA, six serial DMA channels, two gen
eral purpose timers, a watchdog timer, a periodic interrupt timer, an interrupt controller, four 
chip selects and general purpose I/O pins. 

The original dynamic 68000 core used on the MC68302 has been replaced with a new static 
core that has been modified to improve power conservation and increase performance. The 
new core will operate at any oscillator clock frequency between 0 Hz and the maximum al
lowed clock frequency. 

A PLL clock generation module has been added on the MC68356 to allow new power saving 
modes and oscillator/crystal options to optimize system power savings and oscillator parts 
count. The PLL, when enabled, can be driven by any oscillator or crystal frequency between 
25 kHZ and 6 MHZ. The PLL output clock frequency is determined by the multiplication fac,.. 
tor that is written to the PLL by software. The PLL block also includes a frequency divider on 
the output stage, which allows software to adjust the output system clock without forcing the 
PLL to lose lock. An option is also available to enable the IMP clock generation module to 
generate the DSP system clock, which eliminates the need for a separate DSP oscillator or 
crystal circuit. 

The performance of the autobauding function has been improved to allow full use of two 
SCC's while autobauding at speeds up to 115.2 Kbps on a third SCC. 

A PCMCIA block provides a glueless slave interface to a PCMCIA bus conforming to revi
sion 2.1 of the PCMCIA specification. The PCMCIA interface can be configured as either an 
8- or 16-bit slave interface. In a PCMCIA application, the initialization routine requires the 
PCMCIA card to provide the host with information about the configuration of the card. This 
information is called the card information structure (CIS). The MC68356 PCMCIA interface 
allows the CIS to be stored in 68K memory. The host can also directly access the 68000 bus 
by using the direct access mode logic which will allow the host to carry out burst mode ac
cesses to 68000 bus memory locations. Once initialization is cgmplete, application data can 
be transferred via the 16550 emulation or directly into the 68K memory. 

The UART 16550 block allows the MC68356 to appear as a standard COM port to an x86 
style PC. The 16550 emulation block supports the pins, the register set, timing, and interrupt 
structure of the original 16550 device. The 16550 emulation block may be used for PCMCIA 
applications or on a standard AT-card to interface to the AT bus. 

1.2.2 DSP Portion of the MC68356 
The DSP module of the MC68356 is based on a 60 MHz (at 5 V), 30 MIPS version of the 
DSP56002. The DSP56002 is a 24 bit fixed point DSP which includes a full Harvard archi-
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tecture with separate internal X and Y data buses as well as a separate program bus. The 
DSP56002 features fast auto-return interrupts, zero-overhead nested Do loops, and an On
Chip Emulator (OnCE) for unobtrusive, full speed debugging. The internal memory spaces 
have been expanded to include 5.25K x 24 words of program RAM, and 5.5K x 24 words of 
X-V data RAM. The expanded internal memory space of the DSP module offers these ad
vantages: 

1. Increased performance gained from being able to take advantage of the internal par
allelism of the 56002. External DSP memory accesses are reduced or eliminated. The 
56002's Harvard architecture allows it to simultaneously fetch program, X-data, and Y
data memory. This feature cannot be fully utilized for a given instruction when more 
than one type of external memory is used, because the DSP56002 has a single exter
nal system bus. The larger memory blocks improve overall performance by increasing 
the likelihood that the DSP56002 can perform simultaneous accesses to the three 
DSP memory spaces. 

2. Reduced Memory Costs - The expanded internal memory spaces coupled with the 
host port boot mode and the DSP to IMP direct access mechanism allow most appli
cations to store DSP programs in cheaper 68K memory which can be downloaded into 
the DSP56002 when needed. If all DSP programs can be run from the MC68356 in
ternal memory system, the need for external DSP memory is eliminated. If external 
DSP memory is still required, the system can be configured such that the high speed 
DSP algorithms are stored internally, allowing the DSP to use slower RAM for its ex
ternal memory requirements. The reduction or elimination of external DSP memory re
sults in lower power and reduced system cost. 

The host interface of the original DSP56002 is internally connected to the 68K bus. Internal 
interface logic is provided to allow the host port to be accessed via the IMP IDMA unit or via 
interrupt request logic to the 68000 core. In addition, the host port can be accessed by ex
ternal 68000 bus masters. 

The MC68356 also supports a 56002 to 68000 bus direct access mechanism to allow the 
56000 core to access the 68000 bus via direct access logic to store and retrieve data at 
68000 bus speeds. The mechanism is convenient for storing data in slower, cheaper 68000 
memory space. 

The addition of separate Rx and Tx clocking to the SCI port (now called the SCI+) and its 
connection to SCC1 provide the MC68356 with another link between the IMP and DSP. The 
modifications to the host interface and the SCI port improve communication between the 
communications processor and DSP modules of the MC68356, and eliminate the need for 
additional logic that would normally be required to interface a DSP to the serial interface of 
an embedded controller. 

1.3 DESIGNING WITH MC68356 

Since the MC68356 provides the functions of a higher performance MC68302 and a power
ful DSP core in a Single chip, many designers who currently use the MC68302 with a DSP 
in the same system may want to upgrade their current and future designs with the MC68356. 
The following paragraphs briefly discuss the issues that would be faced in such an effort. 
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The MC68356 is not pin compatible with either the MC68302 or the DSP56002, since it is a 
combination of the two devices. Some of the pins in these devices are removed on the 
MC68356 as described in Section 2 Signal Description. New pins are added, and for the 
IMP, new pin multiplexing options have been added as well. 

The MC68356 is available in the PBGA package (plastic ball grid array) which has more pins 
and a different physical interface than the QFP and PGA packages used by the MC68302 
and DSP56002. 

1.3.2 Glueless Interfaces 

Three new pins (OE, WEH, WEL) have been added to facilitate glueless interfacing to 
SRAM, EPROM, Flash EPROM, and EEPROM on the 68000 bus. 

1.3.3 Software Compatibility Issues 

The instruction sets of the IMP (68302) and DSP (56002) in the MC68356 are identical to 
their discrete counterparts. 

Previous users of the MC68302 and DSP56002 will notice that very few features of these 
components have been removed during the integration. The main issue in upgrading a sys
tem operating with a separate DSP56002 and MC68302 is to modify the software to take full 
advantage of the new features of the MC68356. 

1.4 APPLICATIONS FOR MC68356 

Having a powerful DSP in combination with an integrated communication controller allows 
the MC68356 to be especially useful in communications applications. High-speed fax and 
modem applications are well-suited for this device. Other applications include medical in
struments, PBXs, base stations, PDAs, and wireless communication systems. 

1.4.1 General Purpose Application 

Figure 1-2 shows a general purpose application that includes a T1 connection running 
HDLC, an asynchronous channel, and a PCMCIA or ISA bus interface to a host computer. 
On the DSP side, the diagram shows that multiple codecs or analog to digital converters can 
be connected in parallel to the DSP synchronous serial interface (SSI), as well as to the ex
ternal DSP bus. 
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Figure 1-2. General Purpose Application 
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1.4.2 MC68356 Minimum Memory System Configuration 

Figure 1-3 shows the minimum memory system configuration required for an MC68356 de
sign. This system uses an EPROM (flash or regular) to store program code for the system, 
and SRAM for no wait state program and data memory. No external decode logic is needed 
for the memory interface because of the internal chip selects which include the WEH, WEL 
and OE decodes. Since the DSP processor has 5.25K of program SRAM and 5.5K of data 
SRAM residing on-chip, all program and data code can be stored in the 68000 memories 
and downloaded via the internal host port connection to the DSP using the host port boot 
mode. Later transfers of program and data code in 68K memory can be initiated by the DSP 
using the DSP to 68000 direct access mechanism without requiring service from the 68000 
core. 
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Figure 1-3. MC68356 Minimum Memory System Configuration 

1.4.3 Modem Applications 

The architecture of the MC68356 lends itself particularly well to high-speed modem applica
tions. The MC68356 has been specifically tailored to meet the requirements of the new V.34 
modem standard. Figure 1-4 shows a PCMCIA modem application using the MC68356. Fig
ure 1-5 shows a typical "box modem" application which uses an RS232 interface to the DTE. 
Figure 1-6 shows a modem ISA bus card that takes advantage of the 16550 UART built into 
the MC68356. An upcoming version of the MC68356 will include a complete modem data
pump in on-chip ROM so that no external DSP memory will be needed. Note that the need 
for a separate PCMCIA interface chip as well as a controller to DSP interface chip is elimi
nated. 
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1.4.4 Fax/Modem Software Availability 

To meet this application need, DSP data pump functions of a V.34 modem can be obtained 
directly from Motorola. The following industry standards and functions will be supported by 
the DSP datapump software: 

• V.34 

• V.33 

• V.32bis with rate re-negotiation 

• V.32 

• V.29 

• V.27ter 

• V.23 

• V.22bis 

• V.22 

• V.21 

• V.17 

• 8ell212A 

• 8ell103 

• Test Mode Support 

Check with Motorola to obtain release schedules of the various components of this software. 
This software will be made available for purchase in a special mask ROM part number. Mo
torola will continue to develop and supply DSP software in MC68356 internal DSP ROM that 
will support future dial line modem standards. 
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SECTION 2 
SIGNAL DESCRIPTION 

This section defines the MC68356 pinout (Figure 2-1). The input and output signals of the 
MC68356 are organized into two main groups, the IMP pins and the DSP pins. Each group 
is then organized into functional groups and described in the following sections. For more 
detail on each Signal, refer to the paragraph named for the signal. 

PORT AlDATA 000·0023 ~ 
SCO·SC2 

SCK Port C/SSI 

OAO-OA15 SRO 

PS~ STO 

PORT A/ADDRESS OS~ 

xfi~ 
OSCKlOS1rrCK 

~ OSlfOSOfTDI OnCE/JTAG 

DSGil3S ~ OSOfTDO 

PORT A/CONTROL i5BRIWT --.. DSP ..-- ORrrMS 

RO ..--~ 

WFi~ JTAG_ONCE 

MOOCfNKiIT --.. 
RESET 
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INT. AND MODE 
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DEXTAL 
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Figure 2-1. Functional Signal Groups 
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Signal Description 

2.1 IMP PINS 

Some of the pins allotted to the IMP portion of the MC68356 are multiplexed between the ~ 
normal IMP signals and the PCMCIA signals.The pin multiplexing is organized so the user ~ 
has all the corresponding IMP pins available when not using PCMCIA. In fact, when not us-
ing the PCMCIA interface, additional PIO ports are available. The following paragraphs 
describe the IMP signals, assuming that the PCMCIA interface is notenabled. The PC-
MCIA signals are described following those paragraphs. The PCMCIA interface is enabled 
by strapping the PC_EN pin high. 

The IMP uses a standard M68000 bus for communication between both on-chip and exter
nal peripherals. This bus is a single, continuous bus existing both on-chip and off-chip. Any 
access made internal to the device is visible externally. Any access made external is visible 
internally. Thus, when the M68000 core accesses the dual-port RAM, the bus signals are 
driven externally. Likewise, when an external device accesses an area of external system 
memory, the chip-select logic can be used to generate the chip-select signal and DTACK. 

The input and output signals of the IMP are organized into functional groups as shown in 
Table 2-1 and Table 2-2. 

Table 2-1. IMP System Bus Pins 

Group Signal Name Mnemonic 1/0 Section 

Crystal Oscillator 
EXTAL, I 
XTAL 0 

Clock 
2.3.6 IMP and DSP External Filter Capacitor XFC I 
Clock and PLL Pins 

Clock Mode Select 1 and 2 MODCLK1,2 I 

Clock Out CLKO 0 

Reset ~ I/O 

Halt 'RA[T I/O 
System 

Bus Error S'E11R I/O Control 2.1.1 System Con-
Bus Width Select BUSW I trol 

Disable CPU DISCPU I 

Three-State Tl1TS I 

Address Bus A23-A1 I/O 2.1.2 IMP Address 
Address Bus Pins (A23-A1) 
and FC 2.1.6 Interrupt Function Codes FC2-FCO I/O Control Pins 

Data Data Bus 15-0 D15-DO I/O 2.1.3IMP Data Bus 
Pins (D15-DO) 
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Table 2-1. IMP System Bus Pins 

Group Signal Name Mnemonic 110 Section 

Address Strobe AS I/O 

Read/Write RlW I/O 

Upper Data Strobe / Address 0 Ol:)'S'/AO I/O 

Lower Data Strobe / Data Strobe LOS/OS I/O 

Data Transfer Acknowledge UTACK I/O 

Bus Read-Modify-Write Cycle/ Interrupt Output 1/ RMC/IOUT1/ I/O 
2.1.4 Bus Control Control PCMCIA Address PC_AO I Pins 

Internal Access lAC 0 

Bus Clear scm/ I/O 
PCMCIA Address PC_A1 I 

Write Enable High WEH 0 

Write Enable Low WIT 0 

Output Enable OE 0 

Bus Request S1i I/O 
Bus Bus Grant BG I/O 2.1.5 Bus Arbitra-
Arbitration tion Pins 

Bus Grant Acknowledge EGACK I/O 

Interrupt Priority Level 0/ Interrupt Request 1 TPlJ)t'TRQ"f I 

Interrupt Interrupt Priority Level 1 / Interrupt Request 6 "fl5[f !T11Q6 I 2.1.6 Interrupt Con-
Control Interrupt Priority Level 2/ Interrupt Request 7 TP12!TIiQ7 I trol Pins 

Autovector / Interrupt Output 0 ~/IOOTO I/O 

Chip Select 0 or Interrupt Output 2 csolRJUT2 0 2.1.17 Chip-Select Chip Select 
Chip Select 1-3 CS1-TIS3 0 Pins 

Spare Not Connected NC1-5 2.1.18 No-Connect 
Pins 

2.3.6 IMP and DSP 
Clock Synthesizer Ground GNDSYN I Clock and PLL 

Pins 

Power 
Clock Synthesizer Power VCCSYN I 

System Power Supply and Return VCC,GND I 2.4 Power and 
Ground Pins 
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Signal Description 

Table 2-2. IMP Peripheral Pins 

Group Signal Name Mnemonic 1/0 Section 

Receive Data I Layer 1 Receive data RXD1/L1 RXD I 

Transmit Data I Layer 1 Transmit data TXD1/L1TXD 0 

Receive Clock I Layer 1 clock RCLK1/L 1 CLK 1/0 

Transmit Clock I PCM Sync I TCLK1/L 1 SYO/SDS1 1/0 
Serial Data Strobe 1 

NMSI1 or Carrier Detect I Layer 1 Sync I PCMCIA Address 
crrf/L 1 SY11 

I 2.1.10 NMSI1 or 
ISDN PC_A11 ISDN Interface Pins 

Clear To Send I Layer 1 Grant I PCMCIA Address 
CTST/L1GR 

I PC_A10 

Request To Send I Layer 1 Request I 'RTST/L 1 RQ/GCIDCU 
0 GCI Clock Out! PCMCIA WAIT PC_WAIT 

Baud Rate Generator 1 Output I PCMCIA Status 
Changed BRG1/~C_sTSCRG 0 

Receive Data I Port A I RXD2IPAOI 1/0 
PCMCIA Data PC_D8 

Transmit Data I Port A I TXD2IPA11 1/0 
PCMCIA Data PC_D9 

Receive Clock I Port A I RCLK2IPA2I 1/0 
PCMCIA Data PC_D10 

NMSI2 or Transmit Clock I Port A I TCLK2IPA31 1/0 PORTA PCMCIA Data PC D11 
or 2.1.11 NMSI2 Port 

PCMCIA Clear To Send I Port A I CTS2IPA41 or Port A Pins 

Data PCMCIA Data PC D12 1/0 

Request To Send I Port A I 'RTS2/PA51 1/0 
PCMCIA Data PC_D13 

Carrier Detect I Port A I CD2/PA61 1/0 
PCMCIA Data PC_D14 

Baud Rate Generator 2 Output I Port A I BRG2IPA71 1/0 
PCMCIA Data PC_D15 

Receive Data I Port A RXD3/PA8 1/0 

Transmit Data I Port A TXD3/PA9 I/O 

Receive Clock I Port A RCLK3/PA10 1/0 
NMSI3 or 

Transmit Clock I Port A 2.1.12 NMSI3 Port PORTA TCLK3/PA11 1/0 
or SCP Receive Serial Data I Clear To Send SPRXD/CTS3 

or Port A Pins or 

SCP Pins 
I SCP Pins 

SCP Transmit Serial Data I Request To Send SPTXDIIiTS3 0 

SCP Clock I Carrier Detect SPCLK1CIT3 1/0 

Baud Rate Generator 3 Output I Port A BRG3/PA121 1/0 

DMA Request I Port A ~PA13 1/0 
IDMAPinsor DMA Acknowledge I Port A ~PA14 1/0 2.1.13IDMA or Port 
PORTA A Pins 

DMA Done I Port A '[j'Q]\J'EfP A 1 5 1/0 

Interrupt Acknowledge I Port B TACl(7/PBO 1/0 
lACK or 

~/PB1 PORT B or Interrupt Acknowledge I Port B 1/0 2.1.14 lACK or PIO 
PCMCIA 

Interrupt Acknowledge I Port B I lACRf/PB2I 
Port B Pins 

control pin 
PCMCIA Address Buffer Enable PC_ABUF 1/0 
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Table 2-2. IMP Peripheral Pins 

Group Signal Name Mnemonic 1/0 Section 

Timer 1 Input I Port B TIN1/PB3 liD 
TIMERs&ins Timer 1 Output I Port B I TOUT1/PB41 
or PCM IA liD 
control pins PCMCIA Address PC_A11 

WCMCIA Timer 2 Input I Port B I TIN2IPB51 liD 2.1.15 Timer Pins fllns are ac- PCMCIAWAIT PC WAIT 
ive on~ 

when I DN Timer 2 Output I Port B I rnoT2/PB61 
interface is liD 
needed) PCMCIA Address PC_A10 

Watchdog I Port B wr:>rn!/PB7 I/O 

2.1.16 Parallel liD 
Port B liD Port B PB11-8 liD Pins with Interrupt 

Capability 

Port C PCIOO-7 liD 
PCMCIA Low Data Bus PC_DO-7 

PCMCIA Enable PC_EN I 

PCMCIA Ready_Busy I Interrupt Request PC_RDY_BSYtmE:i 0 

Port D I PCMCIA 10 Read PDIO/PC lORD I 

Port D I PCMCIA 10 Write PDI1/PCJOWR I 

PCMCIA or Port D I PCMCIA Write Enable PDI2IPC_WE I 
PORTe OR 

Port D I PCMCIA REG PD 13f15'C'Rrn I 
2.2 PCMCIA Pins 

PORTD 

Port D I PCMCIA Output Enable PD14/jS'C'QE I 

Port D I PCMCIA Card Enable 1 PDI5~ I 

Port D I PCMCIA Card Enable 2 PDI6/PC_CE2 I 

Port D I PCMCIA Address PDI7/PC_A25 I 

Port D I PCMCIA Address PDI8-15/PC_A2-9 I 

Signals in bold italics are enabled when the PCMCIA pins are enabled. 

All pins except EXT AL and CLKO support TTL levels. EXT AL, when used as an input clock, 
requires CMOS levels. CLKO supplies a CMOS level output. 

All outputs (except CLKO) can drive up to 100 pF. CLKO is designed to drive up to 50 pF. 

2.1.1 System Control 

The system control pins are shown in Figure 2-2. 

2-6 

MC68356 

~ 

RID 
'8'ERR 
BUSW 
'[)fS"C15U 

TRlS 

Figure 2-2. System Control Pins 
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RESET - Reset 

This bidirectional, open-drain signal, acting as an input and asserted along with the HALT ~ 
pin, starts an initialization sequence called a total system reset that resets the entire IMP. ~ 
RESET and HALT should remain asserted for at least 100 ms at power-on reset, and at least 
10 clocks otherwise. The on-chip system RAM is not initialized during reset except for sev
erallocations initialized by the CPo 

An internally generated reset, from the M68000 RESET instruction, causes the RESET line 
to become an output for 124 clocks. In this case, the M68000 core is not reset; however, the 
communication processor is fully reset, and the system integration block is almost fully reset 
(refer to Section 5 Memory Map for a list of the unaffected registers). The user may also use 
the RESET output signal in this case to reset all external devices. 

During a total system reset, the address, data, and bus control pins are all three-stated, ex
cept for CS3-CSO, WEH, WEL, and OE, which are high, and lAC, which is low. The BG pin 
output is the same as that on the BR input. The general-purpose 1/0 pins are configured as 
inputs except for WOOG, which is an open-drain output. The NMSI1 pins are all inputs, ex
cept for RTS1 and TXD1, which output a high value. RTS3 is high, CLKO is active and BRG1 
is CLO/3. 

NOTE 

The RESET pin should not be asserted externally without also 
asserting the HALT pin. To reset just the internal IMP peripher
als, the RESET instruction may be used. 

Besides the total system reset and the RESET instruction, some of the IMP peripherals have 
reset bits in one of their registers that cause that particular peripheral to be reset to the same 
state as a total system reset or the RESET instruction. Reset bits may be found in the CP 
(in the CR), the IOMA (in the CMR), timer 1 (in the TMR1), and timer 2 (in the TMR2). 

HALT-Halt 

When this bidirectional, open-drain signal is driven by an external device, it will cause the 
IMP bus master (M68000 core, SOMA, or IOMA) to stop at the completion of the current bus 
cycle. If the processor has stopped executing instructions due to a double-fault condition, 
this line is driven by the processor to indicate to external devices that the processor has 
stopped. An example of a double-fault condition is the occurrence of a bus error followed by 
a second bus error during the bus error exception stacking process. This signal is asserted 
with the RESET signal to cause a total IMP system reset. If BERR is asserted with the HALT 
signal, a retry cycle is performed. 

BERR-Bus Error 

This bidirectional, open-drain signal informs the bus master (M68000 core, SOMA, IOMA, or 
external bus master) that there is a problem with the cycle currently being executed. This 
signal can be asserted by the on-chip hardware watchdog (bus timeout because of no 
DTACK), by the chip-select logic (address conflict or write-protect violation), or by external 
circuitry. If BERR is asserted with the HALT signal, a retry cycle is performed. 
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BUSW-Bus Width Select 

This input defines the M68000 processor mode (MC68000 or MC68008) and the data bus 
width (16 bits or 8 bits, respectively). BUSW may only be changed upon a total system reset. 
In 16-bit mode, all accesses to internal and external memory by the MC68000 core, the ID
MA, SDMA, and external master may be 16 bits, according to the assertion of the UDS and 
LDS pins. In 8-bit mode, all M68000 core and IDMA accesses to internal and external mem
ory are limited to 8 bits. Also in 8-bit mode, SDMA accesses to external memory are limited 
to 8 bits, but CP accesses to the CP side of the dual-port RAM continue to be 16 bits. In 8-
bit mode, external accesses to internal memory are also limited to 8 bits at a time. 

Low = 8-bit data bus, MC68008 core processor 

High = 16-bit data bus, MC68000 core processor 

DISCPU-Disable CPU (M68000 Core) 

The IMP can be configured to work solely with an external CPU. In this mode the on-chip 
M68000 core CPU should be disabled by asserting the DISCPU pin high during a total sys
tem reset (RESET and HALT asserted). DISCPU may only be changed on a total system 
reset. 

The DISCPU pin, for instance, allows use of several I MPs to provide more than three SCC 
channels without the need for bus isolation techniques. Only one of the IMP M68000 cores 
is active and services the other IMPs as peripherals (with their respective cores disabled). 
Refer to 6.7.4 Disable CPU Logic (M68000) for more details. 

TRIS - TRI State 

This input is sampled during total system reset (RESET and HALT asserted), and when as
serted, three-states all of the MC68356 pins. 

2.1.2 IMP Address Bus Pins (A23-A1) 

The address bus pins are shown in Figure 2-3. 

MC68356 ... A23 - A1 

Figure 2-3. Address Bus Pins 

A23-A1 form a 24-bit address bus when combined with UDS/AO. The address bus is a bi
directional, three-state bus capable of addressing 16M bytes of data (including the IMP in
ternal address space). It provides the address for bus operation during all cycles except 
CPU space cycles. In CPU space cycles, the CPU reads a peripheral device vector number. 
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These lines are outputs when the IMP (M68000 core, SOMA or 10MA) is the bus master and 
are inputs otherwise. 

2.1.3 IMP Data Bus Pins (015-00) 
The data bus pins are shown in Figure 2-4. 

MC68356 ~ • 023 - 01 

Figure 2-4. Data Bus Pins 

This 16-bit, bidirectional, three-state bus is the general-purpose data path. It can transmit 
and accept data in either word or byte lengths. For all 16-bit IMP accesses, byte 0, the high
order byte of a word, is available on D1S-08, conforming to the standard M68000 format. 

When working with an 8-bit bus (BUSW is low), the data is transferred through the low-order 
byte (07-00). The high-order byte (01S-08) is not used for data transfer, but 08-01Sare 
outputs during write cycles and are not three-stated. 

2.1.4 Bus Control Pins 

The bus control pins are shown in Figure 2-S. 

MC68356 

AS 
RlW 
OUSlAO 
IJjS/lJS 
DTACK 
RMclloOT1 
lAC 

BClR 

~ 

WEH, WEl 

Figure 2-5. Bus Control Pins 

AS-Address Strobe 

This bidirectional signal indicates that there is a valid address on the address bus. This line 
is an output when the IMP (M68000 core, SOMA or 10MA) is the bus master and is an input 
otherwise. 
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R/W-ReadlWrite 

This bidirectional signal defines the data bus transfer as a read or write cycle. It is an output 
when the IMP is the bus master and is an input otherwise. 

UOS/AO-Upper Data Strobe/Address 0 

This bidirectional line controls the flow of data on the data bus. When using a 16-bit data 
bus, this pin functions as upper data strobe (UDS). When using an 8-bit data bus, this pin 
functions as AO. When used as AO (Le., the BUSW pin is low), then the pin takes on the tim
ing of the other address pins, as opposed to the strobe timing. This line is an output when 
the IMP is the bus master and is an input otherwise. 

LOS/OS-Lower Data Strobe/Data Strobe 

This bidirectional line controls the flow of data on the data bus. When using a 16-bit data 
bus, this pin functions as lower data strobe (LOS). When using an 8-bit data bus, this pin 
functions as OS. This line is an output when the IMP (M68000 core, SOMA or IDMA) is the 
bus master and is an input otherwise. 

DTACK-Data Transfer Acknowledge 

This bidirectional signal indicates that the data transfer has been completed. OTACK can be 
generated internally in the chip-select logic either for an IMP bus master or for an external 
bus master access to an external address within the chip-select ranges. It will also be gen
erated internally during any access to the on-chip dual-port RAM or internal registers. If 
OTACK is generated internally, then it is an output. It is an input when the IMP accesses an 
external device not within the range of the chip-select logic or when programmed to be gen
erated externally. 

RMC/IOUT1-Read-Modify-Write Cycle Indication/Interrupt Output 1 

This signal functions as RMC in normal operation. RMC is an output signal that is asserted 
when a read-modify-write cycle is executed. It indicates that the cycle is indivisible. 

When the M68000 core is disabled, this pin operates as IOUT1. IOUT2-IOUTO provide the 
interrupt request output signals from the IMP interrupt controller to an external CPU when 
the M68000 core is disabled. 

lAC-Internal Access 

This output indicates that the current bus cycle accesses an on-chip location. This includes 
the on-Chip 4K byte block of internal RAM and registers (both real and reserved locations), 
and the system configuration registers ($OFD-$OFF). The above-mentioned bus cycle may 
originate from the M68000 core, the IOMA, or an external bus master. Note that, if the SOMA 
accesses the internal dual-port RAM, it does so without arbitration on the M68000 bus; 
therefore, the lAC pin is not asserted in this case. The timing of lAC is identical to that of the 
CS3-CSO pins. 

lAC can be used to disable an external address/data buffer when the on-Chip dual-port RAM 
and registers are accessed, to prevent bus contention. Such a buffer is optional and is only 
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required in larger systems. An external address/data buffer with its output enable (E) and 
direction control (dir) may be placed between the two bus segments as shown in Figure 2-~ 
6. The lAC signal saves the propagation delay and logic required to OR all the system chip-~ 
select lines together to determine when to enable the external buffers. 

IMP OTHER MASTER/SLAVE OTHER MASTER/SLAVE 

" ~ ~ " - , 

lAC E BUFFERS DIR RiW 

, 
" " -

~ ~ 
, 

, 

RAM ROM OTHER SLAVE 

Figure 2-6. External Address/Data Buffer 

BCLR-Bus Clear 

This open-drain output indicates that the M68000 core or the serial OMA (SOMA) requests 
the external bus master to release the bus. The core may be configured to assert this signal 
when it has a pending interrupt to execute. The SOMA asserts this signal when one of,.the 
SCCs is requesting OMA service. 

When the M68000 core is disabled, this signal is an input to the independent OMA (IOMA) 
and is interpreted as a bus release request. It remains an output from the SOMA in this 
mode. 

WEH-Write Enable High 

This output is the write enable for high byte accesses to external memory or peripherals 
(see Section 14 Electrical Characteristics). 

WEL-Write Enable Low 

This output is the write enable for low byte accesses to external memory or peripherals (see 
Section 14 Electrical Characteristics). 
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OE-Output Enable 

This output is active during read cycle and indicates that an external device should place 
valid data on the bus. 

2.1.5 Bus Arbitration Pins 

The bus arbitration pins are shown in Figure 2-7. 

Figure 2-7. Bus Arbitration Pins 

BR-Bus Request 

This input signal indicates to the on-chip bus arbiter that an external device desires to be
come the bus master. See 6.7.5 Bus Arbitration Logic for details. This signal is an open
drain output request signal from the I DMA and SDMA when the internal M68000 core is dis
abled. 

BG-Bus Grant 

This output signal indicates to all external bus master devices that the processor will release 
bus control at the end of the current bus cycle to an external bus master. This signal is an 
input to the IDMA and SDMA when the internal M68000 core is disabled. During total system 
reset, BG = BR. . 

BGACK-Bus Grant Acknowledge 

This bidirectional signal indicates that some other device besides the M68000 core has be
come the bus master. This signal is an input when an external device or the M68000 core 
owns the bus. This signal is an output when the IDMA or SDMA has become the master of 
the bus. If the SDMA steals a cycle from the I DMA, the BGACK pin will remain asserted con
tinuously. 

2-12 

NOTE 

BGACK should always be used in the external bus arbitration 
process. See 6.7.5 Bus Arbitration Logic for more details. 
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2.1.6 Interrupt Control Pins 

The interrupt control pins are shown in Figure 2-8. 

MC68356 

IPLO/IRQ1 
ipuJiRQ6 

I PL2I1RQ7 
FCO 
FC1 
FC2 
AVEC/IOUro 

Figure 2-8. Interrupt Control Pins 

These inputs have dual functionality: 

• IPLO/IRQ1 

• IPL1/1RQ6 

• IPL2IIRQ7-lnterrupt Priority Level 2-Q/lnterruptRequest 1, 6, 7 

Signal Description 

As IPL2-IPLO (normal mode), these input pins indicate the encoded priority level of the ex
ternal device requesting an interrupt. Level 7 is the highest (nonmaskable) priority; whereas, 
level 0 indicates that no interrupt is requested. The least significant bit is IPLO, and the most 
significant bit is IPL2. These lines must remain stable until the M68000 core signals an in
terrupt acknowledge through FC2-FCO and A 19-A 16 to ensure that the interrupt is properly 
recognized. 

As IRQ1, IRQ6, and IRQ7 (dedicated mode), these inputs indicate to the IMP that an eXter
nal device is requesting an interrupt. Level 7 is the highest level and cannot be masked. Lev
el1 is the lowest level. Each one of these inputs (except for level 7) can be programmed to 
be either level-sensitive or edge-sensitive. The M68000 always treats a level 7 interrupt as 
edge sensitive. 

FC2-FCO-Function Codes 2-0 

These bidirectional signals indicate the state and the cycle type currently being executed. 
The information indicated by the function code outputs is valid whenever AS is active. 

These lines are outputs when the IMP (M68000 core, SOMA, or IOMA) is the bus master 
and are inputs otherwise. The function codes output by the M68000 core are predefined; 
whereas, those output by the SOMA and IOMA are programmable. The function code lines 
are inputs to the chip-select logic and IMP internal register decoding in the BAR. 

AVEC/IOUTO-Autovector InputJlnterrupt Output 0 

In normal operation, this signal functions as the input AVEC. AVEC, when asserted during 
an interrupt acknowledge cycle, indicates that the M68000 core should use automatic vec
toring for an interrupt. This pin operates like VPA on the MC68000, but is used for automatic 
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vectoring only. AVEC instead of DT ACK should be asserted during autovectoring and 
should be high otherwise. 

When the M68000 core is disabled, this pin operates as IOUTO. IOUT2-10UTO provide the 
interrupt request output signals from the IMP interrupt controller to an external CPU when 
the M68000 core is disabled. 

2.1.7 IMP Bus Interface Signal Summary 
Table 2-3 and Table 2-4 summarize all bus signals discussed in the previous paragraphs. 
They show the direction of each pin for the following bus masters: M68000 core, IDMA, 
SOMA (includes DRAM refresh), and external. Each bus master can access either internal 
dual-port RAM and registers or an external device or memory. When an external bus master 
accesses the internal dual-port RAM or registers, the access may be synchronous or asyn
chronous. 

When the M68000 core is disabled, BR and BG change their direction and BClR becomes 
bidirectional. 

Table 2-3. Bus Signal Summary-Core and External Master 

M68000 Core Master External Master 

Access To Access To 

Internal External Internal External 
Signal Name Pin Type Memory Memory Memory Memory 

Space Space Space Space 

A23-A 1, FC2-FCO, 
I/O 0 0 I I 

~,~, II>S', R!ifiI, ~ 

'9m1 I/O Open Drain 0 0 0 0 

lAC 0 0 0 0 0 

015-00 Read I/O 0 I 0 I 

015-00 Write I/O 0 0 I I 

lJ'rACK I/O 0 ** 0 ** 

M I/O Open Drain I I I I 

Brr I/O 0 0 0 0 

~ I/O I I I I 

FIACT I/O Open Drain 1/0 I/O I I 

'RESET I/O Open Drain 1/0 I/O I I 

B'E'R'R" I/O Open Drain 1/0*** 1/0*** 1/0*** 1/0*** 

11'[2-11'[0 I I I I I 

~ I I I I I 

100T2-100To 0 0 0 0 0 

....... If DTACK is g enerated automaticall y( internall b y) y the chi -select 10 ic, then it is an out ut. Otherwise, it is p g p 
an input. 
***BERR is an open-drain output, and may be asserted by the IMP when the hardware watchdog is used or 

when the chip-select logic detects address conflict or write protect violation. BERR may be asserted by external 
logic in all cases. 
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Table 2-4. Bus Signal Summary-IOMA and SOMA 

IOMA Master SOMA Master 
PCMCIA or OSP to 

IMP Master 
Access To Access To 

Access To 

Internal External Interned External Internal External 
Signal Name Pin Type Memory Memory Memory Memory Memory Memory 

Space Space Space Space Space Space 

A23-A 1, FC-FCO, 
I/O 0 0 N/A 0 0 0 

AS","'[J[)S",TJjS', RIW, ~ 

BClR I/O Open Drain 1# 1# N/A 0 1# 1# 

lAC 0 0 0 N/A 0 0 0 

015-00 Read I/O 0 I N/A I 0 I 

015-00 Write I/O 0 0 N/A 0 0 0 

~ I/O 0 ** N/A ** 0 ** 

m1 I/O 0## 0## N/A 0## 0## 0## 

"8G I/O 1## 1## N/A 1## 1## 1## 

tmACl( I/O 0 0 N/A 0 0 0 

HALT I/O Open Drain I I N/A I I I 

RESET I/O Open Drain I I N/A I I I 

'8E1Ff I/O Open Drain 1/0*** 1/0*** N/A 1/0*** 1/0*** 1/0*** 

**If DTACK is generated automatically (internally) by the chip-select logic, then it is an output. Otherwise, it is an input. 
***BERR is an open-drain output, and may be asserted by the IMP when the hardware watchdog is used or when the 

chip-select logic detects address conflict or write protect violation. BERR may be asserted by external logic in all 
cases. 

# Applies to disable CPU mode only. The internal signallBCLR is used otherwise. 
## Applies to disable CPU mode only, otherwise N/A. 

2.1.8 Physical Layer Serial Interface Pins 

The physical layer serial interface has 24 pins, and all but one of them have multiple func
tionality. The pins can be used in a variety of configurations in ISDN or non-ISDN environ
ments. Table 2-5 shows the functionality of each group of pins and their internal connection 
to the three SCC and one SCP controllen The physical layer serial interface can be config
ured for non-mUltiplexed operation (NMSI) or multiplexed operation that includes IDL, GCI, 
and PCM highway modes. IDL and GCI are ISDN interfaces. When working in one of the 
multiplexed modes, the NMSI1/1SDN physical interface can be connected to all three SCC 
controllers. 

Table 2-5. Serial Interface Pin Functions 

First Function Connected To Second Function Connected To 

NMSl1 (8) SCC1 Controller ISDN Interface SCC1/SCC2lSCC3 

NMSI2 (8) SCC2 Controller PIO-PortA Parallel 1/0 

NMSI3 (5) SCC3 Controller PIO-PortA Parallel I/O 

NMSI3 (3) SCC3 Controller SCP SCP Controller 

NOTE: Each one of the parallel I/O pins can be configured individually. 
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2.1.9 Typical Serial Interface Pin Configurations 

Table 2-6 shows typical configurations of the physical layer interface pins for an ISDN envi
ronment. Table 2-7 shows potential configurations of the physical layer interface pins for a 
non-ISDN environment. The IDMA, lACK, and timer pins can be used in all applications ei
ther as dedicated functions or as PIO pins. 

Table 2-6. Typical ISDN Configurations 

Pins Connected To Used As 

NMSI1 or ISDN I/F SCC1 and SCC3 
SCC1 Used as ISDN D-ch 
SCC3 Used as ISDN 82-ch 

NMSI2 SCC2 SCC2 is Connected to Terminal 

PA12-PA8 Pia (Extra Modem Signals and 
NMSI3 SCP Select Signals) 

SCP Status/Control Exchange 

NOTES: 
1. ISDN environment with SCP port for status/control exchange and with 

existing terminal (for rate adaption). 
2. D-ch is used for signaling. 
3. 81-ch is used for voice (external CODEC required). 
4. 82-ch is used for data transfer. 

Table 2-7. Typical Generic Configurations 

Pins Connected To Used As 

NMSI1 or ISDN I/F SCC1 Terminal with Modem 

NMSI2 SCC2 Terminal with Modem 

NMSI3 (5) SCC3 Terminal without Modem 

NMSI3 (3) SCP Status/Control Exchange 

NOTE: Generic environment with three SCC ports (any protocol) and the SCP port. 
SCC3 does not use modem control signals. 

2.1.10 NMSI1 or ISDN Interface Pins 

The NMSI1 or ISDN interface pins are shown in Figure 2-9. 

2-16 

--RXD1/l1RXD 

TXD1/l1TXD 

--RClK1/l1 ClK 

MC68356 TClK1 /l1 SYO 
~/l1SY1/PC_A11* 

-. -- 'CTST/l1 G R/PC_A 10* 

-- 'RTST/l1 RQ/GCIDCUPc_WAlT* 

8RG1/PC_STSCRG* 

NOTE: * If IPINS = 0 

Figure 2-9. NMSI1 or ISDN Interface Pins 
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These eight pins can be used either as NMSI1 in nonmultiplexed serial interface (NMSI) 
mode or as an ISDN physical layer interface in IOL, GCI, and PCM highway modes. The in- ~ 
put buffers have Schm itt triggers. ~ 

Table 2-8 shows the functionality of each pin in NMSI, GCI, IDL, and PCM highway modes. 

Table 2-8. Mode Pin Functions 

Signal Name NMSl1 GCI IDL PCM 

RXD1/L1RXD I RXD1 I L1RXD I L1RXD I L1RXD 

TXD1/L1TXD 0 TXD1 0 L1TXD 0 L1TXD 0 L1TXD 

RCLK1/L 1CLK 1/0 RCLK1 I L1CLK I L1CLK I L1CLK 

TCLK1/L 1SYO 1/0 TCLK1 0 SDS1 0 SDS1 I L1SYO 

IT)"f/L1SY1 I CDT I L1SYNC I L1SYNC I L1SY1 

CTS"f/L1GR I CTS"f I L1GR I L1GR 

RTS1/L1 RQ 0 RTS1 0 GCIDCL 0 L1RQ 0 RTS 

BRG1 0 BRG1 0 BRG1 0 BRG1 0 BRG1 

NOTES: 
1. In IDL and GCI mode, SDS2 is output on the PA7 pin. 
2. CD1 may be used as an external sync in NMSI mode. 
3. RTS is the RTS1, RTS2, or RTS3 pin according to which SCCs are connected to the PCM highway. 

RXD1/l1 RXD-Receive Datallayer-1 Receive Data 

This input is used as the NMSI1 receive data in NMSI mode and as the receive data input 
in IOL, GCI, and PCM modes. 

TXD1/l1TXD-Transmit DatalLayer-1 Transmit Data 

This output is used as NMSI1 transmit data in NMSI mode and as the transmit data output 
in IDL, GCI, and PCM modes. TX01 may be configured as an open-drain output in NMSI 
mode. L 1 TXO in IOL and PCM mode is a three-state output. In GCI mode, it is an open-drain 
output. 

RClKlIl1 ClK-Receive Clockllayer-1 Clock 

This pin is used as an NMSI1 bidirectional receive clock in NMSI mode or as an input clock 
in IOL, GCI, and PCM modes. In NMSI mode, this signal is an input when SCC1 is working 
with an external clock and is an output when SCC1 is working with its baud rate generator. 
The RCLK1 output can be three-stated by setting bit 14 in the DISC register (see 7.5.3 OSP 
Interconnection and Serial Connections Register-DISC). 

TCLK1/L 1 SYO/SDS1-Transmit ClocklPCM Sync/Serial Data Strobe 1 

This pin is used as an NMSI1 bidirectional transmit clock in NMSI mode, as a sync signal in 
PCM mode, or as the SDS1 output in IOUGCI modes. In NMSI mode, this signal isan input 
when SCC1 is working with an external clock and is an output when SCC1 is working with 
its baud rate generator. The TCLK1 output can be three--stated by setting bit 15 in the DISC 
register (see 7.5.3 DSP Interconnection and Serial Connections Register-DISC). 
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NOTE 

When using SCC1 in the NMSI mode with the internal baud rate 
generator operating, the TCLK1 and RCLK1 pins will always out
put the baud rate generator clock unless disabled in the CKCR 
register. Thus, if a dynamic selection between an internal and 
external clock source is required in an application, the clock pins 
should be disabled first in the CKCR register before switching 
the TCLK1 and RCLK1 lines. On SCC2 and SCC3, contention 
may be avoided by disabling the clock line outputs in the P ACNT 
register. 

In PCM mode, L 1 SY1-L 1 SYO are encoded signals used to create channels that can be in
dependently routed to the SCCs. 

Table 2-9. PCM Mode Signals 

L1SY1 L1SYO Data (L 1 RXD, L 1 TXD) is Routed to SCC 

0 0 L 1 TXD is Three-Stated, L 1 RXD is Ignored 

0 1 CH-1 

1 0 CH-2 

1 1 CH-3 

NOTE: CH-1, 2, and 3 are connected to the SCCs as determined in the 
SIMODE register. 

In IDUGCI modes, the SDS2-SDS1 outputs may be used to route the B1 and/or B2 chan
nels to devices that do not support the IDL or GCI buses. This is configured in the serial in
terface mode (SIMODE) and serial interface mask (SIMASK) registers. 

CD1/L 1 SY1-Carrier DetectlLayer-1 Sync 

This input is used as the NMSI1 carrier detect (CD) pin in NMSI mode, as a PCM sync signal 
in PCM mode, and as an L 1 SYNC signal in IDUGCI modes. 

If the CD1 pin has changed for more than one receive clock cycle, the IMP asserts the ap
propriate bit in the SCC1 event register. If the SCC1 channel is programmed not to support 
CD1 automatically (in the SCC1 mode register), then this pin may be used as an external 
interrupt source. The current value of CD1 may be read in the SCCS1 register. CD1 may 
also be used as an external sync in NMSI mode. CD1 will be grounded internally when this 
pin is used for an alternate function. 

CTS1/L 1GR-Clear to SendlLayer-1 Grant 

This input is the NMSI1 CTS signal in the NMSI mode or the grant signal in the IDUGCI 
mode. If this pin is not used as a grant signal in GCI mode, it should be connected to V cc. 

If the CTS1 pin has changed for more than one transmit clock cycle, the IMP asserts the 
appropriate bit in the SCC1 event register and optionally aborts the transmission of that 
frame. 
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If SCC1 is programmed not to support CTS1 (in the SCC1 mode register), then this pin may 
be used as an external interrupt source. The current value of the CTS1 pin may be read in ~ 
the SCCS1 register. ...-

RTS1/L 1 RQ/GCIDCL-Request to Send/Layer-1 Request/GCI Clock Out 

This output is the NMSI1 RTS signal in NMSI mode, the IDL request signal in IDL mode, or 
the GCI data clock output in GCI mode. 

RTS1 is asserted when SCC1 (in NMSI mode) has data or pad (flags or syncs) to transmit. 

In GCI mode this pin is used to output the GCI data clock. 

BRG1-Baud Rate Generator 1 

This output is always the baud rate generator clock of SCC1. (This pin used to be NC2.) The 
BRG clock output on the BRG pins is 180 degrees out of phase with the internal BRG clock 
output on the RCLK and TCLK pins. This statement applies to all BRG pins: BRG1, BRG2, 
and BRG3. The BRG 1 output can be disabled by setting bit 11 in the CKCR register (see 
7.5.1 SCC Features). When BRG1 is disabled the pin is driven high. 

2.1.11 NMSI2 Port or Port A Pins 

The NMSI2 port or port A pins are shown in Figure 2-10. The PCMCIA function of these pins 
is shown in italics. Refer to 2.2 PCMCIA Pins for PCMCIA pin description. 

These eight pins can be used either as the NMSI2 port or as a general-purpose paralleL I/O 
port. Each one of these pins can be configured individually to be general-purpose I/O pins 
or a dedicated function in NMSI2. When they are used as NMSI2 pins, they function exactly 
as the NMSI1 pins in NMSI mode. 

MC68356 

RXD2/PAOI PC_DB 
TXD2/PA1IPC_D9 

RCLK2IPA2IPC_D10 
TCLK2IPA3IPC_D11 
CT'S2/PA4IPC_D12 

liTS2/PA5IPC_D13 

CD2IPA51 PC_D 14 
BRG2/SDG2/PA7IPC_D15 

Figure 2-10. NMSI2 Port or Port A Pins 

The PA7 signal in dedicated mode becomes serial data strobe 2 (SDS2) in IDL and GCI 
modes. In IDUGCI modes, the SDS2-SDS1 outputs may be used to route the B1 and/or B2 
channels to devices that do not support the IDL or GCI buses. This is configured in the SI
MODE and SIMASK registers. If SCC2 is in NMSI mode, this pin operates as BRG2, the out
put of the SCC2 baud rate generator, unless SDS2 is enabled to be asserted during the B1 
or B2 channels of ISDN (bits SDC2-SDC1 of SIMODE). SDS2/BRG2 may be temporarily 
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disabled by configuring it as a general-purpose output pin. The input buffers have Schmitt 
triggers. TCLK2 acts as the SCC2 baud rate generator output if SCC2 is in one of the mul
tiplexed modes. 

• RXD2/PAO 

• TXD2IPA1 

• RCLK2/PA2 

• TCLK2/PA3 

• CTS2IPA4 

• RTS2IPA5 

• CD2IPA6 

• SDS2/PA7/BRG2 

Table 2-10. Baud Rate Generator Outputs 

Source NMSI GCI IDL PCM 

SCC1 BRG1 BRG1 BRG1 BRG1 

SCC2 BRG2 TCLK2 TCLK2 TCLK2 

SCC3 BRG3 TCLK3 TCLK3 TCLK3 

NOTE: In NMSI mode, the baud rate generator outputs can also 
appear on the RCLK and TCLK pins as programmed in the 
SCON register. 

2.1.12 NMSI3 Port or Port A Pins or SCP Pins 

The NMSI3 port or port A pins or SCP pins are shown in Figure 2-11. 

MC68356 

RXDB/PA8 

TXD3/PA9 

RCLK3/PA10 

TCLK3/PA11 
CT§/SPRXD 

'RTS3/SPTXD 

C[)3/SPCLK 

BRG3/PA12 

Figure 2-11. NMSI3 Port or Port A Pins or SCP Pins 

These eight pins can be l,lsed either as the NMSI3 port or as the NMSI3 port (less three mo
dem lines) and,the SCP port. If the SCP is enabled (EN bit in SPMODE register is set), then 
the three lines are connected to the SCP port. Otherwise, they are connected to the SCC3 
port. 

Each of the port A I/O pins can be configured individually to be general-purpose I/O pins or 
a dedicated function in NMSI3. When they are used as the NMSI3 pins, they function exactly 
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as the NMSI1 pins (see the previous description). The input buffers have Schmitt triggers. 
TCLK3 acts as the SCC3 baud rate generator output if SCC3 is in one. of the multiplexed ~ 
modes. ....-

• RXD3/PA8 

• TXD3/PA9 

• RCLK3/PA10 

• TCLK3/P A 11 

SPRXD/CTS3-SCP Receive Serial DatalNMSI3 Clear-to-Send Pin 

This signal functions as the SCP receive data input or may be used as the NMSI3 CTS input 
pin. 

SPTXD/RTS3-SCP Transmit Serial DatalNMSI3 Request-to-Send Pin 

This output is the SCP transmit data output or may be used as the NMSI3 RTS pin. 

SPCLKlCD3-SCP CiocklNMSI3 CD Pin 

This bidirectional signal is used as the SCP clock output or the NMSI3 CD3 input pin. 

PA 121BRG3-Port A Bit 121SCC3 Baud Rate Generator 

This pin functions as bit 12 of port A or may be used as the SCC3 baud rate generator output 
clock when SCC3 is operating in NMSI mode. 

2.1.13 IDMA or Port A Pins 

The IDMA or port A pins are shown in Figure 2-12. 

~ 
r:rn-rn;p A 13 

MC68356 "L5ACK/PA14 

~PA15 

Figure 2-12.IDMA or Port A Pins 

Each of these three pins can be used either as dedicated pins for the IDMA signals or as 
general-purpose parallel 1/0 port A pins. Note that even if one or more of the I DMA pins are 
used as general-purpose I/O pins, the IDMA can still be used. For example, if DONE is not 
needed by the IDMA, it can be configured as a general-purpose 1/0 pin. If the IDMA is used 
for memory-to-memory transfers only, then all three pins can be used as general-purpose 
1/0 pins. The input buffer of DACK has a Schmitt trigger. 
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DREQ/PA13-DMA Request 

This input is asserted by a peripheral device to request an operand transfer between that 
peripheral device and memory. In the cycle steal request generation mode, this input is 
edge-sensitive. In burst mode, it is level-sensitive. 

DACKIPA 14-DMA Acknowledge 

This output, asserted by the IDMA, signals to the peripheral that an operand is being trans
ferred in response to a previous transfer request. 

DONElPA15-DONE 

This bidirectional, open-drain signal is asserted by the IDMA or by a peripheral device during 
any IDMA bus cycle to indicate that the data being transferred is the last item in a block. The 
IDMA asserts this signal as an output during a bus cycle when the byte count register is dec
remented to zero. Otherwise, this pin is an input to the IDMA to terminate IDMA operation. 

2.1.14 lACK or PIC Port B Pins 

The lACK or Pia port B pins are shown in Figure 2-13. 

I ~/PBO 
MC68356 1ACI<6/PB1 

IACK1/PB2IPC_ABUF* 

NOTE: * If ABUF = 1 

Figure 2-13. lACK or PIO Port B Pins 

Each one of these three pins can be used either as an interrupt acknowledge signal or as a 
general-purpose parallel 1/0 port. 

NOTE 

The IMP interrupt controller does not require the use of the lACK 
pins when it supplies the interrupt vector for the external source. 
The input buffers have Schmitt triggers. 

IACK7/PBO, IACK6/PB1, IACK1/PB2-lnterrupt Acknowledge/Port B I/O 

As IACK1, IACK6, and IACK7, these active low output signals indicate to the external device 
that the IMP is executing an interrupt acknowledge cycle. The external device must then 
place its vector number on the lower byte of the data bus or use AVEC for autovectoring 
(unless internal vector generation is used). 

2.1.15 Timer Pins 

The timer pins are shown in Figure 2-14. 
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TIN1/PB3 

TLmTf/PB4IPC_A 11* 

TIN2IPB51 PC_ WAIT" 

moT2/PB6IPC_A10" 

-- WDOG/PB7 

NOTE: *If IPINS = 1 

Figure 2-14. Timer Pins 

Signal Description 

Each of these five pins can be used either as a dedicated timer function or as a general
purpose port B I/O port pin. Note that the timers do not require the use of external pins. The 
input buffers have Schm itt triggers. 

TIN1/PB3-Timer 1 Input 

This input is used as a timer clock source for timer 1 or as a trigger for the timer 1 capture 
register. TIN1 may also be used as the external clock source for any or all three SCC baud 
rate generators. 

TOUT1/PB4-Timer 1 Output 

This output is used as an active-low pulse timeout or an event overflow output (toggle) from 
timer 1. 

TIN2IPB5-Timer 2 Input 

This input can be used as a timer clock source for timer 2 or as a trigger for the timer 2 cap
ture register. 

TOUT2IPB6-Timer 2 Output 

This output is used as an active-low pulse timeout or as an event overflow output (toggle) 
from timer 2. 

WDOG/PB7-Watchdog Output 

This active-low, open-drain output indicates expiration of the watchdog timer. WDOG may 
be externally connected to the RESET and HALT pins to reset the IMP. When WDOG is as
serted, it will remain asserted for 16 IMP system clock cycles (if the IMP PLL is not enabled 
by the MODCLK pins), or 16 clock cycles after the PLL locks (if the PLL is enabled by the 
MODCLK pins). WDOG is never asserted by the on-chip hardware watchdog (see the BERR 
signal description). The WDOG pin function is enabled after a total system reset. It may be 
reassigned as the PB7 I/O pin in the PBCNT register. 

2.1.16 Parallel 110 Pins with Interrupt Capability 

The four parallel I/O pins with interrupt are shown in Figure 2-15. 
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:J 
PB8 

PB9 RI 
MC68356 ( ) 

PB10 

PB11 

Figure 2-15. Port B Parallel I/O Pins with Interrupt 

PB11 and PBS-Port B Parallel I/O Pins 

These four pins may be configured as a general-purpose parallel I/O ports with interrupt 
capability. Each of the pins can be configured either as an input or an output. When 
configured as an input, each pin can generate a separate, maskable interrupt on a high-to
low transition. PB8 may also be used to request a refresh cycle from the DRAM refresh 
controller rather than as an I/O pin. The input buffers have Schmitt triggers. 

PB9(RI) 

This pin may be configured as a general-purpose parallel I/O port with interrupt capability 
and wake-up capability. This pin can be configured either as an input or an output. When 
configured as an input, this pin can generate a separate, maskable interrupt on a high-to
low transition. 

This pin can also wake-up the IMP from low power STOP, DOZE, or STAND-BY mode when 
a high to low transition occurs on this pin when configured as an input. See 3.5.2.3 IMP 
Wake-Up from Low Power STOP Modes for more information. 

In addition, when the MC68356 is configured for the PCMCIA interface, this pin can connect
ed internally to the PCMCIA I/O Event Indication Register or directly to the PC_STSCHG 
pin. For more details on this feature refer to 8.2.1 PCMCIA Ring Indication. 

This pin's input buffer has a Schmitt trigger. 

PB10 

This pin may be configured as a general-purpose parallel I/O port with interrupt capability 
and wake-up capability.This pin can be configured either as an input or an output. When 
configured as an input, this pin can generate a separate, maskable interrupt on a high-to
low transition. 

This pin can also wake-up the IMP from low power STOP, DOZE, or STAND-BY mode when 
a high to low transition occurs on this pin when configured as an input. See 3.5.2.3 IMP 
Wake-Up from Low Power STOP Modes for more information. 

This pin's input buffer has a Schmitt trigger. 
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2.1.17 Chip-Select Pins 

The chip-select pins are shown in Figure 2-16. 

I csoJloUT2 
MC68356 CS3-CS 1 

Figure 2-16. Chip-Select Pins 

CSO/IOUT2-Chip-Select O/Interrupt Output 2 

In normal operation, this pin functions as CSO. CSO is one of the four active-low output pins 
that function as chip selects for external devices or memory. It does not activate on access
es to the internal RAM or registers (including the BAR, SCR, or CKCR registers). 

When the M68000 core is disabled, this pin operates as IOUT2. IOUT2-IOUTO provide the 
interrupt request output signals from the IMP interrupt controller to an external CPU when 
the M68aaa core is disabled. 

CS3-CS1-Chip Selects 3-1 

These three active-low output pins function as chip selects for external devices or memory. 
CS3-CSa do not activate on accesses to the internal RAM or registers (including the BAR 
SCR, or CKCR registers). 

2.1.18 No-Connect Pins 

NC1-NC5 and DNC1-2 are reserved for future use and should not be connected. 

2.2 PCMCIA PINS 

The following pins are valid when the PC_EN pin is connected to Vee. These pins are 
muxed and therefore replace other pins described in the previous paragraphs. The replaced 
signal is indicated in each description. 

When using the PCMCIA pins, the BCLR and RMC pins will not be available externally to 
the chip. When ISDN functionality is not needed, the CD1, CTS1 and RTS1 will be used for 
the PCMCIA interface signals and will not be available externally. When ISDN functionality 
is needed, the TOUT1, TI N2 and TOUT2 will not be available externally and will be used for 
the PCMCIA control pins. ISDN pin functionality with PCMCIA pins can be selected by set
ting the IPINS bit in the PCMR (See Section 8 PCMCIA Controller). 

MOTOROLA 

NOTE 

The PCMCIA pins are denoted in the pinout diagrams as 
PC_SIGNALNAME. 
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MC68356 

NOTES: 

PC_D7-PCDO/PCI07-PCIOO 1 

PC_D15-PCD8 

PC_A1-PCAO 

PC_A9-PCA2IPDI15-PDI82 

PC_A11-PC_A10 

PC_IORD/PDI02 

PC_IOWRlPDI1 2 

PC_WElPDI22 

PC_R"rIT/PDI32 

PCjj~/PDI42 

PC_~/PDI52 

-- PC CE2!PD162 

P(~A25/PDI72 
PC_RDY!T'R'EO 
PC_~ 

1.Extra parallel 1/0 when not in PCMCIA mode. 
2.Extra parallel inputs when not in PCMCIA mode. 

Figure 2-17. PCMCIA Signals 

PC_D15-PC_DO-PCMCIA Data Bus 

The bidirectional PCMCIA card interface data bus. When the MC68356 is not enabled for 
PCMCIA, these pins can be used for Port C general purpose input/output pins. 

Non-PCMCIA functionality: PCIOO-7 for PC_DO-7 and NMSI2 for PC_D8-15. 

PC_AO-PC_A10-PCMCIA Address Bus 

Address bus input lines from the PCMCIA card interface. These lines are used as the lower 
address lines when the cycle is transferred into the 68000 bus. The high address lines and 
FC are taken from the base registers (See Section 8 PCMCIA Controller). 

When the MC68356 is not enabled for PCMCIA, the PC_A2-9 pins can be used for port 0 
general purpose input only pins. 

Non-PCMCIA functionality: RMC/IOUTfor PC_AO, BClR for PC_A1, PD115-8 for PC_A2-9, 
CTS/l 1GR for PC_A 1 0, CD1/L 1SY1 for PC_A11. With IPINS set: TOUT2/PB6 for PC_A10 
and TOUTlIPB4 for PC~ 11. 

The next several pins described can be used for port D general purpose input only 
pins when the PCMCIA interface is not enabled (See non-PCMCIA functionality in 
each description). 
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PC_A25-PCMCIA Address Bus 

This PCrv,CIA card interface input address line is used to identify 68000 bus PCMCIA cycles. ~ 
A25 is low during 68000 bus PCMCIA cycles. ..-.-

Non-PCMCIA functionality: PDI? 

PC_CE1 & PC_CE2-PCMCIA Card Enable 

Active low, card enable PCMCIA card interface input signals. 

Non-PCMCIA functionality: PDI5 for PC_CE1, PDI6 for PC_CE2. 

PC_OE-PCMCIA Output Enable 

The PC_OE line is the active low, input signal used to gate memory read data from the mem
ory card. 

Non-PCMCIA functionality: PDI4 

PC_ 'NE-PCMCIA Write Enable/Program 

The WE/PGM input used for strobing memory write data into the memory card. 

Non-PCMCIA functionality: PDI2 

PC_REG-PCMCIA Attribute Memory Select 

This input is kept inactive (high) for all common memory accesses. When this signal is ac
tive, access is limited to attribute memory (OE or WE active) and to the I/O space (lORD or 
10WR active). 

Non-PCMCIA functionality: PDI3 

PC_IORD-PCMCIA I/O Read 

The lORD signal is made active to read data from the card's I/O space. The REG signal and 
at least one of CE1 or CE2 must also be active. A PC card will not respond to the lORD sig
nal until it has been configured for I/O operation by the system. 

Non-PCMCIA functionality: PDIO 

PC_IOWR-PCMCIA I/O Write 

The 10WR signal is made active to write data to the card's I/O space. The REG signal and 
at least one of CE1 or CE2 must also be active. A PC card will not respond to the lORD sig
nal until it has been configured for I/O operation by the system. 

Non-PCMCIA functionality: PDI1 
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PC_WAIT-PCMCIA Extend Bus Cycle 

The WAIT signal is asserted by the MC68356 to delay the memory space accesses or I/O 
space accesses. 

Non-PCMCIA functionality: RTS/L 1 RO/GCIOCL or TIN2/PB5 in ISDN mode (lPINS bit set 
in PCMR register). 

PC_STSCHG-PCMCIA Status Changed [replace BVD1] 

Status changed is an optional signal used to alert the system to changes in the ready/busy 
(ROY IBSY), write protect (WP), or battery voltage (BV) conditions of the card while the I/O 
interface is configured. 

This signal is inactive (high) when this function is not supported by the card or when the 
SigChg bit in the card status register is false (logic 0). When the SigChg bit is true (logic 1) 
this signal is active when the changed bit in the card status register is true (logic 1). The 
changed bit is logical OR of the individual changed bits - CBVD1, CBV02, CWP, and CRDB
SY - in the pin replacement register. 

Non-PCMCIA functionality: BRG 1. 

PC_RDY/IREQ-PCMCIA Ready/Busy/Interrupt Request 

The Ready/Busy (RDY/BSY) function is provided by this signal only when the card and the 
host are configured for the memory-only interface. When a host socket and the card inserted 
into it are both configured for the I/O interface, this function is provided by the RDY/BSY sta
tus bit in the card's pin replacement register. 

This signal is available as Interrupt Request (IREO) only when the card and the interface 
are configured for the I/O and memory interface. The interrupt request is level only. This pin 
serves as RDY/BSY in memory-only cards, and as IREO for I/O cards. This pin is used as 
RDY/BSY while an I/O capable card is configured for the memory-only interface. 

Non-PCMCIA functionality: None (No connect) 

2.3 DSP PINS 

This section introduces pins associated with the DSP. It divides the pins into their functional 
groups and explains the role each pin plays in the operation of the chip. It acts as a reference 
for following chapters which explain the chip's peripherals in detail. 

Table 2-11. DSP System Bus Pins 

Group Signal Name Mnemonic 1/0 Section 

Crystal Oscillator DEXTAL,DXTAL 10 

External Filter Capacitor PCAP I 2.3.6 IMP and DSP Clock 
Clock Mode Select CSelect I Clock and PLL Pins 

Clock Out CKOUT 0 
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Table 2-11. DSP System Bus Pins 

Group Signal Name Mnemonic 110 Section 

PortA Address Bus DA15-DAO 1/0 2.3.1 Port A Ad-
Address dress and Data Bus 

Port A Data Data Bus DD23-DDO 1/0 2.3.1 Port A Ad-
dress and Data Bus 

Program Memory Select "PS 0 

Data Memory Select DS 0 

XIV Select XIV 0 
Port A Bus 

Read Enable RD 0 2.3.1 Port A Ad-
Control dress and Data Bus 

Write Enable WR 0 

DSP Bus Strobe/DSP Bus Grant BS/DBG 0 

Bus WaitiDSP Bus Request WT!IJ91i 0 

Mode Select AlExternal Interrupt Request AlSTOP 
Recovery MODAt'll1QA I 

Interrupt 
Mode Select B/External Interrupt Request B MODB!TRQ8" I 2.3.3 Interrupt and and Mode 

Control Mode Select C/Non-Maskable Interrupt Request MODCIf\l"W I 
Mode Control 

Reset ~ 1/0 

Serial Clock Zero SCO 1/0 

Serial Clock One SC1 1/0 

Serial Clock Two SC2 liD 2.3.4 synchronous 
SSI Seria Interface 

SSI Serial Clock SCK liD (SSI) 

SSI Receive Data SRD I 

SSI Transmit Data STD 0 

Debug SeriallnputiChip Status OIT est Data In DS I/OSOITD I liD 

Debug Serial Clock/Chip Status 1ITest Clock DSCKlOS1ITCK liD 

On-Chip Debug Serial OutputIT est Data Out DSOITDO 0 2.3.5 on-Ch~ Em-
Emulation 

liRJTfVlS 
ulation ~OnC ) and 

and JTAG Debug Request InputlTest Mode Select I JTAG ins 

~Reset TRST II 

JTAG !ONCE Mode Select JTAG_~ I 

Spare Not Connected DNC1-2 2.1 .18 No-Connect 
Pins 

DSP Clock Synthesizer Power PVCC I 

DSP Clock Synthesizer Ground PGND I 
2.3.6 IMP and DSP 

Power Clock and PLL Pins 

System Power Supply and Return VCC, GND I 2.4 Power and 
Ground Pins 

2.3.1 Port A Address and Data Bus 

The port A address and data bus signals control the access to external memory. They are 
three-stated during reset unless noted otherwise, and may require pull-up resistors to mini
mize power consumption and to prevent erroneous operation. 

MOTOROLA 

NOTE 

All unused inputs should have pull-up resistors for two reasons: 
1) floating inputs draw excessive power, and 2) a floating input 
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can cause erroneous operation. For example, during reset, all 
signals are three~stated. Without pull-up resistors, the BR and 
WT signals may become active, causing two or more memory 
chips to try to simultaneously drive the external bus, which can 
damage the memory chips. A pull-up resistor in the SDK-ohm 
range should be sufficient. 

~ ...... ~ OA15 - OAO 
MC68356 

+4"'_~ 0023-000 

Figure 2-18. Port A Address and Data Bus Signals 

DA1S-DAO-Address 

These three-state output pins specify the address for external program and data memory 
accesses. To minimize power dissipation, DA 1S-DAO do not change state when external 
memory spaces are not being accessed. 

DD23-DDO-Data Bus 

These pins provide the bidirectional data bus for external program and data memory access
es. 0023-000 are in the high-impedance state when the bus grant signal is asserted. 

2.3.2 Port A Bus Control 

The port A bus control signals are discussed in the following paragraphs. The bus control 
signals provide a means to connect additional bus masters (which may be additional OSPs, 
microprocessors, direct memory access (OMA) controllers, etc.) through port A to the OSP. 
They are three-stated during reset and may require pull-up resistors to prevent erroneous 
operation. 

MC6835~ 

Figure 2-19. Port A Bus Control Signals 
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PS-Program Memory Select 

This three-sta,te output is asserted only when external program memory is referenced (see ~ 
Table 2-12). ..-.-

Table 2-12. Program and Data Memory Select Encoding 

ps os XiV External Memory Reference 

1 1 1 No Activity 

1 0 1 X Data Memory on Data Bus 

1 0 0 YD~aMemoryonD~aB~ 

0 1 1 ~rorram Memory on Data Bus (Not Excep-
tion 

0 1 0 External Exception Fetch: Vector or Vector + 1 
(Development Mode Only) 

0 0 X Reserved 

1 1 0 Reserved 

DS-Data Memory Select 

This three-state output is asserted only when external data memory is referenced (see Table 
2-12). 

XiV-XiV Select 

This three-state output selects which external data memory space (X or Y) is referenced by 
OS (see Table 2-12). 

RD-Read Enable 

This three-state output is asserted to read external memory on the data bus (0023-000). 

WR-Write Enable 

This three-state output is asserted to write external memory on the data bus (0023-000). 

The following two signal pairs share common pins, therefore the user must make a choice 
between having functionality of the Bus RequesVBus Grant pins (allows external bus mas
ters) or the WaiVBus Strobe pins (allows external peripherals to generate wait states). 

DBG/BS-DSP Bus Grant/Bus Strobe 

If the BR/BG Enable (BR/BGen) bit is clear, this output is OSP bus strobe (8S): 

The BS output is asserted when the OSP accesses port A. It acts as an early indication of 
the state of the external bus access by the DSP. It may also be used with the bus wait input, 
WT, to generate wait states, a feature which provides capabilities such as connecting asyn-
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chronous devices to the DSP, allowing devices with differing timing requirements to reside 
in the same memory space, allowing a bus arbiter to provide a fast multiprocessor bus ac
cess, and providing an alternative to the WAIT and STOP instructions to halt the DSP at a 
known program location and have a fast restart. This output is deasserted during hardware 
reset. 

If the BR/BG Enable (BR/BGen) bit is set, this output is the DSP Bus Grant (BG) signal: 

When the Bus Grant (BG) output is asserted, it signals to the external device that it has been 
granted the external bus (Le. port A has been three-stated). This output is deasserted during 
hardware reset. 

DBRIWT -DSP Bus Request/Bus Wait 

If the BRlBG Enable (BR/BGen) bit is clear, this input becomes the Wait (WT) signal. 

For as long as it is asserted by an external device, this input allows that device to force the 
DSP to generate wait states. If WT is asserted when BS is asserted, wait states will be in
serted into the current cycle (see Section 14 Electrical Characteristics) for timing details. 

If the BR/BG Enable (BR/BGen) bit is set, this input becomes the DSP Bus Request (DBR) 
signal. 

When the DSP Bus Request input (DBR) is asserted, the DSP will always relinquish the bus 
to an external device such as a processor or DMA controller. The external device will be
come the new master of the external address and data buses while the DSP continues in
ternal operations using internal memory spaces. When BR is deasserted, the DSP will again 
assume bus mastership. 

When BR is asserted, the DSP will always releas9,port A, including A 15-AO, D23-DO, and 
the bus control pins (PS, DS, XiV, RD, WR, and BS) by placing them in the high-impedance 
state after the execution of the current instruction has been completed. 

NOTE 

To prevent erroneous operation, the BR pin should be pulled up 
when it is not in use. 

2.3.3 Interrupt and Mode Control 

The interrupt and mode control pins select the chip's operating mode as it comes out of 
hardware reset, and they receive interrupt requests from external sources. 
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~ 
MODAITRC:iA 

-- MODBITIi<:m' 
MC68356 n:TMT 

MODCI I'll IVII 

0lirnET 

Figure 2-20. Interrupt and Mode Control 

MODAlIRQA-Mode Select AlExternal Interrupt Request AlSTOP Recovery 

This input pin has three functions. It works with the MODS and MODC pins to select the 
chip's operating mode, it receives an interrupt request from an external source, and it turns 
on the internal clock generator, causing the chip to recover from the stop processing state. 
Reset causes this input to act as MODA. 

During reset, this pin should be forced to the desired state, because as the chip comes out 
of reset, it reads the states of MODA, MODS, and MODC and writes the information to the 
operating mode register to set the chip's operating mode. (Operating modes are discussed 
in Section 5 Memory Map.) After the chip has left the reset state, the MODA pin automati
cally changes to external interrupt request (IRQA). 

IROA receives external interrupt requests. It can be programmed to be level sensitive or 
negative-edge-triggered. When the Signal is edge-triggered, triggering occurs at a voltage 
level and is not directly related to the fall time of the interrupt signal. However, as the fall time 
of the interrupt Signal increases, the probability that noise on IRQA will generate multiple in
terrupts also increases. 

NOTE 

If the SELA bit is set in the DISC register, then this pin's function
ality will be replaced by the MODNIRQA bit in the DISC register 
and this pin will not have any effect on DSP operation until the 
DISC bits are cleared either by software or RESET or the IMP. 

MODBIIRQB-Mode Select B/External Interrupt Request B 

This input pin works with the MODA and MODC pins to select the chip's operating mode, 
and it receives an interrupt request from an external source. Reset causes this input to act 
as MODS. 

During reset, this pin should be forced to the desired state, because as the chip comes out 
of reset, it reads the states of the mode pins and writes the information to the operating mode 
register, which sets the chip's operating mode. After the chip has left the reset state, the 
MODS pin automatically changes to external interrupt request IROS. 

IROS receives external interrupt requests. It can be programmed to be level sensitive or 
negative-edge-triggered. When the signal is edge-triggered, triggering occurs at a voltage 

MOTOROLA MC68356 USER'S MANUAL 2-33 



Signal Description 

level and is not directly related to the fall time of the interrupt signal. However, as the fall time 
of the interrupt signal increases, the probability that noise on IRQB will generate multiple in
terrupts also increases. 

NOTE 

If the SELB bit is set in the DISC register, then this pin's function
ality will be replaced by the MODAlIRQB bit in the DISC register 
and this pin will not have any effect on DSP operation until the 
DISC bits are cleared either by software or RESET or the IMP. 

MODC/NMI-Mode Select C/Non-Maskable Interrupt Request 

This input pin works with the MODA and MODB pins to select the chip's operating mode, 
and it receives an interrupt request from an external source. Reset causes this input to act 
as MODC. 

During reset, this pin should be forced to the desired state, because as the chip comes out 
of reset, it reads the states of the mode pins and writes the information to the operating mode 
register, which sets the chip's operating mode. After the chip has left the reset state, the 
MODC pin automatically changes to a nonmaskable interrupt request (NMI) input. 

The negative-edge-triggered NMI receives nonmaskable interrupt requests. Triggering oc
curs at a voltage level and is not directly related to the fall time of the interrupt signal. How
ever, as the fall time of the interrupt signal increases, the probability that noise on NMI will 
generate multiple interrupts also increases. 

NOTE 

If the SELC bit is set in the DISC register, then this pin's func
tionality will be replaced by the MODC/NMI bit in the DISC reg
ister and this pin will not have any effect on DSP operation until 
the DISC bits are cleared either by software or RESET or the 
IMP. 

DRESET -DSP Reset 

This Schmitt trigger input pin is used to reset the DSP. When RESET is asserted, the DSP 
is initialized and placed in the reset state. When RESET is deasserted, the chip writes the 
mode pin (MODA, MODB, MODC) information to the operating mode register, setting the 
chip's operating mode. The CSEL pin is sampled and the PEN bit of the PLL control register 
is written accordingly. When the chip comes out of the reset state, deassertion occurs at a 
voltage level and is not directly related to the rise time of the RESET signal. However, the 
probability that noise on RESET will generate multiple resets increases with increasing rise 
time of the RESET signal. 

2-34 

NOTE 

If the SELR bit is set in the DISC register, then this pin's func
tionality will be replaced by the RST bit in the DISC register and 
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this pin will not have any effect on DSP operation until the DISC 
bits are cleared either by software or RESET or the IMP . 

2.3.4 Synchronous Serial Interface (SSI) 

The SSI signals are presented in the following paragraphs. The SSI operating mode affects 
the definition and function of SSI control pins SCQ, SC1 and SC2. They are introduced brief
ly here and are described in more detail in Section 12 DSP Serial Ports. 

MC68356 

S'C5 
SC"f 

'SC2 
SCK 

SRD 

STD 

Figure 2-21. Synchronous Serial Interface Signals 

SCO-Serial Clock Zero 

This bidirectional pin's function is determined by whether the SCLK is in synchronous or 
asynchronous mode. In synchronous mode, this pin is used for serial flag I/O. In asynchro
nous mode, this pin receives clock 110. SCQ can be programmed as a general-purpose 110 
pin (PC3) when the SSI SCQ function is not being used, and it is configured as a GPIO input 
pin during hardware reset. 

SC1-Serial Control One 

The SSI uses this bidirectional pin to control flag or frame synchronization. This pin's func
tion is determined by whether the SCLK is in synchronous or asynchronous mode. In asyn
chronous mode, this pin is frame sync 1/0. For synchronous mode with continuous clock, 
this pin is serial flag SC1 and operates like the SCQ. SCQ and SC1 are independent serial II 
o flags but may be used together for multiple serial device selection. SC1 can be pro
grammed as a general-purpose 1/0 pin (PC4) when the SSI SC1 function is not being used, 
and it is configured as a GPIO input pin during hardware reset. 

SC2-Serial Control Two 

The SSI uses this bidirectional pin to control frame synchronization only. As with SCQ and 
SC1, its function is defined by the SSI operating mode. SC2 can be programmed as a gen
eral-purpose 1/0 pin (PCS) when the SSI SC2 function is not being used, and it is configured 
as a GPIO input pin during hardware reset. 

SCK-SSI Serial Clock 

This bidirectional pin provides the serial bit rate clock for the SSI when only one clock is be
ing used. SCK can be programmed as a general-purpose 110 pin (PC6) when it is not need
ed as an 5S1 pin, and it is configured as a GPIO input pin during hardware reset. 
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SRD-SSI Receive Data 

This input pin receives serial data into the 881 receive shift register. 8RO can be pro
grammed as a general-purpose 1/0 pin (PC?) when it is not needed as an 881 pin, and it is 
configured as a GPIO input pin during hardware reset. 

STD-SSI Transmit Data 

This output pin transmits serial data from the 881 transmit shift register. 8TO can be pro
grammed as a general-purpose 1/0 pin (PC8) when it is not needed as an 881 pin, and it is 
configured as aoGPIO input pin during hardware reset. 

2.3.5 On-Chip Emulation (OnCE) and JTAG Pins 

Since the OnCE port is multiplexed with the JT AG pins, the following paragraphs will de
scribe the OnCE port pin functionality first, followed by those same pin's JTAG functionality. 

For more information on the OnCE port operation please refer to the DSP56000 Digital Sig
nal Processor Family Manual (08P56KFAMUM/AD). 

JTAG_ONCE-JTAGIONCE Mode Select 

When this pin is strapped to V CC, the JTAG/ONCE pin group function as JTAG pins; when 
this pin is grounded the ONCE/JTAG pins group functions as ONCE pins. 

2.3.5.1 On-Chip Emulation Pins 

MC68356 

DSI/osorrDI 

DSCKlOS1rrCK 

DSO/TDO 

rni/TMS 

TRST 
JTAG35NCE 

Figure 2-22. On-Chip Emulation and JTAG Signals 

DSI/OSO-Debug Serial Input/Chip Status 0 

Serial data or commands are provided to the OnCE controller through the 081/080 pin when 
it is an input. The data received on the 081 pin will be recognized only when the 08P has 
entered the debug mode of operation. Data is latched on the falling edge of the 08CK serial 
clock. Data is always shifted into the OnCE serial port most significant bit (M8B) first. When 
the 081/080 pin is an output, it works in conjunction with the 081 pin to provide chip status 
information. The 081/080 pin is an output when the processor is not in debug mode. When 
switching from output to input, the pin is three-stated. During hardware reset, this pin is de
fined as an output and it is driven low. 

2-36 MC68356 USER'S MANUAL MOTOROLA 



Signal Description 

NOTE 

To avoid possible glitches, an external pull-down resistor should 
be attached to this pin. 

DSCKlOS1-Debug Serial Clock/Chip Status 1 

The DSCKlOS1 pin supplies the serial clock to the OnCE when it is an input. The serial clock 
provides pulses required to shift data into and out of the OnCE serial port. (Data is clocked 
into the OnCE on the falling edge and is clocked out of the OnCE serial port on the rising 
edge.) The debug serial clock frequency must be no greater than 1/8 of the processor clock 
frequency. When an output, this pin, in conjunction with the OSO pin, provides information 
about the chip status. The DSCKlOS1 pin is an output when the chip is not in debug mode. 
When switching from output to input, the pin is three-stated. During hardware reset, this pin 
is defined as an output and it is driven low. 

NOTE 

To avoid possible glitches, an external pull-down resistor should 
be attached to this pin. 

DSO-Debug Serial Output 

Serial data is read from the OnCE through the DSO output pin, as specified by the last com
mand received from the external command controller. Data is always shifted out the OnCE 
serial port most significant bit (MSB) first. Data is clocked out of the OnCE serial port on the 
rising edge of DSCK. 

The DSO pin also provides acknowledge pulses to the external command controller. When 
the chip enters the debug mode, the DSO pin will be pulsed low to indicate (acknowledge) 
that the OnCE is waiting for commands. After receiving a read command, the DSO pin will 
be pulsed low to indicate that the requested data is available and the OnCE serial port is 
ready to receive clocks in order to deliver the data. After receiving a write command, the 
DSO pin will be pulsed low to indicate that the OnCE serial port is ready to receive the data 
to be written; after the data is written, another acknowledge pulse will be provided. 

During hardware reset and when the processor is idle, the DSO pin is held high. 

DR-Debug Request Input 

The debug request input (DR) allows the user to enter the debug mode of operation from 
the external command controller. When DR is asserted, it causes the DSP to finish the cur
rent instruction being executed, save the instruction pipeline information, enter the debug 
mode, and wait for commands to be entered from the DSI line. While in debug mode, the 
DR pin lets the user reset the OnCE controller by asserting it and deasserting it after receiv
ing acknowledge. It may be necessary to reset the OnCE controller in cases where synchro
nization between the OnCE controller and external circuitry is lost. DR must be deasserted 
after the OnCE responds with an acknowledge on the DSO pin and before sending the first 
OnCE command. Asserting DR will cause the chip to exit the STOP or WAIT state. 
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2.3.5.2 JTAG Pins 
The following signals are used with the onboard test logic defined by the IEEE 1149.1 JTAG 
standard. See Section 131EEE 1149.1 Test Access Port for more information on the use of 
these signals. These pins are active when the JTAG_ONCE pin is strapped high. 

TRST -Test Reset 

This active low input provides an asynchronous reset to the test logic. 

TCK-Test Clock 

This input provides a clock for onboard test logic defined by the IEEE 1149.1 standard. 

TMS-Test Mode Select 

This input controls test mode operations for on board test logic defined by the IEEE 1149.1 
standard. 

TDI-Test Data In 

This input is used for serial test instructions and test data for onboard test logic defined by 
the IEEE 1149.1 standard: 

TDO-Test Data Out 

This output is used for serial test instructions and test data for onboard test logic defined by 
the IEEE 1149.1 standard. 

2.3.6 IMP and DSP Clock and PLL Pins 

The clock and PLL pins are shown in Figure 2-23. 

EXTAL 
XTAL 

CLKO 
XFC-

MODCLKO,1 
VCCSYN 
GNDSYN 

ICLVCC 
ICLGND 

MC68356 
IMP DSP 

DEXTAL 
DXTAL 
PCAP 
CKOUT 
CSelect 
pvcc 
PGND 
CLVCC 
CLGND 

Figure 2-23. IMP and DSP Clock and PLL Pins 

2.3.6.1 IMP PLL and Clock Pins 

EXTAL-IMP External Clock/Crystal Input 

This input provides two clock generation options (crystal and external clock). EXTAL may 
be used (with XTAL) to connect an external crystal to the on-chip oscillator and clock gen
erator. If an external clock is used, the clock source should be connected to EXTAL, and 
XTAL should be left unconnected. The frequency of EXTAL may range from 0 MHz to 25 
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MHz (or the maximum rated frequ-ency, whichever is higher). When an external clock is 
used, it must provide a CMOS level at this input frequency. 

NOTE 

The input high voltage and input low voltage for EXTAL and the 
values for power are specified in Section 14 Electrical Charac
teristics. A valid clock signal oscillates between a low voltage of 
between GND - 0.3 and .6 volts and a high voltage of between 
4.0 and Vee volts. 

XTAL-IMP Crystal Output 

This output connects the on-chip oscillator output to an external crystal. If an external clock 
is used, XTAL should be left unconnected. 

CLKO-IMP Clock Out 

This output clock signal is derived from the on-chip clock oscillator. This clock signal is in
ternally connected to the clock input of the M68000 core, the communication processor, and 
system integration block. All M68000 bus tim ings are referenced to the CLKO signal. CLKO 
supports both CMOS and TTL output levels. The output drive capability of the CLKO signal 
is programmable in the IPLCR register (see 3.4.3.4 IMP PLL and Clock Control Register (IP
LCR)) to one-third, two-thirds, full strength, or this output can be disabled. 

XFC-IMP External Filter Capacitor 

This pin is a connection for an external capacitor to filter the PLL. See 3.4.5 IMP PLL Pins 
for more details. 

MODCLK1-0-Clock Mode Select 

The state of these input signals during reset selects the type of external clock that is used 
by the phase locked loop (PLL) in the clock synthesizer to generate the system clocks. Table 
2-13 shows the default values of the PLL. See 3.3.1 Default System Clock Generation for 
more details of the MODCKO-1 options. 

Table 2-13. Default Operation Mode of the IMP PLL 

MOOCK 
Pll 

Mult. Factor EXTAl Freq. ClKIN to the IMP System 
1-0 (MF+1) (Examples) Pll Clock 

00 Disabled x - = EXTAL = EXTAL 

01 Enabled 1 >10 MHz = EXTAL = EXTAL 

10 Enabled 4 4.192MHz 4.192MHz 16.768 MHz 

11 Enabled 401 32.768KHz 32.768KHz 13.14MHz 

VCCSYN-IMP Analog PLL Circuit Power 

This pin is dedicated to the IMP analog PLL circuits. The voltage should be well regulated 
and the pin should be provided with an extremely low impedance path to the Vee power rail. 
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V CCSYN should be bypassed to GND by a 0.1 JlF capacitor located as close as possible to 
the chip package. 

GNDSYN-IMP Analog PLL Circuits' Ground 

This pin is dedicated to the IMP analog PLL circuits. The pin should be provided with an ex
tremely low impedance path to ground. GNDSYN should be bypassed to VCCSYN by a 
0.1JlF capacito(located as close as possible to the chip package. 

2.3.6.2 DSP PLL and Clock Pins 

DEXT AL-DSP External Clock/Crystal Input 

The DEXT AL input interfaces the internal crystal oscillator input to an external crystal or an 
external clock. If the IMP EXTAL clock source is used to drive the DSP clock, this pin should 
be grounded. 

DXTAL-DSP Crystal Output 

This output connects the internal crystal oscillator output to an external crystal. If an external 
clock or the IMP clock source is used, XTAL should not be connected. It may be disabled 
through software control using the XTLD bit in the PLL control register. 

PCAP-DSP PLL Filter Off-Chip Capacitor 

This input acts as an off-chip capacitor for the PLL filter. One terminal of the capacitor is con
nected to PCAP while the other terminal is connected to PVCC. The capacitor value is spec
ified in Section 14 Electrical Characteristics. 

CKOUT -DSP PLL Output Clock 

This output pin provides a 50% duty cycle output clock synchronized to the internal proces
sor clock when the PLL is enabled and locked. When the PLL is disabled, the output clock 
at CKOUT is derived from, and has the same frequency and duty cycle as DEXTAL. 

NOTE 

If the PLL is enabled and the multiplication factor is less than or 
equal to 4, then CKOUT is synchronized to DEXTAL. 

CSelect - DSP Clock Select 

During the assertion of hardware reset, the value at the CSelect input pin determines the 
DSP PLL input clock source and together with the MODCLK1-0 pins the DSP PLL opera
tional mode. The DSP PLL enable/disable mode is written into the PEN bit of the PLL control 
register. The PEN bit enables the PLL by causing it to derive the internal clocks from the PLL 
VCO output. When the bit is clear, the PLl is disabled and the chip's internal clocks are de
rived from either the clock connected to the DEXTAl pin or the IMP's ClKIN. Table 2-14 
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shows the default values of the PLL after hardware reset is deasserted - the CSelect pin is 
ignored. See the clock synthesizer description of the DSP for more details. 

Table 2-14. Default Operation Mode of the DSP PLL 

CSelect 
MODCK 

Pll 
Mult. Factor DEXT Al Freq. 

ClKIN to the Pll 
DSP System 

1-0 (MF+1) (Examples) Clock 

0 00 Disabled x - =IMP EXTAL =IMP EXTAL 

0 01 Disabled x - =IMP EXTAL =IMP EXTAL 

0 10 Disabled x - =IMP EXTAL =IMP EXTAL 

0 11 Enabled 401 32.768KHz 32.768 kHz 13.14MHz 

1 xx Disabled x - =DSP EXTAL =DSP EXTAL 

PV cc-DSP Analog PLL Circuit Power 

The Vee input is dedicated to the DSP analog PLL circuits. The voltage should be well reg
ulated and the pin should be provided with an extremely low impedance path to the Vee 
power rail. PV cc should be bypassed to PGND by a 0.1 JlF capacitor located as close as 
possible to the chip package. 

PGND-DSP Analog PLL Circuits' Ground 

This GND input is dedicated to the DSP analog PLL circuits. The pin should be provided with 
an extremely low impedance path to ground. PVcc should be bypassed to PGND by a 0.1JlF 
capacitor located as close as possible to the chip package. 

2.4 POWER AND GROUND PINS 

The MC68356 has 16 power supply pins throughout the outer four rows/columns and 40 
Vee pins on the Vee ring located on the perimeter of the inner ground pins. There are 3 
grounds throughout the four row/columns and 81 ground pins located in the inner 9 x 9 
ground matrix. The inner ground matrix should be connected directly to an internal ground 
plane with individual vias for every pad connecting to the ground plane. These pins are es
pecially important for efficient heat dissipation. Similarly the outer ring of Vee pins should be 
connected to the power plan with individual vias for every pad.Special attention should be 
paid to connecting the DSP and IMP PLL power pins designated by PVCC, PGND and 
VCCSYN and GNDSYN respectively (see 2.3.6 IMP and DSP Clock and PLL Pins). Careful 
attention has been paid to reducing IMP noise, potential cross-talk, and RF radiation from 
the output drivers. Inputs may be +5 V when Vee is 0 V without damaging the device. 

2.5 WHEN TO USE PULLUP RESISTORS 

Pins that are input-only or output-only do not require external pullups. The bidirectional bus 
control Signals require pullups since they are three-stated by the processor when they are 
not being driven. Open-drain signals always require pullups. 

Unused inputs should not be left floating. If they are input-only, they may be tied directly to 
Vee or ground, or a pullup or pulldown resistor may be used. Unused outputs may be left 
unconnected. Unused I/O pins may be configured as outputs after reset and left unconnect-
ed. . 
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If the IMP is to be held in reset for extended periods of time in an application (other than what 
occurs in normal power-on reset or board test sequences) due to a special application re
quirement (such as Vee dropping below required specifications, etc.), then three-stated sig
nals and inputs should be pulled up or down. This decreases stress on the device transistors 
and saves power. 

See the RESET pin description for the condition of all pins during reset. 
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SECTION 3 
CLOCK GENERATION AND LOW POWER CONTROL 

Since the MC68356 consists of two separate main functional blocks: an Integrated Multipro
tocol Processor (IMP) and a DSP56002 with expanded memory, two separate clocking gen
eration blocks are needed to assure that both processors can be clocked independently to 
achieve maximum flexibility in this dual processor architecture. The MC68356 contains two 
clock circuits, one for the IMP section and one for the DSP section of the device. Each clock 
circuit consists of crystal oscillator drive circuit capable of driving either an external crystal 
or accepting an oscillator clock, a PLL clock synthesizer capable of multiplying a low fre
quency clock or crystal such as a 32-KHz watch crystal up to the maximum clock rate of 
each processor, and a low power divider which allows dynamic gear down and gear up of 
the system clock for each processor on the fly. While the dual-clock-generation architecture 
allows each section to run completely independently, both clock generation blocks can rely 
on the same crystal or oscillator clock source to save external oscillator components and 
board space. 

3.1 CLOCK GENERATION AND LOW POWER CONTROL 

• Dual On-Chip Clock Synthesizers (each with output system clocks) 

-Two Independent Oscillator Drive Circuits and Pins 

-Two Independent PLL Clock Synthesizer Circuits with Low Power Output Clock 
Divider Blocks. 

-One External Crystal Can Generate Clocks for both IMP and DSP 

• Low Power Control Of IMP 

-Slow-Go Modes using PLL Clock Divider Blocks 

-Varied Low Power STOP Modes for Optimizing Wake-Up Time to Low Power 
Mode Power Consumption: Stand-By, Doze and STOP. 

• Low Power Control DSP 

-Wait and Stop modes 

-Wake-Up by IMP through Direct Internal Connection of RESET and IRQ signals 

-Minimum Current Drain in /lA Range 

3.2 PLL AND OSCILLATOR CHANGES TO IMP AND DSP 

The oscillator that was on the MC68302 has been replaced by the new clock synthesizer 
described in this section.The registers related to the oscillator have been either removed or 
changed according to the description below. Several control bits are still available but have 
new locations. 
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The low power modes on the MC68302 have changed completely and will be discussed lat
er in 3.5.1 IMP Low Power Modes 

The DSP PLL is the same as described in the DSP family manual. One addition is that the 
input clock source may now be optionally routed from the IMP EXTAL pin. 

The PINIT pin has been removed; DSP PLL initialization after reset is determined by the 
combination of CSelect and MODCK1-0 pins as shown in Figure 3-1. The PLOCK and CKP 
pins are not implemented on the MC68356. 

3.2.1 Clock Control Register 

The clock control register address $FA is not implemented on the MC68356. This register 
location has been reassigned to the IOMCR and ICKCR registers. The clock control register 
bits have been reassigned as follows: 

CLKO Drive Options (CLKOMOD1-2) 

These bits are now in the IMP clock control register (IPLCR) on the MC68356, see 3.4.3.4 
IMP PLL and Clock Control Register (IPLCR). 

Tri-State TCLK1 (TSTCLK1) 

This bit is now in the DISC register on the MC68356, see 6.9.2 IMP-DSP Reset and Mode 
Interconnections Register. 

Tri-State RCLK1 (TSRCLK1) 

This bit is now in the internal connection register (ICR) on the MC68356, see 6.9.2 IMP-DSP 
Reset and Mode Interconnections Register. 

Disable BRG1 (DISBRG1) 
This bit is now in the internal connection register (ICR) on the MC68356, see 6.9.2 IMP-DSP 
Reset and Mode Interconnections Register. 

3.3 MC68356 SYSTEM CLOCK GENERATION 

Figure 3-1 shows the MC68356 system clock schematic which includes both the DSP and 
IMP clock synthesizers. The MC68356 has two sets of clock generation circuit blocks for 
both the DSP and IMP sections. Each block includes an on-chip oscillator, a clock synthe
sizer, and a low-power divider, which allows a comprehensive set of options for generating 
system clocks. The choices offer many opportunities to save power and system cost, without 
sacrificing flexibility and control. In addition to performing frequency multiplication, the PLL 
block can also provide EXTAL to CLKO skew elimination, and dynamic low power divides 
of the output PLL system clock. 

To allow maximal flexibility for various applications, the DSP clock may be generated by the 
DSP clock oscillator, or to reduce power, noise, and component count, the IMP external 
crystal can generate clocks for both IMP and the DSP. Clock source and default settings are 
determined during independent resets of the IMP and DSP sections. The MC68356 de
codes the CSelect and MODCK1-0 pins and the value of these pins determines the initial 
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clocking for the part. Further changes to the clocking scheme can be made by software. Af
ter reset, the 68000 core can control the IMP clocking through the following registers: 

1. IMP Operation Mode Control Register, IOMCR (3.5.1.6 IMP Operation Mode Control 
Register (IOMCR)). 

2. IMP PLL and Clock Control Register, IPLCR (3.4.3.1 Frequency Multiplication). 

3. IMP Interrupt Wake-Up Control Register, IWUCR (3.5.2.4 IMP Wake-Up Control Reg
ister -IWUCR). 

4. Periodic Interrupt Timer Register, PITR (6.5.4 Periodic Interrupt Timer). 

The DSP can control its clocking through the following register: 

DSP PLL Control Register, (3.7.6 DSP PLL Control Register (PCTL)). 

MULTIPLICATION FACTOR DIVIDE FACTOR 
(MF11-MFO) (DF3-DFO) 

I I .. .---
EXTAL r-- • • - IMP SYSTEM CLOCK 

PIN .. CLK OUT MUX (O-25MHz) 

IMP CLKIN ... ... ... .. ~ - OSC. 
.. 

IMP PLL -- .. -----XTAL VCOOUT 

PIN En - .. ~ ----- -. BRG 

MUX l[ · CLOCK .. 
DIVIDE}. MU)i ... .. -
BY2 

IMP -----
.. PIT CLOCK ... 

MULTIPLICATION FACTOR DIVIDE FACTOR 
(MF11-MFO) (DF3-DFO) 

,...--I I DEXTAL - ... 
DSP SYSTEM CLOCK 

PIN ... - • i 
.. 

.. DSP ~ DIVIDER OUT .. 
(O-60MHz) - OSC MUX .. MUX .. 

DXTAL 
... ... -.- ... 

DSP PLL .. 
PIN 

-~ 
.. 

- VCOOUT 
n ---

CSELECT PIN 

DSP 
Figure 3-1. MC68356 PLL Clock Generation SchematiC 

3.3.1 Default System Clock Generation 
During the assertion of hardware reset, the value at the CSelect and MODCLK1-D input pins 
determine the input clock source for the DSP and IMP as well as which PLLs will be enabled 
according to Table 3-1. After the deassertion of reset, these pins are ignored. 
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If the CSelect pin is low, the DSP will use the IMP EXTAL pin as its clock source. The DSP 
PLL can be enabled ordisabled after reset by writing to the PEN bit of the DSP PLL control 
register (PCTL). When the CSelect bit is set, the DSP will come out of reset with its PLL dis
abled and the DSP's internal clocks connected to the DSP EXTAL pin (See Figure 3-1). 

NOTE 

The DSP DEXTAL pin should be grounded if the DSP is using 
the IMP EXTAL pin as its clock source (CSelect=O). 

The MODCK1-0 pins control the IMP clock selection at hardware reset and the DSP PLL 
multiplication factor if CSELECT =0 and MODCLK = 11. The IMP PLL can be enabled or dis
abled and the multiplication factor can be preset to support different industry standard crys
tals. After reset the multiplication factor can be changed in the IPLCR register, and the IMP 
PLL divide factor can be set in the IOMCR register. 

CSelect 

0 

0 

0 

0 

1 

1 

1 

1 

Note: 

NOTE 

The IMP and DSP PLL input frequency ranges are limited to be
tween 25 kHz and the maximum operating frequency, and the 
PLL output frequency range before the low power divider is lim
ited to between 10 MHz and the maximum system clock fre
quency (25 MHz for a 25 MHz IMP and 60 MHz for a 60 MHz 
DSP). 

Table 3-1 IMP and DSP Default System Clock Generation 

OSP 
MOOCK OSP oSP System 

Example 
IMP 

IMP EXTAL IMP PLL 
1-0 PLL MF+1 Clock 

Freq. 
MF+1 

00 Disabled x IMP EXTAL 25 MHz Disabled x 

01 Disabled x IMP EXTAL 25 MHz Enabled 1 

10 Disabled x IMP EXTAL 4.192 MHz Enabled 4 

11 Enabled 401 IMP EXTALx 32.768 kHz Enabled 401 401 

00 Disabled x DSP EXTAL 25 MHz Disabled x 

01 Disabled x DSP EXTAL 25 MHz Enabled 1 

10 Disabled x DSP EXTAL 4.192 MHz Enabled 4 

11 Disabled x DSP EXTAL 32.768 kHz Enabled 401 

By loading the IPLCR register the user can change the multiplication factor of the PLL after RESET. 
By loading the IOMCR register, the user can change the power saving divide factor of the IMP PLL. 
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3.4 IMP SYSTEM CLOCK GENERATION 

3.4.1 System Clock Configuration 

The IMP has an on-chip oscillator and phased locked loop (Figure 3-2). These features pro- _ 
vide flexible ways to save power and reduce system cost. The operation of the clock gener-
ation circuitry is determined by the following registers. 

The IMP Operation Mode Control Register, IOMCR in 3.5.1.6 IMP Operation Mode Control 
Register (IOMCR). 

The IMP PLL and Clock Control Register, IPLCR in 3.4.3 Phase-Locked Loop (PLL). 

EXTAl---I~ 
XTAl ~--I 

ClKIN 

MOTOROLA 

MULTIPLICATION FACTOR 
(MF11-MFO) 

ClKIN 

TODSP 

DIVIDE FACTOR 
(DF3-DFO) 

IMP SYSTEM CLOCK 
t----II~ (0 - 33 MHz) 

BRG 
CLOCK 

'------------------~ PIT CLOCK 

ClKOUT 

VCOOUT 

Figure 3-2. IMP System Clocks Schematic - PLL Enabled 
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EXTAl 
PIN 

XTAl 
PIN 

ClKIN 

TOOSP 

PIT 
CLOCK 

IMP SYSTEM ClOCK 
(0-33 MHZ) 

Figure 3-3. IMP System Clocks Schematic - PLL disabled 

Figure 3-2 shows the IMP system clocks schematic with the IMP PLL enabled. Figure 3-3 
shows the IMP system clocks schematic with the IMP PLL disabled. 

The clock generation features of the IMP are discussed in the following paragraphs. 

3.4.2 On-Chip Oscillator 
A 32.768-kHz watch crystal provides an inexpensive reference, but the EXTAL reference 
crystal frequency can be any frequency from 25 kHz to 6.0 MHz. Additionally, the system 
clock frequency can be driven directly onto the EXTAL pin. In this case, the EXTAL frequen
cy should be the exact system frequency desired (0 to 25 MHz for the IMP), and the XTAL 
pin should be left floating. Figure 3-4 shows all the external connections required for the on
chip oscillator (as well as the PLL VCC and GND connections). 

3.4.3 Phase-Locked Loop (PLL) 

The IMP PLL's main functions are frequency multiplication, and EXTAL pin to CLKO pin 
clock skew elimination. The phase-locked loop takes the CLKIN frequency and outputs a 
high-frequency source used to derive the general system frequency of th.e IMP. The IMP 
PLL is comprised of a phase detector, loop filter, voltage-controlled oscillator (VCO), and 
multiplication block. 

3.4.3.1 Frequency Multiplication 
The IMP PLL can multiply the CLKIN input frequency by any integer between 1 and 4096. 
The multiplication factor may be changed to the desired value by writing the MF11-MFO bits 
in the IPLCR. When the IMP PLL multiplier is modified in software, the IMP PLL will lose 
lock, and the clocking of the IMP will stop until lock is regained (worst case is 2500 EXTAL 
clocks). If an alteration in the system clock rate is desired without losing IMP PLL lock, the 
value in the low-power clock divider can be to modified to change the system clock rate dy
namically. The low power clock divider bits are located in the IOMCR register. 
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CRYSTAL 

CLOCK GENERATION 

L ____________________ ~ 

Figure 3-4. PLL External Components 

NOTE 

VCC 

If IMP PLL is enabled, the multiplication value must be large 
enough to result in the VCO clock being greater than 10 MHz. 

3.4.3.2 Skew Elimination 

0.1 JlF 

The IMP PLL is also capable of eliminating the skew between the EXTAL and IMP system 
clock (CLKO). When the IMP PLL is enabled with a MF<5, the EXTAL to IMP clock skew is 
reduced to less than 4 ns. Without the IMP PLL enabled, the clock skew'could be much larg
er. This significant reduction of the clock skew is useful for synchronous clocking of multiple 
external system components. The IMP PLL also can compensate for duty cycle mismatch 
on the EXTAL input and will create a 50% duty cycle output 

NOTE 

When PLL is active, skew elimination is guaranteed only if the 
multiplication factor is less than 5. 

3.4.3.3 Low Power PLL Clock Divider 
The output of the IMP VCO is sent to a low power divider block. The clock divider can divide 
the output frequency of the VCO before it generates the system clock. The clock for the baud 
rate generators (BRGs) bypasses this clock divider. 

The purpose of the clock divider is to allow the user to reduce and restore the operating fre
quency of the IMP without losing the IMP's PLL lock. Using the clock divider, the user can 
still obtain full IMP operation, but at a slower frequency. The BRG is not affected by the low 
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power divider circuitry so previous BRG divider settings will not have to be changed when 
the divide factors are changed. 

When the PLL low power divider bits (OFO-3) are programmed to a non-zero value, the IMP 
is in SLOW_GO mode. The selection and speed of the SLOW_GO mode may be changed 
at any time, with changes occurring immediately. 

NOTE 

The IMP low power clock divider is active only if the IMP PLL is 
active. 

The low-power divider block is controlled in the IOMCR. The default state of the low-power 
divider is to divide all clocks by 1. 

If the low-power divider block is not used and the user is concerned that errant software 
could accidentally write the IOMCR, the user may set a write protection bit in IOMCR to pre
vent further writes to the register. 

3.4.3.4 IMP PLL and Clock Control Register (IPLCR) 

IPLCR is a 16-bit read/write register used to control the IMP's PLL, multiplication factor and 
CLKO drive strength. This register is mapped in the 68000 bus space at address $OF8. If 
the 68000 bus is set to 8 bits (BUSW grounded at reset), during 8-bit accesses, changes to 
the IPLCR will take effect in the IMP PLL after loading the high byte of IPLCR (the low byte 
is written first). The WP bit in IPLCR is used as a protect mechanism to prevent erroneous 
writing. When this bit is set further accesses to the IPLCR will be blocked. 

IMP PLL and Clock Control Register (IPLCR) $OF8 
15 14 13 12 11 10 9 a 

IPLWP CLKOMODO-1 PEN MF11 MF10 MF9 MFa 

RESET 

0 0 0 MODCLK 0 0 0 MODCLKO,l 

7 5 2 0 

MF7 MF6 MF5 MF4 MF3 MF2 MF1 MFO 

RESET 

MODCLKO,l 0 0 MODCLKO,l 0 0 MODCLKO MODCLKO 

ReadlWrite 

MF 11-0-Multiplication Factor 

These bits define the multiplication factor that will be applied to the IMP PLL input frequen
cy. The multiplication factor can be any integer from 1 to 4096. The system frequency is 
((MF bits + 1) x EXTAL). The multiplication factor must be chosen to ensure that the re
sulting VCO output frequency will be in the range from 10 MHz to the maximum allowed 
clock input frequency (e.g. 25 MHz for a 25 MHz IMP). 

The value 000 results in a multiplier value of 1. The value $FFF results in a multiplier value 
of 4096. 
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Any time a new value is written into the MF11-MFO bits, the IMP PLL will lose the lock 
condition, and after a delay, will relock. When the IMP PLL loses its lock condition, all the 
clocks that are generated by the IMP PLL are disabled. After hardware reset, the MF11-
MFO bits default to either 0,3 or 400 ($190 hex) depending on the MODCK1-Q pins (giv-
ing a multiplication factor of 1, 4 or 401). If the multiplication factor is 401, then a standard _ 
32.768 kHz crystal generates an initial general system clock of 13.14 MHz. If the multipli-
cation factor is 4, then a standard 4.192 MHz crystal generates an initial general system 
clock of 16.768 MHz. The user would then write the MF bits or adjust the output frequency 
to the desired frequency. 

NOTE 

Since the clock source for the periodic interrupt timer is CLKIN 
(see Figure 3-1), the PIT timer is not disturbed when the IMP 
PLL is in the process of acquiring lock. 

PEN-PLL Enable Bit 

The PEN bit enables the IMP PLL operation. When the IMP PLL is disabled, the VCO is 
not operating in order to minimize power consumption. The PEN bit may be set by soft
ware but it cannot be reset by software. During hardware reset this bit is set if the 
MODCK1-0 pins specify that the IMP PLL is enabled. The only way to clear PEN is to hold 
the MODCK1-0 pins low during a hardware reset. 

0= The IMP PLL is disabled. Clocks are derived directly from the EXTAL pin. 
1 = The IMP PLL is enabled. Clocks are derived from the CLKOUT output of the PLL. 

CLKODMO-1-CLKO Drive Mode 0-1 

These bits control the output buffer strength of the CLKO pin. Those bits can be dynami
cally changed without generating spikes on the CLKO pin. Disabling CLKO will save pow
er and reduce noise. 

00 = Clock Out Enabled, Full-Strength Output Buffer. 
01 = Clock Out Enabled, 2/3-Strength Output Buffer 
10 = Clock Out Enabled, 1/3-Strength Output Buffer 
11 = Clock Out Disabled (CLKO is driven high by internal pullup) 

NOTE 

These IMP bits are in a different address location than in the 
MC68302, where they are located at address $FA (bits 15, 14). 

IPLWP-IMP PLL Control Write Protect Bit 

This bit prevents accidental writing into the IPLCR. After reset, this bit defaults to zero to 
enable writing. Setting this bit prevents further writing (excluding the first write that .sets 
this bit). 

3.4.4 IMP Internal Clock Signals 
The following paragraphs describe the IMP internal clock signals. 
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3.4.4.1 IMP System Clock 

The IMP system clock is supplied to all modules on the IMP (with the exception of the BRG 
clocks which are connected directly to the VCOoutput with the Pll enabled). The IMP can 
be programmed to operate with or without IMP PlL. If IMP Pll is active, the system clock 
will be driven by Pll clock divider output. If IMP Pll is not active, the system clock will be 
driven by the Pll input clock (ClKIN). 

3.4.4.2 BRG Clock 
The clock to the BRGs can be supplied from the IMP Pll input (ClKIN) when the IMP Pll 
is disabled, or from the IMP Pll VCO output (when the Pll is enabled). The BRG prescaler 
input clock may be optionally programmed to be divided by 2 to allow very low baud rates 
to be generated from the system clock by setting the BCD bit in the IOMCR. 

3.4.4.3 PIT Clock 
ClKIN is supplied to the periodic interrupt timer (PIT) submodule which allows the PIT clock 
to run independently of the system clock (refer to Figure 3-1 and 6.5.4 Periodic Interrupt 
Timer). 

3.4.5 IMP PLL Pins 

The following pins are dedicated to the IMP Pll operation. 

3.4.5.1 VCCSYN 

This pin is the Vee dedicated to the analog IMP Pll circuits. The voltage should be well reg
ulated, and the pin should be provided with an extremely low-impedance path to the Vee 
power rail. VCCSYN should be bypassed to GNDSYN by a 0.1-/lF capacitor located as 
close as possible to the chip package. 

3.4.5.2 GNDSYN 
This pin is the GND dedicated to the analog IMP Pll circuits. The pin should be provided 
with an extremely low-impedance path to ground. GDNSYN should be bypassed to 
VCCSYN by a 0.1 /IF capacitor located as close as possible to the chip package. The user 
should also bypass GNDSYN to VCCSYN with a 0.01 /IF capacitor as close as possible to 
the chip package. 

3.4.5.3 XFC 
This pin connects to the off-chip capaCitor for the Pll filter. One terminal of the capacitor is 
connected to XFC; the other terminal is connected to IQVCC. 

3.4.5.4 MODCLK1-MODCLKO 

MODClK1-MODClKO specifies whether the IMP Pll is enabled and what the initial VCO 
frequency is after a hardware reset. During the assertion of RESET, the value of the 
MODClK1-MODClKO input pins causes the PEN bit and the MF11-0 bits of the IMP Pll 
and Clock Control Register (IPlCR) $OF8 to be appropriately written. MODCLK1-
MODCLKO also determines if the oscillator's prescaler is used. After RESET is negated, the 
MODClK1-MODCLKO pins are ignored. These pins have an internal pull up during a hard-
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ware reset. Table 3-1 shows the combinations of MODCLK1-0 pins with the corresponding 
default settings. 

3.5 IMP POWER MANAGEMENT 

The IMP portion of the MC68356 has several low power modes from which to choose. In ~ 
addition, the IMP can control the DSP power management functions. ~ 
3.5.1 IMP Low Power Modes 

The MC68356 provides a number of low power modes for the IMP section. Each of the op
eration modes has different current consumption, wake-up time, and functionality character
istics. The state of the IMP's 68000 data and address bus lines can be either driven high, 
low ortristated during low power stop mode by programming the low power drive control reg
ister (LPDCR). 

Operation 
Mode 

STOP 

DOZE 

STAND_BY 

SLOW GO/ 
NORfiIIAL 

NOTE 

Current consumption for all operating modes is specified in Sec
tion 14 Electrical Characteristics. 

Table 3-2 IMP Low Power Modes - IMP PLL Enabled 

Wake_Up Current 
Method of 

Oscillator PLL Clock (Osc. Clock Consumption 
Cycles) (Approximate) 

EntrylLPM bits 

Not Active Not active Not active 70000 <0.1mA Sto~ instruction/ 
L M1-O=11 

Active Not active Not active 2500 About 5mA Sto~ instruction/ 
L M1-O=10 

Active Active (if 
enabled Not active 2-5 cycles About 5mA Sto~ instruction/ 

L M1-O=01 

Active Active (if 
enabled) Active LowtdT('ends on 

L freq. Write to DF3-O 

3.5.1.1 STOP Mode 

IMP 
Functionality 

No 

No 

Partial,rCM-
CI) 

Full 

In STOP mode, all parts of IMP are inactive and the current consumption is less than 0.1 rnA. 
Both the crystal oscillator and the IMP PLL are shut down. Because both the oscillator and 
the PLL must start up, the wake-up time takes 70000 EXTAL clocks (for example, 70000 
cycles of 32.768KHz crystal will take about 2.2 sec). 

The STOP mode is entered by executing the STOP instruction with the LPMO-1 bits in the 
IOMCR register set to 11. Refer to 3.5.2.2 Entering the STOPf DOZE! STAND_BY Mode for 
an example instruction sequence for use with the STOP instruction. 

3.5.1.2 DOZE Mode 
In DOZE mode, the oscillator is active in the IMP but the IMP PLL is shut down. The current 
consumption depends on the frequency of the external crystal but is on the order of a few 
rnA. In DOZE mode, the IMP is shut down. The wake-up time is 2500 cycles of the external 
crystal (for example, 2500 cycles of 32.768 kHz crystal will take about 80 msec). Doze mode 
has faster wake-up time than the STOP mode, at the price of higher current consumption. 
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The DOZE mode is entered by executing the STOP instruction with the LPM1-0 bits in the 
IOMCR register set to 10. Refer to 3.S.2.2 Entering the STOP/ DOZE! STAND_BY Mode for 
an example instruction sequence for use with the STOP instruction. 

3.5.1.3 STAND_BY Mode 

In STAND_BY mode, the oscillator is active, and the IMP PLL, if enabled, is active but the 
IMP clock is not active and the IMP is shut down. Current consumption in STAND-BY mode 
is less than 10mA (less than SmA if the IMP PLL is not being used). The wake up time is a 
few IMP clock cycles. 

The STAND_BY mode is entered by executing the STOP instruction with the LPM1-0 bits 
in the IOMCR register set to 01. Refer to 3.S.2.2 Entering the STOP/ DOZE/ STAND_BY 
Mode for an example instruction sequence for use with the STOP instruction. 

In STAND-BY mode, the PCMCIA interface is active and any access on the PCMCIA inter
face will cause the IMP to come out of STAND-BY mode. The STAND_BY mode is useful 
in applications which have time slots with no activity, and require a minimal wake-up time 
before IMP returns to NORMAL or SLOW-GO mode. 

3.5.1.4 SLOW_GO Mode 
In the SLOW-GO mode, the IMP is fully operational but the IMP PLL divider has been pro
grammed with a value that is dividing the IMP PLL VCO output to the system clock in order 
to save power. The PLL output divider can only be used with the IMP PLL enabled. The di
vider value is programmed in the DF3-0 bits in the IOMCR. The clock may be divided by a 
power of 2 (2° - 215). No functionality is lost in SLOW-GO mode. 

3'.5.1.5 NORMAL Mode 

In NORMAL mode the IMP part is fully operational and the system clock from the PLL is not 
being divided down. 

3.5.1.6 IMP Operation Mode Control Register (IOMCR) 
IOMCR is a 8-bit read/ write register used to control the operation modes of the IMP. The 
WP bit in IOMCR is used as a protect mechanism to prevent erroneous writing of IOMCR. 

IOMCR $0 FA 
7 6 5 4 3 2 1 0 

I IOMWP DF3 DF2 DF1 DFO BCD LPM1 LPMO 

RESET: 
0 0 0 0 0 0 0 

0 

Read/Write 

IOMWP-IMP Operation Mode Control Write Protect Bit 

This bit prevents accidental writing into the IOMCR. After reset, this bit defaults to zero to 
enable writing. Setting this bit prevents further writing (excluding the first write that sets 
this bit). 
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DF 3-D-Divide Factor 
\ 

The Divide Factor Bits define the divide factor of the low power divider of the PLL. These 
bits specify a divide range between 2° and 215. Changing the value of these bits will IlQ1 
cause a loss of lock condition to the IMP PLL. 

BCD-BRG Clock Divide Control 

This bit controls whether the divide-by-two block shown in Figure 3-1 is enabled. 

o = The BRG clock is divided by 2. 
1 = The BRG clock is divided by 1. 

LPM-Low Power Modes 

When the 68000 core executes the STOP instruction, the IMP will enter the specified 
mode. 

LPM1-0: 

00 = Normal - the IMP PLL and clock oscillator will continue to operate normally. 
01 = Stand_by Mode 
10 = DOZE Mode 
11 = Stop Mode 

3.5.1.7 Low Power Drive Control Register (LPDCR) 
This register controls the state of the IMP's 68000 address and data buses during the Stand
by, Doze, and Stop modes. By programming this register it is possible to minimize power 
consumption due to external pullups or pull downs, or floating inputs. 

LPDCR BAR+$82A 
4 3 2 1 0 

LPDL LPDEN 
RESET: 

0 0 0 
0 

0 0 0 0 

Read/Write 

LPDEN-Low Power Drive Enable 

0- The IMP 68000 data and address buses will be high impedance. 
1 - The IMP 68000 data and address buses to be driven according to the LPDL bit. 

LPDL-Low Power Drive Data Low 

o -The data bus will be driven high when the LPDEN bit is set. 
1 - The data bus will be driven low when the LPDEN bit is set. 
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3.5.1.8 Default Operation Modes, See 3.3.1 Default System Clock Generation. 

3.5.2 Low Power Support 

3.5.2.1 Enter the SLOW_GO mode 

When the required IMP performance can be achieved with a lower clock rate, the user can 
reduce power consumption by dividing IMP PLL output clock that provides the IMP system 
clock. Switching between the NORMAL and SLOW_GO modes is achieved by changing the 
DF3-0 field in the IOMCR register to a non-zero value. The IMP PLL will not lose lock when 
the DF3-0 field in the IOMCR register is changed. 

3.5.2.2 Entering the STOPI DOZEI STAND_BY Mode 

Entering the STOP/ DOZE/ STAND_BY mode is achieved by the 68000 core executing the 
following code: 

nop 

move.b *+6(PC),$OOOOOOFB 

stop #$xxxx 

nop 

;copy STOP operand high byte to addr OOOOOOfb 

;xxxx -> SR 

This code is position independent. The core must be in the supervisor state to execute the 
STOP instruction, therefore the write to $OOOOOOFB must be done in the supervisor state 
(function code 5, supervisor data). The core trace exception should be disabled, otherwise 
the low power control will not enter the STOP mode. 

To guarantee supervisor state and trace exceptions disabled, this code should be part of a 
TRAP routine. Upon entering the trap routine, examine the stacked status register. If it indi
cates the supervisor state, then execute this code to enter STOP mode. If not supervisor, 
do NOT execute this code (could perform some application-specific error): 

TRAP _x 

NO_STOP 

3-14 

btst.b 

beq.s 

nop 

#5,(SP) 

NO_STOP 

; supervisor? 

; flush execution, bus pipes 

move.b 

stop 

*+6(PC),$OOOOOOFB 

#$xxxx 

;copy STOP operand high byte to addr OOOOOOfb 

; xxxx -> SR 

nop 

rte 

; error routine? 

NOTE 

The RI, DTE and PIT conditions will generate a level 4 interrupt. 
The PCMCIA will generate a level 1, 6, or 7 interrupt. The user 
should set the 68000 interrupt mask register to the appropriate 
level before executing this code. 
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IMP's low power control logic will: 

1. Detect the write cycle. 

2. Check if bit 5 = 1 (supervisor space) (if it is 0, the low power request will be ignored). ~ 

3. Sample the interrupt mask bits (bits 0-2). If during this process of stopping the clocks ~ 
an interrupt of higher level than the mask is asserted to the core, this process will 
abort. 

4. Wait for 16 clocks to guarantee the execution of the STOP command by the core. BG 
and BGACK will reset the 16-clock counter and it will restart its count. 

5. Assert bus request signal to the core. 

6. Wait for Bus Grant 

7. Force the IMP to the selected power-down mode, as defined in Table 3-1. 

3.5.2.3 IMP Wake-Up from Low Power STOP Modes 

The IMP can wake up from STOP/DOZE/STAND_BY mode to NORMAUSLOW_GO mode 
in response to inputs from the following sources: 

1. Asserting both RESET and HALT (hard reset) pins. 

2. Asserting (high to low transition) either RI (PB9) or PB1 0 pins (if these interrupts are 
enabled). 

3. A timeout of the periodic interrupt timer (if the PIT interrupt is enabled). 

4. Reset of the PwrDwn bit in the PCMCIA card configuration and status register when 
the PCMCIA controller is enabled. 

When one of these events occur (and the corresponding event bit is set), the IMP low power 
controller will asynchronously restart the IMP clocks. Then IMP low power control logic will 
release the 68000 bus and the IMP will return to normal operation. If one of the above wake
up events occurs during the execution of the STOP command, the low power control logic 
will abort the power down sequence and return to normal operation. 

If the IMP is in STAND_BY mode, any PCMCIA access will initiate a wake-up from 
STAND_BY mode (See 8.2 Power Down Options). 

NOTE 

The RI (PB9), DTE (PB10) and periodic interrupt timer timeout 
interrupts conditions will generate level 4 interrupts. The PCM
CIA controller can be programmed to generate either level 1, 6, 
or 7 interrupts. The user should also set the 68000 interrupt 
mask in the status register (SR) to the appropriate level before 
executing the STOP command to ensure that the I MP will wake 
up to the desired events. 

3.5.2.4 IMP Wake-Up Control Register - IWUCR 

The IWUCR contains control for the wake-up options. This register can be read and written 
by the 68000 core. 
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IWUCR $OF7 
7 6 5 o 
0 PITE PB10E PB9Ev o PITEn PB10En PB9En 

RESET: 
0 0 o o o o o 

0 

ReadlWrite 

PB9Ev-PB9 Event 
This bit will be set to one when there is a high to low transition on the PB9 pin. When 
PB9En is set and PB9Ev is set, the IMP will wake-up from the selected power down state, 
and a PB9 Interrupt will be generated. The IMP cannot enter the power-down mode if 
PB9Ev and PB9En are both set to one. PB9Ev is cleared by writing a one (writing a zero 
has no effect). 
In modem applications RI should be connected to the PB9 pin. 

PB 1 OEv-PB 10 Event 

This bit will be set to one when there is a high to low transition on the PB10 pin. When 
PB10En is set and PB10Ev is set, the IMP will wake-up from the selected power down 
state, and the PB 10 Interrupt will be generated. The IMP cannot enter the power-down 
mode when PB 1 OEv and PB 1 DEn are both set to one. PB 1 OEv is cleared by writing a one 
(writing a zero has no effect). 

In modem applications the DTE TxD line may be connected to the PB10 pin. 

PITEv-PIT Event 

This bit will be set to one when there is a time-out on the periodic interrupt timer (PIT). 
When PITEn bit is set and a time-out occurs (PITEv is set), the IMP will wake-up from the 
selected power down, and a PIT Interrupt will be generated. The IMP cannot enter the 
power-down mode if PITEv and PITEn are both set to one. PITEv is cleared by writing a 
one (writing a zero has no effect). 

PB9En-PB9 Enable 
This bit, when set, enables the IMP to wake up from power down mode and generate an 
interrupt when the PB9 Event bit becomes set. 

PB10En-PB1D Enable 
This bit, when set, enables the IMP to wake up from power down mode and generate an 
interrupt when the PB 10 Event bit becomes set. 

PITEn-PIT Enable 
This bit, when set, enables the IMP to wake up from power down mode and generate an 
interrupt when the PIT event bit becomes set, see 6.5.4 Periodic Interrupt Timer. 

3.S.2.SIMP Control of DSP Low Power Modes 
The 68000 core can communicate with the DSP through either the host port connection or 
the DISC register to interrupt the DSP and have the DSP execute a routine to place itself in 
low power mode. See Section 11 DSP Host Port and 6.9.2 IMP-DSP Reset and Mode In
terconnections Register. 
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3.6 DSP PLL CLOCK OSCILLATOR INTRODUCTION 

The DSP56K family of processors features a PLL (phase-locked loop) clock oscillator in its 
central processing module. The DSP PLL allows the processor to operate at a high internal 
clock frequency using a low frequency clock input, a feature which offers two immediate ~ 
benefits. Lower frequency clock inputs reduce the overall electromagnetic interference gen- ~ 
erated by a system, and the ability to oscillate at different frequencies reduces costs by elim-
inating the need to add additional oscillators to a system. 

The DSP PLL performs frequency multiplication to allow the processor to use almost any 
available external system clock for full speed operation, while also supplying an output clock 
synchronized to a synthesized internal core clock. It also improves the synchronous timing 
of the processor's external memory port, significantly reducing the timing skew between 
DEXTAL and the internal chip phases. The DSP PLL provides a low power divider on its out
put, which can reduce or restore the chip operating frequency without losing the DSP PLL 
lock. 

A DSP processor uses a four-phase clock for instruction execution which runs at the instruc
tion execution rate. It can accept an external clock through the DEXTAL input, or it can run 
on an internal oscillator when the user connects an external crystal between DXT AL and 
DEXTAL. In addition to this, the DSP PLL in the MC68356 can receive an input clock signal 
from the IMP clock circuitry. During DRESET the clock source is selected by the CSelect 
pin. Refer to Table 3-1 which shows the strapping options on reset for initializing the DSP 
PLL. 

3.7 PLL COMPONENTS 

The DSP PLL block diagram is shown below in Figure 3-5. The components of the DSP PLL 
are described in the following sections. 
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Figure 3-5. DSP PLL Block Diagram 
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3.7.1 DCLKIN Mux 

The input clock to the DSP PLL or (the DSP itself if the PLL is disabled) is selected by the 
ClKIN mux which is controlled by the Cselect pin. The Cselect pin is sampled during the 
DSP reset. The output of the DClKIN mux is the DCLKIN signal and will be referenced fur
ther in the remainder of this chapter. 

3.7.2 Phase Detector and Charge Pump Loop Filter 

The phase detector (PD) detects any phase difference between the external clock (DCLKIN) 
and an internal clock phase from the frequency multiplier. At the point where there is negli
gible phase difference and the frequency of the two inputs is identical, the DSP PLL is in the 
locked state. The phase detector on the IMP PLl operates in a similar way. 

The charge pump loop filter receives signals from the PO, and either increases or decreases 
the phase based on the PO signals. An external capacitor is connected to the PCAP pin (de
scribed in Section 3.8) and determines the DSP PLL operation. (See Section 14 Electrical 
Characteristics for more detailed information on the DSP's phase and frequency.) 

After the DSP PLL locks on to the proper phase/frequency, it reverts to the narrow band
width mode, which is useful for tracking small changes due to frequency drift of the DCLKIN 
clock. 

3.7.3 Voltage Controlled Oscillator (VCO) 

The VCO can oscillate at frequencies from the minimum speed specified in Section 14 Elec
trical Characteristics (typically10 MHz) up to the device's maximum allowed clock input fre
quency. The VCO on the IMP PlL operates in a similar way. 

3.7.4 Frequency Multiplier 
Inside the DSP PLL, the frequency multiplier divides the veo output frequency by its divi
sion factor (n). If the frequency multiplier's output frequency is different from the DCLKIN fre
quency, the charge pump loop filter generates an error signal. The error signal causes the 
VCO to adjust its frequency until the two input signals to the phase detector have the same 
phase and frequency. At this point (phase lock) the VCO will be running at n times the 
DCLKIN frequency, where n is the multiplication factor for the frequency multiplier. The pro
grammable multiplication factor ranges from 1 to 4096. The VCO on the IMP PLL operates 
in a similar way. 

NOTE 

If DSP PLL is enabled, the multiplication value must be large 
enough to result in the VCO clock being greater than 1 OM Hz. 

3.7.5 Low Power Divider (LPD) 
The Low Power Divider (LPD) divides the output frequency of the VCO by any power of 2 
from 2° to 215. Since the LPD is not in the closed loop of the DSP PLL, changes in the divide 
factor will not cause a loss of lock condition. This fact is particularly useful for utilizing the 
LPD in low power consumption modes when the chip is not involved in intensive calcula-
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tions. This can result in significant power saving. When the chip is required to exit the low 
power mode, it can immediately do so with no time needed for clock recovery or DSP PLL 
lock. 

3.7.6 DSP PLL Control Register (PCTL) 

The DSP PLL control register (PCTL) is a 24-bit read/write register which directs the oper
ation of the on-chip DSP PLL. It is mapped into the processor's internal X memory at 
X:$FFFD. The PCTL control bits are described in the following sections. 

11 10 9 8 7 6 4 210 

23 22 21 20 19 18 17 16 15 14 13 12 

** Reserved bits, read as zero, should be written with zero for future compatibility. 

Figure 3-6. DSP PLL Control Register (PCTL) 

3.7.6.1 PCTL Multiplication Factor Bits (MFO-MF11) - Bits 0-11 
The multiplication factor bits MFO-MF11 define the multiplication factor (MF) that will be ap
plied to the DSP PLL input frequency. The MF can be any integer from 1 to 4096. Table 3-
3 shows how to program the MFO-MF11 bits. The VCO will oscillate at a frequency of 
MF x Fext, where Fext is the DCLKIN clock frequency. The multiplication factor must be cho
sen to ensure that the resulting VCO output frequency will be between 1 OMhz and the max
imum allowable clock frequency (see Section 14 Electrical Characteristics). Any time a new 
value is written into the MFO-MF11 bits, the DSP PLL will lose the lock condition. After a 
time delay, the OSP PLL will relock. 

Table 3-3 Multiplication Factor Bits MFO-MF1 

MF11-MFO Multiplication Factor MF 

$000 1 

$001 2 

$002 3 

L L 
L L 

$FFE 4095 

$FFF 4096 

3.7.6.2 PCTL Division Factor Bits (DFO-DF3) - Bits 12-15 
The division factor bits DFO-DF3 define the divide factor (OF) of the low power divider. 
These bits specify any power of two divide factor in the range from 20 to 215. Table 3-4 
shows the programming of the DFO-DF3 bits. Changing the value of the DFO-DF3 bits will 
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not cause a loss of lock condition. Whenever possible, changes of the operating frequency 
of the chip (for example, to enter a low power mode) should be made by changing the value 
of the DFO-DF3 bits rather than changing the MFO-MF11 bits. For MF:S;4, changing DFO
DF3 may lengthen the instruction cycle following the PLL control register update; this is done 
in order to keep synchronization between DCLKIN and the internal chip clock. For MF>4 
such synchronization is not guaranteed and the instruction cycle is not lengthened. Note that 
CKOUT is synchronized with the internal clock in all cases. The OF bits are cleared (division 
by one) by hardware reset. 

Table 3-4 Division Factor Bits DFO-OF3 

DF3-DFO Division Factor DF 

$0 2° 

$1 21 

$2 22 

L L 
L L 

$E 214 

$F 215 

3.7.6.3 PCTL DXTAL Disable Bit (XTLD) - Bit 16 
The DXTAL disable (XTLD) bit controls the on-chip crystal oscillator DXTAL output. When 
XTLD is cleared, the XTAL output pin is active permitting normal operation of the crystal os
cillator. Note that the Cselect pin must be strapped high during DSP reset to select the DSP 
clock source as the DEXTAL pin. When XTLD is set, the DXTAL output pin is held in the 
high (1) state, disabling the on-chip crystal oscillator. If the on-chip crystal oscillator is not 
used (EXTAL is driven from an external clock source), it is recommended that XTLD be set 
(disabling XTAL) to minimize RFI noise and power dissipation. The XTLD bit is cleared by 
hardware reset. 

3.7.6.4 PCTL STOP Processing State Bit (PSTP) - Bit 17 

The PSTP bit controls the behavior of the DSP PLL and of the on-chip crystal oscillator dur
ing the STOP processing state. When PSTP is set, the DSP PLL and the on-chip crystal os
cillator will remain operating while the chip is in the STOP processing state, enabling rapid 
recovery from the STOP state. When PSTP is cleared, the DSP PLL and the on-chip crystal 
oscillator will be disabled when the chip enters the STOP processing. For minimal power 
consumption during the STOP state, at the cost of longer recovery time, PSTP should be 
cleared. To enable rapid recovery when exiting the STOP state, at the cost of higher power 
consumption in the STOP state, PSTP should be set. PSTP is cleared by hardware reset. 

3.7.6.5 PCTL PLL Enable Bit (PEN) - Bit 18 
The PEN bit enables the DSP PLL operation. When this bit is set, the DSP PLL is enabled 
and the internal clocks will be derived from the PLL VCO output. When this bit is cleared, 
the DSP PLL is disabled and the internal clocks are derived directly from the OCLKIN clock. 
When the DSP PLL is disabled, the VCO does not operate in order to minimize power con
sumption. The PEN bit may be set by software but it cannot be reset by software. During 
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hardware reset, this bit receives the value of the combination of the CSelect and MODCK1-
o pins as described in Table 3-1. The only way to clear PEN is to hold these pins in the right 
combination during hardware reset. 

A relationship exists between PSTP and PEN where PEN adjusts PSTP's control of the DSP ...
PLL operation. When PSTP is set and PEN (see Table 3-5) is cleared, the on-chip crystal ~ 
oscillator remains operating in the STOP state, but the DSP PLL is disabled. This power sav-
ing feature enables rapid recovery from the STOP state when the user operates the chip 
with an on-chip oscillator and with the DSP PLL disabled. 

Table 3-5 PSTP and PEN Relationship 

Operation During STOP 

PSTP PEN PLL Oscillator Recovery Power Consumption 

0 x Disabled Disabled Long Minimal 

1 0 Disabled Enabled Rapid Lower 

1 1 Enabled Enabled Rapid Higher 

3.7.6.6 PCTL Clock Output Disable Bits (CODO-COD1) - Bits 19-20 
The CODO-COD1 bits control the output buffer of the clock at the CKOUT pin. Table 3-6 
specifies the effect of CODO-COD1 on the CKOUT pin. When both CODO and COD1 are 
set, the CKOUT pin is held in the high (1) state. If the CKOUT pin is not connected to exter
nal circuits, it is recommended that both COD1 and CO DO be set (disabling clock output) to 
minimize RFI noise and power dissipation. If the CKOUT output is low at the moment the 
CODO-COD1 bits are set, it will complete the low cycle and then be disabled high. If the pro
grammer re-enables the CKOUT output before it reaches the high logic level during the dis
abling process, the CKOUT operation will be unaffected. The CODO-COD1 bits are cleared 
by hardware reset. 

Table 3-6 Clock Output Disable Bits CODO-COD1 

COD1 CO DO CKOUT Pin 

0 0 Clock Out Enabled, Full Strength Output Buffer 

0 1 Clock Out Enabled, 2/3 Strength Output Buffer 

1 0 Clock Out Enabled, 1/3 Strength Output Buffer 

1 1 Clock Out Disabled 

3.7.6.7 PCTL Chip Clock Source Bit (CSRC) - Bit 21 
The CSRC bit specifies whether the clock for the chip is taken from the output of the VCO 
or is taken from the output of the low power divider (LPD). When CSRC is set, the clock for 
the chip is taken from the VCO. When CSRC is cleared, the clock for the chip is taken from 
the output of the LPD. See 3.9.8 CKOUT Considerations for restrictions. CSRC is cleared 
by hardware reset. 

3.7.6.8 PCTL CKOUT Clock Source Bit (CKOS) - Bit 22 
The CKOS bit specifies whether the CKOUT clock output is taken from the output of the 
VCO or is taken from the output of the LPD. When CKOS is set, the CKOUT clock output is 
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3.7.6.8 PCTL CKOUT Clock Source Bit (CKOS) - Bit 22 
The CKOS bit specifies whether the CKOUT clock output is taken from the output of the 
VCO or is taken from the output of the LPD. When CKOS is set, the CKOUT clock output is 
taken from the VCO. When CKOS is cleared, the CKOUT clock output is taken from the out
put of the LPD. If the DSP PLL is disabled (PEN=O), CKOUT is taken from DCLKIN. See 
3.9.8 CKOUT Considerations. CKOS is cleared by hardware reset. 

3.7.6.9 PCTL Reserved Bit - Bit 23 
This bit is reserved for future expansion. It reads as zero and should be written with zero for 
future compatibility. 

3.8 DSP PLL PINS 

The following pins are dedicated to the DSP PLL operation: 

PVCC-VCC Dedicated to the Analog DSP PLL Circuits. 
The voltage should be well regulated and the pin should be provided with an extremely 
low impedance path to the VCC power rail. PVCC should be bypassed to PGND by a 
0.1 JlF capacitor located as close as possible to the chip package. 

PGND-GND Dedicated to the Analog PLL Circuits. 
The pin should be provided with an extremely low impedance path to ground. PVCC 
should be bypassed to PGND by a 0.11lF capacitor located as close as possible to the 
chip package. 

PCAP-Off-Chip Capacitor for the PLL Filter. 
One terminal of the capacitor is connected to PCAP while the other terminal is connected 
to PVCC. The capacitor value is specified in Section 14 Electrical Characteristics. 

CKOUT -Clock Out. 
This output pin provides a 50% duty cycle output clock synchronized to the internal pro
cessor clock when the DSP PLL is enabled and locked. When the DSP PLL is disabled, 
the output clock at CKOUT is derived from, and has the same frequency and duty cycle 
as DCLKIN. 

NOTE 

If the DSP PLL is enabled and the multiplication factor is less 
than or equal to 4, then CKOUT is synchronized to DCLKIN. 

3.9 DSP PLL OPERATION CONSIDERATIONS 

The following paragraphs discuss DSP PLL operation considerations. 
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3.9.1 Operating Frequency 

The operating frequency of the chip is governed by the frequency control bits in the DSP 
PLL control register as follows: 

I 'FEXT x MF Fvco 
FCH1P = DF - OF 

where: DF is the division factor defined by the DFO-DF3 bits 

FCH1P is the chip operating frequency 

FEXT is the external input frequency to the chip at the DCLKIN pin 

Fvco is the output frequency of the VCO 

MF is the multiplication factor defined by the MFO-MF11 bits 

The chip frequency is derived from the output of the low power divider. If the low 
power divider is bypassed, the equation is the same but the division factor should 
be assumed to be equal to one. 

3.9.2 Hardware Reset 

Hardware reset causes the initialization of the DSP PLL. The following considerations apply: 

1. The MFQ-MF11 bits in the PCTL register are set to their pre-determined hardware re
set value (400) if Cselect=O and MODCLK1--O=11. The DFO-DF3 bits and the chip 
clock source bit in the PCTL register are cleared. The DCLKIN mux will be set to route 
the IMP CLKIN source to the DSP PLL. This causes the chip clock frequency to be 
equal to the external input frequency (DCLKIN) multiplied by the multiplication factor 
defined by MFO-MF11(401). All other combinations of Cselect and MODCLK1--O will 
result in the PLL being disabled on DSP reset. 

2. During hardware reset assertion, the PEN bit in the PCTL register is set only if Cse
lect=O and MODCLK1-0=11. If the PEN is set, the DSP PLL acquires the proper 
phase/frequency. While hardware reset is asserted, the internal chip clock will be driv
en by the DCLKIN source until the DSP PLL achieves lock (if enabled). If PEN is 
cleared, the DSP PLL is deactivated and the internal chip clock is driven by the 
DCLKIN source. 

3. Proper operation of the DSP PLL cannot be guaranteed for VCO out frequencies of 
less than 10 MHz. If the resulting VCO clock frequency would be less than the mini
mum and the user wishes to operate with the DSP PLL enabled, the user should set 
the MODCLK pins and the Cselect pins to an acceptable combination that will cause 
the DSP PLL to be disabled initially after DSP reset (see Table 3-1). Then, after reset, 
the user must issue an instruction which loads the PCTL control register with a mUlti
plication factor that would bring the VCO frequency above 10 MHz and would enable 
the DSP PLL operation. Until this instruction is executed, the DSP PLL is disabled, 
which may cause a large skew «15nsec) between the external input clock and the in
ternal processor clock. If internal low frequency of operation is desired with the DSP 
PLL enabled, the VCO output frequency may be divided down by using the internal 
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low power divider. 

3.9.3 Operation with DSP PLL Disabled 

If the DSP PLL is disabled, the internal chip clock and CKOUT are driven from the DCLKIN 
input. 

3.9.4 Changing the MFO-MF11 Bits 

Changes to the MFO-MF11 bits cause the following to occur: 

1. The DSP PLL will lose the lock condition. 

2. The DSP PLL acquires the proper phase/frequency. Until this occurs, the internal chip 
clock phases will be frozen. This ensures that the clock used by the chip is a clock that 
has reached a stable frequency. 

3. When lock occurs, the DSP PLL drives the internal chip clock and CKOUT. 

4. While DSP PLL has not locked, CKOUT is held low. 

3.9.5 Change of DFO-DF3 Bits 

Changes to the DFO-DF3 bits do not cause a loss of lock condition. The internal clocks will 
immediately revert to the frequency prescribed by the new divide factor. For MF~4, chang
ing DFO-DF3 may lengthen the instruction cycle or CKOUT pulse following the DSP PLL 
control register update in order to keep synchronization between DCLKIN and the internal 
chip clock. (Here, T3 is equal to the phase described by the new divide factor plus the time 
required to wait for a synchronizing pulse, which is less than 1.5ETc.) For MF>4, such syn
chronization is not guaranteed and the instruction cycle is nQt lengthened. 

If the DFD-DF3 bits are changed by the same instruction that changes the MFO-MF11 bits, 
the LPD divider factor changes before the detection of the change in the multiplication factor. 
This means that the detection of loss of lock will occur after the LPD has started dividing by 
the new division factor. 

3.9.6 Loss of Lock 

The DSP PLL distinguishes between cases where MF>4 and cases where MF~4. If MF~4, 
the DSP PLL will detect loss of lock if a skew of 2.5 to 4.5 ns develops between the two clock 
inputs to the phase detector. 

If MF>4, the DSP PLL will detect loss of lock when there is a discrepancy of one clock cycle 
between the two clock inputs to the phase detector. 

3.9.7 STOP Processing State 

If the PSTP bit is cleared, executing the STOP instruction will disable the on-chip crystal os
cillator and the DSP PLL. In this state the chip consumes the least possible power. When 
recovering from the STOP state, the recovery time will be 16 or 64k external clock cycles 
(according to bit 6 in the operating mode register) plus the time needed for the DSP PLL to 
ach ieve lock. 
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programmer re-enables the CKOUT clock output before it reaches the high logic level during 
the disabling process, the CKOUT operation will be unaffected. 

While the DSP PLL is regaining lock, the CKOUT clock output remains at the same logic ~ 
level it held when the DSP PLL lost lock, which is when the clocks were frozen in the DSP. ~ 

When the chip enters the WAIT processing state, the core phases are disabled but CKOUT 
continues to operate. When DSP PLL is disabled, CKOUT will be fed from DCLKIN. 

If DF>1 and CKOS:;tCSRC, then the programmer must change either CKOS or CSRC be
fore taking any action that causes the DSP PLL to lose and subsequently regain lock, such 
as changing the multiplication factor, enabling DSP PLL operation, or recovering from the 
STOP state with PSTP=O. 

Any change of the CKOS or CSRC bits must be done while DF=1. 

3.9.9 Synchronization Among DCLKIN, CKOUT, and the Internal Clock 

Low clock skew between DCLKIN and CKOUT is guaranteed only if MF~4. The synchroni
zation between CKOUT and the internal chip activity and Port A timing is guaranteed in all 
cases where CKOS=CSRC and the bits have never differed from one another. 

3.9.10 DSP Low Power Modes 
The DSP has two different low power modes, the WAIT mode and the STOP mode.To bring 
the DSP into low power operating states, the WAIT instruction or the STOP instruction is ex
ecuted. The difference between the WAIT and STOP states is that in the wait state the os
cillator is still running. In the stop state the oscillator is gated off, reducing power even more. 

In the WAIT mode the DSP system clock is disconnected to all internal circuitry except the 
internal peripherals. All internal processing is halted until one of the following occurs: 

• An unmasked interrupt is detected from an internal peripheral or IRQ pin. 

• The Debug Request pin of the OnCE is asserted 

• The DSP is reset. 

In the STOP mode all the internal peripherals are kept in their reset states and the clock os
cillator is gated off. One of the following actions will wake up the DSP: 

• A low level on the IRQA pin. 

• A low level on the RESET pin. 

• A low level on the DR pin. 

Either of these actions will activate the oscillator. After a clock stabilization delay the proces
sor and peripherals will be reneabled. 

More information about stabilization delay is given in Section 14 Electrical Characteristics. 

More information on wake up timing, both from wait and stop mode is discussed in the DSP 
family manual referring to processing states. 
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• A low level on the RESET pin. 

• A low level on the DR pin. 

Either of these actions will activate the oscillator. After a clock stabilization delay the proces
sor and peripherals will be reneabled. 

More information about stabilization delay is given in Section 14 Electrical Characteristics. 

More information on wake up timing, both from wait and stop mode is discussed in the DSP 
family manual referring to processing states. 
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SECTION 4 
MC68000/MC68008 CORE 

The IMP integrates a high-speed M68000 processor with multiple communications periph
erals. The provision of direct memory access (OMA) control and link layer management with 
the serial ports allows high throughput of data for communications-intensive applications, 
such as basic rate Integrated Services Oigital Network (ISON). 

The IMP can operate either in the full MC68000 mode with a 16-bit data bus or in the 
MC68008 mode with an 8-bit data bus by tying the bus width (8USW) pin low. UOS/AO func
tions as AO and LOS/OS functions as OS in the MC68008 mode. 

NOTE 

The 8USW pin is static and is not intended to be used for dy
namic bus sizing. If the state of 8USW is changed during oper
ation of the IMP, erratic operation may occur. 

Refer to the MC68000UM/AO, M68000 8-/16-/32-Bit Microprocessors User's Manual, for 
complete details of the on-Chip microprocessor. Throughout this manual, references may 
use the notation M68000, meaning all devices belonging to this family of microprocessors, 
or the notation MC68000, MC68008, meaning the specific microprocessor products. 

4.1 PROGRAMMING MODEL 

The M68000 microprocessor executes instructions in one of two modes: user or supervisor. 
The user mode provides the execution environment for most of the application programs. 
The supervisor mode, which allows some additional instructions and privileges, is intended 
for use by the operating system and other system software. 

Shown in Figure 4-1, the M68000 core programming model offers 16, 32-bit, general-pur
pose registers (07-00, A7-AO), a 32-bit program counter (PC), and an 8-bit condition code 
register (CCR) when running in user space. The first eight registers (07-00) are used as 
data registers for byte (8-bit), word (16-bit), and long-word (32-bit) operations. The second 
set of seven registers (A6-AO) and the stack pointer (USP in user space) may be used as 
software stack pOinters and base address registers. In addition, the address registers may 
be used for word and long-word operations. All 16 registers may be used as index registers. 
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Figure 4-1. M68000 Programming Model 

The supervisor's programming model includes supplementary registers, including the su
pervisor stack pointer (SSP) and the status register (SR) as shown in Figure 4-2. The SR 
contains the interrupt mask (eight levels available) as well as the following condition codes: 
overflow (V), zero (Z), negative (N), carry (C), and extend (X). Additional status bits indicate 
that the processor is in trace (T) mode and/or in a supervisor (S) state. 
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Figure 4-2. M68000 Status Register 

4.2 INSTRUCTION SET SUMMARY 

The five data types supported by the M68000 on the IMP are bits, binary-coded decimal 
(BCD) digits (4 bits), bytes (8 bits), words (16 bits), and long words (32 bits). 

In addition, operations on other data types, such as memory addresses, status word data, 
etc., are provided for in the instruction set. Shown in Table 4-1, the 14 flexible addressing 
modes include six basic types: 

• Register Direct 

• Register Indirect 

• Absolute 

• Immediate 

• Program Counter Relative 

• Implied 

The capability to perform postincrementing, predecrementing, offsetting, and indexing is in
cluded in the register indirect addressing modes. Program counter relative modes can also 
be modified via indexing and offsetting. 

The M68000 instruction set is shown in Table 4-2. 

Some basic instructions also have variations as shown in Table 4-3. 

Special emphasis has been placed on the instruction set to simplify programming and to 
support structured high-level languages. With a few exceptions, each instruction operates 
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on bytes, words, or long words, and most instructions can use any of the 14 addressing 
modes. 

Combining instruction types, data types, and addressing modes provides over 1000 useful 
instructions. These instructions include signed and unsigned multiply and divide, quick arith
metic operations, BCD arithmetic, and expanded operations (through traps~ . 

NOTES: 

4-4 

Table 4-1. M68000 Data Addressing Modes 

Mode Generation 

Register Direct Addressing 
Data Register Direct EA= Dn 
Address Register Direct EA= An 

Absolute Data Addressing 
Absolute Short EA = (Next Word) 
Absolute Long EA = (Next Two Words) 

Program Counter Relative Addressing 
Relative with Offset EA = (PC) + d16 
Relative with Index and Offset EA = (PC) + Xn + d8 

Register Indirect Addressing 
EA= (An) Register Indirect 

Postincrement Register Indirect EA = (An), An ¢= An + N 

Predecrement Register Indirect EA = ~ An - N, EA = (An) 

Register Indirect with Offset EA= (An) + d16 

Indexed Register Indirect with Offset EA = (An) + (Xn) + d8 

Immediate Data Addressing 
Immediate DATA = Next Word(s) 
Quick Immediate Inherent Data 

Implied Addressing s 
Implied Register EA = SR, USP, SSP, PC 

EA Effective Address 
An Address Register 
Dn Data Register 
Xn Address or Data Register Used as an Index Register 
SR Status Register 
PC Program Counter 
( ) Contents of 
d8 8-Bit Offset (Displacement) 
d16 16-Bit Offset (Displacement) 
N 1 for byte, 2 for word, and 4 for long word. If An is the stack pointer and the 

operand size is byte, N = 2 to keep the stack pointer on a word boundary. 
~ Replaces 
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Table 4-2. M68000 Instruction Set Summary 

Mnemonic Description Mnemonic Description 

ABCD Add Decimal with Extend 
ADD Add MOVE Move Source to Destination 
AND Logical AND MULS Signed Multiply 
ASL Arithmetic Shift Left MULU Unsigned Multiply 
ASR Arithmetic Shift Right 

Bcc Branch Conditionally 
BCHG Bit Test and Change 
BCLR Bit Test and Clear 
BRA Branch Always 
BSET Bit Test and Set 
BSR Branch to Subroutine 

NBCD Negate Decimal with Extend 
NEG Negate 
NOP No Operation 
NOT Ones Complement 

BTST Bit Test 

CHK Check Register Against Bounds 
CLR Clear Operand OR Logical OR 
CMP Compare 

DBcc Decrement and Branch Conditionally 
DIVS Signed Divide PEA Push Effective Address 
DIVU Unsigned Divide 

RESET Reset External Devices 
ROL Rotate Left without Extend 

EOR Exclusive OR 
EXG Exchange Registers 
EXT Sign Extend 

ROR Rotate Right without Extend 
ROXL Rotate Left with Extend 
ROXR Rotate Right with Extend 
RTE Return from Exception 
RTR Return and Restore 
RTS Return from Subroutine 

SBCD Subtract Decimal with Extend 

JMP Jump 
JSR Jump to Subroutine 

Scc Set Conditionally 
STOP Stop 
SUB Subtract 
SWAP Swap Data Register Halves 

LEA Load Effective Address TAS T est and Set Operand 
LINK Link Stack TRAP Trap 
LSL Logical Shift Left TRAPV Trap on Overflow 
LSR Logical Shift Right TST Test 

UNLK Unlink 
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Table 4-3. M68000 Instruction Type Variations 

Instruction 
Variation Description 

Type 

ADD Add 
ADDA Add Address 

ADD ADDQ Add Quick 
ADDI Add Immediate 
ADDX Add with Extend 

AND Logical AND 

AND 
ANDI And Immediate 
ANDI to CCR And Immediate to Condition Codes 
ANDI to SR And Immediate to Status Registers 

CMP Compare 

CMP 
CMPA Compare Addresses 
CMPM Compare Memory 
CMPI Compare Immediate 

EOR Exclusive OR 

EOR 
EORI Exclusive OR Immediate 
EORI to CCR Exclusive OR Immediate to Condition Codes 
EORI to SR Exclusive OR Immediate to Status Register 

MOVE Move Source to Destination 
MOVEA Move Address 
MOVEM Move Multiple Register 
MOVEP Move Peripheral Data 

MOVE MOVEQ Move' Quick 
MOVE from SR Move from Status Register 
MOVE to SR Move to Status Register 
MOVEtoCCR Move to Condition Codes 
MOVE USP Move User Stack Pointer 

NEG 
NEG Negate 
NEGX Negate with Extend 

OR Logical OR 

OR 
ORI OR Immediate 
ORI to CCR OR Immediate to Condition Codes 
ORI to SR OR Immediate to Status Register 

SUB Subtract 
SUBA Subtract Address 

SUB SUBI Subtract Immediate 
SUBQ Subtract Quick 
SUBX Subtract with Extend 

4.3 ADDRESS SPACES 

The M68000 microprocessor operates in one of two privilege states: user or supervisor. The 
privilege state determines which operations are legal, which operations are used by the ex
ternal memory management device to control and translate accesses, and which operations 
are used to choose between the SSP and the USP in instruction references. The M68000 
address spaces are shown in Table 4-4. 

In the M68000 Family, the address spaces are indicated by function code pins. On the 
M68000, three function code pins are output from the device on every bus cycle of every 
executed instruction. This provides the purpose of each bus cycle to external logic. 
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Other bus masters besides the M68000 may also output function codes during their bus cy
cles. On the IMP, this capability is provided for each potential internal bus master (Le., the 
IDMA, SOMA, and DRAM refresh units). Also on the IMP, provision is made for the decoding 
of function codes that are output from external bus masters (e.g., in the chip-select genera
tion logic). 

In computer design, function code information can be used to protect certain portions of the 
address map from unauthorized access or even to extend the addressable range beyond ....
the M68000 16-Mbyte address limit. However, in controller applications, function codes are ~ 
used most often as a debugging aid. Furthermore, in many controller applications, the 
M68000 stays continuously in the supervisor state. 

Table 4-4. M68000 Address Spaces 

Function Code Output 

FC2 FC1 FCO Reference Class 

1 0 0 (Unassigned) 

0 0 1 User Data 

0 1 0 User Program 

0 1 1 (Unassigned) 

1 0 0 (Unassigned) 

1 0 1 Supervisor Data 

1 1 0 Supervisor Program 

1 1 1 CPU Space* 

* This is the function code output for the M68000 interrupt 
acknowledge cycle. 

All exception processing occurs in the supervisor state, regardless of the state of the S bit 
when the exception occurs. The bus cycles generated during exception processing are clas
sified as supervisor references. All stacking operations during exception processing use the 
SSP. 

The user state is the lower state of privilege. For instruction execution, the user state is de
termined by the S bit of the SR; if the S bit is negated (low), the processor is executing in
structions in the user state. Most instructions execute identically in either user state or 
supervisor state. However, instructions having important system effects are privileged. User 
programs are not permitted to execute the STOP instruction or the RESET instruction. To 
ensure that a user program cannot enter the supervisor state except in a controlled manner, 
the instructions which modify the entire SR are privileged. To aid in debugging programs to 
be used in operating systems, the move-to-user-stack-pointer (MOVE to USP) and move
from-user-stack-pointer (MOVE from USP) instructions are also privileged. 

The supervisor state is the highest state of privilege. For instruction execution, the supervi
sor state is determined by the S bit of the SR; if the S bit is asserted (high), the processor is 
in the supervisor state. The bus cycles generated by instructions executed in the supervisor 
state are classified as supervisor references. While the processor is in the supervisor privi
lege state, those instructions using either the system stack pointer implicitly or address reg
ister seven explicitly access the SSP. 
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Once the processor is in the user state and executing instructions, only exception process
ing can change the privilege state. During exception processing, the current state of the S 
bit in the SR is saved and the S bit is asserted, putting the processor in the supervisor state. 
Therefore, when instruction execution resumes at the address specified to process the ex
ception, the processor is in the supervisor privilege state. The transition from the supervisor 
to user state can be accomplished by any of four instructions: return from exception (RTE), 
move to status register (MOVE to SR), AND immediate to status register (ANDI to SR), and 
exclusive OR immediate to status register (EORI to SR). 

4.4 EXCEPTION PROCESSING 

The processing of an exception occurs in four steps, with variations for different exception 
causes. During the first step, a temporary copy of the SR is made, and the SR is set for ex
ception processing. During the second step, the exception vector is determined; during the 
third step, the current processor context is saved. During the fourth step, a new context is 
obtained, and the processor switches to instruction processing. 

4.4.1 Exception Vectors 

Exception vectors are memory locations from which the processor fetches the address of a 
routine to handle that exception. All exception vectors are two words long except for the re
set vector, which is four words. All exception vectors lie in the supervisor data space except 
for the reset vector, which is in the supervisor program space. A vector number is an 8-bit 
number which, when multiplied by four, gives the offset of the exception vector. Vector num
bers are generated internally or externally, depending on the cause of the exception. In the 
case of interrupts, during the interrupt acknowledge bus cycle, a peripheral may provide an 
8-bit vector number to the processor on data bus lines D7-DO. Alternatively, the peripheral 
may assert autovector (AVEC) instead of data transfer acknowledge (DT ACK) to request an 
autovector for that priority level of interrupt. The exception vector assignments for the 
M68000 processor are shown in Table 4-5. 

Table 4-5. M68000 Exception Vector Assignment 

Vector 
Decimal 

Address 
Space Assignment Number Hex 

a a 000 SP Reset: Initial SSP2 

1 4 004 SP Reset: Initial PC2 

2 8 008 SO Bus Error 

3 12 OOC SO Address Error 

4 16 010 SO Illegal Instruction 

5 20 014 SO Zero Oivide 

6 24 018 SO CHK Instruction 

7 28 01C SO TRAPV Instruction 

8 32 020 SO Privilege Violation 

9 36 024 SO Trace 

10 40 028 SO Line 1010 Emulator 
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Table 4-5. M68000 Exception Vector Assignment 

11 44 02C SO Line 1111 Emulator 

121 48 030 SO (Unassigned, Reserved) 

131 52 034 SO (Unassigned, Reserved) 

141 56 038 SO (Unassigned, Reserved) 

15 60 03C SO Uninitialized Interrupt Vector 

64 040 SO 
16-231 

92 05C SO 
(Unassigned, Reserved) 

24 96 060 SO Spurious Interrupt3 

25 100 064 SO Level 1 Interrupt Autovector 

26 104 068 SO Level 2 Interrupt Autovector 

27 108 06C SO Level 3 Interrupt Autovector 

28 112 070 SO Level 4 Interrupt Autovector 

29 116 074 SO Level 5 Interrupt Autovector 

30 120 078 SO Level 6 Interrupt Autovector 

31 124 07C SO Level 7 Interrupt Autovector 

128 080 SO 
32-47 TRAP Instruction Vectors4 

188 OBC SO 

192 OCO SO 
48-631 

255 OFC SO 
(Unassigned, Reserved) 

256 100 SO 
64-255 User Interrupt Vectors 

1020 3FC SO 

NOTES: 

1. Vector numbers 12-14, 16-23, and 48-63 are reserved for future enhancements by Motorola 
(with vectors 60-63 being used by the IMP (see 5.1 IMP Configuration Control». No user 
peripheral devices should be assigned these numbers. 

2. Unlike the other vectors which only require two words, reset vector (0) requires four words and is 
located in the supervisor program space. 

3. The spurious interrupt vector is taken when there is a bus error indication during interrupt 
processing. 

4. TRAP # n uses vector number 32 + n. 

4.4.2 Exception Stacking Order 

Exception processing saves the most volatile portion of the current processor context on top 
of the supervisor stack. This context is organized in a format called the exception stack 
frame. The amount and type of information saved on the stack is determined by the type of 
exception. The reset exception causes the M68000 to halt current execution and to read a 
new SSP and PC as shown in Table 4-5. A bus error or address error causes the M68000 
to store the information shown in Figure 4-3. The interrupts, traps, illegal instructions, and 
trace stack frames are shown in Figure 4-4. 
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4-10 

15 

ACCESS ADDRESS HIGH 

ACCESS ADDRESS LOW 

INSTRUCTION REGISTER 

STATUS REGISTER 

PROGRAM COUNTER HIGH 

PROGRAM COUNTER LOW 

R/W (read/write): write = 0, read = 1 
liN (instruction not): instruction = 0, not =1 
FC: Function Code 

I RIW I lIN I FC 

Figure 4-3. M68000 Bus/Address Error Exception Stack Frame 

EVEN BYTE ODD BYTE 

15 HIGHER 
ADDRESS 

SSP--~ STATUS REGISTER 

PROGRAM COUNTER HIGH 

PROGRAM COUNTER LOW 

Figure 4-4. M68000 Short-Form Exception Stack Frame 

NOTE 

The IMP uses the exact same exception stack frames as the 
MC68000. 

For exception processing times and instruction execution times, 
refer to MC68000UM/AD, 8-/16-/32-Bit Microprocessor User's 
Manual. 
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4.5 INTERRUPT PROCESSING 

Seven interrupt levels are provided by the M68000 core. If the IMP's interrupt controller is 
placed in the normal mode, six levels are available to the user. If the interrupt controller is in 
the dedicated mode, three levels are available to the user. In either mode, level 4 is reserved 
for the on-chip peripherals. Devices may be chained externally within one of the available 
priority levels, allowing an unlimited number of external peripheral devices to interrupt the 
processor. The SR contains a 3-bit mask indicating the current processor priority level. In- ~ 
terrupts are inhibited for all priority levels less than or equal to the current processor priority ~ 
(see Figure 4-2). 

An interrupt request is made to the processor by encoding the request on the interrupt re
quest lines (normal mode) or by asserting the appropriate request line (dedicated mode). 
Rather than forcing immediate exception processing, interrupt requests arriving at the pro
cessor are made pending to be detected between instruction executions. 

If the priority of the pending interrupt is lower than or equal to the current processor priority, 
execution continues with the next instruction, and the interrupt exception processing is post
poned. 

If the priority of the pending interrupt is greater than the current processor priority, the ex
ception processing sequence is started. A copy of the SR is saved, the privilege state is set 
to supervisor state, tracing is suppressed, and the processor priority level is set to the level 
of the interrupt being acknowledged. The processor fetches the vector number from the in
terrupting device, classifying the reference as an interrupt acknowledge on the address bus. 
If external logic requests automatic vectoring (via the AVEC pin), the processor internally 
generates a vector number determined by the interrupt level number. If external logic indi
cates a bus error, the interrupt is considered spurious, and the generated vector number ref
erences the spurious interrupt vector number. 

4.6 M68000 SIGNAL DIFFERENCES 

The MC68000 core supports one additional signal not visible on the standard M68000: 
RMC. Asserted externally on read-modify-write cycles, the RMC Signal is typically used as 
a bus lock to ensure integrity of instructions using the locked read-modify-write operation of 
the test and set (TAS) instruction. The RMC signal from the M68000 core is applied to the 
IMP arbiter and can be programmed to prevent the arbiter from issuing bus grants until the 
completion of an MC68000-core-initiated read-modify-write cycle. 

The IMP can be programmed to use the RMC signal to negate address strobe (AS) at the 
end of the read portion of the cycle and assert AS at the beginning of the write portion of the 
cycle (See 6.7.3 System Control Bits). 

Two M68000 signals are omitted from the IMP: valid memory address (VMA) and enable 
(E). The valid peripheral address (VPA) signal is retained, but is only used on the IMP as 
AVEC to direct the core to use an autovector during interrupt acknowledge cycles. 
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SECTION 5 
MEMORY MAP 

This section includes tables that show the registers of the IMP portion of the MC68356. All ~ 
of the registers are memory mapped into the 68000 space. ~ 

5.1 IMP CONFIGURATION CONTROL 

Four reserved entries in the external M68000 exception vector table (see Table 4-5) are 
used as addresses for internal system configuration registers. These entries are at locations 
$OFO, $OF4, $OF8, and $OFC. See Table 5-1, System Configuration Registers. 

The BAR entry contains the BAR described in this section. The SCR entry contains the SCR 
described in Section 6 System Integration Block (SIB). 

Figure 5-1 shows all the IMP on-chip addressable locations and how they are mapped into 
system memory. 

The on-chip peripherals, including those peripherals in both the CP and SIB, require a 4K
byte block of address space. This 4K-byte block location is determined by writing the intend
ed base address to the BAR in supervisor data space (FC = 5). 

After a total system reset, the on-Chip peripheral base address is undefined, and it is not 
possible to access the on-chip peripherals at any address until BAR is written. The BAR and 
the SCR can always be accessed at their fixed addresses. 

MOTOROLA 

NOTE 

The BAR, SCR and CCR registers are internally reset only when 
a total system reset occurs by the simultaneous assertion of RE
SET and HALT. The chip-select (CS) lines are not asserted on 
accesses to these locations. Thus, it is very helpful to use CS 
lines to select external ROM/RAM that overlaps the BAR and 
SCR register locations, since this prevents potential bus conten
tion. (The internal access (lAC) signal may also be used to pre
vent bus contention.) 

NOTE 

In 8-bit system bus operation, IMP accesses are not possible un
til the low byte of the BAR is written. Since the MOVE.W instruc
tion writes the high byte followed by the low byte, this instruction 
guarantees the entire word is written. 
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MC68356 

$OFO PITR 

$OF2 BAR ENTRY 
I-------~\ 

$OF4 SCR ENTRY 

$OF7 WAKE-UP 

$OF8 IMP PLL 

\ 
\ 

\ 
\ 

\ 
\ 

256 VECTOR 
ENTRIES 

$3FF_---1 

Do not assign other devices on the system bus an address that falls within the address 
range of the peripherals defined by the BAR. If this happens, BERR is generated (if the ad
dress decode conflict enable (ADCE) bit is set) and the address decode conflict (ADC) bit in 
the SCR is set. 

The BAR is a 16-bit, memory-mapped, read-write register consisting of the high address 
bits, the compare function code bit, and,the function code bits. Upon a total system reset, its 
value may be read as $BFFF, but its value is not valid until written by the user. The address 
of this register is fixed at $OF2 in supervisor data space. BAR cannot be accessed in user 
data space. 
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15 13 12 11 

BASE ADDRESS 
FC2-FCO 

23 22 21 20 19 18 17 16 15 14 13 12 

Bits 15-13-FC2-FCO 

Bits 15-13 of the BAR contain the FC2-FCO field. These bits are used to set the address 
space of 4K-byte block of on-chip peripherals. The address compare logic uses these bits, 
dependent upon the CFC bit, to cause an address match within its address space. 

NOTE 

Do not assign this field to the M68000 core interrupt acknowl
edge space (FC2-FCO = 7). 

CFC-Compare Function Code 

0= The FC bits in the BAR are ignored. Accesses to the IMP 4K-byte block occur with
out comparing the FC bits. 

1 = The FC bits in the BAR are compared. The address space compare logic uses the 
FC bits to detect address matches. 

Bits 11-0-Base Address 

The high address field is contained in bit 11-0 of the BAR. These bits are used to set the 
starting address of the dual-port RAM. The address compare logic uses only the most sig
nificant bits to cause an address match within its block size. 

5.2 SYSTEM CONFIGURATION REGISTERS 

Four entries in the M68000 exception vectors table (located in low RAM) are reserved for 
the addresses of system configuration registers (see Table 5-1). These registers have sev
en addresses within $OFO-$OFF. The MC68356 uses one of the IMP 32-bit reserved spaces 
for 3 registers added for the MC68356. These registers are used to control the PLL, clock 
generation and low power modes. See Section 3 Clock Generation and Low Power Control 
for more details. 

Table 5-1. System Configuration Registers 

Address Name Width Description Reset Value 

$OFO PITR 16 Periodic Interrupt Timer Register 0000 

$OF2 BAR 16 Base Address Register BFFF 

$OF4 SCR 24 System Control Register 0000 OF 

$OF7 IWUCR 8 IMP Wake-Up Control Register 00 

$OF8 IPLCR 16 IMP,PLL Control Register 

$OFA IOMCR 8 IMP Operations Mode Control Register 00 

$OFB IPDR 8 IMP Power Down Register 00 
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The internal 1176-byte dual-port RAM has 576 bytes of system RAM (see Table 5-2) and 
576 bytes of parameter RAM (see Table 5-3). 

Table 5-2. System RAM 

Address Width Block Description 

Base + 000 

· · 576 Bytes RAM User Data Memory 

· Base + 23F 

Base +240 

· Reserved · · (Not Implemented) 

Base + 3FF 

The parameter RAM contains the buffer descriptors for each of the three SCC channels, 
the16550 channel, the SCP, and the two SMC channels. The memory structures of the three 
SCC channels are identical. When any SCC, SCP, or SMC channel buffer descriptors or pa
rameters are not used, their parameter RAM area can be used for additional memory. For 
detailed information about the use of the buffer descriptors and protocol parameters in a 
specific protocol, see Section 7 Communications Processor (CP). Base + 67E contains the 
MC68356 revision number. 

Table 5-3. Parameter RAM 

Address Width Block Description 

Base + 400 4 Word SCC1 RxBD 0 
Base + 408 4 Word SCC1 Rx BD 1 
Base + 410 4 Word SCC1 RxBD 2 
Base + 418 4 Word SCC1 RxBD 3 
Base + 420 4 Word SCC1 RxBD 4 
Base + 428 4 Word SCC1 AxBD 5 
Base + 430 4 Word SCC1 AxBD 6 
Base + 438 4 Word SCC1 Ax BD 7 
Base + 440 4 Word SCC1 TxBDO 
Base + 448 4 Word SCC1 Tx SO 1 
Base + 450 4 Word SCC1 TxBD2 
Base + 458 4 Word SCC1 Tx BD3 
Base + 460 4 Word SCC1 TxBD 4 
Base + 468 4 Word SCC1 TxBD 5 
Base + 470 4 Word SCC1 Tx BD 6 
Base + 478 4 Word SCC1 Tx BD7 

Base + 480 SCC1 

· · Specific Protocol Parameters 

· Base + 4BF SCC1 
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Table 5-3. Parameter RAM 

Base + 4CO 

· Reserved · · (Not Implemented) 

Base + 4FF 

Base + 500 4 Word SCC2,16550 RxBO 0 
Base + 508 4 Word SCC2,16550 Rx BO 1 
Base+510 4 Word SCC2,16550 RxBO 2 
Base + 518 4 Word SCC2,16550 RxB03 
Base + 520 4 Word SCC2,16550 RxBO 4 
Base + 528 4 Word SCC2,16550 RxBO 5 
Base + 530 4 Word SCC2,16550 RxBO 6 
Base + 538 4 Word SCC2,16550 RxBO 7 
Base + 540 4 Word SCC2,16550 TxBO 0 
Base + 548 4 Word SCC2,16550 Tx BO 1 
Base + 550 4 Word SCC2,16550 Tx B02 
Base + 558 4 Word SCC2,16550 TxB03 
Base + 560 4 Word SCC2,16550 TxBO 4 
Base + 568 4 Word SCC2,16550 TxBO 5 
Base + 570 4 Word SCC2,16550 Tx BD 6/0RAM Refresh 
Base + 578 4 Word SCC2,16550 Tx BD 7/0RAM Refresh 

Base + 580 SCC2 

· · Specific Protocol Parameters 

· Base + 5BF SCC2 

Base + 5CO 

· Reserved · (Not Implemented) · Base + 5FF 

Base + 600 4 Word SCC3 RxBO 0 
Base + 608 4 Word SCC3 RxBO 1 
Base + 610 4 Word SCC3 RxBO 2 
Base + 618 4 Word SCC3 RxBO 3 
Base + 620 4 Word SCC3 RxBO 4 
Base + 628 4 Word SCC3 RxBO 5 
Base + 630 4 Word SCC3 RxBO 6 
Base + 638 4 Word SCC3 RxBO 7 
Base + 640 4 Word SCC3 TxBOO 
Base + 648 4 Word SCC3 Tx BO 1 
Base + 650 4 Word SCC3 TxB02 
Base + 658 4 Word SCC3 Tx BO 3 ## 
Base + 660 3 Word SMC Reserved 
Base + 666 Word SMC1 Rx BO 
Base + 668 Word SMC1 TxBO 
Base + 66A Word SMC2 Rx BO 
Base + 66C Word SMC2 Tx BO 
Base + 66E # 6 Word SMC1-SMC2 Internal Use 
Base + 67A Word SCP RxlTx BO 
Base + 67C Word SCC1-SCC3 BERR Channel Number 
Base + 67E # Word CP MC68356 Revision Number 
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Table 5·3. Parameter RAM 

Base + 680 SCC3 

· · Specific Prot9col Parameters 

· Base + 6BF SCC3 

Base + 6CO 

· Reserved · · (Not Implemented) 

Base + 7FF 

# Modified by the CP after a CP or system reset. 

## Tx BD 4, 5, 6, and 7 are not initially available to SCC3. (7.5.6Buffer Descriptors Table for 

information on how they may be regained.) 

In addition to the internal dual-port RAM, a number of internal registers support the functions 
of the various M68000 core peripherals. The internal registers (see Table 5-4) are memory
mapped registers offset from the BAR pointer and are located on the internal M68000 bus. 

5-6 

NOTE 

All undefined and reserved bits within registers and parameter 
RAM values written by the user in a given application should be 
written with zero to allow for future enhancements to the device. 
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5.3 INTERNAL REGISTERS MAP 

Table 5-4. Internal Registers Map 

Address Name Width Block Description Reset Value 

68356 Base + 800 RES 16 IDMA Reserved 0000 

68356 Base + 802 CMR 16 IDMA Channel Mode Register XXXXXXXX 

68356 Base + 804 SAPR 32 IDMA Source Address Pointer XXXXXXXX 

68356 Base + 808 DAPR 32 IDMA Destination Address Pointer XXXX 

68356 Base + 80C BCR 16 IDMA Byte Count Register 00 

! 68356 Base + 80E CSR 8 IDMA Channel Status Register 

68356 Base + 80F RES 8 IDMA Reserved 

68356 Base + 810 FCR 8 IDMA Function Code Register XX 

68356 Base + 811 RES 8 IDMA Reserved 

68356 Base + 812 # GIMR 16 Int Cont Global Interrupt Mode Register 0000 

! 68356 Base + 814 IPR 16 Int Cont Interrupt Pending Register 0000 

68356 Base + 816 IMR 16 Int Cont Interrupt Mask Register 0000 

! 68356 Base + 818 ISR 16 Int Cont In-Service Register 0000 

68356 Base + 81 A RES 16 Int Cont Reserved 

68356 Base + 81C RES 16 Int Cont Reserved 

68356 Base + 81 E # PACNT 16 Pia Port A Control Register 0000 

68356 Base + 820 # PADDR 16 Pia Port A Data Direction Register 0000 

68356 Base + 822 # PADAT 16 Pia Port A Data Register XXXX## 

68356 Base + 824 # PBCNT 16 Pia Port B Control Register 0080 

68356 Base + 826 # PBDDR 16 Pia Port B Data Direction Register 0000 

68356 Base + 828 # PBDAT 16 Pia Port B Data Register XXXX## 

68356 Base + 82A LPDCR 8 Pia Low Power Drive Control Register 00 

68356 Base + 82C PPR 8 CS PCMCIA protection register 0000 

68356 Base + 82E RES 16 CS Reserved 

68356 Base + 830 # BRa 16 CSO Base Register a COOl 

68356 Base + 832 # ORO 16 CSO Option Register a DFFD 

68356 Base + 834 # BRl 16 CS1 Base Register 1 COOO 

68356 Base + 836 # ORl 16 CSl Option Register 1 DFFD 
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Table 5-4. Internal Registers Map 

Address Name Width Block Description Reset Value 

68356 Base + 838 # BR2 16 CS2 Base Register 2 COOO 

68356 Base + 83A # OR2 16 CS2 Option Register 2 DFFD 

68356 Base + 83C # BR3 16 CS3 Base Register 3 COOO 

68356 Base + 83E # OR3 16 CS3 Option Register 3 DFFD 

- 68356 Base + 840 TMR1 16 Timer Timer Unit 1 Mode Register 0000 

68356 Base + 842 TRR1 16 Timer Timer Unit 1 Reference Register FFFF 

68356 Base + 844 TCR1 16 Timer Timer Unit 1 Capture Register 0000 

68356 Base + 846 TCN1 16 Timer Timer Unit 1 Counter 0000 

68356 Base + 848 RES 8 Timer Reserved 

! 68356 Base + 849 TER1 8 Timer Timer Unit Event Register 00 

68356 Base + 84A WRR 16 WD Watchdog Reference Register FFFF 

68356 Base + 84C WCN 16 WD Watchdog Counter 0000 

68356 Base + 84E RES 16 Timer Reserved 

68356 Base + 850 TMR2 16 Timer Timer Unit 2 Mode Register 0000 

68356 Base + 852 TRR2 16 Timer Timer Unit 2 Reference Register FFFF 

68356 Base + 854 TCR2 16 Timer Timer Unit 2 Capture Register 0000 

68356 Base + 856 TCN2 16 Timer Timer Unit 2 Counter 0000 

68356 Base + 858 RES Timer Reserved 

! 68356 Base +) 859 TER2 8 Timer Timer Unit 2 Event Register 00 

68356 Base + 85A RES 16 Timer Reserved 

68356 Base + 85C RES 16 Timer Reserved 

68356 Base + 85E RES 16 Timer Reserved 

00 

68356 Base + 870 COR 8 Int Cont Configuration Option Register 00 

68356 Base + 871 CCSR 8 Int Cont Card Configuration and Status 
Register 00 

68356 Base + 872 PRR 8 Int Cont Pin Replacement Register 00 

68356 Base + 873 PSCR 8 Int Cont Socket and Copy Register xx 
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Table 5-4. Internal Registers Map 

Address Name Width Block Description Reset Value 

68356 Base + 874 10EIR 8 Int Cont I/O Event Indication register 00 

68356 Base + 875 RES1 8 Reserved1 00 

68356 Base + 876 RES2 8 Reserved2 00 

68356 Base + 877 RES3 8 Reserved3 00 

68356 Base + 880 RES 16 SCC1 Reserved 

68356 Base + 882 SCON1 16 SCC1 SCC1 Configuration Register 0004 

68356 Base + 884 SCM1 16 SCC1 SCC1 Mode Register 0000 

68356 Base + 886 OSR1 16 SCC1 SCC1 Data Sync. Register 7E7E 

! 68356 Base + 888 SCCE1 8 SCC1 SCC1 Event Register 00 

68356 Base + 889 RES 8 SCC1 Reserved 

68356 Base + 88A SCCM1 8 SCC1 SCC1 Mask Register 00 

68356 Base + 88B RES 8 SCC1 Reserved 

68356 Base + 88C SCCS1 8 SCC1 SCC1 Status Register 00 

68356 Base + 880 RES 16 SCC1 Reserved 

68356 Base + 88E RES 16 SCC1 Reserved 

68356 Base + 890 RES 16 SCC2 Reserved 

68356 Base + 892 SCON2 16 SCC2 SCC2 Configuration Register 0004 

68356 Base + 894 SCM2, 16 SCC2 SCC2,16550 Mode Register 0000 EMR 16550 

68356 Base + 896 OSR2 16 
SCC2 

SCC2 Data Sync. Register 7E7E 
16550 

! 68356 Base + 898 SCCE2, 16 SCC2 SCC2, l6550 Emulation Event Reg- 0000 
E550 16550 ister 

68356 Base + 899 RES 8 SCC2 Reserved 

68356 Base + 89A 
SCCM2, 

8 
SCC2 SCC2, 16550 Mask Register 00 

M550 16550 

68356 Base + 89B RES 8 SCC2 Reserved 

68356 Base + 89C 
SCCS2, 

16 
SCC2 SCC2, 16550 Emulation Status 0000 

S550 16550 Register 

68356 Base + 890 RES 16 SCC2 Reserved 
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Table 5-4. Internal Registers Map 

Address Name Width Block Description Reset Value 

68356 Base + 89E RES 16 SCC2 Reserved 

68356 Base + 89A M550 16 
SCC2 16550 Emulation Mask Register 0000 
16550 

68356 Base + 8AO RES 16 SCC3 Reserved 

68356 Base + 8A2 SCON3 16 SCC3 SCC3 Configuration Register 0004 

68356 Base + 8A4 SCM3 16 SCC3 SCC3 Mode Register 0000 

68356 Base + 8A6 DSR3 16 SCC3 SCC3 Data Sync. Register 7E7E 

! 68356 Base + 8A8 SCCE3 8 SCC3 SCC3 Event Register 00 

68356 Base + 8A9 RES 8 SCC3 Reserved 

68356 Base + 8AA SCCM3 8 SCC3 SCC3 Mask Register 00 

68356 Base + 8AB RES 8 SCC3 Reserved 

68356 Base + 8AC SCCS3 8 SCC3 SCC3 Status Register 00 

68356 Base + 8AD RES 8 SCC3 Reserved 

68356 Base + 8AE RES 16 SCC3 Reserved 

68356 Base + 8BO SPMODE 16 SCM SCP, SMC Mode and Clock Control 
Register 0000 

68356 Base + 8B2 # SIMASK 16 SI Serial Interface Mask Register FFFF 

68356 Base + 8B4 # SIMODE 16 SI Serial Interface Mode Register 0000 

68356 Base + 8B6 Reserved 

68356 Base + 8BF 

68356 Base + 8CO PCMR 24 PCMCIA PCMCIA Mode Register 000000 

68356 Base + 8C4! PCRWER 8 PCMCIA PCMCIA Configuration Registers 
Write Event Register 00 

! 68356 Base+ 8C5! PCAWER 8 PCMCIA PCMCIA Access Wake-up Event 
Register 00 

68356 Base + 8C6 PCRWMR 8 PCMCIA PCMCIA Configuration Registers 
Write Mask Register 00 

68356 Base + 8C7 PCAWMR 8 PCMCIA PCMCIA Access Wake-up Mask 
Register 00 

! 68356 Base + 8C8! PCHER 8 PCMCIA PCMCIA Host (PC) Event Register 00 

68356 Base + 8CC CISBAR 16 PCMCIA CIS Base Address Register 0000 

68356 Base + 800 CMBAR1 16 PCMCIA Common Memory Space Base Ad-
dress Register1 0000 
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68356 Base + 8D4 

68356 Base + 8EO 

68356 Base + 8E2 

68356 Base + 8E4 

68356 Base + 8E6 

68356 Base + 8E8 

68356 Base + 8EA 

68356 Base + 8EC 

68356 Base + 8EE 

68356 Base + 8FO 

68356 Base + 8F2 

68356 Base + 8F3 

68356 Base + 8F4 

68356 Base + 8F5 

68356 Base + 8F6 

68356 Base + 8F7 

68356 Base + FFF 

Table 5-4. Internal Registers Map 

Name Width 

CMBAR2 16 

PUCR 8 

PCDDR 8 

PCDAT 8 

PDDAT 16 

HBAR 16 

HCOR 8 

DISC 16 

EMR 16 

LCR 8 

MSR 8 

DLM 8 

DLL 8 

LSR 8 

Block 

PCMCIA 

Description 

Common Memory Space Base Ad
dress Register2 

Pull-Up Control Register 

Port C Data Direction Register 

Port C Data Register 

Port D Data Register 

DSP Host Port Base Address Reg-
ister 

DSP Host Port Configuration Op-
tion Register 

Reserved 

DSP Interconnection and Serial 
Connections Register 

16550 16550 Emulation Mode Register 

16550 16550 Emulation Line Control Reg-
ister 

16550 16550 Emulation Modem Status 
Register 

16550 16550 Emulation Divisor Latch 
(MSB) 

16550 16550 Emulation Divisor Latch 
(LSB) 

16550 16550 Emulation Line Status Reg-
ister 

Reserved (Not implemented) 

Memory Map 

Reset Value 

0000 

00 

00 

XX## 

XXXX· 

0000 

00 

0000 

0000 

00 

00 

XX 

XX 

00 

# Reset only upon total system reset. (RESET and HALT assert together), but not on the execution of an 
M68000 RESET instruction. See the RESET pin description for details. 

## The output latches are undefined at total system reset. 

! Event register with special properties (see 5.4 Event Registers). 

5.4 EVENT REGISTERS 

The IMP contains a few special registers that are designed to report events to the user. They 
are the channel status register (CSR) in the independent DMA, the interrupt pending register 
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(IPR) and interrupt in-service register (ISR) in the interrupt controller, the timer event register 
1 (TER1) in timer 1, the TER2 in timer 2, serial communication controller event register 1 
(SCCE1) in SCC1, SCCE2 in SCC2, SCCE3 in SCC3, the PCRWER, PCAWER, PCHER in 
the PCMCIA controller and the E550 in the 16550 controller. Events in these register are 
always reported by a bit being set. 

During the normal course of operation, the user software will clear these events after recog
nizing them. To clear a bit in one of these registers, the user software must WRITE A ONE 
TO THAT BIT. Writing a zero has no effect on the register. Thus, in normal operation, the 
hardware only sets bits in these registers; whereas, the software only clears them. 

This technique prevents software from inadvertently losing the indication from an event bit 
that is set by the hardware between the software read and the software write of this register. 

All these registers are cleared after a total system reset (RESET and HALT asserted togeth
er) and after the M68000 RESET instruction. Also some of the blocks (lDMA, timer1, timer2, 
and communication processor) have a reset (RST) bit located in a register in that block. This 
RST bit will reset that entire block, including any event registers contained therein. 

Examples: 

1. To clear bit 0 of SCCE1, execute "MOVE.B #$01 ,SCCE1" 

2. To clear bits 0 and 1 of SCC1, execute "MOVE.B #$03,SCCE1" 

3. To clear all bits in SCCE1, execute "MOVE.B #$ff,SCCE1" 

where SCCE1 is equated to the actual address of SCCE1. 

5-12 

NOTE 

DO NOT use read-modify-write instructions to clear bits in an 
event register, or All bits in that register will inadvertently be 
cleared. Read-modify-write instructions include BSET, BClR, 
AND, OR, etc. These instructions read the contents of a location, 
perform an operation, and write the result back, leaving the rest 
of the bits unchanged. Thus, if a bit is a one when read, it will be 
written back with a one, clearing that bit. For example, the in
struction "BSET.B #0,SCCE1" will actually clear All bits in 
SCCE1, not just bit o. 
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SECTION 6 
SYSTEM INTEGRATION BLOCK (SIB) 

The MC68356 contains an extensive SIB that simplifies the job of both the hardware and 
software designer. Most of the features are taken from the MC68302 without change, fea
tures that have been added are highlighted in bold text. 

The independent direct memory access (IDMA) controller relieves the hardware designer of 
the extra effort and board logic needed to connect an external DMA controller. The interrupt 
controller can be used in a dedicated mode to generate interrupt acknowledge signals with
out external logic. Also, the chip-select signals, their associated wait-state logic and the ad
dition of the new WE and OE signals allow a glueless interface to SRAM, EPROM, flash 
EPROM, and EEPROM. The four timers simplify control and improve reliability. These and 
other featu res in the SI B conserve board space and cost while decreaSing development 
time. 

The SIB includes the following functions: 

• IDMA Controller with Three Handshake Signals: DREQ, DACK, and DONE 

• Interrupt Controller with Two Modes of Operation 

• More Parallel Input/Output (1/0) Ports, Some with Interrupt Capability 

• Pullup Resistors on Parallel Input and PCMCIA Input Pins 

• On-Chip 1152-Byte Dual-Port RAM 

• Four Timers Including a Watchdog Timer and Periodic Interrupt Timer 

• Four Programmable Chip-Select Lines with Wait-State Generator Logic 

• Glueless Interface to SRAM, EPROM, Flash EPROM, and EEPROM 

• IMP Internal Control of DSP Resets, Interrupts, and Modes (Disk) 

• System Control 

-System Status and Control Logic 

-Disable CPU Logic (M68000) 

-Bus Arbitration Logic with Low-Interrupt Latency Support 

-Hardware Watchdog for Monitoring Bus Activity 

-DRAM Refresh Controller 
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6.1 DMA CONTROL 

The IMP includes seven on-chip DMA channels, six serial DMA (SDMA) channels for the 
three serial communications controllers (SCCs) and one IDMA. The SDMA channels are 
discussed in 7.2 SDMA Channels. The IDMA is discussed in the following paragraphs. 

6.1.1 Key Features 

The IDMA (Independent DMA Controller) has the following key features: 

• Two Address Pointers and One Counter 

• Support of Memory-to-Memory, Peripheral-to-Memory, and Memory-to-Peripheral Data 
Transfers 

• Three I/O Lines, DREQ, DACK, and DONE, for Externally Requested Data Transfers 

• Asynchronous M68000 Bus Structure with 24-Bit Address and 8-Bit or 16-Bit Data Bus 

• Support for Data Blocks Located at Even or Odd Addresses 

• Packing and Unpacking of Operands 

• Fast Transfer Rates: Up to 4M bytes/second at 16.0 MHz with No Wait States 

• Full Support of All M68000 Bus Exceptions: Halt, Bus Error, Reset, and Retry 

• Flexible Request Generation: 

-Internal, Maximum Rate (One Burst) 
-Internal, Limited Rate (Limited Burst Bandwidth) 
-External, Burst (DREQ Level Sensitive) 
-External, Cycle Steal (DREQ Edge Sensitive) 

The one general-purpose IDMA controller can operate in different modes of data transfer as 
programmed by the user. The IDMA is capable of transferring data between any combina
tion of memory and I/O. In addition, data may be transferred in either byte or word quantities, 
and the source and destination addresses may be either odd or even. Note that the chip se
lect and wait state generation logic on the IMP may be used with the IDMA, if desired. 

Every IDMA cycle requires between two and four bus cycles, depending on the address 
boundary and transfer size. Each bus cycle is a standard M68000-type read or write cycle. 
If both the source and destination addresses are even, the IDMA fetches one word of data 
and immediately deposits it. If either the source or destination address begins on an odd 
boundary, the transfer is handled differently. For example, if the source address starts on an 
odd boundary and the destination address is even, the IDMA reads one byte from the 
source, then reads the second byte from the source, and finally stores the word in a single 
access. If the source is even and the destination odd, then the I DMA will read one word from 
the source and store it in two consecutive cycles. If both the source and destination are odd, 
the I DMA performs two read byte cycles followed by two write byte cycles until the transfer 
is complete. 

If the IMP frequency is 16.0 MHz and zero wait state memory is used, then the maximum 
transfer rate is 4M byte/sec. This assumes that the operand size is 16-bits, the source and 
destination addresses are even, and the bus width is selected to be 16-bits. 
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The maximum transfer rate is calculated from the fact that 16 bits are moved every 8 clocks. 
The calculation is as follows: 

16 bits x 16M clocks/sec 2 bytes x 16M clocks/sec 4M bytes 

(2 bus cycles) x (4 clockslbus cycle) 8 clocks sec 

The IDMA controller block diagram is shown in Figure 6-1. 
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Figure 6-1. IDMA Controller Block Diagram 

6.1.2 IDMA Registers (Independent DMA Controller) 
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The IDMA has six registers that define its specific operation. These registers include a 32-
bit source address pointer register (SAPR), a 32-bit destination address pointer register 
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(DAPR), an 8-bit function code register'.(FCR), a 16-bit byte count register (BCR), a 16-bit 
channel mode register (CMR), and an 8-bit channel status register (CSR). These registers 
provide the addresses, transfer count, and configuration information necessary to set up a 
transfer. They also provide a means of controlling the IDMA and monitoring its status. All 
registers can be modified by the M68000 core. The IDMA also includes another 16-bit reg
ister, the data holding register (DHR), which is not accessible to the M68000 core and is 
used by the IDMA for temporary data storage. 

6.1.2.1 Channel Mode Register (CMR) 

The CMR, a 16-bit register, is reset to $0000. 

15 14 13 12 11 10 3 2 

Bit 15-Reserved for future use. 

ECO-External Control Option 

o = If the request generation is programmed to be external in the REQG bits, the con
trol signals (DACK and DONE) are used in the source (read) portion of the transfer 
since the peripheral is the source. 

1 = If the request generation is programmed to be external in the REQG bits, the con
trol signals (DACK and DONE) are used in the destination (write) portion of the 
transfer since the peripheral is the destination. 

INTN-Interrupt Normal 

o = When the channel has completed an operand transfer without error conditions as 
indicated by DONE, the channel does not generate an interrupt request to the IMP 
interrupt controller. The DONE bit remains set in the CSA. 

1 = When the channel has completed an operand transfer without error conditions as 
indicated by DONE, the channel generates an interrupt request to the IMP interrupt 
controller and sets DONE in the CSA. 

NOTE 

An interrupt will only be generated if the IDMA bit is set in the in
terrupt mask register (IMR). 

INTE-Interrupt Error 

6-4 

o = If a bus error occurs during an operand transfer either on the source read (BES) or 
the destination write (BED), the channel does not generate an interrupt to the IMP 
interrupt .controller. The appropriate bit remains set in the CSA. 

1 = If a bus error occurs during an operand transfer either on BES or BED, the channel 
generates an interrupt to the IMP interrupt controller and sets the appropriate bit 
(BES or BED) in the CSR. 

NOTE 

An interrupt will only be generated if the IDMA bit is set in the 
IMR. 
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REQG-Request Generation 

The following decode shows the definitions for the REQG bits: 

00 = Internal request at limited rate (limited burst bandwidth) set by burst transfer (BT) 
bits 

01 = Internal request at maximum rate (one burst) 
10 = External request burst transfer mode (DREQ level sensitive) 
11 = External request cycle steal (DREQ edge sensitive) 

SAPI-Source Address Pointer (SAP) Increment 

0= SAP is not incremented after each transfer. 
1 = SAP is incremented by one or two after each transfer, according to the source size 

(SSIZE) bits and the starting address. 

DAPI-Destination Address Pointer (DAP) Increment 

o = DAP is not incremented after each transfer. 
1 = DAP is incremented by one or two after each transfer, according to the destination 

size (DSIZE) bits and the starting address. 

SSIZE-Source Size 

The following decode shows the definitions for the SSIZE bits. 

00 = Reserved 
01 = Byte 
10 = Word 
11 = Reserved 

DSIZE-Destination Size 

The following decode shows the definitions for the DSIZE bits. 
00 = Reserved 
01 = Byte 
10 = Word 
11 = Reserved 

BT -Burst Transfer 

The BT bits control the maximum percentage of the M68000 bus that the IDMA can use 
during each 1024 clock cycle period following the enabling of the IDMA. The IDMA runs 
for a consecutive number of cycles up to its burst transfer percentage if bus clear (BClR) 
is not asserted and the BCR is greater than zero. The following decode shows these per
centages. 

00 = IDMA gets up to 75% of the bus bandwidth. 
01 = IDMA gets up to 50% of the bus bandwidth. 
10 = IDMA gets up to 25% of the bus bandwidth. 
11 = IDMA gets up to 12.5% of the bus bandwidth. 

MOTOROLA 

NOTE 

These percentages are valid only when using internal limited re
quest generation (REQG = 00). 
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RST -Software Reset 

This bit will reset the IDMA to the same state as an external reset. The IDMA clears RST 
when the reset is complete. 

o = Normal operation 
1 = The channel aborts any external pending or running bus cycles and terminates 

channel operation. Setting RST clears all bits in the CSR and CMR. 

STR-Start Operation 

This bit starts the IDMA transfer if the REQG bits are programmed for an internal request. 
(The IDMA begins requesting the M68000 bus one clock after STR is set.) If the REQG 
bits are programmed for an external request, this bit must be set before the IDMA will rec
ognize the first request on the DREQ input. 

o = Stop channel; clearing this bit will cause the IDMA to stop transferring data at 
the end of the current operand transfer. The IDMA internal state is not altered. 

1 = Start channel; setting this bit will allow the IDMA to start (or continue if previously 
stopped) transferring data. 

NOTE 

STR is cleared automatically when the transfer is complete. 

6.1.2.2 Source Address Pointer Register (SAPR) 
31 24 23 

RESERVED SOURCE ADDRESS POINTER 

The SAPR is a 32-bit register. 

The SAPR contains 24 (A23-AO) address bjts of the source operand used by the IDMA to 
access memory or memory-mapped peripheral controller registers. During the IDMA read 
cycle, the address on the master address bus is driven from this register. The SAPR may 
be programmed by the SAP I bit to be incremented or remain constant after each operand 
transfer. 

The register is incremented using unsigned arithmetic and will roll over if an overflow occurs. 
For example, if a register contains $OOFFFFFF and is incremented by one, it will roll over to 
$00000000. This register can be incremented by one or two, depending on the SSIZE bit 
and the starting address in this register. 

6.1.2.3 Destination Address Pointer Register (DAPR) 

The DAPR is a 32-bit register. 

31 24 23 

RESERVED DESTINATION ADDRESS POINTER 

The DAPR contains 24 (A23-AO) address bits of the destination operand used by the IDMA 
to access memory or memory-mapped peripheral controller registers. During the IDMA write 
cycle, the address on the master address bus is driven from this register. The DAPR may 
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be programmed by the DAPI bit to be incremented or remain constant after each operand 
transfer. 

The register is incremented using unsigned arithmetic and will roll over if overflow occurs. 
For example, if a register contains $OOFFFFFF and is incremented by one, it will roll over to 
$00000000. This register can be incremented by one or two depending on the DSIZE bit and 
the starting address. 

6.1.2.4 Function Code Register (FCR) 

The FCR is an 8-bit register. 

1 I DFC 

o 

SFC 

The SFC and the DFC bits define the source and destination function code values that are 
output by the IDMA and the appropriate address registers during an IDMA bus cycle. The 
address space on the function code lines may be used by an external memory management 
unit (MMU) or other memory-protection device to translate the IDMA logical addresses to 
proper physical addresses. The function code value programmed into the FCR is placed on 
pins FC2-FCO during a bus cycle to further qualify the address bus value. 

NOTE 

This register is undefined following power-on reset. The user 
should always initialize it and should not use the function code 
value "111" in this register. 

6.1.2.5 Byte Count Register (BCR) 

This 16-bit register specifies the amount of data to be transferred by the IDMA; up to 64K 
bytes (BCR = 0) is permitted. This register is decremented once for each byte transferred 
successfully. BCR may be even or odd as desired. DMA activity will terminate as soon as 
this register reaches zero. Thus, an odd number of bytes may be transferred in a 16-bit op
erand scenario. 

6.1.2.6 Channel Status Register (CSR) 

The CSR is an 8-bit register used to report events recognized by the IDMA controller. On 
recognition of an event, the IDMA sets its corresponding bit in the CSR (regardless of the 
INTE and INTN bits in the CMR). The CSR is a memory-mapped register which may be read 
at any time. A bit is cleared by writing a one and is left unchanged by writing a zero. More 
than one bit may be cleared at a time, and the register is cleared at reset. 

3 2 1 0 

RESERVED I DNSI BES I BED I DONE I 

Bits 7-4-These bits are reserved for future use. 
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DNS-Done Not Synchronized 

This bit is set if operand packing is performed between 16-bit memory and an a-bit periph
eral and the DONE signal is asserted as an input to the IDMA (Le., by the peripheral) dur
ing the first access of the a-bit peripheral. In such a case, the IDMA will still attempt to 
finish the second access of the 8-bit peripheral even though DONE has been asserted 
(the access could be blocked with external logic); however, the DNS bit will be set to sig
nify this condition. DNS will not be set if the transfer is terminated by an odd byte count, 
since, in this case, the exact number of requested bytes will be transferred by the IDMA. 

BES-Bus Error Source 

This bit indicates that the IDMA channel terminated with an error returned during the read 
cycle. The channel terminates the IDMA operation without setting DONE. BES is cleared 
by writing a one or by setting RST in the CMR. )Nriting a zero has no effect on BES. 

BED-Bus Error Destination 

This bit indicates that the IDMA channel terminated with an error during the write cycle. 
The channel terminates the IDMA operation without setting DONE. BED is cleared by writ
ing a one or by setting RST in the CMR. Writing a zero has no effect on BED. 

DONE-Normal Channel Transfer Done 

This bit indicates that the IDMA channel has terminated normally. Normal channel termi
nation is defined as 1) having decremented the BCR to zero with no errors occurring dur
ing any IDMA transfer bus cycle or 2) by the external peripheral asserting DONE with no 
errors occurring during any IDMA transfer bus cycle. DONE will not be set if the channel 
terminates due to an error. DONE is cleared by writing a one or by a software RST in the 
CMR. Writing a zero has no effect on this bit. 

6.1.3 Interface Signals 

The IDMA channel has three dedicated control signals: DMA request (DREQ), DMA ac
knowledge (DACK), and end of IDMA transfer (DONE). The IDMA's use of the bus arbitra
tion signals is described in 6.1.6 DMA Bus Arbitration. The peripheral used with these 
signals may be either a source or a destination o,f the transfers. 

6.1.3.1 DREQ and DACK 

These are handshake signals between the peripheral requiring service and the IMP. When 
the peripheral requires IDMA service, it asserts DREQ, and the IMP begins the IDMA pro
cess. When the IDMA service is in progress, DACK is asserted during accesses to the de
vice. These signals are not used when the IDMA is programmed to internal request modes. 

6.1.3.2 DONE 

This bidirectional signal is used to indicate the last IDMA transfer. With internal request 
modes, the IDMA activates DONE as an output during the last IDMA bus cycle. If DONE is 
externally asserted during internal request modes, the IDMA transfer is terminated. With ex
ternal request modes, DONE may be used as an input to the IDMA controller indicating that 
the device being serviced requires no more transfers and that the transmission is to be ter
minated. DONE is an output if the transfer count is exhausted. 
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6.1.4 IDMA Operational Description 

Every IDMA operation involves the following steps: IDMA channel initialization, data trans
fer, and block termination. In the initialization phase, the M68000 core (or external proces
sor) loads the registers with control information, address pointers and transfer count, and 
then starts the channel. In the transfer phase, the IDMA accepts requests for operand trans
fers and provides addressing and bus control for the transfers. The termination phase oc
curs when the operation is complete and the IDMA interrupts the M68000 core, if interrupts 
are enabled. 

6.1.4.1 Channel Initialization 

To start a block transfer operation, the M68000 core must initialize IDMA registers with in-
formation describing the data block, device type, request generation method, and other spe- ~. 
cial control options. See 6.1.2 IDMA Registers (Independent DMA Controller) and 6.1.5 ~ 
IDMA Programming for further details. 

6.1.4.2 Data Transfer 

The IDMA supports dual address transfers only. Thus, each operand transfer consists of a 
source operand read and a destination operand write. The source operand is read from the 
address contained in the SAPR into the DHR. When the source and destination operand siz
es differ, the operand read may take up to two bus cycles to complete. The operand is then 
written to the address contained in the DAPR. Again, this transfer may be up to two bus cy
cles long. In this manner, various combinations of peripheral, memory, and operand sizes 
may be used. 

NOTE 

When the SAPR and DAPR are programmed not to increment 
and the bus width is 16 bits, the SAPR and DAPR addresses 
must be even. 

Source Operand Read 

During this cycle, the SAPR drives the address bus, the FCR drives the source function 
codes, and the CMR drives the size control. The data is read from memory or the periph
eral and placed temporarily into the data holding register (DHR) when the bus cycle is ter
minated with DTACK. When the complete operand has been read, the SAPR is 
incremented by one or two, depending on the address and size information. See 6.1.2.2 
Source Address Pointer Register (SAPR) for more details. 

Destination Operand Write 

During this cycle, the data in DHR is written to the device or memory selected by the ad
dress from the DAPR, using the destination function codes from the FeR and the size 
from the CMR. The same options exist for operand size and alignment as for the source 
operand read. When the complete operand is written, the DAPR is incremented by one or 
two, and the BCR is decremented by the number of bytes transferred. See 6.1.2.3 Desti
nation Address Pointer Register (DAPR) and 6.1.2.5 Byte Count Register (BCR) for more 
details. 
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6.1.4.3 Address Sequencing 
The manner in which the DAPR and SAPR are incremented during a transfer depends on 
the programming of the SAPI and DAPI bits, the source and destination sizes (DSIZE and 
SSIZE), and the system data bus width. 

The IDMA will run at least two, and up to four, bus cycles to transfer each operand. With an 
a-bit bus width, SSIZE and DSIZE are ignored, and each operand transfer requires two cy
cles. With a 16-bit bus width, the number of bus cycles required to transfer each operand is 
determined by DSIZE and SSIZE, whether the source and destination addresses are odd or 
even, and whether the SeR equals one. When SSIZE and DSIZE both select either a byte 
or word, there will be no operand packing, and the operand transfer will take two bus cycles. 
One exception occurs when DSIZE and SSIZE are words and the address is odd. In this 
case, there will be two (one byte each) memory cycles for each read or write at an odd ad
dress. When both the source and destination addresses are odd, four bus cycles are re
quired to transfer each operand. When SSIZE and DSIZE are not equal, the IDMA will 
perform operand packing. If SSIZE is one byte, two read cycles are required to fetch the op
erand. If DSIZE is one byte, two write cycles are required to store the operand. 

When SAPI and/or DAPI are programmed to increment either SAPR or DAPR, the amount 
(one or two) by which the address pointer increments depends upon DSIZE, SSIZE, and the 
bus width. 

When operating in a 16-bit bus environment with an a-bit peripheral, the peripheral may be 
placed on one-half of the bus (consecutive even or odd addresses only). In this case, SSIZE 
(or DSIZE) must be set to 16 bit, and the IDMA will perform data packing. As a result, the 
peripheral's addresses must be incremented twice after each peripheral bus cycle, which re
sults in adding four to the address for each data transfer (two cycles per transfer). This is 
consistent with the M68000 MOVEP instruction. If the 8-bit peripheral is to be arranged with 
consecutive addresses, both SSIZE and DSIZE must be 8 bit. 

Refer to Table 6-1 to see how the SAPR and DAPR will be incremented in all combinations. 

Table 6-1. SAPR and DAPR Incrementing Rules 

Bus Source Destination SAPR DAPR Transfer 
Width Size Size Increment Increment Description 

8 Bit X X +1 +1 Read Byte-Write Byte 
Packing Is Not Possible 

16 Bit Byte Byte +1 +1 Read Byte-Write Byte 
Packing Is Not Desired 

16 Bit Byte Word +4 +2 Read Byte -Write Word 
Operana Packing 

16 Bit Word Byte +2 +4 Read Word-Write Byte, Write Byte 
Operand Unpacking 

16 Bit Word Word +2 +2 Read Word-Write Word 
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Refer toTable 6-2 for more details on the IDMA bus cycles. 

Table 6-2. IDMA Bus Cycles 

Source Source Destination Destination Cycles Cycles 

Size Address Size Size 8-bit Bus 16·bit Bus 

8 X 8 X RW RW 

8 X 16 Even RWRW* RRW 

8 X 16 Odd RWRW* RRWW 

16 Even 8 X RWRW* RWW 

16 Odd 8 X RWRW* RRWW 

16 Even 16 Even RWRW* RW 

16 Even 16 Odd RWRW* RWW 

16 Odd 16 Even RWRW* RRW 

16 Odd 16 Odd RWRW* RRWW 

* - Considered as 2 operands. 

6.1.4_4 Transfer Request Generation 

IDMA transfers may be initiated by either internally or externally generated requests. Inter
nally generated requests can be initiated by setting STR in the CMR. Externally generated 
transfers are those requested by an external device using DREQ in conjunction with the ac
tivation of STR. 

Internal Maximum Rate 

The first method of internal request generation is a nonstop transfer until the transfer 
count is exhausted. If this method is chosen, the IDMA will arbitrate for the bus and begin 
transferring data after STR is set and the IDMA becomes the bus master. If no exception 
occurs, all operands in the data block will be transferred in sequential bus cycles with the 
IDMA using 100 percent of the available bus bandwidth (unless an external bus master 
requests the bus or the M68000 core has an unmasked pending interrupt request and 
BCLM = 1). See 6.1.6 DMA Bus Arbitration for more details. 

Internal Limited Rate 
To guarantee that the IDMA will not use all the available system bus bandwidth during a 
transfer, internal requests can be limited to the amount of bus bandwidth allocated to the 
IDMA. Programming the REQG bits to "internal limited rate" and the BT bits to limit the 
percentage of bandwidth achieves this result. As soon as STR is set, the IDMA module 
arbitrates for the bus and begins to transfer data when it becomes bus master. If no .ex
ception occurs, transfers will continue uninterrupted, but the IDMA will not exceed the per-
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centage of bus bandwidth programmed into the control register (12.5%), 25%, 50%, or 
75%). This percentage is calculated over each ensuing 1024 internal clock cycle period. 

For example, if 12.5% is chosen, the IDMA will attempt to use the bus for the first 128 
clocks of each 1024 clock cycle period. However, because of other bus masters, the IDMA 
may not be able to take its 128 clock allotment in a single burst. 

External Burst Mode 

For external devices requiring very high data transfer rates, the external burst mode al
lows the IDMA to use all the bus bandwidth to service the device. In the burst mode, the 
DREQ input to the IDMA is level-sensitive and is sampled at certain points to determine 
when a valid request is asserted by the device. The device requests service by asserting 
DREQ and leaving it asserted. In response, the IDMA arbitrates for the system bus and 
begins to perform an operand transfer. During each access to the device, the IDMA will 
assert DACK to indicate to the device that a request is being serviced. If DREQ remains 
asserted when the IDMA completes the peripheral cycle (the cycle during which DACK is 
asserted by the IDMA) one setup time (see specification. 80) before the 85 falling edge 
(Le., before or with DTACK), then a valid request for another operand transfer is recog
nized, and the IDMA will service the next request immediately. If DREQ is negated one 
setup time (see specification 80) before the 85 falling edge, a new request will not be rec
ognized, and the IDMA will relinquish the bus. 

NOTE: 

If 8 to 16 bit packing occurs, then the DREQ is sampled during 
the last 8-bit cycle. 

External Cycle Steal 

For external devices that generate a pulsed signal for each operand to be transferred, the 
external cycle steal mode uses DREQ as a falling edge-sensitive input. The IDMA will re
spond to cycle-steal requests in the same manner as for all other requests. However, if 
subsequent DREQ pulses are generated before DACK is asserted in response to each 
request, they will be ignored. If DREQ is asserted after the IDMA asserts DACK for the 
previous request but one setup time (see specification 80) before the 85 falling edge, then 
the new request will be serviced before the bus is relinquished. If a new request has not 
been generated by one setup time (see specification 80) before the 85 falling edge, the 
bus will be released to the next bus master. 

6.1.4.5 Block Transfer Termination 
The user may stop the channel by clearing 8TR. Additionally, the channel operation can be 
terminated for any of the following reasons: transfer count exhausted, external device termi
nation, or error termination. This is independent of how requests are generated to the IDMA. 

Transfer Count Exhausted 

When the channel begins an operand transfer, if the current value of the BCR is one or 
two (according to the operand size in the CMR), DONE is asserted during the last bus cy
cle to the device to indicate that the channel operation will be terminated when the current 
operand transfer has successfully completed. In the memory to memory case, DONE is 
asserted during the last access to memory (source or destination) as defined by the ECO 
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bit. When the operand transfer has completed and the SCR has been decremented to ze
ro, the channel operation is terminated, STR is cleared, and an interrupt is generated if 
INTN is set. The SAPR and/or DAPR are also incremented in the normal fashion. 

NOTE 

If the channel is started with SCR value set to zero, the channel 
will transfer 64K bytes. 

External Device Termination 

If desired, a transfer may be terminated by the device even before the SCR is decrement
ed to zero. If DONE is asserted one setup time prior to the S5 falling edge (Le., before or 
with DTACK) during a device access, then the channel operation will be terminated fol-
lowing the operand transfer (see the DNS bit in the CSR). STR is cleared, and an interrupt ~. 
is generated if INTN is set. The SCR is also decremented, and the SAPR and/or DAPR ~ 
are incremented in the normal fashion. The use of DONE is not limited to external request 
generation only; it may also be used to externally terminate an internally generated IDMA 
transfer sequence. 

Error Termination 

When a fatal error occurs during an IDMA bus cycle, a bus error is used to abort the cycle 
and terminate the channel operation. STR is cleared, either SED or SES is set, and an 
error interrupt is generated if INTE is set. 

6.1.5 IDMA Programming 

Once the channel has been initialized with all parameters required for a transfer operation, 
it is started by setting the start operation (STR) bit in the CMR. After the channel has been 
started, any register that describes the current operation may be read but not modified 
(SAPR/DAPR, FCR, or SCR). 

Once STR has been set, the channel is active and either accepts operand transfer requests 
in external mode or generates requests automatically in internal mode. When the first valid 
external request is recognized, the IDMA arbitrates for the bus. The DREQ input is ignored 
until STR is set. 

STR is cleared automatically when the SCR reaches zero and the channel transfer is either 
terminated by DONE or the IDMA cycle is terminated by a bus error. 

Channel transfer operation may be suspended at any time by clearing STR. In response, 
any operand transfer in progress will be completed, and the bus will be released. No further 
bus cycles will be started while STR remains negated. During this time, the M68000 core 
may access IDMA internal registers to determine channel status or to alter operation. When 
STR is set again, if a transfer request is pending, the IDMA will arbitrate for the bus and con
tinue normal operation. 

Interrupt handling for the IDMA is configured globally through the interrupt pending register 
(IPR), the IMR, and the interrupt in-service register (ISR). Within the CMR in the IDMA, two 
bits are used to either mask or enable the presence of an interrupt reported in the CSR of 
the IDMA. One bit is used for masking normal termination; the other bit is used for masking 
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error termination. When these interrupt mask bits in the CMR (INTN and INTE) are cleared 
and the IDMA status changes, status bits are set in the CSR but not in the IPR. When either 
INTN or INTE is set and the corresponding event occurs, the appropriate bit is set in the IPR, 
and, if this bit is not masked, the interrupt controller will interrupt the M68000 core. 

6.1.6 DMA Bus Arbitration 

The IDMA controller uses the M68000 bus arbitration protocol to request bus mastership be
fore entering the DMA mode of operation. The six SDMA channels have priority over the 
IDMA and can transfer data between any two IDMA bus cycles with BGACK remaining con
tinuously low. Once the processor has initialized and started a DMA channel, an operand 
transfer request is made pending by either an external device or by using an internal re
quest. 

When the I DMA channel has an operand transfer request pending and BClR is not assert
ed, the IDMA will request bus mastership from the internal bus arbiter using the internal sig
nal IDBR (see Figure 6-11). The arbiter will assert the internal M68000 core bus request 
(CBR) signal and will monitor the core bus grant (CBG) and external BR to determine when 
it may grant the IDMA mastership. The IDMA will monitor the address strobe (AS), HALT, 
bus error (BERR), and bus grant acknowledge (BGACK) signals. These signals must be ne
gated to indicate that the previous bus cycle has completed and the previous bus master 
has released the bus. When these conditions are met, the IDMA only asserts BGACK to in
dicate that it has taken control of the bus. When all operand transfers have occurred, the 
IDMA will release control of the bus by negating BGACK. 

NOTE 

The PCMCIA Controller asserts internal Bus Clear to the IDMA 
if enabled in PCMR register (See section 6). 

Internally generated IDMA requests are affected by a mechanism supported to reduce the 
M68000 core interrupt latency and external bus master arbitration latency (see 6.7.5 Bus Ar
bitration Logic). The IDMA is forced to relinquish the bus when an external bus master re
quests the bus (BR is asserted) or when the M68000 core has an unmasked pending 
interrupt request. In these cases, the on-chip arbiter sends an internal bus-clear signal to 
the IDMA. In response, any operand transfer in progress will be fully completed (up to four 
bus cycles depending on the configuration), and bus ownership will be released. 

When the IDMA regains the bus, it will continue transferring where it left off. If the core 
caused the bus to be relinquished, no further IDMA bus cycles will be started untillPA in the 
SCR is cleared. If the cause was an external request, no further IDMA bus cycles will be 
started while BR remains asserted. When BR is externally negated, if a transfer request is 
pending and IPA is cleared, the IDMA will arbitrate for the bus and continue normal opera
tion. 

6.1.7 Bus Exceptions 
In any computer system, the possibility always exists that an error will occur during a bus 
cycle due to a hardware failure, random noise, or an improper access. When an asynchro
nous bus structure, such as that supported by the M68000 is used, it is easy to make provi-
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sions allowing a bus master to detect and respond to errors during a bus cycle. The IDMA 
recognizes the same bus exceptions as the M68000 core: reset, bus error, halt, and retry. 

NOTE 

These exceptions also apply to the SOMA channels except that 
the bus error reporting method is different. See 7.5.9.4 Bus Error 
on SDMA Access for further details. 

6.1.7.1 RESET 

Upon an external chip reset, the IDMA channel immediately aborts the channel operation, 
returns to the idle state, and clears CSR and CMR (including the STR bit). If a bus cycle is 
in progress when reset is detected, the cycle is terminated, the control and address/data 
pins are three-stated, and bus ownership is released. The IDMA can also be reset by RST ~ 
in the CMR. ~ 

6.1.7.2 BUS ERROR 

When a fatal error occurs during a bus cycle, a bus error exception is used to abort the cycle 
and systematically terminate that channel1s operation. The IDMA terminates the current bus 
cycle, signals an error in the CSR, and generates a maskable interrupt. The IDMA clears 
STR and waits for a restart of the channel and the negation of BERR before starting anynew 
bus cycles. 

6.1.7.3 HALT 

NOTE 

Any data that was previously read from the source into the DHR 
will be lost. 

IDMA transfer operation ,may be suspended at any time by asserting HALT to the IDMA. In 
response, any bus cycle in progress is completed (after OTACK is asserted), and bus own
ership is released. No further bus cycles will be started while HALT remains asserted. When 
the I DMA is in the middle of an operand transfer when halted and HALT is subsequently ne
gated, and if a new transfer request is pending, then IDMA will arbitrate for the bus and con
tinue normal operation. 

6.1.7.4 Relinquish and Retry 
When HALT and BERR are asserted during a bus cycle, the IDMA terminates the bus cycle, 
releases the bus, and suspends any further operation until these signals are negated. When 
HALT and BERR are negated, the IDMA will arbitrate for the bus, re-execute the interrupted 
bus cycle, and continue normal operation. 

6.2 INTERRUPT CONTROLLER 

The IMP interrupt controller accepts and prioritizes both internal and external interrupt re
quests and generates a vector number during the CPU interrupt acknowledge cycle. Inter
rupt nesting is also provided so that an interrupt service routine of a lower priority interrupt 
may be suspended by a higher priority interrupt request. The interrupt controller block dia
gram is shown in Figure 6-2. 
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The on-chip interrupt controller has the following features: 

• Two Operational Modes: Normal and Dedicated 

• Eighteen Prioritized Interrupt Sources (Internal and External) 

• A Fully Nested Interrupt Environment 

• Unique Vector Number for Each Internal/External Source Generated 

• Three Interrupt Request and Interrupt Acknowledge Pairs 

• DTACK Generation When Vectors Supplied Internally 
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Figure 6-2. Interrupt Controller Block Diagram 

6.2.1 Overview 
An overview of IMP interrupt processing is presented in the following paragraphs. 
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6.2.1.1 IMP Interrupt Processing Overview 

Interrupt processing on the IMP involves four steps. A typical sequence of these four steps 
is as follows: 

1. The M68000 responds to the interrupt request by executing an interrupt acknowledge 
bus cycle after the completion of the current instruction. 

2. The interrupt controller recognizes the interrupt acknowledge cycle and places the in
terrupt vector for that interrupt request onto the M68000 bus. 

3. The M68000 reads the vector, reads the address of the interrupt handler in the excep-
tion vector table, and then begins execution at that address. 

Steps 2 and 4 are the responsibility of the M68000 core on the IMP; whereas, steps 1 and 
3 are the responsibility of the interrupt controller on the IMP. 

The M68000 core is not modified on the IMP; thus, steps 2 and 4 operate exactly as they 
would on the MC68000. In step 2, the M68000 status register (SR) is available to mask in
terrupts globally or to determine which priority levels can currently generate interrupts (see 
4.5 Interrupt Processing for more details). Also in step 2, the interrupt acknowledge cycle is 
executed. 

The interrupt acknowledge cycle carries out a standard M68000 bus read cycle, except that 
FC2-FCO are encoded as 111, A3-A1 are encoded with the interrupt priority level (1-7, with 
7 (Le., 111) being the highest), and A 19-A 16 are driven high. UDS and LDS are both driven 
low. 

In step 4, the M68000 reads the vector number, multiplies it by 4 to get the vector address, 
fetches a 4-byte program address from that vector address (seeTable 4-5), and then jumps 
to that 4-byte address. That 4-byte address is the location of the first instruction in the inter
rupt handler. 

Steps 1 and 3 are the responsibility of the interrupt controller on the IMP. In steps 1 and 3, 
a number of configuration options are available. For instance, in step 1, there are two modes 
for handling external interrupts: normal and dedicated. In step 3, there are several different 
ways of generating vectors. These and other interrupt controller options are introduced in 
the following paragraphs. ' 

6.2.1.2 Interrupt Controller Overview 

The interrupt controller receives interrupts from internal sources such as the timers, the 
IDMA controller, the serial communication controllers, and the parallel 110 pins (port 8 pins 
11-8). These interrupts are called internal requests (INRQ). The interrupt controller allows 
for masking each INRQ interrupt source. When multiple events within a peripheral can 
cause the INRQ interrupt, each event is also maskable in a register in that peripheral. 

In addition to the above mentioned internal sources, the interrupt controller receives inter
rupts from the PCMCIA Controller and from the DSP host port connection. These interrupts 
are additional sources to IRQ7, IRQ6, and IRQ1. (programmable in PCMR and DCOR reg
isters). With PCMCIA and DSP Host Interrupts it is possible to work in Normal or Dedicated 
mode for the three external interrupt requests pins. The chip ORs all sources at the same 
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level and asserts the interrupt to the 68000 core. Interrupts at the same level (1,6 or 7) are 
not prioritized. 

In addition to the INRQ interrupts, the interrupt controller can also receive external requests 
(EXRQ). EXRQ interrupts are input to the IMP according to normal or dedicated mode. In 
the normal mode, EXRQ interrupts are encoded on the IPL2-IPLO lines. In the dedicated 
mode, EXRQ interrupts are presented directly as IRQ7, IRQ6, and TRQf. 

Normal Mode 

In this mode, the three external interrupt request pins are configured as IPL2-IPLO as in 
the original MC68000. Up to seven levels of interrupt priority may be encoded. Level 4 is 
reserved for IMP INRQ interrupts and may not be generated by an external device. 

Dedicated Mode 

In this mode, the three interrupt request pins are configured as IRQ7, IRQ6, and TRQT to 
provide dedicated request lines for three external sources at priority levels 1, 6, and 7. 
Each of these lines may be programmed to be edge-triggered or level-sensitive. In addi
tion to level 4, which is reserved for INRQ interrupts, interrupt priority levels 2, 3, and 5 
must not be assigned to external devices in this mode. 

AIIINRQ and EXRQ sources are prioritized within the interrupt controller. The M68000 sup
ports seven priority levels. Level 7, the highest priority level, is nonmaskable. EXRQ sources 
are given their own separate priority level. Priority level 4 is reserved exclusively for the 
INRQ sources with all the INRQ sources being further prioritized within this level. If more 
than one INRQ or EXRQ interrupt request is pending, the interrupt controller presents the 
highest priority interrupt to the M68000 core through an internal, hidden set of IPL2-IPLO 
lines. 

When the M68000 core executes the interrupt acknowledge cycle, a vector must be provid
ed. If an INRQ source generated the interrupt, the interrupt controller always provides the 
vector. If an EXRQ source or the DSP host port connection source generated the interrupt, 
three options are available to generate the vector. 

First, in most cases the interrupt controller can be configured to provide the vector to the 
M68000 core. This is usually the preferred solution. 

Second, the external peripheral can generate the vector. To assist this process, the interrupt 
controller can provide up to three interrupt acknowledge outputs (IACK7, IACK6, and 
IACK1 ). In this mode, if DSP host port interrupt acknowledge 1,6 or 7 is enabled, the DSP 
host port provides the vector and asserts DTACK, and no IACK7, IACK6 or IACK1 is gen
erated. If DSP host port interrupt is not enabled for the relevant level external, IACK7, IACK6 
or IACK1 outputs are provided. It is recommended to have only one interrupt source at each 
level. 

Third, the external peripheral can assert the autovector (AVEC) pin to cause the M68000 to 
use an autovector. The autovector method maps each interrupt level to a fixed vector loca
tion in the exception vector table, regardless of how many interrupt sources exist at that lev
el. 
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If the interrupt source is the PCMCIA controller, only the first and third options are available 
since the controller cannot provide a vector. 

To improve interrupt latency timing, a fast interrupt latency technique is supported in the 
IMP. On recognition of an interrupt, the IMP can assert the bus clear (BClR) signal exter
nally, which can be used to force other bus masters off the bus. This involves the IPA and 
BClM bits in the system control register (see 6.7 System Control}. 

6.2.2 Interrupt Priorities 
INRQ and EXRQ interrupts are assigned to an interrupt priority level. INRQ interrupts are 
also assigned relative priorities within their given interrupt priority level. A fully nested inter-
rupt environment is provided so that a higher priority interrupt is serviced before a lower pri- ~. 
ority interrupt. ~ 

6.2.2.1 INRQ and EXRQ Priority Levels 
Seven levels of interrupt priority may be implemented in IMP system designs, with level 7 
having the highest priority. INRQ interrupts are assigned to level 4 (fixed). EXRQ interrupts 
are assigned by the user to any of the remaining six priority levels in normal mode. In dedi
cated mode, EXRQ interrupts may be assigned to priority levels 7, 6, and 1. 

Table 6-3 indicates the interrupt levels available in both normal and dedicated modes. This 
table also shows the IPl2-IPlO encoding that should be provided by external logic for each 
EXRQ interrupt level in normal mode. For the dedicated mode, this table shows the IMP in
put pins (IRQ7, IRQ6, and IRQ1) that should be asserted by an external device according 
to the desired interrupt priority level. 

Table 6-3. EXRQ and INRQ Prioritization 

Priority Normal Mode Dedicated Mode 
Level I PL2-1PLO IFm"f, IlmS, BmT 

? (Highest) 000 IRO? 
6 001 IR06 
5 010 * 
4 * * 
3 100 * 
2 101 * 
1 (Lowest) 110 IR01 

* Priority level not available to an external device in this mode. 

6.2.2.2 INRQ Interrupt Source Priorities 

Interrupt 
Source 

EXRO 
EXRO 
EXRO 
INRO 
EXRO 
EXRO 
EXRO 

Although alllNRQ interrupts are presented at level 4, the interrupt controller further organiz
es interrupt servicing of the 15 INRQ interrupts according to the priorities illustrated in Table 
6-4. The interrupt from the port B pin 11 (PB 11) has the highest priority, and the interrupt 
from the port B pin 8 (PB8) has the lowest priority. A single interrupt priority within level 4 is 
associated with each table entry. The IOMA entry is associated with the general-purpose 
OMA channel only, and not with the SOMA channels that service the SCCs. Those interrupts 
are reported through each individual SCC channel or, in the case of a bus error, through the 
SOMA channels bus error entry. 

MOTOROLA MC68356 USER'S MANUAL 6-19 



System Integration Block (SIB) 

6.2.2.3 Nested Interrupts 
Table 6-4. INRQ Prioritization within Interrupt Level 4 

Priority Multiple 

Level 
Interrupt Source Description Interrupt 

Events 

Highest General-Purpose Interrupt 3 (PB11) No 
General-Purpose Interrupt 2 (PB10) No 
SCC1 Yes 
SDMA Channels Bus Error No 
IDMA Channel Yes 
SCC2 Yes 
Timer 1 Yes 
SCC3 Yes 
General-Purpose Interrupt 1 (PB9) No 
Timer 2 Yes 
SCP No 
Timer 3 No 
SMC1 No 
SMC2 No 
General-Purpose Interrupt 0 (PB8) No. 

Lowest Error -
The following rules apply to nested interrupts: 

1. The interrupt controller responds to all EXRQ and INRQ interrupts based upon their 
assigned priority level. The highest priority interrupt request is presented to the 
M68000 core for servicing. After the vector number corresponding to this interrupt is 
passed to the core during an interrupt acknowledge cycle, an INRQ interrupt request 
is cleared in IPR. (EXRQ requests must be cleared externally.) The remaining interrupt 
requests, if any, are then assessed by priority so that another interrupt request may be 
presented to the core. 

2. The 3-bit mask in the M68000 core status register (SR) ensures that a subsequent in
terrupt request at a higher interrupt priority level will suspend handling of a lower pri
ority interrupt. The 3-bit mask indicates the current M68000 priority. Interrupts are in
hibited for all priority levels less than or equal to the current M68000 priority. Priority 
level 7 cannot be inhibited by the mask; it is a nonmaskable interrupt level. 

3. The interrupt controller allows a higher priority INRQ interrupt to be presented to the 
M68000 core before the servicing of a lower priority INRQ interrupt is completed. This 
is achieved using the interrupt in-service register (ISR). Each bit in the ISR corre
sponds to an INRQ interrupt source. 

4. During an interrupt acknowledge cycle for an INRQ interrupt, the in-service bit is set 
by the interrupt controller for that interrupt source. When this bit is set, any subsequent 
INRQ interrupt requests at this priority level or lower are disabled until servicing of the 
current interrupt is completed and the in-service bit is cleared by the user. Pending in
terrupts for these sources are still set by the corresponding interrupt pending bit. 

5. Thus, in the interrupt service routine for the INRQ interrupt, the user can lower the 
M68000 core mask to level 3 in the status register to allow higher priority level 4 
(INRQ) interrupts to generate an interrupt request. This capability provides nesting of 
INRQ interrupt requests for sources within level 4. This capability is similar to the way 
the M68000 core interrupt mask provides nesting of interrupt requests for the seven 
interrupt priority levels. 
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6.2.3 Masking Interrupt Sources and Events 

The user may mask EXRQ and INRQ interrupts to prevent an interrupt request to the 
M68000 core. EXRQ interrupt masking is handled external to the IMP-e.g., by program
ming a mask register within an external device. INRQ interrupt masking is accomplished by 
programming the IMR. Each bit in the IMR corresponds to one of 151NRQ interrupt sources. 

When a masked INRQ interrupt source has a pending interrupt request, the corresponding 
bit is set in the IPR, even though the interrupt is not generated to the core. By masking all 
interrupt sources using the IMR, the user may implement a polling interrupt servicing 
scheme for INRQ interrupts, as discussed in 6.2.5.2 Interrupt Pending Register (IPR). 

When an INRQ interrupt source from an on-chip peripheral has multiple interrupt events, the _ 
user can individually mask these events by programming that peripheral's mask register 
(see Figure 6-3). Table 6-4 indicates the interrupt sources that have multiple interrupt 
events. In this case, when a masked event occurs, an interrupt request is not generated for 
the associated interrupt source, and the corresponding bit in the IPR is not set. If the corre
sponding bit in the IPR is already set, then masking the event in the peripheral mask register 
causes the IPR bit to be cleared. To determine the cause of a pending interrupt when an 
interrupt source has multiple interrupt events, the user interrupt service routine must read 
the event register within that on-chip peripheral. By clearing all unmasked bits in the event 
register, the IPR bit is also cleared. 

EVENT 
BIT 

MASK 
BIT 

SCCE 

INTERNAL IPL2-IPLO 
TO THE M68000 CORE 

Figure 6-3. Interrupt Request Logic Diagram for SCCs 
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6.2.4 Interrupt Vector 

Pending EXRQ interrupts and unmasked INRQ interrupts are presented to the M68000 core 
in order of priority. The M68000 core responds to an interrupt request by initiating an inter
rupt acknowledge cycle to receive a vector number, which allows the core to locate the in
terrupt's service routine. 

If an INRQ source generated the interrupt, the interrupt controller always provides the vector 
corresponding to the highest priority, unmasked, pending interrupt. If an EXRQ source gen
erated the interrupt, three options are available to generate the vector. 

Option 1. By programming the GIMR, the user can enable the interrupt controller to provide 
the vector for any combination of EXRQ interrupt levels 1,6, and 7. This is available regard
less of whether normal or dedicated mode is selected. Whenever a vector is provided by the 
interrupt controller, DTACK is also provided by the interrupt controller during that interrupt 
acknowledge cycle. DTACK is an output from the IMP in this case. 

The IMP can generate vectors for up to seven external peripherals by connecting the exter
nal request lines to IRQ7, IRQ6, IRQ1, PB11, PB10, PB9, and PB8. PB11, PB 10, PB9, and 
PB8 are prioritized within level 4. 

Option 2. The external peripheral can generate the vector. In this case the external device 
must decode the interrupt acknowledge cycle, put out the 8-bit vector, and generate DTACK. 
The decoding of the interrupt acknowledge cycle can be provided by the IACK7, IACK6, and 
IACK1 signals (enabled in the PBCNT register) if either normal or dedicated mode is cho
sen. These signals eliminate the need for external logic to perform the decoding of the A 19-
A 16, A3-A 1, and FC2-FCO pins externally to detect the interrupt acknowledge cycle. If the 
lACK signals are not needed, they can be regained as general purpose parallel 1/0 pins. The 
external device must generate DTACK in this mode, and DTACK is an input to the IMP. 

Option 3. The external peripheral can assert the AVEC pin to cause the M68000 to use an 
autovector. In this case, DTACK should not be asserted by the external device. AVEC is rec
ognized by the M68000 core on the falling edge of 84 and should meet the asynchronous 
setup time to the falling edge of 84. The lACK signals can be used to help generate the 
AVEC signal for priority levels 1,6, and 7, if needed. 

NOTE 

If AVEC is asserted during an interrupt acknowledge cycle, an 
autovector is taken, regardless of the vector on the bus. AVEC 
should not be asserted during level 4 interrupt acknowledge cy
cles. 

When the IMP generates the vector, ~he following procedure is used. The three most signif
icant bits of the interrupt vector number are programmed by the user in the GIMR. These 
three bits are concatenated with five bits generated by the interrupt controller to provide an 
8-bit vector number to the core. The inte(rupt controller1s encoding of the five low-order bits 
of the interrupt vector is shown in Table 6-5. An example vector calculation is shown in Fig
ure 6-4. When the core initiates an interrupt acknowledge cycle for level 4 and there is no 
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internal interrupt pending, the interrupt controller encodes the error code 00000 onto the five 
low-order bits of the interrupt vector. 

Table 6-5. Encoding the Interrupt Vector 

Priority 5·Bit 
Interrupt Source Level Vector 

7 (Highest) 10111 External Device 

6 10110 External Device 

5 None External Device 

4 01111 General-Purpose Interrupt 3 (PB11) 

4 01110 General-Purpose Interrupt 2 (PB1 0) 

4 01101 SCC1 

4 01100 SDMA Channels Bus Error 

4 01011 IDMA Channel 

4 01010 SCC2 

4 01001 Timer 1 

4 01000 SCC3 

4 00111 General-Purpose Interrupt 1 (PB9) 

4 00110 Timer 2 

4 00101 SCP 

4 00100 Timer 3 

4 00011 SMC1 

4 00010 SMC2 

4 00001 General-Purpose Interrupt 0 (PB8) 

4 00000 Error 

3 None External Device 

2 None External Device 

1 (Lowest) 10001 External Device 

6.2.5 Interrupt Controller Programming Model 

The user communicates with the interrupt controller using four registers. The global interrupt 
mode register (GIMR) defines the interrupt controller's operational mode. The interrupt 
pending register (IPR) indicates which INRQ interrupt sources require interrupt service. The 
interrupt mask register (IMR) allows the user to prevent any of the INRQ interrupt sources 
from generating an interrupt request. The interrupt in-service register (ISR) provides a ca
pability for nesting INRQ interrupt requests. 

6.2.5.1 Global Interrupt Mode Register (GIMR) 
The user normally writes the GIMR soon after a total system reset. The GIMR is initially 
$0000 and is reset only upon a total system reset. If bits V7-V5 of the GIMR are not written 
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1. FORMULATE 8-BIT VECTOR 

V7-V5 5-BIT VECTOR 

1 0 1 I 0 1 1 0 1 I 

2. MULTIPLY BY 4 TO GET ADDRESS 

1 0 1 0 1 1 0 1 0 0 = $2B4 

3. READ 32-BIT VALUE AT $2B4 AND JUMP 

$2B4fOOo7l 

$2B6~ 

V7-V5 PROGRAMMED BY SOFTWARE IN 
THEGIMR. 
5-BIT VECTOR FROM TABLE 3-4. 

NOTE THAT $2B41S IN THE USER 
INTERRUPT VECTOR AREA OF THE 
EXCEPTION VECTOR TABLE. V7-V5 WAS 
PURPOSELY CHOSEN TO CAUSE THIS. 

INTERRUPT HANDLER BEGINS AT 
$070302 (24-BIT ADDRESSES ARE USED 
ON THE M68000). 

Figure 6-4. SCC1 Vector Calculation Example 

to specify an interrupt vector prior to the first interrupt condition, the interrupt controller will 
pass the vector $OF (the uninitialized interrupt vector), regardless of the interrupt source. 

15 14 13 12 11 10 7 

I MOD I IV7 IV6 IV1 - I ET7 ET6 ET1 V7-V5 RESERVED 

MOD-Mode 

o = Normal operational mode. Interrupt request lines are configured as IPL2-IPLO. 
1 = Dedicated operational mode. Interrupt request lines are configured as IRQ7, IRQ6, 

and IRQ1. 

IV7-Leve17 Interrupt Vector 

This bit is valid in both normal and dedicated modes. 
0= Internal vector. The interrupt controller will provide the vector number for a level 7 

interrupt during the interrupt acknowledge cycle. 
1 = External vector. The interrupt controller will not provide the vector number for a lev

el 7 interrupt. For the host port, if the interrupt acknowledge for level 7 is enabled 
in the HCOR register, the external vector will be provided by DSP host port inter
nally (see 11.2.3.4 Interrupt Vector Register (IVR)). 

IV6-Level 6 Interrupt Vector 

This bit is valid in both normal and dedicated modes. 

6-24 

0= Internal vector. The interrupt controller will provide the vector number for a level 6 
interrupt during the interrupt acknowledge cycle. 

1 = External vector. The interrupt controller will not provide the vector number for a lev
el 6 interrupt. For the host port, if the interrupt acknowledge for level 6 is enabled 
in the HCOR register, the external vector will be provided by DSP host port inter
nally (see 11.2.3.4 Interrupt Vector Register (IVR)). 
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IV1-Leve11 Interrupt Vector 

This bit is valid in both normal and dedicated modes. 
0= Internal vector. The interrupt controller will provide the vector number for a level 1 

interrupt acknowledge cycle. 
1 = External vector. The interrupt controller will not provide the vector number for a lev

el 1 interrupt. For the host port, if the interrupt acknowledge for level 1 is enabled in 
,-the HCOR register, the external vector will be provided by DSP host port internally 
(see 11.2.3.4 Interrupt Vector Register (IVR)). 

ET7-IRQ7 Edge-/Level-Triggered 

This bit is valid only in the dedicated mode. 

0= Level-triggered. An interrupt is made pending when IRQ7 is low. 

NOTE 

The M68000 always treats level 7 as an edge-sensitive interrupt. 
Normally, users should not select the level-triggered option. The 
level-triggered option is useful when it is desired to make the ne
gation of IRQ7 cause the IOUT2-IOUTO pins to cease driving a 
level 7 interrupt request when the I MP is used in the disable 
CPU mode. This situation is as follows: 

For a slave-mode IMP, when it is triggered by IRQ1, IRQ6, or 
IRQ7 to generate an interrupt, its interrupt controller will output 
the interrupt request on pins IOUT2-IOUTO to another proces
sor (MC68302, MC68020, etc.) For cases when the slave IMP 
does not generate a level 4 vector (Le., the VGE bit is cleared), 
one must set the ET1, ET6, and ET7 bits to level-triggered and 
then negate the IRQ1, IRQ6, and IRQ7lines externally in the in
terrupt handler code. If the ET1, ET6, and ET7 bits are set to 
edge-triggered and the VGE bit is clear, the IOUT2-IOUTO pins 
will never be cleared. 

1 = Edge-triggered. An interrupt is made pending when IRQ7 changes from one to 
zero (falling eqge). 

ET6-IRQ6 Edge-/Level-Triggered 
This bit is valid only in the dedicated mode. 

0= Level-triggered. An interrupt is made pending when IRQ6 is low. 

MOTOROLA 

NOTE 

While in disable CPU mode during the host processor interrupt 
acknowledge cycle for IRQ6, if IRQ6 is not continuously assert
ed, the interrupt controller will still provide the vector number 
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(and DTACK) according to the IV6 bit. The IACK6 falling edge 
may be used externally to negate I RQ6. 

1 = Edge-triggered. An interrupt is made pending when IRQ6 changes from one to 
zero (falling edge). 

ET1-IRQ1 Edge-/Level-Triggered 

This bit is valid only in the dedicated mode. 

0= Level-triggered. An interrupt is made pending when IRQ1 is low. 

NOTE 

While in disable CPU mode, during the host processor interrupt 
acknowledge cycle for IRQ1, if IRQ1 is not continuously assert
ed, the interrupt controller will still provide the vector number 
(and DTACK) according to the IV1 bit. The IACK6 falling edge 
can be used externally to negate IRQ1. 

1 = Edge-triggered. An interrupt is made pending when IRQ1 changes from one to 
zero (falling edge). 

V7-V5-lnterrupt Vector Bits 7-5 

These three bits are concatenated with five bits provided by the interrupt controller, which 
indicate the specific interrupt source, to form an 8-bit interrupt vector number. If these bits 
are not written, the vector $OF is provided. 

NOTE 

These three bits should be greater than or equal to '010' in order 
to put the interrupt vector in the area of the exception vector ta
ble for user vectors. 

Bits 11 and 4-0-Reserved for future use. 

6.2.5.2 Interrupt Pending Register (IPR) 

Each bit in the 16-bit IPR corresponds to an INRQ interrupt source. When an INRQ interrupt 
is received, the interrupt controller sets the corresponding bit in the IPR. 

In a vectored interrupt environment, the interrupt controller clears the IPR bit when the vec
tor number corresponding to the INRQ interrupt source is passed to the M68000 core during 
an interrupt acknowledge cycle, unless an event register exists for that INRQ interrupt. In a 
polled interrupt scheme, the user must periodically read the IPR. When a pending interrupt 
is handled, the user should clear the corresponding bit in the IPR by writing a one to that bit. 
(If an event register exists, the unmasked event register bits should be cleared instead, 
causing the IPR bit to be cleared.) Since the user can only clear bits in this register, the bits 
that are written as zeros will not be affected. The IPR is cleared at reset. 
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PB9 

NOTE 
The ERR bit is set if the user drives the IPL2-IPLO lines to inter
rupt level 4 and no INRQ interrupt is pending. 

6 

TIMER2 SCP TIMER3 SMC1 SMC2 PBa 

6.2.5.3 Interrupt Mask Register (IMR) 

o 
ERR 

Each bit in the 16-bit IMR corresponds to an INRQ interrupt source. The user masks an in
terrupt source by clearing the corresponding bit in the IMR. When a masked INRQ interrupt 
occurs, the corresponding bit in the IPR is set, but the IMR bit prevents the interrupt request 
from reaching the M68000 core. If an INRQ source is requesting interrupt service when the 
user clears the IMR bit, the request to the core will cease, but the IPR bit remains set. If the 
IMR bit is then set later by the user, the pending interrupt request will once again request 
interrupt service and will be processed by the core according to its assigned priority. The 
IMR, which can be read by the user at any time, is cleared by reset. 

It is not possible to mask the ERR INRQ source in the IMR. Bit a of the IMR is undefined. 

MOTOROLA 

NOTE 
If a bit in the IMR is masked at the same til11~ that the interrupt 
at level 4 is causing the M68000 core to begin the interrupt ac
knowledge cycle, then the interrupt is not processed, and one of 
two possible cases will occur. First, if other unmasked interrupts 
are pending at level 4, then the interrupt controller will acknowl
edge the interrupt with a vector from the next highest priority un
masked interrupt source. Second, if no other interrupts are 
pending at level 4, then the interrupt controller will acknowledge 
the interrupt with the error vector ('00000' binary). 

To avoid handling the error vector, the user can raise the inter
rupt mask in the M68000 core status register (SR) to 4 before 
masking the interrupt source and then lower the level back to its 
original value. Also, if the interrupt source has multiple events 
(e.g., SCC1), then the interrupts for that peripheral can be 
masked within the peripheral mask register. 

NOTE 
To clear bits that were set by multiple interrupt events, the user 
should clear all the unmasked events in the corresponding on
chip peripheral IS event register. 
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15 14 13 12 11 10 

PBll PB10 SCCl SOMA IOMA SCC2 TIMERl SCC3 

7 4 2 

PS9 TIMER2 SCP TIMER3 SMCl SMC2 PBa 

6.2.5.4 Interrupt In-Service Register (ISR) 
Each bit in the 16-bit ISR corresponds to an INRQ interrupt source. In a vectored interrupt 
environment, the interrupt controller sets the ISR bit when the vector number corresponding 
to the INRQ interrupt source is passed to the core during an interrupt acknowledge cycle. 
The user's interrupt service routine should clear this bit during the servicing of the interrupt. 
(If an event register exists for this peripheral, its bits should also be cleared by the user pro
gram.) To clear a bit in the ISR, the user writes a one to that bit. The user can only clear bits 
in this register, and bits that are written with zeros will not be affected. The ISR is cleared at 
reset. 

This register may be read by the user to determine which INRQ interrupts are currently being 
processed. More than one bit in the ISR may be a one if the capability is used to allow higher 
priority level 4 interrupts to interrupt lower priority level 4 interrupts. See 6.2.2.3 Nested In
terrupts for more details. 

The user can control the extent to which level 4 interrupts may interrupt other level 4 inter
rupts by selectively clearing the ISA. A new INRQ interrupt will be processed if it has a higher 
priority than the highest priority INRQ interrupt having its ISR bit set. Thus, if an INRQ inter
rupt routine lowers the 3-bit mask in the M68000 core to level 3 and also clears its ISR bit 
at the beginning of the interrupt routine, then a lower priority INRQ interrupt can interrupt it 
as long as the lower priority is higher than any other ISR bits that are set. 

If the INRQ error vector is taken, no bit in the ISR is set. Bit 0 of the ISR is always zero. 

15 14 13 12 11 10 9 a 

PSll PB10 SCCl SOMA IOMA SCC2 TIMERl SCC3 

7 6 5 3 2 

PS9 TIMER2 SCP TIMER3 SMCl SMC2 PBa 

6.2.6 Interrupt Handler Examples 

The following examples illustrate proper interrupt handling on the IMP. Nesting of level 4 in
terrupts (a technique described earlier) is not implemented in the following examples. 

Example 1-Timer 3 (Software Watchdog Timer) Interrupt Handler 

1. Vector to interrupt handler. 

2. (Handle Event) 
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3. Clear the TIMER3 bit in the ISR. 

4. Execute RTE instruction. 

Example 2- SCC1 Interrupt Handler 

1. Vector to interrupt handler. 

2. Immediately read the SCC1 event (SCCE1) register into a temporary location. 

3. Decide which events in the SCCE1 will be handled in this handler and clear those bits 
in the SCCE 1 as soon as possible. 

(Handle events in the SCC1 Rx or Tx BO tables.) 

At the end: 

4. Clear the SCC1 bit in the ISR. _ 

5. Execute RTE instruction. If any unmasked bits in SCCE1 remain at this time (either 
uncleared by the software or set by the IMP during the execution of this handler), this 
interrupt source will be made pending again immediately following the RTE instruction. 

In example 1, the hardware clears the TIMER3 bit in the IPR during the interrupt acknowl
edge cycle. This is an example of a handler for an interrupt source without multiple events. 
In example 2, the IPR bit remains set as long as one or more unmasked event bits remain 
the in the SCCE1 register. This is an example of a handler for an interrupt source with mul
tiple events. 

Note that, in both cases, it is not necessary to clear the IPR bit; however, in both cases, it is 
necessary to clear the ISR bit to allow future interrupts from this source. 

6.3 PARALLEL 1/0 PORTS 

The IMP supports two general-purpose I/O ports, port A and port B, whose pins can be gen
eral-purpose I/O pins or dedicated peripheral interface pins. Some port B pins are always 
maintained as four general-purpose I/O pins, each with interrupt capability. 

6.3.1 Port A 

Each of the 16 port A pins are independently configured as a general-purpose I/O pin if the 
corresponding port A control register (PACNT) bit is cleared, and the PCMCIA interface is 
not enabled or the PCMCIA data bus is only 8 bits wide. Port A pins are configured as ded
icated on-chip peripheral pins if the corresponding PACNT bit is set. An example block dia
gram of PA8 is given in Figure 6-5. 
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TO 
PADAT 
BIT8 

TO ~R_XD-'J3 ~ 
SCC3 

INPUT 
BUFFER 

o 

MUX 

EN 

r-----')~I 0 

MUX 

Figure 6-5. Parallel 1/0 Block Diagram for PA8 

RXD3/PA8 
PIN 

When acting as a general-purpose I/O pin, the signal direction for that pin is determined by 
the corresponding control bit in the port A data direction register (PADDR). The port I/O pin 
is configured as an input if the corresponding PADDR bit is cleared; it is configured as an 
output if the corresponding PADDR bit is set. All PACNT bits and PADDR bits are cleared 
on total system reset, configuring all port A pins as general-purpose input pins. (Note that 
these port pins do not have internal pullup resistors for non-PCMCIA mode). 

If a port A pin is selected as a general-purpose I/O pin, it may be accessed through the port 
A data register (PADAT). Data written to the PADAT is stored in an output latch. If a port A 
pin is configured as an output, the output latch data is gated onto the port pin. In this case, 
when the PADAT is read, the contents of the output latch associated with the output port pin 
are read. If a port A pin is configured as an input, data written to PADAT is still stored in the 
output latch but is prevented from reaching the port pin. In this case, when PAOAT is read, 
the state of the port pin is read. 

If a port A pin is selected as a dedicated on-chip peripheral pin, the corresponding bit in the 
PADOR is ignored, and the direction of the pin is determined by the operating mode of the 
on-chip peripheral. In this case, the PAOAT contains the current state of the peripheral's in
put pin or output driver. 

Certain pins may be selected as genera/-purpose I/O pins, even when other pins related to 
the same on-chip peripheral are used as dedicated pins. For example, a system that config
ures SCC2 to operate in a nonmultiplexed mode without the modem control lines and exter
nal clocks (RCLK2, TCLK2, C02, CTS2, and RTS2) may dedicate the data lines (RX02 and 
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TX02) to SCC2 and configure the others as general-purpose I/O pins. What the peripheral 
now receives as its input, given that some of its pins have been reassigned, is shown in Ta
ble 6-6. If an input pin to a channel (for example C02 or CTS2) is used as a general-purpose 
1/0'Pin, then the input to the peripheral is automatically connected internally to VDD or GNO, 
based on the pin's function. This does not affect the operation of the port pins in their gen
eral~purpose lID function. 

NOTE 

If the OREQ/PA13 pin is selected to be PA13, then OREQ is tied 
low. If the IOMA is programmed for external requests, then it al
ways recognizes an external request, and the entire block will be 
transferred in one burst. 

6.3.2 Port B 

Table 6-6. Port A Pin Functions 

PACNT Bit = 1 PACNT Bit=O Input to 
Pin Function Pin Function SCC2ISCCMOMA 

RXD2 PAD GND 

TXD2 PA1 -
RCLK2 PA2 GND 

TCLK2 PA3 RCLK2# 

CTS2 PA4 GND 

"RTS2 PA5 -
~ PA6 GND 

SDS2lBRG2 PA7 -
RXD3 PAS GND 

TXD3 PA9 -
RCLK3 PA10 GND 

TCLK3 PA11 RCLK3# 

BRG3 PA12 -
lJRm PA13 GND 

r>AITR' PA14 -
00f\JE PA15 VDD 

# Allows a single external clock source on the RCLK pm to clock both 
the SCC receiver and transmitter. 

Port B has 12 pins. PB7-PBO may be configured as general-purpose lID pins or as dedicat
ed peripheral interface pins; whereas, PB11-PB8 are always maintained as four general-
purpose pins, each with interrupt capability. . 

6.3.2.1 PB7-PBO 
Each port B pin may be configured as a general-purpose lID pin or as a dedicated peripheral 
interface pin. PB7 -PBD functions exactly like PA 15-PAO, except that PB7 -PBO is controlled 
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by the port B control register (PBCNT), the port B data direction register (PBOOR), and the 
port B data register (PBOAT), and PB7 is configured as an open-drain output (WOOG) upon 
total system reset. 

Table 6-7 shows the dedicated function of each pin. The third column shows the input to the 
peripheral when the pin is used as a general-purpose I/O pin. 

Table 6-7. Pori B Pin Functions 

PBCNT Bit= 1 PBCNT Bit = 0 Input to Interrupt 
Pin Function Pin Function Control and Timers 

lACK? PBD -
IACK6 PB1 -
IACK1 PB2 -
TIN1 PB3 GND 

TOUT1 PB4 -
TIN2 PB5 GND 

TOUT2 PB6 -
WDOG PB? -

6.3.2.2 PB11-PB8 
PB11-PB8 are four general-purpose I/O pins continuously available as general-purpose 1/ 
o pins and, therefore, are not referenced in the PBCNT. PBB operates like PB11-PB9 ex
cept that it can also be used as the DRAM refresh controller request pin, as selected in the 
system control register (SCR). 

The direction of each pin is determined by the corresponding bit in the PBOOR. The port pin 
is configured as an input if the corresponding PBODR bit is cleared; it is configured as an 
output if the corresponding PBDDR bit is set. PBDDR11-PBDDR8 are cleared on total sys
tem reset, configuring all PB11-PB8 pins as general-purpose input pins. The GIMR is also 
cleared on total system reset so that if any PB 11-PB8 pin is left floating it will not cause a 
spurious interrupt. Internal pull-up resistors are optionally available for PBO-3, PB5, PB6 and 
PB8-PB11 pins (see B.3.3 Pullup Control Register - PUCR). 

The PB11-PB8 pins are accessed through the PBOAT. Data written to PBOAT11-PBDAT8 
is stored in an output latch. If the port pin is configured as an output, the output latch data is 
gated onto the port pin. In this case, when PBDAT11-PBDAT8 is read, the contents of the 
output latch associated with the output port pin are read. If a port B pin is configured as an 
input, data written to PBDAT is still stored in the output latch but is prevented from reaching 
the port pin. In this case, when PBOAT is read, the state of the port pin is read. 

When a PB 11-PB8 pin is configured as an input, a high-to-Iow change will cause an inter
rupt request signal to be sent to the IMP interrupt controller. Each of the four interrupt re
quests is associated with a fixed internal interrupt priority level within level 4. (The priority at 
which each bit requests an interrupt is detailed in Table 6-4.) Each request can be masked 
independently in the IMP interrupt controller by clearing the appropriate bit in the IMR 
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(PB11-PBB). The input signals to PB11-PBB must meet specifications 190 and 191 shown 
in Section 14 Electrical Characteristics. 

6.3.3 Port C 

When the PCMCIA interface is disabled (PC_EN tied to GND), 8 general purpose I/O pins 
are available. 

When acting as a general-purpose I/O pin, the signal direction for that pin is determined by 
the corresponding control bit in the port C data direction register (PCDDR). The port I/O pin 
is configured as an input if the corresponding PCDDR bit is cleared; it is configured as an 
output if the corresponding PCDDR bit is set. All PCDDR bits are cleared on total system 
reset, configuring all port C pins as general-purpose input pins. 

If a port C pin is selected as a general-purpose I/O pin, it may be accessed through the port 
C data register (PCDAT). Data written to the PCDAT is stored in an output latch. If a port C 
pin is configured as an output, the output latch data is gated onto the port pin. In this case, 
when the PCDAT is read, the contents of the output latch associated with the output port pin 
are read. If a port C pin is configured as an input, data written to PCDAT is still stored in the 
output latch but is prevented from reaching the port pin. In this case, when PCDAT is read, 
the state of the port pin is read. 

6.3.4 Port 0 

When the PCMCIA interface is disabled (PC_EN tied to GND), 16 general purpose input 
only pins are available as port D.These pins also have optional internal pull-up resistors (see 
B.3.3 Pullup Control Register - PUCR). 

Port D may be accessed through the Port D data register (PCDAT). When PCDAT is read, 
the state of the input port pin is read. 

6.3.5 Port Registers 
The I/O port consists of three memory-mapped read-write 16-bit registers for port A and 
three memory-mapped read-write 16-bit registers for port B. Refer to Figure 6-6. Parallel 1/ 
o Port Registers for the I/O port registers. The reserved bits are read as zeros. 

Port A Control Register(PACNT) 

15 14 13 12 11 10 9 8 7 6 4 3 2 0 

I CA I CA I CA I CA I CA I CA CA CA CA CA CA CA CA CA CA CA 

0= 1/0 1 = Peripheral 

Port A Data Direction Register(PADDR) 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

DA I DA DA I DA I DA DA DA DA DA DA DA DA DA DA DA DA 

0= Input 1 = Output 
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Port A Data Register(PADA1) 

15 14 13 12 11 10 9 8 4 3 2 

I PA I PA I PA I PA I PA PA PA PA PA PA PA PA PA PA PA PA 

Port B Control Register(PBCNT) 

15 

RESERVED 

o = 110 1 = Peripheral 

Port B Data Direction Register(PBDDR) 

7 6 5 4 

CB CB CB CB 

3 2 1 0 

CB CB CB CB 

15 12 11 10 8 7 6 4 3 2 1 0 

RESERVED DB DB DB DB DB DB DB DB DB DB DB DB 

a = Input 1 = Output 

Port B Data Register(PBDA 1) 

15 12 11 10 9 4 3 2 1 o 
RESERVED I PB PB PB PB PB PB PB PB PB PB PB PB 

Port C Data Direction Register(PCDDR) 

15 14 13 12 11 10 76 43210 

RESERVED oc oc oc oc oc oc oc oc 
0= Input 1 = Output 

Port C Data Register(PCDA 1) 

15 14 13 12 11 10 76543210 

RESERVED 

Port D Data Register(PDDA 1) 

15 14 13 12 11 10 9 8 7 4 3 2 1 

PO PO PO PO PO PO PO PO PO PO PO PO PO PO PO PO 

Figure 6-6. Parallel YO Port Registers 

6.4 DUAL-PORT RAM 

The CP has 1152 bytes of static RAM configured as a dual-port memory. The dual-port RAM 
can be accessed by the CP main controller or by one of three bus masters: the M68000 core, 
the IDMA, the PCMCIA controller, the DSP to IMP direct access block or an external master. 
The M68000 core and the IDMA access the RAM synchronously with no wait states. The 
external master requests the M68000 bus using the SR pin and is granted bus ownership. 
The external master must then access the RAM synchronously with respect to the IMP sys
tem clock with zero or one wait state, or asynchronously as determined by the EMWS and 
SAM bits in the system control register. Except for several locations initialized by the CP, 
the dual-port RAM is undefined at power-on reset but is not modified by successive resets. 
The RAM is divided into two parts: parameter RAM and system RAM. 
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The 576-byte parameter RAM area includes pointers, counters, and registers used with the 
serial ports. This area is accessed by the CP during communications processing. Any indi
vidual locations not required in a given application may be used as general-purpose RAM. 

The 576-byte system RAM is a general-purpose RAM, which may be used as M6Saaa data 
and/or program RAM or CP microcode RAM. As data RAM, it can include serial port data 
buffers or can be used for other purposes such as a no-wait-state cache for the M6saaa 
core. As CP microcode RAM, it is used exclusively to store microcode for the CP main con
troller, allowing the development of special protocols or protocol enhancements, under spe
cial arrangement with Motorola. Appendix C discusses available offerings. 

The RAM block diagram is shown in Figure 6-7. The M6Saaa core, the IDMA, and the ex-
ternal master access the RAM through the IMP bus interface unit (BIU) using the M6Saaa ..
bus. When an access is made, the BIU generates a wait signal to the CP main controller to ~ 
prevent simultaneous access of the RAM. The CP main controller waits for one cycle to al-
low the RAM to service the M6Saaa bus cycle and then regenerates its RAM cycle. This 
mechanism allows the RAM to be accessed synchronously by the M6Saaa core, I DMA, or 
external master without wait states. Thus, during the four-clock M6Saaa memory cycle, 
three internal accesses by the CP main controller may occur. The BIU also provides the 
DTACK signal output when the RAM and on-Chip registers are accessed by any M6Saaa 
bus master. 

SYSTEM RAM 

CPIICODE 
576 BYTES 

ADDRESS 

CJ)a: 
CJ)O 

~~ ---. CP IICODE DATA 
0-, 

5!~ ~ 

~ 

(DATA RAM 
OR 

IICODERAM) 

-
'" PERIPHERAL 

INTERNAL DATA BUS 
PERIPHERAL -

ADDRESS 
~ BUS ... -PARAMETER RAM 

576 BYTES 

-
M68000 M68000 
SYSTEM DATA BUS 

ADDRESS ... .. 
BUS - -

I 

Figure 6-7. RAM Block D~agrarri I 
, . I I 

I 
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6.5 TIMERS 

The IMP includes four timer units: a periodic interrupt timer (PIT), two identical general-pur
pose timers and a software watchdog timer. 

Each general-purpose timer consists of a timer mode register (TMR), a timer capture regis
ter (TeR), a timer counter (TeN), a timer reference register (TRR), and a timer event register 
(TER). The TMR contains the prescaler value programmed by the user. The software watch
dog timer, which has a watchdog reference register (WRR) and a watchdog counter (WeN), 
uses a fixed prescaler value. The timer block diagram is shown in Figure 6-8. 
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Figure 6-8. Timer Block Diagram 
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6.5.1 Timer Key Features 

The two identical general-purpose timer units have the following features: 

• Maximum Period of 16 Seconds (at 16.67 MHz) 

• 60-ns Resolution (at 16.67 MHz) 

• Programmable Sources for the Clock Input 

• Input Capture Capability 

• Output Compare with Programmable Mode for the Output Pin 

• Two Timers Cascadable to Form a 32-Bit Timer 

• Free Run and Restart Modes 

The watchdog timer has the following features: 

• A 16-Bit Counter and Reference Register 

• Maximum Period of 16.78 Seconds (at 16 MHz) 

• 0.5 ms Resolution (at 16 MHz) 

• Output Signal (WDOG) 

• Interrupt Capability 

6.5.2 General Purpose Timer Units 

The clock input to the prescaler may be selected from the main clock (divided by 1 or by 16) 
or from the corresponding timer input (TIN) pin. TIN is internally synchronized to the internal 
clock. The clock input source is selected by the IClK bits of the corresponding TMR. The 
prescaler is programmed to divide the clock input by values from 1 to 256. The output of the 
prescaler is used as an input to the 16-bit counter. 

The resolution of the timer is one clock cycle (60 ns at 16.67 MHz). The maximum period 
(when the reference value is all ones) is 268,435,456 cycles (16.78 seconds at 16.00 MHz). 

Each timer may be configured to count until a reference is reached and then either reset on 
the next clock or continue to run. The free run/restart (FRR) bit of the corresponding TMR 
selects each mode. Upon reaching the reference value, the corresponding TER bit is set, 
and an interrupt is issued if the output reference interrupt enable (ORI) bit in TMR is set. 

Each timer may output a signal on the timer output (TOUT1 or TOUT2) pin when the refer
ence value is reached, as selected by the output mode (OM) bit of the corresponding TMR. 
This signal can be an active-low pulse or a toggle of the current output. The output can also 
be used as an input to the other timer, resulting in a 32-bit timer. 

Each timer has a 16-bit TCR, which is used to latch the value of the counter when a defined 
transition (of TIN1 or TIN2) is sensed by the corresponding input capture edge detector. The 
type of transition triggering the capture is selected by the capture edge and enable interrupt 
(CE) bits in the corresponding TMR. Upon a capture or reference event, the corresponding 
TER bit is set, and a maskable interrupt is issued. 

The timer registers may be modified at any time by the user. 
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6.5.2.1 Timer Mode Register (TMR1, TMR2) 

TMR1 and TMR2 are identical 16-bit registers. TMR1 and TMR2, which are memory
mapped read-write registers to the user, are cleared by reset. 

15 543 2 

PRESCALER VALUE (PS) CE OM ORI FRR ICLK 

RST -Reset Timer 

This bit performs a software reset of the timer identical to that of an external reset. 

0= Reset timer (software reset), includes clearing the TMR, TRR, and TCN. 
1 = Enable timer 

lelK-lnput Clock Source for the Timer 

00 = Stop count 
01 = Master clock 

RST 

10 = Master clock divided by 16. Note that this clock source is not synchronized to the 
timer; thus, successive timeouts may vary slightly in length. 

11 = Corresponding TIN pin, TIN1 or TIN2 (falling edge) 

FRR-Free Run/Restart 

o = Free run-timer count continues to increment after the reference value is reached. 
1 = Restart-timer count is reset immediately after the reference value is reached. 

ORI-Output Reference Interrupt Enable 

0= Disable interrupt for reference reached (does not affect interrupt on capture func
tion) 

1 = Enable interrupt upon reaching the reference value 

OM-Output Mode 

o = Active-low pulse for one ClKO clock cycle (60 ns at 16.67 MHz) 
1 = Toggle output 

NOTE 

After reset, the TOUT signal begins in a high state, but is not 
available externally until the PBCNT register is configured for 
this function. 

CE-Capture Edge and Enable Interrupt 

00 = Capture function is disabled 
01 = Capture on rising edge only and enable interrupt on capture event 
10 = Capture on falling edge only and enable interrupt on capture event 
11 = Capture on any edge and enable interrupt on capture event 

PS-Prescaler Value 

The prescaler is programmed to divide the clock input by values from 1 to 256. The value 
00000000 divides the clock by 1; the value 11111111 divides the clock by 256. The res-
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olution of the timer varies directly with the size of the prescaler. In order to make smaller 
adjustments to the timer as needed, the prescaler should be as small as possible (see 
6.5.2.6 General Purpose Timer Example). 

6.5.2.2 Timer Reference Registers (TRR1, TRR2) 

Each TRR is a 16-bit register containing the reference value for the timeout. TRR1 and 
TRR2 are memory-mapped read-write registers. 

When working in the MC68008 mode (BUSW is low), writing the high byte of TRR1 and 
TRR2 will disable the timer's compare logic until the low byte is written. 

TRR1 and TRR2 are set to all ones by reset. The reference value is not "reached" until TCN 
increments to equal TRR. 

6.5.2.3 Timer Capture Registers (TCR1, TCR2) 

Each TCR is a 16-bit register used to latch the value of the counter during a capture opera
tion when an edge occurs onthe respective TIN1 or TIN2 pin. TCR1 and TCR2 appear as 
memory-mapped read-only registers to the user. 

When working in the MC68008 mode (BUSW is low), reading the high byte of TCR1 and 
TCR2 will disable the timer's capture logic until the low byte is read. 

TCR 1 and TCR2 are cleared at reset. 

6.5.2.4 Timer Counter (TCN1, TCN2) 

TCN 1 and TCN2 are 16-bit up-counters. Each is memory-mapped and can be read andwrit
ten by the user. A read cycle to TCN1 and TCN2 yields the current value of the timer and 
does not affect the counting operation. 

When working in the MC68008 mode (BUSW is low), reading the high byte of TCN1 and 
TCN2 will latch the low byte into a temporary register; a subsequent read cycle on the low 
byte yields the value of the temporary register. 

A write ,cycle to TCN1 and TCN2 causes both the counter register and the corresponding 
prescaler to be reset to zero. In MC68008 mode (BUSW is low), a write cycle to either the 
high or low byte of the TCN will reset the counter register and the corresponding prescaler 
to zero. 

6.5.2.5 Timer Event Registers (TER1, TER2) 
Each TER is an 8-bit register used to report events recognized by any of the timers. On rec
ognition of an event, the timer will set the appropriate bit in the TER, regardless of the cor
responding interrupt enable bits (ORI and CE) in the TMR. TER1 and TER2, which appear 
to the user as memory-mapped registers, may be read at any time. 
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A bit is cleared by writing a one to that bit (writing a zero does not affect a bit's value). More 
than one bit may be cleared at a time. Both bits must be cleared before the timer will negate 
the INRQ to the interrupt controller. This register is cleared at reset. 

2 0 

RESERVED REF I CAP I 

CAP-Captu re Event 
The counter value has been latched into the TCA. The CE bits in the TMR are used to 
enable the interrupt request caused by this event. 

REF-Output Reference Event 

The counter has reached the TRR value. The ORI bit in the TMR is used to enable the 
interrupt request caused by this event. 

Bits 7-2-Reserved for future use. 

6.5.2.6 General Purpose Timer Example 
This section gives two examples on how to program the general purpose timers. 

6.5.2.6.1 Timer Example 1 

Generate an interrupt every 10 mS using the 20 MHz system clock. 

1. Take the desired interrupt period and divide by the timer clock period to get an initial 
count value to calculate prescaler. 

Tout = 10ms = Count = 200,000 
Tin 1 

20MHz 

2. To calculate the value for the clock divider, divide the count by 65536 (216). 

~;;3~ = Divider = 3.05176 

3. The divider must be rounded up to the next integer value. A clock divider of 4 then 
changes the input timer period to Tin*4. A new count is calculated based on the new 
timer period, and this value will be written to the TRR. The prescaler in the TMR is 
equal to the clock divider minus 1 (or 4-1 = 3). 

Tout 10ms 
= 50ns(4) = 50,000 Tin (Divider) 

4. Program the TRR to $C350 (= 50000 decimal). 

5. Program the TMR to $031 B (prescaler = 3, ORI =1 to enable interrupt, FRR = 1 to re
start counter after reference is reached, IClK = 01 to use the master clock, and RST 
= 1 to enabled the timer). 

Fine adjustments can be made to the timer by varying the TRR up or down. 
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6.5.2.6.2 Timer Example 2 

Generate a 100 Hz square wave using the 20 MHz system clock. As in Timer Example 1, 
the period is 10 mS, so we can use the same Prescaler and Reference values. Since when 
OM is set, the TOUT pin only toggles when the reference value is reached, the reference 
value must be divided by two in order to generate two edges every 100 mS. 

1. Program the Port B control register to change the port pin from a general purpose input 
pin to TOUT. 

2. Program the TRR to $61 A8 (= 5000/2). 

3. Program the TMR to $321 B (prescaler = 3, OM =1 to toggle TOUTt, FRR = 1 to restart 
counter after reference is reached, IClK = 01 to use the master clock, and RST = 1 to 
enabled the timer). 

Fine adjustments can be made to the timer by varying the TRR up or down. 

6.5.3 Timer 3 - Software Watchdog Timer 

A watchdog timer is used to protect against system failures by providing a means to escape 
from unexpected input conditions, external events, or programming errors. Timer 3 may be 
used for this purpose. Once started, the watchdog timer must be cleared by software on a 
regular basis so that it never reaches its timeout value. Upon reaching the timeout value; the 
assumption may be made that a system failure has occurred, and steps can be taken to re
cover or reset the system. 

6.5.3.1 Software Watchdog Timer Operation 

The watchdog timer counts from zero to a maximum of 32767 (16.67 seconds at 16.00 MHz) 
with a resolution or step size of 8192 clock periods (0.5 ms at 16.00 MHz). This timer uses 
a 16-bit counter with an 8-bit prescaler value. 

The watchdog timer uses the main clock divided by 16 as the input to the prescaler. The 
prescaler circuitry divides the clock input by a fixed value of 256. The output of this prescaler 
circuitry is connected to the input of the 16-bit counter. Since the least significant bit of the 
WCN is not used in the comparison with the WRR reference value, the effective value of the 
prescaler is 512. 

The timer counts until the reference value is reached and then starts a new time count im
mediately. Upon reaching the reference value, the counter asserts the WDOG output for a 
period of 16 master clock (ClKO) cycles, and issues an interrupt to the interrupt controller. 
The value of the timer can be read any time. 

To use the software watchdog function directly with the M680ao core, the timer 3 open-drain 
output pin (WDOG) can be connected externally to the IPl2-i15[Q pins to generate a level 
7 interrupt (normal mode), to TRQ'7 (dedicated mode), or to the RESET and HALT pin. After 
a total system reset, the WDOG pin function is enabled on pin PB7. 

The software watchdog timer has an 8-bit prescaler that is not accessible to the user, a read
only 16-bit counter, and a reference register (WRR). 
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6.5.3.2 Software Watchdog Reference Register (WRR) 

WRR is a 16-bit register containing the reference value for the timeout. The EN bit of the 
register enables the timer. WRR appears as a memory-mapped read-write register to the 
user. 

When operating in the MC68008 mode (BUSW is low), writing to the high byte of WRR will 
disable the timer compare logic until the low byte is written. 

Reset initializes the register to $FFFF, enabling the watchdog timer and setting it to the max
imum timeout period. This causes a timeout to occur if there is an error in the boot program. 

15 

REFERENCE VALUE EN 

6.5.3.3 Software Watchdog Counter (WCN) 

WCN, a 16-bit up-counter, appears as a memory-mapped register and may be read at any 
time. Clearing EN in WRR causes the counter to be reset and disables the count operation. 

A read cycle to WCN causes the current value of the timer to be read. When working in 
MC68008 mode (BUSW is low), reading the high byte of WCN will latch the low byte into a 
temporary register. When reading the low byte, the temporary register value is read. Read
ing the timer does not affect the counting operation. 

A write cycle to WCN causes the counter and prescaler to be reset. In the MC68008 mode 
(BUSW is low), a write cycle to either the high or low byte resets the counter and the pres
caler. A write cycle should be executed on a regular basis so that the watchdog timer is nev
er allowed to reach the reference value during normal program operation. 

6.5.4 Periodic Interrupt Timer 

The 68356 IMP provides a timer to generate periodic interrupts for use with a real-time op
erating system or the application software. The periodic interrupt time period can vary from 
122 j.1s to 128 s (assuming a 32.768-kHz crystal is used to generate the general system 
clock). This function can be disabled. 

6.5.4.1 Overview 

The periodic interrupt timer consists of an 11-bit modulus counter that is loaded with the val
ue contained in the PITA. The modulus counter is clocked by the ClKIN signal derived from 
the IMP EXTAL pin. See Figure 3-1. 

The clock source is divided by four before driving the modulus counter (PITClK). When the 
modulus counter value reaches zero, an interrupt request signal is generated to the IMP in
terrupt controller. 

The value of bits 11-1 in the PITR is then loaded again into the modulus counter, and the 
counting process starts over. A new value can be written to the PITR only wh.en the PIT is 
disabled. 
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The PIT interrupt replaces the IMP PB8 interrupt and is mapped to the PB8 interrupt priority 
level 4. The PIT interrupt is not maskable -the only way to disable the PIT interrupt is to 
disable the PIT by resetting the PTEN bit in the PITR register to zero. 

NOTE 

When the PIT is enabled, PB8 can still be used as parallel lID 
pin or as DRAM refresh controller request pin, but PB8 will not 
be capable of generating interrupts. 

6.5.4.2 Periodic Timer Period Calculation 
The period of the periodic timer can be calculated using the following equation: 

PITR count value+ 1 
periodic interrupt timer period = ------

( (EXTAL) 11or512) 
(4) 

Solving the equation using a crystal frequency of 32.768 kHz with the prescaler disabled 
gives: 

"d" " " "d PITR count value+ 1 
perlO lC mterrupt timer peno = 32768/1 

22 

" d" " . . d PITR counvalue 
peno lC mterrupt timer peno = 8192 

This gives a range from 122 ~s, with a PITR value of $0, to 250 ms, with a PITR value of 
$7FF (assuming a 32.768Khz at the EXTAL pin. 

Solving the equation with the prescaler enabled (PTP=1) gives the following values: 

" d" " " "d PITR count value 
peno lC mterrupt timer peno = 32768/512 

22 

" d" " " "d PITR count value peno lC mterrupt tlmer peno = 16 
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This gives a range from 62.5 ms, with a PITR value of $0 to 128 s, with a PITR value of $7FF. 

For a fast calculation of periodic timer period using a 32.768-kHz crystal, the following equa
tions can be used: 

With prescaler disabled: 

programmable interrupt timer period = PITR (122Ils) 

With prescaler enabled: 

programmable interrupt timer period = PITR (62.5 ms) 

6.5.4.3 Using the Periodic Timer As a Real-Time Clock 
The periodic interrupt timer can be used as a real-time clock interrupt by setting it up to gen
erate an interrupt with a one-second period. When using a 32.768-kHz crystal, the PITR 
should be loaded with a value of $OF with the prescaler enabled to generate interrupts at a 
one-second rate. The interrupt is generated, in this case, at a precise 1 second rate, even if 
the interrupt is not serviced immediately. A true real time clock is obtained if the current in
terrupt is serviced completely before the next one occurs. 

6.5.4.4 Periodic Interrupt Timer Register (PITR) 
The PITR contains control for prescaling the periodic timer as well as the count value for the 
periodic timer. This register can be read or written only during normal operational mode. Bits 
14-13 are not implemented and always return a zero when read. A write does not affect 
these bits. 

PITR 

15 14 13 12 11 

PTEN 0 0 PTP PITR10 

RESET 

0 0 0 0 0 

7 6 5 4 

PITR6 PITRS PITR4 PITR3 PITR2 

RESET 
0 0 0 0 0 

Read/Write 

PTEN-Periodic Timer Enable 

This bit contains the enable control for the periodic timer. 

o = Periodic timer is disabled 
1 = Periodic timer is enabled 
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PTP-Periodic Timer Prescaler Control 

This bit contains the prescaler control for the periodic timer. 
o = Periodic timer clock is not prescaled 
1 = Periodic timer clock is prescaled by a value of 512 

PITR10-0-Periodic Interrupt Timer Register Bits 

These bits of the PITR contain the remaining bits of the PITR count value for the periodic 
timer. These bits may be written only when the PIT is disabled (PTEN=O) to modify 
the PIT count value. 

NOTE 

If the PIT is enabled with the PTP bit is set, the first interrupt can 
be up to 512 clocks early, depending on the prescaler counter 
value when the PIT is enabled. 

6.6 EXTERNAL CHIP-SELECT SIGNALS AND WAIT-STATE LOGIC 

The IMP provides a set of four programmable chip-select signals. Each chip-select signal 
has an identical internal structure. For each memory area, the user may also define an in
ternally generated cycle termination signal (DTACK). This feature eliminates board space 
that would be necessary for cycle termination logic. 

The four chip-select signals allow four different classes of memory to be used: e.g., high
speed static RAM, slower dynamic RAM, EPROM, and nonvolatile RAM. If more than four 
chip selects are required, additional chip selects may be decoded externally, as on the 
MC68000. 

The chip-select block diagram is shown in Figure 6-9. 

The chip-select logic is active for memory cycles generated by internal bus masters 
(M68000 core, IDMA, SDMA, DRAM refresh) or external bus masters. These signals are 
driven externally on the falling edge of AS and are valid shortly after AS goes low. 

For each chip select, the user programs the block size by choosing the starting address in 
the base register and the length in the option register. The starting address must be on a 
block boundary. Thus, an 8K block size must begin on an 8K address boundary, and a 64K 
block size must begin on a 64K address boundary, etc. 

For a given chip-select block, the user may also choose 1) whether the chip-select block 
should be considered as read-only, write-only, or read/write, 2) whether the chip-select 
block should be active on only one particular function code Signal combination or for all func
tion codes, and 3) whether a DTACK should be automatically generated for this chip-select 
block, and after how many wait states. 

DTACK generation occurs under the same constraints as the chip-select signal-if the chip
select signal does not activate, then neither will the DT ACK signal. 
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Chip select 0 has the special property of being enabled upon system reset to the address 
range from 0 to 8K bytes. This property allows chip select 0 to function as the IIboot ROMII 

select on system start-up. DTACK is initially enabled for six wait states on this chip select. 

External masters may use the chip-select logic on the IMP during an external master access 
to external memory/peripherals. In this case, the external master chip-select timing diagram 
(see Figure 14-15) must be used. Since the chip-select logic is slightly slower when using 
external masters, an optional proviSion can be made to add an additional wait state to an 
external access by an external master. See the EMWS bit in the SCR for more details (6.7.3 
System Control Bits). 

Each chip select can be protected to block PCMCIA accesses to that chip select's block of 
memory by the external PCMCIA host. The protect for each chip select block can be enabled 
by setting the PCS(3-0) bits in the PCMCIA protection register (PPR). In addition, internal 
IMP registers and dual port RAM access from the PCMCIA bus can be disabled by using 
the PIR bit in the PPR. 

A priority structure exists within the chip-select block. For a given address, the priority is as 
follows: 

1. Access to any IMP internal address (BAR, dual-port RAM, etc.) 
No chip select asserted. 

2. Chip Select 0 

3. Chip Select 1 

4. Chip Select 2 

5. Chip Select 3 
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Figure 6-9. Chip-Select Block Diagram 

The user should not normally program more than one chip-select line to the same area. 
When this occurs, the address compare logic will set address decode conflict (ADC) in the 
system control register (SCR) and generate BERR if address decode conflict enable 
(ADCE) is set. Only one chip-select line will be driven because of internal line priorities. csa 
has the highest priority, and CS3 the lowest. BERR will not be asserted on write accesses 
to the chip-select registers. 

If one chip select is programmed to be read-only and another chip select is programmed to 
be write-only, then there will be no overlap conflict between these two chip selects, and the 
ADC bit will not be set. 

When a bus master attempts to write to a read-only location, the chip-select logic will set 
write protect violation (WPV) in the SCR and generate BERR if write protect violation enable 
(WPVE) is set. The CS line will not be asserted. 

MOTOROLA 

NOTE 

The chip-select logic is reset only on total system reset (asser
tion of RESET and HALT). Accesses to the internal RAM and 
registers, including the system configuration registers (BAR and 
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SCR), will not activate the chip-select lines. Thus, it is conve
nient to use one of the chip-select lines to select external ROMI 
RAM that overlaps these register addresses, since, in this way, 
bus contention is completely avoided during a read access to 
these addresses. If, in a given application, it is not possible to 
use the chip-select lines for this purpose, the lAC signal may be 
used externally to prevent bus contention. 

NOTE 

The chip-select logic does not allow an address match during in
terrupt acknowledge cycles. 

A special case occurs when the locked read-modify-write test and set (TAS) instruction is 
executed in combination with the chip selects. The assertion of wait states on the write por
tion of the cycle will only occur if the RMCST bit in the SCR is set. Refer to 6.7.3 System 
Control Bits for more details. 

6.6.1 Chip-Select Logic Key Features 

Key features of the chip-select logic are as follows: 

• Four Programmable Chip-Select Lines 

• Various Block Sizes: 8K, 16K, 32K, 64K, 128K, 256K, 512K, 1 M, 2M, 4M, 8M, and 16M 
Bytes 

• Read-Only, Write-Only, or Read-Write Select 

• Internal DT ACK Generation with Wait-State Options 

• Default Line (CSO) to Select an 8K-Boot ROM Containing the Reset Vector and Initial 
Program 

6.6.2 Chip-Select Registers 

Each of the four chip-select units has two registers that define its specific operation. These 
registers are a 16-bit base register (BR) and a 16-bit option register (OR) (e.g., BRO and 
ORO). These registers may be modified by the M68000 core. The BR should normally be 
programmed after the OR since the BR contains the chip-select enable bit. 

6.6.2.1 Base Register (BR3-BRO) 

These 16-bit registers consist of a base address field, a read-write bit, and a function code 
field. 

15 13 12 

FC2-FCO BASE ADDRESS (A23-A 13) RW EN 

FC2-FCO -Function Code Field 

This field is contained in bits 15-13 of each BR. These bits are used to set the address 
space function code. The address compare logic uses these bits to determine whether an 
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address match exists within its address space and, therefore, whether to assert the chip
select line. 

111 = Not supported; reserved. Chip select will not assert if this value is chosen. 
110 = Value may be used . 

• 

• 
000 = Value may be used. 

After system reset, the FC field in BR3-BRO defaults to supervisor program space (FC = 
110) to select a ROM device containing the reset vector. Because of the priority mechanism 
and the EN bit, only the CSO line is active after a system reset. 

NOTE 

The FC bits can be masked and ignored by the chip-select logic 
using CFC in the OR. 

Bits 12-2-Base Address 

These bits are used to set the starting address of a particular address space. The address 
compare logic uses only A23-A 13 to cause an address match within its block size. The 
base address should be located on a block boundary. For example, if the block size is 64k 
bytes, then the base address should be a multiple of 64k. 

After system reset, the base address defaults to zero to select a ROM device on which 
the reset vector resides. All base address values default to zero on system reset, but, be
cause of the priority mechanism, only CSO will be active. 

NOTE 

All address bits can be masked and ignored by the chip-select 
logic through the base address mask in the OR. 

RW-ReadIWrite 

o = The chip-select line is asserted for read operations only. 
1 = The chip-select line is asserted for write operations only. 

After system reset, this bit defaults to zero (read-only operation). 

NOTE 

This bit can be masked and ignored by the read-write compare 
logic, as determined by MRW in the OR. The line is then assert
ed for both read and write cycles. 

On write protect violation cycles (RW = a and MRW = 1), BERR will be generated if WPVE 
is set, and WPV will be set. 

If the write protect mechanism is used by an external master, the RIW low to AS asserted 
timing should be 16 ns minimum. 
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EN-Enable 

a = The chip-select line is disabled. 
1 = The chip-select line is enabled. 

After system reset, only CSO is enabled; CS3-CS1 are disabled. In disable CPU mode, 
CS3-CSO are disabled at system reset. The chip select does not require disabling before 
changing its parameters. 

6.6.2.2 Option Registers (OR3-0RO) 
These four 16-bit registers consist of a base address mask field, a read/write mask bit, a 
compare function code bit, and a DTACK generation field. 

15 13 12 

DTACK BASE ADDRESS MASK (M23-M13) I MRW I CFC 

Bits 15-12-DT ACK Field 

These bits are used to determine whether DTACK is generated internally with a program
mable number of wait states or externally by the peripheral. With internal DTACK gener
ation, zero to six wait states can be automatically inserted before the DTACK pin is 
asserted as an output (see Port A Control Register (PACNT)). 

When all the bits in this field are set to one, DTACK must be generated externally, and the 
IMP or external bus master waits for DTACK (input) to terminate its bus cycle. After system 
reset, the bits of the DTACK field default to six wait states. 

The DTACK generator uses the IMP internal clock to generate the programmable number 
of wait states. For asynchronous external bus masters, the programmable number of wait 
states is counted directly from the internal clock. When no wait state is programmed 
(DTACK = 000), the DTACK generator will generate DTACK asynchronously. 

Table 6-8. DTACK Field Encoding 

Bits 
Description 

15 14 13 

a a a No Wait State 

a a 1 1 Wait State 

a 1 a 2 Wait States 

a 1 1 3 Wait States 

1 a a 4 Wait States 

1 a 1 5 Wait States 

1 1 a 6 Wait States 

1 1 1 External DT ACK 

The CS lines are asserted slightly earlier for internal IMP master memory cycles than for an 
external master using the CS lines. Set external master wait state (EMWS) in the SCR 
whenever these timing differences require an extra memory wait state for external masters. 
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NOTE 

Do not assert DTACK externally when it is programmed to be 
generated internally. 

Bits 12-2-Base Address Mask 

These bits are used to set the block size of a particular chip-select line. The address com
pare logic uses only the address bits that are not masked (i.e., mask bit set to one) to de
tect an address match within its block size. 

0= The address bit in the corresponding BR is masked; the address compare logic 
does not use this address bit. The corresponding external address line value is a 
don't care in the comparison. 

1 = The address bit in the corresponding BR is not masked; the address compare logic ..-, 
uses this address bit. .~ 

For example, for a 64K-byte block, this field should be M 13, M 14, M 15 = 0 with the rest of 
the base address mask bits (M23-M16) equal to one. 

After system reset, the bits of the base address mask field default to ones (selecting the 
smallest block size of 8K) to allow CSO to select the ROM device containing the reset vector. 

MRW-Mask Read/Write 

0= The RW bit in the BR is masked. The chip select is asserted for both read and write 
operations. 

1 = The RW bit in the BR is not masked. The chip select is asserted for read-only or 
write-only operations as programmed by the corresponding RW bit in BR3-BRO. 

After system reset, this bit defaults to zero. 

CFC-Compare Function Code 

0= The FC bits in the BR are ignored. The chip select is asserted without comparing 
the FC bits. If the application requires the user to recognize several address spac
es (e.g., user space without distinguishing between data and program space), FC 
bits must be decoded externally. 

1 = The FC bits on the BR are compared. The address space compare logic uses the 
FC bits to assert the CS line. 

After system reset, this bit defaults to one. 

NOTE 

Even when CFC = 0, if the function code lines are internally or 
externally generated as "111", the chip select will not be assert
ed. 

6.6.2.3 PCMCIA Protection Register (PPR) 
This register controls the PCMCIA protection mechanism that blocks the chip select mech
anism for external PCMCIA accesses made to the block of memory covered by the protect
ed chip select. It also includes the Protect Internal Registers (PIR) bit that controls the 
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protection mechanism to block PCMCIA accesses to the internal registers and dual port 
RAM. This register is located at BAR+82C. 

15 14 13 12 11 10 9 8 4 3 2 1 

10101010101010101010 o 1 PIR 1 PCS3 1 PCS2 1 PCS1 1 pcso 1 

PCS(3-0)-Protect Chip Select 

Each of these bits when set will disable the corresponding chip select for PCMCIA access
es. When a PCMCIA controller access is made to a protected memory space, the chip 
select line will not assert and the DTACK line will also not be asserted. This will result in 
a 68000 bus error and a bus error on the PCMCIA bus (if the BERR bit is set in the PCMR 
register). 

• PIR-Protect Internal Registers 
This bit when set will block PCMCIA accesses to internal registers and the internal dual 
port ram. When a PCMCIA access is made to an internal register or memory location 
while the PIR bit is set, the register will not be addressed and the DTACK line will not be 
asserted. This will result in a 68000 bus error and a bus error on the PCMCIA bus (if the 
BERR bit is set in the PCMR register). 

6.6.3 Chip Select Example 

Set up chip select 2 to assert for a 1 megabyte block of external RAM beginning at $200000 
with 1 wait state. Note that the address must be on a block boundary (i. e.; the starting ad
dress of a 1 megabyte. block could not be $210000). 

1. Calculate what the mask should be. For a 1 M block, the address lines AO through A 19 
are used to address bytes within the block, so they need to be masked out. 

2. Write $3EOO to OR2 (DTACK=1 for 1 wait state, M23-M20 = 1 to use these bits in the 
comparison, M19-M13 = 0 to mask these address bits, MRW = a to enable the chip 
select for both read and write, and CFC = 0 to mask off function code comparison). 

3. Write $0401 to BR2 (FC2-FCO = 0 don't care, A23-A 13 = base address, RW = 0 don't 
care, and EN =1 to enable the chip select. 

NOTE 

The mask bits in the OR are used to mask the individual address 
bits, so in the previous example, if bit 12 (M23) was changed to 
a zero, then CS2 would assert for a 1 M block beginning at 
$200000 and a 1 M block at $AOOOOO. 

6.7 SYSTEM CONTROL 

The IMP system control consists of a System Control Register (SCR) that configures the fol
lowing functions: 

• System Status and Control Logic 

• AS Control During Read-Modify-Write-Cycles 

• Disable CPU (M68000) Logic 
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• Bus Arbitration Logic with Low-Interrupt Latency Support 

• Hardware Watchdog 

• Low-Power (Standby) Modes 

• Freeze Control 

6.7.1 System Control Register (SCR) 

The SCR is a 32-bit register that consists of system status and control bits, a bus arbiter con
trol bit, and hardware watchdog control bits. Refer to Figure 6-10 and to the following para
graphs for a description-of each bit in this register. The SCR is a memory-mapped read-write 
register. The address of this register is fixed at $OF4 in supervisor data space (FC = 5) . 

$F4 

31 30 29 28 27 26 25 24 

IPA HWT WPV ADC 

$F5 
23 22 21 20 19 18 17 16 

RME ERRE I VGE WPVE I RMCST I EMWS I ADCE BCLM 

$F6 
15 14 13 12 11 10 9 

I RESERVED I RESERVED I RESERVED I SAM I HWDEN I HWDCN2-HWDCNO 

Figure 6-10. System Control Register 

MOTOROLA MC68356 USER'S MANUAL 6-53 

• 



System Integration Block (SIB) 

Table 6-9. SCR Register Bits 

Bit Name Section(s) 

IPA Interrupt Priority Active 3.8.2 

HWT Hardware Watchdog Timeout 3.8.2, 3.8.6 

WPV Write Protect Violation 3.8.2 

ADC Address Decode Conflict 3.8.2 

ERRE External RISC Request Enable 3.9 

VGE Vector Generation Enable 3.8.4 

WPVE Write Protect Violation Enable 3.8.3 

RMCST Read-Modify-Write Cycle Special Treatment 3.8.3 

EMWS External Master Wait State 3.8.3, 3.8.4 

ADCE Address Decode Conflict Enable 3.8.3 

BCLM Bus Clear Mask 3.8.2, 3.8.3, 3.8.5 

SAM Synchronous Access Mode 3.8.3, 3.8.4 

HWDEN Hardware Watchdog Enable 3.8.6 

HWDCN Hardware Watchdog Count 3.8.6 

6.7.2 System Status Bits 

The eight most significant bits of the SCR are used to report events recognized by the sys
tem control logic. On recognition of an event, this logic sets the corresponding bit in the 
SCR. The bits may be read at any time. A bit is reset by one and is left unchanged by zero. 
More than one bit may be reset at a time. 

After system reset (simultaneous assertion of RESET and HALT), these bits are cleared. 

IPA-Interrupt Priority Active 
This bit is set when the M68000 core has an unmasked interrupt request. When bus clear 
mask (BCLM) is set, BCLR and the internal bus clear to the IDMA and PCMCIA controller 
are asserted. 

6-54 

NOTE 

If BCLM is set, an interrupt handler will normally clear IPA at the 
end of the interrupt routine to allow an alternate bus master to 
regain the bus; however, if BCLM is cleared, no additional action 
need be taken in the interrupt handler. 

In the case of nested interrupts, the user may wish to clear the 
IPA bit only at the end of the original lower priority interrupt rou
tine to keep BCLR asserted until it completes. To guarantee that 
this happens and that other pending interrupts at the same orig
inal priority level also execute with BCLR continuously asserted, 
the following technique may be used. Using a parallel I/O line 
connected to the IRQ1 line, the original priority lev~1 interrupt 
toggles this I/O line just before it executes the RTE instruction, 
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causing a request for a level 1 interrupt. Since this is the lowest 
interrupt level, this routine will not be executed until all other 
pending interrupt routines have executed. Then in the level 1 in
terrupt routine, the IPA bit in the SCR is cleared. 

HWT -Hardware Watchdog Timeout 

This bit is set when the hardware watchdog (see 6.7.6 Hardware Watchdog) reaches the 
end of its time interval; BERR is generated following the watchdog timeout, even if this bit 
is already set. 

WPV-Write Protect Violation 

This bit is set when a bus master attempts to write to a location that has RW set to zero 
(read only) in its associated base register (BR3-BRO). Provided WPVE (bit 20) is set, ..
BERR will be asserted on the bus cycle that sets this bit. If WPV and WPVE are both set :~ 
when a write protect violation occurs, BERR will still be generated. 

ADC-Address Decode Conflict 

This bit is set when a conflict has occurred in the chip-select logic because two or more 
chip-select lines attempt assertion in the same bus cycle. This conflict may be caused by 
a programming error in which the user-allocated memory areas for each chip select over
lap each other. Provided ADCE (bit 17) is set, the occurrence of ADC will cause BERR to 
be asserted. If this bit is already set when another address decode conflict occurs, BERR 
will still be generated. The chip-select logic will protect the IMP from issuing two simulta
neous chip selects by employing a priority system. 

NOTE 

Regardless of the state of the chip-select programming, this bit 
will not be set and BERR will not be asserted for an address de
code conflict occurring during access to a system configuration 
register. This is provided to guarantee access to the system con
figuration registers (BAR and SCR) during initialization. 

NOTE 

In MC68356, there is no logic that decodes a conflict between 
chip-select user-allocated memory and DSP host port address 
allocation. Therefore, the DSP host port memory space pro
grammed in the host port base address register (HBAR) must 
not overlap any of the chip select memory blocks. 

6.7.3 System Control Bits 

The system control logic uses six control bits in the SCR. 

WPVE-Write Protect Violation Enable 

0= BERR is not asserted when a write protect violation occurs. 
1 = BERR is asserted when a write protect violation occurs. 

After system reset, this bit defaults to zero. 
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NOTE 

WPV will be set, regardless of the value of WPVE. 

RMCST -RMC Cycle Special Treatment 

o = The locked read-modify-write cycles of the TAS instruction will be identical to the 
M68000 (AS and CS will be asserted during the entire cycle). The arbiter will issue 
BG, regardless of the M68000 core RMC. If an IMP chip select is used, the DTACK 
generator will insert wait states on the read cycle only. 

1 = The IMP uses RMC to negate AS and CS at the end of the read portion of the RMC 
cycle and reasserts AS and CS at the beginning of the write portion. BG will not be 
asserted until the end of the write portion. If an IMP chip select is used, the DTACK 
generator will insert wait states on both the read and write portion of the cycles. 

The assertion of the RMC by the M68000 core ;is seen by the arbiter and will prevent the 
arbiter from issuing bus grants until the completion of M68000-initiated locked read-mod
ify-write activity. After system reset, this bit defaults to zero. 

EMWS-External Master Wait State (EMWS); 

When EMWS is set and an external master is using the chip-select logic for DTACK gen
eration or is synchronously reading from the internal peripherals (SAM = 1), one additional 
wait state will be inserted in every memory cycle to external memory and peripherals and 
also in every cycle to internal memory and peripherals. When EMWS is cleared, all syn
chronous internal accesses will be with zero wait states, and the chip-select logic will gen
erate DTACK after the exact programmed number of wait states. The chip-select lines are 
asserted slightly earlier for internal master memory cycles than for an external master. 
EMWS should be set whenever these timing differences will necessitate an additional wait 
state for external masters. After system reset, this bit defaults to zero. 

ADCE-Address Decode Conflict Enable 

o = BERR is not asserted by a conflict in the chip-select logic when two or more chip
select lines are programmed to overlap the same area. 

1 = BERR is asserted by a conflict in the chip-select logic when two or more chip-select 
lines are programmed to overlap the same area. 

After system reset, this bit defaults to zero. 

NOTE 

ADC will be set,· regardless of the value of ADCE. 

BCLM-Bus Clear Mask 

0= The arbiter does not use the M68000 core internallPEND signal to assert the in
ternal and external bus clear signals. 

1 = The arbiter uses the M68000 core internallPEND signal to assert the internal and 
external bus clear Signals. 

After system reset, this bit defaults to zero. If BCLM is set, then the typical maximum inter
rupt latency is about 78 clocks in a zero-wait-state system. This assumes a standard instruc
tion mix, that the IDMA is just beginning a four-bus-cycle transfer when the interrupt 
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becomes pending, and that an SDMA has an access pending (one bus cycle). Interrupt ex
ecution time is 44 clocks and includes the time to execute the interrupt acknowledge cycle, 
save the status register and PC value on the stack, and then vector to the first location of 
the interrupt service routine. Thus, the calculation is 78 = 14 (instruction completion) + 20 
(DMAs) + 44 (interrupt execution). 

SDMA operation is not affected by the BCLM bit. Note that the SDMA accesses only one 
byte/word of external memory at a time before giving up the bus and that accesses are rel
atively infrequent. External bus master operation mayor may not be affected by the BCLM 
bit, depending on whether the BCLR signal is used to clear the external master off the bus. 

BCLM bit affects PCMCIA operation, if enabled in PCMR register (see 8.4.2 PCMCIA Mode 
Register - PCMR). 

Without using the BCLM bit, the maximum interrupt latency includes the maximum time that 
the IDMA or external bus master could use the bus in the worst case. Note that the IDMA 
can limit its bus usage if its requests are generated internally. 

NOTE 

The IPA status bit will be set, regardless of the BCLM value. 

SAM-Synchronous Access Mode 

This bit controls how external masters may access the IMP peripheral area. This bit is not 
relevant for applications that do not have external bus masters that access the IMP. In ap
plications such as disable CPU mode, in which the M68000 core is not operating, the user 
should note that SAM may be changed by an external master on the first access of the 
IMP, but that first write access must be asynchronous with three wait states. (If DTACK is 
used to terminate bus cycles, this change need not influence hardware.) 

0= Asynchronous accesses. All accesses to the IMP internal RAM and registers (in
cluding BAR and SCR) by an external master are asynchronous to the IMP clock. 
Read and write accesses are with three wait states, and DT ACK is asserted by the 
IMP assuming three wait-state accesses. This is the default value. 

1 = Synchronous accesses. All accesses to the IMP internal RAM and registers (in
cluding BAR and SCR) must be synchronous to the IMP clock. Synchronous read 
accesses may occur with one wait state if EMWS is also set to one. 

6.7.4 Disable CPU Logic (M68000) 

The IMP can be configured to operate solely as a peripheral to an external processor. In this 
mode, the on-chip M68000 CPU should be disabled by strapping DISCPU high during sys
tem reset (RESET and HALT asserted simultaneously). The internal accesses to the IMP 
peripherals and memory may be asynchronous or synchronous. During synchronous reads, 
one wait state may be used if required (EMWS bit set). The following pins change their func
tionality in this mode: 

1. BR will be an output from the IDMA and SDMA to the external M68000 bus, rather than 
being an input to the IMP. 

2. BG will be an input to the IDMA and SDMA from the external M68000 bus, rather than 
being an output from the IMP. When BG is sampled as low by the IMP, it waits for AS, 
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BERR, HALT, and BGACK to be negated, and then asserts BGACK and performs one 
or more bus cycles. 

3. BClR will be an input to the IDMA, but will remain an output from the SDMA. 

4. The interrupt controller will output its interrupt request lines (lPlO, IPl1, IPl2) normally 
sent to the M68000 core on pins IOUTO, IOUT1, and IOUT2, respectively. AVEC, 
RMC, and CSO, which share pins with IOUTO, IOUT1, and IOUT2, respectively, are 
not available in this mode. 

DISCPU should remain continuously high during disable CPU mode operation. Although the 
GSO pin is not available as an output from the device in disable CPU mode, it may be en
abled to provide DTACK generation. In disable CPU mode, BRO is initially $COOO. 

Accesses by an external master to the IMP RAM and registers may be asynchronous or syn
chronous to the IMP clock. (This feature is actually available regardless of disable CPU 
mode). See the SAM and EMWS bits in the SCR for details. 

In disable CPU mode, the interrupt controller may be programmed to generate or not gen
erate interrupt vectors during interrupt acknowledge cycles. When multiple IMP devices 
share a single M68000 bus, vector generation at level 4 should be prevented on all but one 
IMP. When using disable CPU mode to implement an interface, such as between the 
MC68020 and a single IMP, vector generation can be enabled. For this purpose, the VGE 
bit is defined. 

VGE-Vector Generation Enable 
0= In disable CPU mode, the IMP will not output interrupt vectors during interrupt ac

knowledge cycles. 
1 = In disable CPU mode, the IMP will output interrupt vectors for internal level 4 inter

rupts (and for levels 1, 6, and/or 7 as enabled in the interrupt controller) during in
terrupt acknowledge cycles. 

NOTE 

Do not use the function code value "111" during external access
es to the IMP, except during interrupt acknowledge cycles. 

In disable CPU mode, the low-power modes will be entered immediately upon the setting of 
the lPEN bit in the SCR by an external master. In this case, low-power mode will continue 
until the lPEN bit is cleared. Users may wish to use a low-power mode in conjunction with 
disable CPU mode to save power consumed by the disabled M68000 core. 

All IMP functionality not expressly mentioned in this section is retained in disable CPU mode 
and operates identically as before. 
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NOTE 

Even without the use of the disable CPU logic, another proces
sor can be granted access to the IMP on-Chip peripherals by re
questing the M68000 bus with BA. See 6.7.6 Hardware 
Watchdog for further details. 
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RME-Ram Microcode Enable 

This bit is used to initiate the execution of Communication Processor microcode that 
has been loaded into the dual port RAM. See B.5 RISC Microcode from RAM. 

6.7.5 Bus Arbitration Logic 

Both internal and external bus arbitration are discussed in the following paragraphs. 

6.7.5.1 Internal Bus Arbitration 
The IMP bus arbiter supports three bus request sources in the following standard priority: 

1. External bus master (BR pin) 

2. SOMA for the SCCs (six channels) 

3. IDMA (one channel) 

4. PCMCIA Controller 

When one of these sources desires the bus, the M68aaa core will be forced off through an 
internal bus request signal (CBR) from the bus arbiter to the M68aaa core (see Figure 6-11). 
When the arbiter detects the assertion of the M68aaa core bus grant (CBG) signal, it asserts 
the requester's bus grant signal according to its priority. Thus, as seen externally, the SOMA 
and IOMA channels do not affect BR and BG, but only BGACK (unless disable CPU mode 
is used). 

The IMP provides several options for changing the preceding bus master priority list. The 
options are configured by setting the BClM bit in the SCR and deciding whether or not the 
BClR pin is used externally to cause external bus masters to relinquish the bus (see Table 
6-1 a), and by enabling BClR functions in PCMR Register. 
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Table 6-10. Bus Arbitration Priority Table 

BCI:R Ignored 8C[R' Used 8C[R'lgnored BCI'R Used 
BCLM= 0 BCLM = 0 BCLM = 1 BCLM= 1 

BR' Pin SOMA BR Pin SOMA 
SOMA IOMA SOMA M68000 Interrupts 
IOMA PCMCIAlOSPIMP M68000 Interrupts IOMA4 

PCMCIAlOSPIMP BR Pin IOMA4 
PCMCIAIOSPIMP 

M68000 Interrupts M68000 Interrupts PCMCIAlOSPIMP BR Pin 
M68000 M68000 M68000 M68000 

NOTES: 

1.The SOMA on a given IMP always has a higher priority than the IOMA on that IMP. 

2.This table assumes the M68000 core is not in disable CPU mode. In disable CPU mode, the 
SOMA and IOMA make requests to the M68000 bus when they wish to become bus masters. 

3."BCLR Used" means that the BCLR pin is used externally to force the external bus master 
off the bus, even though its priority is still the highest in the system from the standpoint of the 
IMP bus arbiter. 

4.The bus arbitration priority for IOMA in the two rightmost columns of the table applies only to the case 
when the IOMA request is internally generated; for the cases of external request, the bus arbitration 
priority of IOMA is right below that of SOMA. 

The IMP bus arbiter also supports an M68000 core low-interrupt latency option. When the 
M68000 core processor has an unmasked interrupt request, it asserts an internal interrupt 
pending signal (IPEND). The bus arbiter uses this signal according to BCLM in the SCR to 
assert external (BCLR) and internal bus-clear (IBCLR) signals. These bus-clear signals al
low the M68000 core to eliminate long latendes potentially associated with an external bus 
master or the IDMA, respectively. 

The external BCLR is asserted whenever 1) one of the SOMA channels requests the bus 
when the IOMA is not the bus master or 2) the M68000 core has an unmasked pending in
terrupt request, provided BCLM in the SCR is set. In this case, BCLR will be asserted until 
the interrupt priority active (IPA) bit in the SCR is cleared. To implement this feature, BCLR 
would be used to force external devices to release bus ownership. 

IBCLR to the IDMA is asserted whenever 1) an external bus master requests the bus (BR 
asserted); 2) the M68000 core has an unmasked pending interrupt request, provided BCLM 
in the SCR is set and the IOMA request is internally generated, and in this case, BCLR will 
be asserted untillPA is cleared (Note that BCLR could be used to negate DREQ when the 
IOMA is in external request mode); 3) the M68000 CPU is disabled, and BCLR is asserted. 

The IBCLR signal causes the IOMA to release bus ownership at the end of the current op
erand transfer. IBCLR is not routed to the SOMA channels since they always release bus 
ownership after one operand transfer. 

RMC is issued by the M68000 core and can be used by the internal bus arbiter to delay is
suance of BG during read-modify-write cycles. This is controlled by the RMCST bit in the 
SCR. Otherwise, the MC68000/MC68008 core may be forced off the bus after any bus cy
cle. 
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6.7.5.2 External Bus Arbitration 
An external bus master may gain ownership of the M68000 bus by asserting the bus request 
(BR) pin. After gaining ownership, it may access the IMP registers or RAM or any system 
memory address. Chip selects and system control functions, such as the hardware watch
dog, continue to operate. 

When an external master desires to gain ownership, the standard M68000 bus arbitration 
protocol should be used: 

1. Issue BR (to the IMP on-chip bus arbiter). 

2. Wait for BG (from the IMP on-chip bus arbiter). 

3. When BG is asserted, wait for the negation of both AS and BGACK. 

4. Assert BGACK and begin external master bus cycles. 

5. Negate BR (to the IMP on-chip bus arbiter), causing BG to be negated 
by the IMP on-chip bus arbiter. 

6. Negate BGACK after the external master bus cycles have completed. 

This protocol is also followed by the on-chip bus masters (lOMA, SOMA, and DRAM refresh) 
except that they request the bus internally from the on-chip bus arbiter. 

In the disable CPU mode, the IMP makes requests for the bus rather than granting the bus. 
In such a system, the IMP functions as an external master, and the external processor (e.g., 
an MC68030) need not assert BGACK as it accesses the IMP's on-chip RAM and registers. 

NOTE 

When the IMP's BUSW pin is low causing the M68000 core to 
operate as an MC68008, the BGACK signal should still be used 
in bus arbitration control. On the original MC68008, the BGACK 
signal was not available externally, and therefore could not be 
used. 

6.7.6 Hardware Watchdog 

The hardware watchdog logic is used to assert BERR and set HWT when a bus cycle is not 
terminated by OTACK and after a programmable number of clock cycles has elapsed. The 
hardware watchdog logic has a 10-bit downcounter and a 4-bit prescaler. When enabled, 
the watchdog timer commences counting clock cycles as AS is asserted (for internal or ex
ternal bus masters). The count is terminated normally by the negation of AS; however, if the 
count reaches zero before AS is negated, BERR will be asserted until AS is negated. The 
hardware watchdog will operate with internal as well as external bus masters. 

The hardware watchdog logic uses four bits in the SCR. 

HWOEN-Hardware Watchdog Enable 

0= The hardware watchdog is disabled. 
1 = The hardware watchdog is enabled. 

After system reset, this bit defaults to one to enable the hardware watchdog. 
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HWDCN-HWDCNO-Hardware Watchdog Count 2-0 

000 = BERR is asserted after 128 clock cycles (8 ~s, 16-MHz clock) 
001 = BERR is asserted after 256 clock cycles (16 ~s, 16-MHz clock) 
010 = BERR is asserted after 512 clock cycles (32 ~s, 16-MHz clock) 
011 = BERR is asserted after 1 K clock cycles (64 ~s, 16-MHz clock) 
100 = BERR is asserted after 2K clock cycles (128 ~s, 16-MHz clock) 
101 = BERR is asserted after 4K clock cycles (256 ~s, 16-MHz clock) 
110= BERR is asserted after 8K clock cycles (512 ~s, 16-MHz clock) 
111 = BERR is asserted after 16K clock cycles (1 ms, 16-MHz clock) 

After system reset, these bits default to all ones; thus, BERR will be asserted after 1 ms 
for a 16-MHz system clock. 

NOTE 

Successive timeouts of the hardware watchdog may vary slight
ly in length. The counter resolution is 16 clock cycles. 

6.8 DYNAMIC RAM REFRESH CONTROLLER 

The communications processor (CP) main (RISC) controller may be configured to handle 
the dynamic RAM (DRAM) refresh task without any intervention from the M68000 core. Use 
of this feature requires a timer or SCC baud rate generator (either from the IMP or external
ly), the I/O pin PB8, and two transmit buffer descriptors from SCC2 (Tx BD6 and Tx BD7). 

The DRAM refresh controller routine executes in 25 clock cycles. Assuming a refresh cycle 
every 15.625 ~s, two wait state DRAMs, and a 16.67-MHz EXTAL frequency, this routine 
uses about 10 percent of the microcontroller bandwidth and 4 percent of the M68000 bus 
bandwidth. The refresh cycle will not be executed during a period that a bus exception (Le., 
RESET, HALT, or BERR) is active. The refresh cycle is a standard M68000-type read cycle 
(an SOMA byte read cycle). It does not generate row address strobe (RAS) and column ad
dress strobe (CAS) to the external DRAM. These functions require an external PAL. Use of 
the DRAM refresh controller will slightly reduce the maximum possible serial data rates of 
the SCCs. 

6.8.1 Hardware Setup 

An output of timer 1 or timer 2 (the TOUT pin) or one of the SCC·s baud rate generator out
puts (BRG3-BRG1) should be connected externally to PB8. A high-to-Iow transition on this 
edge causes a request to be generated to the main controller to perform one refresh cycle. 
The DRAM refresh request takes priority over all $CC channels and commands given to the 
CP command register. 

A block diagram of an IMP DRAM system is shown in Figure 6-12. The IMP generates stan
dard M68000 read and write cycles that must be converted to DRAM read and write cycles. 
The address buffers provide the multiplexing of the row and column addresses to the DRAM 
bank. The PAL generates the RAS and CAS lines for the DRAM chips and controls the ad
dress multiplexing in the external address buffers. One of the MC68000 chip-select lines can 
be used as the DRAM bank enable signal, if desired. 
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The refresh operation is a byte read operation. Thus, UDS or lOS will be asserted from the 
IMP, but not both. A refresh to an odd address will assert lOS; whereas, a refresh to an even 
address will assert UDS. 

CONTROL 

MC68356 PAL 
ADDRESS _ .... 

C 
-

MUX I TOUT OR BRG CON 

PBS ~ 
TROL 

ADDRESS DRAM 
--. BUFFERS BANK 

DATA t 
Figure 6-12. DRAM Control Block Diagram 

6.8.2 DRAM Refresh Controller Bus Timing 

The DRAM refresh controller bus cycles are actually SOMA byte read accesses (see 7.2 
SOMA Channels for more details). All timings, signals, and arbitration characteristics of 
SOMA accesses apply to the DRAM refresh controller accesses. For example, DRAM re
fresh cycles activate the BClR signal, just like the SOMA. Note that the function code bits 
may be used to distinguish DRAM refresh cycles from SOMA cycles, if desired. 

A bus error on a DRAM refresh controller access causes the BERR channel number at offset 
BASE + $67C to be written with a $0001. This is also the value written if the SCC1 receive 
SOMA channel experiences a bus error; thus, these two sources cannot be distinguished 
upon a bus error. The DRAM refresh SOMA channel and SCC1 receive SOMA channel are 
separate and independent in all other respects. 

6.8.3 Refresh Request Calculations 

A typical 1-Mbyte DRAM needs one refresh cycle every 15.625 /-ls. The DRAM refresh con
troller is configured to execute one refresh cycle per request; thus, the PB8 pin should see 
a high-to-Iow transition every 15.625 /-ls. This is once every 260 cycles for a 16.67-MHz 
clock. Note that one refresh per request minimizes the speed loss on the SCC channels. 

6.8.4 Initialization 

The user should first initialize the refresh routine parameters in the SCC2 parameter RAM. 
These parameters are the DRAM low starting address, the DRAM high starting address, the 
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DRAM address increment step (number of bytes in a row), the count (number of rows), and 
a temporary count. Then, mask the PBS bit in the IMR (unless an interrupt is desired on each 
refresh request). Next, the timer or baud rate generator should be programmed to provide 
the desired refresh clock to the PBS pin. Next, the ERRE bit in the SCR should be set. Then, 
upon every high-to-Iow transition of PBS, the refresh routine executes one refresh (read) cy
cle. 

ERRE-External RISC Request Enable 

0= Normal operation. 
1 = When this bit is set, a high-to-Iow transition on PBS causes the CP to execute the 

DRAM refresh routine. 

S.8.S DRAM Refresh Memory Map 

The DRAM refresh memory map replaces the SCC2 Tx BD 6 and Tx BD 7 structures in the 
parameter RAM. The wrap bit must therefore be set in SCC2 Tx BD 5 so that only six Tx 
BDs are used for SCC2. These parameters should be written before the DRAM refresh con
troller receives its first request, but may be read at any time. They are undefined at reset. 

Table 6-11. DRAM Refresh Memory Map Table 

Address Name Width Description 

Base + 570 # DRAM-High Word Dynamic RAM High Address and FC 

Base + 572 # DRAM-Low Word Dynamic RAM Low Address 

Base + 574 # INCREMENT Word Increment Step (number of bytes/row) 

Base + 576 # COUNT Word RAM Refresh Cycle Count (number of rows) 

Base + 578 T-ptr-H Word Temporary Refresh High Address and FC 

Base + 57A T-ptr-L Word Temporary Refresh Low Address 

Base + 57C # T-count Word Temporary Refresh Cycles Count 

Base + 57E RESERVED Word Reserved 

# Initialized by the user (M68000 core). 

DRAM_High-Dynamic RAM High Address and Function Codes 
15 14 12 11 7 

I a I Fe 000 HIGH START ADDRESS 

This 16-bit parameter contains the dynamic RAM address space function code output during 
the refresh cycle and the high eight bits of the dynamic RAM starting address. This param
eter should be initialized by the user before activating the refresh routine. 

NOTE 

The FC bits should not be programmed to the value 11111.11 

DRAM_Low-Dynamic RAM Low Address 

This 16-bit parameter contains the lower 16 bits of the dynamic RAM starting address. 
This parameter should be initialized by the user before activating the refresh routine. 
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INCREMENT-Increment Step 

This 16-bit parameter contains the number of bytes in a row. The refresh routine will in
crement its pointer with this parameter value every refresh cycle. This parameter should 
be initialized by the user before activating the refresh routine. 

COUNT-RAM Refresh Cycle Count 

This 16-bit parameter contains the number of rows in the DRAM. The refresh routine will 
execute the COUNT number of refresh cycles before wrapping back to the RAM base ad
dress. This parameter should be initialized by the user before activating the refresh rou
tine. 

T_ptcH and T_ptr_L-Temporary Pointer High and Low 

These two 16-bit parameters contain the next refresh cycle address and function code to 
be used by the CPo They correspond to DRAM_High and DRAM_Low, respectively. 

T_count-Temporary Count 

This 16-bit parameter contains the number of refresh cycles that the DRAM refresh con
troller must still perform before it will wrap to the beginning of the DRAM. This parameter 
should be initialized to zero by the user before activating the refresh routine. 

6.8.6 Programming Example 
An example of programming the DRAM parameters is given for the Motorola MC514256 
DRAM. Th is 1 M-bit DRAM is organ ized in a 256K x 4 arrangement. There are 512 rows and 
512 columns on this device. A bank of 4 of these DRAMs is assumed in this example, giving 
512K-bytes of memory. If this bank is placed at location $000000 in the IMP address space, 
its range would then be $0 to $7FFFFF. Assuming a RAS-only refresh technique is used, 
acceptable parameters would be as follows: 

DRAM_H igh = $0000 
DRAM_Low = $0100 
INCREMENT = $0002 
COU NT = $0200 
T _Count = $0000 

The value of $0000 in DRAM_High results in the refresh access using a function code of 
000. Usually, the function code is not required by the DRAM control logic but may assist in 
the identification of DRAM refresh accesses during debugging. The starting address is 
picked to be $000100 (instead of $000000) to avoid refreshing the BAR and SCR registers 
on the IMP. Depending on the PAL design, an increment value of $0002 can actually refresh 
a word at a time, even though the refresh access from the IMP is a byte read. The COUNT 
value is the number of word refreshes required in the entire DRAM bank. 
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6.9 IMP Control of the DSP Reset, Modes and Interrupts 

The DISC register contains the bits that control the following functions: 

1. The IMP control of the DSP reset, modes and interrupts. 

2. DSP SCI serial connections 

3. TIN1 divide-by-two, and BRG1 and RCLK1ITCLK1 pin options. 

Item #1, IMP control of the DSP reset, modes and interrupts, is described in the following 
section. Items #2 and 3 are covered in 7.5.3 DSP Interconnection and Serial Connections 
Register-DISC. 

Through the DISC register, DSP reset and interrupt functions can be generated from the CI 
IMP instead of using the external DSP pins. The IMP can control the following DSP func-
tions: 

1. DSP hardware reset: The RESET signal normally connected to the DRESET pin can 
be rerouted to the RST bit in the DISC register. 

2. Similarly to the reset function, the MODNIRQA, MODS/IRQS, and MODC/NMI pin 
functions can be rerouted to the DISC register bits. The DSP mode can be configured 
internally during power-on reset by setting the MODNIRQA, MODB/IRQB, and 
MODC/NMI bits in the DISC register. 

3. The IMP can assert the NMI, IRQ1 and IRQ2 interrupt lines of the DSP internally - as 
mentioned above, the IRQA, Band/or NMI pins can be rerouted and controlled by the 
IMP. 

4. The IMP can wake-up the DSP from STOP mode by asserting the IRQ bits or resetting 
the DSP using the RST bit. 

The 68000 can read and write to the DISC register. This register contains 4 control bits that 
select between the external pins and the bits 0-3 in this register. The following multiplexer 
outputs are connected to the DSP: reset, MODNIRQA, MODB/IRQB and MODC/NMI pins 
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68000 BUS 

DISC Register 

MODC MODB MODA RST 
NMI IROB IRQA 

DSP 

Figure 6-13. IMP to DSP Reset, Mode and Interrupts 

6.9.1 IMP Control of DSP Reset at Power-On Reset 

The IMP can reset the DSP and set its initial operating mode using the following procedure: 

1. After the IMP has completed its reset initialization routine it should, in a single access to 
the DISC register, 1) reset the RST bit to zero, 2) set the MODA, B, C bits to the desired 
DSP bootstrap mode, and 3) set all the SEL bits to one. This access switches control of the 
DSP reset line to the IMP and holds DSP reset still asserted. The MOD signals are also ap
plied to the DSP. 

Although not required, the DRESET pin can be grounded to hold the DSP in reset until the 
IMP is ready to release it from reset. This eliminates the need for separate reset circuitry for 
the DRESET pin. 

2. To release the DSP from reset, the IMP should, in a single access, 1) set the RST bit to 
one, 2) program MODA, B, C to the corresponding value desired for the IROA,B and NMI 
signals (usually ones for the MOD bits to avoid an immediate DSP interrupt), and 3) set the 
SELA, B, C bits to the desired signal source (the corresponding SEL bits should be reset to 
zero if off-chip interrupt sources are required). 

The IMP can interrupt the DSP by setting either the IROA or IROB bits in the DSP intercon
nection and serial connections register (DISC). 
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6.9.2 IMP-DSP Reset and Mode Interconnections Register 

The DSP interconnection and serial connections register (DISC) is a 16-bit read/write regis
ter. The lower 8 bits allow the 68000 to control the DSP reset, modes, and interrupt lines 
directly through internal connections. This register, for example, allows the 68000 core to 
toggle the DSP IRQ line to wake the DSP up from STOP mode. The upper 8 bits control the 
DSP SCI serial connections, the TIN1 divide-by-two option, and the BRG1 and RCLK11 
TCLK1 pin options. Refer to 7.5.3 DSP Interconnection and Serial Connections Register
DISC for more information on these upper bits. 

DISC 68356 Base+$8EE 
15 

TSTCLK1 

RESET: 

SELC 

RESET: 

14 13 12 11 10 

TSRCLK1 DISBRG1 BRGDIV IC3 IC2 IC1 

SELB SELA SELR MODC/NMI MODB/IRQB MODAlIRQA 

NOTE 

All bits default to 'zeros' (no-connect state) after the IMP system 
reset. 

SELC-SELect MODC/NMI Pin 
0= The DSP MODC/NMI line is driven from the MODC/NMI external pin. 

ICO 

RST 

1 = The DSP MODC/NMI line is driven from the MODC/NMI bit in this register (bit 3). 

SELB-SELect MODB/IRQBI Pin 

0= The DSP MODB/IRQB line is driven from the MODB/IRQB external pin. 
1 = The DSP MODB/IRQB line is driven from the MODB/IRQB bit in this register (bit 2). 

SELA-SELect MODAlIRQA Pin 
0= The DSP MODAlIRQA line is driven from the MODAlIRQA external pin. 
1 = The DSP MODAlIRQA line is driven from the MODAlIRQA bit in this register (bit 1). 

SELR-SELect Reset Pin 
o = The DSP RST line is driven from the RST external pin. 
1 = The DSP RST line is driven from the RST bit in this register (bit 0). 

MODC-MODC/NMI Signal 

o = The DSP MODC/NMI line is zero if SELC is set. 
1 = The DSP MODC/NMI line is one if SELC is set. 
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MODS-MODS/IRQSI Signal 

0= The DSP MODS/IROS line is zero if SELS is set. 
1 = The DSP MODS/IROS line is one if SELS is set. 

MODC-MODAlIRQA Signal 

0= The DSP MODS/IROS line is zero if SELC is set. 
1 = The DSP MODS/IROS line is one if SELC is set. 

RST -Reset Signal 

o = The DSP RESET line is asserted if SELR is set. 
1 = The DSP RESET line is un asserted if SELR is set. 

The TSTCLK1, TSRCLK1, DISSRG1, SRGDIV, IC3, IC2, IC1, and ICO bits are covered in 
7.5.3 DSP Interconnection and Serial Connections Register-DISC. 
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SECTION 7 
COMMUNICATIONS PROCESSOR (CP) 

The CP includes the following modules: 

• Main Controller (RISC Processor) 

• Six Serial Direct Memory Access (SOMA) Channels 

• A Command Set Register 

• Serial Channels Physical Interface Including: 

-Motorola Interchip Digital Link (IDL) 
-General Circuit Interface (GCI), also known as IOM-2 
-Pulse Code Modulation (PCM) Highway Interface 
-Nonmultiplexed Serial Interface (NMSI) Implementing Standard Modem Signals 
-Direct Connection of SCC1 to the DSP SCI+ port 

• Three Independent Full Duplex Serial Communication Controllers (SCes) Supporting 
the Following Protocols: 

-High-Level/Synchronous Data Link Control (HDLC/SDLC) 
-Universal Asynchronous Receiver Transmitter (UART) 
-Binary Synchronous Communication (BISYNC) 
-Transparent Modes 
-Uart 16550 hardware and software emulation 

• Serial Communication Port (SCP) for Synchronous Communication 

• Two Serial Management Controllers (SMCs) to Support the IDL and GCI Management 
Channels 

7.1 MAIN CONTROLLER 

The CP main controller is a RISC processor that services the three SCCs, the SCP, and the 
SMCs. Its primary responsibilities are to work with the serial channels to implement the user
chosen protocol and to manage the SOMA channels that transfer data between the SCCs 
and memory. The CP main controller also executes commands issued by the M68000 core 
(or an external processor) and generates interrupts to the interrupt controller. 

The operation of the main controller is transparent to the user, executing microcode located 
in a private internal ROM (see Figure 7-1). Commands may be explicitly written to the main 
controller by the M68000 core through the CP command register. Additionally, commands 
and status are exchanged between the main controller and the M68000 core through the 
buffer descriptors of the serial channels. Also, a number of protocol-specific parameters are 
exchanged through several parameter RAM areas in the internal dual-port RAM. 
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The RISC controller uses the peripheral bus to communicate with all its peripherals. Each 
SCC has a separate transmit and receive FIFO. Depending on the protocol chosen, the 
transmit FIFO is either 3 bytes or 4 words, and the receive FIFO is either 3 bytes or 3 words. 
Each SCC is configured by parameters written to the dual-port RAM and by SCC hardware 
registers that are written by the M68000 core (or an external master). The SCC registers that 
configure each SCC are the SCON, DSR, and SCM. There are three sets of these registers, 
one for each SCC. The serial channels physical interface is configured by the M68000 core 
through the SIMODE and SIMASK registers. 

PB8REQUEST 

CR REQUEST 

SERIAL SERVICE 
REQUESTS PCMCIA BUS 

SERIAL CHANNELS PHYSICAL INTERFACE 

NOTE: If UART 16550 mode is enabled, the UART 16550 block replaces SCC2. 

Figure 7-1. Simplified CP Architecture 

Simultaneous access of the dual-port RAM by the main controller and the M68000 core (or 
external processor) is prevented. During a standard four-clock cycle access of the dual-port 
RAM by the M68000 core, three main controller accesses are permitted. The main controller 
is delayed one clock cycle, at most, in accessing the dual-port RAM. 

The main controller has a priority scheduler that determines which microcode routine is 
called when more than one internal request is pending. Requests are serviced in the follow
ing priority: 

1. CP or System Reset 

2. SOMA Bus Error 

3. DRAM Refresh Controller 

4. Commands Issued to the Command Register 

5. SCC1 Receive Channel 

6. SCC1 Transmit Channel 
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7. SCC2 Receive Channel (or 16550 receive channel) 

8. SCC2 TraQsmit Channel (or 16550 transmit channel) 

9. SCC3 Receive Channel 

10. SCC3 Transmit Channel 

11. SMC 1 Receive Channel 

12. SMC1 Transmit Channel 

13. SMC2 Receive Channel 

14. SMC2 Transmit Channel 

15. SCP Receive Channel 

16. SCP Transmit Channel 

For details on the DRAM refresh controller, see 6.8 Dynamic RAM Refresh Controller. 

7.2 SOMA CHANNELS 

Six serial (SDMA) channels are associated with the three full-duplex SCCs. Each channel 
is permanently assigned to service the receive or transmit operation of one of the SCCs and 
is always available, regardless of the SCC protocol chosen. 

The SDMA channels allow flexibility in managing the data flow. The user can, on a buffer
by-buffer basis, determine whether data should be transferred between the SCCs and ex
ternal memory or between the SCCs and on-Chip dual-port RAM. This choice is controlled 
in each SCC buffer descriptor. The SCC to external memory path bypasses the dual-port 
RAM by allowing the SDMA channel to arbitrate for the M68000 bus directly. The SCC to 
dual-port RAM path saves external memory and elim inates the need to arbitrate for the bus. 

Figure 7-2 shows the paths of the data flow. Data from the SCCs (as well as the UART 
16550 FIFOs) may be routed directly to external RAM as shown in path 1. In path 2, data is 
sent over the peripheral bus to the internal dual-port RAM. The SMCs and SCP, shown in 
path 3, always route their data to the dual-port RAM since they only receive and transmit a 
byte at a time. 

The SDMA channels implement bus-cycle-stealing data transfers controlled by microcode 
in the CP main controller. Having no user-accessible registers associated with them, the 
channels are effectively controlled by the choice of SCC configuration options. 

When one SDMA channel needs to transfer data to or from external memory, it will request 
the M68000 bus with the internal signal SDBR, wait for SDBG, and then only assert the ex
ternal signal BGACK (see 6.7.5 Bus Arbitration logic). It remains the bus master for only 
one bus cycle. The six SDMAchannels have priority over the IDMA controller. If the IDMA 
is bus master when an SDMA channel needs to transfer over the M68000 bus, the SDMA 
will steal a cycle from the IDMA with no arbitration overhead while BGACK remains contin
uously low and BClR remains high. Each SDMA channel may be programmed with a sep
arate function code, if desired. The SDMA channel will read 16 bits at a time. It will write 8 
bits at a time except during the HDlC or transparent protocols where it writes 16 bits at a 
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Figure 7-2. Three Serial Data Flow Paths 

time. Each bus cycle is a standard M68000-type bus cycle. The chip select and wait state 
generation logic on the IMP may be used with the SOMA channels. 

NOTE 

When external buffer memory is used, the M68000 bus arbitra
tion delay must be less than what would cause the SCC internal 
FIFOs to overrun or underrun. This aspect is discussed in more 
detail in 7.5 Serial Communication Controllers (SCCs) and in 
Appendix A SCC Performance. 

The SOMA will assert the external BClR pin when it requests the bus. BClR can be used 
to clear an external bus master from the external bus, if desired. For instance, BClR can be 
connected through logic to the external master's HALT signal, and then be negated exter
nally when the external master's AS signal is negated. BClR as seen from the IMP is ne
gated by the SOMA during its access to memory. 

The SOMA keeps the M68000 bus for only one operand (8 or 16 bit) transfer before giving 
it up. If the SOMA begins a word operation on an 8-bit bus, it will complete that operation 
before giving up the bus, unless a bus exception such as reset, halt, retry, or bus error oc
curs. Reset suspends and resets all SOMA activity. Halt suspends activity after the current 
bus cycle. For information on a bus error during an SOMA access, see 7.5.9,4 Bus Error on 
SOMA Access. 

SOMA operation occurs regardless of the value of the BClM bit in the SCR, and thus is not 
affected by the low interrupt latency mechanism. 
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7.3 COMMAND SET 

The M68000 core processor (or an external processor) issues commands to the CP by writ
ing to the CP command register (CR). Only one CR exists on the IMP. The M68000 core 
should set the least significant bit (FLG) of the command register when it issues commands. 
The CP clears FLG after completing the command to indicate to the M68000 core that it is 
ready for the next command. Subsequent commands to the CR may be given only after FLG 
is cleared. The software reset (issued with the RST bit) command may be given regardless 
of the state of FLG, but the M68000 core should still set FLG when setting RST. 

The CR, an 8-bit, memory-mapped, read-write register, is cleared by reset. 

7 6 5 4 2 1 

I RST I GCI I OPCODE I - CH.NUM. FLG 

RST -Software Reset Command 

This bit is set by the M68000 core and cleared by the CPo This command is useful when 
the M68000 core wants to reset the registers and parameters for all channels (SCCs, 
SCP, SMCs). The main controller in the CP detects this command by hardware, clears 
the FLG bit within two clocks, and resets the entire CP in approximately 60 clocks. User 
initialization of the CP registers may begin as soon as the FLG bit is cleared. The CP reset 
resets the SCCs to the state following a hardware reset, but it does not affect the serial 
interface (the port A and B registers, the configuration of the SIMOOE and SIMASK reg
isters, and the SCON registers). Note that this operation does not clear IPR bits in the in
terrupt controller. 

GCI-OPCOOE-GCI Commands and Command Opcodes 
0= When the GCI bit is zero, the commands are as follows: 

OPCOOE-Command Opcode 
These bits are set by the M68000 core to define the specific SCC command. The precise 
meaning of each command below depends on the protocol chosen. 

00 = STOP TRANSMIT Command 
01 = RESTART TRANSMIT Command 
10= ENTER HUNT MODE Command 
11 = RESET RECEIVER BCS CALCULATION (used only in BISYNC mode) 

The detailed command description for the UART protocol is presented in 7.5.12 UART 
Controller. 
The detailed command description for the HDLC protocol is presented in 7.5.14 HOLC 
Controller. 
The detailed command description for the BISYNC protocol is presented in 7.5.15 BI
SYNC Controller. 
The detailed command description for the transparent protocol is presented in 7.5.16 
Transparent Controller. 

1 = When GCI is set in conjunction with the opcode bits, the two GCI commands 
(ABORT REQUEST and TIMEOUT) are generated. The accompanying CH. NUM. 
should be 10, and FLG should be set. 
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OPCODE-Command Opcode (GCI Mode Only) 

These bits are set by the M6S000 core to define the specific GCI command. See 7.S Serial 
Management Controllers (SMCs) for more details. 

00 = TRANSMIT ABORT REQUEST; the GCI receiver sends an abort request on the 
A bit. 

01 = TIMEOUT Command 
10 = Reserved 
11 = Reserved 

Bit 3-Reserved bit; should be set to zero. 

CH. NUM.-Channel Number 

These bits are set by the M6S000 core to define the specific SCC channel that the com
mand is to operate upon. 

00 = SCC1 
01 = SCC2 
10 = SCC3 
11"= Reserved 

FLG-Command Semaphore Flag 

The bit is set by the M6S000 core and cleared by the CPo 

a = The CP is ready to receive a new command. 
1 = The CR contains a command that the CP is currently processing. The CP clears 

this bit at the end of command execution. Note that the execution of the STOP 
TRANSMIT or RESTART TRANSMIT commands may not affect the TXD pin until 
many clocks after the FLG bit is cleared by the CP due to the transmit FIFO latency. 

7.3.1 Command Execution Latency 
Commands are executed at a priority higher than the SCCs, but less than the priority of the 
DRAM refresh controller. The longest command, the ENTER HUNT MODE command, ex
ecutes in 41 clocks. All other commands execute in less than 20 clocks. The maximum com
mand latency is calculated as follows: 

• Command execution time (41 or 20) + 
• 25 clocks if DRAM refresh controller is used + 

-205 clocks if any SCC is enabled with BISYNC; or 
-165 clocks if any SCC is enabled with Transparent; or 
-165 clocks if any SCC is enabled with HDLC; or 
-150 clocks if any SCC is enabled with UART or UART16550; else a 

For example, if HDLC and UART modes are used on the SCCs with the DRAM refresh con
troller operating, the maximum command latency is 41 + 25 + 165 = 231 clocks = 13 IJ,s at 
16.67 MHz. The equations assume that the DRAM refresh cycle occurs once during the 
command latency. Note that commands are typically given only in special error-handling sit
uations and that the typical latency is much less than the worst case value. 
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7.4 SERIAL CHANNELS PHYSICAL INTERFACE 

The serial channels physical interface joins the physical layer serial lines to the three SCCs 
and the two SMCs. (The separate three-wire SCP interface is described in 7.7 Serial Com
munication Port (SCP).) 

The IMP supports five different external physical interfaces from the SCCs: 

1. NMSI-Nonmultiplexed Serial Interface 

2. PCM-Pulse Code Modulation Highway 

3. IDL-Interchip Digital Link 

4. GCI-General Circuit Interface 

5. UART 16550 phYSical register set through the PCMCIA interface 

The most generic physical interface on the IMP is the nonmultiplexed serial interface (NM-
SI). The NMSI consists of seven of the basic modem (or RS-232) signals: TXD, TCLK, RXD, ~ 
RCLK, RTS, CTS, and CD. Each SCC can have its own set of NMSI signals as shown in ..
Figure 7-3. In addition to the NMSI, the baud rate generator clocks may be output on sepa-
rate BRG pins as shown. All NMSI2 pins are multiplexed with parallel 1/0 pins assuming that 
the PCMCIA interface is not enabled for a 16 bit data bus which in that case these pins will 
be dedicated to the PCMCIA interface upper data bits and NMSI2 will not be accessible. The 
user may choose which NMSI2 pins are used by the SCC2 and which are used as parallel 
1/0. On NMSI3, the TXD, TCLK, RXD, and RCLK pins are multiplexed with parallel 1/0 lines; 
RTS, CTS, and CD are multiplexed with the SCPo See 7.7 Serial Communication Port (SCP) 
for more details on the SCP. 

When the PCMCIA interface is enabled NMSI1 signals CD1, CTS1, RTS1 and BRG1 will 
not be accessible unless the IPINS bit in the PCMR register is set. This bit should be set 
when it is desired to have a ISDN interface and a PCMCIA interface simultaneously. 

The other three physical interfaces, PCM, IDL, and GCI here are called multiplexed interfac
es since they allow data from one, two, or all three SCCs to be time multiplexed together on 
the same pins. Note that if a multiplexed mode is chosen, the first SCC to use that mode 
must be SCC1 (unless the IC3-1 in the DISC register is set to 1001) since the three mUlti
plexed modes share pins with SCC1.lfthe IC3-1 bits in the DISC register=1001, then SCC1 
will not be connected to the multiplexed interface as shown in Figure 7-4. 

After choosing a multiplexed mode, the user may decide whether SCC2 and SCC3 should 
be part of the multiplexed interface or whether they should have their own set of NMSI pins 
(see Figure 7-4). If SCC2 or SCC3 is part of the multiplexed interface, all NMSI2 and NMSI3 
pins may be used for other functions such as parallel 1/0. If a multiplexed mode is chosen, 
the baud rate generator clock is output on the BRG or TCLK pin, depending on whether the 
NMSI mode or multiplexed mode, respectively, was chosen for that SCC. 
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NMSI1 

~TCLK 

----.. TXD 

----.. RTS (TX DATA READY) 

SCC1 ~CTS (GATES TRANSMITIER) 

BRG1 I I • )0 RCLK 
I BRG 

~RXD 

• )0 CD (GATES RECEIVER) 

SCC2 I' 
NMSI2 (same as above) 

It 
BRG2 I BRG I I 

SCC3 
NMSI3 (same as above) 

BRG3 I BRG I I 

NMSI- Nonmultiplexed serial interface (also called the modem I/F). 

Figure 7-3. NMSI Physical Interface 
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Figure 7-4. Multiplexed Mode on SCC1 Opens Additional 
Configuration Possibilities 

There are five serial channel physical interface combinations for the three SCCs (see Table 
7-1 ). 

Table 7-1. The Five Possible SCC Combinations 

see 1 2 3 4 5 

SCC1 NMSI MUX MUX* MUX* MUX* 

SCC2 NMSI NMSI MUX NMSI MUX 

SCC3 NMSI NMSI NMSI MUX MUX 

NOTE: MUXis defined as one of the following: IDL, GCI, or PCM highway. 

If IC=1001 in the DISC register, then SCC1 will not be connected to the muxed interface. 

The PCM highway interface is a flexible time-division multiplexed interface. It allows the IMP 
to connect to popular time-slot interfaces such as T1 and CEPT as well as user-defined 
time-slot interfaces. 
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The IDL and GCI (IOM-2) interfaces are used to connect to semiconductor devices that sup
port the Integrated Services Digital Network (ISDN). IDL and GCI allow the IMP to commu
nicate over any of the 28 + D ISDN basic rate channels. 

When using the IDL or GCI buses, additional control functions in the frame structure are re
quired. These functions are supported in the IMP through two SMC channels: SMC1 and 
SMC2. (For other matters relating to the SMCs, refer to 7.8 Serial Management Controllers 
(SMCs)). 

The serial interface also supports two testing modes: echo and loopback. Echo mode pro
vides a return signal from the physical interface by retransmitting the signal it has received. 
The physical interface echo mode differs from the individual SCC echo mode in that it can 
operate on the entire multiplexed signal rather than just on a particular SCC channel (which 
may further have particular bits masked). Loopback mode causes the physical interface to 
receive the same signal it is transmitting. The physical interface loopback mode checks 
more than the individual SCC.loopback mode; it checks the physical interface and the inter
nal channel routes. 

Refer to Figure 7-5 for the serial channels physical interface block diagram. 

SIMASK 
MASK REGISTER , 
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PHYSICAL INTERFACE BUS 

~ 
Cl Cl 1Cf) I~ x x t5 t- o: 

LAYER-1 BUS 
INTERFACE 

Cl Cl 0: a 
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Figure 7-5. Serial Channels Physicallnteriace Block Diagram 
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7.4.1 IDL Interface 

The IDL interface is a full-duplex ISDN interface used to interconnect a physical layer device 
(such as the Motorola ISDN srr transceiver MC145474) to the integrated multiprotocol pro
cessor (IMP). Data on five channels (81, 82, D, A, and M) is transferred in a 20-bit frame 
every 125 Ils, providing 160-kbps full-duplex bandwidth. The IMP is an IDL slave device that 
is clocked by the IDL bus master (physical layer device). The IMP provides direct connec
tions to the MC145474. Refer to Figure 7-6 for the IDL bus signals. 

The IMP supports 10-bit IDL as shown in Figure 7-6; it does not support a-bit IDL. 

l1SY1 Jl _________________________ _ 
L1CLK 

l100-1 

l1RXD -1 

(L 1 RQ and L 1 GR not shown) 

Example: B1 supports 2 bits; B2 supports 3 bits 
SIMASK = $26CO; SIMODE = $01 B2 

l100 l:~E~.~A~E ~ ~ ~] 81 I 0 I A tEEffi 0 I M ~ 

l1RXD l~~~c~~~~~] 81 I 0 I A tEEffi 0 I M ~ 
6 2 1 1 2 1 2 1 1 

SCC2 SCC3 SMC2 SCCl SCCl SCC3 SMCl 

Figure 7·6. IDL Bus Signals 

An application of the IDL interface is to build a basic rate ISDN terminal adaptor (see Figure 
7-7). In such an application, the IDL interface is used to connect the 28 + 0 channels be
tween the IMP, CODEC, and srr transceiver. One of the IMP SCCs would be configured to 
HDLC mode to handle the D channel; another IMP SCC would be. used to rate adapt the 
terminal data stream over the 8 channel. That SCC would be configured for HDLC mode if 
V.120 rate adaption is required. The second 8 channel could be routed to the CODEC as a 
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digital voice channel, if desired. The SCP is used to send initialization commands and peri
odically check status from the srr transceiver. The SCC connected to the terminal would be 
configured for UART or BISYNC mode depending on the terminal protocol used. 

RAM 

D'~SCC 
ASYNCHRONOUS! 

BISYNCIDDCMP 

M68000 BUS 

M68000IDMAICS 

IMP 

EPROM 

B1 

SCP 1-------+-----, 

IDL 
(DATA) 

SCC I-------l 
SCC B2+D 

ICL 

(CONTROL) 

81+B2+D 

Figure 7-7. IDL Terminal Adaptor 

MC145554 
PCM 

CODECIFILTER 
MONOCIRCUIT 

MC145474 
SIT 

TRANSCEIVER 

POTS 

The IMP has two output data strobe lines (SDS1 and SDS2) for selecting either or both the 
B1 and B2 channels. These signals are used for interfacing devices that do not support the 
IDL bus. These signals, configured by the SIMASK register, are active only for bits that are 
not masked. The IDL signals are as follows: 

7-12 

L 1CLK IDL clock; input to the IMP. 

L1TXD 

L1RXD 

L1SY1 

L1RQ 

L1GR 

SDS1 

SDS2 

IDL transmit data; output from the IMP. Valid only for the bits that 
are supported by the IDL; three-stated otherwise. 

IDL receive data; input to the IMP. Valid for the 20 bits of the IDL; 
ignored for other signals that may be present. 

IDL SYNC signal; input to the IMP. This signal indicates that the 
20 clock periods following the pulse designate the IDL frame. 

Request permission to transmit on the D channel; output from the 
IMP. 

Grant permission to transmit on the D channel; input to the IMP. 

Serial data strobe 1 

Serial data strobe 2 
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NOTE 

The IDL bus signals, L 1TXD and L 1 RXD, require pull-up resis
tors in order to insure proper operation with transceivers. 

In addition to the 144-kbps ISDN 2B + D channels, IDL provides channels for maintenance 
and auxiliary bandwidth. The IDL bus has five channels: 

B1 

B2 

D 
M 
A 

64-kbps Bearer Channel 

64-kbps Bearer Channel 

16-kbps Signaling Channel 

8-kbps Maintenance Channel (not required by I DL) 

8-kbps Auxiliary Channel (not required by IDL) 

The IMP supports all five channels of the IDL bus. The following table shows where each ~ 
channel can be routed. The two B channels can be concatenated and routed to the same ~ 
SCC channel. 

IDL Channel Serial Controllers 

D SCC1, SCC2, SCC3 
B1 SCC1, SCC2, SCC3 
B2 SCC1, SCC2, SCC3 
M SMC1 
A SMC2 

The IMP supports the request-grant method for contention detection on the D channel. 
When the IMP has data to transmit on the D channel, it asserts L 1 RO. The physical layer 
device monitors the physical layer bus for activity on the D channel and indicates that the 
channel is free by asserting L 1 GR. The IMP samples the L 1 GR signal when L 1 SY1 is as
serted. If L 1 GR is high (active), the IMP transmits the first zero of the opening flag in the first 
bit of the D channel. If a collision is detected on the D channel, the physical layer device ne
gates L 1GR. The IMP then stops its transmission and retransmits the frame when L 1GR is 
asserted again. This is handled automatically for the first two buffers of the frame. 

The IDL interface supports the CCITT 1.460 recommendation for data rate adaptation. The 
IDL interface can access each bit of the B channel as an 8-kbps channel. A serial interface 
mask register (SIMASK) for the B channels specifies which bits are supported by the IDL 
interface. The receiver will support only the bits enabled by SIMASK. The transmitter will 
transmit only the bits enabled by the mask register and will three-state L 1 TXD otherwise. 

Refer to Figure 7-6 for an example of supporting two bits in the B1 channel and three bits in 
the B2 channel. 

7.4.2 GCllnterface 
The normal mode of the GCI (also known as ISDN-Oriented Modular rev 2.2 (10M2)) ISDN 
bus is fully supported by the IMP. The IMP also supports channel 0 of the Special Circuit 
Interface T (SCIT) interface, and in channel 2 of SCIT, supports the D channel access con-

MOTOROLA MC68356 USER'S MANUAL 7-13 



lit 

Communications Processor (CP) 

trol for SIT interface terminals, using the command/indication (C/I) field. The IMP does not 
support the Telecom IC (TIC) bus. 

The GCI bus consists of four lines: two data lines, a clock, and a frame synchronization line. 
Usually an 8-kHz frame structure defines the various channels within the 256-kbps data rate 
as indicated in Figure 7-8. However, the interface can also be used in a multiplexed frame 
structure on which up to eight physical layer devices multiplex their GCI channels. l1 SY1 
must provide the channel SYNC. In this mode, the data rate would be 2048 kbps. 

The GCI clock rate is twice the data rate. The clock rate for the IMP must not exceed the 
ratio of 1 :2.5 serial clock to parallel clock. Thus, for a 25-MHz system clock, the serial clock 
rate must not exceed 8.333MHz. 

The IMP also supports another line for D-channel access control-the l1 GR line. This signal 
is not part of the GCI interface definition and may be used in proprietary interfaces. 

L1SY1 J 
L1CLK 

NOTE 

When the l1 GR line is not used, it should be pulled high. The 
IMP has two data strobe lines (SDS1 and SDS2) for selecting ei
ther or both of the 81 and 82 channels and the data rate clock 
(l1 ClK). These signals are used for interfacing devices that do 
not support the GCI bus. They are configured with the SIMASK 
register and are active only for bits that are not masked. 

'----___ ----'1 

(l1 elK is 2x data rate) (CLOCK NOT TO SCALE) 

B2 MONITOR I D I D I cn IAIE~ L1TXD -1 ..... ___ B_1 __ ----L ______ .......... ______ ..................... ___ -'--...L.-...I 

1 1 1 1 

L1RXD -1 ..... __ --rB_1 ------L----r---.......... -----,----"-r-I"""T""'----r--"'"--.L.-I 

t 
B2 MONITOR I D I D I CII IAIE~ 
+ f + + t 

SCC1-SCC3 SMC1 SMC2 

Figure 7-8. Gel Bus Signals 
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The GCI signals are as follows: 

l1 ClK GCI clock; input to the IMP. 

l1TXD 

l1RXD 

l1SY1 

l1GR 

SDS1 

SDS2 

GCIDCl 

GCI transm it data; open drain output. 

GCI receive data; input to the IMP. 

GCI SYNC signal; input to the IMP. 

Grant permission to transmit on the D channel; input to the IMP. 

Serial data strobe 1; output from the IMP. 

Serial data strobe 2; output from the IMP. 

GCI interface data clock; output from the IMP. 

NOTE 

The GCI bus signals, l1TXD and l1 RXD, require pull-up resis
tors in order to insure proper operation with transceivers. 

The GCI bus has five channels: 

B1 64-kbps Bearer Channel (8 bits) 

B2 64-kbps Bearer Channel (8 bits) 

M 64-kbps Monitor Channel (8 bits) 

D 16-kbps Signaling Channel (2 bits) 

C/I, A, E 48-kbps Command/Indication Channel (6 bits) 

In addition to the 144-kbps ISDN 2B + D channels, GCI provides two channels for mainte
nance and control functions. 

The monitor channel is used to transfer data between layer-1 devices and the control unit 
(Le., the M68000 core). The command/indication channel is used to control activation/deac
tivation procedures or for the switching of test loops by the control unit. 

The IMP supports all five channels of the GCI channel o. The following table shows where 
each channel can be routed. The two B channels can be concatenated and routed to the 
same SCC channel. 

GCI Channel 0 Serial Controllers 

0 SCC1, SCC2, SCC3 
B1 SCC1, SCC2, SCC3 
B2 SCC1, SCC2, SCC3 
M SMC1 
C/I SMC2 

The GCI interface supports the CCITT 1.460 recommendation for data rate adaptation. The 
GCI interface can access each bit of the B channel as an 8-kbps channel. The mask register 
(SIMASK) for the B channels specifies which bits are supported by the GCI interface. The 
receiver will receive only the bits that are enabled by SIMASK; the transmitter will transmit 
only the bits that are enabled by SI MASK and will not drive the l1 TXD pin otherwise (L 1 TXD 
in GCI mode is an open-drain output). 
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The IMP supports contention detection on the D channel. When the IMP has data to transmit 
on the D channel, it checks bit 4 of the SCIT C/I channel 2. The physical layer device mon
itors the physical layer bus for activity on the D channel and indicates with this bit that the 
channel is free. If a collision is detected on the D channel, the physical layer device sets bit 
4 of C/I channel 2 to logic high. The IMP then aborts its transmission and retransmits the 
frame when this bit is asserted again. This procedure is handled automatically for the first 
two buffers of a frame. The L 1 GR line may also be used for access to the S interface D chan
nel. This signal is checked by the IMP, and the physical layer device should indicate that the 
S interface D channel is free by asserting L 1 GR. 

In the deactivated state, the clock pulse is disabled, and the data line is a logic one. The 
layer-1 device activates the IMP by enabling the clock pulses and by an indication in the 
channel 0 C/I channel. The IMP will then report to the M68000 core by a maskable interrupt 
that a valid indication is in the SMC2 receive buffer descriptor. 

When the M68000 core activates the line, it sets SETZ in the serial interface mode (SIMO
DE) register, causing the data output from L 1TXD to become a logic zero. Code 0 (com
mand timing TIM) will be transmitted on channel 0 CII channel to the layer-1 device until the 
SETZ is reset. The physical layer device will resume transmitting the clock pulses and will 
give an indication in the channel 0 C/I channel. The M68000 core should reset SETZ to en
able data output. 

7.4.3 penn Highway Mode 
In PCM highway mode, one, two, or all three SCCs can be multiplexed together to support 
various time-division multiplexed interfaces. PCM highway supports the standard T1 and 
CEPT interfaces as well as user-defined interfaces. In this mode, the NMSI1 pins have new 
names and functions (see Table 7-2). 

Table 7-2. PCM Highway Mode Pin Functions 

Signal Definition Function 

L1RXD Receive Data Input 

L1TXD Transmit Data Output 

L1CLK Receive and Transmit Clock Input 

L1SYO Sync Signal 0 Input 

L1SY1 Sync Signal 1 Input 

'RTS1, m"S2,"'RTS3 Three Request-to-Send Signals Outputs 

L 1CLK is always an input to the IMP in PCM highway mode and is used as both a receive 
and transmit clock. Thus, data is transmitted and received simultaneously in PCM highway 
mode. (If receive data needs to be clocked into the IMP at a different time or speed than 
transmit data is being clocked out, then NMSI mode should be used instead of PCM high
way.) 
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The two sync signals, L 1 SYO and L 1 SY1, are also inputs to the IMP. They select one of 
three PCM channels to which data is routed or select no channel (see Table 7-3). 

Table 7-3. PCM Channel Selection 

L1SY1 L1SYO Selection 

a a No Channel Selected 

a 1 PCM Channel 1 Selected 

1 a PCM Channel 2 Selected 

1 1 PCM Channel 3 Selected 

A PCM channel is not an SCC channel. A PCM channel is an intermediate internal channel 
that can be routed to any SCC, as selected in the SIMOOE register. This extra layer of indi
rection keeps the hardware (which must generate L 1 SY1 and L 1 SYO signals externally) 
from having to be modified if a change in the SCC data routing is required. 

The routing of each channel is determined in the SIMOOE register by the ORB-ORA bits for 
channel 1 ,the B1 RB-B1 RA bits for channel 2, and the B2RB-B2RA bits for channel 3. Once 
the routing of a PCM channel is selected, data is transmitted from the selected SCC trans
mitter over the physical interface using the L 1 CLK pin. At the same time, data is received 
from the phYSical interface and routed to the selected SCC receiver. When no sync is as
serted, the L 1 TXO pin is three-stated, and the L 1 RXO pin is ignored. 

Two different methods exist for using the L 1 SY1-L 1 SYO pins: one-clock-prior mode and en
velope mode (see Figure 7-9). In one-clock-prior mode, the sync signals should go active 
for a single clock period prior to an 8-bit time slot. In envelope mode, the sync signals should 
go active on the first bit of the time slot and stay active the entire time slot. The envelope 
mode is more general, allowing a time slot to be from one to N bits long. 

An example of the use of the L 1 SY1 and L 1 SYO sync signals in the envelope mode is shown 
in Figure 7-10. The three PCM channels defined in the figure show some of the flexibility 
available in the PCM highway envelope mode. As shown, PCM channel time slots do not 
have to be contiguous in the PCM highway, but rather can be separated by other time slots. 
Also, PCM channel time slots need not be an even multiple of eight bits in envelope mode. 
Although not shown in the figure, it is also possible to route multiple PCM channels to a sin
gle SCC, causing the SCC to process one higher speed data stream. 

The PCM highway interface also supports the RTS signals. They will be asserted (just like 
in NMSI mode) when an SCC desires to transmit over the PCM highway and will stay as
serted until the entire frame is transmitted (regardless of how many time slots that takes). 
The RTS signal that asserts corresponds to the SCC that desires to transmit. The RTS sig
nals may be useful in debugging but are not required for proper PCM highway operation. If 
the RTS signals are not needed, they can be ignored or reassigned as parallel 1/0. 
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Figure 7-9. Two PCM Sync Methods 
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Figure 7-10. PCM Channel Assignment on a T1/CEPT Line 
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7.4.4 Nonmultiplexed Serial Interface (NMSI) 

The IMP supports the NMSI with modem signals. In this case, the serial interface connects 
the seven serial lines of the NMSI1/1S0N interface (RX01, TX01, RCLK1, TCLK1, C01, 
CTS1, and RTS1) directly to the SCC1 controller. NMSI pins associated with SCC2 and 
SCC3 can be used as desired or left as general-purpose 1/0 port pins. See 6.3 Parallel 110 
Ports for an example. RTS is an output of the transmitter, while CTS and rn are inputs to 
the transmitter and receiver, respectively. See 7.5.4 SCC Mode Register (SCM) and 7.4 Se
rial Channels Physical Interlace for additional information. 

CTS and CO may be programmed to control transmission and reception automatically or to 
just generate interrupts. 

7.4.5 Serial Interface Registers 
There are two serial interface registers: SIMOOE and SIMASK. The SIMODE register is a 
16-bit register used to define the serial interface operation modes. The SIMASK register is ~ 
a 16-bit register used to determine which bits are active in the B1 and B2 channels of ISDN. ~ 

7.4.5.1 Serial Interface Mode Register (SIMOOE) 
If the IOL or GCI mode is used, this register allows the user to support any or all of the ISDN 
channels independently. Any extra SCC channel can then be used for other purposes in 
NMSI mode. The SIMOOE register is a memory-mapped read-write register cleared by re
set. 

15 14 13 12 11 

SETZ SYNC/SCIT SOlAG1 SOIAGO SOC2 

7 

B1RB B1RA ORB ORA MSC3 

SETZ-Set L 1TXO to Zero (valid only for the GCI interface) 

a = Normal operation 

10 8 

SOC1 B2RB B2RA 

o 
MSC2 MS1 MSO 

1 = L 1 TXO output set to a logic zero (used in GCI activation, refer to 7.4.2 GCI Inter
face) 

SYNC/SCIT -SYNC Mode/SCIT Select Support 

SYNC is valid only in PCM mode. 

a = One pulse wide prior to the 8-bit data 
1 = N pulses wide and envelopes the N-bit data 

The SCIT (Special Circuit Interface T) interface mode is valid only in GCI mode. 

a = SCIT support disabled 
1 = SCIT O-channel collision enabled. Bit 4 of channel 2 C/I used by the IMP for receiv

ing indication on the availability of the S interface 0 channel. 
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SDIAG1-SDIAGO-Seriallnterface Diagnostic Mode (NMSI1 Pins Only) 

00 = Normal operation 
01 = Automatic echo 

The channel automatically retransmits the received data on a bit-by-bit basis. The 
receiver operates normally, but the transmitter can only retransmit received data. 
In this mode, L 1 GR is ignored. 

10 = Internal loopback 
The transmitter output (L 1 TXD) is internally connected to the receiver input 
(L 1 RXD). The receiver and the transmitter operate normally. Transmitted data ap
pears on the L 1TXD pin, and any external data received on L 1 RXD pin is ignored. 
In this mode, L 1 RQ is asserted normally, and L 1 GR is ignored. 

11 = Loopback control 
In this mode, the transmitter output (TXD1/L 1TXD) is internally connected to the 
receiver input (RXD1/L 1 RXD). The TXD1/L 1TXD, TXD2, TXD3, RTS1, RTS2, 
and RTS3 pins will be high, but L 1TXD will be three-stated in IDL and PCM 
modes. This mode may be used to accomplish multiplex mode loopback testing 
without affecting the multiplexed layer 1 interface. It also prevents an SCC's indi
vidual loop back (configured in the SCM) from affecting the pins of its associated 
NMSI interface. 

SDC2-Serial Data Strobe Control 2 

o = SDS2 signal is asserted during the B2 channel 
1 = SDS1 signal is asserted during the B2 channel 

SDC1-Serial Data Strobe Control 1 

0= SDS1 signal is asserted during the B1 channel 
1 = SDS2 signal is asserted during the B1 channel 

B2RB, B2RA-B2 Channel Route in IDUGCI Mode or CH-3 Route in PCM Mode 

00 = Channel not supported 
01 = Route channel to SCC1 
10 = Route channel to SCC2 (if MSC2 is cleared) 
11 = Route channel to SCC3 (if MSC3 is cleared) 

B1RB, B1RA-B1 Channel Route in IDUGCI Mode or CH-2 Route in PCM Mode 

00 = Channel not supported 
01 = Route channel to SCC1 
10 = Route channel to SCC2 (if MSC2 is cleared) 
11 = Route channel to SCC3 (if MSC3 is cleared) 

DRB, DRA-D-Channel Route in I DUGCI Mode or CH-1 Route in PCM Mode 

00 = Channel not supported 

7-20 

01 = Route channel to SCC1 
10 = Route channel to SCC2 (if MSC2 is cleared) 
11 = Route channel to SCC3 (if MSC3 is cleared) 
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NOTE 

If IC3-0=1 001 in the DISC register, SCC1 will not be connected 
to the multiplexed bus regardless of the state of the B1, B2 and 
D channel route bits above. 

MSC3-SCC3 Connection 

0= SCC3 is connected to the multiplexed serial interface (PCM, IDL, or GCI) chosen 
in MS1-MSO. NMSI3 pins are all available for other purposes. 

1 = SCC3 is not connected to a multiplexed serial interface but is connected directly to 
the NMSI3 pins or SCP pins or is not used. The choice of general-purpose liD port 
pins versus SCC3 functions is made in the port A control register. The choice of 
SCP pins versus SCC3 functions is made in the SPMODE register. 

MSC2-SCC2 Connection 

0= SCC2 is connected to the multiplexed serial interface (PCM, IDL, or GCI) chosen ~ 
in MS1-MSO. NMSI2 pins are all available for other purposes. ..-

1 = SCC2 is not connected to a multiplexed serial interface but is either connected di., 
rectly to the NMSI2 pins or not used. The choice of general-purpose liD port pins 
versus SCC2 functions is made in the port A control register. 

MS1-MSO-Mode Supported 

00 = NMSI Mode 
When working in NMSI mode, SCC1 is connected directly to the seven NMSI1 
pins (RXD1, TXD1, RCLK1, TCLK1, CD1, CTS1, and RTS1). SCC2 functions can 
be routed to port A as NMSI functions or configured instead as PA6-PAO. Four of 
the SCC3 functions can be routed to port A or retained as PA 11-PA8. The other 
three SCC3 functions (CTS3, RTS3, and CD3) can be routed to replace the three 
SCP pins or else not used. 
In NMSI mode, the MSC2 and MSC3 bits are ignored. The choice of general- pur
pose liD port pins versus SCC2 and SCC3 functions is made in the port A control 
register. See 6.3 Parallel 110 Ports for an example and more information. The 
choice of SCP pins versus three SCC3 functions is made in the SPMODE register 
in the SCPo See 7.7 Serial Communication Port (SCP) for more details. 

01 = PCM Mode 
When working in PCM mode, each of the three multiplexed channels CH-1, CH-
2, and CH-3 can be routed independently to each of the three SCCs. This con
nection is determined by the DRB, DRA, B1 RB, B1 RA, B2RB, and B2RA bits. 
SCC2 and SCC3 can be connected directly to their respective NMSI pins (if they 
are not needed for the PCM channels) as determined by the MSC3-MSC2 bits. 
In the NMSI case, the choice still exists for portiSCP functions versus SCC func
tions as described in case 00. The MSC3-MSC2 bits override the PCM routing 
for a specific SCC. 

10 = IDL Mode 
When working in IDUGCI mode, each ISDN channel (D, B 1, and 82) can be rout
ed independently to each of the three SCCs. This connection is determined by the 
DRB, DRA, B1 RB, B1 RA, B2RB, and B2RA bits. SCC2 and SCC3 can be con
nected directly to their respective NMSI pins (if they are not needed for ISDN 
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channels) determined by the MSC3-MSC2 bits. In the NMSI case, the choice still 
exists for portiSCP functions versus SCC functions as described in case 00. Note 
that the MSC3-MSC2 bits override the ISON connection for a specific SCC. 

11 = GCI Interface 
Refer to the 10L mode description. 

7.4.5.2 Serial Interface Mask Register (SIMAsK) 

The SIMASK register, a memory-mapped read-write register, is set to all ones by reset. SI
MASK is used in 10L and GCI to determine which bits are active in the B1 and B2 channels. 
Any combination of bits may be chosen. A bit set to zero is not used by the IMP. A bit set to 
one signifies that the corresponding B channel bit is used for transmission and reception on 
the B channel. Note that the serial data strobes, S01 and S02, are asserted for the entire 
8-bit time slot independent of the setting of the bits in the SIMASK register. 

15 

B2 

NOTE 

Bit 0 of this register is the first bit transmitted or received on the 
10UGCI B1 channel. 

7.5 SERIAL COMMUNICATION CONTROLLERS (SCCS) 

The IMP contains three independent SCCs, each of which can implement different proto
cols. This configuration provides the user with options for controlling up to three independent 
full-duplex lines implementing bridges or gateway functions or multiplexing up to three SCCs 
onto the same physical layer interface to implement a 2B + OlSON basic rate channel or 
three channels of a PCM highway. Each protocol-type implementation uses identical buffer 
structures to simplify programming. 

The following protocols are supported: HOLC/SOLC, BISYNC, UART, and several transpar
ent modes. Each protocol can be implemented with 10L, GCI, PCM, or NMSI physical layer 
interfaces (see 7.4 Serial Channels Physical Interface) and can be configured to operate in 
either echo or loopback mode. Echo mode provides a return signal from an SCC by retrans
mitting the received signal. Loopback mode is a local feedback connection allowing an SCC 
to receive the signal it is transmitting. (Echo and loopback mode for multiplexed interfaces 
are discussed in 7.4 Serial Channels Physical Interface). " 

The receive and transmit section of each SCC is supported with one of the six dedicated 
SDMA channels (see 7.2 SOMA Channels). These channels transfer data between the 
SCCs and either external RAM or on-chip dual-port RAM. This function is transparent to the 
user, being enabled and controlled according to the configuration of each SCC channel. 
Each SCC can be clocked by either an external source (with the clock pins RCLK or TCLK) 
or by an internal source through a baud rate generator for each SCC channel. The baud rate 
generator can derive its clock from the main IMP clock or from a separate input clock. The 
SCC transmitter and receiver sections are independent and may be clocked at different 
rates. 
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The SCCs exhibit two types of performance limitations. The first type is a hardware clocking 
limit, which is the same for each SCC. The SCC clocks must not exceed a ratio of 1 :2.5 serial 
clock (RCLK or TCLK) to parallel clock (EXTAL). Thus, for a 25-MHz system clock frequen
cy, the serial clock must not exceed 10MHz. The second type concerns the system data 
rate. The SDMA channels and CP main controller must have enough time to service the 
SCCs, thus preventing FIFO underruns and overruns in the SCCs. This requirement de
pends on a number of factors discussed in more detail in Appendix A SCC Performance. 

Each SCC supports the standard seven-line modem interface (also referred to as NMSI) 
with the signals RXD, TXD, RCLK, TCLK, RTS, CTS, and CD. Other modem signals (such 
as DSR and DTR) may be supported through the parallel I/O pins. A block diagram of the 
SCC is depicted in Figure 7-11. 

To provide extra modem serial output lines, the user must define I/O port A or B pins as out
puts in the port AlB data direction register and write to the port AlB data register to cause 
the state of the pin to change. Extra serial input lines with interrupts may be supported by 
defining the port B pins as inputs in the port B data direction register. When a change in the 
state of the pin occurs, the interrupt handler may assert or negate the extra outputs to sup
port the hand-shaking protocol. (See 6.3 Parallel I/O Ports for related details.) 

M68000 BUS 

I' 

SCC STATUS SCC DATA SYNC SCC EVENT SCCMODE 
SCC 

CONFIGURATION 
REGISTER REGISTER REGISTER REGISTER REGISTER 

SCC MASK 
REGISTER MAIN 

CLOCK 
BAUD RATE 

GENERATOR TIN1 
PERIPHERAL 

BUS 

I' 
TCLK 

CLOCK 
GENERATOR RCLK 

RECEIVER DATA DATA CONTROL REGISTERS REGISTERS UNIT 

~ 
TRANSMITIER INTERNAL r DELIMITER CONTROL CLOCKS 

UNIT 
SHIFTER 

~ 

XD R 

\ 

TXD 

Figure 7-11. see Block Diagram 
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7.5.1 SCC Features 

Each SCC channel has the following features: 

• HDLC/SDLC, BISYNC, UART, or Transparent Protocols 

• Programmable Baud Rate Generator Driven by Main Clock or an External Clock 

• Data Clocked by the Baud Rate Generator or Directly by an External Pin 

• Supports Modem Signals (RXD, TXD, RCLK, TCLK,\ RTS, CTS, and CD) 

• Full-Duplex Operation 

• Echo Mode 

• Local Loopback Mode 

• Baud Rate Generator Outputs Available Externally 

7.5.2 SCC Configuration Register (SCON) 

Each SCC controller has a configuration register that controls its operation and selects its 
clock source and baud rate. Figure 7-12 shows one of the three SCC baud rate generators. 
Each SCON is a 16-bit, memory-mapped, read-write register. The SCONs are set to $0004 
by reset, resulting in the baud rate generator output clock rate being set to the main clock 
rate divided by 3. The baud rate generator output clock is always available externally, as 
shown in Table 2-10. 

NOTE 

The BRG output is 180 degrees out of phase to the TCLK and 
RCLK signals used by the SCC and output on the RCLK and 
TCLK pins. 

15 14 13 12 11 10 4 3 2 1 

I WOMS I EXTC I TCS I RCS I CD10 I CD9 CDS CD? CD6 CD5 CD4 CD3 CD2 CD1 CDO DIV4 

WOMS-Wired-OR 

When WOMS is set, the TXD driver is programmed to function as an open-drain output 
and may be externally wired together with other TXD pins in an appropriate bus configu
ration. In this case, an external pullup resistor is required. When WOMS is cleared, the 
TXD pin operates normally with an active internal pullup. 

NOTE 

This bit is valid only in NMSI mode. 

EXTC-External Clock 

The EXTC bit selects whether the baud rate generator input clock source is the internal 
main clock (EXTC = 0) or external clock (EXTC = 1). If EXTC = 1, the external clock is 
taken from the TIN1 pin. Note that the single TIN1 pin can be used to supply a clock for 
all three baud rate generators. 
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TCS-Transmit Clock Source 

The TCS bit selects either the baud rate generator output (TCS = 0) or the TCLK pin (TCS 
= 1) for the transmitter clock. If TCS = 0, then the baud rate generator output is driven onto 
the TCLK pin. This bit should be programmed to one if a multiplexed mode is chosen for 
the SCC. 

After system reset, SCC hardware causes TCLK to default to an input and stay an input 
until a zero is written to TCS. For SCC2 and SCC3, TCLK can be derived directly from the 
RCLK pin as shown in Table 6-6. 

RCS-Receive Clock Source 

The RCS bit selects either the baud rate generator output (RCS = 0) or the RCLK pin 
(RCS = 1) for the receiver clock. If RCS = 0, then the baud rate generator output is driven 
onto the RCLK pin. This bit should be programmed to one if a multiplexed mode is chosen 
for the SCC. 

After system reset, SCC hardware causes the RCLK to default to an input and stay an 
input until a zero is written to RCS. 

CD10-CDO-Clock Divider 

The clock divider bits and the prescaler determine the baud rate generator output clock 
rate. CD1 O-CDO are used to preset an 11-bit counter that is decremented at the prescaler 
output rate. The counter is not otherwise accessible to the user. When the counter reach
es zero, it is reloaded with the clock divider bits. Thus, a value of $7FF in CD10-CDO pro
duces the minimum clock rate (divide by 2048); a value of $000 produces the maximum 
clock rate (divide by 1). 

NOTE 

Because of SCC clocking restrictions, the maximum baud rate 
that may be used to clock an SCC is divide by 3. 

yeo OUT r-;;;l 
~ MUX 

PRESCALER 
DIYIDEBY 

10R4 

11-81T 
COUNTER 

1-2048 
TIN 1 PIN ~ 

~'--------' 

MOTOROLA 

MUX ~RCLK 
PIN 
~ 
~--

MUX 

INTERNAL INTERNAL 
R~~ T~~ 

Figure 7-12. see Baud Rate Generator 
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When dividing by an odd number, the counter ensures a 50% duty cycle by asserting the 
terminal count once on a clock high and next on a clock low. The terminal count signals the 
counter expiration and toggles the clock. 

DIV 4-SCC Clock Prescaler Divide by 4 

The SCC clock prescaler bit selects a divide-by-1 (DIV4 = 0) or divide-by-4 (DIV4 = 1) pres
caler for the clock divider input. The divide-by-4 option is useful in generating very slow baud 
rates. 

7.5.2.1 Divide by 2 Input Blocks 
The divide by two blocks shown in Figure 7-12 can be enabled by setting the BCD bit in the 
IOMCR register if the BRG clock source is derived from the IMP system clock, or by setting 
the BRGDIV bit in the DISC register if the BRG clock source is derived from the TIN pin. 

7.5.2.2 Asynchronous Baud Rate Generator Examples 
The UART circuitry always uses a clock that is 16x the baud rate. The ratio of the 16x UART 
clock to the system parallel clock must not exceed 1 :2.5. For an internally supplied clock, an 
integer divider value must be used; therefore, the divider must be 3 or greater. Thus, using 
a clock divider value of 3 (programmed as 2 in the SCON) and a 25-MHz crystal gives a 
UART clock rate of 8.33MHz and a baud rate of 520 kbaud. Assuming again a 25-MHz crys
tal, an externally supplied UART clock on the TCLK or RCLK pins can be as high as 10MHz, 
giving a maximum baud rate of 625kbaud. 

The baud rate using the baud rate generator is (System Clock or TI N 1 clock)/ (1 or 2)/( 1 or 
4)/(Clock Divider + 1) /16. The baud rate using the baud rate generator with an externally 
supplied clock to the TCLK or RCLK pins is always (TCLK or RCLK)/16. 

Table 7-4 shows examples of typical bit rates of asynchronous communication and how to 
obtain them with the baud rate generator using an internally supplied clock. 

Table 7-4. Typical Bit Rates of Asynchronous Communication 

Baud 
18.432 22.12 25 

Rates 

DIV2 DIV4 DIV 
Actual 

DIV2 DIV4 DIV 
Actual 

DIV2 DIY,4 DIV 
Actual 

Frequency Frequency Frequency 

110 1 1 1308 110 1 1 1570 110 1 1 1570 110 
150 1 1 959 150 1 1 1151 150.01 1 1 1151 150.01 
300 1 1 479 300 0 1 1151 300.02 0 1 1151 300.02 
600 1 1 239 600 0 1 575 600.04 0 1 575 600.04 
1200 1 1 119 1200 0 1 287 1200.09 0 1 287 1200.09 
2400 1 1 59 2400 0 1 143 2400.17 0 1 143 2400.17 
4800 1 1 29 4800 0 1 71 4800.35 0 1 71 4800.35 
9600 1 1 14 9600 0 1 35 9600.69 0 1 35 9600.69 
19200 1 1 29 19200 0 0 71 19201.39 0 0 71 19201.39 
28800 1 0 4 28800 0 0 47 28802.08 0 0 47 28802.08 
38400 0 0 29 38400 0 0 35 38402.78 0 0 35 38402.78 
115200 0 0 9 115200 0 0 11 115208.33 0 0 11 115208.33 
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7.5.2.3 Synchronous Baud Rate Generator Examples 

• For synchronous communication (HDLC/SDLC, BISYNC, and Transparent), the inter
nal clock is identical to the baud rate output. To obtain the desired rate, the user selects 
the appropriate system clock according to the following equation: 

Baud rate = (System Clock or TIN1 Clock)/(Clock Divider + 1 )/(1 or 2)/(1 or 4) according to 
the DIV4 bit 

For example, to get the data rate of 64 kbps, the system clock can be 15.36 MHz, DIV4 = 
0,DIV2=0 and the Clock Divider = 239. Of course, a 64 kbps rate provided externally on the 
TCLK or RCLK pins could also be used. 

7.5.3 DSP Interconnection and Serial Connections Register-DISC 
The DSP interconnection and serial connections register (DISC) is an 16-bit read/write reg
ister. The lower 8-bits are used to allow the 68000 to control the DSP reset, modes, and in-
terrupt lines directly through internal connections and are discussed in 6.9.2 IMP-DSP Reset ~ 
and Mode Interconnections Register. The upper 8 bits control: (1) the direct connection of ~ 
the DSP SCI+ port to the IMP SCC1 port and IMP serial pins, (2) enabling the divide by 2 
prescaler for the baud rate generator from the TIN1 pin, and (3) options for three stating the 
BRG 1, TCLK1, and RCLK1 pins. 

DISC 
15 

TSTCLKI 

RESET: 
0 

7 

SELC 

RESET: 
o 

14 13 

TSRCLKI TSTBRGI 

0 0 

SELB SELA 

o o 

12 

BRGDIV 

0 

4 

SELR 

o 

7.5.3.1 BRG1 and RCLK1ITCLK1 Pin Options 

TSTBRG 1-Disable BRG 1 

Base+$8EE 
11 10 8 

le3 IC2 IIC1 ICO 

0 0 

3 o 
MODC/NMI MODBIIRQB MODAIIRQA 

o o o 

0= When the PCMCIA interface is not enabled, the BRG1 clock is driven on the BRG1 
pin. 

1 = When the PCMCIA interface is not enabled, the BRG 1 output is three-stated. 
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In order to allow the baud rate generator output clocks (which will be driven on TCLK1 and 
RCLK1 when an internal baud rate generator is used for SCC1) to be disabled, the following 
bits are provided. 

TSRCLK1 

0= RCLK1 is driven on its pin when SCC1 RCLK is the baud rate generator output. 
1 = RCLK1 is three-state. 

TSTCLK1 
0= TCLK1 is driven on its pin when SCC1 RCLK is the baud rate generator output. 
1 = TCLK1 is three-state. 

BRGDIV 

Enables and disables the divide by two block between the TIN1 pin and the BRG1 pres
caler input (See Figure 7-12). 

o = The divide by two block is disabled. 
1 = The divide by two block is enabled. 

7.5.3.2 SCI+ Serial Connections 
Figure 7-13 shows the suggested serial port assignments for a modem application. 

The typical modem application using the MC68356 would use the IMP to handle the upper 
level data compression,error correction and serial bit stream formatting (such as HDLC). 
Data processed by the IMP would then be transferred to the DSP from SCC1 to the SCI+ 
port. A Codec typically is connected to the synchronous serial interface (SSI) of the DSP and 
optionally provides the bit and baud clocks to the SCC1 to SCI+ connections to clock the 
data transfers. The analog side of the Codec is connected to the Data Access Arrangement 
(DAA) which interfaces to the telephone line. 

The MC68356 has some extra options for connection of the SCI+ signals to the serial chan
nels and serial pins of the IMP. SCC1 must be the serial channel that connects to the DSP 
SCI+. SCC2 should be used for the connection to the DTE (typically the PC or host comput
er). SCC2 is also the serial channel used for UART 16550 emulation (see 7.6.116550 Em
ulation Controller Features). 

Given the serial port assignments in Figure 7-13, there are three different options for con
necting the SCI+ clock and data signals to either the SCC1 directly, or to external pins. 
These optional serial connections can be enabled by programming the IC3-0 bits in the DSP 
interconnection and serial connections register (DISC) (bits 8-15). 
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Figure 7-13. Suggested Modem Serial Port Assignments 

IC3 - ICO -IMP and DSP Interconnection 

The following modes are supported. 

IC3 - ICO = 0000 Normal IMP mode 
IC3 -ICO = 0001 SCI+ to SCC1 
IC3 - ICO = 0111 SCI+ to DTE (SCC2 pins) 
IC3 - ICO = 0101 Clocks:NMSl1 driving the SCI+ and NMSI2 (DTE), Data: SCC1 to 

SCI+ and SCC2 to NMSI2 
IC3 - ICO = 1001 SCI+ Clocks with ISDN 

7.5.3.2.1 Normal Mode (IC3 -ICO = 0000) 
The SCI+ to SCC connection is not enabled. The SCC1 functions in normal mode with its 
clock and data lines connected to its pins (NMSI1). This mode of operation supports the nor
mal IMP interconnection in non-multiplexed or multiplexed modes of operation. This is the 
default mode. 

7.5.3.2.2 SCI+ to SCC1 (IC3 -ICO = 0001) 
The SCI+ port is internally connected to the IMP SCC1 port as shown in Figure 7-14. The 
SCI+ receiver input can be monitored on the TXD1 pin of NMSI1.However, the RXD1 pin 
cannot be used to monitor the SCI+ TXD signal since this pin is input only in this mode. The 
SCI+ port can be set up in either synchronous or asynchronous modes to communicate with 
SCC1. In SCI synchronous mode, the SCI+ must have both the transmit and receive clocks 
provided to it either by the SCC1 through the internal connection or from the RCLK1 and 
TCLK1 pins. A common clock should be input on both the SCI+ TCLK and RCLK pins if it is 
desired to use an asynchronous mode with and external (to the SCI+) baud rate generator. 

The clocking of SCC1 and SCI+ is done either externally or from baud rate generator BRG1. 
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NOTE 

The SCKP bit in the DSP SCI control register (SCR) must be set 
to one for SCI+ to SCC1 internal data transfers in this mode to 
prevent erroneous data transfers. 

RXD1/L1RXD 
TXD1/L1TXD 

TXD2/PA 1 IPC_D9 
RXD2/PAO/PC_D8 

TCLK2/PA3/PC_D11 
RCLK2/PA2/PC_D10 

TCLK1/L1SYO 
RCLK1/L1CLK 
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c: 
cv 
E 
c: 
0) 

en 
en 

<l: 
c: 
a.. 
"-
"0 
L. 
+oJ 
c: 
0 

U 
+oJ 
L. 
0 

a.. 

Serial 
Interface 

.. 
... 

--

-... 

SCC2 SCC1 

- TXD TXD 
RXD RXD 

- TCLK RCLK 
.. RCLK TCLK 

.. -
IC3-0 : 0001 

Figure 7-14. SCI+ to SCC1 (IC3 -ICO = 0001) 

7.5.3.2.3 SCI+ to DTE: (IC3 - ICO = 0111) 

--
- -.. 

SCI 

RXD 
TXD 

TCLK 
RCLK 

This mode is used to connect the SCI+ port directly to external pins to allow asynchronous 
or synchronous-slave communication with external devices.This mode is used when it is de
sired to bypass the IMP processing of the serial data stream from the·DTE and connect the 
DTE directly to the SCI+ port of the DSP. This mode is also useful when it is desired to in
terface the SCI+ port clock and data pins to external devices in either synchronous or asyn
chronous mode. The signals are routed as shown in Figure 7-15. 

When the clock source is the TCLK1 and/or RCLK1 pins, the TCLK2 and/or RCLK2 pins will 
be driven with that clock. If either clock source is the BRG1 from the SCC1, the NMSI2 
TCLK2 and/or RCLK2 pins will be driven with that clock. If SCC2 is set to drive clocks (TCS 
and/or RCS in SCON2= 0), then the special clock connections will be overridden and the 
NMSI2 clock will be driven from SCC2. 
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NOTE 

The SCKP bit in the DSP SCI Control Register (SCR) must be 
set to one for SCI+ to SCC1 internal data transfers in this mode 
to prevent erroneous data transfers. 

RXD1/L 1 RXD 
TXD1/L1TXD 

TXD2/PA 1/PC_D9 

RXD2/PAO/PC_D8 

TCLK2/PA3/PC_D11 
RCLK2/PA2/PC_D10 

TCLK1/L1SYO 
RCLK1/L1CLK 
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c 
0) .-
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-
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+-I 
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-~ 

SCC2 SCC1 

TXD TXD 1--. _ 

... RXD RXD ---

... TCLK RCLK -... RCLK TCLK -
.... 
... 

IC3-0 : 0111 

Figure 7-15. SCI+ to DTE (IC3 -ICO = 0111) 

SCI 

~ RXD 
TXD 

... TCLK 

... RCLK 

7.5.3.2.4 Clocks:NMSl1 Driving the SCI+ and NMSI2 (DTE), Data: SCC1 to SCI+ and 
SCC2 to NMSI2 (IC3 - ICO = 0101) 
This mode connects the SCI+ port data lines directly to the SCC1 lines and connects the 
NMSI2 clocks to the SCC1, SCI+, and SCC2 clocks (as well as theNMSI2 clock pins). This 
mode is useful when it is desired to have an external clocking source on the NMSI1 pins 
drive all serial channels shown as well as the DTE. 

When the clock source is the TCLK1 and/or RCLK1 pins, the TCLK2 and/or RCLK2 pins will 
be driven with that clock. If either clock source is the BRG1 from the SCC1, the NMSI2 
TCLK2 and/or RCLK2 pins will be driven with that clock. If SCC2 is set to drive clocks (TCS 
and/or RCS in SCON2= 0), then the special clock connections will be overridden and the 
NMSI2 clock will be driven from SCC2. 
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NOTE 

The SCKP bit in the DSP SCI Control Register (SCR) must be 
set to one for SCI+ to SCC1 internal data transfers in this mode 
to prevent erroneous data transfers. 

RXD1/L1RXD 

TXD1 IL 1 TXD 

TXD2/PA 1 IPC_D9 

RXD2/PAO/PC_D8 

TCLK1/L1SYO 
RCLK1/L1CLK 
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TXD TXD 
.. RXD RXD -

- TCLK RCLK -- RCLK TCLK ..... 

IC3-0 : 0101 

SCI 

.. RXD 
TXD 

- TCLK 

- RCLK 

Figure 7-16. Data: SCI+ to SCC1, Clocks: NMSI1 Driving NMSI2 and SCI+ 

7.5.3.2.5 SCI+ Clocks with ISDN (IC3 -ICO = 1001) 

This mode is used when it is desired to clock the SCC to SCI+ direct data transfer with ex
ternal clocks while still having a fully functional ISDN muxed interface. In this mode, SCC2 
and SCC3 can still be used in the muxed interface and SCC1 clocks are moved to the SCC 
RCLK2 and TCLK2 pins to allow external sources to generate the input clock to SCC1 and 
the SCI+. 
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NOTE 

The SCKP bit in the DSP SCI Control Register (SCR) must be 
set to one for SCI+ to SCC1 internal data transfers in this mode 
to prevent erroneous data transfers. 
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Note: If the TDM or ISDN interface is not enabled the NMSI2 data pins 
will rema i n connected to SCC2. 

Figure 7-17. SCI+ Clocks with ISDN 

7.5.4 SCC Mode Register (SCM) 

Each SCC has a mode register. The functions of bits 5-0 are common to each protocol. The 
function of the specific mode bits varies according to the protocol selected by the MODE1-
MOOED bits. They are described in the relevant sections for each protocol type. Each SCM 
is a 16-bit, memory-mapped, read-write register. The SCMs are cleared by reset. 

15 5 4 3 2 1 0 

SPECIFIC MODE BITS I DIAGl I DIAGO I ENR lENT I MODEl I MODEO I 

DIAG 1-DIAGQ-Diagnostic Mode 

00 = Normal operation (CTS, CD lines under automatic control) 
In this mode, the CTS and CD lines are monitored by the SCC controller. The 
SCC controller uses these lines to automatically enable/disable reception and 
transmission. 
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If RTS is programmed to be asserted by the SCC, it will be asserted once buffered data is 
loaded into the transmit FIFO and a falling TCLK edge occurs. The following table shows 
the transmit data delays. 

Table 7-5. Transmit Data Delay (TCLK Periods) 

Protocol Type 
From From 

RTS Low CTS Low 

Asynchronous Protocols ~16y clock) 0 48 
Synchronous Protocols ( y clock) 1 3.5 

NOTES: 
1.RTS low values assume CTS is already asserted when RTS is 

asserted. 
2.CTS low values assume CTS met the asynchronous setup time; 

otherwise, an additional clock may be added. 

RTS is negated by the SCC one clock after the last bit in the frame. Figure 7-18 shows a 
diagram of synchronous mode timing from RTS low. Figure 7-19 shows a diagram of syn
chronous mode timing delays from CTS low. 

NOTE 

At least two rising edges of the receive clock are necessary after 
the last bit of the frame to completely transfer the last bit of re
ceive data into the receiver. Therefore, the clock should not be 
gated directly with RTS; at least two clocks should be added to 
complete the frame reception and allow the receive interrupt to 
be generated. 

The SCC samples CTS on the every rising edge of the TCLK. If CTS is negated when RTS 
is asserted, a CTS lost error occurs. If a synchronous protocol is used, the transmit data will 
be aborted after four additional bits are transmitted. If an asynchronous protocol is used, the 
transmit data will be aborted after three additional bits are transmitted. See the transmit error 
section of each protocol for further details and steps to be taken following a CTS lost error. 

The SCC latches its first bit of valid receive data on the same clock edge (rising RCLK) that 
samples CD as low. The only exception is when the EXSYN bit is set in the SCC mode reg
ister for the BISYNC and transparent protocols. 

If CO is negated during frame reception, a CD lost error occurs and the SCC will quit receiv
ing data within four additional bit times. At this point, any residue of bits less than 8 bits (or 
16 bits in HOLC or transparent modes) will be discarded and not written to memory. Thus, 
the last bit written to memory will be within plus or minus four bit times from the point at which 
CD was negated. 

7-34 

NOTE 

The CTS lost error and CD lost error (with CTS and CD under 
automatic control) is not intended to implement a flow control 
method in the UART protocol. The software operation of the 
OIAG1-DIAGO bits should be chosen if UART flow control is de-
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sired, with transm ission being temporarily suspended by the 
FRZ bit in the UART event register. CTS lost and CD lost, as de
fined here, are intended to implement the aborting of transmis
sion and reception as defined in many synchronous protocols. 

01 = Loopback mode 
In this mode, the transmitter output is internally connected to the receiver input 
while the receiver and the transmitter operate normally. The value on the RXD pin 
is ignored. For the NMSl2 and NMSl3 pins, the TXD pin may be programmed to 
either show the transmitted data or not show the data by programming port A par
allelllO lines in the PACNT register. To cause the TXD and RTS pins to simply 
remain high in NMSI1, NMSI2, and NMSl3 modes, use this loopback mode in con
junction with setting the SDIAG1-SDIAGO bits in the SIMODE register to loop
back control. 

TCLK ~ 
(I/O) ~ 

TXD 
(OUTPUT) 

RTS 
(OUTPUT) 

CTS 
(INPUT) 

FIRST BIT OF DATA IN FRAME LAST BIT OF FRAME DATA 

NOTE: A "frame" includes opening and closing flags in HOLC and SYNCs in BISYNC and OOCMP. 

Figure 7-18. Output Delays from RTS Low, Synchronous Protocol 

TCLK 
(I/O) 

TXD 
(OUTPUT) I 

I 

RTS I FIRST BIT OF FRAME I 
I 

(OUTPUT)"- I 

~I~~~-D-M~l-R-EA-DY-T-O-T-RA-N-SM-IT-H-ER-E----------------------------~ 

CTS 
(INPUT) 

CTS SAMPLED AS LOW HERE 

NOTE: A "frame" includes opening and closing flags, SYNCs, etc. CTS MUST NOT BE NEGATED 
UNTIL RTS IS NEGATED, 
OR A CTS LOST ERROR 
WILL RESULT. 

Figure 7-19. Output Delays from CTS Low, Synchronous Protocol 
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\ 
If an internal loop back is desired when this SCC is configured to a multiplexed 
physical interface, then only the SDIAG 1-SDIAGO bits need be set. 
When using loopback mode, the clock source for the transmitter and the receiver 
(as set in the TCS and RCS bits in the SCON register), must be the same. Thus, 
for an internal clock, TCS and RCS may both be zero, or, for an external clock, 
they may both be one. The other two combinations are not allowed in this mode. 

NOTE 
If externalloopback is desired (Le., external to the IMP), then the 
DIAG1-DIAGO bits should be set for either normal or software 
operation, and an external connection should be made between 
the TXD and RXD pins. Clocks may be generated internally, ex
ternally, or an internally generated TCLK may be externally con
nected to RCLK. If software operation is used, the RTS, CD, and 
CTS pins need not be externally connected. If normal operation 
is used, the RTS pin may be externally connected to the CD pin, 
and the CTS pin may be grounded. 

NOTE 
Do not use this mode for loopback operation of IDL in the Serial 
Interface. Instead program the DIAG bits to Normal Operation, 
and (1) assert the L 1 GR pin externally from the srr chip, or (2) 
configure the SDIAG1-0 bits in the SIMODE to Internal Loop
back or Loopback Control. 

10 = Automatic echo 
In this mode, the channel automatically retransmits the received data on a bit-by
bit basis. The receiver operates normally, but the transmitter simply retransmits 
the received data. The CD pin must be asserted for the receiver to receive data, 
and the CTS line is ignored. The data is echoed out the TXD pin with a few nano
second delay from RXD. No transmit clock is required, and the ENT bit in the SCC 
mode register does not have to be set. 

NOTE 
The echo function may also be accomplished in software by re
ceiving buffers from an SCC, linking them to transm it buffer de
scriptors, and then transmitting them back out of that SCC. 

11 = Software operation (CTS, CD lines under software control) 
In this mode, the CTS and CD lines are just inputs to the SCC event (SCCE)and 
status (SCCS) registers. The SCC controller does not use these lines to enable/ 
disable reception and transmission, but leaves low (Le., active) in this mode. 
Transmission delays from RTS low are zero TCLKs (asynchronous protocols) or 
one TCLK (synchronous protocols). 
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NOTE 

The IMP provides several tools for enabling and disabling trans
mission and/or reception. Choosing the right tool is application 
and situation dependent. For the receiver, the tools are 1) the 
empty bit in the receive buffer descriptor, 2) the ENR bit, and 3) 
the ENTER HUNT MODE command. For the transmitter, the 
tools are 1) the ready bit in the transmit buffer descriptor, 2) the 
ENT bit, 3) the STOP TRANSMIT command, 4) the RESTART 
TRANSMIT command, and 5) the FRZ bit in the SCM (UART 
mode only). 

ENR-Enable Receiver 

When ENR is set, the receiver is enabled. When it is cleared, the receiver is disabled, and 
any data in the receive FIFO is lost. If ENR is cleared during data reception, the receiver • 
aborts the current character. ENR may be set or cleared regardless of whether serial 
clocks are present. To restart reception, the ENTER HUNT MODE command should be 
issued before ENR is set again. 

ENT -Enable Transmitter 
When ENT is set, the transmitter is enabled; when ENT is cleared, the transmitter is dis
abled. If ENT is cleared, the transmitter will abort any data transmission, clear the transmit 
data FIFO and shift register, and force the TXD line high (idle). Data already in the trans
mit shift register will not be transmitted. ENT may be set or cleared regardless of whether 
serial clocks are present. 

The STOP TRANSMIT command additionally aborts the current frame and would normal
ly be given to the channel before clearing ENT. The command does not clear ENT auto
matically. In a similar manner, to restart transmission, the user should issue the 
RESTART TRANSMIT command and then set ENT. The command register is described 
in 7.3 Command Set. The specific actions taken with each command vary somewhat ac
cording to protocol and are discussed in each protocol section. 

MODE 1-MODEO-Channel Mode 

00 = HDLC 
01 = Asynchronous (UART) 
10 = UART 16550 (SCC2 only) 
11 = BISYNC and Promiscuous Transparent 

7.5.5 see Data Synchronization Register (DSR) 
Each DSR is a 16-bit, memory-mapped, read-write register. DSR specifies the pattern used 
in the frame synchronization procedure of the SCC in the synchronous protocols. In the 
UART protocol it is used to configure fractional stop bit transmission. After reset, the DSR 
defaults to $7E7E (two FLAGs); thus, no additional programming is necessary for the HDLC 
protocol. For BISYNC the contents of the DSR should be written before the channel is en
abled. 
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15 

SYN2 SYN1 

NOTE 

The OSR register has no relationship to the RS-232 signal "data 
set ready," which is also abbreviated OSR. 

7.5.6 Buffer Descriptors Table 

Oata associated with each SCC channel is stored in buffers. Each buffer is referenced by a 
buffer descriptor (BO). BOs are located in each channel's BO table (located in dual-port 
RAM). There are two such tables for each SCC channel: one is used for data received from 
the serial line; the other is used to transmit data. The actual buffers may reside in either ex
ternal memory or internal memory (dual-port RAM). For internal memory data buffers, the 
data buffer pointer is in the low-order data pointer word and is an offset from the device base 
address to any available area in the dual-port RAM. (Oata buffers may reside in the param
eter RAM of an SCC if it is not enabled.) 

The BO table allows the user to define up to eight buffers for the transmit channel and up to 
eight buffers for the receive channel (Figure 7-21). Each BO table forms a circular queue. 

The format of the BOs is the same for each SCC mode of operation (HOLC, UART, UART 
16550, BISYNC, and transparent) and for both transmit or receive. Only the first field (con
taining status and control bits) differs for each protocol. The BO format is shown in Figure 7-
20. 

15 

OFFSET +0 STATUS AND CONTROL 

OFFSET +2 DATA LENGTH 

OFFSET +4 HIGH-ORDER DATA BUFFER POINTER (only lower 8 bits use, upper 8 bits must be 0) 

OFFSET +6 LOW-ORDER DATA BUFFER POINTER 

Figure 7-20. see Buffer Descriptor Format 

For frame-oriented protocols (HOLC, BISYNC), a frame may reside in as many buffers as 
are necessary (transmit or receive). Each buffer has a maximum length of 64K-1 bytes. The 
CP does not assume that all buffers of a single frame are currently linked to the BO table, 
but does assume that the unlinked buffers will be provided by the processor in time to be 
either transmitted or received. Failure to do so will result in an TXE error being reported by 
the CPo 

For example, assume the first six buffers of the transmit BO table have been transmitted and 
await processing by the M68000 core (with all eight buffers used in the circular queue), and 
a three-buffer frame awaits transmission. The first two buffers may be linked to the remain
ing two entries in the table as long as the user links the final buffer into the first entry in the 
BD table before the IMP attempts its transmission. If the final buffer is not linked in time to 

7-38 MC68356 USER'S MANUAL MOTOROLA 



Communications Processor (CP) 

the SO table by the time the CP attempts its transmission, the CP will report an underrun 
error. 

DUAL-PORT RAM (1152 BYTES) EXTERNAL MEMORY 

TX BUFFER DESCRIPTORS (8) 

DATA POINTER 

RX BUFFER DESCRIPTORS (8) 

DATA COUNT 

DATA POINTER 

Figure 7-21. Memory Structure 

Suffers allocated to an SCC channel may be located in either internal or external memory. 
Memory allocation occurs for each SO individually. If internal memory is selected, the CP 
uses only the lower 11 address bits (A 1 D-AD) as an offset to the internal dual-port RAM. Ac
cesses to the internal memory by the CP are one clock cycle long and occur without arbitra
tion. If external memory is selected, the pointers to the data buffers are used by the CP as 
24 bits of address. 

Extra caution should be used if function codes are included in the decoding of the external 
buffer address (e.g., in the on-chip chip select logic). The function code of this SCC channel 
must be set before external buffers can be accessed; it can then be changed only when the 
user is sure that the CP is not currently accessing external buffers for that channel. There 
are six separate function code registers located in the parameter RAM for the three SCC 
channels: three for receive data buffers (RFCR) and three for transmit data buffers (TFCR). 

MOTOROLA 

NOTE 

The RFCR and TFCR function codes should never be initialized 
to "111:' 
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The CP processes the transmit BOs in a straightforward fashion. Once the transmit side of 
an SCC is enabled, it starts with the first BO in that SCCls transm it BO table, periodically 
checking a bit to see if that BO is "ready". Once it is ready, it will process that BO, reading a 
word at a time from its associated buffer, doing certain required protocol processing on the 
data, and moving resultant data to the SCC transmit FIFO. When the first buffer has been 
processed, the CP moves on to the next BO, again waiting for that BOiS "ready" bit to be set. 
Thus, the CP does no look-ahead BO processing, nor does it skip over BOs that are not 
ready. When the CP sees the "wrap" bit set in a BO, it goes back to the beginning of the BO 
table, after processing of this BO is complete. After using a BO, the CP sets the "ready" bit 
to not-ready; thus, the CP will never use a BO twice until the BO has b~en confirmed by the 
M68000 core. 

The CP uses the receive BOs in a similar fashion. Once the receive side of an SCC is en
abled, it starts with the first BO in that SCCls receive BO table. Once data arrives from the 
serial line into the SCC, the CP performs certain required protocol processing on the data 
and moves the resultant data (either bytes or words at a time depending on the protocol) to 
the buffer pointed to by the first BO. Use of a BO is complete when there is no more room 
left in the buffer or when certain events occur, such as detection of an error or an end-of
frame. Whatever the reason, the buffer is then said to be "closed, II and additional data will 
be stored using the next BO. Whenever the CP needs to begin using a BO because new 
data is arriving, it will check the "empty" bit of that BO. If the current BO is not empty, it will 
report a" busy" error. However, it will not move from the current BO until it becomes empty. 
When the CP sees the "wrap" bit set in a BO, it goes back to the beginning of the BO table, 
after use of this BO is complete. After using a BO, the CP sets the "empty" bit to not-empty; 
thus, the CP will never use a BO twice until the BO has been "processed" by the M68000 
core. 

In general, each SCC has eight transmit BOs and eight receive BOs. However, it is possible 
in one special case to assign up to 16 receive BOs at the expense of all transmit BOs. Since 
the transmit BOs directly follow the receive BOs in the memory map for each SCC, if an SCC 
is configured exclusively for half-duplex reception, it is possible to have up to 16 receive BOs 
available for that SCC. 

If the ORAM refresh unit is used, SCC2 has six transmit BOs rather than the normal eight. 
SCC3 normally only has four transmit BOs. However, it is actually possible to regain addi
tional Tx BOs for SCC3 as follows. The Tx BO table may be extended by two BOs to six BOs 
if the SMCs are not used. Additionally, all eight Tx BOs for SCC3 may be used if the following 
is considered: 1) the SCP and SMCs must not be used; 2) various words within the last two 
BOs will be changed by the CP during the initialization routine following any reset; and 3) 
the BERR channel number value will be written into the last BO after any SOMA bus error 
(see 7.5.9.4 Bus Error on SOMA Access), but this is not a major concern since the CP must 
be reset after any SOMA bus error. 

7.5.7 see Parameter RAM Memory Map 

Each SCC maintains a section in the dual-port RAM called the parameter RAM. Each SCC 
parameter RAM area begins at offset $80 from each SCC base area ($400, $500, or $600) 
and continues through offset $BF. Refer to Table 5-3 for the placement of the three SCC 

7-40 MC68356 USER'S MANUAL MOTOROLA 



Communications Processor (CP) 

parameter RAM areas. Part of each SCC parameter RAM (offset $80-$9A), which is iden
tical for each protocol chosen, is shown in Table 7-6. Offsets $9C-$BF comprise the proto
col-specific portion of the SCC parameter RAM and are discussed relative to the particular 
protocol chosen. 

Table 7-6. SCC Parameter RAM Memory Map 

Address Name Width Description 

SCC Base + 80 # RFCR Byte Rx Function Code 
SCC Base + 81 # TFCR Wete Tx Function Code 
SCC Base + 82 # MRBLR ord Maximum Rx Buffer Length 
SCC Base + 84 ## Word Rx Internal State 
SCC Base + 86 ## Byte ReseNed 
SCC Base + 87 ## RBD# ~te Rx Internal Buffer Number 
SCC Base + 88 2 ords Rx Internal Data Pointer 
SCC Base + 8C Word Rx Internal Byte Count 
SCC Base + 8E Word Rx Temp 
SCC Base + 90 ## Word Tx Internal State 
SCC Base + 92 ## Byte ReseNed 
SCC Base + 93 ## TBD# ~te Tx Internal Buffer Number 
SCC Base + 94 2 ords Tx Internal Data Pointer 
SCC Base + 98 Word Tx Internal Byte Count 
SCC Base + 9A Word Tx Temp 

SCC Base + 9C First Word of Protocol-Specific Area 
SCC Base + BF Last Word of Protocol-Specific Area 

# Initialized by the user (M68000 core). 
## Modified by the CP following a CP or system reset. 

Certain parameter RAM values need to be initialized by the user before the SCC is enabled. 
Those values not so designated are initialized/written by the CPo Once initialized, most pa
rameter RAM values will not need to be accessed in user software since most of the activity 
is centered around the transmit and receive buffer descriptors, not the parameter RAM. 
However, if the parameter RAM is accessed by the user, the following should be noted. The 
parameter RAM can be read at any time. The parameter RAM values related to theSCC 
transmitted can only be written 1) whenever the ENT bit in the SCM is zero or 2) after a 
STOP TRANSMIT command and before a RESTART TRANSMIT command. The parame
ter RAM values related to the SCC receiver can only be written 1) whenever the ENR bit in 
the SCM is zero or 2) if the receiver has previously been enabled, after the ENTER HUNT 
MODE command and before the ENR bit is set. See 7.5.11 Disabling the SCCs for a dis
cussion of when the SCC registers may be changed. 

The registers (see Table 7-5) that typically need to be accessed by the user are described 
in the following paragraphs. 

7.5.7.1 Data Buffer Function Code Register (TFCR, RFCR) 

This register defines the address space of the receive (RFCR) and transmit (TFCR) data 
buffers. These registers must be initialized if the SCC is used. 

MOTOROLA 

NOTE 

The value of the function code register for any channel may be 
equal to that of any other, but do not initialize FC2-FCO with the 
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value "111" which causes a conflict with the interrupt acknowl
edge cycle to occur. 

7 6 4 o 
I 0 I FC2 I FC1 FCO O. I 0 I 0 o I 

7.5.7.2 Maximum Receive Buffer Length Register (MRBLR) 

Each see has one MRBLR that is used to define the receive buffer length for that see. The 
MRBLR defines the maximum number of bytes that the IMP will write to a receive buffer on 
that see before moving to the next buffer. The IMP may write fewer bytes to the buffer than 
MRBLR if a condition such as an error or end of frame occurs, but it will never write more 
bytes than the MRBLR value. Thus, buffers supplied by the user for use by the IMP should 
always be of size MRBLR (or greater) in length. 

The transmit buffers for an see are not affected in any way by the value programmed into 
MRBLR. Transmit buffers may be individually chosen to have varying lengths, as needed. 
The number of bytes to be transmitted is chosen by programming the data length field in the 
TxBD. 

NOTE 

MRBLR was not intended to be changed dynamically while an 
see is operating. However, if it is modified in a single bus cycle 
with one 16-bit move (NOT two 8-bit back-to-back bus cycles), 
then a dynamic change in receive buffer length can be success
fully achieved, which occurs when the ep moves control to the 
next Rx BD in the table. Thus, a change to MRBLR will not have 
an immediate effect. To guarantee the exact Rx BD on which the 
change will occur, the user should change MRBLR only while 
the see receiver is disabled (see 7.5.7 see Parameter RAM 
Memory Map). 

NOTE 

The MRBLR value should be greater than zero in all modes. In 
the HDLe and transparent modes, the MRBLR should have an 
even value. 

7.5.7.3 Receiver Buffer Descriptor Number (RBO#) 

The RBD# for each see channel defines the next BD to which the receiver will move data 
when it is in the IDLE state or defines the current BD during frame processing. The RBD# is 
the BD offset from the see base in the Rx BD table. For Rx BD 0, RBD# = $00; for Rx BD 
1, RBD# = $08, etc. Upon reset, the ep main controller sets this register to zero. The user 
can change this register only after the ENR bit is clear and after the ENTER HUNT MODE 
command has been issued. In most applications, this parameter will never need to be mod
ified by the user. 
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7.5.7.4 Transmit Buffer Descriptor Number (TBD#) 

The TSD# for each see channel defines the next BD from which the transmitter will move 
data when it is in the IDLE state or defines the current SD during frame transmission. The 
TBD# is the BD offset from the see base in the Tx BD table. For Tx SD 0, T8D# = $40; for 
Tx SD 1, TSD# = $48, etc. Upon reset, the ep main controller sets this register to $40. The 
user can change this register only after the STOP TRANSMIT command has been issued. 
In most applications, this parameter will never need to be modified by the user. 

7.5.7.5 Other. General Parameters 

Additional parameters are listed in Table 7-2. These parameters do not need to be accessed 
by the user in normal operation, and are listed only because they may provide helpful infor
mation for experienced users and for debugging. 

The Rx and Tx internal data pointers are updated by the SDMA channels to show the next 
address in the buffer to be accessed. 

The Tx byte count is a down-count value that is initialized with the Tx BD data length and 
decremented with every byte read by the SDMA channels. The Rx byte count is a down
count value that is initialized with the MRBLR value and decremented with every byte written 
by the SDMA channels. 

NOTE 

The Rx byte count, Rx internal data pointer, and RBD# can be 
used to extract data out of a receive buffer before the buffer is 
completely full. However, the use of this technique is not recom
mended unless no other solution to the application requirement 
can be found! The IMP was specifically designed to eliminate the 
need for this technique by allowing a programmable receive 
buffer size for each see, by closing buffers immediately upon 
an error, and b/ closing a receive buffer after a user-program
mable line idle period in the case of UART mode. Having consid
ered these capabilities, a user desiring to extract data from a 
partially full data buffer should note the following cautions: 

1. The Rx byte count and Rx internal data pointer may not be 
valid before the first byte has been written to the buffer or af
ter the last byte has been written to the buffer. 

2. The parameters, Rx byte count, Rx internal data pointer, 
and RBD#, are not updated simultaneously. 

3. The RBD# and the empty bit of the Rx BD are not updated 
sim u Itaneously. 

The Rx internal state, Tx internal state, Rx temp, Tx temp, and reserved areas are for RiSe 
use only. 
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7.5.8 see Initialization 

The SCCs require a number of registers and parameters to be configured after a power-on 
reset. The following is a proper sequence for initializing the SCCs, regardless of the protocol 
used. 

1. If SCC2 or SCC3 is used, write the parallel port A and B control registers (PACNT and 
PBCNT) to configure pins as parallel I/O lines or peripheral functions as needed (see 
6.3 Parallel I/O Ports). 

2. Write SIMODE to configure the serial channels physical interface for the three SCCs 
(Le., NMSI, PCM, GCI, IDL modes). If IDL or GCI is chosen in SIMODE, write SIMASK 
in the serial channels physical interface (see 7.4.5 Serial Interface Registers). 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

Write SCON (see 7.5.2 SCC Configuration Register (SCON». 

Write SCM (SCC Mode) but do not set the ENT or ENR bits yet (see 7.5.4 SCC Mode 
Register (SCM}). 

Write DSR as required if a protocol other than HDLC is used (see specific protocol sec
tion). 

Initialize the required values in the general-purpose parameter RAM (see 7.5.7 SCC 
Parameter RAM Memory Map). 

Initialize the required values in the protocol-specific parameter RAM (see specific pro
tocol section). 

Clear out any current events in SCCE, if desired (see specific protocol section). 

Write SCCM to enable the interrupts in SCCE that should reach the interrupt controller 
(see specific protocol section). 

10. Write IMR in the interrupt controller to enable the SCC interrupt to the interrupt con
troller (see 6.2.5.3 Interrupt Mask Register (IMR». 

11. 1 Set the ENR and/or ENT bits in SCM (see 7.4.3 PCM Highway Mode). 

The buffer descriptors may have their ready/empty bits set at any time. Notice that the com
mand register (CR) does not need to be accessed following power-on reset. An SCC should 
be disabled and re-enabled (see 7.5.11 Disabling the SCCs) after any dynamic change in 
its parallel I/O ports or serial channels physical interface configuration. A full reset using the 
RST bit in the CR is a comprehensive reset that may also be used. 

7.5.9 Interrupt Mechanism 

Interrupt handling for each of the SCC channels is configured on a global per-channel basis 
in the interrupt pending register (IPR), the interrupt mask register (IMR), and the interrupt in
service register (ISR). Within each of these registers, one bit is used to either mask or report 
the presence of a pending or in-service interrupt in an SCC channel. However, an SCC in
terrupt may be caused by a number of events. To allow interrupt handling for SCC-specific 
events, further registers are provided within the SCCs. 

Up to eight events can cause the SCC to interrupt the processor. The events differ in accor
dance with the SCC protocol chosen. The events are handled independently for each chan
nel by the SCC event register (SCCE) and the SCC mask register (SCCM). All unmasked 
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event bits must be cleared in order for the corresponding IPR bit to be cleared. The interrupt 
handler typically reads the event register, and then immediately clears those bits that it will 
deal with during the interrupt handler. 

7.5.9.1 SCC Event Register (SCCE) 

This 8-bit register is used to report events recognized by any of the sees. On recognition 
of an event, the sec will set its corresponding bit in the SCC event register (regardless of 
the corresponding mask bit in the see mask register). The SCC event register is a memory
mapped register that may be read at any time. A bit is cleared by writing a one (writing a 
zero does not affect a bit's value). 

NOTE 

Bit manipulation instructions such as BSET should not be used 
to clear bits in the event register because any bits that were set 
will be written back as ones (thus clearing all pending interrupts) 
as well as the desired bit. More than one bit may be cleared at a 
time. This register is cleared at reset (total system reset, CP re
set, or the M68000 RESET instruction). 

7.5.9.2 SCC Mask Register (SCCM) 
This 8-bit read-write register allows enabling or disabling interrupt generation by the ep for 
specific events in each sec channel. An interrupt will only be generated if the see inter
rupts for this channel are enabled in the IMR in the interrupt controller. 

If a bit in the SCC mask register is zero, the CP will not proceed with its usual interrupt han
dling whenever that event occurs. Any time a bit in the sce mask register is set, a one in 
the corresponding bit in the sec event register will cause the sec event bit in the IPR to be 
set. 

The bit locations in the sce mask register are identical to those in the see event register. 
SCeM is cleared upon reset. 

7.5.9.3 SCC Status Register (SCCs) 

Each SCCS reflects line status for that SCC. It is used primarily in the NMSI physical inter
face mode to read the current status of the CTS pin, the CD pin, and idle status of the RXD 
pin. This 8-bit read-only register may be read at any time. 

The CTS status indication in the SCCS is not valid until after the sce transmitter is enabled 
(ENT bit is set). After this, the CTS indication will only be updated in the SCCS when any 
change in its condition is sampled by a rising edge of TCLK. The eD and ID status indica
tions are not valid until the SCC receiver is enabled (ENR bit is set). After this, the CD and 
ID indications will only be updated in the sces when any change in their condition is sam
pled by a riSing edge of RCLK. 
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NOTE 

Since the RISC controller is involved in the update process, a 
slight delay between the external line condition change and the 
update of the SCCS is induced. 

Beyond what the SCCS provides, in the 80s for each protocol, indications are given as to 
whether the status of these signals has changed during the reception/transmission of a giv
en buffer. Furthermore, in the event registers (SCCE) for each protocol, a maskable interrupt 
bit is provided to allow the detection of any change in signal status. 

NOTE 

After power-on reset, when the SCC is enabled for the first time, 
the SCCE register will show that a change of status occurred, re
gardless of what happens externally. This signifies that the cor
responding SCCS bit is now valid. 

7 2 1 0 

RESERVED ID CD CTS 

Bits 7-3-Reserved for future use. 

ID-Idle Status on the Receiver Line 

This bit is meaningful only if the SCC is programmed to HOLC or UART mode. In HOLC 
mode, this bit is a one after 15 continuous ones are received on the line. This bit will be 
zero after a single zero occurs on the line. If flags, rather than idles, are received between 
frames, the 10 bit will remain zero between frames. 

In UART mode, this bit is a one after one idle character (9 to 13 bits) is received and is a 
zero after a single zero occurs on the line (e.g., a start bit). 

If the 0IAG1-0IAGO bits in the SCM are programmed to normal mode, then the CO signal 
is an enable signal for 10 status. In this case, if CD is not asserted, the 10 bit will always 
be one, regardless of the activity on the line. 

If the OIAG 1-0IAGO bits in the SCM are programmed to software operation mode, then 
the 10 bit will always reflect line activity, regardless of the state of the CD pin. 

The 10 bit is valid in both the multiplexed and nonmultiplexed modes, once the ENR bit is 
set. 

CD-Carrier Detect Status on the Channel Pin 
This bit has the same polarity as the external pin. In the multiplexed modes, it is always 
zero. CD is undefined until ENR is set. 

CTS -Clear-to-Send Status on the Channel Pin. 

This bit has the same polarity as the external pin. In the PCM highway mode, it is always 
zero. In the GCI and 10L mode, if the SCC is connected to the 0 channel, then this bit is 
valid; otherwise, it is always zero. CTS is undefined until the ENT bit is set. 

When the CTS and CD lines are programmed to software control in the SCC mode register, 
these lines do not affect the SCC and can be used for other purposes such as a data set 
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ready (OSR), a data terminal ready (OTR) line, or an interrupt source in the SCCE register 
according to the behavior just described. 

7.5.9.4 Bus Error on SOMA Access 

• When a bus error occurs on an access by the SOMA channel, the CP generates a 
unique interrupt (see 6.2 Interrupt Controller). The interrupt service routine should read 
the bus error channel number from the parameter RAM at BASE + 67C as follows: 

• O-SCC 1 Tx Channel 

• 1-SCC 1 Rx Channel or ORAM Refresh Cycle 

• 2-SCC2 Tx Channel 

• 3-SCC2 Rx Channel 

• 4-SCC3 Tx Channel 

• 5-SCC3 Rx Channel 

Next, the pOinter that caused the bus error can be determ ined by reading the Rx or Tx inter
nal data pointer from the parameter's memory map of the particular SCC. Following this bus 
error, the CP must be reset with a hardware reset or the setting of the RST bit in the com
mand register. 

An SOMA retry cycle is not indicated with any status information or interrupts. 

7.5.10 see Transparent Mode 
The SCC supports several transparent receive and transmit modes, which vary according 
to the protocol being implemented. As used here, transparent means data transparency and 
is not the same as the totally transparent (promiscuous) mode described later in 7.5.16 
Transparent Controller. The transparent modes for each protocol are as follows: 

UART Mode 
If the normal mode is selected (UM1-UMO = 00 in the UART mode register) and the con
trol characters table is empty, then the UART will transfer all received characters to mem
ory except break and idle characters. 

HOLC Mode 

When the HOLC mask register = $0000, the HOLC controller will transfer all received 
frames to the receive buffers, including address, control, data, and CRC. The HOLC con
troller still performs the standard HOLC functions of zero insertion/deletion and flag rec
ognition. 

BISYNC Mode 
The BISYNC mode may be used to transparently receive data that is delimited by SYNCs. 
To do this, the BISYNC control characters table should be empty, and SYNC/OLE strip
ping should be disabled. Thereafter, all data following the SYNCs will be received into the 
receive buffers. 
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There are two possible ways of recognizing SYNCs. Either the EXSYN bit in the BISYNC 
mode register is cleared and a SYNC is defined by the SYN1-SYN2 characters in DSR, or 
the EXSYN bit is set and a SYNC is determined by an external SYNC pulse. 

When the BISYNC control characters table is empty, the SYNC and DLE stripping is dis· 
abled, and the BISYNC controller is in normal nontransparent mode (RTR = 0 in BISYNC 
mode register). In this case, the configuration is as follows: 

• If EXSYN in the BISYNC mode register is cleared, then the BISYNC controller transfers 
all characters that follow the SYN 1-SYN2 sequence to the receive buffers. 

• If EXSYN in the BISYNC mode register is set, then the BISYNC controller transfers all 
characters that follow the external SYNC pulse to the receive buffers. 

NOTE 

The BISYNC controller can reverse the bit order in both modes. 

Totally Transparent (Promiscuous) Mode 

The IMP can both receive and transmit the entire serial bit stream transparently. See 
7.5.16 Transparent Controller for details. 

7.5.11 Disabling the SCCs 

If an SCC transmitter or receiver is not needed for a period of time or a mode change is re· 
quired, then it may be disabled and re·enabled later. In this case, a sequence of operations 
is followed. 

For the SCC transmitter, the sequence is as follows: 

STOP TRANSMIT Command 

Wait for the FIFO to empty 

Clear ENT 

• 
• (The sec transmitter is now disabled) 

• 
RESTART TRANSMIT Command 

Set ENT 

For the SCC receiver, the sequence is as follows: 

7-48 

Clear ENR 

• 
• (The SCC receiver is now disabled) 

• 
ENTER HUNT MODE Command 

Set ENR 
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This sequence assures that any buffers in use will be properly closed and that new data will 
be transferred to/from a new buffer. 

While an see is disabled (and only while an sec is disabled) the SCON and SeM registers 
may be modified. Thus, once disabled, changes such as the SCC protocol, diagnostic mode, 
or baud rate may be made. Such parameters cannot be modified "on-the-fly." The OSR 
should also only be modified while an SCC is disabled, although an exception exists to this 
in the UART mode concerning the transmission of partial stop bits. 

The TBO# and RBO# values in the parameter RAM are not reset by the disabling process; 
thus, the very next BOs will be used when the SCC is re-enabled. A full software reset of the 
entire ep including the three SCCs is accomplished in the command register (CR). To reset 
an sce to its initial state, the RX internal state, the TX internal state, the TBO#, and the 
RBO# can be written to their values after reset. The user can read these values for each 
sce after a reset. 

The see should be disabled and re-enabled if any change is made to the SCC's parallel • 
I/O or serial channels physical interface configuration. The sec does not need to be dis-
abled if only a change to a parameter RAM value is made. See 7.5.7 sec Parameter RAM 
Memory Map for a discussion of when parameter RAM values may be modified. 

To save power, the SCCs may simply be disabled. Clearing the enable transmitter (ENT) bit 
in the sec mode register causes the SCC transmitter to consume the least possible power; 
clearing the ENR bit causes a similar action for the SCC receiver. 

The above statement on saving power is independent of a decision to use the low-power 
modes (see 6.7 System Control). If a low-power mode is desired, the SCC may be disabled 
before entering the low-power mode, or it may be left enabled so that an see interrupt may 
bring the IMP out of the low-power mode. One common use of the low-power mode is to 
disable the transmitter but leave the receiver enabled (Le., in the hunt mode) so that an ar
riving frame destined forthis station will cause an interrupt, waking the IMP from its low-pow
er mode. 

The low-power mode affects the M68000 core, not the SCCs. Since the secs are usually 
clocked at a far lower rate than the M68000 core, significant power savings may still be 
achieved with the secs fully enabled and the M68000 core in the low-power mode. 

7.5.12 UART Controller 

Many applications need a simple method of communicating low-speed data between equip
ment. The universal asynchronous receiver transmitter (UART) protocol is the de-facto stan
dard for such communications. The term asynchronous is used because it is not necessary 
to send clocking information with the data that is sent. UART links are typically 38400 baud 
or less in speed and are character oriented (Le., the smallest unit of data that can be cor
rectly received or transmitted is a Character). Typical applications of asynchronous links are 
connections between terminals and computer equipment. Even in applications where syn
chronous communication is required, the UART is often used for a local debugging port to 
run board debugger software. The character format of the UART protocol is shown in Figure 
7-22. 
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UARTTXD 

7 OR 8 DATA BITS WITH THE 
LEAST SIGNIFICANT BIT FIRST 

I 

Figure 7-22. UART Frame Format 

II OPTIONAL I 

9/16 TO 2 
STOP BITS 

Since the transmitter and receiver work asynchronously, there is no need to connect trans
mit and receive clocks. Instead, the receiver over-samples the incoming data stream by a 
factor of 16 and uses some of these samples to determine the bit value. Traditionally, the 
middle three of the 16 samples are used. Two UARTs can communicate using a system like 
this if parameters such as the parity scheme and character length are the same for both 
transmitter and receiver. 

When data is not transmitted in the UART protocol, a continuous stream of ones is transmit
ted. This is called the idle condition. Since the start bit is always a zero, the receiver can 
detect when real data is once again present on the line. The UART also specifies an ali-ze
ros character, called a break, which is used to abort a character transfer sequence. 

Many different protocols have been defined that use asynchronous characters, but the most 
popular of these is the RS-232 standard. RS-232 specifies standard baud rates, handshak
ing protocols, and mechanical/electrical details. Another popular standard using the same 
character format is RS-485, which defines a balanced line system allowing longer cables 
than RS-232 links. Synchronous protocols like HDLe are sometimes defined to run over 
asynchronous links. Other protocols like PROFI8US (see 8.5 RiSe Microcode from RAM) 
extend the UART protocol to include LAN-oriented features such as token passing. 

All the standards provide handshaking signals, but some systems require just three physical 
lines: transmit data, receive data, and ground. 

Many proprietary standards have been built around the asynchronous character frame, and 
some even implement a multidrop configuration. In multidrop systems, more than two sta
tions may be present on a network, with each station having a specific address. Frames 
composed of many characters may be broadcast, with the first character acting as a desti
nation address. To allow this procedure, the UART frame is extended by one bit to distin
guish between an address character and the normal data characters. 

By appropriately setting the see mode register, any of the see channels may be config
ured to function as a UART. The UART controller provides standard serial I/O using asyn
chronous character-oriented (start-stop) protocols. The UART may be used to communicate 
with other existing UART devices. Also, in conjunction with another see channel, it may be 
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used in either ISDN terminal adaptor or X.2S packet assembly and disassembly (PAD) ap
plications. 

The UART provides a port for serial communication to other microprocessors, terminals, 
etc., either locally or through modems. It includes facilities for communication using stan
dard asynchronous bit rates and protocols. The UART supports a multidrop mode for mas
terlslave operation with wakeup capability on either an idle line or an address bit. 

The UART uses a seven-pin interface in NMSI mode. It transmits data from memory (inter
nal or external) to the TXD line and receives data from the RXD line into memory. The seven 
dedicated serial interface pins are transmit data (TXD), receive data (RXD), receive clock 
(RCLK), transmit clock (TCLK), carrier detect (CD), clear to send (CTS), and request to send 
(RTS). Other modem lines such as data set ready (DSR) and data terminal ready (DTR) can 
be supported through the parallel 1/0 pins. 

The UART consists of separate transmit and receive sections whose operations are asyn- ~ 
chronous with the M68000 core and may be either synchronous or asynchronous with re- ~ 
spect to each other. Each clock can be supplied either from the baud rate generator or from 
the external pins. 

The UART key features are as follows: 

• Flexible Message-Oriented Data Buffers 

• Multidrop Operation 

• Receiver Wakeup on IDLE Line or Address Mode 

• Eight Control Character Comparison Registers 

• Two Address Comparison Registers 

• Four 16-Bit Error Counters 

• Programmable Data Length (7 or 8 Bits) 

• Programmable 1 or 2 Stop Bits with Fractional Stop Bits 

• Even/Odd/Force/No Parity Generation 

• Even/Odd/No Parity Check 

• Frame Error, Noise Error, Break, and IDLE Detection 

• Transmits Preamble and Break Sequences 

• Freeze Transmission Option 

• Maintenance of Four 16-Bit Error Counters 

• Flow Control Character Transmission Supported 
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7.5.12.1 Normal Asynchronous Mode 
In the normal asynchronous mode, the receive shift register receives the incoming data on 
the RXD pin. The length and the format of the serial word in bits are defined by the control 
bits in the UART mode register. The order of reception is as follows: 

Start Bit 
Seven or Eight Data Bits with the Least Significant Bit First 
Address/Data Bit (Optional) 
Parity Bit (Optional) 
Stop Bits 

The receiver samples each bit of the incoming data three times around its center. The value 
of the bit is determined by the majority of those samples. If all the samples do not agree, a 
noise indication counter is incremented. When a complete character has been clocked in, 
the contents of the shift register are transferred to the UART receive data register. If there 
isan error in this character, then the appropriate error bits will be set by the IMP. 

The UART may receive fractional stop bits. The next character's start bit may begin any time 
after the 11 th internal clock of the previous character's first stop bit (the UART uses a 16X 
clock). 

The UART transmit shift register transmits the outgoing data on the TXD pin as shown in 
Figure 7-22. Data is clocked synchronously with the transmit clock, which may have either 
an internal or external source. The order of bit transmission is as stated for reception. 

Only the data portion of the UART frame is actually stored in the data buffers. The start and 
stop bits are always generated and stripped by the UART controller. The parity bit may also 
be generated in the case of transmission, and checked during reception. Although parity is 
not stored in the data buffer, its value may be inferred by the reporting mechanism in the 
data buffer (i.e.,~characters with parity errors are identified). Similarly, the optional address 
bit is not stored in the transmit or receive data buffer, but is implied from the buffer descriptor 
itself. Parity is generated and checked for the address bit, when present. 

7.5.12.2 UART Memory Map 
When configured to operate in UART mode, the IMP overlays the structure (see Table 7-6) 
onto the protocol-specific area of that SCC's parameter RAM. Refer to 5.2 System Config
uration Registers for the placement of the three SCC parameter RAM areas and to Table 7-
5 for the other parameter RAM values. 

7-52 MC68356 USER'S MANUAL MOTOROLA 



Communications Processor (CP) 

Table 7-7. UART Specific Parameter RAM 

Address Name Width Description 

SCC Base + 9C # MAX_IDL Word Maximum IDLE Characters (Receive) 
SCC Base + 9E IDLC Word Temporary Receive IDLE Counter 
SCC Base + AO # BRKCR Word Break Count Register (Transmit) 

SCC Base + A2 # PAREC Word Receive Parity Error Counter 
SCC Base + A4 # FRMEC Word Receive Framing Error Counter 
SCC Base + A6 # NOSEC Word Receive Noise Counter 
SCC Base + A8 # BRKEC Word Receive Break Condition Counter 

SCC Base + AA # UADDR1 Word UART ADDRESS Character 1 
SCC Base + AC··# UADDR2 Word UART ADDRESS Character 2 

SCC Base + AE RCCR Word Receive Control Character Register 
SCC Base + BO # CHARACTER1 Word CONTROL Character 1 
SCC Base + B2 # CHARACTER2 Word CONTROL Character 2 
SCC Base + B4 # CHARACTER3 Word CONTROL Character 3 
SCC Base + B6 # CHARACTER4 Word CONTROL Character 4 
SCC Base + B8 # CHARACTER5 Word CONTROL Character 5 
SCC Base + BA # CHARACTER6 Word CONTROL Character 6 
SCC Base + BC # CHARACTER7 Word CONTROL Character 7 
SCC Base + BE # CHARACTER8 Word CONTROL Character 8 

.. . 
# Initialized by the user (M68000 core) . 

MAX_IDL 

The UART controller watches the receive line, regardless of whether or not actual da~a is 
being received. If the line is idle, the UART controller counts how many idle characters 
have been received. An idle character is defined as 9 to 13 consecutive ones. For a given 
application, the number of bits in the idle character is calculated as follows: 

-1 + data length (either 7 or 8) + (1 if address bit used) + (1 if parity bit used) 
+ number of stop bits (either 1 or 2) 

MAX_IDL is programmed with a value from 1 (MAX_IDL = 1) to 65536 (MAX_IDL = 0).: 

Once a character of data is received on the line, the UART controller begins counting any 
idle characters received. If a MAX_IDL number of idle characters is received before the next 
data character is received, an idle timeout occurs, and the buffer is closed. This, in turn, can 
produce an interrupt request to the M68000 core to receive the data from the buffer. 
MAX_IDL then provides a convenient way to demarcate frames in the UART mode (see also 
7.5.12.10 UART Error-Handling Procedure. 

IDLe 

NOTE 

Program MAX_IDL to $0001 for the minimum timeout value; pro
gram MAX_IDL to $0000 for the maximum timeout value. 

This value is used by the RiSe to store the current idle counter value in the MAX_IDL tim
eout process. IDLe is a down counter. It does not need to be initialized or accessed by 
the user. 
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BRKCR 

The UART controller will send a break character sequence whenever a STOP TRANSMIT 
command is given. The number of break characters sent by the UART controller is deter
mined by the value in BRKCR. The length of one break character is 9 to 13 zeros depend
ing on the configuration. The same equation applies for BRKCR as that used for 
MAX_IOL. See 7.5.12.7 Send Break for more details.BRKCR is programmed with a value 
from a (BRKCR = 0) to 65535 (BRKCR = 65535). 

PAREC,FRMEC, NOSEC,BRKEC 

These counters are initialized by the user. When the associated condition occurs, they will 
be incremented by the RISC controller. See 7.5.12.10 UART Error-Handling Procedure 
for more details. 

UAOOR 1, UAOOR2 

In the multidrop mode, the UART controller can provide automatic address recognition of 
two addresses. In this case, the lower order byte of UAOOR1 and UAODR2 are pro
grammed by the user with the two desired addresses. See 7.5.12.5 UART Address Rec
ognition for more details. 

RCCR,CHARACTER 

The UART controller can automatically recognize special characters and generate inter
rupts. It also allows a convenient method for inserting flow control characters into the 
transmit stream. See 7.5.12.6 UART Control Characters and Flow Control for more de
tails. 

If neither of these capabilities are desired, initialize CHARACTER1 to $8000 and 
CHARACTER8 to $0000 to disable both functions. 

7.5.12.3 UART Programming Model 

An SCC configured as a UART uses the same data structure as the other protocols. The 
UART data structure supports multibuffer operation. The UART may also be programmed 
to perform address comparison whereby messages not destined for a given programmable 
address are discarded. Also, the user can program the UART to accept or reject control 
characters. If a control character is rejected, an interrupt may be generated. The UART en
ables the user to transmit break and preamble sequences. Overrun, parity, noise, and fram
ing errors are reported using the buffer descriptor (BO) table and/or error counters. An 
indication of the status of the line (idle) is reported through the status register, and a 
maskable interrupt is generated upon a status change .. 

In its simplest form, the UART can function in a character-oriented environment. Each char
acter is transmitted with accompanying stop bits and parity (as configured by the user) and 
is received into separate one-byte buffers. Reception of each buffer may generate a 
maskable interrupt. 

Many applications may want to take advantage of the message-oriented capabilities sup
ported by the UART using linked buffers to receive or transmit data. In this case, data is han
dled in a message-oriented environment; users can work on entire messages rather than 
operating on a character-by-character basis. A message may span several linked buffers. 
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For example, rather than being interrupted after the reception of each character, a terminal 
driver may want to wait until an end-of-line character has been typed by a user before han
dling the input data. 

As another example, when transmitting ASCII files, the data may be transferred as messag
es ending on the end-of-line character. Each message could be both transmitted and re
ceived as a circular list of buffers without any intervention from the M68000 core. This 
technique achieves both ease in programming and significant savings in processor over
head. 

On the receive side, the user may define up to eight control characters. Each control char
acter may be configured to designate the end of a message (such as end of line) or to gen
erate a maskable interrupt without being stored in the data buffer. This latter option is useful 
when flow-control characters such as XON or XOFF need to alert the M68000 core, yet do 
not belong to the message being received. Flow-control characters may also be transmitted 
at anytime. 

In the message-oriented environment, the data stream is divided into buffers. However, the 
physical format of each character (stop bits, parity, etc.) is not altered. 

7.5.12.4 UART Command Set 

These commands are issued to the command register described in 7.3 Command Set. 

STOP TRANSMIT Command 

After a hardware or software reset and the enabling of the channel by writing the see 
mode register, the channel is in the transmit enable mode and starts polling the first BO 
in the table approximately every eight transmit clocks. 

The channel STOP TRANSMIT command disables the transmission of characters on the 
transmit channel. If this command is received by the UART controller during message 
transmission, transmission of that message is aborted. The UART completes transmis
sion of any data already transferred to the UART FIFO (up to three characters) and then 
stops tran&m itting data. The TBO# is not advanced. 

The UART transmitter will transmit a programmable number of break sequences and then 
start to transmit idles. The number of break sequences (which may be zero) should be 
written to the break count register (BRKCR) before this command is given to the UART 
controller. 

The STOP TRANSMIT command must be issued before the SCC mode register is used 
to disable the transmitter if the transmitter will be reenabled at a later time. 

RESTART TRANSMIT Command 

The channel RESTART TRANSMIT command re-enables the transmission of characters 
on the transmit channel. This command is expected by the UART in three situations: after 
issuing a STOP TRANSMIT command, after issuing a STOP TRANSMIT and then dis
abling the channel using the SCC mode register, or after transmitter errors (CTS lost). The 
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UART controller will resume transmission from the current transmitter BD number (TBD#) 
in the channel's Tx BD table. 
If the transmitter is being re-enabled, the RESTART TRANSMIT command must be used 
and should be followed by the enabling of the transmitter in the sec mode register. 

ENTER HUNT MODE Command 

After a hardware or software reset and the enabling of the channel by its sec mode reg
ister, the channel is in the receive enable mode and will use the first BD in the table. 

The ENTER HUNT MODE command is used to force the UART controller to abort recep
tion of the current message (the receive character FIFO is not affected), generate an RX 
interrupt (if enabled) as the buffer is closed, and enter the hunt mode. The UART control
ler will resume reception using the nextBD once an address character or a single idle 
character is received. In multidrop hunt mode, the UART controller continually scans the 
input data stream for the address character. While not in multidrop mode, the UART con
troller will wait for a single IDLE character. In the UART mode, none of the data received 
in the FIFO is lost when ENTER HUNT MODE command is issued; however, this com
mand does reset the receive FIFO in other protocols, e.g., HDLC. 

i 
If an enabled receiver has been disabled by clearing ENR in the sec mode register, the 
ENTER HUNT MODE command must be given to the channel before setting ENR again. 
Reception will then begin with the next BD . 

. 7.5.12.5 UART Address Recognition 
In multidrop systems, more than two stations may be present on a network, with each having 
a specific address. Figure 7-23 shows two examples of such a configuration. Frames com
prised of many characters may be broadcast, with the first character acting as a destination 
address. To achieve this, the UART frame is extended by one bit, called the address bit, to 
distinguish between an address character and the normal data characters. The UART can 
be configured to operate in a multidrop environment in which two modes are supported: 

Automatic Multidrop Mode-The IMP automatically checks the incom ing address charac
ter and accepts the data following it qnly if the address matches one of two a-bit preset 
values. In this mode, UM1-UMO = 11 in the UART mode register. 

Nonautomatic Multidrop Mode-The IMP receives all characters. An address character is 
always written to a new buffer (it may be followed by data characters in the same buffer). 
In this mode, UM1-UMO = 01 in the UART mode register. 

Each UART controller has two a-bit address registers (UADDR1 and UADDR2) for address 
recognition. In the automatic mode, the incoming address is checked against the lower order 
byte of the UART address registers. Upon an address match, the address match (M) bit in 
the BD is set/cleared to indicate which address character was matched. The data following 
it is written to the same data buffer. 

7-56 

NOTE 

For 7-bit characters, the eighth bit (bit 7) in UADDR 1 and 
UADDR2 should be zero. 
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UADDR1 

UADDR2 

TWO a-BIT ADDRESSES 
CAN BE AUTOMATICALLY 
RECOGNIZED IN EITHER 
CONFIGURATION. 

R 

r--~_SCO_N _RE_GI_ST_ER_---. WIRED-DR MODE SELECT 

I I I ALLOWS MULTIPLE 
1..._.1...1. _____ ----1 TRANSMIT PINS TO BE 
WOMS DIRECTLY CONNECTED. 

Figure 7-23. Two Configurations of UART Multidrop Operation 

7.5.12.6 UART Control Characters and Flow Control 
The UART has the capability to recognize special control characters. These characters may 
be used when the UART functions in a message-oriented environment. Up to eight control 
characters may be defined by the user in the control characters table. Each of these char
acters may be either stored (written to the receive buffer, after which the current buffer is 
closed and a new receive buffer taken) or rejected. If rejected, the character is written to the 
received control character register (RCCR) in internal RAM, and a maskable interrupt is gen
erated. This method is useful for notifying the user of the arrival of control characters (e.g., 
XOFF) that are not part of the received messages. 

The UART uses a table of 16-bit entries to support control-character recognition. Each entry 
consists of the control character, an end-of-table bit, and a reject character bit. The control 
characters table is shown in Figure 7-24. 

NOTE 

To disable all functions of the control characters and flow control 
table, initialize CHARACTER1 to $8000 and CHARACTER8 to 
$0000. 

RCCR-Received Control Character Register 

Upon a control character match for which the reject bit is set, the UART will write the con
trol character into the RCCR and generate a maskable interrupt. The M68000 core must 
process the interrupt and read the RCCR before a second control character arrives. Fail
ure to do so will result in the UART overwriting the first control character. 
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OFFSET +0 

OFFSET +2 

OFFSET +4 

OFFSET +6 

15 14 13 12 11 10 

E R 

E R 

E R 

I OFFSET + 10 I E I R I REA I I CT I 0 

RCCR 

CHARACTER 1 

CHARACTER2 

CHARACTER3 

• 
• 
• 

o I A I CHARACTER8 

Figure 7-24. UART Control Characters Table 

CHARACTER7-CHARACTER1-Control Character Value 

o 

These fields define control characters that should be compared to the incoming character. 
For 7-bit characters, the eighth bit (bit 7) should be zero. 

E-End of Table 

0= This entry is valid. The lower eight bits will be checked against the incoming char
acter. 

1 = The entry is not valid. No valid entries lie beyond this entry. 

NOTE 

In tables with eight receive control characters, E is always zero. 

R-Reject Character 
o = The character is not rejected but is written into the receive buffer. The buffer is then 

closed, and a new receive buffer is used if there is more data in the message. A 
maskable interrupt is generated in the RX bit of the UART event register. 

1 = If this character is recognized, it will not be written to the receive buffer. Instead, it 
is written to the RCCR, and a maskableinterrupt is generated in the CCR bit in the 
UART event register. The current buffer is not closed when a control character is 
received with R set. 

Transmission of out-of-sequence characters is also supported and is normally used for the 
transmission of flow control characters such as XON or XOFF. This is performed using the 
last (eighth) entry in the UART control characters table. The UART will poll this character 
whenever the transmitter is enabled for UART operation: during freeze, during buffer trans
mission, and when no buffer is ready for transmission. The character is transmitted at a high
er priority than the other characters in the transmit buffer (if any), but does not pre-empt 
characters already in the transmit FIFO. 

CHARACTER8-Control Character Value 

The eighth entry in the UART control characters table is defined as follows: 
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E-Empty 

Must be one to use this entry as a flow control transmission character. To use this entry 
instead as a receive control characters entry, this E bit (and all other E bits in the table) 
should be zero. 

R-Reject 

Must be zero to use this entry as a flow control transm iss ion character. For a receive con
trol characters entry, it maintains its functionality as previously defined. 

REA-Ready 

This bit is set by the M68000 core when the character is ready for transmission and will 
remain one while the character is being transmitted. The CP clears this bit after transmis
sion. 

I-Interrupt ~ 

If set, the M68000 core will be interrupted when this character has been transmitted. (The ~ 
TX bit will be set in the UART event register.) 

CT -Clear-to-Send Lost 

This status bit indicates that the CTS signal was negated during transmission of this char
acter. If this occurs, the CTS bit in the UART event register will also be set. 

A-Address 

NOTE 

If the CTS signal was negated during transmission, and the CP 
transmits this character in the middle of buffer transmission, the 
CTS signal could actually have been negated either during this 
character1s transmission (Le., CHARACTER8) or during a buffer 
character1s transmission. In this case, the CP sets the CT bit 
both here and in the Tx BD status word. 

When working in a multidrop configuration, the user should include the address bit in this 
position. 

CHARACTER8-Flow Control Character Value 

Any 7- or 8-bit character value may be transmitted. This value may be modified only while 
the REA bit is cleared. A 7-bit character should comprise bits 6-0. 

7.5.12.7 Send Break 
A break is an all-zeros character without stop bits-i.e., 9 to 13 continuous zeros. A break 
is sent by issuing the STOP TRANSMIT command. The UART completes transmission of 
any outstanding data in the FIFO and then sends 9 to 13 zeros (depending on the UM1-
UMO, SL, PEN, and CL bits in the UART mode register). The UART transmits a program
mable number of break characters (0 through 65535) according to the value of the break 
count register (BRKCR), and then reverts to idle or sends data if the RESTART TRANSMIT 
command was given before completion. Upon transmission of the entire set of break char-
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acters, the transmitter sends at least one high bit before transmitting any data to guarantee 
recognition of a valid start bit. 

7.5.12.8 Send Preamble (IDLE) 

A preamble sequence gives the programmer a convenient way of ensuring that the line goes 
idle before starting a new message. The preamble sequence length is 9 to 13 consecutive 
ones (depending on the UM1-UMO, SL, PEN, and CL bits in the UART mode register). If the 
preamble bit in a BD is set, the SCC will send a preamble sequence before transmitting that 
data buffer. 

7.5.12.9 Wakeup Timer 

By issuing the ENTER HUNT MODE command, the user can temporarily disable the UART 
receiver. It will remain inactive until an idle or address character is recognized (depending 
on the setting of UM1-UMO) . 

If the UART is still in the process of receiving a message that the user has already decided 
to discard, the message may be aborted by issuing the ENTER HUNT MODE command. 
The UART receiver will be re-enabled when the message is finished by detecting one idle 
character of 9 to 13 consecutive ones (if UM1-UMO = 00) or by the address bit of the next 
message (if UMO = 1). 

When the receiver is in sleep mode and a break sequence is received, the receiver will in
crement the BRKEC counter and generate the BRK interrupt (if enabled). 

7.5.12.10 UART Error-Handling Procedure 

The UART controller reports character reception and transmission error conditions through 
the channel BDs, the error counters, and the UART event register (SCCE). The modem in
terface lines can also be monitored directly by the SCC status register. 

Transm iss ion Error 

Clear to Send Lost During Character Transmission. When this error occurs and the chan
nel is not programmed to control this line with software, the channel terminates buffer 
transmission, closes the buffer, sets the CTS lost (CT) bit in the BD, and generates the 
TX interrupt (if enabled). The channel will resume transmission after the reception of the 
RESTART TRANSMIT command. 

Reception Errors 

1. Overrun Error. The UART controller maintains an internal three-byte FIFO for receiv
ing data. The CP begins programming the SOMA channel (if the data buffer is in ex
ternal memory) when the first byte is received into the FIFO. When a receiver FIFO 
overrun occurs, the channel writes the received character into the internal FIFO over 
the previously received character (the previous character and its status bits are lost). 
Then the channel writes the received character to the buffer, closes the buffer, sets 
overrun (OV) in the BD, and generates the RX interrupt (if enabled). In automatic mul
tidrop mode, the receiver enters hunt mode immediately. 

2. Carrier Detect Lost During Character Reception. When this error occurs and the chan
nel is not programmed to control this line with software, the channel terminates char-
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acter reception, closes the buffer, sets the carrier detect lost (CD) bit in the BD, and 
generates the RX interrupt (if enabled). This error's priority is the highest; the last char
acter in the buffer is lost and other errors are not checked. In automatic multidrop 
mode, the receiver enters hunt mode immediately. 

3. Framing Error. Framing error is reported by the UART controller when no stop bit is 
detected in a received data string. When this error occurs, the channel writes the re
ceived character to the buffer, closes the buffer, sets framing error (FR) in the BD, and 
generates the RX interrupt (if enabled). The channel also increments the framing error 
counter (FRMEC). When this error occurs, parity is not checked for this character. In 
automatic multidrop mode, the receiver enters hunt mode immediately. 

4. Parity Error. When the parity error occurs, the channel writes the received character 
to the buffer, closes the buffer, sets parity error (PR) in the BD, and generates the RX 
interrupt (if enabled). The channel also increments the parity error counter (PAREC). 
In automatic multidrop mode, the receiver enters hunt mode immediately. 

5. Noise Error. Noise error is detected by the UART controller when the three samples ~ 
taken on every bit are not identical. When this error occurs, the channel writes the re- ~ 
ceived character to the buffer and proceeds normally but increments the noise error 
counter (NOSEC). 

6. IDLE Sequence. Receive IDLE (preamble) is detected by the UART controller when a 
character with 9 to 13 consecutive ones (depending on the UM1-UMO, SL, PEN, and 
CL bits in the UART mode register) is received. When an IDLE sequence is received, 
the channel starts to count the number of IDLE sequences received. If it reaches the 
MAX_IDL value, the buffer is closed and an RX interrupt is generated (if enabled). The 
counter is reset every time a character is received. 

7. BREAK Sequence. A BREAK sequence is detected by the UART receiver when a 
character with zero value and framing error is received. When a BREAK sequence is 
received, the channel will increment the BRKEC counter, close the buffer, set the BR 
bit (if a buffer was currently open), and generate a BRK interrupt (if enabled). Also, if 
the channel was in the middle of buffer processing, the buffer is closed and an RX is 
generated (if enabled). A long break sequence only increments the counter once. 

Error Counters 

The UART maintains four 16-bit (modulo-2**16) error counters for the receive portion of 
each UART controller. They can be initialized by the user when the channel is disabled. 
The counters are as follows: 

-PAREC-Parity Error Counter 
-FRMEC-Framing Error Counter 
-NOSEC-Noise Error Counter 
-BRKEC-BREAK Error Counter 

7.5.12.11 Fractional Stop Bits 
The UART transmitter can be programmed to transmit fractional stop bits. Three bits in the 
SCC data synchronization register (DSR) are used to program the length of the last stop bit 
transmitted. These DSR bits may be modified at any time. If two stop bits are transmitted, 

MOTOROLA MC68356 USER'S MANUAL 7-61 



Communications Processor (CP) 

only the second one is affected. Idle characters are always transmitted as full-length char
acters. In UART mode, bits 14-12 in the DSR are now decoded as follows: 

14-12 of DSR 

111 Last Transmit Stop Bit 

110 Last Transmit Stop Bit 

16/16 (the default value after reset) 

15/16 

001 Last Transmit Stop Bit 

000 Last Transmit Stop Bit 

10/16 

9/16 

The setting of the DSR in combination with the setting of the eL bit in the UART mode reg
ister causes the number of stop bits transmitted to be either 9/16 to 1 or 1-9/16 to 2 stop bits. 

The UART receiver can always receive fractional stop bits. The next character's start bit may 
begin anytime after the 11 th internal clock of the previous character's first stop bit (the UART 
uses a 16x clock). 

7.5.12.12 UART Mode Register 

Each see mode register is a 16-bit, memory- mapped, read-write register that controls the 
see operation. The term UART mode register refers to the protocol-specific bits (15-6) of 
the see mode register when that see is configured as a UART. The read-write UART 
mode register is cleared by reset. 

15 14 13 12 11 10 9 8 6 

I TPM1 I TPMO I RPM I PEN I UM1 I UMO I FRZ CL I RTSM I SL COMMON see MODE BITS 

TPM 1-TPMO-Transmitter Parity Mode 

TMP1-TMPO select the type of parity to be performed. 

00 = Odd parity; always send an odd number of ones. 
01 = Force low parity; always send a zero in the parity bit position. 
10 = Even parity; always send an even number of ones. 
11 = Force high parity; always send a one in the parity bit position. 

RPM-Receiver Parity Mode 

o = Odd parity 
1 = Even parity 

When odd parity is selected, the receiver will count the number of ones in the data word. If 
the total number of ones is not an odd number, the parity bit is set to one to produce an odd 
number of ones. If the receiver counts an even number of ones, an error in transmission has 
occurred. Similarly, for even parity, an even number of ones must result from the calculation 
performed at both ends of the line. 
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PEN-Parity Enable 

0= No parity 
1 = Parity is enabled for the transmitter and receiver as determined by the parity mode 

bits. 

UM1-UMo-UART Mode 1-0 

00 = Normal UART operation. Multidrop mode is disabled for point-to-point operation 
and an idle-line wakeup is selected. In the idle-line wakeup mode, the UART re
ceiver is re-enabled by an idle string of 9 to 13 consecutive ones (depending on 
character length and parity mode). 

01 = In the multidrop mode, an additional address/data bit is transmitted with each 
character. The multidrop asynchronous modes are compatible with the Motorola 
MC68681 DUART, the Motorola MC68HC11 SCI interface, and the Motorola 
DSP56000 SCI interface. UMO is also used to select the wakeup mode before en-
abling the receiver or issuing the ENTER HUNT MODE command. ~ 
Multidrop mode is enabled and an address bit wakeup is selected. In the address ..
bit wakeup mode, the UART receiver is re-enabled when the last data bit (the 8th 
or 9th) in a character is one. This configuration means that the received character 
is an address, which should be processed by all inactive processors. The IMP re-
ceives the address character and writes it to a new buffer. No address recognition 
is performed. 

10 = Reserved 
11 = Multidrop mode is enabled as in the 01 case, and the IMP automatically checks 

the address of the incoming address character and either accepts or discards the 
data following the address. 

FRZ-Freeze Transmission 
This bit allows the user to halt the UART transmitter and to continue transmission from the 
next character in the buffer at a later time. 

0= Normal operation (or resume transmission after FRZ is set). 
1 = The UART completes transmission of any data already transferred to the UART 

FIFO (up to three characters) and then stops transmitting data. The UART contin
ues to receive normally. 

CL-Character Length 

0= 7-bit character length. On receive, bit 7 in memory is written as zero. On transmit, 
bit 7 in memory is a don It care. 

1 = 8-bit character length 

RTSM-RTS Mode 

o = RTS is asserted whenever the transm itter is enabled and there are characters to 
transmit. RTS is negated after the last stop bit of a transmitted character when both 
the shift register and the transmit FIFO are empty. RTS is also negated at the end 
of a buffer to guarantee accurate reporting of the CTS bit in the BD. 

1 = RTS is asserted whenever the transmitter is enabled (the ENT bit is set). 
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SL-Stop Length 

This bit selects the number of the stop bits transmitted by the UART. The receiver is al
ways enabled for one stop bit. Fractional stop bits are configured in the DSR (see 
7.5.12.11 Fractional Stop Bits). 

o = One stop bit 
1 = Two stop bits 

COMMON SCC MODE BITS-see 7.5.4 SCC Mode Register (SCM) for a description of the 
DIAG1, DIAGO, ENR, ENT, MODE1, and MODEO bits. 

7.5.12.13 UART Receive Buffer Descriptor (Rx BD) 

The CP reports information about each buffer of received data by its BDs. The Rx BD is 
shown in Figure 7-25. The CP closes the current buffer, generates a maskable interrupt, and 
starts to receive data in the next buffer due to any of the following events: 

1. Reception of a user-defined control character (when reject (R) bit = 0) 

2. Detection of an error during message processing 

3. Detection of a full receive buffer 

4. Reception of a programmable number of consecutive IDLE characters 

5. Reception of an address character when working in multidrop mode 

15 14 13 12 11 10 7 5 2 

OFFSET +0 
OFFSET +2 
OFFSET +4 

E I x I W I 1 I C I A I M I ID I - I - I BR I FR I PR I - I ov I CD 

OFFSET +6 

DATA LENGTH 

RX BUFFER POINTER (24-bits used, upper 8 bits must be 0) 

Figure 7-25. UART Receive Buffer Descriptor 

NOTE 

In the nonautomatic multidrop mode (UM1-UMO = 01), the ad
dress character will be written into the next buffer for comparison 
by the user software. 

An example of the UART receive process is shown in Figure 7-26. This figure shows the re
sulting state of the Rx BDs after receipt of 10 characters, an idle period, and five charac
ters-one with a framing error. The example assumes that MRBLR = 8 in the SCC 
parameter RAM. 
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Figure 7-26. UART Rx BO Example 

The first word of the Rx BD contains the control and status bits. 
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E-Empty 

o = The data buffer associated with this BD has been filled with received data, or data 
reception has been aborted due to an error condition. The M68000 core is free to 
examine or write to any fields of the BD. 

1 = The data buffer associated with the BD is empty. This bit is used to signify that the 
BD and its associated buffer are available to the CPo After it sets this bit, the 
M68000 core should not write to any fields of this BD when this bit is set. Note that 
the empty bit will remain set while the CP is currently filling the buffer with received 
data. 

X-,-External Buffer 

o = The buffer associated with this BD is in internal dual-port RAM. 
1 = The buffer associated with this BD is in external memory. 

W-Wrap (Final BD in Table) 

0= This is not the I.ast BD in the Rx BD table. 
1 = This is the last BD in the Rx BD table. After this buffer has been used, the CP will 

receive incom ing data into the first BD in the table, allowing the user to use fewer 
than eight BDs to conserve internal RAM. 

NOTE 

The user is required to set the wrap bit in one of the first eight 
BDs; otherwise, errant behavior may occur. 

I-Interrupt 

0= No interrupt is generated after this buffer has been filled. 
1 = The RX bit in the UART event register will be set when this buffer has been com

pletely filled by the CP, indicating the need for the M68000 core to process the buff
er. The RX bit can cause an interrupt. 

The following bits contain status information written by the CP after it has finished receiving 
data in the associated data buffer. 

C-Control Character 

0= This buffer does not contain a control character. 
1 = This buffer contains a user-defined control character in the last byte location. 

A-Address 

7-66 

0= The buffer contains data only. 
1 = When working in nonautomatic multidrop mode (UM1-UMO = 01), this bit indicates 

that the first byte of this buffer contains an address byte. The address comparison 
should be implemented in software. In automatic multidrop mode, this bit indicates 
that the BD contains a message received immediately following an address recog
nized in UADDR1 or UADDR2. This address is not written into the receive buffer. 
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M-Address Match 

This bit is meaningful only if the A bit (bit 10) is set and UM1-UMO = 11 in the UART mode 
register. Following an address match, this bit defines which address character matched 
the user-defined address character, enabling the UART to receive the data. 

o = The address-matched user-defined UADDR2 
1 = The address-matched user-defined UADDR1 

ID-Buffer Closed on Reception of Idles 

The buffer was closed due to the reception of the programmable number of consecutive 
IDLE sequences (defined in MAX_IDL). 

Bits 7-6, 2-Reserved for future use. 

BR-Break Received 

A break sequence was received while receiving data into this buffer. 

FR-Framing Error 

A character with a framing error was received and is located in the last byte of this buffer. 
A fram ing error is detected by the UART controller when no stop bit is detected in the re
ceive data string. 

PR-Parity Error 

A character with a parity error was received and is located in the last byte of this buffer. 

OV-Overrun 

A receiver overrun occurred during message reception. 

CD-Carrier Detect Lost 

The carrier detect signal was negated during message reception. 

Data Length 

Data length contains the number of octets written by the CP into this BD's data buffer. It 
is written by the CP once as the BD is closed. 

NOTE 

The actual amount of memory allocated for this buffer should be 
greater than or equal to the contents of maximum receive buffer 
length register (MRBLR). 

Rx Buffer Pointer 

The receive buffer pointer, which always points to the first location of the associated data 
buffer, may be even or odd. The buffer may reside in either internal or external memory. 

MOTOROLA 

NOTE 

For correct operation of the function codes, the upper 8 bits of 
the pointer must be initialized to zero. 
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7.5.12.14 UART Transmit Buffer Descriptor (Tx BD) 

Data is presented to the CP for transmission on an SCC channel by arranging it in buffers 
referenced by the channel's Tx BD table. The CP confirms transmission (or indicates error 
conditions) through the BDs to inform the M68000 core that the buffers have been serviced. 
The Tx BO shown in Figure 7-27. 

15 14 13 12 11 10 3 

OFFSET +0 
OFFSET +2 

R 1 x 1 w 1 I 1 CR 1 A 1 P 1 - I - I -1-1 -I -1-1 - I CT 
DATA LENGTH 

OFFSET +4 
OFFSET +6 

TX BUFFER POINTER (24-bits used, upper 8 bits must be 0) 

Figure 7-27. UART Transmit Buffer Descriptor 

The first word of the Tx BO contains status and control bits. The following bits are prepared 
by the user before transmission and set by the CP after the buffer has been transmitted. 

R-Ready 

0= This buffer is not currently ready for transmission. The user is free to manipulate 
the BO (or its associated buffer). The CP clears this bit after the buffer has been 
transmitted or after an error condition has been encountered. 

1 = The data buffer, which has been prepared for transmission by the user, has not 
been transmitted or is currently transmitting. No fields of this BO may be written by 
the user once this bit is set. 

X-External Buffer 

o = The buffer associated with this BD is in internal dual-port RAM. 
1 = The buffer associated with this BO is in external memory. 

W-Wrap (Final BO in Table) 

o = This is not the last BO in the Tx BO table. 
1 = This is the last BO in the Tx BO table. After this buffer has been used, the CP will 

transmit data from the first BO in the table. 

NOTE 

The user is required to set the wrap bit in one of the first eight 
BOs; otherwise, errant behavior may occur. 

I-Interrupt 

7-68 

o = No interrupt is generated after this buffer has been serviced. 
1 = The TX bit in the UART event register will be set when this buffer has been serviced 

by the CP, which can cause an interrupt. 
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Bits 8-1-Reserved for future use. 

CR-Clear-to-Send Report 

This bit allows a choice of no delay between buffers transmitted in UART mode, versus a 
more accurate CTS lost error reporting and two bits of idle between buffers. 

0= The buffer following this buffer will be transmitted with no delay (assuming it is 
ready), but the CT bit may not be set in the correct Tx BD, or may not be set at all 
in a CTS lost condition. The user is advised to monitor the CTS bit in the UART 
event register for an indication of CTS lost, in addition to the CT bits in the Tx BDs. 
The CTS bit will always be set properly. 

1 = Normal CTS lost (CT bit) error reporting, and two bits of idle occur between back-
to-back buffers. 

If the DIAG1-DIAGO bits in the SCM are set to software operation (rather than normal op
eration), then this bit only affects the delay between buffers, not the CTS reporting, and 
would normally be set to zero. 

A-Address 
This bit is valid only in multidrop mode (UMO = 1). 
o = This buffer contains data only. 
1 = Set by the M68000 core, this bit indicates that this buffer contains address charac

ter(s). All the buffer's data will be transmitted as address characters. 

P-Preamble 

o = No preamble sequence is sent. 
1 = The UART sends one preamble sequence (9 to 13 ones) before sending the data. 

The following bits are written by the CP after it has finished transmitting the associated data 
buffer. 

CT-CTS Lost 

o = The CTS signal remained active during transmission. 
1 = The CTS Signal was negated during transmission. 

Data Length 

The data length is the number of octets that the CP should transmit from this BD's data 
buffer. It is never modified by the CPo This value should be normally greater than zero. 
The data length may be equal to zero with the P bit set, and only a preamble will be sent. 

Tx Buffer Pointer 

The transmit buffer pointer, which always points to the first location of the associated data 
buffer, may be even or odd. The buffer may reside in either internal or external memory. 

MOTOROLA 

NOTE 

For correct operation of the function codes, the upper 8 bits of 
the pointer must be initialized to zero. 
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7.5.12.15 UART Event Register 

The SCC event register (SCCE) is called the UART event register when the SCC is operat
ing as a UART. It is an 8-bit register used to report events recognized by the UART channel 
and generate interrupts. On recognition of an event, the UART controller will set the corre
sponding bit in the UART event register. Interrupts generated by this register may be 
masked in the UART mask register. 

The UART event register is a memory-mapped register that may be read at any time. A bit 
is cleared by writing a one (writing a zero does not affect a bit's value). More than one bit 
may be cleared at a time. All unmasked bits must be cleared before the CP will clear the 
internal interrupt request. This register is cleared at reset. 

An example of the timing of various events in the UART event register is shown in Figure 7-
28. 

CHARACTERS 
RECEIVED BY UART 

TIME~ 

RXD LINE IDLE 

CD 

UARTSCCE 
EVENTS 

NOTES: 

CD 

10 CHARACTERS 

IDL RX 

1. The first RX event assumes receive buffers are six bytes each. 

CCR IDL 

2. The second IDL event occurs after 9 to 13 ones receiveq in a row. 
3. The second RX event position is programmable based on the max_IDL value. 
4. The BRK event occurs after the first break character is received. 

LEGEND: 

_ Is a receive control character defined not to be stored in the receive buffer. 

CHARACTERS 
7 CHARACTERS TRANSMITIED BY UART 

I( .. 
TXD LINE IDLE I I I 

t 
RTS 

CTS I 
UART SCCE t 

EVENTS CTS TX 

NOTE: TX event assumes all seven characters were put into a single buffer. 

LINE IDLE 

RX 

LINE IDLE 

I 

t 
CTS 

Figure 7-28. UART Interrupt Events Example 
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7 5 4 2 1 0 

CTS CD IDL BRK CCR BSY TX RX 

CTS-Clear-To-end Status Changed 

A change in the status of the CTS line was detected on the UART channel. The SCC sta
tus register may be read to determine the current status. 

CD-Carrier Detect Status Changed 

A change in the status of the CO line was detected on the UART channel. The SCC status 
register may be read to determine the current status. 

IDL-IDLE Sequence Status Changed 

A change in the status of the receive serial line was detected on the UART channel. The 
SCC status register may be read to determine the current status. 

BRK-Break Character Received 

A break character was received. 

CCR-Control Character Received 

A control character was received (with reject (R) character = 1) and stored in the receive 
control character register (RCCR). 

BSY -Busy Condition 

A character was received and discarded due to lack of buffers. The receiver automatically 
enters hunt mode immediately if in the multidrop mode. The latest that an Rx BD can be 
made empty (have its empty bit set) and still avoid the busy condition is the middle of the 
stop bit of the first character to be stored in that buffer. 

TX-Tx Buffer 

A buffer has been transmitted over the UART c~annel. If CR = 1 in the Tx BO, this bit is 
set no sooner than when the last data bit of the last character in the buffer begins to be 
transmitted. If CR = 0, this bit is set after the last character was written to the transmit 
FIFO. 

RX-Rx Buffer 

A buffer has been received over the UART channel. This event occurs no sooner than the 
middle of the first stop bit of the character that causes the buffer to be closed. 

7.5.12.16 UART MASK Register 
The SCC mask register (SCCM) is referred to as the UART mask register when the SCC is 
operating as a UART. It is an 8-bit read-write register with the same bit formats as the UART 
event register. If a bit in the UART mask register is a one, the corresponding interrupt in the 
event register will be enabled. If the bit is zero, the corresponding interrupt in the event reg
ister will be masked. This register is cleared upon reset. 
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7.5.12.17 S-Records Programming Example 

In the following paragraphs, an example of a downloading application is given that utilizes 
an SCC channel as a UART controller. The application performs downloads and uploads of 
S records between a host computer and an intelligent peripheral through a serial asynchro
nous line. 

The S records are strings of ASCII characters that begin with'S' and end in an end-of-line 
character. This characteristic will be used to impose a message structure on the communi
cation between the devices. Note that each device may also transmit XON and XOFF char
acters for flow control, which do not form part of the program being uploaded or downloaded. 

The UART mode register should be set as required, with the freeze (FRZ) bit cleared and 
the enable transmitter/receiver (ENT, ENR) bits set. Receive buffers should be linked to the 
receive buffer table with the interrupt (I) bit set. For simplicity, assume that the line is not 
multidrop (no addresses are transmitted) and that each S record will fit into a single data 
buffer. 

Three characters should first be entered into the UART control character table: 

1. End of Line-The empty (E) bit is cleared; the reject (R) bit is cleared. When an end
of-line character is received, the current buffer is closed (the next BO taken by the IMP) 
and made available to the M68000 core for processing. This buffer contains an entire 
S record, which the processor can now check and copy to memory or disk as required. 

2. XOFF-E should be cleared and R should be set. Whenever the M68000 core re
ceives a control character received interrupt and the receive control character register 
contains XOFF, the software should immediately stop transmitting to the other station 
by setting the FRZ bit in the UART mode register. This prevents data from being lost 
by the other station when it runs out of receive buffers. 

3. XON-XON should be received after XOFF. E should be cleared and R should be set. 
The FRZ bit on the transmitter should now be cleared. The IMP automatically resumes 
transmission of the serial line at the point at which it was previously stopped. Like 
XOFF, the XON character is not stored in the receive buffer. 

To receive the S records, the M68000 core must only wait for the RX interrupt, indicating the 
reception of a complete S-record buffer. Transmission requires assembling S records into 
data buffers and linking them to the transmit buffer table (transmission may be temporarily 
halted by reception of an XOFF character). This scheme minimizes the number of interrupts 
received by the M68000 core (one per S record) and relieves it from the task of continually 
scanning for control characters. 

7.5.13 Autobaud Controller 

The autobaud function determines the baud rate and format of an asynchronous data 
stream starting with a known character. This controller may be used to implement the stan
dard AT command set or other characters. 

In order to use the autobaud mode, the serial communication controller (SCC) is initially pro
grammed to BISYNC mode. The SCC receiver then synchronizes on the falling edge of the 
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START bit. Once a START bit is detected, each bit received is processed by the autobaud 
controller. The autobaud controller measures the length of the START bit to determine the 
receive baud rate and compares the length to values in a user supplied lookup table. After 
the baud rate is determined, the autobaud controller assembles the character and compares 
it against two user-defined characters. If a match is detected, the autobaud controller inter
rupts the host and returns the determined nominal start value from the lookup table. The 
autobaud controller continues to assemble the characters and interrupt the host until the 
host stops the reception process. The incoming message should contain a mixture of even 
and odd characters so that the user has enough information to decide on the proper char
acter format (length and parity). The host then uses the returned nominal start value from 
the lookup table, modifies the sec configuration register (SCaN) to generate the correct 
baud rate, and reprograms the sec to UART mode. 

Many/rates are supported including: 150, 300, 600, 1200, 2400, 4800, 9600, 14.4K, 19.2K, 
38.4K, 57.6K, 64K, 96K, 115.2K and 230K. To estimate the performance of the autobaud 
mode, the performance table in Appendix A can be used. The maximum full-duplex rate for ~ 
a BISYNC channel is one-tenth of the system clock rate. So a 25 MHz IMP can support230K ~ 
autobaud rate with another low-speed channel «50 kbps) and a 20 MHz IMP can support 
115.2K autobaud rate with 2 low-speed channels. The performance can vary depending on 
system loading, configuration, and echoing mode. 

It is important that the highest priority sec be used for the autobaud function, since it is run
ning at a very high rate. Any sec that is guaranteed to be idle during the search operation 
of the autobaud process will not impact the performance of autobaud in an application. Idle 
is defined as not having any transmit or receive requests to/from the sec FIFOs. 

7.5.13.1 Autobaud Channel Reception Process 

The interlace between the autobaud controller and the host processor is implemented with 
shared data structures in the sec parameter RAM and in external memory and through the 
use of a special command to the sec. 

The autobaud controller uses receive buffer descriptor number 7 (Rx BD7) for the autobaud 
command descriptor. This Rx BD is initialized by the host to contain a pointer to a lookup 
table residing in the external RAM (contains the maximum and nominal START bit length for 
each baud rate). The host also prepares two characters against which the autobaud control
ler will compare the received character (usually these characters are 'a' and 'A') and the host 
initializes a pointer to a buffer in external memory where the assembled characters will be 
stored until the host stops the autobaud process. Finally, the host initializes the sec data 
synchronization register (DSR) to $7FFF in order to synchronize on the falling edge of the 
START bit. 

Once the data structures are initialized, the host programs the SCaN register to provide a 
sampling clock that is 16X the maximum supported baud rate. The host then issues the 
Enter_Baud_Hunt command and enables the sec in the BISYNC mode. 

The autobaud controller reception process begins when the START bit arrives. The auto
baud controller then begins to measure the START bit length. With each byte received from 
the sec that "belongs" to the START bit, the autobaud controller increments the start length 
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counter and compares it to the current lookup table entry. If the start length counter passed 
the maximum bit length defined by the current table entry, the autobaud controller switches 
to the next lookup table entry (the next slower baud rate). This process goes on until the 
autobaud controller recognizes the end of the START bit. Then, the autobaud controller 
starts the character assembly process. 

The character assembly process uses the nominal bit length, taken from the current lookup 
table entry, to sample each incoming bit in it's center. Each bit received is stored to form an 
8-bit character. When the assembly process is completed (a STOP bit is received), the char
acter is compared against two user-defined characters. 

If the received character does not match any of the two user defined characters, the auto
baud controller re-enters the Enter_Baud_Hunt process. The host is not notified until a 
match is encountered . 

If a match is found, the character is written to the received control character register (RCCR) 
with the corresponding status bit set in Rx B07. The channel will generate the control char
acter received (CCR) interrupt (bit 3 in the SCCE), if enabled. If the character matched, but 
a framing error was detected on the STOP bit, the autobaud controller will also set the fram
ing error status bit in Rx BD7. 

The autobaud controller then continues to assemble the incoming characters and to store 
them in the external data buffer. The host receives a CCR interrupt after each character is 
received.The host is responsible for determining the end of the incoming message (for 
example, a carriage return), stopping the autobaud process, and reprogramming the SCC 
to UART mode. The autobaud controller returns the nominal START bit length value for the 
detected baud rate from the lookup table and a pointer to the last character received that 
was written to the external data buffer. The host must be able to handle each character inter
rupt in order to determine parity and character length (this information may be overwritten 
when the next character interrupt is presented to the host). The host uses the two received 
characters to determine 1) whether a properly formed "at" or "AT" was received, and 2) the 
proper character format (character length, parity). 

Once this is decided, three possible actions can result. First, the host may decide that the 
data received was not a proper "at" or "AT", and issue the Enter_Baud_Hunt command to 
cause the autobaud controller to resume the search process. Second, the host may decide 
the "at" or "AT' is proper and simply continue to receive characters in BISYNC mode. Third, 
the M68000 core may decide that the "at" or "AT" is proper, but a change in character length 
or parity is required. 

7.5.13.2 Autobaud Channel Transmit Process 
The autobaud microcode package supports two methods for transmission. The first method 
is automatic echo which is supported directly in the SCC hardware, and the second method 
is a smart echo or software transmit which is supported with an additional clock and soft
ware. 

Automatic echo is enabled by setting the OIAG bits in the SCC mode register (SCM) to '10' 
and asserting the CD pin (externally on SCC1 and on SCC2 and SCC3, either externally or 
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by leaving the pin as a general purpose input). The ENT bit of the SCC should remain 
cleared. The transmitter is not used, so this echoing method does not impact performance. 

The smart echo or software transmit requires use of an additional clock and the transmitter, 
so the overall performance could be affected if other SCCs are running. This method 
requires an additional clock for sampling the incoming bit stream since the baud rate gener
ator (BRG) must be used to provide the correct frequency for transmission. The user needs 
to provide the sampling clock that will be used for the auto baud function on the RCLK pin 
(for example, a 1.8432 MHz clock for 115.2K). The clock that will be used for the SCC trans
mission can be provided to the BRG from the system clock or on TIN1.The TIN1 and RCLK1 
pins can be tied together externally. After the first two characters have been received and 
character length and parity determined, the host programs the DSR to $FFFF, enables the 
transmitter (by setting ENT), and programs the transmit character descriptor (overlays CON
TROL Character 8). The host is interrupted after each character is transmitted. 

For modem applications with the 6;8356, SCC2 will be used as the DTE interface and auto
bauding to the DTE baud rate will often be required. If use of the smart echo feature is 
desired, the receive clock can be provided by the baud rate generator 2 (BRG2) internally 
by resetting the RCS bit in the SCON2 register to zero. The separate transm it clock can be 
provided externally to the TCLK2 pin through a hardwire connection to either of the other 
baud rate generator pins (BRG1 or BRG3). The TCS bit in the SCON2 register should be 
set to one to enable the external clock source. After autobauding is complete, both the trans
mit and receive clock sources can be derived internally from BRG2 and the external pin con
nected to TCLK2 should be three stated to assure that it does not contend with the TCLK2 
pin. This can be done as follows: 

1. When hardwiring BRG1, setting the TRISBRG1 bit to one in the DISC register to three 
state the BRG1 pin. 

2. By programming the BRG3 pin to a general purpose input by resetting bit 12 in the 
PACNT register to zeroBnd resetting bit 12 in the PADDR register. 

7.5.13.3 Autobaud Parameter RAM 
When configured to operate in the autobaud mode, the IMP overlays some entries of the 
UART-specific parameter RAM as illustrated in Table 7-8. 

Table 7-8. Autobaud Specific Parameter 

Address Name Width Description 

SCC Base + 9C * MAX_IDL Word Maximum IDLE Characters 

SCC Base + 9E MAX_BIT Word Current Maximum START Bit Length 

SCC Base + AO NOM_START Word Current Nom. START Bit (used to determine baud 
rate) 

SCC Base + A2 * PAREC Word Receive Parity Error Counter 

SCC Base + A4 * FRMEC Word Receive Framing Error Counter 

SCC Base + A6 * NOSEC Word Receive Noise Counter 

SCC Base + A8 * BRKEC Word Receive Break Error Counter 
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Table 7-8. Autobaud Specific Parameter 

Address Name Width Description 

SCC Base + AA * ABCHR1 Word User Defined Character1 

SCC Base + AC * ABCHR2 Word User Defined Character2 

SCC Base + AE RCCR Word Receive Control Character Register 

SCC Base + BO * CHARACTER1 Word CONTROL Character1 

SCC Base + B2 * CHARACTER2 Word CONTROL Character2 

SCC Base + B4 * CHARACTER3 Word CONTROL Character3 

SCC Base + B6 * CHARACTER4 Word CONTROL Character4 

SCC Base + B8 * CHARACTER5 Word CONTROL Character5 

SCC Base + BA * CHR6/RxPTR Word CONTRChar6/MSW of pointer to external Rx Buffer 

SCC Base + BC * CHR7RxPTR Word CONTRChar7/LSW of pointer to external Rx Buffer 

SCC Base + BE * CHR8ITxBD Word CONTROL Character8ITransmit BD 

* These values should be initialized by the user (M68000 core). 

Note the new parameters that have been added to the table. They are MAX_BIT, 
NOM_START, ABCHR1, ABCHR2, RxPTR (2 words), and TxBD. These parameters are 
of special importance to the autobaud controller. They must be written prior to issuing the 
Enter_Baud_Hunt command. 

When the channel is operating in the autobaud hunt mode, the MAX_BIT parameter is used 
to hold the current maximum START bit length. The NOM_START location contains the cur
rent nominal start from the lookup table. After the autobaud is successful and the first char
acter is matched, the user should use the NOM_START value from the auto baud specific 
parameter RAM to determ ine which baud rate from the lookup table was detected. Also the 
Tx internal data pointer (at offset SCC Base + 94) will point to the last character received 
into external data buffer. 

NOTE 

When the channel is operating in the UART mode, the 
NOM_START _/BRKCR is used as the break count register and 
must be initialized before a STOP_TRANSMIT command is is
sued. 

The characters ABCHR1 and ABCHR2 are the autobaud characters that should be 
searched for by the autobaud controller. Typically these are 'a' and 'A' (i.e. $0061 and 
$0041) if using the Hayes command set. These characters must be odd in order for the auto
baud controller to correctly determine the length of the START bit. Characters are transmit
ted and received least significant bit first, so the autobaud controller detects the end of the 
START bit by the least significant bit of the character being a '1 '. 
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The RxPTR is a 2 word location that contains a 32-bit pointer to a buffer in external memory 
used for assembling the received characters and must be initialized before the 
Enter_Saud_Hunt command is issued. 

NOTE 

Since a length for this external buffer is not given, the user must 
provide enough space in memory for characters to be assem
bled and written until the autobaud process is to avoid overwrit
ing other data in memory. This location is not used as the 
CHARACTER7 value in the control character table until the 
channel operates in normal UART mode. After reception begins 
in normal UART mode (Le. the "a" or "A" is found), this entry is 
available again as a control character table entry. 

The TxSD entry is used as the transmit character descriptor for smart echo or software 
transmit. This location is not used as the CHARACTER8 value in the control character table ~ 
until the channel operates in normal UART mode. After reception begins in normal UART ~ 
mode (Le. the "a" or "A" is found), this entry is available again as a control character table 
entry. 

7.5.13.4 Autobaud Programming Model 
The following sections describe the details of initializing the autobaud microcode, preparing 
for the autobaud process, and the memory structures used. 

7.5.13.4.6 Preparing for the Autobaud Process 
The host begins preparation for the autobaud process with the following steps. Steps 1 and 
2 are required if the SCC has been used after reset or after UART mode in order to re-enable 
the process. 

1. Disable the SCC by clearing the ENR and ENT bits. (The host may wish to precede 
this action with the STOP_TRANSMIT commands to abort transmission in an orderly 
way). 

2. Issue the ENTER_HUNT _MODE command to the SCC (This ensures that an open 
buffer descriptor is closed). 

3. Set up all the autobaud parameters in the autobaud specific parameter RAM shown in 
Table 7-8, the autobaud command descriptor shown in Table 7-9, and the lookup table 
shown in Table 7-10. Of these three areas, the autobaud controller only modifies the 
autobaud specific parameter RAM and the first word of the autobaud command de
scriptor during its operation. 

4. Write the SCaN to configure the SCC to use the baud rate generator clock of 16x the 
maximum supported baud rate. A typical value is $4000 assuming a 1.8432 MHz clock 
rate on TI N 1 and a maxim um baud rate of 115.2K, but th is can change depending on 
the maximum baud rate and the EXTAL frequency. 

5. Write the DSR of the SCC with the value $7FFF in order to detect the START bit. 

6. The host initiates the autobaud search process by issuing the Enter_Saud_Hunt com
mand 
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7. Write the SCM of the SCC with $1133 to configure it for BISYNC mode, with the REVD 
and RBCS bits set, software operation mode, and the transmitter disabled. After a few 
characters have been received, the transmitter can be enabled, and the software echo 
function may be performed after issuing the RESTART TRANSMIT command. 

In general, the autobaud controller uses the same data structure as that of the UART con
troller. The first character (if matched) is stored in the receiver control character register and 
the external data buffer, and the status of that character is reported in the autobaud com
mand descriptor. After the first character, each incoming character is then stored in the 
buffer pointed to by RxPTR, and the status is updated in the autobaud command autobaud 
descriptor. The Tx internal data pointer (at offset SCC Base + 94) is updated to point to the 
last character stored in the external data buffer. 

7.5.13.4.7 Enter_Baud_Hunt Command 
This command instructs the autobaud controller to begin searching for the baud rate of a 
user predefined character. Prior to issuing the command the M68000 prepares the autobaud 
command descriptor to contain the lookup table size and pointer. 

The EntecBaud_Hunt uses the GCI command with opcode = 11, and the channel number 
set for the corresponding SCC. For example, with SCC1, the value written to the command 
register would be $61. 

7.5.13.4.8 Autobaud Command Descriptor 
The autobaud controller uses the receive buffer descriptor number 7 (Rx BD7) as an auto
baud command descriptor. The autobaud command descriptor is used by the M68000 core 
to transfer command parameters to the autobaud controller, and by the autobaud controller 
to report information concerning the received character. 

The structure of the autobaud command descriptor for the autobaud process is shown in 
Table 7-9. The first word of the descriptor or the status word is updated after every character 
is received. 

Offset 15 1 14 1 13 1 12 1 11 1 10 1 91 8 171 6 1 5 1 4 1 3 1 2 I 1 I 0 

0 I FEI M21 M11 I EOTI I ovl CD 

2 Lookup Table Size 

4 Function Codel 

8 Lookup Table Pointer 

Table 7-9. Autobaud Command Descriptor 

FE - Framing Error (Bit 10) 

If this bit is set, a character with a framing error was received. A framing error is detected 
by the autobaud controller when no STOP bit is detected in the received data. FE will be 
set for a 9-bit character (8 bits +' parity) if the parity bit is '0'. 

NOTE 

The user must clear this bit when it is set. 

7-78 MC68356 USER'S MANUAL MOTOROLA 



Communications Processor (CP) 

M2 - Match Character2 (Bit 9) 

When this bit is set, the character received matched the User Defined Character 2. The 
received character is written into the receive control character register (RCCR). 

M1 - Match Character1 (Bit 8) 

When this bit is set, the character received matched the User Defined Character 1. The 
received character is written into the receive control character register (RCCR). 

EOT - End Of Table (bit 3) 

When this bit is set, the autobaud controller measured start length exceeded the maxi
mum start length of the last entry in the lookup table (lowest baud rate). 

NOTE 
The user must clear this bit when it is set. 

OV - Overrun (bit 1) 

If this bit is set, a receiver overrun occurred during autobaud reception. 

NOTE 
The user must clear this bit when it is set. 

CD - Carrier Detect Lost (bit 0) 

If this bit is set, the carrier detect signal was negated during autobaud reception. 

NOTE 
The user must clear this bit when it is set. 

Lookup Table Size - Lookup table size is the number of baud rate entries in the external 
lookup table. 

Lookup Table Pointer - The lookup table pointer is the address in the external RAM where 
the lookup table begins. 

NOTE 
The lookup table cannot cross a 64k memory block boundary. 

7.5.13.4.9 Autobaud LookUp Table 
The autobaud controller uses an external lookup table to determine the baud rate while in 
the process of receiving a character. The lookup table contains two entries for each sup
ported baud rate. The first entry is the maximum start length for the particular baud rate, and 
the second entry is the nominal length for a 1/2 START bit. 

To determine the two values for each table entry, first calculate the autobaud sampling rate 
(EO 2). To do this EO 1 must be used until EO 2 is satisfied. The sampling rate is the lowest 
speed baud rate that can be generated by the SCC baud rate generator that is over a thresh
old defined in EO 2. 
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BRG Clk Rate = System Clock or TINI / «Clock Divider bits in SCON) + 1) (EQ 1) 

assuming that the DIV bit in SCaN is set to 0, (otherwise an additional "divide-by-4" must 
be included). 

Sampling Rate = BRG Clk Rate, where BRG Clk rate >= (Max Desired UART Baud Rate) x 16 (EQ 2) 

For instance, if a 115.2K baud rate is desired, with a 16.67 MHz system clock, the minimum 
sampling rate possible is 1.843 MHz = 115.2K x 16. This exact frequency can be input to 
RCLK1 or TIN1 as the sample clock. If the system clock is to be used, a 16.67 MHz system 
clock cannot produce an exact baud rate clock of 1.843 MHz. The lowest one that can be 
used is Baud Rate = 16.67 MHz/ (7+1) = 2.083 MHz. Thus, 2.083 MHz is the sampling rate, 
and the SCaN should be set to $OOOE to produce this. 

Once the sampling rate is known, the other two equations follow easily. The maximum 
START bit length is calculated by the following equation: 

Maximum start length = (Sampling Rate/Recognized baud rate) x 1.05 (EQ 3) 

Thus, for the first entry in the table, the maximum start length is 1.8432 Mhzl115200 x 1.05 
= 17 for an external sample clock. The value 1.05 is a suggested margin that allows char
acters 5% larger than the nominal character rate to be accepted. In effect, the margin deter
mines the "split point" between what is considered to be a 56.7K character rate and what is 
a 38.4K character rate. The margin should not normally be less than 1.03 due to clocking 
differences between UARTs. 

The nominal START bit length is calculated by: 

Nominal start length = (Sampling Rate/Recognized baud rate) /2 (EQ4) 

For the 115.2K example in the first table entry, this would be 1.8432 MHzl115.2K12 = 8. 

The structure of the lookup table is shown. in Table 7-10. The table starts with the maximum 
UART baud rate supported and ends with the minimum UART baud rate supported. 

Table 7-10. Autobaud Lookup Table Format 

OFFSET from Lookup Table Pointer DESCRIPTION 

0 Maximum Start Length 

2 Nomi}1al Start Length 

4 Maximum Start Length 

6 Nominal Start Length 

. Maximum Start Length 

. Nominal Start Length 

(Lookup Table Size - 1) * 4 Maximum Start Length 

[(Lookup Table Size - 1) * 4] + 2 Nominal Start Length 

7-80 MC68356 USER'S MANUAL MOTOROLA 



Communications Processor (CP) 

NOTE 

If less margin is used in the calculation of the maximum start 
length above, it is possible to distinguish between close UART 
rates such as 64K and 57.6K. However variations in RS232 driv
ers of up to 4%, plus nominal clocking rate variations of 3%, plus 
the fact that the sampling rate may not perfectly divide into the 
desired UART rate, can make this distinction difficult to achieve 
in some scenarios. 

LOOKUP TABLE EXAMPLE. 

Table 7-11 is an example autobaud lookup table. The maximum start and nominal start val
ues are derived assuming a 1.8432 MHz sampling clock on TIN1 or RCLK and a shift factor 
of 5%

• 

Table 7-11. Lookup Table Example 

Desired Maximum Nominal 
Baud Rate Start Start 

115200 17 8 

57600 34 16 

38400 50 24 

28800 67 32 

19200 101 48 

14400 134 64 

12000 161 77 

9600 202 96 

7200 269 128 

4800 403 192 

2400 806 384 

1200 1613 768 

600 3226 1536 

300 6451 3072 

110 17594 8378 
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7.5.13.5 DETERMINING CHARACTER LENGTH AND PARITY. Table 7-12 shows the dif
ferent possible character lengths and parity that will be discussed. The following paragraphs 
will discuss for each case how to determine the parity. 

Table 7-12. Character Lengths and Parity Cases 
,-. 

Case # 
Character 

Parity Notes 
Length 

1 7-bit No parity, 1 STOP bit Not Supported 

Even parity 

2 7-bit 
Odd parity 
Parity=1 

Paritx is indicated bb the most 
signi icant bit of the yte 

Parity=O 

3 8-bit No parity Same as 7-bit, parity=O 

Even parity 
Parity is indicated bE which char-4 8-bit Odd parity 

Parity=O 
acters generate a F interrupt 

5 8-bit Parity=1 Not Supported 

• Case 1- This case cannot be supported because the autobaud can not separate the 
first character from the second character. 

• Case 2- As each character is assembled, it is stored into a complete byte. Assuming 
that the characters are ASCII characters with 7-bit codes, the 8th bit of the byte will con
tain the parity bit. If the parity is either even or odd, then after receiving an odd character 
and an even character, the 8th bit should be different for the odd and even characters. 
The parity can be determined by the setting of the parity bit for one of the two charac
ters. If the 8th bit is always a 1, this is the same as a 7-bit character, no parity and at 
least 2 STOP bits or a 7 -bit character with force 1 parity. If the 8th bit is always a zero, 
then either the character is a 7-bit character with force 0 parity, or the character is a 8-
bit character with no parity. 

• Case 3- This case is the same as 7-bit character with force 0 parity. The 8th bit of the 
byte will always be zero. 

• Case 4-This case assumes a 8-bit character with the 8th bit of the character equal to a 
o (ASCII character codes define the 8th bit as zero). If the parity is either even or odd, 
then after receiving an odd and an even character, a framing error (FE) interrupt should 
have been generated for one of them (the interrupt is generated when the parity bit is 
zero). The user can determine the parity by which character generated a FE interrupt 
(if the odd character did, then the parity is odd). If a framing error occurs on every char
acter, then the character is 8-bits with force 0 parity. If no framing error occurs, than this 
is the same as Case 5. 

• Case 5- This case is not supported, because it can not be differentiated from 7-bit force 
o parity and 8-bit no parity. If the 9th bit is a 1, then it will be interpreted as a STOP bit. 

7.5.13.6 AUTOBAUD RECEPTION ERROR HANDLING PROCEDURE. The autobaud 
controller reports reception error conditions using the autobaud command descriptor. Three 
types of errors are supported: 
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• Carrier Detect Lost during reception 

When this error occurs and the channel is not programmed to control this line with software, 
the channel terminates reception, sets the carrier detect lost (CD) bit in the command 
descriptor, and generates the CCR interrupt, if enabled. CCR is bit 3 of the SCCE register. 

• Overrun Error 

When this error occurs, the channel terminates reception, sets the overrun (OV) bit in the 
command descriptor, and generates the CCR interrupt, if enabled. 

• End Of Table Error 

When this error occurs, the channel terminates reception, sets the end of table (EOT) bit in 
the command descriptor, and generates the CCR interrupt, if enabled. 

Any of these errors will cause the channel to abort reception. In order to resume autobaud 
operation after an error condition, the M68000 should clear the status bits and issue the _ 
Enter_Saud_Hunt command again. 

7.5.13.7 AUTOBAUD TRANSMISSION. The autobaud package supports two methods for 
echoing characters or transmitting characters. The two methods are automatic echo and 
smart echo. 

7.5.13.7.1 Automatic Echo. This method uses the SCC hardware to automatically echo the 
characters back on the TxD pin. The automatic echo is enabled by setting the DIAG bits in 
the SCM to '10'. The transmitter should not be enabled. The hardware echo is done auto
matically. The CD pin needs to be asserted in order for the characters to be transmitted 
back. On SCC1, the external CD pin must be tied low. On SCC2 and SCC3, either the exter
nal CD pin must be tied low or the CD pins should be left configured as general purpose 
input pins (the CD Signal to the SCC is then connected to ground internally). 

Using the automatic echo, the receiver still autobauds correctly and performance is not 
affected. The SCC echoes the received data with a few nanoseconds delay. 

7.5.13.7.2 Smart Echo. This method requires addition hardware and software to imple
ment. The user must provide two clock sources. One clock source is the sample clock which 
is input on RCLK and cannot be divided down. The SRG is used to divide the second clock 
down to provide the clock used for transmit. The second clock can be either the system clock 
or a clock connected to TIN1. The TIN1 and RCLK pins can be connected to each other 
externally. 

After the first character is received, the user must take the following steps: 

1. Determine the baud rate from the returned NOM_START value and programSCON 
to (input frequency/baud rate)-1, where the input frequency is either the system clock 
or the clock on TI N 1 . 

2. Program the DSR to $FFFF. The DSR will need to be programmed back to $7FFF be
fore the Enter_Saud_Hunt command is issued again. 

3. Set the ENT bit in the mode register. 
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4. Program the transmit character SD as show in Table 7-13. 

R (ready bit) 

o = Character is not ready 
1 = Character is ready to transmit 

CL (character len) 

o = 7 bits + parity or 8 bits with no parity 
1 = 8 bits + parity 

PE (parity enable) 

0= No parity 
1 = Parity 

PM (parity mode) 

o = Even parity 
1 = Odd parity 

The autobaud controller issues a Tx interrupt after each character is transmitted. 

7.5.13.8 REPROGRAMMING TO UART MODE OR ANOTHER PROTOCOL. The follow
ing steps should be followed in order to switch the SCC from autobaud to UART mode or to 
another protocol. 

• Disable the SCC by clearing ENR and ENT. 

• Issue the Enter_HunCMode command. 

• Initialize the SCC parameter RAM (specifically, the Rx and Tx internal states and the 
words containing the Rx and Tx SD#s) to the state immediately after reset and initialize 
the protocol specific parameter area for the new protocol. 

• Re-enable the SCC with the new mode. 

7.5.14 HOLC Controller 

Layer 2 of the seven-layer OSI model is the data link layer. One of the most common layer 
2 protocols is HDLC. Many other common layer 2 protocols are heavily based on HDLC, par
ticularly its framing structure: namely, SDLC, SS#7, LAPS, and LAPD. The framing structure 
of HDLC is shown in Figure 7-29. 

ADDRESS eRe 

16 BITS 16 BITS 

Figure 7-29. Typical HOLC Frame 
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HDLC uses a zero insertion/deletion process (commonly known as bit-stuffing) to ensure 
that the bit pattern of the delimiter flag does not occur in the fields between flags. The HDLC 
frame is synchronous and therefore relies on the physical layer to provide a method of clock
ing and synchronizing the transmitter and receiver. 

Since the layer 2 frame can be transmitted over a point-to-point link, a broadcast network, 
or packet and circuit-switched systems, an address field is needed to carry the frame's des
tination address. The length of this field is commonly 0, 8, or 16 bits, depending on the data 
link layer protocol. For instance, SDLC and LAPB use an 8-bit address. SS#7 has no ad
dress field at all because it is always used in point-to-point signaling links. LAPD further di
vides its 16-bit address into different fields to specify various access pOints within one piece 
of equipment. It also defines a broadcast address. Some HDLC-type protocols also allow for 
extended addressing beyond 16-bits. 

The 8- or 16-bit control field provides a flow control number and defines the frame type (con-
trol or data). The exact use and structure of this field depends upon the protocol using the ~ 
frame. ~ 

Data is transmitted in the data field, which can vary in length depending upon the protocol 
using the frame. Layer 3 frames are carried in the data field. 

Error control is implemented by appending a cyclic redundancy check (CRC) to the frame, 
which is 16-bits long in most protocols, but may be 32-bits long in some. 

When the MODE1-MODEO bits of an SCC mode register (SCM) select the HDLC mode, 
then that SCC functions as an HDLC controller. The HDLC controller handles the basic func
tions of the HDLC/SDLC protocol on either the D channel, a B channel, or from a multiplexed 
serial interface (lDL, GCI (IOM-2), or PCM highway). When the HDLC controller is used to 
support the B or D channel of the ISDN, the SCC outputs are internally connected to the 
physical layer serial interface. 

NOTE 

SDLC is fully supported, but the SDLC loop mode (ring configu
ration) is not supported. 

When an SCC in HDLC mode is used with a nonmultiplexed modem interface, then the SCC 
outputs are connected directly to the external pins. In this case, the serial interface uses sev
en dedicated pins: transmit data (TXD), receive data (RXD), receive clock (RCLK), transmit 
clock (TCLK), carrier detect (CD), clear to send (CTS), and request to send (RTS). Other 
modem signals may be supported through the parallel I/O pins. 

The HDLC controller consists of separate transmit and receive sections whose operations 
are asynchronous with the M68000 core and may be either synchronous or asynchronous 
with respect to the other SCCs. Up to eight frames may be transmitted or received without 
M68000 core intervention. When the HDLC controller is connected to one of the multiplexed 
physical interface options (lDL, GCI, or PCM highway), the receive and transmit clocks are 
identical and are supplied externally by the physical layer. In non-ISDN applications, each 
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clock can be supplied either from the baud rate generator or externally. The baud rate gen
erator is discussed more fully in 7.5.2 SCC Configuration Register (SCaN). 

The HDLC controller key features are as follows: 

• Flexible Data Buffers with Multiple Buffers per Frame Allowed 

• Separate Interrupts for Frames and Buffers (Receive and Transmit) 

• Four Address Comparison Registers with Mask 

• Maintenance of Five 16-Bit Error Counters 

• Flag/Abort/Idle Generation/Detection 

• Zero Insertion/Deletion 

• NRZlNRZI Data Encoding 

• 16-Bit or 32-Bit CRC-CCITT Generation/Checking 

• Detection of Non-Octet Aligned Frames 

• Detection of Frames That Are Too Long 

• Programmable Flags (0-15) between Successive Frames 

• Automatic Retransmission in Case of Collision 

7.5.14.1 HOLC Channel Frame Transmission Processing 
The HDLC transmitter is designed to work with almost no intervention from the M68000 
core. When the M68000 core enables one of the transmitters, it will start transmitting flags 
or idles as programmed in the HDLC mode register. The HDLC controller will poll the first . 
buffer descriptor (BD) in the transmit channel's BD table. When there is a frame to transmit, 
the HOLe controller will fetch the data from memory and start transmitting the frame (after 
first transmitting the user-specified minimum number of flags between frames). When the 
end of the current BO has been reached and the last buffer in the frame bit is set, the cyclic 
redundancy check (CRC), if selected, and the closing flag are appended. 

Following the transmission of the closing flag, the HDLC controller writes the frame status 
bits into the BD and clears the ready bit. When the end of the current BD has been reached, 
and the last bit is not set (working in multibuffer mode), only the ready bit is cleared. In either 
mode, an interrupt is issued according to the interrupt bit in the BD. The HDLC controller will 
then proceed to the next BD in the table. In this way, the user may be interrupted after each 
buffer, aftera specific buffer has been transmitted, or after each frame. 

To rearrange the transmit queue before the IMP has completed transmission of all buffers, 
issue the STOP TRANSMIT command. This technique can be useful for transmitting expe
dited data before previously linked buffers or for error situations. When receiving the STOP 
TRANSMIT command, the HDLC controller will abort the current frame being transmitted 
and start transmitting idles or flags. When the HOLC controller is given the RESTART 
TRANSMIT command, it resumes transmission. 
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7.5.14.2 HOLC Channel Frame Reception Processing 

The HOLC receiver is also designed to work with almost no intervention from the M68000 
core. The HOLC receiver can perform address recognition, CRC checking, and maximum 
frame length checking. The received frame (all fields between the opening and closing flags) 
is made available to the user for performing any HOLC-based protocol. 

When the M68000 core enables one of the receivers, the receiver waits for an opening flag 
character. When the receiver detects the first byte of the frame, the HOLC controller will 
compare the frame address against the user-programmable addresses. The user has four 
16-bit address registers and an address mask available for address matching. The HOLC 
controller will compare the received address field to the user-defined values after masking 
with the address mask. The HOLC controller can also detect broadcast (all ones) addressed 
frames, if one address register is written with all ones. 

If a match is detected, the HOLC controller will fetch the next BO and, if empty, will start to 
transfer the incoming frame to the BOis associated data buffer starting with the first address ~ 
byte. When the data buffer has been filled, the HOLC controller clears the empty bit in the ~ 
BO and generates an interrupt if the interrupt bit in the BO is set. If the incoming frame ex-
ceeds the length of the data buffer, the HOLC controller will fetch the next BD in the table 
and, if it is empty, will continue to transfer the rest of the frame to this BOis associated data 
buffer. 

Ouring this process, the HOLC controller will check for a frame that is too long. When the 
frame ends, the CRC field is checked against the recalculated value and is written to the 
data buffer starting with the first address byte. The data length written to the last SO in the 
HOLC frame is the length of the entire frame. This enables HOLC protocols that "Iose" 
frames to correctly recognize the frame-too-Iong condition. The HOLC controller then sets 
the last buffer in frame bit, writes the frame status bits into the BO, and clears the empty bit. 
The HOLC controller next generates a maskable interrupt, indicating that a frame has been 
received and is in memory. The HOLC controller then waits for a new frame. Back-to-back 
frames may be received with only a single shared flag between frames. Also, flags that 
share a zero will be recognized as two consecutive flags. 

7.5.14.3 HOLC Memory Map 

When configured to operate in HOLC mode, the IMP overlays the structure shown in Table 
7-7 onto the protocol-specific area of that SCC parameter RAM. Refer to 5.2 System Con
figuration Registers for the placement of the three SCC parameter RAM areas and to Table 
7-2 for the other parameter RAM values. 

MOTOROLA 

NOTE 

An incorrect initialization of C_MASK may be used to "force" re
ceive CRC errors for software testing purposes. The transmit 
CRC will not be affected. 
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Table 7-14. HOLC-Specific Parameter RAM 

Address Name Width Description 

SCC Base+9C RCRC L Word Temp Receive CRC Low 
SCC Base + 9E RCRCI-l Word Temp Receive CRC Hi~h 
SCC Base + AO # C MASK L Word Constant ~~FOB8 16-Bi CR~ $DEBB 32-Bit CRC? 
SCC Base + A2 # C~ASKI-l Word Constant XXXX 16-Bit CR ,$20E3 32-Bit CRC 
SCC Base + A4 TCRC [ Word Temp Transmit CRC Low 
SCC Base+A6 TCRC~ 

SCC Base + A8 # DISFC 
SCC Base + AA # CRCEC 
SCC Base + AC # ABTSC 
SCC Base + AE # NMARC 
SCC Base + BO # RETRC 

SCC Base + B2 # MFLR 
SCC Base + B4 MAX_cnt 

SCC Base + B6 # HMASK SCC Base + B8 # HADDR1 
SCC Base + BA # HADDR2 
SCC Base + BC # HADDR3 
SCC Base + BE # HADDR4 

# Initialized by the user (M68000 core). 

7.5.14.4 HOLC Programming Model 

Word Temp Transmit CRC High 

Word Discard Frame Counter 
Word CRC Error Counter 
Word Abort Seguence Counter 
Word Nonmatctiing Address Received Counter 
Word Frame Retransmission Counter 

Word Max Frame Length Register 
Word Max_Length Counter 

Word User-Defined Frame Address Mask 
Word User-Defined Frame Address 
Word User-Defined Frame Address 
Word User-Defined Frame Address 
Word User-Defined Frame Address 

The M68000 core configures each SCC to operate in one of four protocols by the MOOE1-
MOOEO bits in the SCC mode register (SCM). MOOE1-MOOEO = 00 selects HOLC mode. 
The HOLC controller uses the same data structure as the UART and BISYNC controllers. 
This data structure supports multibuffer operation and address comparisons. 

The receive errors (overrun, nonoctet aligned frame, CO lost, aborted frame, and CRC error) 
are reported through the receive BO. The transmit errors (underrun and CTS lost) are re
ported through the transmit BO. An indication about the status of the lines (idle, CO, and 
CTS) is reported through the SCC status register (SCCS), and a maskable interrupt is gen
erated upon a status change in anyone of those lines. 

7.5.14.5 HOLC Command Set 

The following commands are issued to the command register. 

STOP TRANSMIT Command 

After a hardware or software reset and the enabling of the channel in the SCC mode reg
ister, the channel is in the transmit enable mode and starts polling the first BO in the table 
approximately every eight or sixteen transmit clocks as determined by the FLG bit in the 
HOLC mode register. 

The channel STOP TRANSMIT command disables the transmission of frames on the 
transmit channel. If this command is received by the HOLC controller during frame trans
mission, transmission of that frame is aborted after the contents of the FIFO are transmit
ted (up to four words). The TBO# is not advanced. No new BO is accessed, and no new 
frames are transmitted for this channel. The transmitter will transmit an abort sequence (if 
the command was given during frame transmission) and then begin to transmit flags or 
idles as indicated by the HOLC mode register. The abort sequence on transmit is a zero 
followed by seven ones (01111111). 

7-88 MC68356 USER'S MANUAL MOTOROLA 



Communications Processor (CP) 

This command is useful for performing frame retransmission. The M68000 core may issue 
the STOP TRANSMIT command, reorganize the transmit BO table, and issue the RE
START TRANSMIT command. The STOP TRANSMIT command may also be used in the 
X.25 protocol to send a reject frame or a link reset command. 

The STOP TRANSMIT command must be issued before the SCC mode register is used 
to disable the transmitter if the transmitter is to be re-enabled at a later time. 

RESTART TRANSMIT Command 

The RESTART TRANSMIT command re-enables the transmission of characters on the 
transmit channel. This command is expected by the HOLC controller after a STOP 
TRANSMIT command, after a STOP TRANSMIT command and disabling the channel in 
its SCC mode register, or after transmitter error (underrun or CTS lost when no automatic 
frame retransmission is performed). The HOLC controller will resume transmission from 
the current transmitter BO (TBO#) it;1 the channells transmit BO table. 

If the transmitter is being re-enabled, the RESTART TRANSMIT command must be used ~ 
and should be followed by the enabling of the transmitter in the SCC mode register. ~ 

ENTER HUNT MODE Command 

After a hardware or software reset and the enabling of the channel by its sec mode reg
ister, the channel is in the receive enable mode and will use the first BO in the table. 

The ENTER HUNT MODE command is generally used to force the HOLC receiver to abort 
reception of the current frame, generate an RXB interrupt (if enabled) as the buffer is 
closed, and enter the hunt mode. In the hunt mode, the HOLC controller continually scans 
the input data stream for the flag sequence. After receiving the command, the current re
ceive buffer is closed, and the CRC is reset. Further frame reception will use the next BD. 
If an enabled receiver has been disabled by clearing ENR in the SCC mode register), the 
ENTER HUNT MODE command must be given to the channel before setting ENR again. 
Subsequent frames will then be received, starting with the next BO. 

7.5.14.6 HOLe Address Recognition 
Each HOLC controller has five 16-bit registers for address recognition: one mask register 
and four address registers (HMASK, HADOR1, HAOOR2, HAOOR3, and HAOOR4). The 
HOLC controller reads the framels address from the HOLC receiver, checks it against the 
four address register values, and then masks the result with the user-defined HMASK. A one 
in HMASK represents a bit position for which address comparison should occur; a zero rep
resents a masked bit position. Upon an address match, the address and the data following 
are written into the data buffers. When the addresses are not matched and the frame is error 
free, the nonmatching address received counter (NMARC) is incremented. 

NOTE 

For 8-bit addresses, mask out the eight high-order bits in the 
HMASK register. 

Examples of 16- and 8-bit HOLC address recognition are shown in Figure 7-30. 

MOTOROLA MC68356 USER'S MANUAL 7-89 



• 

Communications Processor (CP) 

16-BIT ADDRESS RECOGNITION 8-BIT ADDRESS RECOGNITION 

FLAG ADDRESS CONTROL ETC. 
$7E $55 $44 

HMASK $FFFF HMASK $OOFF 

HADDR1 $AA68 HADDR1 $XX55 

HADDR2 $FFFF HADDR2 $XX55 

HADDR3 $AA68 HADDR3 $XX55 

HADDR4 $AA68 HADDR4 $XX55 

RECOGNIZES ONE 16-BIT ADDRESS (HADDR1) AND RECOGNIZES A SINGLE 8-BIT ADDRESS (HADDR1). 
THE 16-BIT BROADCAST ADDRESS (HADDR2). 

Figure 7-30. HOLe Address Recognition Examples 

7.5.14.7 HOLC Maximum Frame Length Register (MFLR) 
The HOLC controller checks the length of an incoming HOLC frame against the user-defined 
value given in this 16-bit register. If this limit is exceeded, the remainder of the incoming 
HOLC frame is discarded, and the LG (Rx frame too long) bit is set in the last BO belonging 
to that frame. The HOLC controller waits to the end of the frame and reports the frame status 
and the frame length in the last BO. MFLR is defined as all the in-frame bytes between the 
opening flag and the closing flag (address, control, data, and CRC). MAX?CNT is a tempo
rary downcounter used to track the frame length. 

7.5.14.8 HOLC Error-Handling Procedure 
The HOLC controller reports frame reception and transmission error conditions using the 
channel BOs, the error counters, and the HOLC event register. The modem interface lines 
can also be directly monitored in the SCC status register. 

Transmission Errors: 

1. Transmitter Underrun. When this error occurs, the channel terminates buffer transmis
sion, closes the buffer, sets the underrun (UN) bit in the BO, and generates the TXE 
interrupt (if enabled). The channel will resume transmission after the reception of the 
RESTART TRANSMIT command. The transmit FIFO size is four words. 

2. Clear-To-Send Lost (Collision) Ouring Frame Transmission. When this error occurs 
and the channel is not programmed to control this line with software, the channel ter
minates buffer transmission, closes the buffer, sets the CTS lost (CT) bit in the BO, 
and generates the TXE interrupt (if enabled). The channel will resume transmission af
ter the RESTART TRANSMIT command is given. 

7-90 

NOTE 

If this error occurs on the first or second buffer of the frame and 
the retransmit enable (RTE) bit in the HOLC mode register is set, 
the channel will retransmit the frame when the CTS line be
comes active again_ When using this feature, users should de
sign transmit frames to fit withfn two buffers or less_ When 
working in ISON mode with O-channel collision possibility, to en
sure the retransmission method functions properly, the first and 
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second data buffers should contain more than 10 bytes of data 
if multiple buffers per frame are used. (Small frames consisting 
of a single buffer are not subject to this requirement). The chan
nel will also increment the retransmission counter (RETRC). 

Reception Errors: 

1. Overrun Error. The HOLC controller maintains an internal three-word FIFO for receiv
ing data. The CP begins programming the SOMA channel (if the data buffer is in ex
ternal memory) and updating the CRC when the first word is received in the FIFO. 
When a receive FIFO overrun occurs, the channel writes the received data byte to the 
internal FIFO over the previously received byte. The previous data byte and the frame 
status are lost. Then the channel closes the buffer with the overrun (OV) bit in the SO 
set and generates the RXF interrupt (if enabled). The receiver then enters the hunt 
mode. 
Even if the overrun occurs during a frame whose address is not matched in the ad-
dress recognition logic, a SO of length two will be opened to report the overrun, and ~ 
the RXS interrupt will be generated (if enabled). ~ 

2. Carrier Detect Lost During Frame Reception. When this error occurs and the channel 
is not programmed to control this line with software, the channel terminates framere
ception, closes the buffer, sets the carrier detect lost (CD) bit in the SO, and generates 
the RXF interrupt (if enabled). This error has the highest priority. The rest of the frame 
is lost, and other errors are not checked in that frame. The receiver then enters the 
hunt mode. 

3. Abort Sequence. An abort sequence is detected by the HOLC controller when seven 
or more consecutive ol')es are received while receiving a frame. When this error oc
curs, the channel closes the buffer by setting the Rx abort sequence (AS) bit in the SO 
and generates the RXF interrupt (if enabled). The channel also increments the abort 
sequence counter (ASTSC). The receiver then enters hunt mode immediately. The 
CRC and nonoctet error status conditions are not checked on aborted frames. The re
ceiver then enters hunt mode. 

4. Nonoctet Aligned Frame. When this error occurs, the channel writes the received data 
to the data buffer, closes the buffer, sets the Rx nonoctet aligned frame (NO) bit in the 
SO, and generates the RXF interrupt (if enabled). The CRC error status should be dis
regarded on nonoctet frames. After a nonoctet aligned frame is received, the receiver 
enters hunt mode. (An immediately following back-to-back frame will be received.) The 
nonoctet data may be derived from the last word in the data buffer as follows: 

MSB 

1 I 0 

VALID DATA 

LEADING ZEROS 

NOT VALID DATA 

LSB 

Consistent with other HOLC operation, the MSS is the first bit received in this word, 
and the low-order valid data bit is the last. 

5. CRC Error. When this error occurs, the channel writes the received CRG to the data 
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buffer, closes the buffer, sets the CR bit in the BO, and generates the RXF interrupt (if 
enabled). The channel also increments the CRC error counter (CRCEC). After receiv
ing a frame with a CRC error, the received enters hunt mode. (An immediately follow
ing back-to-back frame will be received.) CRC checking cannot be disabled, but the 
CRC error may be ignored if checking is not required. 

Error Counters 
The CP maintains five 16-bit (modulo - 2**16) error counters for each HOLC controller. 
They can be initialized by the user when the channel is disabled. The counters are as fol
lows: 

-OISFC-Oiscarded Frame Counter (error-free frames but no free buffers) 
-CRCEC-CRC Error Counter (includes frames not addressed to the user or frames 

received in the BSY condition, but does not include overrun errors) 
-ABTSC-Abort Sequence Counter 
-NMARC-Nonmatching Address Received Counter (error-free frames only) 
-RETRC-Frame Retransmission Counter (due to collision) 

7.5.14.9 HOLe Mode Register 
Each SCC mode register is a 16-bit, memory-mapped, read-write register that controls the 
SCC operation. The term HOLC mode register refers to the protocol-specific bits (15-6) of 
the SCC mode register when that SCC is configured for HOLC. The read-write HOLC mode 
register is cleared by reset. 

15 14 13 12 11 10 9 8 7 

I NOF3 I NOF2 I NOF1 I NOFO I C32 I FSE I - I RTE FLG I ENC I COMMON SCC MODE BITS 

NOF3-NOFO-Minimum Number of Flags between Frames or before Frames (0 to 15 
Flags) 

If NOF3-NOFO = 0000, then no flags will be inserted between frames. Thus, the closing 
flag of one frame will be followed immediately by the opening flag of the next frame in the 
case of back-to-back frames. 

C32-CRC16/CRC32 

0= 16-bit CCITT CRC (X16 + X12 + X5 + 1) 
1 = 32-bit CCITT CRC (X32 + X26 + X23 + X22 + X16 + X12 + X11 + X10 + X8 + X7 

+ X5 + X4 + X2 + X 1 + 1) 

FSE-Flag Sharing Enable 
a = Normal operation 
1 = If NOF3-NOFO = 0000, then a single shared flag is transmitted between back- to

back frames. Other values of NOF3-NOFO are decremented by one when FSE is 
set. This is useful in Signaling System #7 applications. 

Bit 9-Reserved for future use. 
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RTE-Retransmit Enable 

0= No automatic retransmission will be performed. 
1 = Automatic retransmit enabled 

Automatic retransmission occurs if a c;rs lost condition happens on the first or second 
buffer of the frame. See 7.5.14.8 HDLC Error-Handling Procedure. 

FLG-Transmit Flags/Idles between Frames and Control the RTS Pin 

o = Send ones between frames; RTS is negated between frames. If NOF-NOFO is 
greater than zero, RTS will be negated for a multiple of eight transmit clocks. The 
HDLCcontrolier can transmit ones in both the NRZ and NRZI data encoding for
mats. The CP polls the Tx BD ready bit every 16 transmit clocks. 

1 = Send flags between frames. RTS is always asserted. The CP polls the Tx BD ready 
bit every eight transmit clocks. 

NOTE 

This bit may be dynamically modified. If toggled from a one to a 
zero between frames, a maxim um of two additional flags will be 
transmitted before the idle condition will begin. Toggling FLG will 
never result in partial flags being transmitted. 

ENC-Data Encoding Format 

o = Non-return to zero (NRZ). A one is a high level; a zero is a low level. 
1 = Non-return to zero inverted (NRZI). A one is represented by no change in the level; 

a zero is represented by a change in the level. The receiver decodes NRZI, but a 
clock must be supplied. The transmitter encodes NRZI. During an idle condition, 
with the FLG bit cleared, the line will be forced to a high state. 

COMMON SCC MODE BITS-See 7.5.4 SCC Mode Register (SCM) for a description of the 
DIAG1, DIAGO, ENR, ENT, MODE1, and MODEO bits. 

7.5.14.10 HDLC Receive Buffer Descriptor (Rx BD) 
The HDLC controller uses the Rx BD to report information about the received data for each 
buffer. The Rx BD is shown in Figure 7-31. 

OFFSET +0 
OFFSET +2 

OFFSET +4 
OFFSET +6 

15 14 13 12 11 10 4 

E I x I W I I I L I F I - I - I - I - I LG I NO I 
DATA LENGTH 

RX BUFFER POINTER (24-bits used, upper 8 bits must be 0) 

Figure 7-31. HDLC Receive Buffer Descriptor 

3 2 

AB I CR I OV I CD 

An example of the HDLC receive process is shown in Figure 7-32. This shows the resulting 
state of the Rx BDs after receipt of a complete frame spanning two receive buffers and a 
second frame with an unexpected abort sequence. The example assumes that MRBLR = 8 
in the SCC parameter RAM. 
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The first word of the Rx SO contains control and status bits. Sits 15-10 are written by the 
user before the buffer is linked to the Rx SO table, and bits 5-0 are set by the CP following 
frame reception. Sit 15 is set by the M68000 core when the buffer is available to the HOLC 
controller; it is cleared by the HOLC controller when the buffer is full. 

E-Empty 

o = The data buffer associated with this SO has been filled with received data, or data 
reception has been aborted due to an error condition. The M68000 core is free to 
examine or write to any fields of the SO. 

1 = The data buffer associated with the SO is empty. This bit signifies that the SO and 
its associated buffer are available to the HOLC controller. The M68000 core should 
not write to any fields of this SO after it sets this bit. The empty bit will remain set 
while the HOLC controller is currently filling the buffer with received data. 

X-External Suffer 
0= The buffer associated with this SO is in internal dual-port RAM. 
1 = The buffer associated with this SO is in external memory. 

W-Wrap (Final SO in Table) 

0= This is not the last SO in the Rx SO table. 
1 = This is the last SO in the Rx SO table. After this buffer has been used, the HOLC 

controller will receive incoming data into the first SO in the table. 

NOTE 

The user is required to set the wrap bit in one of the first eight 
SOs; otherwise, errant operation may occur. 

I-Interrupt 
0= The RXS bit is not set after this buffer has been used, but RXF operation remains 

unaffected. 
1 = The RXS or RXF bit in the HOLC event register will be set when this buffer has 

been used by the HOLC controller, which can cause an interrupt. 
The following status bits are written by the HOLC controller after the received data has been 
placed into the associated data buffer. 

L-Last in Frame 
This bit is set by the HOLC controller when this buffer is the last in a frame. This implies 
the reception of a closing flag or reception of an error, in which case one or more of the 
CD, OV, AS, and LG bits are set. The HOLC controller will write the number of frame oc
tets to the data length field. 

7-94 

0= This buffer is not the last in a frame. 
1 = This buffer is the last in a frame. 
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E 
RECEIVEBDO 

L F 

MRBLR = 8 BYTES FOR THIS SCC 

BUFFER 

POINTER 

STATUS o / / 0 /1 / 
ADDRESS 1 

ADDRESS 2 

0008 CONTROL BYTE h FULL 5 
32-BIT BUFFER POINTER INFORMATION 

LENGTH 8 BYTES 

STATUS 

LENGTH 

POINTER 

STATUS 

LENGTH 

POINTER 

STATUS 

LENGTH 

POINTER 

E 

E 

E 

(24-BITS USED) 

RECEIVEBD 1 
L F 

0003 

32-BIT BUFFER POINTER 
(24-BITS USED) 

RECEIVE BD2 
ID AB 

0003 

32-BIT BUFFER POINTER 
(24-BITS USED) 

RECEIVE BD3 

XXXX 

32-BIT BUFFER POINTER 
(24-BITS USED) 

I 0( STORED IN RX BUFFER .-1 
I F I A I A I C I I I I I I I I I I I I I CR I CR I F I 

BUFFER 
CLOSED WHEN 
CLOSING FLAG 

RECEIVED 

ABORT WAS 
RECEIVED 

AFTER CONTROL 
BYTE! 

BUFFER 
STILL 

EMPTY 

(I-FIELD) BYTES 

BUFFER 

BUFFER 

BUFFER 

STORED IN RX BUFFER 

1-. '-1 

8 BYTES 

8 BYTES 

8 BYTES 

LINEioLE I F I A I A > I t ABOllmOLE i 
TWO FRAMES 

RECEIVED IN HDLC UNEXPECTED ABORT PRESENT 

TIME~ 
OCCURS BEFORE TIME 

CLOSING FLAG! 

LEGEND: 
F = FLAG I = INFORMATION BYTE 
A = ADDRESS BYTE CR = CRC BYTE 
C = CONTROL BYTE 

Figure 7-32. HOLe Receive BO Example 
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F-First in Frame 

This bit is set by the HDLC controller when this buffer is the first in a frame. 

D = The buffer is not the first in a frame. 
1 = The buffer is the first in a frame. 

Bits 9-6-Reserved for future use. 

LG-Rx Frame Length Violation. 

A frame length greater than the maximum defined for this channel was recognized (only 
the maximum-allowed number of bytes (MFLR) is written to the data buffer). This event 
will not be reported until the Rx BD is closed and the RXF bit is set, after receipt of the 
closing flag. The actual number of bytes received between flags is written to the data 
length field of this BD. 

NO-Rx Nonoctet Aligned Frame 

A frame that contained a number of bits not exactly divisible by eight was received. 

AB-Rx Abort Sequence 

A minimum of seven consecutive ones was received during frame reception. 

CR-Rx CRC Error 

This frame contains a CRC error. 

OV-Overrun 

A receiver overrun occurred during frame reception. 

CD-Carrier Detect Lost 

The carrier detect signal was negated during frame reception. This bit is valid only when 
working in NMSI mode. 

Data Length 

The data length is the number of octets written to this BOis data buffer by the HDLC con
troller. It is written by the CP once as the BD is closed. 

When this BD is the last BD in the frame (L = 1), the data length contains the total number 
of frame octets (including any previous linked receive data buffers and two or four bytes 
for the CRC) in the frame. This behavior is useful for determining the total number of oc
tets received, even if MFLR was exceeded. 

NOTE 

The actual amount of memory allocated for this buffer should be 
even and greater than or equal to the contents of maximum re
ceive buffer length register (MRBLR). 

Rx Buffer Pointer 

The receive buffer pointer, which always points to the first location of the associated data 
buffer, may reside in either internal or external memory. 
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NOTE 

The Rx buffer pointer must be even, and the upper 8 bits must 
of the pointer must be zero for the function codes to operate cor
rectly. 

7.5.14.11 HDLC Transmit Buffer Descriptor (Tx BD) 

Data is presented to the HOLe controller for transmission on an see channel by arranging 
it in buffers referenced by the channells Tx SO table. The HOLe controller confirms trans
mission (or indicates error conditions) using the SOs to inform the M68000 core that the buff
ers have been serviced. The Tx BO is shown in Figure 7-33. 

15 14 13 12 11 10 7 2 

OFFSET + 0 

OFFSET +2 

OFFSET +4 

OFFSET + 6 

R I x I W I I I L I TC I - I - I - I - I - I - I - I - I UN I CT 
DATA LENGTH 

TX BUFFER POINTER (24-bits used, upper 8 bits must be 0) 

Figure 7-33. HDLC Transmit Buffer Descriptor 

The first word of the Tx SO contains status and control bits. Sits 15-10 are prepared by the 
user before transmission; bits 1-0 are set by the HOLe controller after the buffer has been 
transmitted. Bit 15 is set by the user when the buffer and BO have been prepared and is 
cleared by the HOLe controller after the frame has been transmitted. 

R-Ready 

a = This buffer is not currently ready for transmission. The user is free to manipulate 
this SO (or its associated buffer). The HOLe controller clears this bit after the buffer 
has been fully transmitted or after an error condition has been encountered. 

1 = The data buffer, which has been prepared for transmission by the user, has not yet 
transmitted. No fields of this BO may be written by the user once this bit is set. 

X-External Buffer 

a = The buffer associated with this SO is in internal dual-port RAM. 
1 = The buffer associated with this SO is in external memory. 

W-Wrap (Final SO in Table) 

a = This is not the last SO in the Tx SO table. 
1 = This is the last SO in the Tx SO table. After this buffer has been used, the HOLe 

pontroller will transmit data from the first BO in the table. 

MOTOROLA 

NOTE 

The user is required to set the wrap bit in one of the first eight 
BOs; otherwise, errant behavior may occur. 
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I-Interrupt 

a = No interrupt is generated after this buffer has been serviced. 
1 = Either TXB or TXE in the HOLC event register will be set when this buffer has been 

serviced by the HOLC controller, which can cause an interrupt. 

L-Last 

a = This is not the last buffer in the frame. 
1 = This is the last buffer in the current frame. 

TC-TxCRC 

This bit is valid only when the last (L) bit is set. 

a = Transmit the closing flag after the last data byte. This setting can be used for test
ing purposes to send a "bad" CRC after the data. 

1 = Transmit the CRC sequence after the last data byte . 

Bits 9-2-Reserved for future use. 

The following status bits are written by the HOLC controller after it has finished transmitting 
the associated data buffer. 

UN-Underrun 

The HOLC controller encountered a transmitter underrun condition while transmitting the as
sociated data buffer. 

CT-CTS Lost 

CTS in NMSI mode or L 1GR (layer-1 grant) in IOUGCI mode was lost during frame trans
mission. If data from more than one buffer is currently in the FIFO when this error occurs, 
this bit will be set in the Tx BO that is currently open. 

Data Length 

The data length is the number of octets the HOLC controller should transmit from this BOis 
data buffer. It is never modified by the CPo The value of this field should be greater than 
zero. 

Tx Buffer Pointer 

The transmit buffer pointer, which contains the address of the associated data buffer, may 
be even or odd. The buffer may reside in either internal or external memory. 

NOTE 

For correct operation of the function codes, the upper a bits of 
the pointer must be initialized to zero. 

7.5.14.12 HOLe Event Register 
The SCC event register (SCCE) is called the HOLC event register when the SCC is operat
ing as an HOLC controller. It is an a-bit register used to report events recognized by the 
HOLC channel and to generate interrupts. Upon recognition of an event, the HOLC controller 
sets its corresponding bit in the HOLC event register. Interrupts generated by this register 
may be masked in the HOLC mask register. 
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The HOLC event register is a memory-mapped register that may be read at any time. A bit 
is cleared by writing aone; writing a zero does not affect a bitls value. More than one bit may 
be cleared at a time. All unmasked bits must be cleared before the CP will clear the internal 
interrupt request. This register is cleared at reset. 

An example of the timing of various events in the HOLC event register is shown in Figure 7-
34. 

FRAME 
RECEIVED IN HDLC 

TIME ~ STORED IN RX BUFFER 
~ ~ 

RXD LINE IDLE F I A I A I C I I I I I I CR ICRI F 

CD 

E HDLC SCC 
EVENTS 

NOTES: 

CD IDL 

1. AXB event assumes receive buffers are 6 bytes each. 

RXB 

2. The second IDL event occurs after 15 ones are received in a row. 

LEGEND: 

RXF IDL 

F = Flag A = Address byte C = Control byte I = Information byte CR = CRC byte 

FRAME 
TRANSMITTED BY HDLC 

STORED IN 
TX BUFFER 
II( ~ 

LINE IDLE 

CD 

TXD LINE IDLE I F I F I A I A I C I CR I CR I F I LINE IDLE 

RTS 

CTS 

HDLC SCCE 
EVENTS 

I 

CTS 

NOTE: TXB event shown assumes all three bytes were put into a single buffer. 
Example shows one additional opening flag. This is programmable. 

II 

I 

t 
TXB CTS 

Figure 7-34. HOLe Interrupt Events Example 

7 6 5 432 1 0 

CTS CD IDL TXE RXF BSY TXB RXB 

CTS-Clear-To-Send Status Changed 

A change in the status of the CTS line was detected on the HOLC channel. The SCC sta
tus register may be read to determ ine the current status. 
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CO-Carrier Oetect Status Changed 

A change in the status of the CO line was detected on the HOLC channel. The SCC status 
register may be read to determine the current status. 

IOL-IOLE Sequence Status Changed 

A change in the status of the serial line was detected on the HOLC channel. The SCC sta
tus register may be read to determine the current status. 

TXE-Tx Error 

An error (CTS lost or underrun) occurred on the transmitter channel. 

RXF-Rx Frame 

A complete frame has been received on the HOLC channel. This bit is set no sooner than 
two receive clocks after receipt of the last bit of the closing flag . 

BSY -Busy Condition 

A frame was received and discarded due to lack of buffers. 

TXB-Tx Buffer 

A buffer has been transmitted on the HOLC channel. This bit is set no sooner than when 
the second-to-Iast bit of the closing flag begins its transmission, if the buffer is the last in 
the frame. Otherwise, it is set after the last byte of the buffer has been written to the trans
mit FIFO. 

RXB-Rx Buffer 

A buffer has been received on the HOLC channel that was not a complete frame. This bit 
will only be set if the I bit in the Tx BO was set. 

7.5.14.13 HOLe Mask Register 
The SCC mask register (SCCM) is referred to as the HOLC mask register when the SCC is 
operating as an HOLC controller. It is an a-bit read-write register that has the same bit for
mats as the HOLC event register. If a bit in the HOLC mask register is a one, the correspond
ing interrupt in the event register will be enabled. If the bit is zero, the corresponding interrupt 
in the event register will be masked. This register is cleared upon reset. 

7.5.15 BISYNC Controller 

The byte-oriented binary synchronous communication (BISYNC) protocol was originated by 
IBM for use in networking products. The three classes of BISYNC frames are transparent, 
non-transparent with header, and non-transparent without header (see Figure 7-35). The 
transparent mode in BISYNC allows full binary data to be transmitted; with any possible 
character pattern is allowed. Each class of frame starts with a standard two octet synchro
nization pattern and ends with a block check code (BCC). The end of text character (ETX) 
is used to separate the text and BCC fields. 
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NON TRANSPARENT WITH HEADER 

SYN1 SYN2 SOH, HEADER STX TEXT ETX Bee 

NON TRANSPARENT WITHOUT HEADER 

I SYN1 I SYN2 STX TEXT ETX Bee 

TRANSPARENT 

SYN1 SYN2 DLE STX TRANSPARENTTEXT DLE ETX Bee 
Figure 7-35. Typical BISYNC Frames 

The bulk of the frame is divided into fields whose meaning depends on the frame type. The 
BCC is either a 16-bit CRC (CRC-16) format if 8-bit characters are used or a longitudinal 
check (a sum check) in combination with vertical redundancy check (parity) if 7-bit charac
ters are used. In transparent operation, to allow the BISYNC control characters to be present 
in the frame as valid text data, a special character (OLE) is defined, which informs the re- • 
ceiver that the character following the OLE is a text character, not a control character (from 
the control character table). If a OLE is transmitted as valid data, it must be preceded by a 
OLE character. This procedure is sometimes called byte-stuffing. 

The physical layer of the BISYNC communications link must provide a means of synchro
nizing the receiver and transmitter, which is usually accomplished by sending at least one 
pair of synchronization characters prior to every frame. 

BISYNC has the unusual property that a transmit underrun need not be an error. If an un
derrun occurs, the synchronization pattern is transmitted until data is once again ready to 
transmit. The receiver discards the additional synchronization characters as they are re
ceived, provided the V bit is set in the BISYNC -BISYNC SYNC register. In non-transparent 
operation, all synchronization characters (SYNCs) are discarded if the V bit is set in the BI
SYNC -BISYNC SYNC register. In transparent operation, all OLE-SYNC pairs are discard
ed. (Note that correct operation in this case assumes that, on the transmit side, the underrun 
does not occur between the OLE and its following character, a failure mode prevented in the 
IMP.) 

By appropriately setting the SCC mode register, any of the SCC channels may be config
ured to function as a BISYNC controller. The BISYNC controller handles the basic functions 
of the BISYNC protocol in normal mode and in transparent mode. 

The SCC in BISYNC mode can work with IDL, GCI (10M2), PCM highway, or NMSI interfac
es. When the SCC in BISYNC mode is used with a modem interface (NMSI), the SCC out
puts are connected directly to the external pins. The modem interface uses seven dedicated 
pins: transmit data (TXO), receive data (RXO) receive clock (RCLK), transmit clock (TCLK), 
carrier detect (CD), clear to send (CTS), and request to send (RTS). Other modem lines can 
be supported using the parallel I/O pins. 

The BISYNC controller consists of separate transmit and receive sections whose operations 
are asynchronous with the M68000 core and may be either synchronous or asynchronous 
with respect to the other SCCs. Each clock can be supplied from either the internal baud 
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rate generator or from external pins. More information on the baud rate generator is avail
able in 7.5.2 SCC Configuration Register (SCaN». 

• Flexible Oata Buffers 

• Eight Control Character Recognition Registers 

• Automatic SYNC1 and SYNC2 Oetection 

• SYNC/OLE Stripping and Insertion 

• CRC16 and LRC Generation/Checking 

• Parity (VRC) Generation/Checking 

• Supports BISYNC Transparent Operation (Use of OLE Characters) 

• Supports Promiscuous (Totally Transparent) Reception and Transmission 

• Maintains Parity Error Counter 

• External SYNC Support 

• Reverse Data Mode 

• Four Commands 

7.5.15.1 BISYNC Channel Frame Transmission Processing 
The BISYNC transmitter is designed to work with almost no intervention from the M68aaa 
core. When the M68aaa core enables the BISYNC transmitter, it will start transmitting 
SYN1-SYN2 pairs (located in the data synchronization register) or idle as programmed in 
the BISYNC mode register. The BISYNC controller polls the first buffer descriptor (BO) in 
the transmit channells BO table. When there is a message to transmit, the BISYNC control
ler will fetch the data from memory and start transmitting the message (after first transmitting 
the SYN1-SYN2 pair). 

When a BOis data has been completely transmitted, the last in message (L) bit is checked. 
If both the L bit and transmit BCS bit are set in that BO, the BISYNC controller will append 
the CRC16/LRC. Subsequently, the BISYNC controller writes the message status bits into 
the BO and clears the ready bit. It will then start transmitting SYN1-SYN2 pairs or 10LEs as 
programmed in the BISYNC mode register. When the end of the current BO has been 
reached and the last bit is not set (working in multibuffer mode), only the ready bit is cleared. 
In both cases, an interrupt is issued according to the interrupt (I) bit in the BO. Byappropri
ately setting the I bit in each BO, interrupts can be generated after the transmission of each 
buffer, a specific buffer, or each block. The BISYNC controller will then proceed to the next 
BO in the table. 

If no additional buffers have been presented to the BISYNC controller for transmission, an 
in-frame underrun is detected, and the BISYNC controller begins transmitting SYNCs. If the 
BISYNC controller was in transparent mode, the BISYNCs controller transmits OLE-SYNC 
pairs. This case is not an error. However, if an underrun occurs within a buffer, the BISYNC 
controller will transmit a SYN1-SYN2 pair followed by either SYNCs or idles according to 
the SYNF bit in the BISYNC mode register. This case is an underrun error and is described 
further in 7.5.15.8 BISYNC Error-Handling Procedure. 
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Characters are included in the block check sequence (BCS) calculation on a per-buffer ba
sis. Each buffer can be independently programmed to be included or excluded from the BCS 
calculation, and any characters to be excluded from the BCS calculation must reside in a 
separate buffer. The BISYNC controller can reset the BCS generator before transmitting a 
specific buffer. When functioning in transparent mode, the BISYNC controller automatically 
inserts a OLE before transmitting a OLE character. In this case, only one DLE is used in the 
calculation of the BCS. 

The IMP may also be used to transmit characters in a promiscuous (totally transparent) 
mode. See 7.5.16 Transparent Controller. 

7.5.15.2 BISYNC Channel Frame Reception Processing 

Although the BISYNC receiver is designed to work with almost no intervention from the 
M68000 core, it allows user intervention on a per-byte basis if necessary. The BISYNC re
ceiver can perform CRC16, longitudinal redundancy check (LRC), or vertical redundancy 
check (VRC) checking, SYNC stripping in normal mode, OLE-SYNC stripping and stripping ~ 
of the first OLE in DLE-DLE pairs in transparent mode, and control character recognition. A ~ 
control character is one belonging to the control characters shown in Figure 7-36. 

When the M68000 core enables the BISYNC receiver, it will enter hunt mode. In this mode, 
as data is shifted into the receiver shift register one bit at a time, the contents of the register 
are compared to the contents of the SYN1-SYN2 fields in the data synchronization register. 
If the two are not equal, the next bit is shifted in, and the comparison is repeated. When the 
registers match, the hunt mode is terminated, and character assembly begins. The BISYNC 
controller is now character synchronized and will perform SYNC stripping and message re
ception. The BISYNC controller will revert to the hunt mode when it is issued the ENTER 
HUNT MODE command, upon recognition of some error condition, or upon reception of an 
appropriately defined control character. 

When receiving data, the BISYNC controller updates the BCS bit (CR) in the BO for every 
byte transferred. When the data buffer has been filled, the BISYNC controller clears the 
empty (E) bit in the BO and generates an interrupt if the interrupt (I) bit in the BD is set. If the 
incoming data exceeds the length of the data buffer, the BISYNC controller will fetch the next 
BD in the table and, if it is empty, will continue to transfer data to this BO's associated data 
buffer. 

When a BCS is received, it is checked and written to the data buffer. The BISYNC controller 
sets the last bit, writes the message status bits into the BO, and clears the empty bit. Then 
it generates a maskable interrupt, indicating that a block of data has been received and is in 
memory. Note that the SYNC in the nontransparent mode or DLE-SYNC pairs in the trans
parent mode (Le., an underrun condition) are not included in the BCS calculations. 

The IMP may also be used to receive characters in a promiscuous (totally transparent) 
mode. See 7.5.16 Transparent Controller. 

7.5.15.3 BISYNC Memory Map 

When configured to operate in BISYNC mode, the IMP overlays the structure listed in Table 
4-8 onto the protocol-specific area of that sec parameter RAM. Refer to 5.2 System Con-
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figuration Registers for the placement of the three SCC parameter RAM areas'and Table 7-
5 for the other parameter RAM values. 

Table 7-15. BISYNC Specific Parameter RAM 

Address Name Width Description 

SCC Base + 9C RCRC- Word Temp Receive CRC 
SCC Base + 9E CRCC Word CRC Constant 
SCC Base + AO # PRCRC Word Preset Receiver CRC 16/LRC 
SCC Base + A2 TCRC Word Temp Transmit CRC 
SCC Base + A4 # PTCRC Word Preset Transmitter CRC 16/LRC 
SCC Base + A6 RES Word Reserved 
SCC Base + A8 RES Word Reserved 

SCC Base + AA # PAREC Word Receive Parity Error Counter 
SCC Base + AC # BSYNC Word BISYNC SYNC Character 
SCC Base + AE # BDLE Word BISYNC DLE Character 

SCC Base + BO # CHARACTER1 Word CONTROL Character 1 
SCC Base + B2 # CHARACTER2 Word CONTROL Character 2 
SCC Base + B4 # CHARACTER3 Word CONTROL Character 3 
SCC Base + B6 # CHARACTER4 Word CONTROL Character 4 
SCC Base + B8 # CHARACTER5 Word CONTROL Character 5 
SCC Base + BA # CHARACTER6 Word CONTROL Character 6 
SCC Base + BC # CHARACTER? Word CONTROL Character? 
SCC Base + BE # CHARACTER8 Word CONTROL Character 8 

# Initialized by the user (M68000 core). 

The M68000 core configures each SCC to operate in one of four protocols by the MODE1-
MOOEO bits in the SCC mode register. MOOE1-MODEO = 11 selects the BISYNC mode of 
operation. The SYN1-SYN2 synchronization characters are programmed in the data syn
chronization register (see 7.5.5 SCC Data Synchronization Register (OSR)). 

The BISYNC controller uses the same basic data structure as the other protocol controllers. 
Receive and transmiterrors are reported through their respective BOs. The status of the line 
is reflected in the SCC status register, and a maskable interrupt is generated upon each sta
tus change. 

There are two basic ways of handling the BISYNC channels. First, data may be inspected 
on a per-byte basis, with the BISYNC controller interrupting the M68000 core upon receipt 
of every byte of data. Second, the BISYNC controller may be operated so that software is 
only necessary for handling the first two to three bytes of data; subsequent data (until the 
end of the block) can be handled by the BISYNC controller without interrupting the M68000 
core. See 7.5.15.14 Programming the BISYNC Controllers for more information. 

7.5.15.4 BISYNC Command Set 

The following commands are issued to the command register. 

STOP TRANSMIT Command 

After a hardware or software reset and the enabling of the channel using the SCC mode 
register, the channel is in the transmit enable mode and starts polling the first BD in the 
table approximately every eight transmit clocks. 
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The STOP TRANSMIT command aborts transmission after the contents of the FIFO are 
transmitted (up to three bytes) without waiting until the end of the buffer is reached. The 
TBO# is not advanced. SYNC characters consisting of SYNC-SYNC or OLE-SYNC pairs 
(according to the transmitter mode) will be continually transmitted until transmission is re
enabled by issuing the RESTART TRANSMIT command. The STOP TRANSMIT com
mand may be used when it is necessary to abort transmission and transmit an EOT con
trol sequence. The EOT sequence should be the first buffer presented to the BISYNC 
controller for transmission after re-enabling transmission. 

The STOP TRANSMIT command must be issued before the SCC mode register is used 
to disable the transmitter if the transmitter is to be re-enabled at a later time. 

NOTE 

The BISYNC controller will remain in the transparent or normal 
mode after receiving the STOP TRANSMIT or RESTART 
TRANSMIT commands. 

RESTART TRANSMIT Command 

The RESTART TRANSMIT command is used to begin or resume transmission from the 
current Tx BO number (TBO#) in the channel's Tx BO table. When this command is re
ceived by the channel, it will start polling the ready bit in this BO. This command is expect
ed by the BISYNC controller after a STOP TRANSMIT command, after the STOP 
TRANSMIT command and the disabling of the channel in its mode register, or after a 
transmitter error (underrur; or CTS lost) occurs. 

If the transmitter is being re-enabled, the RESTART TRANSMIT command must be used 
and should be followed by the enabling of the transmitter in the SCC mode register. 

RESET BCS CALCULATION Command 

The RESET BCS CALCULATION command resets the receive BCS accumulator imme
diately. For example, it may be used to reset the BCS after recognizing a control charac
ter, signifying thqt a new block is commencing (such as SOH). 

ENTER HUNT MODE Command 

After a hardware or software reset and the enabling of the channel in the sec mode reg
ister, the channel is in the receive enable mode and will use the first BO in the table. 

The ENTER HUNT MODE command is used to force the BISYNC controller to abort re
ception of the current block, generate an RX interrupt (if enabled) as the buffer is closed, 
and enter the hunt mode. In hunt mode, the BISYNC controller continually scans the input 
data stream for the SYN1-SYN2 sequence as programmed in the data synchronization 
register. After receiving the command, the current receive buffer is closed, and the BCS 
is reset. Message reception continues using the next BD. 

If an enabled receiver has been disabled (by clearing ENR in the SCC mode register), the 
ENTER HUNT MODE command must be given to the channel before setting ENR again. 

7.5.15.5 BISYNC Control Character Recognition 
The BISYNC controller can recognize special control characters. These characters are used 
to customize the BISYNC protocol implemented by the BISYNC controller and may be used 
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to aid its operation in a DMA-oriented environment. Their main use is for receive buffers 
longer than one byte. In single-byte buffers, each byte can easily be inspected, and control 
character recognition should be disabled. 

The purpose of the control characters table is to enable automatic recognition (by the BI
SYNC controller) of the end of the current block. See 7.5.15.14 Programming the BISYNC 
Controllers for more information. Since the BISYNC controller imposes no restrictions on the 
format of the BISYNC blocks, user software must respond to the received characters and 
inform the BISYNC controller of mode changes and certain protocol events (e.g., resetting 
the BCS). However, correct use of the control characters table allows the remainder of the 
block to be received without interrupting the user software. 

Up to eight control characters may be defined. These characters inform the BISYNC con
troller that the end of the current block has been reached and whether a BCS is expected 
following this character. For example, the end of text (ETX) character implies both an end 
of block (ETB) and a BCS should be received. An enquiry (ENQ) character designates end 
of block without a subsequent BCS. All the control characters are written into the data buffer. 

The BISYNC controller uses a table of 16-bit entries to support control character recognition. 
Each entry consists of the control character, an end-of-table bit, a BCS expected bit, and a 
hunt mode bit. The control characters table is shown in Figure 7-36. To disable the entire 
control characters table, write $8000 to the first table entry. 

15 14 13 12 11 10 

OFFSET +0 E B H CHARACTER 1 

OFFSET +2 E B H CHARACTER2 

OFFSET +4 E B H CHARACTER3 

• 

• 

• 

I OFFSET + E I E I B I H CHARACTER8 

Figure 7-36. BISYNC Control Characters Table 

CHARACTER8-CHARACTER 1-Control Character Value 

These fields define control characters. 

7-106 

NOTE 

When using 7-bit characters with parity, the parity bit should be 
included in the control character value. 
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E-End of Table 

0= This entry is valid. The lower eight bits will be checked against the incoming 
character. 
1 = The entry is not valid. No valid entries exist beyond this entry. 

NOTE 

In tables with eight control characters, E should be zero in all 
eight positions. 

B-BCS Expected 

o = The character is written into the receive buffer. The buffer is then closed. 
1 = The character is written into the receive buffer. The receiver waits for one LRC 
or two CRC bytes of BCS and then closes the buffer. This should be used for ETB, 
ETX, and ITB. 

NOTE 

A maskable interrupt is generated after the buffer is closed. 

H-Enter Hunt Mode 

0= The BISYNC controller will maintain character synchronization after closing this 
buffer. 

1 = The BISYNC controJler will enter hunt mode after closing the buffer. When the B bit 
is set, the controller will enter hunt mode after the reception of the BCS. 

7.5.15.6 BSYNC-BISYNC SYNC Register 

The 16-bit, memory-mapped, read-write BSYNC register is used to define the BISYNC strip
ping and insertion of the SYNC character. When an underrun occurs during message trans
mission, the BISYNC controller will insert SYNC characters until the next data buffer is 
available for transmission. When the BISYNC receiver is not in hunt mode and a SYN 1 char
acter has been received and discarded, the receiver will discard a SYNC character if the val
id (V) bit is set. 

15 14 

v I 0 

NOTE 

Normal BISYNC operation requires that SYN 1 =SYN2=SYNC 
(the V bit must be set). 

When using 7-bit characters with parity, the parity bit should be 
included in the SYNC register value. 

o I SYNC 

7.5.15.7 BOLE-BISYNC OLE Register 

The 16-bit, memory-mapped, read-write BDLE register is used to define the BISYNC strip
ping and insertion of the DLE character. When the BISYNC controller is in transparent mode 
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and an underrun occurs during message transmission, the BISYNC controller inserts OLE
SYNC pairs until the next data buffer is available for transmission. 

When the BISYNC receiver is in transparent mode and a OLE character is received, the re
ceiver discards this character and excludes it from the BCS if the valid (V) bit is set. If the 
second (next) character is a SYNC character, the BISYNC controller discards it and ex
cludes it from the BCS. If the second character is a OLE, the BISYNC controller will write it 
to the buffer and include it in the BCS. If the character is not a OLE or SYNC, the BISYNC 
controller will examine the control characters table and act accordingly. If the character is 
not in the table, the buffer will be closed with the OLE follow character error (OL) bit set. If 
the V bit is not set, the receiver will treat the character as a normal character. 

15 14 

I v I 0 

NOTE 

When using 7-bit characters with parity, the parity bit should be 
included in the OLE register value . 

o I OLE 

7.5.15.8 BISYNC Error-Handling Procedure 

The BISYNC controller reports message reception and transmission error conditions using 
the channelBOs, the error counters, and the BISYNC event register. The modem interface 
lines can also be directly monitored in the SCC status register. 

Transmission Errors: 

1. Transmitter Underrun. When this error occurs, the channel terminates buffer transmis
sion, closes the buffer, sets the underrun (UN) bit in the BO, and generates the TXE 
interrupt (if enabled). The channel resumes transmission after the reception of the RE
START TRANSMIT command. Underrun cannot occur between frames or during a 
OLE-XXX pair in transparent mode. The FIFO size is three bytes in BISYNC. 

2. Clear-To-Send Lost Ouring Message Transmission. When this error occurs and the 
channel is not programmed to control this line with software, the channel terminates 
buffer transmission, closes the buffer, sets the CTS lost (CT) bit in the BO, and gener
ates the TXE interrupt (if enabled). The channel will resume transmission after the re
ception of the RESTART TRANSMIT command. 

Reception Errors: 

1. Overrun Error. The BISYNC controller maintains an internal three-byte FIFO for re
ceiving data. The CP begins programming the SOMA channel (if the data buffer is in 
external memory) and updating the CRC when the first word is received into the FIFO. 
If a FIFO overrun occurs, the BISYNC controller writes the received data byte to the 
internal FIFO over the previously received byte. The previous character and its status 
bits are lost. Following this, the channel closes the buffer, sets the overrun (OV) bit in 
the BO, and generates the RX interrupt (if enabled). The receiver then enters hunt 
mode immediately. 

2. Carrier Detect Lost Ouring Message Reception. When this error occurs and the chan
nel is not programmed to control this line with software, the channel terminates mes-
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sage reception, closes the buffer, sets the carrier detect lost (CO) bit in the BO, and 
generates the RX interrupt (if enabled). This error is the highest priority; the rest of the 
message is lost and no other errors are checked in the message. The receiver then 
enters hunt mode immediately. 

3. Parity Error. When this error occurs, the channel writes the received character to the 
buffer and sets the PR bit in the BO. The channel terminates message reception, clos
es the buffer, sets the PR bit in the BO, and generates the RX interrupt (if enabled). 
The channel also increments the parity error counter (PAREC), and the receiver then 
enters hunt mode immediately. 

4. CRC Error. The channel updates the CRC error (CR) bit in the BO every time a char
acter is received, with a byte delay (eight serial clocks) between the status update and 
the CRC calculation. When using control character recognition to detect the end of the 
block and cause the checking of the CRC that follows, the channel closes the buffer, 
sets the CR bit in the BO, and generates the RX interrupt (if enabled) . 

Error Counter 

The CP main controller maintains one 16-bit (moduI0-2**16) error counter for each BI
SYNC controller. It can be initialized by the user when the channel is disabled. The 
counter is as follows: 

-PAREC-Parity Error Counter (on received characters) 

7.5.15.9 BISYNC Mode Register 

Each SCC mode register is a 16-bit, memory-mapped, read-write register that controls the 
SCC operation. The term BISYNC mode register refers to the protocol-specific bits (15-6) 
of the SCC mode register when that SCC is configured for BISYNC. The read-write BISYNC 
mode register is cleared by reset. 

15 14 13 12 11 10 

I PM I EXSYN I NTSYN I REVD I BCS I -

PM-Parity Mode 

o = Odd Parity 
1 = Even Parity 

9 8 7 6 5 0 

RTR RBCS SYNF ENC COMMON SCC MODE BITS 

This bit is valid when the BCS bit is cleared. When odd parity is selected, the transmitter 
will count the number of ones in the 7-bit data character. If the total is not an odd number, 
then the parity bit is made equal to one to make an odd number of ones. Then, if the re
ceiver counts an even number of ones, an error in transmission has occurred. In the same 
manner, for even parity, an even number must result from the calculation performed at 
both ends of the line. 

EXSYN-External Sync Mode 

When this mode is selected, the receiver expects external logic to indicate the beginning 
of the data field using the C01/L 1 SY1 pin, if SCC1 is used, and the C02 and C03 pins, 
respectively, if SCC2 or SCC3 are used in this mode. In this mode, there will be no carrier 
detect function for the SCC. 
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When the channel is programmed to work through the serial channels physical interface 
(IDL or GCI) and EXSYN is set, the layer-1 logic carries out the synchronization using the 
L 1 SY1 pin. In PCM mode, the L 1 SY1-L 1 SYO pins are used. 

In NMSI mode, the CD pins (and the CD timing) are used to synchronize the data. CD 
should be asserted on the second data bit of the frame when used as a sync. 

If this bit is cleared, the BISYNC controller will look for the SYN1-SYN2 sequence inthe 
data synchronization register. 

NTSYN-No Transmit SYNC 

When this bit is set, the SCC operates in a promiscuous, totally transparent mode. See 
7.5.16 Transparent Controller for details. 

REVD-Reverse DATA 
When this bit is set, the receiver and transmitter will reverse the character bit order, trans
mitting the most significant bit first. This bit is valid in promiscuous mode. 

8CS-Block Check Sequence 

0= LRC 
For even LRC, the PRCRC and PTCRC preset registers in the BISYNC-specific 
parameter RAM should be initialized to zero before the channel is enabled. For odd 
LRC, the PRCRC and PTCRC registers should be initialized to ones. The LRC is 
formed by the Exclusive OR of each 7-bits of data (not including synchronization 
characters), and the parity bit is added after the final LRC calculation. 
The receiver will check character parity when BCS is programmed to LRC and the 
receiver is not in transparent mode. The transmitter will transmit character parity 
when BCS is programmed to LRC and the transmitter is not in transparent mode. 
Use of parity in BISYNC assumes the use of 7-bit data characters. 

1 = CRC16 
The PRCRC and PTCRC preset registers should be initialized to a preset value of 
all zeros or all ones before the channel is enabled. In both cases, the transmitter 
sends the calculated CRC non-inverted, and the receiver checks the CRC against 
zero. Eight-bit characters (without parity) are configured when CRC16 is chosen. 
The CRC16 polynomial is as follows: ) 

X 16 + X 15 + X2 + 1 

Bit 1 D-Reserved for future use. 

RTR-Receiver Transparent Mode 

o = The receiver is placed in normal mode with SYNC stripping and control character 
recognition operative. 

1 = The receiver is placed in transparent mode. SYNCs, DLEs, and control characters 
are only recognized after a leading DLE character. The receiver will calculate the 
CRC16 sequence, even if programmed to LRC while in transparent mode. PRCRC 
should be first initialized to the CRC16 preset value before setting this bit. 
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RBCS-Receive Block Check Sequence 

The BISYNC receiver internally stores two BCS calculations with a byte delay (eight serial 
clocks) between them. This enables the user to examine a received data byte and then 
decide whether or not it should be part of the BCS calculation. This is useful when control 
character recognition and stripping is desired to be performed in software. The bit should 
be set (or reset) within the time taken to receive the following data byte. When this bit is 
reset, the BCS calculations exclude the latest fully received data byte. When RBCS is set, 
the BCS calculations continue normally. 

a = Disable receive BCS 
1 = Enable receive BCS 

SYNF-Transmit SYN1-SYN2 or IDLE between Messages and Control the RTS Pin 

a = Send ones between messages; RTS is negated between messages. The BISYNC 
controller can transmit ones in both NRZ and NRZI encoded formats. 

1 = Send SYN1-SYN2 pairs between messages; RTS is always asserted . 

ENC-Data Encoding Format 

a = Non-return to zero (NRZ). A one is a high level; a zero is a low level. 
1 = Non-return to zero inverted (NRZI). A one is represented by no change in the level; 

a zero is represented by a change in the level. The receiver decodes NRZI, but a 
clock must be supplied. The transmitter encodes NRZI. 

COMMON SCC MODE BITS-See 7.5.4 SCC Mode Register (SCM) for a description of the 
DIAG1, DIAGa, ENR, ENT, MODE1, and MODEa bits. 

7.5.15.10 BISYNC Receive Buffer Descriptor (Rx BD) 

• The CP reports information about the received data for each buffer using BD. The Rx 
BD is shown in Figure 7-37. The CP closes the current buffer, generates a maskable 
interrupt, and starts to receive data into the next buffer after one of the following events: 

• Receiving a user-defined control character 

• Detecting an error 

• Detecting a full receive buffer 

• Issuing the ENTER HUNT MODE command 

15 14 13 12 11 10 7 3 2 

OFFSET +0 

OFFSET +2 

OFFSET +4 

OFFSET +6 

E I x I W I I I C I B I-I-I~I-I-I~I~I~I 
DATALENG 

RX BUFFER POINTER (24-bits used, upper 8 bits must be 0) 

Figure 7-37. BISYNC Receive Buffer Descriptor 

The first word of the Rx BD contains control and status bits. 
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E-Empty 

o = The data buffer associated with this BO has been filled with received data, or data 
reception has been aborted due to an error condition. The M68000 core is free to 
examine or write to any fields of this BO. 

1 = The data buffer associated with this BO is empty. This bit signifies that the BO and 
its associated buffer are available to the CPo After it sets this bit, the M68000 core 
should not write to any fields of this BO when this bit is set. The empty bit will re
main set while the CP is currently filling the buffer with received data. 

X-External Buffer 

0= The buffer associated with this BO is in internal dual-port RAM. 
1 = The buffer associated with this BO is in external memory. 

W-Wrap (Final BO in Table) 

o = This is not the last BO in the Rx BO table. 
1 = This is the last BO in the Rx BO table. After this buffer has been used, the CP will 

receive incoming data into the first BO in the table. Setting this bit allows the use 
of fewer than eight BO to conserve internal RAM. 

I-Interrupt 

NOTE 

The user is required to set the wrap bit in one of the first eight 
BOs; otherwise, errant behavior may occur. 

o = No interrupt is generated after this buffer has been used. 
1 = The RX bit in the BISYNC event register will be set when this buffer has been 

closed by the BISYNC controller, which can cause an interrupt. 
The following status bits are written 'by the CP after the received data has been placed into 
the associated data buffer. 

C-Control Character 

The last byte in the buffer is a user-def!ned control character. 

0= The last byte of this buffer does not contain a control character. 
1 = The last byte of this buffer contains a control character. 

8-BCS Received 

The last bytes in the buffer contain the received BCS. 

0= This buffer does not contain the BCS. 
1 = This buffer contains the BCS. A control character may also reside one byte prior to 

this BCS. 

Bits 9-5-Reserved for future use. 

OL-OLE Follow Character Error 

While in transparent mode, a OLE character was received, and the next character was not 
DLE, SYNC, or a valid entry in the control characters table. 
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PR-Parity Error 

A character with a parity error was received and is the last byte of this buffer. 

CR-BCS Error 

BCS error (CR) is updated every time a byte is written into the buffer. The CR bit includes 
the calculation for the current byte. By clearing the RBCS bit in the BISYNC mode register 
within eight serial clocks, the user can exclude the current character from the message 
BCS calculation. The data length field may be read to determine the current character's 
position. 

OV-Overrun 

A receiver overrun occurred during message reception. 

CD-Carrier Detect Lost 

The carrier detect signal was negated during message reception. 

Data Length 

The data length is the number of octets that the CP has written into this BD's data buffer, 
including the BCS (if selected). In BISYNC mode, the data length should initially be set to 
zero by the user and is incremented each time a received character is written to the data 
buffer. 

NOTE 

The actual buffer size should be greater than or equal to the MR
BLR. 

Rx Buffer Pointer 
The receive buffer pointer, which always points to the first location of the associated data 
buffer, may be even or odd. The buffer may reside in either internal or external memory. 

NOTE 

For correct operation of the function codes, the upper 8 bits of 
the pointer must be initialized to zero. 

7.5.15.11 BISYNC Transmit Buffer Descriptor (Tx BD). 
Data is presented to the CP for transmission on an SCC channel by arranging it in buffers 
referenced by the channel's Tx BD table. The CP confirms transmission (or indicates error 
conditions) using the BDs to inform the processor that the buffers have been serviced. The 
Tx BD is shown in Figure 7-38. 

OFFSET +0 
OFFSET +2 
OFFSET +4 

OFFSET +6 

MOTOROLA 

15 14 13 12 11 10 6 

R I x I w 1 I 1 L 1 TB 1 B 1 BR J TO 1 TR 1 - 1 -I 
DATA LENGTH 

TX BUFFER POINTER (24-bits used, upper 8 bits must be 0) 

Figure 7-38. BISYNC Transmit Buffer Descriptor 

MC68356 USER'S MANUAL 

3 

- 1 - 1 UN 1 CT 

7-113 

• 



• 

Communications Processor (CP) 

The first word of the Tx BO contains status and control bits. These bits are prepared by the 
user before transmission and are set by the CP after the buffer has been transmitted. 

R-Ready 

a = This buffer is not currently ready for transmission. The user is free to manipulate 
this BO (or its associated buffer). The CP clears this bit after the buffer has been 
fully transmitted or after an error condition has been encountered. 

1 = The data buffer has been prepared for transmission by the user (but not yet trans
mitted). No fields of this BO may be written by the user once this bit is set. 

X-External Buffer 

a = The buffer associated with this BO is in internal dual-port RAM. 
1 = The buffer associated with this BO is in external memory. 

W-Wrap (Final BO in Table) 

a = This is not the last BO in the Tx BO table. 
1 = This is the last BO in the Tx BO table. After this buffer has been used, the CP will 

transmit data from the first BD in the table. 

I-Interrupt 

NOTE 

The user is required to set the wrap bit in one of the first eight 
BOs; otherwise, errant behavior may occur. 

a= No interrupt is generated after this buffer has been serviced. 
1 = Either TX or TXE in the BISYNC event register will be set when this buffer has been 

serviced by the CP, which can cause an interrupt. 

L -Last in Message 

a = The last character in the buffer is not the last character in the current block. 
1 = The last character in the buffer is the last character in the current block. The trans

mitter will enter (remain in) normal mode after sending the last character in the buff
er and the BCS (if enabled). 

TB-Transmit BCS 

This bit is valid only when the L bit is set. 

a = Transmit the SYN1-SYN2 sequence or IOLE(according to the SYNF bit in the BI
SYNC mode register) after the last character in the buffer. 

1 = Transmit the BCS sequence after the last character. The BISYNC controller will 
also reset the BCS generator after transmitting the BCS sequence. 

B-BCS Enable 

0= Buffer consists of characters to be excluded from the BCS accumulation. 
1 = Buffer consists of characters to be included in the BCS accumulation. 
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BR-BCS Reset 

0= The BCS accumulation is not reset. 
1 = The transmitter BCS accumulation is reset (used for STX or SOH) before sending 

the data buffer. 

TO-Transmit OLE 
0= No automatic OLE transmission before the data buffer. 
1 = The transmitter will transmit a OLE character before sending the data buffer, which 

saves writing the first OLE to a separate data buffer when working in transparent 
mode. The transmitter also checks for OLE and inserts an extra OLE if the V-bit is 
set. 

TR-Transparent Mode 

0= The transmitter will enter (remain in) the normal mode after sending the data buffer. 
In this mode, the transmitter will automatically insert SYNCs in an underrun condi- ~ 
tion. ~ 

1 = The transmitter enters or remains in transparent mode after sending the data buff
er. In this mode, the transmitter automatically inserts OLE-SYNC pairs in the un
derrun condition. Underrun occurs when the BISYNC controller finishes a buffer 
with L set to zero and the next BO is not available. The transmitter also checks all 
characters before sending them; if a OLE is detected, another OLE is automatically 
sent. The user must insert a OLE or program the BISYNC controller to insert it (us
ing TO) before each control character required. The transmitter will calculate the 
CRC16 BCS even if the BCS bit in the BISYNC mode register is programmed to 
LRC. The PTCRC should be initialized to the CRC16 preset before setting this bit. 

The following status bits are written by the CP after it has finished transmitting the associat
ed data buffer. 

UN-Underrun 
The BISYNC controller encountered a transmitter underrun condition while transmitting 
the associated data buffer. 

CT-CTS Lost 

CTS in NMSI mode or L 1 GR in 10UGCI mode was lost during message transmission. 

Data Length 

The data length is the number of octets that the CP should transmit from this BOis data 
buffer. It is never modified by the CPo The data length should be greater than zero. 

Tx Buffer Pointer 

The transmit buffer pOinter, which always points to the first byte of the associated data 
buffer, may be even or odd. The buffer may reside in either internal or external memory. 

MOTOROLA 

NOTE 

For correct operation of the function codes, the upper 8 bits of 
the pointer must be initialized to zero. 
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7.5.15.12 BISYNC Event Register 

The SCC event register (SCCE) is referred to as the BISYNC event register when the SCC 
is programmed as a BISYNC controller. It is an 8-bit register used to report events recog
nized by the BISYNC channel and to generate interrupts. On recognition of an event, the 
BISYNC controller sets the corresponding bit in the BISYNC event register. Interrupts gen
erated by this register may be masked in the BISYNC mask register. 

The BISYNC event register is a memory-mapped register that may be read at any time. A 
bit is cleared by writing a one (writing a zero does not affect a bit's value). More than one bit 
may be cleared at a time. All unmasked bits must be cleared before the CP will negate the 
internal interrupt request signal. This register is cleared at reset. 

7 4 3 2 1 0 

I CTS I CD I - I TXE RCH BSY TX RX 

CTS-Clear-To-Send Status Changed 

A change in the status of the serial line was detected on the BISYNC channel. The SCC 
status register may be read to determine the current status. 

CD-Carrier Detect Status Changed 

A change in the status of the serial line was detected on the BISYNC channel. The SCC 
status register may be read to determine the current status. 

Bit 5-Reserved for future use. 

TXE-Tx Error 
An error (CTS lost or underrun) occurred on the transmitter channel. 

RCH-Receive Character 

A character has been received and written to the buffer. 

BSY-Busy Condition 

A character was received and discarded due to lack of buffers. The receiver will resume 
reception after an ENTER HUNT MODE command. 

TX-Tx Buffer 

A buffer has been transmitted. 

RX-Rx Buffer 
A complete buffer has been received on the BISYNC channel. 

7.5.15.13 BISYNC Mask Register 

The SCC mask register (SCCM) is referred to as the BISYNC mask register when the SCC 
is operating as a BISYNC controller. It is an 8-bit read-write register that has the same bit 
format as the BISYNC event register. If a bit in the BISYNC mask register is a one, the cor
responding interrupt in the event register will be enabled. If the bit is zero, the corresponding 
interrupt in the event register will be masked. This register is cleared upon reset. 
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7.5.15.14 Programming the BISYNC Controllers 
There are two general techniques that the software may employ to handle data received by 
the BISYNC controllers. The simplest way is to allocate single-byte receive buffers, request 
(in the status word in each BO) an interrupt on reception of each buffer (Le., byte), and im
plement the BISYNC protocol entirely in software on a byte-by-byte basis. This simple ap
proach is flexible and may be adapted to any BISYNC implementation. The obvious penalty 
is the overhead caused by interrupts on each received character. 

A more efficient method is as follows. Multibyte buffers are prepared and linked to the re
ceive buffer table. Software is used to analyze the first (two to three) bytes of the buffer to 
determine what type of block is being received. When this has been determined, reception 
can continue without further intervention to the user's software until a control character is 
encountered. The control character signifies the end of the block, causing the software to 
revert back to a byte-by-byte reception mode. 

To accomplish this, the RCH bit in the BISYNC mask register should initially be set, enabling ~ 
an interrupt on every byte of data received. This allows the software to analyze the type of ~ 
block being received on a byte-by-byte basis. After analyzing the initial characters of a block, 
the user should either set the receiver transparent mode (RTR) bit in the BISYNC mode reg-
ister or issue the RESET BCS CALCULATION command. For example, if DLE-STX is re-
ceived, transparent mode should be entered. By setting the appropriate bit in the BISYNC 
mode register, the BISYNC controller automatically strips the leading OLE from <OLE-char-
acter> sequences. Thus, control characters are only recognized when they follow a OLE 
character. The RTR bit should be cleared after a OLE-ETX is received. 

Alternatively, after receiving an SOH, the RESET BCS CALCULATION command should be 
issued. This command causes the SOH to be excluded from BCS accumulation and the 
BCS to be reset. Note that the RBCS bit in the BISYNC mode register (used to exclude a 
character from the BCS calculation) is not needed here since SYNCs and leading OLEs (in 
transparent mode) are automatically excluded by the BISYNC controller. 

After recognizing the type of block above, the RCH interrupt should be masked. Oata recep
tion then continues without further interruption of the M68000 core until the end of the cur
rent block is reached. This is defined by the reception of a control character matching that 
programmed in the receive control characters table. 

The control characters table should be set to recognize the end of the block as follows: 

Control Characters E B H 

ETX 0 1 1 

ITS 0 1 0 

ETS 0 1 1 

ENQ 0 0 0 

Next Entry 1 X X 

After the end of text (ETX), a BCS is expected; then the buffer should be closed. Hunt mode 
should be entered when line turnaround occurs. ENQ characters are used to abort transmis-
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sion of a block. For the receiver, the ENQ character designates the end of the block, but no 
CRC is expected. 

Following control character reception (Le., end of the block), the RCH bit in the BISYNC 
mask register should be set, re-enabling interrupts for each byte of received data. 

7.5.16 Transparent Controller 

The transparent controller allows transmission and reception of serial data over an SCC 
without any modification to that data stream. Transparent mode provides a clear channel on 
which no bit-level manipulation is performed by the SCC. Any protocol run over transparent 
mode is performed in software. The job of an SCC in transparent mode is to function simply 
as a high-speed serial-to-parallel and parallel-to-serial converter. This mode is also referred 
to as totally transparent or promiscuous operation. 

There are several basic applications for transparent mode. First, some data may need to be 
moved serially but requires no protocol superimposed. An example of this is voice data. Sec
ond, some board-level applications require a serial-to-parallel and parallel-to-serial conver
sion. Often this conversion is performed to allow communication between chips on the same 
board. The SCCs on the IMP can do this very efficiently with very little M68000 core inter
vention. Third, some applications require the switching of data without interfering with the 
protocol encoding itself. For instance, in a multiplexer, data from a high-speed time-multi
plexed serial stream is multiplexed into multiple low-speed data streams. The concept is to 
switch the data path but not alter the protocol encoded on that data path. 

By appropriately setting the SCC mode register, any of the SCC channels can be configured 
to function as a transparent controller. Transparent mode is achieved by setting the SCM 
MODE 1-MODEO bits to 11 and setting the NTSYN bit (bit 13) to 1. Note that, if the NTSYN 
bit is cleared, normal BISYNC operation will occur rather than transparent operation. See 
7.5.15 BISYNC Controller for a description of BISYNC operation. 

The SCC in transparent mode can work with IDL, GCI (lOM-2), PCM highway, or NMSI in
terfaces. When the SCC in transparent mode is used with a modem interface (NMSI), the 
SCC outputs are connected directly to the external pins. The modem interface uses seven 
dedicated pins: transmit data (TXD) , receive data (RXD), receive clock (RCLK), transmit 
clock (TCLK), carrier detect or carrier detect sync (CD), clear to send (CTS), and request to 
send (RTS). 

The transparent controller consists of separate transmit and receive sections whose opera
tions are asynchronous with the M68000 core and may be either synchronous or asynchro
nous with respect to the other SCCs. Transparent mode on the IMP is a synchronous 
protocol; thus, a clock edge must be provided with each bit of data received or transmitted. 
Each clock can be supplied from either the internal baud rate generator or from external 
pins. More information on the baud rate generator is available in 7.5.2 SCC Configuration 
Register (SCON). 

The main transparent controller features are as follows: 

• Flexible Data Buffers 
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• External Sync Pin or BISYNC-Like Frame Sync on Receive 

• Reverse Data Mode 

• Interrupts on Buffers Transmitted or Received 

• Clear to Send and Carrier Detect Lost Reporting 

• Maskable Interrupt Available on Each Character Received 

• Three Commands 

7.5.16.1 Transparent Channel Buffer Transmission Processing 

When the M68000 core enables the transparent transmitter, it will start transmitting ones. 
The transparent controller then polls the first BD in the transmit channel's BD table approx
imately every 16 transmit clocks. When there is a buffer to transmit, the transparent control
ler will fetch the data from memory and start transmitting the buffer. Transmission will not 
beginuntil the internal transmit FIFO is preloaded and the SCC achieves synchronization. 
See 7.5.16.5 Transparent Synchronization for details of the synchronization process. 

When a BD's data is completely transmitted, the last bit (L) is checked in the BD. If the L bit 
is cleared, then the transmitter moves immediately to the next buffer to begin its transmis
sion, with no gap on the serial line between buffers. Failure to provide the next buffer in time 
results in a transmit underrun, causing the TXE bit in the transparent event register to be set. 

If the L bit is set, the frame ends, and the transmission of ones resumes until a new buffer 
is made ready. RTS is negated during this period. Regardless of whether or not the next 
buffer is available immediately, the next buffer will not begin transmission until achieving 
synchronization. 

The transmitbuffer length and starting address may be even or odd; however, since the 
transparent transmitter reads a word at a time, better performance can be achieved with an 
even buffer length and starting address. For example, if a transmit buffer begins on an odd
byte boundary and is 10 bytes in length (the worst case), six word reads will result, even 
though only 10 bytes will be transmitted. 

Any whole number of bytes may be transmitted. If the REVD bit in the transparent mode reg
ister is set, each data byte will be reversed in its bit order before transmission. 

If the interrupt (I) bit in the Tx BD is set, then the TX bit will be set in the transparent event 
register following the transmission of the buffer. The TX bit can generate a maskable inter
rupt. 

7.5.16.2 Transparent Channel Buffer Reception Processing 
When the M68000 core enables the transparent receiver, it will enter hunt mode. In this 
mode, it waits to achieve synchronization before receiving data. See 7.5.16.5 Transparent 
Synchronization for details. 

Once data reception begins, the transparent receiver begins moving data from the receive 
FIFO to the receive buffer, always moving a 16-bit word at a time. After each word is moved 
to memory, the RCH bit in the transparent event register is set, which can generate a 
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maskable interrupt, if desired. The transparent receiver continues to move data to the re
ceive buffer until the buffer is completely full, as defined by the byte count in MRBLR. The 
receive buffer length (stored in MRBLR) and starting address must always be even, so the 
minimum receive buffer length must be 2. 

After a buffer is filled, the transparent receiver moves to the next Rx BD in the table and be
gins moving data to its associated buffer. If the next buffer is not available when needed, a 
busy condition is signified by the setting of the BSY bit in the transparent event register, 
which can generate a maskable interrupt. 

Received data is always packed into memory a word at a time, regardless of how it is re
ceived. For example, in NMSI mode, the first word of data will not be moved to the receive 
buffer until after the sixteenth receive clock occurs. In PCM highway mode, the same prin
ciple applies except that the clocks are only internally active during an SCC time slot. For 
example, if each SCC time slot is seven bits long, the first word of data will not be moved to 
the receive buffer until after the second bit of the third time slot, regardless of how much time 
exists between individual time slots. 

Once synchronization is achieved for the receiver, the reception process continues unabat
ed until a busy condition occurs, a W lost condition occurs, or a receive overrun occurs. 
The busy condition error should be followed by an ENTER HUNT MODE command to the 
channel. In all three error cases, the reception process will not proceed until synchronization 
has once again been achieved. 

If the REVD bit in the transparent mode register is set, each data byte will be reversed in its 
bit order before it is written to memory. 

If the interrupt (I) bit in the Rx BD is set, then the RX bit will be set in the transparent event 
register following the reception of the buffer. The RX bit can generate a maskable interrupt. 

7.5.16.3 Transparent Memory Map 
When configured to operate in transparent mode, the IMP overlays the structure illustrated 
in Table 7-16 onto the protocol specific area of that SCC parameter RAM. Refer to 5.2 Sys
tem Configuration Registers for the placement of the three SCC parameter RAM areas and 
Table 7-5 for the other parameter RAM values. 

Table 7-16. Transparent-Specific Parameter RAM 

Address Name Width Description 

see BASE + ge RES WORD Reserved 

see BASE + 9E RES WORD Reserved 

see BASE + AO RES WORD Reserved 

see BASE+A2 RES. WORD Reserved 

see BASE + A4 RES WORD Reserved 

see BASE + A6 RES WORD Reserved 

see BASE + AS RES WORD Reserved 

see BASE + AA RES WORD . Reserved 
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Table 7-16. Transparent-Specific Parameter RAM 

see BAsE+Ae RES WORD Reserved 

see BASE+AE RES WORD Reserved 

see BASE + BO RES WORD Reserved 

see BASE + B2 RES WORD Reserved 

see BASE + B4 RES WORD Reserved 

see BASE + B6 RES WORD Reserved 

see BASE + B8 RES WORD Reserved 

see BASE + BA RES WORD Reserved 

see BASE + Be RES WORD Reserved 

see BASE + BE RES WORD Reserved 

Although there are no transparent-specific parameter RAM locations that must be initialized ~ 
by the user, the general SCC parameter RAM must still be initialized (see Table 7-5). -.-

The transparent controller uses the same basic data structure as the other protocol control
lers. Receive and transmit errors are reported through receive and transmit BOs. The status 
of the line is reflected in the SCC status register, and a maskable interrupt is generated upon 
each status change. 

If in-line synchronization is used with the transparent controller, then the DSR (see 7.5.5 
see Data Synchronization Register (DSR)) must be initialized with the SYN1-SYN2 syn
chronization characters. See 7.5.16.5 Transparent Synchronization for details. 

7.5.16.4 Transparent Commands 

The following commands are issued to the command register. 

STOP TRANSMIT Command 

After a hardware or software reset and the enabling of the channel using the SCC mode 
register, the channel is in the transmit enable mode and starts polling the first BD in the 
table approximately every 16 transmit clocks. 
The STOP TRANSMIT command aborts transmission. If this command is received by the 
transparent controller during a buffer transmission, transmission of that buffer is aborted 
after the FIFO contents (up to four words) are transmitted. The TBD# is not advanced. 
Ones are continuously transmitted until transmission is re-enabled by issuing the RE
START TRANSMIT command. 
The STOP TRANSMIT command must be issued before the SCC mode register is used 
to disable the transmitter if the transmitter is to be re-enabled at a later time. 

RESTART TRANSMIT Command 
The RESTART TRANSMIT command is used to begin or resume transmission from the 
current Tx BD number (TBD#) in the channel IS Tx BD table. When this command is re
ceived by the channel, it will start polling the ready bit in this BD. This command is expect
ed by the transparent controller after a STOP TRANSMIT command, after a STOP 
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TRANSMIT command and the disabling of the channel in its mode register, or after a 
transmitter error (underrun or CTS lost occurs). 

If the transmitter is being re-enabled, the RESTART TRANSMIT command must be used 
and should be followed by the enabling of the transmitter in the SCC mode register. 

ENTER HUNT MODE Command 

After a hardware or software reset and the enabling of the channel in the SCC mode reg
ister, the channel is in the receive enable mode and will use the first SO in the table. 

The ENTER HUNT MODE command is used to force the transparent controller to abort 
reception of the current block, generate an RX interrupt (if enabled) as the buffer is closed, 
and enter the hunt mode. In the hunt mode, the transparent controller waits for a synchro
nization to occur on the SCC (see 7.5.16.5 Transparent Synchronization). After receiving 
the ENTER HUNT MODE command, the current receive buffer is closed. Reception con
tinues using the next SD. 

If an enabled receiver has been disabled (by clearing ENR in the SCC mode register), the 
ENTER HUNT MODE command must be given to the channel before setting ENR again. 

7.5.16.5 Transparent Synchronization 
Once the SCC is enabled for transparent operation in the SCM, the transmit and receive 
buffer descriptors are made ready for the SCC, and the transmit FIFO has been preloaded 
by the SDMA channel (signaled by the RTS pin in NMSI and PCM modes), one additional 
process must occur before data can be transmitted and received. This process is called 
transparent synchronization. Transparent synchronization gives the user bit-level control 
over when the transmission and reception can begin. 

The method of synchronization is controlled by the DIAG1-DIAGO bits in the SCM, the EX
SYN bit in the SCM, and, in some cases, the data synchronization register (DSR). The re
sulting timing is dependent on the physical interface chosen. 

Five ways exist to achieve transparent synchronization. 

1. With the physical interface in the NMSI mode, the SCC may be configured with the EX
SYN bit set, and the DIAG1-DIAGO bits set to software operation. In this case, the 
CTS pin is ignored, and the CD pin is used to control both transm iss ion and reception. 
For the transmitter, once RTS is asserted and the transmitter samples CD as low, the 
transmission will begin after a fixed 6.5 transmit clock delay. For the receiver, the first 
valid bit of data received occurs one bit prior to the receive clock that sampled CD as 
low. Note that CD is sampled on a rising TCLK for the transmitter and a rising RCLK 
for the receiver. 
Once CD is sampled as low by the receiver and transmitter, further toggling of CD will 
have no effect since synchronization has already been achieved. 

2. With the physical interface in NMSI mode, the SCC may be configured with the EX
SYN bit cleared and the DIAG 1-DIAGO bits set to software operation. For the trans
mitter, the transmission will begin without any synchronization. For the receiver, 
reception will begin as soon as the receive data pattern matches the SYN1-SYN2 pat
tern programmed into the DSR. Thus, the receiver uses an in-line synchronization 
method. 
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3. If case 2 is used but the DIAG 1-DIAGO bits are set to normal operation, then the nor
mal operation characteristics as described in the SCM register also apply. The trans
mitter will be controlled by the CTS pin, and the receiver will wait for the SYN1-SYN2 
pattern once the CD pin is detected as low. 

NOTE 

In cases 2 and 3 above, the SYN2 character is written into the 
receive data buffer. 

4. With the physical interface configured for PCM highway mode, the SCC may be con
figured with the EXSYN bit set and the OIAG1-0IAGO bits set to either software oper
ation or normal operation. In this case, the L 1 SY1-L 1 SYO pins carry out the 
synchronization. For the transmitter, once data is pre loaded into the transmit FIFO, the 
rising edge of the L 1 SY1-L 1 SYO pins will cause a transmission to occur. This trans
mission will be comprised of one leading $FF byte, followed by the first bit of the trans
m it buffer. For the receiver, reception will begin at the beginning of a time slot. 

NOTE 

This technique is not valid for the PCM envelope sync method 
when the time slots are less than six bits in length. In such a 
case, the user may clear EXSYN to cause transmission to begin, 
and then, for the receiver, provide the required SYN1-SYN2 se
quence. To accomplish this, the user may configure the SCC to 
loopback mode with the EXSYN bit cleared and the DSR set to 
$FFFF. Then after 16 serial clocks, the receiver and transmitter 
are synchronized, and the SCC may be dynamically reconfig
ured to normal or software operation. At this point, reception be
gins immediately, and transmission begins after the transmit BO 
is made ready. 

5. With the physical interface configured for IDL or GCI mode, the SCC may be config
ured with the EXSYN bit set and the DIAG1-DIAGO bits set to either software opera
tion or normal operation. In this case, the data will be byte-aligned to the B or D 
channel time slots. 

Once synchronization is achieved for the transmitter, it will remain in effect until an error oc
curs, a STOP TRANSMIT command is given, or a buffer has completed transmission with 
the Tx BD last (L) bit set. Once synchronization is achieved for the receiver, it will remain in 
effect until an error occurs or the ENTER HUNT MODE command is given. 

7.5.16.6 Transparent Error-Handling Procedure 
The transparent controller reports message reception and transmission error conditions us
ing the channel BDs and the transparent event register. The modem interface lines can also 
be directly monitored in the SCC status register. 

Transmission Errors: 

1. Transmitter Underrun-When this error occurs, the channel terminates buffer trans
mission, closes the buffer, sets the underrun (UN) bit in the BD, and generates the 
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TXE interrupt (if enabled). The channel resumes transmission after the reception of 
the RESTART TRANSMIT command. Underrun can occur after a transmit frame for 
which the L bit in the Tx BD was not set. In this case, only the TXE bit is set. The FIFO 
size is four words in transparent mode. 

2. Clear-To-Send Lost During Message Transmission-When this error occurs and the 
channel is not programmed to control this line with software, the channel terminates 
buffer transmission, closes the buffer, sets the CTS lost (CT) bit in the BD, and gener
ates the TXE interrupt (if enabled). The channel will resume transmission after the re
ception of the RESTART TRANSMIT command. 

Reception Errors: 

1. Overrun Error-The transparent controller maintains an internal three-word FIFO for 
receiving data. The CP begins programming the SDMA channel (if the data buffer is 
in external memory) when the first word is received into the FIFO. If a FIFO overrun 
occurs, the transparent controller writes the received data word to the internal FIFO 
over the previously received word. The previous word is lost. Next, the channel closes 
the buffer, sets the overrun (OV) bit in the BD, and generates the RX interrupt (if en
abled). The receiver then enters hunt mode immediately. 

2. Carrier Detect Lost During Message Reception-When this error occurs and the chan
nel is not programmed to control this line with software, the channel terminates recep
tion, closes the buffer, sets the carrier detect lost (CD) bit in the BO, and generates the 
RX interrupt (if enabled). This error has the highest priority; the rest of the message is 
lost and no other errors are checked. The receiver then enters hunt mode immediately. 

3. Busy Condition-If the RISC controller tries to use an Rx BD that is not empty, the 
busy condition is encountered. No data is received and the current Rx BD is left un
modified. After new buffers are provided, the user should issue the ENTER HUNT 
MODE command. 

7.5.16.7 Transparent Mode Register 
Each SCC mode register is a 16-bit, memory-mapped, read-write register that controls the 
SCC operation. The term transparent mode register refers to the protocol-specific bits (15-
6) of the SCC mode register when that SCC is configured for transparent mode. The trans
parent mode register is cleared by reset. All undefined bits should be written with zero. 

15 14 13 12 11 10 9 7 

I - I EXSYN I NTSYN I REVD I - I - I - I - I - I - COMMON see MODE BITS 

Bit 15-Reserved for future use; should be written with zero. 

EXSYN - External Sync Mode 

When this mode is selected, the receiver and transmitter expect external logic to indicate 
the beginning of the data field by using the CD1/L 1 SY1 pin, if SCC1 is used, and the CD2 
and CD3 pins, respectively, if SCC2 or SCC3 is used. In this mode, there is no carrier de
tect function for the SCC. 

When the channel is programmed to work through the serial channels physical interface 
(IDL or GCI) and EXSYN is set, the layer 1 logic carries out the synchronization using the 
L 1 SY1 pin. In PCM mode, the L 1 SY1-L 1 SYO pins are used. In NMSI mode, the CD pins 
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(and the CD timing) are used to synchronize the data. CD should go low on the second 
valid data bit of the receive data stream. 

If this bit is cleared, the receiver will look for the SYN1-SYN2 sequence in the data syn
chronization register to achieve synchronization, and the transmitter uses the CTS pin ac
cording to the DIAG1-DIAGO bits in the SCM. The receiver also uses the CD pin 
according to the DIAG1-DIAGO bits in the SCM. 

NTSYN-No Transmit SYNC 

This bit must be set for the SCC to operate in a totally transparent (promiscuous) mode. 

REVD-Reverse Data 

When this bit is set, the receiver and transmitter will reverse the character bit order, trans
mitting the most significant bit first. 

Bits 11-6-Reserved for future use; should be written with zero. 

COMMON SCC MODE BITS-See 7.5.4 SCC Mode Register (SCM) for a description of the • 
DIAG1, DIAGO, ENR, ENT, MODE1, and MODEO bits. 

7.5.16.8 Transparent Receive Buffer Descriptor (RxBD) 
The CP reports information about the received data for each buffer using BD. The RxBD is 
shown in Figure 7-39. The CP closes the current buffer, generates a maskable interrupt,~and 
starts to receive data into the next buffer after one of the following events: 

• Detecting an error 

• Detecting a full receive buffer 

• Issuing the ENTER HUNT MODE command 

OFFSET +0 
OFFSET +2 

OFFSET +4 

. 15 14 13 12 11 10 

E 1 x 1 w 1 I 1 - 1 -I 
7 

-I -1-1 
DATA LENGTH 

-I -I 

RX BUFFER POINTER (24-bits used, upper 8 bits must be 0) 
OFFSET +6 

-1-1 

Figure 7-39. Transparent Receive Buffer Descriptor 

The first word of the Rx SD contains control and status bits. 

E-Empty 

- I ov I CD 

o = The data buffer associated with this BD has been filled with received data, or data 
reception has been aborted due to an error condition. The M68000 core is free to 
examine or write to any fields of this BD. 

1 = The data buffer associated with this BD is empty. This bit signifies that the BD and 
its associated buffer are available to the CP_ After it sets this bit, the M68000 core 
should not write to any fields of this SD when this bit is set. The empty bit will re
main set while the CP is currently filling the buffer with received data. 
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X-External Buffer 

0= The buffer associated with this BO is in internal dual-port RAM. 
1 = The buffer associated with this BO is in external memory. 

W-Wrap (Final BO in Table) 

o = This is not the last BO in the Rx BO table. 
1 = This is the last BO in the Rx BO table. After this buffer has been used, the CP will 

receive incoming data into the first BO in the table. Setting this bit allows the use 
of fewer than eight BDs to conserve internal RAM. 

I-Interrupt 

NOTE 
The user is required to set the wrap bit in one of the first eight 
BOs; otherwise, errant behavior may occur. 

o = No interrupt is generated after this buffer has been used. 
1 = When this buffer has been closed by the transparent controller, the RX bit in the 

transparent event register will be set, which can cause an interrupt. 
The following status bits are written by the CP after the received data has been placed into 
the associated data buffer. 

Bits 11-2-Reserved for future use. Should be written with zero by the user. 

OV-Overrun 

A receiver overrun occurred during reception. 

CO-Carrier Oetect Lost 

The carrier detect signal was negated during buffer reception. 

Data Length 

The data length is the number of octets that the CP has written into this BO's data buffer. 
It is written only once by the CP as the buffer is closed. 

NOTE 
The actual buffer size should be greater than or equal to the MR
BLR. 

Rx Buffer Pointer 

The receive buffer pointer, which always points to the first location of the associated data 
buffer, must be even. The buffer may reside in either internal or external memory. 

7-126 

NOTE 
For correct operation of the function codes, the upper 8 bits of 
the pointer must be initialized to zero. 
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7.5.16.9 Transparent Transmit Buffer Descriptor (Tx BD) 

Oata is presented to the CP for transmission on an SCC channel by arranging it in buffers 
referenced by the channel's Tx BO table. The CP confirms transmission (or indicates error 
conditions) using the BOs to inform the processor that the buffers have been serviced. The 
Tx BO is shown in Figure 7-40. 

15 14 13 12 11 10 4 2 

OFFSET +0 
OFFSET +2 
OFFSET +4 

R 1 x 1 w 1 I 1 L 1 - 1 - 1 - 1 - 1 - 1 - 1 -I - J - J UN J CT 
DATA LENGTH 

TX BUFFER POINTER (24-bits used, upper 8 bits must be 0) 
OFFSET +6 

Figure 7-40. Transparent Transmit Buffer Descriptor 

The first word of the Tx BO contains status and control bits. These bits are prepared by the ~ 
user before transmission and are set by the CP after the buffer has been transmitted. ~ 

R-Ready 

0= This buffer is not currently ready for transmission. The user is free to manipulate 
this BO (or its associated buffer). The CP clears this bit after the buffer has been 
fully transmitted or after an error condition has been encountered. 

1 = The data buffer has been prepared for transmission by the user (but not yet trans
mitted). No fields of this BO may be written by the user once this bit is set. 

X-External Buffer 

0= The buffer associated with this BO is in internal dual-port RAM. 
1 = The buffer associated with this BO is in external memory. 

W-Wrap (Final BO in Table) 

0= This is not the last BO in the Tx BD table. 
1 = This is the last BO in the Tx BO table. After this buffer has been used, the CP will 

transmit data from the first BO in the table. 

I-Interrupt 

NOTE 

The user is required to set the wrap bit in one of the first eight 
BOs; otherwise, errant behavior may occur. 

o = No interrupt is generated after this buffer has been serviced. 
1 = When this buffer is serviced by the CP, the TX or TXE bit in the transparent event 

registerwill be set, which can cause an interrupt. 

MOTOROLA MC68356 USER'S MANUAL 7-127 



It 

Communications Processor (CP) 

L -Last in Message 

0= The last byte in the buffer is not the last byte in the transmitted block. Data from the 
next transmit buffer (if ready) will be transmitted immediately following the last byte 
of this buffer. 

1 = The last byte in the buffer is the last byte in the transmitted block. After this buffer 
is transmitted, the transmitter will require synchronization before the next buffer 
can be transmitted. 

Bits 10-2 are reserved for future use; they should be written with zero. 
The following status bits are written by the CP after it has finished transmitting the associat
ed data buffer. 

UN-Underrun 
The transparent controller encountered a transmitter underrun condition while transmit
ting the associated data buffer. 

CT-CTS Lost 
CTS in NMSI mode or L 1 GR in IDUGCI mode was lost during frame transmission. 

Data Length 
The data length is the number of octets that the CP should transmit from this BOis data 
buffer. The data length, which should be greater than zero, may be even or odd. This val
ue is n.ever modified by the CPo 

Tx Buffer Pointer 
The transmit buffer pointer, which always points to the first byte of the associated data 
buffer, may be even or odd. The buffer may reside in either internal or external memory. 

NOTE 

For correct operation of the function codes, the upper a bits of 
the pointer must be initialized to zero. 

7.5.16.10 Transparent Event Register 
The sec event register (SeeE) is referred to as the transparent event register when the 
SCC is programmed as a transparent controller. It is an a-bit register used to report events 
recognized by the transparent channel and to generate interrupts. On recognition of an 
event, the transparent controller sets the corresponding bit in the transparent event register. 
Interrupts generated by this register may be masked in the transparent mask register. 

The transparent event register is a memory-mapped register that may be read at any time. 
A bit is cleared by writing a one (writing a zero does not affect a bit's value). More than one 
bit may be cleared at a time. All unmasked bits must be cleared before the CP will negate 
the internal interrupt request signal. This register is cleared at reset. 

7 6 4 2 1 o 
CTS CD I - TXE RCH I BSY TX RX 
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CTS-Clear-To-8end Status Changed 

A change in the status of the serial line was detected on the transparent channel. The 
SCC status register may be read to determine the current status. 

CD-Carrier Detect Status Changed 
A change in the status of the serial line was detected on the transparent channel. The 
SCC status register may be read to determine the current status. 

Bit 5-Reserved for future use. 

TXE-Tx Error 

An error (CTS lost or underrun) occurred on the transmitter channel. 

RCH-Receive Character 

A word has been received and written to the receive buffer. 

BSY -Busy Condition 

A word was received and discarded due to lack of buffers. The receiver will resume re
ception after an ENTER HUNT MODE command. 

TX-Tx Buffer 

A buffer has been transmitted. If the L bit in the Tx BD is set, TX is set no sooner than on 
the second-to-Iast bit of the last byte being transmitted on the TXD pin. If the L bit in the 
Tx BD is cleared, TX is set after the last byte was written to the transmit FIFO. 

RX-Rx Buffer 
A complete buffer has been received on the transparent channel. RX is set no sooner than 
10 serial clocks after the last bit of the last byte in the buffer is received on the RXD pin. 

7.5.16.11 Transparent Mask Register 

The SCC mask register (SCCM) is referred to as the transparent mask register when the 
SCC is operating as a transparent controller. It is an 8-bit read-write register that has the 
same bit format as the transparent event register. If a bit in the transparent mask register is 
a one, the corresponding interrupt in the event register will be enabled. If the bit is zero, the 
corresponding interrupt in the event register will be masked. This register is cleared at reset. 

7.6 16550 EMULATION CONTROLLER 

7.6.1 16550 Emulation Controller Features 

• Contains PC port side that implements the full register set, external pins, external pin 
timing, and interrupt structure of the 16550. 

• The 16550 UART registers are accessible from the PCMCIA port in any page of I/O 
space. 

• The emulation controller can optionally scale the transfer rates to and from the PC to 
match the speeds of a real 16550. 
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• The interface to the 68000 core maintains the standard 68302 programming model of 
a normal SCC in UART mode. 

• Data is transferred between the 68000 bus and the 16550 emulation controller using' 
SOMA transfers under RISC control. 

• Data transfers are never serialized in the emulation controller. 

7.6.2 16550 Emulation Controller Overview 

The 16550 emulation controller has the complete register set of the 16550 with the same 
FIFO and interrupt structure. The data transfer between the PC and the 68000 core consists 
of parallel transfers of data. There is no parallel to serial (shift-register) transformation of the 
data. 

The 16550 emulation controller transfers modem status written by the PC via hardware reg
isters visible to the 68000 core. The 68000 core transfers data and modem status bits to the 
16550 emulation controller though register visible to both the 68000 core and the PC. Data 
transfers to and from the 16550 FIFO or holding registers are routed to IMP memory using 
the RISC controller and the SOMA channels. Data transfers to and from the PC take place 
through the PCMCIA interface. The 16550 emulation controller uses SCC2 parameter RAM 
space and its baud rate generator (BRG) when enable and therefore the SCC2 serial chan
nel cannot be used simultaneously with the 16550 emulation. The 16550 controller uses the 
same data structures as a typical IMP SCC in UART mode and supports multi-buffer oper
ation. 

Two 4-bit counters and a BRG control the data transfer rate of the 16550 emulation control
ler, the FIFO emulation time-out, and the 302 idle emulation. 

7.6.2.1 16550 Emulation Controller FIFOs Overview 
The 16550 controller has separate transmit and receive FIFO's for implementing 16550 
mode which is enabled by setting the FIFO enable bit in the FIFO control register. Figure 7-
42 shows the receiver FIFO which transfers data from the CP 16550 transmit buffer descrip
tors via the communication processor's peripheral bus to the PC via the PCMCIA bus. The 
FIFO is 16 bytes deep and includes three error bits that are attached to each byte and are 
decoded in the line status register as each byte reaches the top of the FIFO. The data is 
never serialized in the process. The baud rate clock is provided by BRG2 and can be divided 
down further by a 4 bit counter. The 4 bit counter is useful to slow the baud rate clock down 
to a rate that emulates the serial transfer rates of a true 16550 while allowing the baud rate 
generator itself to be programmed with traditional values used for serial UART rates. This 
will keep the receive interrupt rate to the PC at the level it is used to handling and prevent 
the PC from being inundated with bursts of fast interrupts. 

7.6.3 PC Accesses 

The PC accesses the 16550 emulation registers through the PCMCIA interface using I/O 
space accesses. These read and write cycles are synchronized with the IMP clock. The IMP 
clock rate affects the synchronization time and the cycle length. When using low rate clocks, 
WAIT should be asserted on the PCMCIA cycle to delay the completion of the cycle. This 
can be done by making sure that the NWAIT bit in the 16550 emulation mode register is re
set. 
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68000 BUS PCMCIA 

Bus 
LINE STATUS - ... -- -REGISTER ... .. 16550 EMULATION - ~ 

MODE REGISTER 

- LINE CONTROL - ... - -- -REGISTER 

... -- DIVISOR LATCH (MSB) ... .. - ~ - ... 16550 EVENT DIVISOR LATCH (LSB) 
-- - REGISTER ~ 

INTERRUPT ENABLE ... .. - ... ... REGISTER - ... 16550 MASK INTERRUPT --- - REGISTER CONTROL .. 
LOGIC ~ 

.. IREQ 
~ INTERRUPT 10 .. and IN 

~ .. 16550 STATUS -- ... 
r--- REGISTER bit in REGISTER 

TR 

CCSR 

i RTS,DTR,OUT1,OUT2 MODEM CONTROL - ... -- -REGISTER 

CTS,DSR,DCD,RI 
MODEM STATUS ... ... .. - ~ 

REGISTER 

~ 
RANSMITTER HOLDING ... 

REGISTER -
I-- () .... w 

P ERIPHERAL ...J 
w ... TRANSM ITTER -(f) - FIFO -BUS ---. 

J~ FIFO CONTROL ... .. - ~ 

REGISTER 

l' -----.. 
RECIVER .. ... ... 

FIFO 
I-- () 

-- W 
...J 
W 
(f) -----.. RECEIVER HOLDING .. -REGISTER 

Figure 7-41. 16550 Emulation Controller Block Diagram 
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Figure 7-42. 16550 Emulation Controller Receiver FIFO 
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Figure 7-43. 16550 Emulation Controller Transmitter FIFO 

7.6.4 PC Programmer Model 

PCMCIA 

... 

The PC programmer model is identical to the standard 16550. All software packages that 
support the 16650 can be executed without any modification. 

Table 7-17.16550 Emulation Registers Addresses 

REG CET lORD IOWR DLAB A25 A2 A1 AO Register 

L L L H 0 0 0 0 0 Receiver buffer (read) 

L L H L 0 0 0 0 0 Transmitter holding register 
(write) 

L L L H 0 0 0 0 1 Interrupt enable (read) 

L L H L 0 0 0 0 1 Interrupt enable (write) 

L L L H x 0 0 1 0 Interrupt identification (read) 

L L H L x 0 0 1 0 FIFO control (write) 

L L L H x 0 0 1 1 Line control (read) 

L L H L x 0 0 1 1 Line control (write) 

L L L H x 0 1 0 0 MODEM control (read) 

MOTOROLA MC68356 USER'S MANUAL 7-133 



Communications Processor (CP) 

Table 7-17.16550 Emulation Registers Addresses 

~ ~ lORD IOWR DLAB A25 A2 

L L H L x 0 

L L L H x 0 

L L L H x 0 

L L L H x 0 

L L H L x 0 

L L L H 1 0 

L L H L 1 0 

L L L H 1 0 

L L H L 1 0 

7.6.4.1 16550 Emulation Registers Description 

7.6.4.1.1 Line Control Register (LeR) 

1 

1 

1 

1 

1 

0 

0 

0 

0 

A1 AO Register 

0 0 MODEM control (write) 

0 1 Line status (read) 

1 0 MODEM status (read) 

1 1 Scratch (read) 

1 1 Scratch (write) 

0 0 Divisor latch (LS) (read) 

0 0 Divisor latch (LS) (write) 

0 1 Divisor latch (MS) (read) 

0 1 Divisor latch (MS) (write) 

This register is used to specify the format of the asynchronous serial data. The 68000 core 
receives an interrupt when the PC writes to this register (See 7.6.5.12 16550 Event Register 
for more details). The 68000 may read the register bits and emulate the UART functions. 

The PC can write and read the contents of this register. The 68000 can only read this reg
ister. 

7.6.4.1.2 Line Control Register (LSR) 
LCR Base + $8F2 

Character Length 

o o 

Read/Write-PC 
Read-Only-68000 

Bits 0-5 

o o o 

These bits do not affect the 16550 emulation controller. The 68000 core may read them 
and use them in the emulation process. The 16550 emulation controller generates the 
LCR interrupt (if enabled) when the PC writes these bits. 

NOTE 

The 16550 em ulation logic will write a zero to the bit 8 location 
when the character length is programmed to 7-bits. 

Set Break-Break Control Bit 

When the PC sets this bit to one, the 16550 emulation controller will transfer the receive 
break indication to the 68000 core. It is done by incrementing the BRKEC counter, closing 
the receive buffer, setting the BR bit (if a buffer is currently open) and generating the BRK 
interrupt (if enabled). In addition, the 16550 emulation controller generates the LCR inter-
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rupt (if enabled). When the PC clears this bit, the 16550 emulation controller generates 
the LCR interrupt (if enabled). This enables the 68000 core to measure the BREAK length. 

DLAB-Divisor Latch Access Bit 
The PC must set this bit to one to access the divisor latches during a read or write oper
ation. The PC must set this bit to zero to access the receiver buffer, the transmitter holding 
register, or the interrupt enable register. 

7.6.4.1.3 Line Status Register (LSR) (Read Only) 
LSR 

7 

o o o o o 

Read-Only by the PC-68000 can set the Overrun bit 

Data Ready 

a = The receiver data register or FIFO is empty 

Base + $8F6 
2 

o 

1 = A character has been transferred by the RISC controller into the receiver data reg
ister or FIFO. 

Overrun 
This bit is set by the 68000 core when the transmit buffer has not been transmitted for a 
long period of time. It is done to emulate the 16550 Rx FIFO overrun. 

This bit is reset when the PC reads the LSR. 

Parity Error 

This bit is set by the 68000 core, by setting the P bit in the transmit buffer descriptor. This 
bit is reset when the PC reads the LSR. In FIFO mode, the parity error bit will be set when 
the character associated with the parity error moves to the top of the FIFO. 

Framing Error 

This bit is set by the 68000 core indirectly when the 68000 core sets the FR bit in the trans
mit buffer descriptor. This bit is reset when the PC reads the LSR register. In FIFO mode, 
the framing error bit is set when the character associated with the framing error moves to 
the top of the FIFO. 

Break Interrupt (BI) 

This bit is set by the 68000 core by issuing the STOP TRANSMIT command. This bit is 
reset when the PC reads the LSR register. In FIFO mode, this error bit 'will be set when 
the character associated with the error moves to the top of the FIFO. When break occurs, 
only one character is written into the FIFO. 
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NOTE 

Bits 1-4 are error bits that produce a receiver line status interrupt 
whenever one of these bits is set and the interrupt is enabled. 

Transmitter Holding Register Empty (THRE) 

0= The transmitter holding register is written by the PC. In the FIFO mode at least one 
byte is written to the FIFO. 

1 = The transmitter is ready to accept a new character. A character is transferred from 
the transmitter holding register to the transmitter shift register emulation. In the 
FIFO mode, the Tx FIFO is empty. 

Transmitter Empty (TEMT) 

0= The transmitter holding register contains a character. In the FIFO mode at least 
one byte is written to the FIFO. 

1 = The transmitter holding register and the transmitter shift register emulation are both 
empty. In the FIFO mode, the Tx FIFO is empty. 

LSR7 

In the NS16450 mode this bit is o. In the FIFO mode, this bit is set when there is at least 
one parity error, framing error, or break indication in the FIFO. It is cleared when the pc 
reads the LSR, if there are no subsequent errors in the FIFO. 

7.6.4.1.4 FIFO Control Register FCR (Write Only) 

FCR PC Access Only 
7 3 2 1 0 

Rx FIFO Trigger Res Res DMA MODE I XMIT FIFO RST I RCVR FIFO RST I FIFO Enable 

RESET 
o 

Write-Only-PC 

FIFO Enable 

o o o 

0= Clear all bytes in XMIT and RCVR FIFOs. 
1 = Enables both FIFOs. 

NOTE 

o 

When changing from FIFO mode to NS16450 mode and vice 
versa, data is automatically cleared from the FIFOs. This bit 
must be one when other FCR bits are written. 

Receiver FI FO Reset 

o 

When the PC writes a one to this bit, all bytes are cleared in the RCVR FIFO, and the 
RCVR FIFO counter is reset. The one that is written to this bit is cleared immediately (Le. 
it is not latched). 
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Transmitter FIFO Reset 

When the PC writes a one to this bit, all bytes in the XMIT FIFO are cleared and the XMIT 
FIFO counter is reset.The one that is written to this bit is cleared immediately (i.e. it is not 
latched). 

DMA Mode Select 
This bit is not implemented because the DMA mode is not supported. 

Receiver FI FO trigger 

These bits are used to set the trigger level for the receiver FIFO interrupt. 

Table 7-18. Receiver FIFO Trigger Level (Bytes) 

FCR7 FCR6 
RCVR FIFO 

Trigger Level (Bytes) 

0 0 01 

0 1 04 

1 0 08 

1 1 14 

7.6.4.1.5 Interrupt Identification Register -IIR (Read Only) 

The interrupts are prioritized into four levels and recorded in the interrupt identification reg
ister (IIR). The four levels of interrupt conditions in order of priority are: receiver line status, 
received data ready, transmitter holding register empty, and MODEM status. When the PC 
accesses the II R, the contents of the register and all pending interrupts are frozen. Any new 
interrupts will be recorded and uP9ated after the current access is terminated. 

IIR PC Access On Iy 

FIFO Enables Res Res INTERRUPT ID I Interrupt Pending I 
RESET 

o o o o o 

Read-Only-PC 

Interrupt Pending 

0= An interrupt is pending and the IIR contents may be used as a pointer to the appro
priate interrupt routine. 

1 = No interrupt is pending 

Interrupt ID 
These bits are used to identify the highest priority interrupt pending, as indicated in Table 
7-19. 

Bits 4 and 5-These bits are always O. 

Bits 6 and 7-These bits are set when FCRO=1. In the 16450 mode they are always O. 
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Table 7-19. Interrupt Control Functions 

FIFO 
Interrupt 

Mode Interrupt Set and Reset Functions 
Identification Reg 

Only 

Bit3 Bit 2 Bit 1 BitO 
Priority 

Interrupt Type 
Level 

0 0 0 1 - None 

Highest Rxline 0 1 1 0 status 

Rx data avail-0 1 0 0 Second able 

Character 
1 1 0 0 Second timeout 

indication 

0 0 1 0 Third !x hOldin~reg-
Ister emp 

0 0 0 0 Fourth MODEM status 

7.6.4.1.6 Interrupt Enable Register - IER 
IER 

6 4 

Interrupt Source 

None 

Overrun or parity error 
9rframing error or break 
Interrupt 

Rx Data available or 
trigger level reached 

No characters have 
been removed or input 
to the Rx FIFO during 
the last 4 character 
times and there was at 
least 1 character in it 
during this time. 

Tx Holding register 
empty 

CTS, DSR, ring indica-
tion, or CD 

o o o o EDSSI ELSI 

RESET 
o 

Read/Write-PC 

o o o 

ERBFI-Enable Received Data Available Interrupt 

o 

Interrupt Reset 
Control 

-
Reading the line status 
register 

Reading the Rx buffer 
register or the FI FO 
drop's below the trigger 
level. 

Reading the receiver 
buffer register. 

Reading the IIR regis-
ter (if source of inter-
rupt) o~ writin~ il)to the 
transmitter ho ding 
register. 

Reading the MODEM 
status register 

PC Access Only 
o 

ETBEI ERBFI 

o o 

This bit enables the received data available interrupt to the PC (and timeout interrupts in 
the FIFO mode), when set to one. 

ETBEI-Enable Transmitter Holding Register Empty Interrupt 
This bit enables the transmitter holding register empty interrupt to the PC, when set to 
one. 

ELSI -Enable Receiver Line Status Interrupt 
This bit enables the receiver line status interrupt to the PC, when set to one. 

EDSSI-Enable MODEM Status Interrupt 
This bit enables the MODEM status interrupt to the PC, when set to one. 

Bits 4 to 7-These bits are always O. 
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7.6.4.1.7 MODEM Control Register - MCR 

MCR PC Access Only 
7 4 1 0 

0 0 0 Loop Out2 Oull RTS DTR 

RESET 
0 0 0 0 0 0 

Read/Write-PC 

DTR-Data Terminal Ready 

When this bit is set, the DTR status bit in the 16550 status register is forced to 1. When 
this bit is reset, the DTR status bit in the 16550 status register is forced to o. DTR status 
change interrupt may be generated. See 7.6.5.12 16550 Event Register for more details. 

RTS-Request To Send 

When this bit is set, the RTS status bit in the 16550 status register is forced to 1. When ~ 
this bit is reset, the RTS status bit in the 16550 status registers forced to O. RTS status ~ 
change interrupt may be generated. See 7.6.5.12 16550 Event Register for more details. 

Out 1 

When this bit is set, the Out 1 status bit in the 16550 status register is forced to 1. When 
this bit is reset, the Out 1 status bit in the 16550 status register is forced to o. An Out 1 
status change interrupt may be generated. See 7.6.5.12 16550 Event Register for more 
details. 

Out2 

When this bit is set, the Out 2 status bit in the 16550 status register is forced to 1. When 
this bit is reset, the Out 2 status bit in the 16550 status register is forced to O. Out 2 status 
change interrupt may be generated. See 7.6.5.12 16550 Event Register for more details. 

Loop-Loopback Mode 

When this pin is set to one the 16550 emulation controller is forced into the local loop back 
diagnostic feature. The following occurs: 
The four MODEM control outputs (DTR, RTS, OUT 1, OUT 2) are internally connected to 
the four MODEM control inputs (DSR, CTS, RI and DCD). 

The 68000 core will receive the loop interrupt (See Loop-Loopback Mode on page 154) 
and will have to transfer data between the TxBDs and the RxBDs to emulate the loopback 
feature. The buffer length should only be one byte. 

NOTE 

To emulate the localloopback diagnostic, the slowdown mech
anism should be enabled. It should be enabled by the user, oth
erwise the loopback will be done too quickly. 

Bits 5-7 -Always o. 
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7.6.4.1.8 MODEM Status Register 

MSR 
7 6 

DCD RI 
RESET 

0 0 

Read-Only-PC 
Read/Write-68000 

5 

DSR 

0 

OCTS-Delta Clear to Send 

4 3 

CTS DDCD 

0 0 

2 

TERI 

0 

Base + $8F3 
o 

DDSR DCTS 

o 0 

This bit indicates that the CTS bit has changed state since the last time it was read by the 
PC. This bit is reset to logic 0 whenever the PC reads the MSR register. 

ODSR-Delta Data Set Ready 
This bit indicates that the DSR bit has changed state since the last time it was read by the 
PC. This bit is reset to logic 0 whenever the PC reads the MSR register. 

TERI-Trailing Edge of Ring Indicator 
This bit indicates that the RI bit has changed from high to low state. This bit is reset to 
logic 0 whenever the PC reads the MSR register. 

ODCD-Delta Data Carrier Detect 
This bit indicates that the DCD bit has changed state. This bit is reset to logic 0 whenever 
the PC reads the MSR register. 

NOTE 

Whenever bits 0, 1, 2 or 3 are set to one, a MODEM status inter
rupt is generated to the PC. 

CTS-ClearTo Send 

This bit emulates the complement of the CTS input. The 68000 core writes this bit. If bit 4 
(loop) of the MCR is set to 1, this bit is equivalent to RTS in the MCR. 

OSR-Data Set Ready 
This bit emulates the complement of the DSR input. The 68000 core writes this bit. If bit 
4 (loop) of the MCR is set to 1, this bit is equivalent to DTR in the MCR. 

RI-Ring Indicator 

This bit emulates the complement of the RI input. The 68000 core writes this bit. If bit 4 
(loop) of the MCR is set to 1, this bit is equivalent to OUT 1 in the MCR. 

OCD-Data Carrier Detect 
This bit emulates the complement of the DCD input. The 68000 core writes this bit. If bit 
4 (loop) of the MCR is set to 1, this bit is equivalent to OUT 2 in the MCR. 
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7 .. 6.4.1.9 Divisor Latch (LS) - DLL 
This register contains the low byte of the baud rate generator divisor latch. When the PC 
writes this register, the DLL interrupt (if enabled) will be generated to the 68000 core. See 
7.6.5.12 16550 Event Register for more details. The 68000 core can read this register value 
and program SCC2 BRG according to this value. 

NOTE 

The 16550 requires a baud rate multiplied by one clock instead 
of the baud rate multiplied by sixteen clock used in the standard 
68302 SCC in UART mode (Le. to generate a 16550 9600 baud 
clock at 16.67MHZ, the clock divider bits in the SCON register 
should be programmed to 1735 instead of 108). The 4 bit divid
ers for the TX and RX FIFOs should also be programmed to 
match the number of bits per character being transferred to slow 
down the PC interrupt rate to a level to emulate a serialized 
UART. 

7.6.4.1.10 Divisor Latch (LM) - DLM 
This register contains the high byte of the baud rate generator divisor latch. When the PC 
writes this register, the DLM interrupt (if enabled) will be generated to the 68000 core. See 
7.6.5.12 16550 Event Register for more details. The 68000 core can read the register value 
at program SCC2 BRG. 

7.6.4.1.11 Receive Buffer Register - RBR 
When the 68000 core has data to deliver to the PC, it prepares a buffer descriptor with as
sociated data buffer. The RISC controller will deliver the data buffer characters into the re
ceive buffer' register. An interrupt will be generated to the PC if the receive data available 
interrupt is enabled and the ready bit is set. Also, the 68000 core may set the FE and P error 
bits in the transmit buffer descriptor (TxBD) and the RISC will transfer them with the data to 
the FIFO or the line status register. To slow down the transfer rate to the PC and emulate 
the same rate as a serial 16550, the PC interrupt request rate may be slowed by program
ming the EMR RX divider bits (see 7.6.5.2 16550 Emulation Mode Register - EMR). 

7.6.4.1.12 Transmit Holding Register - THR 
When the PC writes to the transmit holding register, the RISC controller receives a request 
from the 16550 emulation logic. The RISC controller, when servicing the request, will read 
the register and will transfer the data into the Rx data buffer. When the RISC reads the reg
ister, the transmit holding register empty flag is set. To slow down the transfer rate and em
ulate the same rate as the serial 16550, the RISC controller request may be delayed by 
programming the EMR TX divider bits (see 7.6.5.2 16550 Emulation Mode Register - EMR). 

7.6.4.1.13 Scratchpad Register - SeR 
This 8-bit read/write register does not control the 16550 in any way. It is intended as a 
scratch pad register to be used by the PC to hold data temporarily. 
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7.6.5 68000 Programming Model 

SCC2 can be configured as a 16550 emulation controller by programming its mode register 
(SCM) into UART16550 mode (MODE1-MODEO = 10). BRG2 should be programmed to the 
appropriate rate after reading the 16550 emulation divisor latch. It uses the same data struc
ture as the SCCs in the other modes. The 16550 data structure supports multi-buffer oper
ation. The user can program the 16550 emulation controller to accept or reject control 
characters. If a control character is rejected, an interrupt may be generated. The 16550 em
ulation controller enables the user to transfer break sequences, parity and fram ing errors to 
the PC via the buffer descriptor table. An indication of the status of the 16550 emulation 
transmit FIFO (IDLE) is reported through the status register, and a maskable interrupt is 
generated upon a status change. In its simplest form, the 16550 can function in a character
oriented environment. Each character is transmitted with accompanied stop bits and parity 
(as configured by the user), and received into separate one byte buffers. Reception of each 
buffer may generate a maskable interrupt. 

7.6.5.1 16550 Memory Map 

When the 16550 emulation controller is enabled, the 68356 overlays the structure illustrated 
in Table 7-7, with the 16550 emulation controller specific parameters, described in Table 7-
20. 

Table 7-20. 16550 Specific Parameter RAM 

Address Name Width Description 
SCC2 Base+9C MAX_IDL Word Maximum IDLE characters 

SCC2 Base+9E IDLC Word Temporary IDLE counter 

SCC2 Base+AO BRKCR Word Break count register (transmit) 

SCC2 Base+A2 res Word 

SCC2 Base+A4 res Word 

SCC2 Base+A6 res Word -

SCC2 Base+A8 BRKEC Word Receive break condition counter 

SCC2 Base+AA res Word -

SCC2 Base+AC res Word 

SCC2 Base+AE RCCR Word Receive control character register 

SCC2 Base+BO CHARCTER1 Word CONTROL character 1 

SCC2 Base+B2 CHARCTER2 Word CONTROL character 2 

SCC2 Base+B4 CHARCTER3 Word CONTROL character 3 

SCC2 Base+B6 CHARCTER4 Word CONTROL character 4 

SCC2 Base+B8 CHARCTER5 Word CONTROL character 5 

SCC2 Base+BA CHARCTER6 Word CONTROL character 6 

SCC2 Base+BC CHARCTER7 Word CONTROL character 7 

SCC2 Base+BE CHARCTER8 Word CONTROL character 8 

The items above in bold face should be initialized by the user. 
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MAX_IDL. 

The 16550 emulation TX FIFO is polled by the RISC controller every programmable 
amount of time. When the Tx FIFO is empty, the RiSe controller assumes reception of an 
IDLE character. Once a character of data is received, the RiSe controller counts any idle 
characters received. If a MAX_IDL number of idle characters are received before the next 
data character is received, and idle timeout occurs, the buffer is closed. This, in turn, can 
produce an interrupt request to the 68000 core to receive the data from the buffer. Thus, 
MAX_IDL provides a convenient way to demarcate frames in the 16550 mode. 

NOTE 

Program MAX_IDL to $0001 for the minimum timeout value; pro
gram MAX_IDL to $0000 for the maximum timeout value. 

IDLC 

This value is used by the RISC to store the current idle emulation counter value in the ~ 
MAX_IDL timeout process. IDLC is a down counter. It does not need to be initialized or ~ 
accessed by the user. 

BRKCR. 

The 16550 emulation controller will send an a break character sequence towards the pe 
whenever a STOP TRANSMIT command is given. The Break Interrupt bit in the emulation 
line status register will be set. (See 7.6.4.1.3 Line Status Register (LSR) (Read Only) for 
more details). The data sent towards the 16550 emulation receiver is the data written in 
character8 in the control characters table. The number of break characters sent by the 
16550 emulation controller is determined by the value in BRKCR. 

RCCR,CHARACTER8-1. 
These characters define the receive control characters, on which interrupts may be gen
erated. 

7.6.5.2 16550 Emulation Mode Register - EMR 

This register programmed by the 68000 core is used to enable the RiSe controller reception 
and transmission processes. In addition, this register is used to program the counters used 
for reception, to slow down transmissions, for timeout in the 16550 emulation Rx FIFO, and 
the Rx buffer descriptor IDLE count. 

EMR Base+$8FO 
15 14 13 12 11 10 

RES RES NWAIT FRZ ENT ENR TXDivider 

RESET 0 

0 0 0 0 

0 
7 4 3 2 0 

TxDivider RxDivider TSDE RSDE 

RESET 

0 0 0 0 0 0 
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Read/Write-68000 

The 16550 controller uses the SCC2 interrupt event and mask registers and the SCC2 pa
rameter RAM. The 16550 controller BRG uses the SCC2 SCON register to set the BRG 
clock frequency which can be further divided by the two 4-bit counters. A divide by two block 
can be enabled from either the system clock source or the TIN pin depending on where the 
baud rate clock is supplied. 

NOTE 

IMP clock to 16550 BRG rate should not exceed a ratio of 3:1. 

NWAIT-PCMCIA No WAIT Cycle 

The PC accesses the 16550 emulation registers through the PCMCIA interface on I/O 
space. These read and write cycles are synchronized with the IMP clock. The IMP clock 
rate affects the synchronization time and the cycle length. When using lower rate IMP 
clocks, WAIT should be asserted on the PCMCIA cycle to delay the completion of the cy
cle. 

0= WAIT will be asserted. 
1 = WAIT will not be asserted. The 302 clock rate should be equal or higher than 25 

Mhz, otherwise the data will not be read or written correctly. 

FRZ -Freeze Transm iss ion 

This bit allows the user to halt the 68000 data transfer into the 16550 emulation receive 
FIFO. Data transfer will continue from the next character in the buffer when this bit is reset 
to zero. 

0= Normal operation (or resume transmission after FRZ is set) 
1 = The RISC controller completes the current transfer into the 16550 emulation re

ceive FIFO and then stops transferring data. 

ENT -Enable Transmitter 

0= The RISC controller transmission process is disabled. 
1 = The RISC controller transmission process is enabled 

ENR-Enable Receiver 

0= The RISC controller reception process is disabled. 
1 = The RISC controller reception process is enabled 

Tx Divider 
This 4-bit value is loaded into a 4-bit countdown counter. This counter divides BRG2 input 
clock. The 16550 emulation transmit FIFO will request the RISC controller to transfer data 
into memory when the counter reaches zero and the FIFO is not empty. This mechanism 
will slow down the transfer rate and emulate the PC interrupts rate as if the data transfer 
was done serially. When the FIFO is empty, the RISC controller will identify the request 
as an IDLE reception for use by the close BD mechanism (See 7.6.5.10 16550 Rx Buffer 
Descriptor (Rx BD)) 
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NOTE 
In this case, the PC is transmitting to the 68000 core. 

Rx Divider 
This 4-bit value is loaded into a 4-bit countdown counter. This counter divides the BRG2 
input clock. The 16550 emulation receive FIFO requests the RISC controller to poll its Tx 
BD. When the BD is not empty, it will transfer data from memory into the FIFO, when the 
counter reaches zero and the FIFO is not full. This mechanism slows down the transfer 
rate and emulates the PC interrupt rate as if the data transfer was done serially. This 
counter is also used for the 16550 Rx FIFO time-out interrupt emulation. 

NOTE 
In this case, the 68000 is transmitting to the PC core. 

TSDE-Transmitter Slowdown Enable 

When set, this bit enables the transmitter slow-down mechanism. When cleared, the 
transmit counter is used only for IDLE emulation and the transfer rate is as fast as the 
RISC controller and the PC can operate. 

NOTE 
In this case, the PC is transmitting to the 68000 core. 

RSDE-Receiver Slowdown Enable 

When set, this bit enables the receiver slow-down mechanism. When cleared, the receive 
counter is used only for FIFO time-out interrupt emulation and the transfer rate is as fast 
as the RISC controller and the PC can transfer. In this case, transfers will probably be lim
ited by PC software, rather than the RISC and SDMA channels on the 68K bus. The IMP 
transmitter will poll the transmit BD ready bit every Tx counter time-out. When the buffer 
is ready, data will be transferred at the maximal rate. 

NOTE 
In this case, the 68000 is transmitting to the PC core. 

7.6.5.3 16550 Command Set 
The following commands can be issued to the command register (CR). 

7.6.5.4 Transmit Commands 

7.6.5.4.14 STOP TRANSMIT Command 
After a hardware or software reset, and after the channel has been enabled by setting the 
trallsmit enable bit in the EMR register, the channel will be in the transmit enable mode and 
will start polling the first buffer in the table every programmable number of clocks (as pro
grammed by the Tx Divider bits in the EMR). 

The channel STOP TRANSMIT command disables the transmission of characters to the 
16550 emulation receive FIFO. 
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The 16550 transmitter will transmit a programmable number of break sequences to the 
16550 emulation receive FIFO and then stop transmission. The number of break sequences 
(which may be zero) should be written to the break count register (BRKCR) before this com
mand is issued to the 16550 Controller. 

7.6.5.4.15 RESTART TRANSMIT Command 
The channel RESTART TRANSMIT command enables the transmission of characters 
on the 16550 emulation receive FIFO. This command is expected by the 16550 controller 
after disabling the channel in the mode register (EMR), and after a STOP TRANSMIT com
mand. The 16550 controller will resume transmission from the current transmitter buffer in 
the Tx BD Table. 

7.6.5.5 Receive Commands 

7.6.5.5.16 ENTER HUNT MODE Command 
After a hardware or software reset, and after the channel has been enabled by setting the 
receive enable bit in the EMR register, the channel will be in the transmit enable mode and 
will use the first buffer in the table. 

The ENTER HUNT MODE command is used to force the 16550 controller to close the 
current Rx BD (if data is being received using it). The command generates an RX interrupt 
(if enabled) as the buffer is closed. The 16550 controller will resume reception using the next 
BD once a single IDLE character is received. 

7.6.5.6 16550 Control Characters (Receiver) 
The 16550 controller has the capability to recognize special control characters transferred 
from the PC to the card. These characters may be used when the 16550 functions in a mes
sage oriented environment. Up to eight control characters may be defined by the user in the 
control characters table. Ea:ch of these characters may be either written to the receive buffer 
(upon which the buffer is closed and a new receive buffer taken) or rejected. If rejected, the 
character is written to the received control character register (RCCR) in internal RAM and a 
maskable interrupt is generated. This method is useful for notifying the user of the arrival of 
control characters (e.g. XOFF) that are not part of the received messages. 

The 16550 uses a table of 16-bit entries to support control character recognition. Each entry 
consists of the control character, a valid bit, and a reject character bit. The control characters 
table is described in Table 7-21. 

RCCR Received Control Character Register 

Upon a control character match for which the· Reject bit is set, the 16550 controller will 
write the control character into the RCCR and generate a maskable interrupt. The core 
must process the interrupt and read the RCCR before a second control character arrives. 
Failure to do so will result in the 16550 controller overwriting the first control character. 

CHARACTER8-1 = T Control Character Values 

These fields define control characters that should be compared to the incoming character. 
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Offset+O 

Offset+2 

Offset+4 

Offset+6 

Offset+lO 

Table 7-21. 16550 Control Character Table 

15 8 7 o 
RCCR 

E R CHARACTER 1 

E R CHARACTER2 

CHARACTER8 

E-End of table • 
0= This entry is valid. The lower 8 bits will be checked against the incoming character. 
1 = The entry is not valid. This must be the last entry in the control characters table. 

NOTE 

In tables with 8 control characters, this bit is always o. 

R-Reject character 
0= The character is not rejected but written into the receive buffer. The buffer is then 

closed and a new receive buffer is used if there is more data in the message. A 
maskable (I-bit in the receive SO) interrupt is generated. 

1 = If this character is recognized it will not be written to the receive buffer. Instead, it 
is written to the received control characters register (RCCR) and a maskable inter
rupt is generated. The current buffer is not closed when a control character is re
ceived with R set. 

7.6.5.6.17 Transmission of Out-of-Sequence Characters (Transmitter) 
Transmission of out-of-sequence characters to the PC is also supported by the 16550 con
troller,and is normally used for the transmission of flow control characters such as XON or 
XOFF. This is performed using the last (eight) entry in the control characters table. The 
16550 controller will poll this character whenever the transmitter is enabled for 16550 con
troller operation. This includes during buffer transmission, and when no buffer is ready for 
transmission. The character is transmitted at a higher priority than the other characters in 
the transmit buffer (if any), but does not preempt characters already in the 16550 receiver 
emulation FIFO. 

E-Empty 
Must be one to use this entry as a flow control transmission character. To use this entry 
instead as a receive control characters entry, this E bit (and all other E bits in the table) 
should be zero. 
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R-Reject 

Must be zero to use this entry as flow control transmission character. For receive control 
characters entry, it maintains its functionality as previously defined. 

REA-Ready 
This bit is set by the 68000 core when the character is ready for transmission and will re
main one while the character is being transmitted. The CP clears this bit after transmis
sion. 

I-Interrupt 
If set, the core will be interrupted when this character has been transmitted. (The TX bit 
will be set in the 16550 event register.) 

CHARACTER8-Flow Control Character Value 
This value contains the character to be transmitted. This value may be modified only while 
the REA bit is cleared. 

7.6.5.7 BREAK Support (Receiver) 

The 16550 controller offers very flexible BREAK emulation support for the receiver. See 
7.6.5.9.19 BREAK Sequence for more details. 

7.6.5.8 Send Break (Transmitter) 
A break is an all-zeros character without a stop bit(s). A break emulation is transferred to the 
PC by issuing the STOP TRANSMIT command. The 16550 controller sends a programma
ble number of break characters according to the break count register (BRKCR), and then 
reverts to idle or sends data if the RESTART TRANSMIT command was given before com
pletion. 

The break characters do not pre-empt characters already in the 16550 receiver emulation 
FIFO. 

7.6.5.9 16550 Error Handling 
The 16550 controller reports character reception and transmission error conditions via the 
channel buffer descriptors, the error counters, and the 16550 event register. The modem in
terface lines can be monitored by the port C pins. 

7.6.5.9.18 IDLE Sequence Receive 

An IDLE is detected when one character consisting of all ones is received. The 16550 con
troller emulates IDLE reception. The 16550 emulation TX FIFO is polled by the RISC con
troller every programmable amount of time. When the Tx FIFO is empty, the RISC controller 
assumes reception of an IDLE character. When the 16550 is receiving data into a receive 
buffer, and an IDLE is received, the channel counts the number of consecutive IDLE char
acters received. If the count reaches the value programmed into MAX_IDL, the buffer is 
closed and an RX interrupt is generated. If no receive buffer is open, this event does not 
generate an interrupt or any status information. The internal idle counter (IDLC) is reset ev
ery time a character is received. 
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7.6.5.9.19 BREAK Sequence 
The 16550 controller offers very flexible BREAK support for the receiver. When the PC sets 
the Set Break bit in the LCR register or a BREAK sequence is received, the 16550 controller 
increments the break error counter (BRKEC), and issues the break (BRK) event in the 
16550 event register, which can generate an interrupt if enabled. If the 16550 controller was 
currently in the process of receiving characters when the BREAK was received, it will also 
close the receive buffer and set the BR bit in the Rx BD, and write the RX bit in the event 
register, which can generate an interrupt if enabled. A long break sequence only increments 
the counter once. 

Error Counter 

BRKEC - Break Error Counter 

7.6.5.10 16550 Rx Buffer Descriptor (Rx BD) 
The CP reports information concerning the received data on a per buffer basis via buffer de
scriptors. The receive buffer descriptor (Rx BD) is described in Figure 7-44. The CP closes 

* 
Offset + 0 E 

Offset + 2 

Offset+4 

Offset + 6 

* Initialized by the user. 

Data Length 

* Rx Data Buffer Pointer 

Figure 7-44. 16550 Emulation Receive Buffer Descriptor (Rx BO) 

the current buffer, generates a maskable interrupt, and starts to receive data to the next buff
er due to these events: 

1. Reception of a user-defined control character (when the Reject bit = 0 in the control 
character table entry). 

2. Detection of the receive buffer being full. 

3. Reception of a MAX_IDL number of consecutive IDLE characters. 

4. Issuing the ENTER HUNT MODE command 

The first word of the Rx BD contains control and status bits. Its format is detailed below. 

E-Empty 

o = The data buffer associated with this SO has been filled with received data, or data 
reception has been aborted due to an error condition. The core is free to examine 
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or write to any fields of this Rx BO. The CP will not use this BO again while the emp
ty bit remains zero. 

1 = The data buffer associated with this BO is empty, or reception is currently in 
progress. This Rx BO and its associated receive buffer are owned by the CPo Once 
the E bit is set, the 68000 core should not write any fields of this Rx BO. 

X-External Buffer 

o = The buffer associated with this BO is in internal dual-port RAM. 
1 = The buffer associated with this BO is in external memory. 

W-Wrap (Final BO in Table) 

o = This is not the last buffer descriptor in the Rx BO table. 
1 = This is the last buffer descriptor in the Rx BO table. After this buffer has been used, 

the CP will receive incoming data into the first BO in the table, allowing the user to 
use fewer than eight BOs to conserve internal RAM. 

I-Interrupt 

NOTE 

The user is required to set the wrap bit in one of the first eight 
BOs; otherwise, erratic behavior may occur. 

o = No interrupt is generated after this buffer has been filled. 
1 = The RX bit in the 16550 event register will be set when this buffer has been com

pletely filled by the CP, indicating the need for the 68000 core to process the buffer. 
The RX bit can cause an interrupt. 

C-Control Character 

o = This buffer does not contain a control character. 
1 = This buffer contains a control character. The last byte in the buffer is one ofthe user 

defined control characters. 

IO-Buffer Closed on Reception of Idles 

The buffer was closed due to the reception of the programmable number of consecutive 
IDLE sequences (defined in MAX_IOL). 

BR-Break Received 
A break sequence was received while receiving data into this buffer. 

Data Length 

Data length is the number of octets written by the CP into this BO's data buffer. It is written 
by the CP once as the BO is closed. 

7-150 

NOTE 

The actual amount of memory allocated for this buffer should be 
greater than or equal to the contents of the maximum receive 
buffer length register (MRBLR). 
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Rx Buffer Pointer 

The receive buffer pointer, which always points to the first location of the associated data 
buffer, may be even or odd. The buffer may reside in either internal or external memory. 

7.6.5.11 16550 Tx Buffer Descriptor (Tx BD) 
Data is presented to the CP for transm iss ion on the 16550 channel by arranging it in buffers 
referenced by the channel's transmit buffer descriptor table. The CP confirms transmission 

* * * * * * * 
Offset + 0 R 

Offset + 2 

Offset + 4 

Offset + 6 

* Initialized by the user. 

* Data Length 

. * Tx Data Buffer POInter 

Figure 7-45. 16550 Transmit Buffer Descriptor (Tx BD) 

via the buffer descriptors to inform the processor that the buffers have been serviced. The 
Tx BO is described in Figure·7-45. The first word contains status and control bits. 

R-Ready 

o = The data buffer associated with this BO is not currently ready for transmission. The 
user is free to manipulate this BO or its associated data buffer. The CP clears this 
bit after the buffer has been transmitted or after an error condition is encountered. 

1 = The data buffer, which has been prepared for transmission by the user, has not 
been transmitted or is currently being transmitted. No fields of this BO may be writ
ten by the user once this bit is set. 

X-External Buffer 

0= The buffer associated with this BO is in internal dual-port RAM. 
1 = The buffer associated with this BO is in external memory. 

W-Wrap (Final BO in Table) 

0= This is not the last buffer descriptor in theTx BO table. 
1 = This is the last buffer descriptor in the Tx BO table. After this buffer has been used, 

the CP will transmit data from the first BO in the table, allowing the user to use few
er than eight BOs to conserve internal RAM. 

NOTE 

The user is required to set the wrap bit in one of the first eight 
BOs; otherwise, erratic behavior may occur. . 
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I-Interrupt 

o = No interrupt is generated after this buffer has been serviced. 
1 = The TX bit in the 16550 event register will be set when this buffer has been ser

viced by the CP, which can cause an interrupt. 

Err-Parity and Framing Error 

00 = No error is written into the 16550 emulation FIFO for the PC. 
01 = Framing error is associated with the buffer's characters. The framing error will be 

set in the 16550 emulation line status register when the PC reads this character. 
10 = When the transmit Slow Down is disabled (See TSDE-Transmitter Slowdown 

Enable on page 145) the next buffer transmission will be delayed by the counter 
time-out. 

11 = A parity error is associated with the buffer's character. The parity error will be set 
in the 16550 emulation Une status register when the PC reads this character. 

NOTE 

When parity error is transmitted to the PC, the buffer will only 
contain a single character. 

NOTE 

When error is transmitted to the PC, and the transmit Slow Down is disabled (See 
TSDE-Transmitter Slowdown Enable on page 145) the next buffer transmission 
will be delayed by the counter time-out. 

Data Length 

The data length is the number of octets that the CP should transmit from this BD's data 
buffer. It is never modified by the CPo This value should be normally greater than zero. 

Tx Buffer Pointer 

The Tx Buffer Pointer, which always points to the first location of the associated data buff
er, may be even or odd. The buffer may reside in either internal or external memory. 

7.6.5.12 16550 Event Register 
The 16550 event register (SCCE) is called the 16550 event register when the 16550 is en
abled. It is a 16-bit register used to report events to the 68000 core recognized by the 16550 
emulation controller and is also used generate interrupts. On recognition of an event, the 
16550 controller will set the corresponding bit in the 16550 event register. Interrupts to the 
68000 core generated by this register may be masked in the 16550 mask register. 

The 16550 event register is a memory-mapped register that may be read by the 68000 at 
any time. A bit is cleared by writing a one (writing a zero does not affect a bit's value). More 
than one bit may be cleared at a time. All unmasked bits must be cleared before the CP will 
clear the internal interrupt request. This register is cleared at reset. 
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DTR 
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This bit is set when a break character is received. This is the first break of a break se
quence. Multiple break events will not be generated if a long break sequence is received. 

CCR-Control Character Received 
This bit is set when a control character was received (with reject character bit in the control 
character table (R bit = 1) and stored in the receive control character register (RCCR). 

BSY -Busy Condition 
This bit is set when a character was received and discarded due to lack of buffers. Recep
tion continues as soon as an empty buffer is provided. 

TX-Tx Buffer 
This bit is set when a buffer has been transmitted over the 16550 channel. If CR = 1 in the 
Tx BO, this bit is set no sooner than when the last stop bit of the last character in the buffer 
begins to be transmitted. If CR = 0, this bit is set after the last character was written to the 
transmit FIFO. 

RX-Rx Buffer 
This bit is set when a buffer has been received over the 16550 channel. This event occurs 
no sooner than the middle of the first stop bit of the character that causes the buffer to be 
closed. 

IOL-IOLE Sequence Status Changed 
This bit is set when a change in the status of the serial line is detected on the 16550 chan
nel. The real-time status of the line may be read in SCCS. Idle is entered when 16550 em
ulation FIFO has been empty for at least one full character time. It is exited when a 
character is received. 

LCR-Line Control Register Write 
This bit is set when the PC writes to the 16550 LCR emulation register 
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DL-Divisor Latch 

This bit is set when the PC writes to the 16550 divisor latch (either DLL or DLM) emulation 
. registers 

Loop-Loopback Mode 

This bit is set when the PC changes the loop signal level by writing to the 16550 MODEM 
control emulation register. The status register may be read to determine loop current sta
tus. 

Out2-0ut2 Status Changed 

This bit is set when the PC changes the Out2 signal level by writing to the 16550 MODEM 
control emulation register. The status register may be read to determine Out2 current sta
tus. 

Out1-0ut1 Status Changed 

This bit is set when the PC changes the Out1 signal level by writing to the 16550 MODEM 
control emulation register. The status register may be read to determine Out1 current sta
tus. 

RTS-RTS Status Changed 

This bit is set when the PC changes the RTS signal level by writing to the 16550 MODEM 
control emulation register. The status register may be read to determine RTS current sta
tus. 

DTR-DTR Status Changed 

This bit is set when the PC changes the DTR signal level by writing to the 16550 MODEM 
control emulation register. The status register may be read to determine DTR current sta
tus. 

7.6.5.1316550 Mask Register 
The 16550 mask register is a 16-bit read-write register with the same bit formats as the 
16550 event register. If a bit in the 16550 mask register is a one, the corresponding interrupt 
in the event register will be enabled. If the bit is zero, the corresponding interrupt in the event 
register will be masked. This register is cleared upon reset. 

7.6.5.14 16550 Status Register 
The 16550 status register is a 16-bit read-only register which allows the user to monitor real
time status conditions set by the PC. 
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S550 Base+$8AC 
15 14 13 12 11 10 8 

RES RES RES RES RES RES RES RES 

RESET 0 

0 0 0 0 0 0 

7 0 

RES RES Loop ID OUT2 OUT! RTS DTR 
RESET 

0 0 0 0 0 0 0 

Read/Write 

Out2-0ut1 Status 
This bit reflects the current status of the Out2 bit in the 16550 MODEM control emulation 
register. 

Out1-0ut1 Status 

This bit reflects the current status of the Out1 bit in the 16550 MODEM control emulation 
register. 

RTS-RTS Status 

This bit reflects the current status of the RTS bit in the 16550 MODEM control emulation 
register. 

DTR-DTR Status 

This bit reflects the current status of the DTR bit in the 16550 MODEM control emulation 
register. 

ID-Idle Status 
The ID bit is set when the 16550 emulation FIFO has been empty for at least one full char
acter time. 

o = The line is not currently idle. 
1 = The line is currently idle. 

Loop-Loopback Mode 

This bit reflects the current status of the Loop bit in the 16550 MODEM control emulation 
register. 

7.7 SERIAL COMMUNICATION PORT (SCP) 

The SCP (see Figure 7-46) is a full-duplex, synchronous, character-oriented channel that 
provides a three-wire interface (receive, transmit, and clock). The SCP consists of indepen
dent transmitter and receiver sections and a common clock generator. The transmitter and 
receiver sections use the same clock, which is derived from the main clock by a separate 
on-chip baud rate generator. Since the IMP is an SCP master for this serial channel, it gen
erates both the enable and the clock signals. 
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The SCP allows the IMP to exchange status and control information with a variety of serial 
devices, using a subset of the Motorola serial peripheral interface (SPI). The SCP is com
patible with SPI slave devices. These devices include industry-standard CODECs as well 
as other microcontrollers and peripherals. 

The SCP enable signals, which can be implemented using the general-purpose I/O pins, are 
used to enable one of several potential SCP slave devices. The clock signal (SPCLK) shifts 
the received data (SPRXD) in and shifts the transmitted data (SPTXD) out. The clock is gat
ed; it operates only while data is being transferred and is idle otherwise. 

Two successive byte transmissions over the SCP cannot occur immediately back-to-back. 
A minimum delay of two to eight bit times is imposed by the SCP, depending on the SCP 
clock rate (Communication processor priorities and software handling of interrupts may con
tribute extra delays). Higher SCP clock rates give higher minimum delay . 

SPCLK 

SPTXD 
(OUTPUT) 

SPRXD 
(INPUT) ----I 

NOTE: Transmitted data bits shift on rising edges; received bits are sampled on falling edges. 

SPCLK 

SPTXD 
(OUTPUT) 

SPRXD 
(INPUT) ----i 

(a) CI=O 

MSB 

LSB 

LSB 

~-~----~--~----~--~----~--~--~ 

NOTE: Transmitted data bits shift on falling edges; received bits are sampled on rising edges. 

(b) CI=1 

Figure 7-46. SCP Timing 

LOGIC HIGH 

LOGIC HIGH 

The SCP can be configured to operate in a localloopback mode, which is useful for local 
diagnostic functions. 
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Note that the least significant bit of the SCP is labeled as data bit 0 on the serial line; where
as, other devices, such as the MC145554 CODEC, may label the most significant bit as data 
bit o. The IMP SCP bit 7 (most significant bit) is shifted out first. 

The SCP key features are as follows: 

• Three-Wire Interface (SPTXD, SPRXD, and SPCLK) 

• Full-Duplex Operation 

• Clock Rate up to 4.096 MHz 

• Programmable Clock Generator 

• Local Loopback Capability for Testing 

7.7.1 SCP Programming Model 

The SCP mode register consists of the upper eight bits of SPMODE. The SCP mode regis-
ter, an internal read-write register that controls both the SCP operation mode and clock ~ 
source, is cleared by reset. -.-

15 14 13 12 11 10 9 8 

I STR I ?LOOP I CI I PM3 PM2 I PM1 PMO I EN 

STR-Start Transmit 

When set, this bit causes the SCP controller to transmit eight bits from the SCP transmit! 
receive buffer descriptor (BD) and to receive eight bits of data in this same BD. This bit is 
cleared automatically after one system clock cycle. 

LOOP-Loop Mode 
When set, the loop mode bit selects local loopback operation. The ones complement of 
the transmitter output is internally connected to the receiver input; the receiver and trans
mitter operate normally except that SPRXD is ignored. When cleared, this bit selects nor
mal operation. 

CI-Clock Invert 

When set, the CI bit inverts the SCP clock polarity. When CI is zero, transmitted data bits 
shift on rising clock edges, and received bits are sampled on falling edges. When the SCP 
is idle, the clock is low. While CI is one, transmitted data bits are shifted on falling edges, 
and received bits are sampled on rising edges. In this case, when the SCP is idle, the 
clock is high. 

PM3-PMQ-Prescale Modulus Select 

The prescale modulus select bits specify the divide ratio of the prescale divider in the SCP 
clock generator. The divider value is 4 *(PM3-PMO + 1) giving a clock divide ratio of 4 to 64 
in multiples of 4. With a 16.384-MHz system clock, the maximum SCP clock is 4.096 MHz. 

EN-Enable SCP 
When set, this bit enables the SCP operation and connects the external pins SPRXDI 
CTS3, SPTXD/RTS3, and SPCLKlCD3 internally to the SC (see Figure 7-47). When 
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cleared, the SCP is put into a reset state consuming minimal power, and the three pins 
are connected back to SCC3. 

NOTE 

When the OIAG 1-0IAGO bits of SCC3 are programmed to nor
mal operation control of the CTS and CO lines and the ENT or 
ENR bits of SCC3 are set, the user may not modify the EN bit. 

MC68302 NMSI3 INTERFACE 

SCC3 

CTS3 
RTS3 

BRGS I I lIE CDS .. 
I BRG 

MULTI· 
PLEXER 

SPRXD 

SCP 
SPTXD 

SPCLK 

I BRG I EN 

~ BIT 

Figure 7-47. SCP vs. SCC Pin Multiplexing 

7.7.2 SCP Transmit/Receive Buffer Descriptor 

RXDS 

TXDS 

RCLK3 

TCLKS 

CTSS/SPRXD 

RTSS/SPTXD 

CDS/SPCLK 

The transmit/receive BO contains the data to be transmitted (written by the M68000 core) 
and the received data (written by the SCP). The done (0) bit indicates that the received data 
is valid and is cleared by the SCPo 

15 14 

I D I RESERVED DATA 

7.7.3 SCP Transmit/Receive Processing 

The IMP SCP always functions in the master mode. Thus, in a typical exchange of messag
es, the IMP transmits a message to an external peripheral (SCP slave) which, in turn, sends 
back a reply. When the IMP works with more than one slave, it can use the general-purpose 
parallel 110 pins as enable (select) signals. To begin the data exchange, the M68000 core 
writes the data to be transmitted into the transmit/receive BO, and sets the done bit. The 

7-158 MC68356 USER'S MANUAL MOTOROLA 



Communications Processor (CP) 

M68000 core should then set the start transmit (STR) bit in the SPMODE register to start 
transmission of data. STR is cleared by hardware after one system clock cycle. 

Upon recognizing the STR bit, the SCP also begins receiving eight bits of data. It writes the 
data into the transmit/receive BD, clears the done bit, and issues a maskable interrupt to the 
IMP interrupt controller. When working in a polled environment, the done bit should be set 
by the M68000 core before setting the STR bit so that received replies may be easily recog
nized by the software. 

7.8 SERIAL MANAGEMENT CONTROLLERS (SMCS) 

The SMC key features are as follows: 

• Two Modes of Operation: 

-IDL-SMC1 supports the maintenance channel and SMC2 supports 
the auxiliary channel 

-GCI (lOM-2)-SMC 1 supports the monitor channel and SMC2 supports the C/I 
channel 

• Full-Duplex Operation 

• Local Loopback Capability for Testing 

7.8.1 SMC Overview 

The SMCs are two synchronous, full-duplex serial management control (SMC) ports. The 
SMC ports may be configured to operate in either Motorola interchip digital link (IDL) or gen
eral circuit interface (GCI) modes. GCI is also known as ISDN oriented modular 2 (IOM-2). 
See 4.4 Serial Channels Physical Interface for the details of configuring the IDL and GCI 
interfaces. The SMC ports are not used when the physical serial interface is configured for 
PCM highway or NMSI modes. 

7.8.1.1 Using IDL with the SMCs 

In this mode, SMC1 transfers the maintenance (M) bits of the IDL to and from the internal 
RAM, and SMC2 transfers the auxiliary (A) bits to and from the internal RAM. The CP gen
erates a maskable interrupt upon reception/transmission of eight bits. The SMC1 and SMC2 
receivers can be programmed to work in hunt-on-zero mode, in which the receiver will 
search the line signals for a zero bit. When it is found, the receiver will transfer data to the 
internal RAM. 

7.8.1.2 Using GCI with the SMCs 

In this mode, SMC1 controls the GCI monitor channel. 

SMC1 Transmission 
The monitor channel is used to transfer commands to the layer-1 component. The 
M68000 core writes the data byte into the SMC1 Tx BD. SMC1 will transmit the data on 
the monitor channel. 
The SMC1 channel transmitter can be programmed to work in one of two modes: 

Transparent Mode 
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-In this mode, SMC 1 transmits the monitor channel data and the A and E control bits 
transparently into the channel. When the M68000 core has not written new data to 
the buffer, the SMC1 transmitter will retransmit the previous monitor channel data 
and the A and E control bits. 

Monitor Channel Protocol 

-In this mode, SMC1 transmits the data and handles the A and E control bits according 
to the GCI monitor channel protocol. When using the monitor channel protocol, the 
user may issue the TIMEOUT command to solve deadlocks in case of bit errors in 
the A and E bit positions on data line. The IMP will transmit an abort on the E bit. 

SMC 1 Reception 

The SMC1 receiver can be programmed to work in one of two modes: 

Transparent Mode 

-In this mode, SMC 1 receives the data, moves the A and E control bits transparently 
into the SMC1 receive BD, and generates a maskable interrupt. The SMC1 receiver 
discards new data when the M68000 core has not read the receive BD. 

Monitor Channel Protocol 

-In this mode, SMC1 receives data and handles the A and E control bits according to 
the GCI monitor channel protocol. When a received data byte is stored by the CP in 
the SMC1 receive BD, a maskable interrupt is generated. 

-When using the monitor channel protocol, the user may issue the TRANSMIT 
ABORT REQUEST command. The IMP will then transmit an abort request on the A 
bit. 

SMC2 Controls the GCI Command/lndication (C/I) Channel 
SMC2 Transmission 

-The M68000 core writes the data byte into the SMC2 Tx BD. SMC2 will transmit the 
data continuously on the C/I channel to the physical layer device. 

SMC2 Reception 

-The SMC2 receiver continuously monitors the C/I channel. When a change in data is 
recognized and this value is received in two successive frames, it will be interpreted 
as valid data. The received data byte is stored by the CP in the SMC2 receive BD, 
and a maskable interrupt is generated. 

-The receive and transm it clocks are derived from the same physical clock (l1 ClK) 
and are only active while serial data is transferred between the SMC controllers and 
the serial interface. 

-When SMC loopback mode is chosen, SMC transmitted data is routed to the SMC 
receiver. Transmitted data appears on the l 1TXD pin, unless the SDIAG1-SDIAGO 
bits in the SIMODE register are programmed to IIloopback control II (see 7.4 Serial 
Channels Physical Interface). 
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7.8.2 SMC Programming Model 

The operating mode of both SMC ports is defined by SMC mode, which consists of the lower 
eight bits of SPMODE. As previously mentioned, the upper eight bits program the SCPo 

7654321 

I - I SMD3 I SMD2 I SMD1 I SMDO I LOOP I EN2 EN1 

Bit 7-This bit is reserved and should be set to zero. 

SMD3-SMDO-SMC Mode Support 

XOOX = GCI-The monitor channel is not used. 
001 X = GCI-The monitor channel data and the A and E control bits are internally 

control/ed according to the monitor channel protocol. 
101 X = GCI-The monitor channel data and the A and E control bits are received and 

transmitted transparently by the IMP. ~ 
X100 = IDL-The M and A channels are in hunt-on-zero mode. ~ 
X101 = IDL-Only the M channel is in hunt-on-zero mode. 
X110 = IDL-Only the A channel is in hunt-on-z~ro mode. 
X111 = IDL-Regular operation; no channel is in hunt-on-zero mode. 

LOOP-Local Loopback Mode 

o = Normal mode 
1 = Localloopback mode. In GCI mode, EN1 and EN2 must also be set. 

EN2-SMC2 Enable 

0= Disable SMC2 
1 = Enable SMC2 

EN 1-SMC 1 Enable 

o = Disable SMC 1 
1 = Enable SMC1 

7.8.3 SMC Commands 

The following commands issued to the CP command register (see 7.3 Command Set) are 
used only when GCI is selected for the serial channels physical interface. 

TRANSMIT ABORT REQUEST Command 

This receiver command may be issued when the IMP implements the monitor channel 
protocol. When issued, the IMP sends an abort request on the A bit. 

TIMEOUT Command 
This transmitter command may be issued when the IMP implements the monitor channel 
protocol. It is issued because the device is not responding or because Gel A bit errors are 
detected. When issued, the IMP sends an abort request on the E bit. 
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7.8.4 SMC Memory Structure and Buffers Descriptors 

The CP uses several memory structures and memory-mapped registers to communicate 
with the M68000 core. All the structures detailed in the following paragraphs reside in the 
dual-port RAM of the IMP (see Figure 6-4). The SMC buffer descriptors allow the user to 
define one data byte at a time for each transmit channel and receive one data byte at a time 
for each receive channel. 

7.8.4.1 SMC1 Receive Buffer Descriptor 
The CP reports information about the received byte using this (SO). 

15 14 13 12 11 10 

E I ER MS AB EB DATA 

E-Empty 

0= This bit is cleared by the CP to indicate that the data byte associated with this SO 
is now available to the M68000 core. 

1 = This bit is set by the M68000 core to indicate that the data byte associated with this 
SO is empty. 

In GCI mode, when the IMP implements the monitor channel protocol, the IMP will wait until 
this bit is set by the M68000 core before acknowledging the monitor channel data. In other 
modes (transparent GCI and 10L), additional received data bytes will be discarded until the 
empty bit is set by the M68000 core. 

L-Last (EOM) 

This bit is valid only in GCI mode when the IMP implements the monitor channel protocol. 
This bit is set when the end-of-message (EOM) indication is received on the E bit. 

NOTE 

When this bit is set, the data byte is not valid. 

ER-Error Condition 

This bit is valid only in GCI mode when the IMP implements the monitor channel protocol 
and the L bit is set. This bit is set when an error condition occurs on the monitor channel 
protocol. A new byte is transmitted before the IMP acknowledges the previous byte. 

MS-Data Mismatch 

This bit is valid only in GCI mode when the IMP implements the monitor channel protocol. 
This bit is set when two different consecutive bytes are received and is cleared when the 
last two consecutive bytes match. The IMP waits for the reception of two identical consec
utive bytes before writing new data to the receive SO. 

Bits 11-1 O-Reserved for future use. 

AS-Received A Sit 
This bit is valid only in GCI mode when the monitor channel is in transparent mode. 
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EB-Received E Bit 

This bit is valid only in GCI mode when the monitor channel is in transparent mode. 

Data-Data Field 

The data field contains the byte of data received by SMC1. 

7.8.4.2 SMC1 Transmit Buffer Descriptor 

The CP reports information about this transmit byte through the BD. 

15 14 13 12 10 

R I L I AR AB EB DATA 

R-Ready 
0= This bit is cleared by the CP after transmission. The Tx BD is now available to the 

M68000 core. • 
1 = This bit is set by the M68000 core to indicate that the data byte associated with this 

BD is ready for transmission. 
In GCI mode, when the IMP implements the monitor channel protocol, it will clear this bit af
ter receiving an acknowledgment on the A bit. When the SMC1 data should be transmitted 
and this bit is cleared, the channel will retransmit the previous data until new data is provided 
by the M68000 core. 

L-Last (EOM) 
This bit is valid only in GCI mode when the IMP implements the monitor channel protocol. 
When this bit is set, the SMC1 channel will transmit the buffer's data and then the end of 
message (EOM) indication on the E bit. 

AR-Abort Request 

This bit is valid only in GCI mode when the IMP implements the monitor channel protocol. 
This bit is set by the IMP when an abort request was received on the A bit. The SMC1 
transmitter will transmit EOM on the E bit. 

Bits 12-1 O-Reserved for future use. 

AB-Transmit A Bit Value 

This bit is valid only in GCI mode when the monitor channel is in transparent mode. 

EB-Transmit E Bit Value 
This bit is valid only in GCI mode when the monitor channel is in transparent mode. 

Data-Data Field 

The data field contains the data to be transmitted by SMC1. 
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7.8.4.3 SMC2 Receive Buffer Descriptor 

In the IDL mode, this BD is identical to the SMC1 receive BD. In the GCI mode, SMC2 is 
used to control the C/I channel. 

15 14 2 

I E I RESERVED C/I o I 0 I 
E-Empty 

0= This bit is cleared by the CP to indicate that the data bits associated with this BD 
are now available to the M68000 core. 

1 = This bit is set by the M68000 core to indicate that the data bits associated with this 
BD have been read. 

NOTE 

Additional data received will be discarded until the empty bit is 
set by the M68000 core. 

Bits 14-6-These bits are reserved and should be set to zero by the M68000 core. 

C/I-Commandllndication Channel Data 

Bits 1-0-The CP always writes these bits with zeros. 

7.8.4.4 SMC2 Transmit Buffer Descriptor 

In the IDL mode, this BD is identical to the SMC1 transmit BD. In the GCI mode, SMC2 is 
used to control the CII channel. 

15 14 2 

I R I RESERVED C/I o I 0 I 
R-Ready 

0= This bit is cleared by the CP after transmission to indicate that the BD is now avail
able to the M68000 core. 

1 = This bit is set by the M68000 core to indicate that the data associated with this BD 
is ready for transmission. 

Bits 14-6-Reserved for future use; should be set to zero by the user. 

C/I-Command/lndication Channel Data 

Bits 1-0-These bits should be written with zeros by the M68000 core. 

7.8.5 SMC Interrupt Requests 

SMC1 and SMC2 send individual interrupt requests to the IMP interrupt controller when one 
of the respective SMC receive buffers is full or when one of the SMC transmit buffers is emp
ty. Each of the two interrupt requests from each SMC is enabled when its respective SMC 
channel is enabled in the SPMODE register. Interrupt requests from SMC1 and SMC2 can 
be masked in the interrupt mask register. See 6.2 Interrupt Controller for more details. 
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SECTION 8 
PCMCIA CONTROLLER 

The MC68356 includes a PCMCIA interface, implemented including the registers and signal 
pins necessary to provide a fully functional PCMCIA release 2.1 slave interface. In addition, 
there is a mechanism which allows the PC to directly access resources on the 68000 bus. 
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Figure 8-1. PCMCIA Architecture 
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PCMCIA Controller 

The following are PCMCIA controller key features: 

• Fully Supports PCMCIA Standard 2.1 

• Supports Five Configuration Registers 

-Configuration Option Register 

-Card Configuration and Status Register 

-Pin Replacement Register 

-Socket and Copy Register 

-I/O Event Indication Register 

• Supports Attribute, Common Memory and I/O Space Access with Optional WAIT Hand
shake Mechan ism 

• Common Memory Spaces Are Mapped into 68000 Space Using either of Two Common 
Memory Base Address Registers 

-Base Address Registers Are Programmable by either the PC or 68000 Core 

-Base Register Can Be Used as Transmit and Receive Buffer Pointers for Ultra-Fast 
Communication Data Transfers 

-Supports Cycle Steal Transfers and Burst Transfers Arbitration Scheme for Common 
Memory Accesses 

• Supports Full 64 Megabytes of Attribute Memory Space Addressing 

-Card Information Structure Mapped into 68000 Space with Special Base Address 
Register 

• UART 16550 Registers and FIFO Mapped into I/O Space for x86 PC Compatibility 

-I/O Pin Definitions Supported 

• Supports Pull-Up/Pull-Down Resistors on PCMCIA Pins (PUCR Register) 

• Supports Two Ring Indication Handling Methods: 

-I/O Event Indication Register RI Enable and Event Bits 

-Direct Connection to STSCHG Signal 

• Supports PC power management of the card 

• Internal Register and Chip Select Lockout of PCMCIA Accesses 

• ExCA Com patible 

8.1 PCMCIA CONTROLLER FUNCTIONAL OVERVIEW 

The PCMCIA controller fully supports PCMCIA standard 2.1. The block diagram of the 
MC68356 PCMCIA controller is shown in Figure 8-2. The PCMCIA controller interfaces be
tween the PCMCIA bus, and both the 68000 bus and the UART16550 registers. Depending 
on the memory access mode, the controller will handle the transfer of data from or to the 
appropriate source or destination. Attribute memory accesses are supported for both the 
card configuration registers and the card information structure (CIS) memory. The CIS is lo
cated in external 68000 memory space. I/O accesses are relayed directly to the UART 
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16550 registers (Section 7 Communications Processor (CP)). Common memory accesses 
are mapped into 68000 memory. There is a unique common memory burst access mode 
which allows a much higher data transfer rate between the PC and the card because it elim
inates the WAIT signal handshaking. 

NOTE 

In this section, the PCMCIA master, or the computer to which the 
MC68356 slave interface will be plugged into and will communi
cate with, is referred to as the "PC". 

The PCMCIA controller also supports low power modes. The PC can place the card into one 
of the three supported STOP modes through the use of the PwrDwn bit in the CCSR. The 
PCMCIA controller is capable of waking up the MC68356 from the stand-by STOP mode 
when any access is made on the PCMCIA bus. Setting the power down bit can also cause 
a wake-up from any of the three stop modes. 

The PCMCIA controller also supports the ring and packet indication for modem and other II 
o cards. In addition to being able to wake up from low power modes when ring indicate (RI) ..
is asserted, the MC68356 can optionally directly notify the PC without waking-up through a __ 
direct connection of RI to the STSCHG pin. 

This chapter is structured to cover, first, the three memory space accesses specified by the 
PCMCIA committee: the attribute, 1/0, and common memory spaces. The low power modes 
and wake up options are covered next, followed by the descriptions of all of the PCMCIA 
controller registers. Finally the PCMCIA card software initialization procedures are covered. 
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CIS CSN 

MEMORY .. .. CARD CONFIGURATION ... - ... -REGISTERS 

IR01,6,7 
.. I 

MODE, STATUS AND MASK -- .. 
---- ... REGISTERS . 

.. COMMON MEMORY ... - ... SPACE BASE ADDRESS 1 -68000 BUS 

... .. COMMON MEMORY .. - .. SPACE BASE ADDRESS 2 --
.. .. CIS MEMORY BASE .. - .. ADDRESS -

FC,A23-A12 
J~ 

COMMON .. CSN CONTROL 
MEMORY -- ---

8C[Ji, l5TACR ---
13rnJ5: .. .. 

T3GACK .. --- PCMCIA TO 68000 -.. INTERFACE LOGIC -BG .... ---BR ... . 
--

A11-A1 .. .. .. .... - --
AS, ODS, LDS/AO .. ---- - ----- ,r 

DO-15 - ... SWAPPER --- - --- PC A2-0 

~ PC_DO-7 
16550 REGS -

PERIPHERAL 
~ - PC DO-7 ... 16550 FIFO -BUS 

Figure 8-2. PCMCIA Controller Block Diagram 

8.1.1 Attribute Memory Accesses 

PCM 

.. .. 

.. ... 

... ... 

... 

... 

... .. 
.. .. 
... -

... -

CIA 

PC_STSCHG 

PC_WAIT 
PC_RDY/IREO 

pcJfE'G 
PC_CE1,2 
pc_WE 

PC_OE 

PCJOWR 

PCJORD 

PC_A25 

PC_A11-0 

PC_DO-15 

Attribute memory space accesses are used to access the configuration registers and the 
card information structure (CIS). Attribute memory accesses are generated when the PC as
serts the PC_REG pin as shown in Table 8-1 and Table 8-2. As shown in Table 8-3, A25 
selects between accessing the CIS with the CIS base address register (CISSAR), and direct 
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asynchronous accesses to the card configuration registers and MC68356 PCMCIA control
ler registers. Attribute accesses can only be byte wide and memory locations and accesses 
must be at even addresses only. See Table 8-1, Table 8-2, and Table 8-3 for signal states 
and bus validity for the attribute memory read and write function. 

8.1.2 Configuration Registers 

The card configuration registers are built into the PCMCIA controller hardware. These reg
isters, along with additional 68356 PCMCIA controller specific registers, are visible to the 
PCMCIA bus and have PCMCIA addresses in the attribute space as shown in Table 8-4. 
Accesses to these registers are asynchronous' with respect to the system clock. 

Table 8-1 Attribute Memory Read 

Function Mode PC_REG PC_CE2 PC_CE1 PC_AO PC_OE PC_WE 
PC_D1S-

PC_D7-PC_DO 
PC_DS 

Standby Mode x H H x x x High-Z High-Z 

Byte Access L H L L L H High-Z Even- Byte 
L H L H L H High-Z Not Valid 

Word Access L L L x L H Not Valid Even-Byte 

Odd Byte Only Access L L H x L H Not Valid High-Z 

Table 8-2 Attribute Memory Write 

Function Mode PC_REG PC_CE2 PC_CE1 PC_AO PC_OE PC_WE 
PC_D1S-

PC_D7-PC_DO 
PC_DS 

Standby Mode x H H x x x xxx High-Z 

Byte Access L H L L L H xxx Even- Byte 
L H L H L H xxx xxx 

Word Access L L L x L H xxx Even-Byte 

Odd Byte Only Access L L H x L H xxx xxx 

Table 8-3 Attribute Memory Space Map 

PC_CE1 PC_REG PC_OE PC_WE PC_A2S PC_AO 
6S000 Selected Register 

Address or Space 

L L L H L L CIS Base Reg (FC,A23-A 11) 
CIS Memory Read II PCMCIA Address (AO-A 10) 

L L H L L L CIS Base Reg (FC,A23-A 11 ) CIS Memory Write 
II PCMCIA Address (AO-A 10) 

L L L H H L PCMCIA Address (AO-A7) conf~uration Regis-
ters ead 

L L H L H L PCMCIA Address (AO-A7) Conf~uration Regis-
ters rite 
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8.1.3 Card Information Structure 

The card information structure is a data structure at address $0 of attribute space in the card 
that contains information about the card and its capabilities. The CIS will be located in 68000 
bus memory space. Location $0 of the CIS is pointed to by CISSAR. Referring to Table 8-
3, accesses to the CIS in attribute space are mapped into the 68000 address space with the 
concatenation of the CIS base address register (CISBAR=> A23-A 12) and the low address 
bits taken from the PCMCIA address lines (PC_A 11 - PC_AO). A25 must be equal to zero 
for CIS accesses to occur. 

When the PC accesses the CIS by performing an attribute space read cycle to address 0 
through $1 FFFFFF (A25=0) the PCMCIA controller detects the cycle, asserts the WAIT sig
nal on the PCMCIA lines and arbitrates for the 68000 bus. When granted, the controller gen
erates the cycle on the 68000 bus. The high address bits and FC are taken from the CIS 
base address register, the low address bits are taken from the PCMCIA address lines. When 
the cycle is term inated with DT ACK, the 68000 bus will be released, data will be transferred 
to the PCMCIA data lines, and the WAIT signal will be negated. 

6 

8-6 

NOTE 

The PCMCIA attribute space accesses are only 8-bit. The exter
nal CIS memory must be at 68000 even addresses only 

8000 memory PCMCIA PCMCIACon nector 

T068K PC_A25 = 0 -
~ 

BUS IIF -
CIS $0* 

~ CISBAR(A23-A 12) -- REG=L --
DO - 07 ~ PC_DO - PC_D7 .. CISSAR ... . -+PC_A11-0 

"- CISBAR:PC_A ll-AD I PC A11 - PC AO -- - -

-

* This maps to location zero in attribute space. 

Figure 8-3. CIS Mapped into 68000 Space 
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Table 8-4 PCMCIA Controller Registers Access Map 

PC_CE PC_RE Pc_o PC_W PC_A 
Offset(PC _A7 -pc _AO) Selected Register or Space 

1 G E E 25 

L L L H H 00 Configuration Option Register 

L L H L H 00 Configuration Option Register 

L L L H H 02 Card Configuration and Status Register . 

L L H L H 02 Card Configuration and Status Register 

L L L H H 04 Pin Replacement Register 

L L H L H 04 Pin Replacement Register 

L L L H H 06 Socket and Copy Register 

L L H L H 06 Socket and Copy Register 

L L L H H 08 Reserved1 (for future PCMCIA Definition) 

L L H L H 08 Reserved1 (for future PCMCIA Definition) 

L L L H H OA Reserved2 (for future PCMCIA Definition) 

L L H L H OA Reserved2 (for future PCMCIA Definition) 

L L L H H OC Reserved3 (for future PCMCIA Definition) 

L L H L H OC Reserved3 (for future PCMCIA Definition) 

L L L H H OE Reserved4 (for future PCMCIA Definition) 

L L H L H OE Reserved4 (for future PCMCIA Definition) 

L L L H H 20 PCMCIA Mode Register Read 

L L H L H 20 PCMCIA Mode Register Write 

L L L H H 2A PCMCIA Event Register Read 

L L H L H 2A PCMCIA Event Register Write 

L L L H H 30 CIS Base Address Register Read 

L L H L H 30 CIS Base Address Register Write 

L L L H H 38 Common Memory Space Base Address Reg-
ister 1 Read 

L L H L H 38 Common Memory Space Base Address Reg-
ister 1 Write 

L L L H H 40 Common Memory Space Base Address Reg-
ister 2 Read 

L L H L H 40 Common Memory Space Base Address Reg-
ister 2 Write 

8.1.4 1/0 Space Accesses 

The MC68356 fully emulates the 16550 UART (Section 7 - Communications Processor 
(CP)). The host can transfer data to the card by writing or reading the 16550 FIFO which is 
mapped into the PCMCIA address space. I/O accesses are initiated by the assertion of ei
ther the PC_lORD or the PC_IOWR signal and the PC_REG signal. All I/O accesses are 
connected directly to the 16550 emulation logic registers without using the 68000 bus. 

The 16550 emulation registers addresses are located at addresses $0 through $7 in the PC
MCIA I/O address space, therefore PCMCIA address lines 3 to 25 are ignored for I/O ac
cesses. (See Table 8-7). Refer to Table 8-5 and Table 8-6 for signal states and bus validity 
for the I/O read and write function. 
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Table 8-5 1/0 Input Accesses 

Function Mode PC_REG PC_CE2 PC_CE1 PC_AO PC_lORD PC_IOWR 

Standby Mode 

Byte Access 

Word Access 

I/O inhibit 
(during DMA) 

High Byte Only 

Function Mode 

Standby Mode 

Byte Access 

Word Access 

I/O Inhibit 
(during DMA) 

High Byte Only 

PC_REG 

L 

L 

x 
L 
L 

L 

H 

L 

x 

L 
L 

L 

H 

L 

PC_CE1 

L 

L 

H H x x x 
H L L L H 
H L H L H 

L L x L H 

X X X L H 

L H x L H 

Table 8-6 1/0 Output Accesses 

H 

H 
H 

L 

X 

L 

H 

L 
L 

L 

X 

H 

x 

L 
H 

x 

X 

x 

x 

H 
H 

H 

H 

H 

x 

L 
L 

L 

L 

L 

Table 8-7 Card 1/0 Space Address Map 

PC_CE2 PC_lORD PC_IOWR PC _AO - PC _A2 

H L H 0-7* 

H H L 0-7* 

*See Table 5-4 for specific 16550 register address locations. 

PC_D15-
PC D8 

High-Z 

High-Z 
High-Z 

Odd-Byte 

High-Z 

Odd-Byte 

PC_D1S
PC D8 

xxx 

xxx 
xxx 
Odd-Byte 

xxx 

Odd-Byte 

PC_D7-PC_DO 

High-Z 

Even- Byte 
Odd-Byte 

Even-Byte 

High-Z 

High-Z 

xxx 

Even- Byte 
Odd-Byte 

Even-Byte 

xxx 

XXX 

Selected Register 

or Space 

16550 - 8 bytes read 

16550 - 8 bytes write 

8.1.5 Common Memory and Direct Access Mode Accesses 

Common memory reads and writes are initiated by the PC when it does a normal access by 
not asserting the PC_lORD, PC_IOWR, or the PC_REG pins. See Table 8-8 and Table 8-9 
for signal states for reads and writes. 

Common memory reads and writes are mapped directly onto the 68000 bus using a concat
enation of the lower 12 address lines from the PCMCIA address bus and upper address 
lines from either of the two common memory base address registers (CMBAR1 ,2). The base 
address register to be used is selected by A25 (CMBAR1 is used when A25=1, and 
CMBAR2 is used when A25=0). Both the PC and the 68000 can program the CMBARs. See 
Table 8-10. 
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In addition to the being able to perform single common memory accesses between the PC
MCIA bus and the 68000 bus there is also a feature that allows the PCMCIA controller to 
hold onto the 68000 bus and perform multiple reads or writes without having to rearbitrate 
for the 68000 bus. This allows the PCMCIA side access cycles to be carried out without hav
ing to assert the WAIT signal for each access. This mechanism works as follows: 

When the PC initiates a common memory space cycle on the PCMCIA interface, the PCM
CIA controller will assert the WAIT signal on the PCMCIA lines and arbitrate for the 68000 
bus. When granted, the PCMCIA controller will generate the cycle on the 68000 bus. When 
the cycle is terminated with DTACK, the PCMCIA controller may be programmed to maintain 
the bus ownership for the next cycle or release the bus. For burst access cycles (FAST =1 
in PCMR register) bus ownership will be retained. Data is transferred to the PCMCIA data 
lines and the WAIT signal will be negated and the next cycle can take place without WAIT 
being reasserted. Subsequent accesses can occur until the PC has completed the burst and 
the PCMCIA bus is idle for a programmable number of 68000 bus clocks (CLKO) as speci
fied by the Arbl DL bit in the PCMR. 

The PCMCIA controller may be programmed to automatically increment the CMBAR when 
the PC reaches the current 2K page boundary defined by CMBAR (Le. A 11-AO=FFF). This ~ 
mechanism is useful when the PC is using a DMA cycle to transfer data to or from the card ~ 
because it eliminates the need to reprogram the base address register each time a page 
boundary is reached. ' 

The two common memory base address registers (CMBARs) can be used to read and write 
to separate spaces in 68K memory, forming pointers to transmit and receive buffers. This 
can be especially useful in high speed communication cards where it is possible to bypass 
the use of the UART 16550 and simply transfer data directly to and from 68000 memory. 
Figure 8-4 shows how the CMBARs can be used as transmit and receive data buffer point
ers. Once the data transfer begins, the PC can burst transfer data into 68K memory, incre
menting the lower addresses for each transfer and using the A25 line to select between 
transmit and receive buffers. The CMBAR auto increment feature is also useful in this case 
if the buffer size needs to be larger than 2 Kbytes. By using this method, data transfer rates 
are limited only by the 68000 bus cycle rate or the PC bus transfer rate. 
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68K Memory Map 

2K Window 

PC CMCIABUS 

2K Window 

Figure 8-4. Use of the CMBARs for Fast Mode Transmit and Receive Data Transfers. 

To eliminate paging entirely, the PCMCIA controller may be programmed not to drive the 
high address lines from the base register, but rather drive the ABUF pin which has the ap
propriate timing to control external address buffers. This address buffer control line is con
nected to external address buffer circuitry that interfaces the upper PCMCIA address bus 
lines to the 68000 bus. This feature is enabled by setting the ABUF bit in the PCMR register 
(See Figure 8-5) 
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ABUF 

I 
G 

A23-A12 ~ I <J / -- / 
..... I 

PC_A11-PC_AO ~ I ..... I 

PC_A25 ~ -

Figure 8-5. PCMCIA Direct Addressing Using ABUF 

PCMCIA Controller 

PC_A25, 
PCA23-PC_AO 

To summarize, common memory accesses can occur using two different modes: 

• Normal mode (FAST =0): The PCMCIA controller will assert the WAIT signal on the PC
MCIA lines and generate a 68000 cycle. When the cycle is term inated with DT ACK, 
data will be transferred to the PCMCIA data lines and the WAIT signal will be negated. 
The next normal mode cycle can then be initiated. 

• Fast mode(FAST =1): This mode is used to eliminate the WAIT on the PCMCIA inter
face and perform fast direct access transfers. The first cycle (with arbitration) is as de
scribed above. From the second cycle until the burst is terminated, the PCMCIA 
controller will not assert the WAIT signal on the PCMCIA line. The cycle on the 68000 
bus will use the memory interface signals WE and C5'E but not DS. The cycle will be ter
minated when the PCMCIA cycle is terminated (DTACK and BERR are ignored in this 
mode). The PCMCIA controller will release the 68000 bus when the (PC) does not ac
cess the card for a programmable number of clocks. 

MOTOROLA 

NOTE 

FAST mode accesses are not allowed for PC accesses to the 
IMP internal space. Erratic operation will result. 
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Table 8-8 Common Memory Read 

Function Mode PC_REG PC_CE2 PC_CE1 PC_AO PC_OE PC_WE 
PC_D1S-

PC_D7-PC_DO 
PC_D8 

Standby Mode x H H x x x High-Z High-Z 

Byte Access H H L L L H High-Z Even- Byte 
H H L H L H High-Z Odd-Byte 

Word Access H L L x L H Odd-Byte Even-Byte 

Odd Byte Only Access H L H x L H Odd-Byte High-Z 

Table 8-9 Common Memory Write 

Function Mode PC_REG PC_CE2 PC_CE1 PC_AO PC_OE PC_WE 
PC_D1S-

PC_D7-PC_DO 
PC_D8 

Standby Mode x H H x x x xxx xxx 

Byte Access H H L L H L xxx Even- Byte 
H H L H H L xxx Odd-Byte 

Word Access H L L x H L Odd-Byte Even-Byte 

Odd Byte Only Access H L H x H L Odd-Byte XXX 

Table 8-10 Card Common Memory Space Address Map 

PC_REG PC_CE1 PC_CE2 PC_OE PC_WE 
PCMCIA 68000 Selected Register 

Offset Address Base Address or Space 

Common memory Common memory 
H L H/L* L H A25=1; base reg1 read accesses 

FC,A23-11 into 68000 bus 

H/L* 
Common memory Common memory 

H L H L A25=1; base reg1 write accesses 
FC,A23-11 into 68000 bus 

H/L* 
Common memory Common memory 

H L L H A25=0; base reg2 read accesses 
FC,A23-11 into 68000 bus 

H/L* 
Common memory Common memory 

H L H L A25=0; base reg2 write accesses 
FC,A23-11 into 68000 bus 

*PC_CE2 will remain unasserted during byte accesses. 

8.1.6 Protecting Memory and Internal Space from PCMCIA Accesses 

Each chip select can be set to block PCMCIA accesses to its memory space. When the chip 
select protection bit is set, the external PCMCIA host cannot access the memory block. The 
protection for each chip select block can be enabled by setting the PCS(3-0) bits in the PC
MCIA protection register (PPR). In addition, internal IMP registers and dual port RAM ac
cess from the PCMCIA bus can als<p be disabled using the PIR bit in the PPR. For more 
information see 6.6.2.3 PCMCIA Protection Register (PPR). 
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8.1.7 PCMCIA Controller Initialization 

After hardware reset the PCMCIA controller assumes the default "memory only" card con
figuration, with the RDYfBSY signal being low to indicate the busy condition. The 68000 core 
should initialize the CIS base address register with the high address of the external CIS 
memory address. The CIS memory may be located in external IMP RAM/ROM which is 
pointed to by the CIS base address register (CISBAR). The MC68356 has five configuration 
registers, according to the PCMCIA standard, plus the three registers reserved for future 
use. These registers are located on the PCMCIA attribute address space and can be ac
cessed by the PC when A25 is high (PCMCIA attribute addresses $2000000 or higher). The 
CIS's configuration tuple TPCC_RADR should have the base address of these registers 
(PCMCIA attribute addresses $2000000 or higher). 

The 68000 core software may then signal that the card is ready by setting the RDYfBSY line 
in the pin replacement register (PRR). 

The host reads the CIS from attribute memory. This is done by the host performing an at
tribute space read cycle to address O. The PCMCIA controller detects the cycle, asserts the 
WAIT signal on the PCMCIA lines and arbitrates for the 68000 bus. When granted, the con
troller generates the cycle on the 68000 bus. The high address bits and FC are taken from 
the CIS base address register, the low address bits are taken from the PCMCIA address 
lines. When the cycle is terminated with DTACK, the 68000 bus will be released, data will 
be transferred to the PCMCIA data lines, and the WAIT signal will be negated. The host 
reads the CIS by this mechanism. 

The host can then initialize the configuration registers. The host can access these registers 
directly without using the 68000 bus. When A25 is high on an attribute space cycle, the PC
MCIA controller can asynchronously access the configuration registers. Those registers can 
also be accessed by the 68000 core. The 68000 core can read and write these registers like 
any other register in the 68000 address space. The PCMCIA controller may also generate 
an interrupt to the 68000 core when one of the registers is written by the PC. 

After the initialization is completed, the MC68356 is configured for either PCMCIA common 
memory or I/O transfers depending on the value written in the configuration index of the con
figuration option register (COR). If the configuration index is non-zero, the card will respond 
to I/O cycles and the I/O pin functionality replaces the memory -card-only pin configuration. 
I/O data transfers are used to read and write the 16550 registers. 

8.1.8 PCMCIA to 68000 Bus Access and Monitoring Options 
The PCMCIA controller can be programmed to allow the SDMA, the DSP21MP mechanism, 
the core interrupt acknowledge routine, and external peripherals to use the 68000 bus be
tween PCMCIA transfers by setting the BClR bit in the PCMR register. The PCMCIA con
troller can also be programmed to generate a bus clear signal and gain mastership of the 
bus when it is not immediately granted upon request. This feature is enabled by setting the 
BClROE bit in the PCMR. 
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If a PCMCIA to 68000 bus cycle is terminated with BERR, the PCMCIA controller can be 
programmed to assert an interrupt to the PC through the INTRL bit in the PCMR. The BERR 
status bit can be read by the PC through the BERR bit in the PCHER register. 

There is also a PCMCIA bus watchdog timer which can issue an interrupt to the PC as well 
as the 68000 core. The counter will count the WAIT length and, if expired, the PCMCIA cycle 
will be terminated and the PTIE interrupt to the PC will be generated (if enabled). The inter
rupt will be generated to the PC through the PTIE bit in the PCHER if the TIEn bit is set in 
the PCMR. The five-bit counter-preset is programmed through the TValue bits in the PCMR. 
The prescaler value is programmed in the TPres bits in the PCMR. The PCMCIA bus watch
dog timer signal source is the IMP system clock. 

NOTE 
The features described in the above three paragraphs also apply 
for CIS accesses in attribute space. 

NOTE 
All PCMCIA locations (registers, CIS memory, etc.) that can be 
accessed by the host may also be accessed by the 68000 core. 
See Section 5 Memory Map for 16550 register accessibility. 

8.2 POWER DOWN OPTIONS 

The PC can place the MC68356 into low power mode by setting the power down (PwrDwn) 
bit in the CCSR. When the PC sets the PwrDwn bit, the PCMCIA controller will generate an 
interrupt to the 68000 core (if enabled through the INTRL bits in the PCMR). The IMP inter
rupt routine should place the devices on the card (including the DSP) in a low power mode 
and then place itself into one of the low power modes listed in Table 3-2. 

NOTE 
The host should not change the PwrDwn bit in the CCSR while 
the card is busy. (Le. The RDY/Bsy bit in the PRR is zero). 

If the 68000 core is in a stand-by mode when the PwrDwn bit is set, the 68000 core will come 
out of stand-by mode to process the PwrDwn interrupt as above. Setting the PwrDwn bit will 
reset the RDY/Bsy bit in the pin replacement register (PRR) to zero. This bit will be set to 
one (ROY) when the IMP completes its transition to the power-down (STOP) mode. 

Of the three different power down modes, the STAND_BY mode is the only one in which a 
normal host PCMCIA interface access will cause the IMP to resume operation (see 8.2.2.1 
Wake Up on PCMCIA Access in STAND-BY mode). 

The 68000 core can also place the card into one of four different low power modes when the 
card is idle for long periods of time and it is desired to conserve power (Table 3-2) even if 
the PC does not initiate the power down transition. 

The PC can access the configuration registers while in power-down. 
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Table 8-11 IMP Low Power Modes 

Low Power Mode Method of Entry Comments 

Slow Go Write to DF3 -DFO in PCMCIA IIF functional, no wake u~ time, higher 
IOMCR power consumption than other ST P mode. 

Stand-by STOP, LPM = 01 The imp can detect any PCMCIA access and wake-
up. 2-5 cycle wake-up time. 

Doze STOP, LPM = 10 The IMP wakes up on setting of PwrDwn bit in 
CCSR, 2500 cycle wake-up time. 

Stop STOP, LPM = 11 The IMP wakes up on setting of PwrDwn bit in 
CCSR, 70000 max. cycle wake-up time. 

In addition to placing itself in a STOP mode, the 68000 core can also lower the system clock 
frequency to save power by writing a higher value divide factor to the PLL clock divider. In 
this mode, the IMP and PCMCIA interface is fully functional. For more information see 3.5 
IMP Power Management. 

Before placing the IMP into low power STOP mode it is usually desirable to place the DSP 
into a low-power mode first. For information on how to place the DSP into low power mode _ 
refer to DSP56KFAMUM/AD the DSP56000 Digital Signal Processor Family Manual. : 

8.2.1 PCMCIA Ring Indication 

The MC68356 PCMCIA interface has several options for handling the ring indicate RI (or 
PB9) signal either by automatically passing the indication to the PC or by first allowing the 
68000 core to process it. Figure 8-6 shows a diagram of possible routings of the ring indicate 
signal. Note that the IMP can be programmed to wake up from any of the three stop modes 
upon assertion of the RI signal. 

From Card 

RI(PB8) 

MOTOROLA 

IMP 
Interrupt 
and Wake-up 
Circuitry 

r 
RISWDIS 

RIEnab 
(IOEIR) 

RIEvt 
(IOEIR) 

RingEn 
(CCSR) 

Figure 8-6. Ring Indicate (PB9) Connection Options 
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The MC68356 can transfer the RI (PSg) to the host using either of three programmable 
methods: 

1. Pass the RI signal directly to the PC through the RIEvt bit in the 1/0 event indication 
register (IOEIR) which also will set the changed bit in the card configuration and status 
register (CCSR) and can also optionally assert the STSCHG pin (if the SigChg bit is 
set in the CCSR). When the RI (PSg) is asserted, the RIEVt bit in the 1/0 event indica
tion register(lOEIR) will be set to one. If the RIEnab has been set by the PC, the 
changed bit in the CCSR will be set. If the SigChg bit in the CCSR has been set to one 
also, the STSCHG pin will be driven low. In addition, the PC may poll the RIEvt bit in 
the 10EIR register, or the changed bit in the CCSR at all times. When the host detects 
the RI, it should clear out the RIEvt bit. 

2. The 68000 may poll or take an interrupt off of the RI in the port S data register (PSg) 
and update the RIEvt bit in the 10EIR. This allows the 68000 software to debounce or 
otherwise process the RI signal to detect a valid ring signal before passing it on to the 
PC. The RISWDIS bit in the PCMR register should be set which will break the direct 
connection of the RI signal to the RIEvt bit in the IOEIR register (see Figure 8-6). 

3. Connect the RI directly to the STSCHG pin by setting RingEn bit in the CCSR. This 
mode complies with Intel ExCA specification for host RI using STSCHG. When the 
RingEn bit in the CCSR register is set to one by the PC, the STSCHG line reflects the 
state of the RI (PSg) pin, all other status change events are disabled. When the Rin
gEn bit is zero this function is disabled. 

8.2.1.1 Wake Up Using the PwrDwn Bit 

The host can wake up the card from any of the three STOP modes by resetting the PwrDwn 
bit in the CCSR. The IMP system clocks will start up, the 68000 core will receive an interrupt, 
and may optionally wake-up the DSP. Resetting the PwrDwn bit will set the RDY/Bsy bit to 
zero in the pin replacement register. The 68000 core should set the RDYfSsy bit to one upon 
completing its wake-up routine. 

NOTE 

The user should reset enable and event bits in the IMP wake-up 
control register - IWUCR after it has recovered from STOP 
mode. (See 3.5.2.3 IMP Wake-Up from Low Power STOP 
Modes.) 

8.2.2 Wake Up Options 
There are several methods that allow the PC to wake up the IMP and subsequently the DSP. 
The IMP will wake-up when: 

1. The PC accesses the card and the IMP is in STAND-by mode. 

2. The PwrDwn bit is reset. 

3. The modem RI(PS9) or the PS10 signal is asserted, if enabled (See 3.5.2.3 IMP 
Wake-Up from Low Power STOP Modes.) 

4. The (PIT) timer is enabled and expires, if enabled (See 3.5.2.3 IMP Wake-Up from 
Low Power STOP Modes.) 

8-16 MC68356 USER'S MANUAL MOTOROLA 



PCMCIA Controller 

5. The IMP RESET and HALT is asserted. 

8.2.2.1 Wake Up on PCMCIA Access in STAND-BY mode 

The IMP will wake up on any of five different types of accesses to the PCMCIA interface if 
it is in the STAND-BY low power mode. The PCMCIA write event register (PCAWER) indi
cates the type of access that has taken place to wake-up the IMP. The PCMCIA write event 
mask registers (PCAWMR) is used to enable the wake-up mechanism for a particular type 
of PCMCIA access. The following accesses can be programmed as described above to 
wake up the IMP from the STANDY-BY mode: 

• 1/0 space access. 

• Attribute space Access 

• Common memory space access (1 or 2) 

• Mode registers write access (when one of the PCMCIA registers accessible by the PC 
is written to). 

8.2.2.2 Power Down and Wake Up Using the PwrDwn Bit 

The Rdy/Bsy bit is reset to zero (busy) by the PCMCIA logic if the host writes a one to the _ 
PwrDwn bit in the CCSR, and will stay in the busy state until the IMP has completed its tran-
sition to one of the low power STOP modes or can be set back to one by software (if it is not 
desired by the card to enter STOP mode). Once the IMP has entered low power mode, the 
Rdy/Bsy bit will be set to ready. When the host writes a zero to the PwrDwn bit while the IMP 
is in low power mode, the Rdy/Bsy bit will again be reset to busy while the IMP wakes up. 
IMP software should set the Rdy/Bsy bit to one when it has finished recovering from low 
power mode. Refer to Figure 8-7 for a more detailed description of the transition to, and 
wake up from low power stop mode using the PwrDwn bit. 

8.2.2.3 PCMCIA Host Interrupts 

The host can be interrupted by the PCMCIA controller in 1/0 mode through the IREO pin 
which is the Rdy/Bsy pin in memory-only mode. The IREO pin's status is always reflected 
by the INTR bit in the CCSR for PCMCIA interrupts: 

1. The PCMCIA controller will set the INTR bit and the IREO pin in I/O mode if the PTIE 
or BERR bit in the PCHER register is set AND the PTIEn and BERRIE bits in the 
PCMR register are set respectively. 

2. The 68000 core can set the INTR bit in the CCSR by setting the SW bit in the PCHER 
which will cause the I REO pin to assert. 

3. When an unmasked 16550 interrupt is issued from the 16550 controller, the INTR bit 
in the CCSR will be set and the IREO pin will be asserted. 
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8.2.2.4 The Ready Busy Signal (Rdy/Bsy) 

The ready busy signal can be passed to the host through the Rdy/Bsy (IREO in I/O mode) 
pin in memory only mode, and the Rdy/Bsy bit in the pin replacement register (PRR) in I/O 
mode.The RDY/BSY pin can be controlled by the 68000 by writing to the Rdy/Bsy bit in the 
PRR. The state of the RdyfBsy pin can be monitored in the PRR (even though the PCMCIA 
interface is configured as a memory only interface). 

The RdyBsy bit is also controlled during the transitions to and from the three low power 
STOP modes. See 8.2.2.2 Power Down and Wake Up Using the PwrDwn Bit for more de
tails. 

8.3 PCMCIA PINS 

8.3.1 PCMCIA Pins Supported by the MC68356 

The pin descriptions for the MC68356 PCMCIA pins are given in Section 2 Signal Descrip
tion. The MC68356 will read the PC_EN pin at IMP reset and if this pin is strapped to Vcc it 
will configure the pins with PCMCIA functionality as PCMCIA pins. If it is strapped to ground, 
the pins will revert to their non-PCMCIA functions. 

Most PCMCIA pins have internal pullup or pulldown resistors (see 8.3.3 Pullup Control Reg
ister - PUCR). 

NOTE 

The PCMCIA pins are denoted in the signal description (Section 
2) as PC_SIGNALNAME. 

8.3.2 PCMCIA Pins Not Supported 

The following pins are not implemented on the MC68356 and should be supported with 
external circuitry. 

Write Protect (WP) 

This output signal reflects the status of the card's write protect switch. When a card or 
socket is configured for the I/O interface, the write protect status may be available in the 
pin replacement register, and the signal is replaced in the interface by the I/O Port IS 16 
bits (10IS16) signal. 

I/O IS 16 Bit Port (10IS16) 
This output signal is asserted when the address at the socket corresponds to an I/O ad
dress to which the card responds, and the I/O port being accessed is capable of 16-bit 
access. 

When this signal is not asserted during a 16-bit I/O access, the system will generate 8-bit 
references to the even and odd bytes of the 16-bit port being accessed. 
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NOTE 

The MC68356 PCMCIA controller does not support 16-bit I/O 
accesses. Therefore this pin should be tied high (not asserted) 
on the card. 

Input Acknowledge (lNPACK) [I/O Operation] 

This output signal is asserted when the card is selected and the card can respond to an 
I/O read cycle at the address on the address bus. 

NOTE 

If enabled for I/O mode accesses, the MC68356 PCMCIA con
troller responds to I/O read cycles at all addresses. All I/O ac
cesses are routed to the 16550 registers. This signal may thus 
be asserted whenever the card enable (CE1 and CE2) and the 
REG inputs are true. 

Audio Digital Waveform (SPKR) [replace BVD2] 
Binary audio output signal. 

Card Reset (RESET) 
This signal clears the card configuration option register thus placing the card in an uncon
figured (memory only interface) state. A card remains in the unconfigured state until the 
card configuration register has been written. 

In most cases this signal should trigger a reset sequence in the IMP and DSP of the 
MC68356. External circuitry such as a one shot circuit will typically be required to assure 
that the IMP and DSP resets are asserted long enough to meet the 68000 and 5600 min
imum reset specifications (see Section 14 Electrical Characteristics) when the card is re
set.The card reset signal should be an input to the external reset circuitry in order to 
guarantee that the reset polarity and pulse times meet the requirements of the IMP and 
DSP (if applicable). 

8.3.3 Pullup Control Register - PUCR 

The PUCR contains control for the optional pullup resistors on pins with PCMCIA function
ality. This register can be read and written by the 68000 core. 

A set bit disables the pullup for a particular block of pins. A cleared bit enables the pullups 
in a particular block. Some pins have pull-ups available for non-PCMCIA functionality and 
some do not as noted in the bit descriptions. 
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PUCR 68356 Base+$8EO 

3.3VM 

RESET: 

o 

Read/Write 

PCADDC 

o 

3.3VM-3.3V Mode 

PDI0-7C 

o 

PCIOC PB8-11C PBO-7C PA8-15C PAO-7C 

o o 

This bit should be set when the operating the MC68356 at 3.3V to ensure proper pullup 
resistance values. 

PCADDC - PCMCIA Address Control (C01_1 PC_A11, CTS1-" PC_A10, PC_A9 - PC_A2, 
BCLR_I PC_A1, RMC-" PC_AO) 

This bit, when cleared, in PCMCIA mode only (PC_EN = 1), will enable a 100K ohm 
pulldown resistor for each of these PCMCIA address pins. Setting this bit will dis
able the pulldowns. In non PCMCIA mode (PC_EN = 0) these pulldowns are dis
abled. 

NOTE: 

PC_A 11 and PC_A 10 pins may be placed on the CD1, CTS1 
pins or on the TOUT1 and TOUT2 pins. The IPins bit in the PC
MCIA mode register (PCMR) controls the selection. If the 
PC_A11 and PC_A10 pins are placed on the TOUT1 and 
TOUT2 pins, internal pulldowns are not available and must be 
implemented externally. 

PDI0-7C-Port D 0-7 Control (PCMCIA Control) 

This bit, when cleared, will enable a 10K ohm pullup resistor for each of the PCMCIA con
trol pins, or the PD10-7 pins (if configured as an input). Setting this bit will disable the pul
lups. 

PCIOC-Port C 0-7 Control (PCMCIA 00-7) 

This bit, when cleared, in PCMCIA mode only (PC_EN = 1), will enable a 1 OOK ohm pull
down resistor for each of the PCMCIA data pins 0-7. Setting this bit will disable the pull
downs. 

In non-PCMCIA mode .(PC_EN = 0) these pulldowns are disabled. 

PB8-11 C-Port B 8-11 Control 

This bit, when cleared, will enable a 10K ohm pullup resistor for each of the PCMCIA con
trol pins, or the PB8-11 pins (if configured as an input). Setting this bit will disable the pul
lups. 

PBO-7C-Port B 0-7 Control 

This bit, when cleared, will enable a 10K ohm pullup resistor for each of the PCMCIA con
trol pins or the PBO-3, PB5 and PB7 pins (if configured as an input). Setting this bit will 
disable the pullups. Note that PB4 and PB6 do not have pullups or pulldowns in the chip. 
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PA8-15C-Port A 8-15 Control 

This bit, when cleared, will enable a 10K ohm pullup resistor for each of the PA8-15 pins 
(if configured as an input). Setting this bit will disable the pullups. 

PAO-7C-Port A D-7Control (PCMCIA 08-15) 

This bit, when cleared, in PCMCIA mode only (PC_EN = 1), will enable a 1 OOK ohm pull
down resistor for each of the PCMCIA data pins 8-15. Setting this bit will disable the pull
downs. 

In non-PCMCIA mode (PC_EN = 0) these pulldowns are disabled. 

8.4 PROGRAMMER'S MODEL 

The PCMCIA controller contains a number of registers, described in the following para
graphs. Those registers can be accessed by the host and the 68000 core. 

8.4.1 PCMCIA Controller Accesses 

8.4.2 PCMCIA Mode Register - PCMR 

PCMR PCMCIAAddress:A25=1 ;$20 
68000 Address: BAR + $8CO 

31 30 29 28 27 26 25 24 

TIEn BERRIE BCLROE CLRIE SWAP FAST ArblDL 

RESET 

0 0 0 0 0 

PCMCIA Address:A25=1 ;$22 
68000 Address: BAR + $8C 1 

23 22 21 20 19 18 17 16 

TValue TPres Ten 

RESET 

0 0 0 0 0 

PCMCIA Address:A25=1 ;$24 
68000 Address: BAR + $8C2 

15 14 13 12 11 10 8 

RISDIS AINC2 AINC1 IPins INTRL 16bit ABUF 

RESET 

0 0 0 0 0 0 

ReadlWrite 

ArblDL-Arbitration IDLE Time 

These bits are used to indicate when to release the 68000 bus after a common memory 
space transfer has terminated. 

8-22 

NOTE 

This mechanism is implemented only for PCMCIA common 
memory space accesses that are transferred into the 68000 bus. 
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Attribute space cycles are always made on a cycle steal basis. 
I/O space cycles are mode to the 16550 registers only. 

00 = Cycle steal mode. The 68000 bus is released after the cycle has been terminated. 
The arbitration logic will arbitrate for the 68000 bus when next cycle starts (CE ac
tive) 

01 = Burst mode. The arbitration logic waits for 4 idle 68000 bus clocks on the PCMCIA 
bus before releasing the 68000 bus. 

10 = Burst mode. The arbitration logic waits for 8 idle 68000 bus clocks on the PCMCIA 
bus before releasing the 68000 bus. 

11 = Burst mode. The arbitration logic waits for 16 idle 68000 bus clocks on the PCM
CIA bus before releasing the 68000 bus. 

FAST-FAST burst mode 

Setting this bit enables fast, burst mode PCMCIA common memory accesses without the 
WAIT signal (except for the first access). When the PCMCIA controller is programmed to 
burst mode by setting the ArblOL 1-0 bits to non-zero, the burst can be done in two differ
ent modes. The first cycle with arbitration is identical in both modes. 

a = Normal mode 
When the PCMCIA controller is granted control of the 68000 bus and the PC initiates 

a common memory space cycle, the PCMCIA controller asserts the WAIT signal 
on the PCMCIA line. It then generates a 68000 cycle. When the cycle is terminated 
with OTACK, data is transferred to the PCMCIA data lines and the WAIT signal is 
negated. 

1 = Fast mode 
This mode is used to minimize the usage of the WAIT signal on the PCMCIA interface, 

allowing fast direct access transfers to be performed. In this mode, when the PC
MCIA controller is granted control of the 68000 bus and the PC initiates a common 
memory space cycle, the PCMCIA controller will not assert the WAIT signal on the 
PCMCIA line. The cycle on the 68000 bus will use the memory interface signals 
WE and OE, but not the OS. The cycle will be terminated when the PCMCIA cycle 
is terminated. The PCMCIA controller timing ignores OTACK and BERR so if 
68000 bus cycles are not complete when the PCMCIA bus cycle is terminated gar
bage data will result (68000 Bus Errors can be reported to the host by setting the 
BERRIE bit in the PCMR). Fast mode accesses are only allowed for external mem
ory space accesses. Accesses to internal memory space will result in erratic oper
ation. 

INTRL-INTeRrupt Level 

The PCMCIA control logic will generate an interrupt to the 68000 core when the host 
writes one of the configuration registers if its interrupt mask bit is set in the PCMCIA Con
figuration Registers Write Mask Register - PCRWMR. The interrupt level generated as a 
result of one of the accesses can be programmed to the following 68000 interrupt levels: 

00 = No interrupt is generated. 
01 = The interrupt is generated on level 1. 
10 = The interrupt is generated on level 6. 
11 = The interrupt is generated on level 7. 

MOTOROLA MC68356 USER'S MANUAL 8-23 



PCMCIA Controller 

NOTE 

The interrupt will be generated· as level triggered. The user 
should program the GIMR register to generate the interrupt vec
tor. 

BClROE-Bus CleaR Output Enable 

When this bit is set the PCMCIA controller will assert the BClR signal when requesting 
the bus and it is not granted. The IDMA, when programed to work under software control, 
will release the bus at the end of its current transfer. 

BClRIE-Bus CleaR Input Enable 

When this bit is set, the PCMCIA controller will release the 68000 bus when BClR is as
serted and the current cycle is terminated, regardless of the ArblDl value. BClR can be 
asserted for the following reasons: 

1. The SDMA requests the 68000 bus. 

2. An external master requests the 68000 bus. 

3. A 68000 interrupt is pending and the BClM bit is set in the SCR. 

BERRIE-Bus ERRor Interrupt Enable 

When this bit is set, the PCMCIA control logic will generate an interrupt to the PC when a 
PCMCIA bus cycle results in a 68000 bus error. 

SWAP-SWAPPER ENABLE 

This bit, when set, enables the swapping function for direct read and write PCMCIA ac
cesses. The PCMCIA logic swaps the high and low bytes of 16 bit words when doing di
rect read or write accesses. Both the PCMCIA interface and the 68000 bus must be set 
to 16-bit wide for the swapper to be enabled. 

TEn-Timer Enable 

The PCMCIA direct access mechanism has a bus monitor (hardware watchdog) timer to 
prevent excessively long cycles, or hung state conditions on the PCMCIA interface. The 
timer is activated when a PCMCIA interface cycle begins. The WAIT signal is negated and 
a maskable interrupt is generated when the timer expires before the cycle is terminated. 

a = The PCMCIA interface bus monitor timer is disabled. 
1 = The PCMCIA interface bus monitor timer is enabled. 

TIEn-PCMCIA Watchdog Timer Interrupt Enable 

This bit, when set, enables interrupt generation to the PC from the PCMCIA bus monitor 
timer. APTIE interrupt is generated to the PC when this bit is set and the PCMCIA bus 
monitor timer expires. 
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TPres-PCMCIA Watchdog Timer Prescaler 

The PCMCIA watchdog timer uses this prescaler value. The PCMCIA watchdog timer 
uses the prescaler output clock as an input to its 5-bit down counter. 

00 = Divide by one. 
01 = Divide by 4. 
10 = Divide by 8. 
11 = Divide by 16. 

TValue-Timer Value 

The PCMCIA watchdog timer is a 5-bit down counter with the programmable TValue pre
set. The counter has a programmable prescaler. The counter will count the WAIT length 
and, if expired, the PCMCIA cycle will terminated and the PTIE interrupt to the PC will be 
generated (if enabled). 

ABUF-Address Buffer Control 

This bit, when set, enables the address buffer control output function. The PCMCIA con
troller will not drive the high address lines (A 12-A23) as programmed in the base registers 
but instead will drive an address buffer control line with the appropriate timing. This mech- ~ 
anism is useful when the paging is not sufficient for the system design requirements. Ex- ~ 
ternal address buffers must be implemented on the card. 

16Bit-PCMCIA Interface is 16-bit 

0= The PCMCIA interface is 8 data bits wide. The D8-D15 and CE2 pins can be 
muxed for their alternative functions. 

1 = The PCMCIA interface is 16 data bits wide. 

IPins-ISDN Pins 
0= The ISDN interface is not implemented. The CD1/L 1SY1/PC_A11 pin will be set 

for PC A 11 with the PCMCIA interface enabled. The CTS/L 1 GRiPC A 10 will be 
set forPC_A10. The RTS/L 1 RQ/GCIDCUPC_WAIT pin will be set for PC_WAIT. 

1 = The ISDN interface is implemented.The TOUT1 ,TIN2, and TOUT2 pins are instead 
set for PC_A11, PC_WAIT, PC_A10 pins respectively. 

AINC1,2-Auto INCrement 

When set, the corresponding common memory base address register will auto-increment 
when the last entry in the page (AO-A 10 = 3FFx) is accessed. This mechanism is useful 
during burst mode accesses because it eliminates the need to reprogram the base ad
dress register when crossing a page boundary. 

RISWDIS-Ring Indicate Software Disable 

0= The RIEvt bit in the IOEIR register will be set when RI is asserted. 
1 = The RIEvt bit in the IOEIR is not set whe'n RI is asserted. This mechanism is useful 

to allow the 68000 core to either integrate or debounce the RI signal by software 
before updating the RIEvt bit (the RI(PB9) pin can be read by the 68000 core 
through the port B data register). Refer to Figure 8-6. Ring Indicate (PB9) Connec
tion Options. 
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8.4.3 PCMCIA Configuration Registers Write Event Register - PCRWER 

PCRWER PCMCIA Address: Not accessible 
68000 Address: BAR + $8C4 

7 6 5 4 3 2 1 0 

RES3 RES2 ES1 IOIEIR seR PRR CCSR COR 
RESET 

0 0 0 0 0 

Read/Write 

The PCMCIA configuration registers write event register is an 8-bit register that reports PC 
writes to one of the PCMCIA configuration registers. The appropriate event bit is set depend
ing on the location of host write, regardless of the corresponding mask bit in the PCRWMR. 
If the corresponding mask bit is set and the INTRLO-1 bits in the PCMR register are non
zero, an interrupt will be generated. In order to generate an interrupt, the INTRLO-1 bits in 
the PCMR register must be set to a non-zero value. The PCRWER is a memory mapped 
register that may be read at any time. A bit can be reset by writing a one and is left un
changed by writing a zero. More than one bit may be reset at a time. All bits are cleared by 
reset. 

CCR-Card Configuration Register 

This bit is set when the PC writes to the card configuration option register. The 68000 core 
may monitor writes to this register to detect SRESET and changes to the configuration 
index field (to determine if the host has enabled or disable the 1/0 card). This bit can be 
cleared by writing a one to it. 

CCSR-Card Configuration and Status Register 

This bit is set when the PC writes to the card configuration and status register. The 68000 
core may monitor writes to this register to detect if the PC has requested to place the card 
in the power-down state by setting the PwrDwn bit. This bit can be cleared by writing a 
one to it. 

PRR-Pin Replacement Register 

This bit is set when the PC writes to the pin replacement register. This bit can be cleared 
by writing a one to it. 

SCR-Socket and Copy Register 
This bit is set when the PC writes to the socket and copy register. This bit can be cleared 
by writing a one to it. 

10EIR-10 Event Indication Register 

This bit is set when the PC writes to the 10 event indication register. This bit can be 
cleared by writing a one to it. 

Res1-Reserved1 Register 
This bit is set when the PC writes to the reserved 1 register. This bit can be cleared by writ
ing a one to it. 

8-26 MC68356 USER'S MANUAL MOTOROLA 



PCMCIA Controller 

Res2-Reserved2 Register 

This bit is set when the PC writes to the reserved2 register. This bit can be cleared by writ
ing a one to it. 

Res3-Reserved3 Register 

This bit is set when the PC writes to the reserved3 register. This bit can be cleared by writ
ing a one to it. 

8.4.4 PCMCIA Configuration Registers Write Mask Register - PCRWMR 

The PCRWMR is 8-bit memory-mapped, read-write register that has the same bit format as 
the PCRWER. If a bit in the PCRWMR is a one, the corresponding interrupt in the PCRWER 
will be enabled. If the bit is zero, the corresponding interrupt in the PCRWMR will be dis
abled. PCRWMR is cleared at reset. 

8.4.5 PCMCIA Access Wake-Up Event Register - PCAWER 

PCAWER PCMCIA Address: Not accessible 
68000 Address: BAR + $8C5 

4 

MRW CMS2 CMS1 ATS IDS 

RESET 

o o o o o o 
Read/Write 

The 68000 core may program the IMP into stand-by mode when there is no activity on the 
card for long periods of time. PC accesses to the card will wake-up the IMP. 

The PCAWER is an 8-bit register used to report which type of PC write access was made 
to the card to wake the IMP up from STAND-BY mode. The 68000 core will receive an in
terrupt if: 

1. It is waked up by a PCMCIA access, and 

2. The INTRL bits in the PCMR are non-zero (PCMCIA interrupts enabled), and 

3. The corresponding mask bit for the access type is set in the PCAWMR. 

NOTE 

Read accesses by the PC to one of the PCMCIA configuration 
registers will not wake up the IMP. 

The appropriate event bit will be set, regardless of the corresponding mask bit in the PCR
WMR. If the corresponding mask bit is set, an interrupt will be generated. The PCAWER is 
a memory mapped register that may be read at any time. A bit is reset by writing a one and 
is left unchanged by writing a zero. More than one bit may be reset at a time, and the register 
is cleared by reset. 
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10S-10 Space Access 

This bit is set when the PC accesses the 16550 emulation module (an I/O space access 
is made). When the IMP is in stand-by mode, the IMP will resume its operation. An inter
rupt may be generated if the corresponding mask bit is set. This bit is cleared by writing 
one. 

ATS-ATtribute Space Access 

This bit is set when the PC accesses the CIS memory. When the IMP is in stand-by mode, 
the IMP will resume its operation. An interrupt may be generated if the corresponding 
mask bit is set. This bit is cleared by writing one. 

NOTE 

PC writes to one of the PCMCIA configuration registers while the 
IMP is in stand-by mode will also resume operation. The 68000 
will be able to detect it by the 8.4.5 PCMCIA Access Wake-Up 
Event Register - PCAWER. 

CMSl1-Common Memory Space Access 

This bit is set when the PC accessing common memory space with A25=1 (CMBAR1 is 
selected). When the IMP is in stand-by mode, the IMP will resume its operation. An inter
rupt may be generated if the corresponding mask bit is set. This bit is cleared by writing 
one. 

CMSl2-Common Memory Space Access 

This bit is set when the PC accessing common memory space with A25=0 (CMBAR2 is 
selected). When the IMP is in stand-by mode, the IMP will resume its operation and an 
interrupt may be generated if the corresponding mask bit is set. This bit is cleared by writ
ing one. 

MRW-Mode Registers Write. 

This bit is set when the PC writes to one of the PCMCIA mode or base registers in the 
attribute space. When the IMP is in stand-by mode, the IMP will resume its operation. An 
interrupt may be generated if the corresponding mask bit is set. This bit is cleared by writ
ing one. 

8.4.6 PCMCIA Access Wake-up Mask Register - PCAWMR 

The PCAWMR is an 8-bit memory-mapped, read-write register that has the same bit format 
as the PCAWER. If a bit in the PCAWMR is a one, the corresponding interrupt in the PCAW
ER will be enabled. If the bit is zero, the corresponding interrupt in the PCRWMR will be dis
abled. PCAWMR is cleared at reset. 
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8.4.7 PCMCIA Host (PC) Event Register - PCHER 

PCHER 

7 

RESET 
o a 

ReadlWrite 

BERR-Bus ERRor 

PMCIA Address:A25 = 1; $2A 
68000 Address: BAR + $8C8 
2 

SW PTIE BERR 

This bit is set when a cycle is terminated by bus error. An interrupt to the PC will be gen
erated if the BERRIE bit is set. This bit is cleared by writing one. 

PTIE-PCMCIA Timer Expired 

This bit is set when a cycle is terminated by a PCMCIA watchdog timer expiration. An in
terrupt to the PC will be generated if the TIEn bit is set. This bit is cleared by writing a one. 

SW-68000 Software Interrupt • 
The 68000 S/W may set this bit to generate an interrupt to the PC. This bit is cleared by 
the PC writing a one. 

8.4.8 CIS Base Address Register - CIS BAR 

CISSAR PCMCIA Address: A25 = 1; $32 
68000 Address: BAR + $8CC 

15 14 13 12 11 10 9 8 

BA23 BA22 BA21 BA20 BA19 BA18 BA17 BA16 

RESET 0 

0 0 0 0 0 0 0 

PMCIA Address: A25 = 1; $30 

7 6 5 4 3 2 1 0 

BA15 BA14 BA13 BA12 FC2 FC1 FCO V 

RESET 

0 0 0 0 0 0 0 0 

Read/Write 

This register is used to locate PCMCIA CIS accesses to the 68000 bus. The CIS must be 
located in memories (RAM, EEPROM etc.) on the 68000 bus. The 68000 core should pro
gram the starting address ofthe CIS memory structure into this register. 

MOTOROLA 

NOTE 

Since the PCMCIA attribute space accesses are only 8-bits and 
AO should be always 0, the CIS memory should be on the 68000 
even addresses only. 
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V-Valid Bit 

NOTE 

This register is in the PCMCIA attribute space and this 24-bit 
register address will be 3 bytes on even addresses only. 

This bit indicates that the contents of the base register is valid. The PCMCIA attribute 
space cycle (REG is asserted and A25=0) will not be transferred to the 68000 bus until 
the V-bit is set. 

0= This CIS base address register is inval.id. 
1 = This CIS base address register is valid. 

SA 12-23-Base address 

The base address field should contain the upper address bits of the CIS data structure 
address on the 68000 bus. The lower address bits will be taken from the PCMCIA address 
lines. 

FCO-2-Function Code 
The function code field should contain the function code of the CIS data structure address 
on the 68000 bus. 

8.4.9 Common Memory Space Base Address Register - CMBAR1,2 

CMBAR1, CIMBAR2 PCMCIA Address: A25 = 1; $3A, $42 
68000 Address: BAR + $800, $804 

15 14 13 12 11 10 

BA23 BA22 BA21 BA20 BA19 BA18 BA1? BA16 

RESET 

PCMCIA Address: A25 = 1; $38, $40 
4 1 

BA15 BA14 BA13 BA12 FC2 FCl FCO V 

RESET 

Read/Write 

There are two identical registers to map common memory accesses into the 68000 bus. This 
mechanism will enable the card designer to use memories (SRAM, DRAM etc.) or peripher
als on the 68000 bus and access them by the host. The 68000 core or the PC should pro
gram the starting 68000 address of the memory or peripheral into these registers. A25 will 
distinguish between the two base registers. When A25=1 CMBAR1 will be selected and 
when A25=0 CMBAR2. 

8-30 

NOTE 

Since the PCMCIA attribute space accesses are only 8-bits, this 
16-bit register address will be 2 bytes on even addresses only. 
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V-Valid Bit 

This bit indicates that the contents of the base register is valid. The PCMCIA common 
memory space cycle will not be transferred into the 68000 bus until the V-bit is set. 

0= This register base address is invalid. 
1 = This register base address is valid. 

BA 12-23-Base Address 

The base address field should contain the upper address bits of the I/O memory address 
on the 68000 bus. The lower address bits will be taken from the PCMCIA address lines. 

NOTE 

The 2Kbyte block defined by this base address should not con
tain any internal addresses (internal dual-port RAM, internal reg
isters, etc.) if it is desired to use the fast mode accesses. Fast 
mode accesses (Fast Mode=1 ) to internal memory locations will 
result in erratic operation. 

FCO-2-Function Code 

The function code field should contain the function code of the common memory address 
on the 68000 bus. 

8.4.10 Card Configuration Registers 

8.4.10.1 Configuration Option Register - COR 

COR 

SRESET 

o 
ReadlWrite 

LevlREQ 

o o o 

PMCIA Address: A25 = 1; $0 
68000 Address: BAR + $870 

Configuration Index 

o 

The 68000 core will receive an interrupt when this register is written by the PC. See 8.4.5 
PCMCIA Access Wake-Up Event Register - PCAWER. 

SRESET -Reset Card 

When this bit is set to one, the IMP is put in a hardware reset state. The reset pin will be 
asserted, and the 68000 core and the rest of the IMP are reset. 

LevlREQ-Level Mode Interrupts 

The MC68356 PCMCIA controller supports the interrupt level mode only. (Regardless 
of this bit value) 

NOTE 

The pulse mode may be supported by the 68000 software. 

MOTOROLA MC68356 USER'S MANUAL 8-31 



PCMCIA Controller 

Configuration Index 

This field is written with the index number of the entry in the card's configuration table 
which corresponds to the configuration which the system chooses for the card. When the 
configuration index is 0, the card's I/O is disabled and will not respond to any I/O cycles, 
and will use the memory only interface. 

8.4.10.2 Card Configuration and Status Register - CCSR 

CCSR PMCIA Address: A25 = 1 ; $2 
68000 Address: BAR + $871 

Read/Write 

The 68000 core will receive an interrupt when this register is written by the PC. See 8.4.5 
PCMCIA Access Wake-Up Event Register - PCAWER. 

Changed 
This bit indicates that one or more of the pin replacement register bits CBV01, CBVD2, 
CRdyBSY, CWProt is set to one or when one or more of the I/O event indication register 
event bits are set and its corresponding enable bit is also set. When this bit is set, the 
STSCHG(BV01) pin is held low if the SigChg bit is 1 and the card is configured as I/O. 

SigChg 
1 = When the card is configured for I/O interface, the changed bit controls the STSCHG 

signal and is called the changed status signal. 
0= The BVD1 (STSCHG) line will be held high while the card is configured as I/O. 

RingEn 
o = The state of the STSCHG is controlled by the SigChg bit as described above. 
1 = The STSCHG signal is used to indicate the state of the ring indicate signal. 

STSCHG is asserted (low) whenever ringing is present on the RI (PB9) pin. 
STSCHG is negated (high) when there is no ringing. 

IOis8 
1 = The host can provide I/O cycles only with 8-bit 00-07 data path. Accesses to 16-

bit registers will occur as two byte accesses. 
o = The host can provide I/O cycles with 16-bit data path. 

Audio 
This bit is set to one to enable audio information on BV02 pin while the card is configured. 

PwrOwn 
This bit is set to one to request the card enter a powerdown state. The 68000 core will 
receive an interrupt (if enabled) when this register is written (see 8.4.4 PCMCIA Configu
ration Registers Write Mask Register - PCRWMR) and should check the state of this bit 
to determine if the PC has placed the card into power down mode. If it has, the 68000 
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should place the card into power down mode. When this bit is reset while the IMP is in any 
of the three STOP modes, the 68000 core will be waked up (the PC can access the con
figuration registers while in powerdown mode). 

Intr 

This bit represents the state of the interrupt request. This value is available whether or not 
interrupts have been configured. This signal should remain true until the condition which 
caused the interrupt request has been serviced. See 8.2.2.3 PCMCIA Host Interrupts for 
more information on the functionality of this bit. 

8.4.10.3 Pin Replacement Register Organization - PRR 

PRR PMCIA Address: A25 = 1; $4 
68000 Address: BAR +$872 

7 

CBVDl CBVD2 CRdy/Bsy CWProt RBVD1 RBVD2 RRdy/Bsy RWProl 

ReadlWrite 

The 68000 core will receive an interrupt when this register is written by the PC. See 8.4.5 
PCMCIA Access Wake-Up Event Register - PCAWER. 

CBVD1,CBVD2 
These bits are set to one when the corresponding bits change state. These bits may also 
be written by the host. 

CRdy/Bsy 
This bit is set to one when the corresponding bit changes state. These bits may also be 
written by the host. 

CWProt 
This bit is set to one when the corresponding bit changes state. These bits may also be 
written by the host. 

RBVD1, RBVD2 

When read these bits represent the internal state of the corresponding signals. When this 
bit is written as one, the corresponding changed bit is also written.Since the MC68356 
does not support this pin directly, external circuitry should be used to implement this pin. 

MOTOROLA 

NOTE 

The 68000 should write the state of this signal into this location. 
The corresponding changed bit will be updated according to the 
written data. 
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RRdy/Bsy 
When read, this bit represents the internal state of the corresponding signal. When this bit 
is written as one, the corresponding changed bit is also written. See 8.2.2.4 The Ready 
Busy Signal (Rdy/Bsy) for more information on the functionality of this bit. 

RWProt 

NOTE 
The 68000 core should write the state of this signal into this lo
cation. The corresponding changed bit will be updated accord
ing to the written data.The 68000 core should set this bit to one 
after initializing the PCMCIA controller to signal ready (high) to 
the host. When set to zero, the PCMCIA controller will signal 
busy. After reset, the PCMCIA controller will set the RRdy/Bsy 
pin low and clear this bit. 

NOTE 
In I/O mode the RDY/BSY pin becomes the IREO pin. 

When read, this bit represents the internal state of the corresponding external signal. 
When this bit is written as one, the corresponding changed bit is also written. Since the 
MC68356 does not support this pin directly, external circuitry should be used to monitor 
the state of this signal. 

NOTE 
The 68000 should write the state of this signal into this location. 
The corresponding changed bit will be updated according to the 
written data. 

8.4.10.4 Socket and Copy Register - SCR 

SCR PMCIA Address: A25 = 1; $6 
68000 Address: BAR + 873 

Res Copy Number Socket Number 

ReadIWrite 

This register can be RIW accessed by the PC and the 68000 core. The 68000 core will re
ceive an interrupt when this register is written by the PC. See 8.4.5 PCMCIA Access Wake
Up Event Register - PCAWER. 

8-34 

NOTE 
This is an optional register which the card may use to distinguish 
between similar cards installed in a system. 
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8.4.10.5 1/0 Event Indication Register - 10EIR 

10EIR 

ReadIWrite 

PCMCIA Controller 

PMCIAAddress: A25 = 1; $8 
68000 Address: BAR + $874 

The 68000 core will receive an interrupt when this register is written by the PC. See 8.4.5 
PCMCIA Access Wake-Up Event Register - PCAWER. 

This is an optional register that contains information about the changes in the card status. 
Its bit assignments are defined below. This register may be read or written. The upper four 
bits are latched to a one when the corresponding 10 event occurs on the PC card. When one 
of these upper four bits is latched and the corresponding enable bit in the lower nibble has 
also previously been set, the changed bit in the card configuration and status register 
(CCSR) is set to a one, and the STSCHG pin will be driven low (if enabled by the SigChg bit 
in the CCSR). CI 
The host can clear anyone of the upper four bits by writing a one to that bit. Writing a zero 
to these bits will have no effect. All bits of this register are cleared by an IMP reset. 

ResEvt3 

Reserved for future expansion/definition. Set to zero. 

ResEvt3 

Reserved for future expansion/definition. Set to zero. 

PIEvt 

This bit is latched to a one by the card (the 68000 core can set this bit) after the receipt of 
a valid incoming packet over a modem channel. When this bit is set to a one and the PI
Enab bit is set to a one, the changed bit in the card configuration and status register will 
also be set to a one. If the SigChg bit in the card configuration and status register has also 
been set by the host, then the STSCHG pin will be driven low. Writing one to this bit will 
clear it to zero. Writing a zero to this bit has no effect. 

RIEvt 
This bit is latched to a one by the MC68356 on the start of each cycle of the ring frequency 
on the phone line. When this bit is set to a one, and the RIEnab bit will be set to a one the 
changed bit in the card configuration and status register will also be set to a one. If the 
SigChg bit in the card configuration and status register (CCSR) has also been set by the 
PC, then the STSCHG pin will be driven low. Writing one to this bit will clear it to zero. 
Writing a zero to this bit has no effect. 

MOTOROLA 

NOTE 

If it is desired to have the 68000 core debounce or otherwise 
process the RI signal before passing it to the host, the RISOIS 
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ResEnab3 

bit can be set in the PCMR register which will disconnect the di
rect connection to the RIEvt bit (See Figure 8-6). 

Reserved for future expansion/definition. Set to zero. 

ResEnab2 
Reserved for future expansion/definition. Set to zero. 

PIEnab 

Setting this bit to a one enables setting the changed bit in the card configuration and sta
tus register when the PIEvt bit is set. When this bit is cleared to a zero, this feature is dis
abled. The state of PIEvt bit is not affected by this bit. 

RIEnab 

Setting this bit to a one enables setting the changed bit in the card configuration and sta
tus register when the RIEvt bit is set. When this bit is cleared to a zero, this feature is dis
abled. The state of RIEvt bit is not affected by this bit. 

8.4.10.6 Reserved Registers 

The 68356 implements additional 3 card configuration registers. Those 8-bits registers can 
be read/written by both the 68000 core and the PC. They are reserved for future use. 
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SECTION 9 
DSP MEMORY MODULES 
AND OPERATING MODES 

9.1 MEMORY MODULES AND OPERATING MODES 

The memory of the DSP56002 can be partitioned in several ways to provide high-speed par
allel operation and additional off-chip memory expansion. Program and data memory are 
separate, and the data memory is, in turn, divided into two separate memory spaces, X and 
Y. Both the program and data memories can be expanded off-chip. There are also two on
chip data read-only memories (ROMs) that can overlay a portion of the X and Y data mem
ories, and a bootstrap ROM that can overlay part of the program random-access memory 
(RAM). The data memories are divided into two independent spaces to work with the two 
address arithmetic logic units (ALUs) to feed two operands simultaneously to the data ALU. 

The DSP operating modes determine the memory maps for program and data memories 
and the start-up procedure when the DSP leaves the reset state. This section describes the 
DSP56002 Operating Mode Register (OMR), its operating modes and their associated 
memory maps, and discusses how to set and reset operating modes. 

This section also includes details of the interrupt vectors and priorities and describes the ef
fect of a hardware reset on the PLL multiplication factor. 

9.2 DSP56002 DATA AND PROGRAM MEMORY 

The DSP on the MC68356 has 5.25kwords of program RAM; 64 words of bootstrap ROM, 
3K words of X data RAM, 256 words of X data ROM, 2.5K words of Y data RAM, 256 words 
of Y Data ROM. The memory maps are shown in Figure 9-1. 

9.2.1 Program Memory 

The DSP56002 has 5.25K words of program RAM and 64 words of factory-programmed 
bootstrap ROM. 

The bootstrap ROM is programmed to perform the bootstrap operation from the memory ex
pansion port (port A), from the host interface, or from the SCI. It provides a convenient, low 
cost method of loading the program RAM with a user program after power-on reset. The 
bootstrap ROM activity is controlled by the MA, MB, and Me bits in the OMR (see 9.3 
DSP56002 Operating Mode Register (OMR) for a complete explanation of the OMR and the 
DSP56002's operating modes and memory maps). 

Addresses are received from the program control logic (usually the program counter) over 
the PAB. Program memory may be written using the program memory (MOVEM) instruc-
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tions. The interrupt vectors are located in the bottom 128 locations ($OOOO-$007F) of pro
gram memory. Program memory may be expanded to 64K off-chip. 

9.2.2 X Data Memory 

The on-chip X data RAM is a 24-bit-wide, static internal memory occupying the lowest 3072 
locations (0-3071) in X memory space. The on-chip X data ROM occupies locations 3072-
3327 in the X data memory space and is controlled by the DE bit in the OMR. (See the ex
planation of the DE bit in 9.3.2 Data ROM Enable (Bit 2). Also, see Figure 9-1.)The on-Chip 
peripheral registers occupy the top 64 locations of the X data memory ($FFCO-$FFFF). The 
16-bit addresses are received from the XAB, and 24-bit data transfers to the data AlU occur 
on the XDB. The X memory may be expanded to 64K off-chip. 

9.2.3 V Data Memory 

The on-chip Y data RAM is a 24-bit-wide internal static memory occupying the lowest 2560 
locations (0-2559) in the Y memory space. The on-chip Y data ROM occupies locations 
2559-2815 in Y data memory space and is controlled by the DE and YD bits in the OMR. 
(See the explanations of the DE and YD bits in 9.3.2 Data ROM Enable (Bit 2) and 9.3.3 
Internal Y Memory Disable Bit (Bit 3), respectively. Also, see Figure 9-1). The 16-bit ad
dresses are received from the Y AB, and 24-bit data transfers to the data AlU occur on the 
YDB. Y memory may be expanded to 64K off-chip. 

NOTE 

The off-chip peripheral registers should be mapped into the top 
64 locations ($FFCO-$FFFF) to take advantage of the move pe
ripheral data (MOVEP) instruction. 

9.3 DSP56002 OPERATING MODE REGISTER (OMR) 

Operating modes determine the memory maps for program and data memories, and the 
start-up procedure when the DSP leaves the reset state. The processor samples the MODA, 
MODB, and MODC signals as it leaves the reset state, establishes the initial operating 
mode, and writes the operating mode information to the operating mode register. The MO
DA, MODB, and MODC signals can either be sampled from the external MODAlIROA, 
MODB/IROB, and MODC/NMI pins, or the MODAlIROA, MODB/IROS, and MODC/NMI bits 
in the DISC register on the IMP side if the SElA, SElB and SElC bits in the DISC have 
been set. For more information on the DISC register see Section 6 System Integration Block 
(SIB). When the processor leaves the reset state, the MODA and MODB pins become gen
eral-purpose interrupt pins, IRQA and IROB, respectively, and the MODC pin becomes the 
nonmaskable interrupt pin NMI. 

The OMR is a 24-bit register (only six bits are defined) that controls the current operating 
mode of the processor. It is located in the DSP56002's Program Control Unit (described in 
Section 5 of DSP56KFAMUM/AD the DSP56000 Digital Signal Processor Family Manua~. 
The OMR bits are only affected by processor reset and by the ANDI, ORI, MOVEC, BSET, 
BClR, and BCHG instructions, which directly reference the OMR. The OMR format for the 
DSP56002 is shown in Figure 9-2. 
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$FFFF 

PROGRAM 
MEMORY 
SPACE 

$7F 
INTERRUPT 
VECTORS 

$0 

OPERATING MODE DETERMINES 
PROGRAM MEMORY AND RESET 

STARTING ADDRESS 

MODE 0 MODE2 MODE3 
MC=O MB=O MA=O MC=O MB=1 MA=O MC=O MB=1 MA=1 

INTERNAL PRAM INTERNAL PRAM NO INTERNAL PRAM 
INTERNAL RESET EXTERNAL RESET EXTERNAL RESET 

INTERRUPT MAP 

$007F 
$0040 HOST COMMANDS 
$003E~LI:EGACTNSTRljCTI- --

$003AI- - - - - - - - - - -
$0024 HOST COMMANDS 

SCI INTERRUPTS 
SSIINTERRUPTS 
EXTERNAL INTERRUPTS 
SWIINTERRUPT 
TRACE INTERRUPT 

$FFFF 

ON-CHIP 
PERIPHERAL MAP 

INTERRUPT PRIORITY 
BUS CONTROL 
SCI INTERFACE 
SSIINTERFACE 
HOST INTERFACE 
PARALLEL IiO INTERFACE 
TIMER 

$FFDE~ ________ ~ 

STACK ERROR INTERRUPT RESERVED 
$0000 RESET $FFC0L..-_____ ...J 

$FFFF 

$0 

$FFFF 

X DATA YDATA 
MEMORY MEMORY 
SPACE SPACE 

$0 

DE and YD BITS IN THE OMR DETERMINE 
THE X AND Y DATA MEMORY MAPS 

DE= 1 
YD=O 

NOTE: Addresses $FFCO-$FFFF in X data memory 
are NOT available externally 

Figure 9-1. MC68356 DSP56002 Memory Maps 
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Bits 5 and 7 to 23 are reserved, read as zero, and should be written with zero for 
future compatibility. 

Figure 9-2. OMR Format 

9.3.1 Chip Operating Mode (Bits 0 and 1) 

The chip operating mode bits, MB and MA, together with MC, define the program memory 
maps and the operating mode of the OSP56002. On processor reset, MB and MA are loaded 
from the external mode select pins, MOOB and MODA, respectively. After the OSP leaves 
the reset state, MB and MA can be changed under software control. 

9.3.2 Data ROM Enable (Bit 2) 

The DE bit enables the two, on-chip, 256X24 data ROMs located between addresses 
$OCOO-$OCFF in the X and Y memory spaces. When DE is cleared, the $OAOO-$OAFF ad
dress space is part of the external X and Y data spaces, and the on-Chip data ROMs are 
disabled. Hardware reset clears the DE bit. 

9.3.3 Internal V Memory Disable Bit (Bit 3) 

Bit 3 is defined as Internal Y Memory Disable (YO). When set, all Y Data Memory addresses 
are considered to be external, disabling access to internal Y Data Memory. When cleared, 
internal Y Data Memory may be accessed according to the state of the DE control bit. The 
content of the internal Y Data Memory is not affected by the state of the YO bit. The YO bit 
is cleared during hardware reset. 
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Figure 9-1 shows a graphic representation of the DE and YO bit effects on the X and Y data 
memory maps. Table 9-1 also compares the DE and YO effects on the memory maps. 

Table 9-1. Memory Mode Bits 

DE YD Data Memory 

0 0 I nternal ROMs Disabled and their addresses are part of External 
Memory 

1 
Internal X Data ROM is Disabled and is reart of External Memory. In-

0 ternal Y Data RAM and ROM are Disab ed and are part of External 
Memory 

1 0 X and Y Data ROMs Enabled 

1 1 Internal Y Data RAM and ROM are Disabled and are part of Exter-
nal Memory. Internal X Data ROM Enabled. 

9.3.4 Chip Operating Mode (Bit 4) 

The MC bit, together with bits MA and MS, define the program memory map and the oper-
ating mode of the chip. Upon reset, the processor loads this bit from the MODC external • 
mode select pin. After the DSP leaves the reset state, MC can be changed under software 
control. 

9.3.5 Reserved (Bit 5) 
This bit is reserved for future expansion and will be read as zero during read operations. 

9.3.6 Stop Delay (Bit 6) 
The SO bit determines the length of the clock stabilization delay that occurs when the pro
cessor leaves the stop processing state. If the stop delay bit is zero when the chip leaves 
the stop state, a 64K clock cycle delay is selected before continuing the stop instruction cy
cle. However, if the stop delay bit is one, the delay before continuing the instruction cycle is 
long enough to allow a clock stabilization period for the internal clock to begin oscillating and 
to stabilize. (See Section 14 Electrical Characteristics) for the actual timing values.) When 
a stable external clock is used, the shorter delay allows faster start-up of the DSP. 

9.3.7 Reserved OMR Bits (Bits 7-23) 
These bits are reserved for future expansion and will be read as zero during read operations. 

9.4 DSP56002 OPERATING MODES 
The user can set the chip operating mode through hardware by pulling high the MODC, 
MODS, and MODA pins appropriately, and then assert the RESET pin. When the DSP 
leaves the reset state, it samples the mode signals and writes to the OMR to set the initial 
operating mode. 
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Chip operating modes can also be changed using software to write the operating mode bits 
(MC, MB, MA) in the OMR. Changing operating modes does not reset the DSP. 

NOTE 

The user should disable interrupts immediately before changing 
the OMR to prevent an interrupt from going to the wrong memory 
location. Also, one no-operation (NOP) instruction should be in
cluded after changing the OMR to allow for remapping to occur. 

Table 9-2. DSP56002 Operating Mode Summary 

Operating M M M 
Description 

Mode C B A 

0 0 0 0 Single-Chip Mode - PRAM enabled, reset @ $0000 

1 0 0 1 Bootstrap from EPROM, exit in Mode 0 

2 0 1 0 Normal Expanded Mode - PRAM enabled, reset @ $EOOO 

3 0 1 1 Development Mode - PRAM disabled, reset @ $0000 

4 1 0 0 Reserved for bootstrap 

5 1 0 1 Bootstrap from Host, exit in Mode 0 

6 1 1 0 Bootstrap from SCI (external clock), exit in Mode 0 

7 1 1 1 Reserved for bootstrap 

9.4.1 Single Chip Mode (Mode 0) 

In the single-chip mode, all internal program and data RAM memories are enabled (see Fig
ure 9-1). A hardware reset causes the DSP to jump to internal program memory location 
$0000 and resume execution. The memory maps for mode 0 and mode 2 (see Figure 9-1) 
are identical. The difference between the two modes is that reset vectors to program mem
ory location $0000 in mode 0 and vectors to location $EOOO in mode 2. 

9.4.2 Bootstrap From EPROM (Mode 1) 

The bootstrap modes allow the DSP to load a program from an inexpensive byte-wide ROM 
into internal program memory during a power-on reset. On power-up, the wait-state gener
ator adds 15 wait states to all external memory accesses so that slow memory can be used. 
The bootstrap program uses the bytes in three consecutive memory locations in the external 
ROM to build a single word in internal program memory. 

In the bootstrap mode, the chip enables the bootstrap ROM and executes the bootstrap pro
gram. (The bootstrap program code is shown in Appendix C DSP Bootstrap Program.) The 
bootstrap ROM contains the bootstrap firmware program that performs initial loading of the 
DSP program RAM. Written in DSP56002 assembly language, the program initializes the 
program RAM by loading from an external byte-wide EPROM starting at location P:$COOO. 

9-6 MC68356 USER'S MANUAL MOTOROLA 



DSP Memory Modules and Operating Modes 

The EPROM is typically connected to the chip's address and data bus.The data contents of 
the EPROM must be organized as shown in Table 9-3: 

After loading the internal memory, the DSP switches to the single-chip mode (Mode 0) and 
begins program execution at on-chip program memory location $0000. 

If the user selects Mode 1 through hardware (MODA, MODS, MOOG pins), the following ac
tions occur once the processor comes out of the reset state. 

1. The control logic maps the bootstrap ROM into the internal DSP program memory 
space starting at location $0000. 

2. The control logic causes program reads to come from the bootstrap ROM (only ad
dress bits 5-0 are significant) and all writes go to the program RAM (all address bits 
are significant). This condition allows the bootstrap program to load the user program 
from $0000-$01 FF. 

FROM OPEN 
COLLECTOR 
BUFFER 

FROM 
RESET 
FUNCTION 

FROM OPEN 
COLLECTOR 
BUFFER 

MOTOROLA 

+5 V 

MC68356 

DBRlWT 
MOOAlTmlA 

2716 
MOOC/f\ffVIT 

l5S cr 

OAO-OA10 
11 

AO-A10 

~ 8 
OOO-DO 00-07 

~"'-----_---I MOOB~ 

Notes: 1. 'These diodes must be Schottky diodes. 
2. A" resistors are 15Kn unless noted otherwise. 

ADDRESS OF EXTERNAL 
BYTE-WIDE P MEMORY 

P:$COOO 
P:$C001 
P:$C002 

P:$C5FD 
P:$C5FE 
P:$C5FF 

3. When in RESET, iFi<:iA,1AQB and NMI must 
be deasserted by external peripherals. 

CONTENTS LOADED 
TO INTERNAL PRAM AT: 

P:$OOOO LOW BYTE 
P:$OOOO MID BYTE 
P:$OOOO HIGH BYTE 

P:$01FF LOW BYTE 
P:$01FF MID BYTE 
P:$01FF HIGH BYTE 

Figure 9-3. Port A Bootstrap Circuit 
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Table 9-3. Organization of EPROM Data Contents 

Address of External Byte- Contents Loaded to Internal 
Wide Memory: Program RAM at: 

P:$COOO P:$OOOO low byte 

P:$COO1 P:$OOOO mid byte 

P:$COO2 P:$OOOO high byte 

· · 
· · 
· · 

P:$C5FD P:$01 FF low byte 

P:$C5FE P:$01FF mid byte 

P:$C5FF P:$01FF high byte 

3. Program execution begins at location $0000 in the bootstrap ROM. The bootstrap 
ROM program loads program RAM from the external byte-wide EPROM starting at 
P:$COOO. 

4. The bootstrap ROM program ends the bootstrap operation and begins executing the 
user program. The processor enters Mode 0 by writing to the OMR. This action is 
timed to remove the bootstrap ROM from the program memory map and re-enable 
read/write access to the program RAM. The change to Mode 0 is timed to allow the 
bootstrap program to execute a single-cycle instruction (clear status register), then a 
JMP #<00, and begin execution of the user program at location $0000. 

The user can also get into the bootstrap mode (Mode 1) through software by writing zero to 
MC and MB, and one to MA in the OMR. This selection initiates a timed operation to map 
the bootstrap ROM into the program address space (after a delay to allow execution of a 
single-cycle instruction), and then a JMP #<00 to begin the bootstrap process described pre
viously in steps 1 through 4. This technique allows the user to reboot the system (with a dif
ferent program, if desired). 

The code to enter the bootstrap mode is as follows: 

9-8 

MOVEP 
MOVEC 

NOP 

JMP 

#:0, x: $FFFF 
#:l,OMR 

<$0 

;Disable interrupts. 
;The bootstrap ROM is mapped 
;into the lowest 64 locations 
;in program memory. 
;Allow one cycle delay for the 
;remapping. 
;Begin bootstrap. 
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The code disables interrupts before executing the bootstrap code. Otherwise, an interrupt 
could cause the DSP to execute the bootstrap code out of sequence because the bootstrap 
program overlays the interrupt vectors. 

9.4.3 Normal Expanded Mode (Mode 2) 

In this mode, the internal program RAM is enabled and the hardware reset vectors to loca
tion $EOOO. (The memory maps for Mode 0 and Mode 2 are identical. The difference for 
Mode a is that, after reset, the instruction at location $EOOO is executed instead of the in
struction at $0000 - see Figure 9-1 and Table 9-2.). 

9.4.4 Development Mode (Mode 3) 

In this mode, the internal program RAM is disabled and the hardware reset vectors to loca
tion $0000. All references to program memory space are directed to external program mem
ory. The reset vector pOints to location $0000. The memory map for this mode is shown in 
Figure 9-1 and Table 9-2. 

9.4.5 Reserved (Mode 4) 
This mode is reserved for future definition. If selected, it defaults to Mode 5. 

9.4.6 Bootstrap From Host (Mode 5) 

In this mode, the bootstrap ROM is enabled and the bootstrap program is executed. This is 
similar to Mode 1 except that the bootstrap program loads internal PRAM from the host port. 

NOTE 

The difference between Modes 1 and 5 in the DSP56002 and 
Mode 1 in the DSP56001 may be considered software incompat
ibility. A DSP56001 program that reloads the internal PRAM 
from the host port by setting MB-MA = 01 (assuming external 
pull-up resistor on bit 23 of P:$COOO) will not work correctly in the 
DSP56002. In the DSP56002, the program would trigger a boot
strap from the external EPROM. The solution is to modify the 
DSP56001 program to set MC-MA = 101 

9.4.7 Bootstrap From SCI (Mode 6) 

In this mode, the bootstrap ROM is enabled and the bootstrap program is executed. The in
ternal and/or external program RAM is loaded from the SCI serial interface. The number of 
program words to load and the starting address must be specified. The SCI bootstrap code 
expects to receive three bytes specifying the number of program words, three bytes speci
fying the address from which to start loading the program words, and then three bytes for 
each program word to be loaded. The number of words, the starting address and the pro
gram words are received least significant byte first, followed by the mid-, and then by the 
most significant byte. After receiving the program words, program execution starts at the ad
dress where the first instruction was loaded. The SCI is programmed to work in asynchro
nous mode with 8 data bits, 1 stop bit, and no parity. The clock source is external and the 
clock frequency must be 16x the baud rate. After each byte is received, it is echoed back 
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through the SCI transmitter. Refer to Section 12 DSP Serial Ports for more information on 
the SCI port boot mode. 

9.4.8 Reserved (Mode 7) 

This mode is reserved for future definition. If selected, the processor defaults to Mode 6. 

9.5 DSP56002 INTERRUPT PRIORITY REGISTER 

Section 7 of DSP56KFAMUM/AD the DSP56000 Digital Signal Processor Family Manual 
describes interrupt (exception) processing in detail. It discusses interrupt sources, interrupt 
types; and interrupt priority levels (lPL). 

Interrupt priority levels for each on-chip peripheral device and for each external interrupt 
source can be programmed under software control by writing to the interrupt priority register. 
Level 3 interrupts are nonmaskable, and interrupts of levels 0-2 are maskable. 

The DSP56002 Interrupt Priority Register (IPR) configuration is shown in Figure 9-4. The 
starting addresses of interrupt vectors in the DSP56002 are defined as shown in Table 9-4, 
while the relative priorities of exceptions within the same IPL are defined as shown in Table 
9-5). 

• 9.6 DSP56002 PHASE-LOCKED LOOP (PLL) MULTIPLICATION FACTOR 

Section 9 of DSP56KFAMUM/AD the DSP56000 Digital Signal Processor Family Manual 
discusses the details of the PLL. The multiplication factor determines the frequency at which 
the voltage controlled oscillator (VCO) will oscillate. The user sets the multiplication factor 
by writing to the MFO-MF11 bits in the PLL control register. 

See Section 3 Clock Generation and Low Power Control for default multiplication factor set
tings during hardware reset. 
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Table 9-4. Interrupt Vectors 

Interrupt 
IPL Interrupt Source 

Starting Address 

P:$OOOO 3 Hardware RESET 

P:$0002 3 Stack Error 

P:$0004 3 Trace 

P:$0006 3 SWI 

P:$0008 0-2 IRQA 

P:$OOOA 0-2 IRQB 

P:$OOOC 0-2 SSI Receive Data 

P:$OOOE 0-2 SSI Receive Data With Exception Status 

P:$0010 0-2 SSI Transmit Data 

P:$0012 0-2 SSI Transmit Data with Exception Status 

P:$0014 0-2 SCI Receive Data 

P:$0016 0-2 SCI Receive Data with Exception Status 

P:$0018 0-2 SCI Transmit Data 

P:$001A 0-2 SCI Idle Line 

P:$001C 0-2 SCI Timer 

P:$001 E 3 NMI 

P:$0020 0-2 Host Receive Data 

P:$0022 0-2 Host Transmit Data 

P:$0024 0-2 Host Command (Default) 

P:$0026 0-2 Available for Host Command 

::r:::=:- ~ 

P:$003A 0-2 Available for Host Command 

P:$003C 0-2 Available for Host Command 

P:$003E 3 Illegal Instruction 

P:$0040 0-2 Available for Host Command 

J:::::::::-: ~ 

P:$007E 0-2 Available for Host Command 
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9-12 

11 10 9 8 7 6 5 4 3 2 o 

'----'----'--- TI10A MODE 
L..----L_~ _______ TRO'S MODE 

I-----L_--'-_~ ____________ RESERVED 

'-----'---------------------- HOST IPL 

23 22 21 20 19 18 17 16 15 14 13 12 

'------'---- SSIIPL 
I-----L _______ SCIIPL 

I-----'_---'_--'-_-J.._.....L-_..I----IL....-________ RESERVED 

Bits 6 to 9 and 16 to 23 are reserved, read as zero, and should be written with zero for 
future compatibility. 

Figure 9-4. DSP560021nterrupt Priority Register (lPR) 
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Table 9-5. Exception Priorities within an IPL 

Priority Exception 

Level 3 (Nonmaskable) 

Highest Hardware~ 

Illegal Instruction 

NMI 

Stack Error 

Trace 

Lowest SWI 

Levels 0, 1, 2 (Maskable) 

Highest IRQA (External Interrupt) 

TRQ"8' (External Interrupt) 

Host Command Interrupt 

Host Receive Data Interrupt 

Host Transmit Data Interrupt 

SSI RX Data with Exception Inter-
rupt 

SSI RX Data Interrupt 

SSI TX Data with Exception Inter-
rupt 

SSI TX Data Interrupt 

SCI RX Data with Exception Inter-
rupt 

SCI RX Data Interrupt 

SCI TX Data with Exception Inter-
rupt 

SCI TX Data Interrupt 

SCI Idle Line Interrupt 

Lowest SCI Timer Interrupt 
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SECTION 10 
DSP PORT A 

10.1 INTRODUCTION 

The DSP port A provides a versatile interface to external memory, allowing economical con
nection with fast memories/devices, slow memories/devices, and multiple bus master sys
tems. 

Port A on the MC68356 is identical to the port A interface of the DSP56002 with two excep
tions: the bus strobe and bus grant pins have been multiplexed with the wait and bus strobe 
pins. The functionality of these pins can be selected using the DBR/DBG Enable - BR/BGen 
bit in the DSPACR, and the DSP to IMP direct access interface hardware has been added. 

Port A has two power-reduction features. It can access internal memory spaces, toggling 
only the external memory signals that need to change, thereby eliminating unneeded switch
ing current. Also, if conditions allow the processor to operate at a lower memory speed, wait 
states can be added to the external memory access to significantly reduce power while the G 
processor accesses those memories. 

10.2 DSP PORT A INTERFACE 

The 56002 processor can access one or more of its memory sources (X data memory, V 
data memory, and program memory) while it executes an instruction. The memory sources 
may be either internal or external to the DSP. Three address buses (XAB, VAB, and PAB) 
and four data buses (XDB, VDB, PDB, and GDB) are available for internal memory access
es during one instruction cycle. Port A's one address bus and one data bus are available for 
external memory accesses. 

If all memory sources are internal to the DSP, one or more of the three memory sources may 
be accessed in one instruction cycle (Le., program memory access or program memory ac
cess plus an X, V, XV, or L memory reference). However, when one or more of the memories 
are external to the chip, memory references may require additional instruction cycles be
cause only one external memory access can occur per instruction cycle. 

If an instruction cycle requires more than one external access, the processor will make the 
accesses in the following priority: X memory, V memory, and program memory. Ii takes one 
instruction cycle for each external memory access - i.e., one access can be executed in one 
instruction cycle, two accesses take two instruction cycles, etc. Since the external data bus 
is only 24 bits wide, one XV or long external access will take two instruction cycles. The 16-
bit address bus can sustain a rate of one memory access per instruction cycle (using no
wait-state memory which is discussed in 10.4 Port A Wait States). 
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10-2 

16 - BIT INTERNAL 
ADDRESS BUSES 

X ADDRESS (XA) 

Y ADDRESS (YA) 

PROGRAM ADDRESS (PA) 

24 - BIT INTERNAL 
DATA BUSES 

X DATA (XD) 

YDATA(YD) 

PROGRAM DATA (PD) 

GLOBAL DATA (GD) 

EXTERNAL 
ADDRESS BUS 

SWITCH 

EXTERNAL 
DATA BUS 
SWITCH 

EXTERNAL 
BUS CONTROL 

LOGIC 

EXTERNAL 
ADDRESS BUS 

AO-A15 

EXTERNAL 
DATA BUS 
DO- D23 

BUS CONTROL SIGNALS 

I-----I-.RD - READ ENABLE 
...----f-.WR - WRITE ENABLE 
I-----I-.~ - PROGRAM MEMORY SELECT 
I-----I-.DS - DATA MEMORY SELECT 
...----f-.xiY - X MEMORY/y MEMORY SELECT 

1 ... ---I--15mW'1T - BUS WAITIDSP BUS REQUEST 
I-----I-.DBGIBS - BUS STROBEIDSP BUS GRANT 

Figure 10-1. Port A Signals 

NOTE 

The 56002 SR and WT pins, and the SG and SS pins share the 
same pin on the MC68356. Either bus request/bus grant or ex
ternal wait state generation functionality can be enabled but not 
both. 
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Vee Vss 
+5 V GROUND 

PROGRAM MEMORY 

ADDRESS BUS I-------~~-...I 
AO-A15 ADDRESS 

DATA BUS 
DO- D23 

68356 DSP SIDE 

BUS 
CONTROL 

DATA 

~~--------------------~~ 
WA' RIW 
~ ~ 

24 BIT x N WORDS 

OS ~----------...I 

xiY ~----..... 

rnmiWT 14------

~ 1------..... 

Figure 10-2. External Program Space 

DSP PORTA 

Figure 10-1 shows the port A signals divided into their three functional groups: address bus 
signals (AO-A15), data bus signals (00-015), and bus control. The bus control signals can 
be subdivided into three additional groups: read/write control (RO and WR), address space 
selection (including program memory select (PS), data memory select (OS), and XIV select) 
and bus access control (OBR/WT, BSIBG). 

The read/write controls can act as decoded read and write controls, or, as seen in Figure 
10-2, Figure 10-3, and Figure 10-4, the write signal can be used as the read/write control, 
and the read signal can be used as an output enable (or data enable) control for the memory. 
Decoding in such a way simplifies connection to high-speed random-access memories 
(RAMs). The program memory select, data memory select, and XN select can be consid
ered additional address signals, which extend the directly addressable memory from 64K 
words to 192K words total. 

Since external logic delay is large relative to RAM timing margins, timing becomes more dif
ficult as faster OSPs are introduced. The separate read and write strobes used by the 56002 
are mutually exclusive, with a guard time between them to avoid an instance where two data 
buffers are enabled simultaneously. Other methods using external logic gates to generate 
the RAM control inputs require either faster RAM chips or external data buffers to avoid data 
bus buffer conflicts. 

Figure 10-2 shows an example of external program memory. A typical implementation of this 
circuit would use three-byte-wide static memories and would not require any additional logic. 
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68356 DSP SIDE 
X DATA 

MEMORY 
YDATA 

MEMORY 

BUS 
CONTROL 

24 BITS x N WORDS 24 BITS x N WORDS 

~ RIW ~ CE ~ RfW ~ CE 

RD ~--------~--~--~--~--------~ 
~ ~------------~--~--~------------~ 
~ 1-------.. 
~ ~----------------~--~----------------~ 
xR ~--------------------~------~ ~~--------~ 

DBRiWf 1+----
~J----. 

Figure 10-3. External X and Y Data Space 

The PS signal is used as the program-memory chip-select signal to enable the program 
memory at the appropriate time. 

Figure 10-3 shows a similar circuit using the DS signal to enable two data memories and 
using the xIV signal to select between them. The three external memory spaces (program, 
X data, and Y data) do not have to reside in separate physical memories; a Single memory 
can be employed by using the PS, OS, and Xfl signals as additional address lines to seg
ment the memory into three spaces (see Figure 10-4). Table 10-1 shows how the PS, DS, 
and xJY signals are decoded. 

If the DSP is in the development mode, an exception fetch to any interrupt vector location 
will cause the XIV signal to go low when PS is asserted. This procedure is useful for debug
ging and for allowing external circuitry to track interrupt servicing. 

Figure 10-5 shows a system that uses internal program memory loaded from an external 
ROM during power-up and splits the data memory space of a single memory bank into X: 
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Table 10-1. Program and Data Memory Select Encoding 

PS os XIV External Memory Reference 

1 1 1 No Activity 

1 0 1 X Data Memory on Data Bus 

1 0 0 Y Data Memory on Data Bus 

0 1 1 Program Memory on Data Bus (Not an Exception) 

0 

0 

1 

Vee Vss 
+5 V GROUND 

ADDRESS BUS 
AO-A15 

68356DSP side 

DATA BUS 
DO - D23 

BUS 
CONTROL 

1 

0 

1 

0 
External Exception Fetch: Vector or Vector + 1 

(Development Mode Only) 

X Reserved 

0 Reserved 

16 AO-A10 

CE 

24 

EXTERNAL 
PROGRAM 

X AND Y MEMORY 

$3FFF 

4K 
PROGRAM 
MEMORY 

RO r-------------t---------------~~O~E~----~--~$~3~00~0~~ 
WR ~------------~-----------------R~AN~--~----~ $2FFF 

MOTOROLA 

PS ~------------+---_.----~ CS 
os r-------------+-~_r----~ 

XIY ~------------. 

OBRIWT .... -----

OBG/BS 1--------.-

A12 

A11 

Figure 10-4. Memory Segmentation 
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2K 
X DATA 

MEMORY 

$2800 

$27FF 

2K 
YDATA 

MEMORY 

$2000 

...-24BITS 
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and Y: memory spaces. Although external program memory must be 24 bits, external data 
memory does not. Of course, this is application specific. Many systems use 16 or fewer bits 
for AID and DIA conversion and, therefore, they may only need to store 16, 12, or even 8 
bits of data. The 24/56 bits of internal precision is usually sufficient for intermediate results. 
This is a cost saving feature which can reduce the number of external memory chips. 
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10.3 PORT A TIMING 

The external bus tim ing is defined by the operation of the address bus, data bus, and bus 
control pins. The transfer of data over the external data bus is synchronous with the clock. 
The timing A, 8, and C relative to the edges of an external clock (see Figure 10-6 and Figure 
10-7) are provided in Section 14 Electrical Characteristics. Th is tim ing is essential for de
signing synchronous multiprocessor systems. Figure 10-6 shows the port A timing with no 
wait states (wait-state control is discussed in 10.4 Port A Wait States). One instruction cycle 
equals two clock cycles or four clock phases. The clock phases, which are numbered TO
T3, are used for timing on the DSP. Figure 10-7 shows the same timing with two wait states 
added to the external X: memory access. Four TW clock phases have been added because 
one wait state adds two T phases and is equivalent to repeating the T2 and T2 clock phases. 
The write signal is also delayed from the T1 to the T2 state when one or more wait states 
are added to ease interfacing to the port. Each external memory access requires the follow
ing procedure: 

1. The external memory address is defined by the address bus (AD-A 15) and the mem
ory reference selects (PS, OS, and XJY). These signals change in the first phase (TO) 
of the bus cycle. Since the memory reference select signals have the same timing as 
the address bus, they may be used as additional address lines. The address and 
memory reference signals are also used to generate chip-select signals for the appro
priate memory chips. These chip-select signals change the memory chips from low
power standby mode to active mode and begin the read access time. This mode 
change allows slower memories to be used since the chip-select signals can be ad- ~ 
dress based rather than read or write enable based. Read and write enable do not be- ~ 
come active until after the address is valid. See the timing diagrams in Section 14 

ONE INSTRUCTION CYQ..E 

ONE CLOCK CYCLE 

INfERNAL CLOCK PHASES 

ADDRESS tIS, OS, XI7 

1 ... ----- B -----~ :'----_-# C~~[ m 
DATAIN --t:------------{XXJ(XX 

CYCLE 
WRITE [ WR 

D~AO~---______ ~(~ ______ )~-------------

Figure 10-6. Port A Bus Operation with No Wait States 
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ONE a...OCK CYa...E 

INTERNAL a...OCK PHASES 

ADDRESS l'S, US, Xfl 

1+------ONEINSTRUCTIONCYa....E-----~ 

READ [ 1m 
CYa...E 

DATAIN+-~~~~ 

[ 

WR :~C----.~ __________________ ~ 

~~ ~~arr--__ ------~(=========~~~~~~~~~-_-_~~~--~~---------
DATA LATCHED HERE 

Figure 10-7. Port A Bus Operation with Two Wait States 

Electrical Characteristics for detailed timing information. 

2. When the address and memory reference signals are stable, the data transfer is en
abled by read enable (RD) or write enable (WR). RD or WR is asserted to qualify the 
address and memory reference signals as stable and to perform the read or write data 
transfer. RD and WR are asserted in the second phase of the bus cycle (if there are 
no wait states). Read enable is typically connected to the output enable (OE) of the 
memory chips and simply controls the output buffers of the chip-selected memory. 
Write enable is connected to the write enable (WE) or write strobe (WS) of the memory 
chips and is the pulse that strobes data into the selected memory. For a read opera
tion, RD is asserted and WR remains deasserted. Since write enable remains negat
ed, a memory read operation is performed. The DSP data bus becomes an input, and 
the memory data bus becomes an output. For a write operation, WR is asserted and 
RD remains deasserted. Since read enable remains deasserted, the memory chip out
puts remain in the high-impedance state even before write strobe is asserted. This 
state assures that the DSP and the chip-selected memory chips are not enabled onto 
the bus at the same time. The DSP data bus becomes an output, and the memory data 
bus becomes an input. 

3. Wait states are inserted into the bus cycle by a wait-state counter or by asserting the 
WT signal (DBRIWT with the BR/BGen bit in the DSPACR register equal to zero). The 
wait-state counter is loaded from the bus control register. If the value loaded into the 
wait-state counter is zero, no wait states are inserted into the bus cycle, and RD and 
WR are asserted as shown in Figure 10-6. If a value W*O is loaded into the wait state 
counter, W wait states are inserted into the bus cycle. When wait states are inserted 
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into an external write cycle, WR is delayed from T1 to T2. The tim ing for the case of 
two wait states (W=2~is shown in Figure 10-7. 

4. When RD or WR are deasserted at the start of T3 in a bus cycle, the data is latched in 
the destination device - i.e., when RD is deasserted, the DSP latches the data inter
nally; when WR is deasserted, the external memory latches the data on the positive
going edge. The address signals remain stable until the first phase of the next external 
bus cycle to minimize power dissipation. The memory reference signals (PS, OS, and 
x/Y) are deasserted (held high) during periods of no bus ,activity, and the data signals 
are three-stated. For read-modify-write instructions suchJ as BSET, the address and 
memory reference signals remain active for the complete composite (Le., two leye) in
struction cycle. 

Figure 10-8 shows an example of mixing different memory speeds and memory-mapped pe
ripherals in different address spaces. The internal memory uses no wait states, X: memory 
uses two wait states, Y: memory uses four wait states, P: memory uses five wait states, and 
the analog converters use 14 wait states. Controlling five different devices at five different 
speeds requires only one additional logic package. Half the gates in that package are used 
to map the analog converters to the top 64 memory locations in Y: memory. 

10.4 PORT A WAIT STATES 

The 56002 features two methods to allow the user to accommodate slow memory by chang
ing the port A bus timing. The first method uses the bus control register (BCR), which allows 
a fixed number of wait states to be inserted in a given memory access to all locations in each _ 
of the four memory spaces: X, Y, P, and 1/0. The second method uses the bus strobe (BS) I 
and bus wait (WT) facility, which allows an external device to insert an arbitrary number of 
wait states when accessing either a single location or multiple locations of external memory 
or 1/0 space. Wait states are executed until the external device releases the DSP to finish 
the external memory cycle. 

Table 10-2. Wait State Control 

SCR 
WT Number of Wait States Generated 

Contents 

0 Deasserted 0 

0 Asserted 2 (minimum) 

>0 Deasserted Equals value in SCR 

Minimum equals 2 or value in SCR. 
>0 Asserted Maximum is determined by SCR or WT, 

whichever is larger. 

10.5 BUS CONTROL REGISTER (BCR) 

The BCR determines the expansion bus timing by controlling the timing of the bus interface 
Signals, RD and WR, and the data output lines. It is a memory mapped register located at 
X:$FFFE. Each of the memory spaces in Figure 10-9 (X data, Y data, program data, and II 

MOTOROLA MC68356 USER'S MANUAL 10-9 



-

DSP PORTA 

PORT A BUS CONTROL REGISTER (BCR) 

EXTERNAL 
X MEMORY 

115 12 1111 

X:$FFFE I 0100 I 

AO-A15 

DO- D23 

fii 
...J w 
~~~ 
a:Ocn 
W~I- 6242 - 15 

~~~ 8Kx24 
e. X RAM 

150ns 

68356 
(4 WAIT STATES) (DSP run· 

nlngat 
CS 'CSM~ 40MHZ) 

EXTERNAL EXTERNAL 
YMEMORY PMEMORY 

1000 

8117 

I 

D/A 
CONVERTER 

2764 -25 

8Kx24 
YROM 
250 ns 

1010 

(8 WAIT STATES) 

'CS ~ 

xN I----+---e-t---+--+----a 
~I----+----~~-+--+---.q 

4113 

I 

EXTERNAL 
1/0 MEMORY 

01 

1101 I 
AID 

CONVERTER 

27256 -30 

32K x 24 
PROM 
300ns 

(10 WAIT STATES) 

'CE ~ 

~~~--------~~--------------+---------~----~------~ 
~~~-----------4----~--------+---------~----~---------...l 
~r-~----------------~--------+---------~ 

Figure 10-8. Mixed-Speed Expanded System 

0) has its own 4-bit BGR, which can be programmed for inserting up to 15 wait states (each 
wait state adds one-half instruction cycle to each memory access - i.e., 50 ns for a 20-Mhz 
clock). In this way, external bus timing can be tailored to match the speed requirements of 
the different memory spaces. On processor reset, the SeR is preset to all ones (15 wait 
states). This allows slow memory to be used for bootstrapping. The BGR needs to be set 
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15 12 11 8 7 4 3 

X:$FFFE EXTERNAL EXTERNAL EXTERNAL EXTERNAL 
X MEMORY * YMEMORY* PMEMORY* 110 MEMORY * 

'------~...--_./ '-------------/ '----..~...--_./ '-----~...--_/ 

$FFFF 

$200 

INTERNAL 
PROGRAM 

INTERNAL RAM 
$100 

X ROM 
INTERNAL 

$100 
YROM 

INTERNAL INTERNAL 
X RAM YRAM 

0 0 0 

PROGRAM X DATA YDATA 
MEMORY SPACE MEMORY MEMORY 

SPACE SPACE 

* Zero to 15 wait states can be inserted into each external memory access. 

Figure 10-9. Bus Control Register 

appropriately for the memory being used or the processor will insert 15 wait states between 
each memory fetch and cause the DSP to run slow. 

Figure 10-9 illustrates which of the four BCR subregisters affect which external memory 
space. All the internal peripheral devices are memory mapped, and their control registers 
reside between X:$FFCO and X:$FFFF. 

To load the BCR the way it is shown in Figure 10-8, execute a "MOVEP #$48AD, X:$FFFE" 
instruction. Or, change the individual bits in one of the four subregisters by using the BSET 
and BClR instructions which are detailed in the DSP56000 Digital Signal Processor Family 
Manual, Section 6 and Appendix A. 

Figure 10-8 shows an example of mixing different memory speeds and memory-mapped pe
ripherals in different address spaces. The internal memory uses no wait states, X: memory 
uses two wait states, Y: memory uses four wait states, P: memory uses five wait states, and 
the analog converters use 14 wait states. Controlling five different devices at five different 
speeds requires only one additional logic package. Half the gates in that package are used 
to map the analog converters to the top 64 memory locations in Y: memory. 
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Vee Vss 
+5V GROUND 

68356(DSP side) 

OPERATING MODE REGISTER 

76543210 

I EM I SD I 0 I 0 I 0 I DE I MB I MA I 
SET EM = 1 

TO T1 T2 TW TW TW TW T3 TO 

ADDRESS BUS 
AO-A15 

AO - A 15, DO - D23, 15S, ~, XIV V--
----------'''--

DATA BUS 
DO- D23 

BUS 
CONTROL 

Rl5 I-----~ 
WR I-----~ 
PS 1-----.. 
M 1-----.. 
xfY 1-------1 .. ; 

DBIWlf" ...... ----

WTIS 
SAMPLED 

WTls 
SAMPLED 

WTIS 
SAMPLED 

r-T31 
~"~----~~-----------------------~~ 

"These pins are BS and WT with the BRIBGen set to zero. 

Figure 10-10. Bus StrobelWait Sequence 

Adding wait states to external memory accesses can substantially reduce power require
ments. Consult Section 14 Electrical Characteristics for specific power consumption require
ments. 

10.6 BUS STROBE AND WAIT PINS 

The ability to insert wait states using BS and WT provides a means to connect asynchronous 
devices to the DSP, allows devices with differing timing requirements to reside in the same 
memory space, allows a bus arbiter to provide a fast multiprocessor bus access, and pro
vides another means of halting the DSP at a known program location with a fast restart. In 
order to use the BS and WT pins, the DBR/DBG Enable - BRBGen bit in the DSPACR reg
ister must be set to zero. 

The timing of the BS and WT pins is illustrated in Figure 10-10. Every external access, BS 
is asserted concurrently with the address lines in TO. BS can be used by external wait-state 
logic to establish the start of an external access. BS is deasserted in T3 of each external bus 
cycle, signaling that the current bus cycle will complete. Since the WT Signal is internally 
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synchronized, it can be asserted asynchronously with respect to the system clock. The WT 
signal should only be asserted while BS is asserted. Asserting WT while i3S is deasserted 
will give indeterminate results. However, for the number of inserted wait states to be deter
ministic, WT timing must satisfy setup and hold timing with respect to the negative-going 
edge of EXTAL. The setup and hold times are provided in Section 14 Electrical Character
istics. The timing of WR is controlled by the BCR and is independent of WT. The minimum 
number of wait states that can be inserted using the WT pin is two. The BCR is still operative 
when using BS and WT and defines the minimum number of wait states that are inserted. 
Table 10-2 summarizes the effect of the BCR and WT pin on the number of wait states gen
erated. 

10.7 BUS ARBITRATION AND SHARED MEMORY 

The 56002 has four signals muxed on two pins that control port A. They are bus request 
(DBR), bus grant (DBG), bus strobe (BS) and bus wait (WT) and they are described in Sec
tion 2 Signal Description. The four signals are muxed onto two pins: DBR and WT, and DBG 
and BS. The pin functionality is selected through the DBR/DBG Enable - BRBGEN bit in the 
DSPACR register. 

The bus control signals provide the means to connect additional bus masters (which may be 
additional DSPs, microprocessors, direct memory access (DMA) controllers, etc.) to the port 
A bus. They work together to arbitrate and determine what device gets access to the bus. 

If an external device has requested the external bus by asserting the DBR input, and the 
DSP has granted the bus by asserting BG, Jhe DSP will continue to process as long as· it ~ 
requires no external bus accesses itself. If the DSP does require an external access but is ~ 
not the bus master, it will stop processing and remain in wait states until it regains bus own-
ership. 

Three examples of bus arbitration will be described later in this section: 1) bus arbitration 
using only DBR and DBG with internal control, 2) bus arbitration using DBR, DBG and WT, 
BS with no overhead, and 3) signaling using semaphores. 

The DBR input allows an external device to request and be given control of the external bus 
while the DSP continues internal operations using internal memory spaces. This allows a 
bus controller to arbitrate a multiple bus-master system. (A bus master can issue addresses 
on the bus; a bus slave can respond to addresses on the bus. A single device can be both 
a master and a slave, but can only be one or the other at any given time.) 

Before DBR is asserted, all port A signals are driven. When DBR is asserted (see Figure 10-
11), the DSP will assert DBG after the current external access cycle completes and will si
multaneously three-state (high-impedance) the port A signals (see Section 14 Electrical 
Characteristics) for exact timing of DBR and BG). The bus is then available to whatever ex
ternal device has bus mastership. The external device will return bus mastership to the DSP 
by deasserting BR. After the DSP completes the current cycle (an internally executed in
struction with or without wait states), DBG will be deasserted. When DBG is deasserted, the 
AO-A 15, PS, OS, xIV, and RD, WR lines will be driven. However, the data lines will remain 
in three-state. All signals are now ready for a normal external access. 
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AO -A15, DO - 023, ps, 
~,xfi.m,WR 

68356 DSP A DIFFERENT 68356 DSP 
BUS MASTER ----.... ------- BUS MASTER -----..... ....-""'t:>US MASTER 

Figure 1 0-11. Bus Request/Bus Grant Sequence 

During the wait state (see Section 7 in the DSP56000 Digital Signal Processor Family Man
ua~, the DBR and DBG circuits remain active. However, the port is inactive - the control sig
nals are deasserted, the data signals are inputs, and the address signals remain as the last 
address read or written. When DBR is asserted, all signals are three-stated (high imped
ance). Table 10-3 shows the status of DBR and DBG during the wait state. 

10.7.1 Bus Arbitration Using Only DBR and DBG With Internal Control 

Perhaps the simplest example of a shared memory system using a DSP56002 is shown in 
Figure 10-12. The bus arbitration is performed within the DSP#2 by using software. DSP#2 
controls all bus operations by using I/O pin OUT2 to three-state its own port A and by never 
accessing port A without first calling the subroutine that arbitrates the bus. When the DSP#2 
needs to use external memory, it uses I/O pin OUT1 to request bus access and I/O pin IN1 
to read bus grant. DSP#1 does not need any extra code for bus arbitration since the DBR 
and DBG hardware handles its bus arbitration automatically. The protocol for bus arbitration 
is as follows: 

Table 10-3. DBR and DBG During WAIT 

After Return to 
After First 

Before 'B'R WhileSG After1m' Normal State 
Signal 

Asserted Asserted Deasserted (mRr 
External 

Deasserted) 
Access 

PS Driven Three-state Three-state Driven Driven 

OS Driven Three-state Three-state Driven Driven 

Xl? Driven Three-state Three-state Driven Driven 

RD Driven Three-state Three-state Driven Driven 

WR Driven Three-state Three-state Driven Driven 

Data Driven Three-state Three-state Three-state Driven 

Address Driven Three-state Three-state Driven Driven 
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At reset: DSP#2 sets OUT2=0 (BR#2=0) and OUT1=1 (BR#1=1), which gives DSP#1 ac
cess to the bus and suspends DSP#2 bus access. 

When DSP#2 wants control of the memory, the following steps are performed (see Figure 
10-13): 

1. DSP# 2 sets OUT1 =0 (BR#1 =0). 

2. DSP# 2 waits for IN1=0 (BG#1=0 and DSP#1 off the bus). 

3. DSP#2 sets OUT2=1 (BR#2=1 to let DSP#2 control the bus). 

4. DSP#2 accesses the bus for block transfers, etc. at full speed. 

5. To release the bus, DSP#2 sets OUT2=0 (BR#2=0) after the last external access. 

6. DSP#2 then sets OUT1=1 (BR#1=1) to return control of the bus to DSP#1. 

7. DSP#1 then acknowledges mastership by deasserting BG#1. 

~ 

I OUT2 

'Em oun 

1m IN1 

CONTROL CONTROL 

AO-A1S AO-A1S 

00- 023 00- 023 

56002 #1 56002#2 , 
BUS ARBITER 

C A D 

MEMORY 
BANK 

Figure 10-12. Bus Arbitration Using Only DBR and DBG with Internal Control 

10.7.2 Bus Arbitration Using DBR and BG, and WT and BS With No 
Overhead 
By using the circuit shown in Figure 10-15, two DSPs can share memory with hardware ar
bitration that requires no software on the part of the DSPs. The protocol for bus arbitration 
in Figure 10-15 is as follows: 

MOTOROLA MC68356 USER'S MANUAL 10-15 



DSP PORT A 

OVf1 \~--------------------~I . 
IN1 \~--------------~--~I 

OVf2 I DATA ~ ----:-------1-. ---J: TRANSFERRED : ~--:':----:il-------
:.-- HERE -----: 

2 3 4 5 6 7 

Figure 10-13. Two DSPs with External Bus Arbitration Timing 

At RESET assume DSP#1 is not making external accesses so that BR#2 is deasserted. 
Hence, BG of DSP#2 is deasserted, which three-states the buffers, giving DSP#2 control of 
the memory. 

When DSP#1 wants control of the memory, the following steps are performed (see Figure 
10-14): 

1. DSP#1 makes an external access, thereby asserting BS, which asserts WT (causing 
DSP#1 to execute wait states in the current cycle) and asserts DSP#2 DBR (request
ing that DSP#2 release the bus). 

2. When DSP#2 finishes its present bus cycle, it three-states its bus drivers and asserts 
BG. Asserting BG enables the three-state buffers, placing the DSP#1 signals on the 
memory bus. Asserting BG also deasserts WT, which allows DSP#1 to finish its bus 
cycle. 

When DSP#1 's memory cycle is complete, it releases BS, which deasserts BA. DSP#2 then 
deasserts BG, three-stating the buffers and allowing DSP#2 to access the memory bus 

10-16 

: DATA TRANSFERRED : 
~ BETWEEN DSP#1 ~ 
2 AND MEMORY HERE 3 

Figure 10-14. Two DSPs with External Bus Arbitration Timing 
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DSP#1 

DO- D23 

AO-A1S 

RD.WR. 

~.J5'S".XIV 

~ WT 

MEMORY 

DAC 

THREE-STATE 
BUFFER 

I DIR 

~ 

[ 

Figure 10-15. Bus Arbitration Using DBR and BG, 
and WT and BS with No Overhead 

10.7.3 Signaling Using Semaphores 

DSP PORT A 

DSP#2 

DO-23 

AO-A1S 

m.m. 
rn.~.X17 

1m" m 

Figure 10-16 shows a more sophisticated shared memory system that uses external arbitra
tion with both local external memory and shared memory. The four semaphores are bits in 
one of the words in each shared memory bank used by software to arbitrate memory use. 
Semaphores are commonly used to indicate that the contents of the semaphore's memory 
blocks are being used by one processor and are not available for use by another processor. 
Typically, if the semaphore is cleared, the block is not allocated to a processor; if the sema
phore is set, the block is allocated to a processor. 

Without semaphores, one processor may try to use data while it is being changed by another 
processor, which may cause errors. This problem can occur in a shared memory system 
when separate test and set instructions are used to "lock" a data block for use by a single 
processor. 

The correct procedure is to test the semaphore and then set the semaphore if it was clear 
to lock and gain exclusive use of the data block. The problem occurs when the second pro
cessor acquires the bus and tests the semaphore after the first processor tests the sema
phore but before the first processor can lock the data block. The incorrect sequence is: 
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-2J SEMAPHORE 3 

BANK 3 

~SEMAPHORE2 

BANK 2 

~SEMAPHORE 1 

BANK 1 

~ SEMAPHORE 0 

BANKO 

DSP56002 PROCESSOR 
LOCAL LOCAL 

MEMORY MEMORY 

DSP56002 PROCESSOR 

BUS I I ORDMA 
BUS 

ADDRESS BUFFER I I BUFFER ADDRESS 
DATA AND DATA AND 
CONTROL CONTROL 

BUSES BUSES 

ARBITRATION 
LOGIC 

Figure 10-16. Signaling Using Semaphores 

1. The first processor tests the semaphore and sees that the block is available 

2. The second processor then tests the bit and also sees that the block is available 

3. Both processors then set the bit to lock the data 

4. Both proceed to use the data on the assumption that the data cannot be changed by 
another processor. 

The OSP56K processor series has a group of instructions designed to prevent this problem. 
They perform an indivisible read-modify-write operation and do not release the bus between 
the read and write (specifically, AQ-A15, OS, PS, and xiV do not change state). Using a 
read-modify-write operation allows these instructions to test the semaphore and then 
to set, clear, or change the semaphore without the possibility of another processor 
testing the semaphore before it is changed. The instructions are bit test and change 
(BCHG), bit test and clear (BClR), and bit test and set (BSET). (They are discussed in detail 
in the DSP56000 Digital Signal Processor Family Manua~ The proper way to set the sema
phore to gain exclusive access to a memory block is to use BSET to test the semaphore and 
to set it to one. After the bit is set, the result of the test operation will reveal if the semaphore 
was clear before it was set by BSET and if the memory block is available. If the bit was al
ready set and the block is in use by another processor, the OSP must wait to access the 
memory block. 
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10.8 DSP TO IMP DIRECT ACCESS MECHANISM 

The MC68356 supports a direct access mechanism that allows the DSP to access the 
68000 bus locations. The direct access mechanism allows the DSP to create a window in 
the IMP 68000 memory space and read and write data with no servicing from the 68000 
core. This mechanism allows the DSP to store less time critical data in the slower, more eco
nomical 68000 bus memory with no wait states required for port A bus cycles. 

This gives the system designer three options for implementing DSP memory: 

1. The large internal DSP memory space already on board the MC68356. 

2. External memory on the DSP port A bus. 

3. External memory on the 68000 bus via the direct access mechanism. 

The system designer now can use these three options to allocate the DSP memory spaces 
based on the relative performance and cost tradeoffs of each type of memory. 

The DSP to IMP direct access mechanism performs cycle steal 68000 accesses to read and 
write data from and to the 68000 memory locations. A base address register DSPBAR de
fines the block or window of memory that the DSP can access in 68000 memory and another 
base address register defines the block of memory in the 56000 memory map that when ac
cessed will cause a DSP to IMP data access (Figure 10-18). 
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Figure 10-17. DSP to 68000 Direct Access Block Diagram 
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DSP Data Memory (X,Y or both) 68000 Memory 

2k-64KWord 64KByte 
Block 

I DSPBAR I .. Block 
~ DSPACR I -

DSPBAR + (DA 15:0) 
DSPACR+(DA 15:12)* 

~ Read and Write BUfferY 
+(FC2:0) 

+(DA11 :0) 

*If not masked in DSPACR. 

Figure 10-18. DSP to IMP Memory Remapping 

10.8.1 DSP to IMP Write Accesses 

The block diagram for the DSP to IMP direct access mechanism is shown in Figure 10-17. 
When the DSP initiates a data write access on its external bus, the MC68356 will compare 
the A 15-A 12 address lines space to a previously programmed value located in the DSP ad
dress compare register (DSPACR). This register points to the block in the DSP memory map 
that when written to, will trigger the DSP to IMP direct access controller to initiate a 68000 
bus access. If matched, the RDY/BSY bit in the DSPACR will be reset, the data and address 
bits sampled, and then the direct access logic will begin arbitrating for the 68000 bus. Once 
the 68000 bus is granted, a standard 68000 write cycle will be generated on the 68000 bus. 
The high address bits and FC are taken from the DSP base address register, the low ad
dress bits are taken from the sampled DSP address lines. When the cycle is terminated with 
DTACK, the 68000 bus will be released and the RDY/BSY bit in the DSPACR will be set to 
ready. The DSP to IMP direct access mechanism is now ready for the next access. 

Because DSP to IMP direct access mechanism write accesses are normal writes to port A, 
care must be taken to assure that there are no overlapping memory devices in the memory 
window defined in the DSPACR. Duplicate memory writes will occur if external memory is 
defined for the same address space. 
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10.8.2 DSP to IMP Read Accesses 

When the OSP initiates a data read access on the port A external bus, the MC68356 will 
compare the A 15-A 12 address lines space to the programmable value. If matched, the ROYI 
BSY bit in the OSP address compare register (OSPACR) will be reset, the data lines 0023-
D08 will be driven with the previous read cycle data, the address bits will be sampled, and 
then the direct access logic will begin arbitrating for the 68000 bus. Once the 68000 bus is 
granted, a standard 68000 read cycle will be generated on the 68000 bus. The high address 
bits and function codes are taken from the DSP base address register, and the low address 
bits (DA01-DA 15) are taken from the sampled DSP address lines. 

Because DSP-to-IMP direct access mechanism write accesses are normal writes on port A, 
care must be taken to assure that there are no overlapping memory devices in the corre
sponding memory locations on port A. Overlapping memory locations will be written in par
allel with the intended write to the DSP-to-IMP window. Read accesses to the OSP-to-IMP 
window will not appear on external port A pins, and will not cause bus contention. 

NOTE 

If the 68000 bus is configured for 16-bit wide bus (normal 68000 
mode), DAO does not form part of the address on the 68000 
side, so odd or even OSP bus accesses will result in even word 
accesses on the 68000 bus. Thus if it is desired to access suc
cessive 16-bit (word) locations on the 16-bit 68000 bus, it will be 
necessary to increment the OSP address by two. 

If the 68000 bus is configured for 8-bits wide (68008 mode), then 
DAO will be used as part of the address and the OSP can ad
dress odd locations. 

When the cycle is term inated with DT ACK, the data lines are sam pled and ready for the next 
DSP read cycle, the 68000 bus will be released, and the ROY/BSY bit in the OSPACR will 
be set to ready. The OSP to IMP direct access mechanism is now ready for the next access. 
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NOTE 

When the IMP is configured for 8-bit-bus-mode (BUSW pin low 
on reset) the direct access controller will not pack the data to and 
from the 68000 bus. Therefore, in 8-bit mode for an individual 
OSP to IMP read access, data from 015-08 of the internal 
68000 bus will be invalid and will appear on 0023-0016 of the 
DSP PORTA data bus and should be disregarded. Only OD15-
D08 on the OSP bus will represent valid data. 

For the case of a write, only one byte from the DSP bus (OD15-
008) will be written per access. The upper and lower bytes will 
be disregarded. 
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The DSP to IMP direct access mechanism has priority over the PCMCIA direct access 
mechanism and it is not affected by BCLR (See Figure 10-17). 

10.9 PROGRAMMER'S MODEL 

The DSP to 68000 direct access controller contains two registers, described in the following 
paragraphs, that must be initialized by the DSP core before making the first access. These 
registers are the DSP address compare register (DSPACR) and the DSP base address reg
ister (DSPBAR). 

10.9.1 DSP Address Compare Register - DSPACR 

DSPACR DSPAddress Space: X:FFE6 
15 14 13 12 11 10 

RES RES x/v CBA15 CBA14 CBA13 CBA12 RDY/'§SV 

RESET o 
o 0 0 0 

5 4 

BRlBGEn RES MXJV MA15 MA14 MA13 MA12 EN 

RESET 

ReadIWrite 
The DSPACR resides on the DSP's peripheral space, and should be programmed by the 
DSP core. This register contains the DSP high address bits, data memory space and the 
enable for the DSP to 68000 bus direct access. When the DSP performs an external mem
ory cycle, the values in this register are compared with the corresponding DSP values. 
When a match occurs, the 68000 bus access is initiated. 

EN-Enable Bit 

This bit enables the DSP to 68000 direct access mechanism. The DSPACR register will 
be setto default values when the EN bit is written with a one. 

o = The DSP to 68000 direct access mechanism is disabled. 
1 = The DSP to 68000 direct access mechanism is enabled. 

RDY/BSY-Ready/Busy Bit 
This bit indicates when the DSP21MP mechanism is ready for the next access. This bit is 
set at reset. 

0= The DSP21MP mechanism is busy doing the current access 
1 = The DSP21MP mechanism is ready for the next access. 

BR/BGEn-DBR/DBG Enable 

This bit selects between the DBR/DBG and BSIWT pin pairs 
--o = The BSIWT pins are selected 

1 = The DBR/DBG pins are selected. 
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CBA12-15-Compare Base address 

The base address field contains the DSP starting address of a particular address space 
that needs to be transferred into the 68000 bus. The address compare logic uses only 
A 15-A 12 to cause an address match within its block size. 

NOTE 

Care must be taken not to map the DSP to IMP direct access 
memory block into an area already mapped in external DSP 
space. Duplicate writes and bus contention for reads will result. 

xN-X or Y data memory select 

0= Select Y data memory space. 
1 = Select X data memory space. 

NOTE 

The DSP to IMP direct access mechanism can only perform 
DSP data space accesses for transferring data to and from the 
68000 bus. Program space transfers are not allowed. 

MXJY-Mask XJY 

0= The xiV line on the DSP bus is masked. When the DSP performs data accesses, 
both X and Y data memory accesses will be transferred into the 68000 bus. 

1 = The XJY line on the DSP bus is not masked. When the DSP performs data access
es, the xiV bit will be compared along with the DSP address lines to determine 
whether to generate a DSP to 68000 bus access. 

MA 15-12-Base Address Mask 
These bits are used to set the block size of the direct access. The compare logic will com
pare only the DSP address lines that are not masked to detect an address match. 

0= The address bit in the corresponding CBA bit location is masked; DSP cycles will 
be transferred into the 68000 bus without comparing this address line. 

1 = The address bit in the corresponding CBA bit location is not masked; DSP cycles 
will be transferred into the 68000 bus only when the corresponding address match
es the unmasked CBR address portion. 
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DSPBAR 
15 14 13 12 11 

BA23 BA22 BA21 BA20 BA19 

RESET 0 

o 0 0 0 

5 3 

RES RES RES RES FC2 

RESET 
o 0 0 0 0 

Read/Write 

DSP PORT A 

DSP Address Space: X:FFE7 
10 

BA18 BA17 BA16 

FC1 FCO RES 

This register resides on the DSP's peripheral space, and is programmable from the DSP 
core. This register contains the high address and function code bits which will be combined 
with the lower 16-bit address provided by the DSP to form the 68000 address. When the 
compare logic detects that the access should be transferred onto the 68000 bus, the upper 
address lines on the 68000 bus will be driven according to the values programmed into this 
register. The lower address lines are driven from the DSP address lines. 

BA 16-23-Base address 

The base address field should contain the upper address bits of the DSP data address on 
the 68000 bus. The lower address bits will be taken from the DSP address lines. 

FCO-2-Function Code 
The function code field should contain the function code of the DSP data address on the 
68000 bus. 
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SECTION 11 
DSP HOST PORT 

11.1 INTRODUCTION 

The host port (HI) is an 8-bit bidirectional interface (see Figure 11-1) and provides a conve
nient connection to the 68000 core in the IMP section of the MC68356 or to another external 
IMP 68000 bus master. This section describes the host port, including examples on config
uration and usage, and the internal connection features to the 68000 bus. 

The HI (also referred to as port B) is a byte-wide, full-duplex, double-buffered, parallel port 
which may be connected directly to the data bus of a host processor. In this section, the 
68000 core or other 68000 bus master that is servicing the host interlace will be referred to 
as the host. The host processor may be any 68000 bus master because this interlace looks 
like static memory. The HI is an asynchronous interface from the 56000 to 68000 bus and 
consists of two banks of registers - one bank accessible to the 68000 bus processor and a 
second bank accessible to the DSP CPU (see Figure 11-1). A brief description of the HI fea
tures is presented in the following list: 

Speed 
5 Million Word/Sec Interrupt Driven Data Transfer Rate (This is the maximum interrupt rate 
for the DSP running at 60MHz - i.e., one interrupt every six instruction cycles.) 

Signals 
(These signals are connected internally to the 68000 bus (see Figure 11-5)). 

HO-H7 Host Data Bus 
HAO-HA2 Host Address Select 
HRIW Host ReadIWrite Control 
HEN Host Transfer Enable 
HREQ Host Request 
HACK Host Acknowledge 

Interface - DSP CPU Side 
Mapping: Three X: Memory Locations 
Data Word: 24 Bits 

Transfer Modes: 
DSP to Host 
Host to DSP 
Host Command 

-Handshaking Protocols: 
Software Polled 
Interrupt Driven (Fast or Long Interrupts) 
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Direct Memory Access 

Instructions: 
Memory-mapped registers allow the standard DSP MOVE instruction to be used. 
Special MOVEP instruction provides for I/O service capability using fast interrupts. 
Bit addressing instructions (BCHG, BClR, BSET, BTST, JClR, JSClR, JSET, 
JSSET) simplify I/O service routines. 
I/O short addressing provides faster execution with fewer instruction words. 

Interface - Host Side 
Mapping: 

Eight Consecutive Memory locations 

Data Word: Eight Bits 

Transfer Modes: 
DSP to Host 
Host to DSP 
Host Command 
Mixed 8-, 16-, and 24-Bit Data Transfers 

Handshaking Protocols: 
Software Polled 
Interrupt Driven with 68000 core 
Cycle Stealing DMA with Initialization 

Dedicated Interrupts: 
Separate Interrupt Vectors for Each Interrupt Source 
Special host commands force DSP CPU interrupts under host processor control, 
which are useful for: 

Real-Time Production Diagnostics 
Debugging Window for Program Development 
Host Control Protocols and DMA Setup 

Figure 11-1 is a block diagram showing the registers in the HI. These registers can be divid
ed vertically down the middle into registers visible to the host processor on the left and reg
isters visible to the DSP on the right. They can also be divided horizontally into control at the 
top, DSP-to-host data transfer in the middle (HTX, RXH, RXM, and RXl), and host-to-DSP 
data transfer at the bottom (THX, TXM, TXl, and HRX). 

11.1.1 Enabling the Host Interface 

Since the external pins dedicated to Port B parallel operation on the discrete version of the 
DSP56002 are not implemented on the MC68356, the port B data register and the port B 
data direction register have no function. However, it is still necessary to set the port B control 
register (PCB) bit 1 to 0 and bit 0 to 1 (write $000001 to $FFEO). This will enable the host 
interface. 
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HOST 
(68000) 

DATA BUS 

INTERRUPT CON· 
$OICR TROL REGISTER 

"(READ/WRITE) , 
~.. , 

"........ " ". , 

DSP CPU GLOBAL 
X:$FFE8 DATA BUS 

HOST CONTROL REGISTER 
~ ......... (READIWRITE) 

X:$FFE9 

..... ....... ~ HOST STATUS REGISTER 
COMMAND VECTOR 
REGISTER (-READI .. 
WRITE) 
······i~~·········~L_---' 

(READ ONLy) 

/ 
/ 

$2ISR ~NTERRUPT STATUS 
REGISTER 

CONTROL 

LOGIC 

X:$FFEB 

HOST TRANSMIT 
M~--+-~""---4 HTX ~-... DATA REGISTER 

(WRITE ONL Y) 

X:$FFEB 2 

HOST RECEIVE 
M--+-~""-~ HRX I---II~ DATA REGISTER 

(READ ONLy) 

Figure 11-1. HI Block Diagram 

11.1.2 Host Interface - DSP CPU Viewpoint 

DSP Host Port 

The DSP CPU views the HI as a memory-mapped peripheral occupying three 24-bit words 
in data memory space. The DSP may use the HI as a normal memory-mapped peripheral, 
using either standard polled or interrupt programming techniques. Separate transmit and re
ceive data registers are double buffered to allow the DSP and host processor to efficiently 
transfer data at high speed. Memory mapping allows the DSP CPU communication with the 
HI registers to be accomplished using standard instructions and addressing modes. In ad
dition, the MOVEP instruction allows HI-to-memory and memory-to-HI data transfers without 
going through an intermediate register. Both DSP hardware and software reset disable the 
HI. 
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11.1.3 Programming Model - DSP CPU Viewpoint 

The HI has two programming models: one for the DSP programmer and one for the host pro
cessor programmer. In most cases, the notation used reflects the DSP perspective. The HI 
- DSP programming model is shown in Figure 11-2. There are three registers: a control reg
ister (HCR), a status register (HSR), and a data transmit/receive register (HTX/HRX). These 
registers can only be accessed by the DSP core; they cannot be accessed by the host pro
cessor. The HI host processor programming model is shown in Figure 11-7. 

The following paragraphs describe the purpose and operation of each bit in each register of 
the HI visible to the DSP CPU. The effects of the different types of reset on these registers 
are shown. A brief discussion of interrupts and operation of the DSP side of the HI complete 
the programming model from the DSP viewpoint. The programming model from the host 
viewpoint begins at 11.2.3 Programming Model- Host Processor Viewpoint. 

11.1.3.1 HOST CONTROL REGISTER (HCR) 

The HCR is an 8-bit read/write control register used by the DSP to control the HI interrupts 
and flags. The HCR cannot be accessed by the host processor. It occupies the low-order 
byte of the internal data bus; the high-order portion is zero filled. Any reserved bits are read 
as zeros and should be programmed as zeros for future compatibility. (The bit manipulation 
instructions are useful for accessing the individual bits in the HCR.) The contents of the HCR 
are cleared on DSP hardware or software reset. The control bits are described in the follow
ing paragraphs. 

11.1.3.1.1 HCR Host Receive Interrupt Enable (HRIE) Bit 0 

The HRIE bit is used to enable a DSP interrupt when the host receive data full (HRDF) status 
bit in the host status register (HSR) is set. When HRIE is cleared, HRDF interrupts are dis
abled. When HRIE is set, a host receive data interrupt request will occur if HRDF is also set. 
DSP hardware and software resets clear HRIE. 

11.1.3.1.2 HCR Host Transmit Interrupt Enable (HTIE) Bit 1 

The HTIE bit is used to enable a DSP interrupt when the host transmit data empty (HTDE) 
status bit in the HSR is set. When HTIE is cleared, HTDE interrupts are disabled. When 
HTIE is set, a host transmit data interrupt request 'will occur if HTDE is also set. DSP hard
ware and software resets clear the HTI E. 

11.1.3.1.3 HCR Host Command Interrupt Enable (HCIE) Bit 2 

The HCIE bit is used to enable a vectored DSP interrupt when the host command pending 
(HCP) status bit in the HSR is set. When HCIE is cleared, HCP interrupts are disabled. 
When HCIE is set, a host command interru'pt request will occur if HCP is also set. The start
ing address of this interrupt is determined by the host vector (HV). DSP hardware and soft
ware resets clear the HCIE. 

11.1.3.1.4 HCR Host Flag 2 (HF2) Bit 3 

The HF2 bit is used as a general-purpose flag for DSJ:-to-host communication. HF2 may be 
set or cleared by the DSP. HF2 is visible in the interrupt status register (ISR) on the host 
processor side (see Figure 11-3). DSP hardware and software resets clear HF2. 
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X:$FFEB 

X:$FFEB 

7 

X:$FFE8 

DSP CPU HI FLAGS 
.----- HOST FLAG 3 

HOST FLAG 2 

DSP Host Port 

HOST CONTROL REGISTER (HCR) 
(READIWRITE) 

~-~--L-~--~--~~-L-T~~~ 

7 

X:$FFE9 

23 

RECEIVE HIGH BYTE 

TRANSMIT HIGH BYTE 

7 

16 15 

INTERRUPT ENABLES 
HOST RECEIVE 

...... ___ HOST TRANSMIT 

...... -------- HOST COMMAND 

HOST HI FLAGS 
.------- HOST FLAG 1 

HOST FLAG 0 

o 

HOST STATUS REGISTER (HSR) 
(READ ONLY) 

HOST RECEIVE DATA FULL 
...... ___ HOST TRANSMIT DATA EMPTY 

HOST COMMAND PENDING 

8 7 o 

RECEIVE MIDDLE BYTE RECEIVE LOW BYTE 
HOST RECEIVE DATA REGISTER 
(HRX) (READ ONLY) 

TRANSMIT MIDDLE BYTE 

o 7 o 7 

TRANSMIT LOW BYTE 

o 

HOSTTRANSMrr DATA REGISTER 
(HTX) (WRrrE ONLY) 

NOTE: The numbers in parentheses are reset values. 

Figure 11-2. Host Interface Programming Model - DSP Viewpoint 

11.1.3.1.5 HeR Host Flag 3 (HF3) Bit 4 
The HF3 bit is used as a general-purpose flag for DSP-to-host communication. HF3 may be 
set or cleared by the DSP. HF3 is visible in the ISR on the host processor side (see Figure 
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11-3). DSP hardware and software resets clear HF3. 

NOTE 

There are four host flags: two used by the host to signal the DSP 
(HFO and HF1) and two used by the DSP to signal the host pro
cessor (HF2 and HF3). They are general purpose flags and are 
not designated for any specific purpose. The host flags do not 
cause interrupts; they must be polled to see if they have 
changed. These flags can be used individually or as encoded 
pairs. See 11.1.3.7 Host Port Usage Considerations - DSP Side 
for additional information. An example of the usage of host flags 
is the bootstrap loader, which is listed in Appendix C DSP Boot
strap Program. Host flags are used to tell the bootstrap program 
whether or not to terminate early. 

11.1.3.1.6 HCR Reserved Control (Bits 5, 6, and 7) 

These unused bits are reserved for future expansion and should be written with zeros for 
upward compatibility. 

11.1.3.2 HOST STATUS REGISTER (HSR) 
The HSR is an 8-bit read-only status register used by the DSP to interrogate status and flags 
of the HI. It cannot be directly accessed by the host processor. When the HSR is read to the 
internal data bus, the register contents occupy the low-order byte of the data bus; the high
order portion is zero filled. The status bits are described in the following paragraphs. 

11.1.3.2.1 HSR Host Receive Data Full (HRDF) Bit 0 

The HRDF bit indicates that the host receive data register (HRX) contains data from the host 
processor. HRDF is set when data is transferred from the TXH:TXM:TXL registers to the 
HRX register. HRDF is cleared when HRX is read by the DSP. HRDF can also be cleared 
by the host processor using the initialize function. DSP hardware, software, individual, and 
STOP resets clear HRDF. 

11.1.3.2.2 HSR Host Transmit Data Empty (HTDE) Bit 1 
The HTDE bit indicates that the host transmit data register (HTX) is empty and can be writ
ten by the DSP. HTDE is set when the HTX register is transferred to the RXH:RXM:RXL reg
isters. HTDE is cleared when HTX is written by the DSP. HTDE can also be set by the host 
processor using the initialize function. DSP hardware, software, individual, and STOP sets 
HTDE. 

11.1.3.2.3 HSR Host Command Pending (HCP) Bit 2 

The HCP bit indicates that the host has set the HC bit and that a host command interrupt is 
pending. The HCP bit reflects the status of the HC bit in the command vector register (CVR). 
HC and HCP are cleared by the DSP exception hardware when the exception is taken. The 
host can clear HC, which also clears HCP. DSP hardware, software, individual, and STOP 
resets clear HCP. 
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11.1.3.2.4 HSR Host Flag 0 (HFO) Bit 3 

The HFO bit in the HSR indicates the state of host flag 0 in the ICR on the host processor 
side. HFO can only be changed by the host processor (see Figure 11-3). DSP hardware, 
software, individual, and STOP resets clear HFO. 

11.1.3.2.5 HSR Host Flag 1 (HF1) Bit 4 

The HF1 bit in the HSR indicates the state of host flag 1 in the ICR on the host processor 
side. HF1 can only be changed by the host processor (see Figure 11-3). DSP hardware, 
software, individual, and STOP resets clear HF1. 

HOST TO DSP STATUS FLAGS 

7 

HOST 

I 7 

DSP X:$FFE9 1 DMA I 0 I 0 

o 

HF1 I HFO I HCP I HTDE IHRDF I ~R~~6 S~~~~)S REGISTER (HSR) 

DSP TO HOST STATUS FLAGS 

HOST 

I 
DSP 

7 0 

X:$FFESI 0 I 0 I 0 I HF3 I HF2 IHCIE I HTIE I HRIE I ~R~~6~~I~~~LREGISTER (HeR) 

Figure 11-3. Host Flag Operation 

11.1.3.2.6 HSR Reserved Status (Bits 5 and 6) 

These status bits are reserved for future expansion and read as zero during DSP read op
erations. 

11.1.3.2.7 HSA DMA Status (DMA) Bit 7 

The DMA bit indicates that the host processor has enabled the DMA mode of the HI by set
ting HM1 or HMO to one. When the DMA bit is zero, it indicates that the DMA mode is dis
abled by the HMO and HM1 bits in the ICR and that no DMA operations are pending. When 
the DMA bit is set, the DMA mode has been enabled if one or more of the host mode bits 
have been set to one. The channel not in use can be used for polled or interrupt operation 
by the DSP. DSP hardware, software, individual, and STOP resets clear the DMA bit. 
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11.1.3.3 HOST RECEIVE DATA REGISTER (HRX) 

The HRX register is used for host-to-DSP data transfers. The HRX register is viewed as a 
24-bit read-only register by the DSP CPU. The HRX register is loaded with 24-bit data from 
the transmit data registers (TXH:TXM:TXL) on the host processor side when both the trans
mit data register empty TXDE (host processor side) and DSP host receive data full (HRDF) 
bits are cleared. This transfer operation sets TXDE and HRDF. The HRX register contains 
valid data when the HRDF bit is set. Reading HRX clears HRDF. The DSP may program the 
HRIE bit to cause a host receive data interrupt when HRDF is set. Resets do not affect HRX. 

11.1.3.4 HOST TRANSMIT DATA REGISTER (HTX) 

The HTX register is used for DSP-to-host data transfers. The HTX register is viewed as a 
24-bit write-only register by the DSP CPU. Writing the HTX register clears HTDE. The DSP 
may program the HTI E bit to cause a host transm it data interrupt when HTDE is set. The 
HTX register is transferred as 24-bit data to the receive byte registers (RXH:RXM:RXL) if 
both the HTDE bit (DSP CPU side) and receive data full (RXDF) status bits (host processor 
side) are cleared. This transfer operation sets RXDF and HTDE. Data should not be written 
to the HTX until HTDE is set to prevent the previous data from being overwritten. Resets do 
not affect HTX. 

11.1.3.5 REGISTER CONTENTS AFTER RESET 

Table 11-1 shows the results of four reset types on bits in each of the HI registers seen by 
the DSP CPU. The hardware reset (HW) is caused by the DRESET signal; the software re
set (SW) is caused by executing the DSP RESET instruction; the individual reset (IR) is 
caused by clearing PBC register bits 0 and 1, and the stop reset (ST) is caused by executing 
the DSP STOP instruction . 

11.1.3.6 HOST INTERFACE DSP CPU INTERRUPTS 

The HI may request interrupt service from either the DSP or the host processor. The DSP 
CPU interrupts are internal and do not require the use of an external interrupt pin (see Figure 
11-4). When the appropriate mask bit in the HCR is set, an interrupt condition caused by the 
host processor sets the appropriate bit in the HSR, which generates an interrupt request to 
the DSP CPU. The DSP acknowledges interrupts caused by the host processor by jumping 
to the appropriate interrupt service routine. The three possible interrupts are 1) receive data 
register full, 2) transmit data register empty, and 3) host command. The host command can 
access any interrupt vector in the interrupt vector table although it has a set of vectors re
served for host command use. The DSP interrupt service routine must read or write the ap
propriate HI register (clearing HRDF or HTDE, for example) to clear the interrupt. In the case 
of host command interrupts, the interrupt acknowledge from the program controller will clear 
the pending interrupt condition. 

11.1.3.7 HOST PORT USAGE CONSIDERATIONS - DSP SIDE 

Synchronization is a common problem when two asynchronous systems are connected, and 
careful synchronization is required when reading multibit registers that are written byanoth
er asynchronous system. The considerations for proper operation on the DSP CPU side are 
discussed in the following paragraphs, and considerations for the host processor side are 
discussed in 11.2.5.4 Host Port Usage Considerations-Host Side. 
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Register 
Name 

HCA 

HSA 

HAX 

HTX 

Table 11-1. Host Registers after 
Reset-OSP CPU Side 

Reset1ype 
Register 

Data HW SW IR 
Reset Reset Reset 

HF(3 - 2) 0 0 -

HCIE 0 0 -

HTIE 0 0 -
HAlE 0 0 -

DMA 0 0 0 

HF(1 - 0) 0 0 0 

HCP 0 0 0 

HTDE 1 1 1 

HADF 0 0 0 

HAX (23 - 0) - - -

HTX (23 - 0) - - -

DSP Host Port 

S1 

Reset 

-

-

-

-

0 

0 

0 

1 

0 

-

-

DMA, HF1 , HFO, HCP, HTDE, and HRDF status bits are set or cleared by the host processor • 
side of the interface. These bits are individually synchronized to the DSP clock. 

The only system problem with reading status occurs if HF1 and HFO are encoded as a pair 
because each of their four combinations (00, 01, 10, and 11) has significance. There is a 
small possibility that the DSP will read the status bits during the transition and receive "01" 
or "10" instead of "11". The solution to this potential problem is to read the bits twice for con
sensus (See 11.2.5.4 Host Port Usage Considerations-Host Side for additional informa
tion). 

11.1.4 Host Interface - Host Processor Viewpoi nt 

The HI appears to the host processor as eight words of byte-wide static memory. The host 
may access the HI asynchronously by using polling techniques or interrupt-based tech
niques. Separate transm it and receive data registers are double buffered to allow the DSP 
CPU and host processor to transfer data efficiently at high speed: The HI contains a rudi
mentary DMA controller, which makes generating addresses (HAO-HA2) for the TXlRX reg
isters in the HI unnecessary. 

11.2 HOST PORT TO 68000 BUS CONNECTION 

The DSP host port may only be accessed by the 68K bus through internal logic that con
nects the DSP bus to the 68000 bus. There are no external host port pins. Figure 11-5 shows 
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MASK 

7 

HSR 

STATUS 

Figure 11-4. HSR-HCR Operation 

DSP CPU INTERRUPTS 

RECEIVE DATA FULL 
P:$0020 

TRANSMIT DATA EMPTY 
P:$0022 

HOST COMMAND 
P:(2xHV fi $0000 - $007E) 
RESET fi HV = $0012 in CVR 

the IMP to DSP host port connection logic that is built inside the MC68356. An address de
coder is connected to the host port (HEN) and the host port 68000 bus address can be pro
grammed in the host port base address register (HBAR). The IMP IDMA can also be used 
to access the host port registers and the HREQ signal and the HACK signal from the DSP 
can be optionally connected to the IMP's DREQ and DACK lines (by setting the HRE and 
HACK bits to one and HRC to 00 in the HCOR). If interrupt driven servicing of the host port 
is desired, the host port HREQ signal can be optionally connected to either of the IRQ1, 
IRQ6, or IRQ? signals of the IMP. This can be done by setting the HRE and HACK bits to 
one and HRC to non-zero in the HCOR. The DSP host port may be accessed by the 68K, 
the IMP IDMA, or by any external master that arbitrates for the 68K bus. All external host 
port accesses conform to standard 68000 bus timings as shown in Section 14 Electrical 
Characteristics. 

11-10 

NOTE 

In order to assure proper 68000 bus to host port access opera
tion, the DSP clock (CKOUT) must be of equal or higher fre
quency than the IMP clock (CLKO). 
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Figure 11-5. DSP Host Port Connection Block Diagram 

11.2.1 DSP Host Port Configuration Option Register - HCOR 

DSP Host Port 

The DSP host port configuration option register (HeOR) is an 8-bit read/write register visible 
from the IMP side in 68000 space used to program the IMP to DSP host port access hard
ware connection options (see Figure 11-5). This register is used to program the host port 
access mechanism to either interrupt driven operation or DMA driven operation. 
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HCOR IMP address: BAR+$8EA 
7 6 3 

0 0 o o HACKE HRE HRC 

RESET: 
0 o o o o 

0 

Read/Write 

HRE-Host Request Enable 

0= The host port request line (HREQ) is not driven to the IMP. 
1 = The host port request line (HREQ) is connected to the IMP aC90rding to HRC pro

gramming. 

HACKE-Host Acknowledge Enable 

o = The host port acknowledge line (HACK) is connected to a pull-up resistor. 
1 = The host port acknowledge line (HACK) is connected to the appropriate interrupt 

acknowledge line or to the IDMA acknowledge line (DACK) according to HRC pro
gramming. 

HRC-Host Request Control 

00 = If enabled by HRE, the host port request line (HREQ) is connected to the IDMA 
request line (DREQ). If enabled by HACKE, the host port acknowledge line 
(HACK) is connected to the IDMA acknowledge line (BACK). 

01 = If enabled by HRE, the host port interrupt request line (HREQ) is connected to the 
68000 interrupt request level one. If enabled by HACKE, the host port acknowl
edge line (HACK) is connected to the interrupt acknowledge line, level one 
(lACK1 ). 

NOTE 

To receive the interrupt vector from the DSP'S host port, the 
user should set bit IV1 in the IMP's GIMR register to one, for ex
ternal interrupt vector. 

10 = If enabled by HRE, the host port interrupt request line (HREQ) is connected to the 
68000 interrupt request level six. If enabled by HACKE, the host port acknowl
edge line (HACK) is connected to the interrupt acknowledge line level six (lACK6). 

NOTE 

To receive the interrupt vector from the DSP'S host port the user 
should set bit IV6 in the IMP's GIMR register to one, for external 
interrupt vector. 

11 = If enabled by HRE, the host port interrupt request line HREQ is connected to the 
68000 interrupt request level seven. If enabled by HACKE, the host port acknowl
edge line HACK is connected to the interrupt acknowledge line level seven 
(lACK?). 
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NOTE 

To receive the interrupt vector from the DSP'S host port, the 
user should set bit IV7 in the IMP's GIMR register to one, for ex
ternal interrupt vector. 

11.2.2 DSP Host Port Base Address Register - HBAR 

DSP Host Port 

The DSP host port base address register is a 16-bit read/write register on the IMP side used 
to map the DSP host port in the 68000 address space. When a 68000 bus access is made 
into the programmed space, HEN will be asserted. The A3-A 1 address lines will be connect
ed directly to the host port address lines (HA2-HAO). 

HBAR $IMP address:BAR+$8E8 
15 14 13 12 11 10 8 

BFC2-BFCO BA23 BA22 BA21 BA20 BA19 

RESET 
0 0 0 0 

7 6 5 4 3 2 0 

BA18 BA17 BA16 BA15 BA14 BA13 BA12 EN 

RESET 

Read/Write 

BFC2-0-Base Function Code Field 

111 = The function codes are not compared. 
000- These bits are used to set the address space function code for the host port 
110 = accesses. 

BA23-12-Base Address 

These bits are used to set the starting address of the host side, host port registers. 

EN-Enable 

o = The host port accesses are disabled. HEN line will not be asserted. 
1 = The host port accesses are enabled. HEN line will be asserted when 68000 cycle 

high address lines match the programmed value. 

11.2.3 Programming Model - Host Processor Viewpoint 

The HI appears to the host processor as a memory-mapped peripheral occupying eight 
bytes on even addresses (beginning at the address pOinted to by the HBAR register in the 
IMP) in the host processor address space (see Figure 11-6 and Figure 11-7). These regis
ters can be viewed as one control register (ICR), one status register (ISR), three data reg
isters (RXHITXH, RXMITXM, and RXUTXL), and two vector registers (IVR and CVR). The 
CVR is a special command register that is used by the host processor to issue commands 
to the DSP. These registers can be accessed only by the host processor; they cannot be 
accessed by the DSP CPU. Host processors may use standard host processor instructions 
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HBAR • $1 

$3 

$5 

HOST ADDRESS $7 
HAO - HA2 

$9 

$B 

$D 

$F 

ICR 

CVR 

ISR 

IVR 

00000000 

RXHfTXH 

RXMfTXM 

RXLlTXL 

1 
HOST DATA BUS 

HO - H7 

INTERRUPT CONTROL 

COMMAND VECTOR 

INTERRUPT STATUS 

INTERRUPT VECTOR 

UNUSED 

} 

RECEIVEfTRANSMIT 
BYTES 

Figure 11-6. HI Register Map 

(e.g., byte move) and addressing modes to communicate with the HI registers. The 68000 
host processor can address the HI using the special MOVEP instruction for word (16-bit) or 
long-word (32-bit) transfers. The HREQ and HACK handshake flags are provided for polled 
or interrupt-driven data transfers with the host processor. Because the DSP interrupt re
sponse is sufficiently fast, the 68000 core should be able to load or store data at its maxi
mum programmed I/O (non-DMA) instruction rate without testing the handshake flags for 
each transfer. If the full handshake is not needed, the host processor can treat the DSP as 
fast memory, and data can be transferred between the host processor and the DSP at the 
fastest host processor data rate. The IDMA hardware may be used with the handshake flags 
to transfer data without host processor intervention . 

One of the most innovative features of the host interface is the host command feature. With 
this feature, the host processor can issue vectored exception requests to the DSP. The host 
may select anyone of 64 DSP exception routines to be executed by writing a vector address 
register in the HI. This flexibility allows the host programmer to execute up to 64 preprogram
ming functions inside the DSP. For example, host exceptions can allow the host processor 
to read or write DSP registers (X, Y, or program memory locations), force exception handlers 
(e.g., SSI, SCI, IRQA, IRQB exception routines), and perform control and debugging oper
ations if exception routines are implemented in the DSP to perform these tasks. 

11.2.3.1 INTERRUPT CONTROL REGISTER (ICR) 

The ICR is an 8-bit read/write control register used by the host processor to control the HI 
interrupts and flags. ICR cannot be accessed by the DSP CPU. ICR is a read/write register, 
which allows the use of bit manipulation instructions on control register bits. The control bits 
are described in the following paragraphs. 

11.2.3.1.1 ICR Receive Request Enable (RREQ) Bit 0 
The RREQ bit is used to control the HREQ signal for host receive data transfers. 

In interrupt mode (DMA off), RREQ is used to enable interrupt requests via the external host 
request (HREQ) signal when the receive data register full (RXDF) status bit in the ISR is set. 
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When RREQ is cleared, RXDF interrupts are disabled. When RREQ is set, the external 
HREQ signal will be asserted if RXDF is set. 

31 

7 

MODES FLAGS 

7 

HBAR+$1 INTERRUPT CONTROL REGISTER (ICR) 

I....,;,-..I.--r-....L.....;.,.;........L......;..,;--L.-;..~I-~.I....-;,...;..--'--.:....;......I (READIWRITE) 

7 

HBAR+$5 

o 0 Interrupt Mode (DMA Off) 

o 24-Bit DMA Mode 

o 16-Bit DMA Mode 

8-Bit DMA Mode 

HOST VECTOR 
($12) 

FLAGS STATUS 

I COMMAND VECTOR REGISTER (CVR) 
(READIWRITE) 

INTERRUPT STATUS REGISTER (ISR) 
(READ ONLY) 

~-~-~-~-~-~~-~-~-~ 

/ 

INTERRUPT VECTOR NUMBER /INTERRUPT VECTOR REGISTER (IVR) 

HBAR+$7 L...-_______ ..;..($_O...;.F) _______ -....I. (READIWRITE) 

HBAR+$9 

00000000 

NOT USED 

24 23 

RECEIVE BYTE REGISTERS (RXH:RXM:RXL) 
(READ ONLy) 

HBAR+$B 16 15 HBAR+$D 

RXH RXM 
RECEIVE HIGH BYTE RECEIVE MIDDLE BYTE 

TXH TXM 

8 7 

TRANSMIT HIGH BYTE TRANSMIT MIDDLE BYTE 

o 7 o 7 

TRANSMIT BYTE REGISTERS (TXH:TXM:TXL) 
(WRITE ONLY) 

o 7 

HBAR+$F 

RXL 
RECEIVE LOW BYTE 

TXL 
TRANSMIT LOW BYTE 

NOTE: The numbers in parentheses are reset values. 

Figure 11-7. Host Processor Programming Model-Host Side 

In DMA modes, RREQ must be set or cleared by software to select the direction of DMA 
transfers. Setting RREQ sets the direction of DMA transfer to be DSP to host and enables 
the HREQ signal to request data transfer. Hardware, software, individual, and STOP resets 
clear RREQ. 
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Table 11-2. HREQ Signal Definition 

TREQ RREQ 'RREQ Signal 

Interrupt Mode 

a a No Interrupts (Polling) 

a 1 RXDF Request (Interrupt) 

1 a TXDE Request (Interrupt) 

1 1 RXDF and TXDE Request (Inter-
rupts) 

DMAMode 

a a NoDMA 

a 1 DSP to Host Request (RX) 

1 a Host to DSP Request (TX) 

1 1 Undefined (Illegal) 

11.2.3.1.2 ICR Transmit Request Enable (TREQ) Bit 1 

The TREQ bit is used to control the HREQ signal for host transmit data transfers. 

In interrupt mode (DMA off), TREQ is used to enable interrupt requests via the external 
HREQ signal when the transmit data register empty (TXDE) status bit in the ISR is set. 
When TREQ is cleared, TXDE interrupts are disabled. When TREQ is set, the external 
HREQ signal will be asserted if TXDE is set. 

In DMA modes, TREQ must be set or cleared by software to select the direction of DMA 
transfers. Setting TREQ sets the direction of DMA transfer to be host to DSP and enables 
the HREQ signal to request data transfer. DSP hardware, software, individual, and STOP 
resets clear TREQ. 

Table 11-2 summarizes the effect of RREQ and TREQ on the HREQ signal. 

11.2.3.1.3 ICR Reserved Bit (Bit 2) 

This bit, which is reserved and unused, reads as a logic zero. 

11.2.3.1.4 ICR Host Flag 0 (HFO) Bit 3 . 

The HFO bit is used as a general-purpose flag for host-to-DSP communication. HFO may be 
set or cleared by the host processor and cannot be changed by the DSP. HFO is visible in 
the HSR on the DSP CPU side of the HI (see Figure 11-3). Hardware, software, individual, 
and STOP resets clear HFO. 
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11.2.3.1.5 ICR Host Flag 1 (HF1) Bit 4 
The HF1 bit is used as a general-purpose flag for host-to-DSP communication. HF1 may be 
set or cleared by the host processor and cannot be changed by the DSP. Hardware, soft
ware, individual, and STOP resets clear HF1. 

11.2.3.1.6 ICR Host Mode Control (HM1 and HMO bits) Bits 5 and 6 
The HMO and HM1 bits select the transfer mode of the HI (see Table 11-3). HM1 and HMO 
enable the DMA mode of operation or interrupt (non-DMA) mode of operation. 

Table 11-3. Host Mode Bit Definition 

HM1 HMO Mode 

0 0 Interrupt Mode (DMA Off) 

0 1 DMA Mode (24 Bit) 

1 0 DMA Mode (16 Bit) 

1 1 DMA Mode (8 Bit) 

When both HM 1 and HMO are cleared, the DMA mode is disabled, and the TREQ and 
RREQ control bits are used for host processor interrupt control via the external HREQ output 
signal. Also, in the non-DMA mode, the HACK input signal is used for the 68000 vectored 
interrupt acknowledge input. 

When HM1 or HMO are set, the DMA mode is enabled, and the HREQ signal is used to re-
quest DMA transfers. When the DMA mode is enabled, the TREQ and RREQ bits selectthe ~ 
direction of DMA transfers. The HACK input signal is used as a DMA transfer acknowledge ~ 
input. If the DMA direction is from DSP to host, the contents of the selected register are en-
abled onto the host data bus when HACK is asserted. If the DMA direction is from host to 
DSP, the selected register is written from the host data bus when HACK is asserted. 

The size of the DMA word to be transferred is determined by the DMA control bits, HMO and 
HM1. The HI register selected during a DMA transfer is determined by a 2-bit address 
counter, which is preloaded with the value in HM1 and HMO. The address counter substi
tutes for the HA 1 and HAO bits of the HI during a DMA transfer. The host address bit (HA2) 
is forced to one during each DMA transfer. The address counter can be initialized with the 
INIT bit feature. After each DMA transfer on the host data bus, the address counter is incre
mented to the next register. When the address counter reaches the highest register (RXL or 
TXL), the address counter is not incremented but is loaded with the value in HM1 and HMO. 
This allows 8-, 16- or 24-bit data to be transferred in a circular fashion and eliminates the 
need for the DMA controller to supply the HA2, HA 1, and HAO signals. For 16- or 24-bit data 
transfers, the DSP CPU interrupt rate is reduced by a factor of 2 or 3, respectively, from the 
host request rate - i.e., for every two or three host processor data transfers of one byte each, 
there is only one 24-bit DSP CPU interrupt. 

Hardware, software, individual, and STOP resets clear HM1 and HMO. 
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Table 11-4. HREQ Signal. Definition 

Transfer 

TREQ RREQ After INIT Execution Direction 

Initialized 

Interrupt Mode (HM1 = 0, HMO = 0) INIT Execution 

0 0 INIT = 0; Address Counter = 00 None 

0 1 INIT = 0; RXDF = 0; HTDE = 1; Address 
Counter = 00 DSP to Host 

1 0 INIT = 0; TXDE = 1; HRDF = 0; Address 
Counter = 00 Host to DSP 

·1 1 INIT = O· RXDF = 0; HTDE = 1; TXDE = 
1; HRDF = 0; Address Counter = 00 Host to/from DSP 

DMA Mode (HM1 or HMO = 1) INIT Execution 

0 0 INIT = 0; Address Counter = HM1, HMO None 

0 1 INIT = 0; RXDF= O~HTDE = 1; Address 
Counter = HM1, H 0 DSP to Host 

1 0 INIT = 0; TXDE = l' HRDF = 0; Address 
Counter = HM1, HMo Host to DSP 

1 1 Undefined (Illegal) Undefined 

11.2.3.1.7 leR Initialize Bit (INIT) Bit 7 
The INIT bit is used by the host processor to force initialization of the HI hardware. Initializa
tion consists of configuring the HI transmit and receive control bits and loading HM1 and 
HMO into the internal DMA address counter. Loading HM1 and HMO into the DMA address 
counter causes the HI to begin transferring data on a word boundary rather than transferring 
only part of the first data word. 

There are two methods of initialization: 1) allowing the DMA address counter to be automat
ically set after transferring a word, and 2) setting the INIT bit, which sets the DMA address 
counter. Using the INIT bit to initialize the HI hardware mayor may not be necessary, de
pending on the software design of the interface. 

The type of initialization done when the INIT bit is set depends on the state of TREQ and 
RREQ in the HI. The INIT command, which is local to the HI, is designed to conveniently 
configure the HI into the desired data transfer mode. The commands are described in the 
following paragraphs and in Table 11-4. The host sets the INIT bit, which causes the HI 
hardware to execute the INIT command. The interface hardware clears the INIT bit when 
the command has been executed. DSP hardware, software, individual, and STOP resets 
clear INIT. 

INIT execution always loads the DMA address counter and clears the channel according to 
TREQ and RREQ. INIT execution is not affected by HM1 and HMO. 
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The internal DMA counter is incremented with each DMA transfer (each HACK pulse) until 
it reaches the last data register (RXL or TXL). When the DMA transfer is completed, the 
counter is loaded with the value of the HM1 and HMO bits. When changing the size of the 
DMA word (changing HMO and HM1 in the leR), the DMA counter is not automatically up
dated, and, as a result, the DMA counter will point to the wrong data register immediately 
afterHM1 and HMO are changed. The INIT function must be used to preset the internal DMA 
counter correctly. Always set INIT after changing HMO and HM1. However, the DMA counter 
cannot be initialized in the middle of a DMA transfer. Even though the INIT bit is set, the in
ternal DMA controller will wait until after completing the data transfer in progress before ex
ecuting the initialization. 

11.2.3.2 COMMAND VECTOR REGISTER (CVR) 

The host processor uses the eVR to cause the DSP to execute a vectored interrupt. The 
host command feature is independent of the data transfer mechanisms in the HI. It can be 
used to cause any of the 64 possible interrupt routines in the DSP CPU to be executed. The 
command vector register is shown in Figure 11-8. 

11.2.3.2.1 CVR Host Vector (HV) Bits 0-5 

The six HV bits select the host command exception address to be used by the host com
mand exception logic. When the host command exception is recognized by the DSP inter
rupt control logic, the starting address of the exception taken is 2xHV. The host can write 
He and HV in the same write cycle, if desired. 

7 6 S 4 320 

I HC I · I Hvsl HV4 I HV3 I HV21 HV1 I HVo I 

H 

HO 

OSTVECTOR 

RESERVED 

STCOMMAND 

Figure 11-8. Command Vector Register 

The host processor can select any of the 64 possible exception routine starting addresses 
in the DSP by writing the exception routine starting address divided by 2 into HV. This 
means that the host processor can force any of the existing exception handlers (SSI, SCI, 
IROA, IROB, etc.) and can use any of the reserved or otherwise unused starting addresses 
provided they have been preprogrammed in the DSP. HV is set to $12 (vector location 
$0024) by hardware, software, individual, and STOP resets. Vector location $0024 is the 
first of 45 special host command vectors. 

MOTOROLA 

NOTE 

The HV should not be used with a value of zero because the re
set location is normally programmed with a JMP instruction. Do
ing so will cause an improper fast interrupt. 
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11.2.3.2.2 CVR Reserved Bit (Bit 6) 

Reserved bit which is unused and read by the host processor as zero. 

11.2.3.2.3 CVR Host Command Bit (HC) Bit 7 

The HC bit is used by the host processor to handshake the execution of host command ex
ceptions. Normally, the host processor sets HC=1 to request the host command exception 
from the DSP. When the host command exception is acknowledged by the DSP, the HC bit 
is cleared by the HI hardware. The host processor can read the state of HC to determine 
when the host command has been accepted. The host processor may elect to clear the HC 
bit, canceling the host command exception request at any time before it is accepted by the 
DSP CPU. 

NOTE 

The command exception might be recognized by the DSP and 
executed before it can be canceled by the host, even if the host 
clears the HC bit. 

Setting HC causes host command pending (HCP) to be set in the HSR. The host can write 
HC and HV in the same write cycle if desired. DSP hardware, software, individual, and 
STOP resets clear HC. 

11.2.3.3 INTERRUPT STATUS REGISTER (ISR) 

The ISR is an 8-bit read-only status register used by the host processor to interrogate the 
status and flags of the HI. The host processor can write this address without affecting the 
internal state of the HI, which is useful if the user desires to access all of the HI registers by 
stepping through the HI addresses. The ISR cannot be accessed by the DSP. The status 
bits are described in the following paragraphs. 

11.2.3.3.1 ISR Receive Data Register Full (RXDF) Bit 0 

The RXDF bit indicates that the receive byte registers (RXH, RXM, and RXL) contain data 
from the DSP CPU and may be read by the host processor. RXDF is set when the HTX is 
transferred to the receive byte registers. RXDF is cleared when the receive data low (RXL) 
register is read by the host processor. RXL is normally the last byte of the receive byte reg
isters to be read by the host processor. RXDF can be cleared by the host processor using 
the initialize function. RXDF may be used to assert the HREQ signal if the RREQ bit is set. 
Regardless of whether the RXDF interrupt is enabled, RXDF provides valid status so that 
polling techniques may be used by the host processor. DSP hardware, software, individual, 
and STOP resets clear RXDF. 

11.2.3.3.2 ISR Transmit Data Register Empty (TXDE) Bit 1 

The TXDE bit indicates that the transmit byte registers (TXH, TXM, and TXL) are empty and 
can be written by the host processor. TXDE is set when the transmit byte registers are trans
ferred to the HRX register. TXDE is cleared when the transmit byte low (TXL) register is writ
ten by the host processor. TXL is normally the last byte of the transmit byte registers to be 
written by the host processor. TXDE can be set by the host processor using the initialize fea
ture. TXDE may be used to assert the HREQ signal if. the TREQ bit is set. Regardless of 
whether the TXDE interrupt is enabled, TXDE provides valid status so that polling tech-
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niques may be used by the host processor. DSP hardware, software, individual, and STOP 
resets set TXDE. 

11.2.3.3.3 ISR Transmitter Ready (TROY) Bit 2 
The TRDY status bit indicates that both the TXH, TXM, TXL and the HRX registers are emp
ty. 

TRDY=TXDE. HRDF 

When TRDY is set to one, the data that the host processor writes to TXH,TXM, and TXL will 
be immediately transferred to the DSP CPU side of the HI. This has many applications. For 
example, if the host processor issues a host command which causes the DSP CPU to read 
the HRX, the host processor can be guaranteed that the data it just transferred to the HI is 
what is being received by the DSP CPU. 

DSP hardware, software, individual, and STOP resets set TRDY. 

11.2.3.3.4 ISR Host Flag 2 (HF2) Bit 3 
The HF2 bit in the ISR indicates the state of host flag 2 in the HCR on the CPU side. HF2 
can only be changed by the DSP (see Figure 11-3). HF2 is cleared by a DSP hardware or 
software reset. 

11.2.3.3.5 ISR Host Flag 3 (HF3) Bit 4 
The HF3 bit in the ISR indicates the state of host flag 3 in the HCR on the CPU side. HF3 
can only be changed by the DSP (see Figure 11-3). HF3 is cleared by a DSP hardware or 
software reset. 

11.2.3.3.6 ISR Reserved Bit (Bit 5) 
This status bit is reserved for future expansion and will read as zero during host processor 
read operations. 

11.2.3.3.7ISR OMA Status (OMA) Bit 6 
The DMA status bit indicates that the host processor has enabled the DMA mode of the HI 
(HM1 or HMO=1). When the DMA status bit is clear, it indicates that the DMA mode is dis
abled (HMO=HM1=O) and no DMA operations are pending. When DMA is set, it indicates 
that the DMA mode is enabled and the host processor should not use the active DMA chan
nel (RXH, RXM, RXL or TXH, TXM, TXL depending on DMA direction) to avoid conflicts with 
the DMA data transfers. The channel not in use can be used for polled operation by the host 
and operates in the interrupt mode for internal DSP exceptions or polling. DSP hardware, 
software, individual, and STOP resets clear the DMA status bit. 

11.2.3.3.8 ISR Host Request (HREQ) Bit 7 
The HREQ bit indicates the status of the host request output signal (HREQ). When the 
HREQ status bit is cleared, it indicates that the HREQ signal is deasserted and no host pro
cessor interrupts or DMA transfers are being requested. When the HREQ status bit is set, it 
indicates that the HREQ signal is asserted, indicating that the DSP is interrupting the host 
processor or that a DMA transfer request is occurring. The HREQ interrupt request may orig-
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inate from either or both of two sources - the receive byte registers are full or the transmit 
byte registers are empty. These conditions are indicated by the ISR RXDF and TXDE status 
bits, respectively. If the interrupt source has been enabled by the associated request enable 
bit in the ICR, HREQ will be set if one or more of the two enabled interrupt sources is set. 
DSP hardware, software, individual, and STOP resets clear HREQ. 

11.2.3.4 INTERRUPT VECTOR REGISTER (IVR) 

The IVR is an 8-bit read/write register which typically contains the exception vector number 
used with 68000 vectored interrupts. Only the host processor can read and write this regis
ter. The contents of IVR are placed on the host data bus (Ho-H7) when both the HREQ and 
HACK signals are asserted and the DMA mode is disabled. The contents of this register are 
initialized to $OF by a DSP hardware or software reset, which corresponds to the uninitial
ized exception vector in the 68000. 

11.2.3.5 RECEIVE BYTE REGISTERS (RXH, RXM, RXL) 

The receive byte registers are viewed as three 8-bit read-only registers by the host proces
sor. These registers are called receive high (RXH), receive middle (RXM), and receive low 
(RXL). These three registers receive data from the high byte, middle byte, and low byte, re
spectively, of the HTX register and are selected by three external host address inputs (HA2, 
HA 1, and HAD) during a host processor read operation or by an on-chip address counter in 
DMA operations. The receive byte registers (at least RXL) contain valid data when the re
ceive data register full (RXDF) bit is set. The host processor may program the RREQ bit to 
assert the HREQ signal when RXDF is set. This informs the host processor or DMA control
ler that the receive byte registers are full. These registers may be read in any order to trans
fer 8-, 16-, or 24-bit data. However, reading RXL clears the receive data full RXDF bit. 
Because reading RXL clears the RXDF status bit, it is normally the last register read during 
a 16- or 24-bit data transfer. Reset does not affect RXH, RXM, or RXL. 

11.2.3.6 TRANSMIT BYTE REGISTERS (TXH, TXM, TXL) 

The transmit byte registers are viewed as three 8-bit write-only registers by the host proces
sor. These registers are called transmit high (TXH), transmit middle (TXM), and transmit low 
(TXL). These three registers send data to the high byte, middle byte, and low byte, respec
tively, of the HRX register and are selected by three external host address inputs (HA2, HA 1, 
and HAD) during a host processor write operation. Data may be written into the transmit byte 
registers when the transmit data register empty (TXDE) bit is set. The host processor may 
program the TREQ bit to assert the HREQ signal when TXDE is set. This informs the host 
processor or DMA controller that the transmit byte registers are empty. These registers may 
be written in any order to transfer 8-, 16-, or 24-bit data. However, writing TXL clears the 
TXDE bit. Because writing the TXL register clears the TXDE status bit, TXL is normally the 
last register written during a 16- or 24-bit data transfer. The transmit byte registers are trans
ferred as 24-bit data to the HRX register when both TXDE and the HRDF bit are cleared. 
This transfer operation sets TXDE and HRDF. Reset does not affect TXH, TXM, or TXL. 

11.2.3.7 REGISTERS AFTER RESET 

Table 11-5 shows the result of four kinds of reset on bits in each of the HI registers seen by 
the host processor. The hardware reset is caused by asserting the DRESET pin; the soft
ware reset is caused by executing the RESET instruction; the individual reset is caused by 
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clearing the PBC register bit 0; and the stop reset is caused by executing the STOP instruc
tion. 

11.2.4 Servicing the Host Interface 

The HI can be serviced by using one of the following protocols: 

1. Polling, or 

2. Interrupts, which can be either 

a. non-DMA or 

b. DMA. 

Table 11-5. Host Registers after DSP Reset (Host Side) 

Reset Type 
Register Register 

Name Data HW SW IR ST 

Reset Reset Reset Reset 

INIT 0 0 0 0 

HM (1 - 0) 0 0 0 0 

leR TREQ 0 0 0 0 

RREQ 0 0 0 0 

HF (1 - 0) 0 0 0 0 

He 0 0 0 0 
eVR 

HV (5 - 0) $12 $12 $12 $12 

HREQ 0 0 0 0 

DMA 0 0 0 0 

HF (3 - 2) 0 0 - -
ISR 

TRDY 1 1 1 1 

TXDE 1 1 1 1 

RXDF 0 0 0 0 

IVR IV (7 - 0) $OF $OF - -

RXH (23 - 16) - - - -

RX RXM (15 - 8) - - - -

RXL (7 - 0) - - - -

TXH (23 - 21) - - - -
TX TXM (15 - 8) - - - -

TXL (7 - 0) - - - -

MOTOROLA MC68356 USER'S MANUAL 11-23 



• 

DSP Host Port 

From the host processor viewpoint, the service consists of making a data transfer since this 
is the only way to reset the appropriate status bits. 

11.2.4.1 HI HOST PROCESSOR DATA TRANSFER 

The HI looks like a static RAM location on the 68000 bus. Accordingly, in order to transfer 
data with the HI, the 68000: 

1. Asserts the HI address (HAO, HA 1, HA2) to select the register to be read or written. 
HAO-HA2 are connected as follows: 

HAO is connected to A 1 on the 68000 address bus. 

HA 1 is connected to A2 on the 68000 address bus. 

HA2 is connected to A3 on the 68000 address bus. 

NOTE 

Host side, host port registers are aligned on even address 
boundaries in the host (68000) memory space. 

2. Asserts RIW which is connected to HRIW, to select the direction of the data transfer; 

3. Strobes the data transfer using HEN which is connected to the host enable logic which 
provides the proper timing to access the host interface. All host port accesses are 
standard IMP internal register accesses. 

The specified timing relationships for IMP internal memory location accesses are given in 
Section 14 Electrical Characteristics . 

11.2.4.2 HI INTERRUPTS HOST REQUEST (HREQ) 

The host processor interrupts can be generated to the IMP IRQ inputs using internal selector 
logic. HREQ can optionally be connected to one of the IMP IRQ signals (1,6, or 7) by setting 
the HRE bit in the HCOR and setting the HRC bits appropriately. The 68000 acknowledges 
host interrupts by executing an interrupt service routine. The most significant bit (HREQ) of 
the host port ISR register may be tested by the host processor to determine if the DSP is the 
interrupting device and the two least significant bits (RXDF and TXDE) may be tested to de
termine the interrupt source (see Figure 11-9). The host processor interrupt service routine 
must read or write the appropriate HI register to clear the interrupt. HREQ is deasserted 
when 1) the enabled request is cleared or masked, 2) DMA HACK is asserted, or 3) the DSP 
is reset. 

11.2.4.3 POLLING 
In the polling mode of operation, the HREQ should not be connected to the host processor 
and HACK must be deasserted to ensure DMA data or IVR data is not being output on HO
H7 when other registers are being polled. This is done by setting both the HRE and HACKE 
bits in the HCOR to zero. 

The host processor first performs a data read transfer to read the ISR (see Figure 11-9) to 
determine, whether: 

1. RXDF=1, signifying the receive data register is full and therefore a data read should 
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be performed 

2. TXDE=1, signifying the transmit data register is empty so that a data write can be per
formed 

3. TRDY=1, signifying the transmit data register is empty and that the receive data reg
ister on the DSP CPU side is also empty so that the data written by the host processor 
will be transferred directly to the DSP side 

4. HF2. HF3::j:. 0, signifying an application-specific state within the DSP CPU has been 
reached, which requires action on the part of the host processor 

Generally, after the appropriate data transfer has been made, the corresponding status bit 
will toggle. 

If the host processor has issued a command to the DSP by writing the CVR and setting the 
HC bit, it can read the HC bit in the CVR to determine when the command has been accept
ed by the interrupt controller in the DSP's central processing module. When the command 
has been accepted for execution, the interrupt controller will reset the HC bit. 

7 

EXCEPTION SOURCE 

ICR 

MASK 

Figure 11-9. HI Interrupt Structure 

11.2.4.4 SERVICING NON-OMA INTERRUPTS 

When HMO=HM1=0 (non-DMA) and HREQ is connected to the host processor interrupt in
put, the HI can request service from the host processor by asserting HREQ. HREQ can be 
connected internally to one of the IMP IRQ inputs (1, 6, or 7) by setting the HRE bit in the 
HCOR and setting the HRC bits appropriately. In the non-DMA mode, HREQ will be assert
ed when TXDE=1 and/or RXDF=1 and the corresponding mask bit (TREQ or RREQ, re
spectively) is set. This is depicted in Figure 11-9. 

Generally, servicing the interrupt starts with reading the ISR, as described in the previous 
section on polling, to determine if the DSP has generated the interrupt and why. When mul
tiple DSPs occur in a system, the HREQ bit in the ISR will normally be read first to determine 
the interrupting device. The host processor interrupt service routine must read or write the 
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STEP 1 
THE DSP CPU INITIALIZES THE DSP SIDE OF 
THE HI BY WRITING: 
1) PBC AT X:$FFEO 
2)HCR AT X:$FFE8 AND 

1 
STEP 2 

THE HOST PROCESOR INITIALIZES THE 
HOST SIDE OF THE HI BY WRITING 
1 )HBAR WITH THE HI BASE ADDRESS 
2)HCOR WITH THE HI INTERFACE METHOD: 
3) ICR AT HBAR+$1 AND/OR 
4) CVR AT HBAR+$3 AND/OR 
5)IVR AT HBAR+$7 

Figure 11-10. HI Initialization Flowchart 

appropriate HI register to clear the interrupt. HREQ is deasserted when the enabled request 
is cleared or masked. 

Servicing the interrupt will start by asserting HREQ to interrupt the processor (see Figure 
11-9). The host processor then acknowledges the interrupt by asserting HACK. While 
HREQ and HACK are simultaneously asserted, the contents of the IVR are placed on the 
host data bus. This vector will tell the host processor which routine to use to service the 
HREQ interrupt. 

11.2.4.5 SERVICING DMA INTERRUPTS 

When HMO:;t:O and/or HM1:;t:0, HREQ will be asserted to request a DMA transfer. The HREQ 
should be connected to the DREQ input of the IMP IDMA controller by setting up the HCOR 
register appropriately. The HAO-2, HEN, and HRIW signals are not used during DMA trans
fers; DMA transfers only use the HREQ and HACK signals after the DMA channel has been 
initialized. HACK is used to strobe the data transfer. DMA transfers to and from the HI are 
considered in more detail in 11.2.5 HI Application Examples. 

11.2.5 HI Application Examples 

The following paragraphs describe examples of initializing the HI, transferring data with the 
HI, bootstrapping via the HI, and performing DMA transfers through the HI. 

11.2.5.1 HI INITIALIZATION 

Initializing the HI takes two steps (see Figure 11-10). The first step is to initialize the DSP 
side of the HI, which requires that the options for interrupts and flags be selected and then 
the HI be selected (see Figure 11-11). The second step is for the host processor to clear the 
HC bit by writing the CVR, select the data transfer method - polling, interrupts, or DMA (see 
Figure 11-15 and Figure 11-16), and write the IVR if it is desired to have the host port provide 
the interrupt vector. Figure 11-10 through Figure 11-18 provide a general description of how 
to initialize the HI. Later paragraphs in this section provide more detailed descriptions for 
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DSP Host Port 

STEP 1 OF HOST PORT CONFIGURATION 

1. ENABLEIDISABLE 
HOST RECEIVE DATA FULL INTERRUPT ---------, 
ENABLE INTERRUPT: BIT 0 = 1 
DISABLE INTERRUPT: BIT 0 = 0 

2, ENABLE/DISABLE 
HOST TRANSMIT DATA EMPTY INTERRUPT -------, 
ENABLE INTERRUPT: BIT 1 = 1 
DISABLE INTERRUPT: BIT 1 = 0 

3. ENABLE/DISABLE 
HOST COMMAND PENDING INTERRUPT -----, 
ENABLE INTERRUPT: BIT 2 = 1 
DISABLE INTERRUPT: BIT 2 = 0 

4. SET/CLEAR 
HOST FLAG 2 (OPTIONAL) -------. 
ENABLE FLAG: BIT 3 = 1 
DISABLE FLAG: BIT 3 = 0 

5. SET/CLEAR 

DISABLE FLAG: BIT 4 = 0 

HOST FLAG 3 (OPTIONAL) j 
ENABLE FLAG: BIT 4 = 1 

7 6 5 4 

X:$FFESI *** I HF3 I 
3 2 1 0 

HF2 I HCIE I HTIE I HRIE I HOST CONTROL REGISTER (HCR) 
(READiWRITE) 

6. SELECT PORT B FOR HOST PORT OPERATION: 

X:$FFEO • 

* Reserved; write as zero. 

NOTE: The host flags are general-purpose semaphores. They are not required for host port operation 
but may be used in some applications. 

Figure 11-11. Hllnitialization-DSP Side 

specific examples.These subsections include some code fragments illustrating how to ini
tialize and transfer data using the HI. 

11.2.5.2 POLLING/INTERRUPT CONTROLLED DATA TRANSFER 

Handshake flags are provided for polled or interrupt-driven data transfers. Because the DSP 
interrupt response is sufficiently fast, the host should be able to load and store data at the 
maximum programmed I/O (non-DMA) instruction rate without testing the handshake flags 
for each transfer. If the full handshake is not needed, the host processor can treat the DSP 
as fast memory, and data can be transferred between the host and DSP at the fastest host 
processor rate. The IDMA may be used to transfer data at the maximum DSP interrupt rate. 
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DSP Host Port 

STEP 2 OF HOST PORT CONFIGURATION 

1. CLEAR HOST COMMAND BIT (HC): 

BIT?= 0 

? 6 5 o 
HC I * I HV I COMMAND VECTOR REGISTER (CVR) Lo..-_.&....-_.&.-. ______ -r-____ ---I (READIWRITE) 

"Reserved; write as zero. 

2. OPTION 1: SELECT HOST VECTOR (HV) -_.-....I 

(OPTIONAL SINCE HV CAN BE SET ANY TIME BEFORE THE HOST COMMAND IS EXECUTED. DSP INTERRUPT VECTOR = THE HOST 
VECTOR MULTIPLIED BY 2. DEFAULT (UPON DSP RESET): HV = $12 => DSP INTERRUPT VECTOR $0024 

Figure 11-12. HI Configuration-Host Side 

STEP 2 OF HOST PORT CONFIGURATION 

2. OPTION 2: SELECT POLLING MODE FOR HOST TO DSP COMMUNICATION 

INITIALIZE DSP 
AND HOST PORT 

_ _"'__ ! ~TrL ~ 
DISABLE INTERRUPTS 

BITO = 0 
BIT1 =0 

765432 ° 
Lo.l _'N_'T--'oooI_H_M_1...LI_H_M_o ..... I_H_F1_ILo..-H_Fo--'-I_* --'ooo1_TR_E_Q...LI_R_RE_Q ..... 1 ~~~~~~~~~~NTROL REGISTER (ICR) 

"Reserved; write as zero. 

Figure 11-13. HI Initialization-Host Side, Polling 

11.2.5.2.1 Host to DSP - Data Transfer 
Figure 11-16 shows the bits in the ISR and ICR registers used by the host processor and 
the bits in the HSR and HCR registers used by the DSP to transfer data from the host pro
cessor to the DSP. The registers shown are the status register and control register as they 
are seen by the host processor, and the status register and control register as they are seen 
by the DSP. Only the registers used to transmit data from the host processor to the DSP are 
described. Figure 11-17 illustrates the process of that data transfer. The steps in Figure 11-
17 can be summarized as follows: 

1. When the TXDE bit in the ISR is set, it indicates that the HI is ready to receive a data 
byte from the host processor because the transmit byte registers (TXH, TXM, TXL) are 
empty. 

2. The host processor can poll as shown in this step. 
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DSP Host Port 

STEP 2 OF HOST PORT CONFIGURATION 

2. OPTION 3: SELECT INTERRUPT MODE FOR 

DSPTO HOST 

OR 

HOST TO DSP 

OR 

DSPTOHOST 
AND 

HOSTTODSP 

ENABLE 
RECEIVE DATA FULL INTERRUPT 

BITO= 1 
BIT 1 =0 

I 
ENABLE 

TRANSMIT DATA EMPTY INTERRUPT 
BIT 0 = 0 
BIT1 = 1 

I 
ENABLE 

RECEIVE DATA FULL INTERRUPT AND 
TRANSMIT DATA EMPTY INTERRUPT 

______ ~ OPTAL ~ ~ 
BITO= 1 
BIT 1 = 1 

7 6 5 4 3 2 0 

IINIT I HM1 I HMO I HF1 I HFO I I TREQ I RREQ I ~~~;~~=~~~NTROLREGISTER (ICR) 

2. OPTION 4: LOAD HOST INTERRUPT VECTOR IF USING THE INTERRUPT MODE AND THE HOST PROCESSOR REQUIRES AN 
INTERRUPT VECTOR. 

7 6 5 4 3 2 o 

IV7 IV6 IV5 IV4 I IV3 IV2 IV1 IVO I INTERRUPT VECTOR REGISTER (IVR) 
L...-_..L.-_..L-_ ......... _-'-_--L.._---L._--L._----I. (READIWRITE) 

'Reserved; write as zero. 

"See Figure 10 - 23. 

Figure 11-14. HI Initialization-Host Side, Interrupt Mode 

3. Alternatively, the host processor can use interrupts to determine the status of this bit. 
The HCOR register must be programmed for interrupt driven operation. Setting the 
TREQ bit in the ICR causes the HREQ to interrupt the host processor when TXDE is 
set. 

4. Once the TXDE bit is set, the host can write data to the HI. It does this by writing three 
bytes to TXH, TXM, and TXL, respectively, or two bytes to TXM and TXL, respectively, 
or one byte to TXL. 

5. Writing data to TXL clears TXDE in the ISR. 

6. From the DSP's viewpoint, the HRDF bit (when set) in the HSR indicates that data is 
waiting in the HI for the DSP. 

7. When the DSP reads the HRX, the HRDF bit is automatically cleared and TXDE in the 
ISR is set. 

8. When TXDE=O and HRDF=O, data is automatically transferred from TBR to HRX 
which sets HRDF. 

9. The DSP can poll HRDF to see when data has arrived, or it can use interrupts. 

1 O.lf HRIE (in the HCR) and HRDF are set, exception processing is started using interrupt 
vector P:$0020. 
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DSP Host Port 

STEP 2 OF HOST PORT CONFIGURATION 

2. OPTION 5: SELECT DMA MODE FOR 

INITIALIZE DSP 
INITIALIZE HI" 

BIT7= 1 

OR '---_----I 

____ ~oPT~~ 

DSPTOH OST 

OR 

HOST TO DSP 

r 

ENABLE 
RECEIVE DATA FULL INTERRUPT 

BIT 0 = 1 
BIT 1 =0 

I 
ENABLE 

TRANSMIT DATA EMPTY INTERRUPT 
BIT 0 = 0 
BIT1 =1 

I 

"' 765432 ° 
ILo...-IN_IT ____ 1 _HM_1_ILo...-HM_O---'-I_H_F1 ..... IL.....-H F_o ..... IL.....-*--iI_T_RE_Q.....II_R_RE_Q ...... 1 ~~~~~~=~~~NTROL REGISTER (ICR) 

*Reserved; write as zero. 

**See Figure 11-16 .. 

Figure 11-15. (HI Initialization-Host Side, DMA Mode 

In the code shown in Figure 11-23, the MAIN PROGRAM initializes the HI and then hangs 
in a wait loop while it allows interrupts to transfer data from the host processor to the DSP. 
The first three MOVEP instructions enable the HI and configure the interrupts. The following 
MOVE enables the interrupts (this should always be done after the interrupt programs and 
hardware are completely initialized) and prepares the DSP CPU to look for the host flag, 
HFO=1. The JCLR instruction is a polling loop that looks for HFO=1, which indicates that the 
host processor is ready. When the host processor is ready to transfer data to the DSP, the 
DSP enables HRIE inthe HCR, which allows the interrupt routine to receive data from the 
host processor. The jump-to-self instruction that follows is for test purposes only, it can be 
replaced by any other code in normal operation. 

The receive routine in Figure 11-22 was implemented as a long interrupt (the instruction at 
the interrupt vector location, which is not shown, is a JSR). Since there is only one instruc
tion, this could have been implemented as a fast interrupt. The MOVEP instruction moves 
data from the HI to a buffer area in memory and increments the buffer pointer so that the 
next word received will be put in the next sequential location. 

11.2.5.2.2 Host to DSP - Command Vector 

The host processor can cause three types of interrupts in the DSP (see Figure 11-19). 
These are host receive data (P:$0020), host transmit data (P:$0022), and host command 
(P:$0024 - P:$007E). The host command (HC) can be used to control the DSP by forcing it 
to execute any of 45 subroutines that can be used to run tests, transfer data, process data, 
etc. In addition, the HC can cause any of the other 19 interrupt routines in the DSP to be 
executed. 

The process to execute a HC (see Figure 11-20) is as follows: 
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HOST • DSP 

7 0 7 o 
...-----r---r-~-~-~-_r_-r__......., NTERRUPTSTA1US HOST STATUS 

I HREa I OMA I 0 I HF31 HF2 ITROY I I TXOE I ~~~~ER) X:$FFE9 I OMA I 0 0 I HF1 I HFO I HCP I HTDE I HROF I ~:~~~~~SR) 
TXDE - TRANSMIT DATA REGISTER EMPTY 

1 = INDICATES THE TRANSMIT BYTE REGISTERS (TXH, TXM, TXL) ARE EMPTY. 
o = CLEARED BY WRITING TO TXL; TXDE CAN BE USED TO ASSERT THE 
~PIN. 

TRDY - TRANSMITTER READY = TXDE • RRi5F 
1 = BOTH THE TRANSMIT BYTE REGISTERS AND THE HOST RECEIVE DATA 

REGISTERS ARE EMPTY. 
o = ONE OR BOTH REGISTERS ARE FULL. 

MODES 

HRDF - HOST RECEIVE DATA FULL 
1 = THE HOST RECEIVE REGISTER (HRX) CONTAINS DATA FROM THE 

HOST PROCESSOR. 
o = HRX IS EMPTY. 

DMA -INDICATES THE HOST PROCESSOR HAS ENABLED THE DMA MODE 
1 =DMAON. 
0= HOST MODE. 

~ 0 7 0 
~--~--~----r---~--~----r-~~~-'~~ HOST CONTROL 

IINIT I H~1 I H~O I HF1 I HFO 0 ITREa \RREa \ =~) X:$FFE8 0 0 0 HF31 HF2 \ HCIE \ HTIE \ HRIE \ ~:~~~:li~~R) 

0 0 Interrupt Mode (DMA Off) 

0 1 24 Bit DMA Mode 

1 0 16 Bit DMA Mode 

1 1 8 Bit DMA Mode 

TREQ - TRANSMIT REQUEST ENABLE 
USED TO ENABLE INTERRUPTS THAT COME FROM TXDE TO THE HOST 
VIA THE HREQ PIN. 
1 = TXDE INTERRUPTS PASS TO HREQ. 
0= TXDE INTERRUPTS ARE MASKED. 

HRIE - HOST RECEIVE INTERRUPT ENABLE 
ENABLES INTERRUPT AT P:$0020 

DSP INTERRUPT IS CAUSED BY HRDF = 1 
1 = INTERRUPT P:$0020 ENABLED. 
0= INTERRUPT P:$0020 DISABLED. 

Figure 11-16. Bits Used for Host-to-DSP Transfer 
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" VIEW FROM HOST 

1. WHEN TXDE = 1, TDR IS EMPTY. 

I HREQ I DMA I 0 I HF3 I HF2 I TROY I . u 1 I RXDF I :ro:TUS 
TXDEJ 

TRANSMIT DATA REGISTER EMPTY 

2. HOST MAY POLL TXDE. 

VIEW FROM DSP 

6. IF DSP 2 HAS OLD DATA IN HRX, THEN HRDF = 1. 

7. WHEN DSP READS HRX, THEN HRDF = O. 

7 

X:$FFE9 0 0 0 I HF1 I HFO I HCP I HTDE I 0 I ~~~~S~~~~~R) 
DMA ~ 

HRDF 
HOST RECEIVE DATA FULL 

INIT 0 0 HF1 HFO 0 I I RREa] ~~ 
HM1 HMO J 

TREQ 8. WHEN TXDE = 0 AND HRDF = 0, THEN TRANSFER OCCURS. 

TRANSMIT REQUEST ENABLE 23 .-------,--------r-------. HOST RECEIVE 

3.IFTREQ = 1, THENR"Firn IS ASSERTED TO INTERRUPT HOST. X:$FFEB HIGH BYTE MIDDLE BYTE LOW BYTE I DATA 

I HREQ I . ~ 
PIN '---

4. HOST WRITES DATA TO TRANSMIT BYTE REGISTERS. 

5. WRITE TO TXL CLEARS TXDE IN ISR. 

7 

LAST WRITE + 

TRANSFER ~;: } ------.....1 
TXL 

TRANSMIT BYTE 
REGISTERS (TBR) 

. REGISTER (HRX) 

9. THE TRANSFER SETS HRDF FOR THE DSP TO POLL. 

I I I I I HOST CONTROL 
X:$FFE8 I 0 I 0 0 I HF3 HF2 HCIE HTIE 1 REGISTER (HCR) 

HRIE] 
..----------- HOST RECEIVE INTERRUPT ENABLE 

10. IF HRDF = 1 AND INTERRUPTS ARE ENABLED, THEN EXCEPTION 
PROCESSING BEGINS. 

r: 
P:$0020 b ---, 

HOST RECEIVE DATA VECTOR ~ 

FAST INTERRUPT 
OR 

LONG INTERRUPT 

~ 

Figure 11-17. Data Transfer from Host to DSP 
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DSP Host Port 

MODES 

7~ o 
HOST SETS INIT BIT + I INIT I HM1 I HMO I HF1 I HFO I 0 I TREQ I RREQ I INTERRUPT CONTROL REGISTER (ICR) 

(READIWRITE) 

- 0 0 Interrupt Mode (DMA Off) RESET CONDITION 

0 1 24 Bit DMA Mode } 1 0 16 Bit DMA Mode 

1 1 8 Bit DMA Mode 

INTERRUPT MODE (DMA OFF) DMAMODE 

TREQ RREQ INIT Execution TREQ RREQ INIT Execution 

0 0 INIT: 0; Address Counter: 00 0 0 INIT: 0; Address Counter: HM1, HMO 

0 1 

1 0 

1 1 

INIT: 0; RXDF : 0; HTDE : 1; 0 1 INIT: 0; RXDF : 0; HTDE : 1; 

Address Counter: 00 Address Counter: HM1, HMO 

INIT: 0; TXDE : 1; HRDF: 0; 1 0 INIT: 0; TXDE : 1; HRDF: 0; 

Address Counter: 00 Address Counter: HM1, HMO 

INIT: 0; RXDF : 0; HTDE : 1: TXDE : 1; 1 1 Undefined (Illegal) 

H RDF : 0; Address Counter: 00 

INIT is used by the HOST to force initialization of the HI hardware. 
The HI hardware automatically clears INIT when the command is executed . 
INIT is cleared by DSP RESET. 

Figure 11-18. Host Mode and INIT Bits 

1. The host processor writes the CVR with the desired HV (the HV is the DSP's interrupt 
vector (IV) location divided by two - i.e. if HV=$12, IV=$24). 

2. The HC is then set. 

3. The HCP bit in the HSR is set when HC is set. 

4. If the HCIE bit in the HCR has been set by the DSP, the HC exception processing will 
start. The HV is multiplied by 2 and the result is used by the DSP as the interrupt vec
tor. 

5. When the HC exception is acknowledged, the HC bit (and therefore the HCP bit) is 
cleared by the HC logic. HC can be read by the host processor as a status bit to de
termine when the command is accepted. Similarly, the HCP bit can be read by the 
DSP CPU to determine if an HC is pending. 

To guarantee a stable interrupt vector, write HV only when HC is clear. The HC bit and HV 
can be written simultaneously. The host processor can clear the HC bit to cancel a host com
mand at any time before the DSP exception is accepted. Although the HV can be pro
grammed to any exception vector, it is not recommended that HV=O (RESET) be used 
because it does not reset the DSP hardware. DMA must be disabled to use the host excep
tion. 
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DSP Host Port 

EXCEPTION 
STARTING 
ADDRESS 

PROGRAM MEMORY SPACE 

EXCEPTION SOURCE 

$0000 HARDWARE~ 

$0002 STACK ERROR 

$0004 TRACE 

$0006 SWI (SOFTWARE INTERRUPT) 

$0008 ~EXTERNALHARDWAREINTERRUPT 

$OOOA IROB EXTERNAL HARDWARE INTERRUPT 

$OOOC SSI RECEIVE DATA 

$OOOE SSI RECEIVE DATA WITH EXCEPTION STATUS 

$0010 SSI TRANSMIT DATA 

$0012 SSI TRANSMIT DATA WITH EXCEPTION STATUS 

$0014 SCI RECEIVE DATA 

$0016 SCI RECEIVE DATA WITH EXCEPTION STATUS 

$0018 SCI TRANSMIT DATA 

$001A SCI IDLE LINE 

$001C SCI TIMER 

$001E RESERVED 

$0020 HOST RECEIVE DATA 

$0022 HOST TRANSMIT DATA 

$0024 HOST COMMAND (DEFAULT) 

$0026 AVAILABLE FOR HOST COMMAND 

$0028 AVAILABLE FOR HOST COMMAND 

• 
• 
• 

$003C AVAILABLE FOR HOST COMMAND 

$003E ILLEGAL INSTRUCTION 

$0040 AVAILABLE FOR HOST COMMAND 

$0042 AVAILABLE FOR HOST COMMAND 

• • • 
$007E AVAILABLE FOR HOST COMMAND 

~ 

TWO WORDS PER VECTOR EXTERNAL INTERRUPTS 

f f t 
INTERNAL 

I 
INTERRUPTS 

i 
EXTERNAL 

INTERRUPTS 

t 
SYNCHRONOUS 

SERIAL 
INTERFACE 

INTERNAL 
INTERRUPTS 

SERIAL 
COMMUNICATIONS 

INTERFACE 

HOST INTERNAL 
INTERFACE INTERRUPTS 

Figure 11-19. HI Exception Vector Locations 
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VIEW FROM HOST VIEW FROM DSP 

1. WRITE CVR WITH DESIRED HV. 3. HCP IS SET UNTIL EXCEPTION IS ACKNOWLEDGED. 

2. SETHC = 1. 

o HOST VECTOR (HV) ICOMMAND VECTOR X:$FFE9\ DMA \ 0 0 HF1 HFO I \ HTDE \ HRDF \ HOST STATUS 
~"""'_......L __ -:--__ ......:......::-______ .J.REGISTER (CVR) • . • . REGISTER (HSR) 

+ '-./ J 
HC "I $12 _ DEFAULT HCP 
HOST COMMAND HOST COMMAND PENDING 

4. HOST COMMAND IS MASKED UNTIL HCIE = 1. 

7 o 
X:$FFE8 r-- I rHF2T- I I I HOST CONTROL o 0 0 HF3 ~ 1 HTIE HRIE REGISTER (HCR) 

EXCEPTION VECTOR 
ADDRESS = HV x 2 

HCIEJ 
HOST COMMAND INTERRUPT ENABLE 

EXCEPTION VECTOR TABLE 

P10001 j 

5. WHEN THE HOST COMMAND EXCEPTION IS ACKNOWLEDGED, THE HC 
BIT IS CLEARED BY THE HOST COMMAND LOGIC. HC CAN BE READ AS 
A STATUS BIT. 

P:$0024 

P:$007E 

I COMMAND VECTOR 
HOST VECTOR (HV) REGISTER (CVR) 

HC - HOST COMMAND (STATUS) 

-
HOST COMMAND DEFAULT VECTOR 

AVAILABLE FOR HOST COMMAND 

-
AVAILABLE FOR HOST COMMAND 

AVAILABLE FOR HOST COMMAND 

FAST INTERRUPT 
OR 

LONG INTERRUPT 

Figure 11-20. Host Command 
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DSP Host Port 

HOST 
DATA 

31 24 

READ - 00000000 

23 16 15 

I HIGH 
J MIDDLE 

7 

8 7 

HOST 
TRANSMIT/RECEIVE 

BYTE REGISTERS 

00000000 

TXH/RXH 
HIGH BYTE 

TXM/RXM 
MIDDLE BYTE 

TXURXL 
LOW BYTE 

LOW 

0 

I. 
I- I--8-B" TRANSFER_ 

16-BITTRANSFER 

24-BIT TRANSFER 

32-BIT TRANSFER, LS 24 BITS ARE SIGNIFICANT 

NOTE: Access low byte last 

Figure 11-21. Transmit/Receive Byte Registers 

11.2.5.2.3 Host to DSP - Bootstrap Loading Using the HI 

HOST BYTE 
o ADDRESS 

ACCESS TO 
..-LOWBYTE 

INITIATES 
TRANSFER 

During the bootstrap program, the DSP looks at the MODC, MODB, and MODA bits. If the 
bits are set at 101 respectively, the DSP will load from the HI. Data is written by the host 
processor in a pattern of four bytes, with the high byte being a dummy and the low byte being 
the low byte of the DSP word (see Figure 11-21 and Figure 11-30). Figure 11-21 shows how 
an 8-,16-,24-, or 32-bit word in the host processor maps into the HI registers. The HI register 
at address $4 is not used and will read as zero. The low order byte (at $7) should always be 
written last since writing to it causes the HI to initiate the transfer of the word to the HRX. 
Data is then transferred from the HRX to the DSP program memory. If the host processor 
needs to terminate the bootstrap loading before 512 words have been downloaded, it can 
set the HFO bit in the ICR. The DSP will then terminate the download and start executing at 
location P:$OOOO. Since the DSP is typically faster than the host processor, handshaking 
during the data transfer is normally not required. 

The actual code used in the bootstrap program is given in Appendix C DSP Bootstrap Pro
gram. The portion of the code that loads from the HI is shown in Figure 11-24. The BSET 
instruction configures Port B as the HI and the first JCLR looks for a flag (HFO) to indicate 
an early termination of the download. The second JCLR instruction causes the DSP to wait 
for a complete word to be received and then a MOVEP moves the data from the HI to mem
ory. 
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DSP Host Port 

.************************************ 
; Receive from Host Interrupt Routine 
.************************************ 

RCV 

END 

MOVEP 
RTI 

X:HRX,X:(RO}+ ;Receive data. 

Figure 11-22. Receive Data from Host Interrupt Routine 

.**************************************** , 
; MAIN PROGRAM. receive data from host 
.**************************************** 

ORG 
MOVE 
MOVE 
MOVEP 
MOVEP 
MOVEP 
MOVE 
JCLR 
MOVEP 
JMP 

P:$40 
#O,RO 
#3,MO 
#1,X:PBC 
#O,X:HCR 
#$OCOO,X:IPR 
#O,SR 
#3,X:HSR,* 
#$1,X:HGR 
* 

;Turn on host port 
; Turn off XMT and RCV interrupts 
;Turn on host interrupt 
;Unmask interrupts 
;Wait for HFO (from host) set to 1 
;Enable host receive interrupt 
;Now wait for interrupt 

Figure 11-23. Receive Data from Host-Main Program 

.************************************************** , 
; This routine loads from the host interface. 
; MC:MB:MA=100 - reserved 
; MC:MB:MA=101 - host 

.************************************************* 

HOSTLD 

MOTOROLA 

BSET 
DO 
JCLR 
ENDDO 
JMP 

#O,X:PBC 
#512,_LOOP3 
#3,X:HSR,_LBLB 

;Configure Port B as host 
; Load 512 instruction words 
;If HFO=1, stop loading data. 
;Must terminate the DO loop 

JCLR #O,X:HSR,_LBLA ;Wait for HRDF to go high 
;(meaning data is present). 

MOVEP X:HRX,P:(RO}+ ;Store 24-bit data in P memory 
;and go get another 24-bit word. 

JMP <FINISH ;finish bootstrap 

Figure 11-24. Bootstrap Code Fragment 

MC68356 USER'S MANUAL 11-37 



DSP Host Port 

11.2.5.2.4 DSP to Host Data Transfer 
Data is transferred from the DSP to the host processor in a similar manner as from the host 
processor to the DSP. Figure 11-25 shows the bits in the status registers {lSR and HSR) 
and control registers {lCR and HCR) used by the host processor and DSP CPU, respective
ly. The DSP CPU (see Figure 11-26) can poll the HTDE bit in the HSR (1) to see when it can 
send data to the host, or it can use interrupts enabled by the HTIE bit in the HCR (2). If 
HTIE=1 and interrupts are enabled, exception processing begins at interrupt vector P:$0022 
(3). The interrupt routine should write data to the HTX (4), which will clear HTDE in the HSR. 
From the host's viewpoint, (5) reading the RXL clears RXDF in the ISR. When RXDF=O and 
HTDE=O (6) the contents of the HTX will be transferred to the receive byte registers 
(RXH:RXM:RXL). This transfer sets RXDF in the ISR (7), which the hosf processor can poll 
to see if data is available or, if the RREQ bit in the ICR is set, the HI will interrupt the host 
processor with HREQ. 

The code shown in Figure 11-27 is essentially the same as the MAIN PROGRAM in Figure 
11-23 except that, since this code will transmit instead of receive data, the HTIE bit is set in 
the HCR instead of the HRIE bit. The actual code used in the bootstrap program is given in 
Appendix C DSP Bootstrap Program. The portion of the code that loads from the HI is shown 
in Figure 11-24. The BSET instruction configures Port B as the HI and the first JCLR looks 
for a flag (HFO)to indicate an early termination of the download. The second JCLR instruc
tion causes the DSP to wait for a complete word to be received and then a MOVEP moves 
the data from the HI to memory. 

The transmit routine used by the code in Figure 11-27 is shown in Figure 11-28. The inter
rupt vector contains a JSR, which makes it a long interrupt. The code sends a fixed test pat
tern ($123456) and then resets the HI for the next interrupt. 

11.2.5.3 DMA DATA TRANSFER 
The DMA mode allows the transfer of 8-, 16-, or 24-bit data through the DSP HI under the 
control of the IDMA controller. The HI provides the pipeline data registers and the synchro
nization logic between the two asynchronous processor systems. The DSP host exceptions 
provide cycle-stealing data transfers with the DSP internal or external memory. This tech
nique allows the DSP memory address to be generated using any of the DSP addressing 
modes and modifiers. Queues and circular sample buffers are easily created for DMA trans
fer regions. The host exceptions can be programmed as high priority fast or long exception 
service routines. The external DMA controller provides the transfers between the DSP HI 
registers and the external DMA memory. The external DMA controller must provide the ad
dress to the external DMA memory; however, the address of the selected HI register is pro
vided by a DMA address counter in the HI. 

DMA transfers can only be in one direction at a time; however, the host processor can ac
cess any of the registers not in use during the DMA transfer by deasserting HACK and using 
HEN and HAO-HA2 to transfer data. The host can therefore transfer data in the other direc
tion during the DMA operation using polling techniques. 
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HOST ~. ____________________________________________________ __ 

DSP 

7 
~~ __ ~ __ ~ __ ~ __ ~~ __ ~ __ ~I~~~ARS 

$2 I HREa I DMA I 0 I HF3 I HF2 I TRDY I TXDE I RXDF I =~) 
RXDF - RECEIVE DATA REGISTER FULL 

1 = INDICATES THE RECIEVE BYTE REGISTERS (RXH, RXM, RXL) 
CONTAIN DATA FROM THE DSP. 

o = CLEARED BY READING RXL. 

MODES 

7 ~ 0 INTERRUPT 

$0 I INIT I HM1 I HMO I HF1 HFO 0 I TREa I RREa I ~~~~~(HCR) 
(READiWRITE) 

RREQ -RECEIVE REQUEST ENABLE (USED TO CONTROL THE ~ PIN) 
1 = ENABLE INTERRUPT REQUESTS CREATED BY RXDF. 
o = DISABLE INTERRUPT REQUESTS. 

r----r--~r_--,---~----~--_T----T_--~ HOSTSTATUS 
X:$FFE9 I DMA I 0 0 HF1 HFO I HCP I HTDE I HRDF I REGISTER (HSR) 

~--~.~--~--~----~--~.----~.----~.--~. (READONL~ 

HTDE - HOST TRANSMIT DATA EMPTY 
1 = HTX IS EMPTY AND CAN BE WRITIEN BY DSP. 
o = HTX IS FULL. 

o 
r----r--~r_--~--~----~--_T----__ --~ HOST CONTROL 

X:$FFE8 0 0 0 I HF3 I HF2 I HCIE I HTiE I HRIE I REGISTER (HCR) 
~ ____ --i~_"'."""_..I. __ "&. __ .L. __ .L. __ --I. (READIWRITE) 

HTIE - HOST TRANSMIT INTERRUPT ENABLE 
1 = ENABLE THE DSP INTERRUPT TO P:$0022. 
0= DISABLE THE DSP INTERRUPT TO P:$0022. 

DSP INTERRUPT IS CAUSED BY HTDE = 1 

Figure 11-25. Bits Used for DSP to Host Transfer 
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VIEW FROM HOST • VIEW FROM HOST 

5. READ OF RXL BY HOST CLEARS RXDF IN ISA. 

6. WHEN RXDF = 0 AND HTDE = 0, THEN TRANSFER OCCURS. 

7 o 

LASTREAD + :~: }~.-------------------------, 
Rn 

RECEIVE BYTE 
REGISTERS (RBR) 

7. THE TRANSFER SETS RXDF FOR THE HOST TO POLL. 

7 o 

I HREQI DMA I 0 I HF31 HF2 ITRDY I TXDE I I ~ 
REGISTER (ISR) 

IINIT I HM1 I HMO I HF1 I HFO I 0 I TREQ I I ~ 
REGISTER (lCR) 

S.IF RREQ = 1, THEN HREQ PIN IS ASSERTED TO INTERRUPT HOST. 

I H~I~ I =---L 

1. WHEN HTDE = 1, THEN HTX IS EMPTY. 

X:$FFE9IDMAlo r 0] HF1 IHFO -] HCP[ 1-J HRDF I ~~~~~~~R) 
HTDEJ 

HOST TRANSMIT DATA EMPTY 

2. DSP MAY POLL HTDE. 

X:$FFES r- oJo [0-( HF3 /HF2] HCIE TTl HRIE .] ~~~~~:~) 

HTIEJ 
.------ HOST TRANSMIT INTERRUPT ENABLE 

3.IF HTIE = 1, AND INTERRUPTS ARE ENABLED, THEN EXCEPTION 
PROCESSING BEGINS. 

P:$OOOOL J 
10---..... P,$OO22 [ HOST_N8MIT DATA VOCTOR d--

P:$007E [ AVAILABLE FOR HOST COMMAND J 
FAST INTERRUPT 

OR 
LONG INTERRUPT 

4. DSP WRITES DATA TO HTX, WHICH CLEARS HTDE IN HSA. 

23 ,..-_____ -,-_____ .....,... _____ --, HOST RECEIVE 

X:$FFEB HIGH BYTE MIDDLE BYTE LOW BYTE I DATA L..-_____ ........ _____ -L.. _____ --I. REGISTER (HSR) 

Figure 11-26. Data Transfer from DSP to Host 
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DSP Host Port 

.**************************************** , 

; MAIN PROGRAM ... transmit 24-bit data to host 

.**************************************** , 

ORG P:$40 

MOVEP #1,X:PBC 
MOVEP #$OCOO,X: I PR 
MOVEP #O,X:HCR 

MOVE #O,SR 
JCLR #3,X:HSR,* 

AND XO,A 

JEQ LOOP 

MOVEP #$2,X:HCR 

JMP * 

;Turn on host port 
;Turn on host interrupt 
;Turn off XMT and RCV interrupts 

;Unmask interrupts 
;Wait for HFO (from host) set to 1 

;Enable host transmit interrupt 

;Now wait for interrupt 

Figure 11-27. Main Program - Transmit 24-Bit Data to Host 

.*********************************** , 

;TRANSMIT to Host Interrupt Routine 

.************************************ , 

XMT MOVEP 
MOVEP 
RTI 

#$123456,X:HTX 
#O,X:HCR 

;Test value to transmit 
;Turn off XMT Interrupt 

Figure 11-28. Transmit to HI Routine 

11.2.5.3.1 Host To DSP Internal Processing 

The following procedure outlines the steps that the HI hardware takes to transfer DMA data 
from the host data bus to DSP memory (see Figure 11-29). 

1. HI asserts the HREQ when TXDE=1. 

2. DMA controller enables data on HO-H7 and asserts HACK. 

3. When HACK is asserted, the HI deasserts HREQ. 

4. When the DMA controller deasserts HACK, the data on HO-H7 is latched into the TXH, 
TXM, and TXL registers. 

5. If the byte register written was not TXL (Le., not $7) the DMA address counter internal 
to the HI increments and HREQ is again asserted. Steps 2-5 are then repeated. 
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HOST PROCESSOR 

1. PROGRAM DMA CONTROLLER. 
- START ADDRESS 
- BYTE COUNT 
- TRANSFER DIRECTION 
- START DMA CHANNEL 

2. INITIALIZE DSP HOST INTERFACE. 
- MODE 24 BIT DMA 
- HOSTTODSP 
- USE INIT BIT TO: 

SET TXDE 
CLEARHRDF 
LOAD DMA COUNTER 

" DMA CONTROLLER DSP 

70 
WRITEICR 

1 I 0 I 1 I HF1 I HFO I 0 I 1 I 0 I ~=~ 
~---'.i..--...-..L._---'-. _--&.. _--'-. _~. _-1.1-----1. REGISTER (ICR) 

IN IT HM1 HMO TREQ 

70 

3.TELLDSP ---------------------... X:$FFES r -<> -1- 0 -r 0 r HF3 I HF2 J HclE -I-HTIE [ 1- ) ~~~~~g~ 
- WHERE TO STORE DATA (i.e., PROGRAM 

ADDRESS REGISTER R7). 
- ENABLE INTERRUPT HRIE (CAN BE 

DONE WITH A HOST COMMAND). 

5. HOST IS FREE TO PERFORM 
OTHER TASKS (i.e., DSP TO HOST 
TRANSFER ON A POLLED BASIS). 

8. TERMINATE DMA CHANNEL. ... 111_---. 

9. TERMINATE DSP DMA MODE BY 
CLEARING HM 1, HMO, AND TREQ. 

4. ASSERT HREQ TO START DMA TRANSFER. 

6. DMA CONTROLLER PERFORMS WRIT~S. • 1 HREQ 1 
PIN 

011 TXH 1 

10 TXM 

11 TXL 

01 TXH 

10 TXM 

11 TXL 

01 1 TXH 
10 TXM 

11 

P:$OOOO l EXCEPTION VECTOR TABLE , 

::oJ 

P ..... [ HOST RECEIVE DATA VECTOR ~ 

P:$007E E AVAILABLE FOR HOST COMMAND l 

7. DMA CONTROLLER INTERRUPTS HOST 
WHEN TRANSFERS ARE DONE. 

FAST INTERRUPT 
OR 

LONG INTERRUPT 

Figure 11-29. Host-to-DSP DMA Procedure 
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DSP Host Port 

6. If TXL ($7) was written, TXDE will be set to zero and the address counter in the HI will 
be loaded with the contents of HM1 and HMO. When TXDE=O, the contents of 
TXH:TXM:TXL are transferred to HRX, provided HRDF=O. After the transfer to HRX, 
TXDE will be set to one, and HREQ will be asserted to start the transfer of another 
word from external memory to the HI. 

7. When the transfer to HRX occurs within the HI, HRDF is set to one. Assuming HRIE=1, 
a host receive exception will be generated. The exception routine must read the HRX 
to clear HRDF. 

NOTE 

The transfer of data from the TXH, TXM, TXL registers to the 
HRX register automatically loads the DMA address counter from 
the HM1 and HMO bits in the DMA host to DSP mode. This DMA 
address is used with the HI to place the received byte in the cor
rect register (TXH, TXM, or TXL). 

HOST 

INTERRUPT CONTROL REGISTER (lCR) 
(READJWRITE) 

SETTING HFO TERMINATES BOOTSTRAP LOADING AND STARTS 
EXECUTION AT LOCATION P:$OOOO. 

HOST ADDRESS 
WRITTEN 

4 (DUMMY) 
5 

CONTENTS LOADED 
TO INTERNAL PRAM AT: 

P:$OOOO HIGH BYTE 
P:$OOOO MID BYTE 
P:$OOOO LOW BYTE 

SET HFO FOR EARLY TERMINATION ----~. • 
4 (DUMMY) 
5 

• Because the DSP is so fast, host handshaking is generally not required. 

Figure 11-30. Bootstrap Using the HI 

P:$01FF HIGH BYTE 
P:$01FF MID BYTE 
P:$01FFLOW BYTE 

The interrupt rate is three times more frequent for 8-bit data transfers than for 24-bit trans
fers. TXL is always loaded last. 

11.2.5.3.2 Host to DSP DMA Procedure 
The following procedure outlines the typical steps that the host processor must take to setup 
and terminate a host-to-DSP DMA transfer (see Figure 11-29). 

1. Set up the external DMA controller (1) source address, byte count, direction, and other 
control registers. Enable the DMA controller channel. 

2. Set up the HCOR register setting the HRE and HACK bits to one and setting HRC=OO. 
Also, set up the HBAR register. 

3. Initialize the HI (2) by writing the ICR to select the word size (HMO and HM1), to select 
the direction (TREQ=1, RREQ=O), and to initialize the channel setting INIT =1 (see Fig
ure 11-31). 
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DSP Host Port 

MODES 

INTERRUPT CONTROL REGISTER (ICR) 
'--_a.....,r--'--......... i----.Ji----.J"------'"------'_---I (READJWRITE) 

~ 0 0 Interrupt Mode (DMA Off) i+-- RESET CONDITION 

0 1 24 Bit 0 MA Mode 

1 0 16 Bit DMA Mode 

1 1 8 Bit DMA Mode oJ 

INTERRUPT MODE (DMA OFF) DMAMODE 

TREQ RREQ HREQ PIN TRE RREQ 'R'R'EQ' PIN 
Q 

0 0 No Interrupts (Polling) 
0 0 NoDMA 

0 1 RXDF Request (Interrupt) 
0 1 DSP to Host Request (RX) 

1 0 XDE Request (Interrupt) 
1 0 Host to DSP Request (TX) 

1 1 XDF and TXDE Request (Interrupts) 

I 
1 1 Undefined (Illegal) 

7 I 0 
MEFlRLPTsrJmJS 

I HREQ I DMAO I HF3 I HF2 I TRDY TXDE I RXDF I I REGISTER (!SA) 

~ 
(READCX\ILY) 

0 
HOST STATUS 

X:$FFE9 I DMA I 0 I 0 I HF1 I HFO I HCP I HTDE I HRDF I ~E~~~~L~~SR) 

Figure 11-31. Host Bits with TREQ and RREQ 

4. The DSP's destination pointer (3) used in the DMA exception handler (an address reg
ister, for example) must be initialized and HRIE must be set to enable the HRDF inter
rupt to the DSP CPU. This procedure can be done with a separate host command 
exception routine in the DSP. HREQ will be asserted (4) immediately by the HI to begin 
the DMA transfer. 

5. Perform other tasks (5) while the DMA controller transfers data (6) until interrupted by 
the DMA controller DMA transfer complete interrupt (7). The DSP interrupt control reg
ister (lCR), the interrupt status register (lSR), and RXH, RXM, and RXL registers may 
be accessed at any time by the host processor but the TXH, TXM and TXL registers 
may not be accessed until the DMA mode is disabled. 

6. Terminate the DMA controller channel (8) to disable DMA transfers. 

7. Terminate the DSP HI DMA mode (9) in the ICR by clearing the HM1 and HMO bits 
and clearing TREQ. 
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IMPIDMA 
CONTROLLER 

24-BIT TRANSFER 
(INTERNAL COUNTER) 

16-BIT TRANSFER 
(INTERNAL COUNTER) 

8-BIT TRANSFER 
(INTERNAL COUNTER) 

FAST INTERRUPT ROUTINE 
P:$0020 MOVE X:$FFE8,A READ HRX 
P:$0021 MOVE A, Y:(R7)+ ;AND PUT INTO Y MEMORY 

Figure 11-32. DMA Transfer and Host Interrupts 

DSP Host Port 

HOST INTER
FACE 

The HREQ will be active immediately after initialization is completed (depending on hard
ware) because the data direction is host to DSP and TXH, TXM, and TXL registers are emp
ty. When the host writes data to TXH, TXM, and TXL, this data will be immediately 
transferred to HRX. If the DSP is to work in interrupt mode, HRIE must be enabled. 

11.2.5.3.3 DSP to Host Internal Processing 
The following procedure outlines the steps that the HI hardware takes to transfer DMA data 
from DSP memory to the host data bus. 

1. On the DSP side of the HI, a host transmit exception will be generated when HTDE=1 
and HTIE=1. The exception routine must write HTX, thereby setting HTDE=O_ 

2. If RXDF=O and HTDE=O, the contents of HTX will be automatically transferred to 
RXH:RXM:RXL, thereby setting RXDF=1 and HTDE=1. Since HTDE=1 again on the 
initial transfer, a second host transmit exception will be generated immediately, and 
HTX will be written, which will clear HTDE again. 

3. When RXDF is set to one, the HI's internal DMA address counter is loaded (from HM1 
and HMO) and HREQ is asserted. 

4. The DMA controller enables the data from the appropriate byte register onto HO-H7 by 
asserting 'RACK. When HACK is asserted, .~ is deasserted by the HI. 

5. The DMA controller latches the data presented on HO-H7 and deasserts HACK: If the 
byte register read was not RXL (Le., not $7), the HI's internal DMA counter increments, 
and HREQ is again asserted. Steps 3, 4, and 5 are repeated until RXL is read. 

6. If RXL was read, RXDF will be set to zero and, since HTDE=O, the contents of HTX 
will be automatically transferred to RXH:RXM:RXL, and RXFD will be set to one. Steps 
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DSP Host Port 

3,4, and S are repeated until RXL is read again. 

NOTE 

The transfer of data from the HTX register to the RXH:RXM:RXL 
registers automatically loads the DMA address counter from the 
HM1 and HMO bits when in the DMA DSP-HOST mode. This 
DMA address is used within the HI to place the appropriate byte 
on HO-H7. 

11.2.5.3.4 DSP to Host DMA Procedure 

The following procedure outlines the typical steps that the host processor must take to setup 
and terminate a DSP-to-host DMA transfer (see Figure 11-33). 

1. Set up the DMA controller (1) destination address, byte count, direction, and other con
trol registers. Enable the DMA controller channel. 

2. Set up the HCOR register setting the HRE and HACK bits to one and setting HRC=OO. 
Also, set up the HBAR register. 

3. Initialize the HI (2) by writing the ICR to select the word size (HMO and HM1), the di
rection (TREQ=O, RREQ=1), and setting INIT =1 (see Figure 11-33 for additional infor
mation on these bits). 

4. The DSP's source pointer (3) used in the DMA exception handler (an address register, 
for example) must be initialized, and HTIE must be set to enable the DSP host transmit 
interrupt. This could be done by the host processor with a host command exception 
routine. 

S. The DSP host transmit exception will be activated immediately after HTIE is set. The 
DSP CPU will move data to HTX. The HI circuitry will transfer the contents of HTX to 
RXH:RXM:RXL, setting RXDF which asserts HREQ. Asserting HREQ (4) starts the 
DMA transfer from RXH, RXM, and RXL to the host processor. 

6. Perform other tasks (S) while the DMA controller transfers data (6) until interrupted by 
the DMA controller DMA complete interrupt (7). The DSP interrupt control register 
(lCR), the interrupt status register (lSR), and TXH, TXM, and TXL may be accessed 
at any time by the host processor but the RXH, RXM and RXL registers may not be 
accessed until the DMA mode is disabled. 

7. Terminate the DMA controller channel (8) to disable DMA transfers. 

8. Terminate the DSP HI DMA mode (9) in the Interrupt Control Register (lCR) by clear
ing the HM1 and HMO bits and clearing RREQ. 

11.2.5.4 HOST PORT USAGE CONSIDERATIONS-HOST SIDE 

Synchronization is a common problem when two asynchronous systems are connected, and 
careful synchronization is required when reading mUlti-bit registers that are written byanoth-

, er asynchronous system. The considerations for proper operation are discussed below. 

1. Unsynchronized Reading of Receive Byte Registers: 
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HOST PROCESSOR 

1. PROGRAM DMA CONTROLLER. 
- START ADDRESS 
- BYTE COUNT 
- TRANSFER DIRECTION 
- START DMA CHANNEL 

2. INITIALIZE DSP HOST INTERFACE. 
- MODE 24 BIT DMA 
- HOSTTODSP 
- USE INIT BIT TO: 

CLEAR TXDE 
SET HRDF 
LOAD DMA COUNTER 

DMA CONTROLLER DSP 

WRITE ICR INTERRUPT 

1 0 I 1 I HF1 I HFO I 0 0 1 I CONTROL 
L...-_.l-_...L. _---1. __ ...... _--'-. _---'-_---'_----1. REGISTER (lCR) 

INIT HM1 HMO TREQ RREQ 

3. TELL DSP. I _ SOURCE POINTER ADDRESS X:$FFES 0 0 0 HF3 HF2 I HCIE I 1 I HTIE I HOST CONTROL 
_ ENABLE HTIE (CAN BE DONE ....... _--'-__ -'-_---IL..:.:..::--L..:..::..:..l . .:..:.:::~J.L.:.....l.. ~~. REGISTER (HCR) 

WITH A HOST COMMAND). HRIE 

5. HOST IS FREE TO PERFORM 
OTHER TASKS (Le., DSP TO HOST 
TRANSFER ON A POLLED BASIS). 

S. TERMINATE DMA CHANNEL. 

9. TERMINATE DSP DMA MODE BY 
CLEARING HM1, HMO, AND TREQ. 

4. ASSERT HREQ TO START DMA TRANSFER. 

6. DMA CONTROLLER PERFORMS R~ • I HREQ I 
011 RXH 1 ~ 
10 RXM 

11 RXL 

01 RXH 

10 RXM 

11 RXL 

01 RXH 

10 
1------1 

7 

P:$OOOO L EXCEPTION VECTOR TABLE 

P:$0022 HOST TRANSMIT DATA VECTOR 

P:$007E f AVAILABLE FOR HOST COMMAND 

FAST INTERRUPT 
OR 

LONG INTERRUPT 

11 7. DMA CONTROLLER INTERRUPTS HOST 
WHEN TRANSFERS ARE DONE. 

Figure 11-33. DSP to Host DMA Procedure 
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DSP Host Port 

When reading receive byte registers, RXH, RXM, or RXL, the host programmer should use 
interrupts or poll the RXDF flag, which indicates that data is available. This guarantees that 
the data in the receive byte registers will be stable. 

2. Overwriting Transmit Byte Registers: 

The host programmer should not write to the transmit byte registers, TXH, TXM, or TXL, un
less the TXDE bit is set, indicating that the transmit byte registers are empty. This guaran
tees that the DSP will read stable data when it reads the HRX register. 

3. Synchronization of Status Bits from DSP to Host: 

HC, HREQ, DMA, HF3, HF2, TRDY, TXDE, and RXDF status bits are set or cleared from 
inside the HI and read by the host processor. T.he host can read these status bits very quick
ly without regard to the clock rate used by the DSP, but there is a chance that the state of 
the bit could be changing during the read operation. This possible change is generally not a 
system problem, since the bit will be read correctly in the next pass of any host polling rou
tine. 

The only potential problem with the host processor's reading of status bits would be its read
ing HF3 and HF2 as an encoded pair. For example, if the DSP changes HF3 and HF2 from 
''~O'' to "11", there is a small possibility that the host could read the bits during the transition 
and receive "01" or "10" instead of "11". If the combination of HF3 and HF2 has Significance, 
the host processor could potentially read the wrong combination. Two solutions would be to 
1) read the bits twice and check for consensus, or 2) hold HEN access for HEN + x clock 
cycles so that status bit transitions are stabilized. 

4. Overwriting the Host Vector: 

The host programmer should change the host vector register only when the HC bit is clear. 
This will guarantee that the DSP interrupt control logic will receive a stable vector. 

5. Cancelling a Pending Host Command Exception: 

The host processor may elect to clear the HC bit to cancel the host command exception re
quest at any time before it is recognized by the DSP. The DSP CPU may execute the host 
exception after the HC bit is cleared because the host processor does not know exactly 
when the exception will be recognized. This uncertainty in timing is due to differences in syn
chronization between the host processor and DSP CPU and the uncertainties of pipelined 
exception processing. For this reason, the HV should not be changed at the same time the 
HC bit is cleared. However, the HV can be changed when the HC bit is set. 
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SECTION 12 
DSP SERIAL PORTS 

12.1 INTRODUCTION 

The DSP has two serial ports, a serial communications interface (SCI+) and a synchronous 
serial interface (SSI). The serial communications interface does not interface to external 
pins directly but can be connected internally to the IMP and its pins. The S81 port has six 
dedicated pins that can either be connected as Port C GPIO, or they can be configured as 
the synchronous serial interface (8SI) pins. 

When configured as general-purpose I/O, port C, which consists of the six S81 pins, can be 
used for device control. When the pins are configured as SSI pins, port C provides a conve
nient connection to other DSPs, processors, codecs, digital-to-analog and analog-to-digital 
converters, and any of several transducers. This section describes the SCI+ port, Port C, 
and the SSI port as well as examples of how to configure and use each function. Information 
on connecting the SCI+ port to the IMP is found in Section 7 Communications Processor 
(CP). 

12.2 GENERAL-PURPOSE 1/0 (PORT C) 

When it is configured as GPIO, Port C can be viewed as six I/O pins (see Figure 12-1), which 
are controlled by three memory-mapped registers. These registers are the Port C control 
register (PCG), Port C data direction register (PCDDR), and Port C data register (PCD) (see ~ 
Figure 12-2). ~ 

Reset clears PCC and PCDDR to configure port C as general-purpose I/O with all six pins 
as inputs. (External circuitry connected to these pins may need pullups until the pins are 
configured for operation.) Each port C pin may be individually programmed as a general-
purpose I/O pin or as a dedicated on-chip peripheral pin under software control. Pin selec-
tion between general-purpose I/O and SSI is made by setting the appropriate PCC bit (mem-
ory location X:$FFE1) to zero for general-purpose I/O or to one for serial interface. 

NOTE 

Bits 0-2 in the PCC must be set to 1 to enable SCI+ operation 
even though there are no Port C 0-2 pins. 

The PCDDR (memory location X:$FFE3) programs each pin corresponding to a bit in the 
PCD (memory location X:$FFES) as an input pin (if PCDDR=O) or as an output pin (if PCD
DR=1). 
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DSP Serial Ports 

ENABLED BY DIRECTION INPUT/OUTPUT 
BITS IN SELECTED BY DATA REGISTER 
X:$FFE1 X:$FFE3 X:$FFE5 

CC01 CD02 PC02 

CC11 CD1 2 PC1 2 
p 
0 

PC3 R 
CC21 CD22 PC22 

CC3 CD3 PC3 

T PC4 CC4 CD4 PC4 

C 
pcs 
PC6 

CCS CDS PCS 
CC6 CD6 PC6 

PC? CC? CD? PC7 
PCS CCS CDS PCS 

Figure 12-1. Port C GPIO Control 

1 These bits must be set to one to enable SCI+ operation. 
2. Even though there are no corresponding pins, Bits 0-2 of the data and data 
direction registers can still be used to setup and monitor the SCI+ TX and RX data, 
and transmit clock signals. 

If a pin is configured as a GPIO input (as shown in Figure 12-3) and the processor reads 
the PCD, the processor sees the logic level on the pin. If the processor writes to the PCD, 
the data is latched there, but does not appear on the pin because the buffer is in the high
impedance state. 

If a pin is configured as a GPIO output and the processor reads the PCD, the processor 
sees the contents of the PCD rather the logic level on the pin, which allows the PCD to be 
used as a general purpose1S-bit register. If the processor writes to the PCD, the data is 
latched there and appears on the pin during the following instruction cycle (see 12.2.2 Port 
C General Purpose I/O Timing). 

If a pin is configured as a synchronous serial interface (SSI) pin and/or if the SCI+ port is 
enabled, the port C GPIO registers can be used to help in debugging the serial interface. If 
the PCDDR bit for a given pin (or SCI+ signal) is cleared (configured as an input), the PCD 
will show the logic level on the pin (or signal for the SCI+ port), regardless of whether the 
serial interface function is using the pin as an input or an output. If the PCDDR is set (con
figured as an output) for a given serial interface pin, when the processor reads the PCD, it 
sees the contents of the PCD rather than the logic level on the pin - another case which 
allows the PCD to act as a general purpose register. 

NOTE 

The TXCLK cannot be monitored in the PCD. 
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23 

SSI { SC2 
CCx Function SC1 

sco 
0 GPIO 

SCI+ { 

SClK 
TXD 

Serial Interface RXD 

23 

CDx Data Direction 

0 Input 

1 Output 

23 

NOTES: 
1. Hardware and software reset clears PCC and PCDDR. 
2. Even though there are no corresponding pins, Bits 0-2 of the data and data 
direction registers can still be used to setup and monitor the SCI+ TX and RX 
data, and transmit clock signals. 

Figure 12-2. Port C GPIO Registers 

12.2.1 Programming General Purpose 1/0 

DSP Serial Ports 

o 

0 

o 

Port C and all the DSP56002 peripherals are memory mapped (see Figure 12-4). The stan
dard MOVE instruction transfers data between port C and a register; as a result, performing 
a memory-to-memory data transfer takes two MOVE instructions and a register. The 
MOVEP instruction is specifically designed for I/O data transfer as shown in Figure 12-6. Al
though the MOVEP instruction may take twice as long to execute as a MOVE instruction, 
only one MOVEP is required for a memory-to-memory data transfer, and MOVEP does not 
use a temporary register. Using the MOVEP instruction allows a fast interrupt to move data 
tolfrom a peripheral to memory and execute one other instruction or to move the data to an 
absolute address. MOVEP is the only memory-to-memory move instruction; however, one 
of the operands must be in the top 64 locations of either X: or Y: memory. The bit-oriented 
instructions which use 1/0 short addressing (BCHG, BCLR, BSET, BTST, JCLR, JSCLR, 
JSET, and JSSET) can also be used to address individual bits for faster 1/0 processing. 
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PORT 
REGISTERS 

Port Control 
Register Bit 

0 

0 

1 

PORT C DATA (PCD) 
REGISTER BIT 

DATA DIRECTION 
REGISTER (PCDDR) 

PORT C CONTROL 
(PCC) REGISTER BIT 

PORT INPUT DATA BIT 

Data Direction 
Register Bit 

0 

1 

X 

PERIPHERAL DATA DIRECTION BIT t 
OUTPUT DATA BIT 

LOOIC --~~~~~~------------~ 

INPUT DATA BIT 

Pin Function 

Port Input Pin 

Port Output Pin 

Alternate Function 

Figure 12-3. Port C I/O Pin Control Logic 

The D8P does not have a hardware data strobe to strobe data out of the GPIO port. If a data 
strobe is needed, it can be implemented using software to toggle one of the GPIO pins. 

Figure 12-5 shows the process of programming port C as general-purpose I/O. Normally, it 
is not good programming practice to activate a peripheral before programming it. However, 
reset activates the port C general-purpose I/O as all inputs, and the alternative is to config
ure the port as an 8CI and/or 881, which may not be desirable. In this case, it is probably 
better to ensure that port C is initially configured for general-purpose I/O and then configure 
the data direction and data registers. It may be better in some situations to program the data 
direction or the data registers first to prevent two devices from driving one signal. The order 
of steps 1, 2, and 3 in Figure 12-5 is optional and can be changed as needed. 

12.2.2 Port C General Purpose VO Timing 
Parallel data written to port C is delayed by one instruction cycle. For example, the following 
instruction: 

MOVEDATA6,X:PORTCDATA24,Y:EXTERN 
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INTERRUPT PRIORITY REGISTER {IPR} 

PORT A - BUS CONTROL REGISTER {BCR} 

PLL CONTROL REGISTER 

OnCE GDB REGISTER 

SCI+ HI - REC/XMIT DATA REGISTER {SRXlSTX} 

SCI+ MID - RECIXMIT DATA REGISTER {SRXlSTX} 

SCI+ LOW - RECIXMIT DATA REGISTER {SRX/STX} 

SCI+ TRANSMIT DATA ADDRESS REGISTER {STXA} 

SCI+ CONTROL REGISTER {SCCR} 

SCI+ INTERFACE STATUS REGISTER {SSR} 

SCI+ INTERFACE CONTROL REGISTER {SCR} 

SSI RECIEVEITRANSMIT DATA REGISTER {AXITX} 

SSI STATUSITIME SLOT REGISTER {SSISRITSR} 

SSI CONTROL REGISTER B {CRB} 

SSI CONTROL REGISTER A {CRA} 

HOST RECEIVEITRANSMIT REGISTER {HRXlHTX} 

HOST STATUS REGISTER {HSR} 

HOST CONTROL REGISTER (HCR) 

TIMER COUNT REGISTER (TCR) 

TIMER CONTROUSTATUS REGISTER (TCSR) 

RESERVED 

n~~~@n~B = Read as random number; write as don't care. 

Figure 12-4. On-Chip Peripheral Memory Map 
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1. Writes six bits of data to the port C register, but the output pins do not change until the 
following instruction cycle 

2. Writes 24 bits of data to the external Y memory, which appears on port A during T2 
and T3 of the current instruction 

As a result, if it is necessary to synchronize the port A and port C outputs, two instructions 
must be used: 

MOVEDATA6,x: PORTC 
NOPDATA24,Y:EXTERN 

STEP 1. SELECT EACH PIN TO BE GENERAL-PURPOSE I/O OR AN ON-CHIP PERIPHERAL PIN: 
CCX = a GENERAL- PURPOSE I/O (except CCa-2). 
CCx = 1 ON-CHIP PERIPHERAL 

8 

PORT C CONTROL REGISTER 

STEP 2. SET EACH GENERAL-PURPOSE I/O PIN (SELECTED ABOVE) AS INPUT OR OUTPUT: 
CDx = a INPUT PIN (CDa-2 can be set to inputs to monitor the SCI+ port) 

OR 
CDx = 1 OUTPUT PIN 

8 

STEP 3. READ/WRITE GENERAL-PURPOSE I/O PINS: 
PCx = OUTPUT DATA IF SELECTED FOR GENERAL-PURPOSE I/O AND OUTPUT IN STEPS 

1 AND 2. 
OR 

PCx = INPUT DATA IF SELECTED FOR GENERAL-PURPOSE I/O AND INPUT IN STEPS 1 
AND 2. 

(PCa = SCI+ RXD, PC1=SCI+ TXD, and PC2 = SCI+ TXCLK, RXCLK not available for monitoring.) 

8 o 

Figure 12-5. I/O Port C Configuration 

The NOP can be replaced by any instruction that allows parallel moves. Inserting one or 
more "MOVE DATA15,X:PORTC DATA24,Y:EXTERN" instructions between the first and 
second instruction produces an external 33-bit write each instruction cycle with only one in
struction cycle lost in setup time: 

12-6 

MOVEDATA6,X:PORTC 
MOVEDATA6,X:PORTCDATA24,Y:EXTERN 
MOVEDATA6,X:PORTCDATA24,Y:EXTERN 

MOVEDATA6,X:PORTCDATA24,Y:EXTERN 
NOP DATA24,Y:EXTERN 
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One application of this technique is to create an extended address for port A by concatenat
ing the port A address bits (instead of data bits) to the port C general-purpose output bits. 
The port C general-purpose liD register would then work as a base address register, allow
ing the address space to be extended from 64K words (16 bits) to 33.5 million words (16 bits 
+ 6 bits = 22 bits). 

MOVEP #$0,X:$FFE1;Select port C to be general-purpose I/O 
MOVEP #$01FO,X:$FFE3;Select pins PC4-PC8 to be outputs 

; (pins PCO-PC2 do not exist on the MC68356) 

MOVEP #data_out,X:$FFE5;Put bits 4-8 of "data_out" on pins 
iPB4-PB8, bits 0-3 are ignored. 

MOVEP X:$FFEO,#data_in;Put PBO-PB3 in bits 0-3 of "data_in" 

Figure 12-6. Write/Read Parallel Data with Port C 

Port C uses the DSP central processing unit (CPU) four-phase clock for its operation. There
fore, if wait states are inserted in the DSP CPU timing, they also affect port C timing. As a 
result, port A and port C in the previous synchronization example will always stay synchro
nized, regardless of how many wait states are used. 

12.3 SERIAL COMMUNICATION INTERFACE (SCI+) 

The SCI+ provides a full-duplex port for serial communication to other DSPs, microproces
sors, or peripherals such as modems. This interface uses four signals: transmit data (TXD), 
receive data (RXD), transmit clock (TXCLK) and receive clock (RXCLK). These signals must 
be internally connected to the IMP communications processor (See 7.5.3.2 SCI+ Serial Con
nections).The SCI+ supports industry-standard asynchronous bit rates and protocols as well 
as high-speed (up to 7.6 Mbps for a 60-MHz clock) synchronous slave data transmission. 

NOTE 

Wired-or mode of the transmit data line is not supported. 

The SCI+ consists of separate transmit and receive sections whose operations can be asyn
chronous with respect to each other. A programmable baud-rate generator provides the 
transmit and receive clocks, or the transmit and receive clocks can be generated externally 
and can be asynchronous with respect to each other. An enable vector and an interrupt vec
tor have been included so that the baud-rate generator can function as a general-purpose 
timer when it is not being used by the SCI+ peripheral or when the interrupt timing is the 
same as that used by the SCI+. The following is a short list of SCI+ features: 

• Four-Signal Interface which connects internally to the IMP: 
TXD - Transm it Data 
RXD - Receive Data 
TXCLK - Transmit Serial Clock 
RXCLK - Receive Serial Clock 

• 2625-kbps NRZ Asynchronous Communications Interface (60-MHz System Clock) 
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• 7.5 Mbps Synchronous Serial Mode (60-MHz System Clock) 
• On-Chip or External Baud Rate Generation/lnterrupt Timer 
• Four Interrupt Priority Levels 
• Fast or Long Interrupts 

12.3.1 SCI+ to IMP Connection Options 

The SCI+ port on the MC68356 can only interface to the IMP or off-chip to other communi
cations devices through IMP pins. There are three options for connecting the SCI+ to oth{3r 
devices. These options are configured through the ICO-3 bits in the IMP's DISC register: 

1. Direct connection to the IMP SCC1 of the IMP (SCI+ to SCC1) - This mode is used to 
establish a direct serial connection between the DSP and the IMP. In this mode, the four 
SCI+ signals are directly connected to the corresponding SCC1 signals. In this mode the 
SCI+ can be programmed for synchronous slave operation or asynchronous operation to 
communicate with SCC1 only. For more information on this serial connections mode refer 
to 7.5.3.2 SCI+ Serial Connections. 

2. Direct connection to NMSI2 pins (SCI+ to DTE) - This mode allows the SCI+ to be con
nected to the NMSI2 pins normally used by the SCC2. This mode is useful when it is desired 
to connect the SCI+ directly to the external pins. In this mode, SCC2 cannot be used except 
to monitor the RXO channel. In this mode, the SCI+ can be programmed for synchronous 
slave operation or asynchronous operation. For more information on this serial connections 
mode refer to 7.5.3.2 SCI+ Serial Connections. 

3. Direct connection of the SCI+ clock lines to the NMSI2 clock lines, and direct connection 
of data and clock lines to the IMP SCC1 (SCI+ clocks with ISDN) - This mode is useful when 
the NMSI1 pins are being used with ISDN and it is still desired to have the SCI+ to SCC1 
data transfer clocked by en external source. 

All of the above connection modes are described in detail in 7.5.3.2 SCI+ Serial Connec
tions. 

12.3.2 The SCI+ in a Modem Application 

Figure 12-7 shows the suggested serial port assignments for a modem application. 

The typical modem application using the MC68356 would use the IMP to handle the upper 
level data compression, error correction and serial bit stream formatting (such as HOLC). 
Data processed by the IMP would then be transferred to the DSP from SCC1 to the SCI+ 
port. A co dec typically is connected to the synchronous serial interface (SSI) of the DSP and 
optionally provides the bit and baud clocks to the SCC1 to SCI+ connection to clock the data 
transfers. The analog side of the codec is connected to the Data Access Arrangement (OAA) 
which interfaces to the telephone line. 

The MC68356 has some extra options for connection of the SCI+ signals to the serial chan
nels and serial pins of the IMP. It is suggested that SCC1 be used for the serial port that 
transmits the data stream to the SCI+ port. SCC2 should be used for the connection to the 
DTE (typically the PC or host computer). SCC2 is a good choice to connect to the host com-
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puter because this serial block and its parameter RAM are also used by the 16550 em ulation 
controller when enabled. The 16550 emulation controller is used for the DTE interface in 
plug-in modem card applications including PCMCIA (See Section 7 Communications Pro
cessor (CP)). 

MC68356 

IMP 

DTE SCC1 

DSP 

14----1~ CODEC DAA . TO PSTN 

Figure 12-7. Suggested Modem Serial Port Assignments 

12.3.3 Programming Port C to Enable the SCI+ 

At least one of the Port C control register bits CCO-2 must be programmed to a one to re
lease the SCI+ from reset. 

SCI+ interrupts may be enabled by programming the SCI+ control registers before any of ~ 
the Port C control register bits CCO-2 are set. In this case, only one transmit interrupt can ~ 
be generated because the transmit data register is empty. The timer and timer interrupt will 
operate as they do when at least one Port C control register bit (CCO-2) is set to one. 

12.3.3.1 RECEIVE DATA (RXD) 
This input receives byte-oriented serial data and transfers the data to the SCI+ receive shift 
register. Asynchronous input data is sampled on the positive edge of the receive clock (1 x 
RXCLK) if SCKP equals zero. See Section 14 Electrical Characteristics for detailed timing 
information. See 7.5.3.2 SCI+ Serial Connections for internal IMP receive data connection 
options. 

12.3.3.2 TRANSMIT DATA (TXD) 
This output transmits serial data from the SCI+ transmit shift register. Data changes on the 
negative edge of the asynchronous transmit clock (TXCLK) if SCKP equals zero. This output 
is stable on the positive edge of the transmit clock. See Section 14 Electrical Characteristics 
for detailed timing information. See 7.5.3.2 SCI+ Serial Connections for internal IMP trans
mit data connection options. 
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12.3.3.3 SCI+ SERIAL CLOCKS (TXCLK AND RXCLK) 

These input only signals receive clocks from which the transmit and/or receive baud rate can 
be derived in the asynchronous mode and from which data is transferred in the synchronous 
mode. In asynchronous mode with external baud rate generation, the external baud rate 
clock must be input on both the TXCLK and RXCLK sources of the SCI+. 

The transmit and receive clocks can be asynchronous to each other in synchronous data 
mode transfers allowing data transfers to be clocked separately. Refer to 7.5.3.2 SCI+ Serial 
Connections for internal IMP clock connection options. 

12.3.4 SCI+ Programming Model 

The resources available in the SCI+ are described before discussing specific examples of 
how the SCI+ is used. The registers comprising the SCI+ are shown in Figure 12-8 and Fig
ure 12-9. These registers are the SCI+ control register (SCR), SCI+ status register (SSR), 
SCI+ clock control register (SCCR), SCI+ receive data registers (SRX), SCI+ transmit data 
registers (STX), and the SCI+ transmit data address register (STXA). The SCI+ program
ming model can be viewed as three types of registers: 1) control- SCR and SCCR in Figure 
12-8; 2) status - SSR in Figure 12-8; and 3) data transfer - SRX, STX, and STXA in Figure 
12-9. The following paragraphs describe each bit in the programming model. 

12.3.4.1 SCI+ CONTROL REGISTER (~CR) 

The SCR is a 16-bit read/write register that controls the serial interface operation. Each bit 
is described in the following paragraphs. 

12.3.4.1.1 SCR Word Select (WDSO, WDS1, WDS2) Bits 0,1, and 2 

The three word-select bits (WDSO, WDS 1, WDS2) select the format of the transm it and re
ceive data. The formats include three asynchronous, one multidrop asynchronous mode (al
though wired-or compatible output pins are not available on the MC68356), and an 8-bit 
synchronous (shift register) mode. The asynchronous modes are compatible with most 
UART-type serial devices and support standard RS232C communication links when using 
connection option two described in 12.3.1 SCI+ to IMP Connection Options. 

The synchronous data mode is essentially a high-speed shift register used for I/O expansion 
and stream-mode channel interfaces. The word formats are indicated in Table 12-1 (also 
see Figure 12-10 and Figure 12-11. 

When odd parity is selected, the transmitter will count the number of bits in the data word. If 
the total is not an odd number, the parity bit is made equal to one and thus produces an odd 
number. If the receiver counts an even number of ones, an error in transmission has oc
curred. When even parity is selected, an even number must result from the calculation per
formed at both ends of the line or an error in transm iss ion has occurred. 

The word-select bits are cleared by hardware and software reset. 
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Figure 12-8. SCI+ Programming Model - Control and Status Registers 
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X:$FFF6 

X:$FFF5 

X:$FFF4 

23 1615 8 7 o 

SCI+ RECEIVE DATA REGISTER HIGH (READ ONLY) 

SCI+ RECEIVE DATA REGISTER MID (READ ONLY) 

SCI+ RECEIVE DATA REGISTER LOW (READ ONLY) 

~~------------~ SCI+ RECEIVE DATA SHIFT REGISTER 

NOTE: SRX is the same register decoded at three different addresses. 

X:$FFF6 

X:$FFF5 

X:$FFF4 

23 16 15 

(a) Receive Data Register 

8 7 

SCI+ TRANSMIT DATA REGISTER HIGH (WRITE ONLY) 

SCI+ TRANSMIT DATA REGISTER MID (WRITE ONLY) 

SCI+ TRANSMIT DATA REGISTER LOW (WRITE ONLY) 

SCI+ TRANSMITDATA SHIFT REGISTER 

X:$FFF3 

NOTES: 
1. Bytes are masked on the fly. 

SCI+ TRANSMIT DATA ADDRESS REGISTER 
____________ ---' (WRITE ONLY) 

2. STX is the same register decoded at three different addresses. 

(b) Transmit Data Register 

Figure 12-9. SCI+ Programming Model 
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Table 12-1. SCI+ Data Word Formats 

WDS2 WDS1 WDSO Word Formats 

a a 0 a-Bit Synchronous Data (shift register mode) 

0 0 1 Reserved 

0 1 a 10-Bit Asynchronous (1 start, a data, 1 stop) 

0 1 1 Reserved 

1 0 0 11-Bit Asynchronous (1 start, a data, 1 even par~y, 1 stop) 

1 0 1 11-Bit Asynchronous (1 start, a data, 1 odd parity, 1 stop) 

1 1 a 11-Bit Multidrop (1 start, a data, 1 data type, 1 stop) 

1 1 1 Reserved 

12.3.4.1.2 SCR SCI+ Shift Direction (SSFTD) Bit 3 
The SCI+ data shift registers can be programmed to shift data in/out either LSB first if SS
FTD equals zero, or MSB first if SSFTD equals one. The parity and data type bits do not 
change position and remain adjacent to the stop bit. SSFTD is cleared by hardware and soft
ware reset. 

12.3.4.1.3 SCR Send Break (SBK) Bit 4 
A break is an all-zero word frame - a start bit zero, a character of all zeros (including any 
parity), and a stop bit zero: i.e., 10 or 11 zeros depending on the WDS mode selected. If 
SBK is set and then cleared, the transmitter completes transmission of any data, sends 10 
or 11 zeros, and reverts to idle or sending data. If SBK remains set, the transmitter will con-
tinually send whole frames of zeros (10 or 11 bits with no stop bit). At the completion of the ~ 
break code, the transmitter sends at least one high bit before transmitting any data to guar- ~ 
an tee recognition of a valid start bit. Break can be used to signal an unusual condition, mes-
sage, etc. by forcing a frame error, which is caused by a missing stop bit. Hardware and 
software reset clear SBK. 

12.3.4.1.4 SCR Wakeup Mode Select (WAKE) Bit 5 

When WAKE equals zero, an idle line wakeup is selected. In the idle line wakeup mode, the 
SCI+ receiver is re-enabled by an idle string of at least 10 or 11 (depending on WDS mode) 
consecutive ones. The transmitter's software must provide this idle string between consec
utive messages. The idle string cannot occur within a valid message because each word 
frame contains a start bit that is a zero. 

When WAKE equals one, an address bit wakeup is selected. In the address bit wakeup 
mode, the SCI+ receiver is re-enabled when the last (eighth or ninth) data bit received in a 
character (frame) is one. The ninth data bit is the address bit (RS) in the 11-bit multidrop 
mode; the eighth data bit is the address bit in the 1 O-bit asynchronous and 11-bit asynchro
nous with parity modes. Thus, the received character is an address that has to be processed 
by all sleeping processors - i.e., each processor has to compare the received character with 
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its own address and decide whether to receive or ignore all following characters. WAKE is 
cleared by hardware and software reset. 

12.3.4.1.5 SCR Receiver Wakeup Enable (RWU) Bit 6 
When RWU equals one and the SCI+ is in an asynchronous mode, the wakeup function is 
enabled - i.e., the SCI+ is put to sleep waiting for a reason (defined by the WAKE bit) to 
wakeup. In the sleeping state, all receive flags, except IDLE, and interrupts are disabled. 
When the receiver wakes up, this bit is cleared by the wakeup hardware. The programmer 
may also clear the RWU bit to wake up the receiver. 

RWU can be used by the programmer to ignore messages that are for other devices on a 
multidrop serial network. Wakeup on idle line (WAKE=O) or wakeup on address bit 
(WAKE= 1) must be chosen. 

1. When WAKE equals zero and RWU equals one, the receiver will not respond to data 
on the data line until an idle line is detected. 

2. When WAKE equals one and RWU equals one, the receiver will not respond to data 
on the data line until a data byte with bit 9 equal to one is detected. 

When the receiver wakes up, the RWU bit is cleared, and the first byte of data is received. 
If interrupts are enabled, the CPU will be interrupted, and the interrupt routine will read the 
message header to determine if the message is intended for this DSP. 

1. If the message is for this DSP, the message will be received, and RWU will again be 
set to one to wait for the next message. 

2. If the message is not for this DSP, the DSP will immediately set RWU to one. Setting 
RWU to one causes the DSP to ignore the remainder of the message and wait for the 
next message. 

RWU is cleared by hardware and software reset. RWU is a don't care in the synchronous 
mode. 

12.3.4.1.6 Bit 7 
Reserved 

12.3.4.1.7 SCR Receiver Enable (RE) Bit 8 

When RE is set, the receiver is enabled. When RE is cleared, the receiver is disabled, and 
data transfer is inhibited to the receive data register (SRX) from the receive shift register. If 
RE is cleared while a character is being received, the reception of the character will be com
pleted before the receiver is disabled. RE does not inhibit RDRF or receive interrupts. RE is 
cleared by a hardware and software reset. 

12.3.4.1.8 SCR Transmitter Enable (TE) Bit 9 
When TE is set, the transmitter is enabled. When TE is cleared, the transmitter will complete 
transmission of data in the SCI+ transmit data shift register;' then the serial output is forced 
high (idle). Data present in the SCI+ transmit data register (STX) will not be transmitted. STX 
may be written and TORE will be cleared, but the data will not be transferred into the shift 
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register. TE does not inhibit TORE or transmit interrupts. TE is cleared by a hardware and 
software reset. 

Setting TE will cause the transmitter to send a preamble of 10 or 11 consecutive ones (de
pending on WDS). This procedure gives the programmer a convenient way to ensure that 
the line goes idle before starting a new message. To force this separation of messages by 
the minimum idle line time, the following sequence is recommended: 

1. Write the last byte of the first message to STX. 

2. Wait for TORE to go high, indicating the last byte has been transferred to the transmit 
shift register. 

3. Clear TE and set TE back to one. This queues an idle line preamble to immediately 
follow the transmission of the last character of the message (including the stop bit). 

4. Write the first byte of the second message to STX. 

In this sequence, if the first byte of the second message is not transferred to the STX prior 
to the finish of the preamble transmission, then the transmit data line will simply mark idle 
until STX is finally written. 

12.3.4.1.9 SCR Idle Line Interrupt Enable (ILlE) Bit 10 

When ILIE is set, the SCI+ interrupt occurs when IDLE is set. When ILIE is clear, the IDLE 
interrupt is disabled. ILIE is cleared by hardware and software reset. 

An internal flag, the shift register idle interrupt (SRI/NT) flag, is the interrupt request to the 
interrupt controller. SRI/NT is not directly accessible to the user. 

When a valid start bit has been received, an idle interrupt will be generated if both IDLE 
(SCI+ status register bit 3) and ILIE equals one. The idle interrupt acknowledge from the in-
terrupt controller clears this interrupt request. The idle interrupt will not be asserted again ~ 
until at least one character has been received. The result is as follows: ~ 

1. The IDLE bit shows the real status of the receive line at all times. 

2. Idle interrupt is generated once for each idle state, no matter how long the idle state 
lasts. 

12.3.4.1.10 SCR SCI+ Receive Interrupt Enable (RIE) Bit 11 

The RIE bit is used to enable the SCI+ receive data interrupt. If RIE is cleared, receive in
terrupts are disabled, and the RDRF bit in the SCI+ status register must be polled to deter
mine if the receive data register is full. If both RIE and RDRF are set, the SCI+ will request 
an SCI+ receive data interrupt from the interrupt controller. 

One of two possible receive data interrupts will be requested: 

1. Receive without exception will be requested if PE, FE, and OR are all clear (Le., a nor
mal received character). 

2. Receive with exception will be requested if PE, FE, and OR are not all clear (Le., a 
received character with an error condition). 

RIE is cleared by hardware and software reset. 
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12.3.4.1.11 SCR SCI+ Transmit Interrupt Enable (TIE) Bit 12 

The TIE bit is used to enable the SCI+ transmit data interrupt. If TIE is cleared, transmit data 
interrupts are disabled, and the transmit data register empty (TORE) bit in the SCI+ status 
register must be polled to determine if the transmit data register is empty. If both TIE and 
TORE are set, the SCI+ will request an SCI+ transmit data interrupt from the interrupt con
troller. TIE is cleared by hardware and software reset. 

12.3.4.1.12 SCR Timer Interrupt Enable (TMIE) Bit 13 

The TMIE bit is used to enable the SCI+ timer interrupt. If TMIE is set (enabled), the timer 
interrupt requests will be made to the interrupt controller at the rate set by the SCI+ clock 
register. The timer interrupt is automatically cleared by the timer interrupt acknowledge from 
the interrupt controller. This feature allows OSP programmers to use the SCI+ baud clock 
generator as a simple periodic interrupt generator if the SCI+ is not in use, if external clocks 
are used for the SCI+, or if periodic interrupts are needed at the SCI+ baud rate. The SCI+ 
internal clock is divided by 16 {to match the 1 x SCI+ baud rate} for timer interrupt genera
tion. This timer does not require that any SCI+ pins be configured for SCI+ use to operate. 
TMIE is cleared by hardware and software reset. 

12.3.4.1.13 SCR SCI+ Timer Interrupt Rate (STIR) Bit 14 

This bit controls a divide by 32 in the SCI+ timer interrupt generator. When this bit is cleared, 
the divide by 32 is inserted in the chain. When the bit is set, the divide by 32 is bypassed, 
thereby increasing the timer resolution by 32 times. This bit is cleared by hardware and soft
ware reset. 

12.3.4.1.14 SCR SCI+ Clock Polarity (SCKP) Bit 15 

The clock polarity received on the corresponding clock signal (RXCLK or TXCLK), can be 
inverted using this bit, eliminating the need for an external inverter. When bit 15 equals zero, 
the clock polarity is positive; when bit 15 equals one, the clock polarity is negative. In the 
synchronous mode, positive polarity means that the clock is normally positive and transi
tions negative during data valid; whereas, negative polarity means that the clock is normally 
negative and transitions positive during valid data. In the asynchronous mode, positive po
larity means that the rising edge of the clock occurs in the center of the period that data is 
valid; negative polarity means that the falling edge of the clock occurs during the center of 
the period that data is valid. SCKP is cleared on hardware and software reset. 

12.3.4.2 SCI+ STATUS REGISTER (SSR) 

The SSR is an 8-bit read-only register used by the OSP CPU to determine the status of the 
SCI+. When the SSR is read onto the internal data bus, the register contents occupy the 
low-order byte of the data bus and all high-order portions are zero filled. The status bits are 
described in the following paragraphs. 

12.3.4.2.1 SSR Transmitter Empty (TRNE) Bit 0 

The TRNE flag is set when both the transmit shift register and data register are empty to 
indicate that there is no data in the transmitter. When TRNE is set, data written to one of the 
three STX locations or to the STXA will be transferred to the transmit shift register and be 
the first data transmitted. TRNE is cleared when TORE is cleared by writing data into the 
transmit data register (STX) or the transmit data address register (STXA), or when an idle, 

12-16 MC68356 USER'S MANUAL MOTOROLA 



DSP Serial Ports 

preamble, or break is transmitted. The purpose of this bit is to indicate that the transmitter 
is empty; therefore, the data written to STX or STXA will be transmitted next - i.e., there is 
not a word in the transmit shift register presently being transmitted. This procedure is useful 
when initiating the transfer of a message (Le., a string of characters). TRNE is set by the 
hardware, software, SCI+ individual, and stop reset. 

12.3.4.2.2 SSR Transmit Data Register Empty (TORE) Bit 1 

The TORE bit is set when the SCI+ transmit data register is empty. When TORE is set, new 
data may be written to one of the SCI+ transmit data registers (STX) or transmit data ad
dress register (STXA). TORE is cleared when the SCI+ transmit data register is written. 
TORE is set by the hardware, software, SCI+ individual, and stop reset. 

In the SCI+ synchronous mode, when using the internal SCI+ clock, there is a delay of up 
to 5.5 serial clock cycles between the time that STX is written until TORE is set, indicating 
the data has been transferred from the STX to the transmit shift register. There is a two to 
four serial clock cycle delay between writing STX and loading the transmit shift register; in 
addition, TORE is set in the middle of transmitting the second bit. When using an external 
serial transmit clock, if the clock stops, the SCI+ transmitter stops. TORE will not be set until 
the middle of the second bit transmitted after the external clock starts. Gating the external 
clock off after the first bit has been transmitted will delay TORE indefinitely. 

In the SCI+ asynchronous mode, the TDRE flag is not set immediately after a word is trans
ferred from the STX or STXA to the transmit shift register nor when the word first begins to 
be shifted out. TORE is set two cycles of the 16X clock after the start bit - i.e., two 16X clock 
cycles into to transmission time of the first data bit. 

12.3.4.2.3 SSR Receive Data Register Full (RDRF) Bit 2 

The RORF bit is set when a valid character is transferred to the SCI+ receive data register 
from the SCI+ receive shift register. RDRF is cleared when the SCI+ receive data register ~ 
is read or by the hardware, software, SCI+ individual, and stop reset. ~ 

12.3.4.2.4 SSR Idle Line Flag (IDLE) Bit 3 

IDLE is set when 10 (or 11) consecutive ones are received. IDLE is cleared by a start-bit 
detection. The IDLE status bit represents the status of the receive line. The transition of 
IDLE from zero to one can cause an IDLE interrupt (ILlE). IDLE is cleared by the hardware, 
software, SCI+ individual, and stop reset. 

12.3.4.2.5 SSR Overrun Error Flag (OR) Bit 4 
The OR flag is set when a byte is ready to be transferred from the receive shift register to 
the receive data register (SRX) that is already full (RDRF=1). The receive shift register data 
is not transferred to the SRX. The OR flag indicates that character(s} in the receive data 
stream may have been lost. The only valid data is located in theSRX. OR is cleared when 
the SCI+ status register is read, followed by a read of SRX. The OR bit clears the FE and 
PE bits - i.e., overrun error has higher priority than FE or PE. OR is cleared by the hardware, 
software, SCI+ individual, and stop reset. 
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12.3.4.2.6 SSR Parity Error (PE) Bit 5 

In the 11-bit asynchronous modes, the PE bit is set when an incorrect parity bit has been 
detected in the received character. It is set simultaneously with RDRF for the byte which 
contains the parity error - i.e., when the received word is transferred to the SRX. If PE is set, 
it does not inhibit further data transfer into the SRX. PE is cleared when the SCI+ status reg
ister is read, followed by a read of SRX. PE is also cleared by the hardware, software, SCI+ 
individual, or stop reset. In the 10-bit asynchronous mode, the 11-bit multidrop mode, and 
the 8-bit synchronous mode, the PE bit is always cleared since there is no parity bit in these 
modes. If the byte received causes both parity and overrun errors, the SCI+ receiver will only 
recognize the overrun error. 

12.3.4.2.7 SSR Framing Error Flag (FE) Bit 6 

The FE bit is set in the asynchronous modes when no stop bit is detected in the data string 
received. FE and RDRE are set simultaneously - i.e., when the received word is transferred 
to the SRX. However, the FE flag inhibits further transfer of data into the SRX until it is 
cleared. FE is cleared when the SCI+ status register is read followed by reading the SRX. 
The hardware, software, SCI+ individual, and stop reset also clear FE. In the 8-bit synchro
nous mode, FE is always cleared. If the byte received causes both framing and overrun er
rors, the SCI+ receiver will only recognize the overrun error. 

12.3.4.2.S SSR Received Bit S Address (RS) Bit 7 

In the 11-bit asynchronous multidrop mode, the R8 bit is used to indicate whether the re
ceived byte is an address or data. R8 is not affected by reading the SRX or status register. 
The hardware, software, SCI+ individual, and stop reset clear R8. 

12.3.4.3 SCI+ CLOCK CONTROL REGISTER (SCCR) 

The SCCR is a 16-bit read/write register which controls the selection of the clock modes and 
baud rates for the transmit and receive sections of the SCI+ interface. The control bits are 
described in the following paragraphs. The SCCR is cleared by hardware reset. 

The basic pOints of the clock generator are as follows: 

1. The SCI+ core always uses a 16 x internal clock in the asynchronous modes and al
ways uses a 2 x internal clock in the synchronous mode. The maximum internal clock 
available to the SCI+ peripheral block is the oscillator frequency divided by 4. With a 
40-MHz crystal, this gives a maximum data rate of 625 Kbps for asynchronous data 
and 5 Mbps for synchronous data. These maximum rates are the same for internally 
or externally supplied clocks. 

2. The 16 x clock is necessary for the asynchronous modes to synchronize the SCI+ to 
the incoming data (see Figure 12-10). 

3. For the asynchronous modes, the user must provide a 16 x clock if he wishes to use 
an external baud rate generator. This clock must be input on both the TXClK and RX
ClK signal input). 

4. For the asynchronous modes, the user may select either 1 x or 16 x for the output 
clock when using internal TX and RX clocks (TCM=O and RCM=O). 

5. The transmit data on the TXD pin changes on the negative edge of the 1 x serial clock 
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and is stable on the positive edge (SCKP=O). For SCKP equals one, the data changes 
on the positive edge and is stable on the negative edge. 

6. The receive data on the RXD pin is sampled on the positive edge (if SCKP=O) or on 
the negative edge (if SCKP=1) of the 1 x serial clock. 

7. For the asynchronous mode, the output clock is continuous. 

8. For the synchronous mode, a 1 x clock is used for the output or input baud rate. The 
maximum 1 x clock is the crystal frequency divided by 8. 

9. For the synchronous mode, the clock is gated. 

10. For both the asynchronous and synchronous modes, the transmitter and receiver are 
synchronous with each other. 

12.3.4.3.1 SCCR Clock Divider (CD11-CDO) Bits 11-0 
The clock divider bits (CD11-CDO) are used to preset a 12-bit counter, which is decrement
ed at the Icyc rate (crystal frequency divided by 2). The counter is not accessible to the user. 
When the counter reaches zero, it is reloaded from the clock divider bits. Thus, a value of 
000000000000 in CD11-CDO produces the maximum rate of Icyc, and a value of 0000 0000 
0001 produces a rate of Icyc/2. The lowest rate available is Icyc/4096. Figure 12-11 and Fig
ure 12-30 show the clock dividers. Bits CD11-CDO are cleared by hardware and software 
reset. 

12.3.4.3.2 SCCR Clock Out Divider (COD) Bit 12 
This bit does not have any effect on SCI+ operation since the SCI+ cannot drive external 
clocks. This bit can be written with a zero. 

The COD bit is cleared by hardware and software reset. 

12.3.4.3.3 SCCR SCI+ Clock Prescaler (SCP) Bit 13 
The SCI+ SCP bit selects a divide by 1 (SCP=O) or divide by 8 (SCP=1) prescaler for the G 
clock divider. The output of the prescaler is further divided by 2 to form the SCI+ clock. Hard-
ware and software reset clear SCPo Figure 12-11 and Figure 12-30 show the clock divider 
diagram. 

RX, TXDATA 
(SSFTD =0) 

x1 CLOCK 

x16CLOCK 
(SCKP=O) 

MOTOROLA 

IDLE LINE 

START 

SELECT 8-0R 9·BIT WORDS 

~ 
2345678 

STOP START 

Figure 12-10. 16 x Serial Clock 

MC68356 USER'S MANUAL 12-19 



DSP Serial Ports 

TCM RCM TXCLK 

0 1 Internal 

1 0 External 

1 1 External 

BPS = 10/(64 x (7(SCP) + 1) x CD + 1)) 

where: SCP = 0 or 1 
CD = 0 to $FFF 

RXCLK Mode 

External Asynchronous Only 

Internal Asynchronous Only 

External Synch ronous/ Asynchronous 

SCI+ CORE LOGIC 
USES DIVIDE BY 16 FOR 

ASYNCHRONOUS 
USES DIVIDE BY 2 FOR 

SYNCHRONOUS 

INTERNAL CLOCK 

Figure 12-11. SCI+ Baud Rate Generator 

12.3.4.3.4 SCCR Receive Clock Mode Source Bit (RCM) Bit 14 

RCM selects internal or external clock for the receiver (see Figure 12-30). RCM equals zero 
selects the internal clock; RCM equals one selects the external clock from the RXCLK sig
nal. Hardware and software reset clear RCM. 

12.3.4.3.5 SCCR Transmit Clock Source Bit (TCM) Bit 15 
The TCM bit selects internal or external clock for the transmitter (see Figure 12-30). TCM 
equals zero selects the internal clock; TCM equals one selects the external clock from the 
TXCLK signal. Hardware and software reset clear TCM. 

12.3.4.4 SCI+ DATA REGISTERS 

The SCI+ data registers are divided into two groups: receive and transmit. There are two 
receive registers - a receive data register (SRX) and a serial-to-parallel receive shift regis-
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ter. There are also two transmit registers - a transmit data register (called either STX or 
STXA) and a parallel-to-serial transmit shift register. 

12.3.4.4.1 SCI+ Receive Registers 

Data words received on the RXD pin are shifted into the SCI+ receive shift register. When 
the complete word has been received, the data portion of the word is transferred to the byte
wide SRX. This process converts the serial data to parallel data and provides double buff
ering. Double buffering provides flexibility and increased throughput since the programmer 
can save the previous word while the current word is being received. 

The SRX can be read at three locations: X:$FFF4, X:$FFF5, and X:$FFF6 (see Figure 12-
12). When location X:$FFF4 is read, the contents of the SRX are placed in the lower byte of 
the data bus and the remaining bits on the data bus are written as zeros. Similarly, when 
X:$FFF5 is read, the contents of SRX are placed in the middle byte of the bus, and when 
X:$FFF6 is read, the contents of SRX are placed in the high byte with the remaining bits ze
roed. Mapping SRX as described allows three bytes to be efficiently packed into one 24-bit 
word by "OR"-ing three data bytes read from the three addresses. The following code frag
ment requires that RO initially points to X:$FFF4, register A is initially cleared, and R3 points 
to a data buffer. The only programming trick is using BClR to test bit 1 of the packing pointer 
to see if it is pointing to X:$FFF6 and clearing bit 1 to point to X:$FFF4 if it had been pointing 
to X:$FFF6. This procedure resets the packing pointer after receiving three bytes. 

MOVE 
BCLR 

OR 
MOVE 
JCS 
RTI 
FLAG 
CLR 
RTI 

X: (RO) ,XO 
#$1, RO 

XO,A 
(RO)+ 
FLAG 

iCOPY received data to temporary register 
;Test for last byte 
ireset pointer if it is the last byte 
iPack the data into register A 
iand increment the packing pointer 
iJump to clean up routine if last byte 
iElse return until next byte is received 

MOVE A, (R3)+ iMove the packed data to memory 
A ;Prepare A for packing next three bytes 

iReturn until the next byte is received 

The length and format of the serial word is defined by the WDSO, WDS1, and WDS2 control 
bits in the SCI+ control register. In the synchronous modes, the start bit, the eight data bits 
with LSB first, the address/data indicator bit and/or the parity bit, and the stop bit are re
ceived in that order for SSFTD equals zero (see Figure 12-10). For SSFTD equals one, the 
data bits are transmitted MSB first (see Figure 12-11). The clock source is defined by the 
receive clock mode (RCM) select bit in the SCR. In the synchronous mode, the synchroni
zation is provided by gating the clock. In either mode, when a complete word has been 
clocked in, the contents of the shift register can be transferred to the SRX and the flags 
RDRF, FE, PE, and OR are changed appropriately. Because the operation of the SCI+ re
ceive shift register is transparent to the DSP, the contents of this register are not directly ac
cessible to the programmer. 

12.3.4.4.2 SCI+ Transmit Registers 
The transmit data register is one byte-wide register mapped into four addresses: X:$FFF3, 
X:$FFF4, X:$FFF5, and X:$FFF6. In the asynchronous mode, when data is to be transmit
ted, X:$FFF4, X:$FFF5, and X:$FFF6 are used, and the register is called STX. When 
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X:$FFF4is written, the low byte on the data bus is transferred to the STX; when X:$FFFS is 
written, the middle byte is transferred to the STX; and when X:$FFF6 is written, the high byte 
is transferred to the STX. This structure (see Figure 12-9) makes it easy for the programmer 
to unpack the bytes in a 24-bit word for transmission. Location X:$FFF3 should be written in 
the 11-bit asynchronous multidrop mode when the data is an address and it is desired that 
the ninth bit (the address bit) be set. When X:$FFF3 is written, the transmit data register is 
called STXA, and data from the low byte on the data bus is stored in STXA. The address 
data bit will be cleared in the 11-bit asynchronous multidrop mode when any of X:$FFF4, 
X:$FFFS, or X:$FFF6 is written. When either STX or STXA is written, TORE is cleared. 

The transfer from either STX or STXA to the transmit shift register occurs automatically, but 
not immediately, when the last bit from the previous word has been shifted out - i.e., the 
transmit shift register is empty. Like the receiver, the transmitter is double buffered. Howev
er, there will be a two to four serial clock cycle delay between when the data is transferred 
from either STX or STXA to the transmit shift register and when the first bit appears on the 
TXO pin. (A serial clock cycle is the time required to transmit one data bit). The transmit shift 
register is not directly addressable, and a dedicated flag for this register does not exist. Be
cause of this fact and the two to four cycle delay, two bytes cannot be written consecutively 
to STX or STXA without polling. The second byte will overwrite the first byte. The TORE flag 
should always be polled prior to writing STX or STXA to prevent overruns unless transmit 
interrupts have been enabled. Either STX or STXA is usually written as part of the interrupt 

xo "A" 

23 
, 

16 15 

X:$FFF6 

X:$FFF5 

X:$FFF4 

"B" , 
8 7 

"C" , 
o 

MOVE XO, X:$FFF6; TRANSMIT CHARACTER "A" 

MOVE XO, X:$FFF5; TRANSMIT CHARACTER "8" 

MOVE XO, X:$FFF4; TRANSMIT CHARACTER "C" 

NOTE: STX is the same register decoded at three different addresses. 

X:$FFF6 

X:$FFF5 

X:$FFF4 

XO 

23 1615 

"A" 

(a) Unpacking 

8 7 

"B" "C" 

o 

MOVE XO, X:$FFF6; RECEIVE CHARACTER "A" 

MOVE XO, X:$FFF5; RECEIVE CHARACTER "8" 

MOVE XO, X:$FFF4; RECEIVE CHARACTER "C" 

NOTE: SRX is the same register decoded at three different addresses. 

(b) Packing 

Figure 12-12. Data Packing and Unpacking 
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service routine. Of course, the interrupt will only be generated if TORE equals one. The 
transmit shift register is indirectly visible via the TRNE bit in the SSR. 

In the synchronous modes, data is synchronized with the transmit clock, which may have 
either an internal or external source as defined by the TCM bit in the SCCR. The length and 
format of the serial word is defined by the WDSO, WDS 1, and WDS2 control bits in the SCR. 
In the asynchronous modes, the start bit, the eight data bits (with the LSB first if SSFTD=O 
and the MSB first if SSFTD=1), the address/data indicator bit or parity bit, and the stop bit 
are transmitted in that order (see Figure 12-10). 

The data to be transmitted can be written to anyone of the three STX addresses. If SCKP 
equals one and SSHTD equals one, the SCI+ synchronous mode is equivalent to the SSI 
operation in the a-bit data on-demand mode. 

12.3.4.5 PREAMBLE, BREAK, AND DATA TRANSMISSION PRIORITY 

It is possible that two or three transmission commands are set simultaneously: 

1. A preamble (TE was toggled) 

2. A break (SBK was set or was toggled) 

3. There is data for transmission (TDRE=O) 

After the current character transmission, if two or more of these commands are set, the 
transmitter will execute them in the following priority: 

1. Preamble 

2. Break 

3. Data 

12.3.5 Register Contents After Reset 

There are four methods to reset the SCI+. Hardware or software reset clears the port control ~ 
register bits, which will disable the SCI+. The SCI+ will remain in the reset state while CC2, ~ 
CC1, and CCO=O; the SCI+ will become active only when at least one of the CC2-0 bits is 
not zero. 

During program execution, the CC2, CC1, and CCO bits may be cleared (individual reset), 
which will cause the SCI+ to stop serial activity and enter the reset state. All SCI+ status bits 
will be set to their reset state; however, the contents of the interface control register are not 
affected, allowing the DSP program to reset the SCI+ separately from the other internal pe
ripherals. 

The STOP instruction halts operation of the SCI+ until the DSP is restarted, causing the SSR 
to be reset. No other SCI+ registers are affected by the STOP instruction. Table 12-2 illus
trates how each type of reset affects each register in the SCI+. 

12.3.6 SCI+ Initialization 

The correct way to initialize the SCI+ is as follows: 

1. Hardware or software reset 
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Table 12-2. SCI+ Registers After Reset 

Register 
Bit Mnemonic Bit Number 

Reset Type 

Bit HW Reset SW Reset 

SCKP 15 0 

STIR 14 0 

TMIE 13 0 

TIE 12 0 

RIE 11 0 
ILiE 10 0 

TE 9 0 
SCR RE 8 0 

RES 7 0 

RWU 6 0 

WAKE 5 0 

SBK 4 0 

SSFTD 3 0 

WDS (2-0) 2-0 0 

R8 7 0 

FE 6 0 

PE 5 0 

OR 4 0 
SSR IDLE 3 0 

RDRF 2 0 

TORE 1 1 

TRNE 0 1 

TCM 15 0 

RCM 14 0 

SCCR 
SCP 13 0 

COD 12 0 
CD (11-0) 11-0 0 

SRX SRX (23-0) 23-16,15-8,7-0 -
STX STX (23-0) 23-0 -
SRSH SRS (8-0) 8-0 -
STSH STS (8-0) 8-0 -

NOTES: 
SRSH - SCI+ receive shift register, STSH - SCI+ transmit shift register 
HW - Hardware reset is caused by asserting the external DRESET pin. 
SW - Software reset is caused by executing the RESET instruction. 
IR -Individual reset is caused by clearing PCC (bits 0-2). 
ST - Stop reset is caused by executing the STOP instruction. 
1 - The bit is set during the reset. 
0- The bit is cleared during the reset. 

- - The bit is not changed during the reset. 

2. Program SCI+ control registers 

3. Configure at least one Port C control bit 0-2 as SCI+. 

0 

0 

0 

0 

0 
0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

0 

0 

0 
0 

-
-
-
-

4. Configure the IMP-SCI+ connection in the IMP DISC register. 

IR Reset 

-
-
-
-
-
-
-
-
-

-
-
-
-
-
0 

0 

0 

0 

0 

0 

1 

1 

-
-

-
-
-
-
-

-
-

ST Reset 

-
-
-
-
-
-
-
-
-
-
-
-
-
-
0 

0 
0 

0 

0 

0 

1 

1 

-
-
-
-
-
-
-
-
-

Figure 12-13 and Figure 12-14 show how to configure the bits in the SCI+ registers. Figure 
12-13 is the basic initialization procedure showing which registers must be configured. (1) A 
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1. PERFORM HARDWARE OR SOFTWARE RESET. 

2. PROGRAM SCI+ CONTROL REGISTERS: 
a) SCI+ INTERFACE CONTROL REGISTER - X:$FFFO 
b) SCI+ CLOCK CONTROL REGISTER - X:$FFF2 

3. CONFIGURE AT LEAST ONE PORT C CONTROL BIT AS SCI+. 

4. CONFIGURE THE IMP-SCI+ CONNECTION IN THE IMP DISC REGISTER. 

23 

CCX Function 

0 GPIO 

1 Serial Interface 

5. SCI+ IS NOW ACTIVE. 

Figure 12-13. SCI+ Initialization Procedure 

DSP Serial Ports 

hardware or software reset should be used to reset the SCI+ and prevent it from doing any
thing unexpected while it is being programmed. (2) Both the SCI+ interface control register 
and the clock control register must be configured for any operation using the SCI+. (3) The 
pins to be used must then be selected to release the SCI+ from reset, the SCI+ to IMP con
nection must be established (see 7.5.3 DSP Interconnection and Serial Connections Reg
ister-DISC) and (4) Begin operation. If interrupts are to be used, the pins must be selected, 
and interrupts must be enabled and unmasked before the SCI+ will operate. The order does 
not matter; anyone of these three requirements for interrupts can be used to finally enable ~ 
theSCI+. ~ 

Figure 12-14 shows the meaning of the individual bits in the SCR and SCCR. The figures 
below do not assume that interrupts will be used; they recommend selecting the appropriate 
pins to enable the SCI+. Programs shown in Figures 12-19, 12-20, 12-27,12-28, and 12-31 
control the SCI+ by enabling and disabling interrupts. Either method is acceptable. 

Table 12-3 through Table 12-6 provide the settings for common baud rates for the SCI+. The 
asynchronous SCI+ baud rates show a baud rate error for the fixed oscillator frequency (see 
Table 12-3). These small-percentage baud rate errors should allow most UARTs to synchro
nize. The synchronous applications usually require exact frequencies, which require that the 
crystal frequency be chosen carefully (see Table 12-4 and Table 12-6). 

An alternative to selecting the system clock to accommodate the SCI+ requirements is to 
provide an external clock to the SCI+. For example, a 2.048 MHz bit rate requires a CPU 
clock of 32.768 MHz. An application may need a 40 MHz CPU clock and an external clock 
for the SCI+ 
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STEP 2a. SELECT SCI+ OPERATION: 
FOR A BASIC CONFIGURATION, SET: 

SCKP - BIT 15 = 0 
STIR - BIT 14 = 0 
TMIE - BIT13=0 
ILiE - BIT 10 = 0 
RWU - BIT 6=0 
WAKE - BIT 5 = 0 
SBK - BIT 4=0 
SSFTD - BIT 3 = 0 

15 

X:$FFFO 

14 13 12 11 

, 

10 

f { 
a 7 6 5 4 3 2 

ENABLEIDISABLE 
TRANSMIT INTERRUPT 
ENABLE = 1 
DISABLE =0 

ENABLEIDISABLE 
RECEIVE INTERRUPT 
ENABLE = 1 
DISABLE =0 

ENABLEIDISABLE 
TRANSMIT DATA 
ENABLE = 1 
DISABLE=O 

ENABLEIDISABLE 
RECEIVE DATA 
ENABLE = 1 
DISABLE =0 

o 

SCI+ INTERFACE CONTRCl..REGISTER 
~ __ ~ __ -L __ ~ ____ L-__ ~ __ -L __ ~~ __ ~ __ -L __ ~ ____ L-__ ~ __ -L __ ~~ __ L-__ ~' (SCR) 

~ 
000 = a-BIT SYNCHRONOUS DATA (SHIFT REGISTER MODE) 
001 = RESERVED 
010 = 10-BITASYNCHRONOUS (1 START, a DATA, 1 STOP) 
011 = RESERVED 
100 = 11-BIT ASYNCHRONOUS (1 START, a DATA, EVEN PARITY, 1 STOP) 
101 = 11-BIT ASYNCHRONOUS (1 START, a DATA, ODD PARITY, 1 STOP) 
110 = 11-BITMULTIDROP (1 START, a DATA, EVEN PARITY, 1 STOP) 
111 = RESERVED 

Figure 12-14. SCI+ General Initialization Detail (Step 2a) 
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STEP 2b. SELECT CLOCK AND DATA RATE: 
SET THE CLOCK DIVIDER BITS (CDO - CD11)ACCORDING TO TABLES 11- 2 OR 11 - 3. 
SET THE SCI+ CLOCKPRESCALER BIT (SCP, BIT 13) ACCORDING TOTABLES 11 - 2 OR 11 - 3. 

15 14 13 12 11 10 8 7 6 

X:$FFF2 

5 

SET 
TRANSM IT CLOCK SOURCE 
EXTERNAL CLOCK = 1 
INTERNAL CLOCK = 0 

SET 
RECEIVE CLOCK SOURCE 
EXTERNAL CLOCK = 1 
INTERNAL CLOCK = 0 

SET 
SCI+ CLOCK PRESCALER 
DIVIDE BY 8 = 1 
DIVIDE BY 1 = 0 

4 3 2 

SCI+CLOCKCCMRQ...REGIST"ER (SCCR) 
~ __ ~ __ ~ __ ~ __ ~ __ ~ ____ ~ __ ~ __ ~ __ ~ __ ~ ____ ~ __ ~ __ ~ __ ~ __ ~~~, ~MA~ 

Figure 12-15. SCI+ General Initialization Detail (Step 2b) 
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DSP Serial Ports 

Table 12-3. Asynchronous SCI+ Bit Rates for a 40-MHz Crystal 

Bit Rate SCP Divider Bits 
(BPS) Bit (CDO-CD11) 

625.0K 0 $000 

56.0K 0 $OOA 

38.4K 0 $OOF 

19.2K 0 $020 

9600 0 $040 

8000 0 $04D 

4800 0 $081 

2400 1 $020 

1200 1 $040 

600 1 $081 

300 1 $103 

fO=BPS X 64X (7(SCP) + 1)X(CD + 1)) 
SCP=O or 1 
CD=O to $FFF 

Bit Rate 
Error, Percent 

0 

+1.46 

+1.72 

-1.36 

+0.16 

+0.15 

+0.15 

-1.38 

+0.08 

° 
0 

Table 12-4. Frequencies for Exact Asynchronous SCI+ Bit Rates 

12-28 

Bit Rate 
SCP Bit 

Divider Bits Crystal 
(BPS) (CDO-CD11) Frequency 

9600 0 $040 39,936,000 

4800 ° $081 39,936,000 

2400 0 $103 39,936,000 

1200 0 $207 39,936,000 

300 0 $822 39,993,000 

9600 1 $007 39,321,600 

4800 1 $OOF 39,321,600 

2400 1 $01F 39,321,600 

1200 1 $040 39,360,000 

300 1 $103 39,936,000 

BPS= fo + II (64X (7(SCP) + 1) X (CD + 1)); fo=40 MHz 
SCP=O or 1 
CD=O to $FFF 

MC68356 USER'S MANUAL MOTOROLA 
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Table 12-5. Synchronous SCI+ Bit Rates for a 32.768-MHz Crystal 

Baud Rate Divider Bits 
Baud Rate 

(BPS) 
SCP Bit 

(CDO-CD11) 
Error, 

Percent 

4.096M 0 $000 0 

128K 0 $01F 0 

64K 0 $03F 0 

56K 0 $048 -0.195 

32K 0 $07F 0 

16K 0 $OFF 0 

8000 0 $1FF 0 

4000 0 $3FF 0 

2000 0 $7FF 0 

1000 0 $FFF 0 

BPS= fo +- (8 x (7(SCP) + 1) x (CD + 1 )); fo=32.768 MHz 

SCP=O or 1 
CD=O to $FFF 

Table 12-6. Frequencies for Exact Synchronous SCI+ Bit Rates 

Bit Rate 
SCP Bit 

Divider Bits 
(BPS) (CDO-CD11) 

2.048M 0 $001 

1.544M 0 $002 

1.536M 0 $002 

fo=BPS x 8 x (7(SCP) + 1) x (CD + 1) 

SCP=O or 1 
CD=O to $FFF 

Clock Frequency, 
MHz 

32.768 

37.056 

36.864 

12.3.7 SCI+ Exceptions 

The SCI+ can cause five different exceptions in the DSP (see Figure 12-46). These excep
tions are as follows: 

1. SC/+ Receive Data - caused by receive data register full with no receive error condi
tions existing. This error-free interrupt may use a fast interrupt service routine for min-
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EXCEPTION 
STARTING 
ADDRESS 

PROGRAM MEMORY SPACE 

EXCEPTION SOURCE 

$0000 HARDWARE~ 

$0002 STACK ERROR 

$0004 TRACE 

$0006 SWI (SOFTWARE INTERRUPT) 

$0008 ~EXTERNALHARDWAREINTERRUPT 

$OOOA IROB EXTERNAL HARDWARE INTERRUPT 

$OOOC SSI RECEIVE DATA 

$OOOE SSI RECEIVE DATA WITH EXCEPTION STATUS 

$0010 SSI TRANSMIT DATA 

$0012 SSI TRANSMIT DATA WITH EXCEPTION STATUS 

$0014 SCI+ RECEIVE DATA 

$0016 SCI+ RECEIVE DATA WITH EXCEPTION STATUS 

$0018 SCI+ TRANSMIT DATA 

$001A SCI+ IDLE LINE 

$001C SCI+TIMER 

$001E RESERVED 

$0020 HOST RECEIVE DATA 

$0022 HOST TRANSMIT DATA 

$0024 HOST COMMAND (DEFAULn 

$0026 AVAILABLE FOR HOST COMMAND 

$0028 AVAILABLE FOR HOST COMMAND 

• 
• 
• 

$003A AVAILABLE FOR HOST COMMAND 

$003C TIMER 

$003E ILLEGAL INSTRUCTION 

$0040 AVAILABLE FOR HOST COMMAND 

• • • 
$007E AVAILABLE FOR HOST COMMAND 

~ -

I TWO WORDS PER VECTOR EXTERNAL INTERRUPTS 

f f t 
INTERNAL 

INTERRUPTS 

~ i 
EXTERNAL 

INTERRUPTS 

SYNCHRONOUS 
t 

SERIAL 
INTERFACE 

INTERNAL 
INTERRUPTS 

SERIAL 
COMMUNICATIONS 

INTERFACE 

HOST INTERNAL 
INTERFACE INTERRUPTS 

Figure 12-16. SCI+ Exception Vector Locations 

imum overhead. This interrupt is enabled by SCR bit 11 (RIE). 

2. SCI+ Receive Data with Exception Status - caused by receive data register full with a 
receiver error (parity, framing, or overrun error). The SCI+ status register must be read 
to clear the receiver error flag. A long interrupt service routine should be used to han
dle the error condition. This interrupt is enabled by SCR bit 11 (RIE). 

3. SCI+ Transmit Data - caused by transmit data register empty. This error-free interrupt 
may use a fast interrupt service routine for minimum overhead. This interrupt is en
abled by SCR bit 12 (TIE). 
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4. SCI+ Idle Line - occurs when the receive line enters the idle state (10 or 11 bits of 
ones). This interrupt is latched and then automatically reset when the interrupt is ac
cepted. This interrupt is enabled by SCR bit 10 (ILlE). 

5. SCI+ Timer - caused by the baud rate counter underflowing. This interrupt is automat
ically reset when the interrupt is accepted. This interrupt is enabled by SCR bit 13 
(TMIE). 

12.3.8 Synchronous Data 

The synchronous mode (WDS=O, shift register mode) is designed to implement serial-to
parallel and parallel-to-serial conversions. 

The SCI+ port on the MC68356 must always operate as a peripheral in a synchronous slave 
mode as shown in Figure 12-17. If SCKP equals zero, data is clocked in on the rising edge 
of RXClK, and data is clocked out on the falling edge of TXClK. If SCKP equals one, data 
is clocked in on the falling edge of RXClK, and data is clocked out on the rising edge of TX
ClK. The slave mode is selected by choosing external transmit and receive clocks (TCM 
and RCM=1). Since there is no frame signal, if a clock is missed due to noise or any other 
reason, the receiver will lose synchronization with the data without any error signal being 
generated. Detecting an error of this type can be done with an error detecting protocol or 
with external circuitry such as a watchdog timer. The simplest way to recover synchroniza
tion is to reset the SCI+. 

The timing diagram in Figure 12-17 shows transmit data in the normal driven mode. There 
is a window during which STX must be written with the next byte to be transmitted to prevent 
the current word from being retransmitted. This window is from the time TORE goes high, 
which is halfway into the transmission of bit 1, until the middle of bit 6 (see Figure 12-18). Of 
course, this assumes the clock remains continuous - i.e., there is a second word. If the clock 
stops, the SCI+ stops. 

NOTE 

In synchronous mode TCM and RCM must equal one. 

The assembly program shown in Figure 12-19 uses the SCI+ synchronous mode to transmit 
only the low byte of the Y data ROM contents. The program sets the reset vector to run the 
program after a hardware reset, puts the MOVEP instruction at the SCI+ transmit interrupt 
vector location, sets the memory wait states to zero, and configures the memory pointers, 
operating mode register, and the IPR. 
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15 14 13 12 -11 10 9 8 7 6 5 

X:$FFFO ISC 
s::1t~PEGISTER{s::R) 

~ __ ~ __ ~ __ ~ __ ~ __ ~ __ ~ __ ~ __ ~ __ ~ __ L-__ L-__ L-__ L-~I~ 

SSFTD WDS2 WDS1 WDSO 

15 14 13 12 11 10 9 8 7 6 5 

X:$FFF2 
L--" 

s::ItCLOCK~REGISTER{SCCR) 

~--~--~--~--~--~--~--~--~--~--~--~--~--~--~--~I~ 
TCM RCM 

CLOCK INPUT 
(TX or RX CLOCK) 

TRANSMIT DATA 
(SSFTD= 0) 

----' .. t"-----'~~)()()()()()()( 
SAMPLE 0 1 2 3 I 4 5 6 7 

EXAMPLE: INTERFACE TO SYNCHRONOUS MICROCOMPUTER BUSES 

Figure 12-17. Synchronous Slave 
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SYNCHRONOUS MODE, INTERNAL CLOCK (SLAVE) 

TXClock ______________ .... 
(EXT) 

STX 
WRITE I- STX WRITE RANGE _I" STX WRITE RANGE "I 

RANGE 

TRDE" / \\\\~\\\\\\\\ / 
TDRE 0 BY STX WRITE 

TXD 
~RAN~-----------------~r----.,,---~r--~r---\r--~I--~r---'r--~'---,r---'~--~I~-~ 

MIT DATA) ____________________ ~~I~---J~---J1~---J1~--J\----J~----J~----I'---~'~---J~---J1L----1'~ __ J 

NOTE: In extemal clock mode, if data 2 is written after the middle of bit 6 of data 1, then the previous data is retransmitted 
and data 2 is transmitted after the retransmission of data 1. 

Figure 12-18. Synchronous Timing (Slave) 
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The SCI+ is then configured and the interrupts are unmasked, which starts the data transfer. 
The jump-to-self instruction (LABO JMP LABO) is used to wait while interrupts transfer the 
data. 

ORG p:o ;Reset vector 
JMP $40 
ORG P:$18 ;SCI+ transmit interrupt vector 

MOVEPY: (RO)+,X:$FFF4;Transmit low byte of data 
ORGP:$40 
MOVEP#O,X:$FFFE ;Clear BCR 
MOVE#$lOO,RO ;Data ROM start address 
MOVE#$FF,MO ;Size of data ROM - Wraps around at $200 
MOVEC#6,OMR ;Change operating mode to enable data ROM 
MOVEP#$COOO,X:$FFFF;Interrupt priority register 
MOVEP#$1200,X:$FFFO;8-bit synchronous mode 
MOVEP#7,X:$FFEl ;Port C control register - enable SCI+ 
MOVEC#O,SR ;Unmask interrupts 

LAB 0 JMPLABO ;Wait in loop for interrupts 

Figure 12-19. SCI+ Synchronous Transmit 

The program shown in Figure 12-20 is the program for receiving data from the program pre
sented in Figure 12-19. The program sets the reset vector to run the program after hardware 
reset, puts the MOVEP instruction to store the data in a circular buffer starting at $100 at the 
SCI+ receive interrupt vector location, puts another MOVEP instruction at the SCI+ receive 
interrupt vector location, sets the memory wait states to zero, and configures the memory 
pointers and IPR. The SCI+ is then configured and the interrupts are unmasked, which starts 
the data transfer. The jump-to-self instruction (LABO JMP LABO) is used to wait while inter
rupts transfer the data. 

12-34 

ORGP:O ;Reset vector 
JMP$40 ; 
ORGP:$14;SCI+ receive data vector 
MOVEPX:$FFF4,Y: (RO)+;Receive low byte of data 
NOP ;Fast interrupt response 
MOVEPX:$FFF1,XO;Receive with exception. Read status register 
MOVEPX:$FFF4,Y: (RO)+;Receive low byte of data 
ORGP:$40 
MOVEP#O,X:$FFFE;Clear BCR 
MOVE#$lOO,RO;Data ROM start address 
MOVE#$FF,MO; Size of data ROM - wraps around at $200 
MOVEP#$COOO,X:$FFFF;Interrupt priority register 
MOVEP#$900,X:$FFFO; 8-bit synchronous mode receive only 
MOVEP#$COOO,X:$FFF2;Clock control register external clock 
MOVEP#7,X:$FFE1;Port C control register - enable SCI+ 
MOVEC#O,SR;Unmask interrupts 

LAB 0 JMPLABO;Wait in loop for interrupts 

Figure 12-20. SCI+ Synchronous Receive 
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12.3.9 Asynchronous Data 

Asynchronous data uses a data format with embedded word sync, which allows an unsyn
chronized data clock to be synchronized with the word if the clock rate and number of bits 
per word is known. Thus, the clock can be generated by the receiver rather than requiring a 
separate clock signal. The transmitter and receiver both use an internal clock that is 16 x 
the data rate to allow the SCI+ to synchronize the data. The data format requires that each 
data byte have an additional start bit and stop bit. In addition, two of the word formats have 
a parity bit. The multidrop mode used when SCls are on a common bus has an additional 
data type bit. The SCI+ can operate in full-duplex or half-duplex modes since the transmitter 
and receiver are independent. The SCI+ transmitter and receiver can use either the internal 
clock (TCM=O and/or RCM=O) or an external clock (TCM=1 and/or RCM=1) or a combina
tion. If a combination is used, the transmitter and receiver can run at different data rates. 

12.3.9.1 ASYNCHRONOUS DATA RECEPTION 

Figure 12-21 illustrates initializing the SCI+ data receiver for asynchronous data. The first 
step (1) sets up the IMP DISC register for a direct connect to the NMSI2 pins on the IMP, 
step (2) resets the SCI+ to prevent the SCI+ from transmitting or receiving data. Step 
three(3) selects the desired operation by programming the SCR. As a minimum, the word 
format (WDS2, WDS1, and WDSO) must be selected, and (4) the receiver must be enabled 
(RE=1). If (5) interrupts are to be used, set RIE equals one. Use Table 12-3 through Table 
12-6 to set (6) the baud rate (SCP and CDO-CD11 in the SCCR). Once the SCI+ is com
pletely configured, it is enabled by (7) setting the RXD bit in the PCC. 

The SCI+ can be connected to either SCC1 or the NMSI2 pins for use in asynchronous 
mode. See 7.5.3.2 SCI+ Serial Connections. 

The receiver is continually sampling RDX at the 16 x clock rate to find the idle-start-bit tran
sition edge. When that edge is detected (1) the following eight or nine bits, depending on the 
mode, are clocked into the receive shift register (see Figure 12-22). Once a complete byte ~ 
is received, (2) the character is latched into the SRX, and RDRF is set as well as the error ~ 
flags, OR, PE, and FE. If (3) interrupts are enabled, an interrupt is generated. The interrupt 
service routine, which can be a fast interrupt or a long interrupt, (4) reads the received char-
acter. Reading the SRX (5) automatically clears RDFR in the SSR and makes the SRX 
ready to receive another byte. 

If (1) an FE, PE, or OR occurs while receiving data (see Figure 12-23), (2) RDRF is set be
cause a character has been received; FE, PE, or OR is set in the SSR to indicate that an 
error was detected. Either (3) the SSR can be polled by software to look for errors, or (4) 
interrupts can be used to execute an interrupt service routine. This interrupt is different from 
the normal receive interrupt and is caused only by receive errors. The long interrupt service 
routine should (5) read the SSR to determine what error was detected and then (6) read the 
SRX to clear RDRF and all three error flags. 

12.3.9.2 ASYNCHRONOUS DATA TRANSMISSION 

Figure 12-24 illustrates initializing the SCI+ data transmitter for asynchronous data. The first 
step (1) sets up the IMP DISC register for desired connection option, (2)resets the SCI+ to 
prevent the SCI+ from transmitting or receiving data. Step three (3) selects the desired op-
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1. SET UP THE IMP DISC REGISTER FOR DESIRED CONNECTION OPTION. 
2. HARDWARE OR SOFTWARE RESET 
3. PROGRAM SCR WITH DESIRED MODE AND FEATURES. 
4. TURN ON RECEIVER (RE = 1). 
5. OPTIONALLY ENABLE RECEIVER INTERRUPTS (RIE = 1). 

15 14 13 12 11 10 9 8 7 6 4 3 2 o 
SCI+ COOTRQREGISTER 

X:$FFFO ~ __ ~ ______ ~ ________ ~ __ ~ ________ ~ __ ~ __ ~ ________ ~ __ ~ ________ ~ __ ~' (&R) 

RIE RE (READNlJRITE) 

6. SET THE BAUD RATE BY PROGRAMMING THE SCCR. 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 o 

X:$FFF2 
OCI+CXl'lTRCX...FEGISTER 

~--~--~-r~----~--~--~--~~--~--~--~----L---~--~--~----~--~' (9XR) '--- ~~ 

L I DIVIDE BY 1 
IF SCP = 1, THEN DIVIDE BY 8 Ii TO 4096 
IF SCP = 0, THEN DIVIDE BY 1 • 

7. SET THE RXD BIT IN PCC TO ENABLE THE SCI+ RECEIVER SYSTEM. 
SCI+ 

~ 
23 9 8 7 6 5 4 3 2 o 

UFFEl C 0 CC8 ce7 CCS cesl CC41 cel CC2 1:J 1 =~CXlNTR1AEG1S-

RXD 

CCX Function 

0 GPIO 

1 Serial Interface 
--

NOTE: If RE is cleared while a valid character is being received, the reception of the character will be completed before the receiver is disabled. 

Figure 12-21. Asynchronous SCI+ Receiver Initialization 
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1. THE RECEIVER IS IDLE UNTIL A CHARACTER IS RECEIVED IN THE DATA SHIFT REGISTER. 

I II I I I I I I I .1 

2. TRANSFERRING THE RECEIVED CHARACTER INTO SRX SETS RDRF IN THE SSR. 

7 6 5 4 3 2 o 
X:$FFF11 RS IFE I PE lOR I IDLE ·11~[)REITRNE1 STATUS REGISTER (SSR) 

__ ~....L..-_....I._---I:.! (READ ONLY) 

3. IF RIE = 1 IN SCR, THEN AN INTERRUPT IS GENERATED. 

INTERRUPT 
VECTOR 
TABLE 

RECEIVE 
INTERRUPT 

SERVICE 
ROUTINE 

RDRF 

X:$FFF6 

X:$FFF5 

X:$FFF4 

23 1615 8 7 

P:$0014 
5. READING SRX CLEARS RDRF IN THE SSR. 

4. THE RECEIVE INTERRUPT SERVICE ROUTINE READS THE RECEIVED CHARACTER. 

Figure 12-22. SCI+ Character Reception 
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1. A CHARACTER IS RECEIVED WITH AT LEAST ONE OF THE FOLLOWING ERRORS: 

- FRAMING ERROR (FE = BIT 6 IN SSR 
- PARITY ERROR (PE = BIT 5 IN SSR) 
- OVERRUN ERROR (OR = BIT 4 IN SSR) 

SERIAL STRING OF BAD DATA 

l IXIXIXIXIXIXIXIXI 

2. THIS SETS RDRF AND SET OR, PE, OR FE IN SSR. 

3. SSR CAN BE POLLED BY SOFTWARE. 

7 6 5 4 3 2 o 

X:$FFF1 I R8 I ~DLETT ]TDREITRNEJ 7::~~~~~ISTER (SSR) 

RDRF 
AT LEAST ONE BIT SET 

4. IF RIE = 1 IN SCR, THEN AN INTERRUPT WITH ERROR IS GENERATED. 

I 7 6543210 

X:$FFF11 R8 FE PE I OR I IDLE I 1 ITDREITRNEI7::;:~~~~~)ISTER (SSR) 

INTERRUPT 
VECTOR 
TABLE 

, 

P:$0016 L SCI+ RECEIVE DATA J 

RECEIVE WITH 
.----_ .... 1 EXCEPTION 

INTERRUPT 
SERVICE 
ROUTINE 

X:$FFF6 

X:$FFF5 

X:$FFF4 

~- -----------------------~ 
23 16 15 8 7 0 

5. READSSR 

6. READ SRX. THIS CLEARS RDRF IN THE SSR AND CLEARS THE OR, PE, AND 
FE FLAGS. 

F J Figure 12-23. SCI+ Character Reception with Exception 

c en 
"'0 
en 
CD .., 
!: 
"'0 
o 
~ 



~ 
o 
b 
:n 
o 
~ 

:s: 
o 
0) 
Q) 

m 
c: en m 
::c 
en 
3: » z 
c: » 
r-

...... 
I\:) 

~ 
<0 

1. SET UP THE IMP DISC REGISTER FOR DESIRED CONNECTION OPTION. 
2. HARDWARE OR SOFTWARE RESET 
3. PROGRAM SCR WITH DESIRED MODE AND FEATURES. 
4. TURN ON RECEIVER (TE = 1). 
5. OPTIONALLY ENABLE RECEIVER INTERRUPTS (TIE = 1). 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 o 
OCIt C<:NTFO... REGISTER (SCR) 

X:$FFFO 
~ __ -L ____ ~ __ ~ ____ ~ __ ~ ____ ~ __ ~~ __ ~ ____ L-__ -L ____ ~ __ ~ ____ ~ __ ~~ __ ~ __ ~' ~ 

TIE TE 

6. SET THE SCI+ CLOCK PRESCALER BIT AND THE CLOCK DIVIDER BITS IN THE SCCR. 
7. SET THE TXD BIT IN PCC TO ENABLE THE SCI+ TRANSMITTER SYSTEM. 

SCI+ 

~ 
23 8 7 5 4 3 2 o 

X:$FFE1 0 CC8 CC7 CC6 CC5 CC4 r-CC;-, C-;21- 1J cco I Pa'ITCca-.ITROLREGISTER(pcc) 

ccx Function 

0 GPIO 

Serial Interface 
_ .. _------

8. THE TRANSMITTER WILL FIRST BROADCAST A PREAMBLE OF ONES BEFORE BEGINNING DATA TRANSMISSION: 
10 ONES WILL BE TRANSMITTED FOR THE 10-BIT ASYNCHRONOUS MODE. 
11 ONES WILL BE TRANSMITTED FOR THE 11-BIT ASYNCHRONOUS MODE. 

TXD 

NOTE: If TE is cleared while transmitting a character, the transmission of the character will be completed before the transmitter is disabled. 

Figure 12-24. Asynchronous SCI+ Transmitter Initialization 
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eration by programming the SCR. As a minimum, the word format (WDS2, WDS1, and 
WDSO) must be selected, and (4) the transmitter must be enabled (TE=1). If (5) interrupts 
are to be used, set TIE equals one. Use Table 12-3 through Table 12-6 to set (6) the baud 
rate (SCP and CDO-CD11 in the SCCR). Once the SCI+ is completely configured, it can be 
enabled by (7) setting the TXD bit in the PCC. Transmission begins with (8) a preamble of 
ones. 

If polling is used to transmit data (see Figure 12-25), the polling routine can look at either 
TDRE or TRNE to determine when to load another byte into STX. If TDRE is used (1), one 
byte may be loaded into STX. If TRNE is used (2), two bytes may be loaded into STX if 
enough time is allowed for the first byte to begin transmission (see 12.3.4.4.2SCI+ Transmit 
Registers). If interrupts are used (3), then an interrupt is generated when STX is empty. The 
interrupt routine, which can be a fast interrupt or a long interrupt, writes (4) one byte into 
STX. If multidrop mode is being used and this byte is an address, STXA should be used in
stead of STX. Writing STX or STXA (5) clears TDRE in the SSR. When the transmit data 
shift register is empty (6), the byte in STX (or STXA) is latched into the transmit data shift 
register, TRNE is cleared, and TDRE is set. 

There is a provision to send a break or preamble. A break (space) consists of a period of 
zeros with no start or stop bits that is as long or longer than a character frame. A preamble 
(mark) is an inverted break. A preamble of 10 or 11 ones (depending on the word length se
lected by WDS2, WDS 1, and WDSO) can be sent with the following procedure (see Figure 
12-26). (1) Write the last byte to STX and (2) wait for TDRE equals one. This is the byte that 
will be transmitted immediately before the preamble. (3) Clear TE and then again set it to 
one. Momentarily clearing TE causes the output to go high for one character frame. If TE 
remains cleared for a longer period, the output will remain high for an even number of char
acter frames until TE is set. (4) Write the first byte to follow the preamble into SRX before 
the preamble is complete and resume normal transmission. Sending a break follows the 
same procedure except that instead of clearing TE, SBK is set in the SCR to send breaks 
and then reset to resume normal data transmission. 

The example presented in Figure 12-29 uses the SCI+ in the asynchronous mode to transfer 
data into buffers. Interrupts are used, allowing the DSP to perform other tasks while the data 
transfer is occurring. This program can be tested by connecting the SCI+ transmit and re
ceive pins. Equates are used for convenience and readability. 

The program sets the reset vector to run the program after reset, puts a MOVEP instruction 
at the SCI+ receive interrupt vector location, and puts a MOVEP and BClR at the SCI+ 
transmit interrupt vector location so that, after transmitting a byte, the transmitter is disabled 
until another byte is ready for transmission. The SCI+ is initialized by setting the interrupt 
level, which configures the SCR and SCCR, and then is enabled by writing the PCC. The 
main program begins by enabling interrupts, which allows data to be received. Data is trans
mitted by moving a byte of data to the transmit register and by enabling interrupts. The jump
to-self instruction (SEND JMP SEND) is used to wait while interrupts transfer the data. 
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Figure 12-25. Asynchronous SCI+ Character Transmission 
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;************************************************************************** 
***************** 
SCI+ ASYNC WITH INTERRUPTS AND SINGLE BYTE BUFFERS* 

;************************************************************************** 
***************** 

;************************************************* 
SCI+ and other EQUATES* 

;************************************************* 
START EQU$0040;Start of program 
PCC EQU$FFE1;Port C control register 
SCR EQU$FFFO;SCI+ interface control register 
SCCR EQU$FFF2;SCI+ clock control register 
SRX EQU$FFF4;SCI+ receive register 
STX EQU$FFF4;SCI+ transmit register 
BCR EQU$FFFE;Bus control register 
IPR EQU$FFFF;Interrupt priority register 
RXBUF EQU$100;Receive buffer 
TXBUF EQU$200;Transmit buffer 
Figure 12-27. SCI+ Asynchronous Transmit/Receive Example (Sheet 1 of 3) 
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i************************************************* 
RESET VECTOR* 

i************************************************* 
ORGP:$OOOO 
JMPSTART 

i************************************************* 
SCI+ RECEIVE INTERRUPT VECTOR* 

i************************************************* 
ORGP:$0014iLoad the SCI+ RX interrupt vectors 
MOVEPX:SRX,Y:(RO)+iPut the received byte in the receive 

ibuffer. This receive routine is 
iimplemented as a fast interrupt. 

i************************************************* 
SCI+ TRANSMIT INTERRUPT VECTOR* 

i************************************************* 
ORGP:$0018;Load the SCI+ TX interrupt vectors 
MOVEPX:(R3)+,X:STX;Transmit a byte and 

iincrement the pointer in the 
;transmit buffer. 

BCLR#12,X:SCRiDisable transmit interrupts 
;************************************************************************** 

***************** 
INITIALIZE THE SCI+ PORT AND RX, TX BUFFER POINTERS* 

i***************************************************** ********************* 
***************** 
ORGP:STARTiStart the program at location $40 
ORI#$03,MRiMask interrupts temporarily 
MOVEP#$COOO,X:IPRiSet interrupt priority to 2 
MOVEP#$OB02,X:SCRiDisable TX, enable RX interrupts 

;Enable transmitter, receiver 
;Point to point 
i10-bit asynchronous 
i (1 start, 8 data, 1 stop) 

MOVEP#$0022,X:SCCRiUse internal TX, RX clocks 
i9600 BPS 

MOVEP#>$03,X:PCC;Select pins TXD and RXD for SCI+ 
MOVERXBUF,ROiInitialize the receive buffer 
MOVETXBUF,R3iInitialize the transmit buffer 

Figure 12-28. SCI+ Asynchronous Transmit/Receive Example (Sheet 2 of 3) 

i************************************************* 
MAIN PROGRAM* 

i************************************************* 
ANDI#$FC,MR;Re-enable interrupts 
MOVE#>$41,X: (R3) ;Move a byte to the transmit buffer 
MOVERO,X: (R3) 
BSET#12,X:SCRiand enable interrupts so it 

;will be transmitted 
SEND ~MPSEND:Normally something more useful 

;would be put here. 
END :End of example. 

Figure 12-29. SCI+ Asynchronous Transmit/Receive Example (Sheet 3 of 3) 
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12.3.10 SCI+ Timer 

The SCI+ clock determines the data transmission rate and can also be used to establish a 
periodic interrupt that can act as an event timer or be used in any other timing function. Fig
ure 12-30 illustrates how the SCI+ timer is programmed. Bits CD11-CDO, SCP, and STIR 
in the SCCR work together to determine the time base. The crystal oscillator fosc is first di
vided by 2 and then divided by the number CD11-CDO in the SCCR. The oscillator is then 
divided by 1 (if SCP=O) or eight (if SCP=1). This output is used as is if STIR = 1 or, if STIR 
= 0, it is divided by 2 and then by 16 before being used. If TMIE in the SCR = 1 when the 
periodic timeout occurs, the SCI+ timer interrupt is recognized and pending. The SCI+ timer 
interrupt is automatically cleared when the interrupt is serviced. This interrupt will occur ev
ery time the periodic timer times out. If only the timer function is being used (Le., pco, PC1, 
and PC2 pins have been programmed as GPIO pins), the transmit interrupts should be 
turned off (TIE=O). Under individual reset, TDRE will remain set and the timer will continu
ously generate interrupts. 

Figure 12-30 shows that an external clock can be used for SCI+ receive and/or transmit, 
which frees the SCI+ timer to be programmed for a different interrupt rate. In addition, both 
the SCI+ timer interrupt and the SCI+ can use the internal time base if the SCI+ receiver 
and/or transmitter require the same clock period as the SCI+ timer. 

The program in Figure 12-32 configures the SCI+ to interrupt the DSP at fixed intervals. The 
program starts by setting equates for convenience and clarity and then points the reset vec
tor to the start of the program. The SCI+ timer interrupt vector location contains "move 
(RO)+", incrementing the contents of RO, which serves as an elapsed time counter. 

The timer initialization consists of enabling the SCI+ timer interrupt, setting the SCI+ baud 
rate counters for the desired interrupt rate, setting the interrupt mask, enabling the interrupt, 
and then enabling the SCI+ state machine. 

12.3.11 Bootstrap Loading Through the SCI+ (Operating Mode 6) 

When the DSP comes out of reset, it looks at the MODC, MODS, and MODA pins or signals 
in the IMP DISC register (whichever is selected) and sets the corresponding mode bits in 
the OMR. Since the internal serial connection to the SCI+ signals must be initialized before 
bring the DSP out of reset, the following procedure should be followed: 

1. The DSP should be held in reset by the IMP through the control bits provided in the DISC 
register (SELR=1, RST =0) while the IMP initializes itself and configures the desired serial 
connection by programming the ICO-IC3 bits in the DISC register. 

MOTOROLA 

NOTE 

Although not required, the DRESET pin can be grounded to hold 
the DSP in reset until the IMP is ready to release it from reset. 
This eliminates the need for separate reset circuitry for the 
DRESET pin. 
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SCI+ CONTROL REGISTER (SCCR) 
(READiWRITE) 
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12·46 

INTERRUPT 
VECTOR 
TABLE 

P:$001C I-~~~~-.r--"'" 

SCI+TIMER 
INTERRUPT 

SERVICE 
ROUTINE 

(FAST OR LONG) 

2. PENDING TIMER INTERRUPT IS AUTOMATICALLY CLEARED WHEN INTERRUPT IS SERVICED. 

Figure 12-30. SCI+ Timer Operation 
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;************************************************************************** 
***************** 
TIMER USING SCI+ TIMER INTERRUPT* 

;************************************************************************** 
***************** 

;************************************************* 
SCI+ and other EQUATES* 

;************************************************* 
START EQU$0040;Start of program 
SCR EQU$FFFO;SCI+ control register 
SCCR EQU$FFF2;SCI+ clock control register 
IPR EQU$FFFF;Interrupt priority register 
;************************************************* 

RESET VECTOR* 
;************************************************* 

ORGP:$OOOO 
JMPSTART 

;************************************************* 
SCI+ TIMER INTERRUPT VECTOR* 

;************************************************* 
ORGP:$OOlC;Load the SCI+ timer interrupt vectors 
MOVE(RO)+;Increment the timer interrupt counter 
NOP ;This timer routine is implemented 

;as a fast interrupt 
;************************************************* 

INITIALIZE THE SCI+ PORT* 
;************************************************* 

ORGP:START;Start the program at location $40 
MOVE#O,RO;Initialize the timer interrupt counter 
MOVEP#$2000,X:SCR;Select the timer interrupt 
MOVEP#$013F,X:SCCR;Set the interrupt rate at 1 ms 

; (arbitrarily chosen) 
;Interrupts/second = 
;fosc/(64X(7(SCP)-+1)X(CD+1)) 
;Note that this is the same equation 
;as for SCI+ async baud rate 

Figure 12-31. SCI+ Timer Example (Sheet 1 of 2) 

;For 1 ms, SCP=O, 
;CD=OOOI 0011 1111. 

MOVEP#$COOO,X:IPR;Set the interrupt priority level
;application specific. 

ANDI#$FC,MR;Enable interrupts, set MR bits II and 
;10=0 

END JMPEND ;Normally something more useful 
;would be put here. 

END ;End of example. 

Figure 12-32. SCI+ Timer Example (Sheet 2 of 2) 

2. After the IMP has completed its reset initialization routine it should, in a single access to 
the DISC register, 1)reset the RST bit to zero, 2)set the MODA,B,C bits to the desired DSP 
bootstrap mode (mode 6), and 3)set all the SEL bits to one. This access switches control of 
the DSP reset line to the IMP and holds DSP reset still asserted. The MOD signals are also 
applied to the DSP. 
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3. To release the DSP from reset, the IMP should, in a single access 1) set the RST bit to 
one, 2) program the MODA,B,C to the corresponding value desired for the IRQA,B and NMI 
signals (usually ones for the MOD bits to avoid an immediate DSP interrupt), and 3) set the 
SELA,B,C bits to the desired signal source (the corresponding SEL bits should be reset to 
zero if off chip interrupt sources are required). 

4. The serial bootstrap load source, whether IMP SCC1 or external on the NMSI2 pins, 
should begin the loading process as describe below. 

Figure 12-33 shows how the SCI+ is configured for receiving this code and Figure 12-33 
shows the segment of bootstrap code that is used to load from the SCI+. The complete code 
used in the bootstrap program is given in Appendix C . This program (1) configures the SCI+, 
(2) loads the program size, (3) loads the location where the program will begin loading in 
program memory, and (4) loads the program. 

First, the SCI+ control register is set to $0302 (see Figure 12-2) which enables the transmit
ter and receiver and configures the SCI+ for 10 bits asynchronous with one start bit, 8 
data bits, one stop bit, and no parity. Next, the SCI+ clock control register is set to $COOO 
which configures the SCI+ to use external receive and transmit clocks on the TXCLK and 
RXCLK signals. This means that both the TCLK2 and RCLK21MP pins must be driven with 
the same clock for external serial loaders, or SCC1 must provide the same clock to both 
SCI+ TCLK and RCLK signals if the SCC1 is the serial loader. This clock must be 16 times 
the serial data rate. 

The next step is to receive the program size and then the starting address to load the pro
gram. These two numbers are three bytes each loaded least significant byte first. Each byte 
will be echoed back as it is received. After both numbers are loaded, the program size is in 
AO and the starting address is in A 1. 

The program is then loaded one byte at a time, least significant byte first. After loading the 
program, the operating mode is set to zero, the CCR is cleared, and the DSP begins execu
tion with the first instruction that was loaded. 

12.4 SYNCHRONOUS SERIAL INTERFACE (SSI) 

The synchronous serial interface (S81) provides a full-duplex serial port for serial communi
cation with a variety of serial devices including one or more industry-standard codecs, other 
DSPs, microprocessors, and peripherals which implement the Motorola SPI. 

The user can independently define the following characteristics of the 881: the number of 
bits per word, the protocol, the clock, and the transmit/receive synchronization. 

The user can select among three modes: normal, on-demand, and network. The normal 
mode is typically used to interface with devices on a regular or periodic basis. The data-driv
en on-demand mode is intended to be used to communicate with devices on a non periodic 
basis. The network mode provides time slots in addition to a bit clock and frame synchroni
zation pulse. 
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This routine loads from the SCI+. 
MC:MB:MA=110 - external SCI+ clock 
MC:MB:MA=lll - reserved 

SCILD MOVEP 
JMP 
NOP 

ORG 

EXTC MOVEP 
MOVEP 

scn DO -

JCLR 
MOVEP 
JCLR 
MOVEP 
REP 
ASR 

_LOOP6 
MOVE 
MOVE 
DO 

DO 
JCLR 
MOVEP 
JCLR 
MOVEP 
REP 
ASR 

LOOP5 -
MOVEM 

LOOP4 -

#$0302,X:SCR 
<EXTC 

PL:$lOO,PL:$lOO 

#$COOO,X:SCCR 
#7,X:PCC 

#6,_LOOP6 

#2,X:SSR,* 
X:SRXL,A2 
#l,X:SSR,* 
A2,X:STXL 
#8 
A 

Al,RO 
Al,Rl 
AO,_LOOP4 

#3,_ LOOP5 
#2,X:SSR,* 
X:SRXL,A2 
#l,X:SSR,* 
A2,X:STXL 
#8 
A 

Al,P: (RO)+ 

Configure SCI+ Control Reg 
go to next bootrom segment 
just to fill the last space 

starting address of 2nd ROM 

Configure SCI+ Clock Control Reg 
Configure SCLK, TXD and RXD 

get 3 bytes for number of 
program words and 3 bytes 
for the starting address 
Wait for RDRF to go high 
Put 8 bits in A2 
Wait for TDRE to go high 
echo the received byte 

starting address for load 
save starting address 
Receive program words 

Wait for RDRF to go high 
Put 8 bits in A2 
Wait for TDRE to go high 
echo the received byte 

; Store 24-bit result in P memory 

Figure 12-33. Bootstrap Code Fragment 
The SSI functions with a range of 2 to 32 words of I/O per frame in the network mode. This 
mode is typically used in star or ring time division multiplex networks with other DSP56K pro
cessors and/or codecs. The clock can be programmed to be continuous or gated. Since the 
transmitter and receiver sections of the SSI are independent, they can be programmed to 
be synchronous (using a common clock) or asynchronous with respect to each other. 

The SSI requires up to six pins, depending on its operating mode. The most common mini
mum configuration is three pins: transmit data (STD), receive data (SRD) and clock (SCK). 

The SSI consists of independent transmitter and receiver sections and a common SSI clock 
generator. Three to six pins are required for operation, depending on the operating mode 
selected. 

The following is a short list of SSI features: 

• Three-Pin Interface: 
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TXD - Transm it Data 
RXD - Receive Data 
SCK - Serial Clock 

• A 10 Mbps at 40 MHz (fosd4) serial interface 

• Double Buffered 
• User Programmable 
• Separate Transm it and Receive Sections 
• Control and Status Bits 
• Interface to a Variety of Serial Devices, Including: 

Codecs (usually without additional logic) 
MC145502 
MC145503 
MC145505 
MC 145402 (13-bit linear codec) 
MC145554 Family of Codecs 
MC145532 

Serial Peripherals (AID, D/A) 
Most Industry-Standard AID, D/A 
DSP56ADC16 (16-bit linear AID) 

DSP56K to DSP56K Networks 
Motorola SPI Peripherals and Processors 
Shift Registers 

• Interface to Time Division Multiplexed Networks without Additional Logic 
• Six Pins: 

STD SSI Transmit Data 
SRD SSI Receive Data 
SCK SSI Serial Clock 
SCO Serial Control 0 (defined by SSI mode) 
SC1 Serial Control 1 (defined by SSI mode) 
SC2 Serial Control 2 (defined by SSI mode) 

• On-chip Programmable Functions Include: 
Clock - Continuous, Gated, Internal, External 
Synchronization Signals - Bit Length and Word Length 
TXlRX Timing - Synchronous, Asynchronous 
Operating Modes - Normal, Network, On-Demand 
Word Length - 8, 12, 16, 24 Bits 
Serial Clock and Frame Sync Generator 

• Four Interrupt Vectors: 
Receive 
Receive with Exception 
Transmit 
Transmit with Exception 
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This interface is descriptively named "synchronous" because all serial transfers are synchro
nized to a clock. Additional synchronization signals are used to delineate the word frames. 
The normal mode of operation is used to transfer data at a periodic rate, but only one word 
per period. The network mode is similar in that it is also intended for periodic transfers; how
ever, it will support up to 32 words (time slots) per period. This mode can be used to build 
time division multiplexed (TOM) networks. In contrast, the on-demand mode is intended for 
nonperiodic transfers of data. This mode can be used to transfer data serially at high speed 
when the data becomes available. This mode offers a subset of the SPI protocol. 

12.4.1 SSI Data and Control Pins 

The SSI has three dedicated I/O pins which are used for transmit data (STD), receive data 
(SRD), and serial clock (SCK), where SCK may be used by both the transmitter and the re
ceiver for synchronous data transfers or by the transmitter only for asynchronous data trans
fers. Three other pins may also be used, depending on the mode selected; they are serial 
control pins SCD, SC1, and SC2. They may be programmed as SSI control pins in the port 
C control register. Table 12-7 shows the definition of SCD, SC1, SC2, and SCK in the vari-

Table 12-7. Definition of SCQ, SC1, SC2, and SCK 

Asynchronous (SYN=O) Synchronous (SYN=1) 
SSI Pin Name 

(Control Bit Name) 

sca=a (in) 

sca=1 (out) 
(SCDa) 

SC1=O (in) 

SC1=1 (out) 
(SCD1) 

SC2=a (in) 

SC2=1 (out) 
(SCD2) 

SCK=a (in) 

SCK=1 (out (SCKD) 

TXC - Transmitter Clock 
RXC - Receiver Clock 

Continuous Clock 
(GCK=O) 

RXC External 

RXC Internal 

FSR External 

FSR Internal 

FST External 

FST Internal 

TXC External 

TXC Internal 

*XC - Transmitter/Receiver Clock 
(synchronous operation) 

FST - Transmitter Frame Sync 

Gated Clock Continuous Clock Gated Clock 
(GCK=1) (GCK=O) (GCK=1) 

RXC External Input Fa Input Fa 

RXC Internal Output Fa Output Fa 

Not Used Input F1 Input F1 

FSR Internal Output F1 Output F1 

Not Used FS* External Not Used 

FST Internal FS* Internal FS* Internal 

TXC External *XC External *XC External 

TXC Internal) *XC Internal *XC Internal 

FSR - Receiver Frame Sync 
FS* - Transmitter/Receiver Frame Sync 

(synchronous operation) 
Fa - Flag a 
F1 - Flag 1 

ous configurations. The following paragraphs describe the uses of these pins for each of the 
SSI operating modes. Figure 12-34 and Figure 12-35 show the internal clock path connec
tions in block diagram form. The receiver and transmitter clocks can be internal or external 
depending on the SYN, SCDD, and SCKO bits in CRB. 

MOTOROLA MC68356 USER'S MANUAL 12-51 



D 

DSP Serial Ports 

DIVIDE 
BY2 

Fosc 

FLAGO OUT 
(SYNC MODE) 

FLAGO IN 
(SYNC MODE) 

SYN=1 

SCDO= 1 

INTERNAL BIT CLOCK 

PRESCALE DIVIDER 
DIVIDE BY 1 DIVIDE BY1 DIVIDE 

OR TO DIVIDE BY2 
DIVIDE BY8 BY 256 

PSR PMO- PM7 

WL1, WLO 

Figure 12-34. SSI Clock Generator Functional Block Diagram 

Table 12-8. SSI Clock Sources, Inputs, and Outputs 

RXWORD 
CLOCK 

TXWORD 
CLOCK 

SYN SCKD SCDO 
R Clock RXClock 

T Clock Source TX Clock Out 
Source Out 

Asynchronous 

a a a EXT, 
sca - EXT, SCK -

a a 1 INT sca EXT, SCK -

a 1 a EXT, 
sca - INT SCK 

a 1 1 INT sca INT SCK 

Synchronous 

1 a a EXk SC - EXT, SCK -

1 a 1 EXk SC - EXT, SCK -

1 1 a INT SCK INT SCK 

1 1 1 INT SCK INT SCK 
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RXWORD 
CLOCK 

TXWORD 
CLOCK 

DCO-DC4 

RECEIVER 
FRAME RATE 

DIVIDER 

RECEIVE 
CONTROL 

LOGIC 

DCO-DC4 

TRANSMITTER 
FRAME RATE 

DIVIDER 

TRANSMIT 
CONTROL 

LOGIC 

FSLO, FSL1 

INTERNAL RX FRAME CLOCK 

SCD1 =1 

SYN =0 

RECEIVE 

FRAME SYNC 

FSLO, FSL1 

TRANSMIT 

FRAME SYNC 

FLAG11N 
(SYNC MODE) 

INTERNAL TX FRAME CLOCK 

DSP Serial Ports 

FLAG 1 OUT 
(SYNC MODE) 

Figure 12-35. SSI Frame Sync Generator Functional Block Diagram 

12.4.1.1 SERIAL TRANSMIT DATA PIN (STD) 

STD is used for transmitting data from the serial transmit shift register. STD is an output 
when data is being transmitted. Data changes on the positive edge of the bit clock. STD 
goes to high impedance on the negative edge of the bit clock of the last data bit of the word ~ 
(Le., during the second half of the last data bit period) with external gated clock, regardless ~ 
of the mode. With an internally generated bit clock, the STD pin becomes high impedance 
after the last data bit has been transmitted for a full clock period, assuming another data 
word does not follow immediately. If a data word follows immediately, there will not be a 
high-impedance interval. 0 

Codecs label the MSB as bit 0; whereas, the DSP labels the LSB as bit O. Therefore, when 
using a standard co dec, the DSP MSB (or codec bit 0) is shifted out first when SHFD=O, and 
the DSP LSB (or codec bit ?) is shifted out first when SHFD=1. STD may be programmed 
as a general-purpose pin called PCB when the SSI STD function is not being used. 

12.4.1.2 SERIAL RECEIVE DATA PIN (SRD) 

SRD receives serial data and transfers the data to the SSI receive shift register.· SRD may 
be programmed as a general-purpose I/O pin called PC? when the SSI SRD function is not 
being used. Data is sampled on the negative edge of the bit clock. 
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12.4.1.3 SERIAL CLOCK (SCK) 

SCK is a bidirectional pin providing the serial bit rate clock for the SSI interface. The SCK is 
a clock input or output used by both the transmitter and receiver in synchronous modes or 
by the transmitter in asynchronous modes (see Table 12-3). 

NOTE 

Although an external serial clock can be independent of and 
asynchronous to the DSP system clock, it must exceed the min
imum clock cycle time of 8T (Le., the system clock frequency 
must be at least four times the external SSI clock frequency). 
The SSI needs at least four DSP phases (DSP phase= T) inside 
each half of the serial clock. 

12.4.1.4 SERIAL CONTROL PIN (SCO) 

The function of this pin is determined solely on the selection of either synchronous or asyn
chronous mode (see Table 12-7 and Table 12-8). For asynchronous mode, this pin will be 
used for the receive clock I/O. For synchronous mode, this pin is used for serial flag I/O. A 
typical application of flag I/O would be multiple device selection for addressing in codec sys
tems. The direction of this pin is determined by the SCDO bit in the CRB as described in Ta
ble 12-9. When configured as an output, this pin will be either serial output flag 0, based on 
control bit OFO in CRB, or a receive shift register clock output. When configured as an input, 
this pin may be used either as serial input flag 0, which will control status bit IFO in the 
SSISR, or as a receive shift register clock input. 

Table 12-9. SSI Operation: Flag 0 and Rx Clock 

SYN GCK SCDO Operation 

Synchronous Continuous Input Flag 0 Input 

Synchronous Continuous Output Flag 0 Output 

Synchronous Gated Input Flag 0 Input 

Synchronous Gated Output Flag 0 Output 

Asynchronous Continuous Input Rx Clock - External 

Asynchronous Continuous Output Rx Clock - Internal 

Asynchronous Gated Input Rx Clock - External 

Asynchronous Gated Output Rx Clock - Internal 

12.4.1.5 SERIAL CONTROL PIN (SC1) 

The function of this pin is determined solely on the selection of either synchronous or asyn
chronous mode (see Table 12-7). In asynchronous mode (such as a single codec with asyn
chronous transmit and receive), this pin is the receiver frame sync I/O. For synchronous 
mode with continuous clock, this pin is serial flag SC1 and operates like the previously de
scribed SCO. SCO and SC1 are independent serial I/O flags but may be used together for 
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multiple serial device selection. sca and SC1 can be used unencoded to select up to two 
codecs or may be decoded externally to select up to four codecs. The direction of this pin is 
determined by the SCD1 bit in the CRB. When configured as an output, this pin will be either 
a serial output flag, based on control bit OF1, or it will make the receive frame sync signal 
available. When configured as an input, this pin may be used as a serial input flag, which 
will control status bit IF1 in the SSI status register, or as a receive frame sync from an ex
ternal source for continuous clock mode. In the gated clock mode, external frame sync sig
nals are not used. This pin is used for frame sync I/O (see Table 12-7). SC2 is the frame 

Table 12-10. Serial Control Pin (SC2) 

SYN GCK SCD1 Operation 

Synchronous Continuous Input Flag 1 Input 

Synchronous Continuous Output Flag 1 Output 

Synchronous Gated Input Flag 1 Input 

Synchronous Gated Output Flag 1 Output 

Asynchronous Continuous Input RX Frame Sync - External 

Asynchronous Continuous Output RX Frame Sync -Internal 

Asynchronous Gated Input -

Asynchronous Gated Output RX Frame Sync - Internal 

sync for both the transmitter and receiver in synchronous mode and for the transmitter only 
in asynchronous mode. The direction of this pin is determined by the SCD2 bit in CRB. 
When configured as an output, this pin is the internally generated frame sync signal. When 
configured as an input, this pin receives an external frame sync signal for the transmitter ~ 
(and the receiver in synchronous operation). In the gated clock mode, external frame sync ~ 
signals are not used. 

Table 12-11. SSI Operation: Tx and Rx Frame Sync 

SYN GCK SCD2 Operation 

Synchronous Continuous Input TX and RX Frame Sync 

Synchronous Continuous Output TX and RX Frame Sync 

Synchronous Gated Input -

Synchronous Gated Output TX and RX Frame Sync 

Asynchronous Continuous Input TX Frame Sync - External 

Asynchronous Continuous Output TX Frame Sync - Internal 

Asynchronous Gated Input -

Asynchronous Gated Output TX Frame Sync - Internal 
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12.4.2 SSI Programming Model 

The SSI can be viewed as two control registers, one status register, a transmit register, a 
receive register, and special-purpose time slot register. These registers are illustrated in Fig
ure 12-36 and Figure 12-37. The following paragraphs give detailed descriptions and oper
ations of each of the bits in the SSI registers. The SSI registers are not prefaced with an "S" 
(for serial) as are the SCI+ registers. 

12.4.2.1 SSI CONTROL REGISTER A (CRA) 
CRA is one of two 16-bit read/write control registers used to direct the operation of the SSI. 
The CRA controls the SSI clock generator bit and frame sync rates, word length, and num
ber of words per frame for the serial data. The high-order bits of CRA are read as zeros by 
the DSP CPU. The CRA control bits are described in the following paragraphs. 

12.4.2.1.1 CRA Prescale Modulus Select (PM7-PMO) Bits 0-7 
The PMO-PM7 bits specify the divide ratio of the prescale divider in the SSI clock generator. 
A divide ratio from 1 to 256 (PM=O to $FF) may be selected. The bit clock output is available 
at the transmit clock (SCK) and/or the receive clock (SCO) pins of the DSP. The bit clock 
output is also available internally for use as the bit clock to shift the transmit and receive shift 
registers. Careful choice of the crystal oscillator frequency and the prescaler modulus will 
allow the industry-standard codec master clock frequencies of 2.048 MHz, 1.544 MHz, and 
1.536 MHz to be generated. Hardware and software reset clear PMO-PM7. 

12.4.2.1.2 CRA Frame Rate Divider Control (DC4-DCO) Bits 8-12 
The DC4-DCO bits control the divide ratio for the programmable frame rate dividers used to 
generate the frame clocks (see Figure 12-35). In network mode, this ratio may be interpreted 
as the number of words per frame minus one. In normal mode, this ratio determines the word 
transfer rate. The divide ratio may range from 1 to 32 (DC=OOOOO to 11111) for normal mode 
and 2 to 32 (DC=00001 to 11111) for network mode. 

A divide ratio of one (DC=OOOOO) in network mode is a special case (see 12.4.7.4 On-De
mand Mode Examples). In nQrmal mode, a divide ratio of one (DC=OOOOO) provides contin
uous periodic data word transfers. A bit-length sync (FSL 1 =1, FSLO=O) must be used in this 
case. Hardware and software reset clear DC4-DCO. 

12.4.2.1.3 CRA Word Length Control (WLO, WL 1) Bits 13 and 14 
The WL 1 and WLO bits are used to select the length of the data words being transferred via 
the SSI. Word lengths of 8, 12, 16, or 24 bits may be selected according to the assignments 

Table 12-12. CRA Word Length Control 

WL1 WLO Number of BitslWord 

0 0 8 

0 1 12 

1 0 16 

1 1 24 
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shown in Table 12-12. These bits control the number of active clock transitions in the gated 
clock modes and control the word length divider (see Figure 12-34 and Figure 12-35), which 
is part of the frame rate signal generator for continuous clock modes. The WL control bits 
also control the frame sync pulse length when FSLO and FSL 1 select a WL bit clock (see 
Figure 12-34). Hardware and software reset clear WLO and WL 1. 

12.4.2.1.4 CRA Prescaler Range (PSR) Bit 15 

The PSR controls a fixed divide-by-eight prescaler in series with the variable prescaler. This 
bit is used to extend the range of the prescaler for those cases where a slower bit clock is 
desired (see Figure 12-34). When PSR is cleared, the fixed prescaler is bypassed. When 
PSR is set, the fixed divide-by-eight prescaler is operational. This allows a 128-kHz master 
clock to be generated for MC 14550x series codecs. 

The maximum internally generated bit clock frequency is fosc/4, the minimum internally gen
erated bit clock frequency is fosc/4/8/256=fosc/8192. Hardware and software reset clear 
PSR. 

12.4.2.2 SSI CONTROL REGISTER B (CRB) 
The CRB is one of two 16-bit read/write control registers used to direct the operation of the 
SS!. CRB controls the SSI multifunction pins, SC2, SC1, and SCO, which can be used as 
clock inputs or outputs, frame synchronization pins, or serial I/O flag pins. The serial output 
flag control bits and the direction control bits for the serial control pins are in the SSI CRB. 
Interrupt enable bits for each data register interrupt are provided in this control register. 
When read by the DSP, CRB appears on the two low-order bytes of the 24-bit word, and the 
high-order byte reads as zeros. Operating modes are also selected in this register. Hard
ware and software reset clear all the bits in the CRB. The relationships between the SSI pins 
(SCQ, SC1, SC2, and SCK) and some of the CRB bits are summarized in Tables 12-7, 12-
14, and 12-15. The SSI CRB bits are described in the following paragraphs. 

12.4.2.2.1 CRB Serial Output Flag 0 (OFO) Bit 0 

When the SSI is in the synchronous clock mode and the serial control direction zero bit 
(SCDO) is set, indicating that the SCO pin is an output, then data present in OFO will be writ
ten to SCQ at the beginning of the frame in normal mode or at the beginning of the next time 
slot in network mode. Hardware and software reset clear OFO. 

12.4.2.2.2 CRB Serial Output Flag 1 (OF1) Bit 1 

When the SSI is in the synchronous clock mode and the serial control direction one (SCD1) 
bit is set, indicating that the SC1 pin is an output, then data present in OF1 will be written to 
the SC1 pin at the beginning of the frame in normal mode or at the beginning of the next time 
slot in network mode (see 12.4.7 Operating Modes - Normal, Network, and On-Demand). 

The normal sequence for setting output flags when transmitting data is to poll TDE (TX emp
ty), to first write the flags, and then write the transmit data to the TX register. OFO and OF1 
are double buffered so that the flag states appear on the pins when the TX data is trans
ferred to the transmit shift register (Le., the flags are synchronous with the data). Hardware 
and software reset clear OF1. 
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NOTE 

The optional serial output pins (SCO, SC1, and SC2) are con
trolled by the frame timing and are not affected by TE or RE. 

12.4.2.2.3 CRB Serial Control 0 Direction (SCDO) Bit 2 

SCDO controls the direction of the SCO I/O line. When SCDO is cleared, SCD is an input; 
when SCDO is set, SCO is an output (see Tables 12-7 and 12-8, and Figure 12-39). Hard
ware and software reset clear SCDO. 

12.4.2.2.4 CRB Serial Control 1 Direction (SCD1) Bit 3 

SCD1 controls the direction of the SC1 1/0 line. When SCD1 is cleared, SC1 is an input; 
when SCD1 is set, SC1 is an output (see Tables 12-7 and 12-8 and Figure 12-39). Hardware 
and software reset clear SCD1. 

12.4.2.2.5 CRB Serial Control 2 Direction (SCD2) Bit 4 

SCD2 controls the direction of the SC2 1/0 line. When SCD2 is cleared, SC2 is an input; 
when SCD2 is set, SC2 is an output (see Tables 12-7 and 12-8, and Figure 12-39). Hard
ware and software reset clear SCD2. 

12.4.2.2.6 CRB Clock Source Direction (SCKD) Bit 5 

SCKD selects the source of the clock signal used to clock the transmit shift register in the 
asynchronous mode and both the transmit shift register and the receive shift register in the 
synchronous mode. When SCKD is set, the internal clock source becomes the bit clock for 
the transmit shift register and word length divider and is the output on the SCK pin. When 
SCKD is cleared, the clock source is external; the internal clock generator is disconnected 
from the SCK pin, and an external clock source may drive this pin. Hardware and software 
reset clear SCKD. 

12.4.2.2.7 CRB Shift Direction (SHFD) Bit 6 

This bit causes the transmit shift register to shift data out MSB first when SHFD equals zero 
or LSB first when SHFD equals one. Receive data is shifted in MSB first when SHFD equals 
zero or LSB first when SHFD equals one. Hardware reset and software reset clear SHFD. 

12.4.2.2.8 CRB Frame Sync Length (FSLO and FSL 1) Bits 7 and 8 

These bits select the type of frame sync to be generated or recognized. If FSL 1 equals zero 
and FSLD equals zero, a word-length frame sync is selected for both TX and RX that is the 
length of the data word defined by bits WL 1 and WLO. If FSL 1 equals one and FSLO equals 
zero, a 1-bit clock period frame sync is selected for both TX and RX. When FSLO equals 
one, the TX and RX frame syncs are different lengths. Hardware reset and software reset 
clear FSLO and FSL 1 
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Table 12-13. CRB Frame Sync Length 

FSL1 FSLO Frame Sync Length 

0 0 WL bit clock for both Tx/RX 

0 1 One-bit clock for TX and WL bit clock for RX 

1 0 One-bit clock for both Tx/RX 

1 1 One-bit clock for RX and WL bit clock for TX 

12.4.2.2.9 CRB Sync/Async (SYN) Bit 9 
SYN controls whether the receive and transmit functions of the SSI occur synchronously or 
asynchronously with respect to each other. When SYN is cleared, asynchronous mode is 
chosen and separate clock and frame sync signals are used for the transm it and receive 
sections. When SYN -is set, synchronous mode is chosen and the transmit and receive sec
tions use common clock and frame sync signals. Hardware reset and software reset clear 
SYN. 

12.4.2.2.10 CRB Gated Clock Control (GCK) Bit 10 

GCK is used to select between a continuously running data clock or a clock that runs only 
when there is data to be sent in the transmit shift register. When GCK is cleared, a continu
ous clock is selected; when GCK is set, the clock will be gated. Hardware reset and software 
reset clear GCK. 

NOTE 

For gated clock mode with externally generated bit clock, inter
nally generated frame sync is not defined. 

12.4.2.2.11 CRB SSI Mode Select (MOD) Bit 11 

MOD selects the operational mode of the SSI. When MOD is cleared, the normal mode is 
selected; when MOD is set, the network mode is selected. In the normal mode, the frame 
rate divider determines the word transfer rate - one word is transferred per frame sync dur
ing the frame sync time slot. In network mode, a word is (possibly) transferred every time 
slot. For more details, see 12.4.3 Operational Modes and Pin Definitions. Hardware and 
software reset clear MOD. 

12.4.2.2.12 CRB SSt Transmit Enable (TE) Bit 12 

TE enables the transfer of data from TX to the transmit shift register. When TE is set and a 
frame sync is detected, the transmit portion of the SSI is enabled for that frame. When TE 
is cleared, the transmitter will be disabled after completing transmission of data currently in 
the SSI transmit shift register. The serial output is three-stated, and any data present in TX 
will not be transmitted (i.e., data can be written to TX with TE cleared; TOE will be cleared, 
but data will not be transferred to the transmit shift register). 

The normal mode transmit enable sequence is to write data to TX or TSR before setting TE. 
The normal transmit disable sequence is to clear TE and TIE after TOE equals one. 
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In the network mode, the operation of clearing TE and setting it again will disable the trans
mitter after completing transmission of the current data word until the beginning of the next 
frame. During that time period, the STD pin will remain in the high-impedance state. Hard
ware reset and software reset clear TE. 

The on-demand mode transmit enable sequence can be the same as the normal mode, or 
TE can be left enabled. 

NOTE 

TE does not inhibit TDE or transmitter interrupts. TE does not af
fect the generation of frame sync or output flags. 

12.4.2.2.13 CRB SSI Receive Enable (RE) Bit 13 
When RE is set, the receive portion of the SSI is enabled. When this bit is cleared, the re
ceiver will be disabled by inhibiting data transfer into RX. If data is being received while this 
bit is cleared, the remainder of the word will be shifted in and transferred to the SSI receive 
data register. 

RE must be set in the normal mode and on-demand mode to receive data. In network mode, 
the operation of clearing RE and setting it again will disable the receiver after reception of 
the current data word until the beginning of the next data frame. Hardware and software re
set clear RE. 

NOTE 

RE does not inhibit RDF or receiver interrupts. RE does not af
fect the generation of a frame sync. 

12.4.2.2.14 CRB SSI Transmit Interrupt Enable (TIE) Bit 14 
The DSP will be interrupted when TIE and the TDE flag in the SSI status register is set. (In 
network mode, the interrupt takes effect in the next frame synch, not in the next time slot.) 
When TIE is cleared, this interrupt is disabled. However, the TDE bit will always indicate the 
transmit data register empty condition even when the transmitter is disabled with the TE bit. 
Writing data to TX or TSR will clear TDE, thus clearing the interrupt. Hardware and software 
reset clear RE. 

There are two transmit data interrupts that have separate interrupt vectors: 

1. Transmit data with exceptions - This interrupt is generated on the following condition: 
TIE=1, TDE=1, and TUE=1 

2. Transmit data without exceptions - This interrupt is generated on the following condi
tion: 

TIE=1, TDE=1, and TUE=O 

See Section 7 Processing States in the DSP56000 Digital Signal Processor Family Man
ual for more information on exceptions. 
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12.4.2.2.15 eRB SSI Receive Interrupt Enable (RIE) Bit 15 

When RIE is set, the DSP will be interrupted when RDF in the SSI status register is set. (In 
network mode, the interrupt takes effect in the next frame synch, not in the next time slot.) 
When RIE is cleared, this interrupt is disabled. However, the RDF bit still indicates the re
ceive data register full condition. Reading the receive data register will clear RDF, thus clear
ing the pending interrupt. Hardware and software reset clear RIE. 

There are two receive data interrupts that have separate interrupt vectors: 

1. Receive data with exceptions - This interrupt is generated on the following condition: 
RIE=1, RDF=1, and ROE=1 

2. Receive data without exceptions - This interrupt is generated on the following condi
tion: 

RIE=1, RDF=1, and ROE=O 

See Section 7 Processing States in the DSP56000 Digital Signal Processor Family Man
ual for more information on exceptions. 

12.4.2.3 SSI STATUS REGISTER (SSISR) 
The SSISR is an 8-bit read-only status register used by the DSP to interrogate the status 
and serial input flags of the SSI. When the SSISR is read to the internal data bus, the register 
contents occupy the low-order byte of the data bus, and the high-order portion is zero filled. 
The status bits are described in the following paragraphs. 

12.4.2.3.1 SSISR Serial Input Flag 0 (lFO) Bit 0 

The SSI latches data present on the seo pin during reception of the first received bit after 
frame sync is detected. IFO is updated with this data when the receive shift register is trans
ferred into the receive data register. The IFO bit is enabled only when SeDO is cleared and 
SYN is set, indicating that seo is an input and the synchronous mode is selected (see Table _ 
12-7); otherwise, IFO reads as a zero when it is not enabled. Hardware, software, SSI indi-
vidual, and STOP reset clear IFO. 

12.4.2.3.2 SSISR Serial Input Flag 1 (IF1) Bit 1 

The SSI latches data present on the se 1 pin during reception of the first received bit after 
frame sync is detected. The IF1 flag is updated with the data when the receiver shift register 
is transferred into the receive data register. The IF1 bit is enabled only when SeD1 is 
cleared and SYN is set, indicating that se 1 is an input and the synchronous mode is select
ed (see Table 12-7); otherwise, IF1 reads as a zero when it is not enabled. Hardware, soft
ware, SSI individual, and STOP reset clear IF1. 

12.4.2.3.3 SSISR Transmit Frame Sync Flag (TFS) Bit 2 

When set, TFS indicates that a transmit frame sync occurred in the current time slot. TFS is 
set at the start of the first time slot in the frame and cleared during all other time slots. If word
wide transmit frame sync is selected (FSLO=FSL 1), this indicates that the frame sync was 
high at least at the beginning of the time slot if external frame sync is selected, or high 
throughout the time slot if internal frame sync was selected. If bit-wide transmit frame sync 
is selected (FSLO:;t:FSL 1), this indicates that the frame sync (either internal or external) was 
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high during the last Tx clock bit period prior to the current time slot, and that the frame sync 
falling edge corresponds to the assertion of the first output data bit, as shown below. 

Bit-Length Fs ~ _____________________ _ 

Word-Length Fs ~ 

Time slots Time slot #1 Time slot #2 Time slot #3 

Tx shift clock 

f TFS set here 

Data written to the transmit data register during the time slot when TFS is set will be trans
mitted (in network mode) during the second time slot in the frame. TFS is useful in network 
mode to identify the start of the frame. This is illustrated in a typical transmit interrupt han
dier: 

MOVEP 
JCLR 

JMP 

X:(R4)+,X:SSITx 
#2,X:SSISR,_NoTFS;1 = FIRST TIME SLOT 
;Do something 
_DONE 

;Do something else 

NOTE 

In normal mode, TFS will always read as a one when transmit
ting data because there is only one time slot per frame - the 
"frame sync" time slot. 

TFS, which is cleared by hardware, software, SSI individual, or STOP reset, is not affected 
byTE. 

12.4.2.3.4 SSISR Receive Frame Sync Flag (RFS) Bit 3 

When set, RFS indicates that a receive frame sync occurred during reception of the word in 
the serial receive data register. This indicates that the data word is from the first time slot in 
the frame. If word-wide receive frame sync is selected (FSL 1 =0), this indicates that the 
frame sync was high at least at the beginning of the time slot. If bit-wide receive frame sync 
is selected (FSL 1 =1), this indicates that the frame sync (either internal or external) was high 
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during the last bit period prior to the current time slot, and that the frame sync falling edge 
corresponds to the assertion of the first output data bit, as shown below. 

Bit-Length Fs ~"-____________________ _ 

Word-Length Fs ~ 

Time slots Time slot #1 Time slot #2 Time slot #3 

Rx shift clock 

t RFS set here 

When RFS is clear and a word is received, it indicates (only in network mode) that the frame 
sync did not occur during reception of that word. RFS is useful in network mode to identify 
the start of the frame. This is illustrated in a typical receive interrupt handler: 

MOVEPX:SSIRx,X: (R4)+ 
JCLR#3,X:SSISR,_NoRFS;1 = FIRST TIME SLOT 

;Do something 
JMP_DONE 

;Do something else 

NOTE 

In normal mode, RFS will always read as a one when reading 
data because there is only one time slot per frame - the "frame 
sync" time slot. 

RFS, which is cleared by hardware, software, SSI individual, or STOP reset, is not affected ~ 

byRE. ~ 

12.4.2.3.5 SSISR Transmitter Underrun Error Flag (TUE) Bit 4 
TUE is set when the serial transmit shift register is empty (no new data to be transmitted) 
and a transmit time slot occurs. When a transmit underrun error occurs, the previous data 
(which is still present in the TX) will be retransmitted. 

In the normal mode, there is only one transmit time slot per frame. In the network mode, 
there can be up to 32 transm it time slots per frame. 

TUE does not cause any interrupts; however, TUE does cause a change in the interrupt vec
tor used for transmit interrupts so that a different interrupt handler may be used for a transmit 
underrun condition. If a transmit interrupt occurs with TUE set, the transmit data with excep
tion status interrupt will be generated; if a transmit interrupt occurs with TUE clear, the trans
mit data without errors interrupt will be generated. 

Hardware, software, SSI individual, and STOP reset clear TUE. TUE is also cleared by read
ing the SSISR with TUE set, followed by writing TX or TSR. 
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12.4.2.3.6 5515R Receiver Overrun Error Flag (ROE) Bit 5 
This flag is set when the serial receive shift register is filled and ready to transfer to the re
ceiver data register (RX) and RX is already full (Le., RDF=1). The receiver shift register is 
not transferred to RX. ROE does not cause any interrupts; however, ROE does cause a 
change in the interrupt vector used for receive interrupts so that a different interrupt handler 
may be used for a receive error condition. If a receive interrupt occurs with ROE set, the re
ceive data with exception status interrupt will be generated; if a receive interrupt occurs with 
ROE clear, the receive data without errors interrupt will be generated. 

Hardware, software, SSI individual, and STOP reset clear ROE. ROE is also cleared by 
reading the SSISR with ROE set, followed by reading the RX. Clearing RE does not affect 
ROE. 

12.4.2.3.7 5515R S51 Transmit Data Register Empty (TOE) Bit 6 
This flag is set when the contents of the transmit data register are transferred to the transmit 
shift register; it is also set for a disabled time slot period in network mode (as if data were 
being transmitted after the TSR was written). Thirdly, it can be set by the hardware, soft
ware, SSI individual, or STOP reset. When set, TDE indicates that data should be written to 
the TX or to the time slot register (TSR). TDE is cleared when the DSP writes to the transmit 
data register or when the DSP writes to the TSR to disable transmission of the next time slot. 
If TIE is set, a DSP transmit data interrupt request will be issued when TDE is set. The vector 
of the interrupt will depend on the state of the transmitter underrun bit. 

12.4.2.3.8 551SR S51 Receive Data Register Full (ROF) Bit 7 
RDF is set when the contents of the receive shift register are transferred to the receive data 
register. RDF is cleared when the DSP reads the receive data register or cleared by hard
ware, software, SSI individual, or STOP reset. If RIE is set, a DSP receive data interrupt re
quest will be issued when RDF is set. The vector of the interrupt request will depend on the 
state of the receiver overrun bit. 

12.4.2.3.9 551 Receive Shift Register 
This 24-bit shift register receives the incoming data from the serial receive data pin. Data is 
shifted in by the selected (internal/external) bit clock when the associated frame sync I/O (or 
gated clock) is asserted. Data is assumed to be received MSB first if SHFD equals zero and 
LSB first if SHFD equals one. Data is transferred to the SSI receive data register after 8, 12, 
16, or 24 bits have been shifted in, depending on the word-length control bits in the CRA 
(see Figure 12-40). 

12.4.2.3.10 551 Receive Data Register (RX) 
RX is a 24-bit read-only register that accepts data from the receive shift register as it be
comes full. The data read will occupy the most significant portion of the receive data register 
(see Figure 12-40). The unused bits (least significant portion) will read as zeros. The DSP 
is interrupted whenever RX becomes full if the associated interrupt is enabled. 

12.4.2.3.11 551 Transmit Shift Register 
This 24-bit shift register contains the data being transmitted. Data is shifted out to the serial 
transmit data pin by the selected (internal/external) bit clock when the associated frame sync 
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(b) SHFD = 1 

Figure 12-40. Receive Data Path 
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I/O (or gated clock) is asserted. The number of bits shifted out before the shift register is 
considered empty and may be written to again can be 8, 12, 16, or 24 bits (determined by 
the word-length control bits in CRA). The data to be transmitted occupies the most signifi
cant portion of the shift register. The unused portion of the register is ignored. Data is shifted 
out of this register MSB first if SHFD equals zero and LSB first if SHFD equals one (see Fig
ure 12-41). 

12.4.2.3.12 551 Transmit Data Register (TX) 

TX is a 24-bit write-only register. Data to be transmitted is written into this register and is 
automatically transferred to the transmit shift register. The data written (8, 12, 16, or 24 bits) 
should occupy the most significant portion of TX (see Figure 12-41). The unused bits (least 
significant portion) of TX are don't care bits. The DSP is interrupted whenever TX becomes 
empty if the transmit data register empty interrupt has been enabled. 

12.4.2.3.13 Time Slot Register (TSR) 

TSR is effectively a null data register that is used when the data is not to be transmitted in 
the available transmit time slot. For the purposes of timing, TSR is a write-only register that 
behaves like an alternative transmit data register, except that, rather than transmitting data, 
the transmit data pin is in the high-impedance state for that time slot. 

12.4.3 Operational Modes and Pin Definitions 

Table 12-14 and Table 12-15 completely describe the SSI operational modes and pin defi
nitions (Table 12-7 is a simplified version of these tables). The operational modes are as fol
lows: 

1. Continuous Clock 
Mode 1 - Normal with Internal Frame Sync 
Mode 2 - Network with Internal Frame Sync 
Mode 3 - Normal with External Frame Sync 
Mode 4 - Network with External Frame Sync 

2. Gated Clock 
Mode 5 - External Gated Clock 
Mode 6 - Normal with Internal Gated Clock 
Mode 7 - Network with Internal Gated Clock 

3. Special Case (Both Gated and Continuous Clock) 
Mode 8 - On-Demand Mode (Transmitter Only) 
Mode 9 - Receiver Follows Transmitter Clocking 

12.4.4 Registers After Reset 

Hardware or software reset clears the port control register bits, which configure all I/O as 
general-purpose input. The SSI will remain in reset while all SSI pins are programmed as 
general-purpose I/O (CC8-CC3=O) and will become active only when at least one of the SSI 
I/O pins is programmed as not general-purpose I/O. Table 12-16 shows how each type of 
reset affects each SSI register bit. 
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Figure 12·41. Transmit Data Path 
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Table 12-14. Mode and Pin Definition Table - Continuous Clock 

Control Bits Mode SCQ 

MOD GCLK SYN SCD2 SCD1 SCDa SCKD DC4- TX RX In DCa 

a a a 1 1 X X X 1 1 RXC 

a a 1 1 X X X X 1 1 Fa 

1 a a 1 1 X X 1 2 2 RXC 

1 a 1 1 X X X 1 2 2 Fa 

a a a a 1 X X X 3 1 RXC 

a a a 1 a X X X 1 3 RXC 

a a a a a X X X 3 3 RXC 

a a 1 a X X X X 3 3 Fa 

1 a a a 1 X X X 4 2 RXC 

1 a a 1 a X X 1 2 4 RXC 

1 a a a a X X X 4 4 RXC 

1 a 1 a X X X X 4 4 Fa 

1 a a 1 1 X X a 8 2 RXC 

1 a 1 1 X X X a 8 9 Fa 

1 a a 1 a X X a 8 4 RXC 

DC4-DCo = ° means that bits DC4 = 0, DC3 = 0, DC2 = 0, DC1 = 0, and DCO = ° 
DC4-DCO = 1 means that bits DC4-DCOtoO 
TXC - Transmitter Clock 
RXC - Receiver Clock 
*XC - Transmitter/Receiver Clock (Synchronous Operation) 
FST - Transmitter Frame Sync 
FSR - Receiver Frame Sync 
FS* - Transmitter/Receiver Frame Sync (Synchronous Operation) 
FO - Flag ° 
F1 -Flag 1 

12.4.5 SSI Initialization 

The correct way to initialize the SSI is as follows: 

1. Hardware, software, S81 individual, or STOP reset 

2. Program SSI control registers 

Out 

RXC 

Fa 

RXC 

Fa 

RXC 

RXC 

RXC 

Fa 

RXC 

RXC 

RXC 

Fa 

RXC 

Fa 

RXC 

SC1 

In Out 

- FSR 

F1 F1 

- FSR 

F1 F1 

- FSR 

FSR -

FSR -

F1 F1 

- FSR 

FSR -

FSR -

F1 F1 

- FSR 

F1 F1 

FSR -

3. Configure SSI pins (at least one) as not general-purpose 1/0 

SC2 SCK 

In Out In Out 

- FST TXC TXC 

- FS* *XC *XC 

- FST TXC TXC 

- FS* *XC *XC 

FST - TXC TXC 

- FST TXC TXC 

FST - TXC TXC 

FS* - *XC *XC 

FST - TXC TXC 

- FST TXC TXC 

FST - TXC TXC 

FS* - *Xc *XC 

- FST TXC TXC 

- FS* *XC *XC 

- FST TXC TXC 

During program execution, CC8-CC3 may be cleared, causing the SSI to stop serial activity 
and enter the individual reset state. All status bits of the interface will be set to their reset 
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Table 12-15. Mode and Pin Definition Table - Gated Clock 

Control Bits Mode SCQ 

MOD GCLK SYN SCD2 SCD1 SCDa SCKD DC4- TX RX In Out DCa 

a 1 a x x 1 1 X 6 6 - RXC 

a 1 1 X X X 1 X 6 6 Fa Fa 

a 1 a x X 1 a X 5 6 - AXC 

a 1 a X X a a X 5 5 RXC -

a 1 1 X X X a X 5 5 Fa Fa 

1 1 a X X 1 1 a 8 7 - RXC 

1 1 a X X a 1 a 8 5 RXC -

1 1 1 X X X 1 a 8 9 Fa Fa 

a 1 a X X a 1 X 6 5 RXC -

DC4-Dco=a means that bits DC4=a, DC3=O, DC2=a, DC1 =0, and DCO=a. 
TXC - Transmitter Clock 
RXC - Receiver Clock 
*XC - Transmitter/Receiver Clock (Synchronous Operation) 
FST - Transmitter Frame Sync 
FSR - Receiver Frame Sync 
FS* - Transmitter/Receiver Frame Sync (Synchronous Operation) 
Fa - Flag a 
F1 - Flag 1 
? - Undefined 

SC1 SC2 SCK 

In Out In Out In Out 

? FSR ? FST - TXC 

Fa F1 ? FS* - *XC 

? FSR ? ? TXC -

? ? ? ? TXC -

F1 F1 ? ? *XC -

? FSR ? FST - TXC 

? ? ? FST - TXC 

F1 F1 ? FS* - *XC 

? ? ? FST - TXC 

state; however, the contents of CRA and CRB are not affected. This procedure allows the ~ 
DSP program to reset each interface separately from the other internal peripherals. ~ 
The DSP program must use an SSI reset when changing the MOD, GCK, SYN, SCKD, 
SCD2, SCD1, or SCDO bits to ensure proper operation of the interface. Figure 12-42 is a 

HARDWARE OR SOFTWARE REST 

PROGRAM CRAAND CRB 

SELECT PINS TO BE USED 
PORT C CONTROL REGISTER 

Figure 12-42. SSI Initialization Block Diagram 

flowchart illustrating the three initialization steps previously listed. Figure 12-43, Figure 12-
44, ·and Figure 12-45 provide additional detail to the flowchart. 
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Table 12-16. SSI Registers After Reset 

Register Register Reset 

Name Data 
Bit Number 

HW Reset SW Reset Individual Reset ST Reset 

PSR 15 0 0 - -
WL(2-0) 13,14 0 0 - -

CRA DC(4-0) 8-12 0 0 - -
PM (7-0) 0-7 0 0 - -
RIE 15 0 0 - -

TIE 14 0 0 - -
RE 13 0 0 - -
TE 12 0 0 - -
MOD 11 0 0 - -
GCK 10 0 0 - -
SYN 9 0 0 - -

FSL1 8 0 0 - -

CRB FSLO 7 0 0 - -

SHFD 6 0 0 - -
SCKD 5 0 0 - -
SCD(2-0) 2-4 0 0 - -

OF(1-0) 0,1 0 0 - -

RDF 7 0 0 0 0 

TDE 6 1 1 1 1 

ROE 5 0 0 0 0 

TUE 4 0 0 0 0 

SSISR RFS 3 0 0 0 0 

TFS 2 0 0 0 0 

IF(1-0) 0,1 0 0 0 0 

RDR RDR (23-0) 23-0 - - - -
TDR TDR (23-0) 23-0 - - - -

RSR RDR (23-0) 23-0 - - - -
TSR RDR (23-0) 23-0 - - - -

NOTES: 
1. RSR - SSI receive shift register 
2. TSR - SSI transmit shift register 
3. HW - Hardware reset is caused by asserting the external pin liE'SET. 
4. SW - Software reset is caused by executing the RESET instruction. 
5. IR -Individual reset is caused by SSI peripheral pins (Le., PCC(3-8)) being configured as general-purpose I/O. 
6. ST - Stop reset is caused by executing the STOP instruction. 
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FRAME SYNC LENGTH 0 
FRAME SYNC LENGTH 1 0= RX AND TX SAME 

0= RX IS WORD LENGTH LENGTH 
1 = RX IS BfT LENGTH 1 = RXANDTXDIFFERENT 

LENGTH 

SYNC/ASYNC CONTROL SHIFT DIRECTION 
0= ASYNCHRONOUS 0= MSB FIRST 
1 = SYNCHRONOUS 1 = LSBFIRST 

GATED CLOCK CONTROL CLOCK SOURCE DIRECTION 
0= CONTINUOUS CLOCK 0= INPUT (EXTERNAL) 
1 = GATED CLOCK 1 = OUTPUT (INTERNAL) 

SSI MODE SELECT 
SERIAL CONTROL 
DIRECTION BITS o = NORMAL - ..-

0= INPUT 
1 = NETWORK 1 = OUTPUT 

15 14 13 12 I I 1 0 

RIE I TIE I RE I TE I MOD I GCK I SYN I FSL1 I FSLO I SHFD I SCKD I SCD2 SCD1 I SCDO I OF1 I OFO I 
11 10 9 8 7 6 5 4 3 2 

TRANSMIT ENABLE OUTPUT FLAG 1 
O=DISABLE IF SYN = 1, SCD1 = 1 
1 = ENABLE OF1+SC1 PIN 

RECEIVE ENABLE OUTPUT FLAG 0 

~ 
O=DISABLE IFSYN= 1, SCOO= 1 
1 = ENABLE OFO+SCOPIN 

TRANSMIT INTERRUPT ENABLE 
0= DISABLE 
1 = ENABLE 

RECEIVE INTERRUPT ENABLE 
0= DISABLE 
1 = ENABLE 

Figure 12-44. 551 eRB Initialization Procedure 

Figure 12-45 shows the six control bits in the PCC, which select the six SSI pins as either 
general-purpose I/O or as SSI pins. The STD pin can only transmit data; the SRD pin can 
only receive data. The other four pins can be inputs or outputs, depending on how they are 
programmed. This programming is accomplished by setting bits in CRA and CRB as shown 
in Figure 12-39. The CRA (see Figure 12-43) sets the SSI bit rate clock with PSR and PMO
PM7, sets the word length with WL 1 and WLO, and sets the number of words in a frame with 
DCG-DC4. There is a special case where DC4-DCO equals zero (one word per frame). De-
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pending on whether the normal or network mode is selected (MOD=O or MOD=1, respec
tively), either the continuous periodic data mode is selected, or the on-demand data driven 
mode is selected. The continuous periodic mode requires that FSL 1 equals one and FSLO 
equals zero. Figure 12-44 shows the meaning of each individual bit in the CRB. These bits 
should be set according to the application requirements. 

23 

P 
o 
R 
T 

C 

CCx 

0 

1 

Function 

GPIO 

Serial Interface 

PCO f4- ............ .. 
PC1 f4- ............ .. 
PC2 f4- ............ .. 
SCO SERIAL CONTROL PIN 0 
SC1 14-----" SERIAL CONTROL PIN 1 
SC2 SERIAL CONTROL PIN 2 
SCK SERIAL CLOCK PIN 
SRD SERIAL RECEIVE DATA PIN 
STO SERIAL TRANSMIT DATA PIN 

Figure 12-45. SSllnitialization Procedure 

Table 12-17(a) and Table 12-17(b) provide a convenient listing of PSR and PMO-PM7 set- _ 
tings for the common data communication rates and the highest rate possible for the SSI for 
the chosen crystal frequencies. The crystal frequency selected for Table 12-17(a) is the one 
used by the DSP56002ADS board; the one selected for Table 12-17(b) is the closest one to 
40 MHz that divides down to exactly 128 kHz. If an exact baud rate is required, the crystal 
frequency may have to be selected. Table 12-17 gives the PSR and PMO-PM7 settings in 
addition to the required crystal frequency for three common telecommunication frequencies. 

12.4.6 551 Exceptions 

The SSI can generate four different exceptions (see Figure 12-46 and Figure 12-47): 

1. SSI Receive Data - occurs when the receive interrupt is enabled, the receive data reg
ister is full, and no receive error conditions exist. Reading RX clears the pending inter
rupt. This error-free interrupt can use a fast interrupt service routine for minimum 
overhead. 

2. SSI Receive Data with Exception Status - occurs when the receive interrupt is en
abled, the receive data register is full, and a receiver overrun error has occurred. ROE 
is cleared by first reading the SSISR and then reading RX. 

MOTOROLA MC68356 USER'S MANUAL 12·77 



-

DSP Serial Ports 

EXCEPTION 
STARTING 
ADDRESS 

PROGRAM MEMORY SPACE 

EXCEPTION SOURCE 

$0000 HARDWARE mET 

$0002 STACK ERROR 

$0004 TRACE 

$0006 SWI (SOFTWARE INTERRUPT) 

$0008 ~EXTERNALHARDWAREINTERRUPT 

$OOOA iRQB EXTERNAL HARDWARE INTERRUPT 

$OOOC SSI RECEIVE DATA 

$OOOE SSI RECEIVE DATA WITH EXCEPTION STATUS 

$0010 SSI TRANSMIT DATA 

$0012 SSI TRANSMIT DATA WITH EXCEPTION STATUS 

$0014 SCI+ RECEIVE DATA 

$0016 SCI+ RECEIVE DATA WITH EXCEPTION STATUS 

$0018 SCI+ TRANSMIT DATA 

$001A SCI+ IDLE LINE 

$001C SCI+TIMER 

$001E RESERVED 

$0020 HOST RECEIVE DATA 

$0022 HOST TRANSMIT DATA 

$0024 HOST COMMAND (DEFAULT) 

$0026 AVAILABLE FOR HOST COMMAND 

$0028 AVAILABLE FOR HOST COMMAND 

• 
• • 

$003A AVAILABLE FOR HOST COMMAND 

$003C TIMER 

$003E ILLEGAL INSTRUCTION 

$0040 AVAILABLE FOR HOST COMMAND 

• • • 
$007E AVAILABLE FOR HOST COMMAND -- -

TWO WORDS PER VECTOR EXTERNAL INTERRUPTS 

f t t 
INTERNAL 

INTERRUPTS 

~ ! 
EXTERNAL 

INTERRUPTS 

t 
SYNCHRONOUS 

SERIAL 
INTERFACE 

INTERNAL 
INTERRUPTS 

SERIAL 
COMMUNICATIONS 

INTERFACE 

HOST INTERNAL 
INTERFACE INTERRUPTS 

Figure 12-46. SSI Exception Vector Locations 
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X:$FFED 

15 14 13 12 

SSI CONTROL REG!STER (CRB) 
(READIWRITE) 

11 10 8 

I RIE I _TI_E ...... 1_RE--'-I_T_E.....a...1 _Mo_D .... I .... G_C_K .... I_S_Y_N .... 1_Fs_L ..... 1 I 
'--y--J 

SSI 
EXCEPTION 

MASK 

EXCEPT ION 
START ING 
ADDRE SS 

$0000 [ 
roo-

SSI EXCEPTION MASK 

EXCEPTION VECTOR TABLE 

-
$OOOC SSI RECEIVE DATA 

$OOOE SSI RECEIVE DATA WITH EXCEPTIONS STATUS 

$0010 SSI TRANSMIT DATA 

$0012 SSI TRANSMIT DATA WITH EXCEPTION STATUS 

-

d -
~ 

-

SSI STATUS REGISTER (SSISR) 
X:$FFFE (READ ONLy) 

7 6 5 4 3 2 1 0 

I RDF I TOE I ROE I TUE I RFS I TFS I IF1 I IFO I 
\.... 

"'v"" 
/ 

SS I STATUS BITS 

RECEIVE 
INTERRUPT SERVICE ROUTINE 

1. INTERRUPT IS GENERATED WHEN 
RIE= 1, RDF= 1,AND ROE=O. 

2. PENDING INTERRUPT IS CLEARED 
BY READING RX. 

RECEIVE WITH EXCEPTION STATUS 
INTERRUPT. SERVICE ROUTINE 

1. INTERRUPT IS GENERATED WHEN 
RIE = 1, RDF = 1, AND ROE = 1. 

2. ROE IS CLEARED BY READING 
SSISR FOLLOWED BY: 

3. READING RX TO CLEAR PENDING 
INTERRUPT. 

4. APPLICATION-SPECIFIC CODE. 

TRANSMIT 
INTERRUPT SERVICE ROUTINE 

1. INTERRUPT IS GENERATED WHEN 
TIE= 1, TDF= 1,ANDTUE =0. 

2. PENDING INTERRUPT IS CLEARED 
BY WAITING TO TX OR TSR. 

TRANSMIT WITH EXCEPTION STATUS 
"'--+ INTERRUPT SERVICE ROUTINE 

1. INTERRUPT IS GENERATED WHEN 
TIE= 1, TDF= 1,ANDTUE =1. 

2. TUE IS CLEARED BY READING 
SSISR FOLLOWED BY: 

3. WRITING TO TX OR TSR TO CLEAR 
PENDING INTERRUPT. 

4. APPLICATION-SPECIFIC CODE. 

Figure 12-47. SSI Exceptions 
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Table 12-17. (a) SSI Bit Rates for a 40- Table 12-17. (b) SSI Bit Rates for a 
MHz Crystal 39.936-MHz Crystal 

Bit Rate (BPS) PSR PM Bit Rate (BPS) PSR PM 

1000 1 $4E1 1000 1 $40F 

2000 1 $270 2000 1 $26F 

4000 1 $138 4000 1 $137 

8000 1 $9B 8000 1 $9B 

16K 1 $40 16K 1 $40 

32K 1 $26 32K 1 $26 

64K 0 $9B 64K 0 $9B 

128K 0 $40 128K 0 $40 

10M 0 $00 9.984M 0 $00 

BPS = fosc + (4 x (7(PSR) +1) x (PM + 1)) where 
fosc=40 MHz 

PSR = 0 or 1 

BPS = fosc + (4 x (7(PSR) + 1) x (PM + 1)) where 
fosc=39.936 MHz 

PSR=Oor1 
PM = 0 to $FFF PM = 0 to $FFF 

Table 12-18. Crystal Frequencies Required for 
Codecs 

Bit Rate (BPS) PSR 

1.536M 0 

1.544M 0 

2.048M 0 

BPS = fosc + (4 x (7(PSR) +1) x (PM + 1)) 
PSR = 0 or 1 
PM = 0 to $FFF 

PM 
Crystal 

Frequency 

$05 36.864 MHz 

$05 37.056 MHz 

$03 28.672 MHz 

3. SSI Transmit Data - occurs when the transmit interrupt is enabled, the transmit data 
register is empty, and no transmitter error conditions exist. Writing to TX or the TSR 
will clear this interrupt. This error-free interrupt may use a fast interrupt service routine 
for minimum overhead. 

4. SSI Transmit Data with Exception Status - occurs when the transmit interrupt is en
abled, the transmit data register is empty, and a transmitter underrun error has oc
curred. TUE is cleared by first reading the SSISR and then writing to TX or the TSR to 
clear the pending interrupt. 

12-80 MC68356 USER'S MANUAL MOTOROLA 



DSP Serial Ports 

Table 12-19. SSI Operating Modes 

Operating Serial TX,RX 
Typical Applications 

Format Clock Sections 

Normal Continuous Asynchronous Single Asynchronous Codec; Stream-Mode Channel Interface 

Normal Continuous Synchronous Multiple Synchronous Codecs 

Normal Gated Asynchronous DSP-to-DSP; Serial Peripherals (AlD,D/A) 

Normal Gated Synchronous SPI-Type Devices; DSP to MCU 

Network Continuous Asynchronous TDM Networks 

Network Continuous Synchronous TDM Codec Networks, TDM DSP Networks 

On Demand Gated Asynchronous Parallel-to-Serial and Serial-to-Parallel Conversion 

On Demand Gated Synchronous DSP to SPI Peripherals 

12.4.7 Operating Modes - Normal, Network, and On-Demand 

The SSI has three basic operating modes and many data/operation formats. These modes 
can be programmed by several bits in the SSI control registers. Table 12-19 lists the SSI 
operating modes and some of the typical applications in which they may be used. 

The data/operation formats areJ,elected by choosing between gated and continuous clocks, 
synchronization of transmitter a d receiver, selection of word or bit frame sync, and whether 
the LSB is transferred first or la t. The following paragraphs describe how to select a partic
ular data/operation format and describe examples of normal-mode and network-mode ap
plications. The on-demand mode is selected as a special case of the network mode. 

The SSI can function as an SPI master or SPI slave, using additional logic for arbitration, 
which is required because the SSI interface does not perform SPI master/slave arbitration. 
An SPI master device always uses an internally generated clock; whereas, an SPI slave de
vice always uses an external clock. 

12.4.7.1 DATA/OPERATION FORMATS 

The data/operation formats available to the SSI are selected by setting or clearing control 
bits in the CRB. These control bits are MOD, GCK, SYN, FSL 1, FSLO, and SHFO. 

12.4.7.1.1 Normal/Network Mode Selection 

Selecting between the normal mode and network mode is accomplished by clearing or set
ting the MOD bit in the CRB (see Figure 12-50). For normal mode, the SSI functions with 
one data word of 1/0 per frame (see Figure 12-48). For the network mode, 2 to 32 data words 
of 1/0 may be used per frame. In either case, the transfers are periodic. The normal mode 
is typically used to transfer data tolfrom a single device. Network mode is typically used in 
time division multiplexed (TOM) networks of codecs or DSPs with multiple words per frame 
(see Figure 12-49, which shows two words .in a frame with either word-length or bit-length 
frame sync). The frame sync shown in Figure 12-50 is the word-length frame sync. A bit
length frame sync can be chosen by setting FSL 1 and FSLO for the configuration desired. 
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FRAME SYNC / 
(FSLO = 0, FSL 1 = 0) 

_ __ ..J \~--_____ ~I 

FRAME SYNC ~ r\. 
(FSLO=O, FSL1 =1) ~ , _______________ ----1 '------

D~AOUT------~~------------------------C(X)OC(X)OC( 

F~GS------~(~ ________________________________ ~X~ ______ _ 
----...... *1 .... - SLOT 0 .1. WAIT ----------." .... I·t--_SLOT 0--

Figure 12-48. Normal Mode, External Frame Sync (8 Bit, 1 Word in Frame) 

FRAME SYNC / _ __ ..J 

(FSLO = 0, FSL 1 = 0) 

\~ ________________ ..J/ 

FRAMESYNC ~ ~ (FSLO = 0, FSL1 = 1) ______________________________ ..J ~-------

DATA ___ ~ 

F~GS 

_______ .~I .. ---SLOTO --I-SLOT 1 + SLOT 0 + SLOT 1-

Figure 12-49. Network Mode, External~Frame Sync (8 Bit, 2 Words in Frame) 

12.4.7.1.2 Continuous/Gated Clock Selection 
The TX and RX clocks may be programmed as either continuous or gated clock signals by 
the GCK bit in the CRB. A continuous TX and RX clock is required in applications such as 
communicating with some codecs where the clock is used for more than just data transfer. 
A gated clock, in which the clock only toggles while data is being transferred, is useful for 
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many applications and is required for SPI compatibility. The frame sync outputs may be 
used as a start conversion signal by some AID and DIA devices. 

Figure 12-51 illustrates the difference between continuous clock and gated clock systems. 
A separate frame-sync signal is required in continuous clock systems to delimit the active 
clock transitions. Although the word-length frame sync is shown in Figure 12-51, a bit-length 
frame sync can be used (see Figure 12-52). In gated clock systems, frame synchronization 
is inherent in the clock signal; thus a separate sync signal is not required (see Figure 12-53 
and Figure 12-54). The SSI can be programmed to generate frame sync outputs in gated 
clock mode but does not use frame sync inputs. 

Input flags (see Figure 12-53 and Figure 12-54) are latched on the negative edge of the first 
data bit of a frame. Output flags are valid during the entire frame. 

12.4.7.1.3 Synchronous/Asynchronous Operating Modes 
The transmit and receive sections of this interface may be synchronous or asynchronous
i.e., the transmitter and receiver may use common clock and synchronization signals (syn
chronous operating mode, see Figure 12-58) or they may have their own separate clock and 
sync signals (asynchronous operating mode). The SYN bit in CRB selects synchronous or 
asynchronous operation. Since the SSI is designed to operate either synchronously or asyn
chronously, separate receive and transmit interrupts are provided. 

Figure 12-55 illustrates the operation of the SYN bit in the CRB. When SYN equals zero, the 
SSI TX and RX clocks and frame sync sources are independent. If SYN equals one, the SSI 
TX and RX clocks and frame sync come from the same source (either external or internal). 

Data clock and frame sync signals can be generated internally by the DSP or may be ob
tained from external sources. If internally generated, the SSI clock generator is used to de
rive bit clock and frame sync signals from the DSP internal system clock. The SSI clock 
generator consists of a selectable fixed prescaler and a programmable prescaler for bit rate 
clock generation and also a programmable frame-rate divider and a word-length divider for 
frame-rate sync-signal generation. 

Figures 12-56 (a), 12-56 (b), 12-56 (c), and 12-56 (d) show the definitions of the SSI pins 
during each of the four main operating modes of the SSIIIO interface. Figure 12-56 (a) uses 
a gated clock (from either an external source or the internal clock), which means that frame 
sync is inherent in the clock. Since both the transmitter and receiver use the same clock 
(synchronous configuration), both use the SCK pin. SCQ and SC1 are designated as flags 
or can be used as general purpose-parallel 1/0. SC2 is not defined if it is an input; SC2 is 
the transmit and receive frame sync if it is an output. 

Figure 12-56 (b) shows a gated clock (from either an external source or the internal clock), 
which means that frame sync is inherent in the clock. Since this configuration is asynchro
nous, SCK is the transm itter clock pin (input or output) and SCQ is the receiver clock pin (in
put or output). SC1 and SC2 are designated as receive or transmit frame sync, respectively, 
if they are selected to be outputs; these bits are undefined if they are selected to be inputs. 
SC1 and SC2 can also be used as general-purpose parallel 1/0. 

12-84 MC68356 USER'S MANUAL MOTOROLA 



s:: 
o 
d 
::D 
o 
> 

s:: 
o 

I 
c 
en 
m 
:lJ 
en 
s: 
J> 
Z 
C 
J> 
r-

..... 
'}> 
CD 
01 

15 14 13 12 11 

X:$FFED 

SERIAL CLOCK 

FRAME SYNC 

~ 

10 9 8 7 

* CONTINUOUS CLOCKGCK=O 

DATA CHANGES 
I 

I 
DATA STABLE 

SSI CONTROL REGISTER B (CRB) 
(READIWRITE) 

SERIAL DATA ~ DATA > <--:: ~>----------
NOTE: Frame sync is required to tell when data is present. 

* GATED CLOCK GCK = 1 

SERIAL CLOCK 

DATA CHANGES 
I 

DATA STABLE 

SERIAL DATA ~-> ~ ~>----------

NOTES: 
1. Word synchronization is inherent In the serial clock signal. 
2. Frame Sync generation Is optiOnal. 

Figure 12-51. CRB GCK Bit Operation 

• 

c en 
"'0 
en 
CD ... 
eI 
"'0 o 
ii 



DSP Serial Ports 

( 

? s 
II 

.::,;. 

~ 
"" ..a 
Q) 

-= 
'0 
Q) 

0 
S e. ::: 0 .... 0 II 
0 '" e. ::: :x >< "- '" ~ '" '" ..- .... ..-

~ ::: 
~ '" I;' I.--

N .... N ~ l,..-

I.-- ~ 
)c > ~ l,..-

~ 
l,..-

::: .... (") I.--(") 
l,..- I.--
I.-- l,..-

? l,..- ~ ...,. .... ...,. ~ l,..-

~ 
l,..-

'" 
? ~ '" 

10 .... 10 I.-- ::: ~ 
~ '" '" 

~ ? ::: ::: 
.... <0 ::: '" '" , '" '" 
.... ~-.Q ::: -. I'- 0 

~ 
w 

~ ~ ..... ~ 

> "- > t=: r-... ---~.l. e > 
f:: t o~ 

0 -. ....... y ~~ 

t....... ---iT~ 
~ 

., 

.g> 
Q) 
Ol 

:~ 
~ 
~ -"0 CI) 

~ C. 
.8 E 
gC1i~ as 
>."8.2 >< 
~ E 0 W .:.:1! 
~~~ -m 
'5gj,g, • ~ g CD co 
~ ~ .~ -
..a 8'''' E 
'5 .6 ~ as 
0. 0 - a.. 
g II ~ C) 

~g:N m 
~.sg C 
-="is C) 

~.§-g c 
~ Q) e DE "0>. <Do: 
"0 e E }:: 
lij~1!! 

~ "00-
Q) 1I 1il 0 -5 .... E 0 
]i~~ (3 Ulu.Q) 
'g 0" Gi t/) >.1I1ij 
UlO e :::s 
~~~ 0 
~ g~ :::s 

c 1! >.- ~ - Ul Ul 

~~i C 
.... I!!"O 0 
-J _·c 0 ~:lS~ 

iJj~~8 N 
W an 
b"":NM • N 
Z ..... 

CI) 
a.. 

:.:: S a:~ 0 0 t=-=T"" 0 (/) ~';; 0 
~~ 

(/) 

0 1\ o~ W W ::l II II Cl II Cl 

9 0 c;:'§ J: J: 0 .... :i ~ 0 .... :i 11.0 ~ 0 0 
~~ 

Z...J ~~ 0 0 ~ ~ 
(/) 11. >(/) (/) 11. 

(/) a: 0::2 11. I- (/)11. 11. 011.. I-
::l 

~ 
0:':: ~o" 0" ::l wo" 0" .::l 

0 55 ~ (/) a.. ~~ a.. 
Cl w II II I- ::2 II II I-

::l 
I- ~ ~ ::29 9 

::l ~9 9 i3:i ::l 
Z ::l !:!:.~ 0 0 j:: 

0 0 11. ~(/) (/) u.(/) (/) (/) 

Z I-W I- 11.11. 11. 11. 11. 11. 
0 ~ ::lZ ::l 
0 

i3 
0 a.. 
~ ~ 
« 

:::s 
C) 

u:: 

0 

Figure 12-56 (c) shows a continuous clock (from either an external source or the internal 
clock), which means that frame sync must be a separate signal. SC2 is used for frame sync, 
which can come from an internal or external source. Since both the transmitter and receiver 
use the same clock (synchronous configuration), both use the SCK pin. SCQ and SC1 are 
designated as flags or can be used as general-purpose parallel I/O. 
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Figure 12-56 (d) shows a continuous clock (from either an external source or the internal 
clock), which means that frame sync must be a separate signal. SC1 is used for the receive 
frame sync, and SC2 is used for the transmit frame sync. Either frame sync can come from 
an internal or external source. Since the transmitter and receiver use different clocks (asyn
chronous configuration), SCK is used for the transmit clock, and SCQ is used for the receive 
clock. 
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12.4.7.1.4 Frame Sync Selection 
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The transmitter and receiver can operate totally independent of each other. The transmitter 
can have either a bit-long or word-long frame-sync signal format, and the receiver can have 
the same or opposite format. The selection is made by programming FSLO and FSL 1 in the 
CRB as shown in Figure 12-57 
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Figure 12-55. eRB SYN Bit Operation 
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Figure 12-56 (a). Gated Clock - Synchronous Operation 
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Figure 12-56 (b). Gated Clock - Asynchronous Operation 
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Figure 12-56 (c). Continuous Clock - Synchronous Operation 
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Figure 12-56 (d). Continuous Clock - Asynchronous Operation 
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Figure 12-58. Synchronous Communication 

1. If FSL 1 equals zero (see Figure 12-59), the RX frame sync is asserted during the en
tire data transfer period. This frame sync length is compatible with Motorola codecs, 
SPI serial peripherals, serial AID and D/A converters, shift registers, and telecommu
nication PCM serial 1/0. 

2. If FSL 1 equals one (see Figure 12-60), the RX frame sync pulses active for one bit 
clock immediately before the data transfer period. This frame sync length is compati
ble with Intel and National components, codecs, and telecommunication PCM serial II 
o. 

The ability to mix frame sync lengths is useful in configuring systems in which data is re
ceived from one type device (e.g., codec) and transmitted to a different type device. 

FSLO controls whether RX and TX have the same frame sync length (see Section Figure 12-
57. CRB FSLO and FSL 1 Bit Operation). If FSLO equals zero, RX and TX have the same 
frame sync length, which is selected by FSL 1. If FSLO equals one, RX and TX have different 
frame sync lengths, which are selected by FSL 1. 

The SSI receiver looks for a receive frame sync leading edge only when the previous frame 
is completed. If the frame sync goes high before the frame is completed (or before the last 
bit of the frame is received in the case of a bit frame sync), the current frame sync will not 
be recognized, and the receiver will be internally disabled until the next frame sync. Frames 
do not have to be adjacent - i.e., a new frame sync does not have to immediately follow the 
previous frame. Gaps of arbitrary periods can occur between frames. The transmitter will be 
three-stated during these gaps. 
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12.4.7.1.5 Shift Direction Selection 
Some data formats, such as those used by codecs, specify MSB first. Other data formats, 
such as the AES-EBU digital audio, specify LSB first. To interface with devices from both 
systems, the shift registers in the SSI are bidirectional. The MSB/LSB selection is made by 
programming SHFD in the CRB. 

Figure 12-61 illustrates the operation of the SHFD bit in the CRB. If SHFD equals zero (see 
Figure 12-61) data is shifted into the receive shift register MSB first and shifted out of the 
transmit shift register MSB first. If SHFD equals one (see Figure 12-62) data is shifted into 
the receive shift register LSB first and shifted out of the transmit shift register LSB first. 
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12.4.7.2 NORMAL MODE EXAMPLES 

The normal 881 operating mode characteristically has one time slot per serial frame, and 
data is transferred every frame sync. When the 881 is not in the normal mode, it is in the 
network mode. The M8B is transmitted first (8HFD=O), with overrun and underrun errors de
tected by the 881 hardware. Transmit flags are set when data is transferred from the transmit 
data register to the transmit shift register. The receive flags are set when data is transferred 
from the receive shift register to the receive data register. 

Figure 12-63 shows an example of using the 881 to connect an MC15500 codec with a 
D8P56002. No glue logic is needed. The serial clock, which is generated internally by the 
D8P, provides the transmit and receive clocks (synchronous operation) for the codec. 8C2 
provides all the necessary handshaking. Data transfer begins when the frame sync is as
serted. Transmit data is clocked out and receive data is clocked in with the serial clock while 
the frame sync is asserted (word-length frame sync). At the end of the data transfer, D8P 
internal interrupts programmed to transfer data to/from will occur, and the 881SR will be up
dated. 

12.4.7.2.1 Normal Mode Transmit 

The conditions for data transmission from the 881 are as follows: 

1. Transmitter is Enabled (TE=1) 

2. Frame sync (or clock in gated clock mode) is active 

When these conditions occur in normal mode, the next data word will be transferred from 
TX to the transmit shift register, the TDE flag will be set (transmitter empty), and the transmit 
interrupt will occur if TIE equals one (transmit interrupt enabled). The new data word will be 
transmitted immediately. 

The transmit data output (8TO) is three-stated, except during the data transmission period. • 
The optional frame sync output, flag outputs, and clock outputs are not three-stated even if 
both receiver and transmitter are disabled. 

The optional output flags are always updated at the beginnil')g of the frame, regardless of 
TE. The state of the flag does not change for the entire frame. 

Figure 12-65 is an example of transmitting data using the 881 in the normal mode with a con
tinuous clock, a bit-length frame sync, and 16-bit data words. The purpose of the program 
is to interleave and transmit right and left channels in a compact disk player. Four 881 pins 
are used: 

1. 8CO is used as an output flag to indicate right-channel data (OFO=1) or left-channel 
data (OFO=O) 

2. 8C2 is TX and RX frame sync out 

3. 8TD is transmit data out 

4. 8CK clocks the transmit data out 

Equates are set for convenience and readability. Test data is then put in the low X: memory 
locations. The transmit interrupt vector contains a J8R instruction (which forms a long inter-
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MC1550x DSP56002 
CODEC FILTER 

ANALOG 

INPUT 
TX1 TDD SRD 

RDD STO 

TOC SCK 

ANALOG 
RDC 

OUTPUT 
RXO TOE SC2 

RCE 

MSI 

SERIAL CLOCK 

SERIAL SYNC ~ 

TRANSMIT DATA ---<. DSP DATA )>--------------« DSP DATA )>----
RECEIVE DATA ---<. CODEC DATA )>--------------« CODEC DATA )>---

Figure 12-63. Normal Mode Example 

rupt). The data pointer and channel flag are initialized before initializing CRA and CRB. It is 
assumed that the DSP CPU and SSI have been previously reset. 

At this point, the SSI is ready to transmit except that the interrupt is masked because the MR 
was cleared on reset and port C is still configured as general-purpose I/O. Unmasking the 
interrupt and enabling the SSI pins allows transmission to begin. A "jump to self' instruction 
causes the DSP to hang and wait for interrupts to transmit the data. When an interrupt oc
curs, a JSR instruction at the interrupt vector location causes the XMT routine to be execut
ed. Data is then moved to the TX register, and the data pointer is incremented. The flag is 
tested by the JSET instruction and, if it is set, a jump to left occurs, and the code for the left 
channel is executed. If the flag is not set, the code for the right channel is executed. In either 
case, the channel flag in XO and then the output flag are set to reflect the channel being 
transmitted. Control is then returned to the main program, which will wait for the next inter
rupt. 
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i************************************************* 
SSI and other I/O EQUATES* 

i*********************~*************************** 

IPR 
CRA 
CRB 
PCC 
TX 
FLG 

EQU$FFFF 
EQU$FFEC 
EQU$FFED 
EQU$FFEl 
EQU$FFEF 
EQU$OOlO 
ORGX:O 
DC 
DC 
DC 
DC 

$AAAAOO 
$333300 
$CCCCOO 
$FOFOOO 

iData to transmit. 

i************************************************* 
INTERRUPT VECTOR* 

i************************************************* 
ORG P:$OOlO 
JSR XMT 

i************************************************* 
MAIN PROGRAM* 

i************************************************* 
ORG P:$40 
MOVE #O,RO iPointer to data buffer. 
MOVE #3,MO iSet modulus to 4. 
MOVE #O,XO ilnitialize channel flag 
MOVE XO,X:FLG iStart with right channel 

i************************************************* 
Initialize SSI Port* 

i************************************************* 

for SSI flag. 
first. 

MOVEP 
MOVEP 

#$3000,X:IPR 
#$401F,X:CRA 

iSet interrupt priority register for SSI. 
iSet continuous clock=5.12/32 MHz 

MOTOROLA 

MOVEP 
iword length=16. 
iEnable TIE and TEi make clock and 
iframe sync outputsi frame 
isync=bit modei synchronous modei 
imake SCo an output. 

Figure 12-64. Normal Mode Transmit Example (Sheet 1 of 2) 
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.************************************************* , < 

Init SSI Interrupt* 
i************************************************* 

AND I :fI:$FC,MR 
MOVEP :fI:$OlF8,X:PCC 
JMP * 

iUnmask interrupts. 
iTurn on SSI port. 
iWait for interrupt. 

i************************************************* 
MAIN INTERRUPT ROUTINE* 

i************************************************* 
XMT MOVEP X:(RO)ipl,X:TX iMove data to TX register. 

iCheck channel flag. JSET :fI:O, X:FLG, LEFT 
RIGHT BCLR :fI:O,X:CRB 

MOVE :fI:>$Ol,XO 
iClear SCO indicating right channel data 
iSet channel flag to 1 for next data. 

MOVE XO,X:FLG 
RTI 

LEFT BSET :fI:O,X:CRB 
MOVE :fI:>$OO,XO 
MOVE XO,X:FLG 
RTI 
END 

iSet SCO indicating left channel data. 
iClear channel flag for next data. 

Figure 12-65. Normal Mode Transmit Example (Sheet 2 of 2) 

12.4.7.2.2 Normal Mode Receive 

If the receiver is enabled, a data word will be clocked in each time the frame sync signal is 
generated (internal) or detected (external). After receiving the data word, it will be trans
ferred from the SSI receive shift register to the receive data register (RX), RDF will be set 
(receiver full), and the receive interrupt will occur if it is enabled (RIE=1). 

The DSP program has to read the data from RX before a new data word is transferred from 
the receive shift register; otherwise, the receiver overrun error will be set (ROE=1). 

Figure 12-67 illustrates the program that receives the data transmitted by the program 
shown in Figure 12-65. Using the flag to identify the channel, the receive program receives 
the right- and left-channel data and separates the data into a right data buffer and a left data 
buffer. The program shown in Figure 12-67 begins by setting equates and then using a JSR 
instruction at the receive interrupt vector location to form a long interrupt. The main program 
starts by initializing pointers to the right and left data buffers. The IPR, CRA, and CRB are 
then initialized. The clock divider bits in the CRA do not have to be set since an external re
ceive clock is specified (SCKD=O). Pin SCO is specified as an input flag (SYN=1, SCDO=O); 
pin SC2 is specified as TX and RX frame sync (SYN=1, SCD2=O). The SSI port is then en
abled and interrupts are unmasked, which allows the SSI port to begin data reception. A 
jump-to-self instruction is then used to hang the processor and allow interrupts to receive 
the data. Normally, the processor would execute useful instructions while waiting for the re
ceive interrupts. When an interrupt occurs, the JSR instruction at the interrupt vector location 
transfers control to the RCV subroutine. The input flag is tested, and data is put in the left or 
right data buffer depending on the results of the test. The RTI instruction then returns control 
to the main program, which will wait for the next interrupt. 
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;************************************************* 
SSI and other I/O EQUATES* 

;************************************************* 
IPR EQU$FFFF 
SSISR EQU$FFEE 
CRA EQU$FFEC 
CRB EQU$FFED 
PCC EQU$FFE1 
RX EQU$FFEF 
FLG EQU$OO10 
;************************************************* 

INTERRUPT VECTOR* 
;************************************************* 

ORGP:$OOOC 
JSRRCV 

;************************************************* 
MAIN PROGRAM* 

;************************************************* 
ORGP:$40 
MOVE#O,RO;Pointer to memory buffer for 
MOVE#$08,R1;received data. Note data will be 
MOVE#l,MO;split between two buffers which are 
MOVE#1,M1;modulus 2. 

Figure 12-66. Normal Mode Receive Example (Sheet 1 of 2) 

;************************************************* 
Initialize SSI Port* 

;************************************************* 
MOVEP#$3000,X:IPR;Set interrupt priority register for SSI. 
MOVEP#$4000,X:CRA;Set word length = 16 bits. 
MOVEP#$A300,X:CRB;Enable RIE and RE; synchronous 

;mode with bit frame sync; 
;clock and frame sync are 
;external; SCO is an output. 

;************************************************* 
Init SSI Interrupt* 

;************************************************* 
ANDI#$FC,MR;Unmask interrupts. 
MOVEP#$OlF8,X:PCC;Turn on SSI port. 
JMP* ;Wait for interrupt. 

;************************************************* 
MAIN INTERRUPT ROUTINE* 

;************************************************* 
RCV JSET#O,X:SSISR, RIGHT;Test SCo flag. 
LEFT MOVEPX:RX,X:(RO)+;If SCO clear, receive data 

RTI ;into left buffer (RO). 
RIGHT MOVEPX:RX,X:(R1)+;If SCO set, receive data 

RTI ;into right buffer (R1). 
END 

Figure 12-67. Normal Mode Receive Example (Sheet 2 of 2) 

12.4.7.3 NETWORK MODE EXAMPLES 
The network mode, the typical mode in which the DSP would interface to a TOM codec net
work or a network of DSPs, is compatible with Bell and CCITT PCM data/operation formats. 
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MASTER TRANSMIT 

MASTER RECEIVE 

DSP56002 MASTER DSP56002 SLAVE 1 DSP56002 SLAVE 2 DSP56002 SLAVE 3 

STD ~ STD ~ STD - STD ~ 

SRD ~ SRD ~ SRD ......- SRD f+.-

SCK ~ SCK ~ SCK ......- SCK i+--

SC2 - SC2 ~ SC2 ~ SC2 ... 
TIME SLOT 1 TIME SLOT 2 TIME SLOT 3 TIME SLOT 4 

MASTER CLOCK 

MASTER SYNC 

Figure 12-68. Network Mode Example 

The DSP may be a master device (see Figure 12-68) that controls its own private network 
or a slave device that is connected to an existing TDM network, occupying one or more time 
slots. The key characteristic of the network mode is that each time slot (data word time) is 
identified by an interrupt or by polling status bits, which allows the option of ignoring the time 
slot or transmitting data during the time slot. The receiver operates in the same manner ex
cept that data is always being shifted into the receive shift register and transferred to the RX. 
The DSP reads the receive data register and uses or discards the contents. Overrun and 
underrun errors are detected. 

The frame sync signal indicates the beginning of a new data frame. Each data frame is di
vided into time slots; transmission or reception can occur in each time slot (rather than in 
just the frame sync time slot as in normal mode). The frame rate dividers (controlled by DC4, 
DC3, DC2, DC1, and DCD) control the number of time slots per frame from 2 to 32. Time
slot assignment is totally under software control. Devices can transmit on multiple time slots, 
receive multiple time slots, and the time-slot assignment can be changed dynamically. 

A simplified flowchart showing operation of the network mode is shown in Figure 12-69. Two 
counters are used to track the current transmit and receive time slots. Slot counter one 
(SLOTCT1) is used to track the transmit time slot; slot counter two (SLOTCT2) is used for 
receive. When the transmitter is empty, it generates an interrupt; a test is then made to see 
if it is the beginning of a frame. If it is the beginning of a frame, SLOTCT1 is cleared to start 
counting the time slots. If it is not the beginning of a frame, SLOTCT1 is incremented. The 
next test checks to see if the SSI should transmit during this time slot. If it is time to transmit, 
data is written to the TX; otherwise, dummy data is written to the TSR, which prevents a 
transmit underrun error from occurring and three-states the STD pin. The DSP can then re
turn to what it was doing before the interrupt and wait for the next interrupt to occur. 
SLOTCT1 should reflect the data in the shift registers to coincide with TFS. Software must 
recognize that the data being written to TX will be transmitted in time slot SLOTCT1 plus 
one. 

The receiver operates in a similar manner. When the receiver is full, an interrupt is generat
ed, and a test is made to see if this is the beginning of a frame. If it is the beginning of a 
frame, SLOTCT2 is cleared to start counting the time slots. If it is not the beginning of a 
frame, SLOTCT2 is incremented. The next test checks to see if the data received is intended 
for this DSP. If the current time slot is the one assigned to the DSP receiver, the data is kept; 
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otherwise, the data is discarded, and the DSP can then return to what it was doing before 
the interrupt. SLOTCT2 should reflect the data in the receive shift register to coincide with 
the RFS flag. Software must recognize that the data being read from RX is for time slot 
SLOTCT2 minus two. 

Initializing the network mode is accomplished by setting the bits in CRA and CRB as follows 
(see Figure 12-70): 

1. The word length must be selected by setting WL 1 and WLO. In this example, an 8-bit 
word length was chosen (WL 1=0 and WLO=O). 

2. The number of time slots is selected by setting DC4-DCO. Four time slots were chosen 
for this example (DC4-DCO=$03). 

3. The serial clock rate must be selected by setting PSR and PM7-PMO (see Table 12-
17 and Table 12-18). 

4. RE and TE must be set to activate the transmitter and receiver. If interrupts are to be 
used, RIE and TIE should be set. RIE and TIE are usually set after everything else is 
configured and the DSP is ready to receive interrupts. 

5. The network mode must be selected (MOD=1). 

6. A continuous clock is selected in this example by setting GCK=O. 

7. Although it is not required for the network mode, synchronous clock control was se
lected (SYN=1). 

8. The frame sync length was chosen in this example as word length (FSL 1 =0) for both 
transmit and receive frame sync (FSLO=O). Any other combinations could have been 
selected, depending on the application. 

9. Control bits SHFD, SCKD, SCD2, SCD1, SCDO, and the flag bits (OF1 and OFO) 
should be set as needed for the application. 

12.4.7.3.1 Network Mode Transmit 
When TE is set, the transmitter will be enabled only after detection of a new data frame sync. 
This procedure allows the SSI to synchronize to the network timing. 

Normal startup sequence for transmission in the first time slot is to write the data to be trans
mitted to TX, which clears the TDE flag. Then set TE and TIE to enable the transmitter on 
the next frame sync and to enable transmit interrupts. 

Alternatively, the DSP programmer may decide not to transmit in the first time slot by writing 
any data to the time slot register (TSR). This will clear the TDE flag just as if data were going 
to be transmitted, but the STD pin will remain in the high-impedance state for the first time 
slot. The programmer then sets TE and TIE. 

When the frame sync is detected (or generated), the first data word will be transferred from 
TX to the transmit shift register and will be shifted out (transmitted). TX being empty will 
cause TDE to be set, which will cause a transmitter interrupt. Software can poll TDE or use 
interrupts to reload the TX register with new data for the next time slot. Software can also 
write to TSR to prevent transmitting in the next time slot. Failing to reload TX (or writing to 
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SSI CONTROL REGISTER A (CRA) 
(READNVRrrE) 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 o 
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WL1 WLO DC4 DC3 DC2 DC1 DCO 

'--v--' '-
8-BIT WORD LENGTH 

SSI CONTROL REGISTER B (CRB) 
(READNVRITE) 

~ 
./ 

FOUR TIME SLOTS 

15 14 13 12 11 10 9 8 7 6 4 3 2 o 

X:$FFE 

MOD 
SSI MODE SELECT 

1 = NETWORK 

GCK-----... 
GATED CLOCK CONTROL 
o = CONTINUOUS CLOCK 

SYN-------~ 

SCD2 
SERIAL CONTROL 2 DIRECTION 
1 = OUTPUT (MASTER) 
0= INPUT (SLAVE) 

SCKD 
CLOCK SOURCE DIRECTION 
1 = OUTPUT (MASTER) 
o = INPUT (SLAVE) 

SYNC/ASYNC CONTROL 
1 = SYNCHRONOUS 

L-_______ FLSO 

FRAME SYNC LENGTH 0 
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SYNC 

7 

X:$FFEE RDF 
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0= TX. RX SYNC SAME LENGTH 

L-_________ FSL1 
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TDE ROE TUE RFS TFS 

* * * * * 

INTERNAL TX FLAGS AND INTERRUPTS 

o 

IF1 IFO 

* * 

FRAME SYNC LENGTH 1 
0= WORD WIDTH 

SSI STATUS REGISTER (SR) 
(READ) 

SSI TIME SLOT REGISTER B (TSR) 
(WRrrE) 

L 
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INTERNAL RX FLAGS AND INTERRUPTS 

Figure 12-70. Network Mode Initialization 
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the TSR) before the transmit shift register is finished shifting (empty) will cause a transmitter 
underrun. The TUE error bit will be set, causing the previous data to be retransmitted. 

The operation of clearing TE and setting it again will disable the transmitter after completion 
of transmission of the current data word until the beginning of the next frame sync period. 
During that time, the STO pin will be three-stated. When it is time to disable the transmitter, 
TE should be cleared after TOE is set to ensure that all pending data is transmitted. 

The optional output flags are updated every time slot regardless of TE. 

To summarize, the network mode transmitter generates interrupts every time slot and re
quires the OSP program to respond to each time slot. These responses can be: 

1. Write data register with data to enable transmission in the next time slot 

2. Write the time slot register to disable transmission in the next time slot 

3. Do nothing - transmit underrun will occur the at beginning of the next time slot, and 
the previous data will be transm itted 

Figure 12-71 differs from the program shown in Figure 12-65 only in that it uses the network 
mode to transmit only right-channel data. A time slot is assigned for the left-channel data, 
which could be inserted by another OSP using the network mode. In the "Initialize SSI Port" 
section of the program, two words per frame are selected using CRA, and the network mode 
is selected by setting MOD to one in the CRB. The main interrupt routine, which waits to 
move the data to TX, only transmits data if the current time slot is for the right channel. If the 
current time slot is for the left channel, the TSR is written, which three-states the output to 
allow another DSP to transmit the left channel during the time slot. 
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;************************************************* 
SSI and other I/O EQUATES* 

;************************************************* 
IPR EQU $FFFF 
CRA EQU $FFEC 
CRB EQU $FFED 
PCC EQU $FFE1 
TX EQU $FFEF 
TSR EQU $FFEE 
FLG EQU $0010 

ORG X:O 
DC $AAAAOO ;Data to transmit 
DC $333300 
DC $CCCCOO 
DC $FOFOOO 

;************************************************* 
INTERRUPT VECTOR* 

;************************************************* 
ORG P:$0010 
JSR XMT 

;************************************************* 
MAIN PROGRAM* 

;************************************************* 
ORG 
MOVE 
MOVE 
MOVE 
MOVE 

P:$40 
:fI:O,RO 
:fI:3,MO 
:fI:O,XO 
XO,X:FLG 

;Pointer to data buffer 
;Set modulus to 4 
;Initialize user flag for SSI flag. 
;Start with the right channel 

Figure 12-71. Network Mode Transmit Example Program (Sheet 1 of 2) 
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;************************************************* 
Initialize SSI Port* 

;************************************************* 
MOVEP #$3000,X:IPR 
MOVEP #$411F,X:CRA 

;Set interrupt priority register for SSI 
;Set continuous clock=5.12/32 MHz 

MOVEP #$5B34,X:CRB 
;word length=16 
;Enable TIE and TE; make clock and 
;frame sync outputs; frame 
;sync=bit mode; synchronous mode; 
;make SCO an output 

;************************************************* 
Init SSI Interrupt* 

;************************************************* 
AND I #$FC,MR 
MOVEP #$OlF8,X:PCC 
JMP * 

;Unmask interrupts 
;Turn on SSI port 
iWait for interrupt 

;************************************************* 
MAIN INTERRUPT ROUTINE* 

i************************************************* 
XMT 

JSET #O,X:FLG,LEFT iCheck user flag 
RIGHT BCLR 

MOVEP 
#O,X:CRB 
X: (RO) +,X:TX 

;Clear SCO indicating right channel data 
iMove data to TX register 

MOVE 
MOVE 
RTI 

LEFT BSET 
MOVEP 
MOVE 
MOVE 
RTI 
END 

#>$Ol,XO 
XO,X:FLG 

#O,X:CRB 
XO,X:TSR 
#>$OO,XO 
XO,X:FLG 

iSet user flag to 1 
;for next data 

iSet SCO indicating left channel data 
;Write to TSR register 
;Clear user flag 
ifor next data 

Figure 12-72. Network Mode Transmit Example Program (Sheet 2 of 2) 
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i************************************************* 
SSI and other I/O EQUATES* 

i************************************************* 
IPR EQU $FFFF 
SSISR EQU $FFEE 
CRA EQU $FFEC 
CRB EQU $FFED 
PCC EQU $FFE1 
RX EQU $FFEF 
;************************************************* 

INTERRUPT VECTOR* 
;************************************************* 

ORG P:$OOOC 
JSR RCV 

;************************************************* 
MAIN PROGRAM* 

;************************************************* 
ORG P:$40 
MOVE #O,RO ;Pointer to memory buffer 
MOVE #$08,R1 ;received data. Note data 
MOVE #3,MO ;split between two buffers 
MOVE #3,M1 ; modulus 4. 

;************************************************* 
Initialize SSI Port* 

;************************************************* 

for 
will be 

which are 

MOVEP #$3000,X:IPR 
MOVEP #$4100,X:CRA 
MOVEP #$ABOO,X:CRB 

;Set interrupt priority register for SSI. 
iSet word length = 16 bits. 
iEnable RIE and REi synchronous 
imode with bit frame synci 
iclock and frame sync are 
iexternali SCO is an input. 

Figure 12-73. Network Mode Receive Example Program (Sheet 1 of 2) 

i************************************************* 
Init SSI Interrupt* 

i************************************************* 
AND I #$FC,MR 
MOVEP #$OlF8,X:PCC 
JMP * 

iUnmask interrupts. 
iTurn on SSI port. 
;Wait for interrupt. 

i************************************************* 
MAIN INTERRUPT ROUTINE* 

i************************************************* 
RCV 
LEFT 

JSET #O,X:SSISR, RIGHTiTest SCO flag. 
MOVEP X:RX,X:(RO)+ ;If SCO clear, receive data 
RTI ;into left buffer (RO). 

RIGHT MOVEP X:RX,X: (R1)+ 
RTI 
END 

iIf SCo set, receive data 
iinto right buffer (Rl). 

Figure 12-74. Network Mode Receive Example Program (Sheet 2 of 2) 

12.4.7.3.2 Network Mode Receive 
The receive enable will occur only after detection of a new data frame with RE set. The first 
data word is shifted into the receive shift register and is transferred to the RX, which sets 
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RDF if a frame sync was received (i.e., this is the start of a new frame). Setting RDF will 
cause a receive interrupt to occur if the receiver interrupt is enabled (RIE=1). 

The second data word (second time slot in the frame) begins shifting in immediately after 
the transfer of the first data word to the RX. The DSP program has to read the data from RX 
(which clears RDF) before the second data word is completely received (ready to transfer 
to RX), or a receive overrun error will occur (ROE=1), and the data in the receiver shift reg
ister will not be transferred and will be lost. 

If RE is cleared and set again by the DSP program, the receiver will be disabled after receiv
ing the current time slot in progress until the next frame sync (first time slot). This mecha
nism allows the DSP programmer to ignore data in the last portion of a data frame. 

NOTE 

The optional frame sync output and clock output signals are not 
affected, even if the transm itter and/or receiver are disabled. TE 
and RE do not disable bit clock and frame sync generation. 

To summarize, the network mode receiver receives every time slot data word unless the re
ceiver is disabled. An interrupt can occur after the reception of each data word, or the pro
grammer can poll RDF. The DSP program response can be 

1. Read RX and use the data 

2. Read RX and ignore the data 

3. Do nothing - the receiver overrun exception will occur at the end of the current time 
slot 

4. Toggle RE to disable the receiver until the next frame, and read RX to clear RDF 

Figure 12-73 is. essentially the same program shown in Figure 12-66 except that this pro
gram uses the network mode to receive only right-channel data. In the "Initialize SSI Port" 
section of the program, two words per frame are selected using the DC bits in the CRA, and 
the network mode is selected by setting MOD to one in the CRB. If the program in Figure 
12-71 is used to transmit to the program in Figure 12-73, the correct data will appear in the 
data buffer for the right channel, but the buffer for the left channel will probably contain 
$000000 or $FFFFFF, depending on whether the transmitter output was high or low when 
TSR was written and whether the output was three-stated. 

12.4.7.4 ON-DEMAND MODE EXAMPLES 
A divide ratio of one (DC=OOOOO) in the network mode is defined as the on-demand mode 
of the SSI because it is the only data-driven mode of the SSI- i.e., data is transferred when
ever data is present (see Figure 12-75 and Figure 12-76). STD and SCK from DSP1 are 
connected to DSP2 - SRD and SCO, respectively. SCO is used as an input clock pin in this 
application. Receive data and receive data clock are separate from the transmit signals. On
demand data transfers are nonperiodic, and no time slots are defined. When there is a clock 
in the gated clock mode, data is transferred. Although they are not necessarily needed, 
frame sync and flags are generated when data is transferred. Transmitter underruns (TUE) 
are impossible in this mode and are therefore disabled. In the on-demand transmit mode, 
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two additional SSI clock cycles are automatically inserted between each data word transmit
ted. This procedure guarantees that frame sync will be low between every transmitted data 
word or that the clock will not be continuous between two consecutive words in the gated 
clock mode. The on-demand mode is similar to the SCI+ shift register mode with SSFTD 
equals one and SCKP equals one. The receiver should be configured to receive the bit clock 
and, if continuous clock is used, to receive an external frame sync. Therefore, for all full-du
plex communication in on-demand mode, the asynchronous mode should be used. The on
demand mode is SPI compatible. 

DSP56002 DSP56002 
DSP1 DSP2 

srD SRD 

SCK SCQ 

SRD srD 

sco SCK 

Figure 12-75. On Demand Example 

Initializing the on-demand mode for the example illustrated in Figure 12-76 is accomplished 
by setting the bits in CRA and CRB as follows: 

1. The word length must be selected by setting WL 1 and WLO. In this example, a 24-bit 
word length was chosen (WL 1 =1 and WLO=1). 

2. The on-demand mode is selected by clearing DC4-DCO. 

3. The serial clock rate must be selected by setting PSR and PM7-PMO (see Table 12- ~ 
17 and Table 12-18). ~ 

4. RE and TE must be set to activate the transmitter and receiver. If interrupts are to be 
used, RIE and TIE should be set. RIE and TIE are usually set after everything else is 
configured and the DSP is ready to receive interrupts. 

5. The network mode must be selected (MOD=1). 

6. A gated clock (GCK=1) is selected in this example. A continuous clock example is 
shown in Figure 12-71. 

7. Asynchronous clock control was selected (SYN=O) in this example. 

8. Since gated clock is used, the frame sync is not necessary. FSL 1 and FSLO can be 
ignored. 

9. SCKD must be an output (SCKD=1). 

10. SCDO must be an input (SCDO=O). 

11. Control bit SHFD should be set as needed for the application. Pins SC1 and SC2 are 
undefined in this mode (see Table 12-15) and should be programmed as general-pur
pose I/O pins. 
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SSI CONTROL REGISTER A (CRA) 
(READiWRITE) 

15 14 13 12 

WL1 WLO DC4 
"---v-----I \... 

24-BIT WORD LENGTH 

SSI CONTROL REGISTER B (CRB) 
(READiWRITE) 

15 14 13 

MOD 
SSI MODE SELECT 

1 = NETWORK 

12 

11 10 

DC3 DC2 

"'v'"" 
ON-DEMAND 

11 10 

GCK----.... 
GATED CLOCK CONTROL 

1 =GATED CLOCK 

9 

DC1 

9 

SYN------....I 
SYNC/ASYNC CONTROL 

o = ASYNCHRONOUS 

TRANSMIT CLOCK ----' 

8 6 

DCO 
/ 

8 7 6 

5 4 3 2 

5 4 3 2 

1.-_____ SCKD 

CLOCK SOURCE 
DIRECTION 
1 = OUTPUT 

0 

0 

TRANSMIT DATA ___ ~<:~ _____ 2_~_BI_T_DA_TA_F_R_O_M_DS_P_l_TO_D_S_P2 ___ -J~>-------

RECEIVE CLOCK 

TWO SSI BIT CLOCKS (MIN.) 

RECEIVE DATA DSP2TO DSPl 24-BIT DATA FROM DSP2 TO DSPl 

NOTE: Two 881 bit clock times are automatically inserted between each data word. This guarantees 
frame sync will be low between every data word transmitted and the clock will not be continuous for 
two consecutive data words. 

Figure 12-76. On-Demand Data-Driven Network Mode 

12.4.7.4.1 On-Demand Mode - Continuous Clock 
This special case will not generate a periodic frame sync. A frame sync pulse will be gener
ated only when data is available to transmit (see Figure 12-77(a». The frame sync signal 
indicates the first time slot in the frame. The on-demand mode requires that the transmit 
frame sync be internal (output) and the receive frame sync be external (input). Therefore, 
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for simplex operation, the synchronous mode could be used; however, for full-duplex oper
ation, the asynchronous mode must be used. Data transmission that is data driven is en
abled by writing data into TX. Although the SSI is double buffered, only one word can be 
written to TX, even if the transmit shift register is empty. The receive and transmit interrupts 
function as usual using TDE and RDF; however, transmit and receive underruns are impos
sible for on-demand transmission and are disabled. This mode is useful for interfacing to co
decs requiring a continuous clock. 

DATA CHANGES 

I 
SERIAL CLOCK 

I 
DATA STABLE 

FRAME SYNC ~ I 
SERIAL DATA -< ) DATA ~---------------------<<: D~A )~------

(a) Continuous 

SERIAL CLOCK 

SERIAL DATA -< ) DATA ~---------------------<<: DA~ )~------
(b) Gated 

Figure 12-77. Clock Modes 

12.4.7.4.2 On-Demand Mode - Gated Clock 

Gated clock mode (see Figure 12-77(b)) is defined for on-demand mode, but the gated clock 
mode is considered a frame sync source; therefore, in gated clock mode, the transmit clock 
must be internal (output) and the receive clock must be external (input). For on-demand 
mode, with internal (output) synchronous gated clock, output clock is enabled for the trans
mitter and receiver when TX data is transferred to the transmit data shift register. This SPI 
master operating mode is shown in Figure 12-78. Word sync is inherent in the clock signal, 
and the operation format must provide frame synchronization. 

Figure 12-79 is the block diagram for the program presented in Figure 12-81. This program 
contains a transmit test program that was written as a scoping loop (providing a repetitive 
sync) using the on-demand, gated, synchronous mode with no interrupts (polling) to transmit 
data to the program shown in Figure 12-82. The program also demonstrates using GPIO 
pins as general-purpose control lines. PC3 is used as an external strobe or enable for hard
ware such as an AID converter. 

The transmit program sets equates for convenience and readability. Test data is then written 
to X: memory, and the data pointer is initialized. Setting MO to two makes the buffer circular 
(modulo 3), which saves the step of resetting the pointer each loop. PC3 is configured as a 
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MASTER SLAVE 

SHIFT REGISTER SHIFT REGISTER 

SPI 
CLOCK GENERATOR 

DSP1 DSP2 

Figure 12-78. SPI Configuration 

general-purpose output for use as a scope sync, and CRA and CRB are then initialized. Set
ting the PCC bits begins SSI operation; however, no data will be transmitted until data is writ
ten to TX. PC3 is set high at the beginning of data transmission; data is then moved to TX 
to begin transmission. A JCLR instruction is then used to form a wait loop until TOE equals 
one and the SSI is ready for another data word to be transmitted. Two more data words are 
transmitted in this fashion (this is an arbitrary number chosen for this test loop). An additional 
wait is included to make sure that the frame sync has gone low before PC3 is cleared, indi
cating on the scope that transmission is complete. A wait of 100 NOPs is implemented by 
using the REP instruction before starting the loop again. 

DSP56002 DSP56002 

PC3 

SC2 
SRD 

STD 

SCK 1-----r-----1 SCK 

15 

Figure 12-79. On-Demand Mode Example - Hardware Configuration 
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;************************************************* 
SSI and other I/O EQUATES* 

;************************************************* 
CRA EQU $FFEC 
CRB EQU $FFED 
PCC EQU $FFEl 
PCD EQU $FFES 
SSISR EQU $FFEE 
TX EQU $FFEF 
PCDDR EQU $FFE3 

ORG X: 0 
DC $AAOOOO ;Data to transmit. 
DC $330000 
DC $FOOOOO 

;************************************************* 
MAIN PROGRAM* 

;************************************************* 
ORG P:$40 
MOVE #O,RO ;Pointer to data buffer 
MOVE #2,MO ;Length of buffer is 3 

Figure 12-80. On-Demand Mode Transmit Example Program (Sheet 1 of 2) 

LOOPO 

TDE1 

TDE2 

TDE3 
FSC 

MOVEP #$08,X:PCDDR 
MOVEP #$OOlF,X:CRA 
MOVEP #$lE30,X:CRB 

MOVEP #$lFO,X:PCC 
BSET #3,X:PCD 

MOVEP X: (R 0) ; p I, X : TX 
JCLR #6,X:SSISR,TDE1 

MOVEP X: (RO) ;pl,X:TX 
JCLR #6,X:SSISR,TDE2 
MOVEP X: (R 0) ; P I, X: TX 
JCLR #6,X:SSISR,TDE3 
JSET #S,X:PCD,FSC 

;SCO (PC3) as general purpose output. 
;Set Word Length=8, CLK=S.12/32 MHz. 
;Enable transmitter, Mode=On- Demand, 
;Gated clock on, synchronous mode, 
;Word frame sync selected, frame 
;sync and clock are internal and 
;output to port pins. 
;Set PCC for SSI and 
;Set PC3 high (this is example enable 
;or strobe for an external device 
:such as an ADC) . 
;Move data to TX register 
;Wait for TDE (transmit data register 
; empty) to go high. 
;Move next data to TX. 
;Wait for TDE to go high. 
;Move data to TX. 
;Wait for TDE=l. 
;Wait for frame sync to go low. NOTE: 
;State of frame sync is directly 
;determined by reading PCS. 
;Set PC3 10 (example external enable) . 

;anything goes here (i.e., any processing) 
BCLR #3,X:PCD 

REP #100 
NOP 
JMP LOOPO ;Continue sequence forever. 
END 

Figure 12-81. On-Demand Mode Transmit Example Program (Sheet 2 of 2) 

Figure 12-82 is the receive program for the scoping loop program presented in Figure 12-
81. The receive program also uses the on-demand, gated, synchronous mode with no inter
rupts (polling). Initialization for the receiver is slightly different than for the transmitter. In 
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CRB, RE is set rather than TE, and SCKO and SC02 are inputs rather than outputs. After 
initialization, a JCLR instruction is used to wait for a data word to be received (ROF=1). 
When a word is received, it is put into the circular buffer and loops to wait for another data 
word. The data in the circular buffer will be overwritten after three words are received (does 
not matter in this application). 

;************************************************* 
SSI and other I/O EQUATES* 

;************************************************* 
CRA EQU $FFEC 
CRB EQU $FFED 
PCC EQU $FFEl 
PCD EQU $FFES 
SSISR EQU $FFEE 
RX EQU $FFEF 
PCDDR EQU $FFE3 
;************************************************* 

MAIN PROGRAM* 
;************************************************* 

ORG P:$40 
MOVE #O,RO 
MOVE #2,MO 
MOVEP #$OOlF,X:CRA 
MOVEP #$lE30,X:CRB 

MOVEP #$lFO,X:PCC 
LOOP 

;Pointer to data buffer 
;Length of buffer is 3 
;Set Word Length=8, CLK=S.12/32 MHz. 
;Enable receiver, Mode=On-'Demand, 
;gated clock on, synchronous mode, 
;Word frame sync selected, frame 
;sync and clock are external. 
;Set PCC for SSI 

RDFl JCLR #7,X:SSISR,RDFl ;Wait for RDF (receive data register 
;Full) go to high. 

MOVEP X:RX,X: (RO)+ ;Read data from RX into memory. 
JMP LOOP ;Continue sequence forever. 
END 

Figure 12-82. On-Demand Mode Receive Example Program 

12.4.8 Flags 

Two SSI pins (SC1 and SCQ) are available in the synchronous mode for use as serial 110 
flags. The control bits (OF1 and OFQ) and status bits (IF1 and IFQ) are double buffered tol 
from SC1 and SCQ. Oouble buffering the flags keeps them in sync with TX and RX. The di
rection of SC1 and SCQ is controlled by SC01 and SCDQ in CRB. 

Figure 12-83 shows the flag timing for a network mode example. Initially, neither TIE nor TE 
is set, and the flag outputs are the last flag output value. When TIE is set, a TDE interrupt 
occurs (the transmitter does not have to be enabled for this interrupt to occur). Data (01) is 
written to TX, which clears TOE, and the transmitter is enabled by software. When the frame 
sync occurs, data (01) is transferred to the transmit shift register, setting TOE. Data (01) is 
shifted out during the first word time, and the output flags are updated. These flags will re
main stable until the next frame sync. The TOE interrupt is then serviced by writing data (02) 
to TX, clearing TOE. After the TSR completes transmission, the transmit pin is three-stated 
until the next frame sync. 
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Figure 12-84 shows a speaker phone example that uses a DSP56002 and two codecs. No 
additional logic is required to connect the codecs to the DSP. The two serial output flags in 
this example (OF1 and OFO) are used as chip selects to enable the appropriate codec for II 
O. This procedure allows the transmit lines to be ORed together. The appropriate output flag 
pin changes at the same time as the first bit of the transmit word and remains stable until 
the next transmit word (see Figure 12-85). Applications include serial-device chip selects, 
implementing multidrop protocols, generating Bell PCM signaling frame syncs, and output
ting status information. 
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MICROPHONE --~ TXI 

MC15500 
CODEC 

FILTER 1 

SPEAKER PHONE 

TDD t---------.. 

RDD ..-------.. 

TOC - I 
RDC~ 

SPEAKER ~---1 RXO 

:~:LJ 
DSP5002 

J----.SRD 

PHONE LINE ----l~ TXI 

PHONE LINE OUT-~---1 RXO 

MC15500 
CODEC 

FILTER 2 

MSIW OFO 
OUTPUl 
FLAG 0 

t--+----t STD 

I--+--+----f SCK 

L...--i--+--+---t SCO 

r---i--+--+---t SC1 

TOD 1-----+--+---+--' 

RDD ~----+--+-----' 

TOC I' I 
RDC~ OF 

RCE 
TDE~ OUTPUT 

FLAG 1 
MSI 

NOTE: sca and SC1 are output flag a and 1 used to software select 
either filter 1 or 2. 

Figure 12-84. Output Flag Example 

Initializing the flags (see Figure 12-85) is accomplished by setting SYN, SCD1, and SCDO. 
No other control bits affect the flags. The synchronous control bit must be set (SYN=1) to 
select the SC1 and SCO pins as flags. SCD1 and SCDO select whether SC1 and SCO are 
inputs or outputs (input=O, output=1 ).The other bits selected in Figure 12-85 are chosen for 
the speaker phone example in Figure 12-84. In this example, the codecs require that the SSI 
be set for normal mode (MOD=O) with a gated clock (GCK=1) out (SCKD=1). 

Serial input flags, IF1 and IFO, are latched at the same time as the first bit is sampled in the 
receive data word (see Figure 12-86). Since the input was latched, the signal on the input 
flag pin can change without affecting the input flag until the first bit of the next receive data 
word. To initialize SC1 or SCO as input flags, the synchronous control bit in CRB must be 
set to one (SYN=1) and SCD1 set to zero for pin SC1, and SCDO must be set to zero for pin 
SCO. The input flags are bits 1 and 0 in the SSISR (at X:$FFEE). 
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765432 0 

X:$FFEE I RDF I TOE I ROE I TUE I RFS I TFS I IF1 liFO I ~~~~TUS REGISTER (SSISR) 

"---y---J 
INPUT FLAGS 

RECEIVE CLOCK 

RECEIVE DATA 

INPUTFLAG 0 
t SAMPLE 

Figure 12-86. Input Flags 

12.4.9 Example Circuits 

The DSP-to-DSP serial network shown in Figure 12-87 uses no additional logic chips for the 
network connection. All serial data is synchronized to the data source (all serial clocks and 
serial syncs are common). This basic configuration is useful for decimation and data reduc
tion when more processing power is (leeded than one DSP can provide. Cascading DSPs 
in this manner is useful in several network topologies including star and ring networks. 

DSP56002 DSP56002 DSP56002 DSP56002 

DATA DATA 
IN OUT 

----. SRD STO ~ SRD STO r----- SRD STO r----- SRD STD ~ 

SCK f-- SCK ~ SCK ~ SCK ..-
SC2 I-- SC2 ... SC2 .... SC2 .... 

SERIAL CLOCK 

SERIAL SYNC 

Figure 12-87. SSI Cascaded Multi-DSP System 

TDM networks are useful to reduce the wiring needed for connecting multiple processors. A 
TDM parallel topology, such as the one shown in Figure 12-88, is useful for interpolating fil
ters. Serial data can be received simultaneously by all DSPs, processing can occur in par
allel, and the results are then multiplexed to a single serial data out line. This configuration 
can be cascaded and/or looped back on itself as needed to fit a particular application (see 
Figure 12-89). The serial and parallel configurations can be combined to form the array pro
cessor shown in Figure 12-90. A nearest neighbor array, which is applicable to matrix relax
ation processing, is shown in Figure 12-91. To simplify the drawing, only the center DSP is 
connected in this illustration. In use, all DSPs would have four three-state buffers connected 
to their STD pin. The flags (SCO and SC 1) on the control master operate the three-state buff-
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DSP56002 

SRD STD 

SCK 

SC2 

DSP56002 

SRD STD 

SCK 

SERIAL SC2 ~. 
SERIAL 

DATA IN DATA OUT 

DSP56002 

SRD STD 

SCK 

SC2 

DSP56002 

SRD STD 

SCK 

SC2 

SERIAL SYNC 

SERIAL CLOCK 

Figure 12-88. 551 TOM Parallel 05P Network 

ers, which control the direction that data is transferred in the matrix (north, south, east, or 
west). 

The bus architecture shown in Figure 12-92 allows data to be transferred between any two 
DSPs. However, the bus must be arbitrated by hardware or a software protocol to prevent 
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DSP56002 DSP56002 

SRD srD SRD srD 

SCK SCK 

SC2 1-------0 SC2 j.--

DSP56002 DSP56002 

SRD srD SRD srD 

SCK SCK 

SC2 f+-- SC2 I......-

DSP56002 DSP56002 

SRD STD SRD STD 

SCK SCK 

SC2 f+-- SC2 f+--

DSP56002 DSP56002 

SRD STD SRD srD 

SCK SCK -
SC2 f+-- SC2 f4--

SERIAL CLOCK 

FRAME SYNC 

Figure 12-89. SSI TOM Connected Parallel Processing Array 

collisions. The master/slave configuration shown in Figure 12-93 also allows data to be 
transferred between any two DSPs but simplifies network control. 
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DSP56002 DSP56002 DSP56002 

~ SRD STD SRD STD SRD STD 

SCK f----.+ SCK i+-- SCK .--
SC2 --+0 SC2 .- SC2 -+-

DSP56002 DSP56002 DSP56002 

~ SRD STD SRD STD SRD STD 

SE RIAL. SER IAL 
IN OUT 

---- SCK ~ ~ SCK f+- I-- SCK l.-I-- I---+-

SC2 I ..... SC2 f+- SC2 I.-

DSP56002 DSP56002 DSP56002 

~ SRD STD SRD STD SRD STD 

SCK ..-- SCK .-10- SCK I-+- r--
SC2 ~ SC2 .- SC2 ~ 

DSP56002 DSP56002 DSP56002 

L.....-. SRD STD SRD STD SRD STD 
G 

SCK I~ --- SCK f+- lo- SCK I.- r--
SC2 ~ SC2 ~ SC2 I-+-

SERIAL CLOCK 

SERIAL SYNC 

Figure 12-90. SSI TOM Serial/Parallel Processing Array 
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DSP56002 DSP56002 DSP56002 

----- SAD STD SAD STD SAD STD 

...- SCO SCK r--- SCK +--- SCK ~ 

...- SC1 SC2 f-+ SC2 +- SC2 ...... -
.. -

DSP56002 DSP56002 DSP56002 

.. SAD STD 

~ 
.. SAD STD - - -

~ 
I--~ ~ --- f4- I-- SCK +- - SCK +-

SC2 f4- SC2 +- SC2 4- -
... -

DSP56002 DSP56002 DSP56002 

----- SAD STD SRD STD SAD STD 

SCK f4- I-- SCK +-I-- SCK -
SC2 14- SC2 +- SC2 --

SERIAL CLOCK 

FRAME SYNC 

Figure 12-91. 551 Parallel Processing - Nearest Neighbor Array 

SEAIALSYNC 

J~ 

SERIAL CLOCK 

,~ 
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SECTION 13 
IEEE 1149.1 TEST ACCESS PORT 

13.1 INTRODUCTION 

The MC68356 provides a dedicated user-accessible test access port (TAP) that is fully com
patible with the IEEE 1149.1 Standard Test Access Port and Boundary Scan Architecture. 
Problems associated with testing high density circuit boards have led to development of this 
proposed standard under the sponsorship of the Test Technology Committee of IEEE and 
the Joint Test Action Group (JTAG). The MC68356 implementation supports circuit-board 
test strategies based on this standard. 

The MC68356 TAP contains addition signal, TRST, which provides an asynchronous reset 
to the TAP. 

Since the TAP pins are multiplexed with the DSP ONCE port pins, an additional pin, 
JTAG_ONCE, controls whether the TAP is active (JTAG_ONCE = 1) orthe DSP ONCE port 
is active (JTAG_ONCE = 0). 

The test logic includes a test access port (TAP) consisting of six signal pins, a 16-state con
troller, and two test data registers. A boundary scan register links all device signal pins into 
a single shift register. The test logic, implemented utilizing static logic design, is independent 
of the device system logic. The MC68356 implementation provides the following capabili
ties: 

1. Perform boundary scan operations to test circuit-board electrical continuity 

2. Bypass the MC68356 for a given circuit-board test by effectively reducing the bound- • 
ary scan register to a single cell 

3. Sample the MC68356 system pins during operation and transparently shift out the re
sult in the boundary scan register 

4. Disable the output drive to pins during circuit-board testing 

NOTE 

Certain precautions must be observed to ensure that the IEEE 
1149.1 test logic does not interfere with nontest operation. See 
13.11 NON-IEEE 1149.1 Operation for details. 

Additionally, although not specifically part of IEEE 1149.1, the MC68356 contains a signal 
which can be used to three-state all MC68356 output signals. This signal is called three
state, TRIS. 
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13.2 OVERVIEW 

This section, which includes aspects of the IEEE 1149.1 implementation that are specific to 
the MC68356, is intended to be used with the supporting IEEE 1149.1 document. The dis
cussion includes those items required by the standard to be defined and, in certain cases, 
provides additional information specific to the MC68356 implementation. For internal details 
and applications of the standard, refer to the IEEE 1149.1 document. 

An overview of the MC68356 implementation of IEEE 1149.1 is shown in Figure 13-2. The 
MC68356 implementation includes a 3-bit instruction register and two test registers, a 1-bit 
bypass register and a 0262-bit boundary scan register. 

In the MC68356, TAP pins are multiplexed with the OSP ONCE port pins. The JTAG_ONCE 
pin controls whether the TAP is active or the OSP ONCE port is active: 

(JTAG_ONCE = 1) - TAP is active. The TAP interface includes the following signals: 

• TCK = a test clock input to synchronize the test logic. This pin has an internal pull-up 
resistor (which is enabled when JTAG_ONCE = 1). 

• TMS= a test mode select input that is sampled on the rising edge of TCK to sequence 
the test controller's state machine. This pin has an internal pull-up resistor. 

• TOI = a test data input that is sampled on the rising edge of TCK. This pin has an inter
nal pull-up resistor (which is enabled when JTAG_ONCE = 1). 

• TOO = a three-state test data output that is actively driven in the shift-IR and shift-TMS 
controller states. TOO changes on the falling edge of TCK. 

• TRST = an asynchronous reset which provides initialization of the TAP controller and 
other logic as required by the standard.This pin has an internal pull-up resistor (which 
is enabled when JTAG_ONCE = 1). 

(JTAG_ONCE = 0) - OSP ONCE port is active. The TAP controller receives default values 
that cause it to be inactive and internal pull-ups to the OSCK/OS1fTCK, OSI/OSOfTOI, TRST 
pins are disabled. The ORfTMS pin retains its internal an pull-up. 

13-2 

NOTE 

JTAG_ONCE pin has an internal pull-down resistor of 50 kohm. 
To force JTAG_ONCE =1 the user must drive this pin with pull
up of 10 kohm or less. 
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Figure 13-1. Test Logic Block Diagram 
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13.3 TAP CONTROLLER 

The TAP controller is responsible for interpreting the sequence of logical values on the TMS 
signal. It is a synchronous state machine that controls the operation of the JTAG logic. The 
state machine is shown in Figure 13-2. The value shown adjacent to each arc represents 
the value of the TMS signal sampled on the rising edge of TCK signal. For a description of 
the TAP controller states, please refer to the IEEE 1149.1 document. 
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Figure 13-2. TAP Controller State Machine 

13.4 BOUNDARY SCAN REGISTER 

The MC68356 IEEE 1149.1 implementation has a 262-bit boundary scan register. This reg
ister contains bits for all device signal and clock pins and associated control signals. The 
XTAL, XFC, DXTAL, and PCAP pins are associated with analog signals and are not includ
ed in the boundary scan register. 

All MC68356 bidirectional pins have a single register bit in the boundary scan register for pin 
data, and are controlled by an associated control bit in the boundary scan register. 63 bits 
in the boundary scan register define the output enable signal for associated groups of bidi-
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rectional and three-stateable pins. The control bits and their bit positions are listed in Table 
13-1 

Table 13-1. Boundary Scan Control Bits 

Name 
Bit 

Name 
Bit 

Name 
Bit 

Number Number Number 

kio_hajdir 12 kio_donejdir 94 kio_txd3jdir 151 

kio_ajdir 13 kio_rts2jdir 96 kio_tin1jdir 152 

kio_pcd6jdir 30 kio_dreqjdir 97 kio_tout2jdir 161 

kio-pcd1jdir 31 kio _ dackjdir 100 kio_tout1jdir 162 

kio_pcd7 jdir 32 kio_txd1 jdir 101 kio_wdogjdir 165 

kio_pcd5jdir 36 kio_cd2jdir 108 kio_fcjdir 167 

kio_pcd4jdir 37 kio_rclk1 jdir 109 kio_pb10jdir 169 

kio_pcd3jdir 40 kio _ sds2jdir 112 kio_iack7 jdir 170 

kio_pcd2jdir 41 kio_rxd2jdir 113 kio_iack6jdir 175 

kio _pcdO jdir 53 kio_tclk2jdir 118 kio_avecjdir 176 

kio_rmcjdir 62 kio_cts2jdir 119 kio_djdir 183 

kio_pcjdir 63 kio_rxd3jdir 126 TSO 202 

kio_bgjdir 76 kio_cd3jdir 127 Ctrl7/scO 225 

kio_brjdir 77 kio_rclk3jdir 129 Ctrl6/sc1 226 

kio_bgackjdir 79 kio_tclk3jdir 130 Ctrl5/sck 228 

kio_dtackjdir 80 kio_tin2jdir 139 Ctrl4/sc2 229 

kio_tclk1 jdir 84 kio_iack1 jdir 140 Ctrl3/srd 232 

kio_ectsjdir 85 kio_pb8jdir 144 Ctrl2/std 233 

kio_txd2jdir 89 kio_pb9jdir 145 EPCPDE/std 237 

kio _rclk2jdir 90 kio_pb11jdir 148 BRTO/DBTS 250 

kio_udsjdir 93 kio-pa12jdir 149 Ctrl1 251 

The boundary scan bit definitions are shown in Table 13-2. 

The first column in the table defines the bit's ordinal position in the boundary scan register. 
The shift register cell nearest DSO (Le., first to be shifted out) is defined as bit zero; the last 
bit to be shifted out is 261. 

The second column references one of the four MC68356 cell types depicted in Figure 13-3 
through Figure 13-6, which describe the cell structure for each type. 
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The third column lists the pin name for all pin-related cells or defines the name of bidirec
tional control register bits. 

The fourth column lists the pin type for convenience where TS-Output indicates a three
stateable output pin, I/O indicates a bidirectional pin, and 00-1/0 denotes an open-drain bi
directional pin. 

The last column indicates the associated boundary scan register control bit for bidirectional, 
three-state, and open-drain output pins. 

Bidirectional pins include a single scan cell for data (IO.Cell) as depicted in Figure 13-4. 

These bits are controlled by the cell shown in Figure 13-5. The value of the control bit deter
mines whether the bidirectional pin is an input or an output. 

Table 13-2. Boundary Scan Bit Definition. 

Bit 
Cell/Signal Name Pin Name Pin Type Output Control Cell 

Number 

0 I/O tris - input (-) 

1 I/O a23 I/O kio_hajdir 

2 I/O a22 I/O kio_hajdir 

3 I/O a21 I/O kio_hajdir 

4 I/O a20 I/O kio_hajdir 

5 I/O a19 I/O kio_hajdir 

6 I/O a18 I/O kio_hajdir 

7 I/O a17 I/O kio_hajdir 

8 I/O a16 I/O kio_hajdir 

9 I/O a15 I/O kio_hajdir 

10 I/O a14 I/O kio_hajdir 

11 I/O a13 I/O kio_hajdir 

12 ctrl kio_hajdir ( -) (-) 

13 ctrl kio_ajdir (-) (-) 

14 I/O a12 I/O kio_hajdir 

15 I/O a11 I/O kio_ajdir 

16 I/O a10 I/O kio_ajdir 

17 I/O a9 I/O kio_ajdir 

18 I/O a8 I/O kio_ajdir 
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Table 13-2. Boundary Scan Bit Definition. 

Bit 
Cell/Signal Name Pin Name Pin Type Output Control Cell Number 

19 I/O a7 I/O kio_ajdir 

20 I/O a6 I/O kio_ajdir 

21 I/O a5 I/O kio_ajdir 

22 I/O a4 I/O kio_ajdir 

23 I/O a3 I/O kio_ajdir 

24 I/O a2 I/O kio_ajdir 

25 I/O a1 I/O kio_ajdir 

26 I/O pc_a2 input (-) 

27 I/O pc_a3 input (-) 

28 I/O pc_a4 input (-) 

29 I/O pc_a5 input (-) 

30 ctrl kioycd6jdir (-) (-) 

31 ctrl kio ycd 1 jdir (-) (-) 

32 ctrl kioycd7 jdir (-) (-) 

33 I/O pc_d7 I/O kioycd7 jdir 

34 I/O pc_d6 I/O kioycd6jdir 

35 I/O pc_d5 I/O kioycd5jdir 

36 ctrl kioycd5jdir (-) (-) 

37 ctrl kioycd4jdir (-) (-) 

38 I/O pc_d4 I/O kioycd4jdir 

39 I/O pc_d3 I/O kioycd3jdir 

40 ctrl kioycd3jdir (-) (-) 

41 ctrl kioycd2jdir (-) ( -) 

42 I/O pc_d2 I/O kioycd2jdir 

43 I/O pc_d1 I/O kioycd1 jdir 

44 I/O pc_dO I/O kioycdOjdir 

45 I/O PC3 6 input (-) 

46 I/O pc_a7 input (-) 

47 I/O pc_a8 input (-) 
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Table 13-2. Boundary Scan Bit Definition. 

Bit 
Cell/Signal Name Pin Name Pin Type Output Control Cell Number 

48 I/O pc_a9 input ( -) 

49 I/O discpu input ( -) 

50 I/O pc_iord_ input ( -) 

51 I/O pc_iowr_ input (-) 

52 I/O pc_reg_ input (-) 

53 ctrl kio_pcdOjdir (-) (-) 

54 I/O pc_oe_ input ( -) 

55 I/O pc_ce1_ input ( -) 

56 I/O pc_we_ input ( -) 

57 I/O berr - output ( -) 

58 I/O halt - output (-) 

59 I/O imp_reseC output (-) 

60 I/O rmc - I/O kio_rmcjdir 

61 I/O iac output (-) 

62 ctrl kio_rmcjdir ( -) (-) 

63 ctrl kio_pcjdir ( -) (-) 

64 I/O bclr_ I/O kio_pcjdir 

65 I/O pc_rdy output ( -) 

66 I/O pc_en input (-) 

67 I/O busw input (-) 

68 I/O pc_ce2_ input (-) 

69 input imp_extal input ( -) 

70 output clko output ( -) 

71 I/O modclk1 input (-) 

72 I/O modclkO input (-) 

73 I/O pc_a25 input ( -) 

74 I/O imp_br_ I/O kio_brjdir 

75 I/O imp_bg_ I/O kio_bgjdir 

76 ctrl kio_bgjdir (-) (-) 
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Table 13-2. Boundary Scan Bit Definition. 

Bit 
Cell/Signal Name Pin Name Pin Type Output Control Cell 

Number 

77 ctrl kio_brjdir (-) (-) 

78 I/O bgack_ I/O kio_bgackjdir 

79 ctrl kio_bgackjdir (-) (-) 

80 ctrl kio_dtackjdir (-) (-) 

81 I/O dtack_ I/O kio_dtackjdir 

82 I/O as - I/O kio_6ctsjdir 

83 I/O 06_ output (-) 

84 ctrl kio _tclk1 jdir (-) (-) 

85 ctrl kio_ectsjdir ( -) (-) 

86 I/O Ids - I/O kio_ectsjdir 

87 I/O wei - output (-) 

88 I/O rw_ I/O kio_ectsjdir 

89 ctrl kio_txd2jdir (-) (-) 

90 ctrl kio_rclk2jdir (-) (-) 

91 I/O weh - output (-) 

92 I/O uds - I/O kio_udsjdir 

93 ctrl kio_udsjdir ( -) (-) 

94 ctrl kio_donejdir ( -) (-) 

95 I/O done - I/O kio_donejdir 

96 ctrl kio_rts2jdir ( -) (-) 

97 ctrl kio_dreqjdir (-) (-) 

98 I/O dreq_ I/O kio_dreqjdir 

99 I/O dack_ I/O kio_dackjdir 

100 ctrl kio_dackjdir (-) (-) 

101 ctrl kio_txd1jdir (-) (-) 

102 I/O cts1 - input (-) 

103 I/O cd1 - input (-) 

104 I/O rxd1 input ( -) 

105 110 txd1 I/O kio_txd1jdir 
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Table 13-2. Boundary Scan Bit Definition. 

Bit 
Cell/Signal Name Pin Name Pin Type Output Control Cell Number 

106 I/O tclk1 I/O kio_tclk1 jdir 

107 I/O brg1 output (-) 

108 ctrl kio_cd2jdir (-) (-) 

109 ctrl kio_rclk1 jdir (-) (-) 

110 I/O rclk1 I/O kio_rclk1 jdir 

111 I/O rts1 - output ( -) 

112 ctrl kio_sds2jdir (-) ( -) 

113 ctrl kio_rxd2jdir (-) ( -) 

114 I/O rxd2 I/O kio_rxd2jdir 

115 I/O txd2 I/O kio_txd2jdir 

116 I/O rclk2 I/O kio_rclk2jdir 

117 I/O tclk2 I/O kio_tclk2jdir 

118 ctrl kio_tclk2jdir ( -) ( -) 

119 ctrl kio_cts2jdir ( -) ( -) 

120 I/O cts2 - I/O kio_cts2jdir 

121 I/O rts2 - I/O kio_rts2jdir 

122 I/O cd2 - I/O kio_cd2jdir 

123 I/O sds2 I/O kio_sds2jdir 

124 I/O rxd3 I/O kio_rxd3jdir 

125 I/O cd3 - I/O kio_cd3jdir 

126 ctrl kio_rxd3jdir (-) (-) 

127 ctrl kio_cd3jdir ( -) (-) 

128 I/O rclk3 I/O kio_rclk3jdir 

129 ctrl kio_rclk3jdir (-) ( -) 

130 ctrl kio_tclk3jdir (-) (-) 

131 I/O tclk3 I/O kio_tclk3jdir 

132 I/O pa12 I/O kio_pa12~dir 

133 I/O rts3 - output (-) 

134 I/O txd3 I/O kio _txd3j dir 
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Table 13-2. Boundary Scan Bit Definition. 

Bit 
Cell/Signal Name Pin Name Pin Type Output Control Cell 

Number 

135 I/O cts3 - input ( -) 

136 I/O tout2 - I/O kio_tout2jdir 

137 I/O tout1 - I/O kio_tout1 jdir 

138 I/O tin2 I/O kio_tin2jdir 

139 ctrl kio_tin2jdir ( -) (-) 

140 ctrl kio_iack1 jdir (-) (-) 

141 I/O iack1 - I/O kio_iack1 jdir 

142 I/O wdog_ I/O kio_wdogjdir 

143 I/O pb8 I/O kio_pb8jdir 

144 ctrl kio_pb8jdir (-) (-) 

145 ctrl kio_pb9jdir (-) (-) 

146 I/O pb9 I/O kio_pb9jdir 

147 I/O pb10 I/O kio_pb10jdir 

148 ctrl kio_pb11jdir (-) (-) 

149 ctrl kio_pa 12jdir (-) (-) 

150 I/O pb11 I/O kioyb11jdir 

151 ctrl kio_txd3jdir (-) (-) 

152 ctrl kio_tin1jdir (-) (-) 

153 I/O tin1 I/O kio_tin1jdir a 
154 I/O iack7_ I/O kiojack7 jdir 

155 I/O iack6 - I/O kio_iack6jdir 

156 I/O iplO_ input ( -) 

157 I/O ipl1_ input (-) 

158 I/O ipl2_ input (-) 

159 I/O avec - I/O kio_avecjdir 

160 I/O fc2 I/O kio_fcjdir 

161 ctrl kio_tout2jdir (-) (-) 

162 ctrl kio_tout1 jdir (-) (-) 

163 I/O fc1 I/O kio_fcjdir 
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Table 13-2. Boundary Scan Bit Definition. 

Bit 
Cell/Signal Name Pin Name Pin Type Output Control Cell Number 

164 I/O fcO I/O kio_fcjdir 

165 ctrl kio_wdogjdir ( -) ( -) 

166 ctrl kio_fcjdir ( -) ( -) 

167 I/O csO - output ( -) 

168 110 cs1 - output ( -) 

169 ctrl kio_pb10jdir (-) ( -) 

170 ctrl kio_iack7 jdir (-) ( -) 

171 I/O cs2 - output ( -) 

172 I/O cs3 - output (-) 

173 I/O dO I/O kio_djdir 

174 I/O d1 I/O kio_djdir 

175 ctrl kio_iack6jdir (-) (-) 

176 ctrl kio_avecjdir (-) (-) 

177 I/O d2 I/O kio_djdir 

178 I/O d3 I/O kio_djdir 

179 I/O d4 110 kio_djdir 

180 110 d5 110 kio_djdir 

181 110 d6 I/O kio_djdir 

182 110 d7 I/O kio_djdir 

183 ctrl kio_djdir ( -) (-) 

184 110 d8 I/O kio_djdir 

185 I/O d9 I/O kio_djdir 

186 I/O d10 I/O kio_djdir 

187 110 d11 110 kio_djdir 

188 110 d12 I/O kio_djdir 

189 I/O d13 I/O kio_djdir 

190 I/O d14 110 kio_djdir 

191 I/O d15 I/O kio_djdir 

192 ITAOB IABO Output (-) 
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Table 13-2. Boundary Scan Bit Definition. 

Bit 
Cell/Signal Name Pin Name Pin Type Output Control Cell 

Number 

193 ITAOB IAB1 Output (-) 

194 ITAOB IAB2 Output (-) 

195 ITAOB IAB3 Output (-) 

196 ITAOB IAB4 Output (-) 

197 ITAOB IAB5 Output (-) 

198 ITAOB IAB6 Output (-) 

199 ITAOB IAB7 Output (-) 

200 ITAOB IAB8 Output (-) 

201 ITAOB IAB9 Output (-) 

202 TSO/abTsO (-) (-) (-) 

203 ITAOB IAB10 Output ( -) 

204 ITAOB IAB11 Output (-) 

205 ITAOB IAB12 Output ( -) 

206 ITAOB IAB13 Output ( -) 

207 ITAOB IAB14 Output (-) 

208 ITAOB IAB15 Output (-) 

209 ITABM PS - Output (-) 

210 ITABM DS - Output (-) 

211 ITABM XY - Output (-) 

212 ITBSG BSG - Output (-) 

213 ITGWT BRWT_ Output (-) 

214 ITCRD RD - Output (-) 

215 ITCWR WR - Output (-) 

216 ITCOC CKOUT Output ( -) 

217 ITGIL SELECT Input ( -) 

218 ITPRT EXTAL2 Input ( -) 

219 ITRIN RESET - Input ( -) 

220 ITMIT MODA Input ( -) 

221 ITMIT MODB Input ( -) 
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Table 13-2. Boundary Scan Bit Definition. 

Bit 
Cell/Signal Name Pin Name Pin Type Output Control Cell 

Number 

222 ITMIT MODC Input (-) 

223 ITPBD SCO I/O Ctrl7 

224 ITPBD SC1 I/O Ctrl6 

225 Ctrl7/scO ( -) (-) ( -) 

226 Ctrl6/sc1 (-) (-) (-) 

227 ITPBD SCK I/O Ctrl5 

228 Ctrl5/sck ( -) (-) ( -) 

229 Ctrl4/sc2 (-) (-) ( -) 

230 ITPBD SC2 I/O Ctrl4 

231 ITPBD SRD I/O Ctrl3 

232 Ctrl3/srd ( -) (-) (-) 

233 Ctrl2lstd dir (-) ( -) 

234 ITPBD STD I/O Ctrl2 

235 ITDBD IDB23 I/O Ctrl1 

236 ITDBD IDB22 I/O Ctrl1 

237 EPCPDE/std dir ( -) (-) 

238 ITDBD IDB21 I/O Ctrl1 

239 ITDBD IDB20 I/O Ctrl1 

- 240 ITDBD IDB19 I/O Ctrl1 

241 ITDBD IDB18 I/O Ctrl1 

242 ITDBD IDB17 I/O Ctrl1 

243 ITDBD IDB16 I/O Ctrl1 

244 ITDBO IDB15 I/O Ctrl1 

245 ITDBD IDB14 I/O Ctrl1 

246 ITDBD IDB13 I/O Ctrl1 

247 ITOBO IDB12 I/O Ctrl1 

248 ITDBD IDB11 I/O Ctrl1 

249 ITDBD IDB10 I/O Ctrl1 

250 BRTO/DBTS ( -) ( -) (-) 
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Table 13-2. Boundary Scan Bit Definition. 

Bit 
Cell/Signal Name Pin Name Pin Type Output Control Cell Number 

251 Ctrl1 

252 ITDBD 

253 ITDBD 

254 ITDBD 

255 ITDBD 

256 ITDBD 

257 ITDBD 

258 ITDxBD 
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260 ITDBD 
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Figure 13-3. Output Latch Cell (O.latch) 
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UPDATE DR 

Figure 13-6. Bidirectional Data Cell (IO.Cell) 
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OUTPUT DATA 

ENABLE FROM 
SYSTEM 
LOGIC 

t 
Direction Ctl -

* 

IO.Cell 

INPUT DATA ....... ___ ---1 - I 

t 
FROM LAST CELL 

NOTE 

.... 

More than one IO.Cell could be serially connected 
and controlled by a single IO.Ctl cell. 

Figure 13-7. General Arrangement for Bidirectional Pins 

13.5 INSTRUCTION REGISTER 

The MC68356 IEEE 1149.1 implementation includes the three mandatory public instructions 
(EXTEST, SAMPLE/PRELOAD, and BYPASS), and also supports the optional CLAMP in
struction defined by IEEE 1149.1. One additional public instruction (HI-Z) provides the ca
pability for disabling all device output drivers. The MC68356 includes a 3-bit instruction 
register without parity consisting of a shift register with three parallel outputs. Data is trans
ferred from the shift register to the parallel outputs during the update-IR controller state. The 
three bits are used to decode the five unique instructions shown in Table 13-3. 

The parallel output of the instruction register is reset to all ones in the test-logic-reset con
troller state. Note that this preset state is equivalent to the BYPASS instruction. 
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Table 13-3. Instructions 

Code 
Instruction 

82 81 80 

0 0 0 EXTEST 

0 0 1 SAMPLE/PRELOAD 

X 1 X BYPASS 

1 0 0 HI-Z 

1 0 1 CLAMP and BYPASS 

During the capture-IR controller state, the parallel inputs to the instruction shift register are 
loaded with the CLAMP command code. 

13.6 EXTEST 

The external test (EXTEST) instruction selects the 262-bit boundary scan register. 

By using the TAP, the register is capable of a) scanning user-defined values into the output 
buffers, b) capturing values presented to input pins, c) controlling the direction of bidirection
al pins, and d) controlling the output drive of three-state output pins. For more details on the 
function and use of EXTEST, please refer to the IEEE 1149.1 document. 

13.7 SAMPLE/PRELOAD 

The SAMPLE/PRELOAD instruction provides two separate functions. First, it provides a 
means to obtain a snapshot of system data and control signals. The snapshot occurs on the 
rising edge of TCK in the capture-TMS controller state. The data can be observed by shifting 
it transparently through the boundary scan register. 

NOTE 

Since there is no internal synchronization between the IEEE 
1149.1 clock (TCK) and the system clock, the user must provide 
some form of external synchronization to achieve meaningful re
sults. 

The second function of SAMPLE/PRELOAD is to initialize the boundary scan register output 
cells prior to selection of EXTEST. This initialization ensures that known data will appear on 
the outputs when entering the EXTEST instruction. 

13.8 BYPASS 

The BYPASS instruction selects the single-bit bypass register as shown in Figure 13-8. This 
creates a shift-register path from TOI to the bypass register and, finally, to OSO, circum-
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venting the 262-bit boundary scan register. This instruction is used to enhance test efficien
cy when a component other than the MC68356 becomes the device under test. 

SHIFT DR 

Mux 
FROM OSI ---I 

Figure 13-8. Bypass Register 

When the bypass register is selected by the current instruction, the shift-register stage is set 
to a logic zero on the rising edge of TCK in the capture-TMS controller state. Therefore, the 
first bit to be shifted out after selecting the bypass register will always be a logic zero. 

13.9 CLAMP 

The CLAMP instruction selects the single-bit bypass register as shown in Figure 13-8 and 
the state of all the signals driven from system output pins is completely defined by the data 
previously shifted into the boundary scan register (for example, using the SAMPLE/PRE
LOAD instruction). 

13.10 HI-Z 

The HI-Z instruction is not included in the IEEE 1149.1 standard. It is provided as a manu
facturer's optional public instruction to prevent having to backdrive the output pins during cir
cuit-board testing. When HI-Z is invoked, all output drivers, including the two-state drivers, 
are turned off (i.e., high impedance). The instruction selects the bypass register. 

NOTE 

On the MC68356, the TRIS_ pin may also be used during sys
tem reset to perform the same function. 

13.11 NON-IEEE 1149.1 OPERATION 

In non-IEEE 1149.1 operation the TAP must be in test-logic-reset state. 

TAP is forced into test-logic-reset state by: 
- driving the TRST Signal low, or 
- when JTAG_ONCE is set, driving the TDI input high for at least 5 rising edges of TCK. 

When the TAP is in the test-logic-reset state, the state can be maintained by: 
- driving the TRST input low, or 

13-20 MC68356 USER'S MANUAL MOTOROLA 



IEEE 1149.1 Test Access Port 

- driving JTAG_ONCE input low, or 
- driving JTAG_ONCE and TMS inputs high. 

NOTE 

In default, JTAG_ONCE pin is driven low by an internal pull
down, OR_ is driven high by internal pull-up, and the conditional 
pull-ups of the TRST, TOI and TCK pins are disconnected. 
Therefore, by connecting GNO to the TRST pin, the user en
sures that the TAP is always in the test-logic-reset state. 

13.12 MC68356 RESTRICTIONS 

The control afforded by the output enable signals using the boundary scan register and the 
EXTEST instruction requires a compatible circuit-board test environment to avoid device
destructive configurations. The user must avoid situations in which the MC68356 output 
drivers are enabled into actively driven networks. 

The MC68356 features low-power modes. In order to reduce the power consumptibn during 
low power modes, it is recommended to keep the TAP in test-logic-reset state. Leaving the 
TAP controller test-logic-reset state negates the ability to achieve low-power, but does not 
otherwise affect device functionality. 

The methods to keep the TAP in test-logic-reset state are described in 13.11 NON-IEEE 
1149.1 Operation. 
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SECTION 14 
ELECTRICAL CHARACTERISTICS 

The AC specifications presented consist of output delays, input setup and hold times, and 
signal skew times. All signals are specified relative to an appropriate edge of the clock 
(CLKO pin) and possibly to one or more other signals. 

14.1 MAXIMUM RATINGS 

Rating Symbol Value Unit 
This device contains circuitry to 

Supply Voltage Voo - 0.3 to + 7.0 V protect the inputs against damage 
due to high static voltages or elec-

Input Voltage Yin - 0.3 to + 7.0 V tric fields; however, it is advised 
that normal precautions be taken 

Current Drain per Pin excluding Vee and Vss mA to avoid application of anre voltage 
higher than maximum-ra ed volt-

0Merating TeFPerature Range TA 
ages to his high-impedance cir-
cuit. Reliability of oJeration is C68356Z a to 70 °C enhanced if unuse inputs are tied 

MC68356CZP - 40 to 85 to an appropriate logic voltage lev-

Storage Temperature Range Tstg - 55 to + 150 °C 
el (e.g., eitlier GND or Voo) 

14.2 THERMAL CHARACTERISTICS 

Characteristic Symbol Value Unit 

9JA 471 °CIW 

Thermal Resistance for BGA 9JA 302 °CIW 

9JA 153 °CIW 

Notes: 
1. Assumes natural convection and a single layer board (no thermal vias). 
2. Assumes natural convection, a multi layer board with thermal vias4, 1 watt 68356 dissipation, and a board 

temperature rise of 20°C above ambient. 
3. Assumes natural convection, a multi layer board with thermal vias4 ,1 watt 68356 dissipation, and a board 

temperature rise of 10°C above ambient. 
4. For more information on the design of thermal vias on multilayer boards and BGA layout considerations in 

general, refer to AN-1231/0, "Plastic Ball Grid Array Application Note" available from your local Motorola sales 
office. 

TJ = TA + (Po .9JA) 
Po = (Voo • 100) + PliO 
where: 

PliO is the power dissipation on pins. 
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14.3 POWER CONSIDERATIONS 

The average chip-junction temperature, T J, in °C can be obtained from: 

TJ = TA + (PD. qJA)(1) 

where: 

TA=Ambient Temperature, ooC 

qJA=Package Thermal Resistance, Junction to Ambient, ooCIW 

PO=PINT + PliO 

PINT=IOO x VOO, Watts-Chip Internal Power 

Pl/o=Power Dissipation on Input and Output Pins-User Determined 

For most applications PI/O < 0.3. PINT and can be neglected. If PI/O is neglected, an approx
imate relationship between Po and T J is 

PO=K n (TJ + 273cxC)(2) 

Solving equations (1) and (2) for K gives: 

K=PO • (T A + 273ooC) + qJA • P02(3) 

where K is a constant pertaining to the particular part. K can be determined from equation 
(3) by measuring Po (at equilibrium) for a known T A Using this value of K, the values of Po 
and TJ can be obtained by solving equations (1) and (2) iteratively for any value of TA. 

14.4 POWER DISSIPATION (SEE NOTE) 

5 Volt 
Characteristic Power Dissipation Symbol Unit 

Typ Max 

IMP Normal Mode at 25 MHz PO(I) 105 TBD rnA 

IMP Normal Mode at 20 MHz PO(l) 84 TBD rnA 

DSP Normal Mode at 60 MHz PO(O) 120 TBD mA 

DSP Normal Mode at 45 MHz PO(O) 90 TBD mA 

IMP Standby Mode POSB(I) 7 TBD mA 

IMP Doze Mode POOZ(I) 500 TBD J.lA 

IMP Stop Mode POSP(I) 100 TBD J.lA 

DSP Wait Mode POSP(O) 10 TBD mA 

DSP Stop Mode POSP(O) 2 TBD J.lA 

Note: These values are preliminary estimates. Test values are TBD. 
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14.4.1 Layout Practices 

Each V cc pin on the MC68356 should be provided with a low-impedance path to the board's 
supply. Each GND pin should likewise be provided with a low-impedance path to ground. 
The power supply pins drive distinct groups of logic on chip. The V ce power supply should 
be bypassed to ground using at least four 0.1 /IF by-pass capacitors located as close as pos
sible to the four sides of the package. The capacitor leads and associated printed circuit 
traces connecting to chip Vee and GND should be kept to less than 1/2" per capacitor lead. 
A four-layer board is recommended, employing two inner layers as Vee and GND planes. 
All output pins on the MC68356 have fast rise and fall times. Printed circuit (PC) trace inter
connection length should be minimized in order to minimize undershoot and reflections 
caused by these fast output switching times. This recommendation particularly applies to the 
address and data buses as well as the RD, WR, IRQA, IROB, and NMI pins. Maximum PC 
trace lengths on the order of 6" are recommended. Capacitance calculations should consid
er all device loads as well as parasitic capacitances due to the PC traces. Attention to proper 
PCB layout and bypassing becomes especially critical in systems with higher capacitive 
loads because these loads create higher transient currents in the Vec and GND circuits. Pull 
up all unused inputs or signals that will be inputs during reset. Special care should be taken 
to minimize the noise levels on the PLL supply pins. 

14.4.2 Power Dissipation Considerations. 

Power dissipation is a key issue in portable applications. Some of the factors which affect 
current consumption are described in this section. Most of the current consumed by CMOS 
devices is alternating current (AC) which is charging and discharging the capacitances of 
the pins and internal nodes. Therefore, the total current consumption is the sum of these in
ternal and external currents. 

This current consumption is described by the formula: 

I=CVf 
whereC=node/pin capacitance 
V=voltage swing and 
f=frequency of node/pin toggle. 

Example: for a port A address pin loaded with a 50pF capacitance, operating at 5.5V and 
with a 40MHz clock, toggling at its maximum possible rate (which is 10MHz), the current _ 
consumption is: 

1=50-10-12-5.5-10-10 6 = 2.75mA 

The maximum internal current value (leer-max), reflects the maximum possible switching of 
the internal buses, which is not necessarily a real application case. The typical internal cur
rent value (lcel-typ) reflects the average switching of the internal buses. 

For applications which require very low current consumption it is recommended to: 

a) minimize external memory accesses, and use internal memory accesses instead; 
b) minimize the number of pins which are switching; 
c) minimize the capacitive load on the pins; 
d) connect the unused inputs to pull-up or pull-down resistors. 
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14.4.3 DC Electrical Characteristics 

Characteristic Symbol Min Max Unit 

Input High Voltage (Except pins noted below) VIH 2.0 Voo V 

Ingu~t VOir' TRST, JTAG ~SO'~' DSI, 
P - C A9 A2~C D~DO e PC 
PC PC PC , PC P 'RD'T. PC EN, 
BUSW, MODCLK1 L MODCLKO, A· T 1 R~~XD1' T~ 
~1~G1bRC K1tfTffi1f.XD2, XD2, CLK~ 2, VIH 2.5 Voo V 

, 2 S S2 RX 3 3 RC C 3 TXD3, 
3, TOUT2, TOUT1, TiN2, TiN1,~,~, A 7, WDOG, 

PB8-11 ) 
(These pins have schmitt trigger inputs) 

MLow VOI~xcePt DEXTAL,EXTAL, 
,MODC 

MODA!TRC:iA, MODBI VIL Vss -:0.3 0.8 V 

Input High Voltage (DEXTAL,EXTAL) VCIH 0.7 (Vce) Vcc + 0.3 V 

Input Undershoot Voltage (DEXTAL,EXTAL) VCIL Vss-0.3 0.6 V 

Input High Voltage (DRES~T,RESET) VIHR 2.5 Voo V 

Input High Voltage ( MODAlTRC:fJ\', MODBITR'QS, MODC.II'Ji'QC) VIHM 3.5 Voo V 

Input Low Voltage ( MODAt'TRQA, MODBITRQIj, MODC!T'ROC) VILM -0.5 2.0 V 

Input Leakage Current: 
liN In8ut Pins - 20 flA 

II Pins - TBD 

Input Capacitance All Pins CIN - 15 pF 

Three-State Leakage Current (2.4/0.5 V) Irsl -20 20 flA 

Open Drain Leakage Current (2.4 V) 100 - 20 flA 

Output High Voltage (loH = 400 flA) (see Note) VOH 2.4 - V 

Output Low Voltage 
VOL (IOL = 3.2 mA) A1-A23,PBO-PB11,FCo-FC2,CSO-CS3, 

17i£K ~ SIT RCLKW.~C~ - 0.5 
TCLK1 TCLk2, TCLK3 1 2 3, 
~ 'p A 12, RXD2, RXD3, CTS2, CD2, CD3, 

, BRG1 
(IOL = 5.3 rnA) ~, UJjS, tITS, RIW, ~ - 0.5 V 

"SGACJ<5~' MCJ<. 
(loL = 7.0 rnA) 

DO-D1 , 
TXD1, TXD2, TXD3 - 0.5 

(loL = 8.9 mA) ~,RAIT, '1311 (as output) - 0.5 

(loL = 3.2 mA) CLKO - 0.4 

(IOL = 3.2 mA) All other pins 
- 0.5 

Output Drive CLKO, CKOUT OCLK - 50 pF 
Output Drive Except CLKO, CKOUT) OALL - 100 pF 

Output Drive Derating Factor for CLKO of 0.030 ns/pF OKF 20 50 pF 
Output Drive Derating Factor for CLKO of 0.025 ns/pF OKF 50 130 pF 
Output Drive Derating Factor for All Other Pins 0.025 ns/~F OKF 20 100 pF 
Output Drive Derating Factor for All Other Pins 0.05 nslp OKF 100 200 pF 

Power Voo 4.75 5.25 V 

Common Vss 0 0 V 

NOTE:The maximum 10H for a given pin is one-half the IOL rating for that pin. For an 10H between 400 flA and IOL/2 rnA, 
the minimum VOH is calculated as: Voo - (1 + .05 v/mA(loH - .400 rnA)). 
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14.5 IMP CHARACTERISTICS 

The IMP and DSP characteristics are divided into two groups because of their different max
imum clock speeds and different methods of characterization. 

14.5.1 IMP AC ELECTRICAL SPECIFICATIONS CONTROL TIMING 

(GND = a Vdc, TA = ato 7aoe; The electrical specifications in this document are preliminary; See Figure 14-1) 

25 MHz 

Num. Characteristic Symbol Min Max Unit 

System Frequency fsys dc1 25.00 MHz 

Crystal Frequency fXTAL 25 6000 kHz 

On-Chip VCO System Frequency fsys 10 25 MHz 

Start-up Time tpll 2500 With external clock ~oscillator disabled) or after elks changing the multip Ication factor MF. 
tose 75,000 With external crystal oscillator enabled. 

CLKO stability ACLK TBD TBD % 

1 CLKO Period teye 40 - ns 

1A EXTAL Duty Cycle, MF ~ 5 tdeye 40 60 % 

!;XTAL Duty Cycle, MF < 5, and user requires spee- tdeye 49 51 % 

Iflcatlon 5B. 

1C External Clock Input Period tEXTeye 40 - ns 

2,3 CLK01 Pulse Width (measured at 1.5v) tCW1 19 - ns 

4, 5 CLK01 Rise and Fall Times (full drive) tCrf1 - 2 ns 

5B EXTAL to CLK01 skew-PLL enabled (MF<5) tEXTP1 +/-4 ns 

Note: The minimum VCO frequency and the PLL default values put some restrictions on the minimum system frequency. 

EXTAL 
(INPUT) 

CLKO 
(OUTPUT) 

MOTOROLA 

---'I 

Figure 14-1. Clo~k Timing 
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14.5.2 AC Electrical Characteristics - IMP Phased Lock Loop (PLL) 
Characteristics 

Characteristics Expression Min Max 
VCO frequency when PLL enabled MF* Ef 10 f (Note 1.) 

PLL external capacitor (XFC pin to VCCSYN) MF * CXFC (Note 1.) 
@ MF::;5 MF * 340 MF * 480 
@ MF>5 MF * 380 MF * 970 

1. CXFC is the value of the PLL capacitor (connected between XFC pin and VCCSYN) for MF=1. The recommended 
value for CXFC is 400pF for MF S. 5 and 540pF for MF> 5. The maximum VCO frequency is limited to the intemal op

eration frequency, as defined above. 

Examples: 

1. MODCK1 ,0 = 01; MF = 1 :::::} 340 ~ cXFC ~ 480 pF 

Unit 
MHz 

pF 

2. MODCK1 ,0 = 01; crystal is 32.768 KHz (or 4.192 MHz), initial MF = 401, initial frequency 
= 13.14 MHz; later, MF is changed to 762 to support a frequency of 25 MHz. 

Minimum cXFC is: 762 x 380 = 289 nF, maximum cXFC is: 401 x 970 = 390 nF. The rec
ommended CXFC for 25 MHz is: 762 x 540 = 414 nF. 

289 nF < cXFC < 390 nF and closer to 414 nF. The proper available value for cXFC is 
390 nF. 

3. MODCK1 pin = 1, crystal is 32.768 KHz (or 4.192 MHz), initial MF = 401, initial frequency 
= 13.14 MHz; later, MF is changed to 1017 to support a frequency of 33.34 MHz. 

Minimum cXFC is: 1017 x 380 = 386 nF. Maximum cXFC is: 401 x 970 = 390 nF => 386 nF 
< cXFC < 390 nF. 

The proper available value for cXFC is 390 nF. 

3A. In order to get higher range, higher crystal frequency can be used (Le. 50 KHz), in this 
case: 

14-6 

Minimum cXFC is: 667 x 380 = 253 nF. Maximum cXFC is: 401 x 970 = 390 nF => 253 nF 
< cXFC < 390 nF. 
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14.5.3 IMP DC Electrical Characteristics-NMSl1 in IDL Mode 

Characteristic Symbol Min Max Unit Condition 

Input Pin Characteristics: l1 ClK, l1 SY1, l1 RXD, l1 GR 

Input Low Level Voltage V1L -10% +20% V (% ofVoo) 

Input High Level Voltage V1H Voo - 20% Voo + 10% V 

Input Low Level Current ilL - ±10 f.LA Yin = Vss 

Input High Level Current "H - ±10 f.LA Yin = VOO 

Output Pin Characteristics: L 1TXD, SDS1- SDS2, l1 RQ 

Output Low Level Voltage VOL 0 1.0 V IOL = 5.0 rnA 

Output High Level Voltage VOH Voo -1.0 Voo V IOH = 400 f.LA 
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14.5.4 AC Electrical Specifications-IMP Bus Master Cycles 
(see Figure 14-2, Figure 14-3, Figure 14-4, and Figure 14-5)) 

25 MHz at 

Num. Characteristic Symbol 5.0 V. Unit 

Min Max 

6 Clock High to FC, Address Valid tCHFCAOV 0 30 ns 

7 Clock High to Address, Data Bus High Im-
pedance (Maximum) tCHAOZ - 33 ns 

8 Clock High to Address, FC Invalid (Mini-
mum) tCHAFI 0 - ns 

9 Clock High to AS, ITS Asserted (see Note 1) tCHsL 3 20 ns 

11 AddresuC Valid to AS, TIS Asserted 
(Read) AS Asserted Write (see Note 2) tAFcVSL 10 - ns 

12 Clock Low to AS, DS Negated (see Note 1) tCLsH - 20 ns 

13 AS, TIS Negated to Address, FC Invalid (see 
Note 2) tSHAFI 10 - ns 

14 AS (and TIS Read) Width Asserted (see 
Note 2) tSL 80 - ns 

14A ITS Width Asserted, Write (see Note 2) tOSL 40 - ns 

15 AS, DS Width Negated (see Note 2) tSH 40 - ns 

16 Clock High to Control Bus High Impedance tCHcZ - 33 ns 

17 AS, DSNegated to RIW Invalid (see Note 2) tSHRH 10 - ns 

18 Clock High to R/W"High (see Note 1) tCHRH - 20 ns 

20 Clock High to RIW Low (see Note 1) tCHRL - 20 ns 

20A AS Asserted to RfliJ Low (Write) (see Notes 
2 and 6) tAsRV - 7 ns 

21 Address FC Valid to R/W Low (Write) (see 
Note 2) tAFcVRL 10 - ns 

22 R/W Low to DS Asserted (Write) (see Note 
2) tRLsL 20 - ns 

23 Clock Low to Data-Out Valid tCLDO - 20 ns 

25 AS, DS, Ne~ated to Data-Out Invalid (Write) 
(see Note 2 tSHOOI 10 - ns 

26 Data-Out Valid to l5S Asserted (Write) (see 
Note 2) tooSL 10 - ns 

27 Data-In Valid to Clock Low (Setup Time on 
Read) (see Note 5) tOICL 5 - ns 

28 AS, l5S N~ated to L5iACR Negated (Asyn-
chronous old) (see Note 2) tSHOAH 0 75 ns 

29 AS, l:5S Negated to Data-In Invalid (Hold 
Time on Read) tSHOIl - - ns 

30 AS, DS Negated to J:3rnR Negated tSHBEH 0 - ns 

31 ~ Asserted to Data-In Valid (Setup 
Time) (see Notes 2 and 5) tOALOI - 33 ns 

32 RID and ~ Input Transition Time tRHr, tRHf - 150 ns 

33 Clock High to BG Asserted tCHGL - 20 ns 

34 Clock High to BG Negated tCHGH - 20 ns 

35 E'li Asserted to BG Asserted (see Note 11) tBRLGL 2.5 4.5 clks 

36 Eli Negated to BG Negated (see Note 7) tBRHGH 1.5 2.5 clks 
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25 MHz 
Num. Characteristic Symbol Unit 

Min Max 

37 BGACK Asserted to BG Negated tGALGH 2.5 4.5 elks 

37A BGACK Asserted to Eli Negated (see Note tGALBRH 10 1.5 nsl 
8) elks 

38 I3G Asserted to CQ1J1rol, Address, Data Bus 
High Impedance (AS Negated) tGLZ - 33 ns 

39 BG Width Negated tGH 1.5 - elks 

40 BGACK Asserted to Address Valid tGALAV 15 - ns 

41 i3GACK" Asserted to AS Assserted tGALASA 20 - ns 

44 AS, 1JS Negated to A\7IT; Negated tSHVPH 0 33 ns 

46 BGACK Width low tGAL 1.5 - elks 

47 Asynchronous Input Setup Time (see Note 
5) tAS1 7 - ns 

48 "l38"fR Asserted to Df ACK Asserted (see 
Notes 2 and 3) tSELDAL 7 - ns 

53 Data-Out Hold from Clock High tCHDOI 0 - ns 

55 R/W Asserted to Data Bus Impedance 
Change tRLDBD 0 - ns 

56 HAL T/RESET Pulse Width (see Note 4) tHRPW 10 - clks 

57 BGACK Negated to AS, DS, RiW Driven tGASD 1.5 - elks 

57A BGACK Negated to FC tGAFD 1 - elks 

58 BR Nerated to AS, 1JS, R/W Driven (see 
Note 7 tRHsD 1.5 - elks 

58A BR Negated to FC (see Note 7) tRHFD 1 - elks 

60 Clock High to BClR Asserted tCHBCL - 20 ns 

61 Clock High to BClR High Impedance (See 
Note 10) tCHBCH - 20 ns 

62 ~ low (SO Falling Edge during read) to 
C Asserted tCLRML - 20 ns 

63 Clock High (during write) to RMC Negated tCHRMH - 20 ns 

64 RlViC Negated to BG Asserted (see Note 9) tRMHGL - 20 ns 

NOTES: 
1. For loading capacitance of less than or equal to 50 pF, subtract 4 ns from the value given in the maximum 

columns. 
2. Actual value depends on clock period since signals are driven/latched on different ClKO edges. To calculate 

the actual spec for other clock frequencies, the user may derive the formula for each specification. First, derive 
the margin factor as: 
M = N(P/2) - Sa 

where N is the number of one-half ClKO periods between the two events as derived from the timing diagram, 
P is the rated elock period of the device for which the specs were derived (e.g., 40 ns with a 25-MHz device ), 
and Sa is the actual spec in the data sheet. Thus, for spec 14 at 25 MHz: 
M = 5(40 ns/2) - 80 ns = 20 ns. 

Once the margin (M) is calculated for a given spec, a new value of that spec (Sn) at another clock frequency 
with period (Pa) is calculated as: 

Sn = N(Pa/2) - M 
Thus for spec 14 at 12.5 MHz: 
Sn = 5(80 ns/2) - 20 ns = 180 ns. 
These two formulas assume a 50% duty cycle. Otherwise, if N is odd, the previous values N(P/2) and N(Pal2) 
must be reduced by X, where X is the difference between the nominal pulse width and the minimum pulse width 
of the EXTAl input clock for that duty cycle. 
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3. If #47 is satisfied for both 'IJTACK and l3"E'Fm, #48 may be ignored. In the absence of 1JTACf{, 'E3EiR" is a 
synchronous input using the asynchronous input setup time (#47). 

4. For power-up, the IMP must be held in the reset state for a minimum 100 ms to allow stabilization of on-chip 
circuit. This time could be longer to allow the PLL to lock (see 14.5.1 IMP AC Electrical Specifications Control 
Timing. After the system is powered up, #56 refers to the minimum pulse width required to reset the processor. 

5. If the asynchronous input setup (#47) requirement is satisfied for OTACK, the OTACK asserted to data setup 
time (#31) requirement can be ignored. The data must only satisfy the data-in to clock low setup time (#27) for 
the following clock cycle. 

6. When AS and RIW are equally loaded (±20%), subtract 5 ns from the values given in these columns. 
7. The MC68356 will negate BG and begin driving the bus if external arbitration logic negates 13'R before asserting 

SGACK. 
8. The minimum value must be met to guarantee proper operation. If the maximum value is exceeded, BG may be 

reasserted. 
9. This specification is valid only when the RMCST bit is set in the SCR register. 
10. Occurs on SO of SOMA read/write access when the SOMA becomes bus master. 
11. Specification may be exceeded during the TAS instruction if the RMCST bit in the SCR is set. 
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CLKO 

FC2-FCO 

A23-A1 

AS 

C8,OE 

LDS-UDS 

R/W 

DTACK 

DATA IN 

BERR/BR 
(NOTE 2) 

HALT I RESET 

ASYNCHRONOUS 
INPUTS (NOTE 1) 

NOTES: 

Electrical Characteristics 

SO S1 82 83 84 S5 86 87 

1. Setup time for the asynchronous inputs IPL2-IPLO guarantees their recognition at the next falling edge of 
the clock. 

2. BR need fall at this time only to insure being recognized'at the end of the bus cycle. 
3. Timing measurements are referenced to and from a low voltage of 0.8 volt and a high voltage of 2.0 volts, 

unless otherwise noted. The voltage swing through this range .should start outside and pass through the 
range such that the rise or fall is linear between 0.8 volts and 2.0 volts. 

Figure 14-2. Read Cycle Timing Diagram 
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Electrical Characteristics 

14-12 

CLKO 

FC2-FCO 

A23-A1 

AS 

CS, 

WEL, WEH 

PJW 

DTACK 

DATA OUT 

BERR/BR 
(NOTE 2) 

ASYNCHRONOUS 
INPUTS (NOTE 1) 

NOTES: 

so Sl S2 S3 S4 S5 S6 S7 

1. Timing measurements are referenced to and from a low voltage of 0.8 volt and a high voltage of 2.0 volts, 
unless otherwise noted. The voltage swing through this range should start outside and pass through the 
range such that the rise or fall is linear between betwe~ 0.8 volt and 2.0 volts. 

2. Because of loading variations, RIW may be valid after AS even though both are initiated by the rising edge 
of S2 (specification #20A) 

3. Each wait state is a full clock cycle inserted between S4 and S5. 

Figure 14-3. Write Cycle Timing Diagram 
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Electrical Characteristics 

SO S1 S2 S3 S4 S5 36 37 S8 S9 S10 S11 S12 S13 314 S15 S16 S17 318 S19 

CLKO 

AS 
(NOTE 2) 

(OUTPUT) 

AS 
(NOTE 3) 

(OUTPUT) 

RMC 
(OUTPUT) 

UD3-LDS 
(OUTPUT) 

RMf 
(OUTPUT) 

DTACK 

D1S-DO ---~ DATAIN ~---
INDIVISIBLE CYCLE 

NOTES: 
1. For other timings than RMC, see Figures 6-2 and 6-3. 
2. RMCST = 0 in the SCR. 
3. RMCST = 1 in the SCR. 

DATA OUT 

4. Wait states may be inserted between S4 and SS during the write cycle and between S16 and S17 during the read cycle. 
5. Read-modify-write cycle is generated only by the T AS instruction. 

Figure 14-4. Read-Modify-Write Cycle Timing Diagram 
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Electrical Characteristics 

14.5.5 IMP AC Electrical Specifications-DMA (see Figure 14-6 and Figure 14-7)) 

25 MHz at 

Num. Characteristic Symbol 5.0V. Unit 

Min Max 

80 REO Asynchronous Setup Time (see Note 1) tREQASI 10 - ns 

81 1iEQ Width Low (see Note 2) tREQL 2 - clks 

82 REO Low to BR Low (see Notes 3 and 4) tREQLBRL - 2 clks 

83 Clock High to E'FfLow (see Notes 3 and 4) tCHBRL - 20 ns 

84 Clock High to B1i High Impedance (see 
Notes 3 and 4) tCHBRZ - 20 ns 

85 BGACK Low to BR High Impedance (see 
Notes 3 and 4) tBKLBRZ 20 - ns 

86 Clock High to BGACK Low tCHBKL - 20 ns 

87 ~BGACK HigM'je Latest One) to tABHBKL 1.5 2.5 clks 
GAC Low (when B Is Asserted) +20 ns 

88 BG Low to BGACK Low (No Other Bus tBGLBKL 1.5 2.5 clks 
Master) (see Notes 3 and 4) +20 ns 

89 BR High Impedance to BG High (see Notes 
3 and 4) tBRHBGH 0 - ns 

90 Clock on which BGACK Low to Clock on 
whichASLow tCLBKLAL 2 2 clks 

91 Clock High to BGACK High tCHBKH - 20 ns 

92 Clock Low to BGACK High Impedance tCLBKZ - 10 ns 

93 Clock High to DACK Low tCHACKL - 20 ns 

94 Clock Low to DACK High tCLACKH - 20 ns 

95 Clock High to DONE Low (Output) tCHoNL - 20 ns 

96 Clock Low to DONE High Impedance tCLoNZ - 20 ns 

97 ~Input Lowto Clock High 
(Asynchronous Setup) tONLTCH 10 - ns 

NOTES: 
1. DREQ is sampled on the falling edge of ClK in cycle steal and burst modes. 
2. If #80 is satisfied for DREQ, #81 may be ignored. 
3. BR will not be asserted while AS, HALT, or BERR is asserted. 
4. Specifications are for DISABLE CPU mode only. 

a 
5. DREQ, DACK, and DONE do not apply to the SDMA channels. 
6. DMA and SDMA read and write cycle timing is the same as that for the M68000 core. 
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NOTES: 
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SEE M68000 READ CYCLES FOR 
ADDITIONAL BUS SIGNALS 
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Electrical Characteristics 

14.5.6 IMP AC Electrical Specifications-External Master 
Internal Asynchronous ReadlWrite Cycles 
(see Figure 14-8 and Figure 14-9 ) 

25 MHz at 

Num. Characteristic Symbol 5.0V. 

Min Max 

100 R/W Valid to OS Low tRwvOSL 0 -

101 TIS Low to Data-In Valid tosLOIV - 20 

102 'D'iACR' Low to Data-In Hold Time tOKLOH 0 -

103 AS Valid to OS Low tAsVOSL 0 -

104 DT ACK Low to AS, DS High tOKLOSH 0 -

105 DS High to 15TACR' High tosHOKH - 30 

106 DS Inactive to AS Inactive tOSIASI 0 -

107 DS High to R/W High tosHRWH 0 -

108 DS High to Data High Impedance tosHOZ - 30 

108A DS High to Data-Out Hold Time (see Note) tosHOH 0 -

109A Data Out Valid to UTACR' Low toovOKL 10 -
- -

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

--
NOTE: If AS is negated before OS, the data bus could be three-stated (spec 126) before OS is negated. 
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Electrical Characteristics 
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Figure 14-8. External Master Internal Asynchronous Read Cycle Timing Diagram 
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Figure 14-9. External Master Internal Asynchronous Write Cycle Timing Diagram 
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Electrical Characteristics 

14.5.7 IMP AC Electrical Specifications-External Master 
Internal Synchronous ReadlWrite Cycles 
(see Figure 14-10, Figure 14-11, and Figure 14-12) 

25 MHz at 

Num. Characteristic Symbol 5.0 V. 

Min Max 

110 Address Valid to AS Low tAVASL 10 -

111 AS Low to Clock High tASLCH 20 -

112 Clock Low to AS High tCLASH - 30 

113 AS High to Address Hold Time on Write tASHAH 0 -

114 AS Inactive Time tASH 1 -

115 UDS/LDS Low to Clock High (see Note 2) tSLCH 27 -

116 Clock Low to UDS/LDS High tCLSH - 30 

117 RIW Valid to Clock High (see Note 2) tRWVCH 20 -

118 Clock High to Rfiiil High tCHRWH - 30 

119 AS Low to lAC High tASLIAH - 27 

120 AS High to lAC Low tASHIAL - 27 

121 AS Low to ~ Low (0 Wait State) tAsLDTL - 30 

122 Clock Low to DT ACK Low (1 Wait State) tCLDTL - 20 

123 AS High to ~ High tAsHDTH - 30 

124 DTACK High to DTACK High Impedance tDTHDTZ - 10 

125 Clock High to Data-Out Valid tCHDOV - 20 

126 AS High to Data High Impedance tAsHDZ - 30 

127 AS High to Data-Out Hold Time tAsHDOI 0 -

128 AS High to Address Hold Time on Read tASHAI 0 -

129 UDSIlJ)S Inactive Time tSH 1 -

130 Data-In Valid to Clock Low tCLDIV 20 -

131 Clock Low to Data-In Hold Time tCLDIH 10 -

NOTES: 
1. Synchronous specifications above are valid only when SAM = 1 in the SCR. 

Unit 

ns 

ns 

ns 

ns 

elk 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

clk 

ns 

ns 

2. It is required that this signal not be asserted prior to the previous rising CLKO edge (Le., in the previous 
clock cycle). It must be recognized by the IMP no sooner than the rising CLKO edge shown in the 
diagram. 
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Electrical Characteristics 

80 81 82 83 84 85 86 S7 SO 

CLKO 
(OUTPUT) 

A23-A1 
(INPUT) 

A8 
(INPUT) 

lAC 
(OUTPUT) 

UOS 
LOS 

(INPUT) 

RNJ 
(INPUT) 

015-00 
(OUTPUT) 

OTACK 
(OUTPUT) 

Figure 14-10. External Master Internal Synchronous Read Cycle Timing Diagram 
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Electrical Characteristics 

CLKO 
(OUTPUT) 

80 81 83 82 84 85 86 8 87 
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~ 
A23-A1 
(INPUT) 

AS 
(INPUT) 

lAC 
(OUTPUT) 

U08 
L08 

(INPUT) 

RIW 
(INPUT) 

015-00 
(OUTPUT) 

DTACK 
(OUTPUT) 
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Figure 14-11. External Master Internal Synchronous Read Cycle Timing Diagram (One 
Wait State) 

MOTOROLA MC68356 USER'S MANUAL 14-23 

a 



Electrical Characteristics 

80 

CLKO 

A2.3-A1 
(INPUT) __ -+-__ -+-' 

AS 
(INPUT) 

lAC 

81 82 

(OUTPUT) ----+----!----+--f-J 

U08 
L08 

(INPUT) 

RIW 
(INPUT) 

00-015 
(INPUT) ---+---+---+--+--1-< 

OTACK 

83 84 85 86 87 

~~----+---r--~~~~ 

(OUTPUT) ----+---+---+---+-h.1 
1~-~--+--~---4-~ 

80 

Figure 14-12. External Master Internal Synchronous Write Cycle Timing Diagram 
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Electrical Characteristics 

14.5.8 IMP AC Electrical Specifications-Internal Master 
Internal ReadlWrite Cycles (see Figure 14-13) 

25 MHz at 

Num_ Characteristic Symbol 5_0 V_ 

Min Max 

140 Clock High to lAC High tCHIAH - 27 

141 Clock Low to lAC Low tCLIAL - 27 

142 Clock High to DTACK Low tCHDTL - 30 

143 Clock Low to DTACR High tCLDTH - 27 

144 Clock High to Data-Out Valid tCHDOV - 20 

145 AS High to Data-Out Hold Time tAsHDOH 0 -

SO S1 S2 S3 S4 S5 S6 S7 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

SO 

CLKO 
(OUTPUT) / ~J r\Ll \Ll n~ 

A23-A1 
(OUTPUT) 

AS 
(OUTPUT) 

lAC 
(OUTPUT) 

UOS 
LOS 

(OUTPUT) 

Riw 
(OUTPUT) 

015-00 
(OUTPUT) 

OTACK 
(OUTPUT) 

! 
-l 

/ 
--f 

_\ 
/ 

e-

/ 

/ 

~ 

~I ~ B 
\ 

/ 

~ ~ § 
/ \ 

J 

~ e r~ 1\ 

Figure 14-13. Internal Master Internal Read Cycle Timing Diagram 
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Electrical Characteristics 

14.5.9 IMP AC Electrical Specifications-Chip-Select Timing Internal 
Master (see Figure 14-14) 

14-26 

25 MHz at 

Num. Characteristic Symbol 5.0V. Unit 

Min Max 

150 Clock High to CS', l'ACK, or, WEI, WER 
Low (see Note 2) tCHcSIAKL 0 27 ns 

151 Clock Low to cs) lACK, OE, WEL, WEH 
High {see Note 2 tCLcSIAKH 0 27 ns 

152 CS Width Negated tcsH 40 - ns 

153 Clock High to UTAClZ Low (O Wait State) tCHDTKL - 30 ns 

154 Clock Low to D'TA'CR Low (1-6 Wait 
States) tCLDTKL - 20 ns 

155 Clock Low to D'TA'CR High tCLDTKH - 27 ns 

156 Clock High to '9'El1Ii Low (see Note 1) tCHBERL - 27 ns 

157 Clock Low to B'E'Rli High Impedance (see 
Note 1) tCLBERH - 27 ns 

158 r:rrACR High to r:rrACR High Impedance tDTKHDTKZ - 10 ns 

171 Input Data Hold Time from S6 Low tlDHCL 5 - ns 

172 CS' Negated to Data-Out Invalid (Write) tcsNDOI 7 - ns 

173 Address, FC Valid to CS Asserted tAFvCSA 15 - ns 

174 CS' Negated to Address, FC Invalid tCSNAFI 12 - ns 

175 CS Low Time (O Wait States) tcsLT 80 - ns 

176 CS Negated to RJW Invalid tcsNRWI 7 - ns 

177 CS Asserted to RIW Low (Write) tcsARWL - 8 ns 

178 CS Negated to Data-In Invalid (Hold Time 
on Read) tcsNDIl 0 - ns 

NOTE: 
1. This specification is valid only when the ADCE or WPVE bits in the SCR are set. 
2. For loading capacitance less than or equal to 50 pF, subtract 4 ns from the maximum value given. 
3. Since AS and CS are asserted/negated on the same CLKO edges, no AS to CS relative timings can be 

specified. However, CS timings are given relative to a number of other signals, in the same manner as 
AS. See Figure 14-2 and Figure 14-3 for diagrams. 
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CLKO 
(OUTPUT) 

Electrical Characteristics 

80 81 82 83 84 85 86 87 80 81 82 83 84 8w 8w 85 86 87 80 

_ C80-C8~ --I---+--+-. 
IACK1, IACK6, IACK7, 

WEH, WEL 
(OUTPUT) -+---+--+----+""""1 

DTACK 
(OUTPUT) 

BERR 
(OUTPUT) 

MOTOROLA 

Figure 14-14. Internal Master Chip-Select Timing Diagram 
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Electrical Characteristics 

14.5.10 IMP AC Electrical Specifications-Chip-Select Timing External 
Master (see Figure 14-15) 

14-28 

25 MHz at 

Num. Characteristic Symbol 5.0V. Unit 

Min Max 

154 Clock Low to TITACR Low (1-6 Wait 
States) tCLDTKL - 20 ns 

160 AS Low to CS Low tASLCSL - 20 ns 

161 AS High to CS High tAsHCSH - 20 ns 

162 Address Valid to AS Low tAVASL 10 - ns 

163 RIW Valid to AS Low (see Note 1) tRwvASL 10 - ns 

164 AS Negated to Address Hold Time tAsHAI 0 - ns 

165 AS Low to 'lJi'ACi( Low (0 Wait State) tAsLDTKL - 30 ns 

167 AS High to ITTACK High tAsHDTKH - 20 ns 

168 AS Low to 'l38iR' Low (see Note 2) tASLBERL - 20 ns 

169 AS High to ~ High Impedance (see 
Notes 2 and 3) tAsHBERH - 20 ns 

NOTES: 
1. The minimum value must be met to guarantee write protection operation. 
2. This specification is valid when the ADCE or WPVE bits in the SCR are set. 
3. Also applies after a timeout of the tardware watchdog. 

80 81 . 82 83 84 85 86 87 80 

CLKO 

A23-A1 
(INPUT) ----+----t~1 

I~~-~-__t--+_-~-__t--+-+---~I 

A8 
(INPUT) 

C83-C80, 

OE 

WEH, WEL, ----!---+---I---!--I------1--, 
(OUTPUT) 

RtW 
(INPUT) 

DTACK 
(OUTPUT) 

BERR 
(OUTPUT) 

Figure 14-15. External Master Chip-Select Timing Diagram 
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Electrical Characteristics 

14.5.11 IMP AC Electrical Specifications-Parallel 1/0 (see Figure 14-16) 

25 MHz at 

Num. Characteristic Symbol 5.0V. Unit 

Min Max 

180 Input Data Setup Time (to Clock Low) tosu 14 - ns 

181 Input Data Hold Time (from Clock Low) tOH 19 - ns 

182 Clock High to Data-Out Valid 
(CPU Writes Data, Control, or Direction) tcHoov - 24 ns 

CLKO 

DATA IN 

DATA OUT 

CPU WRITE (S6) OF PORT DATA, CONTROL, OR DIRECTION REGISTER 

Figure 14-16. Parallel 110 Data-lnJData-Out Timing Diagram 

14.5.12 IMP AC Electrical Specifications-Interrupts (see Figure 14-17) 

25 MHz at 

Num. Characteristic Symbol 5.0V. Unit 

Min Max 

190 Interru~ Pulse Width Low m (Edge Trig-
gered ode) lpw 34 - ns 

191 Minimum Time Between Active Edges tAEMT 3 - clk 

NOTE: Setup time for the asynchronous inputs 1PI2-TPTI5 and ~ guarantees their recognition at the next 
falling edge of the clock. 

Figure 14-17. Interrupts Timing Diagram 
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Electrical Characteristics 

14.5.13 IMP AC Electrical Specifications-Timers (see Figure 14-18) 

25 MH~at 

Num. Characteristic Symbol 5.0V. Unit 

Min Max 

200 Timer Input Capture Pulse Width tTPw 34 - ns 

201 TIN Clock Low Pulse Width tTlcLT 34 - ns 

202 TIN Clock Hi~h Pulse Width and Input 
Capture Hig Pulse Width tTlcHT 2 - elk 

203 TIN Clock Cycle Time tcyc 3 - elk 

204 Clock High to TOUT Valid tCHTOV - 24 ns 

NOTES: 
1. FRZ should be negated during total system reset. 
2. The TIN specs above do not apply to the use of TIN1 as a baud rate generator input clock. In such a 

case, specifications 1-3 may be used. 

14-30 

CLKO 

, TOUT 
(OUTPUT) 

TIN 
(INPUT) 

Figure 14-18. Timers Timing Diagram 
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Electrical Characteristics 

14.5.14 IMP AC Electrical Specifications-SeriaJ Communications Port 
(see Figure 14-19). 

SPCLK 
(OUTPUT) 

SPTXD 
(OUTPUT) 

SPRXD 
(INPUT) 

MOTOROLA 

25 MHz at 

Num. Characteristic S.ov Unit 

Min Max 

250 SPCLK Clock Output Period 4 64 clks 

251 SPCLK Clock Output Rise/Fall Time 0 8 ns 

252 Delay from SPCLK to Transmit (see Note 1) 0 24 ns 

253 SCP Receive Setup Time (see Note 1) 24 - ns 

254 SCP Receive Hold Time (see Note 1) 7 - ns 

NOTES: 
1. This also applies when SPCLK isJnverted by CI in the SPMODE register. 
2. The enable signals for the slaves may be implemented by the parallel I/O pins. 

Figure 14-19. Serial Communication Port Timing Diagram 
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Electrical Characteristics 

14.5.15 IMP AC Electrical Specifications-IDL Timing (All timing measurements, 

unless otherwise specified, are referenced to the l1 elK at 50% point of VOO) (see Figure 14-20) 

14-32 

25 MHz at 

Num. Characteristic 5.0V Unit 

Min Max 

260 l1 ClK (IDl Clock) Frequency (see Note 1) - 10 MHz 

261 l1 ClK Width low 37 - ns 

262 l1 ClK Width High (see Note 3) P+10 - ns 

263 l~TXD, l1 RQ, SDS1-SDS2 Rising/Falling 
Time - 14 ns 

264 l1 SY1 (sync) Setup Time (to l1 ClK Falling 
Edge) 20 - ns 

265 ~ 1 SY1 (sync) Hold Time (from l1 ClK Fall-
mg Edge) 34 - ns 

266 l1 SY1 (sync) Inactive Before 4th l1 ClK 0 - ns 

267 l1 TxD Active Delay (from l1 ClK Rising 
Edge) 0 50 ns 

268 l1TxD to High Impedance (from l1 ClK Ris 
ing Edge) (see Note 2) , 0 34 ns 

269 l1 RxD Setup Time (to l1 ClK Falling Edge) 34 - ns 

270 l1 RxD Hold Time (from l1 ClK Falling 
Edge) 34 - ns 

271 Time Between Successive IDl syncs 20 - l1ClK 

272 l1 RQ Valid before Falling Edge of L 1 SY1 1 - l1ClK 

273 l1 GR Setup Time (to l1 SY1 Falling Edge) 34 - ns 

274 l1 GR Hold Time (from l1 SY1 Falling Edge) 34 - ns 

275 SDS 1-SDS2 Active Delay from l1 ClK Ris-
ing Edge 7 50 ns 

276 SDS1-SDS2 Inactive Delay from l1 ClK 
Falling Edge 7 50 ns 

NOTES: 
1. The ratio ClKO/l1 ClK must be greater than 2.5/1. 
2. High impedance is measured at the 30% and 70% of Voo points, with the line at Vool2 through 10K 

in parallel with 130 pF. 
3. Where P = 1/ClKO. Thus, for a 25-MHz ClKO rate, P = 40 ns. 
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Electrical Characteristics 

14.5.16 IMP AC Electrical Specifications-GCI Timing 

GCI supports the NORMAL mode and the GCI channel 0 (GCNO) in MUX mode. Normal 
mode uses 512 kHz clock rate (256K bit rate). MUX mode uses 256 x n - 3088 kbs (clock 
rate is data rate x 2). The ratio ClKO/l1 ClK must be greater than 2.5/1 (see Figure 14-21). 

25 MHz at 5.0 

Num. Characteristic V Unit 

Min Max 

l1ClK GCI Clock Frequency (Normal Mode) 
(see Note 1) - 512 kHz 

280 l1 ClK Clock Period Normal Mode (see Note 1) 1800 2100 ns 

281 l1 ClK Width low/High Normal Mode 840 1450 ns 

282 l1 ClK Rise/Fall Time Normal Mode (see Note 4) - - ns 

l1ClK (GCI Clock) Period (MUX Mode) (see Note 1) - 6.668 MHz 

280 l1 ClK Clock Period MUX Mode (see Note 1) 150 - ns 

281 l1 ClK Width low MUX Mode 55 - ns 

281A l1 ClK Width High MUX Mode (see Note 5) P+10 - ns 

282 l1 ClK Rise/Fall Time MUX Mode (see Note 4) - - ns 

283 l1 SY1 Sync Setup Time to l1 ClK Falling Edge 20 - ns 

284 l1 SY1 Sync Hold Time from l1 ClK Falling Edge 34 - ns 

285 l1TxD Active Delay (from l1 ClK Rising Edge) 
(see Note 2) 0 70 ns 

286 l1TxD Active Delay (from l1 SY1 Rising Edge) 
(see Note 2) 0 70 ns 

287 l1 RxD Setup Time to l1 ClK Rising Edge 14 - ns 

288 l1 RxD Hold Time from l1 ClK Rising Edge 34 - ns 

289 Time Between Successive l1 SY1 in Normal 64 - l1ClK 
SCIT Mode 192 - l1ClK 

290 SDS1-SDS2 Active Delay from l1 ClK Rising Edge 
(see Note 3) 7 60 ns 

291 SDS1-SDS2 Active Delay from l1 SY1 Rising Edge 
(see Note 3) 7 60 ns 

292 SDS1-SDS2 Inactive Delay from l1 ClK Falling 
Edge 7 60 ns 

293 GCIDCl (GCI Data Clock) Active Delay 0 34 ns 

NOTES: 
1. The ratio ClKO/l1 ClK must be greater than 2.5/1. 
2. Condition Cl = 150 pF. l1 TO becomes valid after the l1 ClK rising edge or l1 SY1, whichever is later. 
3. SDS1-SDS2 become valid after the L1 ClK rising edge or L1 SY1, whichever is later. 
4. Schmitt trigger used on input buffer. 
5. Where P= 1/ClKO. Thus, for a 25-MHz ClKO rate, P = 40 ns. 
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Figure 14-21. Gel Timing Diagram 
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Electrical Characteristics 

14.5.17 IMP AC Electrical Specifications-PCM Timing 

There are two sync types: 

14-36 

Short Frame-Sync signals are one clock cycle prior to the data 

Long Frame-Sync signals are N-bits that envelope the data, N > 0; see Figure 14-22 
and Figure 14-23). 

25 MHz at 

Num. Characteristic 5.0 V Unit 

Min Max 

300 l1 ClK (PCM Clock) Frequency (see Note 1) - 10.0 MHz 

301 l1 ClK Width low 37 - ns 

301A l1 ClK Width High (see Note 4) P+10 - ns 

302 l1 SYO-l1 SY1 Setup Time to l1 ClK Rising Edge 0 - ns 

303 l1 SYO-l1 SY1 Hold Time from L1 ClK Falling Edge 27 - ns 

304 l1 SYO-l1 SY1 Width low 1 - l1ClK 

305 Time Between Successive Sync Signals (Short 
Frame) 8 - l1ClK 

306 l1 TxD Data Valid after l1 ClK Rising Edge (see 
Note 2) 0 47 ns 

307 l1 TxD to High Impedance (from l1 ClK Rising 
Edge) 0 34 ns 

308 l1 RxD Setup Time (to l1 ClK Falling Edge) (see 
Note 3) 14 - ns 

309 l1 RxD Hold Time (from l1 ClK Falling Edge) (see 
Note 3) 34 - ns 

NOTES: 
1. The ratio ClKll1 ClK must be greater than 2.5/1. 
2. l1 TxD becomes valid after the l1 ClK rising edge or the sync enable, whichever is later, if long frames 

are used. 
3. Specification valid for both sync methods. 
4. Where P = 1/ClKO. Thus, for a 25-MHz ClKO rate, P =40 ns. 
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Electrical Characteristics 

L1CLK 
(INPUT) 

L1SYO/l 
(INPUT) 

L1TXD 
(OUTPUT) -----{I 

1'---\-_-1 

L1RXD 
(INPUT) ___ .....J 1'-__ -./ 

Figure 14-22. PCM Timing Diagram (SYNC Envelopes Data) 

I~--------------~~~------------~.~I 

L1TXD 
(OUTPUT) ------{I 

I'--t----.J 

L1RXD 
(INPUT) ____ -.I !'---_-J. '---_--.J '---_--.J '---_--' '---_--' '---_--' '--_--' '---_--' 

NOTE: (*) If L lSYn is guaranteed to make a smooth low to high transition (no spikes) while the clock is high, setup time can be defined as shown 
(min 20 ns). 

Figure 14-23. PCM Timing Diagram (SYNC Prior to 8-Bit Data) 
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Electrical Characteristics 

14.5.18 IMP AC Electrical Specifications-NMSI Timing 
The NMSI mode uses two clocks, one for receive and one for transmit. Both clocks can be 
internal or external. When the clock is internal, it is generated by the internal baud rate gen
erator and it is output on TCLK or RCLK. All the timing is related to the external clock pin. 
The timing is specified for NMSI1. It is also valid for NMSI2 and NMSI3 (see Figure 14-24). 

25 MHz at 25 MHz at 
5.0 V 5.0 V 

Num. Characteristic Internal External Unit 
Clock Clock 

Min Max Min Max 

315 RCLK1 and TCLK1 Frequency (see Note 1) - 8.33 - 10 MHz 

316 RCLK1 and TCLK1 Low 45 - P+10 - ns (see Note 4) 

316a RCLK1 and TCLK1 High 45 - 35 - ns 

317 RCLK1 and TCLK1 Rise/Fall - 14 - - ns Time (see Note 3) 

318 TXD1 Active Delay from TCLK1 Falling Edge 0 25 0 40 ns 

319 11m Active/Inactive Delay from TCLK1 Falling 
Edge 0 25 0 65 ns 

320 crs-r Setup Time to TCLK1 
Rising Edge 35 - 7 - ns 

321 RXD1 Setup Time to RCLK1 
Rising Edge 35 - 7 - ns 

322 RXD1 Hold Time from RCLK1 Rising Edge (see 
Note 2) 7 - 35 - ns 

323 CD1 Setug Time to RCLK1 
Rising E ge 35 - 7 - ns 

NOTES: 
1. The ratio CLKOITCLK1 and CLKO/RCLK1 must be greater than or equal to 2.5/1 for external clock. The input 

clock to the baud rate generator may be either an internal clock or TIN1, and may be as fast as EXTAL. 
However, the output of the baud rate generator must provide a CLKOITCLK1 and CLKO/RCLK1 ratio greater 
than or equal to 3/1. In asynchronous mode (UART), the bit rate is 1/16 of the TCLK1/RCLK1 clock rate. 

2. Also applies to CD hold time when CD is used as an external sync in BISYNC or totally transparent mode. 
3. Schmitt triggers used on input buffers. 
4. Where P = 1/CLKO. Thus, for a 25-MHz CLKO rate, P =40 ns. 
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Figure 14-24. NMSI Timing Diagram 

MOTOROLA MC68356 USER'S MANUAL 14-39 



Electrical Characteristics 

14.5.19 AC Electrical Specifications-PCMCIA Interface 

25 MHz at 

Num. Characteristic 5.0V Unit 

Min Max 

324 PC Address Setup before ~ or ~ Low 10 ns 

325 ~ Setup before ~ or ~ Low 0 ns 

326 ~ Hold from ~ or~ High (See Note 1) 20 ns 

327 PC_Address Hold from ~ or ~ High (See Note 1) 20 ns 

328a ~ or~ Low to "AS Low (only for FAST Burst Mode) 1 2.5+ elk 
20 ns 

328b Asynchronous Input Setup 10 ns 

329 Minimum PC_OE or PC_WE Width (only for FAST Burst Mode) (See 
Note 2) 3.5 elk 

330 AS, am, U'[jS Hold from ~ or ~ High (only for FAST 
Burst Mode) 0 20 ns 

331a ~ High to ~ High (only for FAST Burst Mode) 15 ns 

331b 'Pc:wE' High to WEH, ~ High (only for FAST Burst Mode) 15 ns 

332 68k Data Bus Valid to PC_Data Bus Valid (See Note 3) 25 ns 

333 ~ or ~ High to 68k Address Bus Invalid (only for FAST 
Burst Mode) 25 ns 

334 PC_Address Hold from PC_OE or PC_WE High (See Note 4) 20 ns 

335 ~ Hold from ~ or ~ High (See Note 4) 20 ns 

336 Clock High to PC_ABUF Low 20 ns 

337 Clock High to PC_ASOF' High 20 ns 

338 PC_OE or PC_WE Low to 68k Address Bus Valid (only for FAST 
Burst Mode) 30 ns 

339 AS Low to 68k Data Out (only for FAST Burst Mode) 0 20 ns 

340 PC_Data Valid to 68k Data Valid 25 ns 

341 WEC,WER High to 68k Data Invalid (only for FAST Burst Mode) 0 ns 

342 PC_Data Setup before ~ High 30 ns 

343 'PC1JE' or ~ Low to PC_ASOF Low (only for FAST Burst 
Moce) . 20 ns 

344 ~ or ~ High to PC_ASOF High (only for FAST Burst 
Moce) 20 ns 

345 PC_Data Bus Hold Time from 'J5C:J)E High 20 ns 

346 PC_OE or PC_WE or PC_lORD or PC_IOWR Low to PC_WAIT Low 30 ns 

347 ~ or ~ or PC lORD or PC IOWR High from PC WAIT 
High (See Note 5) - - - 0 

348 Clock High to pc_WAIT High 20 ns 

349 ~ Low to PC_Data Driven 5 ns 

350 ~ High to PC_Data Invalid 0 ns 

351 PC_Data High-Z from ~ High 30 ns 

352 PC_Aaaress Setup before TOWJ1 or 'J5'R1) 5 ns 

353 ~ and ~ Setup before 'lOW'R or 1L5'RD 5 ns 

354 'P'CJ)r Low to PC _Data Valid 25 ns 

355 Clock Low to PC_Data Valid 25 ns 
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Electrical Characteristics 

356 Minimum Pulse Width of P<:;-,oWR 2.5 elk 

357 PCJNAf'f' High to PC_Data Valid (See note 6) 0 ns 

358 P<:;-'oRI:5 High to PC_Data Invalid 0 ns 

1.5+ elk 359 PC-,oRI:5 Low to PC_Data Valid 
30 ns 

360 P<:;-,oRI:5 High to PC_data High-Z 30 ns 

361 PC_Data Setup before P<:;-'oWR Low 0 ns 

362 PC_Data Hold from P<:;-'oWR High 0 ns 

363 PC_Address, ~ Hold from P<:;-,oRr5 or P<:;-,oWR High 10 ns 

364 ~ Hold from P<:;-,oRI:5 or P<:;-,oWR High 0 ns 

NOTES: 
1. Hold Time Required for Register Accesses Only 
2. If the Asynchronous Input Setup (#328) is met this value is 1.5 clks+ 1 Ons 
3. Delay through chip assuming chip is driving PC_Data Bus 
4. Hold Time Required for PCMCIA to 68k Bus Accesses 
5. Max is Determined by PC Host Timing 
6. PC_IO Cycles with P<:;_WAIT Enabled 

-
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Electrical Characteristics 

CLKO 
(OUTPUT) 

PC _A23-PC _A 11 
(INPUT) (NOTE 1) 

PC_CE2, PC_CE1 
(INPUT) 

A23-A12 

----' 

(OUTPUT) -----""'---~ 1 __ --1----t:~---_+__ 

A11-AO ---------1--,\ 

(OUTPUT) -------4--J I\-----+---'~----+-..J '--

14-42 

(NOTE 3) 

AS, LOS, UOS 
(OUTPUT) 

OE 
(OUTPUT) 

015-00 
(INPUT) ---------1-------< 

PC_015-PC_00 _______ +-_~_--( 
(OUTPUT) 

PC_ABUF 
(OUTPUT) (NOTE 4) 

NOTES: 
1. PC_A 11 is input if ABUF/PC_A 11 bit in PCMR == 0 

I'-----I--J 

2. Asynchronous input; if set-up is met AS is asserted as shown 
3. If ABUF/A 11 = 1 in PCMR A23-A 12 are input to chip 
4. Asserted if ABUF/A 11 = 1 in PCMR 

Figure 14-25. PCMCIA to 68K Fast Burst Read 
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Electrical Characteristics 

CLKO 
(OUTPUT) 

PC_A 11-PC_AO 

(INPUT) (NOTE 1) ___ .....J ~-----I----+----!----i---~ 

PC_CE2, PC_CE1 
(INPUT) 

PC_WE 
(INPUT) 

A23-A12 
(OUTPUT) 

A11-AO --------+--(1 
(OUTPUT) 
(NOTE 3) 

AS 
(OUTPUT) 

LOS, UOS 
(OUTPUT) 

W-E-H,-WE-L -------.......!------j...---
(OUTPUT) 

015-00 
(OUTPUT) 

PC_015-PC_00 _______ +-____ -< 
(INPUT) 

PC_ABUF 
-§t~ 

(OUTPUT) (NOTE 4) -------

NOTES: 
1. PC_A 11 is input if ABUF/PC_A 11 bit in PCMR = 0 
2. Asynchronous input; if set-up is met AS is asserted as shown 
3. If ABUF/A 11 = 1 in PCMR A23-A 12 are input to chip 
4. Asserted if ABUF/A 11 = 1 in PCMR 

Figure 14-26. PCMCIA to 68K Fast Burst Write 
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PC_All-PC_AO ----'"\ [r---------------------4----J 
REG_ ----'{ 

(INPUT) ------' I'------:--------------------r---~ 

PC_CE2, PC_CEl 
(INPUT) 

WAIT 
(OUTPUT) 

PC_D15-PC_DO _________ -+---<1 
(OUTPUT) 

Figure 14-27. PCMCIA to 68K Register Read 

PC_All-PC_AO ------. 1,----------------------+---""'\1 
REG_ ----rl 

(INPUT) ------' 1'----------------------+---_=1 
~ 

PC_CE2, PC_CEl 
(INPUT) 

~. 

PC_D15-PC_DO _____________________ --( 

(INPUT) 

Figure 14-28. PCMCIA to 68K Register Write 
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ClKO 
(OUTPUT) 

SO SI S2 S3 S4 S5 S6 S7 so 

Electrical Characteristics 

PC_~~~~~ ----"""""\Ic------------+--+-------+-+------+--===-----.j 
(INPu~Cct~i~~~ ____ -.f F---:=-----------1r--_t_------+--+--------1f-----=;'--

PC_CE2, PC_CEI 
(INPUT) 

PC_OE 
(INPUT) 

WAIT-----------~~I 

(OUTPDTj 

A23-A12 

(O~;~ -----------t-------'f--<I 
(OUTPUl) (NOTE 2) r:--f-------t-:--f""""F------t-------

AS 
lDS, UDS, 
(OUTPUT) 

CS,OE 
(OUTPUT) 

~;~-----------t------~--+--~~~~=-t__t_~ 

DTACK 
(OUTPUl) 

PC_ABUF -------------------'f---; 

NOTES: 

(OUTPUl) 
(NOTE 3) 

1. PC _A 11 is input if ABUF/PC _A 11 bit in PCMR=O 
2. If ABUF/A11=1 in PCMR A23-A12 are input to chip 
3. Asserted if ABUF/A 11 = 1 in PCMR 

Figure 14-29. PCMCIA Normal Read 
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Electrical Characteristics 

CLKO 
(OUTPUT) 

SO 51 S2 S3 S4 S5 S6 S7 SO 

PC_A23--~~:tA-~ -------.. ~-----------+---t_-_II_---t__t_------t_---'::::-__.J 

(1~~U¢)1!~6~E~~ -----'F---'---::-----------t---+---j-----+-j-------+----=f 

PC_CE2, PC_CEl 
(INPUT) 

PC_WE 
(INPUT) 

WAIT 
(OUTPUT) 

A23--A12 
(OUTPUT) 

All-AO ------------------+-<1 
(OUTPUT) (NOTE 2) r=-_t_--+-=--_t_~I_'I"------t-------

AS 
(OUTPUT) 

LDS, UDS, 
(OUTPUT), 

WEH, WEL, 
(OUTPUT) 

CS 
(OUTPUT) 

(O~+~~ ------------------+---+---<lI'-:=HI-__ -+_+---1 

PC_D15(1~~L?~ --------------<\-...--+---t---t----t---r-------'r 

DTACK---------------------t~-~ 

(OUTPUT) 

PC_ABUF 
(OUTPUT) 
(NOTE 1) 

NOTES: 
1. PC_All is input if ABUF/PC_All bit in PCMR=O 
2. If ABUF/All=1 in pcmr A23-A12 are input to chip 
3. Asserted if ABUF/A11 = 1 in PCMR 

Figure 14-30. PCMCIA Normal Write 
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CLKO 
(OUTPUT) 

Electrical Characteristics 

PC_All-PC_AO -----X1 

(INPUT) ----.......TF----------------+-------------..,:-------'::r\..-

REG 
(INPUT) 

PC_CE2,PC_CEl 
(INPUT) 

PC_IORD_ 
(INPUT) 

WAIT 
(OUTPUT) 

PC_D15-PC_DO ___________ -+-__________ -(1 

(OUTPUT) 

CLKO 
(OUTPUT) 

REG 
(INPUT) 

PC_ CE2, pc_ CEI 
(INPUT) 

PC-'OWR_ 
(INPUT) 

WAIT 
(OUTPUT) 

MOTOROLA 

r...----.-; 359)--------i~ 

Figure 14-31. PCMCIA I/O (16550 Emulation) Read 

Figure 14-32. PCMCIA 1/0 (16550 Emulation) Write 
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Electrical Characteristics 

ClKO 
(OUTPUT) 

PC_CE2. PC_CE1 
(INPUT) 

PC OE 
(INPUT) 

WAIT 
(OUTPUT) 

@--> ~ 
/r--------

Figure 14-33. PCMCIA to 68K Arbitration 

14.6 DSP AC ELECTRICAL CHARACTERISTICS 
The timing waveforms in these tables are tested with a VIL maximum of 0.5 V and a VIH min
imum of 2.4 V for all pins, except DEXT AL, DRESET, MODA, MODS, and MODC. These 
four pins are tested using the input levels set forth in 14.4.3 DC Electrical Characteristics. 
AC timing specifications which are referenced to a device input signal are measured with 
respect to the 50% point of the respective input Signal's transition. DSP output levels are 
measured with the production test machine VOL and V OH reference levels set at 0.8 V and 
2.0 V respectively. 

14.6.1 AC Electrical Characteristics· Internal Clocks 
For each occurrence of T H, T L, T c or ICyc substitute with the numbers in the following table: 

Characteristics Symbol Expression 

Internal Operation Frequency f 

Internal Clock High Period 
- with PLL disabled ETH 

- with PLL enabled and MF ~ 4 TH (Min) O.48*ETc*DF/MF 
(Max) O.52*ETc*DF/MF 

- with PLL enabled and MF>4 (Min) O.467*ETc*DF/MF 
(Max) O.533*ETc*DF/MF 

Internal Clock Low Period 
- with PLL disabled ETL 

- with PLL enabled and MF ~ 4 TL (Min) O.48*ETc*DF/MF 
(Max) O.52*ETc*DF/MF 

- with PLL enabled and MF>4 (Min) O.467*ETc*DF/MF 
(Max) O.533*ETc*DF/MF 

Internal Clock Cycle Time Tc ETc*DF/MF 

Instruction Cycle Time Icyc 2*Tc 

14-48 MC68356 USER'S MANUAL MOTOROLA 



Electrical Characteristics 

DXTAL DEXTAL 

Fundamental Frequency 
Crystal Oscillator 

Suggested Component Values 
For fose = 4 MHz: 
R = 680 K.o.± 10% 
C =20 pf±20% 

For fose = 30 MHz: 
R = 680 K.o. ± 10% 
C =20 pf±20% 
Notes: 
(1) The suggested crystal source is ICM, # 
433163 -4.00 (4MHz fundamental, 20 pf load) or 
# 436163 - 30.00 (30 MHz fundamental, 20 pf 
load). 

DEXTAL 

R1 

C1 

L1 r 1---~'-C-2-----iXTQL1' 
3rd Overtone 

Crystal Oscillator 

Suggested Component Values 
R1 = 470 K .0. ± 10% 
R2 =330.0. ± 10% 
C1 =0.1 /J-f±20% 
C2=26pf ±20% 
C3=20pf± 10% 
L 1 = 2.37 /J-H ± 10% 
XTAL = 40 MHz, AT cut, 20 pf load, 

50.0. max series resistance 

Notes: 
(1) *3rd overtone crystal. 

DXTAL 

R2 

(2) The suggested crystal source is ICM, # 471163 - 40.00 (40 MHz 3rd 

overtone, 20 pf load). 
(3) R21imits crystal current 
(4) Reference Benjamin Parzen, The Design of Crystal and Other Harmonic 
Oscillators, John Wi/ey& Sons, 1983 

Figure 14-34. Crystal Oscillator Circuits 

DEXTAL 

Note: The midpoint is VILC + 0.5 (VIHC - VILC)' 

Figure 14-35. External Clock Timing 
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Electrical Characteristics 

14.6.2 DSP AC Electrical Characteristics - External Clock Operation 
The DSP system clock may be derived from the on-chip crystal oscillator as shown in Figure 
14-33, or it may be externally supplied. An externally supplied square wave voltage source 
should be connected to DEXTAL, leaving DXTAL physically not connected (see Figure 14-
35) to the board or socket. The rise and fall time of this external clock should be 4ns maxi
mum. 

60 MHz 
Num Characteristics Symbol Unit 

Min Max 

Frequency of Operation (DEXT AL Pin) Ef 0 60 MHz 

Clock Input High (see Note) 
1 -with PLL disabled (46. 7% - 53.3% duty cycle) ETH 7.8 infinity ns 

-with PLL enabled (42.5% - 57.5% duty cycle) 7.1 235.5 J!s 

Clock Input Low (see Note) 
ETL 2 - with PLL disabled (46.7% - 53.3% duty cycle) 7.8 infinity ns 

- with PLL enabled (42.5% - 57.5% duty cyCle) 7.1 235.5 J!s 

3 
Clock Cycle Time 

- with PLL disabled ETC 16.67 infinity ns 
- with PLL enabled 16.67 409.6 J!S 

Instruction Cycle Time 

4 
= Icyc = 2xT C (see Note) 

ICyc infinity 
ns 

- with PLL disabled 33.3 
- with PLL enabled 33.3 819.2J!S 

Note: External clock input high and external clock input low are measured at 50% of the input transition. 

14.6.3 AC Electrical Characteristics - DSP Phased Lock Loop (DPLL) 
Characteristics 

Characteristics ExpreSSion Min Max Unit 
VCO frequency when PLL enabled MF* Ef 10 f (Note 1.) MHz 

PLL external capacitor (PCAP pin to PVCC) MF * Cpcap (Note 1.) 
@ MF.s.4 MF * 340 MF * 480 pF 
@ MF>4 MF * 380 MF * 970 

1. Cpcap is the value of th§ PLL_c.5lpacitor (connected between PCAP pin and PVCC) for MF=1. The recomrnendedlvalue 
tor C!~cap is 400pt- for Mt- < 4 and 540pF for MF> 4. I he maximum VCO frequency is limited to the mterna oper
ation frequency, as defmeaabove. 
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14.6.4 DSP AC Electrical Characteristics - Reset, Stop, Mode Select and 
Interrupt Timing 

(See Figure 14-36 through Figure 14-43) 
WS = Number of wait states (1 WS = Tc) programmed into external bus access using 
SeR (WS = 0 - 15) 

60 MHz 
Num Characteristics Unit 

Min Max 

Delay from l:J"RESET Assertion to Address 
9 Hit Imgedance (periodically sampled and - 26 ns 

no 100 Yo tested). 

Minimum Stabilization Duration 
75000*Tc e Internal Osc. PLL Disabled (see Note 1) -

10 
e External clock PLL Disabled (see Note 2.) 25*Tc - ns 

e External clock PLL Enabled (see Note 2.) 2500*Tc -

Delay from Asynchronous ~ Deas-
8*Tc 9* Tc+20 11 sertion to First External Address Output (in- ns 

ternal DRESET Deassertion) 

12 
sTfchronous Reset SetuJ:2Time from 
D ESET Deassertion to CKOUT transition 8.5 Tc ns 
#1 

13 
sytchronous Reset Delay Time from the 
C OUT transition #1 to tlie First External Ad- 8*Tc 8*Tc+6 ns 
dress Output 

14 Mode Select Setup Time 21 - ns 

15 Mode Select Hold Time 0 - ns 

16 Minimum Edge-Triggered Interrupt Request 
Assertion WiClth 13 - ns 

16a Minimum. EdW.-Triggered Interrupt Request 
Deassertlon Idth 13 - ns 

Delay from IRQA, iRQB, 1'JMT Assertion to 
External Memory Access Address Out Valid 

17 e Caused by First Interrupt Instruction Fetch 5*Tc+ TH - ns 
e. Caused by First Interrupt Instruction Execu-

9*Tc+ TH -tlon 

Delay from iRQA, T!iQB" 1'JMT Assertion to 
18 General Pu~ose Transfer Output Valid ns 9aused by irst Interrupt Instruction Execu- 11*Tc+TH -tlon 

Dela~ from Address Output Valid Caused by 
19 First nterrupt Instruction Execute to Interrupt - 2Tc+ TL+{Tc*WS)-23 ns Request Deassertion for Level Sensitive Fast 

Interrupts 

Delayfrom RD Assertion to Interrupt Request 
2Tc+(Tc*WS)-21 20 Deassertion for Level Sensitive Fast Inter- - ns 

rupts 

Delay from WR Assertion to Interrupt Re-
quest Deassertion for Level Sensitive Fast 

2*Tc-21 21 Interrupts ns 
eWS:::iJ - Tc+ TL+(Tc*WS)-21 
eWS> 0 -
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60 MHz 
Num Characteristics Unit 

Min Max 

DeiaR from General-Purpose Output Valid to Inter-
ru~t equest Deassertion for level Sensitive Fast 

22 In errupts - If Second Interrupt Instruction is: ns 
• Single Cycle - TL-31 
• Two Cycles - (2*Tc)+ T L-31 

23 w,r..Q.J1Q.us Interrupt Setuf) Time from TROA,-
I QS, NMI Assertion to the CKOUT transition #2 10 Tc ns 

SITchronous Interrupt Delay Time from the CK-
24 a T transition #2 to the First External Address 13*Tc+TH 13*Tc+ TH+6 ns Output Valid Caused by' the First Instruction Fetch 

after Coming out of Wait State 

25 Duration for TFi'QA Assertion to Recover from Stop 
State 12 - ns 

DeiaYr from TRQA Assertion to Fetch of First Inter-
rupt nstruction (when exiting 'STOP') 

• Internal Crystal Oscillator Clock, OMR 65548*Tc -
26 bit 6 = 0 ns 

• Stable External Clock,OMR bit 6 = 1 20*Tc -
• Stable External Clock, PCTl bit 17= 1 13*Tc -

(See Note 1 ) 

Duration of level Sensitive IRQA Assertion to en-
sure interrupt service (when exiting 'STOP') 

65534* T c+ Tl • Internal Crystal Osc. Clock, OMR bit 6 = 0 -
27 • Stable External Clock, OMR bit 6 = 1 6*Tc+Tl - ns 

• Stable External Clock, PCTlbit 17 = 1 12 -
(See Note 1 ) 

Dela~ from level Sensitive IRQA Assertion to 
Fetc of First Interrupt Instruction (when exiting 
'STOP') 

28 • Internal Crystal Osc. ClockOMR bit 6 = 0 65548*Tc - ns 
• Stable External Clock, OMR bit 6 = 1 20*Tc -
• Stable External Clock, PCTl bit 17= 1 13*Tc -

(See Note 1 ) 

Notes: 
1. A clock stabilization delay is required when using the on-chip crystal oscillator in two cases: 

1) after power-on reset, and 
2) when recovering from Stop mode. 
During this stabilization period, Tc, TH and TL will not be constant. Since this stabilization period varies, a delay 
of 75,OOO*Tc is typically allowed to assure that the oscillator is stable before executing programs. While it is 
possible to set OM R bit 6 = 1 when using the internal crystal oscillator, it is not recommended and these 
specifications do not guarantee timings for that case. 

2. Circuit stabilization delay is required during reset when using an external clock in two cases: 
1) after power-on reset, and 
2) when recovering from Stop mode. 

14-52 

NOTE 

When using fast interrupts and IROA and IROB are defined as 
level-sensitive, then timings 19 through 22 apply to prevent mul
tiple interrupt service. To avoid these timing restrictions, the 
deassertive edge-triggered mode is recommended when using 
fast interrupt. Long interrupts are recommended when using lev
el-sensitive mode. 
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DAO-DA15 

CKOUT 

DAO-DA15, 
00, l'S 

Xf{ 

MODA, MODB 
MODC 

MOTOROLA 

Electrical Characteristics 

~-----I10 

First Fetch 

Figure 14-36. Reset Timing 

Figure 14-37. Synchronous Reset Timing 

Figure 14-38. Operating Mode Select Timing 



Electrical Characteristics 

~~.~0-6~r 
-1~: @~t'------

Figure 14-39. External Interrupt Timing (Negative Edge-Triggered) 

DAO-DA15 

General 
Purpose 

1/0 

First Interrupt Instruction ExecutionlFetch 

~~~-----------(19 ~----------~~r-----------

a) First Interrupt Instruction Execution 

~~~----------~22 ~----------~ 

b) General Purpose 1/0 

Figure 14-40. External Level-Sensitive Fast Interrupt Timing 
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CKOUT 

DAO-DA15, TIS 
~,xf1 

Electrical Characteristics 

T1, T3 

~------~24 r-------~ 

Figure 14-41. Synchronous Interrupt from Wait State Timing 

DAO-DA 15, US, 
158, Xf{ 

DAO-DA 15, TIS, 
158, Xf{ 

~------~26 r---------~ 

First Instruction Fetch 

Figure 14-42. Recovery from Stop State Using IRQA 

...-----------1 27 r-----~ ,.------------

~------~28r-------~ 

First 1liQA Interrupt 
Instruction Fetch 

Figure 14-43. Recovery from Stop State Using IRQA Interrupt Service 
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Electrical Characteristics 

14.6.5 Host Port Usage Considerations 

Careful synchronization is required when reading multibit registers that are written byanoth
er asynchronous system. This is a common problem when two asynchronous systems are 
connected. The situation exists in the host port. The considerations for proper operation are 
discussed below. 

14.6.5.1 Host Programmer Considerations 

14.6.5.1.1 Unsynchronized Reading of Receive Byte Registers 
When reading receive byte registers RXH, RXM, or RXL, the host programmer should use 
interrupts or poll the RXDF flag which indicates that data is available. This assures that the 
data in the receive byte registers will be stable. 

14.6.5.1.2 Overwriting Transmit Byte Registers 
The host programmer should not write to the transmit byte registers, TXH, TXM, or TXL, un
less the TXDE bit is set indicating that the transmit byte registers are empty. This guarantees 
that the transmit byte registers will transfer valid data to the HRX register. 

14.6.5.1.3 Synchronization of Status Bits from DSP to Host 
He, HREQ, DMA, HF3, HF2, TRDY, TXDE, and RXDF status bits are set or cleared from 
inside the DSP and read by the host processor. The host can read these status bits very 
quickly without regard to the clock rate used by the DSP, but the possibility exists that the 
state of the bit could be changing during the read operation. This is generally not a system 
problem, since the bit will be read correctly in the next pass of any host polling routine. 

A potential problem exists when reading status bits HF3 and HF2 as an encoded pair. If the 
DSP changes HF3 and HF2 from 00 to 11, there is a small probability that the host could 
read the bits during the transition and receive 01 or 10 instead of 11. If the combination of 
HF3 and HF2 has significance, the host could read the wrong combination. 

Solution: Read the bits twice and check for consensus. 

14.6.5.1.4 Overwriting the Host Vector 
The host programmer should change the host vector register only when the host command 
bit (He) is clear. This change will guarantee that the DSP interrupt control logic will receive 
a stable vector. 

14.6.5.1.5 Cancelling a Pending Host Command Exception 
The host processor may elect to clear the He bit to cancel the host command exception re
quest at any time before it is recognized by the DSP. Because the host does not know ex
actly when the exception will be recognized (due to exception processing synchronization 
and pipeline delays), the DSP may execute the host exception after the He bit is cleared. 
For these reasons, the HV bits must not be changed at the same time the He bit is cleared. 
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14.6.5.2 DSP Programer Considerations 

14.6.5.2.1 Reading HFO and HF1 as an Encoded Pair 

DMA, HF1, HFO, and HCP, HTDE, and HRDF status bits are set or cleared by the host pro
cessor side of the interface. These bits are individually synchronized to the DSP clock. 

A potential problem exists when reading status bits HF1 and HF2 as an encoded pair, i.e., 
the four combinations 00, 01, 10, and 11 each have significance. A very small probability 
exists that the DSP will read the status bits synchronized during transition. The solution to 
this potential problem is to read the bits twice for consensus. 

14.6.6 AC Electrical Characteristics· SCI Timing 

tscc = Synchronous Clock Cycle Time (for internal clock, tscc is determined by the SCI 
clock control register and T c). 

Table 14-1. SCI Synchronous Mode Timing 

60 MHz 
Num Characteristics Unit 

Min Max 

55 Synchronous Clock Cycle - tscc 8*Tc - ns 

56 Clock Low Period 4*Tc-10.5 - ns 

57 Clock High Period 4*Tc -10.5 - ns 

63 Clock Falling Edge to Output Data Valid 
(External Clock) - 32.5 ns 

64 Output Data Hold After Clock Rising Edge 
(External Clock) Tc+3 - ns 

65 Inp.ut Data Setug Time Before Clock Rising 
Edge (External lock) 16 - ns 

66 Inp.ut Data Hold Time After Clock Rising 
Edge (External Clock) 21 - ns 

Table 14-2. SCI Asynchronous Minimum Clock Cycle Time 

60 MHz 
Characteristics Unit 

Min Max 

Asynchronous Clock Cycle-tAcc 64*Tc - ns 
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14-58 

EXTERNAL CLOCK 

TXCLK for TXD 

RXCLK for RXD 

(INPUT ONLy)l 

Figure 14-44. SCI+ Synchronous Mode Timing 
Note 1 - The SCI+ signals do not have dedicated pins and the actual pins used for these signals depend 
on the SCI+ connection mode set up in the DISC register. 
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14.6.7 AC Electrical Characteristics - SSI Timing 
See Figure 14-45 and Figure 14-46 

tsslCC = SSI clock cycle time 
TXC (SCK Pin) = Transmit Clock 
RXC (SCO or SCK Pin) = Receive Clock 
FST (SC2 Pin) = Transmit Frame Sync 
FSR (SC1 or SC2 Pin) = Receive Frame Sync 
i ck = Internal Clock 
x ck = External Clock 
g ck = Gated Clock 

Electrical Characteristics 

i ck a = Internal Clock, Asynchronous Mode (Asynchronous implies that TXC and RXC are two different clocks) 
i ck s = Internal Clock, Synchronous Mode (Synchronous implies that TXC and RXC are the same clock) 
bl = bit length 
wi = word length 

60 MHz 
Num Characteristics Case Unit 

Min Max 

4*Tc - i ck 
80 Clock Cycle-tsslCC (see Note 1 ) 

3*Tc x ck ns -

Clock High Period 
2*Tc-10.8 81 for internal clock - ns 

for external clock Tc+TI -

Clock Low Period 
2*Tc-10.8 82 for internal clock - ns 

for external clock Tc+TI -

84 R«C Rising Edge to FSR Out (bl) - 40.8 x ck 
High - 25.8 i cka 

ns 

85 RXC Rising Edge to FSR Out (bl) - 35.8 x ck 
Low - 25.8 i ck a ns 

86 R«C Rising Edge to FSR Out (wi) - 35.8 x ck 
High 20.8 i ck a 

ns -

87 RXC Rising Edge to FSR Out (wi) - 35.8 x ck 
Low - 20.8 i ck a 

ns 

Data In Setup Time Before RXC 3.3 - x ck 
88 (SCK in Synchronous Mode) Fall- 15.8 - i cka ns 

mg Edge 13 - i ck s 

89 Data In Hold Time After RXC 18 - x ck 
Falling Edge 3.3 - i ck 

ns 

90 FSR Inl2ut (bl) High Before RXC 0.8 - x ck 
Falling Edge 17.4 - i cka ns 

91 FSR Inl2ut (wi) High Before RXC 3.3 - x ck 
Falling Edge 18.3 - i cka 

ns 

92 FSR Inl2ut Hold Time After RXC 18.3 - x ck 
Falling Edge 3.3 - ick 

ns 
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Rxe 
(InpuVOutput) 

FSR (Bit) 
OUT 

FSR (Word) 
OUT 

DATA IN 

FSR(Bit) 
IN 

FSR (Word) 
IN 

FLAGS IN 

~----~--~~~~ 
---------------------. ~---' 

Figure 14-45. SSI Receiver Timing 
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AC Electrical Characteristics - SSI Timing (Continued) 

60 MHz 
Num Characteristics Case Unit 

Min Max 

93 Fla~s I~ut Setup Before RXe 0.8 - x ck 
Falmg dge 16.7 - i cks ns 

94 Fla~s I~ut Hold Time After RXe 18.3 - x ck 
Falmg dge 3.3 - i ck s ns 

95 T~e Rising Edge to FST Out (bl) - 31.6 x ck 
High - 15.8 i ck ns 

96 TXe Rising Edge to FST Out (bl) - 33.3 x ck 
Low 18.3 i ck 

ns -

97 T~e Rising Edge to FST Out (wi) - 30.8 x ck 
High - 18.3 i ck ns 

98 TXe Rising Edge to FST Out (wi) - 33.3 x ck ns Low - 18.3 ick 

99 TXe Risin~ Ed~e to Data Out En- 33.3+TH x ck 
able from igh mpedance - 20.8 i ck ns 

100 TXe Rising Edge to Data Out Valid 
33.3+TH x ck 

- 22.4 i ck ns 

101 TXe Rising Edge to Data Out High - 35.8 x ck 
Impedance 20.8 i ck 

ns -

101A TXe Falling Edge to Data Out High 
Impedance - Tc+TH g ck ns 

102 FST Input (b~ Setup Time Before 0.8 x ck 
TXe Falling dge 18.3 - i ck ns 

103 FST Input (wi) to Data Out Enable 
from HI.gh Impedance - 30.8 ns 

104 FST Input (wg Set6lp Time Before 0.8 - x ck 
TXe Falling dge 20.0 ick 

ns -

105 FST InRut Hold Time After TX 18.3 - x ck 
Falling Edge 3.3 i ck 

ns - • 
106 Flag Output Valid After TXe Rising - 32.5 x ck 

Edge - 20.8 ick ns 

Notes: 
1. For internal clock, external clock cycle is defined by Icyc and SSI control register. 
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TXC 
(Input/Output) 

FST(Bit) 
OUT 

FST (Word) 
OUT 

DATA OUT 

FST(Bit) 
IN 

FST (Word) 
IN 

FLAGS OUT 

Note: In the network mode, output flag transitio!,)s can occur at the start of each time slot within the frame. 
In the normal mode, the outpunlag state IS asserted for the entire frame period. 

Figure 14-46. 551 Transmitter Timing 
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14.6.8 AC Electrical Characteristics - Capacitance Derating
External Bus Asynchronous Timing 

See Fi.gure 14-47 
. WS = Number of Wait States, Determined by BCR Register (WS = 0 to 15) 

The OSP external bus timing specifications are designed and tested at the maximum capac
itive load of 50 pF, including stray capacitance. Typically, the drive capability of the external 
bus pins (OAO-OA15, 000-0023, PS, OS, RO, WR, XIY) de rates linearly at 1 ns per 12 pF 
of additional capacitance from 50 pF to 250 pF of loading. Port Band C pins derate linearly 
at 1 ns per 5 pF of additional capacitance from 50 pF to 250 pF of loading. 

Active low lines should be "pulled up" in a manner consistent with the AC and DC specifica
tions. 

DAO-DA15, PS, 
T5S, xiV, 
mJ,WR 

DDO-DD23 

T2 

CKOUT 

Tw 

Figure 14-47. Bus Request I Bus Grant Timing 
i# 

T2 T3 TO Tl T2 Tw T2 T3 TO 

Figure 14-48. Synchronous Bus Request/Bus GrantTiming 
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14.6.9 AC Electrical Characteristics - External Bus Asynchronous Timing 

60 MHz 
Num Characteristics Unit 

Min Max 

Qelay from tml1 Assertion to ~ Asser~ 
tlon 2Tc+Th 4Tc+Th+14 

• (see Note 1) Tc+Th 4Tc+ Th+(Tc*Ws)+ 14 
115 • (see Note 2) Tc+Th 6Tc+ Th+(2*Tc*WS)+ 14 ns 

• (see Note 3) Infinity -
• (see Note 4) Th Tc+Th+15 
• (see Note 5) 

116 Qelay from US'R' Deassertion to ~ Deasser-
tlon 2*Tc 4*Tc+12.5 ns 

lJ'SIT Deassertion Duration 
117 • (see Note 5) 2*Tc - ns 

• all other cases -
-

118 Dela~ from Address, DaMd Control Tc-5.5 - ns Bus igh Impedance to Assertion 2*Tc+ Th-5.5 

119 DeiaC from lJ'SIT Deassertion to Address 
and ontrol Bus Enabled 0 - ns 

Address Valid to WR Assertion 
120 ·WS=O TI-6 - ns 

·WS > 0 Tc-6 -

WR Assertion Width Tc-3 
121 ·WS=O ns 

.WS > 0 

122 WR Deassertion to Address Not Valid TH-6 - ns 

WR Assertion to Data Out Active TH-4 
123 • WS = 0 From High Impedance 0 - ns 

·WS> 0 

Data Out Hold Time-from WR Deasser-
124 tion (the maximum specification is period- TH-5 TH-1.5 ns 

ically sampled, and not 100% tested) 

D Data Out Setup Time to WR Deassertion TL-0.7 125 ·WS=O WS*Tc+ TI-0.8 
ns 

·WS>O 

126 m Deassertion to Address Not Valid TH-1 ns 
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AC Electrical Characteristics - External Bus Asynchronous Timing 
(Continued) 

60 MHz 
Num Characteristics Unit 

Min Max 

Address Valid to 1ir> Deassertion Tc+TI-6 127 ·WS=O 
((WS+ 1 )*Tc+ TI-6 ns 

·WS>O 

128 Input Data Hold Time to 11[') 
Deassertion 0 ns 

11[') Assertion Width Tc-4 129 ·WS=O 
((WS+1)*Tc)-4 ns 

·WS>O 

Address Valid to Input Data Valid 
130 ·WS=O Tc+ TL-11 ns 

·WS>O 

131 Address Valid to 11[') Assertion TL-6 ns 

1ir> Assertion to Input Data Valid 
132 ·WS=O Tc+TL-11 ns 

·WS>O 

133 WR' Deassertion to liIT Assertion Tc-7 ns 

134 RIT Deassertion to 110 Assertion Tc-2.5 ns 

WR' Deassertion to WR' Assertion ns 135 .WS =0 Tc-3 
·WS >0 ns 

11[') Deassertion to WR' Assertion ns 136 .WS =0 Tc-2.5 
·WS > 0 ns 

Notes: 
1. With no external access from the DSP. 
2. During external read or write access. 
3. During external read-modify-write access. 
4. During STOP mode - external bus will not be released and 'lJ8'IT will not go low. 
5. During WAIT mode. 
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OAO-OA15, OS, 
'PS, Xi? 

(See Note) 

000-0023 

Note: 

125 \----I4-_~-~W-I 

During Read-Modify-Write instructions, the address lines do not change state. 

Figure 14-49. External Bus Asynchronous Timing 
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AC Electrical Characteristics - External Bus Synchronous Timing 

60 MHz 
Num Characteristics Unit 

Min Max 

140 CKOUT transition #1 To Address Valid 7 ns 

CKOUT transition #2 To WR' Assertion 
141 ·WS= 0 (see Note) 4 ns 

·WS> 0 ns 

142 CKOUT transition #2 To WR'Deassertion 1 5 ns 

143 CKOUT transition #2 To 11/j Assertion 3.9 ns 

144 CKOUT transition #2 To 11/j Deassertion 0 3 ns 

145 CKOUT transition #1 To Data-Out Valid 5 ns 

146 CKOUT transition #1 To Data-Out Invalid(See 
Note) 0 ns 

147 Data-In Valid To CKOUT transition #2 (Setup) 5 ns 

148 CKOUT transition #2 To Data-In Invalid (Hold) 0 ns 

149 CKOUT transition #1 To Address Invalid See 0 ns Note) 

Notes: 

1.AC timing specifications which are referenced to a device input signal are measured in production with respect 
to the 50% point of the respective illPut signal's transition. 
2.WS are wait state values specified in the SCR. 
3.CKOUT transition #1 to data-out invalid (spec. T146) and CKOUT transition #1 to address invalid (spec. T149) 
indicate the time after which data/address are no longer guaranteed to be valid. 
4.Timings are given from CKOUT midpoint to VOL or VOH of the corresponding pin(s). 
5.CKOUT transition #1 is a falling edge of CKOUT for CKP = o. 
6.During read-modify-write instructions, the address lines do not change states. 

\ 
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CKOUT 

OAO-OA15 
TIS,ps 

Xf{ 

000-0023 

o EXTAL 

TO T1 T2 T3 TO T1 T2 

Figure 14-50. DSP56002 Synchronous Bus Timing 
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14.6.10 AC Electrical Characteristics - Bus Strobe I Wait Timing 

60 MHz 
Num Characteristics Unit 

Min Max 

150 CKOUT transition #1 To 'SS Assertion - 5.6 ns 

151 WT Assertion To CKOUT transition #1 (setup time) 5.3 - ns 

152 CKOUT transition #1 To WT Deassertion For Minimum Tim- 0 Tc-7.9 ns ing 

153 WT Deassertion To CKOUTtransition #1 For Maximum Tim- 7.9 - ns ing (2 wait states) 

154 CKOUT transition #2 To BS Deassertion - 5.2 ns 

155 BS Assertion To Address Valid 0 2.4 ns 

156 ES Assertion To WT Assertion (See Note 2 ) 0 Tc-10.9 ns 

157 BS Assertion To Wi Deassertion (See Note 2 and Note 4) (WS-1)*Tc WS*Tc-13.5 ns 

158 W'f Deassertion To BS Deassertion Tc+ TL+3.3 2* Tc+ TL+7.8 ns 

159 Minimum 8S" Deassertion Width For Consecutive External TH-1 - ns Accesses 

160 BS Deassertion To Address Invalid (see Note 3 ) TH-4.6 - ns 

161 Data-In Valid To RJ) Deassertion (Set Up) 3.4 - ns 

162 DBR Assertion To CKOUT transition #2 For Min. Timing 9.5 Tc ns 

163 ~ Deassertion to CKOUT Transition #2 For Min. Timing 8 Tc 
ns 

164 CKOUT transition #1 to DBG Assertion - 8.8 ns 

165 CKOUT transition #1 to DBG Deassertion - 5.3 ns 

170 DEXT AL to CKOUT - PLL Disabled 3 9.7 ns 
DEXTAL to CKOUT - PLL Enabled and MF < 5 (see note 6) 0.3 3.7 ns 

I\101es: 
1. AC timing specifications which are referenced to a device input signal are measured in production with respect to 

the 50% point of the respective input signal's transition. 
2. If wait states are also inserted using the BCR and if the number of wait states is greater than 2, then specification 

numbers 156 and 157 can be increased accordingly. 
3. BS deassertion to address invalid indicates the time after which the address are no longer guaranteed to be valid. 
4. The minimum number of wait states when using EiS/WT is two (2). 
5. For read-modify-write instructions, the address lines will not change states between the read and the write cycle. 

However, BS will deassert before asserting again for the write cycle. If wait states are desired for each of the read 
and write cycle, the WT pin must be asserted once for each cycle. 

6. When DEXTAL frequency is less than 33 MHz, then timing 170 is not guaranteed for a period of 1000 Tc after 
PLOCK assertion following the events below: 
- when enabling the PLL operation by software. 
- when changing the multiplication factor. 
- when recovering from the stop state if the PLL was turned off and it is supposed to turn on when exiting the 
stop state. 
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CKOUT 

OAD-OA1S, 
~,lJS, 

Xf{ 

000-0023 

000-0023 

TO Tl T2 Tw T2 Tw T2 T3 TO 

OataOut 

Note: During read-modifv-write instructions, the address lines do not change state. However, '8'S will deassert before 
assertlng again for the wnte cycle. 

Figure 14-51. DSP56002 Synchronous BS I WT Timings 
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OAO-OA15, 
PS, os, 

XIY 

000-0023 

000-0023 

Electrical Characteristics 

~----l 158 l-----~ 

Data In 

~.-------{ 125 I-------~ 

Data Out 

Note: Durinq read-lT,lodify-write instructions, the address lines do not change state. However, BS will deassert before 
asserting again for the write cycle. 

Figure 14-52. DSP56002 Asynchronous BS I WT Timings 

MOTOROLA MC68356 USER'S MANUAL 14-71 



Electrical Characteristics 

14.6.11 AC Electrical Characteristics - OnCE Timing 

60 MHz 
Num Characteristics Unit 

Min Max 

230 DSCK low 40 - ns 

231 DSCK High 40 - ns 

232 DSCK Cycle Time 200 - ns 

233 ITR' Asserted to DSO (ACK) Asserted 5Tc - ns 

234 DSCK High to DSO Valid - 42 ns 

235 DSCK High to DSO Invalid 3 - ns 

236 DSI Valid to DSCK low (Setup) 15 - ns 

237 DSCK low to DSI Invalid (Hold) 3 - ns 

238 last DSCK low to OSO-OS 1 , ACK Active 3Tc+TL - ns 

239 DSO (ACK) Asserted to First DSCK High 2Tc - ns 

240 DSO (ACK) Assertion Width 4Tc+TH-3 5Tc+7 ns 

241 DSO (AC!<) Asserted to OSO-OS1 High Im-
pedance (see Note 2) - 0 ns 

242 OSO-OS1 Valid to CKOUT transition #2 Tc-21 - ns 

243 CKOUT transition #2 to OSO-OS1 Invalid 0 - ns 

244 last DSCK low of Read Register to First ns DSCK High of Next Command 7Tc+10 -

245 last DSCK low to DSO Invalid (Hold) 3 - ns 

246 ITR' Assertion to CKOUT transition #2 for 12 Tc ns Wake Up from WAIT State 

247 CKOUT transition #2 to DSO After Wake Up 
from WAIT State 17Tc ns 

ITR' Assertion Width 

248 ·a to recover from WAIT 15 12Tc-15 ns 
·b to recover from WAIT and enter DEBUG 13Tc+15 -mode 

DR Assertion to DSO (ACK) Valid (Enter De-
17Tc 249 bug MOd~ After Asynchronous Recovery - ns 

from WAI State 

ITR' Assertion Width to Recover from STOP 
• Stable External Clock, OMR bit 6 = 0 15 65548Tc+TL 

250A • Stable External Clock, OMR bit 6 = 1 15 20Tc+TL ns 
• Stable External Clock, PCTl bit 17 = 1 15 13Tc+TL 

(See Note 1) 
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60 MHz 
Num Characteristics Unit 

Min Max 

1JFf Assertion Width to Recover from STOP 
Clnd enter DEBUG mode 

250B 
• Stabte External Clock,OMR bit 6 = 0 

65549Tc+TL • Stable External Clock,OMR bit 6 = 1 -

• Stable External Clock,PCTL bit 17 = 1 21Tc+ TL - ns 

(See Note 1) 14Tc+TL -

DR Assertion to DSO (ACK~ Valid+Enter De-
bug Mode) After Recovery rom S OP State 

251 
• Stable External Clock, OMR bit 6 = 0 

65553Tc+TL -• Stable External Clock, OMR bit 6 = 1 
• Stable External Clock, PCTL bit 17 = 1 25Tc+ TL -

(See Note 1) 18Tc+TL -

Notes: 
1. A clock stabilization delay is required when using the on-chip crystal oscillator in two cases: 

1) after power-on reset, and 
2) when recovering from Stop mode. 
During this stabilization period, Tc, TH and TL will not be constant. Since this stabilization period varies, a delay 
of 75,000*Tc is typically allowed to assure that the oscillator is stable before executing programs. While it is 
possible to set OMR bit 6 = 1 when using the internal crystal oscillator, it is not recommended and these 
specifications do not guarantee timings for that case. 

2. The maximum specified is periodically sampled and not 100% tested. 

DSCK 
(input) 

DJi 
(input) 

DSO 
(output) 

MOTOROLA 

Figure 14-53. DSP56002 OnCE Serial Clock Timing 

(ACK) 

Figure 14-54. DSP56002 OnCE Acknowledge Timing 
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Electrical Characteristics 

OSCK 
(input) 

DSO 
(output) 

OSI 
(input) 

Note: 
1. High Impedance, external pull-down resistor 

(Note 1) 

Figure 14-55. DSP56002 OnCE Data 1/0 To Status Timing 

OSCK 
(input) (Last) 

(OS1) 

(ACR') 

(OSO) 

(Note 1) 

14-74 

OSO 
(output) 

Note: 
1. High Impedance, external pull-down resistor 

OS1 
(output) 

DSO 
(output) 

OSO 
(output) 

Note: 

Figure 14-56. DSP56002 OnCE Read Timing 

(OSI input) 

(Note 1) 

1. High Impedance, external pull-down resistor 

Figure 14-57. DSP56002 OnCE Data VO To Status Timing 
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Electrical Characteristics 

CKOUT 

OSO-1 
(output) 

Notes: 

(Note 1) 

High Impedance, external pull-down resistor 

DSCK 
(input) 

Figure 14-58. DSP56002 OnCE CKOUT To Status Timing 

Figure 14-59. After Read Register Timing DSP56002 OnCE DSCK Next Command 

CKOUT 

(input) 

Figure 14-60. Synchronous Recovery from WAIT State 

---___ I+-------{ 248 

Uli{input) 

DSO (output) 

Figure 14-61. Asynchronous Recovery from WAIT State 
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Electrical Characteristics 

14-76 

rn 
(input) 

DSO 
(output) 

-------. ~---~ 250 

Figure 14-62. Asynchronous Recovery from STOP State 
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SECTION 15 
MECHANICAL DATA AND ORDERING INFORMATION 

15.1 ORDERING INFORMATION 

Package Type 
Frequency 

Temperature Order Number 
(MHz) 

Plastic Ball Grid Array (ZP Suffix) 25(IMP),60(DSP) O°C to 70°C MC68356ZP25 
Plastic Ball Grid Array (CZP Suffix) -40°C to + 85°C MC68356CZP25 
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Mechanical Data and Ordering Information 

15.2 PIN ASSIGNMENTS - PBGA·TOP VIEW 
W v M 

NC3 PC IOWR PC_A9 PC DO PC D4 PC_D7 PC_A4 PC_A3 A3 

0 0 0 0 0 0 0 0 0 
BERR PC_OE PC_REG DISCPU PC A6 PC D3 VCC DSI PC_A2 A4 

0 0 0 0 0 0 0 0 0 0 
lAC NC1 NC4 PCJORD PC A7 PC_D2 PC_DS DSCK A2 A6 

0 0 0 0 0 0 0 0 0 0 
NC2 RMC PC_CE1 PC_WE PC A8 PC_D1 PC_DS PC_AS A1 AS 

0 0 0 0 0 0 0 0 0 0 
BUSW PC RDY HALT RESET 

0 0 0 0 0 0 4ccO 0 0 
PC_CE2 PC_EN BCLR VCCSYN 

0 0 0 0 0 0 0 0 0 0 
MODCLK1 VCC XFC GNDSYN 

0 0 0 0 0 0 0 0 0 0 
MODCLKO CLKO GND EXTAL 

0 0 0 0 0 0 0 0 0 0 
BR PC_A2S VCC XTAL 

0 0 0 0 0 0 0 0 0 0 
DTACK AS BGACK BG GND 

10 0 0 0 0 0 0 0 0 0 0 
RW OE CDs WEL 

11 0 0 0 0 0 0 0 0 0 0 
WEH () DREQ UDS 

12 0 0 0 0 0 0 0 0 0 
DACK VCC RXD1 CD1 

13 0 0 0 0 0 0 0 0 0 0 
CTS1 TXD1 RCLK1 BRG1 

14 0 0 0 0 0 0 0 0 0 0 
TCLK1 RTS1 RCLK2 TXD2 

1S 0 0 0 0 0 0 0 0 0 0 
RXD2 TCLK2 BRG2 CD2 TXD3 IACK1 PB10 IACK6 FC1 CS1 

16 0 0 0 0 0 0 0 0 0 0 
CTS2 RTS2 BRG3 TCLK3 TOUT2 TIN2 VCC IPLO FC2 CS2 

17 0 0 0 0 0 0 0 0 0 0 
RXD3 CD3 RCLK3 TOUT1 WDOG PB9 TIN1 IPL1 AVEC CSo 

18 0 0 0 0 0 0 0 0 0 0 
NC5 RTS3 CTS3 PB8 PB11 IACK7 iPL2 FCO CS3 

19 0 0 0 0 0 0 0 0 0 
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Mechanical Data and Ordering Information 

Top View 

G 

A8 A10 A14 A17 A20 DSO TRIS DD3 

0 0 0 0 0 0 0 0 
A9 A13 VCC A18 A21 DR DDO DD4 DD5 

0 0 0 0 0 0 0 0 0 2 

A11 A15 A19 A23 TRST DD2 vce DD6 DD8 

0 0 0 0 0 0 0 0 0 3 

A7 A12 A16 A22 JTAG_ONCE DD1 DD7 DD11 DD12 

0 0 0 0 0 0 0 0 0 4 

DD9 DD10 vce DD14 

0 o 0 0 0 o 0 0 0 5 

vee 
DD17 DD13 DD15 DD18 

o '0 0 0 0 o 0 0 0 6 

DD20 DD16 DD19 DD21 

0 0 0 0 0 o 0 0 0 7 

STD vce DD22 DD23 

0 0 0 0 0 o 0 0 0 8 

SC1 SRD VCC SC2 

0 o 0 0 0 o 0 0 0 9 

GND PGND SCO PVCC SCK 

0 o 0 0 0 o 0 0 0 10 

VCC MODB PCAP MODC 

0 0 0 0 0 o 0 0 0 11 

DXTAL DEXTAL DRESET MODA 

0 0 0 0 0 o 0 0 0 12 

GND CKOUT VCC DNC2 

0 0 0 0 0 o 0 0 0 13 

DBR VCC WR CSELECT 

0 0 0 0 0 o 0 0 0 14 

PS os DNC1 AD 

0 0 0 0 0 o 0 0 0 15 

D2 vce D10 D13 DA2 DA9 DA13 XY DBG 

0 0 0 0 0 o 0 0 0 16 

D3 D7 D11 D14 DA1 DA6 DA10 DA14 DA1S 

0 0 0 0 0 o 0 0 0 17 

D1 D5 D8 D12 DAO DA4 DA7 DA11 DA12 

0 0 0 0 0 o 0 0 0 18 

DO D4 D6 D9 D15 DA3 DA5 DA8 

0 0 0 0 0 o 0 0 19 
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Mechanical Data and Ordering Information 

15.3 PACKAGE DIMENSIONS - PLASTIC BALL GRID ARRAY (PBGA) 

For more information on the printed circuit board layout of the PBGA package, including 
thermal via design and suggested pad layout, please refer to AN-1231/D, "Plastic Ball Grid 
Array Application Note" available from your local Motorol~ sales office. 

15-4 

000000000000000 -J---t--l,--
00000000000000000 

0000000000000000000 ; 
0000000000000000000 ~><. 
0000000000000000000 B 
0000000000000000000 00 

0000000000000000000 
0000000000000000000 
0000000000000000000 
0000000000000000000 
0000000000000000000 
0000000000000000000 
0000000000000000000 
0000000000000000000 
0000000000000000000 
0000000000000000000 
0000000000000000000 
0000000000000000000 

00000000000000·00 

o 357 x O.77±O.t 

' ..... oe:t-------- 25.00 ±O.tO -----~., 

• i 
Pin At is 
located in 

C> 

the corner 0 
indicated by +1 

C> 

the dot. C> 

~ 

o.-J .... 22.5 ±O.tO .1 
1.76".10. 25'±5~ (i; J~ '·"i'61's".10 
~J 600000000000000001i~ 

l 0.60±0.tO' 
'Note: When soldered, this thickness will decrease sign~icantly. 
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APPENDIX A 
sec PERFORMANCE 

Since the MC68356 serial channels will likely service serial channels time-division mUlti
plexed into higher bandwidth channels, such as the U.S. and Japanese T1 and European 
CEPT primary rate channels, the physical clocking of the serial channels can be accom
plished at the higher speeds required by these channels-up to a maximum of 40% (a 1 :2.5 
ratio) of the system clock frequency. This gives up to a, 10-MHz serial clock for a 25-MHz 
IMP system clock. At this same 25-MHz system clock speed, the MC68356 can therefore 
handle the 1.544-MHz and 2.048-MHz clocking frequencies of T1 and CEPT lines as well 
as the 4.096-Mbps signaling rates of the common ISDN interchip local buses, such as IOl 
and GCI (also known as IOM-2). 

Thus, the MC68356 is well equipped to handle, for instance, three 256-kbps channels mUl
tiplexed on a T1 or CEPT primary rate channel. 

Where an application requires even higher bandwidth channels, such as the 384-kbps HO 
channels, the 1.536-Mbps H11 channel, or higher, the following restriction should be ob
served: bus latency of the SOMA must be less than 20 system clocks. (The BClR signal 
may be helpful here.) 

If the above restriction is adhered to, Table A-1 shows experimental performance data ob
tained with the device. 

The frequency ratio stated represents the system (ClKO) frequency to serial bit rate fre
quency. A user exceeding this bit rate will begin to experience SCC underruns and/or over
runs. Some users may wish to tolerate an occasional underrun/overrun to slightly increase 
performance. 

For example, a ratio of 1: 10 in the following table shows that an IMP system clock of 25 MHz 
can support an MC68356 serial rate of 2.5 Mbps. Typically, this 2.5-Mbps rate would be 
achieved with 1 bit every 2.5-MHz serial clock. However, it may also be achieved with a fast
er serial clock (subject to the clocking limits of the SCC mentioned previously) as long as 
the bit rate over a 9-bit (17-bit period for HOlC or transparent) period averages out to 2.5 ..-
Mbps. ~ 

MOTOROLA MC68356 USER'S MANUAL A-1 



SCC Performance 

Table A-1. Experimental see Data 

High-Speed Channels Low-Speed Channels 

Number Frequency Ratio Number Frequency Ratio Comments/Restrictions 

1 HDLC 1:7 - - Buffers in Dual-Port RAM 

1 HDLC 1 :9 - -

2HDLC 1:22 - -
3HDLC 1:37 - -

1 :9 UART 1 :20 (*16) 
1:9 2 UART 1 :396 (*16) 

1:10 2UART 1 :10 (*16) 
1:10 BISYNC 1 :98 Half-Duplex Bisync 

1 HDLC 1:9 HDLC 1:98 
1:10 HDLC 1:57 
1:9 2HDLC 1:224 
1 :9 2 HDLC 1 :128,238 
1:10 2 HDLC 1:128 

1:22 UART 1:329 (*16) 
1:23 UART 1 :305 (*16) 
1:24 UART 1 :24 (*16) 

2HDLC 1:24 BISYNC 1:496 
Half-Duplex Bisync 1:25 BISYNC 1:177 

1:23 HDLC 1 :241 Half-Duplex Bisync 

1:24 HDLC 1 :113 

3UART 1:2.5 - - UART Uses 16x Clock 

3 BISYNC 1:60 - - Half-Duplex Bisync 

1 Transp 1:10 - -

2 Transp 1:23 - -

3 Transp 1:35 - -

NOTES: 
1. SCC performance calculation example with a 25-MHz IMP system clock: 

One HDLC channel can operate with a ratio of 1 :9. Thus 25-MHzl9 gives 2.8 Mbps, and a 20-MHz system clock 
gives 2.22 Mbps. 

2. "Difficult" buffer parameters were chosen as shown below. Use of less difficult parameters does not significantly 
improve performance. The SCCs transmit and receive from/into multiple buffers per frame. Tx BD 1 address is ODD 
and has 59 bytes; whereas, the Tx BD2 address is EVEN and has 60 bytes. In HDLC mode, Rx BD1 address is 
EVEN, but is ODD in other modes. Rx BD1 is (frame length-1) bytes long and Rx BD2 is 1 byte long. 

3. The external RAM access time is two wait states. As a general rule, the addition of a wait state only decreases 
maximum performance by about 1%. 

4. The last address or control character in the table was checked. 
5. When the performance of a high-speed channel together with a low-speed channel was measured, the high-speed 

channel was always SCC1. 
6. The following explanation concerns a fast HDLC channel and two slower channels: When the fast HDLC is 1 :9, two 

HDLCs can run at 1 :224. Thus, with a 25-MHz dock, SCC1 can run at 2.8 Mbps; SCC2 and SCC3 can run at 112 
kbps. Two HDLCs can also run without equal values: one at 1 :128 and one at 1 :238. When the fast HDLC is 1:10, 
two HDLCs can run at 1 :128. When the fast HDLC is 1 :9, two UARTs can run at 1 :396 (*16). When the fast HDLC is 
1:10, two UARTs can run at 1:10 (*16). 

7. Performance results above showed no receive overruns or transmit underruns in several minutes of continuous 
transmission/reception. Reduction of the above ratios by a single value (e.g., 1 :35 reduced to 1 :34) did show an 
overrun or underrun within several minutes. 

8. All results assume the DRAM refresh controller is not operating; otherwise, performance is slightly reduced. 
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SCC Performance 

9. Unless specifically stated, all table results assume continuous full-duplex operation. Results for half-duplex were not 
measured, but will be roughly 2x better. 

Since operation at very high data rates is characteristic of HOLC-framed channels rather 
than BISYNC-, or async-framed channels, the user can also use the MC68356 IMP in con
junction with either the Motorola MC68605 1984 CCITT X.25 LAPS controller, the MC68606 
CCITT 0.921 multilink LAPO controller, or the MC145488 dual data link controller. These 
devices fully support operation at T1/CEPT rates (and above) and can operate with their se
rial clocks Ilgatedil onto subchannels of such an interface. These devices are full M68000 
bus masters. The MC68605 and MC68606 perform the full data-link layer protocol as well 
as support various transparent modes within HOLC-framed operation. The MC145488 pro
vides HOLC-framed and totally transparent operation on two full-duplex channels. 
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APPENDIX B 
DEVELOPMENT TOOLS, SUPPORT AND RAM 
MICROCODE 

B.1 MOTOROLA SOFTWARE OVERVIEW 

A software development package is offered as a set of independent modules which provides 
the following features: 

• IMP Chip Evaluation 

8y running the modules on the development board described in 8.5 ADS302 Development 
System, it is possible to examine and evaluate the MC68302. Symbolic, user-friendly menus 
allow control of all parts of the IMP. 

• IMP Chip Drivers 

Written in C, the source code of the IMP drivers is available on electronic media. These driv
ers were developed to support the needs of the protocol implementations described below. 

B.2 THIRD PARTY SOFTWARE SUPPORT 

Since the IMP is a memory-mapped device based on a full M68000 core, existing compilers, 
source-level debuggers, assemblers, and linkers designed for the M68000 Family may be 
successfully used. Many third parties supply such tools, as well as software tools specifically 
designed to work with the Motorola DADS board. 

Similarly, the DSP is based on a full DSP56002 core, existing compilers, source-level de
buggers, assemblers, and linkers designed for the DSP56000 Family may be successfully 
used. Many third parties supply such tools. 

B.3 THIRD PARTY EMULATOR SUPPORT 

Full in-circuit emulation support is available from multiple third parties, but is not discussed 
in this manual. 

B.4 DADS DEVELOPMENT SYSTEM 

The MC68356ADS is an integrated Applications Development System (ADS) designed to 
aid hardware and software developers of the MC68356 in quickly evaluating and developing 
applications for the MC68356. All of the hardware resources needed to download and debug ~ 
application software are provided, such as large blocks of flash and static RAM for both pro- ~ 
cessors, serial ports, clock generation circuitry, logic analyzer connectors, as well as a 56K 
OnCE port command converter and IMP(68302) monitor/debugger hardware and software. 
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Development Tools, Support and RAM Microcode 

With its on-board modem interface circuitry, the MC68356ADS provides an excellent plat
form for modem application development. 

To serve as a convenient platform for software development, the MC68356ADS is provided 
with two separate monitor/debuggers: one for the integrated multiprotocol processor (IMP) 
section and one for the DSP56002 OnCE port interface. Both monitor/debuggers provide 
the operations of memory dump and set (with optional disassembly of 68K or 56K instruc
tions), single instruction execution, breakpoints, and downloads. These two debugger inter
faces can work together in separate Windows DOS shells on the same x86 based PC to 
communicate with the on-board IMP and DSP hardware. Future support for SUN platforms 
is planned. 

The MC68356ADS also includes a OnCE port command converter. In addition to being able 
to access the on-board MC68356 DSP, the five-pin-interface from the command converter 
can also be connected to an off-board DSP56K family DSP through a special connector. 
This feature enables the user to use the command converter to interface to their target ap
plications, as well as allowing the option of connecting the on-board MC68356 to external 
OnCE port command converters supplied by third-party vendors. 

All the pins of the MC68356 are available unbuffered to the user through the expansion con
nectors and the logic analyzer connectors. 

B.4.1 MC68356 APPLICATION DEVELOPMENT SYSTEM FEATURES 

• General Features 

-Onboard IMP(68302) Debugger Software with Host Debugger Interface. 

-Command Converter Logic On Board Allowing DSP Emulation Functions through 
OnCE Port with Host Debugger Interface. 

-Separate External Clock Generators for the IMP(68302) and the DSP(56002) 

-PCMCIA Port Connector with Extender Card to Plug Directly into PCMCIA Sockets. 

-Expansion Connectors Providing all the MC68356 Signals. 

-DSP and 68000 Bus Signals Brought Out to Separate Logic Analyzer Connectors. 

-Single +5Vdc Power Supply with Onboard 5V to +/-12Volt Converter. 

• IMP(68302) Support Features 

-CPM68000 Core Running at 25 MHz. 

-512 Kbyte SRAM, 16-Bits Wide, 0 Wait-States. 

-Option for Additional 512 Kbyte SRAM. 

-1 Mbyte Flash Memory, 16-B its Wide. 

-2 Kbyte EEPROM. 

-MC68681 DUART. 

-Serial RS-232 Terminal Connect. 

-ADI Port Connector. 
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Development Tools, Support and RAM Microcode 

• DSP56002 Support Features 

-DSP56000 CPU Running at 60 MHz. 

-64 Kword Fast Static RAM. 

-Sockets for 32 Kword Flash EPROM. 

-OnCE Port Connector for Easy Hookup to the Command Converter on the Board or 
to Other Vendor's OnCE Controller. 

-AES/EBU Connector. 

• V.34 Compatible Modem Interface 

-SGS-7544 Codec. 

-Modem Data Access Arrangement (DAA) and PSTN Interface. 

-On-Board Modem Speaker. 

-Supports Ring Detect, Pulse Dial, Line Current Detect, Analog Loopback Paths. 

-Low noise V.34 Line Interface Transformer. 

-RJ-11 Connector 
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o ADI BOARD (NOT SHOWN) WITH 
~ PARALLEL CABLE PLUGS INTO HOST 

~ OPTIONAL STANDALONE 

l/ "1/'1111 \ I \\ffiffi1 
/I If ld 1\ tJ:ffiJ 

0 0000 
DODD 
DODD 
DODD 

LOGIC ANALYZER FOR IMP 
CODE AN D BUS ANALYSIS 

o 
ANALYZER CABLE 

DODD 
DODD 
DODD 
DODD 

LOGIC ANALYZER FOR DSP 
CODE AND BUS ANALYSIS 

VT100 TERMINAL PORT 
FROM HOST COMPUTER 

(IMP SIDE ONLY) 

Figure 8-1. MC68356ADS 

MC68356 Application Development System Part Number List 

Part Number 
M68356ADS 
M68356ADI - PC 
M68356ADI - SUN4 

Description 
M68356 Development System 
M683561/F Board for IBM PC 
M68356 ifF Board for SUN 4 

8.5 RISC MICROCODE FROM RAM 

PSTN 
JACK 

Optional connection 
to target DSP. 

The MC68356 RISC processor has an option to execute microcode from the 576-byte user 
RAM in the on-chip dual-port RAM. In this mode, the 576-byte user RAM cannot be access
ed by the M68aaa core or other M68aaa bus masters. Also in this mode, port A pins are op
tionally available to the RISC processor as well as the M68aaa core. Figure C-1 shows these 
resulting changes. 
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PB8 REQUEST 

RISC 
CONTROLLER 

OTHER 
SERIAL 

CHANNELS 

SERIAL 
'-- SERVICE 

REQUESTS 

6SDMA 
CHANNELS 

\ 

FIFO I FIFO 

SCC1 

t 

M68000BUS 

MICROCODE 
ROM 

FIFO 

r- SCC2 

~~ ~~ 

FIFO 

-

SERIAL CHANNELS 
PHYSICAL INTERFACE 

DUAL-PORT RAM 

PARAMETER 
RAM 

~ 

, 
FIFO I FIFO 

sces -

t 

..---
SCC 
HIW '~ 

REGS 

PHY 
ifF 

REGS 

Figure 8-2. CP Architecture Running RAM Microcode 

Once the microcode has been loaded into the dual-port RAM by the M6BOOO core or other 
bus master, the microcode from RAM option is enabled in the reserved register at location 
$OF5. When the user writes a one to bit #7 of location $OF5 (the RME bit in the SCR), the 
RISC processor will execute microcode from RAM once the CP is reset in the command reg
ister. Hereafter, the RISC processor can freely address both the dual-port RAM and its own 
private ROM. 

Microcode for a new application or protocol is developed only under special arrangement 
and coordination with Motorola. 

Some RAM microcode routines are also available for purchase. The following is an overview 
of available functions. Contact a Motorola sales office for detailed specifications of the mi
crocode routines. 

8.5.1 Microcode from RAM Initialization Sequence 

1. Perform a total system reset of the IMP. 

2. Write $0700 to the BAR. The base address of the internal dual-port RAM after this ac- G 
tion is $700000 (hex). If a different base address is desired, the S-record file address- : 
es should be modified to the desired address. 

3. Load the S-record file data into the internal dual-port RAM. (In a production environ
ment, the microcode may be copied from EPROM directly to the internal dual-port 
RAM.) 
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4. Set bit #7 at address $OF5 in supervisory space (the RME bit in the SeR register). 

5. Write a software reset command to the CR. 

6. Continue with the normal initialization sequence. 
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DSP BOOTSTRAP PROGRAM 
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DSP Bootstrap Program 

C-2 

Figure C-1. DSP Bootstrap Program (Part 1 of 4) 
BOOTSTRAP CODE FOR 68356M - (C) Copyright 1994 Motorola Inc. 

Revised June, 28 1994. 

Bootstrap through the Host Interface, External EPROM or SCI. 

This is the Bootstrap program contained in the 68356M 64-word Boot 

ROM. This program can load the internal program RAM from an external 

EPROM or the Host Interface, and may load any program RAM segment 

from the SCI serial interface. 

If MC:MB:MA=001, then it loads the internal PRAM from 3*5,376 consecutive 

byte-wide P memory locations, starting at P:$COOO (bits 7-0). These 

will be condensed into 5,376 24-bit words and stored in contiguous PRAM 

memory locations starting at P:$O. After assembling one 24-bit word, it 

stores the result in internal PRAM memory. Note that the routine loads 

data starting with the least significant byte of P:$O. 

If MC:MB:MA=10x, then it loads the internal PRAM from the Host 

Interface, starting at P:$O. If only a portion of the P memory is to 

be loaded, the Host Interface bootstrap load program may be stopped by 

setting the Host Flag 0 (HFO). This will start .. execution of the loaded 

program at location P:$O of the internal PRAM. 

If MC:MB:MA=11x, then it loads the program RAM from the SCI interface. 

The number of program words to be loaded and the starting address must 

be specified. The SCI bootstrap code expects to receive 3 bytes 

specifying the number of program words, 3 bytes specifying the address 

to start loading the program words and then 3 bytes for each program 

word to be loaded. The number of words, the starting address and the 

program words are received least significant byte first followed by the 

mid and then by the most significant byte. After receiving the 

program words, program execution starts in the same qddress where 

loading started. The SCI is programmed to work in asynchronous mode 

with 8 data bits, 1 stop bit and no parity. The clock source is 

external and the clock frequency must be 16x the baud rate. 

After each byte is received, it is echoed back through the SCI 

transmitter. 
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DSP Bootstrap Program 

Figure C-2. DSP Bootstrap Program (Part 2 of 4) 
BOOT EQU 

PBC EQU 

HSR EQU 

HRX EQU 

PCC EQU 

SCR EQU 

SSR EQU 

SCCR EQU 

SRXL EQU 

STXL EQU 

P_SIZE EQU 

ORG 

START MOVE 

MOVE 

JCLR 

JSET 

$COOO 

$FFEO 

$FFE9 

$FFEB 

$FFE1 

$FFFO 

$FFF1 

$FFF2 

$FFF4 

$FFF4 

$1500 

PL:$O,PL:$O 

#<O,RO 

#P_SIZE,B1 

#4,OMR,EPROMLD 

#l,OMR,SCILD 

this is the location in P memory 

on the external memory bus 

where the external byte-wide 

EPROM would be located 

Port B Control Register 

Host Status Register 

Host Receive Register 

Port C Control Register 

SCI Control Register 

SCI Status Register 

SCI Clock Control Register 

SCI Receive Register Low 

SCI Transmit Register Low 

Internal P_RAM size 

bootstrap code starts at $0 

default P address where prog 

will begin loading 

B1 will keep the number of 

words to be loaded through Host 

If MC:MB:MA=Oxx, go load from 

EPROM 

If MC:MB:MA=llx, go load from 

SCI 

This is the routine that loads from the Host Interface. 

MC:MB:MA=100 - reserved 

MC:MB:MA=101 - Host 

HOSTLD BSET #O,X:PBC Configure Port B as Host 

DO B1,_LOOP3 Load P_SIZE instruction words 

JCLR #3,X:HSR,_LBLB if HFO=l, stop loading data. 

ENDDO Must terminate the do loop 

JMP <_LOOP3 

JCLR #O,X:HSR,_LBLA Wait for HRDF to go high 

(meaning data is present) . 

MOVEP X:HRX, P: (RO) + Store 24-bit data in P mem. 

and go get another 24-bit word. 

JMP <FINISH finish bootstrap 
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DSP Bootstrap Program 

C-4 

Figure C-3. DSP Bootstrap Program (Part 3 of 4) 

This is the routine that loads from external EPROM. 

MC:MB:MA=OOl 

EPROMLD 

FINISH 

MOVE 

DO 

DO 

MOVEM 

REP 

ASR 

MOVEM 

MOVE 

#BOOT,Ri 

Bi,_LOOPi 

it3 ,_LOOP2 

P: (Ri)+,A2 

#8 

A 

Ai,P:(RO)+ 

#<O,Ri 

Ri = Ext address of EPROM 

Load P_SIZE instruction words 

Each instruction has 3 bytes 

Get the 8 LSB from ext. P mem. 

shift 8 bit data into Ai 

Get another byte. 

store 24-bit result in P mem. 

and go get another 24-bit word. 

This is the exit handler that returns execution to normal 

expanded mode and jumps to the RESET vector. 

BOOTEND ANDI #$EC,OMR Set operating mode to 0 

(and trigger an exit from 

bootstrap mode) . 

ANDI #$O,CCR Clear CCR as if RESET to O. 

Delay needed for Op. Mode change 

JMP (Ri) Then go to starting Prog addr. 

This is the routine that loads from the SCI. 

MC:MB:MA=110 - external SCI clock 

MC:MB:MA=lll - reserved 

ORG PL:$OlOO,PL:$OlOO ; starting address of 2nd 

SCILD MOVEP #$0302,X:SCR Configure SCI Control Reg 

MOVEP #$COOO,X:SCCR Configure SCI Clock Control 

MOVEP #7,X:PCC Configure SCLK, TXD and RXD 

scn DO #6,_LOOP6 get 3 bytes for number of 

program words and 3 bytes 

for the starting address 

JCLR #2,X:SSR,* Wait for RDRF to go high 

MOVEP X:SRXL,A2 Put 8 bits in A2 

JCLR #l,X:SSR, * Wait for TDRE to go high 

MOVEP A2,X:STXL echo the received byte 

REP #8 

ASR A 

MOVE Ai,RO starting address for load 

MOVE Ai,Ri save starting address 

DO AO,_LOOP4 Receive program words 
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DSP Bootstrap Program 

LOOP6 -

LOOPS -

_LOOP4 

Figure C-4. DSP Bootstrap Program (Part 4 of 4) 

MOVE 

MOVE 

DO 

DO 

JCLR 

MOVEP 

JCLR 

MOVEP 

REP 

ASR 

MOVEM 

Al,RO 

Al,Rl 

AO,_LOOP4 

JD ,_LOOPS 

:lt2,X:SSR,* 

X:SRXL,A2 

:ltl,X:SSR,* 

A2,X:STXL 

:It 8 

A 

Al,P: (RO)+ 

starting address for load 

save starting address 

Receive program words 

Wait for RDRF to go high 

Put.8 bits in A2 

Wait for TDRE to go high 

echo the received byte 

Store 24-bit result in P memo 

; Boot from SCI done 

End of bootstrap code. Number of program words: 64 

JMP FINISH+l 
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16550 Command Set 7-145 
16550 Control Characters (Receiver) 7-146 
16550 Controller BRG 7-144 
16550 Emulation Controller 7-129 

68000 Programming Model 7-142 
Access through the PCMCIA interface 

7-130 
Block Diagram 7-131 
BREAK Support (Receiver) 7-148 
BRG 7-144 
Configuring SCC2 for 16550 mode 

7-142 
Divisor Latch (LM) - DLM 7-141 
Divisor Latch (LS) - DLL 7-141 
ENTER HUNT MODE Command 7-146 
Features 7-129 
FIFO Control Register FCR 7-136 
FIFOs 7-130 
IDLE Sequence Receive 7-148 
Interrupt Control Functions 7-138 
Interrupt Enable Register (lER) 7-138 
Interrupt Identification Register (IIR) 

7-137 
Line Control Register (LCR) 7-134 
Line Status Register (LSR) 7-135 
Minimizing host Interrupt Rate 7-130 
MODEM Control Register (MCR) 7-139 
MODEM Status Register 7-140 
Overview 7-130 
PC Accesses 7-130 
PC Programmer Model 7-133 
Receive Buffer Register - RBR 7-141 
Receiver FIFO 7-132 
RESTART TRANSMIT Command 7-146 
Scratch pad Register - SCR 7-141 
STOP TRANSMIT Command 7-145 
Transmission of Out-of-Sequence 

Characters (Transm itter) 7-147 
Transmit Holding Register - THR 7-141 
Transmitter FIFO 7-133 

Use of SCC2 Resources 7-130 
Using Low Rate Clocks 7-130 

16550 Emulation Mode Register - EMR 
7-143 

16550 Error Handling 7-148 
16550 Event Register 7-152 
16550 Mask Register 7-154 
16550 Memory Map 7-142 
16550 Rx Buffer Descriptor (Rx BD) 7-149 
16550 Specific Parameter RAM 7-142 
16550 Status Register 7-154 
16550 Tx Buffer Descriptor (Tx BD) 7-151 
68000 Bus 2-3 

Address 
AS 6-45 
Decode 

Conflict 5-2 

A 

Decode Conflict 6-47, 6-55, 6-56 
Error 4-9 
Mode 4-3 
Space 4-6 

Application Development System Features 
B-2 

AS 4-11, 6-14, 6-45, 6-56, 6-62 
Asynchronous Baud Rate 7-26 
AT Command Set 7-72 
Autobaud Controller 7-72 

Autobaud Command Descriptor 7-78 
Autobaud Lookup Table Format 7-80 
Autobaud Sampling Rate 7-79 
Autobaud Parameter RAM 7-75 
Autobaud Transmission 7-83 
Automatic Echo 7-36, 7-83 
Carrier Detect Lost 7-83 
Channel Reception Process 7-73 
Determining Character Length and 

Parity 7-82 
End Of Table Error 7-83 
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Enter_Baud_Hunt Command 7-78 
lookUp Table 7-79 
lookUp Table Example 7-81 
lookup Table Pointer 7-79 
lookup Table Size 7-79 
Maximum START Bit length 7-80 
Overrun Error 7-83 
Performance 7-73 
Preparing for the Autobaud Process 
7-77 
Programming Model 7-77 
Reception Error Handling Procedure 
7-82 
Reprogramming to UART Mode or 

Another Protocol 7-84 
Smart Echo 7-74,7-83 
Smart Echo Hardware Setup 7-75 
START Bit 7-72 
Transm it Process 7-74 

AVEC 2-13, 4-8, 4-11, 6-18, 6-22, 6-58 

B 

Baud Rate Generator 2-20, 7-24 
BClM 6-59 
BClR 2-11, 2-25, 6-19, 6-54, 6-57, 6-58, 

6-61,7-4, See Interrupt, Signals 
BERR 2-7,5-2,6-47,6-49,6-55,6-56,6-62, 

6-63, See Signals 
Channel Number 6-64 

BG 2-12, 6-57, 6-59,6-61,6-62 
BGACK 2-12,6-59,6-62,7-3 
BISYNC 

BDlE 7-107 
BISYNC 7-107 
BISYNC Control Character 7-105 
BISYNC Event Register 7-112,7-114,7-

116 
BISYNC Frames 7-101 
BISYNC Mask Register 7-116 
BISYNC Memory Map 7-103 
Carrier Detect Lost 7-108 
Clear-To-Send Lost 7-108 
Control Characters 7-117 
CRC Error 7-109 
DLE 7-101 
OLE-DLE 7-103 
DLE-SYNC 7-103 

DSR 7-104 
EXSYN 7-109 
FIFO 7-108 
Overrun Error 7-108 
Parity Error 7-109 
Programming the BISYNC 7-117 
RESET BCS CALCULATION Command 

7-117 
RESTART TRANSMIT Command 7-108 
RTS 7-111 
Rx BD 7-111 
SCCE 7-116 
SCCM 7-116 
SYN1-SYN27-103 
SYNCs 7-101 
Transmitter Underrun 7-108 
Tx BD 7-113 

BISYNC Controller 7-100 
BISYNC MODE Register 7-109 
Block Check Sequence 7-110 
Bootstrap from EPROM (Mode 1) 9-6 
Bootstrap from Host (Mode 5) 9-9 
Bootstrap from SCI (Mode 6) 9-9, 12-45 
Bootstrap ROM 9-1 
Boundary Scan 13-1 
BR 2-12,6-57,6-59,6-61,6-62 
BR/BGen 2-31, 2-32 
BRG 3-10 
BRG Divide by Two 

System Clock 3-13 
BRG1 

Disabling 7-27 
BS and WT 10-12 
BS Pin 10-13 
Buffer 7-42 

BDs 7-40 
Buffer Descriptor 7-38 
Circular Queue 7-38 
Descriptors 5-4, 6-63 
RBD 
TBD 
Transmit BDs 7-40 

Buffer Descriptor 7-38 
Bus 

Arbiter 6-61 
Arbitration 2-12, 6-14, 6-59 
Bandwidth 6-5, 6-63 
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Cycle 6-12 
Cycles 6-2, 6-62 
Error 4-9, 4-11, 5-2 
Exception 6-63 

Processing 4-7 
Exceptions 6-15 
Grant (BG) 2-12 
Grant Acknowledge (BGACK) 2-12 
Latencies 6-61 
Master 4-7,6-59,6-61,7-4 
Request (BR) 2-12 
SOMA Retry 7-47 
Signal Summary 2-14 

Bus Arbitration (DSP) 10-13, 10-14, 10-15 
Bus Control Register (BCR) (DSP) 10-9 
Bus Error on SOMA Access 7-47 
Bus Master 7-4 
Bus States during Low Power Modes 

680003-13 
BUSW 2-8, 4-1, 6-39, See Signals, See 

Timers 

c 
CII Channel 7-160 
Carrier Detect Lost 7-67 
CD 7-34,7-45 
CD11-CDO (SCI) 12-19 
CEPT 7-18 
Changes to IMP and DSP 

CLKO Drive Options 3-2 
Disable BRG 1 3-2 
Tri-State RCLK1 3-2 
Tri-State TCLK1 3-2 

Chip-Select 5-1 
Address Decode Conflict 6-47 
AS 6-45 
Base Address 6-51 
Base Register 6-48 
BERR 6-47, 6-49 
Block Sizes 6-48 
CSO 2-25, 6-47, 6-49, 6-58 
DTACK 6-45,6-50,6-51 
EMWS 6-46 
Option Register 6-48 
Priority 6-46 
Read-Only 6-51 
RESET 6-47 

RMSCT 6-48 
Test and Set 6-48 
Write Protect Violation 6-47 
Write-On Iy 6-51 

Chip-Select Timing 14-26 
Circular Queue 7-38 

Index 

CIS Base Address Register - CISBAR 8-29 
CISBAR 8-29 
CKOUT 2-40 

Considerations 3-25 
Disabling 3-25 
Synch with EXT AL 3-25 

CKOUT (DSP) 3-22 
CKOUT, Output Buffer Strength 3-21 
Clear-to-Send Report 7-69 
CLKO 2-6 

Output Buffer Strength 3-9 
Clock 

Asynchronous Baud Rate 7-26 
Baud Rate Generator 7-24 
CLKO 2-39 
Clock Divider 7-25 
Synchronous Baud Rate 7-27 

Clock Pins 
DSP Crystal Output (DXT AL) 2-40 
DSP External Clock/Crystal Input 

(DEXT AL) 2-40 
Clock Stabilization Delay 9-5 
CODO-COD1 (SCI) 3-21,12-19 
Command 7-5 

ENTER HUNT MODE 7-42 
ENTER HUNT MODE Command 7-41, 

7-60,7-120,7-122,7-123 
RESET BCS CALCULATION Command 

7-117 
RESTART TRANSMIT Command 7-90, 

7 -1 08, 7-121 
STOP TRANSMIT 7-41 
STOP TRANSMIT Command 7-43, 

7-48, 7-54, 7-55,7-86, 7-88, 
7-121,7-123 

TIMEOUT Command 7-161 
TRANSMIT ABORT REQUEST 

Command 7-161 
Command Execution Latency 7-6 
Command Register 7-5 
Communications Processor 7-1 
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Config u ration 
MC68302 IMP Control 5-2, 6-24, 6-30, 

6-35,6-36 
CP 7-1 
CR 7-5 
CRA (SSI) 12-56 

Bit 15 - Prescaler Range (PSR) 12-60 
Bits 0-7 -Prescale Modulus Select (PMO

PM7) 12-56 
Bits 13,14 - Word length Control 

(WlO,Wl1) 12-56 
Bits 8-12 - Frame Rate Divider Control 

(DCO-DC4) 12-56 
CRB (SSI) 12-60 

Bit 0 - Serial Output Flag 0 (OFO) 12-60 
Bit 1 - Serial Output Flag 1 (OF1) 12-60 
Bit 10 - Gated Control Clock (GCK) 
12-63 
Bit 11 - Mode Select (MOD) 12-63 
Bit 12 - Transmit .Enable (TE) 12-63 
Bit 13 - Receive Enable (RE) 12-64 
Bit 14 - Transmit Interrupt Enable (TIE) 

12-64 
Bit 2 - Serial Control 0 Direction (SCDO) 

12-61 
Bit 3 - Serial Control 1 Direction (SCD1) 

12-61 
Bit 4 - Serial Control 2 Direction (SCD2) 

12-61 
Bit 5 - Clock Source Direction (SCKD) 

12-61 
Bit 6 - Shift Direction (SHFD) 12-61 
Bit 7,8 - Frame Sync Length (FSLO, 

FSl1) 12-61 
Bit 9 - Sync/async (SYN) 12-63 
Control Bits (SSI) 12-81 
Receive Interrupt Enable (RIE) 12-65 

Crystal Oscillator 3-6 
Crystal Oscillator Circuit (IMP) 3-7 
Crystal Oscillator Circuits 14-49 
CSO 2-25, 6-47, 6-49, 6-58 
CS3-CS 1 2-25 
CSelect 2-40, 3-3, 3-18, 3-4 
CTS 7-34, 7-45 

o 
DACK2-22 

Data Access Arrangement (DAA) 12-8 
Data Types 4-3 
DBG Pin 10-13 
DBG/BS 2-31 
DBR Pin 10-13 
DBR/DBG Enable 10-1, 10-12, 10-13, 10-23 
DBRIWT 2-32 
DC4-DCO (SSI) 12-56 
000-0023 2-30 
DE 9-2,9-4 
Default System Clock Generation 3-4 
Development Mode (Mode 3) 9-9 
Development System B-1 
Development Tools 8-1 
DEXT AL 2-40, 3-4 

Synch with CKOUT 3-25 
DFQ-DF3,DSP 3-8, 3-20 
DFO-DF3 (DSP) 3-24 
Disable CPU 2-8 

AVEC 6-58 
BClR 6-58 
BG 6-57 
BR 6-57 
CSO 6-58 
DTACK6-58 
EMWS 6-58 
IOUTO/IOUT1/10UT26-58 
Low-Power Modes 6-58 
RMC 6-58 
SAM 6-58 
Vector Generation Enable (VGE) 6-58 

Disabling the SCCs 7-48 
DISC 3-16,6-69,7-27, 12-8, 12-24, 12-45, 

12-47 
ICO-IC3 12-45 
IMP Control of the DSP Reset Modes 

and Interrupts 6-67 
MODA,B,C 12-48 
RST 12-47 

DISCPU 2-8, 6-57 
Divide by Two Block 

From Tin1 pin 7-28 
DONE 2-22 
DOZE 3-11, 3-14 
DR 2-37 
DRAM Refresh 6-63, 6-64, 7-40 

BERR Channel Number 6-64 
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Buffer Descriptors 6-63 
B us Bandwidth 6-63 
Bus Exception 6-63 
ERRE 6-65 
PB86-32 
SOMA 6-64 

DREQ 2-22 
DRESET pin 6-68 
OS 2-31 
DSCK/OS 1 2-37 
DSI/OSO 2-36 
DSO 2-37 
. DSP Address Compare Register (DSPACR) 

10-21 
DSP Base Address Register (DSPBAR) 

10-25 
DSP External Access Priority 10-1 
DSP Interconnection and Serial 

Connections Register (DISC) 7-27 
DSP Pins 2-28 
DSP to 68000 Direct Access Block Diagram 

10-20 
DSP to IMP Direct Access Mechanism 

10-19 
DSP to IMP Read Accesses 10-22 
DSP to IMP Write Accesses 10-21 
DSR 7-37 
DTACK 2-7,2-14,4-8,6-22,6-35,6-50, 

6-51,6-56,6-57,6-58 See Dual-Port 
RAM, Signals 

DTE 12-9 
Dual-Port RAM 6-34 

BR 6-34 
DTACK 6-35 
EMWS 6-34 
SAM 6-34 

DXTAL2-40 
DXTAL Disable 3-20 

E 4-11 
E See Signals 

E 

EMWS (External Master Wait State) 6-34, 
6-56, 6-57, 6-58 

Enable Receive 7-37 
Enable Receiver 7-37 
Enable Transmitter 7-37 

Index 

ENTER HUNT MODE Command 7-5, 7-41, 
7-42, 7-48, 7-56,7-89, 7-105 

Envelope Mode 7-17 
ERRE 6-65, See DRAM Refresh 
Error Counters 7-61,7-92,7-109 
Event Registers 5-11 
Exception 

Bus 6-15 
Bus Error 6-15 
Halt 6-15 
PB86-63 
Processing 4-7, 4-11 
Processing Exception Vector Is 

Determined 4-8 
Reset 6-15 
Retry 6-15 
Stack Frame 4-10 
Vector 4-8 
Vectors 4-8 

EXRQ 6-18 
EXT AL 2-6, 2-38 
External 

Bus Master 4-7, 6-62 
Bus Master See Bus 
Clock 7-24 
Loopback 7-36 
Master Wait State (EMWS) 6-56, 6-57 

FE (SCI) 12-18 
FIFO 7-2,7-55 
Flags, SSI 12-116 
Fram ing Error 7-67 

F 

Frequency Multiplication,DSP 3-17,3-18 
FSLO, FSL 1 (SSI) 12-61, 12-81 
Function Codes 2-13,4-6, 6-7, 6-58, 7-39, 

7-41 
Comparison 5-3 
FC2-FCO 2-13, 5-3 
Register 6-7 

G 

GCI2-15, 2-17, 7-7. 
CII Channel 7-160 
Interface 7-13 
IOM27-13 
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Monitor Channel Protocol 7-160 
SCIT 7-13,7-16,7-19 
SDS1 7-14 
SIMASK 7-22 
SIMODE 7-19 
SMC Channels 7-10 
TIC 7-14 
TIMEOUT Command 7-161 
TRANSMIT ABORT REQUEST 

Command 7-161 
Transparent Mode 7-159 

GCI Command 7-6 
GCllnterface 7-13, See Signals 
GCK (SSI) 12-63, 12-81 
GNDSYN 3-10 

H 

HALT 2-7,2-23,5-1, See Signals 
Hardware Reset 

OnCE Pins 2-37 
Hardware Watchdog 6-62 

AS 6-62 
BERR 6-62, 6-63 

HDLC 
Abort Sequence 7-91 
Carrier Detect Lost 7-91 
Clear-To-Send Lost 7-90 
CRC 7-86 
CRC Error 7-91 
CRC167-92 
CRC327-92 
CTS 7-90, 7-93 
FIFO 7-90, 7-91 
Flag Sharing 7-92 
Flags between Frames 7-92 
HDLC Address Recognition 7-89 
HDLC Event Register 7-94, 7-98 
HOLC Frame 7-84 
HDLC Mask Register 7-100 
HDLC Memory Map 7-87 
HDLC Mode Register 7-92 
HMASK 7-89 
Idles between Frames 7-93 
MFLR 7-90 
Nonoctet Aligned Frame 7-91 
NRZ17-93 
Overrun Error 7-91 

RESTART TRANSMIT Command 7-90 
Retransm iss ion 7-93 
RTS 7-93 
Rx BD 7-93 
RXB 7-91,7-94,7-100 
RXF 7-91,7-92,7-94,7-100 
SCCE 7-98 
SCCM 7-100 
STOP TRANSMIT Command 7-86, 7-88 
Transmitter Underrun 7-90 
Tx BD 7-97 
TXB 7-98 
TXE 7-90,7-98,7-100 

HOLC Controller 7-84 
H111-1 

Bootstrap from Host (Mode 5) 11-36 
Cancelling a Pending Host Command 

Exception 14-56 
Command Vector Register (CVR) 11-19, 

11-13,11-19 
Bit 0-5 - Host Vector (HV) 11-19 
Bit 6 - Reserved 11-20 
Bit 7 - Host Command (HC) 11-20 

Data Transfer 
OMA 11-38 
DSP to Host 11-8, 11-38 
HI Host Processor 11-24 
Host to OSP 11-8, 11-28 
Polling/Interrupt Controlled 11-27 

DMA 11-9, 11-21 
DMA - Host to DSP 11-43 
DMA Mode 11-17 
DMA Procedure 11-46 
DSP Programmer Considerations 14-57 
DSP to Host DMA Procedure 11-46 
DSP to Host Internal Processing 11-45 
DSP Viewpoint 11-3 
Enabling the Host Interface 11-2 
Exception (See Interrupt) 
Features 11-1 
HACK signal 11-17 
HC 11-20 
HCIE 11-4 
HCP 11-6, 11-9 
HCR 11-4 

Bit 0 - Host Receive Interrupt Enable 
(HRIE) 11-4 
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Bit 1 - Host Transmit Interrupt Enable 

(HTIE) 11-4 
Bit 2 - Host Command Interrupt En-

able (HCIE) 11-4 
Bit 3 - Host Flag 2 (HF2) 11-4 
Bit 4 - Host Flag 3 (HF3) 11-5 
Bits 5,6,7 - Reserved 11-6 

HFO 11-7, 11-9, 11-16 
Reading During Transition 11-9 

HF1 11-7, 11-9, 11-17 
Reading During Transition 11-9 

H F2 11-4, 11-21 
HF3 11-5, 11-21 
HM1 and HMO 11-17 
Host Command Feature 11-14 
Host Control Register (HCR) 11-4 
Host Flag Operation 11-6 
Host Port Usage Considerations - DSP 

Side 11-8 
Host Port Usage Considerations - Host 

Side 11-46 
Host Processor Viewpoint 11-9 
Host Programmer Considerations 14-56 
Host Receive Data Register (HRX) 11-8 
Host Registers After Reset 

As Seen by DSP 11-8 
Host Registers After Reset - Host 

Processor 11-22 
Host Status Register (HSR) 11-6 
Host to DSP DMA Procedure 11-43 
Host Transmit Data Register (HTX) 11-8 
HRDF 11-6, 11-9 
HREQ Bit 11,.21 
HREQ Signal 11-17 
HREQ Signal 11-16 
HRIE 11-4 
HRX 11-8 
HSR 11-6 

Bit 0 - Host Receive Data Full 
(HRDF) 11-6 

Bit 1 - Host Transmit Data Empty 
(HTDE) 11-6 

Bit 2 - Host Command Pending 
(HCP) 11-6 

Bit 3 - Host Flag 0 (HFO) 11-7 
Bit 4 - Host Flag 1 (HF1) 11-7 

HI (Continued) 
Bit 5,6 - Reserved 11-7 
Bit 7 - DMA status (DMA) 11-7 

HTDE 11-6, 11-9 
HTIE 11-4 
HTX 11-8 
HV 11-19,11-33 
ICR 11-14 

Index 

Bit 0 - Receive Request Enable 
(RREQ) 11-14 

Bit 1 - Transmit Request Enable 
(TREQ) 11-16 

Bit 2 - Reserved 11-16 
Bit 3 - Host Flag 0 (HFO) 11-16 
Bit 4 - Host Flag 1 (HF1) 11-17 
Bit 5,6 - Host Mode Control (HM1, 

HMO) 11-17 
Bit 7 - Initialize Bit (INIT) 11-18 

INIT Bit 11-18 
Internal Processing 

DSP to Host 11-45 
Host to DSP 11-41, 11-42 

Interrupt 
Host Command 11-30 
Host Receive Data 11-30 
Host Transm it Data 11-30 

Interrupt Control Register (ICR) 11-14 
Interrupt Status Register (ISR) 11-20 
Interrupt Vector Register (IVR) 11-22 
Interrupts 

DMA 11-26 
Non-DMA 11-25 

ISR 11-20 
Bit 0 - Receive Data Register Full 

(RXDF) 11-20 
Bit 1 - Transmit Data Register Empty 

(TXDE) 11-20 
Bit 2 - Transmitter Ready (TROY) 11-

21 
Bit 3 - Host Flag 2 (Hf2) 11-21 
Bit 4 - Host Flag 3 (Hf3) 11-21 
Bit 5 - Reserved 11-21 
Bit 6 - DMA Status (DMA) 11-21 
Bit 7 - Host Request (HREQ) 11-21 

IVR 11-22 
Overwriting Transmit Byte Registers 14-

56 
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HI (Continued) 
Polling 11-24 
Programming Model 11-4 

Host Viewpoint 11-13 
Programming Model 11-13 
Reading HFO and HF1 as an Encoded 

Pair 14-57 
Receive Byte Registers (RXH, RXM, 

RXL) 11-22 
Register Map 11-14 
Reset 

Register Contents and 11-8 
RREQ 11-14 
RXDF 11-20 
RXH 11-22 
RXL 11-22 
RXM 11-22 
Servicing Protocols 11-23 
Synchronization of Status Bits from DSP 

to Host 14-56 
Transmit Byte Registers (TXH, TXM, 

TXL) 11-22 
TRDY 11-21 
TREQ 11-16 
TXDE 11-20 
TXH 11-22 
TXL 11-22 
TXM 11-22 
Unsynchronized Reading of Receive 

Byte Registers 14-56 
Usage Considerations 14-56 

HI Application Examples 11-26 
Bootstrap from Host 11-36 
HI Initialization 11-26 
Host to DSP Data Transfer 11-28 
Polling/Interrupt Controlled Data 

Transfer 11-27 
HI DMA 11-7 
HI Internal Connection 

DSP Host Port Base Address Register -
HBAR 11-13 

HI Interrupts 11-24 
DSP CPU 11-8 
Host Processor 11-8 

Host Interface see HI 11-1 
Host Port to 68000 Bus Internal Connection 

11-9 

DSP Host Port Configuration Option 
Register - HCOR 11-11, 11-12 

Host Port Base Address Register 
(HBAR) 11-10 

Host Port Usage Considerations 14-56 
Host To DSP Internal Processing 11-42 

lAC 5-1 
IACK7 2-22, 6-18, 6-22 
IDL 2-15,2-17,7-7, See Signals 

ISDN Terminal Adaptor 7-11 
SDS1 7-12 
Signals 7-12 
SIMASK 7-22 
SIMODE 7-19 
SMC Channels 7-10 

IDL Interface 7-11 
IDL Signals 7-12 
IDLE (SCI) 12-17 
Idle Status 7-46 
IDMA (Independent DMA Controller) 2-11, 

2-12,2-21,6-56,6-61 
AS 6-14 
BERR6-15 
BGACK 6-14 
BR 6-14 
Bus 

Cycle 6-12 
Error 6-15 
Exceptions 6-15 

Bus Arbitration 6-14 
DONE 6-4, 6-8, 6-13 
DREQ 6-5, 6-6, 6-8, 6-12 
DT ACK 6-9, 6-22 
External 

Bu rst Mode 6-12 
Halt 6-15 
MOVEP 6-10 
Operand Packing 6-10 
Registers 6-31 
Reset 6-15 
Retry 6-15 
Transfer Rate 6-2 

IEEE 1149.1 13-2 
IFO (SSI) 12-65 
IF1 (SSI) 12-65 
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ILiE (SCI) 12-15 
IMP Control of DSP Low Power Modes 3-16 
IMP Control of DSP Reset 6-68 
IMP Operation Mode Control Register 

(lOMCR) 3-12 
IMP Peripheral Pins 2-5 
IMP PLL 2-23 
IMP PLL and Clock Control Register 

(IPLCR) 3-8 
IMP System Clocks Schematic 

PLL Disabled 3-6 
IMP Wake-Up from Low Power STOP 

Modes 3-15 
IMR 6-15, 6-32, 7-44 
Instruction Type Variations 4-5 
Instructions 

BERR 6-15 
HALT 6-15 
MOVE 5-12 
MOVEP 6-10 
Read-Modify-Write 4-11, 5-12 
RESET 6-15 
RTE 6-29 
Test and Set 4-11 

Internal Loopback 7-20 
Internal Registers 5-6 
Internal Requests (INRQ) 6-17, See 

Interrupt 
Interrupt 

Acknowledge 4-7, 4-8, 4-11, 5-3, 6-17, 
6-20 

Autovector 4-8, 4-11 
AVEC 2-13,6-18,6-22 
BCLR 6-19 
Control Pins 2-13 
Controller 6-15 
DTACK 6-22 
EXRQ 6-18 
FC2-FCO 6-17 
IACK7 2-22,6-18,6-22 
IMR 6-32,7-44 
INRQ 6-17 
IOUTO 2-13 
IOUTO/IOUT1/10UT2 6-58 
IPL2-IPLO 6-18,6-19 
IPR 6-21, 6-26, 7-44 
IRQ1 6-17,6-18 

IRQ6 6-17,6-18 
IRQ7 6-17, 6-18, 6-19 
ISR 6-28,7-44 
Masking 6-21 
Mode 

Dedicated 4-11 
Normal 4-11 

Nested 6-20 
PB11 6-19,6-22 
Pending 2-11 
Priority 6-20 
Processing 4-11 
Registers 

SR 4-2, 4-11 
Request 6-61 
RTE 6-29 
SCCE 7-44 
SCCM 7-45 
Spurious 4-9, 4-11 
SR 6-17, 6-20 
SSI Receive Data 12-77 

Index 

SSI Receive Data With Exception Status 
12-77 

SSI Transmit Data 12-80 
SSI Transmit Data with Exception Status 

12-80 
Vector 6-17,6-22,6-27 
Vector Number 6-22 

Interrupt Acknowledge 4-11 
Interrupt Pending Register (IPR) 6-21 
Interrupt Priority Register (I PR) 9-10 
IOM27-13 
IOMCR 3-4, 3-14 
IOUTO 2-13 
IOUTO/IOUT1/10UT2 6-58, See Disable 

CPU, Interrupt, Signals 
IPEND 6-61, See Signals 
IPLO/IRQ12-13 
IPL 1/1RQ6 2-13 
IPL2/1RQ72-13 
IPL2-IPLO 2-13,6-18,6-19, See Interrupt, 

Signals 
IPLCR 3-4,3-8 
IPR 7-44 
IRQ1 2-13,6-17,6-18, See Interrupt, 

Signals 
IRQ6 6-17, 6-18, See Interrupt, Signals 
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Index 

IRQ7 6-17,6-18,6-19, See Interrupt, 
Signals 

IRQA,B, (DSP) 
IMP Internal Control of 6-67 

ISDN 2-15, 2-16 
Performance A-1 

ISDN Terminal Adaptor 7-11 
ISR 7-44 

J 

JTAG Pins 2-38 
See Test Access Port 13-1 

JTAG_ONCE 2-36, 13-2 

L1SYO 7-17 
LAPB 7-84 
LAPD 7-84 

L 

LDS/DS-Lower Data Strobe/Data Strobe 
2-10 

Lock, PLL, DSP, loss of 3-24 
Loopback Control 7-20 
Loopback Mode 7-35,7-156 

External Loopback 7-36 
Internal Loopback 7-20 
Loopback Control 7-20 

Low-Power 7-49, 3-11 
68000 Bus 3-11 

Low Power Divider (LPD , DSP 3-17,3-18 
Low Power Drive Control Register (LPDCR) 

3-11, 3-13 
Low Power Modes 

IMP 3-11 

Low-Power Clock Divider 3-6 
LPM1-0 3-13 

M 

MA, MB 9-4 
Main Controller 7-1 
MAX_I DL 7-53 
MC 9-5 
MC1454747-11 
MC68000/MC68008 Modes 4-1 
Memory Modules 9-1 

Program Memory 9-1 

X Data Memory 9-2 
Y Data Memory 9-2 

MF 11-0 (IMP) 3-8 
MFO-MF11 (DSP) 3-24, 9-10 
Microcode 6-35 
MOD (SSI) 12-63, 12-81 
MODNI RQA 2-33 
MODB/IRQB 2-33 
MODC/NMI 2-34 
MODCLK1-0 3-3, 3-4, 3-10 
Mode 

Dedicated 4-11 
Normal 4-11 

Mode A, B,C (DSP) 
IMP, Internal Control of 6-69 

Mode Pin Functions 2-17 
Modem Serial Port Assignments 7-29 
Modem Signals 7-19 
Mon itor Channel Protocol 7-160 
MOVE 5-12, See Instructions 
MP System Clocks Schematic 

PLL Enabled 3-5 
MRBLR 7-42 
Multiplexed Interfaces 7-7 
Multiplication Factor 3-8, 9-10 

N 

NC1 2-25, See Signals 
Nested Interrupt 6-20 
Network Mode (SSI) 12-101 

Receive (SSI) 12-109 
Transmit (SSI) 12-104 

NMI, (DSP) 
IMP Internal Control of 6-67 

NMSI2-15, 7-7, 7-19 
BRG1 2-19 
CD1 2-18 
CTS1 2-18 
Modem Signals 7-19 
NMSI1 2-17 
NMS122-19 
NMS132-20 
RTS1 2-19 
SIMODE 7-19 

No-Connect Pins 2-25 
Normal Expanded Mode (Mode 2) 9-9 
Normal Mode Receive (8SI) 12-100 
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Normal Mode Transmit (SSI) 12-97 
Normal Operation 7-33 

OE 2-12 
OFO (SSI) 12-60 
OF1 (SSI) 12-60 
OMR 

o 

Chip Operating Mode (Bit 4) 9-5 
Data Rom Enable (Bit 1) 9-4 
Stop Delay (Bit 6) 9-5 
Y Memory Disable (Bit 3) 9-4 

OnCE Pins 2-36 
OnCE Port 13-2 
One-Clock-Prior Mode 7-17 
Operating Modes 9-5 

Mode 0 - Single Chip Mode 9-6 
Mode 1 - Bootstrap from EPROM 9-6 
Mode 2 - Normal Expanded Mode 9-9 
Mode 3 - Development Mode 9-9 
Mode 4 - Reserved Mode 9-9 
Mode 5 - Bootstrap From Host 9-9 
Mode 6 - Bootstrap From Sci 9-9 
Mode 7 - Reserved Mode 9-10 
Setting, Changing 9-5 
Summary 9-6 

OR (SCI) 12-17 
Oscillator 3-6 
Output Delays 7-35 

Parallel JlO Port 
DREQ 6-31 
IMR 6-32 
PB11 6-31,6-32 
PB8 6-32,6-63 

p 

Port A 2-19, 2-20, 2-21, 6-29 
Control Register 6-29 
Data Direction Register (PADDR) 6-

30,6-33 
Port B 2-22, 2-24, 6-29 

Control Register 6-32 
Data Direction Register (PBDDR) 6-

32 
Parameter RAM 6-35 
Parity Error 7-67 

Index 

PB102-24 
PB 11 2-24, 6-19, 6-22, 6-31, 6-32, See 

DRAM Refresh, Interrupt, Parallel 110 
Port, Signals 

PB8 2-24, 6-32, 6-63 
PC_A252-27 
PC_CE12-27 
PC_CE22-27 
PC_D15-PC_DO 2-26 
PC_EN Pin 2-3 
PC_lORD 2-27 
PC_IOWR 2-27 
PC_OE 2-27 
PC_RDY/IREQ 2-28 
PC_REG 2-27 
PC_STSCHG 2-28 
PC_WAIT 2-28 
PC_WE 2-27 
PCAP 3-22 
PCAWER 8-27 
PCAWMR 8-28 
PCHER 8-29 
PCM 7-7 
PCM Channel 7-17 
PCM Highway 2-15, 2-17 

Envelope Mode 7-17 
L 1 SYO 7-17 
One-Clock-Prior Mode 7-17 
PCM Channel 7-17 
PCM Highway Mode 7-16 
RTS 7-17 
SIMODE 7-19 
Time Slots 7-17 

PCMCIA 6-54,6-57,8-1, 12-9 
68000 Bus Arbitration Options 8-13 
ABUF Pin 8-10 
Attribute 8-2 
Attribute Memory Accesses 8-4 
Attribute Memory Read 8-5 
Attribute Memory Space Map 8-5 
Attribute Memory Write 8-5 
Auto-Increment 8-25 
BERR 8-14 
Block Diagram 8:-1 
Burst Access Cycles 8-9 
Bus Arbitration 6-14 

Card Configuration and Status Register-
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Index 

PCMCIA (Continued) 
CCSR 8-32 
Card Configuration Registers 8-2, 8-5 
Card Information Structure 8-6 
Changed Bit 8-32 
CIS 8-2 
Common Memory Accesses 8-8,8-11 
Common memory Burst Access Mode 

8-3 
Common Memory Space Base Address 

Register - CMBAR1,2 8-30 
Configuration Index 8-32 
Configuration Option Register - COR 8-

31 
Configuration Registers Write Event 

Register ( PCRWER) 8.-26 
Configuring for 1/0 mode 8-13 
Controller Block Diagram 8-4 
Direct Access Mode Accesses 8-8 
Direct Addressing Using ABUF 8-11 
Enabling on Reset 2-3 
Functional Overview 8-2 
Host Interrupts 8-17 
1/0 Event Indication Register - 10EIR 8-

35 
1/0 Space Accesses 8-7 
Internal Bus Arbitration 6-59 
Interrupts 6-17, 6-19 
lORD 8-7 
10WR 8-7 
IREO Pin 8-17 
Level Mode Interrupts 8-31 
Memory Space Protection 8-12 
PC_AO-PC_A10 2-26 
PC_A252-27 
PC_CE12-27 
PC_CE22-27 
PC_D15-PC_DO 2-26 
PCMR 8-22 
Pin Replacement Register Organization 

- PRR 8-33 
Pins 8-19 
Pins Not Supported 8-19 
Power Down Options 8-14 
Protecting memory spaces 6-46 
PwrDwn 8-3, 8-17, 8-32 
PwrDwn Bit 8-14 

PCMCIA (Continued) 
RdylBsy Signal 8-19, 8-34 
Registers Access Map 8-7 
Reserved Registers 8-36 
Reset 8-20 
Ring Indicate (PB9) Connection Options 

8-15 
RingEn Bit 8-32 
SigChg Bit 8-32 
Socket and Copy Register - SCR 8-34 
SRESET 8-31 
STAND_BY 3-12,8-14 
STOP 8-14 
STSCHG Pin 8-16 
Tuple TPCC_RADR 8-13 
UART 16550 Registers 8-2 
WAIT Signal 8-9 
Wake Up from STAND-BY mode 8-17 
Wake Up Options 8-16 
Wake Up Using the PwrDwn Bit 8-16 

PCMCIA Access Wake-Up Event Register -
PCAWER 8-27 

PCMCIA Access Wake-up Mask Register -
PCAWMR 8-28 

PCMCIA Bus Watchdog Timer 8-14 
PCMCIA Controller Initialization 8-13 
PCMCIA Controller Key Features 8-1 
PCMCIA Host (PC) Event Register -

PCHER 8-29 
PCMCIA Pins 2-25 
PCMCIA Protection Register (PPR) 6-52 
PCMCIA Ring Indication 8-15 
PCMR 8-22 
PCRWER 8-26 
PCRWMR 8-27 
PCTL, DSP 3-19 
PE (SCI) 12-18 
Pending Interrupt 2-11 
Performance 7-23 
PGND 2-41, 3-22 
Phase Detector, (DSP) PLL 3-18 
Phase-Locked Loop (PLL) 3-17 
Pin Assignments 15-2 
Pins 

IMP System Bus 2-3 
Functional Diagram 2-2 
IMP 2-3 
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Pins, IMP Peripheral 2-5 
PIT 3-9,3-10 

As a Real-Time Clock 6-44 
Period Calculation 6-43 

PITR 6-44 
PLL 3-7 

Frequency Multiplier 3-18 
Low Power Divider 3-18 
Phase Detector 3-18 
PLL Control Register 3-19 
Voltage Controlled Oscillator (VCO) 

3-18 
PLL and Oscillator Changes to IMP and 

DSP 3-1 
CLKO Drive Options 3-2 

PLL Block Diagram, IMP 3-17 
PLL Clock Divider 3-7 
PLL Clock Generation Schematic 3-3 
PLL Control Register, DSP 3-19 

Division Factor Bits 3-24 
Multiplication Factor Bits 3-24 

PLL External Components 3-7 
PLL Multiplication Factor 9-10 
PLL Pins 

CKOUT2-40 
IMP 3-10 
PCAP 2-40 
PGND 2-40, 2-41 
PINIT3-3 
PVCC 2-41 

PLL Pins (DSP) 3-22 
CKOUT 3-22 
PCAP 3-22 
PGND 3-22 
PVCC 3-22 

PLL, (DSP) 3-17 
Hardware Reset 3-23 
Introduction 3-17 
Loss of Lock 3-24 
Operating Frequency 3-23 
Operation while Disabled 3-24 
Phase Detector 3-18 
Stop Processing State 3-24 

PM7-PMO (SSI) 12-56 
Port A (DSP) 10-1 
Port A Address Pins (DSP) 2-30, 10-3 
Port A Bus Control Pins 2-30 

Data Memory Select (OS) 2-31 
Program Memory Select (PS) 2-31 
Read Enable (RD) 2-31 
Write Enable (WR) 2-31 
XN Select (XN) 2-31 

Index 

Port A Bus Control Pins (OSP) 10-3 
Port A Data Bus Pins (DSP) 2-30, 10-3 
Port A Interrupt and Mode Control Pins 

2-32,2-33 
MOOAlI RQA 2-33 
MODB/IRQB 2-33 
MODC/NMI 2-34 
RESET 2-34 

Port A Signals-DSP 10-3 
Port A Slow Memory Accommodation (DSP) 

10-9 
Port A Wait States (DSP) 10-9 
Port AlB 

Parallel 1/0 6-29 
Port B 

Host Interface (HI) 11-1 
Port C (DSP) 

Introduction 12-1 
GPIO 12-1 

Programming Port C 12-3 
Timing 12-4 

GPIO (DSP) 12-1 
PCC 12-1 
PCD 12-1 
PCODR 12-1 
Pin Control Logic 12-2 
SS112-1 

Power Dissipation 14-2 
Priority Interrupts 6-20 
Privilege State 4-6, 4-8 
Program Memory 9-1 
Programming Model 

SCI 12-10 
SS112-56 

Protocol Parameters 5-4 
PS 2-31 
PSR (SSI) 12-60 
Pullup Control Register (PUCR) 8-20 
Pullup Resistors 2-41 
PVCC 2-41, 3-22 
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Index 

R8 (SCI) 12-18 
RAM 

Dual-Port 6-34 
Parameter 6-35 
System 6-35 

RBD 
RCLK1 

Disabling 7-28 
RCM (SCI) 12-20 
RD 2-31 
RDF (SSI) 12-68 
RDRF (SCI) 12-17 
RE (SSI) 12-64 

R 

Read-Modify-Write 4-11, 5-12 
Read-Modify-Write Cycle 14-13, 14-14, See 

Instructions 
Real-Time Clock 6-44 
Receive BDs 7-40 
Received Control Character Register 7-57 
Reception Errors 7-60 
Registers 

Event 5-11 
Internal 5-6 
Interrupt In-Service (ISR) 6-28 
Interrupt Mask (IMR) 6-32 
Interrupt Pending (IPR) 6-26 
Port A 

Control (P ACNT) 6-29 
Data Direction (PADDR) 6-30,6-33 

Port B 
Control (PBCNT) 6-32 
Data Direction Register (PBDDR) 

6-32 
Status 4-2, 4-8, 4-11, 6-17, 6-20 
System Configuration 5-1 
System Control (SCR) 5-2 

RESET 2-7,2-23,5-12,6-41,6-47 
IMP Control of DSP Reset 6-67 
Instruction 4-7, 5-1,5-12 

Reset 7-44 
DSP 

Procedure for Resetting from IMP 
6-68 

SMC Interrupt Requests 7-164 
SMC Loopback 7-160 
SMC Memory Structure 7-162 

TIMEOUT Command 7-161 
Total System 5-1 
TRANSMIT ABORT REQUEST 

Command 7-161 
RESET BCS CALCULATION Command 

7-105 
Reset Processing State 

DSP PLL 3-23 
RESTARTTRANSMITCommand7-5,7-55, 

7-89,7-105 
Reverse Data 7-110 
Revision Number 5-4 
RFS (SSI) 12-66 
RI (PB9) 2-24 

ExCA Complient 8-16 
RIE (SCI) 12-15, 12-30 
RIE (SSI) 12-65 
Ring Indication 8-3 
RISC Processor 7-1 
RMC 2-10, 2-25, 4-11, 6-56,6-58,6-61 
ROE (SSI) 12-68 
RTE 6-29 
RTS 7-17,7-34 
RWU (SCI) 12-14 
RX (SSI) 12-68 
RXD (SCI Signal) 12-9 

S 

SAM 6-34, 6-57,6-58, See Dual-Port RAM 
SBK (SCI) 12-13 
SCO (SSI Pin) 2-35, 12-54 
SC1 (Pin) 12-54 
SC2 (SSI) 2-35, 12-55 
SCC 5-4 

Asynchronous Baud Rate 7-26 
Baud Rate Generator 7-24 
Buffer Descriptor 7-38 
CD 7-34, 7-45 
Clock Divider 7-25 
CTS 7-34, 7-45 
Disabled 7-44, 7-49 
DSR 7-37 
Enable Receiver 7-37 
ENTER HUNT MODE Command 7-41, 

7-42 
External Loopback 7-36 
Function Code 7-39, 7-41 
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Idle Status 7-46 
IPR 7-44 
Low-Power 7-49 
MRBLR 7-42 
Normal Operation 7-33 
Output Delays 7-35 
Performance 7-23 
Promiscuous Operation 7-118 
RBD 
Receive BDs 7-40 
Reset 7-44 
RTS 7-34 
SCC Initialization 7-44 
SCCE 7-44 
SCCM 7-45 
SCCS 7-45 
SCM 7-49 
SCON 7-24,7-49 
SOMA Retry 7-47 
Software Operation 7-36 
STOP TRANSMIT Command 7-41, 7-

43,7-48 
Synchronous Baud Rate 7-27 
TIN1rr1N22-23 
Totally Transparent 7-118 
Transmit Data Delays 7-34 

SCC Initialization 7-44 
SCC Mode Register 7-33 
SCC Parameter RAM 7-40 
SCC Performance A-1 
SCC Transparent Mode 7-47 
SCCE 7-44 
SCCM 7-45 
SCCR (SCI) 12-18 
SCCS 7-45 
SCCs 7-22 
SCDO (SSI) 12-61 
SCD1 (881) 12-61 
SCD2 (SSI) 12-61 
SCI 12-7 

Break 12-23 
Data Transmission 12-23 
Features 12-7 
ILiE 12-31 
Interrupt 

SCI Idle Line 12-31 
SCI Receive Data 12-29 

Index 

SCI Receive Data with Exception 
Status 12-30 

SCI Timer 12-31 
SCI Transmit Data 12-30 

Preamble 12-23 
Programming Model 12-10 
Receive Data (RXD) 12-9 
SCCR 

Bit 12 - Clock Out Divider (COD) 
12-19 

Bit 13 - Clock Prescaler (SCP) 12-19 
Bit 14 - Receive Clock Mode Source 

(RCM) 12-20 
Bit 15 - Transmit Clock Source (TCM) 

12-20 
Bits 11-0 - Clock Divider (CD11-CDO) 

12-19 
SCI Serial Clock (8CLK) 12-10 
SCR 

Bit 0-2 Word Select 
(WDSO,WDS1,WDS2) 12-10 

Bit 10 - Idle Line Interrupt Enable 
(IL1E) 12-15 

Bit 12 - Transmit Interrupt Enable 
(TIE) 12-16 

Bit 13 - Timer Interrupt Enable 
(TMIE) 12-16 

Bit 14 - Timer Interrupt Rate (8TIR) 
12-16 

Bit 15 - Clock Polarity (SCKP) 12-16 
Bit 3 - Shift Direction (SSFTD) 12-13 
Bit 4 - Send Break (SBK) 12-13 
Bit 4 - Wakeup Mode Select (WAKE) 

12-13 
Bit 6 - Receiver Wakeup Enable 

(RWU) 12-14 
Bit 8 - Receiver Enable (RE) 12-14 
Bit 9 - Transmitter Enable (TE) 12-14 
Receive Interrupt Enable (RIE) 12-15 

SSFTD 12-13 
SSR 

Bit 0 - Transmitter Empty (TRNE) 12-
16 

Bit 1 - Transmit Data Register Empty 
(TORE) 12-17 

Bit 2 - Receive Data Register Full 
(RDRF) 12-17 
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SCI 
SSR (Continued) 

Bit 3 - Idle Line Flag (IDLE) 12-17 
Bit 4 - Overrun Error Flag 12-17 
Bit 5 - Parity Error (PE) 12-18 
Bit 6 - Framing Error Flag (FE) 12-18 
Bit 7 - Received Bit 8 Address (R8) 

12-18 
Transmit Data (TXD) 12-9 
WDSO, WDS1, WDS2 12~10 

SCI Asynchronous Data 12-35 
Reception 12-35 
Transmission 12-35 

SCI Clock Control Register (SCCR) 12-18 
SCI Control Register (SCR) 12-10 
SCI Data Registers 12-20 

Receive Registers (SRX) 12-21 
Transmit Registers (STX, STXA) 12-21 

SCI Initialization 12-23 
SCI Registers after Reset 12-23 
SCI Status Register (SSR) 12-16 
SCI Synchronous Data 12-31 
SCI Timer 12-45 
SCI+ Clocks with ISDN 

SCI+ Clocks with ISDN 7-32 
SCI+ Clocks with ISDN 12-8 
SCI+ Enabling 12-9 
SCI+ in a Modem Application 12-8 
SCI+ Serial Connections 7-28 

Normal Mode 7-29 
SCI+ to DTE 7-29,7-30, 7-31 
SCI+ to SCC1 7-29 

SCI+ to DTE Internal Connection 12-8 
SCI+ to IMP Connection Options 12-8 
SCI+ to SCC1 Internal Connection 12-8 
SCIT 7-13,7-16,7-19 
SCK (SSI Pin) 2-35, 12-54 
SCKD (SSI) 12-61 
SCKP (SCI) 12-16 

Setting for Internal Connection to SCC1 
7-31 

SCLK (SCI signal) 12-10 
SCM 7-49 
SCON 7-24,·7-49 
SCP 5-4 

Enable Signals 7-156 
Loopback Mode 7-156 

SCP Master 7-155 
Serial Communication Port 7-155 
SPCLK 7-156 
SPI Slave 7-156 
SPRXD 7-156 
SPTXD 7-156 

SCP (SCI) 12-19 
SCP Port 2-20 
SCR (SCI) 12-1 ° 
SCR (System Control Register) 5-2 
SO 9-5 
SOLC 7-84 
SOMA (Serial OMA Controller) 2-11, 2-12, 

6-57,6-61 
SOMA Channels 7-3,7-22,7-43 

BCLR 7-4 
BGACK7-3 
Bus Master 7-4 
SOMA Retry 7-47 

SDS1 7-12,7-14 
Semaphores (OSP) 10-17 
Serial Channels Physical I nterface 7-7 
Serial Communication Controllers 7-22 
Serial Communication Interface (SCI) 12-7 
Serial Communication Port 7-155, 14-31 
Shared Memory (DSP) 10-13 
SHFD (SSI) 12-61, 12-81 
Signals 

Address Decode Conflict 6-47 
AS 4-11, 6-14, 6-45, 6-56, 6-62 
AS-Address Strobe 2-9 
AVEC 2-13, 4-8, 4-11, 6-18, 6-22, 6-58 
BCLR 2-11,6-19,6-54,6-57,6-58,6-61, 

7-4 
BERR 2-7,5-2, 6-47, 6-49, 6-55, 6-56, 6-

62,6-63 
BG 2-12, 6-57, 6-59, 6-61, 6-62 
BGACK 2-12,6-14,6-59,6-62,7-3 
BR 2-12, 6-14, 6-34, 6-57, 6-59, 6-61, 6-

62 
BRG1 2-19 
BUSW 2-8, 4-1, 6-39 
CO 7-34,7-45,7-122,7-124 
CD1 2-18 
CKOUT 2-40 
CLKO 2-39 
CS 5-1,6-56 
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Signals (Continued) 
CSO 2-25, 6-47, 6-49, 6-58 
CS3-CS1 2-25 
CSelect 2-40 
CTS 7-34,7-45,7-90,7-93,7-122 
CTS1 2-18 
OACK2-22 
OBG/BS 2-31 
OBRIWT 2-32 
0023-000 2-30 
OEXTAL 2-40 
OISCPU 2-8, 6-57 
DONE 2-22,6-4,6-8,6-13 
DR 2-37 
OREO 2-22, 6-5, 6-6, 6-8, 6-12 
ORESET 2-34 
OS 2-31 
OSCKlOS 1 2-37 
OSI/OSO 2-36 
OSO 2-37 
OTACK 2-7,2-10, 2-14,4-8,6-9,6-22, 

6-45,6-50,6-51,6-56,6-57,6-58 
OXTAL 2-40 
E 4-11 
EXTAL2-38 
FC2-FCO 2-13,6-17 
GC12-17 
HALT 2-7,5-1 
lAC 2-10,5-1 
IACK7 2-22, 6-18, 6-22 
10L 2-17,2-19 
10MA 2-21 
ILPO 2-13 
10UTO 2-13 
IOUTO/IOUT1/IOUT2 6-58 
.IPENO 6-61 
IPLO/IRQ1 2-13 
IPL1/IRQ62-13 
IPL2/IRQ72-13 
IPL2-IPLO 6-18,6-19 
IRQ1 2-13,6-17,6-18 
IR06 6-17,6-18 
IRQ7 6-17,6-18,6-19 
JT AG_ ONCE 2-36 
L 1SYO 7-17,7-123 
LOS/OS-Lower Data Strobe/Data 

Strobe 2-10 

Signals (Continued) 
MOONIRQA 2-33 
MOOB/IRQB 2-33 
MOOC/NMI 2-34 
NC1 2-25 
NMS122-19 
NMS132-20 
OE 2-12 
PB11 2-24,6-19 
PB82-24 
PC_A252-27 
PC_CE22-27 
PC_015-PC_00 2-26 
PC_lORD 2-27 
PC_IOWR 2-27 
PC_OE 2-27 
PC_RDY/IREQ 2-28 
PC_REG 2-27 
PC_STSCHG 2-28 
PC_WAIT 2-28 
PC_WE 2-27 
PCAP 2-40 
PCM Highway 2-17 
PGNO 2-41 
Port A 2-19, 2-20, 2-21 
Port B 2-22, 2-24 
PS 2-31 
PVCC 2-41 
RIW-ReadIWrite 2-10 
RO 2-31 

Index 

RESET 2-7,2-23,4-7,5-1,5-12,6-41, 
6-47 

RI (PB9) 2-24 
RMC 2-10,4-11,6-56,6-58,6-61 
RTS 7-17,7-34,7-63,7-93,7-111, 

7-122 
RTS12-19 
SCO 2-35 
SC1 2-35 
SC22-35 
SCK 2-35 
SCP 2-20 
SOS1 7-12,7-14 
SPCLK 7-156 
SPRXO 7-156 
SPTXD 7-156 
SRD 2-36 
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Index 

Signals (Continued) 
STD 2-36 
TIN1ITIN2 2-23, 6-37 
TOUT1ITOUT2 2-23, 6-37 
TRIS 2-8 
UDS/AO-Upper Data Strobe/Address 0 

2-10 
VMA 4-11 
VPA 2-13, 4-11 
WDOG 2-23, 6-32, 6-41 
WEH 2-'11 
WEL 2-11 
WR 2-31 
XIV 2-31 
XTAL2-39 

SIMASK 7-19,7-22 
SIMODE 7-19 
Single Chip Mode (Mode 0) 9-6 
SLOW_GO 3-8, 3-11, 3-12, 3-14 
SMC 5-4,7-159 

Monitor Channel Protocol 7-160 
Serial Management Controllers 7-159 
Transparent Mode 7-159 
Using GCI 7-159 
Using IDL 7-159 

SMC Channels 7-10 
SMC Interrupt Requests 7-164 
SMC Loopback 7-160 
SMC Memory Structure 7-162 
SMCs 7-40 
Software Operation 7-36 
Software Reset Command 7-5 
Software Support B-1 
SPCLK 7-156 
SPI Slave 7-156 
SPRXD 7-156 
SPTXD 7-156 
SR (Status Register) 4-2, 4-8, 4-11, 6-17, 6-

20 
SRD (SSI pin) 12-53 
SRX (SCI) 12-21 
SS7 
SSI 12-1, 12-48 

Features 12-49 
Operational Modes 12-70 
Pin Definitions 12-70 

SSI Control Register A (CRA) 12-56 

SSI Control Register B (CRB) 12-60 
SSI Example Circuits 12-120 
SSI Flags 12-116 
SSllnitialization 12-72 
SSI Operating Modes 

Network Mode Examples 12-101 
Normal 12-81 
Normal Mode Examples 12-97 
Normal/Network 12-81 
On-Demand Mode Examples 12-110 

SSI Pins 2-35, 12-51 
Serial Clock (SCK) 12-54 
Serial Clock Zero (SCO) 2-35 
Serial Control (SCO) 12-54 
Serial Control One (SC1) 2-35,12-54 
Serial Control Two (SC2) 2-35 
Serial Receive Data (SRD) 12-53 
Serial Transmit Data (STD) 12-53 
SSI Receive Data (SRD) 2-36 
SSI Serial Clock (SCK) 2-35 
SSI Transmit Data (STD) 2-36 

SSI Programming Model 12-56 
SSI Receive Data Register (RX) 12-68 
SSI Receive Shift Register 12-68 
SSI Registers After Reset 12-70 
SSI Status Register (SSISR) 12-65 
SSI Transmit Data Register (TX) 12-70 
SSI Transmit Shift Register 12-68 
SSISR 

Bit 0 - Serial Input Flag 0 (lFO) 12-65 
Bit 1 - Serial Input Flag 1 (IF1) 12-65 
Bit 2 - Transmit Frame Sync Flag (TFS) 

12-65 
Bit 3 - Receive Frame Sync Flag (RFS) 

12-66 
Bit 4 - Transmitter Underrun Error Flag 

(TUE) 12-67 
Bit 5 - Receiver Overrun Error Flag 

(ROE) 12-68 
Bit 6 - Transmit Data Register Empty 

(TDE) 12-68 
Bit 7 - Receive Data Register Full (RDF) 

12-68 
SSISR (SSI) 12-65 
SSR (SCI) 12-16 
STAND_BY 3-11,3-12,3-14 
STD (SSI Signal) 2-36, 12-53 
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STIR (SCI) 12-16 
STOP 3-11,3-14 
Stop Processing State 

DSP PLL 3-24 
STOP TRANSMIT Command 7-5,7-41,7-

43,7-48, 7-104 
STOP, (DSP) 3-20 

IMP Waking Up DSP 6-69 
STX (SCI) 12-22 
STXA (SCI) 12-22 
Supervisor 

Data Space 5-1 
Stack 4-9 
State 4-7 

SYN (SSI) 12-63, 12-81 
Synchronous Baud Rate 7-27 
Synchronous Serial Interface (SSI) 12-1 
System 

Configuration Registers 5-1 
Control Registers (SCR) 5-2 

System Clock,IMP 3-10 
System Control Register (SCR) 6-53 
System RAM 6-35 

T1 7-18 
Performance A-1 

TCK pin 13-2 
TCLK1 

Disabling 7-28 
TCM (SCI) 12-20 
TDE (SSI) 12-68 
TDI pin 13-2 
TDO pin 13-2 

T 

TDRE (SCI) 12-17, 12-23 
TE(SCI) 12-14 
TE (SSI) 12-63 
Test Access Port 13-1 

Bidirectional Data Cell 13-17 
Bidirectional Pins 13-18 
Block Diagram 13-3 
Boundary Scan Bit Definition 13-6 
Boundary Scan Control Bits 13-5 
Boundary scan register 13-4 
Bypass 13-19 
Capabilities 13-1 
Clamp 13-20 

Control Cell 13-16 
Extest 13-19 
HI-Z 13-20 
Input Pin Cell 13-16 
Instruction Register 13-18 
MC68356 Restrictions 13-21 
NON-IEEE 1149.1 Operation 13-20 
Output Latch Cell 13-15 
Sample/preload 13-19 
State Machine 13-4 
Tap Controller 13-3 

Thermal Characteristics 14-1 
TIC 7-14 
TIE (SCI) 12-16,12-30 
TIE (SSI) 12-64 
Time Slot Register (TSR) 12-70 
Time Slots 7-17 
TIMEOUT Command 7-161 
Timer 

PIT 6-42 
Timers 6-36 

BUSW 6-39 
Prescaler 6-37, 6-38 
RESET 6-41 
Resolution 6-37 
TIN1ITIN2 2-23, 6-37 
TOUT1 ITOUT2 2-23, 6-37 
WDOG 6-32, 6-41 

Timing Skew,DSP 3-17 

Index 

TIN1ITIN2 2-23, 6-37, See SCC, Signals, 
Timers 

TMIE (SCI) 12-31 
TMS pin 13-2 
TOUT1ITOUT2 2-23,6-37, Signals, Timers 
TRANSMIT ABORT REQUEST Command 

7-161 
Transmit BDs 7-40 
Transmit Data Delays 7-34 
Transparent 

Busy Condition 7-124 
Carrier Detect Lost 7-124 
CD 7-122,7-124 
Clear-To-Send Lost 7-124 
CTS 7-122 
DSR7-121, 7-122 
ENTER HUNT MODE Command 7-120, 

7-122,7-123 
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EXSYN Bit 7-122,7-123,7-124 
External Sync Mode 7-124 
FIFO 7-124 
GC17-123 
IDL 7-123 
L 1 SYO 7-123 
NTSYN 7-125 
PCM Highway 7-123 
Prom iscuous Operation 7-118 
RESTART TRANSMIT Command 7-121 
REVD 7-125 
RTS 7-122 
RXBD 7-125 
SCCE 7-128 
SCCM 7-129 
STOP TRANSMIT Command 7-121, 

7-123 
SYN1-SYN27-122 
Totally Transparent 7-11 8 
Transmitter Underrun 7-123 
Transparent Event Register 7-126, 

7-127 
Transparent Mask Register 7-129 
Transparent Memory Map 7-120 
Transparent Synchronization 7-122 
Tx BD 7-127 

Transparent Controller 7-118 
Transparent Mode 7-159 
Transparent Mode Register 7-124 
TRIS 2-8 
TRNE (SCI) 12-16 
TRST pin 13-2 
TSR (SSI) 12-70 
TUE (SSI) 12-67 
TX (SSI) 12-70 
TXO (SCI signal) 12-9 

U 

UART 7-47 
Address Recognition 7-56 
Automatic Address Recognition 7-54 
Automatic Multidrop Mode 7-56 
Break Characters 7-54 
BREAK Sequence 7-61 
BRKCR 7-54, 7-55 
Character Length 7-63 
Control Characters 7-57 

OSR 7-62 
ENTER HUNT MODE Command 7-60 
FIFO 7-59, 7-60, 7-63 
Flow Control 7-57 
Fractional Stop Bits 7-52, 7-61 
Frame Format 7-50 
Framing Error 7-61 
FRZ 7-63 
Idle Characters 7-53 
IDLE Sequence 7-61 
Multidrop Configuration 7-50 
Multidrop Environment 7-56 
Multidrop Mode 7-63 
Noise Error 7-61 
Overrun 7-67 
Parity Error 7-61 
Parity Mode 7-62 
Preamble Sequence 7-69 
PROFIBUS 7-50 
Programming Example 7-71 
Reception of Idles 7-67 
RTS 7-63 
RX 7-60,7-61,7-66,7-71 
Rx BO 7-64 
SCCE 7-70 
SCCM 7-71 
Send Break 7-59 
Send Preamble 7-60 
Stop Bit 7-64 
STOP TRANSMIT Command 7-55 
Transmission Error 7-60 
TX 7-59, 7-60, 7-68 
Tx BO 7-68 
UAOOR17-56 
UART Event Register 7-59, 7-66, 7-68, 

7-70 
UART Mask Register 7-71 
UART Memory Map 7-52 
UART Mode Register 7-62 
XOFF 7-57, 7-58, 7-72 
XON 7-58,7-72 

UART Controller 7-49 
UDS/AO-Upper Data Strobe/Address 0 

2-10 
User State 4-7 
Using GCI 7-159 
Using IDL 7-159 
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Value 6-38 
VCCSYN 3-10 
VCO 3-7,3-8,3-18 
Vector 

v 

Generation Enable (VGE) 6-58 
Interrupt 6-17, 6-22, '6-27 
Number 4-8, 4-11, 6-22 
Table 5-1 

Vector Generation Enable 6-58,6-59 
VMA 4-11. See Signals 
Voltage Controlled Oscillator (VCO) 3-18 
VPA 2-13,4-11, See Signals 

W 

Wait Processing State 
DSP PLL 3-25 

WAKE (SCI) 12-13 
Wake-Up 

Clock cycles, IMP 3-11 
PB103-16 
PIT 3-16 
PIT Event 3-16 

Wakeup Timer 7-60 
Watchdog (WDOG) 2-23, 6-32, 6-41, See 

Signals, Timers 
Hardware 6-62 
Timer 6-41 

WDSO (SCI) 12-21 
WDS1 (SCI) 12-21 
WDS2 (SCI) 12-21 
WEH 2-11 
WEL 2-11 
Wired-OR 7-24 
WLO, WL 1 (SSI) 12-56 
WR 2-31 
Write Protect Violation 6-47, 6-55 
WT Pin 10-13 

X Data Memory 9-2 
XIV 2-31 
XFC 3-10 
XTAL2-39 

x 

Y Data Memory 9-2 
Y data ram 9-2 
Y data rom 9-2 

YO 9-2, 9-4 
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~ Introduction 

~ Signal Description 

_ IMP and DSP Clocking and Low Power Modes 

_ 68000 Core 

_ Memory Map 

_ System Integration Block 

_ Communications Processor 

_ PCMCIA Controller 

• DSP Memory Modules and Operating Modes 

• DSPPortA 

• DSP Host Port 

D DSP Serial Ports 

• IEEE 1149 Test Access Port (TAP) 

D Electrical Characteristics 

D Ordering Information and Mechanical Data 

• SCC Performance 

• Development Tools and Support 

• DSP Bootstrap Program 
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