sieoydiiad g SI9)04L~ . SOND S0894aD

e

R

e i e

CDP6805 CMOS
Microcontrollers & Peripherals

Lex Electronics

90 E. TASMAN DR.
SAN JOSE, CA 95134
408-432-7171

24 HARRIS

SRECM P G0N ING DG T OR

HARRIS - RCA z H3 = INTERSIL



— &) HARRIS

THE NEW HARRIS SEMICONDUCTOR

In December 1988, Harris Semiconductor acquired the General Electric
Solid State division, thereby adding former GE, RCA, and Intersil devices to
the Harris Semiconductor line.

This CDP6805 microcontrollers and peripherals databook represents the
full line of Harris Semiconductor CDP8805 products for commercial
applications and supersedes previously published CDP8805 databooks
under the Harris, GE, RCA or Intersil names. For a complete listing of all
Harris Semiconductor products, please refer to the Product Selection
Guide (SPG-201R; ordering information below).

For complete, current and detailed technical specifications on any Harris
device please contact the nearest Harris sales, representative or distributor
office; or direct literature requests to:

Harris Semiconductor Literature Department
P.O. Box 883, MS CB1-28
Melbourne, FL 32901
(407) 724-3739
FAX 407-724-3937

U.S. HEADQUARTERS EUROPEAN HEADQUARTERS
Harris Semiconductor Harris Semiconductor
1301 Woody Burke Road Mercure Centre
Melbourne, Florida 32902 Rue de la Fusse 100
TEL: (407) 724-3000 1130 Brussels, Belgium

TEL: (32) 2-246-21.11
SOUTH ASIA
Harris Semiconductor H.K. Ltd NORTH ASIA
13/F Fourseas Building Harris KK,
208-212 Nathan Road Shinjuku NS Bidg. Box 6153
Tsimshatsui, Kowloon 2-4-1 Nishi-Shinjuku
Hong Kong Shinjuku-Ku, Tokyo 163 Japan
TEL: (852) 3-723-6339 TEL: 81-3-345-8911

svecen CAPS

Copyright © Harris Corporation 1991
{All rights reserved)
Printed in US.A, 12/1991



Harris Semiconductor products are sold by description only. All specifications in this
product guide are applicable only to packaged products; specifications for die are
available upon request. Harris reserves the right to make changes in circuit design,
specifications and other information at any time without prior notice. Accordingly,
the reader is cautioned to verify that information in this publication is current
before placing orders. Reference to products of other manufacturers are solely
for convenience of comparison and do not imply total equivalency of design,
performance, or otherwise.

3 HARRIS



GOPEB0B GMOS MICROGONTROLLERS
AND PERIPRERALS

FOR COMMERCIAL APPLICATIONS

General Information n
‘Microcontrollers n
Microprocessors

Customized Microcontrollers n
8-Bit Bus Peripherals [[E}
SPI Serial Bus Peripherals n

- Application Notes

Packaging n
Operating And Handling 8-3

Ordering Information
ROM Ordering Information 9-4

Sales Office Information

ili



CDP6805 PRODUCT TECHNICAL ASSISTANCE

For technical assistance on the Harris products listed in this databook, please
contact Field Applications Engineering staff available at one of the following

Harris Sales Offices:

UNITED STATES
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FLORIDA Melbourne ................ 407-724-3576
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ILLINOIS Schaumburg .............. 708-240-3480
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Rahway................... 201-381-4210
TEXAS Dallas .......cooviiiinnn.. 214-733-0800
INTERNATIONAL
FRANCE Paris ......ccovvviiiinnnn. 33-1-346-54046
GERMANY Munich ....... ...l 49-8-963-8130
ITALY Milano..........covvvnnne. 39-2-262-0761
JAPAN TOKYO ©ovvieeiiiiiieanenn 81-3-345-8911
SWEDEN Stockholm ................ 46-8-623-5220
U.K. Camberley ................ 44-2-766-86886

For literature requests, please contact Harris Telemarketing at 407-724-3739.
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An all CMOS line of microprocessor, microcontroller and
peripheral integrated circuits for use in a broad range of
diverse industrial, consumer and military applications is
available. These devices offer the user all the advantages
unique to CMOS technology, including:

® Low Power Drain - makes CMOS integrated circuits a
natural choice for battery operated systems, battery
backed-up systems and systems in which heat dissipa-
tion is a prime consideration.

* High Noise Immunity and Wide Operating Tempera-
ture Range (Up To -559C to +1250C)* - allows CMOS
integrated circuits to be used in the most demanding
industrial environments.

* Wide Operating Voltage Range - reduces the need for
expensive regulated power supplies and thereby allows
the design engineer greater freedom to concentrate on
other aspects of system design.

CDP6805 Series (See Table 1)

The CDP680S5 series offers a wide selection of 8-bit CMOS
microprocessors, microcontrollers and associated periph-
eral devices. The series is based on a familiar architecture,
optimized for controller applications. The architecture in-
cludes features such as on-chip timer/counter with inter-
rupt, external interrupt, multiple subroutine nesting, true bit
manipulation, and an index register. Table | shows the wide
variety of 6805 Series microprocessors and
microcontrollers available to the designer. In addition, the
6805 micros are supported by a broad line of CMOS
peripherals that include both serial and parallel bus
interfaces. The serial peripheral interface (SPI) featured on
most 6805 series microcontrollers is a full duplex, three
wire synchronous data transfer system. In addition, many
microcontroller types also utilize an on-chip UART to pro-
vide a full duplex asynchrounous serial communication
interface (SCI) featuring a standard non-return-to-zero
format and a variety of software programmable baud rates.
The series offers pin for pin replacements for Motorola’s
MC146805 and MC68HCO5 series of microprocessors,
microcontrollers and peripherals.

* Maximum Rating

Product Overview

Surface Mounted Packages

The CMOS microprocessor/microcontroller/peripheral
product line now includes chips in a new generation of IC
miniaturized packages.

Microprocessors, microcontrollers and peripherals are now
offered in three versions of the surface mounted package
configuration as follows:

e Small Outline Package (SOP)
® Plastic Leaded Chip Carrier (PLCC)
e Metric Plastic Quad Flatpack (MPQFP)

The Small Outline Package (SOP) will be offered in 16, 20,
24 and 28 lead versions with 50 mil lead centers; the Plastic
Leaded Chip Carrier (PLCC) will be offered as 28 and 44
lead packages with 50 mil lead centers; and the Metric
Plastic Quad Flatpack (MPQFP) in a 44 lead version.

Enhanced Product

Most microprocessor, microcontroller and peripheral parts
are available with burn-in to enhance commercial reliability.
This cost effective approach is provided by the Enhanced
Product. Enhanced product is identified with the suffix ‘X’,
e.g., CDP68HCO5C4EX.

68HCO5 Core Macrocells

The development of application specific microcontrollers
based on the UH68HCO5 core macrocells is supported. The
UHB8HCO5 is an enhanced version of the CDP68HCO05
8-bit microcontroller architecture. Macrocore designs offer
many benefits, including improved system reliability,
reduced system cost, lower power consumption, and
reduced overall system size. Typical applications include
automotive instrument cluster, automotive cruise control,
security systems, telephones, pagers, sonar, printers,
scales, consumer electronics, modems and smart cards.
Several alternatives for supporting 68HC05 macrocore
hardware design and software development is offered.
Refer to “Customized Microcontrollers” in Section 4 of this
data book for more information.
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TABLE 1. CDP6805/CDP68HC05 FAMILY OF MICRO’S SIMPLIFIES DESIGN CHOICES

copP
FEATURES B8805E2 | 6805E3 | 8805F2 | 8805G2 |88HCO5CO |68HCO5CS | 8BHCLOSC4 | 68HSCO5C4 | 68HCO5C7 | 88HCLOSC7 | 68HSCOSC7 |68HCO5CS [68HCLOSCS |68HSCO5CS {868HCO5D2| 88HCO5J3 4
Technology CMOS | CMOS | CMOS | CMOS CMOs CMOs CMOs CMOs CMOos CMOos CMOs CMOs CMOSs CMOs CMOS CcMos CMOs
Package(s) E Q|E Q|E Q E E Q NJ[E Q N|JE Q NJE Q@ N|E Q NJE Q NJE Q@ NJE Q NJE Q@ NJE Q@ NJE Q N|E MIE Q N
Pins 40 44140 44128 28 40 40 44 44 |40 44 44 |40 44 44 |40 44 44 |40 44 44 |40 44 44 |40 44 44 |40 44 44|40 44 44 |40 44 44 |40 44 44} 20 20| 40 44 44
On-Chip RAM (Bytes) 12 112 64 112 176 176 176 176 256 256 256 176 176 176 96 128 192
External Address Space 8K 64K - - 60/64 - - - - - - - - - - - -
On-Chip User ROM (Bytes) 0 [} 1089 2106 3840 4160 4160 4160 12098 12096 12096 7744 7744 7744 2176 2112 3840
Bidirectional I/O Lines 16 13 16 32 24 24 24 24 24 24 24 24 24 24 28 12 24
Unidirectional /O Lines 0 0 4in [} 7in 7in 7in 7in 7in 7in 7in 7in 7in 7in 3in 0 1in, 1 out
Memory Mapped /0O Yes Yes Yes Yes Yes; expnd Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Timer Size (bits) 8 8 8 8 16 16 16 16 16 16 16 16 16 16 16 16 8
Prescaler Size (bits) 7 7 7 7 * * * * * * * * * * * * 7
External Timer Oscillator No No No No No No No No No No No No No No Yes Yes Yes
Serial Peripheral interface No No No No Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes No Master SPI
Serial Comm. Interface No No No No Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes No No No
Keypad Scan Interface No No No No No No No No No No No No No No Yes Yes Yes
/O Port Handshaking No No No No No No No No No No No No No No No No Yes
Interrupts: Extrnl Extrnl Extrnl Extrnl Extrnl Extrnl Extrnl Extrnl Extrnl Extrnl Extrnl Extrnl Extrnl Extrnl Extrnl Extrnl Extrnl
Timer Timer Timer Timer Timer Timer Timer Timer Timer Timer Timer Timer Timer Timer Timer Timer PrtC Timr
swi swi swi sSwi SCI  SPI|SCI  SPI|SCI SPI {SCI SPI |SCI SPI | SCI SPI |SCI SPI | SCI SPI| SCI  SPI SCI SPI | SPI Port B swi PWM SPI
swi swi swi swi swi swi SwWi swi swi Swi swi PortB NMI  swi
Computer Operating No No No No Yes No No No No No No No No No No No Yes
Properly (COP)
lllegal Opcode Trap (I0T) No No No No No No No No No No No No No No No No Yes
8x8 Unsigned Mult. Instruc No No No No Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
PWM No No No No No No No No No No No No No No No No 2
Self-Check Mode No No Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes No
Oscillator Mode Quartz | Quartz RCor RCor RCor RCor RCor RCor RCor RCor RCor RCor RCor RCor RCor RCor RCor
Quarz | Quartz Quartz Quartz Quartz Quartz Quartz Quartz Quartz Quartz Quartz Quartz Quartz Quartz Quartz
Oscillator Startup - - No No Yes No No No No No No No No No Yes Yes Prgmmble
Delay Msk Option
Typical Power Dissipation
atTp = 25°C Max Freq &
5V: (HCLshownat2.4V&
Fosc = 1MH2)
Run 35mwW 35mwW 10mwW 12mw TBE 17.5mwW 1.2mwW 33.5mwW 17.5mW 12mw 33.5mwW 17.5mW 12mwW 33.5mw 17.5mwW TBE TBE
Wait Mode SmwW SmW 3mwW 4mW TBE 8.0mwW 0.5mW 15.0mw 8.0mwW 0.5mwW 15.0mW 80mwW 0.5mwW 15.0mwW 8.0mwW TBE TBE
Stop Mode 25uW | 250w S5uW SuW TBE 10.0pW <2.4uW 10uW 10.0u4W <2.4pW 10pW 10.04W | <2.4uW 10pW 10.04W TBE TBE

* Prescaler fixed as divide by 4.
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CDP68HCO05CO

8-Bit Microcontroller

PRELIMINARY

January 1991

Hardware Features

e Standard 8-Bit Architecture
e On Chip Memory

L 2 0 1 3,856 Bytes
Ll 3 7. 176 Bytes
e Total Usable Memory
» 44 LleadVersion..........cccuunenn. 65,536 Bytes
- Addressable Off Chip............. 61,472 Bytes
> 40LeadVersion........covevnnnnnnn 32,768 Bytes
® |/O Lines
> Bidirectionall/OLines ............cceieveaaan.. 24
> DedicatedInputs ...........ccoiniiiiiaana., 7

e 16-Bit, Free Running Timer
> Output Compare » Input Capture

* Full Duplex UART with Baud Rate Generator (SCI)

® Synchronous Serial Interface (SPI)

e Computer Operating Properly (COP) Circuitry
» Watchdog Timer

e Oscillator Startup Delay Mask Option for 4064 or 4
Cycles

® HCMOS Technology

* Fully Static with Power Saving WAIT, STOP, and Data
Retention Modes

e OperatingRange ................. -400C to +125°C
eOperation........oviiiiiiiiiiiiiin.. +3V to +5.5V
e DataRetention ...... ...ttt 2v
® 84MHzCrystal .................. 2.1MHz CPU Clock

e Supplied in 40 Pin DIP, 44 Pin PLCC, & MQFP
Packages
Software Features

o Supports Full COP68HCOS5 Instruction Set
> 8 x 8 Multiply > Bit Set, Clear, and Test

Description

The CDP68HCO5CO is a member of the Harris CDP68HCO05
family of 8-bit, HCMOS microcontrollers. This single chip
microcontroller contains 3,856 bytes of masked ROM and
176 bytes of RAM. The CDP68HCO5CO can operate with the
on board memory in “single chip” mode or it can run in any
one of three “expanded” modes, addressing up to 64K of
usable memory. The expansion modes are ideal for
microcontroller systems requiring customized I/O or exten-
sive memory stores.

In addition to the integrated ROM and RAM the
CDP68HCO5CO possesses a flexible 16-bit timer with input
capture and compare features, 31 1/0O lines (24 bidirectional
1/0 and 7 input only lines), a full duplex UART with baud rate
generator (SCI), a synchronous serial peripheral interface
(SPI), computer operating properly (COP) circuitry, and an on
chip oscillator. The timer can be used for pulse width meas-
urements or timing. The SCI system provides a standard
UART interface for 8 or 9 bit words at baud rates up to
131KBaud. “Wake” logic integrated into the SCI facilitates
interprocessor communications in a multiprocessor environ-
ment. Interfacing to external serial peripherals utilizing a
minimum of pins is easy with the SPI port. The COP circuitry
which includes a watchdog timer provides a level of failsafe
system security.

The CDP68HCO5CO supports the full COP68HCOS instruc-
tion set. Development can be performed with tools supplied
by Harris or offered by numerous third party vendors. Availa-
ble tools include assemblers, C compilers, and ICE systems.
The expansion modes facilitate breadboarding.

The CDP68HCO5CO is supplied in a 40 lead dual-in-line
plastic package (E suffix), a 44 lead plastic leaded chip carri-
er (N suffix), and a 44 lead metric quad flatpack (Q suffix).

Block Diagram Tomp 0sc1  0sC2
{ INTERNAL | 1 INTERNAL
PROGEaY  [osciiaton . PROCESSOR
TcAp —|  TIMER GLocK AND CLOCK J—
SYSTEM s 4 —RESET
| | [ ina
pao ACCUMULATOR foseL
PAY st 8 A cPu BSFETCH
PORT PA2 —— INDEX CONTROL s PCOEMS
A PA3 +—d "‘im D&L" | | |e mecister x s PC1/A4
o, bad 1 nee REG CONDITION DATA | poRT [ PC2M3 P
PAS <— s REGISTER co 1 o | wSs J— pcami  (aooRESS
PA7 <] +———s PC5/A10 LINES)
STACK cru |« PCo/AD
6 POINTER SP j«—— PCT/A8
PROGRAM R
PB7/ADT COUNTER | PORT D POTIAS
PEGADE ~—1 8  HIGH PCH | o — PoSmM
PORT PBS/ADS T — PORT D
<1 rort | DATA
10 (AD) PBaAD 8 DIR PROGRAM A . < PDA/SDO. INPUT - ONLY/
0 (AD) PBI/ADS «—] pEG REG 1 COUNTER —— PD25S SERIAL
PB2/AD2 <l s  LOW PCL 1 SYSTEM —— PD1/TDO  INTERFACE
PB1/AD1 sl T — PDOR
PBOADO «—i BAUD RATE
1 1 GENERATOR | 55"
176 x8
Srom® STAnc INTERNAL
PROCESSOR
CLOCK
* SIGNAL NOT AVAILABLE IN 40 PIN VERSIONS
Copyright © Harris Corporation 1991 File Number 27 56
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CDP68HCO5C0O

$001F
$0020

$004F
$0050

$00BF
$00CO

$00FF
$0100

$OFFF
$1000

S$FFEF
$FFFO

S$FFFF

ADO -7
A N
Ke VY] Do -7
AS —M Latcn AO -7
CDP68HCO5C0
A8 - 15 .
V) A8 - 15
R/W _
did RW
EMS CE
MCU EXTERNAL
MEMORY

TYPICAL INTERFACE OF CDP68HCO05CO TO EXTERNAL MEMORY

PORTS
7 BYTES

UNUSED

cor
1 BYTE

UNUSED

SERIAL
PERIPHERAL
INTERFACE
3 BYTES

SERIAL
COMMUNICATIONS
INTERFACE
5 BYTES

TIMER
10 BYTES

UNUSED
2 BYTES

CPU CONTROL
2 BYTES

-
10
32 BYTES
0031
0032\
OFF CHIP \
110
48 BYTES \
oore  \
0080 \
RAM \
176 BYTES
o \
0192 \
STACK
64 BYTES \
0255 \
0256
USER \
ROM
3840 BYTES \
4095
4096 / SFFFO
/SRR
EXTERNAL
MEMORY /  SFFF4
61424 BYTES / $FFF6
65519 / $FFF8
USER 65620 $FFFA
VECTORS SFFFC
16 BYTES
65535 $FFFE

COP RESET REG

UNUSED

SPI VECTOR

SCI VECTOR

TIMER VECTOR

IRQ VECTOR

SWI VECTOR

RESET VECTOR

0031

CDP68HC0O5C0O ADDRESS MAP

PORT A DATA REGISTER

PORT B DATA REGISTER

PORT C DATA REGISTER

PORT D FIXED INPUT REGISTER

PORT A DATA DIRECTION REGISTER

PORT B DATA DIRECTION REGISTER

PORT C DATA DIRECTION REGISTER

UNUSED

COP STATUS REGISTER

UNUSED

SP!I CONTROL REGISTER

SPI STATUS REGISTER

SPI DATA REGISTER

SCI BAUD RATE REGISTER

SCI CONTROL REGISTER 1

SCI CONTROL REGISTER 2

SCI STATUS REGISTER

SCI DATA REGISTER

TIMER CONTROL REGISTER

TIMER STATUS REGISTER

INPUT CAPTURE HIGH REGISTER

INPUT CAPTURE LOW REGISTER

OUTPUT COMPARE HIGH REGISTER

OUTPUT COMPARE LOW REGISTER

COUNTER HIGH REGISTER

COUNTER LOW REGISTER

ALTERNATE COUNTER HIGH REGISTER

ALTERNATE COUNTER LOW REGISTER

UNUSED

UNUSED

EMS CONTROL REGISTER

MEMORY MAP CONFIGURATION REGISTER

$0A
$0B

$CE
$OF
$10
$11
$12
$13
$i4
$15
$16
$17
$18
$19
$1A
$1B
$1C
$1D
$1E
$1F
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CDP68HCO05C4, C8, C7
CDP68HCLO05C4, C8, C7
CDP68HSCO05C4, C8, C7

8-Bit Microcontroller Series

Description
The CDP68HC05C4 HCMOS Microcomputer is a member of
the CDP68HC0O5 family of low-cost single chip

microcomputers. This 8-bit microcomputer unit (MCU) con-
tains an on-chip oscillator, CPU, 176 bytes of RAM, 4160
bytes of user ROM, /O, two serial interface systems, and timer.
The fully static design allows operation at frequencies down to
DC, further reducing its already low-power consumption.

The CDP68HCO05C8 and CD68HCO5C7* are similar to the
CDP68HC05C4 except for the size of on-chip ROM and RAM.
The CDP68HCO05C8 and CDP68HCOSC7 have 7744 bytes
and 12,096 bytes of on-chip user ROM, respectively. The
CDP68HCO5C7 has 256 bytes of on-chip RAM. All
information pertaining to the CDP68HC05C4 MCU applies to
the CDP68HCO05C8 and CDP68HCO05C7 with the exception of
the memory description.

The CDP68HCLO5C4, CDP68HCLO5C8 and
CDP68HCLO5C7 MCU devices are low-power versions of the
CDP68HCO05C4, CDP68HC05C8 and CDP68HCO5C7, re-
spectively. They contain all the features of the CODP68HC05C4,
CDP68HCO05C8 and CDP68HCO5C7 with additional features
of lower power consumption in the RUN, WAIT and STOP
modes; and low voltage operation down to 2.4 volts.

The CDP68HSC05C4, CDP68HSCO05C8 and
CDP68HSCO5C7 MCU devices are high-speed versions of
the CDP68HC05C4, CDP68HC05C8, CDP68HCO5C7,
respectively. They also contain all the features of the
CDP68HC05C4, CDP68HCO05C8 and CDP68HCO5C7 with
the additional capability of higher frequency operation at
8.0 MHz.

Features

The following are some of the hardware and software
highlights of the CDP68HCO05C4 family of HCMOS
Microcomputers.

HARDWARE FEATURES

All Types:

e HCMOS Technology

e 8-Bit Architecture

e Power-Saving Stop, Wait and Data Retention Modes
e Fully Static Operation

¢ On-Chip Memory

» CDP68HC05C4, CDP68HCL0O5C4, CDP68HSCO05C4
- 176 Bytes of RAM
- 4160 Bytes of User ROM

» CDP68HC05C8, CDP68HCLO5C8, CDP68HSC05C8
- 176 Bytes of RAM
- 7744 Bytes of User ROM

» CDP68HC05C7, CDP68HCL0O5C7, CDP68HSC0O5C7
- 256 Bytes of RAM
- 12,096 Bytes of User ROM

e 24 Bidirectional I/O Lines and 7 Input-Only Lines

® |nternal 16-Bit Timer

e Serial Communications Interface (SCI) System

e Serial Peripheral Interface (SPI) System

® Self-Check Mode

e External, Timer, SCI, and SPI Interrupts

* Master Reset and Power-On Reset

On-Chip Oscillator with RC or Crystal Mask Options

e 40-Pin Dual-In-Line, 44-Leadt Plastic Chip Carrier, and
44-Lead Metric Plastic Quad Flatpack Packages

CDP68HC05C4, CDP68HC05C8, CDP68HCO5C7

» 4.2 MHz Operating Frequency (2.1 MHz Internal Bus
Frequency) at 5§ Volts; 2.0 MHz (1.0 MHz Internal Bus) at
3.0 Volts

» Single 3.0 to 6.0 Volt Supply (2.0 Volt Data Retention
Mode)

* CDP68HCLOSC4, CDP68HCLO5C8, CDP68HCLOSC7

» Lower Supply Current, Idd in RUN, WAIT and STOP
modes at 5.5V, 3.6V and 2.4V

» Single 2.4V to 6.0V Supply (2 Volt Data Retention Mode)

e CDP68HSC05C4, CDP68HSC05C8, CDP68HSCO5C7

» 8.0 MHz Operating Frequency (4.0 MHz Internal Bus
Frequency)

» Single 3.0 to 6.0 Volt Supply (2.0 Volt Data Retention
Mode)

SOFTWARE FEATURES

® Similar to MC6800

e 8 x 8 Unsigned Multiply Instruction

e Efficient Use of Program Space

e Versatile Interrupt Handling

e True Bit Manipulation

Addressing Modes with Indexed Addressing for Table
e Efficient Instruction Set

* Memory Mapped I/O

¢ Two Power-Saving Standby Modes

e Upward Software Compatible with the CDP6805 CMOS
Family

* The CD68HCO5C7, CDP68HCLO5C7, and CDP68HSCOSC7 are in
development. Information for these types is subject to change.

1t Pin number references throughout this specification refer to the 40 pin DIP.
See pinouts for cross reference.

2748

File Number
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TCMP 1
INTERNAL 39 38
35 PROCESSOR INTERNAL
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" > A DIR §—9 INDEX CONTROL 8 DR c feag> PC3 G
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FIGURE 1-1.
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Functional Pin Description, Input/Output Programming, Memory, CPU Registers,

and Self-Check

This section provides a description of the functional pins,
input/output programming, memory, CPU registers, and
self-check.

FUNCTIONAL PIN DESCRIPTION

Vpp and Vgs

Power is supplied to the MCU using these two pins. Vpp is
power and Vgg is ground.

IRQ (Maskable Interrupt Request)

IRQ is a programmable option which provides two different
choices of interrupt triggering sensitivity. These options are:
1.) negative edge-sensitive triggering only, or 2.) both negative
edge-sensitive and level-sensitive triggering. In the latter case,
either type of input to the IRQ pin will produce the interrupt.
The MCU completes the current instruction before it responds
to the interrupt request. When the IRQ pin goes low for at least
one t|L|H, a logic one is latched internally to signify an interrupt
has been requested. When the MCU completes its current
instruction, the interrupt latch is tested. If the interrupt latch
contains a logic one, and the interrupt mask bit (I bit) in the
condition .code register is clear, the MCU then begins the
interrupt sequence.

If the option is selected to include level-sensitive triggering,
then the IRQ input requires an external resistor to Vpp for
“wire-OR” operation. See INTERRUPTS for more detail
concerning interrupts.

RESET

The RESET input is not required for startup but can be used to
reset the MCU internal state and provide an orderly software
startup procedure. Refer to RESETS for a detailed description.

TCAP

The TCAP input controls the input capture feature for the on-
. chip programmable timer system. Refer to Input Capture
Register for additional information.

TCMP

The TCMP pin (35) provides an output for the output compare
- feature of the on~-chip timer.system. Refer to Output Compare
Register for additional information.

0SC1, 0sC2

The CDP68HCO05C4 family of MCUs can be configured to
accept either a crystal input or an RC network to control the
internal oscillator. The internal clocks are derived by a divide-
by-two of the internal oscillator frequency (fosc)-

Crystal

The circuit shown in Figure 2-1 (b) is recommended when
using a crystal: The internal oscillator is designed to interface
with an AT-cut parallel resonant quartz-crystal resonator in the
frequency range specified for fogc in 9.7 or 9.8 Control
Timing. Use of an external CMOS oscillator is recommended
when crystals outside the specified ranges are to be used. The
crystal and components should be mounted as close as possi-
ble to the input pins to minimize output distortion and startup
stabilization time. Refer to 9.5 or 9.6 for Vpp specifications.

Ceramic Resonator

A ceramic resonator may be used in place of the crystal in
cost-sensitive applications. The circuit in Figure' 2-1(b) is
recommended when using a ceramic resonator. Figure 2-1(a)
lists the recommended capacitance and feedback resistance
values. The manufacturer of the particular ceramic resonator
being considered should be consulted for specific information.

RC

if the RC oscillator option is selected, then a resistor is
connected to the oscillator pins as shown in Figure 2-1(d).

External Clock

An external clock should be applied to the OSC1 input with the
OSC2 input not connected, ‘as shown in' Figure 2-1(e). An
external clock may be used with either the RC or crystal
oscillator option. The toxov or tiLcH specifications do not
apply when using an external clock input. The equivalent
specification of the external clock source should be used in

lieu of toxov or tiLCH-

‘PAO - PA7

These eight 1/0 lines comprise port A. The state of any pin is
software programmable and all port A lines are configured as
input during power-on or reset. Refer to Input/Output
Programming paragraph below for a detailed description of
1/O programming.

PBO - PB7

These eight lines comprise port B. The state of any pin is soft-
ware programmable and all port B lines are configured as input
during power-on -or reset. Refer to Input/Output
Programming paragraph below for a detailed description of
1/O programming.

PCO - PC7

These eight lines comprise port C. The state of any pin is soft-
ware programmable and all port C lines are configured as input
during power-on reset. Refer to Input/Output Programming
paragraph below for a detailed description of /O
programming.

MICROCONTROLLERS H




PDO - PD5, PD7

These seven lines comprise port D, a fixed input port that is
enabled during power-on. All enabled special functions (SP!
and SCI) affect the pins on this port. Four of these lines,
PD2/MISO, PD3/MOSI, PD4/SCK, and PD5/SS, are used in
the serial peripheral interface (SPl). Two of these lines,
PDO/RDI and PD1/TDO, are used in the serial communications
interface (SCI). Refer to INPUT/OUTPUT PROGRAMMING for
a detailed description of I/O programming.

INPUT/OUTPUT PROGRAMMING

Parallel Ports

Ports A, B, and C may be programmed as an input or an
output under software control. The direction of the pins is
determined by the state of the corresponding bit in the port
data direction register (DDR). Each 8-bit port has an associ-
ated 8-bit data direction register. Any port A, port B, or port C
pin is configured as an output if its corresponding DDR bit is
set to a logic one. A pin is configured as an input if its corre-
sponding DDR bit is cleared to a logic zero. At power-on or
reset, all DDRs are cleared, which configure all port A, B, and C
pins as inputs. The data direction registers are-capable of

CRYSTAL CERAMIC RESONATOR
2 MHz 4 MHz UNITS 2 - 4 MHz UNITS
RsMAX 400 75 (1) Rs (typical) 10 s
Co 5 7 pF Co 40 pF
Cq 0.008 0.012 uF Cq 4.3 pF
Cosc1 15-40 15-30 pF Cosc1 30 pF
Cosc2 15-30 15-25 pF Cosc2 30 pF
Rp 10 10 mMQ Rp 1-10 MQ
Q 30 40 K Q 1250 —
(a) Crystal/Ceramic Resonator Parameters
MCU L C1 Rg
osca[~"" WA osc1
OSCt 0SsC2 38 39
S )
R
113
+—i0— Co
Cosct == == Cosc2 38 'U' 39
L L 1

(b) Crystal Oscillator Connections

MCU

(d) RC Oscillator Connections

(c) Equivalent Crystal Circuit

MCU
OSCi 0SC2
39 38
UNCONNECTED
EXTERNAL
E— YT

(e) External Clock Source Connections

FIGURE 2-1. OSCILLATOR CONNECTIONS




being written to or read by the processor. Refer to Figure 2-2
and Table 2-1. During the programmed output state, a read of
the data register actually reads the value of the output data
latch and not the I/O pin.

TABLE 2-1. 1/O PIN FUNCTIONS
R/W* DDR 1/0 PIN FUNCTION

(o] 0 The I/O pin is in input mode. Data is
written into the output data latch.

o] 1 Data is written into the output data
latch and output to the I/O pin.

1 o] The state of the I/O pin is read.

1 1 The I/O pin is in an output mode.
The output data latch is read.

* R/W is an internal signal.

Fixed Port

Port D is a 7-bit fixed input port (PDO - PD5, PD7) that
continually monitors the external pins whenever the SPI or SCI
systems are disabled. During power-on reset or external reset
all seven bits become valid input ports because all special
function output drivers are disabled. For example, with the seri-
al communications interface (SCI) system disabled (SPE = 0)
PD2 through PD5 will read the state of the pin at the time of the
read operation. No data register is associated with the port
when it is used as an input.

NOTE: It is recommended that all unused inputs, except
OSC2, and I/O ports (configured as inputs) be tied to an
appropriate logic level (e.g. either Vpp or Vss).

Serial Port (SCI and SPI)

The serial communications interface (SCI) and serial peripheral
interface (SPI) use the port D pins for their functions. The SCI
function requires two of the pins (PDO - PD1) for its receive
data input (RDI) and transmit data output (TDO) respectively,
whereas the SPI function requires four of the pins (PD2 - PD5)
for its serial data input/output (MISO), serial data output/input
(MOSI), system clock (SCK), and slave select (SS) respectively.
Refer to Serial Communications Interface and Serial
Peripheral Interface for a more detailed discussion.

MEMORY

As shown in Figure 2-3, the CDP68HCO05C4,
CDP68HCLO5C4 and CDP68HSC05C4 MCUs are capable of
addressing 8192 bytes of memory and /O registers with its
program counter. The MCUs have implemented 4601 bytes of
these locations. The first 256 bytes of memory (page zero)
include: 25 bytes of I/O features such as data ports, the port
DDRs, timer, serial peripheral interface (SPl), and serial
communication interface (SCI); 48 bytes of user ROM, and 176
bytes of RAM. The next 4096 bytes complete the user ROM.
The self-check ROM (224 bytes) and self-check vectors
(16 bytes) are contained in memory locations $1F00 through
$1FEF. The 16 highest address bytes contain the user defined
reset and the interrupt vectors. Seven bytes of the lowest 32
memory locations are unused and the 176 bytes of user RAM
include up to 64 bytes for the stack. Since most programs use
only a small part of the allocated stack locations for interrupts
and/or subroutine stacking purposes, the unused bytes are

usable for program data storage. Figure 2-4 illustrates the
memory map for CDP68HCO05C8, CDP68HCLO5C8 and
CDP68HSC05C8 MCUs. It is similar to the memory map in
Figure 2-3, except for 3584 bytes of additional user ROM at
memory locations $1100 through $1EFF. Figure 2-5 illustrates
the memory map for the CDP68HC05C7, CDP68HCLO5C7
and CDP68HSCO5C7 MCUs.

[ DATA
DIRECTION
1 Recisten
2 BIT
Q
] LATCHED
g OUTPUT o 1o
2 $ ™ ban omy PIN
3 BIT
-
<
F4
4
o
=
g
3
»
-5
[5Y)
=
]
(a) =
—
=
=)
o
=]
<
<2
TYPICAL 7 6 5 4 3 2 1 o =
PORT DATA
Dmscnoul DDR7|DDR6IDDH51 DDR4IDDR3IDDR2—I Dnmlmmo
B I I I O I B
TYPICAL
roy L 1 1T & [ [ |
REGISTER I I I I I I I I
PIN P-7 P-6 P-5 P-4 P-3 P-2 P-1 P-0
(b)
Vpp
PORT DATA r
} p'
PORT DDR |
PAD
P
INTERNAL |
LOGIC
NOTES:

1. *Denotes devices have same physical size, and are enhancement type.
2. IP = Input Protection.
3. Latch-up protection not shown.

(c)

FIGURE 2-2 TYPICAL PARALLEL PORT I/O CIRCUITRY

2-9



$0000

$001F
$0020

$004F
$0050

$00BF
$00CO

$00FF
$0100

$10FF
$1100

$1EFF
$1F00

$1FDF
$1FE0

$1FEF
$1FFO

S1FFF

_ -
PORTS
10 7 BYTES
32 BYTES
0031 UNUSED
\ 0032 3 BYTES
USER \
ROM \
48 BYTES
\
SERIAL PERIPHERAL
oore INTERFACE
3 3 BYTES
RAM \
176 BYTES \ SERIAL
COMMUNICATIONS
\ INTERFACE
. 1 ote1 \ 5 BYTES
0192
STACK \
64 BYTES \ TMER
0255
o258 \ 10 BYTES
USER
ROM
4096 BYTES UNUSED
4 BYTES
4351
4352 0031
UNUSED \
3584 BYTES \
7935 \
7936 \
SELF CHECK \
] ) 256 BYTES \
SELF CHECK \
VECTORS \
8175 \
USER 8176
VECTORS \
6 BYTES
16 BYT! 8191
FIGURE 2-3.

PORT A DATA REGISTER

PORT B DATA REGISTER

PORT C DATA REGISTER

PORT D FIXED INPUT REGISTER

PORT A DATA DIRECTION REGISTER

PORT B DATA DIRECTION REGISTER

PORT C DATA DIRECTION REGISTER

UNUSED

UNUSED

UNUSED

SERIAL PERIPHERAL CONTROL REGISTER

SERIAL PERIPHERAL STATUS REGISTER

SERIAL PERIPHERAL DATA 1/0 REGISTER

SERIAL COMMUNICATIONS BAUD RATE REGISTER

SERIAL COMMUNICATIONS CONTROL REGISTER 1

SERIAL COMMUNICATIONS CONTROL REGISTER 2

SERIAL COMMUNICATIONS STATUS REGISTER

SERIAL COMMUNICATIONS DATA REGISTER

TIMER CONTROL REGISTER

TIMER STATUS REGISTER

INPUT CAPTURE HIGH REGISTER

INPUT CAPTURE LOW REGISTER

OUTPUT COMPARE HIGH REGISTER

OUTPUT COMPARE LOW REGISTER

COUNTER HIGH REGISTER

COUNTER LOW REGISTER

ALTERNATE COUNTER HIGH REGISTER

ALTERNATE COUNTER LOW REGISTER

UNUSED

UNUSED

UNUSED

UNUSED

ADDRESS MAP FOR CDP88HC05C4, CDP68HCLO5C4 AND CDP68HSCO5C4.

$i1

$12
$13
$14
$15
$16
$17
$18
$19
$1A
$iB
$1C
$1D
$1E
$1F



$0000

$001F
$0020

$004F
$0050

$00BF
$00CO

$00FF
$0100

$1EFF
$1F00

$1FDF
$1FEOQ

$1FEF
$1FFO

S1FFF

0000 0000
PORTS
1) 7 BYTES
32 BYTES
0031 UNUSED
\ 0032 3 BYTES
USER \
ROM \
48 BYTES
\
o [
0080
. 3 BYTES
RAM \
176 BYTES \ SERIAL
COMMUNICATIONS
\ INTERFACE
. | ote \ 5 BYTES
0192
STACK \
64 BYTES
0255 \ TIMER
0256 \ 10 BYTES
USER
ROM
7680 BYTES UNUSED
4 BYTES
0031
7935 \
7936 1 \
SELF CHECK \
- > 256 BYTES \
SELF CHECK \
VECTORS \
8175 \
USER 8176
VECTORS \
16 BYTES
8191

PORT A DATA REGISTER

PORT B DATA REGISTER

PORT C DATA REGISTER

PORT D FIXED INPUT REGISTER

PORT A DATA DIRECTION REGISTER

PORT B DATA DIRECTION REGISTER

PORT C DATA DIRECTION REGISTER

UNUSED

UNUSED

UNUSED

SERIAL PERIPHERAL CONTROL REGISTER

SERIAL PERIPHERAL STATUS REGISTER

SERIAL PERIPHERAL DATA 1/O REGISTER

SERIAL COMMUNICATIONS BAUD RATE REGISTER

SERIAL. COMMUNICATIONS CONTROL REGISTER 1

SERIAL COMMUNICATIONS CONTROL REGISTER 2

SERIAL COMMUNICATIONS STATUS REGISTER

SERIAL COMMUNICATIONS DATA REGISTER

TIMER CONTROL REGISTER

TIMER STATUS REGISTER

INPUT CAPTURE HIGH REGISTER

INPUT CAPTURE LOW REGISTER

OUTPUT COMPARE HIGH REGISTER

OQUTPUT COMPARE LOW REGISTER

COUNTER HIGH REGISTER

COUNTER LOW REGISTER

ALTERNATE COUNTER HIGH REGISTER

ALTERNATE COUNTER LOW REGISTER

UNUSED

UNUSED

UNUSED

UNUSED

FIGURE 2-4. ADDRESS MAP FOR CDP88HCO05C8, CDP68HCLO5C8 AND CDP68HSCO5C8.

$17
$18
$19
$1A
$1B
$1C
$1D
$1E
$IF
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$001F
$0020

$004F
$0050

$ooco

$OOFF
$0100

$016F
$0150

$0SFF
$1000

$3EFF
$3F00

$3FEO

$3FEF
$3FFO

$3IFFF

0000
10
32 BYTES
0031
\ 0032
USER \
ROM \
48 BYTES
\
0078
0080
RAM
256 BYTES
— — |~ o192
STACK
64 BYTES
0 | | oz2ss
0256
0335
UNUSED 0336
3760 BYTES
4095
4096
USER
ROM
12032 BYTES
16127
16128
SELF CHECK
ROM
224 BYTES
— — — — — | 16352
SELF CHECK
VECTORS
16367
16368
USER
VECTORS
16 BYTES
16383
FIGURE 2-5.

$001F

PORTS
8 BYTES

UNUSED
2 BYTES

SERIAL PERIPHERAL
INTERFACE
3 BYTES

SERIAL
COMMUNICATIONS
INTERFACE
5 BYTES

TIMER
10 BYTES

UNUSED
3 BYTES

RESERVED

> 256 BYTES

0031

PORT A DATA REGISTER

PORT B DATA REGISTER

PORT C DATA REGISTER

PORT D REGISTER

PORT A DATA DIRECTION REGISTER

PORT B DATA DIRECTION REGISTER

PORT C DATA DIRECTION REGISTER

PORT D DATA DIRECTION REGISTER

UNUSED

UNUSED

SERIAL PERIPHERAL CONTROL REGISTER

SERIAL PERIPHERAL STATUS REGISTER

SERIAL PERIPHERAL DATA 1/0 REGISTER

SERIAL COMMUNICATIONS BAUD RATE REGISTER

SERIAL COMMUNICATIONS CONTROL REGISTER 1

SERIAL COMMUNICATIONS CONTROL REGISTER 2

SERIAL COMMUNICATIONS STATUS REGISTER

SERIAL COMMUNICATIONS DATA REGISTER

TIMER CONTROL REGISTER

TIMER STATUS REGISTER

INPUT CAPTURE MSB

INPUT CAPTURE LSB

OUTPUT COMPARE MSB

OUTPUT COMPARE LSB

COUNTER MSB

COUNTER LSB

ALTERNATE COUNTER MSB

ALTERNATE COUNTER LSB

UNUSED

UNUSED

UNUSED

RESERVED

ADDRESS MAP FOR CDP68HC05C7, CDP68HCLOSC7 AND CDP68HSCO5C7.

$OE
$OF
$10
$11
$12
$13
$14
$15
$16
$17
$18
$19
$1A
$1B
$1C
$1D0
$1E
$1F



CPU Register

The CPU contains five registers, as shown in the programming
model of Figure 2-6. The interrupt stacking order is shown in
Figure 2-7.

ACCUMULATOR

INDEX REGISTER

12 (13)*
| PC
12 (13)* 7

[ofofofofo]1]1]

PROGRAM COUNTER

STACK POINTER

CONDITION CODE
REGISTER

L CARRY/BORROW
ZERO
NEGATIVE
INTERRUPT MASK
HALF CARRY

FIGURE 2-6 PROGRAMMING MODEL

7 0 STACK
1 [ 1 l 1 | CONDITION CODE REGISTER | !

g a2z NLC o

5-2 | & ACCUMULATOR 11,8

-3 7]

@ gz | U INDEX REGISTER R| D54

cm8 | R R1G3g

w

242 Y~ |ofo]o] PCH u | 283

PCL T

UNSTACK
NOTE: Since the Stack Pointer decrements during pushes, the PCL is stacked

first, followed by PCH, etc. Puliing from the stack is in the reverse order.

FIGURE 2-7 STACKING ORDER
Accumulator (A)

The accumulator is an 8-bit general purpose register used to
hold operands, results of the arithmetic calculations, and data
manipulations.

Index Register (X)

The X register is an 8-bit register which is used during the
indexed modes of addressing. It provides an 8-bit value which
is used to create an effective address. The index register is
also used for data manipulations with the read-modify-write
type of instructions and as a temporary storage register when
not performing addressing operations.

Program Counter (PC)

The program counter is a 13-bit* register that contains the ad-
dress of the next instruction to be executed by the processor.

*14-Bits for CDP68HC05C7, CDP68HSC05C7, and CDP68HCLOSC7.

Stack Pointer (SP)

The stack pointer is a 13-bit* register containing the address
of the next free locations on the push-down/pop-up stack.
When accessing memory, the most significant bits are
permanently configured to 000001 1. These bits are appended
to the six least significant register bits to produce an address
within the range of $00FF to $00CO. The stack area of RAM is
used to store the return address on subroutine calls and the
machine state during interrupts. During external or power-on
reset, and during a reset stack pointer (RSP) instruction, the
stack pointer is set to its upper limit ($OOFF). Nested interrupt
and/or subroutines may use up to 64 (decimal) locations.
When the 64 locations are exceeded, the stack pointer wraps
around and points to its upper limit ($O0FF), thus, losing the
previously stored information. A subroutine call occupies two
RAM bytes on the stack, while an interrupt uses five RAM
bytes.

Condition Code Register (CC)

The condition code register is a 5-bit register which indicates
the results of the instruction just executed as well as the state
of the processor. These bits can be individually tested by a
program and specified action taken as a result of their state.
Each bit is explained in the following paragraphs.

Half Carry Bit (H)

The H bit is set to a one when a carry occurs between bits 3
and 4 of the ALU during an ADD or ADC instruction. The H bit
is useful in binary coded decimal subroutines.

Interrupt Mask Bit ()

When the | bit is set, all interrupts are disabled. clearing this bit
enables the interrupts. If an external interrupt occurs while the |
bit is set, the interrupt is latched and processed after the | bit is
next cleared; therefore, no interrupts are lost because of the |
bit being set. An internal interrupt can be lost if it is cleared
while the | bit is set (refer to Programmable Timer, Serial
Communications Interface, and Serial Peripheral Interface
Sections for more information).

Negative (N)

When set, this bit indicates that the result of the last arithmetic,
logical, or data manipulation is negative (bit 7 in the result is a
logic one).

Zero (Z)

When set, this bit indicates that the result of the last arithmetic,
logical, or data manipulation is zero.

Carry/Borrow (C)

Indicates that a carry or borrow out of the arithmetic logic unit
(ALU) occurred during the last arithmetic operation. This bit is
also affected during bit test and branch instructions, shifts, and
rotates.
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SELF-CHECK

The self-check capability of the CDP68HC05C4 MCU
provides an internal check to determine if the device is
functional. Self-check is performed using the circuit shown in
the schematic diagram of Figure 2-8. As shown in the diagram,
port C pins PCO - PC3 are monitored (light emitting diodes are
shown but other devices could be used) for the self-check
results. The self-check mode is entered by applying a 9 Vdc
input (througha 4.7 kilohm resistor) to the IRQ pin (2) and
5 Vdc input (through a 4.7 kilohm resistor) to the TCAP pin (37)
and then depressing the reset switch to execute a reset. After
reset, the following seven tests are performed automatically:

1/0 - Functionally exercises ports A, Band C
RAM - Counter test for each RAM byte
Timer - Tracks counter register and checks
OCF flags
SCI - Transmission Test; checks for RDRF,
TDRE, TC, and FE flags
ROM - Exclusive OR with odd ones parity result
SPI - Transmission test with check for SPIF,
WCOL, and MODF flags
INTERRUPTS - Tests external, timer, SCI, and SPI
interrupts

Self-check results (using the LEDs as monitors) are shown in
Table 2-2. The following subroutines are available to user
programs and do not require any external hardware.

TIMER TEST SUBROUTINE

This subroutine returns with the Z bit cleared if any error is
detected; otherwise, the Z bit is set.

This subroutine is called at location $1FOE*. The output com-
pare register is first set to the current timer state. Because the
timer is free running and has only a divide-by-four prescaler,

each timer count cannot be tested. The test tracks the counter
until the timer wraps around, triggering the output compare
flag in the timer status register. RAM locations $0050 and
$0051 are overwritten. Upon return to the user’'s program,
X = 40. If the test passed, A = 0.

ROM CHECKSUM SUBROUTINE

This subroutine returns with the Z bit cleared if any error is
detected; otherwise, the Z bit is set.

This subroutine is called at location $1F93* with RAM location
$0053 equal to $01 and A = 0. A short routine is set up and
executed in RAM to compute a checksum of the entire ROM
pattern. Upon return to the user’s program, X = 0. If the test
passed, A = 0. RAM locations $0050 through $0053 are
overwritten.

TABLE 2-2. SELF-CHECK RESULTS

PC3 | PC2 | PC1 | PCO REMARKS

Bad /O

Bad RAM

Bad Timer

Bad SCI

Bad ROM

Bad SPI

Bad Interrupts or IRQ Request
Good Device

Bad Device, Bad Port C, etc.

awaflajalafjalala
“lalajalofjo|o
=lalojOoj=|=|O
slol=]ol=jo]=

Flashing
All Others

0 indicates LED on; 1 indicates LED is off.

*Add $2000 to address for CDP68HC05C7, CDP68HSCO05C7, and CDP68HCLOS5C?.
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FIGURE 2-8. SELF-CHECK CIRCUIT SCHEMATIC DIAGRAM.



Resets, Interrupts, and Low Power Modes

RESETS

The MCU has two reset modes: an active low external reset
pin (RESET) and a power-on reset function; refer to Figure
3-1.

RESET Pin

The RESET input pin is used to reset the MCU to provide an
orderly software startup procedure. When using the external
reset mode, the RESET pin must stay low for a minimum of one
and one half tcyc. The RESET pin contains an internal Schmitt
Trigger as part of its input to improve noise immunity.

Power-On Reset

The power-on reset occurs when a positive transition is
detected on Vpp. The power-on reset is used strictly for power
turn-on conditions and should not be used to detect any drops
in the power supply voltage. There is no provision for a power-
down reset. The power-on circuitry provides for a 4064 tcyc
delay from the time that the oscillator becomes active. If the
external RESET pin is low at the end of the 4064 tgy time out,
the processor remains in the reset condition until RESET goes
high.

Table 3-1 shows the actions of the two resets on internal
circuits, but not necessarily in order of occurrence (X indicates
that the condition occurs for the particular reset).

e

Vop

I !
osc1 W
4064

I‘OXOVI teye | teye |
L
INTERNAL | | J =1
erocessorn [ [ LT LI LI I LI L I
CLOCK*
INTERNAL
ADDRESS ——< 1FFE*>< 1FFF">< N,,Ecw >< >< ><1 FFE+>< 1FFE">< 1FFE*>< 1FFE*>< wFF'fX New ><:
BUS*
INTERNAL
 —EEE-O-O-O-0O-0O-E-E-E
Boee CODE,
tRL
RESET

N\

1

* Internal timing signal and bus information not available externally.

** OSC1 line is not meant to represent frequency. It is only used to represent time.
*** The next rising edge of the iniernal processor clock following the rising edge of RESET initiates the reset sequence.

t $3FFE, $3FFF for C7.

FIGURE 3-1. POWER-ON RESET AND RESET



INTERRUPTS

Systems often require that normal processing be interrupted
so that some external event may be serviced. The
CDP68HCO05C4 may be interrupted by one of five different
methods: either one of four maskable hardware interrupts
(IRQ, SPI, SCI, or Timer) and one non-maskable software
interrupt (SWI). interrupts such as Timer, SPI, and SCI have
several flags which will cause the interrupt. Generally, interrupt
flags are located in read-only status register, whereas their
equivalent enable bits are located in associated control
registers. The interrupt flags and enable bits are never
contained in the same register. If the enable bit is a logic zero it
blocks the interrupt from occurring but does not inhibit the flag
from being set. Reset clears all enable bits to preclude
interrupts during the reset procedure.

The general sequence for clearing an interrupt is a software
sequence of first accessing the status register while the
interrupt flag is set, followed by a read or write of an associated
register. When any of these interrupts occur, and if the enable
bit is a logic one, normal processing is suspended at the end of
the current instruction execution. Interrupts cause the proces-
sor registers to be saved on the stack (see Figure 2-7) and the
interrupt mask (I bit) set to prevent additional interrupts. The
appropriate interrupt vector then points to the starting address
of the interrupt service routine (refer to Figure 2-4 for vector
location). Upon completion of the interrupt service routine, the
RTI instruction (which is normally a part of the service routine)
causes the register contents to be recovered from the stack
followed by a return to normal processing. The stack order is
shown in Figure 2-7.

TABLE 3-1. RESET ACTION ON INTERNAL CIRCUIT
RESET POWER-ON
CONDITION PIN RESET

Timer Prescaler reset to zero state X
Timer counter configured to $FFFC X X
Timer output compare (TCMP) bit reset to zero X X
All timer interrupt enable bits cleared (ICIE, OCIE, and TOIE) to disable timer interrupts X X

The OLVL timer bit is also cleared by reset.
All data direction registers cleared to zero (input) X X
Configure stack pointer to $00FF X X
Force internal address bus to restart vector (See Table 3.2) X X
Set| bitin condition code register to a logic one X X
Clear STOP latch X* X
Clear external interrupt latch X X
Clear WAIT latch X
Disable SCI (serial control bits TE = 0 and RE = 0). Other SCI bits cleared by reset include: X

TIE, TCIE, RIE, ILIE, RWU, SBK, RDRF, IDLE, OR, NF, and FE.
Disable SPI (serial output enable control bit SPE = 0). Other SPI bits cleared by reset include: X X

SPIE, MSTR, SPIF WCOL, and MODF.
Set serial status bits TDRE and TC X X
Clear all serial interrupt enable bits (SPIE, TIE and TCIE) X X
Place SPI system in slave mode (MSTR = 0) X X
Clear SCI prescaler rate control bits SCP0 - SCP1 X X

*

Indicates that timeout still occurs.

| MICROCONTROLLERS ﬂ




NOTE: The interrupt mask bit (I bit) will be cleared if and only
if the corresponding bit stored in the stack is zero.

A discussion of interrupts, plus a table listing vector addresses
for all interrupts including reset, in the MCU is provided in
Table 3-2.

Hardware Controlled Interrupt Sequence

The following three functions (RESET, STOP, and WAIT) are
not in the strictest sense an interrupt; however, they are acted
upon in a similar manner. Flowcharts for hardware interrupts
are shown in Figure 3-2, and for STOPand WAIT are provided
in Figure 3-3. A discussion is provided below.

(a) A low input on the RESET input pin causes the program to
vector to its starting address which is specified by the
contents of memory locations $1FFE and $1FFF (Refer to
Table 3.2 for C7 locations). The | bit in the condition code
register is also set. Much of the MCU is configured to a
known state during this type of reset as previously
described in RESETS paragraph.

(b) STOP - The STOP instruction causes the oscillator to be
turned off _and the processor to “sleep” until an external
interrupt (IRQ) or reset occurs.

(c) WAIT - The WAIT instruction causes all processor clocks
to stop, but leaves the Timer, SCI, and SPI clocks running.
This “rest” state of the processor can be cleared by reset,
an external interrupt (IRQ), Timer interrupt, SPI interrupt,
or SCI interrupt. There are no special wait vectors for
these individual interrupts.

Software Interrupt (SWI)

The software interrupt is an executable instruction. The action
of the SWl instruction is similar to the hardware interrupts. The

SWI is executed regardless of the state of the interrupt mask
(I bit) in the condition code register. The interrupt service rou-
tine address is specified by the contents of memory location
$1FFC and $1FFD (Refer to Table 3.2 for C7 locations).

External Interrupt

If the interrupt mask (I bit) of the condition_code register has
been cleared and the external interrupt pin (IRQ) has gone low,
then the external interrupt is recognized. when the interrupt is
recognized, the current state of the CPU is pushed onto the
stack and | bit is set. This masks further interrupts until the
present one is serviced. The interrupt service routine address
is specified by the contents of memory location $1FFA and
$1FFB (Refer to Table 3.2 for C7 locations). Either a level-sen-
sitive and negative edge-sensitive trigger, or a negative edge-
sensitive only trigger are available as a mask option.
Figure 3-4 shows both a functional and mode timing diagram
for the interrupt line. The timing diagram shows two different
treatments of the interrupt line (IRQ) to the processor. The first
method shows single pulses on the interrupt line spaced far
enough apart to be serviced. The minimum time between
pulses is a function of the number of cycles required to
execute the interrupt service routine plus 21 cycles. Once a
pulse occurs, the next pulse should not occur until the MCU
software has exited the routine (an RTI occurs). The second
configuration shows several interrupt lines “wire-ORed” to
form the interrupts at the processor. Thus, if after servicing one
interrupt the interrupt line remains low, then the next interrupt
is recognized.

NOTE: The internal interrupt latch is cleared in the first part of
the service routine; therefore, one (and only one) external inter-
rupt pulse could be latched during t) |1 and serviced as soon
as the | bit is cleared.

TABLE 3.2. VECTOR ADDRESS FOR INTERRUPTS AND RESET

Cc4,C8 c7
FLAG CPU VECTOR VECTOR
REGISTER NAME INTERRUPTS INTERRUPT ADDRESS ADDRESS
N/A N/A Reset RESET $1FFE - $1FFF $3FFE - $3FFF
N/A N/A Software SwWi $1FFC - $1FFD $3FFC - $3FFD
N/A N/A External Interrupt IRQ $1FFA- $1FFB $3FFA - $3FFB
Timer Status iCF Input Capture Timer $1FF8 - $1FF9 $3FF8 - $3FF9
OCF Output Compare
TOF Timer Overflow
SCi Status TDRE Transmit Buffer Empty SCl $1FF6 - $1FF7 $3FF6 - $3FF7
TC Transmit Complete
RDRF Receiver Buffer Full
IDLE Idle Line Detect
OR Overrun
SPI Status SPIF Transfer Complete SPI $1FF4 - $1FF5 $3FF4 - $3FF5
MODF Mode Fault
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Timer Interrupt

There are three different timer interrupt flags that will cause a
timer interrupt whenever they are set and enabled. These three
interrupt flags are found in the three most significant bits of the
timer status register (TSR, location $13) and all three will vector
to the same interrupt service routine ($1FF8 - $1FF9)*.

All interrupt flags have corresponding enable bits (ICIE, OCIE,
and TOIE) in the timer control register (TCR, location $12).
Reset clears all enable bits, thus preventing an interrupt from
occurring during the reset time period. The actual processor
interrupt is generated only if the | bit in the condition code
register is also cleared. When the interrupt is recognized, the
current machine state is pushed onto the stack and 1 bit is set.
This masks further interrupts until the present one is serviced.
The interrupt service routine address is specified by the
contents of memory location $1FF8* and $1FF9*. The general
sequence for clearing an interrupt is a software sequence of
accessing the status register while the flag is set, followed by a
read or write of an associated register. Refer to
Programmable Timer for additional information about the
timer circuitry.

Serial Communications Interface (SCI) Interrupts

An interrupt in the serial communications interface (SCl)
occurs when one of the interrupt flag bits in the serial
communications status register is set, provided the l,bit in the
condition code register is clear and the enable bit i the serial
communications control register 2 (locations $OF) is enabled.
When the interrupt is recognized, the current state of the
machine is pushed onto the stack and the | bit in the condition
code register is set. This masks further interrupts until the
present one is serviced. The SCI interrupt causes the program
counter to vector to memory location $1FF6* and $1FF7*
which contains the starting address of the interrupt service
routine. Software in the serial interrupt service routine must
determine the priority and cause of the SCI interrupt by
examining the interrupt flags and the status bits located in the
serial communications status register (location $10). The
general sequence for clearing an interrupt is a software
sequence of accessing the serial communications status
register while the flag is set followed by a read or write of an
associated register. Refer to Serial Communications
Interface for a description of the SCl system and its interrupts.

Serial Peripheral Interface (SPI) Interrupts

An interrupt in the serial peripheral interface (SPI) occurs when
one of the interrupt flag bits in the serial peripheral status
register (location $0B) is set; provided the | bit in the condition
code register is clear and the enable bit in the serial peripheral
control register (location $0A) is enabled. When the interrupt is
recognized, the current state of the machine is pushed onto the
stack and the | bit in the condition code register is set. This

* Refer to Table 3.2 for C7 locations.

masks further interrupts until the present one is serviced. The
SPI interrupt causes the program counter to vector to memory
location $1FF4* and $1FF5* which contain the starting
address of the interrupt service routine. Software in the serial
peripheral interrupt service routine must determine the priority
and cause of the SPI interrupt by examining the interrupt flag
bits located in the SPI status register. The general sequence
for clearing an interrupt is a software sequence of accessing
the status register while the flag is set, followed by a read or
write of an associated register. Refer to Serial Peripheral
Interface for a description of the SPI system and its interrupts.

LEVEL - SENSITIVE TRIGGER

[~ MASK OPTION
V|
po EXTERNAL
b Q INTERRUPT
REQUEST
+—>c
1 BIT (CC)
Q
R
INTERRUPT POWER - ON RESET
PIN
—% EXTERNAL RESET
EXTERNAL INTERRUPT
BEING SERVICED
{(READ OF VECTORS)
(a) Interrupt Function Diagram
RQ
:l_-' —— tlLlH L—l
ty,  ——
WOt et
N L NORMALLY
. USED WITH
IRQn —l r- WIRE - ORED
CONNECTION
IRQ —]
(MCU) J_
NOTE: Edge-Sensitive Trigger Condition - The minimum pulse width (tj j4) is

either 125ns (VDD = 5V) or 250ns (VDD = 3V). The period tiLIL should
not be less than the number of tcyc cycles it takes to execute the
interrupt service routine plus 21 tcyc cycles.

Level-Sensitive Trigger Condition - If after servicing an interrupt the
IRQ remains low, then the next interrupt is recognized.

{b) Interrupt Mode Diagram

FIGURE 3-4. EXTERNAL INTERRUPT
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LOW POWER MODES

STOP Instruction

The STOP instruction places the MCU in its lowest power
consumption mode. In the STOP mode the internal oscillator is
turned off, causing all internal processing to be halted; refer to
Figure 3-3. During the STOP mode, the | bit in the condition
code register is cleared to enable external interrupts. All other
registers and memory remain unaltered and all input/output
lines remain_unchanged. This continues until an external
interrupt (IRQ) or reset is sensed at which time the internal
oscillator is turned on. The external interrupt or reset causes
the program counter to vector to memory location $1FFA* and
$IFFB* or $1FFE* and $1FFF* which contains the starting
address of the interrupt or reset service routine respectively.

WAIT Instruction

The WAIT instruction places the MCU in a low power
consumption mode, but the WAIT mode consumes somewhat
more power than the STOP mode. In the WAIT mode, the

* Refer to Table 3.2 for C7 locations.

internal clock remains active, and all CPU processing is
stopped; however, the programmable timer, serial peripheral
interface, and serial communications interface systems remain
active. Refer to Figure 3-3. During the WAIT mode, the | bit in
the condition code register is cleared to enable all interrupts.
All other registers and memory remain unaltered and all
parallel input/output lines remain unchanged. This continues
until any interrupt or reset is sensed. At this time the program
counter vectors to the memory location ($1FF4 through
$1FFF)* which contains the starting address of the interrupt or
reset service routine.

DATA RETENTION MODE

The contents of RAM and CPU registers are retained at supply
voltages as low as 2 V dc. This is referred to as the DATA
RETENTION mode, where the data is held, but the device is not
guaranteed to operate.
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Programmable Timer

INTRODUCTION

The programmable timer, which is preceded by a fixed divide-
by-four prescaler, can be used for many purposes, including
input waveform measurements while simultaneously generat-
ing an output waveform. Pulse widths can vary from several
microseconds to many secods. A block diagram of the timer is
shown in Figure 4-1 and timing diagrams are shown in Figure
4-2 through 4-5.

Because the timer has a 16-bit architecture, each specific
functional segment (capability) is represented by two registers.
These registers contain the high and low byte of that functional
segment. Generally, accessing the low byte of a specific timer
function allows full control of that function; however, an access
of the high byte inhibits that specific timer function until the low
byte is also accessed.

NOTE: The I bit in the condition code register should be
set while .manipulating both the high and low byte
register of a specific timer function to. ensure that an
interrupt does not occur. This prevents interrupts from
occurring between the time that the high and low bytes
are accessed.

The programmable timer capabilities are provided by using the
following ten addressable 8-bit registers (note the high and
low represent the significance of the byte). A description of
‘each register is provided below.

Timer Control Register (TCR) locations $12,

Timer Status Register (TSR) location $13,

Input Capture High Register location $14,

Input Capture Low Register location $15,

Output Compare High Register location $16,

Output Compare Low Register location $17,

Counter High Register location $18,

Counter Low Register location $19,

Alternate Counter High Register location $1A, and
- Alternate Counter Low Register location $1B.

COUNTER

The key element in the programmable timer is a 16-bit free
running counter, or counter register, preceded by a prescaler
which divides the internal processor clock by four. The
prescaler gives the timer a resolution of 2.0 microseconds if
the internal processor clock is 2.0MHz. the counter is clocked
to increasing -values during the low portion of the internal
processor clock. Software can read the counter at any time
without affecting its value.

The double byte free running counter can be read from either
of two locations $18 - $19 (called counter register at this
location), or $1A - $1B (counter alternate register at this
location). If a read sequence containing only a read of the least
significant byte of the free running counter or counter alternate
register first addresses the most significant byte ($18, $1A) it
causes the least significant byte ($19, $1B) to be transferred to
a buffer. This buffer value remains fixed after the first most
significant byte “read” even if the user reads the most
significant byte several times. This buffer is accessed when

reading the free running counter or counter alternate register, if
the most significant byte is read, the least significant byte must
also be read in order to complete the sequence.

The free running counter is configured to $FFFC during reset
and is always a read-only register. During a power-on-reset
(POR), the counter is also configured to $FFFC and begins
running after the oscillator startup delay. Because the free
running counter is 16 bits preceded by a fixed divide-by-four
prescaler, the value in the free running counter repeats every
262,144 MPU internal processor clock cycles. When the
counter rolls over from $FFFF to $0000, the timer overflow flag
(TOF) bit is set. An interrupt can also be enabled when counter
rollover occurs by setting its interrupt enable bit (TOIE).

OUTPUT COMPARE REGISTER

The output compare register is a 16-bit register, which is made
up of two 8-bit registers at locations $16 (most significant
byte) and $17 (least significant byte). The output compare regi-
ster can be used for several purposes such as, controlling an
output waveform or indicating' when a period of time has
elapsed. The output compare register is unique in that all bits
are readable and writable and are not altered by the timer hard-
ware. Reset does not affect the contents of this register and if
the compare function is not utilized, the two bytes of the output
compare register can be used as storage locations.

The contents of the output compare register are compared with
the contents of the free running counter once during every four
internal processor clocks. If a match is found, the correspond-
ing output compare flag (OCF) bit is set and the corresponding
output level (OLVL) bit is clocked (by the output compare
circuit pulse) to an output level register. The values in the
output compare register and the output level bit should be
changed after each successful comparison in order to control
an output waveform or establish a new elapsed timeout. An
interrupt can also accompany a successful output compare
provided the corresponding interrupt enable bit, OCIE, is set.

After a processor write cycle to the output compare register
containing the most significant byte ($16), the output compare

" function is inhibited until the least signigicant byte ($17) is also

written. The user must write both bytes (locations) if the most
significant byte is written first. A write made only to the least
significant byte ($17) will not inhibit the compare function. The
free running counter is updated every four internal processor
clock cycles due to the internal prescaler. The minimum time
required to update the output compare register is a function of
the software program rather than the internal hardware.

A processor write may be made to either byte of the output
compare register without affecting the other byte. The output
level (OLVL) bit is clocked to the output level register regard-
less of whether the output compare flag (OCF) is set or clear.

Because neither the output compare flag (OCF bit) or output
compare register is affected by reset, care must be exercised
when initializing the output compare function with software.
The following procedure is recommended:
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FIGURE 4-3. TIMER STATE TIMING DIAGRAM FOR INPUT CAPTURE
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between the write to the compare register and the actual compare.
2. Internal compare takes place during timer state TO1.
3. OCF is set at the timer state T11 which follows the comparison match ($FFED in this example).

FIGURE 4-4. TIMER STATE TIMING DIAGRAM FOR OUTPUT COMPARE
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NOTE: The TOF bit is set at timer state T11 (transition of counter from $FFFF to $0000). It is cleared by a read of the timer status register during the internal
processor clock high time followed by a read of the counter low register.

FIGURE 4-5. TIMER STATE DIAGRAM FOR TIMER OVERFLOW

2-25

l MICROCONTROLLERS u




(1) Write the high byte of the output compare register to
inhibit further compares until the low byte is written.

(2) Read the timer status register to arm the OCF if it is
already set.

(3) Write the output compare register low byte to enable the
output compare function with the flag clear.

The advantage of this procedure is to prevent the OCF bit from
being set between the time it is read and the write to the output
compare register. A software example is shown below.

B716 STA OCMPHI;  INHIBIT OUTPUT COMPARE
B613 LDA TSTAT; ARM OCF BIT IF SET
BF17 STX OCMPLO; READY FOR NEXT COMPARE

INPUT CAPTURE REGISTER

The two 8-bit registers which make up the 16-bit input capture
register are read-only and are used to latch the value of the
free running counter after a defined transition is sensed by the
corresponding input capture edge detector. The level transition
which triggers the counter transfer is defined by the
corresponding input edge bit (IEDG). Reset does not affect the
contents of the input capture register.

The result obtained by an input capture will be one more than
the value of the free running counter on the rising edge of the
internal processor clock preceding the external transition (refer
to timing diagram shown in Figure 4-3). This delay is required
for internal synchronization. Resolution is affected by the
prescaler allowing the timer to only increment every four
internal processor clock cycles.

After a read of the most significant byte of the input capture
register ($14), counter transfer is inhibited until the least signifi-
cant byte ($15) of the input capture register is also read. This
characteristic forces the minimum pulse period attainable to be
determined by the time used in the capture software routine
and its interaction with the main program. The free running
counter increments every four internal processor clock cycles
due to the prescaler.

A read of the least significant byte ($15) of the input capture
register does not inhibit the free running counter transfer.
Again, minimum pulse periods are ones which allow software
to read the least significant byte ($15) and perform needed
operations. There is no conflict between the read of the input
capture register and the free running counter transfer since
they occur on opposite edges of the internal processor clock.

TIMER CONTROL REGISTER (TCR)

The timer control register (TCR, location $12) is an 8-bit read/
write register which contains five control bits. Three of these
bits control interrupts associated with each of the three flag
bits found in the timer status register (discussed below). The
other two bits control: 1) which edge is significant to the cap-
ture edge detector (i.e., negative or positive), and 2) the next
value to be clocked to the output level register in response to a
successful output compare. The timer control register and the

free running counter are the only sections of the timer affected
by reset. The TCMP pin is forced low during external reset and
stays low until a valid compare changes it to a high. The timer
control register is illustrated below followed be a definition of
each bit.

7 6 5 4 3 2 1 (o]

IICIE IOCIE]TOIEI 0 I 0 l 0 IIEDGlOLVL| $12

B7,ICIE If the input capture interrupt enable (ICIE) bit
is set, a timer interrupt is enabled when the ICF
status flag (in the timer status register) is set.
If the ICIE bit is clear, the interrupt is inhibited.

The ICIE bit is cleared by reset.

B6, OCIE If the output compare interrupt enable (OCIE)
bit is set, a timer interrupt is enabled whenever
the OCF status flag is set. If the OCIE bit is
clear, the interrupt is inhibited. The OCIE bit is

cleared by reset.

BS5, TOIE If the timer overflow interrupt enable (TOIE)
bit is set, a timer interrupt is enabled whenever
the TOF status flag (in the timer status
register) is set. If the TOIE bit is clear, the
interrupt is inhibited. The TOIE bit is cleared

by reset.

The value of the input edge (IEDG) bit
determines which level transition on pin 37 will
trigger a free running counter transfer to the
input capture register. Reset does not affect
the IEDG bit.

0 = negative edge

1 = positive edge

The value of the output level (OLVL) bit is
clocked into the output level register by the
next successful output compare and will appear
at pin 35. This bit and the output level register
are cleared by reset.

0 = low output

1 = high output

B1,IEDG

BO, OLVL

TIMER STATUS REGISTER (TSR)

The timer status register (TSR) is an 8-bit register of which the
three most significant bits contain read-only status informa-
tion. These three bits indicate the following:

1) A proper transition has taken place at pin 37 with an
accompanying transfer of the free running counter contents
to the input capture register,

2) A match has been found between the free running counter
and the output compare register, and

3) A free running counter transition from $FFFF to $0000 has
been sensed (timer overflow).
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The timer status register is illustrated below followed by a
definition of each bit. Refer to timing diagrams shown in
Figures 4-2, 4-3, and 4-4 for timing relationship to the timer
status register bits.

7 6 5 4 3 2 1 o

IICFIOCFITOFI 0 I 0 l [0} | [¢] I (o] l $13

B7,ICF The input capture flag (ICF) is set when a
proper edge has been sensed by the input
capture edge detector. It is cleared by a
processor access of the timer status register
(with ICF set) followed by accessing the low
byte ($15) of the input capture register. Reset
does not affect the input compare flag.

B6, OCF The output compare flag (OCF) is set when
the output compare register contents match
the contents of the free running counter. The
OCF is cleared by accessing the timer status
register (with OCF set) and then accessing the
low byte ($17) of the output compare register.
Reset does not affect the output compare flag.

B5, TOF The timer overflow flag (TOF) bit is set by a
transition of the free running counter from
$FFFF to $0000. It is cleared by accessing the
timer status register (with TOF set) followed
by an access of the free running counter least
significant byte ($19). Reset does not affect
the TOF bit.

Accessing the timer status register satisfies the first condition
required to clear any status bits which happen to be set during
the access. The only remaining step is to provide an access of
the register which is associated with the status bit. Typically,
this presents no problem for the input capture and output
compare functions.

A problem can occur when using the timer overflow function
and reading the free running counter at random times to
measure an elapsed time. Without incorporating the proper
precautions into software, the timer overflow flag could
unintentionally be cleared if: 1) the timer status register is
read or written when TOF is set, and 2) the least significant
byte of the free running counter is read but not for the purpose
of servicing the flag. The counter alternate register at address
$1A and $1B contains the same value as the free running
counter (at address $18 and $19); therefore, this alternate
register can be read at any time without affecting the timer
overflow flag in the timer status register.

During STOP and WAIT instructions, the programmable timer
functions as follows: during the wait mode, the timer continues
to operate normally and may generate an interrupt to trigger
the CPU out of the wait state; during the stop mode, the timer
holds at its current state, retaining all data, and resumes
operation from this point when an external interrupt is received.
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Serial Communications Interface (SCI)

INTRODUCTION

A full-duplex asynchronous serial communications interface
(SCI) is provided with a standard NRZ format and a variety of
baud rates. The SCI transmitter and receiver are functionally
independent, but use the same data format and bit rate. The
serial data format is standard mark/space (NRZ) which provide
one start bit, eight or nine data bits, and one stop bit. “Baud”
and “bit rate” are used synonymously in the following
description.

SCI Two Wire System Features

e Standard NRZ (mark/space) format

e Advanced error detection method includes noise detection
for noise duration of up to 1/16 bit time.

e Full-duplex operation (simultaneous transmit and receive)
e Software programmable for one of 32 different baud rates
o Software selectable word length (eight or nine bit words)
e Separate transmitter and receiver enable bits.

e SCIl may be interrupt driven

e Four separate enable bits available for interrupt control

SCI Receiver Features

e Receiver wake-up function (idle or address bit)
e |dle line detect

® Framing error detect

e Noise detect

e Overrun detect

e Receiver data register full flag

SCI Transmitter Features

e Transmit data register empty flag

® Transmit complete flag

e Break send

Any SCI two-wired system requires receive data in (RDI) and
transmit data out (TDO).

DATA FORMAT

Receive data in (RDI) or transmit data out (TDO) is the serial
data which is presented between the internal data bus and the
output pin (TDO), and betweéen the input pin (RDI) and the
internal data bus. Data format is as shown for the NRZ in
Figure 5-1 and must meet the following criteria:

1. A high level indicates a logic one and a low level indicates
a logic zero.

2. Theidle line is in a high (logic one) state prior to transmis-
sion/reception of a message.

3. Astartbit (logic zero) is transmitted/received indicating the
start of a message.

4. The data is transmitted and received least-significant-bit
first.

5. A stop bit (high in the tenth or eleventh bit position)
indicates the byte is complete.

6. Abreak is defined as the transmission or reception of a low
(logic zero) for some multiple of the data format.

CONTROL BIT "M"

SELECTS8O0OR 9
BIT DATA
et N,
0 1 2 3 4 5 6 7 8 0

oEeuve | [ [T T T T T T T T 11 [

) ' s s

T T T

A o A

R P R

T T
* Stop bit is always high.

FIGURE 5-1. DATA FORMAT

WAKE-UP FEATURE

In a typical multiprocessor configuration, the software protocol
will usually identify the addressee(s) at the beginning of the
message. In order to permit uninterested MPUs to ignore the
remainder of the message, a wake-up feature is included
whereby all further SCI receiver flag (and interrupt) processing
can be inhibited until its data line returns to the idle state. An
SCI receiver is re-enabled by an idle string of at least ten (or
eleven) consecutive ones. Software for the transmitter must
provide for the required idle string between consecutive
messages and prevent it from occurring within messages.

The user is allowed a second method of providing the wake-up
feature in lieu of the idle string discussed above. This method
allows the user to insert a logic one in the most significant bit of
the transmit data word which needs to be received by all
“sleeping” processors.
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RD11

RD12

RD13

RECEIVE DATA IN

Receive data in is the serial data which is presented from the
input pin via the SCI to the internal data bus. While waiting for a
start bit, the receiver samples the input at a rate which is 16
times higher than the set baud rate. this 16 times higher-than-
baud rate is referred to as the RT rate in Figures 5-2 and 5-3,
and as the receiver clock in Figure 5-7. When the input (idle)
line is detected low, it is tested for three more sample times
(referred to as the start edge verification samples in Figure
5-2). If at least two of these three verification samples detect a
logic low, a valid start bit is assumed to have been detected (by
a logic low following the three start qualifiers) as shown in
Figure 5-2; however, if in two or more of the verification
samples a logic high is detected, the line is assumed to be idle.
(A noise flag is set if one of the three verification sample
detects a logic high, thus a valid start bit could be assumed
and a noise flag still set.) The receiver clock generator is
controlled by the baud rate register (see Figures 5-6 and 5-7);
however, the serial communications interface is synchronized
by the start bit (independent of the transmitter).

Once a valid start bit is detected, the start bit, each data bit,
and the stop bit are sampled three times at RT intervals of 8RT,
9RT, and 10RT (1RT is the position where the bit is expected to
start as shown in Figure 5-3. The value of the bit is determined
by voting logic which takes the value of the majority of samples
(two or three out of three). A noise flag is set when all three
samples on a valid start bit or a data bit or the stop bit do not
agree. (As discussed above, a noise flag is also set when the
start bit verification samples do not agree).

16x INTERNAL SAMPLING CLOCK

PREVIOUS BIT  PRESENT BIT  SAMPLES NEXT BIT
RDI | vV Vv v |

6 1 8 9 10 6 1

R R R R R R R

T T T T T TOT

FIGURE 5-3. SAMPLING TECHNIQUE USED ON ALL BITS

START BIT DETECTION FOLLOWING
A FRAMING ERROR

If there has been a framing error without detection of a break
(10 zeros for 8-bit format or 11 zeros for 9-bit format), the
circuit continues to operate as if there actually were a stop bit
and the start edge will be placed artificially. the last bit received
in the data shift register is inverted to a logic one, and the three
logic one start qualifiers (shown in Figure 5-2) are forced into
the sample shift register during the interval when detection of a
start bit is anticipated (see Figure 5-4); therefore the start bit
will be accepted no sooner than it is anticipated.

If the receiver detects that a break (RDRF = 1, FE = 1, receiver
data register = $00) produced the framing error, the start bit

MICROCONTROLLERS

will not be artificially induced and the receiver must actually |
receive a logic one bit before start. See Figure 5-5.

1 2 3 4 5 6 7 8
RT CLOCK EDGES (FOR ALL THREE EXAMPLES) R R R R R R R P4
T T T T T T T T
START
1 1 1 1 1 1 1 1 1 1 0 o Qo ]
S—————t ~ N -’
START START EDGE VERIFICATION SAMPLES
QUALIFIERS
iDLE NOISE
START I |
1 1 1 1 1 1 1 1 1 1 0 o 1 o
IDLE NOISE
START
1 1 1 1 0 1 1 1 1 1 (o} o] o o
FIGURE 5-2. EXAMPLES OF START BIT SAMPLING TECHNIQUE
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REGISTERS

There are five different registers used in the serial communica-
tions interface (SCI) and the internal configuration of these

- registers is discussed in the following paragraphs. A block
diagram of the SCI system is shown in Figure 5-6.

Serial Communications Data Register (SCDAT)

7 6 5 4 3 2 1 0

r Serial Communications Data Register $11

The serial communications data register performs two
functions in the serial communications interface; i.e. it acts as
the receive data register when it is read and as the transmit
data register when it is written. Figure 5-6 shows the register
as two separate registers, namely: the recieve data register
(RDR) and the transmit data register (TDR). As shown in Figure
5-6, the TDR (transmit data register) provides the parallel
interface from the internal data bus to the transmit shift register
and the receive data register (RDR) provides the interface from
the receive shift register to the internal data bus.

When SCDAT is read, it becomes the receive data register and
contains the last byte of data received. The receive data
register, represented above, is a read-only register containing
the last byte of data received from the shift register for the
internal data bus. The RDRF bit (receive data register full bit in
the serial communications status register) is set to indicate that
a byte has been transferred from the input serial shift register
to the serial communications data register. The transfer is
synchronized with the receiver bit rate clock (from the receive
control) as shown in Figure 5-6. All data is received least-
significant-~bit first.

When SCDAT is written, it becomes the transmit data register
and contains the next byte of data to be transmitted. the
transmit data register, also represented above, is a write-only
register containing the next byte of data to be applied to the
transmit shift register from the internal data bus. As long as the
transmitter is enabled, data stored in the serial
communications data register is transferred to the transmit
shift register (after the current byte in the shift register has
been transmitted). The transfer from the SCDAT to the transmit
shift register is synchronized with the bit rate clock (from the
transmit control) as shown in Figure 5-6. All data is transmitted
least-significant-bit first.

Serial Communications Control Register 1 (SCCR1)

7 6 5 4 3 2 1 o

|R8IT8I-—-|MIWAKEI—I—'—ISOE

The serial communications control register 1 (SCCR1)
provides the control bits which: 1) determine the word length
(either 8 or 9 bits), and 2) selects the method used for the
wake-up feature. Bits 6 and 7 provide a location for storing the
ninth bit for longer bytes.

B7,R8 If the M bit is a one, then this bit provides a
‘storage location for the ninth bit in the receive

data byte. Reset does not affect this bit.

B6, T8 If the M bit is one, then this bit provides a
storage locations for the ninth bit in the trans-

mit data byte. Reset does not affect this bit.

B4, M The option of the word length is selected by the
configuration of this bit and is shown below.
Reset does not affect this bit.

0 = 1 start bit, 8 data bits, 1 stop bit

1 = 1 start bit, 9 data bits, 1 stop bit

B3, WAKE This bit allows the user to select the method for
receiver “wake up”. If the WAKE bit is a logic
zero, an idle line condition will “wake up” the
receiver. If the WAKE bit is set to a logic one,
the system acknowledges an address bit (most
significant bit). The address bit is dependent on
both the WAKE bit and the M bit level (table
shown below). (Additionally, the receiver does
not use the wake-up feature unless the RWU
control bit in serial communications control
register 2 is set as discussed below). Reset
does not affect this bit.

WAKE | M METHOD OF RECEIVER “WAKE-UP”

o] X Detection of an idle line allows the next data byte
received to cause the receive data register to fill
and produce an RDRF flag.

Detection of a received one in the eighth data bit
allows an RDRF flag and associated error flags.

Detection of a received one in the ninth data bit
allows an RDRF flag and associated error flags.

EXPECTED
—_ DATA——I«— el _>|
RECEIVE | 3
DATA IN ! START BIT
% ? I-‘— DATA—=

—
DATA SAMPLES

ARTIFICIAL
EDGE

(a) Case 1, Receive Line Low During Artificial Edge
EXPECTED
~—DATA—=] = PEcT! _,.|

RECEIVE
DATA IN

START EDGE

7/
| START BIT |
|-— DATA-=

tt

———
DATA SAMPLES

(b) Case 2, Receive Line High During Expected Start Edge

FIGURE 5-4. SCI ARTIFICIAL START FOLLOWING
A FRAMING ERROR
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Serial Communications Control Register 2 (SCCR2)

7 6

5 4 3 2 1 0

l TIE [TCIEI RIE l ILIE l TE | RE |RWU|SBKI $OF

The serial

communications control

register 2 (SCCR2)

provides the control bits which: individually enable/disable the
transmitter or receiver, enable the system interrupts, and
provide the wake-up enable bit and a “send break code” bit.
Each of these bits is described below. (The individual flags are
discussed in the Serial Communications Status Register

Section.)

B7,TIE

B6, TCIE

B5, RIE

B4, ILIE

B3, TE

When the transmit interrupt enable bit is set,
the SCI interrupt occurs provided TDRE is set
(see Figure 5-6). When TIE is clear, the TDRE
interrupt is disabled. Reset clears the TIE bit.

When the transmission complete interrupt
enable bit is set, the SCI interrupt occurs
provided TC is set (see Figure 5-6). When TCIE
is clear, the TC interrupt is disabled. Reset
clears the TCIE bit.

When the receive interrupt enable bit is set, the
SCI interrupt occurs provided OR is set or
RDRF is set (see Figure 5-6). When RIE is
clear, the OR and RDRF interrupts are disabled.
Reset clears the RIE bit.

When the idle line interrupt enable bit is set, the
SCI interrupt occurs provided IDLE is set (see
Figure 5-6). When ILIE is clear, the IDLE
interrupt is disabled. Reset clears the ILIE bit.

When the transmit enable bit is set, the transmit
shift register output is applied to the TDO line.
Depending on the state of control bit M in serial
communications control register 1, a preamble
of 10 (M = 0) or 11(M = 1) consecutive ones is
transmitted when software sets the TE bit from
a cleared state. If a transmission is in progress,
and TE is written to a zero, then the transmitter
will wait until after the present byte has been
transmitted before placing the TDO pin in the
idle high-impedance state. If the TE pin has
been written to a zero and then set to a one
before the current byte is transmitted, the
transmitter will wait until that byte is
transmitted and will then initiate transmission
of a new preamble. After the preamble is
transmitted, and provided the TDRE bit is set
(no new data to transmit), the line remains idle
(driven high while TE = 1); otherwise, normal
transmission occurs. This function allows the
user to “neatly” terminate a transmission se-
quence. After loading the last byte in the serial
communications data register and receiving the
interrupt from TDRE, indicating the data has
been transferred into the shift register, the user
should clear TE. The last byte will then be trans-
mitted and the line will go idle (high impedance).
Reset clears the TE bit.

B2,RE

B1,RWU

BO, SBK

When the receive enable bit is set, the receiver
is enabled. When RE is clear, the receiver is
disabled and all of the status bit associated with
the receiver (RDRF, IDLE, OR, NF, and FE)
are inhibited. Reset clears the RE bit.

When the receiver wake-up bit is set, it enables
the “wake up” function. The type of “wake up
mode for the receiver is determined by the
WAKE bit discussed above (in the SCCR1).
When the RWU bit is set, no status flags will be
set. Flags which were set previously will not be
cleared when RWU is set. If the WAKE bit is
cleared, RWU is cleared after receiving
10(M = 0) or 11(M = 1) consecutive ones.
Under these conditions, RWU cannot be set if
the line is idle. If the WAKE bit is set, RWU is
cleared after receiving an address bit. The
RDREF flag will then be set and the address byte
will be stored in the receiver data register. Reset
clears the RWU bit.

When the send break bit is set the transmitter
sends zeros in some number equal to a multiple
of the data format bits. If the SBK bit is toggied
set and clear, the transmitter sends 10(M = 0)
or 11(M = 1) zeros and then reverts to idle or
sending data. The actual number of zeros sent
when SBK is toggled depends on the data
format set by the M bit in the serial communica-
tions control register 1; therefore, the break
code will be synchronous with respect to the
data stream. At the completion of the break
code, the transmitter sends at least one high
bit to guarantee recognition of a valid start bit.

Reset clears the SBK bit.
EXPECTED DETECTED AS
—~— STOP VALID START
EDGE
~«— BREAK-—>

BATAIN T

T

| /;ﬁm‘r arr]

T

> 0
t } START  START EDGE
QUALI-  VERIFICATION

DATA SAMPLES FIER  SAMPLER

FIGURE 5-5. SCI START BIT FOLLOWING A BREAK
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< ] SCI INTERRUPT INTERNAL BUS >
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SCCR2

TRANSMIT RECEIVE

$11] DATA ,}tsﬁg | TIE ,ég'ig) DATA | s11

REGISTER — REGISTER

RIE
- TDO
(PD1, ILIE
PIN 30) —

TRANSMIT RECEIVE
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NOTE: The Serial Communications Data Register (SCDAT) is controlled by the intarnal R/W signal. it is the transmit data register when written and receive data
register when read.

FIGURE 5-6. SERIAL COMMUNICATIONS INTERFACE BLOCK DIAGRAM
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Serial Communications Status Register (SCSR)

7 6

5 4 3 2 1 o]

lTDREl TC |RDRF||DLE| OR I NF | FE l - I $10

The serial communications status register (SCSR) provides
inputs to the interrupt logic circuits for generation of the SCI
system interrupt. In addition, a noise flag bit and a framing error
bit are also contained in the SCSR.

B7, TDRE

B6,TC

B5, RDRF

The transmit data register empty bit is set to
indicate that the contents of the serial com-
munications data register have been transferred
to the transmit serial shift register. If the TDRE
bit is clear, it indicates that the transfer has not
yet occurred and a write to the serial communi-
cations data register will overwrite the previous
value. The TDRE bit is cleared by accessing
the serial communications status register (with
TDRE set), followed by writing to the serial
communication data register. Data can not be
transmitted unless the serial communications
status register is accessed before writing to the
serial communications data register to clear the
TDRE flag bit. Reset sets the TDRE bit.

The transmit complete bit is set at the end of a

data frame, preamble, or break condition if:

1. TE = 1, TDRE = 1, and no pending data,
preamble, or break is to be transmitted; or

2. TE = 0, and the data, preamble, or break
(in the transmit shift register) has been
transmitted.

The TC bit is a status flag which indicates that
one of the above conditions has occurred. The
TC bit is cleared by accessing the serial
communications status register (with TC set),
followed by writing to the serial communica-
tions data register. It does not inhibit the
transmitter function in any way. Reset sets the
TC bit.

When the receive data register full bit is set, it
indicates that the receiver serial shift register
is transferred to the serial communications data
register. If multiple errors are detected in any
one received word, the NF, FE, and RDRF bits
will be affected as appropriate during the same
clock cycle. The RDRF bit is cleared when the
serial communications status register is
accessed (with RDRF set) followed by a read of
the serial communications data register. Reset
clears the RDRF bit.

B4, IDLE

B3,0R

B2, NF

When the idle line detect bit is set, it indicates
that a receiver idle line is detected (receipt of a
minimum number of ones to constitute the
number of bits in the byte format). The minimum
number of ones needed will be 10(M = 0) or
11(M = 1). This allows a receiver that is not in
the wake-up mode to detect the end of a
message, detect the preamble of a new
message, or to resynchronize with the
transmitter. The IDLE bit is cleared by access-
ing the serial communications status register
(with IDLE set) followed by a read of the serial
communications data register. The IDLE bit will
not be set again until after an RDRF has been
set; i.e., a new idle line occurs. The IDLE bit is
not set by an idle line when the receiver “wakes
up” from the wake-up mode. Reset clears the
IDLE bit.

When the overrun error bit is set, it indicates
that the next byte is ready to be transferred
from the receive shift register to the seriai
communications data register when it is already
full (RDRF bit is set). Data transfer is then
inhibited until the RDRF bit is cleared. Data in
the serial communications data register is valid
in this case, but additional data received during
an overrun condition (including the byte caus-
ing the overrun) will be lost. The OR bit is
cleared when the serial communications status
register is accessed (with OR set), followed by a
read of the serial communications data register.
Reset clears the OR bit.

The noise flag bit is set if there is noise on a
“valid” start bit or if there is noise on any of the
data bits or if there is noise on the stop bit. It is
not set by noise on the idle line nor by invalid
(false) start bits. If there is noise, the NF bit is
not set until the RDRF flag is set. Each data bit
is sampled three times as described above in
RECEIVE DATA IN and shown in Figure 5-3.
The NF bit represents the status of the byte in
the serial communications data register. For the
byte being received (shifted in) there will also be
a “working” noise flag the value of which will be
transferred to the NF bit when the serial data is
loaded into the serial communications data
register. The NF bit does not generate an inter-
rupt because the RDRF bit gets set with NF and
can be used to generate the interrupt. The NF
bit is cleared when the serial communications
status register is accessed (with NF set),
followed by a read of the serial communications
data register. Reset clears the NF bit.

| MICROCONTROLLERS ﬂ




B1,FE The framing error bit is set when the byte
boundaries in the bit stream are not synchro-
nized with the receiver bit counter (generated
by a “lost” stop bit). The byte is transferred to
the serial communications data register and the
RDRF bit is set. The FE bit does not generate an
interrupt because the RDRF bit is set at the
same time as FE and can be used to generate
the interrupt. Note that if the byte received
causes a framing error and it will also cause an
overrun if transferred to the serial communica-
tions data register, then the overrun bit will
be set, but not the framing error bit, and the
byte will not be transferred to the serial
communications data register. The FE bit is
cleared when the serial communications status
register is accessed (with FE set) followed
by a read of the serial communications data
register. Reset clears the FE bit.

Baud Rate Register

7 6 5 4 3 2 1 0
| — | — |scei]scro| — |scre|scri|scro| sop

The baud rate register provides the means for selecting
different baud rates which may be used as the rate control for
the transmitter and receiver. The SCPO - SCP1 bits function as
a prescaler for the SCRO - SCR2 bits. Together, these five bits
provide multiple, baud rate combinations for a given crystal
frequency.

BS, SCP1 These two bits in the baud rate register are
B4, SCPO used as a prescaler to increase the range of
standard baud rates controlled by the SCRO -
SCR2 bits. A table of the prescaler internal
processor clock division versus bit levels is
provided below. Reset clears SCP1 - SCPO bits
(divide-by-one).
INTERNAL PROCESSOR
SCP1 SCPO CLOCKDIVIDE BY
o] (o]
(o] 1 3
1 0 4
1 1 13
B2, SCR2 These three bits in the baud rate register are
B1,SCR1 used to select the baud rates of both the
B0, SCRO transmitter and receiver. A table of baud rates

versus bit levels is shown below. Reset does
not affect the SCR2 - SCRO bits.

PRESCALER OUTPUT
SCR2 SCR1 SCRO DIVIDE BY

0 0 0 1

0 0 1 2

0 1 0 4

0 1 1 8

1 0 0 16

1 0 1 32

1 1 0 64

1 1 1 128

The diagram of Figure 5-7 and Tables 5-1 and 5-2 illustrate
the divided chain used to obtain the baud rate clock (transmit
clock). Note that there is a fixed rate divide-by-16 between the
receive clock (RT) and the transmit clock (Tx). The actual
divider chain is controlled by the combined SCPO - SCP1 and
SCRO - SCR2 bits in the baud rate register as illustrated. All di-
vided frequencies shown in the first table represent the final
transmit clock (the actual baud rate) resulting from the internal
processor clock division shown in the “divide-by” column only
(prescaler division only). The second table illustrates how the
prescaler output can be further divided by action of the SCi se-
lect bits (SCRO -~ SCR2). For example, assume that a 9600Hz
baud rate is required with a 2.4576MHz external crystal. In this
case the prescaler bits (SCPO - SCP1) could be configured as
a divide-by-one or a divide-by-four. If a divide-by-four
prescaler is used, then the SCRO - SCR2 bits must be
configured as a divide-by-two. This results in a divide-by-128
of the internal processor clock to produce a 9600Hz baud rate
clock. Using the same crystal, the 9600 baud rate can be ob-
tained with a prescaler divide-by-one and the SCRO - SCR2
bits configured for a divide-by-eight.

NOTE: The crystal frequency is internally divided-by-two to
generate the internal processor clock.

scl
TRANSMIT
CLOCK (Tx)

OSCILLATOR
FREQUENCY i
] SCRO-_ SCR2
o scaen SCI SELECT scl
oo | rate Ll mecene
‘N CONTROL CLOCK (RT)
- +M

FIGURE 5-7. RATE GENERATOR DIVISION
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TABLE 5-1.

PRESCALER HIGHEST BAUD RATE FREQUENCY OUTPUT

SCPBIT CLOCK* CRYSTAL FREQUENCY MHz
1 (V] DIVIDED BY g.of 4.194304 4.0 2.4576 2.0 1.8432
(o] o] 1 250.000kHz | 131.072kHz | 125.000 kHz 76.80 kHz 62.50 kHz 57.60 kHz
(o] 1 3 83.332 kHz 43.691 kHz 41.666 kHz 25.60 kHz 20.833 kHz 19.20 kHz
1 (o] 4 62.500 kHz 32.768 kHz 31.250 kHz 19.20 kHz 15.625 kHz 14.40 kHz
1 1 13 19.200 kHz 10.082 kHz 9600 Hz 5.907 kHz 4800 Hz 4430 Hz

* The clock in the “CLOCK DIVIDED BY" column is the internal processor clock.
t CDP68HSC05C4, CDP6BHSC05C8, CDP68HSCO5C7 types.

NOTE: The divided frequencies shown in Table 5-1 represent baud rates which are the highest transmit baud rate (Tx) that can be obtained by a specific crystal
frequency and only using the prescaler division. Lower baud rates may be obtained by providing a further division using the SCl rate select bits as shown

below for some representative prescaler outputs.

TABLE 5-2. TRANSMIT BAUD RATE OUTPUT FOR A GIVEN PRESCALER OUTPUT
SCRBITS REPRESENTATIVE HIGHEST PRESCALER BAUD RATE OUTPUT
2 1 o DIVIDE BY |250.000kHzt | 131.072kHz | 32.768 kHz 76.80 kHz 19.20 kHz 9600 Hz
0 0 o 1 — 131.072kHz 32.768 kHz 76.80 kHz 19.20 kHz 9600 Hz
0o o 1 2 125.000 kHz 65.536 kHz 16.384 kHz 38.40 kHz 9600 Hz 4800 Hz
o] 1 [o] 4 62.500 kHz 32.678 kHz 8.192 kHz 19.20 kHz 4800 Hz 2400 Hz
o] 1 1 8 31.250 kHz 16.384 kHz 4.096 kHz 9600 Hz 2400 Hz 1200 Hz
1 (o] (o] 16 15.625 kHz 8.192 kHz 2.048 kHz 4800 Hz 1200 Hz 600 Hz
1 [¢] 1 32 7813 kHz 4.096 kHz 1.024 kHz 2400 Hz 600 Hz 300 Hz
1 1 (o] 64 3.906 kHz 2.048 kHz 512 Hz 1200 Hz 300 Hz 150 Hz
1 1 1 128 1953 kHz 1.024 kHz 256 Hz 600 Hz 150 Hz 75Hz

t CDP688HSC05C4, CDPE8HSC05C8, CDP68HSCO5C7 types.

NOTE: Table 5-2 illustrates how the SCI select bits can be used to provide lower transmitter baud rates by further dividing the prescaler output frequency. The five
In all cases, the baud rates shown are transmit baud rates (transmit clock) and the receiver clock is 16 times

are only repr

higher in frequency than the actual baud rate.
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Serial Peripheral Interface (SPI)

INTRODUCTION AND FEATURES

Introduction

The serial peripheral interface (SPI) is an interface built into the
MCU which allows several MCUs, or one MCU plus peripheral
devices, to be interconnected within a single “black box” or on
the same printed circuit board. In a serial peripheral interface
(SPI), separate wires (signals) are required for data and clock.
In the SPI format, the clock is not included in the data stream
and must be furnished as a separate signal. An SPI system
may be configured as one containing one master MCU and
several slave MCUs, or in a system in which an MCU is
capable of being either a master or a slave.

Figure 6-1 llustrates a typical multicomputer system
configuration. Figure 6~1 represents a system of five different
MCUs in which there are one master and four slave (0, 1, 2, 3).
In this system four basic line (signals) are required for the
MOSI (master out slave in), MISO (master in slave out), SCK
serial clock, and SS (slave select) lines.

Features
o Full duplex, three-wire synchronous transfers

© Master or slave operation

e Master bit frequency

» 1.05 MHz maximum (CDP68HC05C4, CDP68HCO05CS8,
CDP68HCO5C7 and CDP68HCLO5C4,
CDP68HCLO5C8, CDP88HCLOSC7)

» 2.0 MHz maximum (CDP68HSC05C4, CDP68HSCO05CS,

CDP68HSCO05C7)

Slave bit frequency

» 2.1 MHz maximum (CDP68HCO05C4, CDP68HCO05CS,
CDP68HCO05C7, and CDP68HCLO5C4,
CDP68HCLO5C8, CDP68HCLO5C7)

» 4.0 MHz maximum (CDP68HSCO05C4, CDP68HSCO05CS,

CDP68HSCO05C7)

e Four programmable master bit rates

e Programmabile clock polarity and phase

e End of transmission interrupt flag

e Write collision flag protection

e Master-Master mode fault protection capability

CD68HCO05C4 SLAVE 0
MISO SCK
MISO —
MOSI MOSI  SS
SCK
ss Vop
CD68HC05C8
MASTER
P O
o1
R 2
T 3
MOsl  SS MOSI S8 MOSI SS
MISO SCK MISO SCK MISO SCK
CD68HCO05C4 SLAVE 3 CD68HCO5C4 SLAVE 2 CD68HCO05C4 SLAVE 1

SINGLE MASTER, FOUR SLAVES

FIGURE 6-1. MASTER-SLAVE SYSTEM CONFIGURATION
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SIGNAL DESCRIPTION

The four basic signals (MOSI, MISO, SCK, SS) discussed
above are described in the following paragraphs. Each signal
function is described for both the master and slave mode.

Master Out Slave In (MOSI)

The MOSI pin is configured as a data output in a master (mode)
device and as a data input in a slave (mode) device. In this
manner data is transferred serially from a master to a slave on
this line; most significant bit first, least significant bit last. The
timing diagrams of Figure 6-2 summarize the SPI timing
and show the relationship between data and clock (SCK). As
shown in Figure 6-2, four possible timing relationships may be
chosen by using control bits CPOL and CPHA. The master
device always allows data to be applied on the MOSI line a
half-cycle before the clock edge (SCK) in order for the slave
device to latch the data.

NOTE: Both the slave device(s) and a master device must be
programmed to similar timing modes for proper data transfer.

When the master device transmits data to a second (slave)
device via the MOSiI line, the slave device responds by sending
data to the master device via the MISO line. This implies full
duplex transmission with both data out and data in
synchronized with the same clock signal (one which is
provided by the master device). Thus, the byte transmitted is
replaced by the byte received and eliminates the need for
separate transmit-empty and receiver-full status bits. A single
status bit (SPIF) is used to signify that the 1/O operation is
complete.

1

Configuration of the MOSI pin is a funtion of the MSTR bit in
the serial peripheral control register (SPCR, location $0A).
When a device Is operating as a master;-the MOSI pin is an
output because the program in firmware sets the MSTR bit to a
logic one.

Master In Slave Out (MISO)

The MISO pin is configured as an input in a master (mode)
device and as an output in a slave (mode) device. In this
manner data is transferred serially from a slave to a master on
this line; most significant bit first, least significant bit last. The
MISO pin of a slave device is placed in the high-impedance
state if it is not selected by the master; i.e., its SS pin is a logic
one. The timing diagram of Figure 6-2 shows the relationship
between data and clock (SCK). As shown in Figure 6-2, four
possible timing relationships may be chosen by using control
bits CPOL and CPHA. The master device always allows data to
be applied on the MOSI line a half-cycle before the clock edge
(SCK) in order for the slave device to latch the data.

NOTE: The slave device(s) and a master device must be
programmed to similar timing modes for proper data transfer.

When the master device transmits data to a slave device via the
MOSI line, the slave device responds by sending data to the
master device via the MISO line. This implies full duplex
transmission with both data out and data in synchronized with
the same clock signal (one which is provided by the master
device). Thus, the byte transmitted is replaced by the byte
received and eliminates the need for separate transmit-empty
and receiver-full status bits. A single status bit (SPIF) in the
serial peripheral status register (SPSR, location $0B) is used to
signify that the 1/O operation is complete.

88 Sss
1 e 1 r—l
SCK
ESRRRERERENE
(CPOL = 0, CPHA = 0)
— 1 —— =
SCK '_ ] ] |
— — — _— - —
(CPOL = 0, CPHA = 1)
— ' — r— - e —
SCK _J
S b S — S  — b S
(CPOL = 1, CPHA = 0)
8CK
et S — hJ et e e S —— e
(CPOL = 1, CPHA = 1)
MISO/
v [//////]/ L1111/
MSB 6 5 4 3 2 1 LsB

INTERNAL STROBE FOR DATA CAPTURE (ALL MODES)

FIGURE 6-2. DATA CLOCK TIMING DIAGRAM
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In the master device, the MSTR control bit in the serial periph-
eral control register (SPCR, location $0A) is set to a logic one
(by the program) to allow the master device to receive data on
its MISO pin. In the slave device, its MISO pin is enable by the
logic level of the SS pin; i.e., if SS = 1 then the MISO pin is
placed in the high-impedance state, whereas, if SS = 0 the
MISO pin is an output for the slave device.

Slave Select (SS)

The slave select (§§) pin is a fixed input (PD5, pin 34), which
receives an active low signal that is generated by the master
device to enable slave device(s) to accept data. To ensure that
data will be accepted by a slave device, the SS signal line must
be a logic low prior to occurrence of SCK (system clock) and
must remain low until after the last (eighth) SCK cycle. Figure
6-2 illustrates the relationship between SCK and the data for
two different level combinations of CPHA, when SS is pulled
low. These are: 1) with CPHA = 1, the first bit of data is
‘applied to the MISO line for transfer (SS must go high between
successive characters), and 2) when CPHA = O the slave
device is prevented from writing to its data register (SS can
remain low between characters). Refer to the WCOL status flag
in the serial peripheral status register (location $0B) descrip-
tion for further information on the effects that the SS inputand
CPHA control bit have on the I/O data register. A high level SS
signal forces the MISO (master in slave out) line to the high-
impedance state. Also, SCK and the MOSI (master out slave in)
iine are ignored by a slave device when its SS signal is high.

When a device is a master, it constantly monitors its SS signal
input for a logic low. The master device will become a slave
device any time its SS signal input is detected low. This
ensures that there is only one master controlling the SS line for
a particular system. When the SS line is detected low, it clears
the MSTR control bit {serial peripheral control register, location
$0A). Also, control bit SPE in the serial peripheral control
register is cleared which causes the serial peripheral interface

(SPI) to be disabled (port D SPI pins become inputs). The
MODF flag bit in the serial peripheral status register (location
$0B) is also set to indicate to the master device that another
device is attempting to become a master. Two devices attempt-
ing to be outputs are normally the result of a software error;
however, a system could be configured which would contain a
default master which would automatically “take-over ” and
restart the system.

Serial Clock (SCK)

The serial clock is used to synchronize the movement of data
both in and out of the device through its MOSI and MISO pins.
The master and slave devices are capable of exchanging a
data byte of information during a sequence of eight clock
pulses. Since the SCK is generated by the master device, the
SCK line becomes an input on all slave devices and synchro-
nizes slave data transfer. The type of clock and it relationship
to data are controlied by the CPOL and CPHA bits in the serial
peripheral control register (location $0A) discussed below.
Refer to Figure 6-2 for timing.

The master device generates the SCK through a circuit.driven
by the internal processor clogk. Two bits (SPRO and SPR1) in
the serial peripheral control register (location $0A) of the
master device select the clock rate. The master device uses the
SCK to latch incoming slave device data on the MISO line and
shifts out data to the slave device on the MOSI line. Both
master and slave devices must be operated in the same timing
mode as controlled by the CPOL and CPHA bit in the serial
peripheral control register. In the slave device, SPRO, SPR1
have no effect on the operation of the serial peripheral
interface. Timing is shown in Figure 6-2.

FUNCTIONAL DESCRIPTION

A block diagram of the serial peripheral interface (SPI) is
shown in Figure 6-3. In a master configuration, the master start

SEE NOTE
INTERNAL “ . -
PROCESSOR 33 32 [ Mosi 3t
T T
l READ
MASTER 1
RATE INTERNAL
GENERATOR [~  START I 18 DATA
LOGIC [ ( READ BUFFER (LOAD) — BUS
34 [, SPIF
—> (END TX]
— SLAVE soc /|8 ( )
ss START 8-BIT SHIFT  (FULL)
Locie B REGISTER V4
(SEE NOTE) 2 T 78
WRITE
SPCR CONTROL 1 |
SOA BITS STATE 23
CONTROLLER 7
SPSR 7
i i FLAGS |—7L-———

NOTES: The S§, SCK, MOSI and MISO are external pins which provide the following functions:

Provides serial output to slave unit(s) when device is configured as a master. Receives serial input from master unit when device is
Receives serial input from slave unit(s) when device is configured as a master. Provides serial output to master when device is

Provides system clock when device is configured as a master unit. Receives system clock when device is configured as a slave unit.

a. MOSI -
configured as a slave unit.
b. MISO -
configured as a slave unit.
c. SCK -
d. §§ - Provides a logic low to select device for a transfer with a master device.

FIGURE 6-8. SERIAL PRIPHERAL INTERFACE BLOCK DIAGRAM
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logic receives an input from the CPU (in the form of a write to
the SPI rate generator) and originates the system clock (SCK)
based on the internal processor clock. This clock is also used
internally to control the state controller as well as the 8-bit shift
register. As a master device, data is parallel loaded into the
8-bit shift register (from the internal bus) during a write cycle,
data is applied serially from a slave device via the MISO pin to
the 8-bit shift register. After the 8-bit shift register is loaded, its
data is parallel transferred to the read buffer and then is made
available to the internal data bus during a CPU read cycle.

In a slave configuration, the slave start logic receives a logic
low (from a master device) at the Ss pin and a system clock
input (from the same master device) at the SCK pin. Thus, the
slave is synchronized with the master. Data from the master is
received serially at the slave MOSI pin and loads the 8-bit shift
register. After the 8-bit shift register is loaded, its data is
parallel transferred to the read buffer and then is made
available to the internal data bus during a CPU read cycle.
During a write cycle, data is parallel loaded into the 8-bit shift
register from the internal data bus and then shifted out serially
to the MISO pin for application to the master device.

Figure 6-4 illustrates the MOSI, MISO, and SCK master-slave
interconnections. Note that in Figure 6-4 the master SS pin is
tied to a logic high and the slave SS pin is a logic low. Figure
6-1 provides a larger system connection for these same pins.
Note that in Figure 6-1, all SS pins are connected to a port pin
of a master/slave device. In this case any of the devices can be
a slave.

MASTER | SLAVE

8-BITSHIFT | | MISO  MISO| ¥g.giT SHIFT

REGISTER [ T REGISTER
| MOSI  MOSI,
1
SPi | SCK SCK!
CLOCK e —
GENERATOR ss ss

| +5V oV

FIGURE 6-4. SERIAL PERIPHERAL INTERFACE
MASTER-SLAVE INTERCONNECTION

REGISTERS

There are three register in the serial parallel interface which
provide control, status, and data storage functions. These
registers which include the seriai peripheral control register
(SPCR, location $0A), serial peripheral status register (SPSR,
location $0B), and serial peripheral data 1/0O register (SPDR,
location $0C) are described below.

Serial Peripheral Control Register (SPCR)

7 8 5 4 3 2 1 0

ISPIE] SPE I - IMSTRICPOLICPHAISPFH JSPRO] $0A

The serial peripheral control register bits are defined as
follows:

B7, SPIE When the serial peripheral interrupt enable is
high, it allows the occurrence of a processor
interrupt, and forces the proper vector to be
loaded into the program counter if the serial
peripheral status register flag bit (SPIF and/or
MODE) is set to a logic one. It does not inhibit
the setting of a status bit. The SPIE bit is cleared

by reset.

B6, SPE When the serial peripheral output enable
control bit is set, all output drive is applied to the
external pins and the system is enabled. When
the SPE bit is set, it enables the SPI system by
connecting it to the external pins thus allowing
it to interface with the external SP1 bus. The pins
that are defined as output depend on which
mode (master or slave) the device is in. Because
the SPE bit is cleared by reset, the SPI system
is not connected to the external pins upon reset.

B4, MSTR The master bit determines whether the device is
a master or a slave. if the MSTR bit is a logic
zero it indictes a slave device and a logic one
denotes a master device. If the master mode is
selected, the function of the SCK pin changes
from an input to an output and the function of
the MISO and MOSI pins are reversed. This
allows the user to wire device pins MISO to
MISQO, and MOSI to MOSI, and SCK to SCK
without incident. The MSTR bit is cleared by
reset; therefore, the device is always placed in
the slave mode during reset.

B3, CPOL The clock polarity bit controls the normal or
steady state value of the clock when data is not
being transferred. The CPOL bit affects both
the master and slave modes. It must be used in
conjunction with the clock phase control bit
(CPHA) to produce the wanted clock-data
relationship between a master and a slave
device. When the CPOL bit is a logic zero, it
produces a steady state low value at the SCK
pin of the master device. If the CPOL bit is a
logic one, a high value is produced at the SCK
pin of the master device when data is not being
transferred. The CPOL bit is not affected by
reset. Refer to Figure 6-2.

B2, CPHA The clock phase bit controls the relationship
between the data on the MISO and MOSI pins
and the clock produced or received at the SCK
pin. This controf has effect in both the master
and slave modes. It must be used in conjunction
with the clock polarity control bit (CPOL) to
produce the wanted clock-data relation. The
CPHA bit in general selects the clock edge
which captures data and allows it to change
states. It has its greatest impact on the first bit
transmitted (MSB) in that it does or does not
allow a clock transition before the first data
capture edge. The CPHA bit is not affected by
reset. Refer to Figure 6-2.
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B1,SPR1
BO, SPRO

These two serial peripheral rate bits select one
of four baud rates to used as SCK if the device
is a master; however they have no effect in the
slave mode. The slave device is capable of
shifting data in and out at a maximum rate
which is equal to the CPU clock. A rate table is
given below for the generation of the SCK from
the master. The SPR1 and SPRO bits are not
affected by reset.

SPR1

INTERNAL PROCESSOR
SPRO CLOCK DIVIDE BY

0 2

4

—al=]lo

1
0 16
1 32

Serlal Peripheral Status Register (SPSR)

7 6

5 4 3 2 1 o]

ISPIF I\NCOLI — |MODFI — I - I -— I - I $0B

The status flags which generate a serial peripheral interface
(SPI) interrupt may be blocked by the SPIE control bit in the
serial peripheral control register. The WCOL bit does not cause
an interrupt. The serial peripheral status register bits are
defined as follows:

B7, SPIF

The serial peripheral data transfer flag bit
notifies the user that a data transfer between
the device and an external device has been
completed. With the completion of the data
transfer, SPIF is set, and if SPIE is set, a serial
peripheral interrupt (SPI) is generated. During
the clock cycle that SPIF is being set, a copy of
the received data byte in the shift register is
moved to a buffer. When the data register is
read, it is the buffer that is read. During an
overrun condition, when the master device has
sent several bytes of data and the slave device
has not responded to the first SPIF, only the first
byte sent is contained in the receiver buffer and
al!l other bytes are lost.

The transfer of data is initiated by the master
device writing its serial peripheral data register.

Clearing the SPIF bit is accomplished by a
software sequence of accessing the serial
peripheral status register while SPIF is set and
followed by a write to or a read of the serial
peripheral data register. While SPIF is set, all
writes to the serial peripheral data register are
inhibited until the serial peripheral status
register is read. This occurs in the master
device. In the slave device, SPIF can be cleared
(using a similar sequence) during a second
transmission; however, it must be cleared

B6, WCOL
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before the second SPIF in order to prevent an
overrun condition. The SPIF bit is cleared by
reset.

The function of the write collision status bit is to
notify the user that an attempt was made to
write the serial peripheral data register while a
data transfer was taking place with an external
device. The transfer continues uninterrupted;
therefore, a write will be unsuccessful. A “read
collision” will never occur since the received
data byte is placed in a buffer in which access
is always synchronous with the MCU operation.
If a “write collision” occurs, WCOL is set but no
SPI interrupt is generated. The WCOL bit is a
status flag only.

Clearing the WCOL bit is accomplished by a
software sequence of accessing the serial
peripheral status register while WCOL is set,
followed by 1) a read of the serial peripheral
data register prior to the SPIF bit being set, or
2) a read or write of the serial peripheral data
register after the SPIF bit is set. A write to the
serial peripheral data register (SPDR) prior to
the SPIF bit being set, will result in generation of
another WCOL status flag. Both the SPIF and
WCOL bits will be cleared in the same
sequence. If a second transfer has started while
trying to clear (the previously set) SPIF and
WCOL bits with a clearing sequence containing
a write to the serial peripheral data register,
only the SPIF bit will be cleared.

A collision of a write to the serial peripheral
data register while an external data transfer is
taking place can occur in both the master mode
and the slave mode, although with proper
programming the master device should have
sufficient information to preclude this collision.

Collision in the master device is defined as a
write of the serial peripheral data register while
the internal rate clock (SCK) is in the process of
transfer. The signal on the SS pin is always high
on the master device.

A collision in a slave device is defined in two
separate modes. One problem arises in a slave
device when the CPHA control bit is a logic
zero. When CPHA is a logic zero, data is
latched with the occurrence of the first clock
transition. The slave device does not have any
way of knowing when that transition will occur;
therefore, the slave device collision occurs
when it attempts to write the serial peripheral
data register after its SS pin has been pulled
low. The SS pin of the slave device freezes the
data in its serial peripheral data register and
does not allow it to be altered if the CPHA bit is
a logic zero. The master device must raise the
SS pin of the slave device high between each
byte it transfers to the slave device.



B4, MODF

The second collision mode is defined for the
state of the CPHA control bit being a logic one.
With the CPHA bit set, the slave device will be
receiving a clock (SCK) edge prior to the latch
of the first data transfer. This first clock edge
will freeze the data in the slave device 1/0
register and allow the msb onto the external
MISO pin of the slave device. The 'SS pin low
state enables the slave device but the drive onto
the MISO pin does not take place until the first
data transfer clock edge. The WCOL bit will
only be set if the /O register is accessed while
a transfer is taking place. By definition of the
second collision mode, a master device might
hold a slave device SS pin low during a transfer
of serveral bytes of data without a problem.

A special case of WCOL occurs in the slave
device. This happens when the master device
starts a transfer sequence (an edge on SCK for
CPHA = 1; or an active SS transition for
CPHA = 0) at the same time the slave device
CPU is writing to its serial peripheral interface
data register. In this case it is assumed that the
data byte written (in the slave device serial
peripheral interface) is lost and the contents of
the slave device read buffer becomes the byte
that is transferred. Because the master device
receives back the last byte transmitted, the
master device can detect that a fatal WCOL
occurred.

Since the slave device is operating asynchro-
nously with the master device, the WCOL bit
may be used as an indicator of a collision
occurrence. This helps alleviate the user from a
strict real-time programming effort. The WCOL
bit is cleared by reset.

The function of the mode fault flag is defined for
the master mode (device). If the device is a slave
device the MODF bit will be prevented from
toggling from a logic zero to a logic one;
however, this does not prevent the device from
being in the slave mode with the MODF bit set.
The MODF bit is normally a logic zero and is set
only when the master device has its SS pin
pulled low. Toggling the MODF bit to a logic
one affects the internal serial peripheral inter-
face (SPI) system in the following ways:

1. MODF is set and SPI interrupt is generated
ifSPIE=1.

2. The SPE bit is forced to a logic zero. This
blocks all output drive from the device,
disables the SPI system.

3. The MSTR bit is forced to a logic zero, thus
forcing the device into the slave mode.

Clearing the MODF is accomplished by a
software sequence of accessing the serial
peripheral status register while MODF is set
followed by a write to the serial peripheral
control register. Control bit SPE and MSTR may
be restored to their original set state during this
cleared sequence or after the MODF bit has
been cleared. Hardware does not allow the user
to set the SPE and MSTR bit while MODF is a
logic one unless it is during the proper clearing
sequence. The MODF flag bit indicates that
there might have been a multi-master conflict
for system contro! and allows a proper exit from
system operation to a reset or default system
state. The MODF bit is cleared by reset.

Serlal Peripheral Data I/O Register (SPDR)

7 6 5 4 3 2 1 0

Serial Paripheral Data I/O Register I $0C

The serial peripheral data I/0 register is used to transmit and
receive data on the serial bus. Only a write to this register will
initiate transmission/reception of another byte and this will only
occur in the master device. A slave device writing to its data I/0
register will not initiate a transmission. At the completion of
transmitting a byte of data, the SPIF status bit is set in both the
master and slave devices. A write or read of the serial
peripheral data 1/O register, after accessing the serial
peripheral status register with SPIF set, will clear SPIF.

During the clock cycle that the SPIF bit is being set, a copy of
the received data byte in the shift register is being moved to a
buffer. When the user reads the serial peripheral data I/O
register, the buffer is actually being read. During an overrun
condition, when the master device has sent several bytes of
data and the slave device has not internally responded to clear
the first SPIF, only the first byte is contained in the receive
buffer of the slave device; all others are iost. The user may read
the buffer at any time. The first SPIF must be cleared by the
time a second transfer of data from the shift register to the read
buffer is initiated or an overrun condition will exist.

A write to the serial peripherai data I/O register is not buffered
and places data directly into the shift register for transmission.

The ability to access the serial peripheral data I/O register is
limited when a transmission is taking place. It is important to
read the discussion defining the WCOL and SPIF status bit to
understand the limits on using the serial peripheral data I/O
register.

SERIAL PERIPHERAL SYSTEM
CONSIDERATIONS

There are two types of SPI systems; singie master system and
multi-master systems. Figure 6-1 illustrates a single master
system and a discussion of both is provided below.

INTERFACE (SPI)

2-41

MICROCONTROLLERS n




Figure 6-1 illustrates how a typical single master system may
be configured, using a CDP68HCO05 family device as the
master and four CDP68HCO5 family devices as slaves. As
shown, the MOSI, MISO, and SCK pins are all wired to
equivalent pins on each of the five devices. The master device
generates the SCK clock, the slave device all receive it. Since
the CDP68HCO5 master device is the bus master, it internally
controls the function of its MOSI and MISO lines, thus writing
data to the slave devices on the MOSI and reading data from
the slave devices on the MISO lines. The master device selects
the individual slave devices by using four pins of a parallel port
to control the four SS pins of the slave devices. A slave device
is selected when the master device pulls its SS pin low. The SS
pins are pulled high during reset since the master device ports
will be forced to be inputs at that time, thus disabling the slave
devices. Note that the slave devices do not have to be enabled
in a mutually exclusive fashion except to prevent bus conten-
tion on the MISO line. For example, three slave devices,
enabled for a transfer, are permissible if only one has the
capability of being read by the master. An example of this is a

write to several display drivers to clear a display with a single
I/O operation. To ensure that proper data transmission is
occurring between the master device and a slave device, the
master device may have the slave device respond with a
previously received data byte (this data byte could be inverted
or at least be a byte that is different from the last one sent by
the master device). The master device will always receive the
previous byte back from the slave device if all MISO and MOSI
lines are connected and the slave has not written its data 1/0
register. Other transmission security methods might be
defined using ports for handshake lines or data bytes with
command fields.

A multi-master system may also be configured by the user. An
exchange of master control could be implemented using a
handshake method through the I/O ports or by an exchange of
code messages through the serial peripheral interface system.
The major device control that plays a part in this system is the
MSTR bit in the serial peripheral control register and the
MODF bit in the serial peripheral status register.
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Effects of Stop and Wait Modes on the Timer and Serial Systems

INTRODUCTION

The STOP and WAIT instructions have different effects on the
programmable timer, serial communications interface (SCI),
and serial peripheral interface (SPI) systems. These different
effects are discussed separately below.

STOP MODE

When the processor executes the STOP instruction, the
internal oscillator is turned off. This halts all internal CPU
processing including the operation of the programmabile timer,
serial communications interface, and serial peripheral
interface. The only way for the MCU to “ wake up” from the
stop mode is by receipt of an external interrupt (logic low on
IRQ pin) or by the detection of a reset (logic low on RESET pin
or a power-on reset). The effects of the stop mode on each of
the MCU systems (Timer, SCI, and SPIl) are described
separately.

Timer During Stop Mode

When the MCU enters the stop mode, the timer counter stops
counting (the internal processor is stopped) and remains at
that particular count value until the stop mode is exited by an
interrupt (if exited by reset the counter is forced to $FFFC). If
the stop mode is exited by an external low on the IRQ pin, then
the counter resumes from its stopped value as if nothing had
happened. Another feature of the programmable timer, in the
stop mode, is that if at least one valid input capture edge
occurs at the TCAP pin, the input capture detect circuitry is
armed. This action does not set any timer flags or “wake up”
the MCU, but when the MCU does “wake up” there will be an
active input capture flag (and data) from that first valid edge
which occurred during the stop mode. If the stop mode is
exited by an external reset (logic low on RESET pin), then no
such input capture flag or data action takes place even if there
was a valid input capture edge (at the TCAP pin) during the
MCU stop mode.

SCI During Stop Mode

When the MCU enters the stop mode, the baud rate generator
which drives the receiver and transmitter is shut down. This
essentially stops all SCI activity. The receiver is unable to
receive and transmitter is unable to transmit. if the STOP
instruction is executed during a transmitter transfer, that
transfer is halted. When the stop mode is exited, that particular
transmission resumes (if the exit is the result of a low input to
the IRQ pin). Since the previous transmission resumes after an
IRQ interrupt stop mode exit, the user should ensure that the
SCI transmitter is in the idle state when the STOP instruction is
executed. If the receiver is receiving data when the STOP
instruction is executed, received data sampling is stopped

(baud rate generator stops) and the rest of the data is lost. For
the above reasons, all SCI transactions should be in the idle
state when the STOP instruction is executed.

SPI During Stop Mode

When the MCU enters the stop mode, the baud rate generator
which drives the SPI shuts down. This essentially stops all
master mode SPI operation, thus the master SPI is unable to
transmit or receive any data. If the STOP instruction is
executed during an SPI transfer, that transfer is halted until the
MCU exits the stop mode (provided it is an exit resulting from a
logic low on the IRQ pin). If the stop mode is exited by a reset,
then the appropriate control/status bits are cleared and the SPI
is disabled. If the device is in the slave mode when the STOP
instruction is executed, the slave SPI will still operate. It can still
accept data and clock information in addition to transmitting its
own data back to a master device.

At the end of a possible transmission with a slave SPI in the
stop mode, no flags are set until a logic low IRQ input results in
an MCU “wake up”. Caution should be observed when
operating the SPI (as a slave) during the stop mode because
none of the protection circuitry (write collision, mode fault, etc.)
is active.

It should also be noted that when the MCU enters the stop
mode all enabled output drivers (TDO, TCMP, MISO, MOSI,
and SCK ports) remain active and any sourcing currents from
these outputs will be part of the total suply current required by
the device.

WAIT MODE

When the MCU enters the wait mode, the CPU clock is halted.
All CPU action is suspended; however, the timer, SCI, and SP!
systems remain active. In fact an interrupt from the timer, SCI,
or SPI (in addition to a logic low on the IRQ or RESET pins)
causes the processor to exit the wait mode. Since the three
systems mentioned above operate as they do in the normal
mode, only a general discussion of the wait mode is provided
below.

The wait mode power consumption depends on how many
systems are active. The power consumption will be highest
when all the systems (timer, TCMP, SCI, and SPI) are active.
The power consumption will be the least when the SCl and SPI
systems are disabled ( timer operation cannot be disabled in
the wait mode). if a non-reset exit from the wait mode is
performed (i.e., timer overflow interrupt exit), the state of the
remaining systems will be unchanged. if a reset exit from the
wait mode is performed all the systems revert to the disabled
reset state.
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Instruction Set and Addressing Modes

INSTRUCTION SET

The MCU has a set of 62 basic instructions. They can be
divided into five different types: register/memory, read-
modify-write, branch, bit manipulation, and control. The
following paragraphs briefly explain each type. All the
instructions within a given type are presented in individual
tables.

All of the instructions used in the CDP6805 CMOS Family are
available in the CDP68HCO5C4 family of MCU’s, plus an
additional one; the multiply (MUL) instruction. This instruction
allows for unsigned multiplication of the contents of the
accumulator (A) and the index register (X). The high order
product is then stored in the index register and the low order
product is stored in the accumulator. A detailed definition of
the MUL instruction is shown below.

Register/Memory Instructions

Most of these instructions use two operands. The first operand
is either the accumulator or the index register. The second
operand is obtained from memory using one of the addressing
modes. The operand for the jump unconditional (JMP) and
jump to subroutine (JSR) instructions is the program counter.
Refer to Table 8-1.

Read-Modify-Write Instructions

These instructions read a memory location or a register, modify
or test its contents, and write the modified value back to
memory or to the register. The test for negative or zero (TST)
instruction is an exception to the read-modify-write sequence
since it does not modify the value. Refer to Table 8-2.

Operation: X:A « X*A
Description: Multiplies the eight bits in the index register by the eight bits in the accumulator to obtain a
16-bit unsigned number in the concatenated accumulator index register.
Condition Codes: H: Cleared
I  Notaffected
N: Not affected
Z: Notaffected
C: Cleared
Source Form(s): MUL
Addressing Mode Cycles Bytes Opcode
Inherent 11 1 $42
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TABLE 8-1. REGISTER/MEMORY INSTRUCTIONS
ADDRESSING MODES
INDEXED INDEXED INDEXED
IMMEDIATE DIRECT EXTENDED (NO OFFSET) (8-BIT OFFSET) {16-BIT OFFSET)
op NO. NO. op NO. NO. oP NO. NO. oP NO. NO. oP NO. NO. OoP NO. NO.
FUNCTION MNEM. | CODE | BYTES |CYCLES | CODE | BYTES |CYCLES | CODE | BYTES |CYCLES ] CODE | BYTES |CYCLES J CODE | BYTES |CYCLES | CODE | BYTES |CYCLES
Load A from Memory LDA A6 2 2 B6 2 3 [of] 3 4 Fé 1 3 E6 2 4 Dé 3 5
Load X from Memory LDX AE 2 2 BE 2 3 CE 3 4 FE 1 3 EE 2 4 DE 3 5
Store A in Memory STA - - - B7 2 4 Cc7 3 5 F7 1 4 E7 2 5 D7 3 6
Store X in Memory 8TX - - - BF 2 4 CF 3 5 FF 1 4 EF 2 5 DF 3 6
Add Memoryto A ADD AB 2 2 BB 2 3 cB 3 4 FB 1 3 EB 2 4 DB 3 5
Add Memory and ADC A9 2 2 B9 2 3 c9 3 4 F9 1 3 E9 2 4 D9 3 5
CarrytoA
Subtract Memory suB A0 2 2 80 2 3 Cco 3 4 FO 1 3 EO 2 4 Do 3 5
Subtract Memory SBC A2 2 2 B2 2 3 c2 3 4 F2 1 3 E2 2 4 D2 3 5
From A with Borrow
AND Memoryto A AND A4 2 2 B4 2 3 c4 3 4 F4 1 3 E4 2 4 D4 3 5
OR Memory with A ORA AA 2 2 BA 2 3 CA 3 4 FA 1 3 EA 2 4 DA 3 5
Exclusive OR EOR A8 2 2 B8 2 3 cs8 3 4 F8 1 3 E8 2 4 D8 3 5
Memory with A
Arithmetic Compare CMP Al 2 2 B1 2 3 C1 3 4 F1 1 3 E1 2 4 D1 3 5
A with Memory
Arithmetic Compare CPX A3 2 2 B3 2 3 Cc3 3 4 F3 1 3 E3 2 4 D3 3 5
X with Memory
Bit Test Memory BIT A5 2 2 BS 2 3 Ccs 3 4 F5 1 3 ES 2 4 Ds 3 5
with A (Logical
Compare)
Jump Unconditional JMP - - - BC 2 2 cc 3 3 FC 1 2 EC 2 3 DC 3 4
Jump to Subroutine JSR - - - BD 2 2 CcD 3 3 FD 1 5 ED 2 6 DD 3 7
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TABLE 8-2. READ-MODIFY-WRITE INSTRUCTIONS

ADDRESSING MODES
INHERENT (Ai INHERENT (X) DIRECT INDEXED INDEXED
(NO OFFSET) 8-BIT OFFSET)
oP NO. NO. OoP NO. NO. oP NO. NO. orP NO. NO. oP NO. NO.
FUNCTION MNEMONIC | CODE | BYTES | CYCLES | CODE | BYTES | CYCLES | CODE | BYTES | CYCLES | CODE | BYTES | CYCLES | CODE | BYTES | CYCLES
Increment INC 4C 1 3 5C 1 3 3C 2 5 7C 1 5 6C 2 [}
Decrement DEC 4A 1 3 5A 1 3 3A 2 5 7A 1 5 6A 2 6
Clear CLR 4F 1 3 5F 1 3 3F 2 5 7F 1 5 6F 2 6
Complement COM 43 1 3 53 1 3 33 2 5 73 1 5 63 2 [}
Negate (2's Complement) NEG 40 1 3 50 1 3 30 2 5 70 1 5 60 2 6
Rotate Left Thru Carry ROL 49 1 3 59 1 3 39 2 5 79 1 5 69 2 6
Rotate Right Thru Carry ROR 46 1 3 56 1 3 36 2 5 76 1 5 66 2 6
Logical Shift Left LsL 48 1 3 58 1 3 38 2 5 78 1 5 68 2 6
Logical Shift Right LSR 44 1 3 54 1 3 34 2 5 74 1 5 64 2 6
Arithmetic Shift Right ASR 47 1 3 57 1 3 37 2 5 77 1 5 67 2 6
Test for Negative or Zero TST 4D 1 3 5D 1 3 3D 2 4 70 1 4 6D 2 5
Multiply MUL 42 1 " - - - - - - - - - - - -




Branch Instructions

Most branch instructions test the state of the condition code
register and if certain criteria are met, a branch is executed.
This adds an offset between -127 and +128 to the current
program counter. Refer to Table 8-3.

TABLE 8-3. BRANCH INSTRUCTIONS

port registers, port DDRs, timer, two serial systems, on-chip
RAM, and 48 bytes of ROM reside in the first 256 bytes (page
zero). An additional feature allows the software to test and
branch on the state of any bit within the first 256 locations. The
bit set, bit clear, and bit test and branch functions are all
implemented with a single instruction. For the test and branch
instructions, the value of the bit tested is automatically placed

Bit Manipulation Instructions

The MCU is capable of setting or clearing any bit which resides
in the first 256 bytes of the memory space except for ROM,
port D data location ($03), serial peripheral status register
($0B), serial communications status register (10), timer status
register ($13), and timer input capture register ($14 - $15). All

RELATIVE ADDRESSING in the carry bit of the condition code register. Refer to Table
MODE 8-4.
oP NO. NO.
FUNCTION MNEM. |CODE | BYTES [cycLEs | Control Instructions
Branch Always BRA 20 2 3 These instructions are register reference instructions and are
Branch Never BRN 2 2 3 used to control processor operation during program execution.
Refer to Table 8-5.
Branch IFF Higher BHI 22 2 3
Branch IFF Lower or Same BLS 23 2 3 TABLE 8-5. CONTROL INSTRUCTIONS
Branch IFF Carry Clear BCC 24 2 3
(Branch IFF Higher or Same)| (BHS) 24 2 3 INHERENT -
Branch IFF Carry Set BCS 25 2 3 oP NO. NO.
(Branch IFF Lower) (BLO) 25 2 3 FUNCTION MNEM. |CODE | BYTES | CYCLES
Branch IFF Not Equal BNE | 26 2 3 Transfer Ato X TAX | o7 ! 2
Branch IFF Equal BEQ | 27 2 3 Transfer Xto A TXA | SF ! 2
Branch IFF Half Carry Clear | BHCC | 28 2 3 Set Carry Bit SEC | 99 ! 2
Branch IFF Half Carry Set | BHCS | 29 2 3 Clear Carry Bit ClC | 98 1 2
Branch IFF Plus BPL A 2 3 Set Interrupt Mask Bit SEI 9B 1 2
Branch IFF Minus BMI 2B 2 3 Clear Interrupt Mask Bit (o1 H] 9A 1 2
Branch IFF InterruptMask | BMC | 2C 2 3 Software Interrupt Swi_| es ! 10
Bitis Clear Return from Subroutine RTS 81 1 6
Branch IFF Interrupt Mask BMS 2D 2 3 Return from Interrupt RTI 80 1 9
Bitis Set Reset Stack Pointer RSP | oC 1 2
.Branch IFF Interrupt Line BiL 2E 2 3 No-Operation NOP oD 1 2
is Low
Stop STOP 8E 1 2

Branch IFF interrupt Line BIH 2F 2 3
is High Wait WAIT | 8F 1 2
Branch to Subroutine BSR AD 2 6

Alphabetical Listing

The complete instruction set is given in alphabetical order in
Table 8-6.

Opcode Map

Table 8-7 is an opcode map for the instructions used on the
MCU.

TABLE 8-4. BIT MANIPULATION INSTRUCTIONS

ADDRESSING MODES
BIT SET/CLEAR BIT TEST AND BRANCH
OP NO. NO. opP NO. NO.
FUNCTION MNEMONIC CODE BYTES CYCLES CODE BYTES CYCLES
Branch IFF Bitnis Set BRSETn(n=0...7) - - - 2en 3 5
Branch IFF Bitnis Clear BRCLRn(n=0...7) - - - Q1+2en 3 5
Set Bitn BSETn({n=0...7) 10+2en - - -
Clear Bitn BCLRn(n=0...7) 11+2en 2 - - -
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TABLE 8-6.

INSTRUCTION SET

CONDITION
ADDRESSING MODES CODES
INDEXED BIT BIT
(NO INDEXED |INDEXED | SET/ | TEST&

MNEM. |[INHERENT [IMMEDIATE|DIRECT |EXTENDED{RELATIVE| OFFSET) | (8 BITS) |(16 BITS) | CLEAR|BRANCH|H |I [N|Z |C
ADC X X X X Al |AJAA
ADD X X X X X X Ale |A|AA
AND X X X X X X oo |Ale A
ASL X X X ele IAIA|A
ASR X X X elejA[A]A
BCC X elofofele
BCLR X ejejojele
BCS X eloje]e]e
BEQ X eleje]eje
BHCC X ejlojeje]e
BHCS X elojo]ele
BHI X ejeje]ele
BHS X olejele}e
BIH X eleje]efe
BIL X eleje]eje
BIT X X X X X X elejAjA]e
BLO X ejolofe|e
BLS X ojolefele
BMC X ejojele]e
BMI X ejejoje]e
BMS X elejolefe
BNE X sjejejeje
BPL X oje|efe]e
BRA X eleje|ele
BRN X elejolefe
BRCLR elojoje (A
BRSET ejelefe A
BSET X ejoleoje]e
BSR X e|ejojeie
CLC elejele}jo
[o{ ] olQ|oeje|e
CLR X X elefOf1]e
CMP X X X X °|e AlA
Condition Code Symbols:

H Half Carry (from Bit 3) A = Testand Setif True Cleared Otherwise

I = Interrupt Mask ¢ = NotAffected

N Negate (Sign Bit) ? = Load CC Register From Stack

z Zero o Cleared

[ Carry/Borrow 1 = Set
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TABLE 8-6. INSTRUCTION SET (Continued)
CONDITION
ADDRESSING MODES CODES
INDEXED BIT BIT
(NO INDEXED |INDEXED | SET/ | TEST&

MNEM. |INHERENT |IMMEDIATE|DIRECT |[EXTENDED|RELATIVE| OFFSET) | (8 BITS) |(16 BITS) | CLEAR|BRANCH|H|I [N|Z|C
COM X X olefAJA|T
CPX X X X X X X ele IAJA|A
DEC X X X X elo|A|A]e
EOR X X X X X X elelAlA]e
INC X X X X ele|AJA|e
JMP X X X X X elelejeole
JSR X X X X X olejojeie
LDA X X X X X oielAlA ]|
LDX X X X X X eje|AlA]|e
LSL X X X X oo lAJAIA
LSR X X X X ele lOJAIA
MUL X Ojejelejo
NEG X X X X ofle |AJA|A
NOP X efle]o]e]e
ORA X X X X ejelA|A]e
ROL X ele IAJALA
ROR X e e IAJAIA
RSP X ejele]e]e
RTI X 212121212
RTS X olojoje|e
SBC X X X X X X s le JAJAA
SEC X eleteleln
SE! e|1]e]ejfe
STA X X X X X eleiAlA]e
STOP X ej0]e]e|"
STX X X X oo |AJA e
suB X X X elelAJA|A
swi X e|1jeloje
TAX X eflejo]ele
TST X X X X ejelAlA]e
TXA X eflejoje]e
WAIT X ej0]e]e|e

Condition Code Symbols:

ONZ ~— I

Half Carry (from Bit 3)
Interrupt Mask

= Negate (Sign Bit)

Zero
Carry/Borrow

- 0 -~

Test and Set if True Cleared Otherwise

Not Affected

Load CC Register From Stack

Cleared
Set
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TABLE 8-7. HCMOS INSTRUCTION SET OPCODE MAP

BIT
MANIPULATION |BRANCH READ/MODIFY/WRITE CONTROL REGISTER/MEMORY
BTB BSC REL DIR INH INH X1 INH INH IMM DIR EXT X2 1X1 X
HI ] 1 2 3 4 5 6 8 9 A B C D E F HI
Low 0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 1010 1011 1100 1101 1110 1111 LOowW
5 5 3 5 3 3 6 5 9 2 3 4 5 4 3
(V] BRSETO| BSETO | BRA NEG | NEGA | NEGX | NEG NEG RTI suB suB suB SuB SuB SuB 0
0000 3 BTB|2 BSC|2 REL|2 DIR|1t INH|1 INH]|2 X141 IX]1 INH 2 IMM|2 DIR|3 EXT]|3 X2 }2 X1 X 0000
5 5 3 6 2 3 4 5 4 3
1 BRCLRO| BCLRO | BRN RTS CMP CMP CMP CMP CMP CMP 1
0001 3 BTB}2 BSC|2 REL 1 INH 2 MM |2 DIR|3 EXT|3 X212 X1 X 0001
5 5 3 11 2 3 4 5 4 3
2 BRSET1| BSET1 BHI MUL SBC SBC SBC SBC SBC SBC 2
0010 3 BTB|2 BSC|2 REL 1 INH 2 IMM|2 DIR|3 EXT|3 X212 X1 X 0010
5 5 3 5 3 3 [} 5 10 2 3 4 5 4 3
3 BRCLR1| BCLR1 BLS COM | COMA | COMX | COM COM Swi CPX CPX CPX CPX CPX CPX 3
0011 3 BTB|2 BSC|{2 REL|{2 DIR|1 INH |1 INH |2 X1 j1 X |1 INH 2 IMM|2 DIR|3 EXT|3 X212 X1 4 0011
5 5 3 5 3 3 (-] 5 2 3 4 5 4 3
4 BRSET2| BSET2 | BCC LSR LSRA | LSRX LSR AND AND AND AND AND AND 4
0100 3 BTB|2 BSC|2 REL|2 DTR |1 INH |1 INH |2 X1 11 X 2 IMM|2 DIR|3 EXT|3 X2 |2 X1 X 0100
5 5 3 2 3 4 5 4 3
5 BRCLR2| BCLR2 | BCS BIT BIT BIT BIT BIT BIT 5
0101 3 BTB|2 BSC|2 REL 2 IMM|2 DIR|3 EXT|3 X2 12 X1 X 0101
5 5 3 5 3 3 6 5 2 3 4 5 4 3
6 BRSET3| BSET3 | BNE ROR RORA | RORX ROR ROR LDA LDA LDA LDA LDA LDA ]
0110 3 BTB|2 BSC|2 REL|2 DIR|1 INHY |1 INH |2 X1 1 X 2 IMMj2 DIR|3 EXT|3 X2 |2 X1 IX 0110
5 5 3 5 3 3 5 2 4 5 8 5 4
7 BRCLR3| BCLR3 | BEQ ASR ASRA | ASRX ASR TAX STA STA STA STA STA 7
0111 3 BTB|2 BSC|{2 REL|2 DIR|1 INH |1 INH |2 X1 }1 X 1 INH 2 DIR|3 EXT|S X212 X1 X 0111
Abbreviations for Address Modes:
INH = Inherent
A = Accumulator LEGEND
X = Index Register EIN
IMM = Immediate F / HEXADECIMAL
= Di 1M
DIR Direct -~ EIN
EXT = Extended BINARY
_ . MNEMONIC ———}— SUB
REL = Relative BYTES —— 1 1 X 0000 “]
BSC = BitSet/Clear = X ADDRESS
BTB = BitTestand Branch CYCLES MODE
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TABLE 8-7. HCMOS INSTUCTION SET OPCODE MAP (Continued)

BIT
MANIPULATION |BRANCH READ/MODIFY/WRITE CONTROL REGISTER/MEMORY
BTB BSC REL DIR INH INH X1 iX INH INH IMM DIR EXT 1X2 1X1 IX
Hi o 1 2 3 4 5 6 7 8 9 A B C D E F HI
Low 0000 0001 0010 | 0011 0100 0101 0110 0111 1000 1001 1010 1011 1100 1101 1110 1111 Low
5 5 3 5 3 3 6 5 2 2 3 4 5 4 3
8 BRSET4 | BSET4 | BHCC LSL LSLA LSLX LSL LSL CcLC EOR EOR EOR EOR EOR EOR 8
1000 3 BTB|2 BSC|2 REL|2 DIR|1 INH |1 INH |2 X1 X 1 INH|2 IMM |2 DIR|3 EXT|3 X212 1X1 IX 1000
5 5 3 5 3 3 6 5 2 2 3 4 5 4 3
9 BRCLR4| BCLR4 | BHCS ROL ROLA | ROLX ROL ROL SEC ADC ADC ADC ADC ADC ADC 9
1001 3 BTB|2 BSC|2 REL|2 DR]|1 INH |1 INH |2 X1 X 1 INH|2 IMM |2 DIR|3 EXT|3 IX2 |2 X1 X 1001
5 5 3 5 3 3 6 5 2 2 3 4 5 4 3
A BRSETS5 | BSETS BPL DEC DECA | DECX DEC DEC cu ORA ORA ORA ORA ORA ORA A
1010 3 BTB|2 BSC|{2 REL|2 DIR|1 INH |1 INH |2 X1 IX 1 INH|[2 IMM |2 DIR|3 EXT|3 X2 |2 1X1 X 1010
5 5 3 2 2 3 4 5 4 3
B BRCLR5| BCLRS | BMI SEI ADD ADD ADD ADD ADD ADD B
1011 3 BTB|2 BSC|2 REL 1 INH{2 MM |2 DIR 3 EXT |3 X212 1X1 IX 1011
5 5 3 5 3 3 6 5 2 2 3 4 3 2
C BRSET6| BSET6 | BMC INC INCA INCX INC INC RSP JMP JMP JMP JMP JMP c
1100 3 BTB|2 BSC|2 REL|2 DIR]|1 INH | 1INH 2 X1 X 1 INH 2 DIR|3 EXT|3 X212 X1 X 1100
5 5 3 4 3 3 5 4 2 6 5 6 7 6 5
D BRCLR6| BCLR6 | BMS TST TSTA TSTX TST TST NOP BSR JSR JSR JSR JSR JSR D
1101 3 BTB|2 BSC|2 REL|2DIR 1 INH 11 INH |2 X1 IX 1 INH}{2 REL|2 DIR|3 EXT|3 X212 X1 X 1101
5 5 3 2 3 4 5 4 3
E BRSET7 | BSET7 BIL STOP LDX LDX LDX LDX LDX LDX E
1110 3 BTB|2 BSC|2 REL 1 INH 2 IMM}2 DIR|3 EXT 3 X212 X1 1X 1110
5 5 3 5 3 3 € 5 2 2 4 5 6 5 4
F BRCLR7| BCLR7 BiH CLR CLRA | CLRX CLR CLR WAIT TXA STX STX STX STX STX F
1111 3 BTB|2 BSC|2 REL|2 DIR|1 INH | 1 INH |2 X1 IX |1 INH |1 INH 2 DIR|3 EXT|3 X2 |2 1X1 X 1111
Abbreviations for Address Modes:
INH = Inherent
A = Accumulator LEGEND
X = Index Register EIN
IMM = Immediate F < HEXADECIMAL
= Di 11—
DIR Direct OPCODE IN
EXT = Extended 3 BINARY
REL = Relative MNEMONIC —— SUV 0000
BYTES > 1 X
BSC = BitSet/Clear YCLES o *\ ADDFéESS
BTB = BitTestand Branch ¢ MoD
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ADDRESSING MODES

The MCU uses ten different addressing modes to provide the
programmer with an opportunity to optimize the code to all
situations. The various indexed addressing modes make it
possible to locate data tables, code conversion tables, and
scaling tables anywhere in the memory space. Short indexed
accesses are single byte instructions, while the longest
instructions (three bytes) permit accessing tables throughout
memory. Short absolute (direct) and long absolute (extended)
addressing are also included. One and two byte direct
addressing instructions access all data bytes in most
applications. Extended addressing permits jump instructions
to reach all memory. Table 8-7 shows the addressing modes
for each instruction, with the effects each instruction has on the
condition code register.

The term “effective address” (EA) is used in describing the
various addressing modes, and is defined as the byte address
to or from which the argument for an instruction is fetched or
stored. The ten addressing modes of the processor are
described below. Parentheses are used to indicate “contents
of” the location or register referred to; e.g., (PC) indicates the
contents of the location pointed to by the PC. An arrow
indicates “is replaced by”, and a colon indicates
concatenation of two bytes.

Inherent

In inherent instructions, all the information necessary to
execute the instruction is contained in the opcode. Operations
specifying only the index register or accumulator, and no other
arguments, are included in this mode.

Immediate

In immediate addressing, the operand is contained in the byte
immediately following the opcode. immediate addressing is
used to access constants ‘which do not change during
program execution (e.g., a constant used to initialize a loop
counter).

EA=PC+ 1;PC « PC +2

Direct

In the direct addressing mode, the effective address of the
argument is contained in a single byte following the opcode
byte. Direct addressing allows the user to directly address the
lowest 256 bytes in memory with a single two byte instruction.
This includes most on-chip RAM and all I/O registers. Direct
addressing is efficient in both memory and time.
EA = (PC +1); PC <« PC + 2
Address Bus High < 0; Address Bus Low <« (PC + 1)

Extended

In the extended addressing mode, the effective address of the

argument is contained in the two bytes following the opcode.

Instructions with extended addressing modes are capable of

referencing arguments anywhere in memory with a single

three-byte instruction.
EA=(PC+1):(PC+2),PC<«PC+3

Address Bus High <« (PC + 1); Address Bus Low <« (PC + 2)

Indexed, No Offset

In the indexed, no offset addressing mode, the effective
address of the argument is contained in the 8-bit index
register. Thus, this addressing mode can access the first 256
memory locations. These instructions are only one byte long.
This mode is used to move a pointer through a table or to
address a frequently referenced RAM or 1/O location.
EA=X;PC <« PC+ 1
Address Bus High <« 0; Address Bus Low <« X

Indexed, 8-Bit Offset

Here the EA is obtained by adding the contents of the byte
following the opcode to that of the index register; therefore, the
operand is located anywhere within the lowest 511 memory
locations. For example, this mode of addressing is useful for
selecting the mth element in a n element table. All instructions
are two bytes. The content of the index register (S) is not
changed. The content of (PC + 1) is an unsigned 8-bit integer.
One byte offset indexing permits look-up tables to be easily
accessed in either RAM or ROM.
EA=X+(PC+ 1); PC <« PC + 2
Address Bus High « K; Address Bus Low « X + (PC + 1)
where: K = the carry from the addition of x + (PC + 1).

Indexed, 16-Bit Offset

In the indexed, 16-bit offset addressing mode, the effective
address is the sum of the contents of the unsigned 8-bit index
register and the two unsigned bytes following the opcode. This
addressing mode can be used in a manner similar to indexed
8-bit offset, except that this three byte instruction allows tables
to be anywhere in memory (e.g., jump tables in ROM). The
content of the index register is not changed.
EA=X+[(PC+1):(PC+2);PC«<PC+3
Address Bus High < (PC + 1) + K
Address Bus Low <« X + (PC + 2)
where: K = The carry from the addition of X + (PC + 2)

Relative

Relative addressing is only used in branch instructions. In
relative addressing, the content of the 8-bit signed byte follow-
ing the opcode (the offset) is added to the PC if and only if the
branch condition is true. Otherwise, control proceeds to the
next instruction. The span of relative addressing is limited to
the range of -126 to +129 bytes from the branch instruction
opcode location.
EA = PC + 2 + (PC + 1); PC « EA if branch taken;
otherwise, EA = PC « PC + 2

Bit Set/Ciear

Direct addressing and bit addressing are combined in instruc-
tions which set and clear individual memory and I/O bits. In the
bit set and clear instructions, the byte is specified as a direct
address in the location following the opcode. The first 256
addressable locations are thus accessed. The bit to be
modified within that byte is specified in the first three bits of the
opcode. The bit set and clear instructions occupy two bytes,
one for the opcode (including the bit number) and the other to
address the byte which contains the bit of interest.
EA=(PC+ 1), PC<«PC+2
Address Bus High <« 0; Address Bus Low « (PC + 1)
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Bit Test and Branch

Bit test and branch is a combination of direct addressing, bit
set/clear addressing, and relative addressing. The actual bit to
be tested, within the byte, is specified within the low order
nibble of the opcode. The address of the data byte to be tested
is located via a direct address in the location following the
opcode byte (EA1). The signed relative 8-bit offset is in the
third byte (EA2) and is added to the PC if the specified bit is set
or cleared in the specified memory location. This single three
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byte instruction allows the program to branch based on the
condition of any bit in the first 256 locations of memory.

EA1 = (PC +1)
Address Bus High <« 0; Address Bus Low <« (PC + 1)
EA2 = PC + 3 + (PC + 2); PC <« EA2 if branch taken;
otherwise, PC <« PC + 3
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Electrical Specifications

INTRODUCTION

This section contains the electrical specifications and associated timing information.

MAXIMUM RATINGS (Voltages Referenced to Vgs)

RATINGS SYMBOL VALUE UNIT
Supply Voltage Vpp -0.5t0 +7 v
Input Voltage Vin Vgs-0.3to \
Vpp +0.3
Self-~Check Mode (IRQ Pin Only) Vin Vgg-0.3to \ This device contains circuitry to protect the inputs against
2xVpp +0.3 damage due to high static of electric fields; h Litis
- " advised that normal precautions be taken to avoid application of
Current Drain Per Pin Excluding ! 25 mA any voltage higher than maximum rated voltages to this high
Vpp and Vsg impedance circuit. For proper op itis ded that
Operating Temperature Range TA oc Vin and Vgt be constrained to the range Vgg < (Vin or Vout) <
Vpp- Reliability of operation is enhanced if unused inputs except
CDP68HC05C4, CDP68HCO5CS, -=40to0 +125 OSC2 are ted to an appropriate logic voltage level (e.g.,
CDP68HCO05C?7 (Standard) either Vgg or Vpp).
CDP68HCLO5C4, CDP68HCLOSCS, Oto+70
CDP68HCLOS5C7 (Low-Power)
CDP68HSC05C4, CDP68HSCO05C8, Oto+70
CDP68HSCO5C7 (High-Speed)
Storage Temperature Range Tstg -65t0 +150 oC
THERMAL CHARACTERISTICS
CHARACTERISTICS SYMBOL VALUE UNIT
Thermal Resistance 0JA oc/w
Ceramic Dual-In-Line 50
Plastic Dual-In-Line 100 Voo
Plastic Chip Carrier 70
N R2
Metric Plastic Quad Flat Pack 120 (SEE TABLE)
TEST o
POINT l
R1
PINS I R1 I R2 C (s% . (SEE TABLE)
Vpp = 4.5V TABLE)
PAO - PA7,PBO-PB7 3.26 kN 2.38kQ 50 pF —
PCO - PC7,PD6
PD1-PD4 1.9kQ 2.26 k2 200 pF
= 3.0V
VoD FIGURE 9.1. EQUIVALENT TEST LOAD
PAO - PA7, PBO - PB7 10.19kQ 6.32 k) 50 pF
PCO - PC7,PD6
PD1-PD4 6k 6k 200 pF

POWER CONSIDERATIONS

The average - chip~junction temperature, Tj, in ©C can be
obtained from: Ty = Ta + (PD ® 6yA)
Where: Ta = Ambient Temperature, ©C
0JA = Package Thermal Resistance,
Junction-to-Ambient, °©C/W

Pp = PINT + PyO

(1)

PINT = Icc x Vg, Watts - Chip Internal Power
Pjy0 = Power Dissipation on Input and Output Pins -

User Determined

For most applications Pjy0 < PINT and can be neglected.

An approximate relationship between Pp and TJ (if Pj/Q is
neglected) is: Pp = K + (Ty + 2730C) 2

Solving equations 1 and 2 for K gives:

K= Pp e (TA + 2730C) + 6ja * Pp2 &)

Where K is a constant pertaining to the particular part. K can
be determined from equation -3 by measuring Pp (at
equilibrium) for a known TA. Using this value of K the values of
Pp and Ty can be obtained by solving equations (1) and (2)
iteratively for any value of TA.
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CDP68HC05C4, CDP68HCO05C8, CDP68HCO5C7 ELECTRICAL SPECIFICATIONS

CDP68HC05C4, CDP68HC05C8, CDP68HCO5C7

DC ELECTRICAL CHARACTERISTICS (Vpp = 5V dc £ 10%, Vgg = OV dc, Ta = -40°C to +125°C unless otherwise noted)

I MICROCONTROLLERS u

LIMITS
CHARACTERISTIC SYMBOL MIN. TYP. MAX. UNIT
Output Voltage, I oAD < 10 pA VoL - — 0.1 v
VOH Vpp - 0.1 - -
Output High Voltage
(ILOAD = 0.8 mA) PAO - PA7, PBO - PB7, PCO - PC7, TCMP VOH Vpp -0.8 — — v
(ILoAD = 1.6 mA) PD1 - PD4 VOH Vpp-0.8 — -
Output Low Voltage
(IlLoAD = 1.6 mA) PAO - PA7,PBO - PB7,PCO - PC7, PD1 - PD4, TCMP VoL — —_ 0.4 \"
Input High Voltage - VIH
PAO - PA7, PBO - PB7, PCO - PC7, PDO - PD5, PD7, TCAP, IRQ, 0.7 xVpp — Vb v
RESET, OSC1
Input Low Voltage ViL
PAO - PA7, PBO - PB7,PCO - PC7, PDO - PD5, PD7, TCAP, IRQ, Vss — 0.2 xVpp v
RESET, OSC1
Data Retention Mode (0° to 70°C) VRM 2 — — v
Supply Current (See Notes)
Run IpD — 3.5 7 mA
Wait IpD — 16 4
Stop 250C Ibd — 2 50
0010 70°C IpD — — 140 pA
-400 to +850C Ipp — — 180
-400 10 +1250C IpD — — 250
1/0 Ports Hi-Z Leakage Current T8
PAO - PA7, PBO - PB7,PCO - PC7,PD1 - PD4 — — +10 pA
Input Current lin
RESET, IRQ, TCAP, OSC1, PDO, PD5, PD7 — — *1 pA
Capacitance Ports (as Input or Output)
RESET, IRQ, TCAP, OSC1, PDO - PD5, PD7 Cout - — 12 pF
CiN - -

NOTES:
1. All values shown reflect average measurements.
. Typical values at midpoint of voltage range, 25°C only.

2
3. Wait Ipp: Only timer system active (SPE = TE = RE = 0). If SPI, SCl active (SPE = TE = RE = 1) add 10% current draw.
4

. Run (Operating) ipp, Wait Ipp: Measured using external square-wave clock source (fosc = 4.2MHz), all inputs 0.2V from rail, no DC loads, less than 50 pF on all

outputs, Ci = 20pF on OSC2.
. Wait, Stop Ipp: All ports configured as inputs, V= 0.2V, Vjy = Vpp - 0.2V.
. Stop Ipp measured with OSC1 = Vgg.
7. Wait Ipp is affected linearly by the OSC2 capacitance.

o o
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CDP68HC05C4, CDP68HC05C8, CDP68HCO05C7

DC ELECTRICAL CHARACTERISTICS (Vpp = 3.3V dc + 10%, Vgg = OV dc, Tp = -400C to +1250C unless otherwise noted)

umits
CHARACTERISTIC SYMBOL MIN. TYP. MAX. UNIT
Output Voltage, I oAD < 10 pA VoL — — 0.1 \
VOH Vpp -0.1 - -
Output High Voltage
(ILOAD = 0.2 mA) PAO - PA7, PBO - PB7, PCO - PC7, TCMP VOH Vpp -0.3 — — v
(ILOAD = 0.4 mA) PD1 - PD4 VOH Vpp-0.3 - -
Output Low Voltage
(ILOAD = 0.4 mA) PAO - PA7, PBO - PB7, PCO - PC7,PD1 - PD4, TCMP VoL — - 0.3 v
Input High Voltage — VIH
PAQ - PA7,PBO - PB7,PCO - PC7,PDO - PD5, PD7, TCAP, IRQ, 0.7 xVpp - Vbp \'
RESET, OSC1
Input Low Voltage i ViL
PAQ - PA7, PBO - PB7,PCO - PC7,PDO - PD5, PD7, TCAP, IRQ, Vss - 0.2xVpp \'
RESET, OSC1
Data Retention Mode (0° to 70°C) VRM 2 - - \"
Supply Current (See Notes)
Run IppD — 1 2.5 mA
Wait IpD — 0.5 14
Stop 250C Ipp — 1 30
000 709C IpD - — 80 yA
-400 to +85°C Ipb — — 120
-409 to +1250C DD — — 175
I/O Ports Hi-Z Leakage Current I
PAO - PA7,PBO - PB7,PCO - PC7,PD1 - PD4 - - +10
Input Current. lin
RESET, IRQ, TCAP, OSC1, PDO, PD5, PD7 — — +1
Capacitance Ports (as Input or Output)
RESET, IRQ, TCAP, OSC1, PDO - PD5, PD7 Cour — — 12 pF
CiN — — 8

NOTES:

1. All values shown reflect average measurements.

2. Typical values at midpoint of voltage range, 25°C only.

3. Wait Ipp: Only timer system active (SPE = TE = RE = 0). If SPI, SCl active (SPE = TE = RE = 1) add 10% current draw.
4.

. Run (Operating) Ipp, Wait Ipp: Measured using external square-wave clock source (fogc = 2.0MHz), ali inputs 0.2V from rail, no DC loads, less than 50 pF on all
outputs, C; = 20pF on OSC2.

. Wait, Stop Ipp: All ports configured as inputs, V) = 0.2V, V| = Vpp - 0.2V.
. Stop Ipp measured with OSC1 = Vgg.
7. Wait Ipp is affected linearly by the OSC2 capacitance.

[ ]
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CDP68HC05C4, CDP68HC05C8, CDP68HCO5C7

CONTROL TIMING (Vpp = 5.0V dc + 10%, Vs = OV dc, TA = -40 to +1250C)

LIMITS
CHARACTERISTIC SYMBOL MIN. MAX. UNIT

Frequency of Operation

Crystal Option fosc — 4.2 MHz

External Clock Option fosc dc 4.2
Internal Operating Frequency

Crystal (fosc + 2) fop — 2.1 MHz

External Clock (fosc + 2) fop dc 2.1
Cycle Time (See Figure 3-1) teye 480 — ns
Crystal Oscillator Startup Time for AT-cut Crystal (See Figure 3-1) toxov — 100 i ms
Stop Recovery Startup Time (AT-cut Crystal Oscillator) (See Figure 9-2) tILCH — 100 ms
RESET Pulse Width (See Figure 3-1) tRL 15 — teye
Timer

Resolution** tRESL 4.0 — fcyc

Input Capture Pulse Width (See Figure 9-3) tTH. tTL 125 — ns

Input Capture Pulse Period (See Figure 9-3) tTLTL o — teyc
Interrupt Pulse Width Low (Edge-Triggered) (See Figure 3-4) HLIH 125 — ns
Interrupt Pulse Period (See Figure 3-4) tu * — toyc
OSC1 Pulse Width ton toL 90 — ns

* The minimum period tj j|_ should not be less than the number of cycle times it takes to execute the interrupt service routine plus 21 teye
** Since a 2~bit prescaler in the timer must count four internal cycles ('cyc)n this is the limiting minimum factor in determining the timer resolution.
*** The minimum period trLTL should not be less than the number of cycie times it takes to execute the capture interrupt service routine plus 24 'cyc~

CDP68HC05C4, CDP68HC05C8, CDP68HCO5C7
CONTROL TIMING (Vpp = 3.3V dc + 10%, Vgs = OV dc, TA = -40 to +1250C)

LIMITS
CHARACTERISTIC SYMBOL MIN. MAX. UNIT

Frequency of Operation

Crystal Option fosc — 2.0 MHz

External Clock Option fosc dc 2.0
Internal Operating Frequency

Crystal (fosc +2) fop — 1.0 MHz

External Clock (fosc + 2) fop dc 1.0
Cycle Time {See Figure 3-1) teye 1000 — ns
Crystal Oscillator Startup Time for AT-cut Crystal (See Figure 3-1) toxov —_ 100 ms
Stop Recovery Startup Time (AT-cut Crystal Oscillator) (See Figure 9-2) tiLCH — 100 ms
RESET Pulse Width (See Figure 3-1) tRL 15 — teye
Timer

Resolution** tRESL 4.0 — teye

Input Capture Pulse Width (See Figure 9-3) tTH, tTL 250 — ns

Input Capture Pulse Period (See Figure 9-3) tTLTL bl — toye
Interrupt Pulse Width Low (Edge-Triggered) (See Figure 3-4) tiLiH 250 —_— ns
Interrupt Pulse Period (See Figure 3-4) L * — Ieye
OSC1 Pulse Width toH, toL 200 — ns

* The minimum period tjji_ should not be less than the number of cycle times it takes o execute the interrupt service routine plus 21 tgyc.
** Since a 2-bit prescaler in the timer must count four internal cycles ('cyc)v this is the limiting minimum factor in determining the timer resolution.
*** The minimum period tr 1| should not be less than the number of cycle times it takes to execute the capture interrupt service routine plus 24 toyc.
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CDP68HC05C4, CDP68HCO05C8, CDP68HCO05C7

SERIAL PERIPHERAL INTERFACE (SPI) TIMING (Figure 9-4)
(VDD = 5.0V dc £ 10%, Vgg = OV dc, TA = -40 to +1250C)

LMITS
NUMBER CHARACTERISTIC SYMBOL MIN. MAX. UNIT
Operating Frequency

Master fop(m) dc 0.5 fop***

Slave fop(s) dc 21 MHz
1 Cycle Time

Master teye(m) 20 - feye

Slave teyc(s) 480 — ns
2 Enable Lead Time

Master tlead(m) > -

Slave tiead(s) 240 — ns
3 Enable Lag Time

Master tlgg(m) * —

Slave Yag(s) 240 — ns
4 Clock (SCK) High Time

Master tw(SCKH)m 340 - ns

Slave tw(SCKH)s 190 - ns
5 Clock (SCK) Low Time

Master tw(SCKL)m 340 - ns

Slave tw(SCKL)s 190 -_ ns
6 Data Setup Time (Inputs)

Master tsu(m) 100 — ns

Slave tsu(s) 100 - ns
7 Data Hold Time (Inputs)

Master th(m) 100 — ns

Slave th(s) 100 — ns
8 Access Time (Time to data active from high impedance state)

Slave ta 0 120 ns
9 Disable Time (Hold time to high impedance state) -

Slave tdis - 240 ns
10 Data Valid

Master (Before Capture Edge) tv(m) 0.25 — teyc(m)

Siave (After Enable Edge)** ty(s) — 240 ns
11 Data Hold Time (Outputs)

Master (After Capture Edge) tho(m) 0.25 — teye(m)

Slave (After Enable Edge) tho(s) 0 — ns
12 Rise Time (20% Vpp to 70% Vpp, Ci = 200 pF)

SPI Outputs (SCK, MOSI, MISO) tr(m) — 100 ns

SPI Inputs (SCK, MOSI, MISO, SS) tr(s) — 2.0 us
13 Fall Time (20% Vpp to 70% Vpp, C_ = 200 pF)

SPI Outputs (SCK, MOSI, MISO) tf(m) — 100 ns

SPIInputs (SCK, MOSI, MISO, S§) t(s) — 2.0 us

* Signal production depends on software.
** Assumes 200 pF load on all SPI pins.

*** Nota that the unit this specification uses is fop {internal operating frequency), not MHz! In the master mode the SP! bus is capable of running at one-half of the de-
vice's internal operating frequency, therefore 1.05 MHz maximum.
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CDP68HCO05C4, CDP68HC05C8, CDP68HCO5C7

SERIAL PERIPHERAL INTERFACE (SPI) TIMING (Figure 9-4)
(VpD = 3.3V dc + 10%, Vgg = OV dc, Ta = -40 to +1250C)

l MICROCONTROLLERS u

LIMITS
NUMBER CHARACTERISTIC SYMBOL MIN. MAX. UNIT
Operating Frequency
Master fop(m) dc 0.5 fop™*
Slave fop(s) dc 1.0 MHz
1 Cycle Time
Master teye(m) 2.0 — teye
Slave teyc(s) 1.0 - ns
2 Enable Lead Time
Master 'lead(m) * —
Slave Yead(s) 500 — ns
3 Enable Lag Time
Master 'j_a_g(m) * —
Slave Yag(s) 500 — ns
4 Clock (SCK) High Time
Master tw(SCKH)m 720 —_— ns
Slave tw(SCKH)s 400 — ns
5 Clock (SCK) Low Time
Master tw(SCKL)m 720 — ns
Slave tw(SCKL)s 400 - ns
6 Data Setup Time (Inputs)
Master tsu(m) 200 — ns
Slave tsu(s) 200 - ns
7 Data Hold Time (Inputs)
Master th(m) 200 — ns
Slave th(s) 200 — ns
8 Access Time (Time to data active from high impedance state)
Slave ta 0 250 ns
9 Disable Time (Hold time to high impedance state)
Slave tdis - 500 ns
10 Data Valid
Master (Before Capture Edge) ty(m) 0.25 — teye(m)
Slave (After Enable Edge)** ‘v(s) — 500 ns
1 Data Hold Time (Outputs)
Master (After Capture Edge) tho(m) 0.25 — teyc(m)
Slave (After Enable Edge) tho(s) o] — ns
12 Rise Time (20% Vpp to 70% Vpp, CL = 200 pF)
SPI Outputs (SCK, MOSI, MISO) tr(m) — 200 ns
SPi Inputs (SCK, MOSI, MISO, SS) tr(s) - 2.0 us
13 Fall Time (20% Vpp to 70% Vpp, CL_ = 200 pF)
SPI Outputs (SCK, MOSI, MISO) t(m) — 200 ns
SPI Inputs (SCK, MOSI, MISO, SS) ti(s) —_ 2.0 us
* Signal prod depends on soft

** Assumes 200 pF load on all SPI pins.
*** Note that the unit this specification uses is fop (internal operating frequency), not MH2! in the master mode the SPI bus is capable of running at one-half of the de-

vice's internal operating frequency, th

e 0.05 MHz maximum.
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CDP68HCLO5C4, CDP68HCLO5CS8, CDP68HCLO5C7 ELECTRICAL SPECIFICATIONS

CDP68HCLO05C4, CDP68HCLO5C8, CDP6BHCLO5C7

DC ELECTRICAL CHARACTERISTICS (Vpp = 5V dc + 10%, Vgg = OV dc, TA = 0°C to +70°C unless otherwise noted)

LIMITS
CHARACTERISTIC SYMBOL MIN. TYP. MAX. UNIT
Output Voltage, I 0AD < 10 A VoL — — 0.1 v
VOH Vpp - 0.1 — —
Output High Voltage
(ILoAD = 0.8 mA) PAO - PA7,PBO - PB7, PCO - PC7, TCMP VOH Vpp -0.8 — —_ v
(iLoAD = 1.6 mA)PD1 - PD4 VOH Vpp -0.8 — —
Output Low Voltage
(ILoAD = 1.6 mA) PAO - PA7, PBO - PB7, PCO - PC7,PD1 - PD4, TCMP VoL —_ — 04 \
Input High Voltage ViH
PAO - PA7, PBO - PB7,PCO - PC7,PDO - PD5, PD7, TCAP, IRQ, 0.7 xVpp — Vpp \
RESET, OSC1
Input Low Voltage - ViL
PAO - PA7, PBO - PB7,PCO - PC7,PDO - PD5, PD7, TCAP, IRQ, Vss - 0.2 xVpp \
RESET, OSC1
Data Retention Mode (09 to 70°C) VRM 2 —_ — \
Supply Current (See Notes)
Run Ipp — — 5.0 mA
Wait Ipp —_ - 275
Stop 250C Ibp —_ —_ 15
0010 70°C oD — — 25 pA
1/O Ports Hi-Z Leakage Current i
PAO - PA7, PBO - PB7, PCO - PC7,PD1 - PD4 — _ +1
Input Current lin
RESET, IRQ, TCAP, OSC1, PDO, PD5, PD7 —_ —_ +1 pA
Capacilar_\c_s Ports (as Input or Output)
RESET, IRQ, TCAP, OSC1, PDO - PD5, PD7 Court — — 12 pF
CiN - -

NOTES:

. All values shown reflect average measurements.

Typical values at midpoint of voltage range, 259C only.

Wait Ipp: Only timer system active (SPE = TE = RE = 0). If SPI, SCI active (SPE = TE = RE = 1) add 10% current draw.

Run (Operating) Ipp, Wait Ipp: Measured using external square-wave clock source (fogc = 4.2MHz), all inputs 0.2V from rail, no DC loads, less than 50 pF on all
outputs, C = 20pF on OSC2.

Wait, Stop Ipp: All ports configured as inputs, V| = 0.2V, V)y = Vpp - 0.2V.
6. Stop Ipp measured with OSC1 = Vgg.
. Wait Ipp is affected linearly by the OSC2 capacitance.

-
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o

~

2-60



CDP68HCLO5C4, CDP68HCLO5C8, CDP68SHCLO5C7

DC ELECTRICAL CHARACTERISTICS (Vpp = 2.4V dc - 3.6V dc, Vgg = OV dc, Tp = 0°C to +709C unless otherwise noted)

LIMITS
CHARACTERISTIC SYMBOL MIN. TYP. MAX. UNIT
Output Voltage, I oAD < 10 pA VoL — — 0.1 v
VOH Vpp -0.1 - —

Output High Voltage

(ILOAD = 0.2 mA) PAO - PA7, PBO - PB7, PCO - PC7, TCMP VOH Vpp - 0.3 - — v

(ILOAD = 0.4 mA) PD1 - PD4 VoOH Vpp-0.3 — —
Output Low Voltage

(ILOAD = 0.4 mA) PAO - PA7, PBO - PB7,PCO -~ PC7, PD1 - PD4, TCMP VoL — — 0.3 \
Input High Voltage . VIH

PAO - PA7, PBO - PB7, PCO - PC7, PDO - PD5, PD7, TCAP, IRQ, 0.7 xVpp — Vpb \

RESET, OSC1
Input Low Voltage _ ViL

PAO - PA7, PBO - PB7, PCO - PC7, PDO - PD5, PD7, TCAP, IRQ, Vss — 0.2xVpp v

RESET, OSC1
Data Retention Mode (0° to 70°C) VRM 2 — - \"
Supply Current (3.6 V dc atfggc = 2MHz)

Run Ipp — — 1.75 mA

Wait [[s)s) — — 900 pA

Stop 250C Ibp — — 5 pA

0010 70°C ipp —_ — 10 pA

Supply Current (2.4V dc at fogc = 1MHz)

Run Ipp — — 750 pA

Wait ibD — — 400 pA

Stop 250C Ibp — — 2.0 pA

00to 700C ippb — — 5.0 pA

I/O Ports Hi-Z Leakage Current TR

PAO - PA7,PBO - PB7,PCO-PC7,PD1-PD4 — — +1 pA
Input Current lin

RESET, IRQ, TCAP, OSC1, PDO, PD5, PD7 —_ —_ +1 pA
Capacitance Ports (as input or Output)

RESET, IRQ, TCAP, OSC1, PDO - PD5, PD7 CouT — — 12 pF

Cin - -

NOTES:

. All values shown reflect average measurements.

2. Typical values at midpoint of voltage range, 25°C oniy.

3. Wait Ipp: Only timer system active (SPE = TE = RE = 0). If SPI, SCI active (SPE = TE = RE = 1) add 10% current draw.
4.

. Run (Operating) Ipp. Wait Ipp: Measured using external square-wave clock source, all inputs 0.2V from rail, no DC loads, less than 50 pF on all outputs,
Cy = 20pF on OSC2.

5. Wait, Stop Ipp: All ports configured as inputs, Vi = 0.2V, V) = Vpp - 0.2V.
Stop Ipp measured with OSC1 = Vgg.
. Wait Ipp is affected linearly by the OSC2 capacitance.

-
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CDP68HCL05C4, CDP68HCLO5C8, CDP68HCLOSC7

CONTROL TIMING (Vpp = 5.0V dc % 10%, Vgg = OV dc, Tp = 0 to +70°C)

LIMITS
CHARACTERISTIC SYMBOL MIN. MAX. UNIT

Frequency of Operation

Crystal Option fosc — 4.2 MHz

External Clock Option fosc dec 4.2
Internal Operating Frequency

Cyrstal (fosc + 2) fop — 2.1 MHz

External Clock (fosc + 2) fop dc 2.1
Cycle Time (See Figure 3-1) teye 480 -_ ns
Crystal Oscillator Startup Time for AT-cut Crystal (See Figure 3-1) toxov — 100 ms
Stop Recovery Startup Time (AT-cut Crystal Oscillator) (See Figure 9-2) tiLcH —_ 100 ms
'RESET Pulse Width (See Figure 3-1) /L 1.5 — teye
Timer

Resolution** tRESL 4.0 — toye

Input Capture Pulse Width (See Figure 9-3) tTH, tTL 125 — ns

input Capture Pulse Period (See Figure 9-3) LTl bl — toye
Interrupt Pulse Width Low (Edge-Triggered) (See Figure 3-4) LTH]E] 125 — ns
interrupt Pulse Period (See Figure 3-4) i * —_ tfeye
OSC1 Pulse Width tons toL 90 —_ ns

* The minimum period i j_ should not be less than the number of cycle times it takes to execute the interrupt service routine plus 21 teye:

** Since a 2-bit prescaler in the timer must count four internal cycles ('cyc)' this is the limiting minimum factor in determining the timer resolution.

*** The minimum period tr| Ty should not be less than the number of cycle times it takes to execute the capture interrupt service routine plus 24 toyc.

CDP68HCL0O5C4, CDP68HCLO5C8, CDP68HCLO5C7

CONTROL TIMING (Vpp = 2.4V dc - 3.6 V dc, Vgg = OV dc, Ta = O to +700C)

LIMITS
@3.6Vdc @ 2.4Vdc
CHARACTERISTIC SYMBOL MIN. MAX. MIN. MAX. UNIT

Frequency of Operation

Crystal Option fosc — 2.0 — 1.0 MHz

External Clock Option fosc de 20 dc 1.0 MHz
Internal Operating Frequency

Cyrstal (fosc + 2) fop —_ 10 _— 0.5 MHz

External Clock (fogc + 2) fop dc 10 dc 0.5 MHz
Cycle Time (See Figure 3-1) teyc 1000 — 2000 —_ ns
Crystal Oscillator Startup Time for AT-cut Crystal (See Figure 3-1) toxov - 100 — 100 ms
Stop Recovery Startup Time {AT-cut Crystal Oscillator) (See Figure 9-2) tLCH — 100 —_ 100 ms
RESET Pulse Width (See Figure 3-1) /L 15 — 1.5 - toye
Timer

Resolution** tRESL 4.0 — 4.0 — teye

Input Capture Pulse Width (See Figure 9-3) tTH. L 250 — 500 — ns

Input Capture Pulse Period (See Figure 9-3) LTl el — bl — teye
Interrupt Pulse Width Low (Edge-Triggered) (See Figure 3-4) HLIH 250 —_ 500 - ns
Interrupt Pulse Period (See Figure 3-4) L * —_ * — teye
0OSC1 Pulse Width toH. toL 200 —_ 400 — ns

* The minimum period t 3 should not be less than the number of cycle times it takes to execute the interrupt service routine plus 21 gy

** Since a 2-bit prescaler in the timer must count four internal cycles (tgyc). this is the limiting minimum factor in determining the timer resolution.

*** The minimum period ty| T should not be less than the number of cycle times it takes to execute the capture interrupt service routine plus 24 {gyc.

2-62




CDP68HCLO5C4, CDP6BHCLO5C8, CDP68HCLO5C7

SERIAL PERIPHERAL INTERFACE (SPI) TIMING (Figure 9-4)
(VDD = 5.0V dc + 10%, Vgg = OV dc, TA = 0 to +700C)

LIMITS
NUMBER CHARACTERISTIC SYMBOL MIN. MAX. UNIT
Operating Frequency
Master fop(m) dc 0.5 fop™™™*
Slave fop(s) dc 21 MHz
1 Cycle Time
Master teye(m) 20 — teye
Slave teyc(s) 480 — ns
2 Enable Lead Time
Master ‘lea_d(_m) * et
Slave Yiead(s) 240 — ns n
3 Enable Lag Time
Master lm) * — 2
Slave tiag(s) 240 - ns g
4 Clock (SCK) High Time ©=
Master tw(SCKH)m 340 - ns =
Slave tw(SCKH)s 190 - ns b4
o
5 Clock (SCK) Low Time =
Master tw(SCKL)m 340 - ns =
Slave tw(SCKL)s 190 — ns
6 Data Setup Time (Inputs)
Master tsu(m) 100 — ns
Slave tsu(s) 100 - ns
7 Data Hold Time (Inputs)
Master ‘h_(,ml 100 - ns
Slave th(s) 100 — ns
8 Access Time (Time to data active from high impedance state)
Slave ta (o} 120 ns
9 Disable Time (Hold time to high impedance state)
Slave tdis - 240 ns
10 Data Valid
Master (Before Capture Edge) ty(m) 0.25 — teye(m)
. Slave (After Enable Edge)** ty(s) — 240 ns
11 Data Hold Time (Outputs)
Master (After Capture Edge) tho(m) 0.25 — teyc(m)
Slave (After Enable Edge) tho(s) 0 — ns
12 Rise Time (20% Vpp to 70% Vpp, CL = 200 pF)
SPI Outputs (SCK, MOSI, MISO) tr(m) - 100 ns
SPI Inputs (SCK, MOSI, MISO, S5) tr(s) — 2.0 ps
13 Fall Time (20% Vpp to 70% Vpp, C = 200 pF)
SPI Outputs (SCK, MOSI, MISO) t(m) — 100 ns
SPI Inputs (SCK, MOSI, MISO, SS) ty(s) — 20 us
* Signal production depends on soft

** Assumes 200 pF load on all SPI pins.
*** Note that the unit this specification uses is fop (internal operating frequency), not MHz! In the master mode the SPI bus is capable of running at one-half of the de-
vice's internal operating frequency, therefore 1.05 MHz maximum.
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CDP68HCL05C4, CDP68HCLO5C8, CDP68HCLO5C7

SERIAL PERIPHERAL INTERFACE (SPI) TIMING (Figure 9-4)
(VDD = 2.4V dc - 3.6V dc, Vgg = OV dc, Tp = 0 to +700C)

LIMITS
@ 3.6Vdc @ 2.4Vdc
NUMBER CHARACTERISTIC SYMBOL MIN. MAX. MIN. MAX. | UNIT
Operating Frequency

Master fop(m) dc 0.5 dc 0.5 fop™™**

Slave fop(s) dc 1.0 dc 0.5 MHz
1 Cycle Time

Master teye(m) 2.0 — 2.0 — feye

Slave teyc(s) 1.0 — 20 — ps
2 Enable Lead Time

Master Yead(m) * - - —

Slave Yiead(s) 500 - TBD — ns
3 Enable Lag Time

Master Yag(m) * — * —

Slave Yag(s) 500 — TBD — ns
4 Clock (SCK) High Time

Master tw(SCKH)m 720 — TBD — ns

Slave tw(SCKH)s 400 — 8D — ns
5 Clock (SCK) Low Time

Master tw(SCKL)m 720 — TBD — ns

Slave tw(SCKL)s 400 - TBD —_ ns
[ Data Setup Time (Inputs)

Master tsu(m) 200 — T8D — ns

Slave tsu(s) 200 — TBD — ns
7 Data Hold Time (Inputs)

Master th(m) 200 — TB8D — ns

Slave this) 200 —_ TBD — ns
8 Access Time (Time to data active from high impedance state)

Slave ta o] 250 o TBD ns
9 Disable Time (Hold time to high impedance state)

Slave tdis — 500 — TBD ns
10 Data Valid

Master (Before Capture Edge) ty(m) 0.25 — TBD — teyc(m)

Slave (After Enable Edge)** ty(s) -_ 500 -_ -_ ns
11 Data Hold Time (Outputs)

Master (After Capture Edge) tho(m) 0.25 - TBD —_ teye(m)

Slave (After Enable Edge) tho(s) o] - [o] — ns
12 Rise Time (70% Vpp to 20% Vpp, C| = 200 pF)

SPI Outputs (SCK, MOSI, MISO) t(m) — 200 — TBD ns

SPI Inputs (SCK, MOSI, MISO, SS) tr(s) — 20 - TBD ps
13 Fall Time (70% Vpp to 20% Vpp, CL = 200 pF)

SPI Outputs (SCK, MOSI, MISO) t&m) — 200 — TBD ns

SPI Inputs (SCK, MOSI, MISO, §8) ti(s) — 20 — TBD us

* Signal production depends on software.
** Assumes 200 pF load on all SPI pins.
*** Note that the unit this specification uses is fgp (internal operating frequency), not MHz! in the master mode the SPI bus is capable of running at one-half of the de-

vice's int

" £
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CDP68HSCO05C4, CDP68HSCO5C8, CDP68HSCO5C7 ELECTRICAL SPECIFICATIONS

CDP68HSC05C4, CDP68HSC05C8, CDP68HSCO5C7

DC ELECTRICAL CHARACTERISTICS (Vpp = 5V dc + 10%, Vgg = OV dc, TA = 0°C to +70°C unless otherwise noted)

LIMITS
CHARACTERISTIC SYMBOL MIN. TYP. MAX. UNIT
Output Voltage, I oAD < 10 uA VoL —_— — 0.1 v
VoH Vpp - 0.1 — —
Output High Voltage
(ILOAD = 0.8 mA) PAO - PA7, PBO - PB7, PCO - PC7, TCMP VOH Vpp -0.8 — — %
(ILoAD = 1.6 mA) PD1 - PD4 VoH Vpp-0.8 — -
Output Low Voltage
(ILOAD = 1.6 mA) PAO - PA7,PBO - PB7,PCO - PC7,PD1 - PD4, TCMP VoL — — 0.4 v
Input High Voltage’ — ViH
PAO - PA7, PBO - PB7, PCO - PC7,PDO - PD5, PD7, TCAP, IRQ, 0.7 xVpp - Vpp \
RESET, OSC1 2
[TV}
Input Low Voltage ViL E‘;
PAO - PA7, PBO - PB7, PCO - PC7, PDO - PD5, PD7, TCAP, IRQ, Vss — 0.2 xVpp \ .n_:
RESET, OSC1 ) g
Data Retention Mode (0° to 709C) VRM 2 — - v §
Supply Current (See Notes) ‘é
Run Ipp _ 6.7 133 mA
Wait Ibb —_ 30 7.6
Stop 250C Ipp — 2.0 50
00to 700C Ibb —_ — 140 pA
1/0 Ports Hi-Z Leakage Current TR
PAO - PA7, PBO - PB7,PCO - PC7,PD1 - PD4 - - +=10
Input Current lin
RESET, IRQ, TCAP, OSC1, PDO, PD5, PD7 — — +1
Capacitance Ports (as Input or Output)
RESET, IRQ, TCAP, OSC1, PDO - PD5, PD7 Cout —_ —_ 12 pF
CiIN - — 8

NOTES:

1. All values shown reflect average measurements.

2. Typical values at midpoint of voltage range, 259C only.

3. Wait Ipp: Only timer system active (SPE = TE = RE = 0). If SPI, SCl active (SPE = TE = RE = 1) add 10% current draw.
4

. Run (Operating) Ipp, Wait Ipp: Measured using external square-wave clock source (fogc = 8.0MHz), all inputs 0.2V from rail, no DC loads, iess than 50 pF on all
outputs, C_ = 20pF on OSC2.

Wait, Stop Ipp: All ports configured as inputs, V) = 0.2V, Vjy = Vpp - 0.2V.
Stop Ipp measured with OSC1 = Vgg.
7. Wait Ipp is affected linearly by the OSC2 capacitance.

o o
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CDP68HSC05C4, CDP68HSC05C8, CDP68HSCO5C7

DC ELECTRICAL CHARACTERISTICS (Vpp = 3.3V dc + 10%, Vgg = OV dc, Tp = 0°C to +70°C unless otherwise noted)

LIMITS
CHARACTERISTIC SYMBOL MIN. TYP. MAX. UNIT
Output Voltage, I oAD < 10 pA VoL — — 0.1 \
VOH Vpp - 0.1 — -
Output High Voltage
(ILOAD = 0.8 mA) PAO - PA7, PBO - PB7, PCO - PC7, TCMP VoH Vpp - 0.3 — — v
(lLoAD = 1.6 mA) PD1 - PD4 VOH Vpp-0.3 - -
Output Low Voltage
(IlLoAD = 1.6 mA) PAO - PA7,PBO - PB7,PCO - PC7,PD1 - PD4, TCMP VoL - — 0.3 v
Input High Voltage . VIH
PAO - PA7, PBO - PB7,PCO - PC7,PDO - PD5, PD7, TCAP, IRQ, 0.7 xVpp — Vbp \"
RESET, OSC1
Input Low Voltage - ViL
PAO - PA7, PBO - PB7, PCO - PC7, PDO - PD5, PD7, TCAP, IRQ, Vss — 0.2xVpp v
RESET, OSC1
Data Retention Mode (0° to 70°C) VRM 2 — —_ v
Supply Current (See Notes)
Run Ipp — 1.0 2.5 mA
Wait IpD — 0.5 14
Stop 250C IpD — 10 30
0010 700C Ipp — — 80 pA
1/0 Ports Hi-Z Leakage Current I
PAO - PA7, PBO - PB7,PCO - PC7,PD1 - PD4 — — +10 pA
Input Current lin
RESET, IRQ, TCAP, OSC1, PDO, PD5, PD7 _ — +1 pA
Capacitance Ports (as Input or Output)
RESET, IRQ, TCAP, OSC1, PDO - PD5, PD7 Cout _ — 12 pF
CiN - -

NOTES:

. All values shown reflect average measurements.

Typical values at midpoint of voltage range, 25°C only.

Wait Ipp: Only timer system active (SPE = TE = RE = 0). If SPI, SCI active (SPE = TE = RE = 1) add 10% current draw.

Run (Operating) Ipp, Wait Ipp: Measured using external square-wave clock source (fosc = 2.0MHz), all inputs 0.2V from rail, no DC loads, less than 50 pF on all
outputs, C|_ = 20pF on OSC2.

Wait, Stop Ipp: All ports configured as inputs, V= 0.2V, Vjy = Vpp - 0.2V.
Stop Ipp measured with OSC1 = Vgg.
Wait Ipp is affected linearly by the OSC2 capacitance.

-

dpopn

No o
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CDP68HSC05C4, CDP68HSC05C8, CDP68HSCO05C7

CONTROL TIMING (Vpp = 5.0V dc + 10%, Vgg = OV dc, Ta = O to +700C)

LIMITS
CHARACTERISTIC SYMBOL MIN. MAX. UNIT

Frequency of Operation

Crystal Option fosc — 8.0 MHz

External Clock Option fosc de 8.0
Internal Operating Frequency

Cyrstal (fosc + 2) fop — 4.0 MHz

External Clock (fosc + 2) fop dc 4.0
Cycle Time (See Figure 3-1) teye 250 — ns
Crystal Oscillator Startup Time for AT-cut Crystal (See Figure 3-1) toxov — 100 ms
Stop Recovery Startup Time (AT-cut Crystal Oscillator) (See Figure 9-2) tiLcH —_ 100 ms
RESET Pulse Width (See Figure 3-1) tRL 15 — teye
Timer

Resolution** tRESL 4.0 — teyc

Input Capture Pulse Width (See Figure 9-3) trHs tTL 63 — ns

Input Capture Pulse Period (See Figure 9-3) tTLTL halaied _ teye
Interrupt Pulse Width Low (Edge-Triggered) (See Figure 3-4) i 63 — ns
Interrupt Pulse Period (See Figure 3-4) tiue * —_ tcyc
OSC1 Pulse Width toH: toL 45 - ns

* The minimum period i ;. should not be less than the number of cycle times it takes to execute the interrupt service routine plus 21 tyc.
** Since a 2-bit prescaler in the timer must count four internal cycles (‘cyc)- this is the limiting minimum factor in determining the timer resolution.

*** The minimum period typ 1| should not be less than the number of cycle times it takes to execute the capture interrupt service routine plus 24 ;.

CDP68HSC05C4, CDP68HSC05C8, CDP68HSCO5C7
CONTROL TIMING (Vpp = 3.3V dc + 10%, VSg = OV dc, Ta = O to +700C)

LIMITS
CHARACTERISTIC SYMBOL MIN. MAX. UNIT

Frequency of Operation

Crystal Option fosc — 20 MHz

External Clock Option fosc dc 2.0
Internal Operating Frequency

Cyrstal (fosc + 2) fop - 1.0 MHz

External Clock (fosc + 2) fop dc 1.0
Cycle Time (See Figure 3-1) teyc 1000 _ ns
Crystal Oscillator Startup Time for AT-cut Crystal (See Figure 3-1) toxov —_— 100 ms
Stop Recovery Startup Time (AT-cut Crystal Oscillator) (See Figure 9-2) tiLCH —_ 100 ms
RESET Pulse Width (See Figure 3-1) tRL 15 — teye
Timer

Resolution** tRESL 4.0 — toye

Input Capture Pulse Width (See Figure 9-3) tTH. L 250 —_ ns

Input Capture Pulse Period (See Figure 9-3) TLTL el - teye
Interrupt Pulse Width Low (Edge-Triggered) (See Figure 3-4) HLiH 250 — ns
Interrupt Pulse Period (See Figure 3-4) e * — feye
OSC1 Pulse Width toH. toL 200 - ns

* The minimum period tj ji_ should not be less than the number of cycle times it takes to execute the interrupt service routine plus 21 tgyc.

** Since a 2-bit prescaler in the timer must count four internal cycles ('cyc)» this is the limiting minimum factor in determining the timer resolution.

*** The minimum period tr|_T| should not be less than the number of cycle times it takes to execute the capture interrupt service routine plus 24 tgyc.

2-67

' MICROCONTROLLERS n




CDP68HSC05C4, CDP68HSC05C8, CDP68HSCO5C7

SERIAL PERIPHERAL INTERFACE (SPI) TIMING (Figure 9-4)
(VpD = 5.0V dc = 10%, Vgg = OV dc, TA = 0 to +700C)

LIMITS
NUMBER CHARACTERISTIC SYMBOL MIN. MAX. UNIT
Operating Frequency )
Master fop(m) dc 0.5 fop***
Slave fop(s) de 4.0 MHz
1 Cycle Time
Master teyc(m) 2.0 — teye
Slave teye(s) 250 — ns
2 Enable Lead Time
Master tlea_d(_m) * —
Slave tiead(s) TBD — ns
3 Enable Lag Time
Master ‘I_a_g(m) > —
Slave tag(s) TBD — ns
4 Clock (SCK) High Time
Master tw(SCKH)m T8D — ns
Slave tw(SCKH)s TBD — ns
5 Clock (SCK) Low Time
Master tw(SCKL)m TBD — ns
Slave tw(SCKL)s TBD - ns
6 Data Setup Time {Inputs)
Master tsu(m) TBD — ns
Slave tsu(s) TBD —_ ns
7 Data Hold Time (Inputs)
Master th(m) TBD — ns
Slave th(s) T8D — ns
8 Access Time (Time to data active from high impedance state)
Slave ta 0 TBD ns
9 Disable Time (Hold time to high impedance state)
Slave tdis — TBD ns
10 Data Valid
Master (Before Capture Edge) tv(m) TBD —_ teyc(m)
Slave (After Enable Edge)** ty(s) —_ TBD ns
1 Data Hold Time (Outputs)
Master (After Capture Edge) tho(m) TBD — teyc(m)
Slave (After Enable Edge) tho(s) o — ns
12 Rise Time (20% Vpp to 70% Vpp, CL = 200 pF)
SPI Outputs (SCK, MOSI, MISO) tr(m) — TBD ns
SPI Inputs (SCK, MOSI, MISO, §S) tr(s) —_ TBD us
13 Fall Time (20% Vpp to 70% Vpp, C = 200 pF)
SPI Outputs (SCK, MOSI, MISO) t(m) — TBD ns
SPI Inputs (SCK, MOSI, MISO, §S) ti(s) —_ 8D us
* Signal producti d ds on ™

** Assumes 200 pF load on all SPI pins.
*** Note that the unit this specification uses is fop (internal operating frequency), not MHz! In the master mode the SPI bus is capable of running at one-half of the de-
vice's i | operating fi y, therefore 2.0 MHz maximum.
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CDP68HSC05C4, CDP68HSC05C8, CDP68HSCO5C7

SERIAL PERIPHERAL INTERFACE (SPI) TIMING (Figure 9-4)
(Vpp = 3.3V dc + 10%, Vgg = OV dc, TA = O to +70°C)

LIMITS
NUMBER CHARACTERISTIC SYMBOL MIN. MAX. UNIT
Operating Frequency
Master fop(m) dc 0.5 fop™™*
Slave fop(s) dc 1.0 MHz
1 Cycle Time
Master teye(m) 20 — teye
Slave teyc(s) 10 — ns
2 Enable Lead Time
Master tiead(m) * —
Slave tead(s) 500 — ns n
3 Enable Lag Time
Masts * —
aster 'Jgg(m) g
Slave Yag(s) 500 - ns =
4 Clock (SCK) High Time 2
Master tw(SCKH)m 720 — ns =~
o
Slave tw(SCKH)s 400 —_ ns s
[
5 Clock (SCK) Low Time 1=
Master tw(SCKL)m 720 — ns =
Slave tw(SCKL)s 400 — ns
6 Data Setup Time {Inputs)
Master tsu{m) 200 — ns
Slave tsuis) 200 - ns
7 Data Hold Time (Inputs)
Master th(m) 200 — ns
Slave h(s) 200 — ns
8 Access Time (Time to data active from high impedance state)
Slave ta (o} 250 ns
] Disabie Time (Hold time to high impedance state)
Slave tdis - 500 ns
10 Data Valid
Master (Before Capture Edge) ty(m) 0.25 — teve(m)
Slave (After Enabie Edgej*™ ‘ ty(s) — 500 ns
1" Data Hold Time (Qutputs)
Master (After Capture Edge) tho(m) 0.25 — tcyc(m)
Slave (After Enable Edge) tho(s) a — ns
12 Rise Time (20% Vpp to 70% Vpp, Cf. = 200 pF)
SP! Outputs (SCK, MOSI, MISO) trim) — 200 ns
SPI inputs (SCK, MOSI, MISO, 5§) te(s) — 2.0 us
13 Fall Time (20% Vpp to 70% Vpp, Ci. = 200 pF)
SPI Outputs (SCK, MOSI, MISO) ¥(m) —_ 200 ns
SPI inputs {SCK, MOSI, MISO, §8) ) - 2.0 it

* Signal production depends on software.
** Assumes 200 pF load on ali SPI pins.

*** Note that the unit this specification uses is fop (internal operating frequancy), not MHz! In the master mode the 8P bus is capabia of running at one-half of the de-
vice's internal operating frequency, therefore 2.0 MHz maximum.
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Control Timing Diagrams (All types)

wsor N7 777777 /777777777777 T7T7777777777 7777777

tRL

RESET

IRQ?

ticH 4084t —=
iRQ? )k
INTERNAL )
CLOCK

aooress OO0V rreNareeXerrexrreXieer)

1. Represents the internal gating of the OSC1 pin.

2. RQ pin edge-sensitive mask option.

3. IRQ pin level and edge-sensitive mask option.

4. CDP6BHCO5C4 RESET vector address shown for timing example.

FIGURE 9-2. STOP RECOVERY TIMING DIAGRAM

b R N S £ Y By 3 T

EXTERNAL SIGNAL
(TCAP-PIN 37)

FIGURE 9-3. TIMER RELATIONSHIPS
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Serial Peripheral Interface (SPI) Timing Diagrams (All types)

S8
(INPUT)

SCK
(OUTPUT)

MISO
(INPUT)
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(OUTPUT)

MISO
(INPUT)

MOSI
(OUTPUT)

HELD HIGH ON MASTER
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D70 D60 P >< DoO ><
(a) SPI Master Timing CPOL = 0, CPHA = 1
HELD HIGH ON MASTER
O
(12
®)
s
YOOOOOK X e w XROKX
A
X D70 D60 X D0O
—]

-®
Rl

NOTE: Measurement points are Vo, Vou. VL. VIH-

(b) SPI Master Timing CPOL = 1, CPHA = 1

FIGURE 9.4.

TIMING DIAGRAM
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HELD HIGH ON MASTER

ss
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SCK
(OUTPUT)
A,
MISO L4
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A
MOSI ¥
(ouTPU X D70 X beo X D0O
@ —@®
(c) SPI Master Timing CPOL = 0, CPHA =0
o HELD HIGH ON MASTER
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(19 (2
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O~ @ )
MISO L4
(INPUT) o7 X Del 1 X pot
O— -0
A
MOSI (4
(OUTPUT) x D70 X DEC A X DOO
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NOTE: Measurement points are Vi, Vou. Vi and Viy.
(d) SPI Master Timing CPOL =1, CPHA =0

FIGURE 9-4. TIMING DIAGRAMS (Continued)
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NOTE: Measurement points are VOL, VOH, VIL, and VIH.

(f) SPI Slave Timing CPOL =1, CPHA = 1

FIGURE 9-4. TIMING DIAGRAMS (Continued)
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NOTE: Measurement points are Vo, Vo, Vi and Vi4.

(h) SPI Slave Timing CPOL = 1, CPHA =0

FIGURE 9-4. TIMING DIAGRAMS (Continued)
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Mechanical Data

This section contains the pin assignment diagrams for the HCMOS family microcomputers.

Pinouts

RESET -V [40]
= g
NG 58]
PA7 [37]
PAGS E
PAS _3_3]
PA4 E]
PA3 33]
PA2 32]
PA1 31]
PAO 30]
PBO [29]
PB1 28]
PB2 [27]
PB3 26]
PB4 25]
PBS [24]
PB6 23]
PB7 22]
Vss 21]

Vbp
0sct
0sc2
TCAP
PD7
TCMP
PD5/5S
PDA4/SCK
PD3MOSI
PD2MISO
PD1/TDO
PDO/RDI
PCO

PC1

PC2

PC3

PC4

PCS5

PC6

PC7

PAS
PA4
PA3
PA2
PA1
PAO
PBO
PB1
PB2
PB3
PB4

D Suffix - 40-Lead Dual-In-Line Side-Brazed Ceramic Package
E Suffix - 40-Lead Dual-In-Line Plastic Package

PD7
TCMP
PD5/SS
PD4/SCK
PD3MOSI
PD2MISO
PD1/TDO
PDO/RDI
PCO

PC1

PC2

N Suffix - 44 Lead Plastic Chip-Carrier (PLCC) Package
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Pinouts (Continued)

m -
soplissgfils

'59#89888833

PA6 C—T11 |1 33| Em—Tcme
PASC—I1T] |2 32| = ros/ss
PAAC—TI]|3 31| === Pp4ssCK
PA3C—TI—] |4 80| f=r——1 PD3MOSI
PA2C—TIT—] |5 29| —ITI——1 PD2MISO
PAIC—TI1—]|6 28| =IT—1PD1/TDO
PAOC—IIT 7 27| F=II——/1 PDO/RDI
PBOC—II—]|8 26| =I——rco

PB1 —I1—]|9 25| —Ir—1PC1
pB2—11—][10 24| EIT——1PrC2
pB3C—I1—{|11 23| FIr——rc3

PBAC—IT—] |12
PBS[———TT—] 113
pesC—II—] |14
pB7TC—Ir—] |15
NCC—Ix—1 |16
vss—1r—] |17
pe7TC—II—] |18
pce—11—] |19
PCSC——T1—] |20
PCAC—IT] |21
NCC—Ir— |2

Q SUFFIX - 44 LEAD METRIC PLASTIC QUAD FLATPACK
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Features
¢ Typical Power » QOperating................ 17.5mwW
L7 i smw
P STOP ciciiiiiiiaieeannnn. 10.0pW
e Fully Static Operation
e ON-ChipRAM ...t 96 Bytes
e ON-ChipROM ......coiiiiiiiiiiinnnas 2176 Bytes
e [/O Lines
> Bidirectionall/OLines ..........ocvvivneenenns 28
> InputOnlyLines.......oviieiiiiiiiiiiannnanns 3
¢ Programmable Open Drain OutputLines.......... 12

¢ On-Chip Oscillator for Timer

® Internal 16-Bit Timer

» Serial Peripheral Interface (SPI)

e External (IRQ), Timer, Port B and Serial Interrupts
e Self Check Mode

e Single 2.5V to 6V Supply (2V Data Retention Mode)
e RC or Crystal On-Chip Oscillator

e 8x8 Muitiply Instruction

& True Bit Manipulation

s Indexed Addressing for Tables

e Memory Mapped I/O

General

The CDP88HC05D2 Microcontroller Unit (MCU)) belongs to
the CDP6805 Family of Microcontroilers. This 8-bit MCU
contains on-chip oscillator, CPU, RAM, ROM, /0O, and Timer.
The fully static design allows operation at frequencies down
to DC, further reducing its already low power consumption. it
is a low power processor designed for low end to mid range
applications in the telecommunications, consumer, automo-
tive and industrial markets where very low power consump-
tion constitutes an important factor.

The CDP68SHCO05D2 is supplied in a 40 lead hermetic dual-
in-line sidebrazed ceramic package (D suffix), a 40 iead

dual-in-line plastic package (E suffix), a 44 lead plastic chip
carrier (N suffix), and a 44 lead metric plastic quad flatpack
(Q suffix).

Functional Pin Descriptions
Vpp and Vgg

Power is supplied to the MCU using these two pins. VDD is
power and VSS is ground.

N.C.
The pin labelled N.C. should be left disconnected.

‘IRQ (Maskable Interrupt Request)
RQ is a programmable option which provides two different
choices of interrupt triggering sensitivity. These options are:
1. Negative edge sensitive triggering only, or
2. Both negative edge sensitive and level sensitive
triggering.
In the latter case, either type of input to the IRQ pin will prod-
uce the interrupt. The MCU completes the current instruction
before it responds to the interrupt request. When the TRQ pin
goes low for at least one tj| jH, a logic one is latched internally
to signify that an interrupt has been requested. When the
MCU completes its current instruction, the interrupt iatch is
tested. If the interrupt latch contains a logic one, and the inter-
rupt mask bit (1 bit) in the condition code register is clear, the
MCU then begins the interrupt sequence. If the option is se-
lected to include level sensitive triggering, then the IRQ input
requires an external resistor to Vpp for “wire-OR” operation.
See the INTERRUPTS information for more detail.

RESET

The RESET input is not required for startup but can be used
to reset the MCU internal state and provide an orderly soft-
ware startup procedure. Refer to the RESETSs information for
a detailed description.

Pinouts 40 LEAD CERAMIC SIDEBRAZE DIP
40 LEAD PLASTIC DIP

44 LEAD PLASTIC CHIP CARRIER

l MICROCONTROLLERS u
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CDP68HC05D2

From

1
TCfMP Port D 0sC1 0sc2
35 39 38 Internal
. Oscillator |- Processor
T
Tcap —37» g e and Clock .
Internal +2 RESET
Processor 2 —
Clock l y IR
11
> 8
PAO 10 Accumulator 22> pco
PA1 €— 27
9 8 A > PC1 p
Port pA? <=3 cPU <26 3 pco O
A 8 Port | Data Data | Port C
PA3 1—7—> 3 Index Control ] <_2_§>_> PC3
1/0 - pas «—L A Dir —o Register m C 22> PCa 170
Lines pA5-«—S | Reg | Reg | Reg | Reg 23 pig lines
5 Condition PETE
PAE <€—>>] 22 o pCs
PA7 <— Code DIl
: 5 Register CC je——> PC7
: CPU r——-—ae—b To Timer System
Stack [ = 22— PD7
PBO ‘:—§> g Pointer ¢
. PBI < — ¢—| Data | Port 22 TOSsct (PDO)i Timer
ort PB2 41—5> port | Data ps 9‘ Dir D &= 10sC2 (PD1)} Oscillator
B PB3 < kg Reg | Reg |2l 3 miSO (PD2)
16 B Dir 9 High pCcH
110 PB4 <183 ALU = 32> \MOs| (P SPI
; 17 Reg | Reg - (PD3)
Lines PB5 «—=3» Program ‘__33_’ SCK (PD4 System
18 Counter 35 :
PB6 <= ey f€—=——— S5 (PD5)
PB7 €3 8 ow _PCL SPI
T l T System
2176 x 8 96 x 8 Internal
ROM SF:Z"M: Processor
240 x 8 Clock
Selt-Check
ROM
92CM-3811 7RI
Fig. 1 — CDP68HC05D2 CMOS microcomputer block diagram.
TCAP . CERAMIC RESONATOR (CRYSTAL OPTION*)

The TCAP input controls the input capture feature for.the
on-chip programmable timer system. Refer to the INPUT
CAPTURE REGISTER section for additional information.

TCMP

The TCMP pin (35) provides an output for the output com-
pare feature of the on-chip timer system. Refer to the OUT-
PUT COMPARE REGISTER section for additional informa-
tion.

0SC1, 0SC2

The CDP68HCO05D2 can be configured to accept either a
crystal input or an RC network to control the internal oscil-
lator. This.option is mask selectable. The internal clocks are
derived by a divide-by-two of the internal oscillator fre-
quency (fosc).

CRYSTAL. (CRYSTAL OPTION*)

The circuit shown in Fig. 2(b) is recommended when using
a crystal. The internal oscillator is designed to interface
with an AT-cut parallel resonant quartz crystal resonator in
the frequency range specified for fosc in the control timing
charts: Use of an external CMOS oscillator is recommended
when crystals outside the specified ranges are to be used.
The crystal and components should be mounted as close as
possible to the input pins to minimize output distortion and
startup stabilization time. Refer to the Electrical Character-
istics Table.

* Internal oscillator input mask options

A ceramic resonator may be used in place of the crystal in
cost-sensitive applications. The circuit in Fig. 2(b) is
‘recommended when using a ceramic resonator. Fig. 2(a)
lists the recommended capacitance and feedback resistance
values. The manufacturer of the particular ceramic resonator
being considered should be consulted for specific in-
formation.

RC. (RESISTOR OPTION*)

If the RC oscillator option is selected, then a resistor is
connected to the oscillator pins as shown in Fig. 2(d).

EXTERNAL CLOCK.

An external clock should be applied to the OSC1 input with
the OSC2 input not connected, as shown in Fig. 2(e). An
external clock may be used with either the RC or crystal oscil

~lator option, however, the crystal option is recommended to
reduce loading on the external clock source. The toxQvy or
tiLcH specifications do not apply when using an external
clock input. The equivalent specification of the external clock
should be used in lieu of toxQV or tiLCH-

PAO-PA7

These eight IO input comprise port A. The state of any pin is
software programmable and all port A lines are configured as
input during power-on or reset. These lines. are open drain
software programmable. Refer to INPUT/OUTPUT PRO-
GRAMMABLE information below for a detailed description of
/0 programming.
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Crystal Ceramic Resonator
2 MHz | 4 MHz | Units 2.4 MHz Units
Rsmax 400 75 Q Rs (typical) 10 Q
Co 5 7 pF Co 40 pF
Cy 0.008 0.012 uF Cy 4.3 pF
Cosct 15-40 | 15-30 pF Cosc: 30 pF
Cosca 15-30 | 15-25 | pF ‘R3°8°= 13:’0 n:’:)
N _
Re 10 10 MQ a 1250 —
Q 30 40 K
(a) Crystal/Ceramic Resonator Parameters
N Yy
Vaana! b VAYAY:
CDP68HCOS5D2
0sc 2 0osC |
38 39
osci osc2 ——+ r— 2
39 38 Co =
—{t =
p =
Rp S
38 39 2
Nt S
ur =

(c) Equivalent Crystal Circuit
0sC?2

—
Cosc1 :-_],: j.=:c

(b) Crystal Oscillator Connections

CDP68HCOSD2 -CDP68HCO5D2
~0SC1 0scC2 0SC1 0sc2
39 38
39 38
'A%
R UNCONNECTED
< EX A
(d) RC Oscillator Connections c{_gg: -

(e) External Clock Source Connections
92CS-39366

Fig. 2 — Oscillator Connections
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PB0-PB7

These eight lines comprise port B. The state of any pin is
software programmable and all port B lines are configured
as input during power-on or reset. These lines may be
configured to generate interrupts. Refer to port B interrupt
section. Refer to INPUT/OUTPUT PROGRAMMING par-
agraph below for a detailed description of 1/O program-
ming.

PCO0-PC7

These eight lines comprise port C. The state of any pin is
software programmable and all port C lines are configured
as input during power-on or reset. Refer to INPUT/OUT-
PUT PROGRAMMING paragraph below for a detailed de-
scription of 1/0 programming.

PDO0-PD5, PD7

These seven lines comprise Port D. Four pins (PD2-PD5)
are individually programmabile as either inputs or outputs.
PD7 is always aninputline. PDO-PD5 lines are set as inputs
on power-on or reset. The enabled Timer and SPI special
functions listed below affect the pins on this port. PD0-PD1
(referred to as TOSC1, TOSC2) are used to control the
oscillator for the timer in the external clock mode. If the
external clock mode is not used, these pins are configured
as inputs only. See sections EXTERNAL TIMER OSCILLA-
TOR and SPECIAL PURPOSE PORT. MOS! is the SPI Serial
Data Output (in Master Mode) MISO is the SPI Serial Data
Input (in Master Mode). SCK is the clock for the SPI (con-
figured as output in the Master Mode). SSis the Slave Seiect
input for the SPI.

Note: Itisrecommended that all unused inputs (except OSC2) and
1/0 ports configured as inputs be tied to an appropriate logic level
(e.g. either Vpp Or Vss).

Paraillel I/0

The 1/0 register section is found in the first 32 bytes of

memory and includes the following:

» Three programmable parallel ports (Ports A, B, and C).

¢ One port (Port D) with three input lines and four pro-
grammable lines which share its external pins with Serial
Peripheral Interface (SPi) and Timer functions.

The general memory arrangement for each system has a
control register, followed by a status register, followed by a
dataregister. A CPU read of any undefined/unused bits wiil
obtain avalue of “0”. The register assignment may be found
in Table il.

input/Output Programming

Paralle! Ports

Ports A, B, and C may be programmed as an input or an
output under software control. The direction of the pins is
determined by the state of the corresponding bit in the port
data direction register (DDR). Each 8-bit port has an asso-
ciated 8-bit data direction register. Any port A, port B, or
port C pin is configured as an output if its corresponding
DDRbitis settoalogic one. A pinis configured asan inputif
its corresponding DDR bit is cleared to a logic zero. At
power-on or reset all DDRs are cleared, which configure all
port A, B, and C pins as inputs. The data direction registers
are capable of being written to or read by the processor.

Refer to Fig. 3 and Table I. During the programmed output
state, a read of the data register actually reads the value of
the output data latch and not the 1/0 pin.

As an option for Port A, the eight Port A outputs (PA0-PA7)
can be programmed to be open drain outputs when bit0in
the Special Port Control/Status register is set and their DDR
bits are set. Also, the setting of the “Wired-OR” Mode
(WOM) bitin the SPI Control Register will cause Port D lines
2-5 (when programmed as outputs) to be open drain.

SPECIAL PURPOSE PORT

Port D contains four individually programmable bi-direc-
tional lines (PD2-PD5) and three input lines (PDO, PD1, and
PD7). The direction of the four bi-directional lines is deter-
mined by the state of the data direction register (DDR).
Each of these four lines has an associated DDR bit. The
validity of a port bit is determined by whether the SPI sys-
tem and external timer oscillator are enabled or disabled.
When the SPI system is disabled, lines PD2-PD5 behave as
normal I/O lines and the corresponding DDR bits determine
whether the lines are inputs or outputs. Lines PD0 and PD1
are inputs when the external timer oscillator is not used.
However, once the external timer oscillator has been
enabled, PD1 will become an output-only line until the
processor is reset.

A write to bits 0, 1, 6, and 7 of the Port D Data Direction
Register will have no effect. Aread of DDR bits 0, 1,6,and 7
will always return zeros.

Note: When using the Serial Peripheral Interface (SPI), bit 5 of Port
D is dedicated as the Slave Select (SS) input when the SPI system is
enabled. In SPI Slave Mode, DDR bit 5 has no meaning or effect. In
SPI Master Mode, DDR bit 5 determines whether Port D bit 5 is an
error detect input to the SPI (DDR bit clear) or a general purpose
output line (DDR bit set).

For bits 2, 3, and 4 (MISO, MOSI, and SCK), if the SPI is
enabled and expectsthe bitto be aninput, it will bean input
regardless of the state of the DDR bit. If the SPlis enabled
and expects the bit to be an output, it will be an output ONLY
if the DDR bit is set.

Memory
The CDP88HC05D2 has a total address space of 8192 bytes.
The address map is shown in Fig. 4. The CDP68HC05D2 has
implemented 2550 bytes of the address locations.

The first 256 bytes of memory (page zero) is comprised of
the I/0 port locations, timer iocations, 128 bytes of ROM
and 96 bytes of RAM. The next 2048 bytes comprise the user
ROM. The.16 highest address bytes contain the reset and
interrupt vectors.

The stack pointer is used to address data stored on the
stack. Data is stored on the stack during interrupts and
subroutine calls. At power-up, the stack pointer is set to
$00FF and itis decremented as data is pushed on the stack.
When data is removed from the stack, the stack pointer is
incremented. A maximum of 64 bytes of RAM is available for
stack usage. Since most programs use only a small part of
the allocated stack locations for interrupts and/or subrou-
tine stacking purposes, the unused bytes are usable for
program data storage. See Fig. 4 for detaiis on stacking
order.
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/
DATA DIRECTION
- REGISTER
8IT
INTERNAL LATCHED
CDP68HCOSD2 -| —{ OUTPUT DATA OUTPUT
CONNECTIONS BIT I/
INPUT
REG
<——-1L

~

TYPICAL PORT

CDP68HCO5D2

92CS-39367
3 2 1 0

7 5
DATA DIRECTION I DDR doon shmn 5 l DDR 4 [ DDR 3 I DDR 2 | DDR 1 ] DDR 0O |

TYPICAL PORT l
REGISTER

REGISTER

PIN

L 1 1 |
| 1]

m——
Crr il

P7 P6 P5 P4 P3 P2 P1 PO

170
PIN

PORT DATA :D__,l
PORT DDR
NOTES:
1. “DENOTES DEVICES HAVE SAME
PHYSICAL SIZE, AND ARE
ENHANCEMENT TYPE.
2. IP = INPUT PROTECTION.
INTERNAL 3. LATCH-UP PROTECTION NOT SHOWN.
LoGIC
92CS-42289
Fig. 3 - Typical Parallel Port I/O Circuitry
Table I - I/0 Pin Functions
R/W* | DDR 1/0 Pin Function
0 0 The 1/0 pin is in input mode. Data is written into the output data latch.
0 1 Data is written into the output data latch and output to the 1/0 pin.

-

0

The state of the 1/0 pin is read.

1

1

The I/0 pin is in an output mode. The output data latch is read.

*R/W is an internal signal.
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CDP68HCO05D2

$0000 0000 0000 Port A Data Register $00
Ports 3
110 8 Bytes Port B Data Register $01
32 Bytes Port C Data Register $02
$001F 00: Port D Data Register $03
31 Unused —
$0020 0032 2 Bytes Port A Data Direction Register $04
User \ Port B Data Direction Register $05
ROM \
128 Bytes \ Port € Data Direction Register $06
:ggi’; 8:28 Serial Peripheral Port D Data Direction Register $07
Interface
. Unused
\ 3 Bytes $08
RAM \ Unused $09
96 Bytes Serial Peripheral Control Register $OA
o191 \\ Unused Serial Peripheral Status Register $0B
S00BF L 5 Bytes Serial Peripheral Data 1/ O Regist
0000 0192 Y erial Peripheral Data egister $0C
Stack Unused $0D
64 Bytes
SOOFF 0255 \ Timer Unused $OE
50100 0256\ 10 Bytes Unused $SOF
User \ ) Unused $10
ROM Unused 2 Bytes
2048 Bytes \ Unused s
Special Port Control/ Timer Control Register $12
$08FF 2303 \ Stat Register - 4
$0900 2304 Timer Status Register $13
Input Capture High Register 314
Unused -
5632 Bytes \ Unused Input Capture Low Register $15
1 Byte
S1EFF 7935 03t Output Compare High Register $16
$1F00 7936 Output Compare Low Register $17
\ Counter High Register $18
Self Check \
Counter Low Register $19
SIFDFL . — — — | \ \ Alternate Counter High Register $1A
S1FEO Alternate Counter Low Register $1B
Self-Check 25 Bytes \
Vectors \ Unused $1C
SIFEF 8175 \ Unused $1D
$1FFO User 8176 \ Special Port Control/Stat Register $1E
Vectors \
16 Bytes Unused $1F
STFFF Syt 8191 J
92CS-38118R2
Fig. 4 - Address Map
Table Il — CDP68HCO05D2 I/0 Registers
ADDRESS DATA DATA
$0000-$001F 7 6 5 4 2 1 [ 7 6 5 4 3 2 1 [
00 Port A Data 10 Unused — — — — — — — —
01 Port B Data 11 Unused . —_ _ —_ —_ _ —_ —
02 Port C Data 12 Timer Control | ICIE | OCIE | TOIE | EOE | ECC - IEDG | OLVL
03 Port D Data N 13 Timer Status ICF | OCF | TOF — — — — —
04 Port A DDR 14 Capture High
05 Port B DDR 15 Capture Low
06 Port C DDR 16 Compare High
07 Port D DDR -— — — — 17 Compare Low
08 Unused — — — — — — -— — 18 Counter High
09 Unused — — — — — — — — 19 Counter Low
0A SPI Control | SPIE | SPE [DWOM|MSTR | CPOL | CPHA | SPR1 | SPRO | 1A Dual TM High
0B SPI Status SPIF |[WCOL| — |MODF| — — — — 1B Dual TM Low
0C SPI Data 1C Unused — — — — — — — —
0D Unused — — — — — — — — 1D Unused — — — — — — —_ —
OE Unused — — —_ - — — — — 1E Special Port PBIF — — — — DLY | PBIE |PAOD
OF Unused — — [ = — [ = — - |1 = Cntl/STAT
* = dedicated as TCMP output 1F Unused - = - - - - - -

— = unused bits
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I Accumulator

| Index Register

12

5

PC

I Program Counter

12 6
lo]ofofofo]1]4] SP

I Stack Pointer

CC

I H| | IN | z I I Condition Code Register

c
L

Carry/Borrow

Zero

Negative
Interrupt Mask
Half Carry

Fig. 5 - Programming model.

7 0 Stack
1 I 1 I 1 lCondition Code Register rll
2 Accumulator T
. E .
Increasing Memory | T Index Register R Decreasing Memory
Addresses U R Addresses

Rlofo]o] PCH U

N P

PCL T

Unstack

Note: Since the Stack Pointer decrements during pushes, the PCL
is stacked first, followed by PCH, etc. Pulling from the stack isin the

reverse order.

Fig. 6 - Stacking order.

CPU Registers
The CDP68HC05D2 CPU contains five registers, as shown
in the programming model of Fig. 5. The interrupt stacking
order is shown in Fig. 6.

Accumulator (A)

The accumulator is an 8-bit general-purpose register used
to hold operands, results of the arithmetic calculations, and
data manipulations.

Index Register (X)

The x register is an 8-bit register which is used during the
indexed modes of addressing. It provides an 8-bit value
which is used to create an effective address. The index
rggister is also used for data manipulations with the read-

modify-write type of instructions and as a temporary stor-
age register when not performing addressing operations.

Program Counter (PC)

The program counter is a 13-bit register that contains the
address of the next instruction to be executed by the
processor.

Stack Pointer (SP)

The stack pointer is a 13-bit register containing the address
of the next free locations on the push-down/pop-up stack.
When accessing memory; the seven most significant bits
are permanently configured to 0000011. These seven bits
are appended to the six least significant register bits to
produce an address within the range of $00FF to $00C0. The
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CDP68HC0O5D2

stack area of RAM is used to store the return address on
subroutine calls and the machine state during interrupts.
During external or power-on reset, and during a reset stack
pointer (RSP), instruction, the stack pointer is set to its
upper limit ($00FF). Nested interrupt and/or subroutines
may use up to 64 (decimal) locations. When the 64 locations
are exceeded, the stack pointer wraps around and points to
its upper limit (§00FF), losing the previously stored informa-
tion. A subroutine call occupies two RAM bytes on the
stack, while an interrupt uses five RAM bytes.

Condition Code Register (CC)
The condition code register is a 5-bit register which indi-
cates the results of the instruction just executed as well as
the state of the processor. These bits can be individually
tested by a program and specified action taken as a result of
their state. Each bit is explained in the following para-
graphs.

HALF CARRY BIT (H).

The H bit is set to a one when a carry occurs between bits 3
and 4 of the ALU during an ADD or ADC instruction. The H
bit is useful in binary-coded decimal subroutines.

INTERRUPT MASK BIT (I).

When the | bitis set, all interrupts are disabled. Clearing this
bit enables the interrupts. If an external interrupt occurs
whilethe | bitis set, the interruptis latched and is processed
after the | bitis next cleared; therefore, no interrupts are lost
because of the | bit being set. An internal interrupt can be
lost if it is cleared while the | bit is set (refer to PROGRAM-
MABLE TIMER, SERIAL PERIPHERAL INTERFACE, and
PORT B INTERRUPT sections for more information.

NEGATIVE (N).

When set, this bit indicates that the result of the last arith-
metic, logical, or data manipulation is negative (bit 7 in the
result is a logic one).

ZERO (2).
When set, this bit indicates that the result of the last arith-
metic, logical, or data manipulation is zero.

CARRY/BORROW (C).

Indicates that a carry or borrow out of the arithmetic logic
unit (ALU) occurred during the last arithmetic operation.
This bit is also affected during bit test and branch instruc-
tions, shifts, and rotates.

+9v
RESET
CDP68HCO5D2
. 1.0uF
RQ RESET
10k =
N.C/ voo 22 +5V
20pF
1ok osc 1 22 —_
, =
3 TCAP oM T 4 MHz
38 20pF
—2 paz osc 2 =2 1
5 b
PAS ( SEENOTE)
S| pas po? |28 +5V
1l paa Tewe |2 47K
8 = 4
L—] Pa3 PD5/5S [ ™
21 paz PD4/SCK —33——’\/\/\1—_._ oK
1 par pD3/MOSI |22 AN 2N3304
" 31
PAO PD2 /MISO 5—,
30 10K
PDI/TOSC2 [—AAN—O +5V
PDO/TOSCH 2 ‘l\ . +5Y
12 28 47K
PBO PCoO 1 Py ¢
27 y
o 31 pga Pc1 N R‘WVV‘—‘
10k e 26 RS 4,7k
PB2 PC2 i‘——{\/\/\v
= s 25 h 4.7 K
PB3 PC3 H—'\N\,—-
L%} pea pca |22
7] pes pcsf2
i 22
8] pae PCE
191 pg7 v pc7 }-2
ss
J_” 92CM-39369
NOTE

TE:
THE RC OSCILLATOR OPTION MAYALSO BE USED IN THIS CIRCUIT

Fig. 7 - Self-Check Circuit Schematic Diagram
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Self-Check

The CDP68HCO05D2 contains in mask ROM address loca-
tions $1F00 to $1FEF, a program designed to check the
part’s integrity with a minimum of support hardware. The
self-check capability of the CDP68HC05D2 MCU provides
an internal check to determine if the device is functional.
Self-check is performed using the circuit shown in the
schematic diagram of Fig. 7. As shown in the diagram, port
C pins PC0-PC3 are monitored (light-emitting diodes are
shown but other devices could be used) for the self-check
results. The self-check mode is entered by applying a 9Vdc
input (through a 4.7 kilohm resistor) to the pin (2), a
5Vdc input (through a 10-kilohm resistor) to the TCAP pin
(87), a 5Vdc input (through a 10K resistor) to Port B, bit 2
(pin 14), and then depressing the reset switch to execute a
reset. After reset, the following six tests are performed au-
tomatically:

1/0 — Functionally exercises ports A, B, and C

RAM — Counter test for each RAM byte

Timer — Tracks counter register and checks OCF flag

ROM — Exclusive OR with odd ones parity result

SPI — Transmission test with check for SPIF, WCOL,
and MODF flags

INTERRUPTS — Tests external, timer, Port B and SPI

interrupts.

Self-check results (using LEDs as monitors) are shown in
Table Iil. The following subroutines are available to user
programs and do not require any external hardware.

Tabile lli. Self-Check Resuits

PC3|PC2|PC1|PCO Remarks

1 0|0 |1 |Badl/O

1 0|1 0 | Bad RAM

1101 1 | Bad Timer

1 1 0 | 0 | Bad Port D and/or Timer Oscillator

1 1 0 | 1 [ Bad ROM

1 1 1 | 0 | Bad SPI

1|1 |1 | 1 | BadIinterrupts or IRQ Request
Flashing Good Device
All Others Bad Device, Bad Port C, etc.

0 indicates LED on; 1 indicates LED is off.

TIMER TEST SUBROUTINE

This subroutine returns with the Z bit cleared if any error is
detected; otherwise, the Z bit is set. This subroutine is
called at location $1FOE. The output compare register is
first set to the current timer state. Because the timer is
free-running and has only a divide-by-four prescaler, each
timer count cannot be tested. The test reads the timer once
every 10 counts (40 cycles) and checks for correct count-
ing. The test tracks the counter until the timer wraps
around, triggering the output compare flag in the timer
status register. RAM locations $00A0 and $00A1 are over-
written. Upon return to the user’s program, X=40. If the test
passed, A=0.

ROM CHECKSUM SUBROUTINE

This subroutine returns with the Z bit cleared if any error is
detected; otherwise, the Z bit is set. This subroutine is
called at iocation $1F93 with RAM location $00A3 equal to
$01and A=0. Ashortroutine is setup and executed in RAM
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to compute a checksum of the entire ROM pattern. Upon
return to the user’s program, X=0. If the test passed, A=0.
RAM locations $00A0 through $00A3 are overwritten.

RESETS

The CDP68HCO05D2 has two reset modes: an active low
external reset pin (RESET) and a power-on reset function;
refer to Fig. 8.

RESET Pin
The RESET input pinis used to reset the MCU to provide an
orderly software startup procedure. When using the exter-
nal reset mode, the RESET pin must stay low for aminimum
of one and one-half tcyc. The RESET pin contains an internal
Schmitt Trigger as part of its input to improve noise immuni-
ty.

Power-On-Reset
The power-on reset occurs when a positive transition is
detected on Vpp. The power-on reset is used strictly for
power turn-on conditions and should not be used to detect
any drops in the power supply voltage. There is no provision
for power-down reset. The power-on circuitry provides fora
delay from the time that the oscillator becomes active upon
power-up or when exiting the STOP mode.

Associated with the mask programmable CPU oscillator
option in the D2 is a mask option for controlling the timeout
which occurs at power-on or when exiting the STOP mode.
The user has a mask option of selecting a 4064 tc,. delay
(which is required for the on-chip crystal oscillator) or a 2 cy-
cle timeout permitting faster startups with the RC oscillator
mask option or external oscillator.

To permit use of an external oscillator with crystal mask
option and a two cycle delay when exiting from STOP, bit 2
(DLY) of the Special Port Control/Status Register (memory
location $001E), when set, will override the 4064 cycle
mask-programmable delay and force a two cycle timeout.
Since this bit is reset at power-on, the power-on delay will
remain as mask-programmed.

If the external RESET pin is low at the end of the delay
timeout, the processor remains in the reset condition until
the RESET goes high. Table IV shows the actions of the two
resets on internal circuits, but not necessarily in order of
occurrence.

Interrupts

Systems often require that normai processing be interrupt-
ed so that some external event may be serviced. The
CDP68HC05D2 may be interrupted by one of five different
methods: either one of four maskable hardware interrupts
(TRQ, SPI, PBINT, or Timer) and one non-maskable soft-
ware interrupt (SWI). Interrupts such as Timer and SPI have
several flags which will cause the interrupt. Generally, inter-
rupt flags are located in read-only status registers, while
their equivalent enable bits are located in associated con-
trol registers. If the enable bit is a logic zero it blocks the
interrupt from occurring but does not inhibit the flag from
being set. Reset clears all enable bits to preclude interrupts
during the reset procedure.

The general sequence for clearing an interrupt is a software
sequence of first accessing the status register while the
interrupt flag is set, foliowed by a read or write of an asso-
ciated register. When any of these interrupts occur, and if
the enable bit is a logic one, normal processing is sus-
pended at the end of the current instruction execution.
Interrupts cause the processor registers to be saved on the
stack (see Fig. 6) and the interrupt mask (1 bit) set to prevent
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INTERNAL NEW
ADDRESS IFFE IFFF | FFE IFFE | FFE IFFE |FFF pC

NAL
lNBEABI'A NEW o
BUS % PCL DEJ ICODE
d—'R [
RESET
%%
N 4
% INTERNAL TIMING SIGNAL AND BUS INFORMATION NOT AVAILABLE EXTERNALLY. 92CM-39377
%% OSC1LINE IS NOT MEANT TO REPRESENT FREQUENCY. IT IS ONLY USED TO REPRESENT
TIME.

% %% THE NEXT RISING EDGE OF THE INTERNAL PROCESSOR CLOCK FOLLOWING THE RISING
EDGE OF RESET INITIATES THE RESET SEQUENCE.

%333 DELAY IS MASK PROGRAMMABLE. (REFER TO THE SECTION DESCRIBING POWER-ON-RESET IN THE RESETS
INFORMATION OF THIS DATA SHEET).

Fig. 8 - Power-On Reset and RESET

Table IV. Reset Action on Internal Circuit

Condition

Timer Prescaler reset to zero state

Timer counter configured to $FFFC

Timer output compare (TCMP) bit reset to zero

All timer interrupt enable bits cleared (ICIE, OCIE, and TOIE) to disable timer interrupts.
The OLVL timer bit is also cleared by reset.

All data direction registers cleared to zero (input)

Configure stack pointer to $00FF

Force internal address bus to restart vector ($1FFE-$1FFF)

Set | bit in condition code register to a logic one

Clear STOP latch”

Clear external interrupt latch

Clear WAIT latch .

Disable SPI (serial output enable control bit SPE=0). Other SPI bits cleared by reset include:
SPIE, MSTR, SPIF, WCOL, and MODF.

Clear serial interrupt enable bit

Place SPI system in slave mode (MSTR=0)

External timer oscillator disabled and 3-stated

CPU oscillator connected to timer

Reset Port B interrupt enable

DWOM bit reset

PAOD bit reset

Reset DLY bit in special control/status register

*Indicates that timeout still occurs with RESET pin
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additional interrupts. The appropriate interrupt vector then
points to the starting address of the interrupt service routine
(refer to Fig. 4 for vector location). Upon completion of the
interrupt service routine, the RTl instruction (which is nor-
mally a part of the service routine) causes the register con-
tents to be recovered from the stack followed by a return to
normal processing. The stack order is shown in Fig. 6.

Note: The interrupt mask bit (I bit) will be cleared upon returning
from the interrupt if and only if the corresponding bit stored in the
stack is zero. The priority of the various interrupts is as follows
(highest priority to lowest priority:

RESET — * — EXT INT — TIMER — SPI — Port B
*is any instruction or the SWI service routine.

A discussion of interrupts, plus a table listing vector addresses for
all interrupts including reset, in the CDP68HC05D2 is provided in
Table V.

Table V. Vector Address for Interrupts and Reset

Flag CPU Vector
Register Name interrupts Interrupt Address
N/A N/A Reset RESET $1FFE-$1FFF
N/A N/A Software Swi $1FFC-$1FFD
N/A N/A External Interrupt IRQ $1FFA-$1FFB
Timer Status ICF Input Capture TIMER $1FF8-$1FF9
OCF Output Compare
TOF Timer Overflow
SPI Status SPIF Transfer Complete SPI $1FF4-$1FF5
MODF Mode Fault
Special
Port c/s PBIF Port B PB $1FF2-$1FF3

Hardware Controlled Interrupt Sequence
The following three functions (RESET, STOP, and WAIT)
are notin the strictest sense an interrupt; however, they are
acted upon in a similar manner. Flowcharts for hardware
interrupts are shown in Fig. 9, and for STOP and WAIT are
provided in Fig. 10. A discussion is provided below:

* Alowinputonthe RESET input pin causes the program to
vector to its starting address which is specified by the
contents of memory locations $1FFE and $1FFF. The | bit
in the condition code register is also set. Much of the
MCU is configured to a known state during this type of
reset as previously described in the RESET paragraph.
STOP — The STOP instruction causes the oscillator to be
turned off and the processor to “sleep” until an external
interrupt (IRQ), Port B interrupt, Timer interrupt (if using
an external timer clock), or RESET occurs.

WAIT — The WAIT instruction causes all processor
clocks to stop, but leaves the Timer and SPI clocks run-
ning. This “rest” state of the processor can be cleared by
reset, an external interrupt (TRQ), Timer interrupt, SPi
interrupt, or Port B interrupt. There are no special wait
vectors for these individual interrupts.

.
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Software Interrupt (SWI)
The software interrupt is an executable instruction. The
action of the SWI instruction is similar to the hardware
interrupts. The SWI is executed regardless of the state of
the interrupt mask (I bit) in the condition code register. The
interrupt service routine address is specified by the con-
tents of memory location $1FFC and $1FFD.

External Interrupt
If the interrupt mask (1 bit) of the condition code register has
been cleared and the external interrupt pin (IRQ) has gone
low, then the external interrupt is recognized. When the
interrupt is recognized, the current state of the CPU is
pushed onto the stack and the | bit is set. This masks further
interrupts until the present one is serviced. The interrupt
service routine address is specified by the content of memo-
ry location $1FFA and $1FFB. Either a level-sensitive and
negative edge-sensitive trigger, or a negative edge-sensi-
tive only trigger are available as a mask option. Fig. 11
shows both a functional and mode timing diagram for the
interrupt line. The timing diagram shows two different
treatments of the interrupt line (IRQ) to the processor. The
first method shows single pulses on the interrupt line

\ MICROCONTROLLERS H




CDP68HCO5D2

spaced far enough apart to be serviced. The minimum time
between pulses is a function of the number of cycles re-
quired to execute the interrupt service routine plus 21 cy-
cles. Once a pulse occurs, the next pulse should not occur
until the MCU software has exited the routine (an RT! oc-
curs). The second configuration shows several interrupt
lines “wire-ORed” to form the interrupts at the processor.

FROM
RESET

Thus, if after servicing one interrupt the interrupt line re-
mains low, then the next interrupt is recognized.

Note: The internal interrupt latch is cleared in the first part of the
service routine, therefore, one (and only one) external interrupt
pulse could be latched during tiL and serviced as soon as the | bitis
cleared.

! LEAR IRQ
EXTERNAL %EQUEST
INTERRUPT LATCH A

SPI
INTERNAL
INTERRUPT

YES

PORT B YES
INTERNAL

INTERRUPT

NO

FETCH
NEXT
INSTRUCTION

Y

EXECUTE
INSTRUCTION

STACK
PC,X, A, CC
TIMER YES ¥
INTERNAL
INTERRUPT SET
1BIT

1

_LOAD PC FROM
TRQ: $1FFA-$1FFB
TIMER: $1FF8-$1FF9
PB: $1FF2-$1FF3
SPI: $1FF4-$1FF5

COMPLETE
INTERRUPT
ROUTINE
AND EXECUTE
RTI

92CM—39385

Fig. 9 - Hardware Interrupt Flowchart
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EXTERNAL
TIMER OSCILLATOR
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EXTERNAL
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Ti!AER
INTERRUPT

SP}
INTERRUPT
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ME
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RESTART
PROCESSOR CLOCK
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INTERRUPT
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ACK
b SET 1BIT
c. VREOCTOR TO INTERRUPT

(1) FETCH RESET VECTOR OR
(2) SERVICE INTERRUPT
a. STACK
b. SET | BIT
c. VECTOR TO INTERRUPT
ROUTINE

*DELAY IS PROGRAMMABLE AS 4064 OR 2 MACHINE CYCLES.

92CL -39386

Fig. 10 - STOP/WAIT Flowcharts

Timer interrupt

There are three different timer interrupt flags that will cause
a timer interrupt whenever they are set and enabled. These
three interrupt flags are found in the three most significant
bits of the timer status register (TSR, location $13) and all
three will vector to the same interrupt service routine
($1FF8-$1FF9). The three timer interrupt conditions are
timer overflow, output compare, and input capture.

All interrupt flags have corresponding enable bits (ICIE,
OCIE, and TOIE) in the timer control register (TCR, loca-
tion $12). Reset clears all enable bits, thus preventing an
interrupt from occurring during the reset period. The actual
processor interruptis generated only if the | bit in the condi-
tion code register is also cleared. When the interrupt is
recognized, the current machine state is pushed onto the
stack and | bit is set. This masks further interrupts until the
present one is serviced. The interrupt service routine ad-
dress is specified by the contents of memory location $1FF8
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and $1FF9. The general sequence for clearing an interrupt
is a software sequence of accessing the status register
while the flag is set, followed by a read or write of an
associated register. Refer to the PROGRAMMABLE TIMER
section for additional information about the timer circuitry.

Serial Peripheral Interface (SPI) Interrupts
An interrupt in the serial peripheral interface (SPI) occurs
when one of the interrupt flag bits in the serial peripheral
status register (Location $0B) is set, provided the | bitin the
condition code register is clear and the enable bit in the
serial peripheral control register (location $0A) is enabled.
When the interrupt is recognized, the current state of the
machine is pushed onto the stack and the | bit in the condi-
tion code register is set. This masks further interrupts until
the present one is serviced. The SP! interrupt causes the
program counter to vector to memory location $1FF4 and
$1FF5 which contains the starting address of the interrupt
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(a) Interrupt Function Diagram

T’E Edge-Sensitive Trigger Condition
’U‘ t ILIK L..I The minimum pulse width (tww) is
either 125 ns (Voo =5 V) or 250 ns (Voo
'| LIL =3 V). The period tiu. should not be
less than the number of tcyc cycles it
takes to execute the interrupt service
routine plus 21 teyc cycles.
1RQ1 YLK ) Level-Sensitive Trigger Condition
. If after servicing an interrupt the IRQ
. remains low, then the next interruptis
LI, NORMALLY recognized.
IRQp | |~ Lusep witH
WIRE -0 RED
CONNECTION
I RQ I 92CS-39365

(b) Interrupt Mode Diagram

Fig. 11 - External Interrupt

service routine. Software in the serial peripheral interrupt
service routine must determine the priority and cause of the
SPlinterrupt by examining the interrupt flag bits located in
the SPI status register. The general sequence for clearing
an interrupt is a software sequence of accessing the status
register while the flag is set, followed by a read or write of an
associated register. Refer to SERIAL PERIPHERAL INTER-
FACE section for a description of the SPI system and its
interrupts.

Port B Interrupt

A Port B interrupt will occur when any one of the eight port
lines (PBO-PB7) is pulled to a low level, provided the inter-
rupt mask bit of the condition code register is clear and the
enable bit (Bit 1) in the Special Port control register (Memo-
ry location $001E) is enabled. Before enabling Port B inter-
rupts, PBO through PB7 should be programmed as inputs,
i.e., their corresponding DDR bits must be 0.

2-90



CDP68HC05D2

A Port B interrupt will set the Port B interrupt flag (PBIF)
located in the Special Port Control/Status register (bit 7),
cause the current state of the machine to be pushed onto
the stack, and set the I-bit in the condition code register.
This masks further interrupts until the present one is ser-
viced. The Port B interrupt causes the Program Counter to
vector to memory locations $1FF2 and $1FF3 which contain
the starting address of the interrupt service routine. Toclear
a Port B interrupt, the user must read the Special Port
Control/Status register followed by a read of Port B.

The purpose of this interrupt is to provide easy use of the
PBO-PB7 lines as sensor inputs, such as in keyboard scan-
ning. For systems where the keyboard response is not inter-
rupt driven, this interrupt can be disabled. Programming
any of these lines as outputs inhibits them from generating
an interrupt.

Port B interrupts will cause an exit from the stop mode
provided that the Port B interrupt enable bit is set. Port B
interrupt vector is located at $1FF2, $1FF3.

-
— +
PORT al»
A 3l X X N X |OPEN DRAIN
2 ¢ N N NX SOFTWARE
3 ¢ N N X X PROGRAMMABLE
= N NN X OUTPUTS
o> N XN XN X
PORT
B 2l &
21«
11—
KEYBOARD o+
INTERRUPT 92C5-37512R1
Fig. 12 - Keyboard interface.

STOP Instruction

The STOP instruction places the CDP68!HC05D2 in its low-
est power consumption mode. In the STOP mode the inte-
nal oscillator is turned off, causing all internal processing to
be halted; refer to Fig. 10. During the STOP mode, the I bitin
the condition code register is cleared to enable external
interrupts. All other registers and memory remain unaltered
and all input/output lines remain unchanged. This con-
tinues until an external interrupt (IRQ), port B interrupt,
external timer oscillator interrupt, or reset is sensed, at
which time the internal oscillator is turned on. These inter-
rupts cause the program counter to vector to their respec-
tive interrupt vector locations ($1FFA and $1FFB, $1FF2
and $1FF3, $1FF8 and $1FF9, and $1FFE and $1FFF, re-
spectively) which contain the starting addresses of the in-
terrupt service routines.

WAIT Instruction

The WAIT instruction places the CDP68HCO05D2 in a low
power consumption mode, but the WAIT mode consumes
somewhat more power than the STOP mode. In the WAIT
mode, the internal clock remains active, and all CPU pro-
cessing is stopped; however, the programmable timer and
serial peripheral interface systems remain active. Refer to
Fig. 10. During the WAIT mode, the | bit in the condition
code register is cleared to enable all interrupts. All other
registers and memory remain unaltered and all paralle! in-
put/output lines remain unchanged. This continues until
any interrupt or reset is sensed. At this time the program
counter vectors to the memory location ($1FF2 through
$1FFF) which contains the starting address of the interrupt
or reset service routine.

Data Retention Mode

The contents of RAM and CPU registers are retained at
supply voltages as low as 2 Vdc. This is referred to as the
data retention mode, where the data is held, but the device
is not guaranteed to operate.

PROGRAMMABLE TIMER

The programmable timer, which is preceded by a fixed
divide-by-four prescaler, can be used for many purposes,
including input waveform measurements while simultane-
ously generating an output waveform. Pulse widths can
vary from several microseconds to many seconds. A block
diagram of the timer is shown in Fig. 15 and timing diagrams
are shown in Figs. 16 through 19.

Because the timer has a 16-bit architecture, each specific
functional segment (capability) is represented by two regis-
ters. These registers contain the high and low byte of that
functional segment. Generally, accessing the low byte of a
specific timer function allows full control of that function;
however, an access of the high byte inhibits that specific
timer function until the low byte is also accessed.

Note: The | bit in the condition code register should be set while
manipulating both the high and low byte register of a specific timer
function to ensure that an interrupt does not occur. This prevents
interrupts from occurring between the time that the high and low
bytes are accessed.

The programmable timer capabilities are provided by using
the following ten addressable 8-bit registers (note the high
and low represent the significance of the byte). A descrip-
tion of each register is provided in the following pages.

Timer Control Register (TCR) location $12,

Timer Status Register (TSR) location $13,

Input Capture High Register location $14,

Input Capture Low Register location $15,

Output Compare High Register location $16,
Output Compare Low Register location $17,
Counter High Register location $18,

Counter Low Register location $19,

Alternate Counter High Register location $1A, and
Alternate Counter Low Register location $1B.

External Timer Oscillator

In addition to clocking the CDP68HC05D2’s internal 16-bit
timer with the CPU clock, a separate oscillator circuit may
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be used by connecting an RC or crystal circuit to pins 29
and 30 (TOSC1 and TOSC2). The circuits shown in Figs.
13(b) and 13(c) are recommended when using a crystal.
This oscillator is designed to interface with an AT-cut paral-
lel resonant quartz crystal resonator in the frequency range
specified for fisc in the Control Timing Tables at the end of
this specification. See Fig. 13(a) for the RC circuit.

When not using the external timer oscillator feature these
pins function as input lines. However, once the external
timer oscillator has been enabled, PD1 will become an out-
put only line until the processor is reset.

The EOE (External Oscillator Enable bit4) and ECC (Exter-
nal Clock Connect bit 3) bits in the Timer Control Register
control the external timer oscillator. If bit 3 (ECC) in the
timer control register is set, the internal clock input to the
timer is disabled and the clock to the timer is connected to
the external timer oscillator. This clock can be either a
crystal or RC oscillator. Since this mode of operation per-
mits the timer to continue running when the CPU is in the
stop mode, timer interrupts, if enabled, will still occur and
can be used to exit from the stop mode. Fig. 14 shows the
timer oscillator controls. The frequency of the external os-
cillator must be less than one-quarter the CPU oscillator
frequency.

The procedures for using this circuit are:

« Crystal Oscillator Operation — First set the EOE bit to
start the crystal oscillating. When oscillation has stabi-
lized, the ECC bit can be set to begin clocking the timer
with the external timer oscillator. This time delay may
vary depending upon crystal frequency and manufac-
turer.

RC Oscillator Operation — When it is desired to clock the
timer from an RC timer oscillator, set both the EOE and
the ECC bits at the same time in order to keep power
consumption minimal.

No external timer oscillator being used — If the EOQE bitis
never set, the oscillator will remain in its high impedance
state allowing its pins to be used as PD0 and PD1 input
lines. In this case, these pins function as normal inputs
and should not be left floating.

Timer Oscillator used for event counting — Set both the
EOE and ECC bits and drive the timer oscillator input pin
with the event signal which is to be counted. If EOE
remains resetand only ECC is set, the event signal can be
connected to the timer oscillator output pin, and the input
can be used as a Port D input line.

Fig. 13 - External Timer Oscillator Connections

(a) RC Oscillator Connections

CDOP68HCO5D2
TOSCI TOSC2
29 30
CDP68HCO5D2 C CDP68HCO5D2
TOSCI TOSC?2 = TOSCI TOSC?2
29 30 29 30
Cout
R¢ R¢ 1 39PF
L
LAY
omMQ omMQ
Ry Q100K
Cm' I[]' [_CouT | ID [ 150pF
1S pF == =RI120pF 39 F==Cm C= e
P 92CS-39464

(b) Crystal Oscillator connections for crystal speeds above
approx. 400 KHz. The Ci, and Cou values may vary depend-
ing upon crystal manufacturer.

(c) Crystal Oscillator connections for crystal speeds below
approx. 400 KHz. The Ci,, C1 and Ry values shown work well
for most 32.768 KHz crystals; however, sizes may vary de-
pending upon crystal frequency and manufacturer.

r——t-———-—t-———————
I
| E INTERNAL |
| osc
[ . I
EXTERNAL EXTERNAL CLOCK |
! 0SC ENABLE CONNECT
! I
I 92CS-39368
TO TIMER
INPUT

Fig. 14 ~ External Timer Oscillator Controls
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Fig. 15 - Programmable Timer Block Diagram
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Fig. 16 - Timer State Timing Diagram For Reset

( To0 m [“I J1 r
] 1 M n M
[ A R I
T M M n
omten qeeea ) e srren X Srree X e
‘EbeE G

(SEE NOTE)

N ><

INTERNAL
CAPTURE
LATCH

INPUT
CAPTURE §7222 X $ FFED
REGISTER 4

INPUT
CAPTURE /
FLAG

NOTE: 92CM-3938I
IF THE INPUT EDGE OCCURS IN THE SHADED AREA FROM ONE TIMER STATE T10 TO THE

OTHER TIMER STATE T10, THE INPUT CAPTURE FLAG 1S SET DURING THE NEXT STATE
T,

Fig. 17 - Timer State Timing Diagram For Input Capture
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COMPARE ONLY OCCURS AT TIMER STATE T01. THUS, A 4-CYCLE DIFFERENCE MAY
EXIST BETWEEN THE WRITE TO THE COMPARE REGISTER AND THE ACTUAL COMPARE.
2. INTERNAL COMPARE TAKES PLACE DURING TIMER STATE T01.
3. OCF IS SET AT THE TIMER STATE T11 WHICH FOLLOWS THE COMPARISON MATCH
($FFED IN THIS EXAMPLE).

Fig. 18 - Timer State Timing Diagram For Output Compare
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TIMER
OVERFLOW /
FLAG(TOF)
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THE TOF BIT IS SET AT TIMER STATE T11 (TRANSITION OF COUNTER FROM $FFFF TO
$0000). IT IS CLEARED BY A READ OF THE TIMER STATUS REGISTER DURING THE
INTERNAL PROCESSOR CLOCK HiGH TIME FOLLOWED BY A READ OF THE COUNTERLOW
REGISTER.

92CM-39373

Fig. 19 - Timer State Diagram For Timer Overflow
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Counter

The key element in the programmable timer is a 16-bit
free-running counter, or counter register, preceded by a
prescaler which divides the internal processor clock by
four. The prescaler gives the timer a resolution of 2.0 micro-
seconds if the internal processor clock is 2.0 MHz. The
counter is clocked to increasing values during the low por-
tion of the internal processor clock. Software can read the
counter at any time without affecting its value.

The double-byte free-running counter can be read from
either of two locations $18-$19 (called counter register at
this location), or $1A-$1B (counter alternate register at this
location). A read sequence containing only a read of the
least significant byte of the free-running counter ($19, $1B)
will receive the count value at the time of the read. If a read
of the free-running counter or counter alternate register
firstaddresses the most significant byte ($18, $1A) it causes
the least significant byte ($19, $1B) to be transferred to a
buffer. This buffer value remains fixed after the first most
significantbyte “read” even if the user reads the most signif-
icant byte several times. This buffer is accessed when read-
ing the free-running counter or counter alternate register
least significant byte ($19 or $1B), and thus completes a
read sequence of the total counter value. Note that in read-
ing either the free-running counter or counter alternate
register, if the most significant byte is read, the least signifi-
cant byte must also be read in order to complete the se-
quence.

The free-running counter is configured to $FFFC during
reset and is always a read-only register. During a power-on-
reset (POR), the counter is also configured to $FFFC and
begins running after the oscillator startup delay. Because
the free-running counter is 16 bits preceded by a fixed
divide-by-four prescaler, the value in the free-running
counter repeats every 262,144 MPU internal processor
clock cycles. When the counter rolls over from $FFFF to
$0000, the timer overflow flag (TOF) bit is set. An interrupt
can also be enabled when counter rollover occurs by set-
ting its interrupt enable bit (TOIE).

Output Compare Register

The output compare register is a 16-bit register, which is
made up of two 8-bit registers at locations $16 (most signifi-
cant byte) and $17 (least significant byte). The output com-
pare register can be used for several purposes, such as,
controlling an output waveform or indicating when a period
of time has elapsed. The output compare register is unique
in that all bits are readable and writeable and are not altered
by the timer hardware. Reset does not affect the contents of
this register and if the compare function is not utilized, the
two bytes of the output compare register can be used as
storage locations.

The contents of the output compare register are compared
with the contents of the free-running counter once during
every fourinternal processor clocks. If amatch is found, the
corresponding output compare flag (OCF) bit issetand the
corresponding output level (OLVL) bit is clocked (by the
output compare circuit pulse) to an output level register.
The values in the output compare register and the output
level bit should be changed after each successful compari-
son in order to control an output waveform or establish a
new elapsed timeout. An interrupt can also accompany a
successful output compare provided the corresponding in-
terrupt enable bit, OCIE, is set.

After a processor write cycle to the output compare register
containing the most significant byte ($16), the output com-

pare function is inhibited until the least significant byte
($17) is also written. The user must write both bytes (loca-
tions) if the most significant byte is written first. A write
made only to the least significant byte ($17) will not inhibit
the compare function. The free-running counter is updated
every four internal processor clock cycles due to the inter-
nal prescaler. The minimum time required to update the
output compare register is a function of the software pro-
gram rather than the internal program.

A processor write may be made to either byte of the output
compare register without affecting the other byte. The out-
put level (OLVL) bit is clocked to the cutput level register
regardless of whether the output compare fiag (OCF) is set
or clear.

Because neither the output compare flag (OCF bit) nor
output compare register is affected by reset, care must be
exercised when initializing the output compare function
with software. The following procedure is recommended:

(1) Write the high byte of the output compare register to
inhibit further compares until the low byte is written.

(2) Read the timer status register to arm the OCF if it is
already set.

(3) Write the output compare register low byte to enable
the output compare function with the flag clear.

The advantage of this procedure is to prevent the OCF bit
from being set between the time it is read and the write to
the output compare register. A software exampie is shown
below.

B7 16 STA OCMPHI INHIBIT OUTPUT COMPARE
B6 13 LDA TSTAT ARM OCF BIT IF SET
BF 17 STX OCMPLD READY FOR NEXT COMPARE

input Capture Register

The two 8-bit registers which make up the 16-bit input
capture register are read-only and are used to latch the
value of the free-running counter after a defined transition
is sensed by the corresponding input capture edge detec-
tor. The level transition which triggers the counter transfer
is defined by the corresponding input edge bit (IEDG).
Reset does not affect the contents of the input capture
register.

The result obtained by an input capture will be one more
than the value of the free-running counter on the rising
edge of the internal processor clock preceding the external
transition (refer to timing diagram shown in Fig. 17). This
delay is required for external synchronization. Resolution is
affected by the prescaler allowing the timer to only incre-
ment every four internal processor clock cycles.

The free-running counter contents are transferred to the
input capture register on each proper signal transition re-
gardless of whether the input capture flag (ICF) is set or
clear. The input capture register always contains the free-
running counter value which corresponds to the most re-
cent input capture.

After aread of the most significant byte of the input capture
register ($14), counter transfer is inhibited until the least
significant byte ($15) of the input capture register is aiso
read. This characteristic forces the minimum pulse period
attainable to be determined by the time used in the capture
software routine and its interaction with the main program.
A polling routine using instructions such as BRSET, BRA,
LDA, STA, INCX, CMPX, and BEG might take 34 machine
cycles to complete. The free-running counter increments
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every four internal processor clock cycles due to the pre-
scaler. A read of the least significant byte ($15) of the input
capture register does not inhibit the free-running counter
transfer. Again, minimum pulse periods are ones which
allow software to read the least significant byte ($15) and
perform the needed operations. There is no conflict be-
tween the read of the input capture register and the free-
running counter since they occur on opposite edges of the
internal processor clock.

Timer Control Register (TCR)

The timer control register (TCR, location $12) is an 8-bit
read/write register which contains seven control bits. Three
of these bits control interrupts associated with each of the
three flag bits found in the timer status register (discussed
below). The other four bits control: 1) which edge is signifi-
cant to the input capture edge detector (i.e., negative or
positive), 2) the next value to be clocked to the output level
register in response to a successful output compare, 3) the
source of the timer clock, and 4) whether the external timer
oscillator is enabled. The timer control register and the
free-running counter are the only sections of the timer af-
fected by reset. The TCMP pinis forced low during external
reset and stays low until a valid compare changes it to a
high. The timer control register is illustrated below followed
by a definition of each bit.

7 6 5 4 3 2 1 0

BO, OLVL The value of the output level (OLVL) bit is
clocked into the output level register by the next
successful output compare and will appear at
pin 35. This bit and the output level register are
cleared by reset.

0 = low output
1 = high output

Timer Status Register (TSR)

The timer status register (TSR) is an 8-bit register of which
the three most significant bits contain read-only status in-
formation. These three bits indicate the following:

1. A proper transition has taken place at pin 37 with an
accompanying transfer of the free-running counter con-
tents to the intput capture register,

2. A match has been found between the free-running coun-
ter and the output compare register, and

3. A free-running counter transition from $FFFF to $0000
has been sensed (timer overflow)

The timer status register is illustrated below followed by a
definition of each bit. Refer to timing diagrams shown in
Fig.16,17,and 18 fortiming relationship to the timer status
register bits.

7 6 5 4 3 2 1 0

[1cFJocF[ToF] o [ o JoJ o] o]s

[iIcIEJocIE[TOIE [EOE [ECC| 0 [IEDG [OLVL] $12

B7, ICIE Iftheinput captureinterruptenable (ICIE) bitis
set, a timer interrupt is enabled when the ICF
status flag (in the timer status register) is set. If
the ICIE bit is clear, the interrupt is inhibited.

The ICIE bit is cleared by reset.

If the output compare interrupt enable (OCIE)
bit is set, a timer interrupt is enabled whenever
the OCF status flag is set. If the OCIE bit is clear,
theinterruptisinhibited. The OCIE bitis cleared
by reset.

B6, OCIE

B5, TOIE If the timer overflow interrupt enable (TOIE) bit
is set, a timer interrupt is enabled whenever the
TOF status flag (in the timer status register) is
set. Ifthe TOIE bitis clear, the interruptisinhib-

ited. The TOIE bit is cleared by reset.

External Oscillator Enable — If set, the external
timer oscillator is enabled. If it is then cleared,
the inverter between pins 29 and 30 is prevented
from switching and cannot be used in a crystal
or RC oscillator. This bit is cleared by reset
which configures both TOSC1 and TOSC2 as
inputs.

B4, EOE

B3, ECC If the external clock connect (ECC) is set, the
internal clock input to the timer is disabled and
the timer oscillator is connected to the input to
the timer. It is cleared by reset. Accuracy of the
timer count is not guaranteed while this bit is
switched.

The value of the input edge (IEDG) bit deter-
mines which level transition on pin 37 will
trigger a free-running counter transfer to the
input capture register. Reset clears the [IEDG
bit.

0 = negative edge

1 = positive edge

B1, IEDG
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B7,ICF  Theinputcapture flag (ICF) is set when a proper
edge has been sensed by the input capture edge
detector. Itis cleared by a processor read of the
timer status register (with ICF set) followed by
reading the low byte ($15) of the input capture
register. Reset does not affect the input com-
pare flag.

B6, OCF  The output compare flag (OCF) is set when the
output compare register contents matches the
contents of the free-running counter. The OCF
is cleared by reading the timer status register
(with the OCF set) and then writing to the low
byte ($17) of the output compare register. Reset
does not affect the output compare flag.

B5, TOF  The timer overflow flag (TOF) bit is set by a
transition of the free-running counter from
$FFFF to $0000. It is cleared by reading the
timer status register (with TOF set) followed by
aread of the free-running counter least signifi-
cant byte ($19). Reset does not affect the TOF
bit.

Reading the timer status register satisfies the first condition
required to clear any status bits which happened to be set
during the access. The only remaining step is to provide an
access of the register which is associated with the status bit.
Typically, this presents no problem for the input capture
and output compare functions.

A problem can occur when using the timer overflow func-
tion and reading the free-running counter at random times
to measure an elapsed time. Without incorporating the
proper precautions into software, the timer overflow flag
could unintentionally be cleared if: 1) the timer status regis-
ter is read when TOF is set, and 2) the least significant byte
of the free-running counter is read but not for the purpose
of servicing the flag. The counter alternate register at
address $1A and $1B contains the same value as the free-
running counter (at address $18 and $19); therefore, this
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alternate register can be read at any time without affecting
the timer overflow flag in the timer status register.

During STOP and WAIT instructions, the programmable
timer functions as follows if using the CPU clock: during the
wait mode, the timer continues to operate normally and may
generate an interrupt to trigger the CPU out of the wait

state; during the stop mode, the timer holds at its current
state, retaining all data, and resumes operation from this
point when an external interrupt is received. If using an
external timer oscillator the timer will continue to count and
generate interrupts.

Serial Peripheral Interface (SPI)

The Serial Peripheral Interface (SPI) is a four wire syn-
chronous serial communication system with separate
wires for input data, output data, clock and slave select. A
master MCU, which produces the clocking signal, initiates
the exchange of data bytes with a slave MCU or peripheral
device such asan LCD display driver oran A/D converter.
A diagram of the control, status, and data registers may be
found in the section labelled “Registers”. The SPI system
registers are found at addresses $000A-$000C. The SPI
output drivers may be switched off to allow the user ac-
cess to external pins for use as parallel inputs to Port D.
Upon power-up or reset the SPI output drivers will be
initialized in the off state. The serial system enable bit
which controls the output drivers and other functional
inhibits is the SPE bit found in the serial control register.

Fig. 20illustrates two different system configurations. Fig.
20a represents a system of five different MCUs in which
there are one master and four slaves (0, 1, 2, 3). In this
system four basic lines (signals) are required for the MOSI
(master out, slave in), MISO (master in, slave out), SCK
(serial clock), and (slave select) lines. Fig. 20b repre-
sents a system of three MCUs in which each MCU is
capable of being a master or a slave. The SPI interface is
well-suited for multiprocessor communications.

Features

* Full duplex, three-wire synchronous transfers
* Master or slave operation

¢ 1.05 MHz (maximum) master bit frequency

¢ 2.1 MHz (maximum) slave bit frequency

* Four programmable master bit rates

* Programmable clock polarity and phase

¢ End of transmission interrupt flag

» Write collision flag protection

* Master-Master mode fault protection capability

Signal Description
The four basic signals (MOSI, MISO, SCK, and S3) dis-
cussed above are described in the following paragraphs.
Each signal function is described for both the master and
slave mode.

Master Out Slave in (MOSI)

The MOSI pin is configured as a data output in a master
(mode) device and as a data input in a slave (mode) device.
In this manner data is transferred serially from a master to
a slave on this line; most significant bit first, least signifi-
cant bit last. The timing diagrams of Fig. 21summarize the
SPI timing diagram and show the relationship between
data and clock (SCK). As shown in Fig. 21 four possible
timing relationships may be chosen by using control bits
CPOL and CPHA. The master device always allows data to
be applied on the MOSI line a half-cycle before the clock
edge (SCK) in order for the slave device to latch the data.

Note: Both the slave device(s) and a master device must be pro-
grammed to similar timing modes for proper data transfer.
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When the master device transmits data to a second (slave)
device via the MOSI line, the slave device responds by send-
ing data to the master device via the MISO line. This implies
full duplex transmission with both data out and data in syn-
chronized with the same clock signal (one which is provided
by the master device). Thus, the byte transmitted is replaced
by the byte received and eliminates the need for separate
transmit-empty and receiver-full status bits. A single status
bit (SPIF) is used to signify that the I/O operation is complete.

Configuration of the MOSI pin is a function of the MSTR
bit in the serial peripheral control register (SPCR, loction
$0OA). Setting the MSTR bit will place the device in the
Master mode and cause the MOSI pin to be an output.

Note: The Port D Data Direction Register bit 3 must be set for the
MOSI pin to transfer data in the Master mode.

Master In Slave Out (MiSO)

The MISO pinis configured as aninputina master (mode)
device and as an output in a slave (mode) device. In this
manner data is transferred serially from a'slave to a master
on this line; most significant bit first, least significant bit
last. The MISO pin of a slave device is placed in the high-
impedance state if it is not selected by the master; i.e., its
SS pin is a logic one. The timing diagram of Fig. 21 shows
the relationship between data and clock (SCK). As shown
in Fig.21, four possible timing relationships may be
chosen by using control bits CPOL and CPHA. The master
device always allows data to be applied on the MOSl line a
half-cycle before the clock edge (SCK) in order for the
slave device to latch the data.

Note: The slave device (s) and a master device must be pro-
grammed to similar timing modes for proper data transfer.

When the master device transmits data to a slave device
via the MOSI line, the slave device responds by sending
data to the master device via the MISO line. This implies
full duplex transmission with both data out and data in
synchronized with the same clock signal (one which is
provided by the master device). Thus, the byte transmitted
is replaced by the byte received and eliminates the need
for separate transmit-empty and receiver-fuli status bits. A
single status bit (SPIF) in the serial peripheral status regis-
ter (SPSR, location $0B) is used to signify that the 1/O
operation is complete.

In the master device, the MSTR control bit in the serial
peripheral control register (SPCR, location $0A) issetto a
logic one (by the program) to allow the master device to
receive data on its MISO pin. In the slave device, its MISO
pin is enabled by the logic level of the SS pin; i.e., if 55=1
then the MISO pin is placed in the high-impedance state,
whereas, if SS=0 the MISO pin is an output for the slave
device.

Note: The Port D Data Direction Register bit 2 must be set for the
MISO pin to transfer data in the slave mode.
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Fig. 20 - Master-Slave System Configuration

2-99

| MICROCONTROLLERS u




CDP68HCO5D2

SCK
(CPOL=0,CPHA=0)
S CK
(cpPOL =0, CPHA =1I)
SCK
(CPOL=1,CPHA=0
SCK
(CPOL=1,CPHA=1)
M IS0/
MOS|

MsB 6 5

3 2 1

LSB

INTERNAL STROBE FOR DATA CAPTURE (ALL MODES)

92CM- 39376

Fig. 21 - Data Clock Timing Diagram

Slave Select (SS)

In the slave mode the slave select (SS) pin is an input (PD5,
pin 34), which receives an active low signal that is generated
by the master device to enable slave device(s) to accept
data. To ensure that data will be accepted by a slave device,
the SS signal line must be alogic low prior to occurrence of
SCK (system clock) and must remain low until after the last
(eighth) SCK cycle. Fig. 21 illustrates the relationship be-
tween SCK and the data for two different level combinations
of CPHA, when SSis pulled low. These are: 1) with CPHA=1
of 0, the first bit of data is applied to the MISO line for
transfer, and 2) when CPHA =0the slave deviceis prevent-
ed from writing to its data register. Refer to the WCOL status
flag in the serial peripheral status register (location $0B)
description for further information on the effects that the SS
input and CPHA control bit have on the 1/0 data register. A
high level SS signal forces the MISO (master in, slave out)
line to the high-impedance state. Also, SCK and the MOSI
(master out, slave in) line are ignored by a slave device
when its SS signal is high.

When a device is a master, it monitors its 33 signal for a
logic iow, provided that Port D bit 5 is cleared. See Note.
The master device will become a slave device any time its
SSsignalisdetected low. This ensures that thereis onlyone
mas_tgcontrollingthe§‘8line fora particular system. When
the SS line is detected low, it clears the MSTR control bit
(serial peripheral control register, location $0A). Also, con-
trol bit SPE in the serial peripheral control register is
cleared which causes the serial peripheral interface (SP!) to
be disabled (port D SPI pins become inputs). The MODF

flag bitin the serial peripheral status register (location $0B)
is also set to indicate to the master device that another
device is attempting to become a master. Two devices at-
tempting to be outputs are normally the result of a software
error; however, a system could be configured which would
contain a default master which would automatically “take
over” and restart the system.

Note: In the master mode Port D DDR bit 5 determines whether Port
D bit 5 (8S) is an error detect input to the SPI (DDR bit 5 clear) ora
general-purpose output line (DDR bit 5 set), that can be used to
strobe the lines of slaves.

Serial Clock (SCK)

The serial clock is used to synchronize the movement of
data both in and out of the device through its MOSI and
MISO pins. The master and slave devices are capable of
exchanging a data byte of information during a sequence of
eight clock pulses. Since the SCK is generated by the mas-
ter device, the SCK line becomes an input on all slave
devices and synchronizes slave data transfer. The type of
clock and its relationship to data are controlled by the
CPOL and CPHA bits in the serial peripheral control regis-
ter (location $0A) discussed below. Refer to Fig. 21 for
timing.

The master device generates the SCK through a circuit
driven by the internal processor clock. Two bits (SPRO and
SPR1) in the serial peripheral control register (location
$0A) of the master device select the clock rate. The master
device uses the SCK to latch incoming siave device data on

2-100



CDP68HC05D2

the MISO line and shifts out data to the slave on the MOSI
line. Both master and slave devices must be operated in the
same timing mode as controlled by the CPOL and CPHA bit
in the serial peripheral control register. In the slave device,
SPRO0and SPR1 have no effect on the operation of the Serial
Peripheral Interface. Timing is shown in Fig. 21.

Note: The Port D Data Direction Register bit 4 must be set for the
SCK pin to generate (output) a SCK signal.

Functional Description
A block diagram of the serial peripheral interface (SPI) is
shown in Fig. 22. In a master configuration the master start
logic receives an input from the CPU (in the form of a write
to the SPI rate generator) and originates the system clock
(SCK) based on the internal processor clock. This clock is
also used internally to control the state controller as well as
the 8-bit shift register. As a master device, data is parallel
loaded into the 8-bit shift register (from the internal bus)
during a write cycle and then shifted out serially to the
MOSI pin for application to the slave device(s). During a
read cycle, datais applied serially from a slave device via the
MISO pin to the 8-bit shift register. After the 8-bit shift

register is loaded, its data is parallel transferred to the read
buffer and then is made available to the internal data bus
during a CPU read cycle.

In a slave configuration, the slave start logic receives alogic
low (from a master device) at the SS pin and a system clock
input (from the same master device) at the SCK pin. Thus,
the slave is synchronized with the master. Data from the
master is received serially at the slave MOSI pin and loads
the 8-bit shift register. After the 8-bit shift register is loaded,
its data is parallel transferred to the read buffer and then is
made available to the internal data bus during a CPU read
cycle. During a write cycle, data is parallel loaded into the
8-bit shift register from the internal data bus and then shift-
ed out serially to the MISO pin for application to the master
device.

Fig. 23 illustrates the MOSI, MISO, and SCK master-slave
interconnections. Note that in Fig. 23 the master SS pin is
tied to a logic high and the slave 53 pinis a logic low. Fig.
21a provides a larger system connection for these same
pins. Note that in Fig. 20(a), all SS pins are connected to a
port pin of a master/slave device. In this case any of the
devices can be a slave.

SEE NOTE
14
INTERNAL
PROCESSOR 33| sck
cLock
-
e 1] e
GENERATOR Logie  te— ‘
\ 8 INTERNAL
/
READ BUFFER (LOAD) 7 o DATA
BUS
SPIF
soc s (END TX)
I 8-BIT SHIFT FULL
34 REGISTER (FULL)
SLAVE 8
e START
ss LoGIC .
WRITE
(SEE NOTE) .
CONTROL STATE
pr. BITS CONTROLLER
SOA
3
sP.
o FLAGS
/ 7
/ -
NOTES:

THE §S, SCK. MOSI. AND MISC ARE EXTERNAL PINS WHICH PROVIDE THE

FOLLOWING FUNCTIONS:

(a) MOSI-PROVIDES SERIAL OUTPUT TO SLAVE UNIT(S) WHEN DEVICE IS
CONFIGURED AS A MASTER. RECEIVES SERIAL INPUT FROM MASTER
UNIT WHEN DEVICE IS CONFIGURED AS A SLAVE UNIT.

(b) MISO-RECEIVES SERIAL INPUT FROM SLAVE UNIT(S) WHEN DEVICE IS
CONFIGURED AS A MASTER. PROVIDES SERIAL OUTPUT TO MASTER

WHEN DEVICE IS CONFIGURED AS A SLAVE UNIT.
(c) SCK -PROVIDES SYSTEM CLOCK WHEN DEVICE IS CONFIGURED AS A
MASTER UNIT. RECEIVES SYSTEM CLOCK WHEN DEVICE IS CON-

__ FIGURED AS A SLAVE UNIT.
(d) ss

-PROVIDES A LOGIC LOW TO SELECT A SLAVE DEVICE FOR A

TRANSFER WiTH A MASTER DEVICE.

92CM-39390

Fig. 22 - Serial Peripheral Interface Block Diagram
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Fig. 23 - Serial Peripheral Interface Master-Slave Interconnection

Registers

There are three registers in the serial parallel interface
which provide control, status, and data storage functions.
These registers, which include the serial peripheral control
register (SPCR, location $0A), serial peripheral status regis-
ter (SPSR, location $0B), and serial peripheral data 1/0
register (SPDR, location $0C) are described below.

Note: In addition, the Port D Data Direction Register (DDR) must be
properly configured. See note in the section labelled “Input/Output
Programming-Special-Purpose Port”.

Serial Peripheral Control Register (SPCR)

7 6

5 4 3 2 1 0

|sPIE| sPE [owom|MSTR [cPOL [cPHASPR1[SPRO] $0A

The serial peripheral control register bits are defined as

follows:

B7, SPIE

B6, SPE

B5, DWOM

When the serial peripheral interrupt enable bit
is high, itallows the occurrence of a processor
interrupt, and forces the proper vector to be
loaded into the program counter if the serial
peripheral status register flag bit (SPIF and/or
MODF) is set to a logic one. It does not inhibit
the setting of a status bit. The SPIE bit is
cleared by reset.

When the serial peripheral output enable con-
trol bit is set, all output drive is applied to the
external pins and the system is enabled. When
the SPE bit is set, it enables the SPI system by
connecting it to the external pins thus allowing
it to interface with the external SP! bus. The
pins that are defined as output depend on
which mode (master or slave) the device is in.
Because the SPE bit is cleared by reset, the
SPI system is not connected to the external
pins upon reset.

The Port D Wire-OR Mode bit controls the
output buffers for Port D bits 2 through 5. If
DWOM=1, the four Port D output buffers be-
have as open-drain outputs. If DWOM=0, the
four Port D output buffers operate as normal
CMOS outputs. DWOM is cleared by reset.

B4, MSTR

B3, CPOL

B2, CPHA

B1, SPR1
BO, SPRO
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The master bit determines whether the device
is a master or a slave. If the MSTR bit is a logic
zero it indicates a slave device and a logic one
denotes a master device. If the master mode is
selected, the function of the SCK pin changes
from an input to an output and the function of
the MISO and MOSI pins are reversed. This
allows the user to wire device pins MISO to
MISO, and MOSI to MOSI and SCK to SCK
without incident. The MSTR bit.is cleared by
reset; therefore, the device is always placed in
the slave mode during reset.

The clock polarity bit controls the normal or
steady state value of the clock when data is not
being transferred. The CPOL bit affects both
the master and slave modes. It must be used in
conjunction with the clock phase control bit
(CPHA) to produce the wanted clock-data re-
lationship between a master and a slave de-
vice. When the CPOL bit is a logic zero, it
produces a steady state low value at the SCK
pin of the master device. If the CPOL bit is a
logic one, a high value is produced at the SCK
pin of the master device when data is not being
transferred. The CPOL bit is not affected by
reset. Refer to Fig. 21.

The clock phase bit controls the relationship
between the data on the MISO and MOSI pins
and the clock produced or received at the SCK
pin. This control has effect in both the master
and slave modes. It must be used in conjunc-
tion with the clock polarity control bit (CPOL)
to produce the wanted clock-data relation.
The CPHA bitin general selects the clock edge
which captures data and allows it to change
states. It has its greatest impact on the first bit
transmitted (MSB) in that it does or does not
allow a clock transition before the first data
capture edge. The CPHA bit is not affected by
reset. Refer to Fig. 21.

These two serial peripheral rate bits select one
of four baud rates to be used as SCK if the
device is a master; however, they have no ef-
fect in the slave mode. The slave device is
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capable of shifting data in and out at a maxi-
mum rate which is equal to the CPU clock
(maximum = 2.1 MHz). A rate table is given
below for the generation of the SCK from the
master. The SPR1 and SPRO bits are not af-
fected by reset.

Internal Processor
SPR1 SPRO Clock Divide By
0 0 2
0 1 4
1 0 16
1 1 32

Serial Peripheral Status Register (SPSR)

7 6

5 4 3 2 1 0

[spiFlwcoL] — [mopF| — | — | — | — |so08

The status flags which generate a serial peripheral interface
(SP1) interrupt will not be blocked by the SPIE control bitin
the serial peripheral control register; however, the interrupt
will be blocked. The WCOL bit does not cause an interrupt.
The serial peripheral status register bits are defined as

follows:
B7, SPIF

B6, WCOL

The serial peripheral data transfer flag bit noti-
fies the user that a data transfer between the
device and an external device has been com-
pleted. With the completion of the data
transfer, SPIF is set, and if SPIE is set, a serial
peripheral interrupt (SPI) is generated. During
the clock cycle that SPIF is being set, a copy of
the received data byte in the shift register is
moved to a buffer. When the data register is
read, it is the buffer that is read. During an
overrun condition, when the master device has
sent several bytes of data and the slave device
has not responded to the first SPIF, only the
first byte sent is contained in the receiver
buffer and all other bytes are lost.

The transfer of data is initiated by the master
device writing its serial peripheral data
register.

Clearing the SPIF bit is accomplished by a
software sequence of accessing the serial pe-
ripheral status register while SPIF is set and
followed by a write to or a read of the serial
peripheral data register. While SPIF is set, all
writes to the serial peripheral data register are
inhibited until the proper clearing sequence is
followed. This occurs in the master device. In
the slave device, SPIF can be cleared (using a
similar sequence) during a second transmis-
sion; however, it must be cleared before the
second SPIF in order to prevent an overrun
condition. The SPIF bit is cleared by reset.

The function of the write collision status bit is
to notify the user that an attempt was made to
write the serial peripheral data register while a
data transfer was taking place with an external
device. The transfer continues uninterrupted;
therefore, a write will be unsuccessful. A “read
collision” will never occur since the received
data byte is placed in a buffer in which access
is always synchronous with the MCU opera-
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tion. If a “write collision” occurs, WCOL is set
but no SPI interrupt is generated. The WCOL
bit is a status flag only.

Clearing the WCOL bit is accomplished by a
software sequence of accessing the serial pe-
ripheral status register while WCOL is set, fol-
lowed by 1) aread of the serial peripheral data
register prior to the SPIF bit being set, or 2) a
read or write of the serial peripheral data regis-
ter after the SPIF bit is set. A write to the serial
peripheral data register (SPDR) prior to the
SPIF bit being set, will result in generation of
another WCOL status flag. Both the SPIF and
WCOL bits will be cleared in the same se-
quence. If a second transfer has started while
trying to clear (the previously set) SPIF and
WCOL bits with a clearing sequence contain-
ing a write to the serial peripheral data regis-
ter, only the SPIF bit will be cleared.

A collision of a write to the serial peripheral
data register while an external data transfer is
taking place can occur in bcth the master
mode and the slave mode, although with the
proper programming the master device should
have sufficient information to preclude this
collision.

Collision in the master device is defined as a
write of the serial peripheral data register
while the internal rate clock (SCK) is in the
process of transfer. The signal onthe SSpinis
always high on the master device.

A collision in a slave device is defined in two

‘separate modes. One problem arises in aslave

device when the CPHA control bit is a logic
zero. When CPHA is a logic zero, data is
latched with the occurrence of the first clock
transition. The slave device does not have any
way of knowing when that transition will occur;
therefore, the slave device collision occurs
when it attempts to write the serial peripheral
data register after its SS pin has been pulled
low. The SS pin of the slave device freezes the
data in its serial peripheral data register and
does not allow it to be altered if the CPHA bit is
a logic zero. The master device must raise the
33 pin of the slave device high between each
byte it transfers to the slave device.

The second collision mode is defined for the
state of CPHA control bit being a logic one.
With the CPHA bit set, the slave device will be
receiving a clock (SCK) edge prior to the latch
of the first data transfer. This first clock edge
will freeze the datain the slave device 1/0 reg-
ister and allow the MSB onto the external
MISO pin of the slave device. The SS pin low
state enables the slave device but the drive
onto the MISO pin does not take place until the
first data transfer clock edge. The WCOL bit
will only be set if the I/O register is accessed
while a transfer is taking place. By definition of
the second collision mode, a master device
might hold a slave device SS pin low during
a transfer of several bytes of data without a
problem.

A special case of WCOL occurs in the slave
device. This happens when the master device
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starts a transfer sequence (an edge of SCK for
CPHA=1; or an active SS transition for
CPHA=0) at the same time the slave device
CPU is writing to its serial peripheral interface
data register. In this case itis assumed that the
data byte written (in the slave device serial
peripheral interface) is lost and the contents of
the slave device read buffer become the byte
that is transferred. Because the master device
receives back the last byte transmitted, the
master device can detect that a fatal WCOL
occurred.

Because the slave device is operating asynch-
ronously with the master device, the WCOL bit
may be used as an indicator of a collision oc-
currence. This helps alleviate the user from a
strict real-time programming effort. The
WCOL bit is cleared by reset.

Bit 4 MODF The function of the mode fault flag (MODF) is
defined for the master mode device. If the de-
vice is a slave device, the MODF bit will be
prevented from toggling from a logic zeroto a
logic one; however, this does not prevent the
device from being in the slave mode with the
MODF bit set. The MODF bit is normally a
logic zero and_is set only when the master
device has its SS pin pulled low. Toggling the
MODF bit to a logic one affects the internal
serial peripheral interface (SPI) system in the
following ways:

1. MODF is set and SPI interrupt is generated
if SPIE=1.

2. The SPE bit is forced to a logic zero. This
blocks all output drive from the device, dis-
abled the SPI system.

3 .The MSTR bit is forced to a logic zero, thus
forcing the device into the slave mode.

Clearing the MODF is accomplished by a
software sequence of accessing the serial pe-
ripheral status register while MODF is set fol-
lowed by a write to the serial peripheral control
register. Control bits SPE and MSTR may be
restored to their original set state during this
clearing sequence or after the MODF bit has
been cleared. Hardware does not allow the
user to set the SPE and MSTR bit while MODF
is a logic one unless it is during the proper
clearing sequence. The MODF flag bit indi-
cates that there might have been a multi-mas-
ter conflict for system control and allows a
proper exit from system operation to aresetor
default system state. The MODF bit is cleared
by reset.

Serial Peripheral Data I/0 Register (SPDR)

7 6 5 4 3 2 1 0
I Serial Peripheral Data !/O Register

| soc

The serial peripheral data 1/0 register is used to transmit
and receive data on the serial bus. Only a write to this
register will initiate transmission/reception of another byte
and this will only occur in the master device. A slave device
writing to its data I/O register will not initiate a transmission.
At the completion of transmitting a byte of data, the SPIF
status bit is set in both the master and slave devices. A write

or read of the serial peripheral data 1/0O register, after ac-
cessing the serial peripheral status register with SPIF set,
will clear SPIF.

During the clock cycle that the SPIF bit is being set, a copy
of the received data byte in the shift register is being moved
to a buffer. When the user reads the serial peripheral data
1/0 register, the buffer is actually being read. During an
overrun condition, when the master device has sent several
bytes of data and the slave device has not internally re-
sponded to clear the first SPIF, only the first byte is con-
tained in the receive buffer of the slave device; all others are
lost. The user may read the buffer atany time. The first SPIF
must be cleared by the time a second transfer of data from
the shift register to the read buffer is initiated or an overrun
condition will exist.

A write to the serial peripheral data 1/0 register is not buf-
fered and places data directly into the shift register for
transmission.

The ability to access the serial peripheral data /O register is
limited when a transmission is taking place. It is important
to read the discussion defining the WCOL and SPIF status
bits to understand the limits on using the serial peripheral
data 1/0 register.

Serial Peripheral Interface (SPI)
System Considerations

There are two types of SPI systems: single master system
and multi-master systems. Figure20 illustrates both of
these systems and a discussion of each is provided below.

Figure20a illustrates how a typical single master system
may be configured, using a CDP6805 CMOS Family device
as the master and four CDP6805 CMOS Family devices as
slaves. As shown, the MOSI, MISO, and SCK pins are all
wired to equivalent pins on each of the five devices. The
master device generates the SCK clock, the slave devices all
receive it. Because the CDP6805 CMOS master device is the
bus master, it internally controls the function of its MOSI
and MISO lines, thus writing data to the slave devices on the
MOSI and reading data from the slave devices on the MISO
lines. The master device selects the individual slave devices
by using four pins of a parallel port to control the four SS
pins of the slave devices. A slave device is selected when the
master device pulls its SS pin low. The SS pins are pulled
high during reset because the master device ports will be
forced to be inputs at that time, thus disabling the slave
devices. Notice that the slave devices do not have to be
enabled in a mutually exclusive fashion except to prevent
bus contention on the MISO line. For example, three slave
devices enabled for a transfer are permissible if only one
has the capability of being read by the master. An example
of this is a write to several display drivers to clear a display
with a single I/0 operation. To ensure that proper data
transmission is occurring between the master device and a
slave device, the master device may have the slave device
respond with a previously received data byte (this data byte
could be inverted or at least be 3 byte that is different from
the last one sent by the master device). The master device
will always receive the previous byte back from the slave
device if all MISO and MOSI lines are connected and the
slave has not written to its data I/0 register. Other transmis-
sion security methods might be defined using ports for
handshake lines or data bytes with command fields.

A multi-master system may also be configured by the user.
A system of this type is shown inFigure 20b. An exchange of
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master control could be implemented by an exchange of
code messages through the serial peripheral interface sys-
tem. The major device control that plays a part in this sys-
tem is the MSTR bit in the serial peripheral control register
and the MODF bit in the serial peripheral status register.

Note that the DWOM bit would also be set to prevent bus
contention. For additional information on this configura-
tionand SPlin general, referto RCA Application Note ICAN
7264 entitled “Versatile Serial Protocol for a Microcom-
puter-Peripheral Interface.”

Effects of Stop and Wait Modes on the
Timer and Serial System

The STOP and WAIT instructions have different effects on
the programmable timer and serial peripheral interface
(SPI) system. These different effects are discussed sepa-
rately below.

Stop Mode

When the processor executes the STOP instruction, the
internal oscillator is turned off. This halts all internal CPU
processing and the serial peripheral interface. The pro-
grammable timer will only continue to count if an external
timer oscillator is used. The only way for the MCU to “wake
up” from the stop mode is by receipt of an external interrupt
(logic low on TRQ pin), an external timer oscillator interrupt,
aPort Binterruptor by the detection of areset (logic low on
RESET pin or a power-on reset). The effects of the stop
mode on each of the MCU systems (Timer and SPI) are
described separately.

Timer During Stop Mode

When the MCU enters the STOP mode, the timer will con-
tinue to count and generate interrupts if using an external
timer oscillator. If using the CPU clock to clock the timer,
the timer counter stops counting (the internal processor
clock is stopped) and remains at that particular count value
until the stop mode is exited by an interrupt (if exited by
reset the counter is forced to $FFFC). If the stop mode is
exited by an external low on the TRQ pin, then the counter
resumes from its stopped value as if nothing had happened.
Another feature of the programmable timer, in the stop
mode, is that if at least one valid input capture edge occurs
atthe TCAP pin, theinput capture detect circuitry is armed.
This action does not set any timer flags or “wake up” the
MCU, but when the MCU does “wake up” there will be an
active input capture flag (and data) from that first valid edge
which occurred during the stop mode. If the stop mode is
exited by an external reset (logic low on RESET pin), then
nosuch input capture flag or data action takes place even if
there was a valid input capture edge (at the TCAP pin)
during the MCU stop mode.

SPI During Stop Mode

When the MCU enters the stop mode, the baud rate gener-
ator which drives the SPI shuts down. This essentially stops

all master mode SPI operation, thus the master SPI is un-
able to transmit or receive any data. If the STOP instruction
is executed during an SPI transfer, that transfer is halted
until the MCU exits the stop mode (provided it is an exit
resulting from a logic low on the IRQ pin). If the stop mode
is exited by a reset, then the appropriate control/status bits
are cleared and the SPI is disabled. If the device is in the
slave mode when the STOP instruction is executed, the
slave SPI will still operate. It can stiil accept data and clock
information in addition to transmitting its own data back to
a master device.

At the end of a possible transmission with a slave SP! in the
STOP mode, no flags are set until a logic low TRQ input
results in an MCU “wake up”. Caution should be observed
when operating the SPI (as a slave) during the stop mode
because none of the protection circuitry (write collision,
mode fault, etc.) is active.

It should also be noted that when the MCU enters the stop
mode all enabled output drivers (TDO, TCMP, MISO, MOSI,
and SCK ports) remain active and any sourcing currents
from these outputs will be part of the total supply current
required by the device.

Wait Mode

When the MCU enters the wait mode, the CPU clock is
halted. Ail CPU actionis suspended; however, the timer and
SPI systems remain active. In fact an interrupt from the
timer or SPI (in addition to alogic low on the TRQ or RESET
pins or a Port B interrupt, if enabled) causes the processor
to exit the wait mode. Since the three systems mentioned
above operate as they do in the normal mode, only a general
discussion of the wait mode is provided below.

The wait mode power consumption depends on how many
systems are active. The power consumption will be highest
when all the systems (timer, TCMP and SP!) are active. The
power consumption will be the least when the SPi system s
disabled (timer operation cannot be disabled in the wait
mode). If a non-reset exit from the wait mode is performed
(i.e., timer overfiow interrupt exit), the state of the remain-
ing systems will be unchanged. If a reset exit from the wait
mode is performed all the systems revert to the disabied
reset state.
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Instruction Set

The MCU has a set of 62 basic instructions. They can be
divided into five different types: register/memory, read/
modify/write, branch, bit manipulation, and control. The
following paragraphs briefly explain each type. All the in-
structions within a given type are presented in individual
tables.

All of the instructions used in the CDP6805 CMOS Family
are used in the CDP68HC05D2 MCU, plus an additional
one; the multiply (MUL) instruction. This instruction allows
for unsigned multiplication of the contents of the accumula-
tor (A) and the index register (X). The high order product is
then stored in the index register and the low order product
is stored in the accumulator. A detailed definition of the
MUL instruction is shown below.

Z: Not affected

C: Cleared
Source
Form(s): MUL
Addressing
Mode Cycles Bytes Opcode
Inherent 11 1 $42

Register/Memory Instructions

Most of these instructions use two operands. The first oper-
and is either the accumulator or the index register. The
second operand is obtained from memory using one of the
addressing modes. The operand for the jump unconditional
(JMP) and jump to subroutine (JSR) instructions is the

Operation:  X:A — X*A program counter. Refer to Table VI.
Description: Multlphgs the_elght bits in the index register Ready-Modify-Write Instructions
by the eight bits in the accumulator to obtain These instructi d locati ist
a 16-bit unsigned number in the concate- e '"?_ :uctn_:;ns reat a; men:jory .toc?hlon o(rj.af\_ r§g|s|er,
nated accumulator and index register. modity or test its contents, and write the moditied value
back to memory or to the register. The test for negative or
Condition zero (TST) instruction is an exception to the read/modi-
Codes: H: Cleared fy/write sequence since it does not modify the value. Refer
I: Not affected to Table VII.
N: Not affected i .
Table Vi — Register/Memory Instructions
Addressing Modes
Indexed Indexed Indexed
Immediate Direct Extended (No Offset) (8-Bit Offset) (16-Bit Offset)
Op # # Op # # Op # # Op # # Op # # oP # #
Function Mnem. | Code | Bytes |Cycles | Code | Bytes |Cycles | Code | Bytes |Cycles | Code | Bytes |[Cycles | Code | Bytes |Cycles | Code | Bytes |Cycles
Load A from Memory | LDA A6 2 2 B6 2 3 Cé 3 4 F6 1 3 E6 2 4 Dé 3 5
Load X from Memory | LDX AE 2 2 BE 2 3 CE 3 4 FE 1 3 EE 2 4 DE 3 5
Store A in Memory STA — — - B7 2 4 C7 3 5 F7 1 4 E7 2 5 D7 3 6
Store X in Memory STX — — — BF 2 4 CF 3 5 FF 1 4 EF 2 5 DF 3 6
Add Memory to A ADD AB 2 2 BB 2 3 CB 3 4 FB 1 3 EB 2 4 DB 3 5
Add Memory and
Carry to A ADC A9 2 2 B9 2 3 c9 3 4 F9 1 3 E9 2 4 D9 3 5
Subtract Memory suB A0 2 2 B0 2 3 co 3 4 FO 1 3 EO0 2 4 Do 3 5
Subtract Memory from|
A with Borrow SBC A2 2 2 82 2 3 c2 3 4 F2 1 3 E2 2 4 D2 3 5
AND Memory to A AND A4 2 2 B4 2 3 C4 3 4 F4 1 3 E4 2 4 D4 3 5
OR Memory with A ORA AA 2 2 BA 2 3 CA 3 4 FA 1 3 EA 2 4 DA 3 5
Exclusive OR Memory
with A EOR AB 2 2 B8 2 3 Cc8 3 4 F8 1 3 E8 2 4 D8 3 5
Arithmetic Compare A|
with Memory CMP A1 2 2 B1 2 3 C1 3 4 F1 1 3 E1 2 4 D1 3 5
Arithmetic Compare X
with Memory CPX A3 2 2 B3 2 3 C3 3 4 F3 1 3 E3 2 4 D3 3 5
Bit Test Memory with
A (Logical Compare) | BIT A5 2 2 B5 2 3 C5 3 4 F5 1 3 ES 2 4 D5 3 5
Jump Unconditional | JMP — — — BC 2 2 cC 3 3 FC 1 2 EC 2 3 bCc 3 4
Jump to Subroutine JSR - — — BD 2 5 CD 3 6 FD 1 5 ED 2 6 DD 3 7
Table VII — Read-Modify-Write Instructions
Addressing Modes
indexed indexed
Inherent (A) Inherent (X) Direct (No Offset) (8-Bit Offset)
Op # # Op # # Op # # Op # # Op # #
Function Mnemonic | Code | Bytes |Cycles | Code | Bytes |Cycles | Code | Bytes |Cycles | Code | Bytes |Cycles | Code | Bytes |Cycles
Increment INC 4C 1 3 5C 1 3 3C 2 5 7C 1 5 6C 2 6
Decrement DEC 4A 1 3 5A 1 3 3A 2 5 7A 1 5 6A 2 6
Clear CLR 4F 1 3 5F 1 3 3F 2 5 7F 1 5 6F 2 6
Complement COM 43 1 3 53 1 3 33 2 5 73 1 5 63 2 6
Negate
(2's Complement) NEG 40 1 3 50 1 3 30 2 5 70 1 5 60 6
Rotate Left Thru Carry ROL 49 1 3 59 1 3 39 2 5 79 1 5 69 6
Rotate Right Thru
Carry ROR 46 1 3 56 1 3 36 2 5 76 1 5 66 2 6
Logical Shift Left LSL 48 1 3 58 1 3 38 2 5 78 1 5 68 2 6
Logical Shift Right LSR 44 1 3 54 1 3 34 2 5 74 1 5 64 2 6
Arithmetic Shift Right ASR 47 1 3 57 1 3 37 2 5 77 1 5 67 2 6
Test for Negative
or Zero TST 4D 1 3 5D 1 3 3D 2 4 7D 1 4 6D 2 5
Multiply MUL 42 1 11 — — — — — — — — — — - —
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Branch Instructions

Most branch instructions test the state of the condition
code register and, if certain criteria are met, a branch is

executed. This adds an offset between -127 and +128 to the
current program counter. Refer to Table VIII.

Table VIl — Branch Instructions

Relative Addressing Mode
Op # #
Function Mnemonic Code Bytes Cycles

Branch Always BRA 20 2 3
Branch Never BRN 21 2 3
Branch IFF Higher BHI 22 2 3
Branch IFF Lower or Same BLS 23 2 3
Branch IFF Carry Clear BCC 24 2 3
(Branch IFF Higher or Same) (BHS) 24 2 3
Branch IFF Carry Set BCS 25 2 3
(Branch IFF Lower) (BLO) 25 2 3
Branch IFF Not Equal BNE 26 2 3
Branch IFF Equal BEQ 27 2 3
Branch IFF Half Carry Ciear BHCC 28 2 3
Branch IFF Half Carry Set BHCS 29 2 3
Branch IFF Plus BPL 2A 2 3
Branch IFF Minus BMI 2B 2 3
Branch IFF Interrupt Mask Bit is Clear BMC 2C 2 3
Branch IFF Interrupt Mask Bit is Set BMS 2D 2 3
Branch IFF Interrupt Line is Low BIL 2E 2 3
Branch IFF Interrupt Line is High BIH 2F 2 3
Branch to Subroutine BSR AD 2 6

Bit Manipulation Instructions

The MCU is capable of setting or clearing any bit which
resides in the first 256 bytes of the memory space except for
ROM, port D data location ($03) bits 0, 1, 6, 7, serial peripher-
al status register ($0B), timer status register ($13), and timer
input capture register ($14, $15). All port registers, DDRs,
timer, serial system, on-chip RAM, and 128 bytes of ROM

reside in the first 256 bytes (pages zero). An additional
feature allows the software to testand branch on the state of
any bit within the first 256 locations. The bit set, bit clear,
and bit testand branch functions are all implemented with a
single instruction. For the test and branch instructions, the
value of the bit tested is automatically placed in the carry bit
of the condition code register. Refer to Table IX.

Table XI — Bit Manipulation Instructions

Addressing Modes
Bit Set/Clear Bit Test and Branch
Op # # Op # #
Function Mnemonic Code Bytes | Cycles Code Bytes | Cycles
Branch IFF Bit n is Set BRSET n (n=0...7) — — —_ 2en 3 5
Branch IFF Bit n is Clear BRCLR n (n=0...7) — — — 01+ 2*n 3 5
Set Bit n BSET n (n=0...7) 10 + 2en 2 5 — — —
Clear Bit n BCLR n (n=0...7) 11 + 2en 2 5 — — —
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Control Instructions
These instructions are register reference instructions and

are used to control processor operation during a program
execution. Refer to Table X.

Table X — Control Instructions

Inherent
Op # #
Function Mnemonic | Code | Bytes | Cycles

Transfer A to X TAX 97 1 2
Transfer X to A TXA 9F 1 2
Set Carry Bit SEC 99 1 2
Clear Carry Bit CLC 98 1 2
Set Interrupt Mask Bit SEI 9B 1 2
Clear Interrupt Mask Bit CLI 9A 1 2
Software Interrupt SWI 83 1 10
Return from Subroutine RTS 81 1 6
Return from Interrupt RTI 80 1 9
Reset Stack Pointer RSP 9C 1 2
No-Operation NOP aD 1 2
Stop STOP 8E 1 2
Wait WAIT 8F 1 2

Alphabetical Listing

The complete instruction set is given in alphabetical order
in Table XI.

Opcode Map

Table Xll is an opcode map for the instructions used on the
MCU.

Addressing Modes
The MCU uses ten different addressing modes to provide
the programmer with an opportunity to optimize the code to
all situations. The various indexed addressing modes make
it possible to locate data tables, code conversion tables, and
scaling tables anywhere in the memory space. Short in-
dexed accesses are single byte instructions, while the long-
est instructions (three bytes) permit accessing tables

throughout memory. Short absolute (direct) and long abso-
lute (extended) addressing are also included. One and two
byte direct addressing instructions access ali data bytes in
most applications. Extended addressing permits jump in-
structions to reach all memory. Table XII shows the ad-
dressing modes for each instruction, with the effects each
instruction has on the condition code register.

The term “effective address” (EA) is used in describing the
various addressing modes, and is defined as the byte ad-
dress to or from which the argument for an instruction is
fetched or stored. The ten addressing modes of the proces-
sor are described below. Parentheses are used to indicate
“contents of”’ the location or register referred to; e.g., (PC)
indicates the contents of the location pointed to by the PC.
An arrow indicates “is replaced by”, and a colon indicates
concatenation of two bytes.
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Table XI — Instruction Set
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Condition Code Symbols:

H  Half Carry (From Bit 3)

G Cleared
Set

1

L.oad CC Register From Stack

® Not Affected

?

Z Zero

A Test and Set if True Cleared Otherwise

C Carry/Borrow

Interrupt Mask
N Negate (Sign Bit)
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Table XIl — CDP68HC05D2 HCMOS Instruction Set Opcode Map

Bit Branch Read/Modity/Write Control Register/Memory
8T8 BSC REL DIR INH INH 1x1 ix INH INH IMM DIR EXT X2 X1 X
Hi| o 1 2 3 a s 6 7 8 9 A B c D E F (M
Low 0000 0001 0010 0011 0100 0101 0110 o111 1000 1001 1010 1011 1100 1101 1110 111 Low
5 5 3 5 3 3 6 5 9 2 3 4 5 a 3
0 | BRSETO | BSETO | BRA NEG NEG NEG NEG NEG RT1 suB suB suB suB sus sus 0
0000 [3 BTB|2 BSC|2 REL|2 DIR[1 INH|1 iNH]|2 x1 |1  ix|1 inn 2 MM|2 DIR|3 ExT|3 ix2|2 1|1 x| oooo
5 5 3 6 2 3 a 5 3
1 | BRCLRO | BCLRO | BRN RTS cMP cmP cMP CMP CcMP CMP 1
0001 [3 BTB|2 BSC|2 REL 1 INH 2 IMM |2 DIR|3 EXT |3 ix2|2 ix1|1  IX| 0001
5 5 " 2 3 4 5 4 3
2 | BRSET! | BSET1 BHI MUL sBC sBC SBC SBC SBC sBC 2
0010 [3 BTB|2 BSC |2 REL 1 INH 2 IMM |2 DIR|3 EXT[3- 1x2{2 ix1[1  IX| 0010
5 5 3 5 3 3 6 10 2 3 5 3
3 | BRCLR1 | BCLR1 BLS COM | COMA | comx | com com swi cPX cPX cPX cPX cPX cPX 3
0011 |3 BTB |2 BSC |2 REL|3 DIR|1 INH|1 INH|2 ix1[1 ix[1 INH 2 IMM |2 DIR|3 EXT |3 ix2{2 IX1|1 IX| 0011
5 5 3 5 3 3 6 5 2 3 4 5 4 3
4 | BRSET2 | BSET2 | BCC LSR LSRA | LSRX LSR LSR AND AND .AND AND AND AND 4
0100 [3 BTB |2 BSC |2 REL[2 DTR[1 INH[1 INH |2 x1[1 X 2 IMM|2 DIR|3 EXT[3 ix2|2 Ix1|1 x| o100
5 5 3 3 4 s 3
5 | BRCLR2 | BCLR2 | BCS 8IT BIT BIT BIT BIT 8IT 5
0101 |3 BTB |2 BSC |2 REL 2 MM |2 DIR|3 EXxT|3 ix2|2 ix1|1 x| o101
5 5 3 5 3 3 6 5 2 3 4 5 4 3
6 | BRSET3 | BSET3 | BNE ROR | RORA | RORX ROR ROR LDA LDA LDA LDA LDA LDA -| &
0110 [3 BTB|2 BSC |2 REL[2 DIR[1 INH[1 INH |2 X1 |1 1X 2 IMM{2 DIR|3 EXT[3 ix2|2 ixi|1 x| ot
5 5 3 R 3 6 B 2 4 5 6 4
7 | BRCLR3 | BCLR3 | BEQ ASR ASRA | ASRX ASR ASR TAX STA STA STA STA STA 7
o111 [3 BTB |2 BSC|2 REL|2 DIR|1 INH|1 INH|2 1x1]|1 X 1 INH 2 DIR|3 EXT |3 ix2|2 X1 |1 x| o1
5 5 3 5 3 3 6 5 2 2 3 4 5 4 3
8 | BRSET4 | BSET4 | BHCC LsL LSLA | LSLX LsL Lst cLe EOR EOR EOR EOR EOR EOR 8
1000 |3 BTB |2 BSC |2 REL[2 DR{1 INH|1 INH|2 1|1 X 1 INH[2 MM |2 DIR|3 ExT |3 ix2f2 ix1[1 x| 1000
5 5 3 5 3 3 6 5 2 2 3 4 5 4 3
9 | BRCLR4 | BCLR4 | BHCS ROL ROLA | ROLX ROL ROL SEC ADC ADC ADC ADC ADC ADC 9
1001 [3 BTB |2 BSC |2 REL|2 DIR[1 INH|1 INH[2 ix1|1 X 1 INH[2 MM |2 DIR|3 EXT|3 X2 |2 X1 |1 x| 1001
5 5 3 5 3 3 5 2 2 4 5 a 3
A | BRSETs | BSETs BPL DEC | DECA | DECX DEC DEC cul ORA ORA ORA ORA ORA ORA A
1010 |3 BTB |2 BSC |2 REL[2 DIR[1 INH[1 INH|2 X1 |1 Ix 1 INH|2 MM |2 DIR |3 EXT|3 ix2|2 X1 |1 Ix| 1010
5 5 3 2 2 3 4 5 4 3
B |BRCLRS | BCLRS | BMI SE! ADD ADD ADD ADD ADD ADD [}
1011 |3 BTB |2 BSC |2 REL 1 INH|2 MM |2 DIR|3 EXT|3 x2|2 x1|1 x| 1011
5 5 3 5 3 5 5 5 2 2 3 a 3 2
C | BRSET6 | BSET6 | BMC INC INCA INCX INC INC RSP JMP JMP JMP JMP IMP c
1100 [3 BTB |2 BSC |2 REL[2 DIR|1 INH|1 INH[2 1x1]|1 X 1 INH 2 DR|3 ExT|3 2|2 1|1 x| 1100
s| s 3 4 3 3 5 4 2 6 5 6 7 5
D |[BRCLR6 | BCLRE | BMS TST TSTA | TSTX TST TST NOP BSR JSR ISR JSR JSR JSR 0
1101 |3 BTB|2 BSC |2 REL[2 DIR[1 INH|1 INH[2 1x1|1 X 1 INH |2 REL|2 DIR{3 ExT{3 1x2|2 x1[1 x| 1101
5 5 3 2 2 4 5 4 3
E | BRSET7 | BSET7 8IL sToP LDX LDX LDX LDX LOX LOX 3
1110 [3 BTB |2 BSC |2 REL 1 INH 2 MM |2 DIR|3 EXT[3 ix2|2 Ixt |1 x| 1110
5 5 3 5 3 3 6 5 2 2 4 5 6 5 4
F | BRCLR?7 | BCLR7 BIH CLR CLRA | CLRX CLR CLR WAIT TXA STX STX STX STX STX 3
1111 |3 BTB |2 BSC|{2 REL|2 DIR|1 INH|1 INH[2 X1 [1 1X|1 INH|1 INH 2 DR(3 EXT|3 ix2l2 1|1 x| o
Abbreviations for Address Modes LEGEND
INH Inherent REL Relative
A Accumulator BSC Bit Set/Clear
X Index Register 8T8 Bit Test and Branch F - OPCODE IN HEXADECIMAL
IMM Immediate 1X Indexed (No Offset) m o |
DIR Direct X1 Indexed. 1 Byte (8-Bit) Offset
EXT Extended X2 Indexed. 2 Byte (16-Bit) Offset 3 OPCODE 1N BINARY
MNEMONIC ———1*SUB O o
BYTES ———ap 1 Ix| 0000
CYCLES ADDRESS MODE
inherent EA = (PC +1); PC—PC+2

In inherent instructions, all the information necessary to
execute the instruction is contained in the opcode. Opera-
tions specifying only the index register or accumulator, and
no other arguments, are included in this mode.

Immediate

In immediate addressing, the operand is contained in the
byte immediately following the opcode. Immediate ad-
dressing is used to access constants which do not change
during program execution (e.g., a constant used to initialize
a loop counter).

EA=PC+1,PC—PC+2

Direct

In the direct addressing mode, the effective address of the
argument is contained in a single byte following the opcode
byte. Direct addressing aliows the user to directly address
the lowest 256 bytes in memory with a single two byte
instruction. This includes all on-chip RAM and 1/O regis-
ters, and 128 bytes of on-chip ROM. Direct addressing is
efficient in both memory and time.

Address Bus High — 0; Address Bus Low — (PC+1)

Extended

In the extended addressing mode, the effective address of
the argument is contained in the two bytes following the
opcode. Instructions with extended addressing modes are
capable of referencing arguments anywhere in memory
with a single three-byte instruction.

EA = (PC +1):(PC+2); PC—~PC+3
Address Bus High — (PC + 1); Address Bus Low — (PC+2)

Indexed, No Offset

In the indexed, no offset addressing mode, the effective
address of the argument is contained in the 8-bit index
register. Thus, this addressing mode can access the first
256 memory locations. These instructions are only one byte
long. This mode is used to move a pointer through a table or
to address a frequently referenced RAM or I/0 location.

EA=X;PC—PC+1
Address Bus High < 0; Address Bus Low — X
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Indexed, 8-Bit Offset

Here the EA is obtained by adding the contents of the byte
following the opcode to that of the index register; therefore,
the operand is located anywhere within the lowest 511 mem-
ory locations. For example, this mode of addressing is use-
ful for selecting the mth element in a n element table. All
instructions are two bytes. The content of the index register
(X) is not changed. The content of (PC+1) is an unsigned
8-bit integer. One byte offset indexing permits look-up ta-
bles to be easily accessed in either RAM or ROM.

EA = X + (PC +1); PC ~ PC +2
Address Bus High — K; Address Bus Low — X + (PC + 1)

where;
K = The carry from the addition of X + (PC +1)

Indexed, 16-Bit Offset

In the indexed, 16-bit offset addressing mode, the effective
address is the sum of the contents of the unsigned 8-bit
index register and the two unsigned bytes following the
opcode. This addressing mode can be used in a manner
similar to indexed 8-bit offset, except that this three byte
instruction allows tables to be anywhere in memory (e.g.,
jump tables in ROM). The content of the index register is not
changed.

EA = X + [(PC +1):(PC + 2))]; PC — PC +3
Address Bus High — (PC + 1) + K;
Address Bus Low — X + (PC +2)

where:
K = The carry from the addition of X + (PC + 2)

Relative

Relative addressing is used only in branch instructions. In
relative addressing, the content of the 8-bit signed byte
following the opcode (the offset) is added to the PC if and
only if the branch condition is true. Otherwise, control pro-

ceeds to the next instruction. The span of relative address-
ing is limited to the range of -126 to +129 bytes from the
branch instruction opcode location.

EA =PC + 2 + (PC +1); PC — EA if branch taken;
otherwise, EA = PC —~ PC + 2

Bit Set/Clear

Direct addressing and bit addressing are combined in in-
structions which set and clear individual memory and 1/0
bits. In the bit set and clear instructions, the byte is specified
asadirectaddressin the location following the opcode. The
first 2566 addressable locations are thus accessed. The bit to
be modified within that byte is specified in the first three bits
of the opcode. The bit set and clear instructions occupy two
bytes, one for the opcode (including the bit number) and
the other to address the byte which contains the bit of
interest.

EA = (PC +1);PC—~PC+2
Address Bus High < 0; Address Bus Low «— (PC +1)

Bit Test and Branch
Bit test and branch is acombination of direct addressing, bit
set/clear addressing, and relative addressing. The actual bit
to be tested, within the byte, is specified within the low order
nibble of the opcode. The address of the data byte to be
tested is located via a direct address in the location follow-
ing the opcode byte (EA1). The signed relative 8-bit offset is
inthe third byte (EA2) and is added to the PC if the specified
bit is set or cleared in the specified memory location. This
single three-byte instruction allows the program to branch
based on the condition of any bitin the first 256 locations of
memory.
EA1=(PC+ 1)
Address Bus High — 0; Address Bus Low — (PC + 1)
EA2 = PC + 3+ (PC + 2); PC — EA2 if branch taken;
otherwise, PC —~PC + 3

2-111

( MICROCONTROLLERS ﬂ




CDP68HCO05D2

Device Characteristics

MAXIMUM RATINGS (Voltages Referenced to Vss)

Ratings Symbol Value Unit
Supply Voltage Voo -0.5to +7.0 \
Input Voltage Vin Vss -0.5 to Vpp +0.5 Vv
Current Drain Per Pin Excluding Voo and Vss | 25 mA
Operating Temperature Range Ta _40to +125 o
Storage Temperature Range Tetg -65 to +150 °C

THERMAL CHARACTERISTICS

Characteristics | Symbol | Value | Unit
Thermal Resistance
Ceramic 6JA 50 °C/W
Plastic 100
Plastic Chip Carrier 70
VDD =45V
Pins R1 R2 C
PAO-PA7, | 3.26 kQ | 2.38kQ | 50 pF
PBO-PB7,
PCO0-PC7,
PD6
PD1-PD4 | 1.9kQ |2.26 kQ | 200 pF TEST
POINT
Voo =3.0V
Pins R1 R2 C
PAO-PA7, [10.91kQ|6.32kQ | 50 pF
PBO-PB7,
PCO-PC7,
PD6
PD1-PD4 6 kQ 6 kQ 200 pF

This device contains circuitry to protect the inputs against
damage due to high static voltages of electric fields; how-
ever, itis advised that normal precautions be taken to avoid
application of any voltage higher than maximum rated volt-
ages to this high impedance circuit. For proper operation it
is recommended that Vi, and V.. be constrained to the
range Vss< (Vin O Vou)<Vop. Reliability of operation is en-
hanced if unused inputs except OSC2 are connected to an
appropriate logic voltage level (e.g., either Vss or Vpp).

Voo

R2
(SEE TABLE)

o,
See L

Rl
TABLE) (SEE TABLE)

92Cs-39387

Fig. 24 - Equivalent Test Load

Power Considerations
The average chip-junction temperature, T,, in °C can be
obtained from:
TJ = TA + (Po' 03;\) (1)
Where:
T = Ambient Temperature, °C
8,a = Package Thermal! Resistance, Junction-
to-Ambient, °C/W
Po = Pint + Pyo
P vt = lcc X Vee, Watts — Chip Internal Power
Pyo = Power Dissipation on Input and Output
Pins — User Determined

For most applications Py0 << Piyr and can be neglected.

An approximate relationship between Pp and T, (if Pyo is
neglected is:
Ppo =K+ (T, + 273°C) 2)

Solving equations 1 and 2 for K gives:
K = Pp*(Ta + 273°C) + 8,a*Pp2 3)

Where K is a constant pertaining to the particular part. K can
be determined from equation 3 by measuring Pp (atequilibri-
um) for a known Ta. Using this value of K the values of Pp
and T, can be obtained by solving equations (1) and (2)
iteratively for any value of Ta.

2-112



CDP68HCO5D2

DC ELECTRICAL CHARACTERISTICS (Voo = 5.0 Vdc & 10%, Vss = 0 Vdc,

Ta = -40°C to +125°C unless otherwise noted)

Limits
Characteristic Symbol Min Typ Max Unit
Output Voltage, lLoao < 10.0 uA VoL — — 0.1 v
Von Vpp-0.1 — — Vv
Qutput High Voltage
(lLoea = 0.8 mA) PAO-PA7, PB0-PB7, PCO-PC7, TCMP Von Vpo-0.8 - - \
(lLoas = 1.6 mA) PD1-PD4 Von Vpp-0.8 — — \%
Output Low Voltage
(lLoaa = 1.6 mA) PAO-PA7, PB0-PB7, PCO-PC7, PD2-PD5, TCMP Vor — — 0.4 Vv
Input High Voltage
PA0-PA7, PB0-PB7, PC0-PC7, PD0-PD5, PD7, TCAP, IRQ, RESET, OSC1 Vin 0.7 x Voo — Voo \
Input Low Voltage
PAO-PA7, PB0-PB7, PC0-PC7, PD0-PD5, PD7, TCAP, iRQ, RESET, OSC1 Vi Vss — 0.2 x Voo Vv
Total Supply Current (C. = 50 pF on Ports, no dc Loads, tcye = 500 ns,
(Vie = 0.2V, Viu = Voo - 0.2V) No external timer oscillator.
RUN loo — 35 7 mA
WAIT (See Note) loo — 1.6 4 mA
STOP (See Note) loo — 2 250 MA
Total Supply Current (C. = 50 pF on Ports, no dc Loads, te,c = 500 ns,
(Vi =0.2V, Vin = Vpp - 0.2V) 32.768 KHz external timer
crystal oscillator for circuit as shown in Fig. 13(c).
RUN loo — 4 8 mA
WAIT (See Note) loo — 21 55 mA
STOP (See Note) loo — 0.5 1 mA
1/0 Ports Hi-Z Leakage Current
PAO-PA7, PB0O-PB7, PCO-PC7, PD1-PD5 hie — — +10 uA
Input Current
, IRQ, TCAP, OSCt, PDO, PD7 lin — — +1 pA
Capacitance
Ports 185 input or output) Cout - — 12 pF
, IRQ, TCAP, OSC1, PD0-PD5, PD7 Cin — — 8 pF

NOTE: Measured under the following conditions:
1. All ports are configured as input, Vit = 0.2 V, Vin = Vpp - 0.2 V.
2. No load on TCMP, C. = 20 pF on OSC2.
3. OSC1 is a square wave with Vi = 0.2V, Viu = Vpp -0.2 V.
4.SPE=0
5. Typical values at midpoint of voltage range, +25°C only.
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DC ELECTRICAL CHARACTERISTICS (Voo = 3.3 Vdc £ 10%, Vss = 0 Vdc,

Ta =-40°C to +125°C unless otherwise noted)

Limits
Characteristic Symbol Min Typ Max Unit
Output Voltage, lLoao < 10.0 A Voo — — 0.1 Y
Vou Vpp-0.1 — — Vv
Output High Voltage
(lLoas = 0.2 mA) PAO-PA7, PB0-PB7, PCO-PC7, TCMP, PD5 Von Voo-0.3 — e \
(lLoas = 0.4 mA) PD1-PD4 Von Vop-0.3 — — Vv
Output Low Voltage
(loas = 0.4 mA) PAO-PA7, PB0-PB7, PCO-PC7, PD2-PD5, TCMP Vo — — 0.3 \'J
Input High Voltage
PAO-PA7, PB0-PB7, PC0-PC7, PD0O-PDS5, PD7, TCAP, TRQ, RESET, OSC1 Vin 0.7 x Voo — Voo \'
Input Low Voltage I
PAOQ-PA7, PB0-PB7, PC0-PC7, PDO-PD5, PD7, TCAP, IRQ, RESET, OSC1 Vi Vss — 0.2 x Voo \Y
Total Supply Current (C. = 50 pF on Ports, no dc Loads, teye = 1000 ns,
(Vi = 0.2V, Vin = Voo - 0.2V) No external timer oscillator.
RUN Ioo — 1 25 mA
WAIT (See Note) Ioo — 05 1.4 mA
STOP (See Note) loo — 1 175 uA
Total Supply Current (C. = 50 pF on Ports, no dc Loads, teyc = 1000 ns,
(ViL=0.2V, Vin = Vpp - 0.2V) 32.768 KHz external timer
crystal oscillator circuit as shown in Fig. 13(c). *
RUN Ioo - 11 275 mA
WAIT (See Note) loo — 0.6 1.8 mA
STOP (See Note) loo — 100 275 MA
1/0 Ports Hi-Z Leakage Current
PAQ-PA7, PB0-PB7, PC0-PC7, PD1-PD5 I —_ — +10 MA
Input Current
, IRQ, TCAP, OSC1, PDO, PD7 lin — — +1 uA
Capacitance )
Ports (as input or output) Cout — — 12 pF
RESET, IRQ, TCAP, OSC1, PD0-PD5, PD7 Cin — — 8 pF

NOTE: Measured under the following conditions:
1. All ports are configured as input, Vi. = 0.2V, Viy = Vpp - 0.2 V.
2. No load on TCMP, C. = 20 pF on OSC2.
3. OSC1 is a square wave with V,u = 0.2V, Viu =Vpp - 0.2 V.
4.SPE=0

5. Typical values at midpoint of voltage range, +25°C only.
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CONTROL TIMING (Vop = 5.0 Vdc & 10%, Vss = 0 Vdc, Ta = -40°C to +125°C)

Limits
Characteristic Symbol Min Max Unit

Frequency of Operation

Crystal Option fosc — 4.2 MHz

External Clock Option fosc dc 4.2 MHz
Internal Operating Frequency

Cl"yStaI (fosc - 2) fop - 21 MHz

External Clock (fosc = 2) fop dc 2.1 MHz
Cycle Time (See Figure 8) teye 480 — ns
Crystal Oscillator Startup Time for At-Cut Crystal (See Figure 8) toxov — 100 ms
Stop Recovery Startup Time (At-Cut Crystal Oscillator) (See Figure 25) tiLcH — 100 ms
RESET Pulse Width (See Figure 9) taL 1.5 — teye
Timer

Resolution** tresL 4.0 — teye

Input Capture Pulse Width (See Figure 26) tru, tre 125 — ns

Input Capture Pulse Period (See Figure 26) trin e — teye
Interrupt Pulse Width Low (Edge-Triggered) (See Figure 11) tium 125 — ns
Interrupt Pulse Period (See Figure 11) tie * — toye
OSC1 Pulse Width ton, toL 90 — ns
External Timer Oscillator frequency of operation frosc — fosc ~ 4 fosc

*The minimum period tiu. should not be less than the number of cycle times it takes to execute the interrupt service
routine plus 21 teyc.
**Since a 2-bit prescaler in the timer must count four internal cycles (teyc), this is the limiting minimum factor in
determining the timer resolution.
***The minimum period tr.r should not be less than the number of cycle times it takes to execute the capture interrupt
service routine plus 24 teyec.

vt N7 7, 7

R~

RESET

tiLiy —e

i"a?
tiLcH 4064 to e
iRa 3 —\I\—}K

INTERNAL
CLOCK
INTERNAL
RN X X )X

[ —
NOTES: RESET OR INTERUPT
1. REPRESENTS THE INTERNAL GATING OF THE 0SC1 PIN. VECTOR FETCH
2. IRQ PIN EDGE-SENSITIVE MASK OPTION.
3. IRQ PIN LEVEL AND EDGE-SENSITIVE MASK OPTION.
4. RESET VECTOR ADDRESS SHOWN FOR TIMING EXAMPLE.

92CM-39375

Fig. 25 - Stop Recovery Timing Diagram
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CONTROL TIMING (Voo = 3.0 Vdc £ 10%, Vss =0 Vdc, Ta = -40°C to +125°C)

Limits
Characteristic Symbol Min Max Unit

Frequency of Operation

Crystal Option fosc — 2.0 MHz

External Clock Option fosc dc 2.0 MHz
Internal Operating Frequency

Crystal (fosc + 2) fop —_ 1.0 MHz

External Clock (fosc + 2) op dc 1.0 MHz
Cycle Time (See Figure 8) teye 1000 — ns
Crystal Oscillator Startup Time for At-Cut Crystal (See Figure 8) toxov — 100 ms
Stop Recovery Startup Time (At-Cut Crystal Oscillator) (See Figure 25) ticch — 100 ms
RESET Pulse Width - Excluding Power-Up (See Figure 8) taL 1.5 — teye
Timer

Resolution** tresL 4.0 — teye

Input Capture Pulse Width (See Figure 26) trn, tro 250 — ns

Input Capture Pulse Period (See Figure 26) trore e — teye
Interrupt Pulse Width Low (Edge-Triggered) (See Figure 11) tium 250 — ns
Interrupt Pulse Period (See Figure 11) L * — toye
OSC1 Pulse Width tow, toL 200 — ns
External timer oscillator frequency of operation frose — fosc 4 fosc

*The minimum period ti. should not be less than the number of cycle times it takes to execute the interrupt service

routine plus 21 teyc.

**Since a 2-bit prescaler in the timer must count four internal cycles (teyc), this is the limiting minimum factor in

determining the timer resolution.

***The minimum period ty 1. should not be less than the number of cycle times it takes to execute the capture interrupt

service routine plus 24 teyc.

ﬁ—-—tTLT L— ——" tTH
EXTERNAL

SIGNAL
(TCAP
PIN 37)

tTL

r——

Fig. 26 - Timer Relationships
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SERIAL PERIPHERAL INTERFACE (SPI) TIMING (Figure 29)
(Voo = 5.0 Vdc £ 10%, Vss = 0 Vdc, Ta=-40°C to +125°C)

Limits
Num. Characteristic Symbol Min Max Unit
Operating Frequency "
Master fop(m) dc 0.5 fop *
Slave fopts) dc 2.1 MHz
1 Cycle Time
Master teyewm 20 — teye
Slave toycs) 480 — ns
2 Enable Lead Time
Master tieadim) * —
Slave tieaa(s) 240 —_ ns
3 Enable Lag Time
Master tiagim) * —
Slave tiagts) 240 —_ ns
4 Clock (SCK) High Time
Master twisckHim 340 — ns
Slave twisckhis 190 — ns
5 Clock (SCK) Low Time
Master twisckLim 340 — ns
Slave twisckLs 190 —_ ns
6 Data Setup Time (Inputs)
Master tsuim 100 — ns
Slave tsuts) 100 — ns
7 Data Hold Time (Inputs)
Master thim 100 —_ ns
Slave thie 100 —_ ns
8 Access Time (Time to data active from high impedance state)
Slave ta 0 120 ns
9 Disable Time (Hold Time to High-Impedance State)
Slave tais — 240 ns
10 Data Valid
Master (Before Capture Edge) tum 0.25 — teyeim
Slave (After Enable Edge)** tus) — 240 ns
iR Data Hold Time (Outputs)
Master (After Capture Edge) thotm 0.25 — teyoim
Slave (After Enable Edge) thots) 0 — ns
12 Rise Time (20% Voo to 70% Voo, C. = 200 pF)
SPI Qutputs (SCK, MOSI, MISQ) tim — 100 ns
SPI inputs (SCK, MOSI, MISO, 55) ts — 2.0 us
13 Fall Time (70% Voo to 20% Vpo, CL = 200 pF)
SPI Outputs (SCK, MOSI, MISO) tm - 100 ns
SPI Inputs (SCK, MOSI, MISO, SS) trs — 2.0 us

*Signal production depends on software.
**Assumes 200 pF ioad on all SPI pins.

***Note that the unit this specification uses is fop (internal operating frequency), not MHz! In the master
mode the SPI bus is capable of running at one-half of the device's internal operating frequency, therefore

1.05 MHz maximum.
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SERIAL PERIPHERAL INTERFACE (SPI) TIMING (Figure 29)
(Voo = 3.3 Vdc £ 10%, Vss = 0 Vdc, Ta=-40°C to +125°C)

Limits
Num. Characteristic Symbol Min Max Unit
Operating Frequency .
Master foptm dc 0.5 fop "
Slave fopts) dc 1.0 MHz
1 Cycle Time
Master tcyc(m) 2.0 —_ teye
Slave tcyc(s) 1.0 — MS
2 Enable Lead Time
Master tieadim) * —
Slave tiead(s) 500 — ns
3 Enable Lag Time
Master tiagm * —
Slave tiagts) 500 — ns
4 Clock (SCK) High Time
Master twisckHim 720 — us
Slave twisckris 400 — ns
5 Clock (SCK) Low Time
. Master twisckum 720 — us
Slave twisckus 400 — ns
6 Data Setup Time (Inputs)
Master tsum 200 — ns
Slave tsuis 200 — ns
7 Data Hold Time (Inputs)
Master thim 200 — ns
Slave thes 200 — ns
8 Access Time (Time to data active from high impedance state)
Slave ta 0 250 ns
9 Disable Time (Hold Time to High-Impedance State)
Slave tais — 500 ns
10 Data Valid
Master (Before Capture Edge) tvim 0.25 — teyem
Slave (After Enable Edge)** tus) — 500 ns
11 Data Hold Time (Outputs)
Master (After Capture Edge) thotm) 0.25 — teyetm
« Slave (After Enable Edge) thots) 0 — ns
12 Rise Time (20% Voo to 70% Vpp, C. = 200 pF)
SPI Outputs (SCK, MOSI, MISO trm — 200 ns
SPI Inputs (SCK, MOSI, MISO, SS) tes - 2.0 us
13 Fall Time (70% Voo to 20% Vop, C. = 200 pF)
SPI Outputs (SCK, MOSI, MISO) tim - 200 ns
SPI Inputs (SCK, MOSI, MISO, 55) tis — 2.0 us

*Signal production depends on software.
**Assumes 200 pF load on all SPI pins.
***Note that the unit this specification uses is fop (internal operating frequency), not MHz! In the master
mode the SPI bus is capable of running at one-half of the device’s internal operating frequency, therefore
0.5 MHz maximum.
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CDP68HCO05D2

53
({INPUT)

SCK
(OUTPUT)

HELD HIGH ON MASTER

/

-

M
A

—=

MISO

MOS!
(ouTPUT)

sS
(INPUT)

SCK
(ouTPUT)

MISO
(INPUT)

MOSYI
(ouTPUT)

l\‘
o7 X I y Dol

5

-~

- \
X D70 >( D60 !\l X D00
F_®'_‘"
(a) SPI Master Timing CPOL = 0, CPHA = 1 s2om 30972

HELD HIGH ON MASTER

=0

-/

K oor

D00

X

s

—()—
Q0N
-

(b) SPI Master Timing CPOL =1, CPHA =1

92CM-39372

NOTE: MEASUREMENT POINTS ARE VoL Von:ViL Vin

Fig. 27 - Timing Diagrams
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CDP68HCO5D2

HELD HIGH ON MASTER

5
(INPUT)
sck
(outpum)
o JOOK X X XX
LINPUT) D7 D6l ol
. h\‘
o TN [ Tom X N
(ouTPUT) ) ]\{
—()—=
(c) SPI Master Timing CPOL =0, CPHA =0 92CM-39372
55 HELD HIGH ON MASTER
(INPUT) Wf‘\
sCK N
{OUTPUT) / Z
MISO J\l
UNPUT) o7 06! J\l Y
MOS! ’\I
D70 000
o TN X X
-4——1:'—- -r—-——(:}————-
(d) SPI Master Timing CPOL =1, CPHA =0
92CM-39372

NOTE: MEASUREMENT POINTS ARE Vg ,Voy:V)L AND Viy

Fig. 27 - Timing Diagrams (Continued)
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CDP68HCO5D2

SCK
(INPUT)

J— -
55 j
(INPUT)
LAST BIT

J\
@ == — —O®
\ - / -
TRANSMITTED O
J\‘

(:lﬁ:unuﬂ‘z—g >< 070 )z‘ DSOJ\J >< D00 1}—
~ — _,il-— 0 Ot
(T::JT)XXXX o7t X DG'J\‘ Xﬁ Dol )(X: n

(e) SPI Slave Timing CPOL =0, CPHA =1

| MICROCONTROLLERS

—
. -\
(INPUT)

N

o O

J\‘
— L: O -
usrfpﬁr) S Z / '\
o N
(oMuITst) __< 079 X DGOJ\ 000 5._
@’ e — @
s OO [ X j\\’_)( = XX
O O]

(f) SPI Slave Timing CPOL =1, CPHA =1

N

|
o

92CM- 39372
NOTE: MEASUREMENT POINTS ARE VOL'VOM'VI L AND V-

Fig. 27 - Timing Diagrams (Continued)
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CDP68HC05D2

({INPUT)
<——@-—> . @—-— l— H—@
/ N \ .
i 4—@——- s |

wen XXX [ X o XYY
o

Ve

SCK
(INPUT)

—>

©

(g) SPI Slave Timing CPOL = 0, CPHA =0

- O————+ —
b 4

(INPUT) - l\
—]

sck n Z— 1
(INPUT)

MoOS|
(INPUT)

‘;‘UITSPOUTH ‘GH.Z-<— D70 060 R DOO
cureun | — o O]

O+~ O

(h) SPI Slave Timing CPOL =1, CPHA =0

92CM-39372
NOTE : MEASUREMENT POINTS ARE Vg 'VOH‘VIL AND Vin

Fig. 27 - Timing Diagrams (Concluded)
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@ HARRIS CDP68HCO05J3

PRELIMINARY

January 1991 8-Bit Microcontroller
Hardware Features Description
e Standard 8-Bit Architecture The CDP68HCO05J3 is a member of the CDP68HCOS5 family
* On-Chip Memory of 8-bit, HCMOS microcontrollers. This single chip
> ROM .o e 2,352 Bytes microcontroller contains 2,352 bytes of masked ROM, 128
S RAM oo 128 Bytes bytes of RAM, a flexible 16-bit timer with input capture and

output compare features, 12 bidirectional I/Os (eight pro-

* 12 Bidirectional I/O Lines grammable as open drain and four interruptable), an on chip

> 8 Software Programmable As Open Drain oscillator, and an optional, independent oscillator for the
» 4 Interruptable Inputs timer. The timer can be used for pulse width measurements,
e 16-Bit, Free Running Timer timing,.or event cpupting. Optionally, the ti.rner can run off
» Output Compare an oscillator that is independent of and typically at a lower

frequency than the CPU oscillator. The dedicated timer
oscillator allows timekeeping functions to be maintained
> Separate Timer Oscillator Allows Timing During | during the low power STOP mode. In conjunction with the

Power Saving Modes open drain outputs, the four interruptable port lines can be

» Input Capture

¢ HCMOS Technology used for switch scanning. The interruptable port lines
e Fully Static with Power Saving WAIT, STOP, and Data | provide additional external interrupts for systems requiring
Retention Modes additional interrupts and can be used to exit the power down
« OperatingRange ................. -400C to +1250C | Modes.
eOperation......c.ooeiiviiiiiiniiaaiiaann 3Vto 5.5V | The CDP68HCO05J3 supports the full CDP68HCOS5 instruc-
e DataRetention ........ccovieeeunienernnnanaeanns 2v | tion set. Development can be performed with tools supplied
e 4.2MHz Crystal - 2.1MHz CPU Clock by Harris or offered by numerous third party vendors. Avail-
« Supplied in 20 Lead DIP or 20 Lead Small Outline able tools include assemblers, C compilers, and ICE
systems.
Packages
The CDP68HCO05J3 is supplied in a 20 lead dual-in-line
Software Features plastic package (E suffix) and in a 20 lead small outline
© Supports Full CDP68HCO5 Instruction Set plastic package (M suffix).
» 8x8 Multiply
> Bit Set, Clear, and Test
Pinout Block Diagram
PACKAGE TYPES E AND M TCMP/TOSC2 osc1  osc2
o ViEw L e, Ll e
TCAP/TOSC1 —] TIMER Clock | OSGLLATORE—— " "cock
Reser [1] SYSTEM s 2 RESET
pa7 3] . o CCUMULATOR
pae [4] xS INDEX oot
pas [5] PR PAg — PORT | DATA 8 REGISTER X
] 1
Pad [E] uls ’;:; REG REG cogggéou
Pa3 [7] m‘; ) s REGISTER ¢
PA2 [B] STACK cpu
6 POINTER SP
pat [o]
PROGRAM
pao [ig] COUNTER
4 HIGH PCH
PG Paye] PosT | oATA PROGRAM AL
B DIR }—d¢
u'r’?ss Egﬁ.__. REG REG 8 COIEJ!;‘JIEPCL
T
1 1
2112 x8 128 x8
ROM STATIC
RAM
240 x8
SELF - CHECK
ROM

Copyright © Harris Corporation 1991 File Number 2757

2-123

| MICROCONTROLLERS u




CDP68HC05J3

$001F
$0020

$004F

$007F

$00BF

$00FF
$0100

$O8FF

$OEFF
$OF00

$OFDF
$OFEO

$OFEF
$OFFO

$OFFF

0000 PORTS
o 7 BYTES
32 BYTES
%3;\ UNUSED
USER ROM 11 BYTES
48 BYTES \
0079
UNUSED oos0  \
TIMER
48 BYTES \ 10 BYTES
o127 \
0128
RAM \ UNUSED
128 BYTES \ 4 BYTES
— _Jota
0192
STACK
64 BYTES
0255
USER 0256
ROM
2048 BYTES | 5000
UNUSED 2304
3839
SELF - CHECK | 3840 /
ROM
UNUSED
224 BYTES / $OFFO unuseD
4064
SELF - CHECK / $oFFe| PORT B VECTOR
VECTORS
16 BYTES / $OFF8| TIMER VECTOR
4079 /  sorra] iRa vECTOR
USER 1080
VECTORS $0OFFC SWI VECTOR
BYTES 4095 $oFFE| RESET VECTOR

CDP68HC05J3 ADDRESS MAP

PORT A DATA REGISTER

PORT B DATA REGISTER

PORT A DATA DIRECTION REGISTER

PORT B DATA DIRECTION REGISTER

PORT A OPEN DRAIN REGISTER

PORT B INTERRUPT ENABLE REGISTER

PORT B INTERRUPT FLAG REGISTER

UNUSED
10 BYTES

OSCILLATOR CONTROL REGISTER

TIMER CONTROL REGISTER

TIMER STATUS REGISTER

INPUT CAPTURE HIGH REGISTER

INPUT CAPTURE LOW REGISTER

OUTPUT COMPARE HIGH REGISTER

OUTPUT COMPARE LOW REGISTER

COUNTER HIGH REGISTER

COUNTER LOW REGISTER

ALTERNATE COUNTER HIGH REGISTER

ALTERNATE COUNTER LOW REGISTER

UNUSED
4 BYTES
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& HARRIS  CDP68HCO5W4

PRELIMINARY

January 1991 8-Bit Microcontroller
Hardware Features Description
¢ Standard 8-bit Architecture The CDP68HC05W4 is a member of the Harris CDP68HCO05
® On Chip Memory family of 8-bit, HCMOS microcontrollers. This single chip
L 2 {0 3,866 bytes | microcontroller contains 3,866 bytes of masked ROM, 192
P RAM . ...ttt 192 bytes | bytes of RAM, two pulse width modulators, an 8-bit timer, a
e Two 8-Bit Pulse Width Modulators synchronous serial (SP1) port, 24 bidirectional 1/Os (8 with
24 Bidirectional I/O Lines data transfer h_andshaking), six ex{erne}l interrupts, a
» 8 with Data Transfer Handshaking computer operating properly (COP) circuitry, an on chip
> 4 Interruptable Inputs oscillator, and a built in prototyping mode. The PWMs can

be used as 8-bit D to A converters, speed controllers, or

* Synchronous Serial Port (SPI) tone generators. The timer with 7-bit prescaler can be used

¢ Programmable 8-Bit Timer with 7-Bit Prescaler for pulse width measurements, timing, or event counting.
¢ Computer Operating Properly (COP) Circuitry Interfacing to external serial peripherals is easy with the SPI
» Watchdog Timer » Slow Clock Detect port. The interruptable VPORT C can be used for switch
» lllegal Opcode Trap scanning or to exit the power down modes. The COP
* HCMOS Technology circuitry provides a level of failsafe system security.
¢ Fully Static with Power Saving WAIT, STOP, and Data | The CDP68HCO5W4 supports the full CDP68HCO5
Retention Modes instruction set. Development can be performed with tools
* Supplied in 40 Pin DIP or 44 Pin PLCC & QFP Packages | supplied by Harris or offered by numerous third party
* OperatingRange ................. -400C to +1250C | vendors. Available tools include assemblers, C compilers,
eOperation........ccciiiiiiiiiiannn.. +3Vto +5.5v | and '(_:E systems. The prototyping mode faciltates bread-
o Data ROtention .........e.vuueeenenninennenannn. gy | boarding.

The CDP68HCO5W4 is supplied in a 40 lead dual-in-line

Software Features plastic package (E suffix), a 44 lead plastic leaded chip carri-

* Supports Full CDP88HCO5 Instruction Set er (N suffix), and a 44 lead metric quad flatpack (Q suffix).
> 8x8 Multiply » Bit Set, Clear, and Test
Pinout Block Diagram
PACKAGE TYPE E osc1  osc2
INTERNAL
TOP VIEW pngcsssoa l i MODE
v _I e LOCK OSCILLATOR N
rco [T} [40] vop TN AL AN pae
per [2] 35 ™ T ] irai
PC2 {3 38] CNTLA s PCO
E j onTs RO aAccuuuuToRA N __’g
37 PA1 f—sr
pes [4] 7] PORT PAZe— poar | DATA INDEX conroL] 4 PATA | VPORT I Locs poRr
pca [5 E PO1 A PAZ—s 4 DIR 8 REGISTER x REG REG [—PC4 C
0 PAs~—1 peg | e 1 CONDITION = Pcs 10
pcs 6 E PO2 LINES pA5+—sf SOOE. —— pce LINES
PAS «— 5 REGISTER o jo——s PCT
pce [7 [34] sck PAT+— V PORTG  fe—CNTLA
STACK cpPu CONTROL ~ {—»CNTLB
pc7 [ E‘ MISO 6 POINTER gp
YR E 32} MOSI PROGRAM
o0sc2 % g‘ MODE Po1 ] 6 oo#'genm Set Voo
PORT Pos<—s] PoRT | DATA o AL SYSTEM s SoK
osct E E RESET IO PB4« REG gg:; - COUNTER
pao [i2] 8] imar | WM PR 8 oW rc T
28] PBO PBT +— DUAL PO
pa1 [13] T ! S roz
PA2 E 27] P81 192 x8
3,868 x8
a3 [is] [26] PB2 RoM STATIC
Pas [ ] oo
pae [ig] 23] PBs
paz7 [i9) 22] P86
vss @ 'z_Tl PB7
Copyright © Harris Corporation 1991 File Number 2761
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CDP68HCO5W4

$00BF

$OOFF
$0100

S$1FFF
$2000

$3FE5
$3FE6

$3FFF

0000
10
64 BYTES
0063
0064
RAM
192 BYTES
| otst
o182
STACK
64 BYTES
0255
0256
USER
ROM
3840 BYTES
4085
4096
UNUSED
4070 BYTES
8165
USER 8166
VECTORS
26 BYTES

8191

\

PORTS 0000 PORT A DATA REGISTER $00

4 BYTES PORT B DATA REGISTER $01
PORT A DATA DIRECTION REGISTER $02

cru 425{?2;5“3 PORT B DATA DIRECTION REGISTER $03
/O INTERRUPT FLAG REGISTER $04

UNUSED /O INTERRUPT ENABLE REGISTER $05
2 BYTES COP RESET REGISTER $06
SERIAL OPTION REGISTER $07
PERIPHERAL UNUSED 08
INTERFACE UNUSED $00
3 BYTES SERIAL PERIPHERAL CONTROL REGISTER || $0A
UNUSED SERIAL PERIPHERAL STATUS REGISTER | $0B
9 BYTES SERIAL PERIPHERAL DATA /O REGISTER _ | $0C
TIMER x UNUSED 2,30

3 BYTES $15
TIMER CONTROL REGISTER $16

UNUSED TIMER RELOAD REGISTER $17
TIMER COUNTER REGISTER $18

PWM UNUSED $19

8 BYTES +_PWM1.PRESCALE REGISTER $1A
PWM1 CONTROL REGISTER $1B

UNUSED PWM1 FREQUENCY REGISTER $1c
TIMERPWM PWM1 WIDTH REGISTER $1D
V PORT C PWM2 FREQUENCY REGISTER $IE
4 BYTES PWM2 PRESCALE REGISTER $IF
UNUSED PWM2 CONTROL REGISTER $20
24 BYTES 0063 PWM2 WIDTH REGISTER $21
UNUSED $22

N TIMER/PWM STATUS REGISTER $23

N V PORT C DATA REGISTER $24

AN V PORT C DATA DIREGTION/CONTROL2 REG | $25

AN V PORT C CONTROL1 REGISTER $26

AN V PORT C STATUS REGISTER $27

N4 UNUSED L $28

CDP58HCO5W4 ADDRESS MAP
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o HARRIS

CDP6805F2

CDP6805F2C

CMOS High Performance Silicon Gate

January 1991

8-Bit Microcontroller

Hardware Features Pinout
* Typical Full Speed Operating Power @ 5V ............. PR 10mw PACKAGE TYPES D AND E
® Typical WAITModePower ...........ccceeiiiiiiiannrenenns 3mw TOP VIEW
* Typical STOP Mode Power ............. Ceeneesesenraaaseenenas 5uwW REsET—{1 28— vpp
* 64 Bytes of On-Chip RAM IRG— 2 27— TIMER
e 1089 Bytes of On-Chip ROM NUM— : z:—"c"
0SCi| — — PC1
* 16 Bidirectional I/0 Lines o0sc2 —1 s 24— b2
® 4 Input-Only Lines pao—1e 23— pes
* Internal 8-Bit Timer With Software Programmable 7-Bit Prescaler PAl —7 22— P8O
e External Timer Input PA2Z — 8 21 — pBY
e External and Timer Interrupts PA3 — 9 20— PB2
e Master Reset and Power-On Reset ::;:': :Z :::i
* Single 3V to 6V Supply pas —] 12 17 b— pBs
* On-Chip Oscillator PAT— 13 16 — pae
® 1ys Cycle Time vgs — 14 15 |— PB7
Description Software Features
Theé CDP6805F2 Microcomputer Unit (MCU) belongs to the ® Versatile Interrupt Handling
CDP6805 Family of CMOS Microcomputers. This 8-bit MCU * True Bit Manipulation
contains qn-chlp oscillator, CPU, BAM, ROM, I/O_, and Timer. * 10 Addressing Modes
Fully static design a}lows operation at frequencies (_iown t.o « Efficient Instruction Set
DC, further reducing its already low-power consumption. Itis o
a low-power processor designed for low-end to mid-range Memory-Mapped 1/0
applications in the consumer, automotive, industrial, and  ® User-Callable Self-Check Routines
communications markets where very low power consumption * Two Power-Saving Standby Modes
constitutes an important factor.
Block Diagram 0SC1 0SC2 RESET  NUM TG
TMERZLy]  Prescaler g imer/ l4 Ts 1 3 2
7 ounter
8 Timer Control Oscillator
22
le553-PBO
Accumulator Data Port ‘1_)2(; PB1 Port
A cPu Direction] B [Cio ggg B
Index Control — Register [Register Lg18y o0, 1/0
Register (%BPBS Lines
pA0<_$.> — ?PBG
port PA1 <=3 Port Data Condition l—>»-PB7
A Eﬁ% <> A [Direction chgfe
< Regi i egister
L|/0 PAL € 0. JRegister | Register |—4 cPU
iNeS PAS <€ Stack
::2? s Pointer s 2
< Port pe—52PCO
Program | g' 1—J2§PU
Counter Register [€—53PC2
3 High pcH ALU <—2hc3
Program
Counter
18 Low  pCL
T .
T
1089x8 92CS-37994
ROM RAM
Self-Check
ROM
CDP6805F2 CMOS MICROCOMPUTER
Copyright © Harris Corporation 1991 File Number 1 369.1
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CDP6805F2, CDP6805F2C

The CDP6805F2 and CDP6805F2C devices are available in dual-in-line ceramic package (D suffix); and in a 28-lead
a 28-lead dual-in-line plastic package (E suffix), in a 28-lead plastic chip-carrier package (N suffix).

MAXIMUM RATINGS (Voltages Referenced to Vgg)

Ratings Symbol Value Unit
Supply Voltage Vpp -03to +8 \
All Input Voltages Except OSC1 Vin |Vss-05toVpp+05) V
Current Drain per Pin Excluding Vpp and Vgg | 10 mA
Operating Temperature Range TLto TH
CDP6805F2 TA 0to70 °C
CDP6805F2C -40to +85
Storage Temperature Range Tstg —56to + 150 °C
Vpp=45V
ILoad 497 k
———

Test Point © I 1
>

50 pF 3 205k

L»

-4 L 92C5-37995

Fig. 2 - Equivalent test load.

TYPICAL OPERATING CURRENT (loo)—mA

0.1 /1

0 0.1 0.2 03 0.4 0.5 0.6 0.7 0.8 09 1.0
INTERNAL FREQUENCY (1/tcyc)—MHz

92CS-37996

Fig. 3 - Typicai operating current vs. internai frequency.
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CDP6805F2, CDP6805F2C

DC ELECTRICAL CHARACTERISTICS (Vpp=5/Vdc +10%, Vgg=0 Vdc, TA=T| to TH, unless otherwise noted) (See Note 1)

Characteristics Symbol Min Max | Unit
Output Voltage, 1| gad=10.0 pA VoL - 0.1 v
VOH Vpp-0.1 -

Output High Voltage (I gad= — 200 xA) PAO-PA7, PBO-PB7 VOH 41 — | Vv
Output Low Voltage, (1| gad =800 pA) PAO-PA7, PBO-PB7 VoL - 0.4 \
Input High Voltage

Ports PAO-PA7, PBO-PB7, PCO-PC3 v Vbp-2 VpD v

TIMER, TRQ, RESET H 1 vpp-0.8 [VDD

0SC1 Vbp-15 |VDD
Input Low Voltage, All Inputs ViL Vss 0.8 Vv
Total Supply Current (C|_ =50 pF on Ports, No dc Loads, toye=1 ps)

RUN (Measured During Self-Check, V|_.=0.2 V, V|4=Vpp—-0.2 V) | - 4 mA

WAIT (See Note 2) DD - 15 | mA

STOP (See Note 2) - 150 | pA
1/0 Ports Input Leakage — PAO-PA7, PBO-PB7 L - +10]| pA
Input Current — RESET, TRQ, TIMER, OSC1, PCO-PC3 lin - +1 | pA
Output Capacitance — Ports A and B Cout — 12 pF
Input Capacitance — RESET, IRQ, TIMER, OSC1, PCO-PC3 Cin - 8 | pF

NOTES:

1. Electrical Characteristics for Vpp =3 V available soon.
2. Test Conditions for Ipp are as follows:
All ports programmed as inputs
ViL=0.2 V (PAO-PA7, PB0O-PB7, PCO-PC3)
ViH=Vpp—0.2 V for RESET, TRQ, TIMER
OSC1 input is a square wave from 0.2 V to Vpp—0.2 V
0OSC2 output load =20 pF (WAIT Ipp is affected linearly by the OSC2 capacitance)

TABLE 1 — CONTROL TIMING CHARACTERISTICS (Vpp=5 Vdc +10%, V55=0, TA=T| to TH, fosc=4 MHz, toyc=1 4s)

MICROCONTROLLERS n

Characteristics Symbol Min Max | Unit

Crystal Oscillator Startup Time (See Figure 5) tOXOV - 100 [ ms
Stop Recovery Startup Time — Crystal Oscillator (See Figure 6) tLCH — 100 | ms
Timer Pulse Width (See Figure 4) tTH, tTL 0.5 = | teye
Reset Pulse Width (See Figure b) ) tRL 1.6 — | teye
Timer Period (See Figure 4) tTLTL 1 — | teye
Interrupt Pulse Width (See Figure 15) HLIH 1 = | teye
Interrupt Pulse Period (See Figure 15) tLIL * - | teye
OSC1 Pulse Width (See Figure 7) tOH. tOL 100 — ns
Cycle Time teye 1000 - ns
Frequency of Operation

Crystal fosc - 4 | MHz

External Clock dc 4

*¥The minimum period, tj ||, should not be less than the number of teyc cycles it takes to execute the interrupt service routines plus 20 teyc
cycles.

TERMINAL ASSIGNMENT

-
w
w
w
(2

TIMER

z o
E | a
H >

0sc1

o
(3]
a

5 25
: @x “
7 PIN 1 IDENT 23
8
9

TOP VIEW
10 ' 20

PAS

© o <
© o ©
o a a

PB7

~ o
<4 o
a >

PA6

92Cs-40952
28-Lead Plastic Chip-Carrier Package
(N Suffix)
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* nternal timing signal not available externally.
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CDP6805F2, CDP6805F2C

N[/ 777777 :///

iRQ

or
RESET YLCH > 1920 toye —————

—W
* Internal timing signals not available externally. 92C5-37999
**Represen(s the internal gating of the OSC1 input pin.
Fig. 6 - Stop recovery.
FUNCTIONAL PIN DESCRIPTION 0SC1, 0sc2

Vpp and Vss
Power is supplied to the MCU using these two pins. Vpp
is power and Vgg is ground.

TRQ (MASKABLE INTERRUPT REQUEST)

TRQ is photomask option selectable with the choice of in-
terrupt sensitivity being both level and negative edge or
negative edge only. The MCU completes the current instruc-
tion before it responds to the request. If TRQ is low and the
interrupt mask bit (I bit) in the condition code register is
clear, the MCU begins an interrupt sequence at the end of
the current instruction.

If the photomask option is selected to include level sen-
sitivity, then the RQ input requires an external resistor to
VpD for ““‘wire-OR" operation. See the Interrupt section for
more detail.

RESET

The RESET input is not required for start-up but can be
used to reset the MCU's internal state and provide an order-
ly software start-up procedure. Refer to the Resets section
for a detailed description.

TIMER

The TIMER input may be used as an external clock for the
on-chip timer. Refer to the Timer section for a detailed
description.

NUM (NON-USER MODE)

This pin is intended for use in self-check only. User ap-
plications should leave this pin connected to ground through
a 10 kilohm resistor.

2-131

The CDP6805F2 can be configured to accept either a
crystal input or an RC network. Additionally, the internal
clocks can be derived from either a divide-by-two or divide-
by-four of the external frequency (fosc). Both of these op-
tions are photomask selectable.

RC — If the RC oscillator option is selected, then a resistor
is connected to the oscillator pins as shown in Figure 7(b).
The relationship between R and fggc is shown in Figure 8.

CRYSTAL — The circuit shown in Figure 7(a) is recom-
mended when using a crystal. The internal oscillator is
designed to interface with an AT-cut parallel resonant quartz
crystal resonator in the frequency range specified for fogc in
the electical characteristics table. Using an external CMOS
oscillator is suggested when crystals outside the specified
ranges are to be used. The crystal and components should
be mounted as close as possible to the input pins to minimize
output distortion and start-up stabilization time. Crystal fre-
quency limits are also affected by Vpp. Refer to Table 1,
Control Timing Characteristics, for limits.

EXTERNAL CLOCK — An external clock should be ap-
plied to the OSC1 input with the OSC2 input not connected,
as shown in Figure 7(c). An external clock may be used with
either the RC or crystal oscillator mask option. toxQy or
tjLCH do not apply when using an external clock input.

PAO-PA7

These eight I/ O lines comprise Port A. The state of any pin
is software programmable. Refer to the'Input/Output Pro-
gramming section for a detailed description.

I MICROCONTROLLERS ﬂ




CDP6805F2, CDP6805F2C

Crystal Parameters

Oscillator Waveform

OL —f—— 1OH —

(a) Crystal Oscillator Connections and Equivalent Crystal Circuit

1 MHz 4 MHz Units
RSMAX 400 75 Q
Co 5 7 pF
C1 0.008 0.012 uF
Cosci 15-40 15-30 pF
Cosc2 15-30 15-25 pF
Rp 10 10 MQ
Q 30k 40k -
CDP6805F2
osc1 0SsC2
4 Rp 5
0
Cosc1 == == Cosc2

(b) RC Oscillator Connection

0SC1

CDP6805F2

0SC2

|4 |5

R

L Cq Rs
0sC2 r—m_-{ |-—«M,— osc1
4
.Lo [ - S
|L.C0
H

E—.i

(c) External Clock Source Connections

CDP6805F2
0SC1 0SC2
4 ls
Unconnected

——— External Clock

Fig. 7 - Oscillator connections. 92CS-38000
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CDP6805F2, CDP6805F2C

10g

g

» oo

2

OSILLIATOR FREQUENCY (MHz)

1000

10 100
RESISTANCE (KQ) 92Cs-42274

R (kQ)

Fig. 8 - Typical frequency vs. resistance
for RC oscillator option only.

(a)

PBO-PB7

These eight lines comprise Port B. The state of any pin is
software programmable. Refer to the Input/Output Pro-
gramming section for a detailed description.

PCO0-PC3

These four lines comprise Port C, a fixed input port. When
Port C is read, the four most-significant bits on the data bus
are "1s”" . There is no data direction register associated with
Port C.

INPUT/OUTPUT PROGRAMMING

Any Port A or B pin may be software programmed as an
input or output by the state of the corresponding bit in the
port data direction register (DDR). A pin is configured as an
output if its corresponding DDR bit is set to a logic 1. A
pin is configured as an input if its corresponding DDR bit is
cleared to a logic “'0"'. At reset, all DDRs are cleared, which
configures all port pins as inputs. A port pin configured as an
output will output the data in the corresponding bit of its
port data latch. Refer to Figure 9 and Table 2.

Data Direction
/ <—>| Register
Bit
Output
Internal — 3 Data Output
CDP6805F2 Latch
Connections
Input
1/0
Pin
(b)
Typical Port 7 6 5 4 3 2 ! 0
Data Direction | ppr7|ppR6 | DDRS| DDR 4| DDR3|DDR2 | DDR 1| DDR O
A N B
Typical Port
Register
Pin P-7 P-6 P-5 P-4 P-3 P-2 P-1 P-0
Fig. 9 - Typical 1/0 port circuitry. 92038001
TABLE 2 — 1/0 PIN FUNCTIONS
R/W | DDR 1/0 Pin Function
0 0 The I/0 pin is in input rode. Data is written into the output data latch.
0 1 Data is written into the output data latch and output to the 1/0 pin.
1 0 The state of the 1/0 pin is read
1 1 The I/0 pin is in an output mode. The output data latch is read
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CDP6805F2, CDP6805F2C

SELF-CHECK

The CDP6805F2 self-check is performed using the circuit
in Figure 10. Self-check is initiated by tying NUM and TIMER
pins to a logic ““1” then executing a reset. After reset, the
following five tests are executed automatically:

1/0 — Functionally Exercise Ports A, B, C

RAM — Walking Bit Test

ROM — Exclusive OR with ODD “1s’* Parity Result

Timer — Functionally Exercise Timer

Interrupts — Functionally Exercise External and Timer In-
terrupts

Self-check results are shown in Table 3. The following
subroutines are available to user programs and do not re-
quire any external hardware.

TABLE 3 — SELF-CHECK RESULTS

PB3 | PB2 | PB1 | PBO Remarks
1 0 1 1 Bad Timer
1 1 0 0 Bad RAM
1 1 0 1 Bad ROM
1 1 1 0 Bad Interrupt or Request Flag
All Cycling Good Part
All Others Bad Part

RAM SELF-CHECK SUBROUTINE

Returns with the Z b