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Description

The uPD7201 and pPD7201A Multiprotocol Serial Com-
munication Controllers (MPSCC) are microcomputer
peripherals that serve as multi-function peripheral devices
capable of supporting a variety of serial data communica-
tions. The basic function of the MPSCC is to interface a
microcomputer system (CPU) with serial data processing
devices such as modems. The pPD7201A is an improved
version of the uPD7201. Added features are described in
the text, and listed in Appendix A.

The MPSCC controls three protocols:

® Asynchronous (start-stop synchronous)
® Bit-oriented synchronous
® Byte-oriented synchronous

Asynchronous operation provides stop bit lengths of 1, 1'%,
or 2 bits. It also provides transmit and receive clock rates
programmable to 1, 16, 32, and 64 times the input fre-
quency.

Bit-oriented synchronous operations such as HDLC (see
note 1) and SDLC (see note 2) include the following fea-
tures:

® Zero insertion/deletion

® Flag transmission and removal detection
® Fractional character processing

® Secondary address/global address

® End of frame

® Abort transmission detection

Figure 1-1. MPSCC Block Diagram

Bit-oriented synchronous operation also has a 16-bit trans-
mit length counter and register to control the number of
transmit characters (7201A only).

Byte-oriented synchronous operation such as Monosync,
External Sync, and Bisync (see note 3) operation includes
program-selectable SYNC characters and SYNC char-
acter transmission/removal detection.

NOTES: 1. High-level Data Link Control (I1SO)
2. Synchronous Data Link Control (IBM)

3. Binary Synchronous Communication (IBM)
Features

(] uPDB8085/8086 bus compatible
[ High-speed transmit/receive operations of 1. 1Mb/s
at5 MHZ system clock (7201A) or 880 kb/s at 4
MHz (7201)
— Data buffering
— 5- to 8-bit character length
— Add/checking for odd, even, or no parity
— Cyclic Redundancy Check (CRC) generation/
checking (CCITT-0)
— Error checking (parity, framing, Rx overrun, CRC)
[J Modem control (two channels, four signals)
[0 21/29 control, data, and status registers (7201/7201A)
[0 Various interrupt functions
[0 +5 V single power supply
[J N-channel MOS
[J 40-pin plastic DIP (WPD7201AC, nPD7201C)
[0 40-pin ceramic DIP (.PD7201AD, nPD7201D)

Figure 1-1 shows the MPSCC functional block diagram.

DTRB/HAI

WAITA DRORXA
Wmﬁrmhn Control &
/DRORXB 8 o
PRO DRQTXB Logic

ATSA CTSA DCDA SYNCA RxDA TxDA

RXCA TxCA
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Pin Identification

Figure 1-2 shows the pin configuration of the MPSCC.
Table 1-1 gives the pin number, signal name, direction, and
definition for each signal. The signal names and definitions
of pins with two functions are separated by a slash (/).

Figure 1-2. Pin Configuration

Table 1-1. MPSCC Pin Identification

axdr " wpPvee
FEsET 2 3 ) &78k
BEoA [ 3 38 1 ATSA
Axcs 4 37 [0 Tx0A
bcos [ s 36 [1 TxCA
cTse e 35 {1 AxCA
Txce O 7 34 3 RxDA
Tx08 8 337 SYNCA
RxDB (] 9 32 [] WAITA/DRQRXA

RTSB/SYNCB [ 10
WAITB/DRQTxA (] 11

31 [] DTRA/HAD
[1 PRO/DRQTXB

1PD7201/7201A
8

o712 29 [ PRI/DRQRxB
0s 13 28 1 INT
o514 27 |1 INTAK
Da 15 26 [ DTRAB/HAI
03 e 5P BA
02017 24P cd
018 2a[cs
Do 19 2[1RD

GND ] 20 21 [1WR

49-000383A

No. Symbol Direction  Function

1 CLK In System clock

2 RESET In Reset

3 DCDA In Data carrier detect, channel A

4 RXCB In Receive clock, channel B

5 DCDB In Data carrier detect, channel B

6 €TS8 In Clear to send, channel B

7 TxCB In Transmit clock, channel B

8 TxDB Out Transmit data, channel B

9 RxDB In Receive data, channel B

10 ATSB/SYNCB In/Out  Request to send, channel
B/Synchronization, channel B

1" WAITB/DRQTXA Out Wait, channel B/DMA request,
transmit, channel A

12-19 D7-Dg In/Out Data bus

20 GND Ground potential

2 WR In Write

22 RD In Read

23 T5 In Chip select

24 i) In Control/data

25 B/A In Channel B/Channel A

26 DTRB/HAI In/Out Data terminal ready, channel
B/Hold acknowledge input

27 INTAK In Interrupt acknowledge

28 iNT Out Interrupt request

29 PRI/DRORXB In/0ut Priority input/DMA request,
receive, channel B

30 PRO/DRQTXB Out Priority output/DMA request,
transmit, channel B

31 DTRA/HAO Out Data terminal ready, channel
A/Hold acknowledge output

32 WATTA/DRQRXA Out Wait, channel A/DMA request,
receive, channel A

33 SYNCA In/Out  Synchronization, channel A

34 RxDA In Receive data, channel A

35 RxCA In Receive clock, channel A

3% TXCA In Transmit clock, channel A

37 TxDA Out Transmit data, channel A

38 RTSA Out Request to send, channel A

39 TTSA In Clear to send, channel A

40 Voo Power supply
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The pins of the MPSCC function in three interface catego-
ries: CPU, channel, and modem. This section describes
the pin functions of each interface category.

Figure 2-1 shows pinouts of the MPSCC by each inter-
face category.

Figure 2-1. Functional Pinout
[Data Bus L 0,-D, ~— l—— Rx0A
[ yp— |e— RxD8
Osta AD —] —- TxDA
Bus WA ——] — TxDB
¢ cb — [e—— RXCA Channet
oAk —] — Intertace
W ——] l— wxea
[ I-na WTAK —=| _pp7201A [——— TxCB
Intertace™| DMA PRUDRQRXB <—={ MPSCC  |o—o SVNCA
PAC/DRATXE =] fe— RTSE/SVNCB.
WAITA/ORQRXA +— [+—— CT8A
cpy | WAB/DROTIA +— [-— TTSB
and OTRB/FAI ~——] |-—— ocoa Modew
DMA BTRA/HAD = jo— DCDB
RESET —{ — RTSA
otk —f
49-000385A

CPU INTERFACE SIGNALS
The following signals function as the CPU interface:

RESET (Reset)

A low-level input to this pin for at least one clock cycle
causes the MPSCC to perform a system reset. Since a
system reset may cause data loss to control registers, write
or rewrite data to the control registers before data transmis-
sion or reception.

The state of the MPSCC when the system is reset is:

Transmitter/receiver Disabled
Interrupt/ DMA Disabled
TxDA/TxDB output Marking 1s

Modem control output 1

See Section 4, Ds-D3 (Command Bits) for a comparison of
the states of each register and pin when the system is reset
and when the channel reset command is issued.

CLK (System Clock)

Inputs a single-phase, system clock that is TTL-compati-
ble. The system clock rate must be 4.5 times faster than the
data rate.

D7 - Dg (Data Bus)

D7Dy is an 8-bit bidirectional data bus. These tri-state pins
connect the MPSCC to a standard CPU such as the
wPD8080AF, 1PD8085A, or n.PD8086. The data bus
transmits data, commands, or status signals between the
MPSCC and CPU.

CS (Chip Select)

Provides access to the Tx or Rx buffer or the status or
control register specified by the register pointer, B/A, or
C/D pins.

WR (Write)

Host sends a low-level signal when data or commands are
transmitted from the CPU or memory to the MPSCC.

RD (Read)

Host sends a low-level signal when data or commands are
transmitted from the CPU or memory to the MPSCC.

C/D (Control/Data)

Indicates the type of data on the data bus when a write or
read operation is performed. A high level indicates that
commands or status data is on the data bus. A low level
indicates that transmit or receive data is on the data bus.

B/A (Channel B/Channel A)

Indicates the channel to or from which data on the data bus
is written or read, when a write or read operation is per-
formed. A high level specifies channel B. A low level spec-
ifies channel A.

Table 2-1 shows the differgnt states and functions of the

C/D, WR, RD, CS, and B/A signals.

Table 2-1. Signal Functions

ch W [} BR Channel  Function
0 A i i
0 0 1 0 Writes transmit data
1 B to the Tx buffer
0 A Reads receive data
0 1 0 0 from the Rx buffer
1 B
0 A Writes data to the
1 0 1 0 parameter
1 B (CR7»CRO) registers.
0 A Reads data fromfhe
1 1 0 0 p B status vector (SR4-

SRO) registers
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INT (Interrupt Request)

Outputs an interrupt request signal. A low-level signal indi-
cates an interrupt within the MPSCC. INT is an open-drain
output.

INTAK (Interrupt Acknowledge)

Inputs an interrupt acknowledge signal in response to an
interrupt request signal. When several MPSCCs simul-
taneously request an interrupt, the one with the top priority
accepts this signal. The MPSCC may also output an inter-
rupt vector to the data bus, depending on the specified
mode. If this pin is not used, it must be held high with a puli-
up resistor.

PRI/DRQRxB (Priority Input/DMA Request RxB)

Transmits or receives the PRI and DRQRXxB signals. The
state of the INT/DMA mode bits (D and Do) of the CR2A
register specify the function of this pin.

PRI is used when two or more interrupt devices are used to
fom a daisy chain. A low level indicates that an interrupt
device assigned a higher priority is not receiving service by
the CPU’s interrupt routine. When only one MPSCC is
used, this pin must be held low (except when using a
wPD7201A in 85-3 Vectored Mode).

DRQRXxB is used as a DMA request signal to the DMA
controller. The signal is active when data is input to the
receive buffer of channel B (Rx Character Available).

PRO/DRQTxB (Priority OutputDMA Request TxB)

The state of the INT/DMA mode bits (D and Dg) of the
CR2A register specify the function of this pin.

PRO is paired with the PRI signal to control interrupt pri-
ority by using a daisy chain. When P PRI is high, PRO
outputs a high-level signal. When PRI is low, the PRO
signal goes high when the MPSCC requests an interrupt
from the CPU. If the interrupt s_ggal is not ouput to the
CPU, PRO remains low even if PRI is high.

DRQTxB outputs a DMA request signal to the DMA con-
troller and becomes active when the Tx buffer of channel B
becomes empty.

WAITA/DRQRxA (Wait A/DMA Request RxA)

The state of the INT/DMA bits (D and Do) of the CR2A
register specify the function of this pin.

WAITA requests the CPU to enter the WAIT state via the
CPU's READY pin. Used as an open-drain output.

DRQRXA outputs a DMA request signal to the DMA con-
troller. This signal becomes active when a character is
input to the Rx buffer of channel A.

WAITB/DRQTxA (Wait B/DMA Request TxA)

The state of the INT/DMA mode bits (D and Do) of the
CR2A register specify the function of this pin.

WAITB requests the CPU to enter the WAIT state via the
CPU's READY pin. Used as an open-drain output when the
WAIT function is used.

DRQTxA outputs a DMA request signal to the DMA con-
troller and becomes active when the Tx buffer of channel A
becomes empty.

DTRB/HAI (Data Terminal Ready B/Hold
Acknowledge Input)

The state of INT/DMA mode bits (D and Dg) of the CR2A
register specify the function of this pin.

The level of DTRB changes according to the state of the
DTR bit (D7 of the CR5 register) of channel B. When the
DTR bitis 1, DTRB becomes 0. When the DTR bit is 0, the
DTRB signal becomes 1.

HAl is used to control the DMA priority with a daisy chain.
Normally, HLDA is input to the HAI pin of the MPSCC with
the highest DMA priority. A low-level input to this pin indi-
cates that this particular MPSCC is selected for the DMA
operation.

DTRA/HAO (Data Terminal Ready A/Hold
Acknowledge Output)

The state of the INT/DMA mode bits (Dy and Dg) of the
CR2A register specify the function of this pin.

The level of DTRA changes according to the state of the
DTR bit of channel A (D7 of the CR5 register). When the
DTR bitis 1, DTRA is 0. When the DTR bitis 0, DTRA is 1.

HAO is s paired with HAI to control the DMA daisy chain.
When HAT is at a high level, HAO outputs a high. When HAI
is at a low level, HAO outputs a high when the MPSCC
requests a DMA operation. This inhibits another MPSCC
daisy chained in the lower order from performing the DMA
operation. If the DMA request signal is not output from the
MPSCC, a low-level signal is output and DMA operations
by the lower-order MPSCCs in the daisy chain are enabled.

CHANNEL INTERFACE SIGNALS
The following signals function as the channel interface.

RxDA, RxDB (Receive Data A/B)

Inputs receive data.

TxDA, TxDB (Transmit Data A/B)

Outputs transmit data.
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RxCA, RxCB (Receive Clock A/B)

Inputs clocks for sampling receive data. Sampling is per-
formed on the leading edge of the RxC signal.

When the asynchronous mode is specified, the clock rate
of the TxC signal must be a 1, 16, 32, or 64 multiple of the
data rate.

TxCA, TxCB (Transmit Clock A/B)

Inputs clocks for transmit data. Data is output at the leading
edge of the TxC signal. When the asynchronous mode is
specified, the clock rate of the TxC signal must be a 1, 16,
32, or 64 multiple of the data rate.

SYNCA (Synchronization A)

The function of this pin depends on the operating protocol
of the MPSCC.

Asynchronous Mode (Input). If external/synchronous (E/
S) interrupts are enabled, an interrupt occurs at the leading
or trailing edge of the SYNC signal (or according to the
state of the E/S bit). Inverted data from the SYNCA pin is
latched at the SYNC/Hunt bit (D4 of the SRO register).

External Asynchronous Mode (External/Sync) (Input).
The E/S interrupt operation and function of the E/S bit in
this mode is similar to the asynchronous mode.

If the MPSCC is in the hunt phase (Section 4, D4 (Enter
Hunt Phase)) when the program specifies the external/
sync mode, the MPSCC goes out of the hunt phase at the
leading edge of an input SYNC signal. The MPSCC then
starts assembling characters, beginning from the char-
acter sampled at the leading edge of the RxC signal input
before the SYNC signal.

When the SYNC character has been detected, the external
synchronization circuit resets the SYNC signal to a low
level after two cycles of the RxC signal. The SYNC signal
must be held low until the character synchronization is lost
or a new message starts.

Internal Synchronous Mode (Monosync) (Output). Out-

puts a low-level signal each time the SYNC character is
detected in received data.

Internal Synchronous Mode (Bisync) (Output). Outputs
a low-level signal only when the first SYNC character is
received after the MPSCC has entered the hunt phase.

RTSB/SYNCB (Request to Send B/
Synchronization B)

Transmits or receives the RTSB and SYNCB signals,
respectively. The state of the RTSB/SYNCB select bit (D7
of the CR2A register) specifies which function the pin
performs.

When the RTSB/SYNCB select bit is 0, the RTSB signal is
selected. When the RTSB/SYNCB select bit is 1, the
SYNCEB signal is selected.

The functions of the RTSB and SYNCB signals are the
same as those of the RTSA and SYNCA signals, except
that the RTSB and SYNCB signals are applied to channel
B.

MODEM INTERFACE SIGNALS
The following signals function as the modem interface.

CTSA, CTSB (Clear to Send A/B)
DCDA, DCDB (Data Carrier Detect A/B)

The CTS and DCD pins have similar functions. The E/S
interrupt is generated (when interrupts are enabled) at the
leading or trailing edge of these signals and latched at the
E/S bits (D5 and D3) of the SRO register. The CTS and DCD
pins can also be used as a trigger input in the auto enable
mode. In this case, when bit D3 of the CR3 is 1, either the
transmitter (CTS) or receiver (DCD) is enabled by the
presence of a low-level signal. When the MPSCC is not in
auto enable mode, these two pins are used as general
purpose input pins.

RTSA (Request to Send A)

The state of the RTS bit (D4 of the CRS5 register) controls
this pin. If the RTS bit is reset in the asynchronous mode, a
high level will not be output on the RTS pin until all transmit
characters are written and the all sent bit (Dg of the SR1
register) is set.

In the synchronous mode, the state of the RTS bit is used

asis. Thatis, when the RTS bit is 0, the RTS pin is 1. When
the RTS bit is 1, the RTS pin is 0.
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The MPSCC consists of a transmitter/receiver and CPU
interface section. The transmitter/receiver section has two
full-duplex channels {A and B) and control circuits for com-
munication with other serial data processing devices via a
modem. Both channels A and B have a receiver and trans-
mitter and identical structure. Figure 3-1 shows the flow of
transmit/receive data in each channel.

The CPU interface section has status and control registers,
interrupt and DMA control circuitry, and a data bus buffer.

RECEIVER SECTION

Receive (Rx) data input from the RxD terminal is converted
into 8-bit data by the Rx shift register and transferred to the
Rx data buffer. The operation mode and character length of
the data determines the path along which data flows.

Serial Data Path

In the asynchronous mode, serial data received by the
MPSCC is transmitted to the Rx shift register by two meth-
ods. If the character of the received data consists of 7 or 8

bits, it is transferred via a 3-bit buffer. If it consists of 5or 6
bits, the data is directly input to the Rx shift register.

In the synchronous mode, the serial data is compared with
the SYNC character which was ‘input in the 8-bit shift
register while the MPSCC is in the hunt phase. If the
MPSCC goes out of the hunt phase, or if it is set in the
external synchronous mode, serial data is transferred to
the 3-bit buffer, bypassing the 8-bit shift register. When the
MPSCC is in the hunt phase, input data is compared at the
8-bit shift register with the contents of the CR6 or CR7
register by the Rx SYNC register.

In the monosync mode (8-bit SYNC character), data is
compared with the contents of the CR7 register.

In the bisync mode (16-bit SYNC character), the first 8 bits
of the input data are compared with the contents of the CR6
register and the last 8 bits with the contents of the CR7
register. If the input data is matched with the contents of the
above registers, the MPSCC goes out of the hunt phase.
Input data then bypasses the 8-bit shift register as long as
this synchronization is maintained. Note that the syn-

Figure 3-1. Flow of Transmit/Receive Data
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chronization may not be properly established when xxH
SYNC characters (for example 55H or 33H) are used in the
monosync or bisync mode.

In the HDLC mode, input data follows the same data path
regardless of whether the MPSCC is in the hunt phase or
synchronization is established. Input data is first trans-
ferred to the 8-bit shift register and the zeros of the input
data are deleted if necessary. The MPSCC then also deter-
mines whether the input data contains .a flag or abort
sequence. The input data is subsequently transferred to
the 3-bit buffer, then to the Rx shift register. If the register
finds that the first five consecutive bits of the input data are
1s, the MPSCC then performs a function according to the
state of the next (6th or 7th) bit(s) as follows:

Rx Shift Register Data Bits Function

1234567

111110 Deletes 0

1111110 Receives flag sequence
1111111 Receives abort sequence

In the 7201A, an abort sequence is only reported after a
flag sequence has been detected.

Cyclic Redundancy Check (CRC)

The CRC calculation operation is performed by the Rx
CRC calculator and the CRC comparator. Receive data is
transferred to the Rx CRC calculator from the Rx shift
register via the CRC delay register in the synchronous
mode. In the HDLC mode, the receive data is directly
transferred to the Rx CRC calculator from the 8-bit shift
register.

In the bisync mode, the program must make a decision
whether to include each receive character in the CRC
calculation. The CRC delay register holds the receive data
for 8 bits to compensate for the process. It then transfers
the data to the Rx CRC calculator.

In the HDLC mode, flag patterns are not included in the
CRC calculation and the calculation is performed on data
other than flag patterns. The MPSCC determines whether
the CRC calculation is performed on a given character.

Parallel Data Path and Error Display

Serial data is transferred to the Rx buffer (three 8-bit buff-
ers) after it is converted into 8-bit parallel data by the Rx
shift register. The Rx buffer has a capacity of three bytes,
sufficient capacity for data processing to transfer paraliel-
converted Rx data into the CPU.

Error data concerning receive data is stored in three 4-bit
error registers. Each register indicates parity, overrun,
CRC/framing, and end of frame errors. Each 4-bit error
register has error data that corresponds to each byte of the
3-byte Rx buffer. The contents of the error registers can be
read from bits Dy to D4 of the SR1 register.

NEC

The 8-bit transmit data sent to the MPSCC is transferred to
the Tx buffer via the internal data bus. At the same time, the
SYNC character in the synchronous mode or a secondary
address and a flag in the HDLC mode are loaded into
control register 6 (CR6) and control register 7 (CR7). The
contents of the Tx buffer and the CR6 and CR7 registers
are then sent to the Tx shift register (3-bit shift control, two
8-bit shift registers and 1-bit delay) and converted to serial
data.

Asynchronous Mode

In this mode, asynchronous data in the Tx buffer is trans-
ferred to the Tx shift register and converted to serial data.
Then parity, start, and stop bits are appended to the serial-
converted data. The data is then subsequently transferred
to the Tx multiplexer at a specified clock rate for transmittal
from the TxD pin.

Synchronous Mode

As in the asynchronous mode, transmit data is sent to the
Tx shift register from the Tx buffer. The contents of the CR6
or CR7 registers are sent to the Tx shift register as the
SYNC characters, or as a time-fill character for a starting
message or when a Tx underrun error occurs. Data output
from the Tx shift register is also sent to the Tx multiplexer
and to the Tx CRC calculator.

HDLC Mode

The Tx data is sent to the Tx shift register from the Tx
buffer, and a flag pattern is sent to the Tx shift register from
the Tx buffer when a message starts and ends. The output
data from the Tx shift register is sent to the zero insert logic
circuit and to the Tx CRC calculator. In the zero insert logic
circuit, a zero is inserted after any five consecutive 1s in all
fields other than the flags (address, control, frame check).

CPU INTERFACE SECTION

The CPU interface consists of a register section and a
control section.

Register Section

The register section consists of eight control registers
(CR7-CR0) and five status registers (SR4-SRO0) for the
7201A, or three status registers (SR0-SR2) for the 7201.
The control registers control the operation mode of the
MPSCC, the internal data flow, and retain SYNC charac-
ters or flag patterns. The status registers hold status infor-
mation.

Note that the CR2 register performs different functions
depending on the channel to which the register belongs.
The CR2 register of channel A (CR2A) is used to determine
the system configuration. The CR2 register of channel B
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(CR2B) receives an interrupt vector. The interrupt vector
written to the CR2B register can be read from the SR2B
register. In addition to the CRO-CR7 registers, each chan-
nel of the 7201A has a 2-byte transmit length register.
Section 4 gives detailed descriptions of the functions of
each register.

Control Section

The control section provides an interface between the
MPSCC and the main system, and controls data transmis-
sion/reception. Data communication between the MPSCC
and CPU is performed via an 8-bit data bus consisting of
the D7-Dg pins. The type of data transmitted and data
transmission directions are controlled by input control sig-
nals. Table 3-1 shows how to:

® Select channels using control signals
@ Specify a read or write operation
® Select control or status registers

Three data transmission methods exist for communication
between the MPSCC and CPU: polling, interrupt, and DMA
modes. Each channel (A or B) is set in one of these modes
by the contents of the CR2A register. However, each chan-
nel’s CR1 register determines whether to enable or disable
either the interrupt or DMA mode.

The CR2A register also determines the priority of an
MPSCC interrupt or DMA request. Table 3-2 shows how
the CR2A register specifies the mode (interrupt or DMA),
pin function, or priority. Table 3-3 shows the interrupt
mode’s selection by the CR2A register and the contents of
the data bus (interrupt vector) in the interrupt acknowledge
cycle.

Table 3-1. MPSCC Control Signals
cd [ AD wh INTAK PRI HAT BA Channel Function
0 0 0 1 X 1 0 A Reads receive data from Rx
buffer and reads data
1 B received by DMA operation in
DMA-2 mode (7201A only)
0 0 1 0 1 X 1 I} A Writes transmit data to Tx
buffer and writes data
1 B transmitted by DMA operation
in DMA-2 mode (7201A oz}
1 0 0 1 1 X 1 0 A Reads data from
status.vector registers
i 8 (SR0-SR4)
1 0 1 0 1 X 1 0 A Writes data to
command parameter reqisters
1 8 (CRO-CRY).
X 0 Combination other than Prohibited
the above when CS = 0.
X 1 X X 0 1 X X Reads CALL command and
interrupt vector in
interrupt acknowledge cycle
X 1 0 1 1 X 0 X Reads receive data by DMA
operation in DMA-1 mode
X 1 1 0 1 X 0 X Writes transmit data by DMA
operation in DMA-1 mode
X 1 Combination other than No read or write operation

the above when CS = 1.

is performed.

Notes: 1. x = Don't care

2. If the FAI pin is not used for a hold acknowledge input, it will be treated as a don't care pin.
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Table 3-2. CR2A Register Control

CR2A INT/DMA Pin Function Priority
D, By Do '”":"" “’;‘" 2 n 2 3 % 31 High Low
000 INT INT WAITA WAITB PRT PRO DTRE  DTRA RxA TxA RxB TxB.E/SA E/SB
100 INT INT RXA RxB TxA TxB E/SA E/SB
DMA DRQRXA DRQTXA PRT PRO iy FAO RxA TxA
0 1
X INT RxA RXB TxB ESA E/SB
0 DMA DMA DRQRXA DRQTXA DRQRxB DRQTXB FAI HAD RxA TxA RxB TxB
0 1
RXA RxB E/SA E/SB*
o DMA DMA RXA RxB TxA TxB
11
RXA  RxB E/SA E/SB*
x 11 DMA DTRB DTRA  No priority
(7201A —
only) RxA RxB E/SA E/SB

Notes: x = Don't care

* These priorities are for the special receive and external status interrupts which can occur when using dual channel DMA operation.

Table 3-3. Vectored Interrupt Control
CR2A INTA CYCLE
Interrupt Mode
D5 Dy D3 Select PRI 1 2 3
0 CDHEX(CALLOP)  VECTOR 0
10 0 81
1 CDHEX (CALLOP)  HI-Z HI-Z
0 HI-Z VECTOR 0
10 1 852
1 HIZ HI-Z HI-Z
0 HI-Z VECTOR 0
11 85-3 Note 1
1 HIZ Hi-Z HI-Z
0 HI-Z VECTOR
11 0 8 Note2
1 HIZ HI-Z

Notes: 1. 85-3 mode activates the iNT line if an internal interrupt exists
whether or not the PRI line is high. Therefore, a daisy chain
using the PRI and PRO pins cannot be performed. (This mode
is available on the uPD7201A only.)

2. 8086 mode issues two INTAK pulses instead of three

When operating in the 8080/5 modes, the MPSCC issues
an 8080-type CALL CD vv (hex) instruction where vv is the
contents of control register 2B. Register 2B is modified by
the cause of the interrupt if the status affects vector feature
is enabled. An MPSCC programmed for 8085 master
mode always places the CALL opcode on the data bus
whether or not that MPSCC has a pending interrupt
request. To avoid problems caused by momentary bus
contention, never program more than one device to oper-
ate in this mode.

Data Transmission Between MPSCC and CPU

Data transmission between the CPU and MPSCC (or
memory and the MPSCC) is performed in either polling,
interrupt, or DMA mode.

Polling Mode. When data transmission is performed in the
polling mode, the CPU must monitor the status of the
MPSCC to learn the timing of the data transmission. The
CPU reads status information from the MPSCC'’s SR0O and
SRi1 registers and determines whether:

® a Tx data transmit (MPSCC to CPU) request exists,
® an Rx data receive (CPU to MPSCC) request exists, or
® an error occured in the MPSCC.

If an Rx character available bit (Dq of the SRO register) is
set, for example, valid Rx data exists in the Rx buffer of the
MPSCC, then the CPU must immediately read the data.

Also, the interrupt vector may be used in the SR2B register
(vector bits V4-V, or Vo-Vg) for checking the status of the
MPSCC. In this case, channels A and B must be set in the
interrupt mode by bits Dy and Dy of the CR2A register, or in
a nonvectored mode. The 85 mode is set when bits Ds-D3
of the CR2A register are 000, 001, or 011. The 86 mode is
set when bits Ds-D3 of the CR2A register are 010. The
status affects vector bit (D, of the CR1B register) must also
be set. vector bits V4-V; of the interrupt vector are modified
in the nonvectored 85 mode and V,-Vj in the nonvectored
86 mode.
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Interrupt Mode. The MPSCC has one interrupt request
terminal (INT). When an interrupt source occurs inside the
MPSCC, the INT signal becomes active and informs the
CPU or interrupt controller of an interrupt request.

In a system using more than one MPSCC, the interrupt
process can be performed through a daisy chain using the
PRI and PRO pins. If an interrupt source occurs inside the
MPSCC, the interrupt vector corresponding to the interrupt
source can be generated when the vector mode is spec-
ified and the status affects vector bit is set.

Eight types of interrupt vectors, each corresponding to a
given interrupt source inside the MPSCC, can be gener-
ated by setting the status affects vector bit (D of the CR1B
register). These interrupt vectors allow direct branching to
the process routine for each interrupt source. The MPSCC
also has nonvectored modes for CPU’s that cannot read
vectors in an interrupt cycle. In this case, the CPU deter-
mines what interrupt source is issuing the request by read-
ing the contents of the status or vector registers of the
MPSCC. The CPU will then execute the appropriate proc-
ess routine.

Three interrupt sources can occur in the MPSCC.

® Receive (Rx)
® Transmit (Tx)
® External/Status (E/S)

The Rx interrupt occurs when the following conditions
exist: the MPSCC receives data; the valid (character) data
for the read operation to be performed by the CPU is
loaded to the Rx buffer; and Rx interrupts are enabled.
There are three modes of Rx interrupts.

First Rx Character. in this mode an interrupt occurs only
when the first character is received by the MPSCC. in other
words, an interrupt is caused by the first character loaded
to the Rx buffer after this mode is set. Once an interrupt
occurs, subsequent interrupts in this mode can be enabled
by issuing the enable interrupt on next Rx character com-
mand.

This mode is generally used for data transmission con-
trolled by the software. It is also used for DMA data trans-
mission. This interrupt can be masked by setting bit Dg or
the CR2A register to 1 (7201A only).

All Rx Characters. This mode is used for data transmis-
sion by using an interrupt each time a character is loaded
to the Rx buffer.

Special Rx Conditions. This interrupt is a special case of
Rx interrupt and occurs when either the first Rx character
interrupt or all Rx character interrupt is specified. Special

Rx conditions refer to parity, overrun, framing, or end of
frame errors. When the first Rx character interrupt mode is
specified, parity errors are not treated as a special Rx
condition. When all Rx character interrupt mode is spec-
ified, specify whether or not parity errors are included in the
special Rx conditions.

The Tx interrupt occurs when the Tx buffer is empty and Tx
interrupts are enabled. This interrupt indicates that the
MPSCC is requesting transmit data. The interrupt is satis-
fied when data is written to the Tx buffer or when the reset
Tx INT/DMA pending command is issued. The Tx interrupt
also occurs when transmission of CRC characters has
been completed in the synchronous or HDLC mode. How-
ever, immediately after the MPSCC has been reset
(RESET signal or channel reset command), the Tx buffer is
empty and the Tx interrupt does not occur even if enabled.
Note: If bit Dg of the CR1 register is set to 1 (7201A only) in
the HLDC mode, the Tx interrupt will occur if the first data is
written to the Tx buffer.

The E/S interrupt checks whether the state of the CTS,
DCD, or SYNC pin has changed. This interrupt is also used
to detect the Tx underrun error, break state (asynchronous
mode), abort sequence, or completion of data transmis-
sion (HDLC mode).

DMA. The MPSCC has four DMA request pins. When DMA
is enabled by Dy, D3, and D4 of the CR1 register, a DMA
request occurs as follows:

DRQTxA, DRQTxB: When the Tx buffer becomes empty.
However, the DMA request does not occur if the Tx buffer is
empty immediately after it has been reset. This does not
apply when bit Dg of the CR1 register is 1 (HDLC mode,
7201A only).

DRQRxA, DRQRxB: When a character exists in the Rx
buffer.

Interrupt and DMA. Bits Dy and Dy of the CR2A register
specify whether data transmission is performed by means
of an interrupt or DMA. An interrupt or DMA is enabled or
disabled by bit Dy (Tx interrupt/DMA) and D4, D3 (Rx
interrupt/DMA) of the CR1 register. When DMA is specified
to a channel, the Tx interrupt of that channel is inhibited.
However, the Rx, special Rx condition, and E/S interrupts
can still occur when interrupts are enabled. Normally, the
first Rx character interrupt is specified as the Rx interrupt
mode of the channel that has been specified for DMA
operation. This first Rx character interrupt can be masked
by setting bit Dg of the CR2A register to 1 (7201A only). See
table 3-2 for details on specifying interrupts or DMA. Figure
3-2 shows interrupt/DMA request generation logic.
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Figure 3-2. Interrupt/DMA Request Generation Logic
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Notes: 1. in All Rx Character mode: Normally active
In First Rx Character Interrupt Mode: Active until first Rx
Character i upt is g d. H this is
when Dg of the CR2A register = 1 (7201A only).

2. Rx Disable (CR1: Dy)
3. Tx INT/DMA Enable (CR1: D)
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Both channels A and B of the MPSCC have eight control
registers (CR0-CR7), two transmit length registers (TxLR:
7201A only), and two or four status registers (SR0 and SR1:
7201; and SRO, SR1, SR3, and SR4: 7201A). Channel B
also has an additional status register (SR2B).

The control registers select the required functions for the
MPSCC's particular application system. These functions
include selecting the following:

® CPU Interface mode

® Serial transmit/receive protocol (asynchronous, bisync,
or HDLC)

® MPSCC operation mode used with the selected protocol

® Various parameters

® SYNC character codes

The status registers indicate the internal state of the
MPSCC, interrupt status or vectors, and the contents of the
transmit length counter (7201A only).

This section describes the function of each register;
table 4-1 summarizes the function of each register for
both channels.

Table 4-1. Register Functions

Register Channel Function

CRO A. B, Selects a status or control register and resets CRC logic
and sets commands (reset of the MPSCC interrupt)

CR1 A. B Selects the bus interface mode (data transfer mode
between CPU and MPSCC)

CR2A A Specifies system configuration

CR2B B Sets the interrupt vectors

CR3 A. B Controls data reception operation

CR4 A. B Controls of data
and reception

CR5 A B Controls data transmission operation

CR6 A.B pecifies SYNC flags, and y address

CR7 A. B (HDLC mode)

TARL A B gpecifies the length of transmit data

TxtR-H A, B upto 16 bits (7201A only)

SRO A. B Specifies the states of E/S bits, interrupts, or
buffers

SR1 A. B Sets the special Rx condition or residue codes

SR2 B Indicates interrupt vectors

SR3 A of a 16-bit Tx

SR4 A. B length counter (7201A only)

Note: The function CR2 performs is determined by its channel. The
CR2 register of channel A (CR2A) defines the system
configuration, and the CR2 register of channel B (CR2B)
specifies the interrupt vector to be transmitted in the interrupt
acknowledge cycle. The contents of the CR2B register can also
be read from the SR2B register. Channel A does not have the
SR2 register.

CONTROL REGISTER 0 (CRO)

The functions of the CRO register bits are summarized
in table 4-2.

Table 4-2. CRO Bit Functions

Bit  Name Definition Function

D7 CRC1  CRC initialization Initializes CRC logic

0 cRco °°%

D5 CMD2 Command bits Sets commands used to reset the MPSCC,
“—‘04 CMD1_ enables, interrupts, etc.

b3 cMDO

D2 PTR2 Pointer bits Selects a status or control register

by PRI

Dp PTRO

D7 and Dg (CRC Initialization Code)

Table 4-3 shows the bit pattern and related function for the
CRC bits.

Table 4-3. CRC Bit Functions

CRC1 CRCO Function
0 0  No operation
0 1 Initializes Rx

in Synchronous mode: all Os
(CCITT-0 CRC-16)

Initializes Tx in HDLC mode: all 1s

CRC calculator (CCITF-1)

Resets Tx underrun/EOM bit (Dg of the SRO register) (See Note)

CRC calculator

1 1

Note: Effective when one character is written and Tx is enabled.

D5-D3 (Command Bits)

Ds Dy D3
0o 0 o

No operation is performed. Specified when the CRO regis-
ter is used for purposes other than issuing commands.

Ds Dy D3
0 0 1 (SendAbort)

HDLC abort bits (8 bits, all 1s) are transmitted followed by a
flag that causes the CRC circuit of the receiver to reset. 8 to
13 bits are transmitted depending on the number of bits (1s)
preceding the abort bits. The contents of the Tx (transmit)
buffer are lost when this command is issued.

Ds Ds Dj3
0 1 0

External/status (E/S) interrupt is re-enabled, and status
latch operations to E/S bits (D7-Dg3 of the SRO register and
Dy of SR1 register) can be performed. Once an E/S inter-
rupt occurs, issue this command to allow other E/S inter-

(No operation)

(Reset External/Status Interrupt)

1-13
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rupts. Also, issue this command to allow status latch:

operations to the E/S bits.

Ds Dy D3
0 1 1 (Channel Reset)

Performs almost the same operation on channel A or B as
the external reset. When executed to reset a channel, part
of the register contents of the channel is lost. Therefore, itis
necessary to rewrite data to the register whose contents
have been lost. Issue a new command after the lapse of
four system clock cycles when this command has been
executed. '

Tables 4-4 and 4-5 show the states of the registers and pins
after a system reset and after execution of the channel
reset command.

Table 4-4. Register State at Reset

Register Bits At System Reset At Channel Reset
CR2A 0-5, 7 ) " See table 4-5
CRO 0-2 0 0
CR1 01,347 i 0
CR3 0-7 0 0
CR5 14,7 0 0

0-1 0 0
SRO 2,6 1 1

35,7 Undefined
SR1 47 0 0

0-3 Undefined
SR3. SR4 0-7 0 0
(7201A only)
Table 4-5. Pin State at Reset

CR2A, D,-Dy
000 oo1 010 011
or or or or
100 101 110 111

Pin At System Reset At Channe! Reset
WATTA/ o
DRQRXA WATTA = Hi-Z DRORXA=0
WAITB/
DRQRxA WAITB =Hi-Z DRQTXA=0
PRI/DRQRxB PRI = input DRQRXB =0
PRO/DRQTxB PRO=by PRI DRQTXB=0
DTRB/HAI  DTRB=1 HAI =input DTRB=1
DTRAVHAD DTRA=1 HAO = HAI DTRA=1
INT Hi-Z
RTSA, RTSB 1
SYNCA,
SYNCB Input state

Ds D4 Ds
1 0o o (Enable Interrupt on Next

Receive Character)

If an interrupt occurs in the first Rx character mode (first
character has been received), this command causes
another interrupt with the first character after the command
is issued. Prepares for new messages after receiving a
series of messages.

Ds Dy D3
1 0 1 (Reset Transmitter

Interrupt/DMA Pending)

When the Tx buffer becomes empty, a Tx interrupt/DMA
request is generated to request that new data be written to
the Tx buffer. In some instances (when a message ends)
this request may not be acknowledged. Issue this com-
mand to clear the interrupt/DMA request inside the
MPSCC.

Ds D4 D3
1 1 0 (Error Reset)

Resets an error bit and the EOF bits (D4-D7 of the SR1
register). If the special Rx condition interrupt occurs in the
first Rx character interrupt mode, the characters loaded to
the Rx buffer following the character that caused the inter-
rupt will not be assembled until this command is issued.

Ds Dy D3
1 1 1

Resets the in service latch that has the higher priority
among the in service latches which are set. Set on channel
A only. If there is an interrupt request in service whose
process currently is terminated, interrupt request process-
ing will be resumed unless INTAK is generated to request
an interrupt assigned a higher priority than the interrupt in
service. In this manner, the end of interrupt command
enables an interrupt with lower priority in the daisy chain.
Priority status will be reanalyzed to determine which inter-
rupt takes precedence, if an INTAK sequence occurs from
the interrupt with a priority higher than the one in service.

(End of Interrupt)

D2 - Dg (Pointer Bits)

These bits specify the register to be used for the next read
or write operation. Generally, each register is accessed by
the MPSCC according to this procedure. The pointer indi-
cates 000 after an external reset or a channel reset com-
mand.

Pointer Specification. The pointer bits specify a binary
register number used to perform a read or write operation.

Read/Write Operation. The register specified as a pointer
will be accessed if the read or write operation is performed
when C/D is 1.



NEC

uPD7201/7201A

Pointer Restoration. The pointer bits return to 000 after
the read or write operation has been performed. Therefore,
do not respecify the pointer bits when the CRO or SRO
register is accessed.

Example 1 (Setting CR2A). The pointer bits of the CROA
register specify 2 (D, - Dy = 010). The CR2A register
inputs data written during the next write to the MPSCC, for
instance, CS = 0, C/D = 1.

Example 2 (Reading SR3B). The pointer bits of the CROB
register specify 3 (D, - Dp = 011). The SR3B register
outputs the contents of the Tx length register.

The Tx length registers (TxLR-L, TxLR-H; 7501A only) use
a special data setting method. The values of these regis-
ters are set (without specifying the pointer) by a series of
two write cycles that follow writing a 1 to bit Dg of the CR1
register.

Example 3 (Setting TxLR of Channel A). The pointer bits
of the CROA register specify 1 (D2 - Dg = 001). Bit Dg of the
CR1A register is set to 1 and other necessary specifications
in this register are then performed. The number of transmit
data characters is set in TxLR-L and TxLR-H by the suc-
cessive write cycles of CRxA.

CONTROL REGISTER 1 (CR1)
The functions of the CR1 register bits are summarized
in table 4-6.
Table 4-6. CR1 Bit Functions
Bit Name
D7 Wait Enable

Function

Controls operation of WAIT pin

Instructs data setting of Tx length

Dg Tx Length Register Set registers (7201A only)

D5 Wait on Rx/Tx
D4 Rx INT Mode 1
D3 Rx INT Mode 0

Controls operation of WAIT pin

Selects the mode for Rx interrupts

Dy Status Affects Vector Modifies the interrupt vector caused

by an interrupt
Enables the Tx interrupt/DMA

D1 Tx INT/DMA Enable
Do E/S Interrupt Enable

Enables the E/S interrupt

D7 (Wait Enable) and D5 (Wait on Rx/Tx)

These bits are meaningful only when both channels A and
B are set in the interrupt mode (Dg and D, of the CR2A
register = 0). When Ds is 1, WAIT becomes active (goes
low) when an attempt is made to read receive (Rx) data
when the MPSCC is not in the Rx character available state;
that is, when the MPSCC has not received data. WAIT
becomes inactive (high impedance) when the MPSCC
enters the Rx character available state. When Ds is 0,
WAIT becomes active when data is written to the MPSCC
when the Tx buffer is full. When the Tx buffer becomes

empty, WAIT becomes inactive. Table 4-7 shows the state
of bits D7 and Ds during receive and transmit operations.

Table 4-7. Bits D7 and Ds of CR1

Function
7] [ 1 Rx/Tx Operation Condition WAIT Output
0 X - — Hi-Z
1 0 Tx buffer When data is written Low
to the Tx buffer while
itis full
When the Tx buffer is Hi-Z
or becomes empty
1 1 Rx buffer When data is read from Low
the Rx buffer when it
is empty
When the Rx buffer is Hi-Z

or becomes full

Note: x = Don't care

Dg (Tx Length Register Set)

This bitis used in the .PD7201A only. It is used to program
the number of transmit data characters in the Tx length
registers (TxLR-L and TXLR-H). The 16-bit value sent to
the wPD7201A after this bit is set to 1 will be loaded to the
Tx length registers. The first write to the chip (WR = 0) with
the C/D line equal to 1 will load the lower eight bits of the Tx
length from the data bus into the TxLR-L register. The next
command write will load the high-order byte into TxLR-H.
When transmission is begun after this mode has been set,
the transmission length counter will be incremented each
time the INT or DRQTXx lines become active. When this
counter value equals the value loaded into the TxLR, the Tx
interrupt or DRQ request will be masked. When a DMA
request or interrupt is masked, the value of the counter will
be set to 0.

The Tx length registers can be rewritten by again setting bit
Dg of CR1. If the TxLR is rewritten, the interrupt or DMA
request masking is reset. Transmission should not be
enabled (D3 of CR5 should not be set) until the TxLR is
programmed.

During HDLC transmission in this mode, a transmission
underrun condition will cause the transmission of the CRC
bytes if the value in the Tx length counter equals the value
in the TxLR. If these values are not equal at the Tx under-
run, then an abort sequence is automatically transmitted.

Once this bit has been set, a channel reset command or an
external reset must be given to reset this mode. Writing a 0
to Dg in CR1 will not reset it.

D, and D; (Rx Interrupt Modes 0-3)

These bits determine the mode of an interrupt caused by
character reception. In modes 1-3. the special receive con-
dition interrupt occurs. When the DMA mode is selected by
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INT DMA mode bits (Dg, Dy of the CR2A register), and
when the Rx interrupt mode bits are set in any mode other
than mode 0, DMA requests are generated on the Rx
character available condition. Table 4-8 shows the function
of bits D4 and D3 in Rx interrupt mode.

Table 4-8. Bits Dg and D3 of CR1

Mode D4 D3

Interrupt Mode Parity Error

0 0 0 Rx INT/DMA disabled _—

1 0 1 First character interrupt Excluded from Spe-
cial Rx Condition

2 1 0 All character interrupt included in Spe-

cial Rx Condition

3 1 1 All character interrupt Excluded from Spe-

cial Rx Condition

D2 (Status Affects Vector)

This bit is set only at channel B. If a vectored mode (D5 of
the CR2A register = 1) is specified, an interrupt vector
(vector bits V7 - V) is output to the data bus in the interrupt
acknowledge cycle. The status affects vector bit is used to
determine whether the contents of an interrupt vector
should be modified according to the interrupt source.

When this bit is 0, the interrupt vector set at the CR2B
register is output as it is. When the bit is 1, Vector bits V4-Vo
of the interrupt vector set at the CR2B register are modified
if 85 mode is specified. In 86 mode, vector bits V,-Vg are
modified as shown in table 4-9.

Table 4-9. Modification of Vector Bits V2-Vg or V4-V2
V2 Y

Vg 86 mode

Interrupt Cause Channel L7 Vo 85 mode
Tx Butfer Empty A 1 0 0

B 0 0 0
External/Status Change A 1 0 1

B 0 0 1
Rx Character Available A 1 1 0

B 0 1 0
Special Rx Condition A 1 1 1

B 0 1 1

D1 (Tx Interrupt/DMA Enable)

This bit enables the Tx interrupt or DMA. When Dj is set
and when the first Tx data byte is written to the MPSCC, an
interrupt or DMA takes place each time the Tx buffer
becomes empty. However, when bit Dg of the CR1 register
is 1, an interrupt/DMA request will be generated each time
the Tx buffer becomes empty even ifthe first Tx data byte is
not yet written to the MPSCC (7201A only).

Do (External/Status Interrupt Enable)

This bit enables the E/S interrupt. The E/S mterrupt is

enabled when the following occurs:

® The level of an input signal to the CTS, DCD, or SYNC
pin changes.

o The start or end of a break condition or abort sequence
is detected.

e The transmission of CRC, SYNC, or flag characters
starts in the Tx Underrun condition.

® The transmission of a frame has been completed in
HDLC mode (7201A only).

CONTROL REGISTER 2, CHANNEL A (CR2A)
The functions of the CR2A register bits are summarized
in table 4-10.
Table 4-10. CR2A Bit Functions
Bit  Name
D7  RTSB/SYNC Select
D Rx INT Mask

Function
Selects the function of the RTSB/SYNCB pin
Masks an interrupt caused by a first Rx character

(7201A only)
D5 Vector Mode Selects nonvectored or vectored mode
Dg  INT Mode 1 Selects interrupt mode 85-1, 85-2, 85-3, or 86
D3 INT Mode 0

Do Priority Select Selects the priority of an interrupt

or DMA request

Dy INT/DMA Mode 1 Specifies the interrupt or DMA

mode of each channel
Do  INT/DMA Mode 0

D7 (RTSB/SYNCB Select)

This bit specifies the function of the RTSB/SYNCB pin.
When 0, selects the RTSB function; when 1, selects the
SYNCB pin.

Ds (Rx INT Mask)

If bits D4 and D3 of the CR1 register are 0 and 1 (INT on first
character mode), an interrupt caused by the first received
character is masked when Dg is set (7201A only). While Dg
is set, the Rx INT signal will not become active even if the
enable INT on next Rx character command is issued.
When Dg = 0, no interrupt is masked. This bit must be zero
on the uPD7201.

D5 (Vector Mode)

This bit specifies the nonvectored or vectored mode. When
0, the nonvectored mode is selected. Nonvectored mode is
used for the CPU that cannot read interrupt vectors in the
interrupt acknowledge cycle. When 1, vectored mode is
specified. In vectored mode, when the MPSCC responds
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to the state of the interrupt mode bits, PRI and an internal
interrupt source, the MPSCC outputs either a CALL code
or an interrupt vector to the data bus when the INTAK pin
receives an active signal. If the CALL or an interrupt vector
is not output, the data bus becomes high impedance.

D4 and D3 (Interrupt Mode)

These bits selects the mode in which the MPSCC
responds when it receives the INTAK signal. Also, they
determine the vector bits (V7 - Vg of the SR2B register) of
an interrupt vector to be modified in status affects vector
mode. Table 4-11 shows the states of bits D4 and D3 in the
interrupt modes.

Table 4-11. - Bits D4 and D3 of CR2A
Interrupt Vector Bits for Modification
Dy 03 Mode {Status Affects Vector Mode)
0 0 851 V4 V3 Vo
0 1 852
1 1 85-3(7201A only)
1t 0 86 Vo Vi Vg

D2 (Priority Select)

This bit Determines the priority order of TxA (channel A)
and RxB (channel B) when an interrupt or DMA occurs
inside the MPSCC. The priority of the other interupt
sources, such as an E/S interrupt, is fixed (see table 4-12).

D1 and DO (INT/DMA Modes 1.and 0)

These bits specify an interrupt or DMA mode for each
channel. The pin functions necessary for each system
configuration (DMA request generation and recognition
performed by the DRQRx, DRQTx, or HAI pin, and
MPSCC daisy chain performed by the HAI, HAO, PRI, or
PRO pin) is selected and defined by Dy and Dy (see
Section 6). When both Dy and Dg = 1, there is no priority for
DMA operations (7201A only). The priority of the special Rx
condition is the same for each channel

In table 4-12, when bit Dy or Dg is 1, channel A is set in the
DMA mode, and a DMA request is generated when the
MPSCC is in the Rx character available state (DRQRxA
specified) or when the Tx buffer is empty (DRQTxXA spec-
ified). Channel B is set in the interrupt-mode. It is also
possible that the E/S interrupt or Rx interrupt occurs at
channel A. Usually in this case, the INT or first character bit
is selected when channel A is set in the Rx interrupt mode.
Consequently, the first received character will cause an
interrupt. In the Rx interrupt mode, bit D, can be set to
either 0 or 1 without causing any change in interrupt or
DMA priority.

Table 4-12. INT/DMA Priorities
INT/DMA
CR2A Mode Pin Function Priority
Channel Channel @/mﬂxn E/nnonxn L’T/@ High Low
D, Dy D A B WAITB/DRQTXA PRO/DRQTxB DTRA/HAKO
0 0 0 INT INT WATA WATB PRI PRO DTRB DIRA RxA TxA RxB TxB E/SA E/SB
1.0 0 INT INT RXA RxB TxA TxB E/SA E/SB
x 0 1 DMA DRQRXA DRQTXA PRI PRO  HAl  HAO RxA TxA
INT RxA* RxB TxB E/SA* E/SB
0 1 0 DMA DMA DRORxA DRQTXA DRQRxB DRQTxB HAI  HAD RxA TxA RxB  TxB
RXA* RxB* E/SA* E/SB*
1 1 0 DMA DMA RXA  RxB  TxA  TxB
RxA*  RxB* E/SA* E/SB*
x 1 1 DMA DMA DTRB  DTRA  No Priority
RXA*  RxB* E/SA*  E/SB*

1-17
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CONTROL REGISTER 2, CHANNEL B
(CR2B)

The functions of the CR2B register bits are summarized
in table 4-13.

Table 4-13. CR2B Bit Functions

Bit Name Function
D7 V7 Interrupt Vector  Sets interrupt vectors sent in the
Dg Vg interrupt acknowledge cycle. When

Ds Vg Status Affects Vector bit = 0, vector

Dy V4 bits V7 - Vg are output. When Status
D3 V3 Affects Vector bit =1, Vector Bits V7 -
D Vo Vs, and V4, Vg are modified. Vector
Dy V4 Bits V4 - V7 are output in 85 mode.
Dp Vo Vector bits Vo - Vg are output in 86

mode.

CONTROL REGISTER 3 (CR3)

The functions of the CR3 register bits are summarized
in table 4-14.

Table 4-14.

Bit Name
D7  Rx Bit/Character 1

CR3 Bit Functions

Function

D7 and Dg (Rx Bits/Characters 1 and 0)

These bits define the number of bits per character of serial
data to be received. Although the number of bits in a
character can be modified during serial data reception, any
modification must be done before the character reaches
the MPSCC. Table 4-15 shows the states of bits D7 and Dg
and how they define the received character.

Table 4-15. Bits D7 and Dg of CR3

8-bit Character
After Assembiy

Bits/
B; Dg Character MSB LSB Mode

00 5 1 1 1/P[1] D4 D3 D2 D1 Dg Asynchronous
x[2] x xP[3] D4 D3 D2 Dy Dg Synchronous
HDLC

10 6 1 1P Dg D4 D3 D2 Dy Dg Asynchronous
x x Ds D4 D3 D2 Dy Dp Synchronous
HDLC

01 7 1/P Dg D5 D4 D3 D2 Dy Do Asynchronous

xP Dg Ds D4 D3 D2 Dy Dg Synchronous
HDLC

11 8 D7 Dg D5 D4 D3 D2 Dy Dg Asynchronous

D7 Dg Ds D4 D3 D2 Dy Dg Synchronous
HDLC

Define number of bits per serial data
Dg Rx Bit/Character 0
Ds  Auto Enable

Controls transmission/reception operation by

input of a CTS or DCD signal.

D4 Enter Hunt Phase Sets the Hunt phase.

D3 Rx CRC Enable Starts (or restarts) the CRC calculation opera-
tion.

Receives a message if the receive address
matches either that of CR6 or a global address.

Inhibits SYNC characters from being loaded to
the Rx buffer.

Starts reception operation.

Do Address Search Mode

D1 SYNC CHAR Load Inhibit

Dg Rx Enable

Notes: [1] 1/P is 1 when the parity enable bit (Dg of the CR4 register)
is 0. Used for parity when the parity enable bit is 1.

[2] x = the unused bit(s) of the received character.

[3] x = the unused bit in the parity disable state (Dg of the
CR4 register = 0). Used as a parity bit in the parity enable
state (Dg of the CR4 register = 1).
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Ds (Auto Enable)

This bit enables or disables data transmission (Tx) or
reception (Rx) in response to the modem signal input to
either the CTS or DCD pin. When the auto enable bit is 1
and the Tx or Rx enable bit is 1, the transmitter or receiver
will be enabled while the CTS or DCD signal is active. The
Tx or Rx operation is disabled when the CTS or DCD signal
becomes inactive or when the Tx/Rx enable bit is 0. When
the auto enable bit is 0, the CTS and DCD inputs are
treated only as general-purpose inputs. In other words,
input of the two signals has no effect on the Tx or Rx
operation; it only causes the status bits (D5 and D3 of the
SRO register) to be set.

D4 (Enter Hunt Phase)

This bit directs the MPSCC to enter the hunt phase when
the synchronous or HDLC mode is specified. The hunt
operation occurs when the MPSCC enters the Rx enable
state after the enter hunt phase bit is set. The MPSCC
goes out of the hunt phase when it is synchronized and
detects the next state.

When the enter hunt phase bit is set in the internal syn-
chronous or HDLC mode, the SYNC/hunt bit (D4 of the
SRO register) also is set. When the MPSCC is reset, it
enters the hunt phase after it has been released from the
Rx enable state. For this reason, the enter hunt phase bit
need not be set. This bit also enables the MPSCC to
reenter the hunt phase if for some reason established
character synchronization is lost in the synchronous mode,
or if an input frame is unnecessary in the HDLC mode.

D3 (Receive CRC Enable)

This bit directs the start or restart of CRC calculation (1 =
start). This bit must be changed before the character fol-
lowing the one involved in the CRC calculation is loaded
into the Rx buffer. If there is no character stored in the Rx
buffer, check the Rx character available bit to find when to
set the bit.

D2 (Address Search Mode)

This bit is valid only in the HDLC mode. When the address
search mode bit is set in the HDLC receive mode, a
received secondary address (the first character following
the flag) is compared with either the secondary reference
address in the CR6 register or the global address 11111111,
If no match is made, the Rx interrupt is prevented, the
message following the received secondary address will not
be accepted, and the character will not be assembled. This
mode is effective in systems using more than one second-
ary MPSCC and when a secondary MPSCC selectively
receives transmitted messages.

D4 (SYNC Character Load Inhibit)

This bit prevents SYNC characters from being loaded into
the Rx buffer. This mode must normally be reset after the
MPSCC detects a SYNC character. This prevents the
mode from being applied to SYNC characters inserted in a
message. In this mode, CRC calculation is also performed
on SYNC characters that have not been loaded into the Rx
buffer. This bit remains valid even after the MPSCC has
exited the hunt phase.

Do (Rx Enable)

This bit enables start of the receive operation. The Rx
enable bit is set after receive parameters are set and the
receiver is initialized.

CONTROL REGISTER 4 (CR4)

The functions of the CR4 register bits are summarized
in table 4-16.
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Table 4-16. CR4 Bit Functions

Table 4-19. Bits D3 and D2 of CR4

Bit Name Function

b3 0 Stop Bit Length (Bit/Char)

D7 Clock Rate 1 Specify the clock rate. Must be the data
D Clock Rate 0 rate times 1, 16. 32. or 64

D5 SYNC Mode 1

Dg SYNC Mode 0

Select the character synchronization method

0 0 Synchronous mode (including HDLC)
0 1 1

1 0 1%

1 1 2

D3 Stop Bit 1
Dy Stop Bit 0
Dy Parity Even Odd

Do Parity Enable

Select the transmit stop bit length

Selects even or odd parity

Enables transmission or checks parity bit

D7 and Dg (Clock Rates 1 and 0)

These bits specify the multiple by which the clock rate
(RxC and TxC) should be divided to obtain the desired data
transmission rate (asynchronous mode). In the syn-
chronous mode, a clock rate of x1 mustbe used. Table 4-17
shows how the D7 and Dg bits select the clock rate.

Table 4-17. Bits D7 and Dg of CR4 .

0; Dg Clock Rate (RxC, TxC) System Clock Rate (CLK)

0 0 (Data rate) x 1 (Data Rate) x 4.5 minimum
0 1 (Data rate) x 16

1 0 (Data rate) x 32

1 1 (Data rate) x 64

Note: When clock rate x 1 is specified, bit synchronization must be
established externally.

Ds and Dg (SYNC Modes 1 and 0)

These bits select the character synchronization method
and the SYNC character length. Set these bits to 00 in the
asynchronous mode and 10 in the HDLC mode. Table 4-18
shows how D5 and D4 specify the synchronous mode and
character.

Table 4-18. Bits D5 and D4 of CR4

05 0y Synchronous Mode Synchronization Character
0 0 Monosync 8-bit SYNC

0 1 Bisync 16-bit SYNC

1 0 HDLC Flag pattern (01111110)
1 1 External Sync None

D3 and D2 (Stop Bits 1 and 0)

These bits specify the stop bit length for transmission in the
asynchronous transmit mode. In the receive mode, a stop
bit check is performed assuming that the length of a stop bit
is 1. Set these bits to 00 in the synchronous mode (includ-
ing HDLC mode). Table 4-19 shows how bits D3 and Dz
specify the stop bit length.

D1 (Parity Even/Odd)

This bit selects even or odd parity and is valid while the
parity enable bit is set. When the parity even/odd bit is 1,
even parity is selected. When it is 0, odd parity is selected.

Do (Parity Enable)

Setting this bit to 1 enables transmission of a parity bit and
allows checks of parity error. In the Tx mode, a parity bit is
added to the data bits of each character and the character
is transmitted. The number of bits making up a character is
specified by bits Dg and Ds of the CRS5 register. In the Rx
mode, the MPSCC performs a parity check, assuming that
the data bits for each character are followed by a parity bit.
Also, the number of data bits making up a character is
determined by bits D7 and Dg of the CR3 register. If a parity
error occurs, the error bit is set.

Note that the parity bit is treated as part of a character and
transmitted that way to the CPU. The parity bit, however, is
notincluded in a character if the character is already 8 bits
long.

CONTROL REGISTER 5 (CR5)

The functions of the CRS5 register bits are summarized
in table 4-20.

Table 4-20. CRS5 Bit Functions

Function
Controls the DTR pin

D7 Data Terminal Ready
Dg Tx Bits/Character 1
D5 Tx Bits/Character 0
D4 Send Break

D3 Tx Enable

Dy CRC-16/CCITT

Dy Request to Send

Do Tx CRC Enable

Define the number of bits of the serial
transmit data character

Transmits a break sequence

Starts the Tx operation

Controls the CRC polynomial
Controls the RTS pin

Enables the CRC calculation or transmission




NEC

uPD7201/7201A

D7 (Data Terminal Ready)

This bit controls the DTR pin. When the DTRA/HAO or
DTRB/HAI pin is used as the DTR pin (Dy and Dy of the
CR2A register - 00), the state of this bit is inverted as

follows:
DTR bit DTR pin
1 0
0 1

Dg and Ds (Transmit Bits/Character 1 and 0)

These bits define the number of bits per character of each
serial transmit data byte. Bits D7 - Dg are valid transmit data
bits. Table 4-21 shows how Dg and D; specify the number
of bits/character and the data byte written to the MPSCC.

(such as data, SYNC character, and flag) have been trans-
mitted. If a CRC character is transmitted when the transmit
enable bit is 0, it will be replaced by either a SYNC char-
acter or a flag.

D2 (CRC-16/CCITT)

This bit selects the CRC polynomial to be used by the Tx
and Rx CRC calculator as shown in table 4-22.

Table 4-22. CRC Polynomial

] Polynomial Operation Mode Preset Data
) (CRO: Dy, Dg)
1 CRC-16 (x16+x15+ x2 + 1) Synchronous All Os
0 CCITT-0 (x16 +x12 +x5+ 1)
CCITT-1 (x16+x12+x5+ 1) HDLC Al 1s

D1 (Request to Send)

Table 4-21. Bits Dg and D5 of CR5 -
Dg D5 Numberof Data byte written to the MPSCG D controls the RTS pin as shown in table 4-23.
bits/ MsB s Table 4-23. RTS Pin Control

0 0 1 11 1 1 0 0 0 Do Mode Dy TS Pin
2 11 1 0 0 0 Dy D Asynchronous 10
3 1 1 0 0 0 D Dy Do 0 Becomes 1 when all characters have been
4 ] 0 0 0 D3 Dy Dy Dp transmitted and the Tx buffer is empty.
5 0 0 0 D4 D3 Dy Dy D Synchronous 1 0

1 0 6 x x D5 Dy D3 Dy Dy Dy  HOLC L

0 1 7 X D D D D D D Dy

T > DZ D: D: Dz Dz D: Dz Do (Transmit CRC Enable)

D4 (Send Break)

When D, is a 1, the output signal from the TxD pin will be
set immediately in the space state (0), and the contents of
the Tx buffer will be lost. When 0, the output signal from the
TxD pin will return to the mark state (1). However, if this bit
remains 1 for a shorter period of time than that required for
transmission of one character, the output from the TxD pin
will not be in the mark state even after this bit has been
reset to 0. In this case, part of the internal transmit data will
be transmitted. Therefore, the time during which this bit is
set to 1 must be long enough for the specified one char-
acter transmission rate.

D3 (Transmit Enable)

When D3 is a 1, it enables the start of data transmission.
The auto enable mode (see Ds, auto enable in this section)
makes it possible to enable the transmitter after the CTS
pin becomes active. The transmitter is disabled when the
transmit enable bit is 0. This sets the signal output from the
TxD pin in the mark state. If the transmit enable bit
becomes 0 while data is being transmitted, the TxD pin will
return to the mark state as soon as all transmit characters

Do enables both CRC calculation and CRC character
transmission. Normally, it must be set before the first data
(bisync mode) or address field (HDLC mode) is transmitted
tothe MPSCC. The transmit CRC enable bit becomes valid
when a character is transferred to the Tx shift register from
the Tx buffer. Therefore, when the CRC calculation is
enabled or disabled during message transmission, this bit
must be set or reset before the data character involved in
the CRC calculation is transmitted.

If the Tx underrun condition occurs when the transmit CRC
enable bit is set and when the Tx underrun/EOM bit is
reset, a CRC character will be transmitted. If the Tx under-
run condition occurs when the transmit CRC enable bit is
reset, no CRC character will be transmitted, and a SYNC
character or flag will be transmitted instead.

CONTROL REGISTERS 6 AND 7 (CR6
and CR7)

The functions of the CR6 and CR7 register bits are
summarized in table 4-24.
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Table 4-24. CR6 and CR7 Bit Functions
Bit Name

CR6 CR7
D7 SYNC Bit 7 Sync Bit 15 SYNC characters (Synchronous mode)

Function

NEC

These bits indicate (or latch) the states of the modem
control pins and data transmission/reception.

The E/S bits latch states in a special manner. When one

Dg SYNC Bit5  SYNC Bit 14 satisfies a predetermined condition, such as inversion of a
D5  SYNCBit5  SYNCBit13 Flag. secondary address (HDLC mode) bitl, each bit latches the respective state at that point. The E/
5 SYNC B4 SYNC B T2 S interrupt then occurs. Once a latch occurs, another latch

4 ! ' operation will not be performed until the reset E/S INT
D3 SYNCBit3  SYNCBit11 command is issued, even if the condition of each bit
Dy SYNC Bit2  SYNC Bit 10 required to perform another latch operation is satisfied.
Dy SYNCBit1  SYNCBit 9 Figure 4-1 shows E/S bit operation.
Do SYNCBit0  SYNCBit 8 Figure 4-1. E/S Bit Operation
These characters are written to the CR6 and CR7 registers
according to the specified mode shown in table 4-25.

RESET

Table 4-25. CR6 and CR7 Characters
Mode CR6 CR?

Monosync Tx SYNC Character Rx SYNC Character
Bisync SYNC character 1 SYNC character 2
(First 8 of 16 bits) (Last 8 of 16 bits)
EXT Sync Tx SYNC character Not used
HDLC Secondary address Flag character (011111110)

(For comparison with an
address field)

STATUS REGISTER 0 (SRO)

The functions of the SRO register bits are summarized
in table 4-26.

Table 4-26. SRO Bit Functions

Bit Name Function

D7 Break/Abort Detects the break or abort
sequence.

Dg Tx Underrun/EOM Detects the Tx Underrun
condition.

D5 E/S bits CTS Monitors input to the CTS pin.

D4 SYNC/Hunt Monitors input to the SYNC
pin or the Hunt phase.

D3 DCD Monitors input to the DCD
pin.

D2 Tx Buffer Empty Checks for data in the Tx
buffer.

Dy Interrupt Pending Checks for an interrupt source
whose process has not been
completed.

Do Rx Character Available Checks for data in the Rx

buffer.

Latch Operation (When Latch
Condition is Satisfied)

E/S Interrupt (When E/S
Interrupt is Enabled)

Read out the E/S Bits

Reset E/S Interrupt
Command Issued.

D7 (Break/Abort)

This bit indicates whether the MPSCC has received a
break sequence in the asynchronous mode or an abort
sequence in the HDLC mode. If the MPSCC receives a
break or abort sequence during latch operation of the E/S
bits, the break/abort bit becomes 1 and latches that state as
long as the sequence is received. If the MPSCC does not
receive a break or abort sequence, the break/abort bit
remains 0. In other words, this bit becomes 1 when a break
or abort sequence is detected among receive data and
remains 0 when either the MPSCC detects the end of the
break or abort sequence or when an E/S interrupt occurs.
The reset E/S INT command is normally issued (D7 = 0 or
1) immediately after the E/S interrupt occurs, enabling
detection of either the end of the break or abort sequence
or of the next break or abort sequence.



NEC

HPD7201/7201A

After the MPSCC detects the end of a break sequence, a
null character (ail 0s) received during the break sequence
and consisting of one or more bytes will remain in the Rx
buffer. Therefore, ignore the first data received immediately
after the MPSCC has detected an end of the break
sequence.

The break/abort bit is not used in synchronous mode.

Dg (Transmit Underrun/End of Message)

This bit becomes 1 if the MPSCC is in the Tx underrun
condition during latch operation of the E/S bits. If the
MPSCC is not in the Tx underrun condition, this bit is 0.
However, the transmit underrun/end of message bit also
becomes 1 when the MPSCC is reset by either the channel
reset command or the RESET signal and can be reset to 0
only when the Tx underrun/EOM command is issued by
setting bits D7 and Dg of the CRO register to 11. Bit Dg is set
to 0 when the first data before the flag pattern is written into
the MPSCC in HDLC mode. However, the Tx underrun/
EOM bit will become 1 and the E/S interrupt will occur if the
MPSCC enters the Tx underrun condition when CRC char-
acter transmission is enabled. Therefore, the E/S interrupt
will not occur when the reset Tx underrun/EOM command
is issued (Tx underrun/EOM bit changes from 1 to 0).
Additionally, latch operation of the other E/S bits will not
occur. The Tx underrun/EOM command affects the opera-
tion of the MPSCC when it detects the end of a message,
just as the Tx buffer empty bit does. See Section 5 for a
description of operations in the synchronous and HDLC
modes.

D5 (Clear to Send)

This bit inverts the state of the CTS pin during a latch
operation. When the clear to send bit s 1, the CTS piniis 0;
when clear to send is 0, the CTS pinis 1. At the leading (0 to
1) or trailing (1 to 0) edge of the input signal to the CTS pin,
the clear to send bit becomes 1 or 0 and the E/S interrupt
occurs.

D4 (SYNC/Hunt)

The function of this bit varies depending on the specified
operating mode. In the asynchronous or external syn-
chronous mode, the SYNC/hunt bit indicates inversion of
the SYNC pin’s signal level during latch operation of the E/
S bits. Thatis, if this bit is 1, it indicates the SYNC pin is 0; if
the bit is 0, the SYNC pin is 1. At the trailing edge (1 to 0)
and leading edge (0 to 1) of the SYNC signal, this bit
becomes 1 and 0, respectively. The E/S interrupt occurs
whether the bitis 0 or 1.

In the internal synchronous mode (monosync or bisync) or
HDLC mode, a 1 indicates that the hunt phase has been
entered, and a 0 indicates that a SYNC character has been
received. In either case, an E/S interrupt is ienerated.

D3 (Data Carrier Detect)

This bitinverts the state of the DCD pin during latch opera-
tions. When the D3 bit is 1, the DCD pin becomes 0; whenit
is 0, the DCD pin becomes 1.

At the leading edge of the input signal to the DCD pin, the
data carrier detect bit becomes 0. At the trailing edge of the
signal, the bit becomes 1 and the E/S interrupt occurs.
Table 4-27 shows E/S bit operations.

Table 4-27. E/S Bit Operations

Bt Mame Mode
D7 Break/Abort  Async

Latch Condition of E/S Bits s\*ammmm

Start of completion  1: Break sequence
of break sequence  0: Other than break
sequence

HDLC Start of completion  1: Abort sequence
of abort sequence  0: Other than abort

sequence
Dg Tx Underrun/ Tx Underrun state when Tx CRC  1: Tx Underrun state
EOM is enabled 0: Other than Tx
. Underrun state
(Reset Tx
Underrun/EOM
command.
After issuance: 0.
After reset: 1.
D5 CTS Leading or trailing edge of 1:CI8 =0
CTS input 0:TTS =1
D4 SYNC/Hunt  Async Leading or trailing  1: SYNC = 0
EXT sync  edge of SYNC input  0: SYNC = 1
Monosync Hunt phase <-->  1: During hunt
Bisync Character 0: During character
HDLC Y i synchronizati
D3 DCD Leading or trailing edge of DCD  1: DCD = 0
input 0:DCD = 1

D2 (Transmit Buffer Empty)

When this bitis a 1, it indicates that no data exists in the Tx
buffer. This is not true while a CRC character is being
transmitted in the synchronous or HDLC mode. When 0, it
indicates that data exists in the Tx buffer or that a CRC
character is being transmitted.

D1 (Interrupt Pending)

This bit is applicable to only the SRO register of channel A.
SROB bit Dy is always 0. When the interrupt pending bitis 1,
itindicates that an interrupt source exists in either channel
Aor B, or both. This bit is set if an interrupt source exists in
the MPSCC whose service is in progress or being termi-
nated (in service latch set). When this bit is 0, it indicates
that the processes of all interrrupt sources have been
completed (all in service latches are reset). If neither chan-
nel is in the DMA mode (Dy and Dy of the CR2A register =
1), the interrupt pending bit remains 0 as long as the input
signal to the PRI pin is 1.
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Do (Receive Character Available)

When 1, this bit indicates that one or more bytes of receive
data are in the Rx buffer. When 0, it indicates that no
receive data is in the Rx buffer.

STATUS REGISTER 1 (SR1)

The functions of register SR1 bits are summarized in
table 4-28.

Table 4-28. SR1 Bit Functions

Bit Name

Function

D7  End of Frame Indicates reception of flag pattern (usually a

closing flag pattern).

Dg  CRC/Framing Error Indicates CRC or Framing error.

Ds  Rx Overrun Error  Indicates an overrun error.

D4  Parity Error
D3 Residue Code 2

Indicates parity error.
Indicates the valid bit range of an information (1)

field.

D2  Residue Code 1

Dy  Residue Code 0

Do  All Sent Indi p ission of all
in the transmitter.

D7 (End of Frame)

This bit is valid only in the HDLC mode. It is used to indicate
reception of a valid closing flag and the validity of the CRC/
framing bit and residue codes. On reception of a valid
closing flag, the end of frame bit is set (special Rx condition
interrupt occurs) and the error reset commmand is issued
to clear this condition. When the character of the following
frame is received and stored to the Rx buffer, the end of
frame bit corresponding to the received character is reset.
Also, the result of a CRC check (CRC/framing error bit) and
residue codes are valid as long as this bit remains set.

Dg (CRC/Framing Error)

This bit signals the occurrence of a CRC or framing error. If
a framing error is detected in the asynchronous mode (0 is
detected at the position of the stop bit), the CRC/framing
error bit is set to 1, and the special Rx condition interrupt
occurs. The framing error is reset when an error-free char-
acter is received or when the error reset command is
executed.

Because detection of the stop bit is performed in response
to the specified character length, the stop bit of the char-
acter will never be mistaken for the start bit of the following
character even if the parity bit and stop bit of a character
are respectively 1 and 0. This is begause detection of the
start bit of the following character is triggered at the leading
edge of the reception line.

In the synchronous or HDLC mode, the CRC/framing error
bit indicates the result of a comparison between the con-

tents of the Rx CRC calculator and a received CRC char-
acter. As aresult, if the received CRC character agrees with
the contents of the Rx CRC calculator, the CRC/framing
error bit becomes 0, indicating the normal state. If it does
not agree, this bit becomes 1, indicating an error. However,
the CRC/framing error bit also becomes 0 when the
MPSCC is reset or when the error reset command is
issued. The special Rx condition interrupt does not occur in
the synchronous or HDLC mode.

CRC comparison is done on a character-by-character
basis. Because the results of each comparison are indi-
cated by the CRC/framing error bit, the CRC/framing error
bit normally indicates the error state (1) during message
reception. In other words, the bit remains 1 because the
result of the comparison (performed up to the point when
the received character is stored to the Rx buffer) is set in
this bit, which corresponds to the Rx buffer. For this reason,
this bit should be read after a 20-bit interval following
completion of the last CRC character transmission (syn-
chronous mode) or when the end of framie bit becomes 1
(HDLC mode).

D5 (Receive Overrun Error)

The MPSCC sometimes receives more than three charac-
ters because the CPU delayed in fetching receive data. If
data is written to the Rx buffer that exceeds the buffer's
capacity, the receive overrun error bit will be set each time
an attempt is made to write a character. When this bit is set,
the special Rx condition interrrupt occurs when a character
has caused the overrun error. This state is latched until the
error reset command is issued.

D4 (Parity Error)

This bit sets when a parity error occurs (parity enable bit
set) because the specified odd or even parity does not
match. Once the parity error bit is set, the state is retained
until the error reset command is issued. When Rx interrupt
mode 2 is specified (D4 and D3 of the CR1 register = 1and
0 respectively), the parity error bit causes the special Rx
condition interrupt.

D3 - D1 (Residue Codes 2 through 0)

Since the data portion of the an HDLC message can con-
sist of a number of bits and not necessarily an integral
number of characters, the MPSCC determines when the
end of frame flag has been received and the boundary
between valid data and the CRC character in the last few
data characters read. When the end of frame condition is
indicated (D7 of SR1 is 1) and there is a special receive
condition interrupt (if enabled), the last bits of the CRC
character are in the receive buffer. The residue code for the
frame is valid for the byte of SR1 that is associated with that
data character. :
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Table 4-29. Residue Codes

The meaning of the residue code depends on the number
of bits/character specified for the receiver. Table 4-29

Channel A Transmitter Buffer Empty

8 Bits/Character ) shows the residue codes for 8, 7, 6, and 5 bits/character
0302 ¢ Previous Character 2ad Previous Character specified for the receiver. The previous character refers to
100 CCeCccCCCCC CCCCCODDOD the last character read before the end of frame, and so on.
010 cccccccc cccCcCDDDOD b s
110 cCCCCCCC CCCDDDODOD 0 (All Sent)
601 ccCcCcCcCCCC CCODDDDODOD In the asynchronous transmit mode, this bit is set when all
characters have been transmitted and the Tx buffer and Tx
rer grccececc 60bDODODDD shift register become completely empty. No interrupt is
11 cccecececcc DODDODDDDODD caused by a change in the state of the all sent bit. In the
tt1 c¢ccccccDbD DDDDDDDD synchronous and HDLC modes (Dg of the CR1 register =
000 CCCCCCCD DDDDDDDD 0). this bit is always set.
In HDLC mode (Dg of the CR1 register = 1; 7201A only) the
7 Bits/Character level of this bit changes from 0 to 1 after a series of flags
03 Dz By Previous Character 2nd Previous Character have been transmitted causing the E/S interrupt to occur.
100 CCCCCCTEC cccceccecopo The host system is notified that the transmission of one
010 cccccece CcccCoooD frame is complete. Although the level of this bit changes
c o o000 from 1 to 0 on transmittal of the CRC character of the next
rroececeececec frame, this change does not cause the E/S interrupt.
0601 ccccccc CCDDDODOD
101 CCCCGCCOC CDDDDDOD STATUS REGISTER CHANNEL B (SR2B)
611 cccccce ODDbDDDDD The bits in this register indicate an interrupt vector that can
000 CCCCCCOD DDDDDODD be read only through channel B. When the status affects
vector is 0, SR2B will indicate the vector which was last
6 Bits/Character programmed in CR2B. If the status affects vector bit is 1
D3 Dy Dy Previous Character 2nd Previous Character and an interrupt request exists in the MPSCC, the bits of

SR2B will be modified according to the interrupt source.
100 CCCCCC cccecceco . i

The bits modified are V4-V, (8085 mode) or Vo-Vq (8086
010 CCCCCGC ccccoDoD mode) of CR2B,

110 cCCCCC cccbDDOD o .

This interrupt vector corresponds to the interrupt source
por ccccece ccopopop assigned the top priority among the interrupt requests. If no
101 ¢cCCCCC CDDDDD interrupt request exists, vector bits V4-V, of the CR2B
000 CCCCC C DDDODOD D register are set to 1s in 85 mode or V,-Vq are setto 1sin 86

mode. See table 4-30.

5 Bits/Character N
D3 Dy Dy Previous Character 2nd Previous Character Table 4-30. Vector Bits V4-Vg
100 CCCC C* DDDDD 8085 Mode Vs V3 V2  Condition
010 cccco DDDDOD WiMade V2 W1 Vo
1 1 1 i
170 CcCccocoDoD DDDOD D No Interrupt Pendlvng
001 ccooo DDDDOD 0 0 Channel B Transmitter Buffer Empty
000 CD DD oD DDDDOD 0 1 ChanneIBExter‘naI,Slatus Change.
Notes 1. C = CRC bt 0 0 Channel B Received Character Available
2. D = Valid data 0 1 Channel B Special Receive Condition
3. * = No residue 1 0
1 1

Channel A External/Status Change

1
1

0
0
1
1
0
0
1
1

0 Channel A Received Character Available
1 Channel A Special Receive Condition
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STATUS REGISTERS 3 AND 4 (SR3 and SR4)

nr[nclnsrocﬂrnajnzrnv[nn

Tx Length Counter Bits 7 - 0

Wluolnslﬂllnalﬂzllhl"n
Tx Length Counter Bits 15 - 8

These counters are only available on the nPD7201A. They
can be used when data transmission is performed in the
TxLR set mode (Dg of the CR1 register = 1) to indicate the
number of transmit data characters. The values of the
counters are cleared when the system is reset, when the
contents of the Tx length register high byte (TxLR-H) and
low byte (TxLR-L) coincide with those of the SR4 and SR3
registers, or when the Tx length register is set by setting Dg
of the CR1 register to 1. However, in HDLC mode, when the
TxLR set mode is specified as well (Dg of the CR1 register
= 1), the contents of the TxLR-H and TxLR-L registers are
compared with those of the SR4 and SR3 registers when a
Tx underrun condition exists. If the contents of the counters
are not equal to those of the Tx length registers, an abort
sequence will be transmitted. When this occurs, the values
of the SR4 and SRS registers will be retained until the
system is reset or the TxLR is set again by setting Dg of the
CR1 register to 1.

Tx LENGTH REGISTER, HIGH BYTE AND
LOW BYTE (TxLR-H and TxLR-L)

TxLR-H

o [ os [ o5 [ o [0 [0 [ 0 | m
Tx Length Counter Bits 15 - 8

TxlR-L

5 [ o | 05 | 0 | 03 | 8 [ 8 [ b

Tx Length Counter Bits 7 - 0

These registers are only available on the nPD7201A. They
set the number of data characters to be transmitted. They
can be set by two successive command write cycles which
follow the setting of Dg of the CR1 register to 1. During the
first cycle, the command is written to the low-byte register.
During the second cycle, the command is written to the
high-byte register.

When the system has been externally reset, or when the
channel has been reset, transmission must be enabled (D3
of the CR5 register = 1) after the desired number of
transmit data characters is sent to these registers. If the
number of transmit data coincides with the values of these
registers, the Tx INT/DRQ signal will not become active
(even if the Tx buffer is empty) until the desired number of
transmit data characters is sent to the registers again (Dg
of the CR1 register = 1).
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The MPSCC has three communication operating modes:
asynchronous, synchronous, and HDLC. The contents of
control registers (mainly CR3, CR4, and CR5) specify
these modes. This section describes the operations per-
formed in each mode.

ASYNCHRONOUS MODE

Figure 5-1 shows the format of serial data in the
asynchronous mode. When data is transmitted, the
MPSCC adds a start and a stop bit, and if necessary a
parity bit. The transmit data consists of data bits Dg through
Dy. Each set of transmit data provided with a start, stop,
and parity bit is a “character”. When no transmit data
exists, the serial circuit and transmit data pin TxD are setin
the mark state.

Figure 5-1. Asynchronous Message Format

" Perity Bit
[oJo Jefo ] |
2

Start Bit (1 bit)

Mark
Space l

Stop Bit (1, 1.5, 2 bits)

| 45
I N

N:4-7
Space

The start bit of the receive data indicates the start of the
data. The stop bitindicates the end of the data block. When
a data block is received, the MPSCC detects the start and
stop bits, checks the parity bit, and deletes these bits from
the data block. Therefore, the MPSCC transfers only data
Dg through Dy to the host system.

In asynchronous mode, data transmission or reception is
controlled by registers CRO to CR5. The CR6 and CR7
registers are not used. Registers CR1 and CR2 specify the
mode of the host system that controls the MPSCC. In other
words, these registers specify whether the host system
should use interrupt, DMA, or polling mode to perform data
transmission to and from the MPSCC. Register CR3 spec-
ifies the receive mode and CRS5 specifies the transmit
mode. Register CR4 specifies the mode commonly used
for both transmission and reception.

Table 5-1 shows the set contents of registers CR3, CR4,
and CR5.

Data Transmission in Asynchronous Mode

The CRA4 register specifies clock mode, number of bits per
character, and state of parity bits. The clock mode sets the
data transmission rate by dividing the frequency input at
TxC by 1, 16, 32, or 64. For example, if 64 is selected as the
clock mode and the TxC pin has a clock of 64 kHz (15.625
ws clock cycle), the transmission data rate will be 1 kb/s.

49-000391A
Table 5-1. Contents of Registers CR3, CR4, and CRS5 in Asynchronous Mode
CR3 07 Dg 05 ) 03 L] Dy g
SYNC
Enter Address CHAR
Rx Bits/ Rx Bits/ Auto Hunt Rx CRC Search Load Rx
CHAR 1 CHAR 0 Enable Phase Enable Mode Inhibit Enable
0 Disable 0 0 0 0 0 Disable
00, 5 Bits/CHAR 1 Enable 1 Enable
01, 7 Bits’/CHAR
10, 6 Bits/CHAR
11, 8 Bits/CHAR
CR4 17} 05 D5 L) 03 0y Ll B
Clock Clock SYNC SYNC Stop Stop Parity Parity
Rate 1 Rate 0 Mode 1 Mode 0 Bits 1 Bits 0 Even/0dd Enable
00, x1 Clock Mode 0 0 01, 1 Stop Bit’'CHAR 0 Odd 0 Disable
01, x16 Clock Mode 10, 1% Stop Bits/CHAR 1 Even 1 Enable
10, x32 Clock Mode 11, 2 Stop Bits/CHAR
11, x64 Clock Mode
CRS L L] D5 ) 03 D2 Ll Do
T Bits/ Tx Bits/ Send ™ CRC-16/ Tx CRC
OTR CHAR 1 CHAR 0 Break Enable cenT RTS Enable
0DTR = 1 00, 5 or Less Bits/CHAR 0 Marking 0 Disable 0 0RTS - 1 0
1DTR = 0 1 Spacing 1 Enable When all
_sent
1RIS - 0

Note: Set the parameters of register CR4 before those of the CR1, CR3, and CRS registers.
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The CR1 and CR2 registers specify the mode in which data
is transmitted from the host system to the MPSCC. After
setting the registers and the Tx enable bit (D3 of the CR5
register), the TxD pin outputs the data’s start bit. The start
bit is output at the trailing edge of TxC at the transmission
rate preset when the data is written to the MPSCC.

The data written to the MPSCC from the host system is
then output starting from the LSB (least significant bit) of
the data specified by bits Ds and Dg of the CRS register. If
data with a specified character length of 7 or 6 bits is
transmitted to the MPSCC from the host system, the
MPSCC deletes the unused bit(s) from the 8-bit data.
Section 4 (Control Register 5) describes data transmitted
with fewer than six bits. Parity and stop bits are automati-
cally transmitted to the MPSCC following the data transmit-
ted from the TxD pin.

When the transmit (Tx) buffer becomes empty while the
first data byte is being transmitted, the Tx buffer empty bit
(D2 of the SRO register) is set. If the interrupt mode is
specified, an interrupt occurs and the MPSCC asks the
host system to send the next data. If no transmit data
characters remain for transmission, the TxD pinis setin the
mark state (1).

Even if the Tx enable bit is set and data is written to the
MPSCC from the host system, no data is output from the
TxD pin in the auto enable mode (Dg of the CR3 register is
1) unless CTS becomes 0. Data transmission is complete
when no further data is transmitted to the MPSCC or when
the Tx enable bit (D3 of the CR5 register) is set to 0. The
TxD pin is then set in the mark state, and the transmission
operation is complete. Note the the TxD pin can also be set
in the mark state by turning the CTS pin to 1 when the auto
enable mode is specified.

To set the TxD pin in the space state (0), set the send break
bit (D4 of the CR5 register). This state will continue until the
send break bit (independent of the Tx enable bit) is reset.

If the external status (E/S) interrupt mode is enabled (Dg of
the CR1 register is 1), the states of the DCD, CTS, and
SYNC pins can be monitored. That s, each time the level of
signals input to these pins changes, an interrupt occurs. In
this interrupt routine, use the reset E/S INT command (Ds,
D4, and D3 of the CRO register are 0, 1, and 0, respectively)
to again enable the E/S interrupt that occurs in response to
these changes. The RTS pin outputs 1 when the transmis-
sion has been completed if the request to send bit (D, of the
CRS register) is reset. Under this condition, the all sent bit
(Do of the SR1 register) is set.

Reception in Asynchronous Mode

Reception. Before characters are received in the
asynchronous mode, set register CR4 to specify the length
of transmit characters, data transmission rate, and
whether a parity bit(s) is present. Set the character length

with bits D7 and Dg of the CR3 register. The received data
assembled by the MPSCC is transferred to the host system
in the mode specified by the contents of the CR1 and CR2
registers.

After these registers are set and the Rx enable bit of the
CR3 register is set, if RxD changes from 1to 0 and remains
0 after a half-bit period of time, the MPSCC takes the bit as
the start bit and assembles the data following it according
to the character bit length specified.

If the parity enable bit is set (D4 of the SR1 register), the
MPSCC also detects it and checks for a parity error. When
the MPSCC detects the stop bit following the parity bit, it
finishes assembling the character. If the character length is
eight bits and the parity enable bit has been set, the parity
bit will not be transferred to the host system. If the length of
a character is 7 bits (parity enable bit set) or less, the
MPSCC assembles each character into character bit
length + parity bit + 1s for the unused bits. For example, if
a character is five bits long and the parity enable bit is set,
the format of the assembled data is:

Ls8

MsB
1
[+ 1 p ooy B 5 m

Error Information During Reception. The MPSCC
detects three types of errors: parity, framing, and overrun.
If the parity bit of each received character does not coincide
with the parity bit calculated by the MPSCC, the parity error
bit (D4 of the SR1 register) is set. The error status continues
until the error reset command is issued.

Normally, the stop bit of a receive character is 1. If 0 is
detected at that bit position, the framing error bit (Dg of the
SR1 register) will be set. If no error exists in the next
character received, the framing error bit is reset. If x1 clock
mode is not specified, the RxC input signals are counted
after the trailing edge of the start bit has been detected and
the MPSCC has determined the sampling period of the
received data. If x1 clock mode is specified, however, the
synchronization of the RxD and RxC pins must be exter-
nally established because the sampling of the received
data is performed at the trailing edge of the RxC input
signal. Even if a framing error occurs, the bit at the position
of the stop bit of the preceeding data will not be taken as the
bit of the next. However, if a null character is received with a
framing error in it, the framing error bit will not be set.
Instead, the break bit (D; of the SRO register) is set.

An overrun error occurs when data exceeding the capacity
of the Rx buffer is written to the MPSCC. This error occurs
when the host CPU cannot read the receive data from the
Rx buffer on time. Since the capacity of the MPSCC's
buffer is three bytes, the Rx overrun error bit (D5 of the SR1
register) is set if the MPSCC receives a character exceed-
ing that number. The host system is then notified of the
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overrun. Should an overrun state occur, the fourth received
character (or the excess character) will replace the third
character in the Rx buffer, causing bit D5 of the SR1 register
to be set. An overrun error can be detected by reading the
contents of the status register (SR1). This register indicates
the state of the third receive character in the Rx buffer. The
overrun error status continues until the error reset com-
mand is issued.

Using Receive Data and Received Status. Each channel
of the MPSGC has a 3-byte receive buffer and error status
register (SR1) that corresponds to the 3-byte buffer. In
addition, the MPSCC has an Rx character available bit (Dg
of the SRO register) and a break/abort bit (D7 of the SRO
register) that are used as receive status bits.

When receive data is processed in the polling mode con-
trolled by the software, the Rx character available bit is set if
at least one character is loaded to the receive buffer. By
polling this bit, the host system knows if the MPSCC has
received a character.

The contents of the SR1 register must be read before
characters are read from the receive buffer. A character is
then read from the received buffer to relate the character
read to the status of that character. In an interrupt mode, an
interrupt occurs if the Rx character available bit is set. The
contents of the SR1 register and receive data can then be
read after this interrupt signal. The receive character must
be read out after these contents have been read in the
same manner as in the polling mode. If a parity, framing, or
overrun error occurs, each will be treated as the special Rx
condition interrupt. After an interrupt in first Rx character
mode, receive interrupts occur only when the special Rx
condition is satisfied, causing an error status to continue
until the error reset command is issued. In other words, the
SR1 register retains an error status corresponding to the
character that caused it until the error reset command is
issued, even if the receive character has been read from
the buffer. This interrupt mode is effective when performing
block transfer by software or DMA processing.

In all Rx character interrupt mode, receive characters must
be read after the contents of the SR1 register have been
read to detect any errors of the receive character. If a
special Rx condition interrupt occurs in the all Rx interrupt
mode, the SR1 register must be read to fetch receive
characters. The error reset command is used to clear an
error status. If the special Rx condition interrupt occurs,
and the status affects vector bit (D of the CR1 register) is
set to 1, it can be distinguished from the normal receive

interrupts by using interrupt vectors in both the first and the
all Rx character modes.

In addition to the interrupts that occur in either the first or
the all Rx character mode, an E/S interrupt occurs (if
enabled) when a break sequence is detected and the state
of the DCD pin changes. A break sequence is the continua-
tion of a space state that exceeds the number of bits of a
null character, resulting in a framing error. When a break
sequence is detected, an E/S interrupt occurs at the start
(trailing edge) and end (leading edge) of the break
sequence.

Asynchronous Mode Sample

Figure 5-2 shows an example of full-duplex transmit or
receive operations in the asynchronous mode, using
both channels A and B. Figure 5-3 shows the interrupt
process.

Figure 5-2. Asynchronous Mode Flowchart

Channel Reset Command

: Pointer is Specified.
: Bus Interface Mode is Specified.

: Pointer is Specified.
: Vector is Specified.

: Reset E S INT Command and
Pointer is Specified.

: Clock Rate, Number of Stop Bits

and Parity are Specilied.

: Pointer is Specified.
: Rx Character Length, Auto Enable
and Rx Enable are Specified.

: Pointer is Specified.
: Tx Character is Specified.

: Reset E'S INT Command and

Pointer are Specified.

: Each Interrupt is Enabled and

Status Affects Vector is
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: The First Transmit Data Must
be Written Before a Transmit

Interrupt Occurs.
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Figure 5-3. Interrupt Process
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SYNCHRONOUS MODE

The MPSCC uses three types of byte-oriented syn-
chronous protocols: monosync, bisync, and external sync.

In monosync protocol, an 8-bit SYNC character in the CR7
register coincides with serially received 8-bit data, and the
MPSCC assumes character synchronization has been
established. The characters following the 8-bit SYNC char-
acter(s) are then treated as received data. A SYNC char-
acter consisting of one or more bytes must be added to
data at the start of data transmission to establish character

synchronization. | he SYNC character transmitted is set in
the CR6 register. :

In bisync protocol, a 16-bit SYNC character in the CR6 and
CRY7 registers coincides with serially received 16-bit data,
and the MPSCC assumes that character synchronization
has been established. The characters following the 16-bit
SYNC character(s) are treated as receive data. A SYNC
character consisting of one word (16 bits) or more must
therefore be added to data at the start of data transmission.
When the SYNC character is transmitted, the same SYNC
character from the CR6 and CR7 registers is used.

In external sync protocol, character synchronization for
reception must be externally established. The SYNC pin
specifies the character synchronization timing. Detection
of a SYNC character is therefore external. The input signal
to the SYNC pin becomes 0 after a SYNC character has
been detected. The SYNC character set in the CR6 regis-
ter is sent at the start of a transmission.

Figure 5-4 shows the data format in the three synchronous
protocols.

Figure 5-4. Synchronous SYNC Message Format

|<— External Sync ~——-—-—->|
|
| >
} Bisync —»]
SYNC Character Data Field I CRC Character —I
} 45 N
F + u 4 t 1
' ' '
=~ 8 Bits —ie— 8 Bits able Length —— 16 Bits '
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Table 5-2 shows the contents of registers CR3 through
CR?7 used in the synchronous mode.
Table 5-2. Contents of Registers CR3-CR7 in Synchronous Mode
CR3 L] Dg Dg By ] B2 Ll )
SYNC
Ester Address CHAR
Rx Bits/ Rx Bits/ Auto Hont Rx CRC Search Load Rx
CHAR 1 CHAR 0 Enable Phass Enable Mode Inhibit Enable
0 Disable 0 Nop 0 Disable 0 Nop 0 Disable
00, 5 Bits/CHAR 1 Enable 1 Re-enabled 1 Enable 1 Inhibit 1 Enable
01, 7 Bits/CHAR
10, 6 Bits/CHAR
11, 8 Bits/CHAR
Cha by Dg Ds L) 03 D2 b B
Clock Clock SN SYne Stop Stop Parity Parity
Rate 1 ° Rate 0 Mode 1 Mode 0 Bits 1 Bits 0 Even/Odd Enable
00 00, 8-Bit SYNC 00 SYNC Mode 0 0dd 0 Disable
01, 16-Bit SYNC 1 Even 1 Enable
11, EXT SYNC
cRs L] Dg b5 L) 03 L] | g
Tx Bits/ Tx Bits/ Send ™ CRC-16/ Tx CRC
bR CHAR 1 CHAR 0 Break Enable conT RTS Enable
0DTR = 1 00, 5 or Less Bits/CHAR 0 Marking 0 Disable 0 CCITT-0 ORTS =1 0 Disable
1DTR =10 01, 7 Bits/CHAR 1 Spacing 1 Enable 1 CRC-16 1RTS =0 1 Enable
10, 6 Bits/CHAR
11, 8 Bits/CHAR
i L] Og b5 0y 03 ] L o
SYNCBit7-0
Monosync Tx SYNC Character
Bisync SYNC Character Bit 7 - 0
Ext Sync Tx SYNC Character
ld L] Dg 5 ) ) ] b ]
SYNCBit15-8
Monosync Rx SYNC Character
Bisync SYNC Character Bit 15 -8
Ext Sync not used
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Data Transmission in Synchronous Mode

Initialization for Transmission. Before transmitting data
in the synchronous mode, initialize the control registers for
the transmit operation. The CR4 register specifies whether
monosync, bisync, or external sync mode is used. Set the
parameters of the CR4 register before the parameters or
commands of the CR1, CR3, CR5, and CR7 registers.

Specify the bit length of a transmit character and the CRC
polynomial using the CRS5 register. Load a SYNC character
to the CR6 or CR?7 register, or to both.

In the monosync or external sync mode, the contents of the
CRE6 register is used as the SYNC character. In the bisync
mode, the contents of the CR6 and CR7 registers are used
as the SYNC character. The CR1 and CR2 registers spec-
ify the mode in which data is transferred to the MPSCC
from the host system.

After initialization of the transmit operation, the contents
(SYNC character) of register CR6 (monosync or external
sync modes) or CR6 and CR7 registers (bisync mode) are
transmitted when the transmitter is enabled. If there are a
number of SYNC characters to be transmitted before data
transmission, delay writing the first transmit data character
to the MPSCC until after transmission of several SYNC
characters.

Write the first transmit data to the MPSCC without using an
interrupt or DRQ signal. Afterwards, the interrupt or DRQ
signal becomes active each time the transmit buffer
becomes empty. If auto enable mode is selected, the data
transmit operation will start when the transmitter has been
enabled and the CTS pin has become active (low level).

In the synchronous mode, specify either CRC-16 or CCITT
as the CRC polynomial and reset it to the initial value (0) by
the initialize Tx CRC calculator command.

The TxD output pin remains in the mark state when the
MPSCC is reset or when data transmission is disabled.
When the send break bit (D4 of the CRS5 register) is set, the
TxD (output) pin is immediately set in the space state (0)
whether the transmitter is enabled or disbled. If the space
state lasts too long, the contents of the transmit buffer and
transmit shift register will be lost.

Data Transfer Mode. When transmit data is transferred to
the MPSCC by an interrupt, set the parameters of the CR1
and CR2 registers first. The channel from which data is
transferred must be set in the interrupt mode by Dy and Dg
of the CR2A register. The Tx INT/DMA enable bit (D1 of the
CR1 register) must be set. When the first transmit data is
written to the MPSCC after the transmitter has been
enabled, the Tx interrupt will subsequently occur each time
the transmit (Tx) buffer becomes empty. When an interrupt
signal is used for data transfer, the data transfer is per-
formed on a byte-by-byte basis until the message is com-
pletely transmitted.

When data transfer.is by means of DMA, the DRQTx signal
is used in place of the interrupt signal. When DMA mode is
used, the transmit channel uses the DRQ signal as
selected by the CR2A register, and the Tx INT/DMA enable
bitin the CR1 register is set. When the transmitter has been
enabled and the first transmit byte is written to the MPSCC,
the DRQTXx signal becomes active each time the Tx buffer
becomes empty. The subsequent transmit data characters
are written to the MPSCC by means of DMA on a one-by-
one basis using the DRQTXx signal.

If the MPSCC uses the WAIT pin before a data transfer, the
wait on Rx/Tx bit (Ds of the CR1 register) must to set to 0,
and the wait enable bit (D7 of the CR1 register) must be set
to 1. The MPSCC prepares for the host system to fetch a
transmit byte when the host system writes the first transmit
byte to the MPSCC after the transmitter has been enabled.
The host system then writes the next transmit byte to the
MPSCC. The WAIT pin becomes active if the Tx buffer is
not empty and inactive when it is empty. This mode is
effective when the host system writes transmit data to the
MPSCC in response to the software block transfer com-
mand.

When data transfer by software polling is used, transmit
data is written to the MPSCC under the control of the Tx
buffer empty bit (D2 of the SRO register). The Tx empty bit
is polled, and the data transfer operation waits until the bit
is set. When the bit is set, the host system writes the
transmit data into the MPSCC.

Tx Underrun Condition and CRC Character Transmis-
sion. When the Tx buffer is empty, the Tx buffer empty bit is
set, causing the interrupt or DRQTx signal to become
active. The MPSCC requests that the host system write the
next transmit data. Should the host system not respond, in
other words, should the Tx buffer remain empty too long, all
transmit data held in the shift register in the MPSCC will be
transmitted. As a result, no data to be transmitted will
remain in the MPSCC. This state is called the Tx underrun
condition, and once it occurs, the Tx underrun/EOM bit (Dg
of the SRO register) is set.

Unless the reset Tx underrun/EOM bit command (D7 and
Dg of the CRO register = 1) has been issued immediately
before the Tx underrun condition occurs, a SYNC char-
acter will be transmitted. If SYNC character(s) are inserted,
CRC calculation will not be performed on them, even if the
Tx CRC is enabled. The Tx buffer is empty in this case, and
writing transmit data to the MPSCC causes it to be followed
by the inserted SYNC character(s).

If transmission of CRC characters is enabled, and the
transmit enable command of the CRC and the reset Tx
underrun/EOM command have been issued, a 2-byte CRC
character will be transmitted, followed by SYNC char-
acter(s). When the Tx underrun condition occurs, the Tx
underrun/EOM bit is set by the RESET signal or by the
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channel reset command. The bit is reset only by the reset
Tx underrun/EOM bit command. When a CRC character is
inserted, there is no time requirement for issuing the reset
Tx underrun/EOM command. Issue it only immediately
before the Tx underrun condition occurs. Normally the
command is issued when the host system detects the end
of a message. This command can aiso be issued when the
first transmit data is written to the MPSCC. In that event,
monitoring the end of a message is not required.

If no transmit data is sent from the host system to the
MPSCC and the Tx underrun condition occurs, a CRC
character is transmitted (7201A only). Note, however, that
the CRC character will be inserted if the host system
delays writing transmit data to the n.PD7201A and the Tx
underrun condition occurs prematurely.

While the CRC character is transmitted, the Tx buffer
empty bit remains in the reset state. This bitis set, however,
when a CRC character has been transmitted and writing
the first data byte of the next message to the Tx buffer is
enabled. Should the interrupt or DMA mode be specified,
an interrupt will occur, or the DRQTx signal will become
active.

Using the Tx CRC Enable Bit. When a protocol that is
dependent on characters (bisync) is used, character(s)
may sometimes need to be excluded from the CRC cal-
culation. The MPSCC can exclude unnecessary charac-
ters by using the Tx CRC enable bit (Dg of the CR5
register). If transmit data is written to the MPSCC when the
Tx buffer is empty and the Tx CRC enable bit is set, the
CRC calculation of the written transmit data is performed. If
the Tx CRC enable bit is reset, and transmit data is written
to the MPSCC, CRC calculation will not be performed.

PAD Character and Transparent Mode. To confirm that
the first and last characters have been correctly transmit-
ted to the modem, the bisync protocol appends PAD char-
acter(s) to the first and last character each time a character
transmission operation is performed. The character placed
in front of the first character of the transmit data is called a
“leading PAD character” (55H), and the character placed
after the last character is called a “trailing PAD character”
(FFH). The MPSCC can append these two PAD characters
to transmit characters.

First, 55H (leading PAD) is loaded to the CR®6 register and
a SYNC character to the CR7 before the transmitter is
enabled. When the transmitter is enabled, register CR6’s
contents are changed into a SYNC character after the
transmission of 55H followed by SYNC characters (55H,
SYN, SYN, SYN).

If the trailing PAD character (FFH) is written to the Tx buffer
while the MPSCC is transmitting a CRC character, it,
instead of a SYNC character, will be transmitted after the
CRC character has been transmitted. Monitoring bit Dg of
the SRO register (Tx underrun/EOM bit), determines

whether or not the MPSCC is in the CRC transmission
operation or when the E/S interrupt occurs in response to
the Tx underrun/EOM bit setting.

The bisync protocol employs a transmission procedure
dependent on characters. Processing binary data that can-
not be regarded as characters is usually difficult. The trans-
parent test mode should be employed with the bisync
protocol for transmission of binary data. In this mode, the
DLE.SYN pattern is used as the synchronization pattern
instead of SYN.SYN. By loading the DLE character to the
CRE6 register and SYN to CR7, the MPSCC can process
the synchronization pattern of the transparent text mode.
The CRC calculation of the SYNC character, transmitted
from the CR6 and CR?7 registers, is not performed. How-
ever, if a character whose CRC calculation is not perormed
is among data to be transmitted, CRC calculation will be
enabled by manipulating the Tx CRC enable bit. Because
the MPSCC cannot process control characters other than
DLE.SYN (such as DLE.DEL) they must be processed by
the host system.

Transmit Operation in Bisync Mode

Figure 5-5 shows an example of transmit operation in the
bisync mode. Data is transferred between the MPSCC and
the host system by interrupt. Figure 5-6 shows the interrupt
wait routine.

Figure 5-5. Transmit Operation, Bisync Mode

: The Channels are Reset and the
Initialize Tx CRC Calculator is
Specified.

: The Pointer is Specified.
: Bus Interface Mode is Specified.

: The Pointer is Specified.
: Interrupt Vector is Specified.

: The Pointer is Specified.
: Bisync Mode is Specified.

: The Pointer is Specified.
: Character Bit Length and CRC-16
are Specified.

: The Pointer is Specified.

: Disable Auto-Enable Mode.

: The Pointer is Specified.

: SYN Character is Specified.

: The Pointer is Specified.
: SYN Character is Specified.

: The Pointer and Reset E/S INT
are ified.

: The Status Affects Vector Bit
is Set. The Tx INT and E/S INT
are Enabled.

Write Trans-
mit Data

: The Pointer is Specified.

: The Tx and Tx CRC are Enabled.

Interrupt
Wait Routine
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Figure 5-6. Interrupt Wait Routine
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When the transmitter is enabled after transmit data has
been written, two bytes of SYN.SYN are transmitted, fol-
lowed by transmit data. If a number of SYN characters
need to be transmitted, write transmit data after the pre-
determined period of time since the transmission was
enabled.

Reception in Synchronous Mode

Initialization for Reception. Before performing data
reception in the synchronous mode, initialize the MPSCC
for reception. The CR4 register specifies the monosync,
bisync, or external sync mode. The CR3 register specifies
the bit length of the receive characters. The CR5 register
determines the CRC polynomial. A SYNC character is
loaded to the CR6 register in monosync mode and to the
CR6 and CR7 registers in bisync mode. There is no need to
load a SYNC character in the external sync mode. The CR1
and CR2 registers specify the mode in which receive data
transfer takes place between the host system and the
MPSCC.

After the Rx enable bit (Dg of the CR2 register) is set and
initialization is complete, the MPSCC starts to assemble
received serial data and compares it with the SYNC char-

acter loaded in the CR6 and CR7 registers. The syn-
chronization starts when the assembled character
coincides with the SYNC characters. Once synchroniza-
tion is establised, the MPSCC exits the hunt phase and
starts assembling the characters it receives. If an
assembled character equals the SYNC character in the
CRB6 register when the reception operation starts, it can be
inhibited from being loaded into the Rx buffer. This is made
possible by setting the SYNC CHAR load inhibit bit (D1 of
the CR3 register). Even after the MPSCC has gone out of
the hunt phase, this bit remains valid. It therefore must be
reset when loading a SYNC character in received data.

Transfer of Receive Data. When character synchroniza-
tion has been established, an assembled receive character
is transferred to the Rx buffer. The contents of the Rx buffer
can be transferred to the host system by an interrupt or
software polling.

A first Rx character interrupt occurs only when receive data
is loaded to the Rx buffer after reception has been enabled
(Dg of CR2 register is 0). This interrupt can be used to
detect when data transfer using DMA should be performed
or when data transfer by software should start. When using
a protocol that is dependent on characters (bisync), the
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process of checking receive characters must be performed
in parallel with the process of first Rx character interrupt.
For this reason, data transfer by means of DMA is not
normally performed. The first Rx character interrupt is also
caused only once by the data loaded into the Rx buffer
immediately after the enable interrupt on next Rx character
command is issued.

When bit Dg of the CR2A register is 1 (7201A only) in this
mode, no interrupt is caused by the character received by
either of the channels. Also, the Rx interrupt cannot be
enabled by the enable interrupt on next Rx character com-
mand. The other operations are performed in the same
manner as when bit Dg of the CR2A register is 0.

In all Rx character interrupt mode, an interrupt occurs each
time a character is loaded into the Rx buffer.

In special Rx condition interrupt mode, if receive data
contains an error when the first Rx character or all Rx
character interrupt mode is specified, these modes are
treated as the special Rx condition interrupt mode.
Although two types of errors - parity and Rx overrun - are
possible, the special Rx condition interrupt will not occur if
a parity error occurs in the first Rx character interrupt
mode. When the all Rx character interrupt mode is spec-
ified, a parity error may or may not be included in the
special Rx condition interrupt.

Data transfer can be performed by polling the Rx character
available bit (Dg of the SRO register) by the software. When
bit Dg of the SRO register is set, it indicates that receive data
is loaded into the Rx buffer for the host system to read from
the MPSCC. In this case, to maintain the correspondence
between the receive data and its status, this data must be
read out to the host system after the contents of the SR1
register are read.

The Rx CRC enable bit (D3 of the CR3 register), controls
whether the MPSCC performs CRC calculation of a
receive character. That is, when the character has been
loaded into the Rx buffer, manipulation of the Rx CRC
enable bit before the next character is loaded into the buffer
will determine whether or not to perform the CRC calcula-
tion. If the Rx CRC enable bit is set after a character has
been loaded into the Rx buffer (Rx interrupt or Rx character
available bit is set) and before the next character is loaded,
CRC calculation is performed on the first character.

If the Rx CRC enable bit is reset under that condition, the
CRC calculation will not be performed. The 3-byte Rx
buffer cannot be used to determine whether to perform the
CRC calculation on a case-by-case basis.

The CRC/framing error bit (Dg of the SR1 register) indi-
cates the result of a CRC calculation after a 16-bit interval
since a character for the CRC calculation was transferred

to the Rx buffer from the Rx shift register. This bit indicates
the result of the calculation performed before the character
was transferred. If the CRC/framing error bit is 0, no error
occurred during the calculation. Only the last result of the
CRC check is valid, which means results from early in the
calculation are meaningless. Normally, if this bit is 0 during
data reception, an error is indicated.

The CRC error check is done in this manner when recep-
tion is completed. After a 16-bit interval since the second
byte of a CRC character was loaded to the Rx buffer, the
CRC/framing error bit is monitored. If the bit is 0, no error
has occurred. If an error occurs, the bit turnsto 1.

The CRC/framing error bit indicates the state of a CRC
error after a 20-bit interval since the last CRC character bit
was input to the RxD pin. Accordingly, the RxC clock must
be input continously for a 16-bit interval after the second
byte of a CRC character has been loaded to the buffer, or
for a 20-bit interval after the last CRC character bit has
been input to the RxD pin.

Receive Operation in Bisync Mode

Figure 5-7 shows the receive operation in the bisync mode.
Interrupts transfer data between the MPSCC and host
system. Figure 5-8 shows the interrupt routine.

Figure 5-7. Receive Operation, Bisync Mode

: The Channels are Reset and the
Initialize Rx CRC Calculator
Bitis Specified.

: The Pointer is Specified

CROA - 021 1 Bt interface Mods is Specified as 8085-1

CR2A - 20H

: The Pointer is Specified.
: Interrupt Vector is Specified.

: The Pointer is Specified.
: Bisync Mode is Specified.

CRO - 14H
CR4 - 10H

: The Pointer is Specified.
: CRC Polynomial (CRC-16) is
Specified.

: The Pointer is Specified.
: Bit Length of Receive
Characters is Specified.

: The Pointer is Specified.
: SYN Character is Specified.

: The Pointer is Specified.
: SYN Character is Specified.

. The Pointer is Specified.
: All Rx Character, Status Affects
Vector and E S INT are Enabled.

: The Pointer is Specified.
: The Rx is Enabled. Loa 3 of SYNC
Character is Inhibited.

Interrupt
Wait Routine
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Figure 5-8. Rx Interrupt

Special Rx Interrupt

HDLC (SDLC) MODE

The MPSCC can perform HDLC (high-level data link con-
trol) and IBM SDLC (synchronous data link control). The
HDLC is a bit-oriented protocol different from byte-oriented
protocol, such as BSC (binary synchronous communica-

tion). Being bit-oriented, HDLC is a protocol flexible in
message length and bit pattern. The MPSCC has several
features to process messages of different lengths. For
details on the HDLC, refer to the CCITT standards.

Figure 5-9 shows the HDLC message format. An HDLC
message, or frame, starts with a flag and ends with a flag.
The MPSCC transmits and detects the flag to indicate the
frame opening and closing. Flags received by MPSCC are
not transferred to the CPU as data.

The 8-bit address field in an HDLC frame indicates the
secondary address. If the address search mode has been
enabled, detection of the secondary address determines
whether or not the MPSCC receives a frame. The control
field of an HDLC frame is transparent to the MPSCC; the
MPSCC receives it merely as data and transfers it to the
CPU.

The MPSCC has a Tx CRC calculator and an Rx CRC
calculator to check frames. The Tx CRC calculator is ini-
tialized by commands (all bits are preset to 1), and the Rx
CRC calculator is automatically reset when the MPSCC
detects the opening flag of a frame. The MPSCC also has
automatic zero insert and delete functions.

Figure 5-9. HDLC Message Format

4
45
Flag Flag
[(:1111110)[ Address DMA”FIeId CRC Character I{O‘"‘"O)
| } } . 4 |
<¢-8 Bits ->-=¢- 8 Bits > Variable Lengtha+ 16Bi -8 Bits -3
49-000392A

Table 5-3 shows the contents of registers CR3-CR7 when
the MPSCC is in HDLC mode.
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Table 5-3. Contents of Registers CR3-CR7 in HDLC Mode
CR3 b Dg bs 0y D3 D2 B Bg
SYNC
Enter Address CHAR
Rx Bits/ Rx Bits/ Auto Hunt Rx CRC Search Load Rx
CHAR 1 CHAR 0 Enable Phase Enable Mode Inhibit Enable
00, 5 Bits/CHAR 0 Disable 0 NOP 0 Disable 0 NOP 0 0 Disable
01, 7 Bits/CHAR 1 Enable 1 Re-enable 1 Enable 1 Available 1 Enable
10, 6 Bits/CHAR
11, 8 Bits/CHAR
CR4 L Dg Bg ) ] L] i} By
Clock Clock SYNC SYNC Stop Stop Parity Parity
Rate 1 Rate 0 Mode 1 Mode 0 Bits 1 Bits 0 Even/Odd Enable
10 10 HDLC 00 0 0
CRS L g ] Dy ] D2 By ]
Tx Bits/ Tx Bits/ Send x CRC-16/ Tx CRC
OTR CHAR 1 CHAR O Break Enable cenT RTS Enable
0DTR =1 00, § or Less Bits/CHAR 0 0 Disable 0 CCITT1 ORTS =1 0 Disable
1D0TR =0 01, 7 Bits/CHAR 1 Enable 1RTS =0 1 Enable
10, 6 Bits/CHAR
11, 8 Bits/CHAR
CR6 L] Dg L] L) 03 L] 0 Do
SYNCBit7-0
Secondary address *
CR7 b Dg L] D4 ] ] Do

SYNCBit 15-8

Flag character (01111110)

Data Transmission in HDLC Mode

Before performing data transmission in the HDLC mode,
initialize the MPSCC for transmission. The CR4 register
specifies the HDLC mode and the CR5 register specifies
the bit length of a transmit character and an HDLC poly-
nomial (CCITT-1: X'6 + X2 + X5 + 1). The CR1and CR2
registers set the mode in which data is transferred from the
host system to the MPSCC. Set bit D3 of the CR5 register
to 1 to enable the transmitter.

After the registers have been properly initialized, flags are
transmitted from the TxD pin. Flag transmission will con-
tinue until the first transmit data byte is written to the
MPSCC. Normally after the transmitter has been enabled,
writing the first data to the MPSCC is delayed and two or
more flags are transmitted so that the synchronization of
the reception side is securely established.

Data transfer to the MPSCC is done by means of an
interrupt, DMA, or polling operation. When the transmitter
is enabled, the interrupt or DRQ signal is not activated by
the empty state of the Tx buffer. Therefore, do not use
interrupts, DMA, or polling operations to transfer the first
transmit data to the MPSCC after the transmitter has been

enabled. Note, however, that an interrupt or DMA request is
automatically generated when a flag is loaded to the shift
register after the transmitter has been enabled, provided
that bit Dg of the CR1 register is 1 (7201A only).

If auto enable mode is specified, the transmit operation is
enabled when the CTS pin becomes active after the trans-
mitter has been enabled. Of the frame configurations regu-
lated by the HDLC protocol, address, control, and data
fields are transparent to the MPSCC. The MPSCC merely
transmits these written data without any change. After the
transmitter has been enabled, the first data written to the
MPSCC is normally treated as an address field. An 8-bit
character transferred then from the MPSCC is transmitted
sequentially with the MPSCC starting from its least signifi-
cant bit (LSB) in the number of bits per character specified
by Dg and D5 of the CR5 register. Therefore, if a character is
made up of seven bits or less, the data byte to be trans-
ferred to the MPSCC must accordingly be shifted to the
right by the number of unused bit(s) in compliance with the
data format described in Section 4, Control Register 5
(CR5).

Change or specify the transmit character length as
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desired. The bit length can be changed by modifying the
specification of the CRS5 register immediately after a trans-
mit character has been written to the MPSCC. This is true
because characters are transmitted from the Tx buffer to
the transmitter by the specified bit length.

In HDLC mode, CCITT-1 (X' + X2 4+ X5 + 1) is selected
as a CRC polynomial. In this case, the CPU will either issue
the initialize Tx CRC calculator command or (in the 7201A
only) it will be cleared (all bits will become 1) when the flag
is loaded to the Tx shift register. This allows faster trans-
mission of sequential frames in the 7201A.

The MPSCC transmits CRC character by using the Tx
underrun state. When the Tx underrun state occurs when
the Tx underrun/EOM bit is 0, CRC characters are trans-
mitted. In the 7201, the Tx underrun/EOM bit must be reset
by command. In the 7201A, it is reset by the first bit of the
transmission. If the TxLR set bit (D6 of the CR1 register) is
1, CRC or abort sequences will be transmitted according to
the value of the Tx length counter. This applies to the 7201A
only. The 7201 has no Tx length counter.

The MPSCC has a zero-insertion function. If five con-
secutive 1s are detected in a frame when data is transmit-
ted using HDLC protocol, a 0 is inserted after the 1s.
However, no 0 is inserted after flags or abort sequences.

Data Transfer Modes. When the MPSCC transfers data to
the host, it uses three modes: polling, interrupt, and DMA.

In polling mode, data transfer is performed without using
interrupts or DMA. The CPU writes the transmit data to the
MPSCC by checking the state of the Tx buffer empty bit (D5
of the SRO register). If the bit is 1, the CPU can write
transmit data to the MPSCC. If the bit is O (Tx buffer is full),
the MPSCC is not ready to accept any transmit data and
the CPU cannot write the transmit data.

If the Tx buffer is full when WAIT is enabled (D7 of the CR1
register is 1), an attempt to write data to the MPSCC will
cause the WAIT signal to become active. The write cycle of
the CPU is prolonged by this WAIT signal until the Tx buffer
becomes empty. The WAIT function is used to perform
data transmission controlled by the software, such as block
transmission. )

In interrupt mode, data transfer is performed using an
interrupt. Bits Dy and Dy of the CR2A register set both
channels A and B in the interrupt mode when they are 00.
Only channel B is set in the interrupt mode when these bits
are 01. If the Tx INT/DMA enable bit is set, the Tx interrupt
occurs when the Tx buffer becomes empty. The CPU
writes data to the MPSCC using this Tx interrupt. The Tx
interrupt is satisfied when data is written to the Tx buffer or
when the reset Tx INT/DMA pending command is issued.

When the reset Tx INT/DMA command is issued without
the CPU writing data to the MPSCC, the Tx interrupt is
temporarily reset, but the Tx buffer remains empty. The

MPSCC then enters the Tx underrun state when datain the
Tx shift register has been completely transmitted. The Tx
interrupt will occur again on completion of CRC character
transmission and when the MPSCC requests the CPU to
transfer the next message. This interrupt occurs when a
flag is internally loaded. When the transmitter is enabled
first, the Tx buffer is already empty. Therefore, the Tx
interrupt does not occur until the first character has been
written to the MPSCC when bit Dg of the CR1 register is 0.
When this bit is set to 1, the interrupt occurs each time the
Tx buffer becomes empty.

In DMA mode, data transfer is performed using DMA. Bits
Ds and Dg of the CR2A register must be set either to 01
(channel A to the DMA mode), to 10 (channel A and Bto the
DMA mode), or to 11 (channels A and B to the DMA-2
mode, 7201A only).

The DRQTXx signal becomes active when the Tx buffer
empty bit is 1 and the DMA controller can write transmit
data from the CPU to MPSCC. The DRQTx signal does not
become active just by enabling the transmission. The
DRQTXx signal becomes active when the Tx buffer empty
bit is set to 1 following the first data written to the MPSCC
when Dg of the CR1 register is 0. When bit Dg of the CR1
register is 1 (7201A only), the signal becomes active when a
flag is loaded to the Tx shift register after the transmitter
has been enabled. Even if the last data of a frame is
transferred to the MPSCC, the DRQTx signal becomes
active when the Tx buffer becomes empty. Should the DMA
controller not respond under this condition, the Tx under-
run condition occurs after data currently existing in the shift
register has been transmitted.

If necessary, the DRQTXx signal can be reset temporarily by
using the reset Tx INT/DMA pending command. This com-
mand is valid, however, only when the Tx buffer empty bit is
setto 1. The DRQTx signal becomes active again when the
MPSCC completes transmission of a CRC character and
requests the CPU to transfer the next message.

Tx Underrun/EOM in HDLC Mode. When all data has
been transmitted from the Tx buffer and Tx shift register
(Tx underrun condition occurs), the MPSCC closes the
frame currently in process and transmits a 2-byte CRC
character, followed by a flag.

The Tx underrun condition is indicated by the Tx underrun/
EOM bit. This bit is set by an external reset signal input
from the RESET pin, by the channel reset command, or
when the Tx underrun State occurs. The Tx underrun/EOM
bit is automatically reset when the first character is loaded
to the Tx shift register. A CRC character is, therefore,
transmitted when the Tx underrun state occurs because
the Tx underrun/EOM bit is already 0.

After the MPSCC has been reset, the Tx underrun/EOM bit
is 1. This prevents transmission of CRC characters when
the MPSCC has no data to transmit. Consequently, aflagis
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transmitted when the MPSCC is set in the Tx enable state.
When data is written to the Tx buffer, the MPSCC starts to
transmit the data.

When the Tx underrun condition occurs after the last data
of a message has been transmitted, the Tx underrun/EOM
bit becomes 1, causing the E/S interrupt to occur and
transmission of a CRC character to start. During the CRC
character transmission, the Tx underrun/EOM bit remains
1and the Tx buffer empty bit 0. These states indicate the Tx
buffer is filled with CRC. In the 7201, the reset Tx underrun/
EOM command must be given before the underrun occurs
to assure that CRC bytes are sent. If this bit is not reset,
SYNC characters will be transmitted.

When the CRC characters have been completely trans-
mitted, the Tx buffer empty bit becomes 1 again, and
transmission of the next message is enabled. If no
message is to be transmitted, the transmitter will be
disabled, and the transmit operation will terminate.

Abort Sequence Generation. An abort sequence is a
series of 8 to 13 “1” bits. A maximum of 13 bits is possible
because itis possible for a maximum of 5 consecutive bits
to precede an 8-bit sequence.

When an abort sequence is transmitted, characters cur-
rently being transmitted and the contents of the Tx buffer
are lost. Then, flags follow completion of the abort
sequence transmission.

When the MPSCC is reset, the Tx Underrun/EOM bit is 1
and flags are transmitted until a character is written for the
first time since the transmitter was enabled. When the next
character (secondary address) is written, the Tx underrun/
EOM bit resets to 0 (7201A only) and starts the transmis-
sion of frames.

If data transfer from the CPU is delayed despite all data
transfers having not yet been completed (Tx underrun
condition occurs), the frame must be aborted with an abort
sequence. This abort sequence can be generated in the
MPSCC automatically (7201A only) or by software.

In automatic generation, if the TxLR set bit (Dg of the CR1
register) is set to 1 and the number of transmit bytes is set
to the Tx length register as the initial condition, the MPSCC
compares the contents of the Tx length register with those
of the Tx length counter (SR3 and SR4 registers) to deter-
mine whether to transmit an abort sequence. If the number
of data characters to be transmitted (set value of the Tx
length register) does not agree with the number of data
characters which have been transmitted (set value of the
Tx length counter) in the Tx underrun condition, the
MPSCC will automatically transmit an abort sequence.
Since the 7201 does not have Tx length registers and
counters, this is only possible for the 7201A.

The abort sequence can also be generated by issuing a
send abort command (CRO). The host system, rather than

the MPSCC, decides to generate an abort sequence. The
Tx underrun/EOM function of the MPSCC makes this deci-
sion possible. The 7201 abort sequence must be gener-
ated by the host.

If data transfer to the MPSCC is delayed, the Tx underrun
condition will occur. If this condition occurs while the CRC
characters are being transmitted, then the host system
must decide if the occurence of the Tx underrun state is
caused normally. If the condition is abnormal, .the host
system secures the time required to issue the send abort
command.

If a flag, transmitted when the Tx underrun error occurs,
erroneously results in a transmit data pattern that matches
the results of the Rx CRC calculator + flag, the frame is
probably normal. When that happens, the CRC character
transmission function prevents the abnormal frame from
being seen as normal. The E/S interrupt generally occurs
when the Tx underrun/EOM bit is set to 1 from 0. The host
system makes the decision based on this interrupt.

The MPSCC performs the following operations in response
to a send abort command and the CPU responds to them.

(1) The Tx buffer of the MPSCC becomes empty, and the
Tx interrupt and DRQTx signals become active.

(2) If either the CPU or DMA controller does not respond to
operation (1) within a fixed interval, the MPSCC enters
the underrun state.

(3) The MPSCC then sets the Tx underrun/EOM bit, and
the E/S interrupt occurs.

(4) The MPSCC starts transmitting CRC characters.

(5) The CPU accepts the E/S interrupt described in ope-
ration (3), checks the Tx underrun/EOM bit, and
decides if the interrupt was caused by completion of
a message, as it should have been.

(6) If the CPU decides that the interrupt has not been
caused by a normal completion of a message, it
immediately issues the send abort command (Ds,
D4, and D3 of the CRO register are 001).

(7) Inresponse to the send abort command, the MPSCC
transmits an abort sequence.

The CPU response time for the above sequence is from 22
to 30 Tx clock cycles.

Abort sequences become valid as soon as the send abort
command is written to the CRO register causing loss of the
transmit data. The send abort command is automatically
reset after transmission of abort.

CRC Calculation in HDLC Mode. In HDLC protocol, the
bits between the opening flag of each frame and a CRC
character are CRC-calculated using the polynomial X6 +
X2 + X5 + 1. The CRC calculation is performed in the
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HDLC mode as follows:

(1) The HDLC polynomial is selected by bit D, of the
CRS register. This specification must be performed
prior to resetting the Tx CRC calculator.

(2) The Tx CRC enable bitis set by bit Dg of the CR5 re-
gister to enable the CRC calculation. This must be
performed before transmitting the first data to the
MPSCC (address field).

(3) The Tx CRC calculator is automatically reset (all bits
become 1) atthe beginning of each frame when a flag
is loaded to the Tx shift register inside the MPSCC
(7201A only).

(4) The CRC calculation starts when the first data
(address field) is transferred to the MPSCC.

(5) Upon completion of data transmission to the MPSCC
and when the Tx underrun condition occurs,a CRC
character is transmitted onto the data line with each
bit of the value generated by the Tx CRC calculator
inverted.

Completion of Transmit Operation (7201A only). The
MPSCC can notify the host system that transmission of a
frame has been completed (all sent bit is 0) by using the
E/S interrupt in HDLC mode. This E/S interrupt occurs
when a flag pattern of one byte or more is transmitted from
the TxD pin after a CRC character has been transmitted.
inside the MPSCC, however, the interrupt occurs when
flag characters of three bytes or more are about to be
transmitted.

Because the E/S interrupt caused by the Tx underrun/
EOM bit does not indicate completion of a frame transmis-
sion, this interrupt is used to detect it.

The E/S interrupt occurs when bit Dy of the SR1 register is
set to 1. When it occurs, the contents of the SRO and SR1
registers must be read. Should the transmitter be disabled,
the characters held in the Tx buffer will remain there
unchanged and will not be transmitted.

Transmit Operation in Tx Length Set Mode (Dg of the
CR1 Register is 1) (7201A only). Data transmission using
the Tx length register is performed differently from trans-
mission without using it. This mode, in which the desired
number of bytes is set to the Tx length register, is especially
effective when using both channels A and B in the DMA
mode (especially in the both CH.DMA-1 mode when bits D¢
and Dg of the CR2A register are set to 1 and 0). In this
mode, the Tx DMA request DRQTXx signals automatically
become inactive when the number of bytes sent to the Tx
length register has been completely transmitted. When bit
Dg of the CRH1 register is set to 1 again, the DRQTx signal

becomes active again. If the Tx underrun condition occurs
before the number of data transmitted has reached the
number set in the Tx length register, the MPSCC will auto-
matically abort the frame. The contents of the SR3 and
SR4 registers can confirm whether the frame has been
aborted or the transmission has been normally completed.
If the frame has been aborted, the contents of the registers
indicates the number of data character transmitted up to
the point where the abort has occurred + 1. If the contents
are 00s, the transmission has completed normally.

To resume transmission after the frame has been automati-
cally aborted, activate the DRQTXx signal by setting bit D of
the CR1 register to 1 as if the transmission had been
completed normally. the DRQTx signal becomes active
after the contents of the Tx length register have been
modified.

Transmit Example in HDLC Mode

Figure 5-10 shows an example of a transmit operation in
HDLC mode. The example assumes data is transmitted
using DMA. Figure 5-11 shows the E/S interrupt process.

Figure 5-10. Transmit Operation, HDLC Mode

i Pointer 2 is Specified.

: The Bus Interface Mode (Rx INT
Mask, Vectored, 86-Vectored, and
Both CH.DMA-2 Mode) is Set.

: Pointer 2 is Specified.

+ The Interrupt Vector is Specified.

Pointer 4 is Specified.
* The HOLC Mode is Set.

FH * Pointer 1 is Specified, Reset
i E/SINT, Tx Length
TxLR-L — FFHI" Register Set, Status Affects
TxLR-R — FFH Vector (Set in Only Channel B)
TX INT/DMA Enable, /S INT Enable,
and Tx Length Value are Set.

: Pointer 3 is Specified.

: The Auto Enable Mode (Transmission
is Enabled When CTS = 1and Tx
gwh Operation is Performed) is

© Pointer 5 is Specified.
: Tx Character , Tx Enable
CCITT-1, and Tx CRC Enable is
Performed.

: The Initialize Tx CRC Calculator

: nd is Issued (This Operation
can be Omitted Because it is
Automatically Initialized.)

Initialize
Complete
(See Note.)

Note: In this example, the DRQTx signal becomes active and requests the first data

transmission when CTS becomes low after initialization. Afterward, the. DRQTx signal
becomes active each time the Tx buffer becomes empty. When the number of data set
in the Txl written, MPSCC DRQTx signals do not b live.

49-000396A
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Figure 5-11.  E/S Interrupt Process

E Snterrupt Process

SRO and SR1are Read|

Analysis of Interrupt
Source

Interrupt Caused by Interrupt Caused by Interrupt Caused by
Change of Tx Un- All Sent =1 Other Sources
derrun EOM Bit
from0to1 }

l Transmission Process Appropriate

Completion Process 1o Interrupt Source
Normal
SR3 and Completion

SR4 are
Read

Reset E SINT
Command is Issued.

End of Interrupt

Command is Issued.
Return fromE S
Interrupt Process
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Reception in HDLC Mode

Receive Operation in HDLC Mode. To receive data in the
HDLC mode, perform the following steps:

(1) Specify the HDLC mode by setting the necessary
parameters in the CR4 register. Do this before
setting parameters in other registers.

(2) Use the CR5 register to specify the HDLC polyno-
mial (CCITT-1: X16 + X12 + X5 + 1).

(3) Specify the secondary address and flag character
with the CR6 and CRY7 registers, respectively.

The MPSCC enters the hunt phase when the enter hunt
phase bit (D4 of the CR3 register)is set. This state con-
tinues until the first flag (opening flag) is detected after the
receiver is enabled. In the HDLC mode, once the MPSCC
goes out of the hunt phase and synchronization is estab-
lished, the synchronization will be maintained until the
receiver is disabled. When the MPSCC detects the valid
opening flag, it sets the SYNC/hunt bit to 0 and the E/S

interrupt occurs. Subsequently, the MPSCC assembles
and transfers the serial data input from the RxD pin to the
Rx buffer. Data that exists between the opening and closing
flags is transparent to the MPSCC. The MPSCC performs
no special process on the received data.

The MPSCC has an address search mode function that
determines whether the MPSCC should receive the trans-
mitted data. In this mode (D, of the CR3 register is 1), the
MPSCC will only start assembling data when the first data
byte (secondary address) following a valid flag matches
either the address set in the CR6 register or the global
address 11111111, The address search function is used only
to assemble 1-byte address data. The host system there-
fore must decide, when a frame configured of 2 bytes or
more of extended address is used, whether the frame
should be received. In the event that it is received, the
MPSCC transfers the extended address following the first
address byte to the CPU if the first address byte coincides
with the contents of the CR6 register or with the global
address. The CPU; in turn, must check the extended
address. Should the CPU decide the frame is unneces-
sary, it will set the enter hunt phase bit again, temporarily
stop reception, and wait for the next frame.

Because the length of the | field is not regulated by HDLC
protocol, the MPSCC can modify the transmit character
length as desired. The modification must take place while
the character whose character length has been changed is
being assembled. In other words, the modification must be
made at an appropriate time so that it becomes valid before
the number of bits specified as the character length is
completely assembled. For example, if the address and
control field are eight bits long and the | field folllowing them
is seven bits long, the modification must be carried out after
the control field has been assembled and while the 7-bit
character is being assembled.

The abort detection function of the 7201A is valid when the
opening flag is detected after reception is enabled. The
abort detect function for the 7201 is valid during the hunt
phase as well. When eight or more 1s are received (abort
sequence), the break/abort bit (D7 of the SRO register) is
set and the E/S interrupt occurs if the interrupt has been
enabled. After detecting the abort sequence, the MPSCC
automatically enters the hunt phase. If the E/S interrupt
occurs because of detection of the abort sequence, the
MPSCC will issue the reset E/S INT command. To dis-
tinguish whether the detected bit string is an abort
sequence or an idle sequence, time is measured from
when the reset E/S INT command was issued. If the abort
state is reset (zero following the abort sequence is
detected), the E/S interrupt occurs. The special Rx condi-
tion interrupt occurs, which is caused by the end of frame,
when the MPSCC detects the closing flag. Normally, by
using this interrupt, the MPSCC detects the completion of
frame transmission. If the data length between the opening
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and closing flags is seven bits or less, the frame will not be
received. If the data length is more than seven bits, the
frame will be received. The MPSCC automatically deletes
the zero inserted in the data, using its zero deletion func-
tion. Flags are not transmitted to the CPU. If the E/S
interrupt is enabled, the E/S interrupt will also occur when
the state of the DCD pin changes.

Transfer Modes of Receive Data. Receive data can be
transferred from the MPSCC to the CPU in HDLC mode by
polling, interrupt, or DMA.

In polling mode, the CPU reads receive data from the
MPSCC as it checks the state of the Rx character available
bit (Do of the SRO register). The MPSCC turns the Rx
character available bit to1 each time it receives a character
and requests the CPU to fetch the receive data out of the
MPSCC. If the Rx character available bit is 1, the CPU will
read receive data from the MPSCC.

In data transfer by interrupts, data transfer using an inter-
rupt can be in first Rx character interrupt mode or all Rx
character interrupt mode.

In the first Rx character interrupt mode (D4 and D3 of the
CR1 register are 01), an interrupt is caused by the first
received character only. Subsequently, an interrupt will
occur only each time the special Rx condition is detected.
However, when the enable interrupt on next Rx character
command (Ds, D4, and D3 of the CRO register are 1, 0, and
0, respectively) is issued, an interrupt can reoccur when a
character is received after the command. In the Rx INT
mask mode (Dg of the CR2A register is 1, 7201 A only), an
interrupt is not caused by the first received character. The
interrupt which is caused by a received character cannot
be enabled by issuing the enable interrupt on next Rx
character command. This mode can be used to start a
polling operation by the software or to block transmission
by using the WAIT signal or to start a DMA operation. in the
all Rx character interrupt mode (D4 and D3 of the CR1
register are either 10 or 11), an interrupt occurs whenever a
character exists in the Rx buffer. Also in this mode, an
interrupt provided with an interrupt vector indicating the
interrupt, occurs when the special Rx condition is detected
(status affects vector is selected). The character immedi-
ately before a closing flag (normally the second byte of a
CRC character) is read from the MPSCC by the process
routine for the special Rx condition interrupt, because of an
end of frame.

In data transfer in DMA mode, the first Rx character inter-
rupt mode is selected. The DMA controller usually is
enabled by this interrupt process routine, and the DMA
operation starts. When an opening flag is detected, the
DRQRx signal becomes active each time the MPSCC
receives a character and the MPSCC requests the DMA
controller to read the receive data. On the other hand, in the
first Rx character mode, an Rx interrupt occurs upon

reception of the first character. This interrupt can be
masked by setting Dg of the CR2A register to 1 (Rx INT
mask mode, 7201A only). If the DMA controller is enabled
before the first Rx character interrupt occurs, it processes
the interrupt before the CPU accepts it. When the receive
data is read from the MPSCC to the CPU, the interrupt
request signal is reset. When a closing flag is received, the
special RX condition interrupt occurs because of an end of
frame, and the MPSCC informs the CPU of the completion
of frame reception.

Special Rx Condition in HDLC Mode. In the HDLC
mode, the special Rx condition interrupt occurs when
the Rx Overrun state or end of frame state is detected.
When the MPSCC enters either state, an interrupt with
a vector indicating the special Rx condition can be
generated (status affects vector is selected). The special
Rx condition interrupt, however, is notan independent
interrupt mode, and either the first Rx character or the
all Rx character interrupt mode must have been selected
before the conditions necessary to generate this in-
terrupt are established. The Rx overrun status is
latched, and the error information read from the
MPSCC indicates an error occurred either in the data
stored in the Rx buffer or after the error reset command
was issued. The special Rx condition interrupt due to
an Rx overrun error is generated when the MPSCC
reads the data that caused the Rx overrun state.

The special Rx condition interrupt due to the end of frame
state is generated when a valid closing flag is received. If
the end of frame bit is set, the CRC error bit and residue
codes will become valid.

CRC Calculation of Receive Data. The MPSCC performs
control of the Rx CRC calculator during a receive opera-
tion. The Rx CRC calculator is reset by an opening flag (all
bits checked are set to 1) and completes the CRC calcula-
tion in response to a closing flag. It can also be reset by the
reset Rx CRC checker command when bits D7 and Dg of
the CRO register are 0 and 1, respectively.

In the HDLC mode, CRC calculation of all receive data is
performed, but no 8-bit delay occurs as in the synchronous
mode. Because results of the CRC calculation are inverted
when they are transmitted, a special sequence is used for
the CRC check of the MPSCC during the receive opera-
tion. A 2-byte CRC character is used for the CRC check
inside the MPSCC and can be received as normal data.
The CRC calculation is complete when the second CRC
character has been transferred to the RX buffer. In the
7201A, both bytes of the CRC character can be received as
data. In the 7201, only the first CRC byte is received as data
correctly.

Completion of Receive Operation. When the 7201A
receives a closing flag, the end of frame bit (D7 of the SR1
register) is set, and the special Rx condition interrupt
occurs. Under this condition, the CRC framing error bit (D7
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ofthe SR1 register) and residue codes (D3, D; and Dy of the
SR1 register) are valid. The residue codes indicate the
number of bits on the boundary between a 16-bit CRC
character bit and an | field.

The CPU mustimmediately issue the error reset command
(Ds, D4, and D3 of the CRO register are 110) to clear this
state after performing necessary processes in the special
Rx condition interrupt process routine caused by the end of
frame bit.

The MPSCC continues receiving input frames even when it
has entered the end of frame state after detecting a closing

Figure 5-12. Receive Operation, HDLC Mode

flag. These receive data characters, however, are not trans-
ferred to the last byte of the Rx buffer until the error reset
command is issued. This is in case of an INT on first Rx
character mode. If no subsequent message is to be
received by the MPSCC, the receiver will be disabled to
terminate the receive operation.

Figure 5-12 shows a receive operation in HDLC mode.
This example assumes that data is transmitted using
the DMA mode. Figure 5-13 shows the special Rx
condition interrupt process. Figure 5-14 shows the
reset E/S interrupt.

Figure 5-13. Special Rx Condition Interrupt Process

: The Channel is Reset

CROA — 02H |: Pointer 2 is Specified.

CR2A - 73H|: The Bus Interface Mode (Rx INT
Mask, Vectored, 86-Vectored, and
Both CH.DMA-2 Mode) is Set.

: Pointer 2 is Specified.
: The Interrupt Vector is Set.

: Pointer 4 is Specified.
: The HDLC Mode is Set.

CRO - O5H|: Pointer5 is Specified.
CRS — 60H|: CCITT-1is Set.

: Pointer 6 is Specified.
: The Secondary Address is Set.

: Pointer 7 is Specified.
: Flagis Set.

: Pointer 1 is Specified.
: The Reset E/S INT, INT on First

Ci , Status Aftects Vector
(Set Only in Channel B), and E/S
INT Enable are Set.

CRO - O03H|: Pointer3is Specified.

CR3 - FDH|: RxCharacter Length, Auto Enable
Mode ( ption is When

DCD is Low and Rx Enable Operation
is Performed), Enter Hunt Phase
Enable, Address Search Mode, and
Rx Enable are Set.

Initialize
Complete
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Special Rx Condition
Interrupt Process
SRtis Read
Analysis of
Interrupt Source

Interrupt Caused by
Change in End of
Frame Bit from 010 1

Interrupt Caused by
Overrun Error
Receive Data is Read.

Receive Data is Read.

Error Process

I I Reception Completion
Error Process Process

Error Reset
Command is Issued.

End of Interrupt
Command is Issued.

Return from Special
Ax Condition Inter-
rupt Process

Note: In this example, a receive operation starts when the level of DCD becomes low after
initialization. When a valid flag is detected, the first data (other than flags following the
valid flag) is compared to the contents of the CR6 register. If this data is the same.
(address agreement). DRQRx becomes active each time data including this address
data is received and the transfer of receive data is requested.

49-0003938
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Figure 5-14. Reset E/S Interrupt Process

SRO is Read.

1

Analysis of
Interrupt Source

]

Process Appropriate
for Interrupt Source

1
Reset E/S INT
Command is

49-000397A
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CPU INTERFACE TIMING

CPU interface timing consists of read/write, WAIT, inter-
rupt, and DMA timing.

Read/Write Timing

Figure 6-1 is a diagram of the interface between the
CPU and the MPSCC. It also shows timing for reading
out data or status information in the MPSCC (read
cycle) and for writing commands, parameters, or data
to the MPSCC (write cycle). The CPU is an 8085A.

WAIT Timing

Figure 6-2 shows the basic timing chart of a WAIT opera-
tion. Both the read cycle in which the CPU fetches data
from the MPSCC and the write cycle in which it writes data
to the MPSCC can be prolonged by inputting WATTA and
WAITB signals to the CPU’S READY pin. These two sig-
nals are active low.

The WAITA pin also functions as the DRQRXxA pin and the
WAITB as the DRQTxA pin. When Dy and Dy of CR2A
register are set to zero, these two pins function as the WAIT
pins.

The WAIT pins are open drain pins. Their impedance is
high until they become active. Both WAITA and WAITB pins
can be wired OR.

Both pins become active low level under the following
special conditions:

® D, and Dy of the CR2A register are both Os in the WAIT
mode.

® D7 of the CR1 register is 1 in the wait enable mode.

® The Txbufferis full or the Rx buffer is empty and the level
of the CS and the C/D pin is 0.

The WAIT pins go to a high level when the Tx buffer
becomes empty or the MPSCC is in the Rx character
available state, thus enabling the read/write operation.

Interrupt Timing

Vectored Mode. Figure 6-3 shows the basic timing chart of
an interrupt in the vectored mode. Figure 6-4 shows a
timing chart when more than one interrupt source exists in
this mode.

The MPSCC accepts its own internally generated interrupt
request when the internal INTAK signal (set at the trailing
edge of the first externally input INTAK signal and reset at
the leading edge of the second externally input INTAK
signal) is inactive. Aninternal interrupt is disabled when the
internal INTAK signal is active.

When an interrupt assigned a priority is enabled, interrupts
with lower priority will remain disabled. When an internal
interrupt is enabled, the INT pin of the MPSCC goes low

and notifies the interrupt controller (for example, the
8259A). At the same time, the PRO pin turns high, and
interrupts by an MPSCC connected in the lower order of
the daisy chain are disabled.

When the PRI input is high, an output signal from the INT
pin will be kept at a high level until the input to the PRI pin
becomes low. Because the INT output pin is an open drain
pin, the output must be pulled up to turn it to a high level.
When the MPSCC enters the interrupt acknowledge cycle,
the INTAK signal is input to it from the CPU, and an
interrupt request is latched at an in service latch. The
MPSCC then analyzes the priority of the interrupt in the
time interval between the first and second falling edges of
the INTAK signal. As a result, the MPSCC sets the in
service latch corresponding to the highest-priority.interrupt
at the second falling edge of the INTAK signal. As the in
service latch is set, the INT signal is reset at a high level.

When an in service latch is set, an interrupt assigned a
lower priority will not be enabled, and the in service latches
of lower levels aiso will be reset.

In service latches are reset when the EOl command is
issued (D3, D4, and D5 of the CRO register are all 1s). At this
point, the in service latch assigned top priority will be reset.
An input signal to the CS pin must be inactive (CS=1)
while the INTAK pin remains at a low level (0).

Even when an in service latch with priority is set, if an
interrupt request signal with a higher priority is generated,
the interrupt can be enabled during the interrupt enabled
period.

Figure 6-4 shows interrupt timings of three interrupts,
labeled A, B, and C. Interrupt A has highest priority, inter-
rupt B the second highest, and interrupt C the lowest. After
the INT signal is output because of interrupt C, interrupt B
will be enabled if it occurs before the INTAK signal is
received. When the MPSCC enters the interrupt acknowl-
edge cycle, the in service latch corresponding to interrupt B
is set, and the interrupt vector corresponding to interrupt B
will be sent to the CPU if the status affects vector mode is
specified.

If interrupt A occurs, however, while interrupt B is being
serviced (in service latch of interrupt B is 1), it will be
enabled instead of B because of its higher priority, and the
INT signal will be generated. When the CPU issues the
EOI command after servicing interrupt A, the in service
latches of interrupt A and interrupt B are both reset. After all
three interrupts have been serviced and all interrupt
sources in the MPSCC and in service latches have been
cleared, the output signal from the PRO pin is reset, and
the interrupt of the MPSCC connected in the lower order of
the daisy chain will be enabled.
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Figure 6-1.
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Figure 6-2. WAIT Timing

WAIT B/A

Figure 6-3. Interrupt Timing in Vectored Mode (1)
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Figure 6-4. Interrupt Timing in Vectored Mode (2)
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The interrupt operation is applicable in the 85-1 and 85-2
interrupt modes (D3 and D4 of the CR2A register are either
00 or 01). However, in the 85-3 interrupt mode (D3 and D4 of
the CR2A register are 11, 7201A only) the INT output will
become active (low level) if there is an interrupt in the
MPSCC even when the PRI input is high.

Nonvectored Mode. Figure 6-5 shows an interrupt timing
chart in the nonvectored mode. If an interrupt assigned a
priority is enabled, no interrupt with a lower priority can be
enabled.

When an interrupt is enabled, the INT signal of the MPSCC
becomes active, and the MPSCC notifies the CPU. The
CPU specifies the SR2B register (pointer two) for the
MPSCC to analyze the interrupt source and fetch the
interrupt vector.

The MPSCC then sets anin service latch at the falling edge
of the RD signal while the SR2B register is being specified
and latches the information that an interrupt has been
enabled. Once the SR2B register is specified, the MPSCC
disables all additional interrupts. It analyzes the priority of
the enabled interrupt until the RD signal becomes low, and
the in service latch with the highest priority then becomes
active. In this manner, specifications of the SR2B register
and the RD signal are used in the nonvectored mode to
confirm that an interrupt has been enabled by the CPU.
This is different from interrupt operation in the vectored
mode. Other operations performed in the nonvectored
mode, however, are the same as those in the vectored
mode.

Figure 6-5. Interrupt Timing in Nonvectored Mode

Also, no subsequent interrupt will be enabled unless the
CPU performs a read operation (RD) in the nonvectored
mode after the SR2B register has been specified. In the
nonvectored mode, the INTAK pin must be kept in the
inactive state (INTAK =1).

DMA Timing

DMA Timing in Both CH.DMA-2 Mode. (7201A only) The
both CH.DMA-2 mode is set by setting Dy and Dy of the
CR2A register to 1s. In this mode, DMA priority in the
MPSCC is not fixed by a command and DMA process can
be performed without using the HAI or HAO pins.

An internally generated DMA request is accepted during
the low-level period of the CLK signal. However, in this low-
level period, data-read and data-write periods are not
included. This acceptance of DMA requests is indepen-
dent of the priority, and an accepted DMA request causes
the corresponding pin to become active.

The DMA request is then sent to the DMA controller
(1PD8237A, for example). The CS, C/D, and B/A pins of
the MPSCC must be controlled using the DACK signal of
the DMA controller during each acknowledge period. The
DACK signal determines whether an accepted DMA
request has been satisfied. The DACK, RD, and WR sig-
nals were input during the DMA acknowledge period.
Therefore, the DMA controller determines and controls the
priority of a DMA operation.

Figures 6-6 and 6-7 show the DMA timing and an example
for interfacing the wPD8237A with the MPSCC in this
mode.

Interrupt Disabled Period

internal
Interrupt Request

INT

7
{

In-Service Latch

P
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Figure 6-6. DMA Timing, Both CH. DMA-2 Mode -
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CH.A DMA and Both CH.DMA-1 Modes. When both
channels A and B of the MPSCC (Dy and Dy of the CR2A
register are 10) or only channel A (D and Dg of the CR2A
register are 01) is set in the DMA mode, CH.A DMA and
both CH.DMA-1 modes are respectively specified. In these
modes, the MPSCC enables an internally requested DMA
operation while the following occurs:

® The CLK signal is at a low level when the HAI pin is
inactive (high level).

® The trailing edge of the RD or WR signal coincides with
an active HAI pin.

DMA requests are accepted independent of the priority
assigned to each. Whenever one is accepted, each DMA
request (DRQ) pin becomes active.

The output DMA requests accepted in this manner are sent
to the DMA controller (.PD8257). If either the HAO signal
from the MPSCC, connected in the higher order of the
daisy chain, or the HLDA signal from the CPU is input to the
HAI pin of an MPSCC, that MPSCC enters the DMA cycle
and starts the DMA process.

When a DMA request is received, the MPSCC sets the in
service latch corresponding to the request at the trailing
edge of the input signal to the HAI pin. If more than one in
service latch is set, the one with highest priority is serviced
first.

Figure 6-8. DMA Timing, CH.A DMA and Both CH.DMA-1 Modes

Subsequently, if either the RD or WR signal is input while
the HAI pin is active, the DMA request being serviced is
cleared at the trailing edge of the signal, and another DMA
request is the serviced according to priority. When the
MPSCC outputs a DMA request and the HAI pin is 0, the
TS and C/D signals in the MPSCC are automatically set to
0. The B/A signal becomes 0/1 according to the channel at
which a DMA request is being serviced. Therefore, it is not
necessary to externally make the CS, C/D and B/A pins
active. While the HAI pin is set to 0 in the DMA cycle, the
input signal to the CS pin must be inactive (CS =1). This
also applies to the interrupt cycle while the INTAK pin is 0.
When the uPD8257 is the DMA controller, the priority of
DMA requests used in the MPCC and those in the
nPD8257 must agree. Figures 6-8 and 6-9 show the DMA
timing in this mode and an example of an interface between
the wPD8257 and MPSCC, respectively.

Figure 6-9. Example of MPSCC and .PD8257
Interface
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TRANSMISSION/RECEPTION TIMING
Figures 6-10 through 6-17 show the timing of MPSCC
transmission/reception in the asynchronous, synchronous,
and HDLC modes. These figures show timings related both
to transmit/receive data and interrupt signals.
Figure 6-10. Transmission in Asynchronous Mode
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Figure 6-11. Reception in Asynchronous Mode
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Figure 6-12. Transmission in Synchronous Mode
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Figure 6-13. Reception in Synchronous Mode
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Figure 6-14 Reception in Synchronous Mode (CRC Calculation)
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Figure 6-17. Reception in HDLC Mode
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This section describes the various pPD7201A MPSCC
system configurations.

STATUS POLLING MODE

The status polling mode is the simplest system configura-
tion since it does not use the interrupt or DMA request
pins. Data transmission between the MPSCC and the main
system is by polling the SRO, SR1, and SR2 status regis-
ters of the MPSCC. The WAIT pins can be used if needed.

Figure 7-1 shows an example of the status polling mode
system configuration during data transmission. If the
MPSCC is set in the interrupt mode (both channels A and

CHANNELS A AND B IN INTERRUPT
MODE

In this type of system configuration, interrupts of both
channels A and B perform data transmission between the
MPSCC and the main system.

Vectored Mode

It the MPSCC is set in the vectored mode, an interrupt
request signal is input from the MPSCC to the controller
(nPD8259A, for example) or directly to the CPU. Set the
vectored modes in the MPSCC as shown in table 7-1.

B) or the nonvectored mode, with the status affects vector Table 7-1. MPSCC Vectored Mode
mode enabled, the interrupt vector in the SR2B register
can analyze interrupt sources. JPECC Sods
Fi 7.1, Status Polli " (] 82500 MPSCC #1 Other than MPSCC #1
gure 7-1. Status Polling System 80854 Notprovided  85-1 Vectored  85-2 Vectored
Address Bus ] Provided 85-2 Vectored 85-2 Vectored
8086 Not provided 86 Vectored 86 Vectored
(_ _omaBus ]
Provided 86 Vectored 86 Vectored
Address
Decoder Control Bus
Figure 7-2 shows a system configuration using the inter-

cScbeA D,-D, RD WR
PRO [—
}M
T f—
WATA WAITB PRI INTAK

o5 — 1 ]|

Vee

MPSCC

Vee

49-000267A

rupt vectored mode.

Figure 7-2. Interrupt System (Channels A and B in Interrupt, Vectored Mode)
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INTAK Nt
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Please note that the 85-3 vectored mode differs in its
configuration. This mode does not allow a daisy chain
using the PRI and PRO pins. However, the output signal
from the INT pin becomes active even if the level of the PRI

Figure 7-3. Interrupt System (85-3 Vectored Mode)

pinis 1. Therefore, the 85-3 vectored mode can be used as
aslave of the 8259A. Figure 7-3 shows a system configura-
tion using this mode. Note that 85-3 vectored mode is
available for the 7201A only. .

|

[N

[T 9r [T 9% ,
e
T5,8/ACD D,-D, INTAK AD
iNT MPSCC

Nonvectored Mode

Figure 7-4 shows a system configuration in the nonvec-
tored mode. An output signal from the INT pin of the
MPSCC is input either to the RST pin of the .PD8085A
(RST5, RST6.6, RST7.5) or to the interrupt controlier
(such as nPD8259A). When more than two MPSCCs are
connected, software must also be used to decide which
MPSCC is requesting an interrupt.

Figure 7-4. Interrupt System (Channels A and B in
Interrupt, Nonvectored Mode)

Address Bus )

1 — 5
[T 9¢

Control Bus Y

NN

C5,8/ACO 0Do-D;

MPSCC
Tm Vee
RST Pin (8085A) or l c< } ;
Interrupt Controlier

CHANNEL A IN DMA MODE AND
CHANNEL B IN INTERRUPT MODE

Figure 7-5 shows a system configuration with channel A
set in the DMA mode and channel B in the interrupt
mode for data transmission between the MPSCC and
the main system. This configuration permits high-speed
transmission on channel A and low-speed transmission
onchannel B. DMA request signals areinputtoa DMA
controller, such as the uPD8257.

If the MPSCC is set in the nonvectored mode, interrupt
request signals from the MPSCC are input either to the
interrupt controller (such as the nPD8259) or directly to the
CPU. Inthis case, set the MPSCC modes as shownin table
7-2.

Table 7-2. MPSCC Nonvectored Mode

MPSCC Mode
oy 8258A MPSCC #1 Other than MPSCC #1
8085A  Not provided 85-1 d 852N
Provided 85-2 Nonvectored 85-2 Nonvectored
8086  Not provi 86 Nonvectored 86 N d
Provided 86 Nonvectored 86 Nonvectored
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In the nonvectored mode, interrupt request signals can be
input to the RST pin of the nPD8085A.

Figure 7-5. Interrupt/DMA System (Vectored Mode)
§ Bus 5
11
g us
x | |
C5,BA,CD D, RD WR
HLDA (CPU). HAI HAO|
MPSCC #1
PR
Tl e e m
mn(’%) T 1 J
INTAK (CPU)- I
wrn (188)—o<

49-0002718

CHANNELS A AND B IN DMA MODE

Itis possible to use two system configurations with both
channels set in the DMA mode. The DMA mode used
decides which system is configured. In either case, data
communication between the MPSCC and the main sys-
tem is implemented by performing a DMA operation
with both channels. In this manner, high-speed data
transmission is possible.

The DMA request signal is input to the DMA controller (for
example, the nPD8237A). The interrupt signal is gener-
ated in response to the E/S, the first Rx character, or the
special Rx condition interrupt. Figure 7-6 shows a DMA
system configuration.

Both CH.DMA-2 Mode

In both CH.DMA-2 mode (7201A only), the DMA pro-
cess is performed using the DACK signal instead of the
DMA controller's HAI and HAO pins. Figure 7-6 shows
a system configuration in this mode. If the configura-
tion uses only one MPSCC, the vectored mode can be
used. If so, set the MPSCC vectored modes as shownin
table 7-3.

' Table 7-3. Both CH.DMA-2 Mode

cry 8259A Mode to be set in MPSCC
8085A Not provided 85-1 mode

Provided 85-2, 85-3 modes
8086 Not provided 86 mode

Provided

Note: If two or more MPSCCs are used, specify the nonvectored
mode.

Figure 7-6. DMA System (Both CH.DMA-2 Mode)
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49-000272A




uPD7201/7201A

NEC

Both CH.DMA-1 Mode

In both CH.DMA-1 mode, DMA processes are carried out
using the HAI and HAO pins. Both channels can simul-
taneously perform transmission operations using the Tx
length register (Dg of the CR1 register = 1).

Vectored Mode. Figure 7-7 shows a system configuration:
in the vectored mode. Use only one MPSCC in this mode.
The INTAK signal functions inside the MPSCC as if it were
the PRI signal and assigns priority to interrupt sources.

Set the MPSCC vectored modes as shown in table 7-4.

Table 7-4. Both CH.DMA-1 Mode

Nonvectored Mode. Figure 7-8 shows a system configu-

ration in the nonvectored mode. In this type of system,

software must analyze interrupt sources.

Figure 7-7. DMA System (Channels A and B in
DMA, Vectored Mode)

cry 8258A MPSCC Modes

8085A Provided 85-1 mode
Not provided 85-2 mode

8086 Provided 86 mode

Not provided

Figure 7-8. DMA System (Channels A and B in DMA, Nonvectored Mode)
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wPD7201A Specifications AC Characteristics
Absolute Maximum Ratings To = 0°Cto +70°C; Vo = +5V = 10%
Limits
T. = 25C Parameter Symbol Min_ Typ Max Unit Test Conditiens
Clock Cycle ey 200 4000 ne
Power Supply, Ve ~-0.5Vto +7.0V - = b o
Input ges, Vy —-0.5Vto +7.0V Clock Low Width [y 70 2000 ne
Output ges, Vo - -0.5Vto +7.0V Clock Rise Time t [] 0 e
o “”' TQ"‘ i 0°Cto +70°C Clock Fell Time t 0 0 ns
Tsra —65°Cto +125°C Address Sehip 1o %0 tan L) e
0 P Address Hold from RD taa [] ne
" J RO Puies Width 200
*COMMENT: Exposing the device to stresses above e oy v : P
those listed in Absolute Maximum Ratings could cause Data Output Ostay from RO oo 20 ne
permanent damage. The device is not meant to be Deta Flost Delay from RO tor 0 10 e
operated under conditions outside the limits described Address Setup to WR tw o ne
in the operational sections of this specification. Expo- Autdrosa Hold trom WH tea 9 e
sure to absolute maximum rating conditions for S : e e
. 4 . Sotup >
extended periods may affect device reliability. Duta Fioid from WA - o -~
PRO from PRI
DC Characteristics mmmnm :: : :
T, = 0°Cto +70°C; Ve = +5V = 10% St - 5 -
Limits PRI Hold from INTA » 20 ne
Parameter Symbol Min Typ Max Unit  Test Conditions INTA Puise Width % 200 ™y
Input Low Voitage Vo -05 +08 V
Input High Voltage Vm +20 Vec +05  V Dets Output Delay from INTA  to 200 ‘ns
Output Low Vohage Voo +045 V_ lo= +20mA Data Flost Delay from INTA tor 10 100  ne
Output High Vokage Vou +24 V_lou = 200uA Request Hold from ROWR tea 150 ne
Input Leakage Current ™ 210 uA V= VocloOV HAI Setup to RO'WR [N 300 ne
Output Leskage Current Lo 210 pA Vour = Vecho OV HAI Hold from RO/WR to o ns
Vec Supply Current [ 230 mA HAQ Delay from HAI Yo 100 ne
Data Clock Cycle tocy 400 ns RxC, TxC
c.p.c“.nc‘ Data Clock High Width tocx 180 ns RxC, TxC
Ta = 25°C; Ve = GND = OV Osta Clock Low Width toc, 1% ne RxC, TxC
Limits Tx Data Detay from TxC o 20 e Mok
Parameter Symbol Min Typ Mex Unit  Test Conditions 1000 x16,32, 64
———-——'————_————m Cur 10 P 1o Mz Rx Deta Setup to RxC tos ) ne
Output Cour 15 pF__ Unmeasured pins Rx Data Hold from RxC ton 140 ne
vo Cwo 20 oF returned to GND. INT Delay Time from Tx Data tro —6 oy
INT Delay Time from RxC [ T-11 tey
cvmmm o 200 e
T w -
T -
Recovery Time Between Controls tey 300 ns
'WAIT Delay Time from Address  tow 120 "
SYNC Setup to RxC torec 100 ne

MNotes: 1: RESET must be active for a minimum of one compiete CLK cycle.
2: In all modes system clock rate must be 4.5 times data rate.

AC Waveform M t Points
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Timing Waveforms
Read Cycle Other Timing
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Appendix
uPD7201A and 7201 Comparison

uPD7201A | wPD7201
(1) TxLR set mode (bit Dg of CR1 register = 1)
B 5 [os [ u 5 5 8|
THLR Set | 0

Data transmission by using an interrupt or DMA is This bit is always “0”.
simplified.

0: The same as 7201

1: TxLR set mode

To realize this mode operation, these two 16-bit regis-
ters are additionally provided.

® TxLR

This is a transmit length register. Inmediately after the
setting of bit Dg of the CRH1 register, a desired number of
transmit data characters are written to this register.

® TxLC (SR3 and SR4)

| This is a transmit length counter which indicates the
number of transmit data characters.

The value of the TxLC is incremented by 1 each time the
TxINT or DRQTXx signal becomes active and when it
matches that of the TxLR, a Tx interrupt or DRQ signal,
which generates in response to a Tx empty state, is
masked. Once set, this mode will not be cleared until
the system is reset.
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(2) DMA mode (bit Dy, Dy of CR2A register = 1, 1)

n » 5 | 5% y 5 5 | 5
INT/DMA INT/DMA INT/DMA INT/DMA
MODE 1 MODE 0 MODE 1 MODE 0
00 Both CH.INT 00 Both CH.INT
01 CH.A: DMA,CH.B:INT 01 CH.A: DMA,CH.B:INT
1.0 Both CH.DMA-1 10 Both CH.DMA-1
1'1 Both CH.DMA-2"

© DMA-1 Mode

The same as the DMA mode of the 7201.
© DMA-2 Mode

Priority is not determined in the MPSC.

The DMA controller, in response to a DMA request,
determines the priority.

The DACK signal controls the CS, C/D, B/A, RD, and
WR pins of the MPSC. The DTRB/HAI and DTRA/HAO
pins respectively function as DTRB and DTRA pins.

DMA-2 mode is not available in the 7201.

(3) 85-3 Vectored mode (bits D4, D3 of CR2A register =

85-3 Vectored Mode

In this mode the INT signal becomes active when an
internal interrupt occurs even if the PRI is 1. Therefore,
a daisy-chaining system using the PRI and PRO sig-
nals cannot be configured. The p.PD7201A can be used
as a slave of uPD8259A.

5 | | s I o o 5| o [ ey o
INT INT INT INT
MODE 1 MODE 0 MODE 1 MODE 0
00 85-1 Vectored 00 85-1 Vectored
01 85-2 Vectored 0 1 85-2 Vectored
10 86 Vectored 1086 Vectored
11 85-3 Vectored

85-3 Vectored mode is not available in the 7201.
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(4) Masking first Rx character interrupt (bit Dg of CR2A register = 1)

|
. Rx lN.T'Mask {.‘ .!{

The first Rx character interrupt can be masked.

0: The same as the 7201

1: The first Rx character interrupt is masked when the
INT on first Rx character mode is selected. This mode
is not cleared by the enable INT on next Rx character
command.

This bit must be always “0”.

(5) Reception of 2nd CRC character (HDLC mode)

— ] oac #2 | cwsimram |

CRC #2 | clesiog Fiag ]

Rx buffer (normal data)

Rx Buffer (normal data)

The character received immediately before a flag (nor-
mally, CRC #2) is correctly loaded to the Rx buffer.

Rx buffer (abnormal data)

Rx Buffer (erroneous data)

The character received immediately before a flag (nor-
mally, CRC #2) is not correctly loaded to the Rx buffer.

(6) Tx interrupt/DRQ signal in Tx buffer empty state (HDLC mode)

When TxLR set bit (bit Dg of the CR1 register) is 1, the
Tx interrupt/DRQ signal automatically becomes active
in response to issuance of the Tx enable command.
Therefore, the first data byte can be transferred to the
7201A by using an interrupt or DMA.

The Tx interruptDRQ signal does not become active
until the first data byte is written into the 7201. There-
fore, the first data byte after a channel has been reset
must be written from the CPU to the 7201.

(7) Abort detection before detecting flag (HDLC mode)

Abort sequences are detected only after a flag has
been received. Therefore, if a receive line is in the mark
state when Rx has been enabled, this will not be
detected as an abort sequence.

An abort sequence is detected even before a flag has
been received (during hunt phase) when the Rx has
been enabled.
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(8) Detection of frame transmission completion (HDLC mode)

When transmission of a frame has been completed

(i.e., when closing flags are transmitted), the all sent bit .

(bit Do of the SR1 register) becomes 1 and an E/S
interrupt occurs at the same time.

There is no information indicating completion of frame
transmission (i.e., transmission of a closing flag).

(9) Transmission of sequential frames (HDLC mode)

The overhead of the CPU is lessened when a series of
frames are transmitted by using DMA mode.

@ |[nitialize Tx CRC calculator function

The Tx CRC calculator is automatically reset (all the
bits are reset to 1's) when a flag is loaded to the Tx shift
register.

o Reset Tx underrun/EOM function

When the first character is loaded to the MPSCC, the
Tx underrun/EOM bit is automatically reset.

When a series of frames are transmitted by using DMA,
the CPU is required to perform such things as issuance
of the initialize Tx CRC calculator or Tx underrun/EOM
command and managing the timing of the command
issuance.

(10) CRC transmission in Tx underrun (HDLC mode)

If the Tx underrun condition occurs when the TxLR set
bit (bit Dg of the CR1 register) is 1,-an abort sequence or
CRC is automatically transmitted. ;

If the Tx underrun condition occurs beforé all the data in
aframe have been transmitted, a send abort command
must be issued.
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Chapter 1

Introduction

This application note describes a uPD7201A application for the
design of the hardware of software of a system using the
uPD7201A.

Detailed explanations of the uPD7201A functions and operation are
omitted. For this information, refer to the other parts of the
Product Description and to the Data Book.

The first chapter explains uPD7201A operation from the viewpoint
of hardware and software designers for reference in examination
or discussion of system configuration. Particularly, actual
process flow for data transmission and reception is shown to
facilitate understanding of system operation. Chapters 4 and 5
provide configuration examples of systems using the uPD7201A‘ and
explain the software required for each.

F/\
~ ) Modem
=h:R=
N n Serial Data ="
:> Communication
Lines
CPU —
- :> :> MPSC Control
— . Signals
@ @ CRT, POS,etec.
= ol —
3 < °
. = Serial Data D
< -
- 1 =
3 M ° (EFETTFE
(1 °E | °
-l
o
2 44
Main ;] >
Memory N
EI—— DMAC
y — -
L
L~ LA

System Bus

Figure 1.1 Example of configuration of system using MPSC

1-67
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Chapter 2

pPD7201A Register Configuration

The pPD?ZOlA contains six control registers (CRO - CR5), two
synchronization pattern registers (CR6 and CR7), one
transmit lenoth register (TxLR), and four status registers
(SRO, SR1l, SR3, and SR4) for channel A and for channel B,
and a vector register (SR2B) for channel B.

Table 2.1 1lists the names and main functions of the
registers.

Table 2.2 lists the structure of each register.

For the bit functions and meanings of the registers, refer
to the User's Manual.

Selection of the registers is made by combining the B/A,
c/D, and CS lines. The registers CR1 to CR7 and SRl to SR4
are selected by using the CR0O) pointer bit. Some registers
or register bits are contained only in either channel A or
channel B. However, if they are set for the channel in
which they are contained, the2sy function commonly to both
channels.

Figure 2.1 shows register setting examples to operate
channels A and B in Asynchronous mode by using interrupts.
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Table 2.1 pPD7201A register configuration
S;iig;fl Reg;;;er Channel Function
CRO A, B Register cselecting pointer, CRC
logic initialization, various
control commands.
CR1 A, B Interface mode with CPU.
Interrupt/DMA control.
CR2Z A Pin selection, vector mode
selection, interrupt/DMA control.
Control B Initial value of interrupt vector.
register CR3 A, B Receive operation control, Auto
EFnable mode.
CR4 A, B Operation protocol moce.
CR5 A, B Send operation control, general-
purpose output line control.
CR6 A, B SYNC character or secondary station
address.
CR7 A, B SYNC character or flag.
TXLR A, B Setting of the number of send data
words (16 bits).
SRO A, B E/S bit, send and receive buffer
status, interrupt state.
Status SR1 A, B Special Rx Condition scurce, Residue
register Code, transmitter status.
SR2 B Interrupt vector value.
SR3, SR4] A, B TxLC value
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Table 2.2 pPD7201A register configuration
Bit
Register! D7 D6 D5 o D3 D2 D1 DO
name
CRC1 CRCO ‘CMD2 CMD1 CMDO PTR2 PTR1 PTRO
00 Null 000 Null (000 CRO,SRO)
01 Initialize Rx 001 Send Abort (HDLC) 001 CR1,SR1
CRC Calculator 010 Reset E/S INT 010 CR2,SR2 (CH.B only)
CRO 10 Initialize Tx 011 Channel Reset 011 CR3,SR3
CRC Calculator 100 Enable INT on NEXT Rx CHAR 100 CR4,SR4
11 Reset Tx 101 Reset Tx INT/DMA Pending 101 CR5
underrun/EOM 110 Error Reset 110 CRé6
Bit 111 End of INT (CH.A only) 111 CR?
Bit
Register D7 D6 D5 D4 D3 D2 D1 DO
name
Wait TxLR Wait on Rx INT Rx INT Status TX INT/ E/S INT
Enable Set Rx/Tx Mode I Mode 0 Affects DMA Enable
Vector
0 Disable | 0 No 0 Ix 00 INT/DMA Disable 0 Fixed 0 Disable| O Disable
1 Enable operation{1l Rx 01 INT on First CHAR. Vector 1 Enable | 1 Enable
1Ix 10 INT on ALL CHAR. 1 Modified
Length (With Parity) Vector
CR1 Register 11 INT on ALL CHAR. (CH.B
Set (No Parity) only)
(HLDC
only)
Bit
Register D7 D6 D5 D4 D3 D2 D1 DO
name
RTSB/ RxINT Vector INT INT Priority INT/DMA | INT/DMA
SYNCB Mask Mode Mode 1 Mode 0O Select Mode 1 Mode 0O
Select
0 RTSB 0 Don't 0 Non- 00 85-1 Vectored 0 TxA--RxB 00 Both CH. INT
1 SYNCB Mask Vectored| 01 85-2 Vectored 1 RxB—TxA 01 CH. A: DMA
CR2A 1 Mask 1 Vectored| 10 86 Vectored CH. B: INT
11 85-3 Vectored 10 Both CH. DMA-1
(fixed priority)
11 Both CH.DMA-2
(free from
priority)
* 0: RxA TxA RxB TxB E/SA E/SB
1: RxA RxB TxA TxB E/SA E/SB
High ————— Low
Bit
Register D7 D6 D5 D4 D3 D2 Dl DO
name
CR2B V7 '3 Vs Va4 V3 V2 Vi Vo
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Bit
Regis
ter Mode D7 D6 D5 D& D3 D2 D1 Do
name
Rx Rx Auto Enter Rx Address SYNC CHAR| Rx
Bits/ Bits/ Enable Hunt CRC Search Load Enable
CHAR 1 CHAR O Phase Enable Mode Inhibit
Async 00 5 Bits/CHAR. 0 Disable 0 0 0 0 0 Disable
01 7 Bits/CHAR. 1 Enable 1 Enable
CR3  |Sync 10 6 Bits/CHAR. C Nop 0 Disable 0 Nop
11 8 Bits/CHAR. 1 Re- 1 Enable 1 Inhibit
enable
HDLC 0 Nop 0
1 Available
Bit
Regis+
ter Mode D? D6 D5 D4 D3 ‘D2 D1 DO
name
Clock Clock SYNC SYNC Stop Stop Parity Parity
Rate 1 Rate O Mode 1 Mode 0O Bits 1 Bits O Even/0Odd | Enable
00 x 1 Clock Mode 01 lstop bit/CHAR 0 0dd 0 Disable
Async 01 x 16 Clock Mode 00 10 1 1/2stop bit/CHAR | 1 Even 1 Enable
CR&4 10 x 32 Clock Mode 11 2stop bits/CHAR
11 x 64 Clock Mode
00 8 bit SYNC 00 SYNC Mode
Sync 00 01 16 bit SYNC
11 EXT SYNC
HDLC 10 HDLC 0 0
Bit
Regisq
ter Mode D7 D6 D5 D4 D3 D2 D1 DO
name
DIR Tx Bits/ | TX Bits/ | Send Tx CRC-16/ RTS Tx CRC
CHAR 1 CHAR 0 Break Enable CCITT Enable
Async 0 DTR=1 | 00 5 or less Bits/ | O Marking| O Disable 0 0 RTS=1 0
1 DTR=0 CHAR. 1 Spacing| 1 Enable (when A1l
CR5 01 7 Bits/CHAR. Sent)
10 6 Bits/CHAR. 1 RTS=0
Sync 11 8 Bits/CHAR. 0 CCITT-0 0 RIS=1 0 Disable
1 CRC-16 1 RTS=0 1 Enable
HDLC 0 0 CCITT-1
Bit
Regis-
ter Mode D7 Dé D5 D& D3 D2 D1 Do
name
SYNC Bit 7 - 0
Asvnc not used
CR6  |Mcnosync | Tx SYNC CHAR.
Bisync SYNC CHAR. (Bit 7 - 0)
EXT sync | TX SYNC CHAR.
HDLC Secondary Address
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Bit
Regis
ter Mode D7 D6 D5 D4 D3 D2 D1 DO
name
SYNC Bit 15 - 8
ﬁsmc not used
CR7 [Monosynec | Rx SYNC CHAR.
Bisvnc SYNC CHAR. (Bit 15 - 8)
EXT sync | not used
HDLC Flag (01111110)
Bit
Register D7 D6 D5 D4 D3 D2 D1 DO
name
TXLR-L Tx Length Register bit 7 - 0
Bit
Register D7 D6 D5 D4 D3 D2 D1 DO
name
TxLR-H Tx Length Register bit 15 - 8
Bit
Regis
ter Mode D7 D6 D5 D4 D3 D2 D1 Do
name
Break/ Tx Under- |CTS SYNC/ DCD Tx Buffer INT Rx CHAR.
Abort run/EOM Hunt Empty Pending Available
Async 1 Break | Unknown 1 CTS=0 1 SYNC=0 |1 DCD=0 1 Tx Buff 1 INT 1 Rx CHAR
Detected| 0 CTS=0 0 SYNC=1 | 0 DCD=1 Empty Pending Available
0 Normal 0 Tx Buff 0 No INT | O Rx Buff.
Full Pending Empty
SRO |EXT sync 1Tx 1 Tx Buff (CH.A
Monosync Underrun Empty only)
Bisync 0 /EOM 1 Hunt 0 Tx Buff
0 Not Tx Phase Full
HDLC 1 Abort Underrun 0 Exit (With
Detect- Hunt CRC)
ed Phase
0 Normal
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Bit
Regis
ter Mode D7 Dé D5 D4 D3 D2 D1 DO
name
End of CRC/ Rx/ Parity Residue Residue Residue All Sent
Frame Framing Overrun Error Code 2 Code 1 Code O
Error Error
Async 1 Framing | 1 Rx 1 Parity | Unknown 1 All Sent
Error Overrun Error 0 Not All
o No Error ¢ No Sent
SR1 0 Error 0 No Error] Error
Sync 1 CRC
Error 1
0 No
Error
HDLC 1 End of When no residue exists 1 All Sent
Frame 5 bits/CHAR 100 0 Not All
C Not End 0 6 bits/CHAR 000 Sent
of 7 bits/CHAR 011
Frame 8 bits/CHAR 011
Bit
Regis-q
ter Mode D7 D6 D5 D4 D3 D2 D1 Do
name
ICR1 bit v7 Ve V5 V4 ) v3 v2 Vi vo
ID2=0
CR1 bit 1 CH.A 00 Tx Buffer Empty
D2=1 0 CH.B 01 External/Status
CR2A bits Change
D4,D3 v7 ve Vs 10 Receive Character Vi vo
=00,01,11 Available
(85 mode) 11 Special Rx
SR2B Condition
CR1 bit 1 CH.A 00 Tx Buffer Empty
D2=1 0 CH.B 01 External/Status
CR2A bits Change
D4,D3 v7 vé V5 Vi v3 10 Receive Character
=10 Avzilable
(86 mode) 11 Special Rx
Condition
Bit
Register D7 Dé D5 Da D3 D2 D1 DO
name
SR3 Tx Length Counter bit 7 - O
Bit
Register D7 D6 D5 D& D3 D2 D1 DO
name
SR4

Tx Length Counter bit 15 - 8
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UCOM-85 ASSEMBLE LIST (

E STNO

0001
0002
0003
0004
0005
0006
0007
0008
0009
0010
0011
0012
0013
0014
0015
0016
0017
0018
0019
0020
0021

0022
0023
0024
0025
0026
0027
0028
0029
0030
0031

0032
0033
0034
0035
0036
0037
0038
0039
0040
0041

0042
0043
0044
0045
0046
0047
0048
0049
0050
0051

0052

ADRS OBJECT M SOURCE STATEMENTS

) PAGE 0001

UPD7201 REGISTER SETTING EXAMPLE =

0000 3E18
0002 D3F1
0004 D3F3
0006 3E02
0008 D3F1
000A D3F3
000C 3E00
000E D3FI
0010 3E00
0012 D3F3

MVI
ouT
ouT
MV
ouT
ouT
MV
OouT
MV
oLT

COMMON REGISTER INITIALIZE

A, 18H
CHACT
CHBCT
A,2H
CHACT
CHBCT
A.CR2A
CHACT
A.CR2B
CHBCT

. CH-A OPERATION MODE

0014 3E04 STCHA:
0016 D3F1
0018 3E4F
001A D3FI
001C 3El11
001E D3F1
0020 3E13
0022 D3F1
0024 3E03
0026 D3F1
0028 3E41
002A D3F!
002C 3E05
002E D3F1
0030 3E28
0032 D3F!I

MV
ouT
MV
ouT
Mv]
ouT
MVI
ouT
MV
ouT
MV]
ouT
MV]
OuT
MVI
ouT

A, 4H
CHACT
A.CR4A
CHACT
A.11H
CHACT
A,CRIA
CHACT
A.3H
CHACT
A.CR3A
CHACT
A.S5H
CHACT
A.CRSA
CHACT

: CH-B OPERATION MODE

0034 3E04 STCHB:
0036 D3F3
0038 3E4F
003A D3F3
003C 3E11
003E D3F3
0040 3EIF

'0042 D3F3

0044 3E03
0046 D3F3
0048 3E41
004A D3F3
004C 3EO0S5
004E D3F3

MV1
ouT
MVI
ouT
MVI
ouT
MV1
ouT
MVI
ouT
MVI
out
M1
ouT

A.4H
CHBCT
A.CR4B
CHBCT
A.11H
CHBCT
A.CRIB
CHBCT
A,3H
CHBCT
A,CR3B
CHBCT
A,SH
CHBCT

sCHANNEL RESET
‘PTR 2

1BUS 1/F MODE
: INTERRUPT VECTOR

JPTR 4A

:CH-A OPERATION MODE
sPTR 1A.RESET E/S INT
s INT/DMA MODE

+PTR 3A

*RX PARAMETERS

PTR 5A

+TX PARAMETERS

PTR 4B

1CH~-B MODE

;PTR 1B,RESET E/S INT
L INT/DMA MODE

iPTR 3B

'RX PARAMETERS

‘PTR SB

Figure 2.1 pPD7201A register setting example 1
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UCOM-85 ASSEMBLE LIST

E STNO ADRS OBJECT M

0053
0054
0055
0056
0057
0058
0059
0060
0061
0062
0063
0064
0065
0066
0067
0068
0069
0070
0071
0072
0073
0074
0075
0076
0077
0078
0079
0080

0050 3E28
0052 D3F3

00F0
00F1
00F2
00F3

0013
001F
0000
0000
0041
0041
004F
004F
0028
0028

0000

TOTAL ERROR =

SYMBOL ADRS

CHACT
CRIB
CR4A
STCHB

00F1
001F
004F
0034

Figure 2.1

00

(

SOURCE STATEMENTS

MV 1
oLT

A.CR5B
CHBCT

T3 I3 I F I I I I I I K
‘% PARAMETER AREA =
3 T I I I I I I I I F I I M

: SYSTEM 1/0 ADDRESS

CHADT
CHACT
CHBDT
CHBCT

: MPSC CONTROL REGISTER PARAMETERS

CRIA
CRIB
CR2A
CR2B
CR3A
CR3B
CR4A
CR4B
CR5A
CRSB

s

SYMBOL ADRS

CHADT
CR2A
CR4B

00F0
0000
004F

EQU
EQU
EQU
EQU

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

END

OFOH
OF1H
O0F2H
0F3H

13H
IFH
0

0

41H
41H
4FH
4FH
28H
28H

SYMBOL ADRS

CHBCT
CR2B
CR5A

00F3
0000
0028

) PAGE 0002

:TX PARAMETERS

MPSC CH-A DATA
+MPSC CH-A CONTROL
‘MPSC CH-B DATA
iMPSC CH-B CONTROL

SYMBOL ADRS

CHBDT 00F2
CR3A 0041
CRSB 0028

SYMBOL ADRS

CRIA 0013
CR3B 0041

STCHA 0014

puPD72012 register setting example 2



ANpPD7201A NEC

CHAPTER 3 uPD7201A SYSTEM OPERATION

Chapter 3 deals with the features of the send and receive data
transfer method (polling, interrupt, DMA), then explains the
pPD7201A interrupt and DMA operation control method in detail.
In addition the interrupt and DMA functions are explained to
facilitate understanding of the pPD7201A operation.

3.1 Send and Receive Data Transfer Method

The pPD7201A supports three types of send and receive data
transfer methods.* This section explains the differences
and method of selection.

* The transfer method mentioned here applies to a write or
read of send and receive data between the CPU and the
pPD7201A or between system memory and the pPD7201A.

3.1.1 Transfer under program control

When data is transferred to and from peripheral devices
under program control, normally the polling method or
interrupt method is used.

- Polling method: The CPU ccntinuously checks peripheral
device status, and when ready, data is transferred.

- Interrupt method: The peripheral device issues an
interrupt request to the CPU (or interrupt controller).
Data 1s transferred under control of the interrupt
processing program.
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(1) Data transfer by polling

The CPU checks the pPD7201A status for send or receive

data transfer timing.

Send data write (CPU —= uPD7201A) occurs when the Tx
Buffer Empty kit (SRO kit D2) is set to 1.

Receive data read (CPU —=— uPD7201A) occurs when the Rx
Character Available bit (SRO bit DO) is set to 1.

When data is received, the error status can be checked
by the SR1 error bit.

Normally, these operations are repeated until all send

and receive data transfers are terminated.

Figures 3.1 and 3.2 show examples of data transfer
programs using polling.
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START

Set send data
store address

!

Set the number of
send data bytes

Figure 3.1

Read SRO

Tx Buf
Empty= nyno

Set send data

!

Write send data

{

Update store
address

]

Update the number
of transfer bytes,

Is transfer
terminated?

LOOP1:

LXI
MVI
IN

ANI
Jz

MOV
ouT
INX
DCR
INZ

H, TXBUF
B, COUNT1
SRO

4

LOOP1

A, M
CHADT

Example of send data transfer program

using polling
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START

Set receive data
store address

{

Set the number of
receive data bytes

Read SRO

Read receive data

i

Store receive data

{

Update address

]

Update the number
of transfer bytes

Figure 3.2

terminated?

LOOP 2:

LXI H, RXBUF
MVI B, COUNT2
IN SRO

PRC

JNC LOOP2

IN CHADT
MOV M, A

INX H

DCR B

JNZ LOOP2

Example of send data transfer program

using polling
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(2) Data transfer by using interrupt

When Tx Buffer Empty or Rx Character Available state
occurs, the TINT signal goes LOW (active) and an
interrupt request is sent to the CPU or interrupt
controller. This pPD7201A function can be wused to
determine the send data write or receive data read
timing for the pPD7201A.

Normally, the CPU executes the main program. When an
interrupt request occurs, the CPU temporarily stops
main program processing and executes ' the interrupt
processing program. The interrupt processing program
first saves the current state of each register in the
stack area, then performs processing on the peripheral
device which requested the interrupt. When processing
is terminated, the state of each register saved at the
beginning of processing is restored and another
interrupt is ready to be accepted, then main program
processing is restarted.

Since this method eliminates the need for the CPU to
always monitor the pPD7201A status and the CPU needs
only to be involved when an interrupt request occurs,
CPU overhead 1is minimized for more programming
efficiency.

Figure 3.3 shows an example of a program using an
interrupt to send data.

Since the pPD7201A has two interrupt modes, vector mode

and nonvector mode, interrupt processing <can be
performed by the methcd most suitable for the CPU being
used.

The pPD7201A interrupt mode and interrupt operation are
explained in 3.2.
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SEND
INTERRUPT
Save registers
Set send data
store address
l PUSH PSW
Set the number of
send data bytes PUSH H
s PUSH B
Set send data LHLD TXPTR
‘ . LDA TXCNT
) MOV B, A
Write send data
MOV A, M
t OUT DATA
Update/save send
data store address Inx H
SHLD TXPTR
Update/save the
number of DCR B
transfer bytes MOV A, R
1
l STA TXCNT
EOI command | ....... Issue to channel A MVI A, 38H
OUT CTRLA
s transfer Jz TXTERM
terminated? POP B
POP H
. Perform transfer POP PSW
Restore registers termination
processing ET
‘ RET
Enable interrupt TXTERM: Send transfer
termination
processing

=

Figure 3.3 Example of send data transfer program
using interrupts
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3.1.2 Transfer using DMA

In a transfer under progrém control (transfer via
interrupt), the time during which the CPU reads
instructions and checks pripheral device status is
required in addition to the time required for actual data
transfer between memory and the peripheral device. Thus,
a fairly long time is generally required to transfer one
data word.

Thus, if only data transfers between memory and a
peripheral device occur, the transfer rate «can be
dramatically increased over program-controlled transfers.
Such direct data transfer between memory and peripheral
devices without CPU intervention is called direct memory
access (DMA). It is used for high-speed data transfer.
Normally, a DMA operation is executed by a DMA controller
(such as the pPD8237A-5).

When the pPD7201A is placed in Tx Buffer Empty or Rx
Character Available states, the DMA regquest signal goes
HIGH (active) and a DMA transfer request is sent to the
DMA controller. There are four DMA request signals:
DRQRXA, DRQTxA, DRQRxB, and DRQTxB.

The pPD7201A DMA operation is explained in 3.3.
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3.2.1 pPD7201A interrupt mode

The pPD7201A contains two types of interrupt modes (vector
mode and noninterrupt mode) according to the difference in
how interrupt vectors are received. Whether the vector
contents are automatically changed according to the
interrupt source or are fixed can be specified by using
CR1B bit D2.

In vector mode, when an interrupt source occurs, the
pPD7201A asserts the INT 1line (LOW) and outputs an
interrupt vector in synchronization with the INTAK signal
output from the CPU (called an INTAK sequence). In the
INTAK sequence, the CS line must be held HIGH. Figure 3.4
shows the interrupt timing in vector mode.

Since an interrupt vector is automatically generated in
vector mode, the required processing program should be
stored at the Jjump destination address detérmined by the
pPD7201A for efficient programming.

Interrupt acknowledge

J— "H" disable section
PRI pin I .

g l . |

Internal interrupt
request

INT pin

INTAK pin

Internal
service latch

Figure 3.4 Interrupt timing in vector mode (85-1 mode)
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In nonvector mode, when an interrupt source occurs, the
PPD7201A asserts the INT line (LOW). When the CPU accepts
the interrupt request, it reads the pPD7201A SR2B and
determines the interrupt source. (If necessary, it also

reads SRO and SRl to determine the interrupt source.) In
this mode, the INTAK line is not used, but must be pulled
up.

Figure 3.5 shows the interrupt timing in nonvector mode.

Interrupt
acknowledge
"H" disable section

PRI pin »
opn  ——

Internal interrupt §
request

NN

INT pin

Pointer SR2B
specification

BN

RD

Internal service -4
latch i

D7VvDO . e e - — -{ SR2B CONteNnts pm = == = = == o o — — = — -

Figure 3.5 Interrupt timing in nonvector mode
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3.6 an example of an

seguence in nonvector mode.

Figure shows

Nonvector
interrupt
processing

Save registers

]

Pointer SR2B

i

Read SR2B

are analysis re-
sults of interrupt

Receive i
Tx Buffer External/ Character Spec%g} Rx
Empty ) Status Change Available Condition
Write send data Read SRO :i: receive Read SR1

!

{

Perform appropriate
Processing for each

Perform appropriate
processing for each

source l

Issue Reset
E/S INT command

i

source
]

Issue Error
Reset command

]

Issue EOI command

i

Restore registers

i

EI

Figure 3.6

Interrupt processing in nonvector mode

interrupt processing
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Table 3.2 1lists the relationship between the control
registers related to each pPD7201A interrupt mode and
output vectors.

Table 3.2 unPD7201A interrupt mode

CR2A Vector read method
D5 | pu] p3| CRB,D2 | Interrupt mode TNTA SR2B| D7 D6 DS D4 D3 D2 DL DO
0 Non Vectored 85
0 0 1 0 (Fixed Vector) - 0 V7 Ve V5 V4 V3 V2 Vi VO
o] Non Vectored 85
10, : (Modified Vector) i} o v v @@ @ v
ol1]o0 0 ??:xzzc‘t::zrgs - 0| VI V6 Vs V4 V3 V2 VI VO
Non Vectored 86 -
o R ! (Modified Vector) ) O [ V7 ve vs W V3 &
1 0 0 0 85-1 Vectored First time - i1 o 0 1 1 0 1
(Fixed Vector) Second time - V7 Ve V5 V4 V3 V2 V1l VO
Third time - 0 0 0 0 0o 0o o0 ©
1 0 0 1 85-1 Vectored First time - 11 0 o0 1 1 0 1
(Modified Vector) | Second time -lvive vs @@ @ v v
Third time - 0 0 0O O o o o o
1 0] 1 0 85-2 Vectored First time - Hi -2
(Fixed Vector) Second time - V? V6 V5 V4 V3 V2 Vvl VO
Third time - 0 0 0o 0 0o 0 o0 o
1 0 1 1 85-2 Vectored First time - Hi - 2
(Modified Vector) | Second time -lvive vs @ @@ wn ovo
Third time -~ 0 0 o0 0 o0 0 ©o0 o
1 1 0 0 86 Vectored First time - Hi - Z
(Fixed Vector) Second time - V7 _ V6 V5 V4 V3 V2 V1 VO
1 1 0 1 86 Vectored First time - Hi - 2Z
(Modified Vector) Second time - V7 V6 V5 V4 V3 @ @ @
1 1 1 0 85-3 Vectored First time - Hi -2
(Fixed Vector) Second time - V7 Ve V5 V4 V3 V2 Vvl VO
Third time - 0 0 O 0 0 o o o
1 1 1 1 85-3 Vectored First time - Hi -2
(Modified Vector) | Second time <l v ove v @@ @ v ovo
Third time - 0 0 o 0 0 0 o0 o

Note) Such indication as @ N @ , Or @ reans that the value is automatically changed
according to the interrupt source. In other vectors, the value set in CR2B is output
as is.

-: Not used. O: Used.



pPD7201A interrupt sources

The pPD7201A can detect various interrupt sources so that
the CPU can perform appropriate processing. The interrupt
sources are roughly classified intc the following three
types:

a) Transmit interrupt (Tx interrupt)
b) Receive interrupt (Rx interrupt)
c) External/Status interrupt (E/S interrupt)

This section explains each of these interrupt sources, the
causes of each, and the interrupt service processing
required.

(1) Transmit interrupt

A Tx interrupt occurs when Tx Buffer Empty state (SRO
bit D2 = 1) is set during INT/DMA Enable (CR1 bit D1
= 1). This interrupt indicates that the pPD7201A
transmit buffer is empty and the CPU may write send
data. In Synchronous or HDLC mode, the Tx interrupt
also occurs when CRC character sending is terminated.
Note that in the HDLC mode, the Tx interrupt
occurrence condition in the TxXLR Set mode (CR1l bit D6

= 1) differs from that in other cases.

The Tx interrupt source is cleared when send data is
written or a Reset Tx INT/DMA Pending command is
executed. However, the Reset Tx INT/DMA Pending
command must be issued in the Tx Buffer Empty mode.

When DMA transfer is selected, a Tx interrupt of the
channel is disabled internally, thus send data cannot
be transferred via a DMA and an interrupt at the same
time.

ANpPD7201A
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See Figure 3.3 for the send data transfer method
using an interrupt.

Receive interrupt

During Rx INT Enable, when received data is
transferred to the receive buffer and the Rx
Character Available mode 1is in effect, an Rx
interrupt occurs. The mode +to enable a receive
interrupt is INT On First Character (First Rx INT) or
INT on All Character. It is selected by using CR1
bits D4 and D3. First Rx INT in the INT on First
Character mode can be masked by setting the Rx INT
Mask bit (CR2A bit D6) to 1. '

Special receive interrupt is Special Rx Condition
interrupt. The Special Rx Condition interrupt occurs
when receive data is erroneous (Parity, Overrun, or
Framing Error). In HDLC mode, an interrupt also
occurs at the end of a frame (End of Frame). The
Special Rx Condition interrupt has the’ same priority
level as an Rx interrupt.

Both Special Rx Condition and Rx interrupts do not
occur at the same time for the same receive data.
When one receive data word causes Special Rx

Condition, only Special Rx Condition interrupt
occurs, thus the receive data must be read within the
processing routine. In the Special Rx Condition

interrupt routine, when End-of-Frame occurs in the
HDLC mode, the second byte of the CRC character is
read.

The Special Rx Condition status is held in SR1, and
can be checked by the CPU.
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When the Special Rx Condition occurs, the Error Reset

command must always be issued.

Table 3.3 lists the receive interrupt mode.

Table 3.4 1lists the Special Rx Condition interrupt

operation.

Table 3.3 Receive interrupt mode and operation

CR1 Receive inter-— .

D4 D3 rupt mode Function

0 0 INT/DMA Disable Even if data is received, receive inter-

rupt/DMA request does not occur.

0 1 INT on First A receive interrupt occurs only for the
Character first received data after this mode is

set. (It can be masked by using the Rx
INT Mask bit.) After an interrupt
occurs, Rx interrupt can be enabled
again in the mode by using Enable Int on
Next Rx Character command (except during
Rx INT Mask mode). The mode is selected
when receive data is transferred via
DMA. In this mode, a parity error does
not cause a Special Rx Condition inter-
rupt.

1 0 INT on All A receive interrupt occurs each time
Character data is transferred to the receive
(parity error buffer. A parity error causes a Special
is used as Rx Condition interrupt.

Special Rx '
Condition
source)

1 1 INT on All This is the same as the mode when CR1
Character bits D4 and D3 = 1 and 0 except that a
(parity errcr parity error does not cause a Special Rx
is not used as |[Condition interrupt. )
Special Rx
Condition
source
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Table 3.4 Special Rx Condition interrupt operation
Source Operation mode Operation
Parity Error Asynchronous When a Parity Error occurs.

(SR1: D4) Synchronous This bit is latched. It is reset
when the Error Reset command is
issued.

Overrun Error| Asynchronous When an Overrun Error occurs.

(SR1: D5) Synchronous This bit is latched. It is reset

HDLC when Error Reset command is
issued.

Framing Error! Asynchronous When a Framing Error occurs.

(SR1: D6) This bit is not latched. It is
reset when next correct data is
received, and also reset when an
Error Reset command is issued.

End of Frame HDLC When valid end flag is received.

(SR1: D7) This bit is latched. It is reset
when an Error Reset command is

i issued.

Note (1) When an error status check is made, the status must

be first read before receive data is read.

(2) If the First Rx INT mode (CR1l bits D4 and D3 = 0, 1)

is selected,
occurs,

the

when a Special Rx Condition interrut
data

subsequently input: is

not

transferred to the last stage of the receive buffer

until the Error Reset command is issued. (Up to two
characters of data received after the Special Rx
Condition interrupt occurs are stored in the first

and second stages of the receive buffer.)

Figure 3.7 shows an example of a data transfer program

using an Rx interrupt. Figure 3.8 shows an example of

Special Rx Condition interrupt processing.
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Receive
interrupt

Save registers

]

Set receive data
store address

!

Set the number of
receive data bytes

!

Read receive data

{

Store receive data

f

Update/save receive
data store address

i

Update/save
the number of
transfer bytes

EOI command

Is transfer
terminated?

Issue to channel A

Restore registers

Perform

transfer

receive

i

Enable interrupt

=D

Figure 3.7

using interrupts

PUSH
PUSH
PUSH
LHLD
LDA
MOV
IN
MOV
INX
SHLD
DCR
MOV
STA
MVI
ouT
Jz
PCP
POP
POP
EI
RET

Note)
RXTERM:

PSW

H

B
RXPTR
RXCNT
B, A
DATA
M, &

H
RXPTR
B

A, B
RXCNT
A, 38H
CTRLA
RXTERM
B

H

PSW

Note)

Receive trancsfer
termination
processing

Example of receive data transfer program
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Special Rx
Cendition
interrupt

Save registers

{

Read SR1

{

Read receive data

{

Analyze source

i

Perform appropriate
processing
for source

|

Issue Error
Reset command

I

EOI command | ...... Issue to channel &

i

EI

Figure 3.8 Example of Special Rx Condition
interrupt processing

External/Status interrupt latch operation

The External/Status (E/S) interrupt is used to detect
the pPD7201A input status or change in internal
state. The E/S interrupt occurs under the conditions
listed in Table 3.5 if E/S INT Enable is set (CRl1 bit
DO = 1).
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Table 3.5 E/S interrupt occurrence conditions

Operation mode condition | E/S interrupt

w75 bit) [ ReynehroTeynhios [WLE| ocearrence woce)
CTS o) o o} 00— 1, 1 — 0
DCD o] o} 0 0 — 1, 1 — 0
SYNC/HUNT o ' 0 o 0~ 1,1 =0
Break/Abort (o} ! - 0 0 -— 1, 1 -— 0
Tx Underrun/EOM - ¢} (0] 0 - 1
All Sent - - (o} | 0 - 1

Note) Refer to the User's Manual for occurrence of each stage
change.

The points to use the E/S interrupt are explained
below:

When the state of any E/S bit changes if E/S INT
Enable is set (the occurrence condition 1listed in
Table 3.5 is satisfied and the preceding E/S
interrupt processing must be terminated), the state
of the other E/S bits is alsoc latched, the values are
set in SRO, and and E/S interrupt occurs. Normally,
the CPU determines of the source E/S interrupt by
comparing the new SRO contents with the SRO contents
before latching the E/S interrupt handling routine,
and - executes interrupt service processing
accordingly. Note that once an E/S bit is latched,
the pPD7201A does not execute a new latch cperation
even if the E/S bit state changes afterwards unless
the Reset E/S INT command is issued. (No E/S
interrupt occurs.) Figure 3.9 shows an example

operation when the CTS and DCD lines change state.
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First, when the CTS line goes LOW, the change of
state is latched in SRO bit D5 and an E/S interrupt
occurs. The CPU accepts the interrupt and begins
interrupt processing (@ in Figure 3.9). Even if
DCD goes LOW while the E/S interrupt is being
processed, the Reset E/S INT command is not issued
for a CTS bit latch operation at the time; therefore,
the DCD change of state is ignored (@ in Figure
3.9). When the CTS state change processing continues
and the Reset E/S INT command is issued ( (3 in Figure
3.9), the E/S bit latch operation is enabled again.
This means that the DCD change of state is first
latched in the DCD bit at the time of @ in Figure
3.9.

The operation mentioned above also occurs when E/S
INT Disable is set. Thus, it becomes difficult to
recognize E/S bit change of-state timing if the E/S
interrupt is not used. In such a case, the most
recent E/S bit state can be known by issuing the
Reset E/S INT command to the pPD7201A, then reading
SRO.

Figure 3.10 shows an example of E/S interrupt

processing.

CTS pin _—l_\\
~

a P
_ / v
DCD pin / { @}

/ 7 ’
CTS bit { i 3
(SRO bit D5)—1 |
DCD bit \ ?
(SRO bit D3) 2

\

@
Reset E/S

INT command /-\ /—\

Figure 2.9 E/S bit latch operation
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E/S
Interrupt
processing

Save registers

|

Read SRO

|

Store new
E/S bit state

|

Determine if E/S
bit changed state

i

Perform appropriate
Processing for
each source

l

Issue Reset E/S
INT command

|

EOI command

!

Restore registers

{

EI

Figure 3.10 E/S interrupt

...... Issue to channel A

processing example
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Figure 3.11 summarizes the pPD7201A interrupt
configuration.

: . Externa
Send Receive Status 1/
Re Special Rx
ceive andlt%on
1nterrupt interrupt
r —'E‘;B_ugfze—r_-i I Rx Chara—ct—er_-i '_Parlty Error ] r—_ETS -0
__Ex_ryt_y____}  available | | Overrun Error; | DCD
| Framing Error| | :zzgﬁi;;grtl
| End of Frame | | o undercany |
I EOM :
{_ All Sent

i 1

INT

Figure 3.11 pPD7201A interrupt configuration

3.2.3 Precautions on use of interrupts

(1) External circuit must be provided to use the pPD7201A
as an interrupt controller pPD8259A-2 slave in the
85-2 or 86 vector mode. If the PRI line is not LOW,
the pPD7201A INT signal does not become active even
if an interrupt condition occurs. Therefore, the PRI
line must normally be held LOW.

However, when the pPD82E5E9A-2 accepts any interrupt
other than pPD7201A interrupts, PRI must be driven
HIGH in the TINTAK sequence to inhibit interrupt
vector output from the pPD7201A.
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Therefore, an external control «circuit must Dbe

provided to perform operation control as mentioned
above by using the pPD8259A-2 CAS signal.

To perform such control, although no standards are
set, it is necessary to use the setup time (minimum
of 280 ns) to change the PRI signal state from LOW to
HIGH at the falling edge of the second INTAK signal,
as shown in Figure 3.12 (a).

“y” "
PRI y

“pLn |
MIN. 280ns

| —
#PD7201A INT \ /f ’
= A
TNTAK

Figure 3.12 (a) Relation between PRI and INTAK

Figure 3.12 (b) shows an example of an external
circpit for reference when the method as mentioned
above is used (in the 86 vectcr mode).

If the 85-3 vector mode is used, the INT signal goes
active when an interrupt source occurs independently
of the PRI 1line state, and the aforementioned
external circuit is not needed. The PRI line can be
controlled by directly decoding the pPD8259A-2 CAS
signal. However, in this mode, a daisy chain mode
system using PRI and PRO cannot be implemented.
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CASO A D Q
INTR e S H Y7
ooy NTA ° LS74
INTA INTA LS138
(PD8259A - 2 b
#PD8086 CLR
IR7

b
PRI
iNT

;W

#PD7201A

Figure 3.12 (b) pPD7201A and pPD8259A-2 connection example
(reference circuit)

(2) To perform interrupt control by using pPD7201A PRI
input, obey the following caution:

In the system configuration in which an interrupt
reguest issued from another device is accepted during
nPD7201A interrupt processing, issue two EOI commands
in the sequence shown in Figure 3.12 (c). In this
case, interrupt must be disabled in the host when the

EOI command is being issued.

Such processing is not required if the system
configuration enables multiinterrupts.
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pPD7201A interrupt
handling routine

Main routine

1
|
1
|
|
DI
EOI command
EOI command

EI
RET

(Interrupt disable)

(Interrupt enable)

Figure 3.12 (c) Multiinterrupt processing sequence
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3.3 pPD7201A DMA Operation

This section explains pPD7201A DMA operation (send DMA and
receive DMA) using HDLC operation as an example.

3.3.1 Send DMA

When send data is transferred via DMA, CR2A bits D1 and DO
=0, 1, 1, 0, or 1, 1 must be selected and CR1 bit D1 must
be set to 1. A send interrupt on the channel where DMA
transfer is selected will not occur.

Send DMA operation is explained by using HDLC mode as an
example. The DMA operation in the HDLC mode varies

depending on the value of TxLR (CR1l bit D6), as explained
below:

(1) When TXLR Set =1

This mode is a new function added to the nPD7201A.
Figure 3.13 shows the timing chart of send DMA
operation when the function is used (only minimum

required operation is shown).
In the explanation to follow, Figure 2.13 is used.

In this made, when Tx Enable is set to 1 after
initialization ends (assuming that Auto Enable mode
is not entered), the DRQTx signal gces HIGH and the
DMA controller is requested to transfer send data ( C)
in Figure 3.13). As requested, the DMA controller
transfers send data. After this, the same operation
is repeated. When the DMA controller transfers the
last data and stops operation (C) in Figure 3.13),
then send data is not transferred. Thus, after the
last data 1is sent, the pPD7201A is placed in Tx

1-100
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Underrun state and an E/S interrupt occurs ( () in
Figure 3.13). The data transferred by the DMA
controller is counted each time in the pPD7201A (the
result is held in TxLC). When the count reaches the
value set in TxLR, then the DRQT» signal does not go
active even if Tx Buffer Empty is set ( C) in Figure
3.13). This state is continued until TxLR is again
set. In addition, a comparison between the TxXLR and
TxLC values is made in the Tx Underrun state. If
they match, CRC is automatically sent; if they do not
match, an abort is auvtomatically sent. Therefore,
when the Tx Underrun state occurs, software must be
used to read the TxXLC value (SR3, SR4) and decide

whether or not the normal frame end if reached.

When the p