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Description

The wPD7201 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 uPD7201A 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%z,
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 (ISO)
2. Synchronous Data Link Control (IBM)

3. Binary Synchronous Communication (IBM)
Features

[J uPD8085/8086 bus compatible
[J 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)
[J 21/29 control, data, and status registers (7201/7201A)
[ Various interrupt functions
[J +5 V single power supply
[J N-channel MOS
[J 40-pin plastic DIP (wWPD7201AC, nPD7201C)
[J 40-pin ceramic DIP (w.PD7201AD, uPD7201D)

Figure 1-1 shows the MPSCC functional block diagram.

CTs8 DCoB

RTSB/SYNCB RxDB TXDB

RTSA CTSA DCDA SYNCA RxDA TxDA

RXCA TxCA

49-0003848
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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
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Table 1-1. MPSCC Pin Identification

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 €TSB 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 RTSB/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

21 WR In Write

22 RD In Read

23 [ In Chip select

24 cD 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/DRQRXB In/Out 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 WAITA/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 Vee 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 ¢ DDy ~—] l—— Rxoa ]
T — |—— RxDB
Data 76— —- Txoa
Bus — T
. WA Tx0B
cp —= [ Rx{ | Channel
L rpr— le— FxCB ‘Intertace
T -~ |e— TxCA
Interrupt
cPy - _|and INTAK = .po7201a [+ TxCB
Interface | DMA PRUDRQRXB <—{ MPSCC  |e—o SYNCA
PRO/DRQTXE <——f fe— RTSB/SYNCS J
[ WAITA/DRORXA ~— |—— T8
cpy | WATTB/DRATxA <] |— CTSB
ana |  DTRB/FAI ~—] l-—— ocoa Sl
fuiel® GTRA/AAG ~—— ]
RESET —~ — WS
L L Lk —
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)

D;-Dg is an 8-bit bidirectional data bus. These tri-state pins
connect the MPSCC to a standard CPU such as the
wPD8080AF, pPD8085A, or nPD8086. 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 different states and functions of the

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

Table 2-1. Signal Functions
cdb WA @ ] B8R Channel  Function
0 A ; i
0 0 1 0 Writes transmit data
1 B to the Tx buffer
A Reads receive data
: ! 0 0 from the Rx buffer
1 B
~ A Wiriteg data to the
0 A Writes data to the
1 0 1 0 parameter
1 8 (CR7-CRO) registers.
A Reads data from¥he
1 1 0 0 status vector (SR4-
1 8 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 pull-
up resistor.

PRI/DRQRxB (Priority Input/DMA Request RxB)

Transmits or receives the PRI and DRQRxB 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).

DRQRxB 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/DRQTXxB (Priority Output/DMA 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 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 signal 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 Dg) 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.

DRQRXxA 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 (D4 and Dg) 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 Do) 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 CRS5 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 HAlis ata 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 foiiowing signais function as the channei 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 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 (D,
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
SYNCB 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 CTSB (Clear to Send A/B)
5CDA DCDB (Data Carrier Detect A/B)

The CTS and DCD D 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 (Ds 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 pinis 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 5 or 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
1234567

Function

Deletes 0
Receives flag sequence
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 parallel-
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 D; to Dy 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 CRé
or CRY7 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 1sin 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-CRQ) 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 D;-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 [ ] WR INTAK PRI HAI BA Channe! Function
0 0 0 1 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 0 A Writes transmit data to Tx
__~~ Dbufferand writes data
1 B transmitted by DMA operation
in DMA-2 mode (7201A onlyl
1 0 0 1 1 X 1 0 A Reads data from
status vector registers
1 8 (SR0-SR4)
1 0 1 0 1 X 1 0 A Writes data to
command parameter registers
1 8 (CRO-CR7)
X 0 Combination ottﬁr 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 AAI 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
0y 0y By cu:«m m:"" 32 n 2 £ % 31 High Low
000 INT INT WAITA WATTB PRT PRO DTRB  DTRA RxA TxA RxB TxB.E/SA E/SB
100 INT INT RxA RxB TxA TxB E/SA E/SB
0 1 DMA DRQRxA DRQTXA PRI PRO ANl HAO RxA TxA
X
INT RXA RxB TxB E/SA E/SB
0 DMA DMA DRQRXA DRQTXA DRQRxB DRQTXB A HAO RxA TxA RxB TxB
0 1
RXA RxB E/SA E/SB*
Do DMA DMA RxA RxB TxA TxB
RxA  RxB E/SA E/SB*
x 1.1 DMA DMA DTRB TRA  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
D5 Dy D3 'mg:’:;m PRI 1 2 3
0 CD HEX (CALL OP) VECTOR 0
1.0 0 851
1 CDHEX (CALLOP)  HI-Z HI-Z
0 HI-Z VECTOR 0
10 1 85-2
1 HI-Z HI-Z HI-Z
HI-Z VECTOR 0
111 85-3 Note 1
HI-Z Hi-Z HI-Z
0 H-Z VECTOR
11 0 86 Note 2
HI-Z 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 SR0 and
SR1 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-Vp or Vp-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 D5-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 (D2 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)
o Transmit (Tx)
e 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-

rrint aanh tima a

rrupt each time a character is loaded
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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 D; (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

Note 2

Rx Character Rx OMA DRQRxA
Available DRQRxB
All/First
Rx CHAR.
Note 1 Rx INT
Special Rx
Condition
External/ E/SINT .
Status INT
TxINT
Tx Butter }
Empty DRQTXA
Tx DMA ORQTxB
Note 3
INT DMA
(CR2A: D1-0)

Notes:

. In All Rx Character mode: Normally active
In First Rx Character Interrupt Mode: Active until first Rx
C i upt is g d. However, this is masked
when Dg of the CR2A register = 1 (7201A only).

. Rx Disable (CR1: Dy)
Tx INT/DMA Enable (CR1: Dy)
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Both channels A and B of the MPSCC have eight control
registers (CRO-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:

e CPU Interface mode

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

o 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 A8 pecifies SYNC flags, and y address

CR7 A. B (HDLC mode)

TxR-L A8 Specifies the length of transmit data

TxLR-H A, B up to 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.B i 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
Ds CRCO %%

D5 CMD2 Command bits
Dgy CMD1

"Dy cMDO

Dz PTR2 Pointer bits

Dy PTR1

"Dg PTRO

Initializes CRC logic

Sets commands used to reset the MPSCC,
enables, interrupts, etc.

Selects a status or control register

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 0s

CRC calculator (CCITT-0 CRC-16)

1 0 Initializes Tx In HDLC mode: all 1s
CRC calculator (CCITF-1)
1 1 Resets Tx underrun/EOM bit (Dg of the SRO register) (See Note)

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

D5-D3 (Command Bits)

Ds Dsy D3
0 0 oO

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

Ds Dy Dj
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 Dy D3
o 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 Ds Ds
o 1 1

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. '

(Channel Reset)

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 0 See table 4-5
CRO 0-2 0 0
CR1 01,347 0 0
CR3 0-7 0 0
CR5 14,7 0 0

0-1 0 0
SRO 2,6 1 1

3-5.7 Undefined
SR1 4-7 1] 0

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

CR2A, D,-Dg
000 001 010 011
or or or or
100 101 110 111

Pin At System Reset At Channel Reset
WATTA/
DRQRxA WAITA = Hi-Z DRORxA=0
WATTB/
DRQRxA WAITB = Hi-Z DRATxA=0
PRI/DRQRxB PRI = input DRQRXB=0
PRO/DRQTXB PRO =by PRI DRQTXB=0
DTRB/AAI  DTRB=1 HAI = input DTRB=1
DTRAHAO DTRA=1 HAO = HAI DTRA=1
INT Hi-Z
RTSA, RTSB 1
SYNCA,
SYNCB Input state

Ds D4 Ds3
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 D4 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 D Dj
1T 1 0

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 Ds Dg
111

(Error Reset)

(End of Interrupt)

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.

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.
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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 SR0
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
CRiA register is setto 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

Do Status Affects Vector

Controls operation of WAIT pin

Selects the mode for Rx interrupts

Modifies the interrupt-vector caused
by an interrupt

Enables the Tx interrupt/DMA
Enables the E/S interrupt

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

D7 (Wait Enable) and Dg (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
0y Ds 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 uPD7201A 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 DRQTx 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 (Do, 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 D4 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 (Ds of
the CR2A register = 1) is specified, an interrupt vector
(vector bits V7 - Vp) 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 itis. When the bit is 1, Vector bits V4-V2
of the interrupt vector set at the CR2B register are modified

e amanifind ln Q8 mada uantar hite \/__\/_ ara

if oa IlIUub' Ib Specitied. i ov Imuue, VECIOI OIS vp-vg aie
modified as shown in table 4-9.

Table 4-9. Modification of Vector Bits V2-Vg or V4-V2
USR] Vo 86 mode
Channel Vg V3 Va 85 mode

Interrupt Cause

Tx Buffer Empty

External/Status Change

Rx Character Available

w|lalololole

Special Rx Condition

1
0
1
0
1
0
1
0

@ > @ > o> o>
w|a|lo|lolal=|ole

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 if the 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 interrupt is

enabled when the following occurs:

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

e 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.

e 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
Dg  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
D4 INT Mode 1 Selects interrupt mode 85-1, 85-2, 85-3, or 86
D3 INTModeo

Dy  Priority Select Selects the priority of an interrupt

or DMA request

D1 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.

Dg (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)
1 0 86 Vo Vi Vo

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.

Tabie 4-12. INT/DMA Prioriiies
INT/DMA
CR2A Mode Pin Function Priority
Channel Channel Emmnonxn r_ﬂlnmnxn Er_i_i/@ High Low
D, Dy Dy 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 NT INT RxA RxB TxA TxB E/SA E/SB
x 0 1 DMA DRQRXA DRQTXA PRI PRO  HAI  HAD PRxA TxA
INT RxA* RxB TxB E/SA* E/SB
0 1 0 DMA DMA DRORXxA 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 V¢ 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
D4 Vy Bits V4 - Vo are output in 85 mode.
Dp Vo Vector bits V, - 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. CR3 Bit Functions

Bit Name
D7 Rx Bit/Character 1

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 Assembly

Bits/
Dy 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

10 6 1 1P Ds D4 D3 D2 Dy Dg Asynchronous
x x D5 Dg D3 D2 D

Dp Synchronous

01 7 1/P Dg Ds D4 D3 Dz Dy Dg Asynchronous
xP Dg D5 D4 D3 D2 Dy Dg Synchronous

11 8 D7 Dg Ds D4 D3 D2 Di Dg Asynchronous
D7 Dg Ds D4 D3 D2 Dy

Do Synchronous
DLC

Define number of bits per serial data
Dg Rx Bit/Character 0
D5 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.

D2 Address Search Mode

D1 SYNC CHAR Load Inhibit

Do 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 (Ds 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.

D1 (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 D3 [ 7] Stop Bit Length (Bit/Char)

D7 Clock Rate 1 Specify the clock rate. Must be the data 0 0 Synchronous mode (including HDLC)
Gév-&ck Rate 0 rate times 1.16. 32. or 64 0 1 1
v D5 SYNC Mode 1 Select the character synchronization method 1 0 1%
"Dp SYNCMode0 112

D3 Stop Bit 1
Dp 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 must be used. Table 4-17
shows how the D7 and Dg bits select the clock rate.

Table 4-17. Bits D7 and Dg of CR4

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

(Data rate) x 1

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

1 0

1 1

(Data rate) x 32
(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 Ds and D4 specify the synchronous mode and
character.

Table 4-18. Bits Ds and D4 of CR4

Ds [ 7 Synchrenous Mode Synchronization Character
0 0 Monosync 8-bit SYNC

0 1 Bisync 16-bit SYNC

1 0 HOLC 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 D
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 D5 of the CR5 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 CR5 register bits are summarized
in table 4-20.

Table 4-20. CRS5 Bit Functions

Bit Name

Function
Controls the DTR pin

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

D3 Tx Enable

D2 CRC-16/CCITT

D¢ 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
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D7 (Data Terminal Ready)

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

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 - Dy 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.

Table 4-21. Bits Dg and Ds of CR5
Dg Ds Number of Data byte written to the MPSCC
bits/ msB LsB
0 0 1 11 1 1 0 0 0 D
2 1 1 1 0 0 0 D1 Do
3 1 1 0 0 0 Dy Dy Dy
4 1 [1} 0 0 D3 D2 Dy Dg
5 0 0 0 Dg D3 D2 Dy Dg
1 0 6 X X Ds D4 D3 D2 Dy Do
0o 1 7 X Dg Ds Dg D3 D2 Dy Dg
1 1 8 Dz Dg Dsg Dy D3 D2 Dy D

D4 (Send Break)

When D4 is a 1, the output signal from the TxD pin will be
setimmediately 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 Enabie)

When Dj 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

(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

D,  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)

D; controls the RTS pin as shown in table 4-23.
Table 4-23. RTS Pin Control

Mode by  RTS Pin

Asynchronous 1 0

0 Becomes 1 when all characters have been
transmitted and the Tx buffer is empty.

Synchronous 1 0
HDLC 0 1

Do (Transmit CRC Enable)

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

Pk o

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.



HPD7201/7201A

Table 4-24. CR6 and CR7 Bit Functions
Bit Name

Function

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

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 SYNCBit5  SYNC Bit 14 satisfies a predetermined condition, such as inversion of a
D5  SYNCBit5  SYNCGBit13 Flag. secondary address (HDLC mode) bit, each bit latches the respective state at that point. The E/
5 SINCEBid  syncatiz 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
D2 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 SYNC Bit 0 SYNC Bit 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 CR7
Latch Operation (When Latch

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
(For comparison with an
address field)

Flag character (011111110)

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.

Ds 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 Butfer Empty Checks for data in the Tx
biffer.

D1y Interrupt Pending Checks for an interrupt source
whose process has not been
completed.

Do Rx Character Available Checks for data in the Rx
buffer.

Condition is Satisfied)

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

Read out the E/S Bits

Reset E/S Interrupt
Command Issued.

49-000388A

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.
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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 bitis 1, the CTS pinis 0;
when clear to send is 0, the CTS piniis 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. That ig, if this bitis 1, it indicates the SYNC pinis 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 bit inverts 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

Bit  Name Mode mnmmdmmimnudmw

D7 Break/Abort  Async

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  TxUnderrun/ 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.
Ds CTS Leading or trailing edge of 1:TI8 =0
CTS input 0:CTS = 1
Dg  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
HOLC synchroni synchronizati
D3 DCD Leading or trailing edge of DCD  1: DCD = 0

input 0: DCD

wen

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 bit is 1,
itindicates that an interrupt source exists in either channel
A or 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

Indicates reception of flag pattern (usually a
closing flag pattern).

D7  End of Frame

Dg  CRC/Framing Error Indicates CRC or Framing error.

D5 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
D1 Residue Code 0

Dp Al Sent i ission of all
in the transmitter.

D7 (End of Frame)

This bit is valid only in the HDLC mode. Itis 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 tfiggered 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 frame bit becomes 1
(HDLC mode).

Ds (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 s 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

8 Bits/Character

The meaning of the residue code depends on the number
of bits/character specified for the receiver. Table 4-29
shows the residue codes for 8, 7, 6, and 5 bits/character

0302 0y Previous Character 2nd Previous Chiaracter specified for the receiver. The previous character refers to
100 ¢cccccccc CccccCcco D the last character read before the end of frame, and so on.
010 ccccccceccec cccCcCDOD D b
t10 CCCCC ccC cCCCDDDDD 0 (All Sent)
ccccccccec ccopDDODOD. In the asynchronous transmit mode, this bit is set when all
characters have been transmitted and the Tx buffer and Tx
geececec L ¢pbDDDDD shift register become completely empty. No interrupt is
cccceccccec DDODDDDODDD caused by a change in the state of the all sent bit. In the
tt1 cc¢ccccccDb DDDDDDODD synchronous and HDLC modes (Dg of the CR1 register =
000 CCCCCCCD DDODDODODODOD 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 0y Previous Character 2nd Previous Character have been transmitted causing the E/S interrupt to occur.
100 CCCCCCGC cccccopo The host system is notified that the transmission of one
010 cCcccece ccccooo frame is complete. Although the level of this bit changes
e D000 0 from 1 to 0 on transmittal of the CRC character of the next
rrocececeeec frame, this change does not cause the E/S interrupt.
0601 ccccccc CCDDDODOD
101 CCCCCCOC CcDDDDDOD STATUS REGISTER CHANNEL B (SR2B)
g1r cccccecce bobbbDoDD The bits in this register indicate an interrupt vector that can
000 CCCCCCOD DDDDDDD 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 ccccececo . .
The bits modified are V4-V2 (8085 mode) or Vo-Vq (8086
010 CCCCCGC ccccooD mode) of CR2B.
110 cCCCCCC cccbDDOD o .
This interrupt vector corresponds to the interrupt source
o1 cccceccec ccopopoop assigned the top priority among the interrupt requests. If no
101 cCcCccCccCC 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 1s in 86
mode. See table 4-30.
5 Bits/Character N
D3 Dy Dy Previous Character 2nd Previous Character Table 4-30. Vector Bits V4-Vp
100 C€CCCCC bDDDOD 8085 Mode Vs vz V2  Condition
010 CCCCOD DDDDOD SGEMae Y2 N1 W
1 1 1 i
110 cccoDoD O o000 D No Interrupt Pend|vng
00 ccooDoD D DD DD 0 0 0 Channel B Transmitter Buffer Empty
000 CDDODOD DD DD D 0 0 1 ChannelBExter‘naI,StatusChangev
Notes- 1. C — CRC bit 0 1 0 Channel B Received Character Available
2. D = Valid data 0 1 1 Channel B Special Receive Condition
3. * = No residue 1 0 0 Channel A Transmitter Buffer Empty
1 0 1 Channel A External/Status Change
1 1 0 Channel A Received Character Available
1 1 1 Channel A Special Receive Condition
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STATUS REGISTERS 3 AND 4 (SR3 and SR4)
SR3

% | o | s | o [ 0 [ 0 | 0 | g
Tx Length Counter Bits 7 - 0

SR4

hl“ﬁl“s[hl"al"z!lhlno
Tx Length Counter Bits 15 - 8

These counters are only available on the £PD7201A. 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 SR3 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

% | % [os [0 [os [0 [ o | ng

Tx Length Counter Bits 15 - 8

TxLR-L

o [ % [ o | o [ 8 [0 | 8 | 0

Tx Length Counter Bits 7 - 0

These registers are only available on the uPD7201A. 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
Dn. 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
Parity Bit
Mark 44
D, D, D,
A I I I I
Start Bit (1 bit) Stop Bit (1, 1.5, 2 bits)

Mark

| .
Space I [D“ l bl ]_;;_r DNJ N:4-7
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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
Dy 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 CR5 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
TxCby 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
us clock cycle), the transmission data rate will be 1 kb/s.

Table 5-1. Contents of Registers CR3, CR4, and CR5 in Asynchronous Mode
CR3 by Dg 05 b3 L] Dy O
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 Disable
00, 5 Bits/CHAR 1 Enable 1 Enable
01, 7 Bits/CHAR
10, 6 Bits/CHAR
11, 8 Bits/CHAR
CR4 07 Og D5 03 02 Ll Do
Clock Clock SYNC SYNC Stop Stop Parity Parity
Rate 1 Rate 0 Mode 1 Mode 0 Bits 1 Bits 0 Even/Odd Enable
00, x1 Clock Mode 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 07 Dg D5 03 D2 0y Do
Tx Bits/ Tx Bits/ Send L1 CRC-16/ Tx CRC
DTR CHAR 1 CHAR 0 Break Enable cenry RTS Enable
0DTR = 1 00, 5 or Less Bits/CHAR 0 Marking 0 Disable 0 ORTS - 1 0
1DIR = 1 Spacing 1 Enable When all
_sent
1RTS - 0

Note: Set the parameters of register CR4 before those of the CR1, CR3, and CRS5 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 D5 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 is, 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
sion has been completed if the request to send bit (D4 of the
CR5 register) is reset. Under this condition, the all sent bit
(Dg 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 CR83 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:

T
R

Error Information During Reception. The MPSCC
detects three types of errors: parity, framing, and overrun.
Ifthe 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 (Ds 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 MPSCC 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 bitis 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.
20H |: Vector is Specified.

: Reset E S INT Command and
Pointer is Specified.

: Clock Rate, Number of Stop Bits
and Parity are Specitied.

: 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
Specified

: The First Transmit Data Must
be Written a Transmit
Interrupt Occurs.

Wait Routine for
Interrupt or Other

Process Routine

Because the Address
for an Interrupt is
Moditied According

to the Interrupt Source
in the Status Affects
Vector Mode, the Pro-
cess Applicable to
each Interrupt Source

can be Performed.

49-000400A
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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
CR?7 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

i n
F + t 5%

'4— External Sync _>|
|
| >
} Bisync —]
£
4%
SYNC Character Data Field ] CRC Character —I
s
T 1

' ' '
=— 8 Bits —»<— 8 Bits —» = Variable 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 ] By b3 L] el By
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 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
id b Dg L] By 3 ] L )
Clock Clock SYNG SN 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 Odd 0 Disable
01, 16-Bit SYNC 1 Even 1 Enable
11, EXT SYNC
CRS b Dg L] ) ] ] Ll g
Tx Bits/ Tx Bits/ Send ™ CRC-16/ Tx CRC
bTR CHAR 1 CHAR 0 Break Enable cenT 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

COR6 L] Dg ] Dy 03 ] 0 Dy
SYNCBit7-0

Monosync Tx SYNC Character

Bisync SYNC Character Bit 7 - 0

Ext Sync Tx SYNC Character

oK 5 ) ) 04 13 0 ) )
SYNC Bit 15-8

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 CR5 register. Load a SYNC character
to the CR6 or CR7 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 CRS 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 regisiers first. The channei from which data is
transferred must be set in the interrupt mode by D and Dg
of the CR2A register. The Tx INT/DMA enable bit (D4 of the
CRt1 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 DRQTx 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 (D5 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 enabied. 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 amessage. This command can also 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 wPD7201A and the Tx
underrun' condition occurs prematurely.

While the CRC character is transmitted, the Tx buffer
empty bit remains in the reset state. This bit is 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 bitis 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 CR6 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
CR6 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 Specitied.

: 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.

CRO -~ 03H
CR3 - COH

: The Pointer is Specified.
: Disable Auto-Enable Mode.

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

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

are Specified.

: 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

Interrupt Wait Routine

Tx Interrupt

Message
Completed?

Reset Tx INT Pending
Command

Writte
Character
Included CRC
Calculation
Thereinafter

E/S Interrupt
E/S Analysis and
SRO Read

en Tx Underrun/EO
Bit Turns to 1 from 0

Return from Interrupt

L Tx CRC Enabled I

Tx CRC Disabled l

P |

Transmit Data Written

Returns from Interrupt
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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
CR@ 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 (D¢ 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. Aiso, 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.

i the Qv CRC anahla hit i i

s reset under that condition
e X LmL enaoie Oitl 1S reéset e}

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

o
[]

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 turns to 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
Bit is Specified.

: The Pointer is Specified
: Bus Interface Mode is Specified as 8085-1

CROA -
CR2A .

02H
20H

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

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

: The Pointer is Specified.
CRC Polynomml (CRC- ‘S) is
Specified.

: The Pointer is Specified.

: Bit Length of Receive
Characters is Specified.

: The Pointer is Specified.
SYN Character is Specified.

CRO
CR6

« 06H
< 32H

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

: The Pointer is Specified.

= All Rx Character, Status Affects
Vectorand E S INT are Enabled.

: The Pointer is Specified.

: The Rx is Enabled. Loa 1 of SYNC
Character is Inhibited.

Interrupt
Wait Routine

49-000395A
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Figure 5-8. Rx Interrupt

Special Rx interrupt
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Returns
from Interrupt

vrm:'ltmpl srzc:::lyals and
Returns
from Interrupt
49-000401A
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%
i Flag ) Flag
(0"1"‘0)[ Address | Data Field CRC Character Iw“““a) ]
r t + 4f + + 1
' ' ' . '
- B Bits -»-+=e- 8 Bits. /ariable Lengf 16 Bit: ’ 8 Bits
' . i j | |
49-000392A

Table 5-3 shows the contents of registers CR3-CR7 when
the MPSCC is in HDLC mode.



NEC

pPD7201/7201A
Table 5-3. Contents of Registers CR3-CR7 in HDLC Mode
CR3 L Bg 05 04 03 D2 Ll By
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 b Dg b5 ) b3 by by Bg
Clock Clock SYNC SYNC Stop Stop Parity Parity
Rate 1 Rate 0 Mode 1 Mode Bits 1 Bits 0 Even/Odd Enable
10 10 HDLC 00 0 0
CRS 0 Dg D5 ) b3 3 Ll By
Tx Bits/ Tx Bits/ Send b CRC-16/ Tx CRC
DTR CHAR 1 CHAR 0 Break Enable cenT RTS Enable
0DTR =1 00, 5 or Less Bits/CHAR 0 0 Disable 0 CCITT-1 ORTS = 1 0 Disable
10TR =10 01, 7 Bits/CHAR 1 Enable 1RTS = 0 1 Enable
10, 6 Bits/CHAR
11, 8 Bits/CHAR
CRE L g g Dy 03 L] Ll g
SYNC Bit 7-0
Secondary address *
CR7 L Dg D5 Dy 03 ] L] L]

SYNCBit15-8

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' + X'2 + X5 + 1). The CR1 and 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

seguantiallv with tha MDPQCC gtarting from its least gignifi-
Sequentiany wWith tne vir SUL Slarning wwom 1S 1east Signit

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 (X6 + X'2 + 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 (D,
of the SRO register). If the bit is 1, the CPU can write
transmit data to the MPSCC. If the bit is 0 (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 data in 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
D4 and Dg of the CR2A register must be set either to 01
(channel A to the DMA mode), to 10 (channel A and B to 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
registeris 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. Shoulid 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 DRQTx 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, a flag is
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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 (CRO0). 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
decidesifthe 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) In response 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 D of the SR1 register is
set to 1. When it occurs, the contents of the SR0 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 (especiaiiy in the both CH.DMA-1 mode when biis 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 DRQTXx 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 DRQTx signal by setting bit D4 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 Speciied.

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

CRO — 11H
CR1 — 4FH
TxLR-L - FFH
TxLR-R — FFH

* Pointer 1 is Specified, Reset
: E/SINT, Tx Length
Register Set, Status Affects

Vector (Set in Only Channel B)
TX INT/DMA Enable, E/S INT Enable,
and Tx Length Value are Set.

: Pointer 3 is Specified.

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

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

Performed.

: The Initialize Tx CRC Caiculator

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

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

omes active each time the Tx buffer becomes empty. When the number of data set

in the TXLR has been written, subsequent MPSCC DRQTx signals do not become active.

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

E Snterrupt Process
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Abnormal
Completion

Process for
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Completion
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Command is Issued.

End of Interrupt
Command is Issued.

Return fromE S
Interrupt Process

Reception In HDLC Mode

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

49-000394B

(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 CRS 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 CR7 registers, respeciiveiy.
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) foliowing 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 (Dg 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

and nf frama
ena &i irame.

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 not an 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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of the SR1 register) and residue codes (D3, D» and D4 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 must immediately 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
CR2A - 73H

: 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 Set.

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

: Pointer 5 is Specified.
: 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
Character, Status Affects Vector
(Set Only in Channel B), and E/S
INT Enable are Set.

CRO . 03H|: Pointer3is Specitied.

CR3 - FDH|: RxCharacter Length, Auto Enable
Mode (! ion is Enabled When
DCD is Low and Rx Enable Operation
is Performed), Enter Hunt Phase
Enable, Address Search Mode, and
Rx Enable are Set.

ini
Complete
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Special Rx Condition
Interrupt Process
SR1is Read

Analysis of
Interrupt Source

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

Interrupt Caused by
Overrun Error

Receive Data i

Error Process

1 |

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

1

Process Appropriate
for Interrupt Source

1

Reset E/S INT
Command is
Issued.

1

End of Interrupt
Command is

Return from
E/S Interrupt
Process.
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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 WAITA and
WAITB signals to the CPU'S READY pin. These two sig-
nals are active low.

The WAITA pin also functions as the DRQRxA pin and the
WATTB as the DRQTxXA pin. When Dy and Do 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:

® Dy and Dy of the CR2A register are both Os in the WAI
mode.

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

® The Tx buffer is 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 accepis its own iniernaiiy generaied inierrupt
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. An internal 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 also will be reset.

In service latches are reset when the EOI 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 (€C8=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 acknow!-
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.

Read/Write Timing
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Figure 6-2. WAIT Timing
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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.
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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 (Dy and Dy 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.

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 TS, 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 wPD8257 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 pPD8257 and MPSCC, respectively.

Figure 6-9. Example of MPSCC and ,.PD8257
Interface

HLDA (from CPU)

HAT D a ] o}-{>ouuuu

CLK b
J—— CLK

49-000258A

Figure 6-8. DMA Timing, CH.A DMA and Both CH.DMA-1 Modes
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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 6-15. Transmission in HDLC Mode (1)
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Figure 6-16. Transmission in HDLC Mode (2)
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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. WPSCE Nede
Figure 7-1. Status Polling Syst o0 ow el ekt
gure 7-1. atus ng System 8085A  Not provided 85-1 Vectored 85-2 Vectored
Address Bus B Provided 85-2 Vectored 85-2 Vectored
8086 Not provided 86 Vectored 86 Vectored
Provided 86 Vectored 86 Vectored
Address it
Decoder Control Bus
l Figure 7-2 shows a system configuration using the inter-
S oBon ouo, 7D R rupt vectored mode.
PRO |—
MPSCC }Opon
NT|—
WAITA _WAITB PRI INTAK
1
—— Iy
Py
Vee
49-000267A
Figure 7-2. Interrupt System (Channels A and B in Interrupt, Vectored Mode)
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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

pin is 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. -

Figure 7-3. Interrupt System (85-3 Vectored Mode)
C Address Bus 1
| [
€ Data Bus y
I T 9r
. Control Bus y
LAl LIl
TS, A, D,-D, INTA RD WR C8,BA,CD D,-D, INTAK RD WR
8259A IR, iNT MPSCC
CAS,., PRI
Ly
49-0002698

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 controller
(such as uPD8259A). When more than two MPSCGs 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[0
DataBus
Control Bus
C3BACD D,-D, RD WA
MPSCC
T Vee
RST Pin (8085A) or o < Il % —_—
49-000270A

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 are inputtoa 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 uPD8259) or directly to the
CPU. In this case, setthe MPSCC modes as shovyn intable
7-2.

Table 7-2. MPSCC Nonvectored Mode

MPSCC Mode
cPy 82584 MPSCC #1 Other than MPSCC #1
8085A  Not p! 85-1 85-2
Provided 85-2 Nonvectored 85-2 Nonvectored
8086  Not provi 86 86
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 wPD8085A.
Figure 7-5. Interrupt/DMA System (Vectored Mode)
g
I TT
!
CS,8/A,CD D, B/A CD
HLDA (CPU). HAI HAI (MPSCC in Low
- MPSCC #1 - m)‘" Daisy
= DRQRX!
DRQTxA _ iNTAK
ma%’,oc—-—“l-[ T
INTAK (CPU) T
INTR m)——oq
490002718
CHANNELS A AND B IN DMA MODE Table 7-3. Both CH.DMA-2 Mode
Itis possible to use two system configurations with both i 82587 Mode to be set in MPSCC
channels set in the DMA mode. The DMA mode used 8085A Not provided 85-1 mode
decides which system is configured. In either case, data Provided 85-2, 85-3 modes
communication between the MPSCC and the main sys- 3086 - %6 mod
tem is implemented by performing a DMA operation Not provided mode
Provided

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 pnPD8237A). 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.

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

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

Y Address Bus 3
c | lm.-... .
— Control Bus 19
DACK (8237A)
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INTA
INTR-—o<} Veo
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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)

C8eACD 0o-Dr AD WA

MPSCC

cry 8258A MPSCC Modes
8085A Provided 85-1 mode
Not provided 85-2 mode o ,;,)<‘_:__‘]£J
8086 Provided 86 mode .
Not provided win (‘22)' o<} e

49-000273A

Figure 7-8. DMA System (Channels A and B in DMA, Nonvectored Mode)
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#PD7201A Specifications AC Characteristics
Absolute Maximum Ratings Ta = 0°Cto +70°C; Voo = +5V = 10%
Lirmts
Ta = 25°C Parameter Symbol Min_ Typ Max Unit  Test Conditiens
Clock Cycle ey 200 4000 ne
Power Supply, Vee -0.5Vto +7.0V Clock High Width - > 0
Input ges, V, -0.5Vto +7.0V Clock Low Width « 7 >
Output ges, Vo o -0.5Vto +7.0V Clock Rise Tkme % ° -
O " Torr - 0°Cto +70°C Clock Fall Time 4 0 0 ne
" - _ Address Setup to RO tan [} ne
g Tsta 65°Cto +125°C s - 2 o
. . RO Puise Width o 200 e
*COMMENT: Exposing the device to stresses above Deta Output Detey Fom Adaress tao Y
those listed in Absolute Maximum Ratings could cause Data Output Detay from RO o 200 ne
permanent damage. The device is not meant to be Deta Flost Delay from RD or. 0 ™
operated under conditions outside the limits described Address Setup to WR Gw ° ne
in the operational sections of this specification. Expo- m Hold from WA tea m: ne
sure to absolute maximum rating conditions for P “""‘” ”‘ : = :
extended periods may affect device reliability. Mu' """mm - o -
PRO Delay from PRI towo 100 ns
DC Characteristics PRO Delay from INTA [ 200 ne
Ta=0°Cto +70°C; Ve = +5V £ 10% 1 St 10 WP - 5 =
Limits PRI Hold from INTA| e 20 ns
Parameter Symbol Min _Typ Max _ Unit _ Test Conditions INTA Pulse Width % 200 -
Input Low Voltage Vo -05 +08 V
Input High Voitage Vi +20 Vec+05 ¥ Dete Output Detay from INTA 1o ™
Output Low Voltage Vo +0.45 V g = +2.0mA Data Float Delay from INTA tor 10 100 ns
Output High Voltage Vou +24 V oy = 200uA Request Hold from RO/WR o ™ e
Input Leakage Current ™ 210 pA Vg = Vecto OV HAI! Setup to RO/WR tun 300 ns
Output Leakage Current low =10 wA  Voyr = Vec to OV HA! Hold from ROVWR [ ° ™
Ve Supply Current lec 230 mA HAQ Delay from HAI Yo 100  ns
Data Clock Cycle tocy 400 ns_ RxC, TxC
Capacitance Data Clock High Width tocn 180 ns _RxC, TxC
Ta = 25°C; Ve = GND = OV Data Clock Low Width toct 180 ns  RxC, TxC
Limits Tx Data Detay from TxC tro 200 g SilMode
Parameter Symbol Min Typ Max Unit  Test Conditions 1000 x16, 32, 64
Rx Data Setup to RxC tos J ns
tnput Cm 10 OF_ to= 1Mz
Output Cour ) oF pins Rx Data Hold from RxC tow 140 ne
o Cwo 20 oF returned to GND. INT Delay Time from Tx Data tro 4“—6 oy
INT Delay Time from RxC [y 7-11 tey
e -
CT:.‘I:.CD. SYNC Low t 200 ne
e = -
Recovery Time Between Controls tey 300 ns
WAIT Delay Time from Address  tow 120 L
SYNC Setup to RxC [ 100 ne

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

AC Waveform Me t Points

24 2.0 20
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Timing Waveforms
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Appendix
uPD7201A and 7201 Comparison

uPD7201A [ wPD7201
(1) TxLR set mode (bit Dg of CR1 register = 1)

B 5 [os 5y n 5 5 By
TXLR 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.

e TxLR

This is a transmit length register. Inmediately after the
setting of bit Dg of the CR1 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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4PD7201A | wPD7201

(2) DMA mode (bit Dy, Dg of CR2A register = 1, 1)

| on2A | CR2A

O ) % [ D) o n " [ )
INT/DMA INT/DMA INT/DMA INT/DMA
MODE 1 MODE 0 MODE 1 MODE 0
0 0 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 1 0 Both CH.DMA-1

11 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.

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.

(3) 85-3 Vectored mode (bits D4, D3 of CR2A register = 1, 1)
n w o | o [m s | [ D |
INT INT INT INT
MODE 1 MODE 0 MODE 1 MODE 0
00 85-1 Vectored 00 85-1 Vectored
01 85-2 Vectored 01 85-2 Vectored
10 86 Vectored 10 86 Vectored
11 85-3 Vectored

85-3 Vectored mode is not available in the 7201.
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wPD7201A

wPD7201

(4) Masking first Rx character interrupt (bit Dg of CR2A register = 1)

” % [os

:

Rx INT 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)

— | oen | cemrm |

oac #2 [ cesmrsy |

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 interrupt/DRQ 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 sentbit .

(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.

@ Initialize 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.

©® 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 before 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.

) N/W H/W Modem

N : Serial Data —Z

Communication
Lines
CPU ::::>
MPSC C

LGXRS

ontrol

1l

Signals
- @ CRT, POS,etec.
= 4 —
m Q © -
° « = Serial Data [::::]
- : =
) 5_; K p==—==1
3 !
\an it ]
Main ( >
Memory N
DMAC
y — -
— F -

L

System Bus

Figure 1.1 Example of configuration of system using MPSC

1-67
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Chapter 2

pPD7201A Register Configuration

The pPD7201A contains six control registers (CRO - CR5), two
synchronization pattern registers (CR6 and CR7), one
transmit length register (TxLR), and four status registers
(SRO, SR1, 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 1lists 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 SR1 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, they 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

Siiiz;fl Re:;izer Channel Function
CRO A, B Register selecting pointer, CRC
logic initialization, various
control commands.
CR1 A, B Interface mode with CPU.
Interrupt/DMA control.
CR2 A Pin selection, vector mode
selection, interrupt/DMA control.
Control B Initial value of interrupt vector.
register CR3 A, B Receive operation control, Auto
Fnable mode.
CR4 A, B Operation protocol mode.
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.
TxXLR 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 D4 D3 D2 D1 DO
name
CRC1 CRCO ‘CMD2 CMD1 CMDO PTIR2 PTIR1 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 CRé
Bit 111 End of INT (CH.A only) 111 CR7
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 Tx 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
1 Ix 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 O Select Mode 1 Mode 0
Select
0 RTISB 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 D1 DO
name
CR2B v7 Vé V5 A2 V3 V2 \'28 Vo
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Bit W
RegisH
ter Mode D7 D6 D5 D4 D3 D2 D1 DO
name
Rx Rx Auto Enter Rx Address SYNC CHAR| Rx
Bits/ Bits/ Enable Hunt ‘ CRC Search Load Enable
CHAR 1 J CHAR 0O Phase | Enable Mode Inhibit
Async 00 5 Bits/CHAR. 0 Disable 0 | 0 0 0 0 Disable
7 Bits/CHAR. 1 Enable 1 Enable
CR3  |Sync 10 & Bits/CHAR. 0 Nop 0 Disable ¢ Nop
11 8 Bits/CHAR. 1 Re- 1 Enable 1 Inhibit
enable
HDLC 0 Nop 0
l 1 Available
Bit
Regis-
ter Mode D7 D6 D5 D& D3 ‘D2 D1 DO
name
Clock Clock SYNC SYNC Stop Stop Parity Parity
Rate 1 Rate 0 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
CR4 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 D& 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 DIR=1 00 5 or less Bits/ 0 Marking| O Disable 0 0 RTS=1 0
1 DTR=0 CHAR. . 1 Spacing| 1 Enable (when All
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
RegisH
ter Mode D7 D6 D5 D4 D3 D2 D1 DO
name
SYNC Bit 7 - 0
Asvnc not used
CR6 |[Monosync | Tx SYNC CHAR.
Bisync SYNC CHAR. (Bit 7 - 0)
EXT sync | TXx 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
lAsync not used
CR7 Monosync | Rx SYNC CHAR.
Bisvnc SYNC CHAR. (Bit 15 - 8)
EXT sync | not used
HDLC Flag (01111110)
Bit
Register D7 Dé 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
Regisq
ter Mode D7 D6 D5 D4 D3 D2 D1 DO
name
Break/ Tx Under- |CIS 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
Monosyne 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
hsync 1 Framing | 1 Rx 1 Parity Unknown 1 All Sent
Error Overrun Error 0 Not All
G No Error ¢ No Sent !
SR1 0 Error 0 No Error] Error s
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
G Not End 0 6 bits/CHAR 000 Sent
of 7 bits/CHAR 011
Frame 8 bits/CHAR 011
Bit
RegisH
ter Mode D7 D6 D5 D4 D3 D2 D1 DO
name
CR1 bit A Ve V5 V4 V3 v2 vl vo
ID2=0
CR1 bit 1 CH.A Tx Buffer Empty
D2=1 0 CH.B External/Status
CR2A bits Change
4,D3 ‘' ve V5 Receive Character vl vo
=00,01,11] Available
(85 mode) 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 ve V5 vy v3 0 Receive Character
=10 Available
(86 mode) 1 Special Rx
Condition
Bit
Register D7 D6 D5 D4 D3 D2 D1 DO
name
SR3 Tx Length Counter bit 7 - 0
Bit
Register D7 D6 DS D4 D3 D2 D1 DO
name
SR4 Tx Length Counter bit 15 - 8
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UCOM-85 ASSEMBLE LIST

E STNO ADRS OBJECT M

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

0000
0002
0004
0006
0008
000A
oooC
000E
0010
0012

0014
0016
0018
001A
001C
001E
0020

0022

0024
0026
0028
002A
002C
002E
0030
0032

0034
0036
0038
003A
003C
003E
0040
0042
0044
0046
0048
004A
004C
004E

(

SOURCE STATEMENTS

) PAGE 0001

UPD7201 REGISTER SETTING EXAMPLE =

COMMON REGISTER INITIALIZE

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

: CH-A OPERATION MODE

A,4H
CHACT
A.CR4A
CHACT
A.11H
CHACT
A,CRIA

CUACT
Crnall

A.3H
CHACT
A.CR3A
CHACT
A.5H
CHACT
A.CRS5A
CHACT

CH-B OPERATION MODE

3E18 MVl
D3F1 ouT
D3F3 ouT
3E02 MV 1
D3F1 ouT
D3F3 ouT
3E00 MV 1
D3F1 ouT
3E00 V1
D3F3 OLT
3E04 STCHA: MVI]
D3F1 ouT
3E4F MVI
D3F1 out
3E11 MV]
D3F1 ouT
3E13 MV]
D3F! ouT
3E03 MVI
D3F1 ouT
3E41 MVI
D3F1 ouT
3E05 MV
D3F1 ouT
3E28 MV ]
D3F! OUT
3E04 STCHB: MVI
D3F3 OuT
3E4F MV1
D3F3 ouT
3E11 MV1
D3F3 ouT
3EIF MV
D3F3 ouT
3E03 MV]
D3F3 ouT
3E41 MVI
D3F3 ouT
3E05 MVI
D3F3 ouT
Figure 2.1

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

‘BUS 1/F MODE
+ INTERRUPT VECTOR

sPTR 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

sPTR 3B

JRX PARAMETERS

‘PTR 5B

pPD7201A register setting example 1
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UCOM-85 ASSEMBLE LIST

E STNO

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

ADRS OBJECT M SOURCE STATEMENTS
0050 3E28 MV 1 A.CR5B
0052 D3F3 oLT CHBCT

; Fe I I F F I I 3 I I I I I ¥

% PARAMETER AREA *

3 P T2 3 I I H I I I I I I e 3 I

. SYSTEM 1/0 ADDRESS
00F0 CHADT EQU OFOH
00F1 CHACT EQU OF1H
00F2 CHBDT EQU O0F2H
00F3 CHBCT EQU 0F3H

MPSC CONTROL REGISTER PARAMETERS

0013 CR1A EQU 13H
001F CRIB EQU IFH
0000 CR2A EQU 0
0000 CR2B EQU 0
0041 CR3A EQU 41H
0041 CR3B EQU 41H
004F CR4A EQU 4FH
004F CR4B EQU 4FH
0028 CR5A EQU 28H
0028 CRSB EQU 28H
0000 END

TOTAL ERROR = 00

SYMBOL ADRS

CHACT
CRIB
CR4A
STCHB

(

SYMBOL ADRS SYMBOL ADRS

00F1 CHADT 00F0 CHBCT 00F3
001F CR2A 0000 CR2B 0000
004F CR4B 004F CR5A 0028

0034

Figure 2.1

pPD72012 register setting example 2

) PAGE 0002

L TX PARAMETERS

‘MPSC CH-A DATA

‘MPSC CH-A CONTROL

‘MPSC CH-B DATA

{MPSC CH-B CONTROL

SYMBOL ADRS

CHBDT 00F2
CR3A 0041
CRSB 0028

SYMBOL ADRS

CRIA 0013
CR3B 0041

STCHA 0014
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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 continuously 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 is transferred under control of the interrupt
processing program.



N E C ANpPD7201A

(1) Data transfer by polling

The CPU checks the pPD7201A status for send or receive

data transfer timing.

Send data write (CPU — pPD7201A) occurs when the Tx
D

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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Set send data
store address

LXI H, TXBUF

} MVI B, COUNT1
Set the number of .
send data bytes LOOP1: IN SRO
ANI 4
JZz LOOP1
Read SRO MOV A, M
OUT CHADT
INX H
Tx Buf <
DCR B
v JNZ LOOP1
Set send data .
Write send data N

{

Update store
address

]

Update the number
of transfer bytes

Is transfer
terminated?

Figure 3.1 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

LOOP 2:

LXI
MVI
IN

PRC
JNC
IN

MOV
INX
DCR
JNZ

H, RXBUF
B, COUNT2
SRO

LOOP2
CHADT
M, A

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 INT signal goes LOW (active) and an
interrupt request is sent to the CPU or interrupt
controller. This pPD7201A function can be used 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 1is 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 Dbe

performed by the methcd most suitable for the CPU being
used.

The pPD7201A interrupt mode and interrupt operation are
explained in 3.2.



ANuPD7201A
SEND
INTERRUPT
Save registers
Set send data
store address
; PUSH PSW
Set the number of
send data bytes PUSH H
‘ PUSH B
Set send data LHLD TXPTR
‘ . LDA TXCNT
. R MOV B, A
Write send data
MOV A, M
L OUT DATA
Update/save send
data store address nx H
SHLD TXPTR
Update/save the
n&nber/o_f DCR B
transfer bytes MOV A, R
~r
‘ STA TXCNT
EOI command | ....... Issue to channel A MVI A, 38H
OUT CTRLA
s transfer JZ TXTERM
terminated? POP B
POP H
P
Restore registers tgg?ﬂtféﬁnﬁer POP PSW
processing ET
l 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 wunder program 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 request 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 pPD7201A Interrupt Operation

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 line (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 jump destination address detérmined by the

pPD7201A for efficient programming.

Interrupt acknowledge

—_  "m disable section
PRI pin | —
g r 1

Internal interrupt
request
INT pin
INTAK pin \ [ Y 1/ Y/
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 SR1 to determine the interrupt source.) 1In
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
npe
Rl
Internal interrupt )
reqguest
INT pin ?
Pointer SR2B
specification / L <
. 1
= 4
RD
Internal service -4
latch %
D7VvDO0 e — € sr2B CONtents pm = == — — — — — —— — — — -4

Figure 3.5 Interrupt timing in nonvector mode
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Figure 3.6

shows an example of an

seguence in nonvector mode.

Nonvector
interrupt
Processing

Save registers

]

Pointer SR2B

]

Read SR2B

are analysis re-
sults of interrupt
source?

What

Receive i
Tx Buffer External/ Chezacter Spec%a} Rx
Empty Status Change Available Condition
Write send data Read SRO :z:: recelve Read SR1

!

Perform appropriate
Processing for each

source

{

{

Perform appropriate
processing for each

Issue Reset
E/S INT command

i

source
i

Issue Error
Reset command

]

Figure 3.6

Issue EOI command

{

Restore registers

i

EI

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 pPD7201A interrupt mode

CR2A CR1B,D2 | Interrupt mode Vector read method
D5 D4 D3 ’ INTA SR2B D7 D6 D5 D4 D3 D2 DI DO
0 Non Vectored 85
0 0 1 0 (Fixed Vector) - (0] V? Ve V5 V4 V3 V2 Vi VO
0 Non Vectored 85
R ! (Modified Vector) i} o v ve v @@ @ W w
ol1]o0 0 Non Vectored 86 - 0| VI Ve vs va Vv3i'v2 V1 VO
(Fixed Vector)
Non Vectored 86 .
R L (Modified Vector) ) o | viw s w v @@
1 0 0 0 85-1 Vectored First time - i1 o o0 1 1 0 1
(Fixed Vector) Second time - V7?7 Vvé V5 V4 V3 V2 V1 VO
Third time - 0 0 0 0O 0 o0 0 o
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 0 0 0 0 0 0
1 0 1 0 85-2 Vectored First time - Hi - Z
(Fixed Vector) Second time - V? V6 V5 V4 V3 V2 VvVl VO
e Third time - 0 0 0 0 0 0 o0 o
1o 1 1 85-2 Vectored First time - Hi - 2
(Modified Vector) | Second time -l viove vs @B @ @ v ovo
Third time - 0O 0 0 0 o0 0 0 0o
1 1 0 0 86 Vectored First time - Hi - Z
(Fixed Vector) Second time - V7 _Vé6 V5 V4 V3 V2 V1 VO
1 1 0 1 86 Vectored First time - Hi - Z
(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 0 o0 0o 0o o0 o
1 1 1 1 85-3 Vectored First time - Hi - Z
(Modified Vector) | Second time -l ove vs @ @ @ v ovo
Third time - 0 0 0 0 0 0 0 0

Note) Such indication as @ ’ @ , 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.
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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 P2 = 1) is set during INT/DMA Enable (CR1 bit D1

1). This interrupt indicates that the npPD7201A
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 TxLR 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.
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(2)

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 is 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. i

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 error 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 (CR1 bits D4 and D3 =
is selected,
occurs,

the

data

0, 1)
when a Special Rx Condition interrut
subsequently input is not

transferred to the last stage of the receive buffer

until the Error Reset command is issued.
characters
Condition

of data
interrupt occurs are stored in the first

(Up to two

received after the Special Rx

and second stages of the receive buffer.)

Figure 3.7

using an Rx interrupt.

shows an example of a data transfer program

Figure 3.8 shows an example of

Special Rx Condition interrupt processing.
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Receive
interrupt

Save registers

i

Set receive data
store address

l PUSH PSW
Set the number of
receive data bytes PUSH H
‘ PUSH B
Read receive data . LHLD RXPTR
T, LDA RXCNT
MOV B, A
Store receive data ™ DATA
1 MOV M, A
Update/save receive INX H
data store address )
I SHLD RXPTR
Upcdate/save DCR B
the number of
transfer bytes MOV A, B
l STA RXCNT
EOI command | ....... Issue to channel A MVI A, 38H
OUT CTRLA
gz RXTERM ‘ote)
Is transfer
terminated? POF B
POP H
; OP PSW
Restore registers Perform receive P
transfer EI
‘ RET
Enable interrupt
Note)

RXTERM: Receive transfer

RET term1na§1on
processing

Figure 3.7 Example of receive data transfer program
using interrupts
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(3)

Special Rx

Ceondition
interrupt

Save registers

i

Read SR1

{

Read receive data

{

Analyze source

f

Perform appropriate
processing
for source

{

Issue Error
Reset command

{

EOI command

i

EI

Example of Special Rx Condition
interrupt processing

Issue to channel A

Figure 3.8

External/Status interrupt latch operation

The External/Status
the pPD7201A
state.

(E/S)
status

interrupt is used to detect

input or change in internal

The E/S interrupt occurs under the conditions
listed in Table 3.5 if E/S INT Enable is set (CR1 bit
DO = 1).
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Table 3.5 E/S interrupt occurrence conditions
Source Operation mode condition E/S interrupt
(E/S bit) Asynchro- | Synchro- | HDLC occurrence Note)
nous nous condition
CTS 0 (¢} [¢] 0 —-—1, 1 — 0
DCD o o] (0] 0 -1, 1 -0
SYNC/HUNT ¢} ‘ (o] ] 0 -1, 1 —-— 0
Break/Abort (0] ! - (0] 0 —-— 1,1 -0
Tx Underrun/EOM - { [¢) o] 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
accordinglv. 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 1line 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 ( C) 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 (() 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 “‘““}

f ;
i -

/1‘ | ek
|

©

DCD pin

4\\\
)

\
\

CTS bit
(SRO bit D5)

DCD bit
(SRO bit D3)

INT _—~_—$____/
Reset E/S /‘\ [\
INT command

Figure 3.9 E/S bit latch operation
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E
Interrupt
processing

Save registers

|

Read SRO

|

Store new
E/S bit state

|

Determine if E/S
bit changed state

l

Perform appropriate
processing for
each source

!

Issue Reset E/S
INT command

|

EOI command | ...... Issue to channel A

|

Restore registers

!

Figure 3.10 E/S interrupt processing example



ANpPD7201A NEC

Figure 3.11 summarizes the pPD7201A interrupt

configuration.
. X External
Send Receive Status /
Receive Special Rx
. Condition
interrupt interrupt
i T)c_liTJffer_ql [ Rx Ehara—ct_er—-i '_P:r—i-t; Error | ,.__C_TS -7
|__EI_“PE¥_____JI Lllviiiabli ! | Overrun Error DCD |

- Break/Abort
LEnd of F‘arf_! Tx Underrun/:

I EOM |
RS _s\?_"_t -

i {

|
I
| Framing Error| | SYNC/Hunt |
|
|
|

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 puPD7201A INT signal does not beccome active even
if an interrupt condition occurs. Therefore, the PRI

line must normally be held LOW.

However, when the pPD8259A-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).

“yr

PR1 )[
“L” | [
IMIN. 280ns

|

——g
¥PD7201A INT \ /r '
INTAK \ / ____J[—__4

Figure 3.12 (a) Relation between PRI and INTAK

Figure 3.12 (b) shows an example of an external
circuit for reference when the method as mentioned

above is used (in the 86 vector mode).

If the 85-3 vector mode is used, the INT signal goes
active when an interrupt source occurs independently
of the PRI line 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
INTR INT B Y7
cas?2 c LS74
INTA INTA LS138
MUPDB258A - 2 p—
#PD8086 CLR

IR?

_L_.__.__ Vee
PRI
INT

b= INTAK

#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
request issued from another device is accepted during
pPD7201A interrupt processing, issue two EOI commands
in the sequence shown in Figure 3.12 (c¢). 1In 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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Main routine

ANpPD7201A

BPD7201A interrupt
handling routine

|
|
I
1
I
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
cepending on the value of TXLR (CRl bit D6), as explained
below:

(1) When TXLR Set = 1

This mode is a new function added to the pPD7201A.
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 3.13 is used.

In this made, when Tx Enable is set to 1 after
initialization ends (assuming that Auto Fnable mode
is not entered), the DRQTx signal gces HIGH and the
DMA controller is regquested 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 is sent, the pPD7201A is placed in Tx

1-100
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Underrun state and an E/S interrupt occurs | QD 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 TxXLR is again
set. In addition, a comparison between the TXLR 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 pPD7201A ends sending at least one end flag,
All Sent is set to 1 and an E/S interrupt occurs ( ()
in Figure 3.13). Normally, after the .interrupt

occurs, the next processing step (such as successive
i i

frame sending or send stopping)

Figure 3.14 shows an example of control when one

frame of send data is transferred in the mode.
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—
Tx Buffer Empty *
(SRO bit D2)

When CRC
is loaded

When flag
is loaded

—s
Tx Underrun/EOM *
(SRO bit D6)

Tx Enable bit
(CRS bit D3) 5

DRQTx signal

It does not
go ‘high
falnln)

@1

I~

INT signal

©

5
E/S INT E/S INT
| ®i
Reset E/S Reser_\ ‘

INT command EQL E/S INT "FO1

WR by CPU (for
WPD7201A)

—_ —
WR by DMA
controller

@OEOEE

Figure 3.13

.\_‘/:S{i}and Coma'iijj\o_m/n_a‘nd

TxX Enable is set to 1
First DMA request by setting Tx Enable to 1
Transfer of last data
It does not go HIGH because TxLR
E/S INT by setting Tx Underrun/EOM to 1
E/S INT by setting All Sent to 1

(HDLC mode,

Send DMA
processing

Enable DMA
controller

!

Enable send

TxIC

pPD7201A send DMA operation
TxXLR Set = 1)

. I
Figure 3.14 (a) Control example of send operation by DMA
(main program)
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E/S interrupt
processing
Save registers

{

Issue Reset E/S
INT command

What is All Sent

.. Tx Underrun and All Sent processing

source?

Tx Underrun

Issue Reset Tx
INT/DMA Pending
command

Is normal
Tx Underrun?

Y Perform send error
processing

Disable send

!

]

Issue EOI command

]

H

Restore registers

!

EI

Note) Interrupt processing caused by other E/S

omitted.

In the TXLR Set
mode, this

" “command must be

issued before
send is disabled.

sources is

Figure 3.14 (b) Control example of send operation by DMA

(part of E/S interrupt processing)
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(2)

When TxXLR Set = 0

In this mode, similar operation to pPD7201A operation
is performed except that All Sent E/S interrupt
occcurs after the frame end. Figure 3.15 shows timing

chart in this mode (only minimum required operation
is shown).

In the explanation to follow, Figure 3.15 is used.

In the mode, the first send data must be written by
the CPU (}C) in Figure 3.15). After this, when Tx
Buffer Empty is set, the DRQTx signal first goes HIGH
and the DMA controller is requested to transfer send
data ( C) in Figure 3.15). Assuming that the total
number of send data words in N, the number of data
words transferred by DMA equals N - 1.

When the DMA controller transfers the last data to
the pPD7201A and stops operation ( C) in Figure
3.15), then send data is not transferred. Thus,
after the last data is sent, Tx Underrun state is set

and an E/S interrupt occurs ( () in Figure 3.15).

When Tx Buffer Empty is set after the last data is
written, the DRQTx signal goes HIGH ( () in Figure
3.15). The signal can be reset by issuing Reset Tx
INT/DMA Pending command before CRC character is
loaded internally (during Tx Buffer Empty) ( C) in

Figure 3.15). If the Reset Tx INT/DMA Pending
command is not issued, the DRQTx signal remains HIGE
(dotted-line portion in Figure 3.15), but does not

affect the send operation.

Note that if send data is transferred to the uPD7201A

in the interval of () , frame end is not normally
made.
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To send continuous frames, if the next send data is

transferred after the () state is set, the next
frame can be sent successively without destroyving the
preceding frame. However, since the puPD7201A
generates an E/S interrupt when A1l Sent is set to 1,
the extra CPU load can be eliminated if the interrupt
is waited before necessary processing is performed.
In this case, even if send stop (Tx Disable) is set,
the DRQTx signal 1is not reset, but if Tx INT/DMA
Disable (CR1 bit D1 = 0) or the Reset Tx INT/DMA

Pending command is issued, the signal can be reset.

When CRC When flag
is loaded is loaded

| 1

Tx Buffer Empty @ i ~ ’
(SRO bit D2) @

;
—_—
Tx Underrun/EOM

(SRO bit D6) \

DRQTx signal . \ Y . T ']
T

INT signal —
@ @ @ Reset E/S ig:;:i\élpt
WR [N INT comman }
WR by CPU \-y
(for pPD7201A) @
_— . T
WR by DMA 4 "
controller

First send data write

Reset Tx Underrun/EOM bit

First DRQTx signal by setting Tx Buffer Empty to 1
Last data transfer

Tx Buffer Empty set after last data is written
Reset Tx INT/DMA Pending

E/S INT by setting Tx Underrun/EOM to 1

QPOEOOO

Figure 3.15 pPD7201A send DMA operation
(HDLC mode, TxXLR = 0)
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3.3.2 Receive DMA

To transfer receive data by using DMA, CR2A bits D1 and D2
is set to 0, 1, 1, 0, or 1, 1 and CRl bits D4 and D3 is
set to 0, 1 (First Rx INT mode). In the First Rx INT
mode, an Rx interrupt caused by the first receive data can
be masked by setting CR2A bits D6 to 1 (Rx INT Mask mode).
This mode is used when an interrupt need not be caused by
the first receive data (normal address field) or when the
baud rate is fast and it is not timely if the DMA
controller is enabled by using the First Rx INT handling
routine. (Use of the mode is recommended to initiate a
receive DMAS.)

Ficgure 3.16 shows the timing chart of receive DaM
operation in the First Rx INT Mask mode, using the HDLC
mode as an example (only minimum required operation is
shown) .
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Rx Character
Available

(SRO:DO)

End of Frame @

(SR1:D7)

DRQRx signal % k h b

Special Rx
INT
4

/
Last data
read Dis
{/\able
Error
Reset

(® ommana
)?OI command

INT signal

DMA controller
enable/disable

RD by DMA %}/
controller

WR by CPU U

(for pPD7201A)

DMA reqguest by setting Rx Character Available to 1
Receive data transfer
EOF is set to 1 when end flag is detected

DMA controller operation stops when the 1last data is
transferred

© EEO

EOF state is cleared

Figure 3.16 pPD7201A receive DMA operation
(HLDC, First Rx INT Mask mode)
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In the explanation to follow, Figure 3.16 is used.

The pPD7201A receives data after the flag is
detected. When Rx Character Available state is set,
the DRQRx signal is driven HIGH and a regquest is made
to the DMA controller to transfer receive data ( C)
in Figure 3.16). As requested, the DMA controller
transfers receive data ( () in Figure 3.16). The
puPD7201A generates DMA reguests for all receive data
containing a CRC.

When the uPD7201A detects the end flag, End of Frame
is set and Special Rx Condition interrupt occurs ( C)
in Figure 3.16). This interrupt causes the CPU to
detect the receive End of Frame. When the DMA
controller transfers the last data (the second byte
of the CRC character), operation stops ( C) in Figure
3.16). After the End of Frame state occurs, the
Error Reset command must be issued to the pPD7201A to
clear the state ( CD in Figure 3.16). Note the
following: If the Error Reset command is not iscued,
only two bytes of data of the next frame successively
input in the Int on First Rx Character mode are
stored in the FIFO, and it is not transferred to the
last stage of the buffer. Thus, when continuous
frames are received (particularly when the end flag
is also used £for the start flag), limitations are
imposed on CPU processing time. (For example, when
the end flag is also used for the start flag, it 1is
desirable to issue the Error Reset command within the

time of two bytes after End of Frame occurs).
If frame reception is not made after reception of one

frame ends, necessary processing such as inhibition

of reception is performed.
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Figure 3.17 shows a control example when one frame of
receive data is transferred via DMA.

Receive DMA
processing

Enable DMA
controller

i

Enable receive

I

Control example of receive
(main program)

ANpPD7201A

Figure 3.17 (a) operation via DMA

Special Rx
Condition interrupt
processing

Overrun Error

End of Frame

CRC error? Y

Perform CRC

Perform overrun
error processing

error processing

Disable receive

i

Issue Error
Reset command

!

EI

Figure 3.17 (b)

Control example of receive operation via DMA
(Special Rx Condition interrupt processing)
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3.3.3 Caution on use of DMA

There are three pPD7201A DMA modes among which appropriate
one can be selected according to the system configuration.
The modes differ slightly in use of TXLR Set mode and HAKI
pin, as listed in Table 3.6.

Basically, only the combination listed in Table 3.6 can be
used. If the pPD7201 is replaced with the uPD7201A in a
system using the pPD7201, precautions on one use of
pPD7201 must be followed when a change cannot be made to
the combination listed in Table 3.6. (For details, refer
to the pPD7201 User's Manual or puPD7201 Application Note.)

Table 3.6 Selection of DMA Mode

Condition DMA mode Valid TxXLR Set Use of
DMA mode setting DRQ signal mode setting | HAKI pin
Channel A CR2A bits D1 and DROTxA As desired Used
DMA mode DO = 0,1 DRORxA -
Both Both.Ch.|CR2A bits D1 and DROQTxA 1
channel DMA-1 DO = 1,0 DRQTxB Used
DMA mode DRQRxA _
DRORXB
Both.Ch.| CR2A bits D1 and DRQTXA As desired
DMA-2 DO = 1,1 DROTxB Not used
DRQRXA
DRORXB '
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CHAPTER 4 HARDWARE

This chapter explains a system using the pPD7201A. The hardware
in this example is designed as a means to implement the operation
conditicns assumed, and serves as a reference for the design of a
system using the pPD7201A.

4.1 Syvstem Configuration

The pPD7201A is applicable to various serial data communica-

tion protocols. BHere, assume the following specifications:

Transmission format: Full or half duplex
Applicable protocol: Asynchronous, synchronous or HDLC
Bauvd rate: 200 Kbps, MAX.

Various methods are designed to implement the specifica-
tions. Here, the pPD8085AH, which is a typical eight-bit
microprocessor, is used as the CPU. The system configura-
tion is based on this processor.

(1) Memory capacity
16K-byte ROM 1is used for the system program (monitor
program area) and pPD7201A control program area. 8K-byte
RAM is used for the data buffer and working area. (The
total memory capacity is 24K bytes.)
This memory capacity 1is set here for convenience. In
fact, the memory capacity must be determined in accordance
with the system.

(2) Transfer method of send and receive data

Pollino, interrupts, and DMA can be used. Here, both
interrupts and DMA can be used for both A and B channels.
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Generally, the entire system configuration varies depend-

ing on what data transfer method is used. It must be
determined from an overall viewpoint rather that from only
the baud rate.

(3) Interrupt mode

To and similify processing and make the most efficient use
of puPD7201A program control, vector processing in Modified
Vector mode and nonvector mode processing can be imple-
mented in hardware.

(4) Others
A baud rate generator is installed. I/0 port, etc., can
also be installed as required. Table 4.1 lists a syétem

configuration example based on the items mentioned above.

Table 4.1 System configuration example

CPU pPD8085AH (3.072 MHz) Function

T

| ROM pPD2764x2 (16K bytes) System program

| pPD7201A control program
Memory -===-pes-ssss——sosooo——ooooo- o e e |

RAM pPD4016x4 (8K bytes) Data buffer

: Working area
DMA pPD8237A-5 (3.072 MHz) | Send and receive data
controller transfer control
Counter/timer | pPD8253-2 Baud rate generator

Timer

Serial pPD7201A (4.9152 MHz) Serial data processing
interface
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4.2 Circuit Configuration

Fiacure 4.1 shows an actual circuit design example based on
the configuration 1listed in Table 4.1 The circuit is

configured as follows:
(1) Connection of pPD7201A and pPD8237A-5

This connection assumes that Both CH. DMA-2 mode (CR2A:D1,
DO = 1, 1) is used. Since the pPD8237A-5 DACK signal is
used to select a pPD7201A DMA request channel (CS, B/X,
C/D control), the HAKI pin is not used.

The DMA priority in this circuit is DRQRxA (DRQO) >DRQTxXA
(DRQ1) >DRQRXB (DRQ2) >DRQTxXB (DRQ3) in accordance with
pPD8237A-5 DRQ input. The priority can be set by using
external circuit as desired. Select it according to the
system configuration. The pPD8237A-5 DACK signal is used
as active low. (For the pPD8236A-5 use method, refer to

the appropriate material, etc.)
(2) Interrupt operation

To enable use of interrupts in the vector mode, the
circuit configuration enables the INTAK signal to be used
to read interrupt vector. In this mode, the pPD7201A INT
signal is connected to the pPD8085AH INTR pin and the INTA
signal is input to the pPD7201A INTAK signal.

To use interrupts in the nonvector mode, the pPD7201A INT
signal is connected to the pPD8085AH RST7.5 pin and the
pPD7201A INTAK signal is pulled up to a high level.

To use interrupts in any mode other than the Both CH.

DMA-2 mode (CR2A:D1, DO = 1, 1), the PRI line must be held
LOW (however, Both CH. DMA-1 mode cannot be used).
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(3) Serial data send and receive

TxDA, RxDA, TxDB, and RxDB can be used. However, since
interfacing with external devices (for example through an
as RS-232-C port) is not considered in the circuit, an
appropriate interface circuit must be added for connection

to external devices.

(4) Send and receive clocks

Send and receive clocks are supplied to TxCA, RxCA, TxCB,
and RxCB from pPD8253-2 OUTO0 or from external sources.
For operation in Asvnchronous X1 mode, Synchronous mode,
or HDLC mode, receive data must be syncﬁronized with the

receive clock.

(5) pPD7201A general-purpose input and output lines

The pins CTSA, DCDA, CTSB, and DCDB, which are alwavs LOW
can be used as general-purpose input lines. The functions
of the general-purpose input and output pins varies with
operation mode. Select the function according to the

ocperation mode.

(6) Address map

Figure 4.2 shows the memory address map. Figure 4.3 shows
the I/0 address map. ggoon

ROM
(16K bytes)
3FFFH
4000H
RAM
(8K bytes)
SFFFH

Figure 4.2 Memory map
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Figure 4.3 1I/0 map

[adéigss Contents I/0 device W
COH Channel A data
C1l Channel A control pPD7201A area
Cc2 Channel B data
C3 Channel B control
c4 Counter #0
| s Counter #1 pPD8253~-2 area
E Cé6 Counter #2
c7 Control
. cs
; Inhibited
| _°F s
% DO {Channel 0 base/current address
D1 Channel 0 base/current word count
D2 Channel 1 bhase/current address
D3 Channel 1 base/current word count
D4 Charnel 2 base/current address
D5 Channel 2 base/current word count
D6 Channel 3 base/current address
D7 Channel 3 base/current word count pPD8237A-5 area
D8 Status/command register
D9 Write request register
DA Write single mask register bit
DB Write mode register
DC Clear byte pointer flip-flop
DD Read temporary register/master
clear
DE Clear mask register
DF Write all mask register bits
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Figure 4.1 (a) pPD7201A application circuit example
(reference circuit)
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pull up
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23|20
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Figure 4.1 (b) pPD7201A application circuit example

(reference circuit)
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CHAPTER 5 SOFTWARE

Chapter 5 explains software used to actually operate the hardware
designed in Chapter 4.

First, memory assignments are made and program allocation is
determined, then a specific program example in Svnchronous mode
and HDLC mode is discussed. Use this example to understand the
basic pPD7201A control method.

5.1 Memory Assignment

Memory assignment is discussed before an actual program is
prepared. Since the program explained in this chapter is
intented to operate in the hardware environment described in
Chapter 4, the hardware conditions are considered to when
assigning memory, as shown in Figure 5.1.

The regions shaded in Figure 5.1 are mainly used for the
system area. The system contrcl program (monitor program)
uses the area.

Other regions are used as the pPD7201A control program area.

The initial value of pPD7201A interrupt vector (value set in

CR2B) is set to 40H. Thus, the interrupt vector address
area is 40H to 50H.

The area stores the jump destination addresses corresponding
to various interrupt sources when the pPD7201A is used in
vector mode. (See Table 5.1.) Since the pPD8085AH RST7.5
pin is used when the pPD7201A is uses nonvector mode, and

the . jump destination address bkecomes 3CH when an interrupt
occurs.
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00H
System area
S -
In Crdpt vector
60H address area
Not used
100H
pPD7201A control
User area
program area
1000H
ROM area
Interrupt processing
program area
2000H
System area
4000H
User RAM area User area
M area
5COOH -
System area
SFFFE yS

Figure 5.1 Memory assignment
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Table 5.

1

Interrupt vector addresses and interrupt sources

Interrupt vector

pPD7201A interrupt source

address
40H Channel B Tx Buffer Empty
448 " External Status Change
48H " Receive Character Available
4CH " Special Rx Condition
50H Channel A Tx Buffer Empty
54H " External Status Change
58H B Receive Character Available
5CH "

Special Rx Condition

1-120



NEC

ANpPD7201A

Operation Fxample in Syvnchronous Mode

This program example 1is to perform send and receive
operation on channel A in interrupt mode. In the example
program, the receive overation is performed after completion
of send operation for reasons of explanation. A program
which performs send and receive operation at the same time
can also be prepared.

Table 5.2 lists the pPD7201A operation mode in the present
example.

The example program assumes that the send operation is to
send one data block and receive operation is to receive one
data block ending with ETX.
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Table 5.2 pPD7201A operation mode setting (Synchronous

operation)
Channel
1
Operation contents Channel & Channel B
Send and receive operation Send (TxDA) -

Receive (RxDA)

Send and receive data

transfer method (CR2A setting) Interrupt Interrupt

Tx interrupt
Rx interrupt
Interrupt sources used Special Rx Condition -
interrupt

E/S interrupt

‘

Vector mode

(CR2A: D5)

Interrupt mode
Interrupt | (CR2A: D4, D3)

mode Status Affects Vector
(CR1B: D2)

Initial value of
interrupt vector 40H
(CR2B)

Vector mode

85-1 vector mode

Modified Vector

Synchronous character "16H" x 2 bytes -

Synchronization system Internal synchronization -

(1) Send operation

This example assumes that the characters shown in
Figure 5.2 are sent. When the characters shown in
Figure 5.2 are actually sent in Synchronous mode,
normally control characters, etc., are added to normal
characters. (For details, refer to the Standard Book,
etc.) Figure 5.3 shows the configuration of actually

sent characters.
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(2)

PAD1 and PAD2 in Figure 5.3 are pad characters.
Normally, PAD1 sent before send is set to 55H and PAD2
sent following CRC2 1is set to FFH. Synchronous
characters (SYN) of at least two bytes must be sent as
character Synchronization code following PAD1. In the
example, 55H is set in CR6A as PAD]1 and 16H is set in
CR7A as SYN at initialization time, then send is
enabled. This enables PAD1 and SYN to be automatically
sent before characters are sent. Immediately after
send is enabled, 16H is rewritten into CR6A and again
SYN is set.

This sequence enables PAD1l, SYN, SYN, and SYN to be
sent. The number of SYNs to be sent can be controlled
by reserving the time until the first character is
written. All characters other than th first character
(STX in the example) are written by using the interrupt
handling routine. The CRC characters are automatically
sent by the pPD7201A. If PAD2 is written as data when
TX underrun occurs, it can be sent following the CRC

characters.

CRC calculation 1is enabled or disabled immediately
before characters are written. 1In the example, STX and
PAD2 are excluded from CRC calculation.

CRC calculation is not applied to characters automati-
cally inserted from CR6 and CR7, thus CRC calculation
enable/disable control is not reguired. This applied
to the four continuous characters PAD1, SYN, SYN, SYN
in the example.

Receive operation

The example assumes that the characters shown in Figure

5.4 are received.
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In the receive operation, two continuous bytes of SYNC
must first be detected to set character synchroni-
zation. Thus, the pPD7201A is first placed in Hunt
mode to detect SYN. When character synchronization is
set, the pPD72012 generates, receive interrupt for the
subsequent characters received. The example program is
designed to receive SYN to ETX characters as normal
characters. In Synchronous mode, characters excluded
from CRC calculation must be checked. This control can
be implemented by reading a receive character and
checking the character contents, then enabling or

disabling CRC calculation.

In this case, CRC calculation enable of disable control
must be completed before the next character is trans-
ferred to the receive buffer. This can be processed by
controlling CRC calculation enable or disable within
the time of five bits (during eight bits per character)
after a pPD7201A receive interrupt occurs.

In the example, SYN, PAD2, and dummy data are excluded

from CRC calculation.

The pPD7201A uses a 16-bit time interval after the last
character (second byte of CRC in the example) is
transferred to the receive buffer wuntil the CRC
calculation result is output. Thus, after the last
character is received, on extra two bytes of dummy data
are received before the CRC Error bit (SR1A: D6 bit) is
checked.

Figures 5.5 to 5.9 show the process flow to perform the
operation mentioned above. Figure 5.10 shows actual

program listing.
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Figure 5.2 Send character configuration

(send starts at the leftmost character)

p|ls|s|s]|s Elc|cle
Aly|y|y|r|w|Pp|s|c|T|R|R|A
D | cl|lc|bo
N N|N|x x 31515

o

These characters are contained in CRC

calculation.

Figure 5.3 Actually sent characters
(send starts at the leftmost character)

"
77

S S B c | cC
% % Any characters T g g
N N X 1 2

Figure 5.4 Receive character string format

(receive starts at the leftmost character)
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Main
program

Initialize
control flags

!

Initialize
pPD8253-2

!

Initialize MPSC

!

Initialize
transmit buffer

!

Enable MPSC
channel A send

r

Rewrite CR6A

l

Timer routine

!

Write First
Tx Data

!

EI

Send character
transfer com-

Disable MPSC
channel A send

Figure 5.5

Start at 100H address

Control flags used in the
program are initialized

Basic operation mode is set

Send operation is started

Tx CRC remains disabled

CR6A is again set to SYN (16H)

The number of SYNs to be sent
can be adjusted by changing
the value.

STX is written

A check is made to see if
all send characters have
been written.

Send operation is terminated

Synchronous operation main program 1
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Initialize
receive buffer

i

Enable MPSC ... Here, Hunt mode is entered
channel A receive

|

EI

.. Receive operation is
started

Is
Character
receive com-
leted?

... Wait for completion of all
characters received (CRC
Error check is contained)

Y

Disable MPSC
channel A receive

!

NOP x 2

!

DI

Return to
system program

Figure 5.5 Synchronous operation main program 2
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Channel A TX
interrupt
processing

Save registers

Is
Send characte
tranifer com-
Pleted?

Set send character

Issue Reset Tx
INT/DMA
pending command

Last
character
(ETX)?

Did Tx
Underrun
occur?

Set send character
transfer comple-
tion flag

Set send
completion flag

!

Issue Reset Tx
Underrun/EOM
command

!

Read SROA

Y

Enable Tx CRC

!

Transfer send
character

Issue EOI command

!

Restore registers

!

EI

Figure 5.6 Synchronous operation Tx interrupt processing
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Channel A Rx
interrupt
processing

Save registers

N

s CRC
character re-
eive completed

Read receive
character

I Store receive J l

character

y data been
ecelve twice?

Set character
recelve completion
flag

Set CRC error flag

Disable Rx CRC ] l Enable Rx CRC l

Set receive
completion flag

Read receive
character

Store receive
character

Enable Rx CRC

Restore registers

Figure 5.7
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Channel A
T/S interrupt
processing

Save registers

i

Check E/S bit

Disable Tx CRC

i

Write PAD2

]

Set Tx Underrun
occurrence flag

Does Hunt
mode end
(0~>1)2

Reset SYNC CHAR
Load Inhibit bit

Issue Reset E/S
INT command

|

Issue EOI command

i

Restore registers

Figure 5.8

Synchronous operation E/S interrupt processing
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Special Rx
condition
interrupt
processing

Save registers

l

Read receive
character

|

Store receive
character

l

Set overrun
error flag

|

Set receive
completion flag

l

Issue error
reset command

l

Issue EOI
command

|

Restore
registers

!

EI

Figure 5.9 Synchronous operation Special Rx Condition

interrupt processing
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SY:LIBOL ADRS SY!BOL ADRS SY'BOL ADRS SY.IBOL ADRS SYNBOL. ADRS

BSCCT 0100 CHACT 00C1 CHADT 00CO CHBCT 00C3 CHBDT  00C2
CHNRS 0018 CKCNT  10D7 CKCRC  110E CKERR 1132 CRES1 - 108C
CKES2 1075 CKRDE 109B CRWRE 1003 CLRFG 0103 CRI1A 0013
CRIB 0004 CR2A 0020 CR2B 0040 CR3A 00C2 CR4A 0010
CRSA 0044 CR6A 0016 CR7A 0016 CRCEF 5B0S CRCNT  5B0B
CRCSR 10B7 CRCST 1022 CUNDF 1034 DMCNT  SBuUC EOT n038
ERDFG 5B07 ERRES 0030 ERVDF 5B08 ESINA 104D ESRES 0010
ESRTA 108&3 ETX 0003 EWDFG 5B04 EXMDF  5B06 EXTHP 1080
OVREF SB0A OVRER 1138 PADI] 0055 PAD2 00FF PEND 0028
PITCO 00C4 PITCI 00CS PITC2 00C6 PITCT 00C7 RCRDS i 0CC
RCREN 10C1 RDCRC 10E1 RDDAT ) 0A2 RDDtlY 10F6 RXBFS 01A3
RXBUF 4409 RXCRC 0040 RXEOI 1123 RXINA 10694 RXFTR = S5B02
RXTR.1  01B8 SPRXA 112D SR0AS SBOD SRXEF 111E STACK 6000
STCHA 0135 STPIT 010C STX 0002 STXDT 100A SWREF 1014
SYHNT 107A SYN 0016 SYRCV'  O01AF SYST™M 2000 SYXUT 0170
TDLY1 0180 TXBFS 016A TXBUF 4000 TXCRC 0084 TXEOL 1044
TXINA 1000 TXPTR 5B00 TXTRM 0193 UNDEM  00CO LNDES 1061
IUNDFG  5BOS WRDAT 102a MTDT 0188

Figure 5.10 Synchronous operation program example 1
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1'CON1-85 ASSE'IBLE LIST ( ) PAGE 0001

L. STNO ADRS OBJECT ! SOURCE STATELENTS
ool R O L D I R b L R L T R R e
002 t= UPDV201A BSC OPERATION SANMPLE PROGRA') =
0003 o> TX @ TXDA --> *
0004 D RX : RXDA <-- *
0005 T3 36 36 T 3 3 3 3 N 3 3 3 36 I 2 J I I 9 3 3 I I I I 3 I I 3 I I I I I I W I K
0006 :
0007 793 2 3 3 I I 3 I 3 e e N
0008 % 1/0 ADDRESS »*
0009 T T T I Y
0010 H
0011 00CO CHADT EQU 0COH :17201A CH-A DATA
0012 00C1 CHACT EQU 0CtH :17201A CH-A CNTRL
0013 00C2 CHBDT EQU 0C2H 17201A CH-B DATA
0014 00C3 CHBCT EQU 0C3H :7201A CH-B CNTRL
0015 :
0016 00C4 PITCO EQU 0C4H 18253 CNT #0
0017 00CS PITC1 EQU 0CSH 18253 CNT #!
0018 00C6 PITC2 EQU 0C6H + 8253 CNT #2
0019 00C7 PITCT EQU 0C7H 18253 CONTROL
0020 :
0021 2000 SYST! EQU 2000H :SYSTE!! PROGRAL
0022 :
0023 29636 96 3 I 96 3 2 3 3 8 3¢
0024 % LIPSC COINAAND =
UuZo T T T T TR TE T T
0026 :
0027 0010 ESRES EQU 10H ‘RESET E/S INT
0028 0018 CHNRS EQU 18H {CHANNEL RESET
0029 0028 PEND EQU 28H ‘RES TX PENDING
0030 0030 ERRES EQU 30H {ERROR RESET
0031 0038 EOI EQU 38H tEND OF INTERRUPT
0032 :
0033 0040 RXCRC EQU 40H tINIT RX CRC CAL
0034 0080 TXCRC EQU 80H CINIT TX CRC CAL
0035 00CO UNDE!N EQU 0COH tRESET TX UND/EOM
0036 :
0037 : %* * * *
0038 :% 'JPSC CONTROL REGISTER PARAMETER %
0039 : * ;
0040 :
0041 0013 CRI1A EQU 13H ‘RX.TX.E/S INT EN
0042 0020 CR2A EQU 20H {INT.VECTORED tODE
0043 00C2 CR3A EQU 0C2H :RX 8 BITS
0044 0010 CR4A EQU 10H 116 BITS SYN.NO PA
0045 0044 CRSA EQU 44H :TX 8 BITS.CRC-16
0046 0016 CR6A EQU 16H ISYN #1
0047 0016 CR7A EQU 16H SSYN #2
0048 :
0049 0004 CRIB EQU 4H :ODIFIED VECTOR
0050 0040 CR2B EQU 40H CVECTOR(010%%%00)
0051 .
0052

Figure 5.10

Synchronous operation program example 2
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UCOM-85 ASSEMBLE LIST (

E STNO ADRS OBJECT i

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

nn7o
Uuuio

0079
0080
0081
0082
0083
0084
0085
0086
0087
0088
0089
0080
0091
0092
0093
0094
0095
0096
0087
0098
0099
0100
0101
0102
0103
0104
0105

0016
0002
0003

0055
00FF

0000
0050

0053
0054

0057
0058

005B

nner
uuol

00SF

0100
0103
0104
0107
0108
0109

010C
010F
0111
0113

oo

Figure 5.10

C30010

C34D10

C39410

310060
AF
21005B
77

2C
C20701

210001
3E36
D3C7
7D
D3C4
7C
D3C4

SOURCE STATEMENTS

% CONTROL CHARACTERS x

5 %%

SYN

EQU
STX EQU
ETX EQU
PADI  EQU

EQU

PAD2

* %

16H
2H
3H
SSH
OFFH

) PAGE 0002

:# INTERRUPT JUMP TABLE (VECTORED MODE) =
3 36263 3 36 36 3 36 3.5 3 36 33 3 3 23 36 3 3 36 36 2636 3 3 3 I I 3 3 3 36 33 3 6 3

ORG
JUP

ORG
JWP

ORG
JMP

ORG

TAD
UHIr

50H
TXINA

54H
ESINA

58H
RXINA

SCH

cDDYA
O RAA

tCH-A TX INT

‘CH-A E/S INT

‘CH-A RX INT

tCH-A SPCL RX INT

T 36 3 I I e I I I I I I I I I I I I I I e He He I He I He F I I I K

‘* PERIPHERAL INITIALIZE SEQUENCE =

éSCCT:
CLRFG:

8253-2
éTPIT:

ORG

LXI
XRA
LX1
MoV
INR
JINZ

IN

LX1
MV
ouT
1ov
ouT
1oV
OuT

I 3 I I I I I I H I I I I I W

100H
SP.STACK

A
H.TXPTR
M.A

L

$-2

ITIALIZE

H.100H
A.36H
PITCT
A.L
PITCO
A.H
PITCO

:CLEAR STATUS FLG

:CNT #0.9.6K BPS
t#0 MODE 2

Synchronous operation program example 3
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UCOM-85 ASSEMBLE LIST

E STNO ADRS OBJECT

121

0119
011B
011D
011F
0121
0123
0125
0127
0129
012B
012D
012F
0131
0133

0135
0137
0139
013B
013D
013F
0141
0143
0145
0147
0149
014B
014D
014F
0151
0153
0155
0157
0159
015B
015D
015F
0161
0163
0165
0167

Figure 5.10

3E18
D3Cl1
D3C3
3E02
D3Cl1
D3C3
3E20
D3C1
3E40
D3C3
3E01
D3C3
3E04
D3C3

3E04
D3C1
3E10
D3C1
3E03
D3C1
3EC2
D3C1
3E05S
D3C1
3E44
D3Cl1
3E06
D3C1
3ESS
D3C1
3E07
D3C1
3E16
D3Cl1
3E11
D3C1
3E13
D3Cl
DBC1
320D5B

(

8] SOURCE STATEMENTS

o I I I I I I I I I I I I I I I I I e W A I H

% MPSC INITIALIZE SEQUENCE

LR 2 2 2 2

; COMMON REGISTER INITIALIZE

MV1
ouT
OoUT
MV
ouT
ouT
MVI
ouT
MV1
ouT
MV
OuT
MVI
OuT

A.CHNRS
CHACT
CHBCT
A.2H
CHACT
CHBCT
A.CR2A
CHACT
A.CR2B
CHBCT
A.1H
CHBCT
A.4H
CHBCT

. CH-A OPERATION WODE

STCHA:

MV
oLT
MVI
OUT
MVI
ouT
V1
ouT
MVI
ouT
MVI
ouT
MV1
ouT
VI
ouT
MV
ouT
MVI
OoLT
VI
ouT
MV
ouT
IN

STA

A.4H
CHACT
A.CR4A
CHACT
A.3H
CHACT
A.CR3A
CHACT
A.SH
CHACT
A.CRSA
CHACT
A.6H
CHACT
A.PADI
CHACT
A.7H
CHACT
A.CR7A
CHACT
A.11H
CHACT

1-135

) PAGE 0003

:CHANNEL RESET
PTR 2

{BUS IF !MODE
:INERRUPT VECTOR
{PTR le
MODIFTED VECTOR

‘PTR 4A

:CH-A MODE
:PTR 3A

RX PARAWMETER
{PTR SA

:TX PARAMETER
PTR 6A
tLEADING PAD
‘PTR 7A

1SYN

‘PTR 1A.RS ES INT
s INT HMODE

‘READ FIRST SROA

Synchronous operation program example 4
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UCOM-85 ASSEMBLE LIST ( ) PAGE 0004
E STNO ADRS OBJECT W SOURCE STATEMENTS
0159 + 363636 3 3 3 3 3 I I I I 3 I I I I F I I I I I 3 I I I
0160 i* TRANSMIT OPERATION ROUTINE %
0161 %% 3% * *
0162 :
0163 016A 210040 TXBFS: LXI H.TXBUF {GET TX BUF ADRS
0164 016D 22005B SHLD TXPTR
0165 0170 3E85 SYXMT: MVI A.85H {PTR 5A
0166 0172 D3C1 ouT CHACT
0167 0174 3EEE MV1 A.OEEH :TX EN.TX CRC DIS
0168 0176 D3Cl1 ouT CHACT
0169 0178 3E06 V1 A.6H 1PTR 6A
0170 017A D3C1 ouT CHACT ’
0171 017C 3EI16 [21%1 A.SYN $SYN
0172 017E D3ClI OouT CHACT
0173 :
0174 0180 3E50 TDLY1: WMVI A.50H sTIME DELAY
0175 0182 29 DAD H
0176 0183 29 DAD H
0177 0184 3D DCR A
0178 0185 C28201 JINZ $-3
0179 XMTDT:
0180 0188 2A005B LHLD TXPTR . iGET TX DATA ADRS
0181 018B 7E MoV AH
0182 018C D3CoO ouT CHADT
0183 018E 283 INX H
0184 018F 22005B SHLD TXPTR
0185
0186 0192 FB El
0187 :
0188 0193 3A065B TXTRM: LDA EXMDF ‘CHECK TX END FLG
0189 0196 OF RRC
0190 0197 D29301 JNC TXTRM
0181 018A F3 Dl
0192 018B 3EO05 MV1 A.SH :PTR 5A
0193 018D D3Cl1 ouT CHACT
0184 019F 3E44 MVI A.44H :TX DISABLE
0185 01A1 D3Cl1 ouT CHACT
0196
0197 3R * 2%
0198 % RECEIVE OPERATION ROUTINE *
0199 3362636 3696 36 36 96 36 36 363 3 36 3 3 6 3 3 I 3 e J e 3 2
0200 :
0201 01A3 210044 RXBFS: LXI H.RXBUF :GET RX BUF ADRS
0202 01A6 22025B SHLD RXPTR
0203 01AS AF XRA A
0204 01AA 77 MOV M.A :CLEAR RX BUFFER
0205 01AB 2C INR L
0206 01AC C2AA0! JINZ $-2
0207 01AF 3E03 SYRCV: VI A.3H PTR 3A
G208 01B1 D3C1 ouT CHACT
0209 01B3 3ED3 MV 1 A.0D3H :RX EN.ENTER HUNT
0210 01BS D3ClI ouT CHACT
0211 01B7 FB El

Figure 5.10

Synchronous operation program example 5
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UCOM-85 ASSEMBLE LIST ( ) PAGE 0005

E STNO ADRS OBJECT 14 SOURCE STATEMENTS

0212 :

0213 01B8 3A085B RXTRM:  LDA ERVDF :CHECK RCV END FLG

0214 01BB OF RRC

0215 01BC D2B801 JNC RXTRM

0216 0!BF 3E03 vl A.3H :PTR 3A

0217 01C1 D3CI ouT CHACT

0218 01C3 3ECO MV A.0COH ‘RX DISABLE

0219 01C5 D3CI ouT CHACT

0220 01C7 00 NOP

0221 01C8 00 NOP

0222 01C9 F3 D1

0223

0224 01CA C30020 JMP SYSTH

0225 : :

0226 336396 3 3 26 36 2626 26362222 2 3 e F 2 e F 2 2 I I 22 I I I I I F I e

0227 t* INTERRUPT PROCESSING ROUTINE (VECTORED MODE) x

0228 L% KR * 283696 36 36 .36 36 36 3¢

0229 H

0230 01CD ORG 1000H

0231

0232 L O L DI LR L L L et

0233 i CH-A TX INT PROCESS

0234 jeemmmemmccccccnrcama-

0235 |

0236 TXINA

6237 1000 F5 PUSH PSW

0238 1001 C5 PUSH B

0239 1002 ES PUSH H

0240 1003 3A045B CKWRE: LDA EWDFG 1CHECK WR END FLG

0241 1006 OF RRC

0242 1007 DA3410 JC CUNDF

0243 100A 2A005B STXDT: LHLD TXPTR ‘GET TX DATA ADRS

0244 100D 7E MoV AM GET TX DATA

0245 100E 4F MOV C.A

0246 100F FEO3 - CP1 ETX ‘LAST TX DATA ?

0247 1011 C22210 I JINZ CRCST

0248 1014 3EO1 SWREF: MVI A.l ‘SET WR END FLG

0249 1016 32045B STA EWDFG

0250 1019 3ECO MVI A.UNDEM tRES TX UND/EOM

0251 101B D3Cl OouT CHACT

0252 101D DBClI IN CHACT ‘READ SROA

0253 101F 320DSB STA SROAS :NEW SROA STATUS

0254 1022 3E05 CRCST: MVI] A.SH ‘PTR SA

0255 1024 D3C1 ouT CHACT

0256 1026 3EEF MVI A.OEFH :TX CRC ENABLE

0257 1028 D3CI1 ouT CHACT

0258 102A 79 WRDAT: MOV A.C ‘SET TX DATA

0259 102B D3CO OouT CHADT

0260 102D 23 INX H +UPDATE ADRS PTR

0261 102E 22005B SHLD TXPTR

0262 1031 C34410 JMP TXEOI

0263 1034 3E28 CUNDF: MVI A.PEND RESET TX PENDING

0264 1036 D3CI ouT CHACT

Figure 5.10
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UCOM-85 ASSEMBLE LIST

E STNO ADRS

0265
0266
0267
0268
0269
0270
0271

0272
0273
0274
0275
0276
0277
0278
0279
0280
0281

0282
0283
0284
0285
0286
0287
0288
0289
0290
0291

0292
0293
0294
0295
0296
0297
0298
0299
0300
0301

0302
0303
0304
0305
0306
0307
0308
0309
0310
0311

0312
0313
0314
0315
0316
0317

1038
103B
103C
103F
1041
1044
1046
1048
1049
104A
104B
104C

104D
104E
104F
1052
1053
1055
10586
1059
105A
105C

)5D
10SE
1061
1063
1065
1067
1069
106B

106D
106F !

1072
1075
1076
1077
107A
107B
107D
1080
1082
1084
1086

1088

108A

108C

108E

OBJECT M

3A055B
OF
D24410
3E01
32065B
3E38
D3C1
El

C1

F1

FB

C9

Figure 5.10

(

SOURCE STATEMENTS

TXEOT :

ESINA:

CKES1:

UNDES:

CKES2:
SYHNT:

EXTHP:

ESRTA:

LDA
RRC
JINC
MVI
STA
MV1
ouT
POP
POP
POP
El

RET

PUSH
PUSH
LDA
MoV
IN

MOV

STA
XRA
ANI
RLC
RLC
JINC
MV]
ouT
MV
ouT
MV]
ouT
MV
STA
JuP
RLC
RLC
JNC
MoV
AN1
JINZ
MV
ouT
MVI
ouT
MV
auT
VI
ouT

UNDFG

TXEOI
A.l
EXMDF
A.EOI
CHACT
H

B
PSW

ESRTA

ESRTA
A.3H
CHACT
A.0C9H
CHACT
A.ESRES
CHACT
A.EOI
CHACT

) PAGE 0006

‘GET UNDRN FLG

:SET TX END FLG
1EOI

*GET OLD E/S BITS
‘READ NEW E/S BITS

‘NEW E/S BITS
+CHECK CHANGED E/S

PTR 5A

1TX CRC DISABLE
JWRITE TPAD
+SET UNDRN FLG

:SET NEW E/S BITS
+SYNC/HUNT BIT=17

:PTR 3A

*RES SYN LOAD INH
tRESET E/S INT
+EO1

Synchronous operation program example 7
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UCOM-~85 ASSEMBLE LIST ( ) PAGE 0007
E STNO ADRS OBJECT M SOURCE STATEMENTS
0318 1090 C1 POP B
0319 1091 F1 FOP PSw
0320 1082 FB El
0321 1093 C9 RET
0322
0323 0 lmeememememememmmee—emee
0324 CH-A RX INT PROCESS
0325  emmmmmmmmmmm e
0326
0327 RXINA
0328 1094 F5 PUSH PSW
0329 1095 C5 PUSH B
0330 1096 D5 PUSH D
0331 1097 ES5 PUSH H
0332 1098 2A025B LHLD RXPTR
0333 109B 3A075B CKRDE: LDA ERDFG :GET RX RDEND FLG
0334 109E OF RRC
0335 109F DAD710 JC CKCNT
0336 10A2 DBCO RDDAT: IN CHADT ‘READ RX DATA
0337 10A4 4F MoV C.A
0338 10A5 77 MOV M.A {STORE RX DATA
0339 10A6 23 INX H
0340 10A7 22025B SHLD RXPTR
0341 10AA FEO03 CPI ETX sLAST DATA ?
0342 10AC C2B710 INZ CRCSR
0343 10AF 3E01 MVI A.1H :SET RXD RDEND FLG
0344 10B1 32075B STA ERDFG
0345 10B4 C3C110 JMP RCREN
0346 10B7 FE16 CRCSR: CPI SYN ‘RX DATA = 'SYN' ?
0347 10B9 CACC10 JZ RCRDS
0348 10BC FEO02 CPI1 STX :RX DATA = °"STX® ?-
0349 10BE CACC10 Jz RCRDS
0350 10C1 3E03 RCREN: MVI A.3H ‘PTR 3A
0351 10C3 D3C1 OouT CHACT
0352 10C5 3EC9 MVI A.0C9H :RX CRC ENABLE
0353 10C7 D3ClI ouT CHACT
0354 10C9 C32311 JMP RXEOI
0355 10CC 3E03 RCRDS: MVI A.3H ‘PTR 3A
0356 10CE D3C1 ouT CHACT
0357 10D0 3EC1 MVI A.O0C1H ‘RX CRC DISABLE
0358 10D2 D3Cl1 ouT CHACT
0359 10D4 C32311 JMP RXEOI
0360 10D7 110B5B CKCNT: LXI D.CRCNT ‘GET RX CRC CNT
0361 10DA 1A LDAX D
0362 10DB 47 MOV B.A
0363 10DC FEO02 CP1 2H :CRC RX END ?
0364 10DE CAF610 JZ RDDMY
0365 10E1 DBCO RDCRC: IN CHADT sREAD RX DATA
0366 10E3 77 MOV M. A
0367 10E4 23 INX H
0368 10E5 22025B SHLD RXPTR
0369 10E8 3E03 V1 A.3H sPTR 3A
0370 10EA D3C1 ouT CHACT

Figure 5.10
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UCOM-85 ASSEMBLE LIST (

E STNO

0371

0372
0373
0374
0375
0376
0377
0378
0379
0380
0381

0382
0383
0384
0385
0386
0387
0388
0389
0390
0391

0392
0393
0394
0395
0396
0397
0398
0399
0400
0401

0402
0403
0404
0405
0406
0407
0408
0409
0410
0411

0412
0413
0414
0415

nan
U410

0417
0418
0418
0420
0421
0422
0423

ADRS

10EC
10EE
10F0
10F1
10F2
10F3
10F6
10F8
10FA
10FC
10FE
1100
1103
1104
1106
1109

et e bt e e e e bt o bk bt et Bk bk Bt b bt b bt
et bt ek e e b s b e b b bt e bt b e b

ORI NN NN NI 1D = st et b s s e O O

—— e e e
—— s ot s e s e ot
W W WWWWWH NI
mMWoOoonsENTIMO

o
AWrPO0oNNWOoOMmMWOOUsENOMI P>

OBJECT M

3ECS

32085B

Figure 5.10

SOURCE STATEMENTS

MVI A.0OCSH

oUT CHACT

MoV A.B

INR A

STAX D

JuP RXEO]
RDDMY: IN CHADT

MV1 A.3H

ouT CHACT

V1 A.OCIH

ouT CHACT

LXI D.DMCNT

LDAX D

CP1 1H

Jz CKCRC

INR A

STAX D

JMP RXEOI
CKCRC:  MV] A.1H

OUT CHACT

IN CHACT

RLC

RLC

INC SRXEF

MV1 A.1H

STA CRCEF
SRXEF: MVI A.1H

STA ERVDF
RXEOI: MVI A.EOI

ouT CHACT

POP H

POP D

POP B

POP PSW

El

RET

SPRXA
PUSH  PSw
PUSH  H
LHLD  RXPTR

CKERR: IN CHADT
LoV M.A
INX H
SHLD  RXPTR

OVRER: VI A.1H
STA OVREF
STA ERVDF

) PAGE 0008

{RX CRC ENABLE

‘READ DAMMY DATA
PTR 3A

{RX CRC DISABLE
‘GET DAMMY RD CNT
:DAMMY READ END ?

‘PTR 1A

+SET CRC ERROR FLG
+SET RCV END FLG
1EOI

(9]
m
-3
2
>
<
ES

:SET OVRN ERR FLG
*SET RCV END FLG

Synchroncus operation program example 9
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LUCOM-85 ASSEMBLE LIST (

E STNO ADRS OBJECT M SOURCE STATEMENTS

0424 1141 3E30 MVI A.ERRES
0425 1143 D3CI ouT CHACT
0426 1145 3EO03 1AV1 A.3H
0427 1147 D3CI ouT CHACT
0428 1149 3ECO MV1 A.0COH
0429 114B D3C! ouT CHACT
0430 114D 3E38 £1%) A.EOI
0431 114F D3Cl1 ouT CHACT
0432 1151 EI POP H

0433 1152 F1 POP PSw
0434 1153 FB El

0435 1154 C9 RET

0436 :

0437 3636 36 36 3 3 I 3 6 36 6 36 3 3 36 36 e 36 36 I 3 3
0438 % TX DATA BUFFER AREA =
0439 T 29 36 36 3 36 36 3 36 3 36 36 3 3 36 36 6 I 3 3 36 %
0440 H

0441 1155 ORG 4000H
0442 :

0443 TXBUF:

0444 4000 02 DB STX
0445 4001 4D DB M
0446 4002 50 DB ‘P
0447 4003 53 DB 'S
0448 4004 43 DB ‘C’
0449 4005 03 DB ETX
0450 H

0451 3 93636 36 36 36 36 3 36 36 3 3 I 3 36 3 I I 3 3 3
0452 % RX DATA BUFFER AREA *
0453 H *
0454 :

0455 4006 ORG 4400H
0456 H

0457 4400 RXBUF: DS 1024
0458 H .

0459 H % % 3¢ 3696 34 3 3. 3¢
0460 % STATUS FLAG AREA
0461 H %%

0462 H

0463 4800 ORG SBOOH
0464 |

0465 5B00 TXPTR: DS 2

0466 5B02 RXPTR: DS 2

0467 3

0468 5B04 EWDFG: DS 1

0469 5BOS UNDFG: DS 1

0470 5B06 EXMDF: DS 1

0471 5B07 ERDFG: DS 1

0472 5B08 ERVDF: DS 1

0473 5B0S CRCEF: DS 1

0474 5BOA OVREF: DS 1

0475 5BOB CRCNT: DS 1

0476 5BOC DMCNT: DS 1

) PAGE 0009

‘ERROR RESET
JPTR 3A
:RX DISABLE

:TX DATA BUF ADRS
'RX DATA BUF ADRS

‘TXDATA WR END FLG
:TX UNDRN FLG
XMIT END FLG

+RXD RDEND FLG
:RECEIVE END FLG
'CRC ERROR FLG
{OVERRUN ERROR FLG
iRX CRC COUNTER
:DAMMY DATA RD CNT

Figure 5.10 Synchronous operation program example 10
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UCOM-85 ASSEMBLE LIST (

E STNO ADRS OBJECT M  SOURCE STATEMENTS

0477 H

0478 SBOD SROAS: DS 1
0479 H

0480 5 93636 36 36 36 363 36 J6 36 36 3¢
0481 i% STACK AREA %
0482 3 36963636 3696 36 36 36 36 36 36 36 3¢
0483 H

0484 SBOE ORG 6000H
0485 H

0486 STACK:

0487 0000 END

) PAGE 0010

+SROA STATUS

Figure 5.10 Synchronous operation program example 11

1-142



NEC ANuPD7201A

5.3 Operation Example in HDLC Mode

Send and receive operation via DMA on channel A is described
as an operation example in HDLC mode. In the example, the
send and receive control programs are independent of each
other, but a program which performs send and receive
operation at the same time can also be prepared because the

pPD7201A enables full-duplex operation.

Each of the example send and receive control programs
transfers data of 256 bytes per frame.

Table 5.3 Lists the pPD7201A operation mode in the program
example

Table 5.3 pPD7201A operation mode setting
(HDLC operation)

Channel

Ch 1B
Operation contents Channel A anne

Send and receive operation Send (TxDA) -
Receive (RxDA)

Send and receive data
transfer method DMA DMA
(CR2A setting)

Special Rx Condition
Interrupt sources used interrupt -

E/S interrupt

Nonvector mode

Interrupt mode
Interrupt | (CR2A: D4, D3)
setting | Status Affects Vector
(CR1B: D2)

Initial value of
intexvupt vector 40H
(CR2B)

~ 85-1 mode

Modified Vector
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5.3.1 Send operation

DMA transfer of data of 256 bytes per frame by using the
TXLR set mode (00-FFH) is described as a pPD7201A send
operation example. Since nonvector mode is used in
interrupt processing, the jump destination address when an
interrupt occurs is fixed to address 3CH and a single
interrupt handling routine is used.

The interrupt handling routine first reads the SR2B vector
register and determines the interrupt source, then
executes appropriate processing.

The basic program configuration is explained below:
(1) Main program

The main program sets the transmit buffer, initializes I/O
devices (pPD8253-2, pPD8237A-5) and the pPD7201A, manages
the send state, etc. After send starts, the program waits
for the All Sent flag (which is set by the interrupt
handling program) to be set and checks that the flag is
set before disabling send.

(2) Interrupt handling program

Since the RST7.5 pin is used as an interrupt dinput pin,
the pPDS808SAH jumps to address 3CH when a pPD7201A
interrupt request occurs. Using this address, control is
passed to the actual interrupt handling routine (starting
at address 1000H).

1-144



NEC

ANuPD7201A

Only E/S interrupts are interrupt sources in the program
example (interrupts caused by other sources and disabled).
The E/S interrupt sources are Tx Underrun/EOM and All Sent
only. Thus, the interrupt handling program checks only
these two types of interrupt sources. The program checks
to see if anv of the states occurs. When the state
occurs, it sets the corresponding control flag. The flag
is used to manage the pPD7201A send operation state in the
main program.

Figure 5.10 shows the send operation processing flow.

Figure 5.11 shows actual program examples.
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Main
Program

Set send
data/buffer

L

Initialize
control flags

!

Enable RST 7.5

1

Initialize
pPD8253-2

i

Initialize
pPD8237A-5

!

Initialize MPSC

i

Enable MPSC

channel A send

i

Enable uPD8237A-5

i

EI

Is frame€
send com—
leted?

Issue Reset
Tx INT/DMA
pending command

!

Disable MPSC
channel A send

i

DI

Return to
system
program

Figure 5.10 (a)

Start at address 100H

Data of OO-FFH is set

Control flags used in the
program are initialized.

Counter O is set for use at
a rate of 9600 bps.

Channel 1 is set (number of
transfer data words, send data,
and transmit buffer address
are set).

Basic operation mode is set.

DMA operation is enabled

Wait for all Sent interrupt
to occur.

. When TXLR Set mode is used,

this command must be issued
to set Tx Disable.

HDLC send operation main program
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HLDC interrupt
handling
send operation

Save registers

l

Read SR2B

(Note 1) N

Tx
Underrun
flag=1?

Tx
Underrun
bit=12

source)

N(another E/S

Y (occurrence of Tx

Underrun)

Y (occurrence
of All Seut)

Set Tx Underrun
flag

Set All Sent flag

Issue Reset E/S
INT command

Issue EOI cormmand

i

Restore registers

T

Note 1:

EI

This path is not actually passed through.

Figure 5.10 (b)

HDLC send operation Interrupt

handling program
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SYMBOL ADRS  SYMBOL ADRS SYMBOL ADRS  SYMBOL ADRS  SYMBOL ADRS

ALSFG 5B01 ALSNT 1027 BADR1 5B04 BCwWC1 5B06 CHIST 012D
CHACT © 00C1 CHADT 00CO CHBCT 00C3 CHBDT 00C2 CHNRS 0018
CKEND O01AA CKES 100F CRI1A 004B° CRI1B 0004 CR2A 0043
CR2B 0040 CR3A 00CO CR4A 0020 CRSA 0061 CR6A 0001
CR7A 007E DMOBC 00DO DMOCW 00Dl DM1BC 00D2 DMICW 00D3
DM2BC 00D4 DM2CW  00DS DM3BC 00D6 DM3Cw 00D7 DMCBP 00DC
DMCMR 0O0DE DMCTR 00D8 DMMCL  00DD DMSMR 00DA DMWAM O0O0DF
DMWMD 00DB DMWRR 00DS ENIRX 0020 EOI 0038 EOIA 103A
ERRES 0030 ERRTA 1036 ESRES 0010 HDLCT 0100 INTEN 0112
NVINT 1000 PEND 0028 PITCO 00C4 PITCT 00C7 RXCRC 0040
SABRT 0008 STACK 6000 STCHA 0165 STDMA 0122 STPIT 0115
STTXD 0104 SYSTM 2000 TXBUF 4000 TXCRC 0080 TXLRA 5B02
UNDEM 00CoOo UNDFG 5B00 UNDRN 1019

Figure 5.11 HDLC send control program example 1
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UCOM-85 ASSEMBLE LIST ( ) PAGE 0001

E STNO ADRS OBJECT M SOURCE STATEMENTS

0001 336963 26 36 3636 36 36 36 3 »* X33 x
0002 :% UPD7201A HDLC TX OPERATION SAMPLE PROGRAM x
0003 s TX : TXDA --> *
0004 3636262636 36 2 22636 36 3636 36 36 36 3 3636 36 36 36 36 36 3636 3 36 3 3 e 3 36 I I 36 76 36 3636 36 3 36 3¢
0005 H

0006 3 3626 36 26 36 36 36 36 3636 36 96 3 3 3

0007 i% 1/0 ADDRESS %

0008 3 363636 96 36 36 36 36 2.3 36 36 36 36 3¢

0009 ' H

0010 00CO CHADT EQU 0COH $7201A CH-A DATA
0011 00C1 CHACT EQU 0C1H s7201A CH-A CONTRO
0012 00C2 CHBDT EQU 0C2H :7201A CH-B DATA
0013 00C3 CHBCT EQU 0C3H 37201A CH-B CONTRO
0014 H

0015 00C4 PITCO EQU 0C4H 18253 CNT #0
0016 00C7 PITCT EQU 0C7H 18253 CONTROL
0017 H

0018 00DO DMOBC EQU 0DOH $8237 BASE/CURAD
0019 00Dl DMOCW EQU O0D1H ;8237 BASE/CUWC
0020 00D2 DM1BC EQU 0D2H 18237 BASE/CURAD
0021 00D3 DMI1CW EQU 0D3H 18237 BASE/CWC
0022 00D4 DM2BC EQU 0D4H ;8237 BASE/CURAD
0023 00D5 DM2CwW EQU 0D5H ;8237 BASE/CWC
0024 00D6 DM3BC EQU 0D6H 18237 BASE/CURAD
0025 00D7 DM3CwW EQU 0D7H 18237 BASE/CWC
0026 00D8 DMCTR EQU 0D8H ;8237 STS/CMD R
0027 00DS DMWRR EQU O0DSH ;8237 WR REQ R
0028 00DA DMSMR EQU 0DAH ;8237 WR SIG MRR
0029 00DB DMWMD EQU 0DBH 8237 WR MODE R
0030 00DC DMCBP EQU 0DCH ;8237 CL BYTP FF
0031 00DD DMMCL EQU ODDH 18237 RDMCL.MSCL
0032 O0ODE DMCMR EQU ODEH 18237 CL MSK R
0033 O0ODF DMWAM EQU O0DFH 18237 WR ALMS RB
0034 H

0035 2000 SYSTM EQU 2000H sSYSTEM PROGRAM
0036 H

0037 3 P36 5636 2636 3636 3636 36 36 3 36 36 3¢

0038 5% MPSC COMMAND

0039 P63 22 2 2 3 6 36 e I 3 Fe

0040 H

0041 0008 SABRT EQU 8H sSEND ABORT

0042 0010 ESRES EQU 10H sRESET E/S INT
0043 0018 CHNRS EQU 18H s CHANNEL RESET
0044 0020 ENIRX EQU 20H EN INT NEXT CHAR
0045 0028 PEND EQU 28H sRES TX PENDING
0046 0030 ERRES EQU 30H sERROR RESET
0047 0038 EOI EQU 38H tEND OF INTERRUPT
0048 H

0049 0040 RXCRC EQU 40H sINIT RX CRC CAL
0050 0080 TXCRC EQU 80H sINIT TX CRC CAL
0051 00CO UNDEM EQU OCOH SRESET TX UND/EOM
0052 H

Figure 5.11 HDLC send control program example 2

1-149



ANpPD7201A

NEC

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
0081
0082
0083
0084
0085
0086
0087
0088
0089
0090
0091
0092
0093
0094
0095
0096
0087
0098
0099
0100
o101
0102
0103
0104
0105

004B

0043

00CO
0020
0061

0001
007E

0004
0040

0000

003C C30010

003F

0100 310060
0103 AF
0104 210040
0107 75
0108 2C
0109 C20701
010C 32005B
010F 32015B
0112 3E1B
0114 30

Figure 5.11

) PAGE 0002
SOURCE STATEMENTS
§ 96363626 26 363636336 3 3 3 3633 3 33 3 36 3 36 3 3 3 2696 36 3 3 36 3¢
;% MPSC CONTROL REGISTER PARAMETER %
§ 363636 32963626 36 3 3 36 3636 36 3 3 36 3 36 3 26 626 36 96 636 3 3 3 3. 3. 3
CR1A EQU 4BH sTXLR SET
‘FIRST RX INT
TX DMA ENABLE
sE/S INT ENABLE
CR2A EQU 43H 'RX INT MASK
s NON-VECTORED
185-1 VECTORED
+BOTH CH. DMA-2
CR3A EQU 0COH +8 BIT/CHAR
CR4A EQU 20H +HDLC MODE
CR5A EQU 61H 18 BIT/CHAR
:TX ENABLE
+CCITT-0
+TX CRC ENABLE
CR6A EQU 01H +SECONDARY ADDRESS
CR7A EQU 7EH 1FLAG
CR1B EQU 4H ‘MODIFIED VECTOR
CR2B EQU 40H {VECTOR(010%%%00)

13 FIEIEIEIE T2 2226 I T 3623636 2636 3 36 36 6 36 36 36 6 3 36336 3 3 3 36 6 3 26 3 36 3 36 3¢
1% INTERRUPT JUMP TABLE (NON-VECTORED MODE) *
3T TN I I I T I I 2 I 2 I I3 26 I T2 26T I3 23636 6 36 I I 2 I
;

ORG 3CH iRST 7.5 ADRS

JMP

NVINT $JUMP NON-VCT INT

§ FEF T2 363 36 36 263636 36 36 26 3 3 3636 36 26 36 36 36 363 36 3 96 36 3 36 36
;» PERIPHERAL INITIALIZE SEQUENCE %
§ 3662696 636 3 36 36 262696 36 3 36 9.3 3636 36 26 366 3 36 36 6 3 36 36 3 36 36

ORG 100H

HDLCT: LXI SP.STACK
XRA A

STTXD: LXI H.TXBUF $SET TX DATA
MoV M.L
INR L
JNZ $-2
STA UNDFG sCLEAR FLAGS
STA ALSFG

INTEN: MVI A.1BH iRST 7.5 ENABLE
SIM

HDLC send control program example 3
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UCOM-85 ASSEMBLE LI

E STNO ADRS OBJECT M

0106
0107
0108
0109
0110
0111
0112
0113
0114
0115
0116
0117
0118
0119
0120
0121
0122
0123
0124
0125
0126
0127
0128
0129
0130
0131
0132
0133
0134
0135
0136
0137
0138
0139
0140
0141
0142
0143
0144
0145
0146
0147
0148
0149
0150
0151
0152
0153
0154
0155
0156
0157
0158

0115
0118
011A
011C
011D
011F
0120

210001
3E36
D3C7
7D
D3C4
7C
D3C4

0122
0123
0125
0127
0129
012B

012D
012E
0130
0133
0134
0136
0137
0139
013A
013C
013F
0140
0142
0143
0145
0147

0149
014B
014D
014F
0151
0153
0155
0157
0159
015B

3E18
D3C1
D3C3
3E02
D3C1
D3C3
3E43
D3Cl1
3E40
D3C3

Figure 5.11

ST (
SOURCE STATEMENTS

5 8253-2 INITIALIZE
STPIT:

LX1I H.100H
MVI A.36H
ouT PITCT
MOV A.L
ouT PITCO
MOV A.H
ouT PITCO

N

3 8237A-5 INITIALIZE
STDMA:

XRA A
ouT DMMCL
MVI A.4H
ouT DMCTR
MV1 A.O0FDH
ouT DMWAM
CH1ST: XRA A
OouT DMCBP
LHLD BADR1
MOV A.L
ouT DM1BC
MOV AH
ouT DM1BC
XRA A
OouT DMCBP
LHLD BCwC1
MOV A.L
ouT DMICW
MOV A.H
ouT DM1CW
MVI A.49H
ouT DMWMD

;****************************
+# MPSC INITIALIZE SEQUENCE *

3 T3 36 3 36 3 H 3 3 F I I I 3 I I Fe I I I I I I I 3 3 3

; COMMON REGISTER INITIALIZE

.

MVI A.CHNRS
ouT CHACT
ouT CHBCT
MVI A.2H
ouT CHACT
ouT CHBCT
MVI A.CR2A
ouT CHACT
MVI A.CR2B
ouT CHBCT

HDLC send control program
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) PAGE 0003

CNT #0.9600 BPS
+#0 MODE 2

MASTER CLEAR
'DMAC DISABLE

3CH-1 ENABLE
sCLEAR BYTE PTR F/

1CH-1 BADRS
sCH-1 BADRS-L

sCH-1 BADRS-H
+CLEAR BYTE PTR F/
1CH-1 TRNSFR CNT

+DRQ1 MODE

s CHANNEL RESET
sPTR 2

{BUS IF MODE
s INERRUPT VECTOR

example 4
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NEC

UCOM-85 ASSEMBLE LIST (

E STNO

0159
0160
0161
0162
0163
0164
0165
0166
0167
0168
0169
0170
0171
0172
0173
0174
0175
0176
0177
0178
0179
0180
0181
0182
0183
0i84
0185
0186
0187
0188
0189
0190
0191
0192
0193
0194
0195
0196
0187
0198
0199
0200
0201
0202
0203
0204
0205
0206
0207
0208
0209
0210
0211

ADRS

015D
015F
0161
0163

0165
0167
0169
016B
016D
016F
0171
0173
0175
0177
0179
017B
017D
017F
0181
0183
0185
0187

0i89 3

018B
018D
018F
0191
0193
0185
0198
0199
019B
019C
019E
01A0
01A2
01A4
01A6
01A7
01A9

01AA
01AD
O01AE
01B1
01B3
01B5
01B7
01B9
01BB

- Figure 5.11

OBJECT M

3E01
D3C3
3E04
D3C3

3A015B
OF
D2AA01
3E28
D3C1
3E05
D3C1
3E61
D3C1

SOURCE STATEMENTS

MVI A.1H

CcuT CHBCT
MVI A.CR1B
OuT CHBCT

+ CH-A OPERATION MODE
STCHA: MVI A.4H

ouT CHACT
MVI A.CR4A
ouT CHACT
MVI A.3H
ouT CHACT
MVI A.CR3A
ouT CHACT
MV] A.5H
ouT CHACT
MVI A,CR5A
ouT CHACT
MVI A.6H
ouT CHACT
MVI A.CR6A
ouT CHACT
MVI A.7H
ouT CHACT
MV A.CR7A
ouT CHACT
MVI A.11H
ouTt CHACT
MVI A.CR1A
ouT CHACT
LHLD TXLRA
MoV A,L
ouT CHACT
MOV A.H
ouT CHACT
MV] A,5
OouT CHACT
MVI A.69H
ouT CHACT
XRA A
ouT DMCTR
El

CKEND: LDA ALSFG
RRC
JINC $-4
MVI A.PEND
ouT CHACT
MV] A.5
ouT CHACT
MVI A.61H
ouT CHACT

) PAGE 0004

sPTR 1B

'MODIFIED VECTOR

:PTR 4A

:CH-A MODE

iPTR 3A

:RX PARAMETER
{PTR 5A

:TX PARAMETER
:PTR 6A
:SECONDARY ADDRESS
:PTR 7A

;i FLAG

:PTR 1A.RS ES INT
: INT/DMA MODE

{TXLRA
s TXLRA-L

s TXLRA-H
PTR 5A
sTX ENABLE

:DMAC ENABLE
JCHECK ALSNT FLG

‘RES TX PENDING
‘PTR 5A
‘TX DISABLE

HDLC send control program example 5
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UCOM-85 ASSEMBLE LIST (

E STNO ADRS OBJECT M

0212
0213
0214
0215
0216
0217
0218
0219
0220
0221
0222
0223
0224
0225
0226
0227
0228
0229
0230
0231
0232
0233
0234
0235
0236

non7
Ucov

0238
0239
0240
0241
0242
0243
0244
0245
0246
0247
0248
0249
0250
0251
0252
0253
0254
0255
0256
0257
0258
0259
0260
0261
0262
0263
0264

01BD F3
01BE C30020

01Cl1

1000 FS
1001 3E02
1003 D3C3
1005 DBC3
1007 FES54
1009 CAOF10
100C C33A10

100F DBC1
1011 47
1012
1015 OF
1016 DA2710

1019 78
101A 07
i01iB 07
101C D23610
101F 3E01
1021 32005B
1024 C33610
1027
1029 D3Cl
102B DBCl
102D OF
102E D23610
1031 3EO01
1033 32015B

3EO01

1036
1038
103A 3E38
103C D3Cl1
103E F1
103F FB
1040 C9

3E10
D3C1

Figure 5.11

) PAGE 0005

SOURCE STATEMENTS

DI

JMP SYSTM

;* INTERRUPT PROCESSING ROUTINTE (NON-VECTORED MOD

s

ORG 1000H
NVINT: PUSH PSw
MV1 A.2H ‘PTR 2B
ouT CHBCT
IN CHBCT ‘READ SR2B
CPI 54H ‘CH-A E/S INT ?
Jz CKES ‘IF YES.JUMP
JMP EOIA
CKES: IN CHACT ‘READ SROA
MOV B.A
LDA UNDFG GET UNDRN FLAG
RRC sCHECK IT
Jc ALSNT
UNDRN: MOV A.B
RLC
RLC
JINC ERRTA sTX UND BIT=1?
MVI Al SYES
STA UNDFG $SET UNDRN ELG
JMP ERRTA
ALSNT: MVI A.l sPTR 1A
OouT CHACT
IN CHACT READ SR1A
RRC
JNC ERRTA SALL SENT BIT=1?
MVI A.l 3SET ALSNT FLG
STA ALSFG
ERRTA: MVI A.ESRES
ouT CHACT
EOIA: MVI A,EOI sEOI TO MPSC
ouT CHACT
POP PSW
El
RET

HDLC send control program example 6
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UCOM-85 ASSEMBLE LIST ( ) PAGE 0006

E STNO ADRS OBJECT M SOURCE STATEMENTS

0265 3 FEIEIE I I I F 36 36 36 I I 3 I T I I I I 36 3 36 3

0266 y# TX DATA BUFFER AREA

0267 § 363636 36 36 3636 36 36 3636 36 36 3 36 3 336 6 36 36 3¢

0268 H

0269 1041 ORG 4000H

0270 3 :

0271 4000 TXBUF: DS 1024

0272 H

0273 § FEHIE T TIP3 e I I I 22

0274 ;% STATUS FLAG AREA =

0275 § 39636 36 36 36 36 36 3 3636 36 36 36 36 3636 6 3¢ 3¢

0276 H :

0277 4400 ORG SBOOH

0278 3

0279 5B00 UNDFG: DS 1 +TX UND FLAG
0280 5BO01 ALSFG: DS 1 sALL SENT FLAG
0281 H

0282 3 9636 36 36 36 36 3 36 36 2636 36 36 36 36 36 3636 3. 36 36 3

0283 % 1/70 PARAMETER AREA *

0284 3 9636 363 36 36 36 36 36 3.3 36 36 36 363 3 36 36 36 34

0285 H

0286 5B02 0001 TXLRA: DW 100H sTXLR

0287 H

0288 5B04 0040 BADR1: DW 4000H ;CH-1 DMA ADRS
0289 5B06 FFO0O0 BCwC1: DW OFFH sCH-1 WORD COUNT
vVaov ’

0291 3 936 363636 36 3 36 36 96 36 36 3

0292 % STACK AREA *

0293 § 6236 36 36 36 6 36 3696 3 36 36 3¢

0294 H

0295 5BO08 ORG 6000H

0296 H

0297 STACK:

0298 0000 END

Figure 5.11 HDLC send control program example 7
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5.3.2 Receive operation

DMA transfer of data of 256 bytes per frame (00-FFH) is
described as a receive operation example. For the Rx INT
mode, the Int on First Rx Character mode (CR1A : D4, D3 =
0, 1) is selected, and the First Rx INT Mask mode (CR2A :
D6 = 1) is used for operation. Thus, all receive data
(containing CRC characters) is transferred via DMA.
Interrupt processing is performed in nonvector mode as in
send operation.

The basic program configuration is explained below:
(1) Main program

The main program sets the receive buffer, initi;lizes I/0
devices (pPD8253-2, nPDE237A-5) and the pPD7201A, manages
the receive state, etc. When receive operation starts,
the Enter Hunt bit is set to 1 for flag detection. After
flag detection, the program waits for the receive comple-
tion flag (which is set by the interrupt handling program
when the End of Frame state occurs) to be set, and checks
that the flag is set before disabling receive.

(2) 1Interrupt handling program

The interrupt sources handled by the interrupt handling
program are Special Rx Condition interrupts only (inter-
rupts caused by other sources are disabled). However, a
check routine to see if the interrupt is an E/S interrupt

is contained in the program for convenience.

1-155



ANpuPD7201A

NEC

In interrupt processing, End of Frame, CRC Error, and
Overrun Error and checked. When any of these occurs, the
control flag indicating the occurrence of the event is
set. The control flag is used to manage the pPD7201A
receive operation state in the main program.

Figure 5.12 shows the receive operation processing flow.
Figure 5.13 shows actual program examples.
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Main
Program

Set receive
buffer

{

Initialize
control flags

T
L]

Enable RST7.5

i

Initialize
uPD8253-2

i

Initialize
nPD8237A-5

i

Initialize

MPSC
1

Issue Reset E/S
INT command

i

Read and
store SROA

i

Enable
pPD8237A-5

i

Enable MPSC
receive

i

EI

Is all
data receive
completed?

‘Y

Disable MPSC
receive

Return
to system
program

Figure 5.12 (a)

Start at address 100H

Control flags used in
program are initialized.

. Counter O is set for use

at a rate of 9600 bps.

Channel 0 is set

Basic operation mode
is set.

The E/S bit value when
operation starts is stored.
(In fact, it is not used by
the present program)

DMA is enabled.

Hunt mode is entered.

HDLC receive operation main program
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HDLC interrupt handling
(receive operation)

Save registers

i

Read SR2B

Special Rx N (Note 1)

Condition
interrupt?

Read SR1A

N (Overrun Error)

EOF bit =12.

l

Y

Read SROA

{

Disable MPSC
channel A receive

Issue Reset E/S
INT command

Y (CRC Error)
CRC error? I

Disable
N uPD8237A-5 DRQO

Set CRC Error

d dumm
occurrence flag Rea y data

!

Set Overrun
Error flag

Issue Error
Reset command

Issue EOI
command

I

Restore
registers

!

EI

RET

Note 1: This path is not actually passed

through in the present program example.

Figure 5.12 (b) HDLC receive operation interrupt handling
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SYMBOL ADRS

BADRO
CHBCT
CR2A

CR6A

DMOCW
DM3BC
DMMCL
ENIRX
ESCHA
OVREA
RCVDT
RXOPR
STCHA
TXLRA

5B06
00C3
0043
0001
00D1
00D6
00DD
0020
1016
1038
1007
01A6
0169
5B04

Figure 5.13

SYMBOL

BCWCO
CHBDT
CR2B
CR7A
DM1BC
DM3CW
DMSMR
EOI
ESRES
OVRFA
RENDA
SABRT
STDMA
UNDEM

ADRS

5B08
00C2
0040
007E
00D2
00D7
00DA
0038
0010
5B02
5B03
0008
0126
00Co

SYMBOL

CHOST
CHNRS
CR3A

CRCFA
DM1CW
DMCBP
DMWAM
EOIA

HDLCR
PEND

RXBFC
SROAS
STPIT

ADRS

0131
0018
00C8
5B01
00D3
00DC
00DF
105B
0100
0028
0104
5B00
0119

SYMBOL ADRS

CHACT
CR1A

CR4A

CREND
DM2BC
DMCMR
DMWMD
ERESA
INTEN
PITCO
RXBUF
SRCDA
SYSTM

00C1

0048
0020
01B7
00D4
00DE
00DB
104F
0116
00C4
4400
1022
2000

SYMBOL ADRS

CHADT
CR1B

CR5A

DMOBC
DM2Cw
DMCTR
DMWRR
ERRES
NVINT
PITCT
RXCRC
STACK
TXCRC

00Co
0004
0060
00DO0
00D5
00D8
00D9
0030
1000
00C7
0040
6000
0080

HDLC receive control program example 1
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UCOM-85 ASSEMBLE LIST ( ) PAGE 0001

E STNO ADRS OBJECT M SOURCE STATEMENTS

0001 9636 3636 36 36 363636 36 36 3636 36 36 36 36 36 3636 33636 3636 3636 I 36 6 36 36 36 36 36 36 36 36 336 3.6 363 3¢
0002 i» UPD7201A HDLC RX OPERATION SAMPLE PROGRAM %
0003 1 RX : RXDA <-- *
0004 3 BT I I T I I I I T F 3 3T 2 T 236 36 36 3 T 3 3 36 36 36 36 336 36 36 3 36 36 3 3 36 36 3 3 3 3¢
0005 H

0006 3963696 36 36 3 3 36 3 e 6 3 36 36 3¢

0007 i% 1/0 ADDRESS

0008 3 3636 3636 36 36 36 3.6 36 .36 36 3¢ 3¢

0009 H

0010 00CO CHADT EQU 0COH :7201A CH-A DATA
0011 00C1 CHACT EQU . OC1H $7201A CH-A CNTRL
0012 00C2 CHBDT EQU 0C2H :17201A CH-B DATA
0013 00C3 CHBCT EQU 0C3H $7201A CH-B CNTRL
0014 H

0015 00C4 PITCO EQU 0C4H 18253 CNT #0
0016 00C7 PITCT EQU 0C7H 58253 CONTROL
0017 H

0018 00DO DMOBC EQU O0DOH 18237 BASE/CURAD
0019 00D1 DMOCW EQU OD1H 58237 BASE/CWC
0020 00D2 DM1BC EQU 0D2H 18237 BASE/CURAD
0021 00D3 DM1CW EQU 0D3H 58237 BASE/CWC
0022 00D4 DM2BC EQU 0D4H 58237 BASE/CURAD
0023 00DS DM2CW EQU O0DSH 18237 BASE/CWC
0024 00D6 DM3BC EQU 0D6H 58237 BASE/CURAD
0025 00D7 DM3CW EQU OD7H 18237 BASE/CWC
0026 00D8 DMCTR EQU 0D8H 18237 STS/CMD R
0027 00DS DMWRR EQU 0DSH 18237 WR REQ R
0028 00DA DMSMR EQU 0DAH 18237 WR SIG MSR
0029 00DB DMWMD EQU O0DBH 18237 WR MODE R
0030 00DC DMCBP EQU O0DCH ;8237 CL BYTP FF
0031 00DD DMMCL EQU O0DDH 18237 RDMCL.MSCL
0032 OODE DMCMR EQU ODEH 18237 CL MSK R
0033 0ODF DMWAM EQU ODFH 8237 WR ALMS RB
0034 H

0035 2000 SYSTM EQU 2000H sSYSTEM PROGRAM
0036 .

0037 363636 2 3 36 36 36 36 36 3 36 36 36 3 3

0038 % MPSC COMMAND

0039 § FEIE I I I I 2 3 36 336 36 3636 3 3

0040 :

0041 0008 SABRT EQU 8H :SEND ABORT

0042 0010 ESRES EQU 10H SRESET E/S INT
0043 0018 CHNRS EQU 18H sCHANNEL RESET
0044 0020 ENIRX EQU 20H EN INT NEXT CHAR
0045 0028 PEND EQU 28H RES TX PENDING
0046 0030 ERRES EQU 30H :ERROR RESET
0047 0038 EOI EQU 38H :END OF INTERRUPT
0048 H

0049 0040 RXCRC EQU 40H sINIT RX CRC CAL
0050 0080 TXCRC EQU 80H SINIT TX CRC CAL
0051 00Co UNDEM EQU 0COH SRESET TX UND/EOM
0052 :

Figure 5.13 HDLC receive control program example 2
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UCOM-85 ASSEMBLE LIST ( ) PAGE 0002

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
0081
0082
0083
0084
0085
0086
0087
0088
0089
0090
0091
0092
0093
0094
0095
0096
0097

nnag
UuJo

0099
0100
0101
0102
0103
0104
0105

0048

0043

00Cs

0020
0060

0001
007E

0004
0040

0000
003C

003F

0100
0103
0104
0107
0108
0109
010C

ninn
vivy

0110
0113
0116
0118

Figure 5.13

C30010

310060
AF
210044
77
2C
C20701
AF

29018RQ
SeVioD

32025B
32035B
3E1B
30

SOURCE STATEMENTS

;* MPSC CONTROL REGISTER PARAMETER x

CR1A EQU 48H {TXLR SET
JFIRST RX INT
:TX DMA DISABLE
tE/S INT DISABLE

CR2A EQU 43H SRX INT MASK
+NON-VECTORED
185-1 VECTORED
BOTH CH. DMA-2

CR3A EQU 0C8H 18 BIT/CHAR
iRX CRC ENABLE
CR4A EQU 20H +HDLC MODE
CRSA EQU 60H 18 BIT/CHAR
CCITT-0
1TX CRC DISABLE
CR6A EQU 01H s SECONDARY ADDRESS
CR7A EQU 7EH +FLAG
CR1B EQU 4H SMODIFIED VECTOR
CR2B EQU 40H SVECTOR(010%%%00)

;*****************&******&*******************
s»* INTERRUPT JUMP TABLE (NON-VECTORED MODE) =
§ 36656 269636 3 3 3 3 3 3 3 3 3 36 3 3 3 36 3 36 3 3 3 33 36 36 36 36 2 3.3 3 3 36 36 36 6 3 3
ORG 3CH sRST 7.5 ADRS
JMP NVINT s JUMP NON-VCT INT
;********Il***i**************i****i
s» PERIPHERAL INITIALIZE SEQUENCE x
530636 263636336 3 3 3 3 36 36 3 3 3 3 36 3 26 36 3 3 26 3 3 3 36 I 3 36

’

ORG 100H
HDLCR: LXI SP.STACK
XRA A
RXBFC: LXI H.RXBUF sCLR MPSC RX BUF
MOV M.A
INR L
JINZ $-2
XRA A ‘CLEAR FLAGS
STA CRCFA
STA OVRFA
STA RENDA
INTEN: MVI A.1BH RST 7.5 ENABLE
SIM

HDLC receive control program example 3
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NEC

UCOM-85 ASSEMBLE LIST (

E STNO ADRS OBJECT M

0106

0107

0108 0119 210001
0109 011C 3ES36
0110 011E D3C7
0111 0120 7D
0112 0121
0113 0123 7C
0114 0124 D3C4
0115

0116

0117

0118 0126 AF
0119 0127 D3DD
0120 0129 3E04
0121 012B D3D8
0122 012D 3EFE
0123 012F D3DF
0124

0125 0131 AF
0126 0132 D3DC
0127 0134
0128 0137 7D
0129 0138 D3DO
0130 013A 7C
0131 013B D3DO
0132 013D AF
0133 013E D3DC
0134 0140 2A085B
0135 0143 7D
0136 0144 D3DI!
0137 0146 7C
0138 0147 D3D1
0139 0149 3E44
0140 014B D3DB
0141

0142

0143

0144

0145

0146

0147

0148 014D 3E18
0149 014F D3CI1
0150 0151 D3C3
0151 0153 3E02
0152 0155 D3CI
0153 0157 D3C3
0154 0159 3E43
0155 015B D3C1
0156 015D 3E40
0157 015F D3C3
0158

Figure 5.13

SOURCE STATEMENTS

i 8253-2 INITIALIZE
éTPIT: LXI

H.100H
MV] A.36H
ouT PITCT
MOV A.L
ouT PITCO
MoV A.H
ouT PITCO

: 8237A-5 INITIALIZE
éTDMA:

XRA A
ouT DMMCL
MV] A,4H
ouT DMCTR
MVI A.OFEH
ouT DMWAM
CHOST: XRA A
ouT DMCBP
LHLD BADRO
Mov A.L
ouT DMOBC
MOV A.H
ouT DMOBC
XRA A
ouT DMCBP
LHLD BCWCO
MoV A.L
ouT DMOCW
MOV A.H
ouT DMOCW
MVI A.44H
ouT DMWMD

.
5 FEIEIE I3 I 336 I I3 3 36 3 33 36 3 I 3 36 3 3 36 I 36 4 36

‘% MPSC INITIALIZE SEQUENCE

3636 36 3 3%

N

+ COMMON REGISTER INITIALIZE

“MVI A.CHNRS
ouT CHACT
ouT CHBCT
MVI A.2H
ouT CHACT
ouT CHBCT
MV] A.CR2A
OouT CHACT
MVI A.CR2B
OouT CHBCT

) PAGE 0003

{CNT #0.9600 BPS
+#0 MODE 2

'MASTER CLEAR
1DMAC DISABLE

:CH-0 ENABLE

:CLR BYTE PTR F/F

sCH-0 BADRS
1CH-0 BADRS-L

sCH-0 BADRS-H
+CLR BYTE PTR F/F
:CH-0 TRNSFR CNT

+DRQ0 MODE

+CHANNEL RESET

‘PTR 2

YBUS IF MODE
+ INERRUPT VECTOR

HDLC receive control program example 4
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UCOM-85 ASSEMBLE LIST ( ) PAGE 0004

E STNO ADRS OBJECT M SOURCE STATEMENTS

0159 0161 3EO01 MVI A.1H 'PTR 1B

0160 0163 D3C3 ouT CHBCT

0161 0165 3E04 MV1 A.CRI1B 'MODIFIED VECTOR
0162 0167 D3C3 ouT CHBCT

0163 H

0164 . CH-A OPERATION MODE

0165 H

0166 0169 3E04 STCHA: MVI A.4H sPTR 4A

0167 016B D3CI1 ouT CHACT

0168 016D 3E20 MVI A.CR4A 1CH-A MODE
0169 016F D3C1 ouT CHACT

0170 0171 3EOS MVI A.5H sPTR 5A

0171 0173 D3C1 OouT CHACT

0172 0175 3E60 MVI A.CRS5A 1 TX PARAMETER
0173 0177 D3C1 ouT CHACT

0174 0179 3EO06 MVI A.6H sPTR 6A

0175 017B D3C1 ouT CHACT

0176 017D 3EO01 MVI A.CR6A ;2ND ADDRESS
0177 017F D3C1 ouT CHACT

0178 0181 3E07 MVI A.7TH sPTR 7A

0179 0183 D3Cl1 ouT CHACT

0180 0185 3E7E MVI A.CR7A :FLAG

0181 0187 D3Cl1 ouT CHACT

0182 0189 3El1l MVI A.11H sPTR 1A.RS ES INT
0183 018B D3C1 OouT CHACT

0184 018D 3E48 MVI A.CRIA s INT/DMA MODE
0185 018F D3CI OouT CHACT

0186 0191 2A045B LHLD TXLRA s TXLRA

0187 0194 7D MOV A.L sTXLRA-L

0188 0195 D3CI1 OouT CHACT

0189 0197 7C MOV A.H s TXLRA-H

0190 0198 D3C1 ouT CHACT

0191 019A 3E03 MVI A.3H sPTR 3A

0192 019C D3C1 ouT CHACT

0193 019E 3EC8 MVI A.CR3A sRX PARAMETER
0194 01A0 D3C1 ouT CHACT

0195 01A2 3EI10 MV1 A.ESRES {RESET E/S INT
0196 01A4 D3C1 ouT CHACT

0197 H

0198 01A6 DBC! RXOPR: IN CHACT sREAD FIRST SROA
0199 01A8 32005B STA SROAS

0200 01AB AF XRA A

0201 01AC D3D8 OouT DMCTR sDMAC ENABLE
0202 01AE 3E03 MVI A.3H sPTR 3A

0203 01B0 D3C1 ouT CHACT

0204 01B2 3EDS MVI A.0DSH sRXEN.ENTER HUNT
0205 01B4 D3C1 ouT CHACT

0206 01B6 FB El

0207 :

0208 01B7 3A035B CREND: LDA RENDA sCHECK RXEND FLG
0209 01BA FEO! CP1 1H

0210 01BC C2B701 JNZ CREND

0211 :

Figure 5.13 HDLC receive control program example 5
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UCOM-85 ASSEMBLE LIST ( ) PAGE 0005

E STNO ADRS OBJECT M  SOURCE STATEMENTS

0212 01BF 3E03 MVI A.3H ‘PTR 3A

0213 01C1 D3C1 QuT CHACT

0214 01C3 3ECO MVI A.0COH {RX DISABLE

0215 01C5 D3C1 ouT CHACT

0216 01C7 F3 DI

0217 5

0218 01C8 C30020 JMP SYSTM

0219 H

0220 H

0221 5N P62 36 26 3 26 26363696 3¢ 363636 36 6 3 3¢ 3¢ 3¢ *
0222 1% INERRUPT PROCESSING ROUTINE (NON-VECTORED MODE)
0223 39 296 3% FEIIE I 3 36 96 8.3 3¢ 3¢ 3¢ * * I I 903664
0224 H

0225 01CB ORG 1000H

0226 4

0227 1000 FS NVINT: PUSH PSW .

0228 1001 3E02 MVI A.2H sPTR 2B

0229 1003 D3C3 ouT CHBCT

0230 1005 DBC3 IN CHBCT sREAD SR2B

0231 1007 E61C RCVDT: ANI 1CH SMASK

0232 1009 FEIC CP1 1CH sCH-A SRXCND?
0233 100B CA2210 Jz SRCDA +IF YES,JUMP
0234 100E FE14 CP1 14H sCH-A E/S CHNG?
0235 1010 CA1610 Jz ESCHA +IF YES.JUMP
0236 1013 C35B10 JMP EOIA +IF OTHS.JP EOI
0237 1016 DBC1 ESCHA: IN CHACT ‘READ SROA

0238 1018 32005B STA SROAS +STORE NEW SR0A
0239 101B 3E10 MVI A.ESRES ‘RESET E/S INT
0240 101D D3C1 ouT CHACT

0241 101F C35B10 JMP EOIA

0242 1022 3EO01 SRCDA: MVI A.1H ‘PTR 1A

0243 1024 D3C1 ouT CHACT

0244 1026 DBC1! IN CHACT +READ SR1A

0245 1028 07 RLC <CHECK EOF BIT
0246 1029 D23810 JINC OVREA s 1F NOT EOF.JMP
0247 102C 07 RLC ’ 3CHECK CRC ERR
0248 102D D24F10 JINC ERESA +IF CRC OK.JUMP
0249 1030 3E01 MVI A.l +SET CRC ERR FLG
0250 1032 32015B STA CRCFA 3sSTORE CRCE FLG
0251 1035 C34F10 JMP ERESA

0252 :

0253 1038 3E03 OVREA: MVI A.3H ‘PTR 3A

0254 103A D3C1 - ouT CHACT

0255 103C 3EC8 MVI A.0C8H sMPSC RX DISABLE
0256 103E D3CI ouT CHACT

0257 1040 3E04 MV] A.4H ‘MASK DMAC CH-0
0258 1042 D3DA ouT DMSMR

0259 1044 DBCO IN CHADT :DAMMY READ
0260 1046 DBCO IN CHADT

0261 1048 DBCO IN CHADT

0262 104A 3EO0! MV] A.l +SET OVRNER FLG
0263 104C 32025B STA OVRFA ‘STORE OVRNER FG
0264 :

Figure 5.13 HDLC receive control program example 6
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UCOM-85 ASSEMBLE LIST

E STNO

0265
0266
0267
0268
0269
0270
0271
0272
0273
0274
0275
0276
0277
0278
0279
0280
0281
0282
0283
0284
0285
0286
0287
0288
0289
0290
0291
0292
0293
0294
0295
0296
0297
0298
0299
0300
0301
0302
0303
0304
0305
0306
0307
0308
0309
0310
0311
0312

ADRS OBJECT M

104F 3E30
1051 D3C1
1053 3E01
1055 32035B
1058 C35B10

105B 3E38
105D D3C1
105F F1

1060 FB
1061 C9

1062
4400

4800
5B00
5B01

5B02
5B03

5B04 0001

5B06 0044
5B08 0101

SBOA

0000

Figure 5.13

(

SOURCE STATEMENTS

ERESA:

EOIA:

MVI
ouT
MVI
STA
JMP

MVI
ouT
POP
El

RET

A.ERRES
CHACT
A.l
RENDA
EOIA

A.EOI
CHACT
PSV

i# RX DATA BUFFER ARE
30963 3 36 236 3 36 3636 3 3 36 36 3 26 I 3 36 2

.

RXBUF:

ORG
DS

4400H
1024

s T 26 I J I I I F 6 I F I 36 I 3 T 3 3 ¢

s# STATUS FLAG AREA *
3 B0 36 363636 36 36 363 36 3 3 3 36 3 2 3

.

éROAS:

CRCFA:
OVRFA:
RENDA:

ORG

S5BOOH

.
3 T3 I 36 T I 36 I 36 36 I 36 3 3 3 6 3 3 I 33

;% 1/0 PARAMETER AREA *

A %

TXLRA:

DwW 100H
éADRO: DwW 4400H
BCwC0: DW 101H
;***i**********
i®% STACK AREA »
33363636 36 36 36 36 96 2 HH KK

ORG 6000H
STACK:

END

) PAGE 0006

ERROR RESET

{SET RX END FLG

+EOI TO MPSC

1SROA STATUS
+CRC ERROR FLAG
1OVRN ERR FLAG
sRX END FLAG

1 TXLR

" 3CH-0 DMA ADRS
:CH-0 WORD COUNT

HDLC receive control program example 7

1-165



ANuPD7201A NEC

CHAPTER 6 pPD7201A SEND AND RECEIVE STATE TRANSITION DIAGRAMS

Chapter 6 shows the state transition for each pPD7201A protocol
operation by using figures and tables.

Compare these with the pPD7201A operation described in Chapters 3
to 5.

° Protocols

1) Asynchronous
Figures 6.1 and 6.2 and Tables 6.1 and 6.2

2) SYNC
Figures 6.3 and 6.4 and Tables 6.3 and 6.4

3) HDLC
Figures 6.5 and 6.6 and Tables 6.5 and 6.6
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C

Asynchronous

6.1

weIbeTIP UOTITSURI} 93L]S PUIS SNOUOIYOUASY T[°9 2InbTd

oTqesTd XL

oTqesTd XI

yeaxd
puss

aTqeud XJ

TeutoN
aTqesTd XL

T
butpuss
Axen

butpuas
e3eq

3xels

butpuas
weore |

yeaig puas
\4 yeaid puas

ejeq
ON

.ﬁmEuoz
aTqeud X

aTqesTd XL

e3jeq ON
aTqesTa XI

S3ISTX3 ejleqg
aTqeud XI

4
butpusas

PEL
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Table 6.1 Asynchronous send state transition diagram

explanation table

No. State name Operation

1 Mark sending 1 Initial state.

When Tx is disabled and@ no send data
exists, TxXD is placed in mark state
(1).

2 Mark sending 2 When Tx is enabled and no send data
exists, TxD is placed in mark state
(1).

3 Mark sending 3 When Tx is disabled and send data
exists, TxD is placed in mark state
(1).

4 Data sending Data in Tx shift register is sent.
5 Break sending Space (0) is sent and send data is
destroyed.
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weIbeTp UOT3ITSURI} 93B3S 2AT9D2I SNOUOIYDUASY Z°9 aanbta

a1qesIa xy

paataoay
“Teyd 1

x930eIRYD
© z03
3ITeM

paioubt
andur

butataoax
I930BIRYD

309933q
314 37IR3S

aTqeud xy

buryxeyw ejep ON

30933Q aTqesTa xy

yeaxg

buratedax
yeaxg

syea1q °TqesTa X

2A3TD3Y
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Table 6.2 Asynchronous receive state transition diagram

explanation table

No. State name Operation
1 Input ignored Initial state.
The RxD state is ignored.
2 Wait for A wait for start bit is continued
character when mark is being received after Rx

is enabled.

3 Character After start bit is detected, data is
receiving assembled.
4 Break detection If the RxD state is one-character

mark, break detection is made.
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SYNC

6.2

weiberp uor3jTSURI} 23B3IS PUIS DNAS €°9 2InbT4

ejeq ON

butpuas
ONAS

Juss DO

aTqesta

uniIopun XJ X1

T
putpuas

3aen

putpuss
1930BIRYD

3xe3s

abessop JO pud

arqeud XU, 93TIM e3ed

aTqesTa XL aTqesTa XI

23TaIM eled

B3leQ ON STqeSTId XI
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Table 6.3 SYNC send state transition diagram

explanation table

No. State name Operation

1 Mark sending 1 Initial state.
In TxD, mark is sent.

2 Mark sending 2 When Tx is disabled and Tx data
exists, mark is sent.

3 SYNC sending When Tx is enabled and no Tx data
exists, SYNC character is automati-
cally sent.

4 Character sending |When Tx is enabled and Tx data
exists, data is sent.

5 BCC sending When CRC is enabled, CRC2 byte is
automatically sent.
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Table 6.4 SYNC receive state transition diagram

explanation table

No. State name Operation
1 Input ignored Initial state.
The RxD state is ignored.
2 Wait for After Rx is enabled and Enter Hunt
SYNC phase command is issued, SYNC

character detection state is set.
(during internal synchronization
detection mode)

3 i Character Character -is assembled every.data
receiving bit count after synchronization is
set.
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HDLC

6.3
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Table 6.5 HDLC send state transition
diagram explanation table

No. State name Operation

1 Mark sending Initial state.
In TxD, mark is sent.

2 Flag sending Flag is automatically sent.

3 Character Data is sent. (Zero insertion
sending function is contained.)

4 FCS sending 16 bits of CRC are automatically

sent. (Zero insertion function is
contained.) .

5 Abort sending 1 of 8-13 bits is sent.

1-176



ANpPD7201A

C

199324
3x0qY

(ydaeas ssaappe OU Y3ITM)

weIbeTp UOT3TSUBRI] 93BIS DAT209X DTIAH 9°9 2anbTd

uoT309319p

370Gy a1qesta xu

3T

109038q
310qY

309300
3I0qY

butrateoox
petry

aaTos9y bery

a1qesTa Xy

399330
(T8 <) *Teyd

3re3s/pug 30939q bera

butatsdax
av3oeIeyd

30939Q beld

Jungy
193U

BATO29Y - aeyD oAT209y belg

Juny
xa3ug

oTqesta xd aTqesTa xd

a1qesTa xi

Junyg xo3judg
aTqeud xd

1-177

ERLETS



ANuPD7201A NEC

Table 6.6 HDLC receive state transition diagram

explanation table

No. State name Operation

1 Input ignored Initial state.
RxD input is ignored.

2 Wait for flag When Rx is enabled and Enter Hunt
phase command is issued, start flag
detection is started.

3 wait for When start flag is detected, a wait
character for data (bit pattern other than
flags) is continued.
4 Character After data is detected (normal
receiving address field), character is

assembled every data bit count.
(zero deletion function is
contained.)

4 End/start flag After A, C, I, FCS field is
receiving received, flag (end flag) is
received.

Character synchronization is made by
subseguent flag idle.

5 Abort detection Abort is detected by receiving 1 of
7 bit or more after synchrcnization
is set.
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uPD72001

INTRQRUCTION

The new uPD72001 Advanced Multiprotocol Serial Controller
(AMPSC) is a high performance, single chip CMOS controller
applicable to a wide range of high speed serial data
communication purposes. Located between a general purpose
microprocessor and a data communiation equipment, the AMPSC
provides data conversion according to the predetermined
format on two independent serial full-duplex channels. The
basic protocols are asynchronous, character oriented (CcopP)
and bit oriented (BOP) as HDLC or SDLC. Data formats NRZ,
NRZI and FM can be selected. The maximum transmission speed
is 1.6 Mbits/s. Extended DMA and interrupt capabilities, on-
chip crystal oscillator, baud rate generators and digital
PLL circuit provide an easy hardware implementation. The
baud rate generators are independent on transmit and receive
and independent on both channels. The internal register
structure allows 16 bit transmit data. Various types of
error detection assure a highly reliable data transmission.
The AMPSC is available now in 52 pin PLCC (uPD72001L) and 40
pin plastic DIP (72001C).

Features
. LSI to high-performance data communications
. Multiprotocol operations:
Asynchronous
Character-oriented protocol (COP)
Bit-oriented protocol (BOP)
. Two full-duplex channels
. Baud rate: DC to 1.6 Mbps
. Transmitter: Double buffer
. Receiver: Quadruple buffer
. Interrupt control capability
. DMA request signal: Transmit and Receive request/channel
. Overrun error detection
. Data formats: NRZ, NRZI, and FM
. Local self test capability
. On-chip crystal oscillator
. On-chip DPLL circuit
. On-chip baud rate generator
. General-purpose input/output pins: 4 pins per channel
. Standby function
. System clock rate: 8 MHz max.
. CMOS technology
. 40-pin. DIP
. Single +5 V power supply
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. Asvnchronous operation
Character bit length: 5, 6, 7, or 8 bits
Stop bit lenagth: 1, 1.5, or 2 bits
Clock rate: x1, x16, x32, or x64
Paritv aeneration/checking
Framing error detection
Break generation/detection
. Character-oriented protocol (COP) operation
Mono-sync, Bi-sync, or External sync mode
Character bit length: 5, 6, 7, or 8 bits
Character synchronization: Internal or external
SYNC character bit length: 6 or 8 bits
BCS generation/checking (CRC-16, CRC-CCITT)
Parity generation/checking
Automatic SYNC character transmission/cheching/deletion
. Bit-oriented protocol (BOP) operation
HDLC, SDLC, or SDLC Loop mode
Flag transmission/detection
Zero insertion/suppréssion
Address field detection
FCS generation/check (CCITT-1)
Short frame detection
Automatic Abort transmission/detection

TAdle detection
+GLE8 GeTelTion

Go-Ahead detection
Transmit data count control (16-bit transmit lencoth
register/counter)

[39]
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Pin Configuration (Top View)

-
D7 O]
D6 O~e—sr]
D5 O=—s]
D4 O]
D3 Oe—srf
D2 O]
D1 O=—
Do Ol
GND O——1
WR O]
RD 00—
c/b O——
B/A O

PRO O=—
PRI O——n]

INTAK O——=1
iNT Ol

CTSB O—]

DCDB O]

~fesO D3

D2 gjs
NC 9
D1 Oesf 10
NC O— 11
DO Oes12

GND O—{ 13
GND O—{ 14

CoDO—-17

o lesD D4

—_
1 4 f=—o TTSA
2 39 f=—0 RiDA
3 38 fo—0 x1A/STRCA
4 37 ba—e=0O XI2A/SYNCA
s 36 fe—e-0 TR2CA
6 35 |e0 TxDA
7 3 -0 RTSA
8 uPD72001 33 ——=O DRQRxA
9 32 fe—o0 RESET
10 31 p>—O CLK
n 30 0 Vg
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Block Diagram
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1. PIN FUNCTIONS

The AMPSC functions are basically divided in two: the system
interface function which controls interfacing with a host
system, and the data transmit/receive function. This section
describes the AMPSC pin functions relating to system inter-
face and send/receive control separately.

The pin functions are closely related to control register (CR)
settings which specify device operations. In the following
descriptions of pin functions, the related CR settings are
referred to wherever needed. Refer to section 3, Register
Configurations, as needed.

In the following descriptions, the input/output status of each
pin is expressed, as a rule, by "H" (voltage level satisfving
v for input, and V for output) and "L" (voltage level
sggisFying \Y for inpgg and V for output)
- IL ! oL *

.1 System Interface Pins
(1) VDD

Power supply input pin.
(2) GND

Ground pin.
{3) RESET (Reset) --- Input

This pin inputs an external Reset 'signal which resets the
AMPSC. Applying a "L" signal continuously for 2 or more
clock cycles (2 tcy) to this pin resets the device (system
reset). A system reset causes the transmitter, receiver,
and interrupt and DMA functions to be disabled, and the
TxD and general-purpose output pins to be set to "H". It
also resets (to zeros) all bits of the control register
(CR) . Therefore, once a system reset is executed, the CR
must be set up again. Table 1-1 shows the pin status after
system reset, in comparison with the pin status after
channel reset (CRO: D5, D4, D3 = 0, 1, 1). For the CR
and SR status after system reset, see section 3.1, Outline
of Registers.

Upon system reset, the AMPSC automatically enters the
standby mode, in which power consumption is reduced.

9]
|
(6]



uPD72001

NEC

Table 1-1

Pin Status after Reset

Pin name

—
~
2

Pin status

RESET (system reset)

Channel reset

WR

RD

B/A

c/D

D7-D0

—
o

INT

High impedance

ligh impedance

INTAK

PRI

PRO

Depends on PRI

Depends con PRI

DRQTxA

N

DK

DRQRXA

np

[GX0

DTRA/DRQTxB,
DTRB/DRQRxB

Enters DTR function and
becomes '"H"

Holds status

TxDA, TxDB

[l

Ty

RxDA,RxDB

TRxCA, TRxCB

-

Input state

Holds current status

XI1A/STRxCA
XI1B/STRxCB

H I|H|o] © |ojoloiH|H|Oo|I|H|H |+

XI2A/SYNCA

XI2B/SYNCB

1/0

Input state

Input state

RTSA,RTSB

ey

"y

CTSA,CTSB

DCDA,DCDB

(4)

CLK (System Clock) =--- Input

This pin inputs the system clock. The system clock rate
must be more than five times as high as the data
transfer rate.

(5) WR (Write) --- Input (active Low)

(6)

This pin inputs a control signal used to write control
words or Tx data to the device.

RD (Read) --- Input (active Low)

This pin inputs a control signal used to read status or
Rx data out of the device.
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(7) B/A (Channel B/Channel A) =--- Input
This pin inputs a channel select signal which selects
the channel to be accessed for write or read operation.
"L" input to this pin selects channel A; "E" input
selects channel B.

(8) C/D (Control/Data) =--- Input
This pin inputs a signal which determines the type of
data on the data bus during read or write access to the
device.

Table 1-2 shows the status of WR, RD, B/A, and C/D and
corresponding operations.

Table 1-2 AMPSC Control Signals Versus Operations

WR | RD | B/A | C/D Operation
L Channel A 3

L H i L Channel B Writes transmit data to Tx buffer
L Channel A

H |L 1 L Channel B Reads receive data from Rx buffer
L Channel A

H s oo .

L i H Channel B Writles to control register
L Channel A .

H L i Channel B Reads status register

H | H X X High-impedance state

L | L X X Use inhibited

X:Don't Care
(9) D7-DO (Data Bus) =--- Input/Output

These pins constitute a three-state, eight-bit, bidirec-
tional data bus. This bus 1is connected to the host
processor's data bus to transfer control words, status,
and transmit/receive data.
(10) INT (Interrupt) --- Output (open drain)

This pin outputs the interrupt request signal. This pin
is set to an active "L" if an interrupt condition
occurred within the AMPSC. Being an open-drain output,
this pin requires a pull-up resistor.



uPD72001 NEC

(11) INTAK (Interrupt Acknowledge) --- Tnput f(active Low)
This pin irputs an acknowledge sigral returned in
response to an interrupt request. This pin is used to

select the Vector mode (CR2A: D7 = 1). When selectina
the Non-Vector mode (CR2A: D7 = 0), this pin must be
pulled up to "H".

(12) PRI (Priority Input) --- Input (active Low)

This pin inputs a signal which controls interrupt

request generation and interrupt vector output. This pin

serves to interrupt generation control during general

operation, and to interrupt vector outmnut control during

the INTAK sequence. The handling of this pin depends on

the interrupt mode.

a) Vectored mode (D7 of CR2A = 1)
The PRI pin usually controls the generation of
interrupts. If Type A-3 or Type B-2 (D5, D4, D3 of
CR2A =0, 1, 0 or 1, 0, 0) interrupt vector output
mode is selected, the PRI pin can be set to either
"H" or "L". If any other interrupt vector output
mode is selected, the PRI pin must be set to "L" to
enable the interrupt request.
During the INTAK sequence, input of "IL" level to the
PRI pin causes the device to enable interrupt vector
output in any interrupt vector output mode. If the
PRI pin is set to "H", interrupt vector output is
disabled.

{b) Non-Vectored mode (D7 of CR2A = 0)
Since this mede has no INTAK sequence, the PRI pin
serves onlyv for interrupt generation control. If a
vector output mode other than Type A-3 and Type B-2
is selected, input of "L" 1level to the PRI pin
enables interrupt generation. If the pin is set to
"H", interrupt generation is disabled.
When a daisy chain is configured for interrupt, "L"
input to this pin indicates that the interrupt from
a device with higher priority is not serviced or the
device is not in request for interrupt service. Only
the AMPSC with "L" applied to this pin can request
interrupts.
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(13) PRO (Priority Output) —--- Output (active Low)
This pin is used to configure an interrupt daisy chain.
It controls interrupt requests from a device with a
lower order of priority. It is usually used with the PRI
pin, and is set to the following status depending on the
PRI status:

If PRI = "H", PRO = "H".

If PRI = "L", PRO = "H" provided an interrupt request
is present, and PRO = "L" provided no
interrupt request is present.

(14) DRQTxA (DMA Request TxA) =--- Output (active High)

This is a DMA request output to the DMA controller. This

pin is set to "H" when the Tx buffer in transmitter

channel A is emptied; The conditions under which this
pin is set to "H" differ depending on the status of D2
of CR1:

CR1A: D2 = 0: DRQTxXA is set to "H" when the Tx buffer is
empty after the first Tx data was written
into the buffer. If remains at "L" when
the buffer is empty bv reset operation.

CR1A: D2 = 1: DRQTXA is set to "H" when the Tx buffer is
empty.

The DRQTXA is reset when transmit data is written into

channel A.

(15) DRQRxA (DMA Request RxA) --- Output (active High)

This is a DMA request output to the DMA controller. This

pin is set to "H" when the receiver on channel A enters

the Rx Character Available state. It is reset when

received data is read out of channel A.

(16) DTRA/DRQTxB (Data Terminal Ready A/DMA Request TxB) ---

Output

This pin serves the following two functions depending on

the status of bits D1 and DO of CR2A.

(a) When CR2A: D1, DO =0, 0 or 0, 1

This pin functions as DTRA, which is a
general-purpose output usable for modem control or
other purposes. The DT pin status is as follows:
When CR5A: D7 = 0: DT = "H"

When CR5A: D7 = 1: DT = "L"

]

g

g
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(b) When CR2A: D1, DO =0, 1
This pin functions as a DRQTxB output. Its function
is identical to that of the DRQTXA pin, with the
exception that the former is used on channel B.
(17) DTRB/DRORXB (Data Terminal Ready B/DMA request RxB) ---
Output
This pin serves the following two functions depending on
the status of bits D1 and DO of DR2A.
(a) When D1, DO of CR2A = 0, 0 or 0, 1
This pin serves as the DTRB output. Its function is
identical to that of the DTRA pin, with the
exception that the former is used on channel B.
(b) When D1, DO of CR2A =1, 0
This pin serves as the DRQORXB output. Its functicn
is identical to that of the DRQRxXA pin, with the
exception that the former is used on channel B.
(18) CTSA (Clear to Send A), CTSB (Clear to Send B =---
Inputs
These pins are general-purpose inputs usable for modem
control or other purposes. A status change on these pins
affects E/S bit latch operation. If E/S INT is enabled
(DO of CR1l set to 1), an E/S interrupt occurs. When the
Auto Enable mode is selected (D5 of CR3 set to 1), these
pins can be used with the Tx Enable bit (D3 of CRS) to
control the transmitter status. This is shown in Table
1-3.

Table 1-3 Auto Enable Mode and CTS Pin

[T1s pin Tx Enable bit Transmitter status
L 1 Enable
H 1 Disable
Hor L 0 Disable
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(19)

(20)

(Data Carrier Detect A) --- Input

DCDB (Data Carrier Detect B) --- Input

These are general-purpose input pins usable for modem
control or other purposes. A status change on these pins
affects E/S bit latch operation. If E/S INT is enabled
(DO of CR1 set to 1), an E/S interrupt occurs.

If the Auto Enable mode is selected (D5 of CR3 set to
1), these pins can be used with the Rx Enable bit (DO of
CR3) to control the receiver status. This is shown in
Table 1-4.

DCDA

Table 1-4 Auto Enable Mode and DCD Pin

DCD pin Rx Enable bit
L 1
H 1

H or L 0

Receiver status
Enable
Disable
Disable

RTSA (Request to Send A) --- Output

RTSB (Request to Send B) --- Output :
These are general-purpose output pins usable for modem
control or other purposes. The status of these pins
depends on the operation protocol setting and Auto
Enable bit status, which is summarized in Table 1-5.

Table 1-5 Auto Enable Bit and RTS Pin

function

uPD72001

Protocol

Auto Enable bit

RTS bit(CR5: DI)

RTS pin status

Asynchronous

0

H

L

Remains "L" until All Sent=1l

and then becomes

nyn

L

COP/BOP

0orl

el (=2 L

H
L

1.2 Pins Relating to Transmit/Receive Operations

(1) TXDA (Transmit Data A), TxDB (Transmit Data B)

These are Tx data output pins.

9]

-11

—--- Outputs
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(2) RxDA (Receive Data 2), RxDB (Receive Data B) =--- Inputs
These are Rx data input pins.
(3) XI1A/STRXCA (Crystal Input 1A/Source
of Transmit Receive Clock A)
XI1B/STRXCB (Crystal Input 1B/Source --- Inputs
of Transmit Receive Clock B)
The function of these pins depends on the status of D7 of
CR15:
fa) When D7 of CR15 is 0
These pins function as STRxC, which inputs a
transmit/receive clock or a source clock for the on-
chip baud rate generator (BRG) or digital phase locked
loop (DPLL).
(b) When D7 of CR15 is 1
These pins function as XI1, which, along with pin XI2,
connects with a crystal resonator for TxRx CLK source

oscillation.
(4) XI2A/SYNCA (Crystal Input 2A/Synchronization A)--- Inputs,
XI2B/SYNCB (Crystal Input 2B/Synchronization B) Outputs

The function of these pins depends on the status of D7 of
CR15:

(a) When D7 of CR15 is 0

&, waher 1D [OF 18 o v

These pins function as SYNC, which provides the func-
tions as shown in Table 1-6 depending on the setting
of CR4.

(b) When D7 of CR15 is 1
These pins function as XI2, which , along with pin
XI1, connects with a crystal resonator for TxRx CLK
source osillation.
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(5) TRXCA (Transmit Receive Clock A) --- Input,Output
TRXCB (Transmit Receive Clock B) --- Input,Output
(a) If D2 of CR15 =0
These pins function as transmit/recceive clock inputs.
They input an external transmit/receive clock.
(Exception):If at least one of the conditions, (D6,
D5 Of CR15 = 0, 1) or (D4, D3 of CR15 =
0, 1) is satisfied, these pins function
as inputs even if D2 of CR15 is set to
1.
(b) When bit D2 of CR15 =1
These pins function as outputs. The output clock
source is selectable from a crystal oscillator, BRG,
DPLL, and transmit clock depending on the setting of
D1 and DO of CR15. However, when the condition given
in the (Exception) of the above item (a) is
fulfilled, these pins uncoditionally function as
inputs, in which case the setting of D2, D1, and DO
of CR15 is invalid.
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2, CONFIGURATION

The basic function of the AMPSC ‘is to control serial data
transmission/reception with other serial data communicaticn
devices. The AMPSC contains a flexible architecture to
efficiently implement this function.

The internal logics of the AMPSC can be divided into system
clock, system interface, and transmit/receive blocks. The
system clock section supplies the system clock which is the
base used to control the whole operation of the AMPSC's
other internal circuits. The system interface block controls
interfacing with its host system. The transmit/receive block
controls data transmit/receive sequences. Fig. 2-1 shows the
internal circuit configuration of the AMPSC.

System clock section
System interface section interface control circuit Read/write control
_E Interrupt/DMA control
Data bus buffer
Registers L__ Control register
Status register
Transmit/receive channel ———I::: Transmitter
Receiver
Transmit/receive control circuit
Transmit/receive clock circuit

Transmit/receive
section

Fig. 2-1 AMPSC Internal Circuit Configuration

2.1 System Clock Section

The system clock block generates an internal reference clock
based on the system clock applied to the CLK pin. This
reference clock is supplied to other internal blocks to
synchronize device operations.

2.2 System Interface Block

The system interface block consists of an interface control
logic and registers. The interface control logic contains a
read/write controller, an interrupt/DMA controller, and a
data bus buffer. The registers consist of control and status
registers.
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2.2.1 Interface control circuit

The interface contrel circuit controls interfacing between
the AMPSC and its host system. Data transfer between a
device and host system is controlled by the read/write
controller and interrupt/DMA controller via an 8-bit data
bus buffer. The type of data on the data bus, channel
selection, and direction of data transfer are controlled by
control inputs. Table 2-1 shows combinations of control
input signals and corresponding selections.

Table 2-1 Control Inputs Versus Selected Functions

B/A c/D RD WR | INTAK | PRI Function
L (1) | Channel A '
" p———— Reads i
H L H H X Channel B eads receive data
: L H L H x Lhameld o st it dat
0 Chammel B rites transmit data
L - L u - X Channel A Reads status register
H Channel B (SR)
L Channel A Writes data to control
H H L H X v r——

H Channel B register /CR)

L L (2)
X X H H F—-£—~-r—7(—-- Interrupt aknowledge sequence

Notes: 1., X denotes "Don't care".
2. Data to be output differs depending on vector type.

2.2.2 Registers

The registers within the AMPSC are used to set AMPSC
operation or to indicate the device status. Each channel of
the AMPSC has 20 control registers (CRs) for setting
operation mode and operation control, and 12 types of status
registers (SRs) for status indication.

Control words are written into these registers by the host
processor. The status registers hold device status
information. The status of the AMPSC can be determined by
reading these registers. For more information about the CRs
and SRs, see section 3, Register Configuration.
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2.3 Transmitter/Receiver Block

The transmitter/receiver block consists of two independent
full-duplex channels, its control circuit and
transmit/receive clock circuits. The operation of each
transmit/receive channel is selectable from asynchronous, COP
(bi-sync, etc.), and BOP (HDLC, SDLC, etc.) protocols, and is
controlled by the transmit/receive control circuit. This
block also contains a baud rate generator and digital PLL to
supply clocks for serial data transmission and reception.
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3. REGISTER CONFIGURATION

To implement operations under different communication proto-
cols, the AMPSC contains a large group of registers. This
section details the register configuration within the AMPSC
and the function of each register.

The descriptions in this section assume that the reader
already has some basic knowledge about each communication
protocol. For details of communication protocols, refer to
the respective standards for protocols. Unless otherwice
stated, the following descriptions assume that relevant
interrupts are enabled.

3.1 Outline of Registers

The AMPSC's internal registers are divided into control
registers (CR) and status registers (SR). Control registers
are used to set up the device operation mode or to control
device operations. Control words are written into these
registers by the host processor. Status registers hold device
status information. The host processor can monitor the
AMPSC's status by reading these status registers. The AMPSC's
internal register configuration is shown in Fig. 3-1. The
functions of the registers are outlined in Table 3-1. The
initial values of the registers after resetting and the
register status in the Standby mode are shown in Table 3-2.
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—— CRO
— CR1
—— CR2
— CR3
— CR4
— CRS
— CR6
—— Control registers (CR) —t— CR7
—— CR8,CR9
—— CR10
— CR11
— CR12 — Tx/RxBRG registers
—— CR13

— CR14

— CR15

(1)

(2)

(3)

Registers
— SRO
—— SR1
— SR2B
— SR3
—— SR4A
— Status registers (SR) —t1— SR8
— SR9
— SR10
— SR11
— SR12,SR13
— SR14,SR15

(4)

(4)

(2)
(2)

Note: 1. Shared with both channels, though the function of
this register differs on each channel.
2. These registers are used in pairs.
3. These registers are made available by setting CR12.
4. These registers do not exist on other channels.
5. Tie registers listed above are provided on each
chunnel, with some exceptions.

Fig. 3-1 AMPSC Internal Register Configuration
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Table 3-1 Outline of AMPSC's Internal Peagister Functions

Type Reg. Channel Description
Mame
Control | CRO A, B Register selection pointer, control
regis- commands, or initialize commands
ters CR1 A, B Interrupt/DMA control, received
data transfer mode
CR2 A System Interface mode, Interrupt/
DMA mode, Vector mode
B Initial value of interrupt vector
CR3 A, B Receive control and Auto Enable
control
CR4 A, B Operation protocol mode, parity
control
CR5 A, B Transmission control
CR6 A, B SYNC character/address
CR7 A, B SYNC character/flag patterh
CR8 A, B Tramsmit data count (lower 8 bits)
(TxDL-L)
CR9 A, B Transmit data count (higher 8 hits)
(TxXDL-H)
CR10 A, B Data format, loop mode control,
SYNC character bit length
CR11 A, B E/S interrupt control
CR12 A, B TRxC pin/DPLL source selection,
Tx/RXBRG interrupt control,
Tx/RXBRG register control
RXBRG-L A, B RxBRG count value (lower 8 bits)
RxBRG-H A, B RXBRG count value (higher 8 bits)
TXBRG-L A, B TXBRG count value (lower 8 bits)
TxBRG-H A, B TXBRG count value (higher 8 bits)
CR13 A, B TxXDLC control, standby mode con-
trol
CR14 A, B DPLL control, test mode control,
Tx/Rx BRG control
CR15 A, B Crystal oscillator control, Tx/Rx
CLK source selection, TRxXC pin
control
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Status SRO A, B Transmit/receive buffer status,
regis- Special Rx Condition status
ters SR1 A, B E/S bit
SR2 B Interrupt vector
SR3 A, B Residue Code, Tx/Rx BRG Zero Count
SR4 A INT Pending bit
SR8 A, B TxXDLC-I, (lower 8 bits)
SR9 A, B TxDLC-H (higher 8 bits)
SR10 A, B DPLL CLK Missing status, Loop
status
SR11 A, B Interrupt Enable status (contents
of CR11)
SR12 A, B RxBRG count value (lower 8 bits)
SR13 A, B RxBRG count value (higher 8 bits)
SR14 A, B TxBRG count value (lower 8 bits)
SR15 A, B TxBRG count value (higher 8 bits)

%]
1
n
oy
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Table 3-2 (1/5) Register Status (No. 1)
{X: Undefined, —: Not affected)
Register name Bt| p7 | s ps | Dps | D3 D2 | m DO
Function CRC Control Command Register Pointer
CRo System reset X X 0
Channel reset X X 0
Standby mode - - - -
Short Overrun | First First Tx| Tx E/S
Function Frame Error Rx INT Rx INT Mode INT/DMA | INT/DMA | INT
Detect INT Mask Enable Enable Enable
CRI System reset X X b X 0 0
Channel reset - - - - 0 0
Standby mode - - - - - - -
Vector Status Priority
Function Mode Affects Output Vector Type Select INT/DMA Mode
CR2A Vector
System reset 0 bd 0 0 0
Channel reset - - - - -
Standby mode - - - - -
Function Initial Vector Value
CR2B System rest X
Channel reset -
Standby mode . -
Rx Character Auto Enter Rx Address | SYNC Char. | Rx.
Function Bit Length Enable Hunt CRC Search h‘l?igi(/ Enable
Phase Enable Mode Multicast
CR3
System reset X X 0 X X X
Channel reset - - 0 - - -
Standby mode - - - - - - -
Parity Parity
Function Clock Rate Protocol Mode Tx Stop Bits
Select Enable
CR¢4 System reset X X X X X
Channel reset - - - - -
Standby mode - - - - -
DTR Tx Character Send Tx CRC RTS Tx
Function Control. | Bit Length Break/ | Enable | Poly- Control [ CRC
CRs Abort nomial Enable
System reset 0 X 0 0 0 X
Channel reset 0 - . 0 0 0 -
Standby mode - - - - - - -

19

-22



NEC

uPD72001

Table 3-2 (2/5)

Register Status (No. 2)

{X: Undefined, —: Not affected)

Register name Bt] pr | b6 | D5 | b4 | D3 | D2 | DI Do
Function SYNC Character/Address
CR6 System reset . X
Channel reset -
‘Standby mode -
Function SYNC Character/Flag
CR7 System reset X
Channel reset -
Standby mode -
Function Tx Data Length L-Byte
CR8 System reset X
Channel reset -
Standby mode -
Function Tx Data Length H-Byte
CR9 System reset 1 . X
Channel reset 1 -—
) Standby mode - -
CRC Data Auto Tx | Idle Tz Condition | D4/ SYNC
Function Initialized | Format :;:\;Synt/ Condi= |.on Loop Character
Condition on Loop tion Underrun | Enable Bits
CR10
System rest 0 0 0 0 0 0 0
Channel reset 0 0 0 0 0 [/} 0
Stanby mode - - - - - - -
Break/ |[Tx CTsS Syne/ DCD All Idle BRG
Function él;ort/ ng:zrun 1IE Hunt IE Sent Detect IE
E IE IE IE IE
CR11
System rest 1 1 1 1 1 1 1 0
Channel reset 1 1 1 1 1 1 1
Standby mode - - - - - - - -
BRG BRG Tx Rx Tx BRG | Rx BRG
Function Select for | Select for BRG BRG Register | Register
CR12 TRxC DPLL IE IE Set Set
System reset X X 0
Channet reset - - 0 0 ] 0
Standby mode - - - -— - .
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Table 3-2-(3/5) Register Status (No. 3)

{X: Undefined, —: Not affected)

Register name Bit D7 l D6 l DS l D4 | D3 . D2 1 D1 | Do
) Function Rx BRG Constant L-Byte
Rx
BRG System rest X
Register-L | Channel reset -

Standby mode -

Function Rx BRG Constant H-Byte
Rx

BRG System reset X

Register-H | Channel rest -

Standby mode -

Function Tx BRG Constant L-Byte
Tx
BRG System reset X
Register-L | Channel reset -
Standby mode -
Function Tx BRG Constant H-Byte
Tx
BRG System reset X

Register-H | Channel reset -

Standby mode -

Tx Stand-by
Function DLC Mode
Enable Set
CR13
System reset - 0
Channel reset 0
Standby mode - -
Local Echo BRG Rx Tx
Function DPLL Command Self Loop Source | BRG BRG
Test Test Select. | Enable | Enable
CR14 T -
Custem reset  [---es T 0 0 0 0 0
Channei reset ; - - 0 o 0
Standby mode - - - - - -
Xtal RxCLK TxCLK TRxC TRxC
Function Select Select Select Input/ Source
: tput i
CRIS Outpu Select
System reset 0 0 . 0 0 0
Channel reset 0 0 0 0 0
Standby mode - - - - -

9]
[
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Table 3-2 (4/5)

Register Status (No. 4)

(X (X: Undefined, —: Not affected)

Register name Bit D7 D6 Ds D4 D3 D2 D1 | Do
End CRC/ Rx Parity Short Tx Sending | Rx
Function of Framing | Overrun | Error Frame Buffer Abort Data
SRo Frame Error Error | Detect Empty Available
System reset 0 0 0 0 0 1 0 0
Channel reset 0 0 0 0 0 1 0 0
Standby mode - - - - - - - -
Break/ | Tx CTS Syne/ DCD All Idle BRG
Function él;\ort/ Underrun/ Hunt Sent Detect Zero
Detect EOM Count
SR1 System reset X 1 X X X 0 0
Channel reset - 1 - - - 0 0 0
Standby mode - - - - - - - -
Function Vector Value
SR2B System reset
‘ Ghannel reset
Standby mode
TxBRC | Rx BRC
Function Zero Zero Residue Code
Count Count
$R3 System reset 0 0 X
Channel reset 0 0 X
Standby mode - - -
Ch-A Ch-B Ch-A Ch-A Ch-A Ch-B Ch-B Ch-B
Function g:-“‘:.’m cs:éan:.xm Rx INT | Tx INT | E/S INT|R= INT [Tx INT | E/S INT
Pending | Pending | Pending | Pending | Pending | Pending | Pending | Pending
SRiA System reset 0 0 0 0 0 0 0 0
Channel reset 0 0 0 0 0 0 0 0
Standby mode - - - - - - - -
— - One Two Sending Tx Sync/|
' Function Clock Clocks on Loop on Loop
SR10 Missing | Missing
System reset 0 0 0 0
Channel reset 0 0 0 0
Standby mode - - - -
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Table 3-2 (5/5) Register Status (No. 5)
(X: Undefined, —: Not affected)
Register name Bit D7 D6 D5 D4 D3 D2 D1 DO
Break/ | Tx CTS Sync/ DCD All Idle BRG
Function Abort Underrun/ | IE Hunt 1E Sent Detect IE
IE EOM IE 1E IE IE
SR11
System reset 1 1 1 1 1 1 1 0
Channel reset 1 1 1 1 1 1 1
Standby mode - - - - b - - -
Function Rx BRG Counter Constant L-Byte
SR12 System reset %
Channel reset -
Standby mode -
Function Rx BRG Counter Constant H-Byte
SR13 System reset X
Channel reset -
. Standby mode -
Function Tx BRG Counter Constant L-Byte
SR14 System reset X
Channel reset -
Stnadby mode -
Function Tx BRG Counter Constant H-Byte
SR15 System reset X

Channel reset

Standby mode
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The AMPSC's internal registers can be accessed through pins
B/E and C/D. Selection of registers is done by combining
pointer bits D0-D2 of CRO and High Pointer bit D3 of the
same register. The register pointer within the AMPSC is
automatically cleared when a register is accessed after
being selected by the pointer bits. It indicates CRO/SRO
unless the pointer bit value is subsequently specified. The
register addressing sequence is shown in Fig. 3-2.

(Example) When setting 20H into CR4A

s I N7 NI

Data bus <"04H" ) <"20H"

Register pointer value

"o e " > "o"

Fig. 3-2 AMPSC Register Setting Sequence

Exception:
If D1 or DO of CR12 is set to 1, the subsequent two
control word writing operations access the lower then the
upper bytes of the TxXBRG or RxXBRG register. The register
pointer is cleared onlv after these write accesses are
completed. This sequence is shown in Fig. 3-3. If both Di
and DO are zero, this exceptior is not applied.

%]

-27
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Example: Setting the TxBRG register on channel B:

S A /AR Gy SR G A
T SR /SR Sy SR Gy SR v
o N e W e W e

L H
Databus —"0CH" O 2H - " H "aaHM—

Register pointer value

ngn >< nign K non

3.2 Control Registers (CR)

This section describes control registers used to specify
operation modes of the AMPSC. Control register functions are
listed in Fig. 3-4 below. Some control registers need not be
set depending on the operation modes to be used. Carefullv
examine the meaning of each bit of the control registers in
the desired operation mode.
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— Basic register —— CRO
(register section, Command)
— CRl ——————— (CRI11
(interrupt/ (E/S interrupt)
DMA,
receive mode)
Basic
i
e
(interrupt/
DMA,vector)
CR6/CR7
(SYNC,address,flag)
, '— CR4
AMPSC's
trol (protocol,
con — Parity) CR10
register .
P o1 (data format,
unction loop mode, SYNC)
— CR3
Transmit/ (receive)
| receive
control CR8,CRY
(transmit data count)
CR5
(transmit)
CR13
(transmit data count
control)
CR12 TxBRG/RxBRG
D
Transmit/ (B:éL'szgzie’t/
| receive CR14 re i;: N up
clock control DPLL, g er
BRG
CR15

(oscillation circuit,
clock source)

Fig. 3-4 Control Register Configuration



uPD72001

NEC

3.2.1 Control Register 0 (CRO)

Bit D7 | D6 D5 | D4 | D3 D2 | Dl | DO
Function CRC Control Command Register Pointer
0 0 No Operation 0 0 0 No Operation 0 0 0 CRO, SRO
0 1 Initialize 0 0 1 High Pointer 0 01 CRl, SR1
Rx CRC
Calculator 0 1 0 Reset E/S Bit Latch 01 0 CR2, SR2B
1 0 Initialize 0 1 1 Channel Reset 011 CR3, SR3
Tx CRC
Calculator 1 0 0 Enable 1 0 0 CR4, SR4A
Next Rx Character
1 1 Reset Interrupt 101CR5
Tx Underrun/EOM
Bit 1 0 1 Reset 1 10 CR6
Tx INT/DMA
Pending 111 CR7
Contents e ——— e ———— -
1 1 0 Error Reset 0 0 0 CR8, SR8
1 1 End of Interrupt 0 01 CR9, SR9
(Channel A Only) 0 1 0 CR10, SR10
011 CRll, SR11
100 CRI2, SRIi2
1 01 CR13, SRI13
11 0 CRl4, SR14
111 CRl5, SR15
(1) D7, D6 (CRC Control)

These bits are valid when the COP or BOP mode is selected.

They

0 0:
0 1:

have no meaning in the asynchronous mode.

No operation.

Initialize Receive CRC Calculator

This command is wused to initialize +the Rx CRC
calculator. It must be issued before starting data
reception. The initial state (value) of the Rx CRC
calculator differs depending on the value of D7 of
CR10:

. When D7 of CR10 is 0, the initial value is 0.

. When D7 of CR10 is 1, the initial value is 1.

Bit D7 of CR10 must be set before issuing this
command.

[ 8]

-30
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Exception:
In the BOP mode, the CRC calculator 1is automatically
intialized according to the value of CR10's D7 upon
receiving the flag, without the need for issuing this
command .

1 0: Inirialize Transmit CRC Calculator
This command is used to initialize the TxCRC calculator.
It must be issued before starting data transmission. The
initial value of the TxXCRC calculator differs depending
on the value of D7 of CR10:
. When D7 of CR10 is 0, initial value is 0.
. When D7 of CR10 is 1, initial value is 1.
D7 of CR10 must be set before issuing this command.

Exception:
If D7 of CR10 is set to 1 in the BOP mode, the TxCRC
calculator is automatically initialized to 1 when a flag is
transferred to the transmit shift register within the AMPSC.

1 1: Reset Transmit Underrun/End of Messace Bit

This command is used to reset (1 to 0) D6 of SRl (Tx

Underrun/EOM) . If Tx data is not written to the transmit

buffer in the specified time period after transmit

operation was started, the AMPSC enters the Tx

Underrun/EOM state. At this point the AMPSC judges

whether a CRC is to be sent or not depending on the value

of D6 of SR1. Therefore, manipulation of bit D6 of SRl is

required before starting transmission:

. When D6 of SR1 is 0 when a Tx underrun occurs, a CRC is
sent.

. When D6 of SR1 is 1 when a Tx underrun occurs, a SYNC
character/flag is sent.

If CRC transmission is desired at the time of the Tx

underrun, D6 of SRl must have been set to zero by this

command beforehand. This command becomes valid after at

least one data byte is written into the AMPSC after

transmission is enabled.
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Exception:
In the BOP mode, D6 of SRl is set to zero when the first
Tx data of a frame is written into the AMPSC without
issuing this command.

(2) D5-D3 (Command!

These bits of control register 0 are used to control the

device's status after the device has entered a given

state. The commands are valid only when they are issued.

0 0 0: No operation.

0 0 1: High Pointer
This command is used with D2-D0 (Pegister Pointer)
of CRO when accessing CR8-CR15 or SR8-SR15. For
example, when accessing CR11, D5-D0 of CRQ are set
to 001011.

0 1 0: Reset External/Status Bit Latch
This command is issued when an E/S bit (each bit of
SR1) latch operation occurred. It allows latching
of a new cause of E/S bit status change. If E/S
interrupt is enabled, an E/S interrupt will occur
when the E/S bit status has changed.

0 1 1: Channel Reset
This command is used to reset the AMPSC channels.
It has a function equivalent to a system reset.
Executing channel reset stops AMPSC operation. To
determine the CR and SR status after channel reset,
see Table 3-2. A control word should not be written
within 3 system clock periods (3 tcy) after the
Channel Reset ccmmand was issued.

1 0 0: Enable Next Receive Character Interrupt
This command is valid only when the First Rx INT
mode (D4, D3 of CR1 = 0, 1) is selected. T+ is used
when it is desired to guarantee that a Rx interrupt
will occur when the next data character is received
after this command is issued.

o]
|
()
[ 9]
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Exception:

10

(a)

(b)

(c)

This command is invalid when the First Rx INT Mask is
on (D5 of CR1 = 1), even if the First Rx INT mode is

selected.

1: Reset Transmit Interrupt/DMA Pending
This command is used to clear the AMPSC's Tx
interrupt request or Tx DMA request which
occurs when the Tx buffer is emptied (D2 of SRO
= 1), without writing Tx data into the device.
It is usually used to clear a Tx interrupt or
Tx DMA request caused by the Tx Buffer Empty
state which occurs after the last Tx data is
written into the AMPSC.
This command causes the AMPSC to operate
follows:
Asynchronous mode
The device issues a Tx interrupt or Tx DMA request
when the Tx buffer is emptied after the next Tx data
is written.
COP mode
The device issues a Tx interrupt or Tx DMA request
when the internal Tx buffer is emptied after the
device .has completed CRC transmission in the Tx
Underrun state which occurred after this command was
issued. If Tx data was written in the Tx Underrun
state (e.g., PAD), the device issues a Tx interrupt
or Tx DMA regquest when its Tx buffer is emptied
after that data is transmitted following a CRC.
BOP mode
The device issues a Tx interrupt or Tx DMA request
when its internal Tx buffer is emptied after a CRC
has been transmitted in the Tx Underrun state which
occurred after this command was issued.

0: Error Reset

This command is used to reset the pertinent
bits (D3-D7 of SR0O) if a Special Rx Condition
occurred. If a Special Rx Condition interrupt
occurs when the First Rx INT mode is selected,
data subsequently received is not transferred
to the last stage of the AMPSC's internal Rx
buffer but remains in the first and second
stages of the buffer.

2-33
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11 1: End of Interrupt

This command is used to let the AMPSC recognize
the end of an interrupt sequence. It should be
issued when an interrupt service for the AMPSC
is completed. Execution of this command resets
the cause of the interrupt with the highest
priority at that point, and enables subsequent
interrupt requests.

(3) D2-D0O (Register Pointer)

These bits specify the number of the register within the
AMPSC to be accessed. They are reset to 000 when a reset
operation is executed or when the AMPSC is accessedsafter
a Register Pointer value 1is specified. For registers
numbered 8 and above, the High Pointer command (D5-D3 =
001) is added to this Register Pointer to access those
registers.

3.2.2 Control Register 1 (CR1)

L D7 D6 D5 D4 D3 D2 D1 D0
Function| Short Overrun [First First Tx INT/ [E/S INT
Frame [Error Rx INT Rx INT Mode Tx INT/ |DMA Enable
Operation Detect [INT Mask DMA Enable
protocol Enable
0 Normal |0 Disable| O O Rx INT 0 Disable| 0 Disable O Disable
Async Mode Disable
0 1 Specialll Enable 0 1 First 1 Enable |1 Enable | 1 Enable
Mode Rx INT
copP 1 0 A1l
Rx INT-1
0 Disable 11 A11
BOP 1 Enable Rx INT-2

(1) D7 (Short Frame Detect; Valid in BOP Mode only)
This bit of Control Register 1 is used to detect short
frames (frames less than 32 bits 1long).
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(2)

Disable

Short frame detection is disabled.

Enable

Short frame detection is enabled. If a received
frame is a short frame, D3 of SRO (Short Frame
Detect) is set to 1, causing a Special Rx Condition
interrupt.

D6 (Overrun Error INT)

This bit is used to specify how an overrun error will be
indicated by the Rx Overrun Error bit (D5 of SRO) and
when the Special Rx Condition interrupt occurs.

0:

Normal Mode

In this mode, overrun error status is available only
if the received data which caused the overrun error
is transferred to the 1last stage of the receive
buffer along with the error flag value shifted in
SRO. A Special Rx Condition interrupt occurs at this
time. In this mode the received data which caused an
overrun error corresponds to the information pointed

by the Rx Overrun Error bit. This is illustrated in
Fig. 3-5(a).

Special Mode

In this mode overrun information is reflected by the
Rx Overrun Error bit when an overrun error occurred
within the AMPSC. A Special Rx Condition interrupt
also occurs at this time. Therefore, the received
data which caused the overrun error does not
correspond to the information indicated by the Rx
Overrun Error bit. This 1is illustrated in Fig.
3-5(b).



uPD72001 N E C

(a) If DG of CRlI = 0 (Normal mode)

Parity Error e-————=——- A

Data bus buffer side

i Final stage

Rx Overrun |e—==—=
Error
CRC/Framing
Error 1

SRO: Rx
D6-D4 (F

First stage
Overrun signal

Shift register side

(b) If D6 of CRl1 = 1 (Special mode)

Data bus buffer side

Overrun signal

Shift register side

Fig. 3-5 Rx Overrun Error Bit Set Timing
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(3)

(4)

D5 (First Receive Interrupt Mask)

This is enabled only if the First Rx INT Mode (D4, D3 of
CR1 = 0, 1) is selected. It is used to mask Rx interrupt
caused by first received data.

0: Disable
The first received data causes an Rx interrupt
(normal operation).

1: Enable
The first received data does not cause an Rx
interrupt, and the Enable Next Rx Character INT
command becomes invalid. However this bit does not
affect the Special Rx Condition interrupt.

D4, D3 (Receive Interrupt Mode)

These bits are used to set the Rx Interrupt mode. Thev

specify in what way received data is to be indicated.

0 0: Receive Interrupt Disable
This mode is used to accept received data by using
status polling, or to disable receive interrupt
requests.

0 1: First Receive Interrupt
This mode is used to accept received data by using
DMA. In this mode, an Rx interrupt occurs only by
the first data 1is received after the Rx was
enabled after initialization. In this case the
first received data refers to:

. Asynchronous mode --- First character received.

. COP mode --- First character, other than SYNC
character, received after
synchronization was established.

. BOP mode --- First data (generally address data)
first received after flag

detection. In the Address Search
mode it refers to valid address
data that follows a flag and
matches the value of CR6. These
received data items can be read as
normal data.

If an Enable Next Rx Character INT command is

issued, data received after this command was

issued can cause an Rx interrupt.
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1 0: All Receive Tnterrupt-1
This mode is used to indicate received data by
using interrupts. An interrupt occurs each time
data is loaded into the receive buffer. In this
mode a parity error is one of the sources of a
Special Rx Condition interrupt.

1 1: All Receive Interrupt-2
Same as the All Rx Interrupt-1, with the exception
that a paritv error is not indicated by a Special
Rx Condition interrupt.

(5) D2 (First Transmit Interrupt/DMA Enable)
This bit determines whether the Tx INT/DMA request is to
be activated or not immediately after transmission is
enabled. It is valid when Tx INT/DMA mode is enabled (D7
of CR1 = 1).
0: Disable
In this mode no Tx INT/DMA request occurs when
transmission is enabled. The first Tx data cannot be
written by using a Tx interrupt or DMA request in
this mode. Therefore, the first Tx data must be
directly written by the host processor immediately
after transmission is enabled. Once the first Tx
data 1is written, the Tx INT/DMA request becomes
active when the Tx buffer is subsequently emptied.
Enable
When transmission is enabled in the AMPSC, the Tx
INT/DMA request is activated. In this mode, all Tx
data including the first Tx data can be transferred
by using an interrupt or DMA request.

Fa
e

(6) D1 (Transmit Interrupt/DMA Enable)
This bit is used to transfer Tx data by using an
interrupt or DMA request. It is related to the First Tx
INT/DMA Enable bit (D2 of CR1), and affects occurrence
of the Tx interrupt and Tx DMA request.
0: Disable
The Tx INT/DMA Request remains inactive if the Tx
buffer is emptied. This mode is used to transfer Tx
data by using status polling.
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1: Enable
The Tx INT/DMA Request becomes activated when the Tx
buffer is emptied. The activation timing differs
depending on the value of the First Tx INT/DMA

Enable bit. This mode is used to transfer Tx data by
using an interrupt or DMA request.

(7) DO (External/Status Interrupt Enable)
This bit determines whether or not an interrupt is to be
requested when the E/S bit status has changed. It is
related to the settings of the bits of CR1l. For more
information about the E/S interrupt, refer to
subsections 3.2.13, Control Register 11 (CR11l), 3.2.14,
Control Register 12 (CR12), and 3.3.2, Status Register 1
(SR1).
0: Disable
In this case, no E/S interrupt occurs even if the
E/S bit status has changed, regardless of the value
of CR1l. While no E/S bit latch operation occurs,
the F/S bit of SRl indicates the E/S cause status at
the point of status change.
1: Enable
In this case, interrupts caused by each E/S change
are enabled according to the bit status on CR11l.
Changes of the E/S bit are latched.

3.2.3 Control Register 2A (CR2A)

Bit D7 D6 D5 | D4 | D3 D2 pl | DO
Vector Status Priority
Function|Mode Affects Output Vector Type Select INT/DMA Mode
Vector
0 Non- 0 Fixed (0 0 O Type A-1 0 TxA 0 0 Both Channel
Vectored| Vector |0 0 1 Type A-2 RxB INT
1 Vectored|l Status 1 RxB 0 1 Ch-A:DMA
Contents Affects|0 1 0 Type A-3(Slave TxA Ch-B: INT
Vector [0 1 1 Type B-1 1 0 Both Channel
' DMA
1 0 0 Type B-2(Slave 1 1 Use Prohibited
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(1) D7 (Vector Mode)
This bit determines the treatment of interrupt vectors.
The value of this bit affects hardware configuration.
0: Non-Vectored
Interrupt vectors are obtained by reading the value
of SR2B. In this mode the INTAK signal is not used.
l: Vectored
Interrupt vectors are obtained by using the INTAK
signal.

(2) D6 (Status Affects Vector)

This bit determines whether the value of an interrupt

vector is to be changed or not depending on the cause of

interrupt.

0: Fixed Vector
The value of the interrupt vector is fixed. The
vector value set in CR2B is directly output.

1: Status Affects Vector
Three bits of a vector value change depending on the
cause of the interrupt. The bits that change differ
depending on the value of the Output Vector Tvpe
bits (D5-D3 of CR22). The values of the remaining
bits set in CR2B are directly output.

(3) D5-D3 (Output Vector Type) :
These bits are used to determine interrupt vector output
operation and the bits of an interrupt vector which are
to be changed if the Status Affects Vector is set by D6
of this register. The following shows the vector bits
that are affected:

0 0 0: Type A-1 --- Bits V4, V3, and V2 change.
0 0 1: Type A-2 --- Bits V4, V3, and V2 change.
0 1 0: Type A-3 --- Bits V4,YV3, and V_ change.
01 1: Type B-1 --- Bits V,, Vi, and VS change.
1 0 0: Type B-2 ~-- Bits V2, Vl’ and VO change.

(4) D2 (Priority Select)
This bit is used to determine the order of priority
between Tx request on channel A and Rx reguest on
channel B. The priority level for other requests are
fixed. The priority is not applied to DMA transfer.
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0: RxA > TxA > RxB > TxB > E/S A > E/SB
1: RxA > RxB > RxXA > TxB > E/S A > E/S B
High — Low

(5) D1-DO0 (Interrupt/DMA Mode)
These bits are used to select the Tx/Rx data transfer
mode on each channel. While E/S, Rx, and Special Rx
Condition interrupts are enabled on the channel for
which DMA mode is selected, the Tx interrupt is disabled
on that channel.
0 0: Both Channel Interrupt
This mode allows transmit/receive data to be
transferred by using interrupts on both channels A
and B. An interrupt occurs when the Tx buffer is
emptied or the Rx. Data Available state is entered.
0 1: Channel A DMA, Channel B Interrupt
This mode allows transfer using DMA for channel A
. and interrupts for channel B.
1 0: Both Channels DMA
This mode allows transmit/receive data to be
transferred by using DMA on both channels.

Table 3-3 shows the values of D2, D1, and DO of CR2A and
corresponding Tx/Rx data transfer modes, pin functicns, and
priority level.
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Table 3.3 CR2A Register Values Versus Operation Modes
CR2A Transf?r mode.of Pin function L.
transmit/receive data Priority Remarks
P DTRA/ DTRB/ High—— Low
1 ! B
DZ:DIzDO Channel A | Channel DRQTxB| DRQRxB
—_— —_ RxA TxA RxB TxB |Interrupt
IN DTRA DTRB
000 INT T TR E/SA E/SB|priority
— — RxA RxB TxA TxB |Interrupt
DTRA DT
1 oo INT INT RB E/SA E/SB|prioritv
No priority DinfiEY
MA I DTRA D
x 01 b NT TRB RxA*>RxB>Tx Interrupt
Y>E/SA*>E/SB|priority
DMA
No priority priority
M D

x 10 DHA DHMA RQTXB | DRORXB > RuB Interrupt
YE/SA*>E/SB*|priority

* o

Note X:

Don't care.

3.2.4 Control Register 2B (CR2B)

Bx and E/S interrupts will occur on the channel for which the
DMA mode is selected, provided interrupts are enabled.

Bit p7 | p6 | b5 [ o4 | b3 | D2 [ bl | DO
Function Initial Vector Value

Contents| V7 | V6 | V5 ve | v3 | v2 | vi | vo
(1) D7-DO0 (Initial Vector Value)

These bits are used to set the initial value of an interrupt
vector.
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3.2.5 Control Register 3 (CR3)

i D7 D6 D5 D4 D3 D2 D1 DO
Function| Rx Character Auto Enter Address | SYNC [Rx
Bit Enable | Hunt RC Search Character [Enable
Length Phase nable [ Mode Load
Operation Inhibit/
protocol Multicast
0 Disable
Async 0 0 5 bits/char.| 0 Disable O 0 0 0 1 Enable
0 1 7 bits/char.| 1 Enable
1 0 6 bits/char. 0 No 0 Disable '""SYNC Char.|
COP 11 8 bits/char. Operationl Enable Load Inhibit"
0 No Operation
1 Enter 1 Inhibit
Hunt 0 DisableMulticast
BOP Phase 0 No Operation
1 Enable {1 Enable

(1) D7-DO0 (Receive Character Bit Length)

These bits determine the number of bits per character

when the received serial data is converted into parallel

data. The number of bits can be changed while receiving

serial data, however, the number should be chanced

before input of a character which has the new number of

bits per character.

0 0: 5 bits/character

0 1: 7 bits/character

1 0: 6 bits/character

1 1: 8 bits/character

(2) D5 (Auto Enable)

This bit is used when performing Tx/Rx control using the

CTS/DCD pin and when displaying the Tx state using the

RTS pin.

0: Disable
CTS and DCD pins become input pins. If the state of
these pins changes, it will be latched by the
corresponding E/S bit (D5 and D3 of SR1) and an E/S
interrupt will occur.
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(3)

(4)

In this case, the RTS pin becomes an output pin and
its output is controlled bv the RTS Control bit (D1
of CR5).

1: Enable
The CTS/DCD pin can be used for Tx/Rx control. For
control methods, refer to Tables 1-3 and 1-4 of
Chapterl, Pin Functions. Also, in this case, a change
of the pin state is latched by the corresponding E/S
bit and an E/S interrupt occurs.
The function of RTS pin changes depending on the
operation protccol and state of RTS bit (refer to
Table 1-5).

D4 (Enter Hunt Phase; Valid in COP or BOP mode)

This bit directs the AMPSC to enter the Hunt Phase.

0: No operation

1: Enter Hunt Phase
The AMPSC enters the Hunt Phase and starts searching
of the SYNC character (COP mode) or flag (BOP mode).
When this bit is set, its function is retained until
synchronization is established. After synchrcnization
is established, this bit is automatically reset to 0
and the detection process stops.

D3 (Receive CRC Enable: valid in COP or BOP mode)

This bit determines whether or not CRC calculation is to

be done on received data. i

0: Disable
CRC calculation is not done on received data.

l: Enable
CRC calculation is done on received data.

(a) CCP mode
Since, in this mode, CRC calculation is started
after 8-bit times have elapsed from when a character
is received, the following control is required:
For example, assume that a character string, CO' C,,
D2""‘ is received in this order (see Fig. 3.6}.
C. is first received and loaded into the Rx buffer,
followed by C, which is shifted into the shift
register in series. Whether or not CRC
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calculation is to be done on C. must be decided before
the assembling for C is completed (before C is
transferred to the Rx %uffer). If the RxCRC Enable bit
is set to one when C. is transferred to the Rx buffer,
CRC calculation is %one on C.. If it 1is =zero, CRC
calculation is not done on C,. This can be done by
reading C, from the Rx buffer, checking the character
value by ghe host processor, and then setting the value
of this bit (RxXCRC Enable bit). Since this control must
be completed before all bits of C, reach the AMPSC, a
sufficient time interval must beé reserved for this
control after the Rx Data Available state (DO of SRO =
1) is activated by C,.. Due to this control, received
character buffering (gor 3 bytes) using the Rx buffer
is, as a rule, not available in the COP mode.

Rx buffer

Shift register

Fig.3.6 Character Reception

(b) BOP mode
Since, in this mode, all data within a frame are
included in the CRC calculation, the RxCRC Enable
bit should be kept at 1 during data reception.

(5) D2 (Address Search Mode; valid in BOP mode)
This bit determines whether or not the address field
value of a received frame is to be compared with the
value set in CR6.
0: Disable
Address field detection is not done. All frames are
received unconditionally.
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1:

o)
lw

(a)

Enable

Address field detection is done. Operation in Auto

Enable mode differs depending on the value of the

Multicast bit (D1 of CR3).

(a) When D1 of CR3 = 0
If the address field value of a frame is equal
to the value set in CR6 or equal to f%lllll?
(global address), the frame is received. In any
other case, the device doensn't receive the
frame and automatically returns to the Flaa
Detect state.

(b) When D1 of CR3 =1
The higher 4 bits (D7-D4) of the address field
are compared with bits D7-D4 of CR6. The
operation in this mode is identical to that in

the above case (D1 of CR3 = 0), with the
exception that the bits to be compared are
different.

In this mode, abort detection is not done unless the
address that matches the value set in CR6 1is
detected. Once the address matches, abort detection
is subsequentlv done unconditionallv.
(Sync Character Load Inhibit/Multicast; valid in COP
or BOP mode)
‘The meaning of this bit differs in the COP and BOP
modes.
COP mode
This bit serves a Sync Character Load Inhibit
function. It determines the treatment of a character
(within a received data block) whose data pattern is
identical to that of the SYNC character (same as the
value of CR6).
0: No Operation
If a character with a data pattern identical to
the SYNC character is detected in a received
data block, no special processing is done on
that character.

NEC
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1: SYNC Character Load Inhibit
Inhibits the SYNC character (for character
synchronization) to be transferred to the Rx
buffer as one of the received data items.
This bit is used with the Enter Hunt Phase bit (D4
of CR3) before the AMPSC starts a receive
operation. The inhibit function remains valid
after synchronization is established, so that the
character pattern identical to the SYNC character
pattern is not transferred to the Rx buffer and is
not used for CRC calculation.

(b) BOP mode

(7) DO

This bit is used to enable/disable the Multicast
function. It becomes valid when the Address Search
mode is selected (D2 of CR3 = 1).
0: No Operation
The Multicast function remains ineffective.
1l: Multicast
The Multicast function becomes effective. For
details of Multicast operations, see the
description for the Address Search Mode bit (D2
of CR3).

(Receive Enable)

This bit control receiver operations.

0:

1:

Disable

Disables receiver function.

Enable

Enables the receiver function to start a receive
operation. When the Auto Enable mode is selected (D5
of CR3 = 1), the signal applied to the DCD pin also
affects the start of a receive operation.
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3.2.6 Control Register 4 (CR4)
Bit p7 | D6 D5 D4 D3 D2 D1 DO
Function Parity Parity
Clock Rate Protocol Mode Tx stop Bits
Operatio Select Enable -
protocol
00 XI Don't Care 0 0 Use Prohibited| 0 0dd 0 Disable
Async 01 Xl16 01 1 1 Even 1 Enable
1 0 X32 10 1.5
1 1 X64 11 2
Mono- 00
sync Don't Care
COP |Bi-sync 01 00
External)]
Sync 0 0or 01 11
BOP Don't Care 10 0 0
(1) D7, D6 (Clock Rate), D5, D4 (Protocol Mode), D3, D2
(Stop Bits)

Combinations of these six bits are used to specify the

operation protocol of

(a)

(b)

PIRT.

Asynchronous mode

In this mode,

1,1
1.5,

and 2 bits,

A

Ttne a

vic

respectively) .

e.

set bits D3 and D2 to 0,
(which specify transmit stop bit lengths of 1,
Bits D7 and D6 are

1; 1,

0; or

used to select the clock rate as a multiple of. baud

rate.
0 0:
0 1:
10:
1 1:
When

x1

x16
x32
x64

D4 remain ineffective.

COP mode

Set bits D3 and D2 to O,
three modes can be selected with bits D7-D4:
(i) Mono-sync mode

Bits D7 and D6 can be set to any value.

and D4 to 0, O.
The SYNC character bit length is selectable from 6
and 8 bits (with DO of CR10).

0.

the Asynchronous mode is selected, bits D5 and

Any of the following

Set D5
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(2)

(3)

(ii) Bi-sync mode
Bits D7 and D6 be set to any value. Set D5 and
D4 to 0, 1.
The SYNC character bit length is selectable as
12 or 16 bits (with DO of CR10).

(iii) External Sync mode
Set bits D7 and D6 to 0, 0 or 0, 1 and D5 and D4
to 1, 1. This mode is wused to establish
character synchronization wusing an external
synchronization signal. A Low level input to the
SYNC pin is used to establish synchronization.
For the timing, see the description of the SYNC
pin.
This mode is selectable only when the Xtal
Select bit (D7 of CR15) is set to zero.
(c) BOP mode

Bits D7 and D6 can be set to any value. Set D5 and

D4 to 1, 0 and D3 and D2 to 0, 0. This setting

selects the ordinary HDLC/SDLC operation. If the

Loop Select bit (D1 of CR10) is set to 1, the Loop

mode is selected.

D1 (Parity Select; valid in Async and COP modes)

This bit selects parity type. It is valid only when the
Parity Enable bit (DO of CR4) is set to 1.

0: 0dd parity

1l: Even parity

DO (Parity Enable)

This bit enables the device to add a parity bit to Tx

data and do a parity check on Rx data.

0: Disable
Disable the parity function.

1: Enable
Enable the parity function. The type of parity is
selected with the Parity Select bit (D1 of CR4). If
the received data 1length is 7 bits or 1less
(excluding the parity bit), the parity bit can be
read as part of the received data.
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3.2.7 Control Registe 5 (CR5)

S b7 |D6 D5 D4 D3 D2 D1 DO
Function | DTR Tx Character |Send Tx CRC RTS Tx
Control|Bit Break/ Enable Polynomial | Control | CRC
Operation Length Abort Enable
protocol
0 DTR= {0 0 5 or less|'"Send 0 Disablgq 0 RTS=
Async "H" bits/char| Break" |1 Enable "y"
1 DTR= |0 1 7 bits/ 0 No (at All
"Lt char. Ope- 0 Sent) 0
1 0 6 bits/ ration
char.
11 8 bits/ 1 Send 1 RTS=
char. Break "L"
0 CRC- 0 RTS= 0 Disable
CCITT "H" 1 Enable
CoP 1 CRC-16 1 RTS=
"L"
""Send
Abort"
0 No
BOP Ope- 0
ration
1 Send
Abort

(1)

(2)

D7 (DTR Control)

This bit controls the DTR pin status.
0: DTR pin = "H"

1: DTR pin = "L"

D6-D5 (Transmit Character Bit Length)

These specify the bit count per character in serial Tx
data, as follows:

0 0: 5 or less bits/character

0 1: 7 bits/character

1 0: 6 bits/character

1 1: 8 bits/character

If the bit count per character is 6 or 7 bits, down to
the lower 6 or 7 bits of written Tx data.become valid,
respectively. Any value may be written for the higher 2
or 1 bits. If the bit count per character is 5 bits or
less, the parallel data format as shown in Table 3-4
must be used when writing.
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Table 3-4

Parallel Data Format for 5 Bits or Less Per Chracter

No.of bits|D7][D6]D5[D4[D3][D2]|D1|DO
1 1 1.1 1 0 O O DO

2 1 1.1 0 0 O DIDO

3 1 1 0 0 O D2 D1 D0

4 1 0 0 O D3 D2 D1 D0

D D. D

5 0 0 O AD3 D2 1 2o

Dn:Effective data bit

(3) D4 (Send Break/Abort)
This bit controls break or abort transmission. The
function of this bit depends on the selected operation

mode.

(a) Asynchronous or COP mode
This bit provides the Send Break function.

0:

(b) BOP

No Operation

If this bit is set to 1 and then reset to zero,
the TxD pin is placed in the mark state ("H").
If the bit remains zero, it causes no  operation.
Send Break

The TxD pin 1is placed in Send Break state
(continuous "L" transmission), in which the Tx
data in the Tx buffer becomes invalid. This bit
remains valid even if transmission is disabled.
The time interval in which this bit is kept at 1
must be longer than l-character period.

If the Tx on Loop is specified (D4 and D1 of
CR10 are 1) in the COP mode (D5, D4 of CR4 = 0,
0 or 0, 1 and D3, D2 = 0, 0), this bit, if set
to 1, is automatically reset to zero immediately
when synchronization is established between the
receiver and transmitter (for details, refer to
the description of the CR10).

mode

This bit enables/disables the Send Abort function.

0:

No Operation
This bit causes no operation. If it is set to 1,
it need no be reset to zero.
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1: Send Abort

Starts a send abort sequence (8 consecutive 1ls). Up
to 13 ones may be sent depending on the preceding
seial data pattern. The send abort operation
invalidates the Tx data in the Tx buffer. The send
abort sequence is followed by flag transmission.
This bit is automatically reset to zero when the
send abort sequence is completed.

(4) D3 (Transmit Enable)

This bit controls transmitter operations.

0: Disable
Disables transmitter function. If this bit is
temporarily set to 1 to start transmission and then
reset to zero, the transmitter enters the Mark state
after completing the current data transmission. If
the bit is reset during CRC character transmission,
a SYNC character or flag is sent instead of the CRC
character.
If this bit is reset in COP or BOP mode, the Tx
Underrun/EOM bit (D6 of SR1) is set.
While the TxD pin is normally placed in the Mark
state when the transmitter is disabled, it functions
differently during the Echo Loop Test (D3 of CR14 =
1) or BOP Loop mode (D5, D4 of CR4 = 1, 0 and D4, D1
of CR10 = 1,1).

1l: Enable
Enables the transmitter function to start
trasmission. If the Auto Enable mode is selected (D5
of CR3 = 1), the signal applied to the CTTS pin

affects the transmit operation.

(5) D2 (CRC Polynominal; valid in COP or BOP mode)
This bit selects the polynominal used for CRC
calculation. The initial state of the Tx/Rx CRC
calculation differs depending on the value of bit D7 of
CR10.
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(a) COP mode
0: CRC-CCITT
In this case tthpolyTlena%

expression is X + X 1.
1l: CRC-16

In this case thTGPOIYTgmlna%

expression is X + X 1.

(b) BOP mode
0: CRC-CCITT 16 12 5
Only the generation polynominal, X + X + X
+ 1, is selectable.

(6) D1 (RTS Control)
This bit controls the RTS pin. The function of this bit
in Auto Enable mode of Async (D5 of CR3=1) differs from
that of the other modes as shown in Table 3-5.

Table 3-5 RTS Control Bit and RTS Pin Status

Function | Auto Enable bit RTS Cont bit RTS pin status
Protocol
H
0 1 L
When O from
.. H
the beginning
Async When set to 1 | Remains "L"
1 and then to 0 | while All Sent*
= 0 and becomes.
1 when changed
o "H"
1 L
X H
COP/BOP 1 L
X:Don't Care
*:SR1:D2

(7) DO (Transmit CRC Enable: wvalid in COP or BOP mode)
This bit determines whether or not the CRC calculation
is to be done on Tx data.
0: Disable
CRC calculation is not done on Tx data.
1: Enable
CRC calculation is done on Tx data.
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(a) COP mode
When a character written into the Tx buffer is
transferred to the Tx shift register, the value of
this bit is used to determine whether or not CRC
calculation is to be done on that character. this
bit must be manipulated before the Tx character is
written in to the AMPSC.

(b) BOP mode
Since, in this mode, CRC calculation is done on all
Tx data, this bit should normally be set to 1 (Tx
CRC Enable).
The CRC character is sent if a Tx Underrun/EOM state
occurs when TxXCRC 1is enabled, provided the Tx
Underrun/EOM bit (D6 of SR1) had been set to zero
before. If the T¥ Underrun/EOM bit is set to 1
before the Tx Underrun/EOM state occurs, the SYNC
character (COP mode) or a flag (BOP mode) will be
sent instead of the CRC character.

3.2.8 Control Register 6 (CR6)

Bit | p7 | p6 | b5 [ p4 [ p3 [ p2 [ p1 | po
Function
Operation SYNC Character/Address
protocol
Async
Mono-sync 6 SYNC1 | SYNCO | SYNC5 | SYNC4 | SYNC3 [ SYNC2 | SYNC1 | SYNCO
(Tx SYNC) 8 SYNC7 | SYNC6 | SYNC5 | SYNC4 | SYNC3 | SYNC2 | SYNC1 | SYNCO
Bi-sync SYNC3 [ SYNC2 | SYNC1 | SYNCO 1
cop 16 | SYNC7 | SYNC6 | SYNC5 | SYNC4 | SYNC3 | SYNC2 | SYNC1 | SYNCO
Ext. Sync SYNC1 | SYNCO | SYNC5 | SYNC4 | SYNC3 | SYNC2 | SYNC1 | SYNCO
8 SYNC7 | SYNC6 | SYNC5 | SYNC4 | SYNC3 | SYNC2 | SYNC1 | SYNCO
Address Search
ADRS7-ADRSO
BOP (Normal)
Address Search ADRS7-ADRS4 Don't Care
(Multicast)

(1) D7-DO0 (SYNC Caracter/Address; valid in COP or BOP mode)
These bits specify the SYNC character pattern or address
value. The value of these bits differs depending on the
selected operation mode.
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(a) COP mode

In the Mono-sync or External Sync mode, the transmit
SYNC character pattern is set in these bits. In the

Bi~-sync mode,
is set in them.

(b) BOP mode

a part of the SYNC character pattern

The value set in these bits differs depending on the
Address Serch Mode bit (D2 of CR3) and Multicast bit
(D1 of CR3) as shown in Table 3-6.

Table 3-6 CR6 Value in BOP Mode
Address Search Mode bit Multicast bit CR6 setting
0 0 or 1 Invalid
0 Address value
(ADRS7-ADRSO0)
1 Higher 4 bits of address
1 value (ADRS7-ADRS4,
lower 4 bits settings are
invalid)
3.2.9 Control Register 7 (CR7)
Bit | D7 | D6 | D5 [ D4 [D3 [ D2 | DI DO
Function
Operation SYNC Character/Flag
protocol
Async
Mono-sync 6 SYNC5 [SYNC4 |SYNC3 |SYNC2 |SYNC1 |SYNCO Don't Care
(Rx SYNC) 8 SYNC7 |SYNC6 |SYNC5 |[SYNC4 |[SYNC3 |SYNC2 |[SYNCI1 | SYNCO
CoP Bi-sync 12 | SYNC11|SYNC10|SYNC9 |SYNC8 |SYNC7 |SYNC6 |SYNC5| SYNC4&
16 | SYNC15[SYNC14|{ SYNC13|SYNC12|SYNC11]|SYNC10|SYNC9 | SYNC8
Ext. Sync
BOP Flag(01111110)
(1) D7-D0 (SYNC Character/Flag; valid in COP or BOP mode)

These bits specify the SYNC character pattern or flag.
The value to be set in these bits diffes depending on
the selected operation mode.
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(a) COP mode
In the Mono-sync mode, the receive SYNC chatacter
pattern is set in these bits. In the Bi-syvnc mode, a
part of the SYNC character is set in them. These
bits are not used in the Fxternal Sync mode.

(b) BOP mode sa s
The flag pattern (01111110) is set in these bhits.

3.2.10 Control Register 8 (CR8)

~_ ——— Bit | p7 [ p6 [ p5 [ p4 [ p3 [ p2 [ p1 [ DO
unction
Operation Tx Data Length L-Byte
protocol
Async
CoP
BOP Tx Data Length Bit7-Bit0

(1) D7-DO0 (Transmit Data Length L-Byte; valid in BOP mode)
These bits specify the lower byte fbits 7-0) of the Tx
data count. This register is used with CRS. It must be
set before the Tx Data Length Counter Enable bit (D1 of
CR13) and Tx Enable bit (D3 of CR5) are set.

3.2.11 Control Register (CR9)

p7 [ p6 [ ps [ psa [ p3 [ p2 [ pl [ po

Operation Tx Data Length H-Byte
protocol

Async

COP

BOP Tx Data Length Bitl15-Bit8

(1) D7-DO0 (Transmit Data Length H-Byte; valid in BOP mode)
These bits specify the higher byte (bits 15-8) of the Tx
data count. This register is paired with CR8. Other than
the setting of the higher byte, the rules are the same
as those for CRS8.
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3.2.12 Control Register 10 (CR10)

Bi D7 D6 | D5 D4 D3 D2 D1 DO
Function CRC Data Auto Tx [Idle Tx D4/Loop [SYNC
Initialized | Format on Sync/ |Condition|Condition |Enable Character]
Operationf Condition Tx on Bits
protoco on Loop underrun
Async 0 0 0 NRZ 0 0 0
0 A1l "Qo" 0 1 NRZ1 "Auto Tx "D4 0 8bits
COoP 1 A11 "1" 1 0 FM1 on Sync" 0 0 Enable" |l 6bits
1 1 FMO 0 Disable) 0 Disable]
1 Enable 1 Enable
""Tx 0 Flag |0 Normal {"Loop
BOP on Loop" | 1 Mark |1 Abort Enable" 0
0 Disable 0 Disable
1 Enable 1 Enable

(1) D7 (CRC Initialized Condition; valid in COP or BOP mode)
This bit specifes the initial state of the CRC
calculation circuit. The CRC calculation circuit is
initialized to the state specified by this bit when the
Initialize Tx/Rx CRC Calculator command (D7, D6 of CRO =
1, 0/0, 1) is issued.

0: All zeros '
The CRC calculation circuit is initialized into all
zeros by the Initialize command.

1: All ones
The CRC calculation circuit is initialized into all
1s by the Initialize command.

(2) D6-D5 (Data Format)
These bits specify the serial data format. Setting these
bits enables the corresponding encoder/decoder.

0 0: NRZ
0 1: NRZI
1 0: FM1
1 1: FMO

If these bits are set to 00 (NRZ), it is possible to
decode Manchester encoded data by setting the DPLL mode
to FM (D7, D6, D5 of CR14 =1, 1, 0).
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Fig.

NRZ

FM1 |

UL

Manchest

Bit cell

1
[
I1

3-7 shows the
operation for each

data formats and Table 3-7 shows the

data format.

Fig.

Table 3-7

3-7

Data Formats

Operations for Each Data Format

Format

Operation

NRZI

All data bits which are zero are inverted into
all data bits which are 1 are not affected.

1ls,

FMO

Data value is always inverted at the beginning
a bit cell. If a data bit is zero, it is again
inverted at the center of the bit cell;
bit is 1, it keeps the same status.

of

if the

data

FM1

a bit cell.

Data value is always inverted at the beginning
If a data bit is 1,
at the center of the bit cell;
zero, it keeps the same status.

of

it is again inverted

if the data bit is
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Man-
ches

The first half of a bit cell takes on the same
ter|value as a data bit, and is inverted at the center
of the bit cell. Therefore, the second half of the
bit cell has a value which is an inverse of the data
bit. This means that if the data bit is zero, the
center of the bit cell rises, while if the data bit
is one, the center of the bit cell falls.

(3)

D4 (Auto Tx on Sync/Tx on Loop; valid in COP or BOP
mode)
The function of this bit deffers depending on the
operation mode. In the COP mode, it is used to
synchronize the receiver with transmitter. In the BOP
mode, it is used for SDLC loop operation control. This
bit is valid only when the D4/Loop Enable state (D1 of
CR10 = 1) is selected.
(a) COP mode
This bit provides the Auto Tx on Svnc function to
synchronize a receiver operation with a transmitter
operation. It must be set before transmitter and
receiver are enabled.
0: Disable

Niaeahlas +ha

Disables the Autoc Tx on Sync function (D1 of
CR10 = 1).

1: Enable
If this bit is set ot 1 along with the D4 Enable
bit, the transmitter is disabled, and the

receiver enters the Hunt Phase. The receiver
subsequently starts serching for the SYNC
character set in CR6. When the SYNC character is
detected, character synchronizaion is
established, and the transmitter is enabled.
Data transmission is thus enabled. Establishment
of character synchronization can be acknowledged
from the Tx Sync/on Loop bit (D1 of SR10) which
is set.
Once sychronization is established after this
bit is set to 1, resetting it to zero does not
affect synchronization.
(b) BOP mode

This bit enables/disables the Tx on Loop secondarv

station function. It is used for data transmission

during the SDLC loop operation.
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0: Disable

Once the AMPSC forms a loop and starts
transmission, this bit must be reset to zero.
This allows the CRC and flag to be automatically
transmitted if a Tx Underrun/EOM state occurred,
and the AMPSC to be subsequently placed again in
the Loop mode with 1-bit delay.

This bit must be reset before CRC transmission
is completed after the first Tx data is written
into the Tx buffer.

1: Enable

Setting this bit to 1 when the Loop Enable bit
(D1 of CR10) is 1 selects the SDLC Loop Operatin
mode, in which the RxXD input is connected to the
TxD output within the AMPSC to form a lcop. At
this point the data input to RxD is transferred
directly to TxD witho a l-pit delay and GA
(Go-Ahead) pattern <'%E11111f%%) detection is
" started. If the GA pattern is detected, a 1-bit
delay 1is inserted, and GA pattern search is
continued. While, at this point, the transmitter
is still disabled and performs no transmit
operation, the receiver can be controlled at the
user's option. :

If the GA pattern is subsequently detected
again, the transmitter within the AMPSC is
enabled. At this point the GA pattern is
automatically transformed into a flag, so that
the data in the Tx buffer, if any, may be
transmitted following this flag.

Once transmission is started, this bit must be
reset (see the description regarding Disable).

(4) D3 (Idle Condition; valid in BOP mode)
This bit determines the type of information to be
transmitted following two Ending flags or an Abort.

0: Flag
Flags are transmitted.
l: Mark

A mark (consecutive 1ls) is transmitted.
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(5)

(6)

D2 (Transmit Condition on Underrun; valid only in BOP
mode)
This bit determines the type of information to be
transmitted in the event of the Tx Underrun/EOM state.
0: Normal
If the Tx Underrun/EOM bit (D6 of SR1l) is zero, the
CRC and flags are consecutively transmitted. If the
Tx Underrun/EOM bit is 1 or TxCRC is desabled (D0 of
CR5 = 0), only the flegs are transmitted.
1: Abort
Abort is transmitted regardless of the Tx
Underrun/EOM bit status. The Abort transmission is
followed by a flag transmission.

D1 (D4/Locp Enable; valid in COP or BOP mode)
This bit determines whether the Auto Tx on Sync/TX on
Loop bit (D4 of CR10) is to be validated or not. The
function of bit D4 is controlled by the status of this
bit. The function of "this bit differs depending on the
operation mode. It must be set before transmitter and
receiver are enabled.
(a) COP mode

Serves as the D4 Enable function.

0: Disable

Disables the Auto Tx on Sync function. Once

synchronization 1is established, this bit does
not affect the synchronization if reset to zero.
1: Enable
Enables the Auro Tx on Sync function. For the
operation in this state, see the description of
the Auto Tx on Sync bit.
(b) BOP mode
Serves as the Loop Enable function. This bit
controls the SDLC Loop operation. Used with the Tx
on Loop bit (D4 of CR10), this bit controls the
loop.
0: Disable
Disables the loop function. If this bit is set
to zero after the device entered a Loop
operation, the TxD output is desconnected from
the RxD input to open the SDLC Loop as soon as
the GA pattern is detected. The TxD pin is
subsequently set to "H".
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(7)

1: Enable

Enables the SDLC Loop to be formed. Setting only
this bit to 1 connects the RxD input to TxD
output within the AMPSC to form a Loop. In this
case a 1-bit delay is not inserted, so that the
input data to the RxD input is directly output
to the next station through TxD.

If the Tx on Loop bit is set in this state, the
device starts GA pattern detection. For details
of this operation, see the description of the Tx
on Loop bit.

DO (SYNC Character Bits; valid in COP mode)

This bit determines the number of bits per SYNC

character.

0: 8 bits
Specifies a SYNC character 1length of 8 bits. This
means that the SYNC character length is 8 bits in
the Mono-sync mode, and is 16 bits in the Bi-sync
mode.

1: 6 bits
Specifies a SYNC character length of 6 bits. This
means that the SYNC character length is 6 bits in
the Mono-sync mode, and 1is 12 bits in the Bi-svnc

mode.
3.2.13 Control Register 11 (CR1l1)
Bit D7 D6 D5 D4 D3 D2 D1 DO
Function| Break/ |[Tx CTS Sync/ DCD All Idle BRG
Abort/ [Underrun/| IE Hunt 1E Sent Detect | IE
Operation| GA EOM IE IE IE
protocol 1E 1E
"Break"
Start- 0 Disablée 0 0 Disablg0 Disableg0 Disabld0 Disable 0 0 Disable
stop 1 Enable 1 Enable |l Enable |l Enable |l Enable 1 Enable
COP 0 Disable 0
BoP Nor-| "Abort" |l Enable 0 Disablel 0 Disable
mal|0 Disable 1 Enable | 1 Enable
1 Enable
"Abort/
Loop GA"
0 Disable
1 Enable
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Each bit of CR11l controls E/S interrupt requests which are
generated by the E/S interrupt caused in the AMPSC. They are
"valid if the E/S INT is enabled (DO of CRl1 = 1l). For details
of the cause of interrupt assigned to each bit, refer to the
description of SRI.

(1) D7 (Break/Abort Interrupt Enable)
(a) Async/COP mode
This bit serves as the Break IE function.
0: Disable

Disables E/S interrupt caused by
detection/release of break state.

1: Enable
Enalbes E/S interrupt caused by

detection/release of Break state.
(b) BOP mode
The function of the bit differs between the Normal
BOP mode (HDLC/SDLC) and SDLC Loop mode:
(i) HDLC/SDLC mode
This bit serves as the Abort IE function.
0: Disable
Disables E/S interrupt caused by Abort
detection/release.
1: Enable
Enables E/S interrupt caused by Abort
detection/release.
(ii) Loop mode
This bit provides Abort/GA IE function.
0: Disable
Disables the E/S interrupt caused by
detection/ release of an Abort or GA.
1: Enable
Enables the E/S interrupt caused by
detection/ release of an Abort or GA.
(2) D6 (Transmit Underrun/End of Message Interrupt Enable;
valid in COP or BOP mode)
0: Disable
Disables E/S interrupt caused by the Tx Underrun/EOM
state.
1: Enable
Enables E/S interrupt caused by the Tx Underrun/EOM
state.

(3) D5 (CTS Interrupt Enable)
0: Disable
Disables E/S interrupt caused by CTS pin status
changes.
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1: Enable
Enables E/S interrupt caused by CTS pin status
changes.
(4) D4 (SYNC/Hunt Interrupt Enalbe)
0: Disable
Disables E/S interrupt caused by SYNC/Hunt status
changes.
1: Enable
Enables E/S interrupt caused by SYNC/Hunt status
changes.
(5) D3 (DCD Interrupt Enable)
0: Disable
Disables E/S interrupt caused by DCD pin status
changes.
1: Enable
Enables E/S interrupt caused by DCD pin status
changes.
(6) D2 (All Sent Interrupt Enable; valid in Async or BOP
mode)
0: Disable
Disables E/S interrupt caused by All Sent state
generation.
1: Enable
Enables E/S interrupt caused by All Sent state
generation.
(7) D1 (Idle Detect Interrupt Enable; valid in BOP mode)
0: Disable
Disables E/S interrupt caused by Idle detection/
release.
1: Enable
Enables E/S interrupt caused by 1Idle detection/
release.
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(8) DO (BRG Interrupt Enable)
This bit is valid only if Tx/Rx BRG is enabled (D1, DO

of CR14 = "1, 1").It determines whether or not an E/S
interrupt is to be requested when the BRG count reaches
zero.

0: Disable
Disables E/S interrupt even if the BRG count reaches
zero.

1: Enable
Enables E/S interrupt if the BRG count reaches zero.

In relation to this interrupt, see the descriptions of
CR12, CR14, SR1l, and SR3.

3.2.14 Control Register 12 (CR12)

Bit D7 D6 D5 | D4 D3 D2 D1 DO
BRG BRG TxBRG RxBRG TxRRG RxBRG
Select | Select IE IE Register |Register
Function for for Set Set
TRxC DPLL
0 RxBRG | 0 RxBRG 0 Disable|0 Disable 0 No 0 No
Operation|Operation
Contents | 1 TxBRG | 1 TxBRG 0 1 Enable |1 Enable 1 TxBRG 1 RxBRG
Register| Register
Set Set

(1) D7 (BRG Select for TRxC)
This bit selects the source of the BRG clock which is
output at the TRXC pin of the device. It is valid only
when the TRXC pin is specified for output (D2 of CR15 =
1) and the BRG is selected for the source of the clock
at the TRxXC pin (D1, DO of CR15 = 1, 0).

0: RXBRG
The RxBRG clock is output at the TRxC pin.
1: TxBRG

The TxBRG clock is output at the TRxC pin.
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(2) D6 (BRG Select for DPLL)
This bit selects the clock source for the AMPSC's
on-chip DPLL circuit, from TxBRG and R¥ERG. It is valid
when the BRG clock is selected as the clock for the DPLL
circuit (D7, D6, D5 CR14 =1, 0, 0).
O: RxBRG
The RxBRG clock serves as the clock source for the
DPLL.
1: TxBRG
The TxXBRG clock serves as the clock source for the
DPLL.

(3) D3 (Transmit BRG Interrupt Enable)

This bit determines whether or not an E/S interrupt is

to be issued when the TxBRG count value reaches zero. It

is valid when the BRG IE bit is set (DO of CR1l = 1).

0: Disable
No E/S interrupt is issued even if the TxBRG count
value reaches zero. The status of the BRG Zero Count
bit (DO of SR1) and TxXBRG Zero Count bit (D4 of SR3)
also do not change.

1: Enable
An E/S interrupt is issued when the TXBRG count
value reaches zero, and the BRG Zero Count and TxXBRG
Zero Count bits are both set to one.

(4) D2 (Receive BRG Interrupt Enable)

This bit determines whether or not an E/S interrupt is

to be issued when the RxXxBRG count value reaches zero. It

is valid when the BRG IE bit is set (DO of CR11l = 1).

0: Disable
No E/S interrupt occurs even if the RxBRG count
value reaches zero. The BRG Zero Count bit and the
RXBRG Zero Count bit (D3 of SR3) are both set to
one.

1l: Enable
An E/S interrupt occurs when the RxBRG count value
reaches zero, and the BRG Zero Count and RxBRG Zero
Count bits are both set to one.
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(5) D1 (Transmit BRG Register Set)

This bit is used to set a count value into the TxBRG

register.

0: No operation
No write cycle for the TxXBRG register is provided.

1: TxBRG Register Set
The first two control data write cycles after this
bit is set to one are used to write a count value
into the TXBRG register. The lower byte is written
in the first write cycle, and the upper byte is
written in the second write cycle. This bit is
automatically reset when a value is set into the
registers.
Register setting should be done when the TXBRG down
counter is not oprating, or, in other words, in the
TxBRG Disable state (DO of CR14 = 0). If a register
write is attempted while the down counter is operat-
ing, the value will not be loaded into the counter
until the counter value reaches zero.
Setting both this bit and bit DO of CR12 (RxBRG
Register Set) at the same time is not allowed.

(6) DO (Receive BRG Register Set)

This bit is used to set a count value into the RxXERG

register.

0: No operation

1:

No write cycle for the RXBRG register is provided.
RXBRG Register Set

The first two control word write cvcles available
after this bit is set are used to write a count
value into the RxBRG registers. The lower byte is
Written in the first write cycle, and the upper byte
is written in the second write cycle. This bit is
automatically reset when a count value is set into
the register. Register setting should be done when
the RxBRG down counter is not oprating, or, in other
words, in the RxBRG Disable state (D1 of CR14 = 0).
If a write operation is attempted while the down
counter is operating, the value will not be loaded
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until the counter value reaches zero.
Setting both this bit and bit D1 of CR12 (TxRRG
Register Set) at the same time is not allowed.

3.2.15 Control Register 13 (CR13)

Bit D7 | D6 | D5 | D4 | D3 [ D2 D1 DO
TxDLC Stand-by
Function Enable Mode
Set
0 Disable| 0 No
Operation
Contents 0 1 Enable 1 Stand-by
Mode
Set

(1) D1 (Transmit Data Length Counter Enable; valid in BOP

mode)

This bit is wused for TxDLC control. It enables or

disables comparison of the Tx Data Length in CR8 and CRY

with the value of the TxDLC (SR8, SR9).

0: Disable
Disables the TxDLC function and comparison of its
contents with the TxDL.

1l: Enable
Enables the TxDLC function to start comparison of
its contents with the TxDL. After initialization,
this bit must be set before the transmitter is
enabled (before transmission is started). If this
bit is set, the TxXDLC is incremented by one each
time the TxINT/DMA request is activated. When the
value of the TxDLC equals the TxDL value, the
subsequent TxINT/DMA requests are masked, which
causes counter increment operation to be stopped
(counter value is preserved). If it is desired to
activate the TXDLC in the next frame, this bit must
be set up again (this set-up operation will clear
the counter). The resetting of this bit chould be
done after the current frame is completed (after at
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(2) DO

least one Ending flag is output from the TxXD pin).
If the Tx Underrun/EOM state (D6 of SRl = 1) occurs
when the TxDLC is enabled, the value of the TxDL is
compared with that of the TxDLC. If the two values
are identical, the current frame wil be successfuly
completed after a CRC and flag are output. If they
do not match, an Send Abort operation will be auto-
matically executed, with TxINT/DMA requests masked.
In this case the TxXDLC value is preserved and the
Sending Abort bit (D1 of SR0) is set to indicate
that an Abort was automatically sent. The mask on
TXINT/DMA requests is cleared by enabling the TxDLC
again, which clears the TxDLC.

(Standby Mode Set)

This bit is used to place the AMPSC in the Standby mode.

0:

No Operation

This condition results in no operation. The Standby
mode, if set, can not be cleared by manipulating
this bit but by writing "OOH" into CRO.

Standby Mode Set

Places the AMPSC in the Standbyv mode, in which no
external clock input other than the system clock
(CLK) is input. This bit is automatically reset when
the Standby mode is cleared.

For the Status of CRs and SRs in the Standby mode,
see Table 3-2; for the pin status in Standby mode,
see Table 3-8.
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Table 3-8 Pin Status in Standbv Mode
Pin name I/0 | Pin status Pin name 1/0 Pin status
WR 1 TxDA, TxDB o | Retains the
current state
RD T . RxDA, RxDB i —
B/A& 1 TRxCA, TRxCB | I/0 | High impedance
c/d 1 RTxCA, XT1A I _
D7-D0 1/0 | High impedance || RTxCB, XI1B
JE— Retains the
IN 0 _
current state XI12A/SYNCA 1/0 | migh i 4
INTAK I X12B/5YNCB 8h impedance
PRI 1 RTSA, RTSH o | Retains the
e current state
PRO O | Depends on PRI || CTSA, CTSB I _
DRQTxA 0 DCDA, DCDB T
DRQRxA 0 Retains the
DTRA/DRQTxB o current state
DTRB/DRQRxB| ~

During the Standby mode,

the input and input/output pins
must be controlled as shown in Table 3-9.

Table 3-9 Input and Input/Output Pin Control During Standby

Mode

Pin name

Control

WR
RD

Fixed to "H"

XI2A/8YNCA
X12B/SYNCB

CTSA, CTSB
DCDA, DCDB

Fixed to "H" or "L"

others

Don't Care

The Standby mode is cleared when "0Q"
control register 0 (WR= "L")

is written into the
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3.2.16 Control Register 14 (CR14)

Bit p7_ | D6 | D5 D4 D3 D2 D1 DO
Local Echo BRG RxBRG TxBRG
Function | DPLL Command Self Loop Source Enable Enable
Test Test Select

0 0 0 No Operation 0 No 0 No 0 Xtal/ |0 Disable|0 Disable

0 0 1 Enter Search OperationjOperation| STRxC

0 1 O Reset Missing 1 Enable |1 Enable |1 System|l Enable |1 Enable
Clock Clock

Contents | O DPLL Disable

1 0 0 DPLL Source BRG
Select

1 0 1 DPLL Source

Xtal/STRxC Select
1 1 0 FM Mode
1 1 1 MRZI Mode

-
—

(1) b7, D6, D5 (DPLL Command)

These bits are used to control the DPLL circuit. When

they are reset, the DPLL circuit 1is disabled, clock

source input is assigned to the STRxC pin, and NRZI mode

selected.

0 0 0: No operation

0 0 1: Enter Search
This command causes the DPLL circuit to start
detection of edges in received data. It
activates the DPLL circuit to start sampling
the Rx data input. The DPLL circuit operation
differs depending on the data format used.

0 1 0: Reset Missing Clock
This command is valid only when the FM mode is
selected. It is used to reset the Clock Missing
bits (D7 and D6 of SR10).

01 1: DPLL Disable
This command is used to stop the DPLL circuit
operation. It also resets the Clock Missing bits
(D7 and D6 of SR10).
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1 0 0: DPLL Source BRG Select
This command allows the use of the BRG as the
clock source for the DPLL. Whether the TxBRG of
the RxBRG is to be used as the clock scurce is
determined by the BRG Select for DPLL bit (D6 of
CR12).

1 0 1: DPLL Source Xtal/STRXC Select
This command is issued when a crystal oscillator
or a clock applied to the STRXC pin is to be
used as a source clock for the DPLL. Selection
between the crystal O0SC and STRxC input is
specified by the Xtal Select bit (D7 of CR1S5).

1 1 0: FM Mode
This command is issued when received serial data
is to be treated in the FM data format.

1 1 1: NRZI Mode
This command is issued when received serial data
is to be treated in the NRZI data format.

(2) D4 (Local Self Test)
This bit is used for local self test.
0: No operation
1l: Enable

The transmitter output is dlregtl connected +o the

receiver input within the AMPSC to loop back Tx data
to the receiver (Fig. 3-8). External data applied to
the RxD pin will be ignored. Once this test mode is
selected, transmitter/receiver control from the
CTS/DCD inputs becomes unavailable.
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(3) D3

(4)

Transmitter o TxD pin

Receiver o RxD pin

Fig. 3-8 Local Self/Test Mode

(Echo loop Test)

This bit is used to echo back received data directly to
the remote sender. It is used for line tests.

0:
1:

D2

No operation

Enable

The RxD input pin is connected to the TxD pin within
the AMPSC so that received data is echoed back to
the sender via the TxD pin (Fig. 3-9). In this case
the AMPSC's transmitter function is invalidated,
with transmitter control by CTS input disabled.

Transmitter o TxD pin

Receiver o RxD pin ‘

Fig. 3-9 Echo Loop Test Mode

(BRG Source Select)

This bit selects the source clock for the on-chip BRG.
The selected clock source is shared for both the TxBRG
and the RxBRG.
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0: Xtal/STRxC
If bit D7 of CR15 is set to one, the output of the
crvstal oscillator is used for the source clock for
the BRG. If the same bit is set to zero, the clock
applied to the STRXC pin of the device is used for
the source clock.
l1: Svstem Clock
The system clock is used for the source clock for
the BRG.
(5) D1 (Receive BRG Enable!
This bit is used for RxBRG control.
0: Disable
Disables the RxBRG, inhibiting count operation.
l: Enable
Enables the RxXBRG to start a count operation. It
takes 2 count periods after this bit is set before
the receive clock is output.
(6) DO (Transmit BRG Enable)
This bit is used for TXBRG control.
0: Disable
Disables the TxBRG, inhibiting count operation.
1: Enable
Enables the TxBRG to start count operation. It takes
2 count periods after this bit is set before the
transmit clock is output.
3.2.17 Control Register 15 (CR15)
Bit D7 D6 | D5 D4 | b3 D2 D1 [ oo
¥Xtal |RxCLK TxCLK TRxC TRxC
Function Select|Select Select Input/ Source
Output Select
0 No 0 0 STRxC Inputl 0 0 STRxXC Input 0 Input |0 O Xtal
Xtal [0 1 TRxC Input [ 0 1 TRxC Input 1 Output|0 1 TxCIK
Contents |1 Xtal |1 O RxBRG Clock 1 0 TxBRG Clock 1 0 BRG Clock
1 1 DPLL Clock | 1 1 DPLL Clock 1 1 DPLL Clock
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(1)

(2)

(3)

D7 (Xtal Select)

This bit determines whether the on-chip Xtal oscillator

is to be used or not.

0: No Xtal
The Xtal oscillator remains inoperative, so that no
Xtal resonator can be connected to the device.

l1: Xtal
Makes the on-chip Xtal OSC circuit available, so
that a Xtal resonator can be connected across pins
XI1 and XI2.

D6, D5 (Receive Clock Select)

These bits select the clock source for the receive

clock.

0 0: STRxC Input
The clock applied to the STRXC pin of the device
is used as the receive clock.

0 1: TRxC Input
The clock applied to the TRxC pin is used as the
receive clock.
If this clock is selected, bits D2, D1, and DO of
CR15 become invalid.

1 0: RxBRG Clock
The output clock of the RxBRG is used as the
receive clock.

1 1: DPLL Clock
The output clock of the DPLL is used as the
receive clock.

D4, D3 (Transmit Clock Select)
These bits select the clock source for the transmit
clock.
0 0: STRxXC Input
The clock applied to the STRxC pin of the device
is used as the transmit clock.
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0 1: TRxC Input
The clock applied to the TRxC pin is used as the
transmit clock. If this clock is selected, bits
D2, D1, and DO of CR15 become invalid.

1 0: TxBRG Clock
The output clock of the TxBRG is used as the
transmit clock.

1 1: DPLL Clock
The output clock of the DPLL is used as the
transmit clock.

(4) D2 (TRxC Input/Output)
This bit selects the TRXC pin function from the input
and output functions.

0: Input
The TRxXC pin functions as an input.
l: Output

The TRxC pin functions as an output. If the pin is
specified as an input by D6, D5, D4, and D3 of CR1S5,
the setting of this bit is invalid.

(5) D1, DO (TRxC Source Select)
These bits select the source of the clock output at the

TRxC pin of the device. 'They are valid only if the TRxC
pin is specified for output (D2 of CR15 = 1). If,

however, the TRXC pin is specified for input by D6, D5,
D4, and D3 of CR15, the setting of these bits are
invalid.
0 0: Xtal
The output of the on-chip Xtal oscillator appears
at the TRxC pin. This setting is valid only if the
Xtal oscillator is used.
0 1: TxCLK
The transmit clock appears at the TRxC pin.
1 0: BRG Clock
The BRG's output clock appears at the TRXC pin.
Selection between TXBRG and RxBRG is done with D7
of CR12,
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1 1: DPLL Clock
The output of the DPLL appears at the TRxC pin.

3.3 Status Registers (SR)

This section describes the status registers that are used to
indicate the AMPSC's device status. Status registers hold
information indicating the current device status of the
AMPSC. The host processor can manage AMPSC operations
appropriately by reading status information from the SRs.

3.3.1 Status Register 0 (SRO)

Bit D7 D6 D5 D4 D3 D2 D1 DO
Function | End CRC/ Rx Parity [Short | Tx Sending|Rx
of Framing |[Overrun Error Frame Buffer Abort Data
Operation | Frame| Error Error Delect | Empty Available
protocol
"Framing
Error 0 No 0 No 0 Tx 0 Not
Error Error Buffer Available
Async 0 No Full
Error 1 Overrun|l Parity 1 Available
Error Error 1 Tx
1 Framing Buffer
Error Empty
0 TCRC 0 0
Error" 0 Tx
Buffer
COoP 0 No Full
Error (Including
1 CRC CRC
Error Transmission) |
0 Not 0 Not 1 Tx 0 Not
EOF Detect] Buffer |Sending
BOP 1 EOF 0 1 Short| Empty | Abort
Frame 1
Detect Sending
Abort

(1) D7 (End of Frame; valid in BOP mode)
This bit indicates whether reception of a frame 1is
completed or not.
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(2)

0: Not EOF
Indicates that reception of a frame is not completed
yet. This bit, after settina upon completion of
one-frame reception, is reset to zero by an Error
Reset command or reception of the first data of the
next frame (except in the First Rx INT mode).

l: EOF
This bit is set when an Ending flag is received, to
indicate the end of a frame reception. The CRC Error
bit (D6 cf SR0O) and Residue Code (D2-D0 of SR3) are
validated when this bit is set. The EOF condition
causes a Special Rx Condition interrupt.

D6 (CRC/Framing Error)
This bit indicates a CRC error or framing error. The
function of this bit differs depending on the operation
mode.
(a) Asynchronous mode
This bit indicates a framing error. It is set if a
zero is detected at the stop-bit position. It causes
a Special Rx Condition interrupt.
This bit 1is reset bv an Error Reset command or
reception of a normal data item (containing no

A ey A )
f;aux;u\j CSLIVL ) »

A framing error does not affect reception of the
next data item.

(b) COP or BOP mode
This bit indicates the result of the CRC calculation
performed on received data. If set to one, it
indicates a CRC error; if remaining at =zero, it
indicates no CRC error.
The procedure in which this bit is to be read has
the following restriction: In the COP mode, read the
bit after elapsing 20-bit time from when the last
bit of the second CRC byte is input to the RxD pin,
or after elapsing 16-bit time from when the second
CRC byte is transferred to the Rx buffer. In the BOP
mode, read the bit when the End of Frame bit (D7 of
SR0) is set to one.
A CRC error does not cause a Special Rx Condition
interrupt. This bit is reset by the Error Reset
command.
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(3) D5 (Receive Overrun Error)
This bit indicates an Rx Overrun error. An Rx Overrun
error occurs if 1 data items or more is transferred to
the Rx buffer when it is full.
For example, assume that three data items, DO, D1, and
D2, are already in the Rx buffer (see Fig. 3-10). When
the next data item, D3, is assembled in the shift
register and transferred to the Rx buffer, an Overrun
error will occur because the buffer location is occupied
by data item D2 (see Fig. 3-11).
An Rx Overrun error causes a Special Rx Condition
interrupt. The timings at which the Rx Overrun Error bit
is set and the resulting Special Rx Condition interrupt
occurs differ depending on the setting of the Overrun
Error INT bit (D6 of CRl1l). For more deteils, see the
description of CRI.
The Rx Overrun Error bit is latched, and is reset by the
Error Reset command.

DO
D1 Rx buffer
D2

...D4.D3 <>

RD——— [[ - T[]

Fig. 3-10 Rx Buffer Full

DO

D1
V/W//A
(I — T1]

Rx buffer

...D4

Fig. 3-11 Rx Overrun
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(4) D4 (Parity Error; valid in Asvnchronous or COP mode)
This bit indicates the result of parity check. It is
valid when parity is enabled. If the received parity bit
does not match the predetermined parity (parity error),
this bit will be set. The Parity Error bit is latched
and is reset by an Error Reset command.

When in the All Receive INT-1 mode (D4, D3 of CRl = 1,
0), a parity error causes a Special Rx Condition
interrupt.

(5) D3 (Short Frame Detect; valid in BOP mode)
This bit is valid when Short Frame Detect Enable 1is
selected (D7 of CRl1 = 1). It is set when a short frame
(in which data between two flags has less than 32 bits)
is received, and is reset by the Error Reset command.
Detection of a short frame causes a Special Rx Condition
interrupt.

(6) D2 (Transmit Buffer Empty)

This bit indicates AMPSC's Tx buffer status. It gives an

indication of when the host system mav *ransfer Tx data

to the AMPSC.

0: Tx Buffer Full
Indicates that the Tx buffer is full with Tx data.
This bit is also reset to zero when CRC transmission
is busy in COP or BOP mode.
When this bit is at zero, it is not possible
correctly to write Tx data into the AMPSC. However,
when the PAD character is to be sent following the
CRC in the COP mode, the character can be written
into the device even if this bit is at zero.

1: Tx Buffer Empty
Indicates that the Tx buffer is empty. Tx data can
be written into the AMPSC in this condition. This
bit is, however, reset to zero when CRC transmission
is busy in the COP or BOP mode, even if the Tx
buffer is empty.

s8]

-80
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(7)

(8)

D1 (Sending Abort; valid in BOP mode)

This bit indicates that the AMPSC entered the Sending

Abort State. It is set to one when an Abort is sent in

any of the following conditions:

(a) The Send Abort bit (D4 of CR5) is set to one.

(b) Tx Underrun occurred when the Tx Condition on
Underrun bit (D2 of CR10) was set to one.

(c) Tx Underrun occurred when the TxXDLC Enable bit (D1
of CR13) was set to one, and the value of the Tx
Data Length (CR8, CR9) did not match that of the Tx
Data Length Counter (SR8, SR9).

This bit is latched, and is reset by the Error Reset

command. Status changes of this bit do not cause a

interrupt.

DO (Receive Data Available)

This bit indicates whether or not valid receive data
exists in the Rx buffer within the AMPSC.

0: Not Available

Indicates that no valid receive data exists in the Rx
buffer.

1: Available

Indicates that at least one valid receive data character
exists in the Rx buffer.
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3.3.2 Status Register 1 (SR1)

Bit D7 D6 D5 D4 D3 D2 D1 DO
Function | Break/ |Tx CTS Sync/ DCD All Idle |BRG

Abort/ [Underrun Hunt Sent Detect |Zero
Operation| GA [EOM Count

protocol Detect
"Break
Detect" 0 CTS="H'! 0 SYNC="H"| 0 DCD="H"|0 Not 0 Not
All Seny Zero

Async 0 Not 1 CTS="L'{ 1 SYNC="L"{ 1 DCD="L"
Detect] 0 1 All 1 Zero
Sent
1 Break 0
Detect]|
Ext. 0 Not 0
coP Int. 0 Tx 0 Exit
"Abort [Underrun/ Hunt 0 Not 0 Not
Detect" EOM Phase All Sent Idle|
Nor-| O Not 1 Tx 1 Hunt 1 All 1 Idle
mal | Detect [Underrun/ Phase Sent Detect
EOM

1 Abort|
Detect
"Abort
GA
Detect"
0 Not

Detect]
Loop | 1 Abort|
/GA
Detect]

BOP

Status Register 1 consists of E/S bits to indicate the
causes of E/S interrupts. The AMPSC uses the E/S bits to.
indicate its internal status changes or input pin status
changes to the host processor.

If E/S INT is enabled (DO of CR1 = 1) and interrupt by an
individual E/S bit is enabled, the changes in the pertinent
E/S bit status are latched and cause an E/S interrupt.

If E/S interrupt is disabled, changes in .E/S bit status will
not be latched, simply indicating the changes in condition.
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(1) D7

(Break/Abort/Go Ahead Detect; valid in Async or BOP

mode)

The

function of this bit differs depending on the

operation mode:
(a) Asynchronous mode

(b)

This bit provides the Break (character in which the
start, stop, and data bits are all zeros) Detect
function.
0: Not Detect

Indicates that no break has occurred.
1: Break Detect

Indicates that a break was detected.
The changes in the Break Detect bit status are
latched to cause an E/S interrupt. Data (null data)
received during the Break Detect state 1is not
available. Therefore, the Break condition cannot be
read as a character.

BOP mode
The function of this bit differs between the Normal
BOP mode (HDLC/SDLC) and SDLC Lcop mode:
(i) HDLC/SDLC mode
This bit provides the Abort (7 or more
consecutive 1s) Detect function.
0: Not Detect
Indicates that no Abort has been detected or
an Abort condition was cleared.
1: Abort Detect
Indicates that an Abort was detected.
The changes in the Abort Detect bit are latched
to cause an E/S interrupt. The AMPSC's Abort
Detect feature becomes valid when a start flag
is detected after reception is enabled. When in
the Address Search mode (D2 of CR3 = 1), the
Abort Detect function remains invalid until an
address field with the same value as that
present in CR6 1is detected. Once an address
match has occurred, abort detection is
subsequently done unconditionally. If it is
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desired to give the same function to
subsequent frames, D2 of CP3 must be set to
one again.

(ii) Loop mode
Lgpis Jgt‘ serves the Abhort/GA {Go-Ahead:
§111111'9 petect function.
0: Not Detect
Indicates that no Abort/GA was detected or
released (zero received after detection).
1: Abort/GA Detect
Indicates that a Abort/GA was detected.
The changes in the Abort/GA Detect bit status
are latched to cause an E/S interrupt.

(2) D6 (Transmit Underrun/End of Message; valid in COP or

BOP mode)

This bit indicates the Tx Underrun/EOM state (in which

all Tx data has been transmitted and no Tx data remains

in the Tx buffer). CRC transmission in the Tx

Underrun/EOM state can be controlled by manipulating

this bit.

0: Indicates that the device is not in the Tx Underrun/
EOM state. If CRC transmission is decsired in the Tx
Underrun/EOM state, this bit must be reset to zero
by the Reset Tx Underrun/EOM bit command (D7, D6 of
CRO = 1, 1). Before issuing this command,
transmission must be enabled and at least one Tx
data item must be transferred to the AMPSC.

In the BOP mode, however, this bit is automatically
reset to zero when the first Tx data is transferred
after transmission is enabled.

A status change from one to zero of this bit does
not cause an E/S interrupt.
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(3)

(4)

1: Indicates that the device entered the Tx
Underrun/EOM state. This bit is reset before the
device enters the Tx Underrun/EOM state. If it is
set to one by the Tx Underrun/EOM state, the CRC
will be transmitted if it is enabled, and an E/S
interupt will occur.

This bit is set to one by a reset operation !system
or channel reset), Send Abort, or transmission
disable, and this change causes an E/S interrupt.

D5 (Clear to Send)

This bit indicates the CTS pin status.

0: CTS pin = "H"

1: CTS pin = "L"
The status changes of this bit are latched to cause
an E/S interrupt. However, if the CTS IE bit (D5 of
CR11) is zero, this bit only indicates the CTS pin
input status and is not latched.

D4 (Sync/Hunt)
This bit indicates the SYNC pin status or AMPSC's
synchronization establishment state. Tts function
differs depending on the operation mode:
(a) Async or External COP mode
This bit indicates the SYNC pin status.
0: SYNC pin = "H"
1: SYNC pin = "L"
The status changes of this bit are latched to cause
an E/S interrupt, provided the crystal oscillator is
not used (D7 of CR15 = 0).
(b) Internal COP mode or BOP mode
This bit indicates the AMPSC's synchronization
establishment state.
0: Exit Hunt Phase
Indicates that synchronization is established.
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1: Hunt Phase
Indicates the Hunt Phase (sync pattern detection
busy or receive operation stop). This bit is set to
one by the receiver disable or Enter Hunt Phase (D4
of CR3 = 1) operation, and reset to zero when a sync
pattern is detected. The status changes of this bit
are latched to cause an E/S interrupt.

(5) D3 (Data Carrier Detect)
This bit indicates the DCD pin status.
0: DCD pin = "H"
1: DCD pin = "L"
The status changes of this bit are latched to cause an
E/S interrupt. However, if the DCD IE big~1D3 of CR11)
is zero, this bit only indicates the DCD pin input
status and will not be latched.

(6) D2 (All Sent; valid in Async or BOP mode)
This bit indicates that all Tx data within the AMPSC has
been transmitted.
(a) Asynchronous mode
0: ©Not All Sent
Indicates that Tx data remains in the AMPSC.
This bit is always zero when the Tx is disabled.
l1: All Sent
Indicates that all Tx data within the AMPSC has
been transmitted and no data remains in the Tx
buffer or Tx shift register.
This bit 1is reset to 2zero when Tx data is
transferred to the AMPSC. Zero-to-one transition of
this bit is latched to cause an E/S interrupt.

(7) D1 (Idle Detect; valid in BOP mode)
This bit indicates detection of the Idle state (15 or
more consecutive 1ls).
0: Not Idle Detect
Indicates that no Idle state is detected or the Idle
state has been finished.
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(8)

1: Idle Detect

Indicates that the Idle state is detected.
Status changes of this bit are latched to cause an E/S
interrupt.

DO (BRG Zero Count)
This bit indicates that the BRG count value reached
zero.
0: Not Zero
Indicates that the BRG count value has not reached
zero. This bit is always zero if the BRG IE bit (DO
of CR1l) is zero.
l: Zero
Indicates that the BRG count value reached zero.
Zero-to-one transition of this bit is latched to cause
an E/S interrupt. It is reset by the Reset E/S Bit Latch
command.
Which BRG count value out of TxXBRG and RxBRG can be
determined from D4 and D3 of SR3.



pPD72001 N E C

3.3.3 Status Register 283 (SR2R)

Bit D7 [ n6 [ b5 | n4 | o3 [ b2 [ o1 | no
Function
Vector Vector Value
type
0 Ch-B 0 0 Tx Buffer
Empty
1 Ch-A ‘
0 1 External/
Status
Type A v7 V6 V5 V1 \Y¢]
1 0 R»
Data
Available
1 1 Special
Rx Condition|
0 Ch-B 0 0 Tx Buffer
Empty
1 Ch-A
0 1 External/
Status
Type B V7 V6 V5 V4 V3
1 0 Rx
Data
Available
1 1 Special
Rx Condition

Status Register 2B indicates the value of an interrupt
vector (cause of interrupt). The vector value indicated by
this register differs depending on the value of D6 of CR2A
(Status Affects Vector bit).
(a) If D6 of CR2A = 0
The value set in CR2B is derectly output.
(b) If d6 of CR2A =1
The value of SR2B differs depending on the cause of
interrupt. The bits of SR2B which are affected by the
cause of interrupt depend on the Output Vector Type
setting. V4, V3, and V2 are affected for Type A; V2, V1,
and V0 are affected for Type B, and all other bits are
directly output without being changed.
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SR2B 1s normally used tor analyzing the cause of interrupt
by the AMPSC in an interrupt service routine in the
Non-Vector mode (D7 of CR2A = 0).

When Tx/Rx data is to be transferred by using status
polling, the interrupt vector set in SR2B can be treated sas

uPD72001

status by placing the AMPSC in the Non-Vector mode, Status
Affects Vector (D6 of CR2A = 1), and Both Channel INT (D1,
DO of CR2A = 0, 0).
3.3.4 Status Register 3 (SR3)
Bit D7 | D6 | D5 D4 D3 p2 | p1 | DO
Fungtion TxBRG RxBRG
Operation Zero Zero Residue Code
protocol Count Count
Async 0 Not 0 Not
Unknown Zero Zero Unknown
COP 1 Zero 1 Zero
(when there is no remainder)
5 Bits/Char. 1 0 O
BOP 6 Bits/Char. 0 0 O
7 Bits/Char. 0 1 1
8 Bits/Char. 0 1 1
(1) D4 (TxBRG Zero Count)
This bit is meaningful when the TxXBRG is enabled (DO of
CR14 = 1).
0: Not Zero
Indicates that the TxXBRG count value does not reach
zero.
l: Zero
Indicates that the TxXxBRG count value reached zero.
Zero-to-one transtion of this bit is latched to cause an
E/S interrupt. It is reset by the Reset E/S Bit Latch
command. The BRG Zero Count bit (DO of SR1l) is one
whenever this bit is set at one. The bit is zero
whenever the BRG IE bit (DO of CR11l) is at zero.
(2) D3 (RXBRG Zero Count)
This bit is meaningful when RxXBRG is enabled (D1 of CR14

=1).
0: Mot Zero

Indicates that the RxBRG count value is not zero.
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1: Zero

Indicates that the RxBRG count value is zero.
Zero~to-one transtion of this bit is latched to cause an
E/S interrupt. It is reset by the Reset E/S Bit Iatch
command. The BRG Zero Count bit (DO of SR1) is one
whenever this bit 1is set at one. The bit is rero
whenever the BRG IE bit (D0 cf CR11l) is at zero.

(3) D2-D0 (Residue Cccle; valid in BECP mode)
Thece bits indicate the valid range of data bits in the
informetion fieid o¢f & frame at the end of frare
reception. The range of valid data bits can be
determined by reading these bits when the AMPSC ertered
the EOF state. Table 3-10 shows the meanings of the
Residue Code for different data lengths.

{Example) IF the Residue Ccde indicates "000" when data
of 8-bits is received as shown in
Fig. 3-12, the valid I field bits are ....Di7,
DkC, Dkl.
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Table 3-10 Meanings of Residue Code

Residue Code I field range (effective I field bit)
Data| D2 D1 DO| nth byte [(n-1)th byte | (n-2)th byte | (n-3)th byte
length (final byte)
0 0 0 DO-3 o
0 0 1 DO-2 ]
5 0 1 0 DO o
1 0 0* o)
1 1 0 DO-~1 o
0 0 0* o o
0 0 1 DO-3 o
6 0 1 0 DO-~1 o
1 0 0 DO o
1 0 1 DO~4 o
1 1 0 DO-~2 o
0 0 0 DO [ o
0 0 1 D0-4 o
7 0 1 0 DO-2 o
0 1 1% o) o
1 0 0 DO-1 o
1 0 1 DO~5 o
1 1 0 DO-3 o
0 0 0. DO-1 [ [e)
0 0 1 DO~-5 o
8 0 1 0 DO-3 o)
0 1 1* [e) o
1 0 0 DO0-2 o
1 0 1 DO-6 o
1 1 0 D0-4 o
1 1 1 DO o o
Di: Indicates valid data bits
o0 : Indicates all bits (bits 5, 6, 7 and 8) are valid.
- : Indicates all bits (bits 5, 6, 7 and 8) are invalid
(denotes CRC).
* .

When there is no remainder. Denotes the case when the
Boundary of the last receive data matches the boundary
between the I field and CRC.

(08

-91
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n-3

n-2

n1 D7 Bye PresPra Pis Do

DL7|DL6,DL5PL4 PL31DL2 DLllDLO Final byte (CRC#1)

DioPi1™ = Pi7Pyo 7~ 7 - D, 71PeoPr1

Recieved from the reft

CRC#1 CRC#2

Bits in the enclosed portion become valid in I field.

Fig. 3-12 Valid Bits in I Field (Residue Code = "000")

3.3.5 Status Register 4A (SR4A)

Bit D7 D6 D5 D4 D3 D2 D1 DO
Function | Ch-A Ch-B Ch-A Ch-A Ch-A Ch-B Ch-B Ch-B
Special Special Rx INT |Tx INT |E/S INT|Rx INT |[Tx INT |E/S INT
Rx Rx Pending|Pending|Pending |Pending|Pending|Pending
Condition| Condition
INT INT
Operation | Pending Pending
protocol
0 Not Pending
Async 1 Pending
cop
BOP
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Each bit of Status Register 4A indicates whether or not a
corresponding cause of an interrupt exists within the AMPSC.

it

is set to one when the pertinent interrupt is pending,

being serviced or existing another cause of interrupt with a
higher priority.

It is set at zero in any other case.

While this register exists only on channel A, its function
is shared for both channels.

(1)

(2)

(3)

(4)

(5)

(6)

D7, D6 (Special Rx Condition INT Pending)

These bits indicate that the cause of a Special Rx
Condition interrupt exists. Bits D7 and D6 indicate the
presence of the cause of a Special Rx Condition
interrupt on channel A and channel B, respectively.
These bits are set when a Special Rx Condition occurs,
even if Rx INT is disabled (D4, D3 of CR1 = 0, 0).

D5 (Channel A Rx INT Pending)
This bit indicates the presence of an Rx interrupt on
channel A.

D4 (Channel A Tx INT Pending)
This bit indicates the presence of a Tx interrupt on
channel A. :

D3 (Channel A E/S INT Pending)

This bit indicates the presence of an FE/S interrupt on’

channel A.

D2 (Channel B Rx INT Pending)

This bit indicates the presence of an Rx interrupt on
channel B.

D1 (Channel B Tx INT Pending)

This bit indicates the presence of a Tx interrupt on
channel B.
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DO (Channel B E/S INT Pending)
This bit indicates the presence of an E/S interrupt on
chanrel B.

NEC

3.3.6 Status Register 8 (SR8)
Bit p7 | o6 | b5 | p4 | o3 | b2 | b1 | DO

Function
Operation Tx Data Length Counter L-Byte
protocol

Async

cop Unknown

BOP Tx Data Length Counter Bit7-Bit0

Status Register 8
interrupt/DMA request activation count.

(SR8) is used with SR9 to indicate the Tx
These registers are

made valid if the Tx Data Length Counter is enabled (D1 of
CR13 = 1).
(1) D7-D0 (Tx Data Length Counter L-Byte; valid in BOP mode)

These bits indicate the lower byte (bits 7-0) of the Tx
interrupt request or Tx DMA request count. This register
is usually used to judge whether the Tx Underrun/EOM
state, if occurred, is legal or not. In this state the
contents of SR8 and SR9 will be preserved.

If the value of CR8/CR9 does not match with that of
SR8/SR9 when the Tx Underrun/EOM state occurred, the
AMPSC automatically transmits an Abort. SR8 and SR9 are
cleared in the following cases:

1) Reset

2) Tx Data Length Counter Enable bit is set to one.
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3.3.7 Status Register 9 (SR9)
Bit p7 | o6 | p5s | p4 | Dp3 | D2 DI | DO

Function
Operation Tx Data Length Counter H-Byte

protocol

Async

coP Unknown

BOP Tx Data Length Counter Bitl5-Bit8

(1) D7-D0 (Transmit Data Length Counter H-Byte; valid in BOP
mode)

These bits indicate the upper byte of the Tx interrupt

request or Tx DMA request count.

This register is used

with SR8. The description of this resiter is identical
to that for SR8, with the exception that SR9 indicates
the upper byte of count data.
3.3.8 Status Register 10 {SR10)
Bit D7 D6 D5 D4 D3 | b2 D1 DO
Function| One Two Sending Tx Sync/
Clock Clocks on Loop on Loop
Operation| Missing Missing
protocol
Async 0 Not 0 Not Unknown
Missing| Missing
"Tx Sync"
1 Missing|l Missing
CoP Unknown 0 Not
Tx Sync
1 Tx Sync
[Nor~ Unknowrl Unknown Unknown | Unknown
mal
0 Not "on Loop"
Sending
BOP 1 Sending 0 Not
Loop on Loop
1 on Loop
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(1) D7 (one Clock Missing)
This bit indicates whether or not serial data contains
edges. It is valid only when the FM data format is
selected and the DPLL is in use.
When FM is used for the data format, an edge (rising or
falling edge) occurs within a 1-bit time (at a bit
boundary or center of a bit), unlike NRZ or NRZI. The
DPLL uses this edge as a reference for clock generation.
The DPLL identifies the position of edges in serial
data, and generates a clock besed on this position. If
no edge exists, clock generation by the DPLL may result
in failure. To prevent this, the host processor uses
this bit to identify whether or not an edge exists
within the specified range of time.
The DPLL detects edges at every two bits.
0: Not Missing
Indicates that edges were detected in serial data.
1: Missing
Indicates an edge was not detected in serial data.
This bit is 1latched, and is reset by the Reset
Missing Clock command (D7, D6, D5 of CR14 = 0, 1, 0)
or Enter Search command (D7, D6, D5 of CR14 = 0, O,
1.

(2) D6 (Two Clocks Missing)
This bit indicates whether edges were detected in serial
data. It is valid when FM is selected for the data
format and the DPLL is in use. (The basic function of
this bit is identical to that of the One Clock Missing
bit).
0: ©Not Missing
Indicates that edges were detected in serial data.
It remains zero if only one edge was not detected.
l: Missing
Indicates that edges were not detected in serial
data two times consecutively.
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(3)

(4)

D4

(Sending on Loop; valid in BOP mode)

This bit indicates that the AMPSC formed an SDLC Loop
and is busy for transmission. It is valid when the SDLC
Loop mode is selected (D4, D1 of CR10 =1, 1).

Not Sending

Indicates that the AMPSC 1is not doing a 1loop
transmission.

Sending

Indicates that the AMPSC is doing a loop
transmission.

0:

1:

D1
The

(b)

(Tx Sync/on Loop; valid in COP or BOP mode)

function of this bit differs depending on the
operation mode.

(a) COP mode

This bit indicates the Tx Sync state.

0: Not Tx Sync
Indicates that the receiver is not synchronized
with the transmitter. This bit is dlso reset to
zero if the Auto Tx on Sync bit (D4 of CR10) or
D4 Enable bit (D1 of CR10) is reset.

l: Tx Sync
Indicates that synchronization between the
transmitter and receiver 1is -established (SYNC
character detection on receiver completed) after
both the Auto Tx on Sync and D4 Enable bits were
set, and transmission is enabled for the device.

BOP mode

This bit serves the on Loop function during SDLC
Loop operation, and indicates the repeat operation
state of the AMSPC.

0:

Not on Loop LSB MSB
Indicates that no GA pattern (01111111) is
detected even if the SDLC Loop is formed (D4, D1
of CR10 = 1, 1). In this state a 1l-bit delay is
not inserted. This bit is also reset to =zero
when the device releases the SDLC Loop (D1 of
CR10 = 0).
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l1: on Loop
Indicates that a GA pattern was detected ard a
1-bit delay was inserted between the RxD input
and TxD output. This bit is maintained at one
while the SLDC Loop is formed.

3.3.9 Status Register 11 (SR11)

Bit D7 D6 D5 D4 D3 D2 D1 DO

Break/ | Tx Underrun/ | CTS Sync/ DCD All Idle BRG

Function Abort EOM 1E Hunt IE Sent Detect IE
1E 1E 1E 1E 1E

This register directly indicates the value set in CRll. The
host processor can use this register to control interrupt
enable for the AMPSC.

3.3.10 Status Register 12 (SR12)

Bit p7 [ pe [ o5 [ o4 [ o3 [ p2 | pi T po

Function Rx BRG Counter Constant L-Byte

This register indicates the lower 8 bits (bits 7-0) of the
value set in the Rx BRG.

3.3.11 Status Register 13(SR13)

Bit p7 | p6 [ o5 | p4a | p3 [ p2 | b1 | po

Function Rx BRG Counter Constant H-Byte

This register indicates the upper 8 bits (bits 15-8) of the
value set in the Rx BRG.
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3.3.12 Status Register 14 (SR14)
Bit p7 | pe [ ps [ psa [ b3 D2 D1 | po
Function Tx BRG Counter Constant L-Byte
This register indicates the lower 8 bits ({bits 7-0)} of the
value set in the Tx BRG.
3.3.13 Status Register 15 (SR15)
Bit D7 | D6 | D5 | p4 | D3 D2 D1 | Do
Function Tx BRG Counter Constant H-Byte
This register indicates the upper 8 bits (bits 15-8) of the

value set in the Tx BRG.
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4. SYSTEM CONFICURATION EXAMPLE

The following figure shows a system configuration example in
which the uPD72001 is interfaced with a modem, with both
channels placed in the DMA mode.
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3. Electrical Specifications
Absolute Maximum Ratings (Ta = 25°C)
Parameter Symbol |Test Conditions Ratings Unit
Power Supply Voltage VDD -0.5 to +7.0 v
Input Voltage VI -0.5 to VDD+0.5 v
Output Voltage V0 -0.5 to VDD+0.5 v
Operating Temperature TOPt -10 to +70 °C
Storage Temperature TStg -65 to +150 °C
DC Characteristics (Ta = -10 to +70°C, VDD = 5V+102)
Prameter Symbol |Test Conditions | MIN. TYP. MAX. Unit
. +0.
Input Voltage High Vige | Clock pim +3.3 Vpp*0-3| V
\'4 . \ .
1H Other pins +2.2 DD+0 51 V
-0. +0. v
Input Voltage Low vILC Clock pin 0.5 0.6
VIL Other pins -0.5 +0.8 v
V = - .
Output Voltage High VOH IOH 400uA 0 7VDD v
(o] tVv L v I = 2. +0.45 v
utpu oltage Low oL oL 2.0mA
T (v V_ = +10
nput Leakage Current Highl ILIH 1 VDD 1 uA
L 1 = 0OV -
Input Leakage Current Low LIL VI 0 10 | uA
= +
Output Leakage Current ILOH Vo VDD 10 | vA
High
(o = 0V -10
Output Leakage Current Low| ILOL Vo 0 uA
Supply Current IDD 8MHz Operation 20 40 [ mA
Capacitance (Ta = 25°C, VDD = 0V)
Parameter Symbol Test Conditions MIN. |MAX. |Unit
Input Capacitance C f = 1IMHz 10 | pF
IN
Unmeasured pins
1/0 Capacitance CIo returned to OV. 20 | pF

2-103
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AC Characteristics (Ta = -10 to +70°C, vCC = +5V + 10%)

System Interface

Standard value

Prameter Symbol |Test Conditions Unit
MIN. MAX.

Clock Cycle tCYI( 125 2000 ns

Clock high-level width tm(u 50 1000 ns

Clock low-level width tWKL 50 1000 ns

Clock rise time CKR 1.5V to 3.0V 10 ns

Clock fall time CKF 3.0V to 1.5V 10 ns

Address setup. time t 0 ns
to RDJ SAR

Address hold time t 0 ns
from RD%b HRA

RD pulse width tWRL 150 ns

Data output delay time 120 ns

from address DAD
Data output delay time t 120 ns
—_— DRD
from RD
Data float delay time t 10 85 ns
— FRD
from RD
Address setup time 0 ns
to WRY Saw
Address hold time t 0 ns
from WR? HWA
WR pulse width tWL 150 ns
Data setup time to WR? tSDw 120 ns
Data hold time from WR? tHWD 0 ns
RD/ WR recovery time tov 160 ns

2-104
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Serial control
3 Standard value
Parameter Symbol |[Test Conditlons Unit
MIN. MAX.
T
ransmit/Receive tCYD 5 tCYK
data cycle
STRxC, TRxC input t 125 ns
CcYc
clock cycle
STRXC, TRxC input | T18R |tycy 30 ns
lock pul idth
clock pulse widt Low tWCL 50 ns
TxD delay time prerpr| X ! mede 100 | ns
from STRxC, TRxC ¥
tDTCTDZ x 16,32,64 mode 300 ns
RxD setup time t 0 ns
to STRxC, TRxC % SRDRC
RxD hold time t 140 ns
from STRxC, TRxC?t HRCRD
INT delay time frém TxD tDTDIQ Tx INT mode 4 6 tCYK
DRQTx delay time tDTDDQ Tx DMA mode 4 6 tCYK
from TxD
JR— —
INT delay time from RxC% cDRCIQ Rx INT mode 7 11 “tCYK
DRQRx delay time, t Rx DMA mode 7 11 t
from RxC? DRCDQ YK
DRQRx delay time t 120 ns
from RD ¥ DRDQ
DRQTx delay time t 120 ns
from WR{ DwDQ

*: STRxC or TRxC, which is used for the receive clock.
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Interrupt control

dard 1
Parameter Symbol Test Conditions Standard value Unit
MIN. MAX.
N -1 ’
INTAK low-level width tWIAL 150 ns
PRO delay time t 50 ns
from PRI DPIPO
PRI setup time t When vector output 0 ns
—— SPIIA
to INTAK{ is permitted.
PRI hold time tHIAPI When vector output 20 ) ns
from INTAK4? is permitted.
Data output delay time| t 120 ns
from INTAK DIAD
Data float delay time t 10 85 ns
from INTAK FIAD
Modem control
Parameter Symbol Test Conditions Standard value Unit
MIN. MAX.
—_— o : t
CTS, DCD, SYNC High | tom 2 “cYk
pulse width
Low tWML ‘ 2 tCYK
INT delay time t 2 t
—_— e CYK
from CTS, DCD, SYNC DMIQ
SYNC delay time t COP external 0 2 t
— T CYK
from STRxC, TRxC?* DTRKSY synchronization

2-106



NEC uPD72001

Crystal oscillation and reset

dard 1
Parameter Symbol | Test Conditions Standard value Unit
MIN. MAX.
XI1 Input le t 12 1000
7pu cycle time tCYX 5 ns
RESET 1 2
pulse width tWRSL tCYK

Note: At all modes, system clock cycle must be more than five times
of data rate.

AC test I/0 wave (except clock)

2.4
2.2 ~—__ Test . 2.2
0.45 0.8 —— points=™—= g

AC test clock input wave

3.3 3.3
™ Test .~
0.6 = points — ¢

Load circuit for AC test

D.UT

1 CL=100pF

CL includes the jig.

2-107



uPD72001 N E C

Timing Wave

Clock timing

twkH ————ed | twkL

CLK N \

KF ] e po— txR

Read cycle timing

c/D. B/A )it X
pe——— tsaR thrA l—_

twar

[

| tDRD ] trro

D7-0

ioap

Write cycle timing

c/D, B/K K
tsaw thwa I——-
twwi, {
WR

e tspw tuwp

D7-0 p

Read/Write cycle timing (data transfer by software)

/b, B/K j / )

2
3
e
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Transmit cycle timing

STRxCA/B
TRxCA/B

TxDA/B

DRQTxA/B

teve

twer

twen

torcTp
) Jl

Receive cycle timing

STRxCA/B
TRxCA/B

RxDA/B

|

o
Z
e}

DRQRxA/B

TN\

7
|

pe—— twCL

twCH ———e~]

tsrorC |

torcio

N\

L— tDRCDQ ]

/

DMA request reset timing

DRQTxA/B

DRQRxA/B

—/
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INTAK cycle timing

tHiapt

INTAK

-—I top r—— —={ triap

E/S timing

twur | twmn
CTSA/B, DCDA/B, SYNCA/B \ # L

SYNC input timing (external synchronization mode)

STRxCA/B
TRxCA/B
Last Bit of 1st Bit of &
SYNC Character Data Character oresy
SYNCA/B *

*: SYNCA/B input must be set to 0 at the rising edge of RxC
after 2 clock cycles following the last bit of SYNC

character.
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XI1 input timing

| terx

RESET pulse

twast
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CHAPTER 1

INTRODUCTION

The uPD7210 GPIB-IFC is a general-purpose interface bus interface controller.
It interfaces between the interface bus specified in IEEE Std 488-1978 and a
microcamputer system under the control of a microprocessor.

Features
[}

]

o 0ODOD0D oo oaQaa

Interface capability that meets IEEE Std 488-1978

si, A, TS5/TES, 13/LE3, SRl, Rul, PPI/PR2, DA,
rmm, a, 2, ¢, &4, &

Programmable data transfer rate
Sixteen registers
eight read register and eight write registers
message transmission and reception, interface function control,
and status information ‘
Address registers
detection of MIA, MLA, and MSA
two device addresses :
Autamatic BOS message detection
Autamatic command processing and undefined command read capability
DMA capability
Programmable bus transceiver I/0 specification
1 to 8MHz clock range
TTL-compatible
N-channel MOS
+5V single power supply
40-pin plastic DIP
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Names of states and messages are described using the method specified in IEEE
Std. 488-1978. Their explanations are amitted. For detailed explanations,
refer to the IEEE paper:

IEEE Std. 488-1978 “IEEE Standard Digital Interface for
Programmable Instrumentation”

The uPD7210 operates on positive logic; IEEE Std. 488-1978 is based on
negative logic. A term or state name in a logic equation equals one when the
uPD7210 is in that state, and zero otherwise.

GPIB: an interface bus which meets IEEE Std. 488-1978
Command: Multiline remote interface message
Data: Miltiline remote device-dependent message
TR | 1 40 | Vec
TR2 |2 39 | EOI
CLOCK | 3 38 | NDAC
RESET | 4 37 | NRFD
TR3|S 36 | DAV
DMAREQ | 6 3s | DIO8
DMAACK | 7 34 | DIO7
[ K] 33 | DIO6
RD |9 32 | DIOS
WR|10 ,pp 31|0Di04
INT|11 7210 30| DIiO3
Do | 12 29 | DIO2
D1]13 28 | DIOT
D2 | 14 27 | SRQ
D3 |1s 26 | ATN
D4 | 16 25 | REN
Ds | 17 24 | IFC
D6 | 18 23 | RS2
D7 |19 22 | RS
GND | 20 21 | RSO

Figure 1.1 Pin Configuration
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Registers A
c:l ') DI01-0108
Data in ! ! v
D0-07 :
Command Pass Message Decoder
= (] Commanar
RS0-RS2 Q
<>
— Byte Out )
RD =1 nead _ Interface
c:“m. Functions
WR "
Status
DMAREQ ] A\ 3 SH1
DMAACK ——in]
| T5Es
on c:: GPIB Control
L3LE3
End of Stri
v nd of String SR1
RL1
Pt Mask 1/2
2 S s—
INT - T/R1-T/R3
- pt Status 1/2 - pct
Serial Poll e on
v v
¢
—a
Y| Preeipor A e
A
Aux (AV(B)(E) e
Internal
cLock Counter cs
. 3
f Aux. C
v
RESET e

Figure 1.2 Block Diagram

1.1 General Description

The uPD7210 is designed to conform to IEEE Std 488-1978.

interface between a microcamputer system and the GPIB.

It provides an

This uPD7210 is

connected to a GPIB via non—inverting bus transceivers that meet the

electrical specifications in IEEE Std 488-1978.

3-3
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1.2 IEEE Std 488-1978

This standard outlines a method for simplifying a system by connecting various
peripherals to the same bus (GPIB). This requires standardized control
signals and data flow to and fram each peripheral.

Data transfer using the uPD7210 is carried out in bit-parallel and byte-serial
fashion over DIO lines. Transfer timing is controlled by three handshake
lines (data byte transfer control lines). In this three-line handshake
system, a byte cannot be transferred until one handshake cycle (transfer of
the previous byte) is complete. This feature enhances reliable data transfer
between peripherals of different speeds.
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CHAPTER 2
FUNCTIONAL DESCRIPTION

The uPD7210 meets the functional requirements of the following as specified in
IEEE Std. 488-1978.

SHl, AHl, TS or TES, L3 or LE3,
SRl, R, PR, DA, DM, Q, R, C3, C4, &S

when the controller is active, i.e., CIC=1 (CIC=CIDS+CADS), there are two
exceptions.

O when CIC°SRQS=1, the SRQ pin becames an input and the SRQ message

is not tranamitted. This SRQ message is detected inside the
uPD7210.

o L
S n __@7 <]E ¢—O sRa

wPD7210

Figure 2.1 IEEE 488-1978: Exception 1

O when CIC°PPAS=1, the DIO pins (DIOl to DIOB) became inputs and the

PFR message is not tranamitted. You can detect the PPR message by
reading the CPT register.
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Figure 2.2 IEEE 488-1978: Exception 2

2.1 Pin Description

m RESET Reset (input, active high)
The uPD7210 aces to an idle state when this pin is high.
I 3 I CLOCK Qock (input)

This is a reference clock input that generates the state change prohibit times
(Ty, Tg» Ty, Tg) as specified in the IEEE std. 488-1978.

Dy to Dy Data Bus (input/output)

This is an 8-bit bidirectional data bus which is connected to the data bus of
the microcamputer system.

8] G hip Select  (imput, active low)
This enables access to the register selected by RS0-RS2.
E ) Read (input, active low)
This reads the contents of the read register specified by RS0-RS2 on D0-D7.
R Write (input, active low)

This writes the data in DO-D7 to the write register specified by RSO-RS2.

3-7
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21-23 | RsO-RS2 Register Select (input)

This selects one read (or write) register of the eight registers during a read
(or write) operation.

INT Interrupt Request (output)

This signal is active when an interrupt request is generated fram one of the
internal interrupt factors. You can change the active level in software.

Active high: when B3=o (B3=0 on reset)
Active low: when B3=1

By: Bit 3 of auxiliary B register
[_T_] DMA RE) IMA Request  (output, active high)

This signal indicates that a request for DMA has been made. It goes low when
a IMA acknawvledge signal is input.

indiar i Zhaiatd

DMA ACK IMA Acknowledge (input, active low)

This signal connects the data bus of the microcomputer system to the data
register. When this signal is low, the contents of the Data In register is
output into DO-D7 with a read signal, and the data in DO-D7 is output to the
Byte Out register with a write signal.

CS| RD| WR| DMA ACK | RSO-RS2 Function

0 0 1 1 any read registers OR-7R

0 1 0 1 ay write to registers OW-7w

X 0 1 0 XX read to Data In register (OR)
X 1 0 0 XXX write to Byte Out register (OW)
1 (X | X |1 xxx} register is not selected

X 1 1 X XXX (DO-D7=Hi-Z)

0 0 0 X xxx} prohibit

X 0 0 0 XX (operation is not guaranteed)




NEC

pPD7210

] w

This line is the input and output control signals of the GPIB bus

Transmit/Receive Control 1

(output)

transceivers.

/R DIO1-DIO8 DAV NRFD NDAC

1 autput autput input input

0 input input output output
@ T/R2, T/R3  Transmit/Receive Contral 2,3 (output)

The function of the T/R2 and T/R3 signals is determined by the TRMO0 and TRML

values of the address mode register as shown below.

When BOIOB=1, the BOI pin is an output; when EOIOB=0, BOI is an

T/R2 T/R3 TRMO TRML
EOIOE TRIG 0 0
CIC TRIG 1 0
CIC BOIOE 0 1
CIC PE 1 1
BOIOE=TACS+SPAS+CIC.CSBS
input.
CIC=CIDS+CADS

When CIC=1, AN is an output and SRQ is an input. When CIC=0, AIN
is an input and SRQ is an output.

PE=CIC.PPRAS

when PE=1, three-state bus transceivers are used in DIO1-DIO8 and the

DAV lines. When PE=0, open-collector transceivers are used.
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TRIG

When DTAS=1 or when a Trigger auxiliary cammand is issued, a high
pulse is generated.

The following pins are connected to the corresponding lines of the GPIB
through non-inverting bus transceivers.

| 28-35 | DICL-DIOB Data Input/Output  (input/output)

This is an 8-bit bidirectional data bus used for transferring remote multiline
messages.

Es:l DAV Data Valid  (input/output)

This is a handshake line which indicates that the data on the DIO lines is
valid.

RRFD Not Ready for Data (input/output)

This is a handshake line which indicates whether the GPIB is prepared to
receive messages.

oAC Not Data Accepted (input/output)
This is a handshake line which indicates that the message has been received.

N Attention (input/output)

This is a control line which indicates that data on the DIO lines is an
interface message or a device-dependent message.

El IFC Interface Clear (input/output)

This is a control signal that clears the interface function.
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3_6 Service Request (input/output)

This control line asks the controller for service.
REN Remote Emable (input/output)

This control line selects remote or local control for a device.
B©I Bnd of Identify (input/output)

This control line indicates the end of a transfer of multiple bytes or, with
ATN, executes a parallel poll.
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CHAPTER 3
INTERNAL RHGISTERS

The uPD7210 contains 16 registers; eight read registers and eight write

registers.

Read Registers

o NOD
e —-0u>d
© owx

| oww [ o6 [ D15 [ 014 | 13 | oi2 | on | ow]

CPT | APT | DET | END | DEC

DO

[ INT [SRai [ Lok [ Rem | co JrLokc [rRemc]apsc]

[ss [Peno] se | ss | sa | s3 | sz | st |

[[Cic [ aTn [sPmS[LPAS[TPAS] LA | TA |MJmN]

[cpr7 | cpre] cprs [ cpra [ cpTa [ cPr2 [ cpTi] cPro]

Data in [0R)

Interrupt Status 1 [1R])
Interrupt Status 2 [2R]
Serial Poll Status (3R]
Address Status [4R]

C Pass Through [SR]

| x | ovo | oo [aDs-0]aDa-0[AD3-0]AD2-0]aD1-0]

[ eor [ ot1 [ oL1 [ADs-1]AD4-1]AD3-1]AD2-1]AD1-1]

Address 0 [6R]
Address 1 [7R]

Figure 3.1 Read Registers

Write Registers

[@07 [ Bos [ 805 | 804 [ 803 [ BO2 | BO1 [ BOO |

[cpr [ ApT [ DET | END | DEC | ERR | DO | DI |

[ o [srai Jomao]omai [ co |rokc [remc|apsc]

[s8 [ rov] s6 | s5 | sa | s3 | s2 | s1 |

[Tton T 1on JTRMI[TRMO] o ]

o [ADM1]ADMmo]

[cnT2 | onT1 [ enTo [ coma [ coms [ com2 [ comi] como |

[ars | ot | oL | Aps | Apa | AD3 | AD2 | AD1 |

[Ec7 T ece [ ecs | eca [ ec3 | EC2 | ec1 | Eco |

3.1 Data Registers

Byte Out (oW}
Interrupt Mask 1 [1W]
Interrupt Mask 2 [2W]
Serial Poll Mode [3W)
Address Mode [4W]
Auxiliary Mode [SW]
Address 0/1 [6W]

End of String [TW]

Figure 3.2 Write Registers

DI7|D16|DI5

D14

D13

DI2

b1

DIO

BQ7|B06 | BGB

BO4

B®&

B2

BAl

BOO

(OR) Data In register

(OW) Byte Out register

These data registers are used for transferring cammands and data between the
GPIB and the microcomputer system.

The Data In register holds data sent fram
the talker over the GPIB when the uFD7210 is designated as the listener.
is output over the data bus with a read operation.

The contents of the Data

In register are held until the next eight bits of data are received.
3-12
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The Byte Out register holds data or a conmand written to it by a write
operation and sends the data or command to the GPIB. The contents of the Byte
Out register are updated at the trailing edge of the write strobe.

3.2 Interrupt Registers

CPT | APT |DET | END | DEC |ERR (DO | DI (1R) Interrupt Status
Register 1

INT|SRQI LOK [REM|Q0| LOKC |REMC [ADSC (2R) Interrupt Status
Register 2

CPT | APT |DET | END |DEC| ERR|DO | DI (W) Interrupt Mask
Register 1

0 | SRQI |IMAO |DMAI| OO | LOKC | REMC [ADSC (24) Interrupt Mask
Register 2

The interrupt registers are composed of interrupt status bits, interrupt mask
bits, and other bits not associated with interrupts.

3.2.1 Interrupt Bits

There are thirteen possible interrupt conditions. Each possible interrupt
condition has an interrupt status bit and an interrupt mask bit associated
with it,

Table 3.1 shows the conditions under which an interrupt status bit is set or
reset (bit=1=set). The interrupt mask bit enables or disables the
corresponding interrupt condition. When the interrupt mask bit is set, the
corresponding interrupt condition is enabled.
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Bit Set Conditions Reset Conditions
[UCG+ACG - (TADS +LADS)] - undefined .
CPT ACDS - Bo* + UDPCF - SCG - ACDS - Bo pon+(Read INT Status 1 Reg.)* |
UDPCF | [UCG+ACG - (TADS+LADS)] - undefined [(UCG+ACG) - defined + TAG +LAG] -
ACDS - Bo ACDS +Bo+pon
APT ADM 1*- ADM 0" - (TPAS +LPAS) - SCG -
ACDS
DET DTAS pon-+(Read INT Status 1 Reg.) |
END LACS - (EOI+EOS - A2)* - ACDS
DEC DCAS
ERR SDYS - DAC - RFD+SIDS - (Write Byte Out
Reg.)* +(SDYS—-SIDS)*
DO (TACS - SGNS) t %Head INT Status 1 Reg.) | +
ACS +SGNS
DI LACS - ACDS - Continuous Mode pon+(Read INT Status 1 Reg.) |
+(Finish Handshake)* - (Holdoff Mode)*
+(Read Data In Reg.)"
SRQI (CIC* - SRQ- RQS - DAV) 1

LOKC | LOK"1 +LOK/
REMC | REM'{ +REM|

ADSC (TA* 1 +TA] +LA" 1 +LA | +CIC T +CIC | +
+MJMN* 1 +MJMN | ) -Ton+ton

co (CACS-SGNS) 1 %Read INT Status 2 Reg.) | +
+SGNS

pon+(Read INT Status 2 Reg.)* |

Table 3.1 Interrupt Status Bits

Notes:
Ay auxiliary register A
B.: auxiliary register B
abw,1: address mode register bits
LOK, REM: interrupt status register 2 bits

: address status register bits

(finish handshake): Finish Handshake auxiliary cammand issued
(holdoff mode) : RFD holdoff state

SDYS->SIDS: transition from SDYS to SIDS

The INT bit (interrupt status register 2) is the logical OR of the enabled

interrupt status bits. When any ummasked interrupt status bit is set, the INT
bit=l. This makes the INT pin active.

When the CPU receives an interrupt, it can tell which condition triggered the
interrupt by reading the interrupt status register. All the bits of the
interrupt status register are cleared after a read. If an interrupt occurs
during a read, the interrupt request is held until after the register is
cleared, then it is placed in the register.

3-14
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Cammand Pass Through

When By=1, this bit indicates that an undefined conmand has been received over
the GPIB or that a secondary cammand has been received just after an undefined
cammand.

When this bit is set, the DAC message is held and the handshake stops until
the Valid auxiliary cammand is issued. The undefined command can be read fram
the cammand pass through register.

The UDPCF also indicates that an undefined primary cammand has been received.

APT Address Pass Through

This indicates that the secondary address (which the CPU is required to check
in address mode 3) has been received.

When this bit is set, the DAC message is held and the handshake stops until
either the Valid or Non-valid auxiliary command is issued. The secondary
address can be read fran the conmand pass through register.

Device Trigger

This indicates that the device has been in DTAS. A high pulse is output when
T/R3 is used as the TRIG pin.

This indicates that the transfer of a data block is complete. This bit is set
when either the END message (EOI) or BOS message (when the contents of the EOS
register and the Data In register are the same) is received.

DEC Device Clear

This indicates that the device is in DCAS.
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ERR Error

This bit indicates that the contents of the Byte Out register have been lost.
This bit is set when data is sent over the GPIB without a specified listener
or when a byte is written to the Byte Out register during SIDS or during the
SDYS->SIDS transition.

e o
The DO bit indicates a data write request to the Byte Out register.

The DI bit indicates that a data byte has been written to the Data In register
fram the GPIB and asks the CPU to read the Data In register.

In continuous mode, the DI bit is not set by a write to the Data In register.

When you are not using DMA, you can use the DMARH) pin as the DO/DI interrupt
pin. This causes the IMAO and DMAI bits to function as mask bits.

| SRQI | Service Request Input

This indicates that an SRQ message has been received while the controller is
active (CIC=l).

When a service request cames fram several devices, the RQS message is detected
on the DIO line and the SRQI bit is set again.

LORC, REMC Lockout Change, Remote Change

LORC indicates a change in the value of the LOK bit (RWLS+LWLS). REMC
indicates a change in the value of the REM bit (REMS+RELS).

ADSC Address Status Change

This indicates that a change occurred in one of the four bits (TA, LA, CIC,
MIMN) of the address status register. You can find the values of these bits
by reading the address status register.
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Camnand Output

This indicates a reguest that a command be written to the Byte Out register so
that it can be transmitted to the GPIB.

3.2.2 Non—-interrupt Bits

LOK, REM Lockout, Remote

These indicate the status of the RL interface functions. The LOK bit
indicates that the device is in LWLS or RWLS. The REM bit indicates that the
device is in REMS or RWLS.

DMAO, DMAI DMA Output, DMA Input

These bits enable and disable DMA transfers between memory and data registers.

When DMAO=1 and the uPD7210 is in data transmission enable mode, a DMA request
that asks for a data byte to be written to the byte out register is generated.
When DMAI=1, a IMA request that asks for data to be written fram the GPIB to
the Data In register is generated.

3.3 Serial Poll Registers

S8|PEND|S6|S5 |54 |S3 |S2 (3R) Serial Poll Status Register

S8|rsv|S6|S5)|54|S3(S2|s1 (3W) Serial Poll Mode Register

The serial poll mode register holds the status byte (S1-S6, S8; sent over the
GPIB) and the local message, rsv.

When the CPU sets rsv=l (rsv message is issued), the state of the SR interface
function becames SRQS when the controller is not serial polling the device.

When the polling of the controller puts the T/TE interface in SPAS, the
contents of the serial poll mode register are sent over the DIO lines as STB
and RQS messages. The rsv bit is cleared when the SR interface function is in
APRS.
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You can read STB in the serial poll mode register fram the serial poll status
register. The PEND bit is set when rsv=1 and cleared when NERS°rsv=1. You
can confirm that a request was accepted and that the STB bit was transmitted
by reading the status of the PEND bit.

You can clear all the bits of the serial poll mode register with a reset pulse
or with the Chip Reset auxiliary cammand.

3.4 Address Mode Status Registers

CIC|AIN|SPMS|LAPS |TPAS|LA|TA|MUMN| (4R) Address Status Register

tonjlon| TRML| TRMD |0 |0 |ADM1 | ALMO (#) Address Mode Register

The address mode register selects the functions of the T/R2 and T/R3 pins and
selects the address mode.

3.4.1 Selecting T/R2 and T/R3 Pin Function

The T/R2 and T/R3 pin functions are selected as fallows:

TRMLITR | TR | T/R3

0 0 BOIOE TRIG
0 1 ac TRIG
1 0 ac EOIOE
1 1 ac PE

Table 3.2 Pin Function Select
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3.4.2 Selecting Address Mode

tan| lon| ADM1| ADMO| Address Mode | Cantents of Contents of
Adr. reg. 0 Adr. reg. 1

1 0 0 0 talk only not used not used

0 1 0 0 listen only not used not used
Address mode | major talk minor talk

0 0 0 1 1 a major o minor listen

listen addr. |address
Address mode | primary addr. [secondary address

0 0 1 0 2 talk or listen|talk or listen
Address mode | primary addr. primary address
0 0 1 1 3 major talk or |minor talk or

major listen |[minor listen

All other cambinmations are prohibited.
Table 3.3 Address Mode Select

The uPD7210 autamatically detects two types of addresses. These are held in
address registers 0 and 1.

0O Address Mode 1
Address mode 1 includes two types of device addresses: major and minor. MTA
or MLA reception is indicated when either address equals the received address.
The interface function is either T or L.

OO Address Mode 2

Adiress register 0 holds the primary address and address register 1 holds the
secondary address. The interface function is either TE or LE.

O Address Mode 3
Address mode 3 provides major and minor primary addresses. The CPU must

identify the secondary address by reading the conmand pass through register.
The interface function is either TE or LE.
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0 Talk Only and Listen Only Modes

Address identification is not necessary in these modes. No address register
is used.

Bit Name Definition

AN AN

LPAS LPAS

TPAS TPAS

CIC CInS+Cabs

LA LACS+LADS=LIDS

TA TACS+SPAS+TADS=TIDS
Set: receipt of minor talk or minor listen address

MIMN Reset: receipt of major talk or major listen address;
AIMO=0 or pon=l or IFC=l

SPMS . SPMS

Table 3.4 Adiress Status Register Bits

The ATN bit confirms that the device has entered CSBS after the Go To Standby
auxiliary cammand has been issued.

LPAS and TPAS determine whether the received secondary address is the talk or
listen address after an APT interrupt.

CIC, LA, TA, and MJMN are used when yau must know their values when an ADSC
interrupt is generated.

3.5 Address Registers

x | DTO (DLO | AD5-0 | AD4-0 | AD3-0 | AD2-0 | AD1 -0 (6R) Address Register 0

BOI | DT1 DLl |AD5-1|AD4-1 |AD3-1|AD2-1 |AD1-1 (7R) Address Register 1

ARS| DT |DL | AD5 | AD4 | AD3 | AD2 | AD]| (6W) Address Register 0/1
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You set device address by writing the address to address register 0/1. Each
bit of address register 0/1 is as fallows:

Bit Name Function
Address selects the address register to which
0 register 0 the low-order bits are written
ARS (AD1 to AD5)
Address

1 register 1

permits or prohibits the set address
0 permitted (AD1 to AD5) detected as a talk
DT address. This bit corresponds to DT1
1 prohibited or DI0 of the address registers.

permits or prohibits the set address
0  permitted (AD1l to AD5) detected as a listen
DL address. This bit corresponds to DLl
1 prohibited or DLO of the address registers.

these bits indicate device addresses
AD1-AD5 and correspond to AD5-0 to AD1-0 and
AD5-1 to AD1-1.

Table 3.5 Address Register 0/1 Bits

For example, when the following codes are written into address register 0/1 in
address mode 1:

00XAAAAA AAAAA: major talk address
l10XBBBBB BBBBB: minor talk address

the device has both the major and minor talk addresses. The uPD7210 operates
as if the MTA has been received when the talk address of either AAAAA or BBBBB
is received.

You can read the adddress (AD1-AD5) and the DT and DL bits written in address
register 0/1 in either address register 0 or 1, according to the value of the
ARS bit. However, the value of bit 7 of address register 0 is unknown. Bit 7
(BOI) indicates the value of the EOI line latched when a data byte is
received,
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3.6 Cammand Pass Through Register

CPT7|CPT6 |{CPTS |CPT4 |CPI3| CPI2|CPI1 | CPIO (5R) Cammand Pass
Through Register

The CPU reads the data on the DIO lines through the command pass through
register. Yau can read the following three types of registers fram the CPT
register:

O CPr=1, By=1
This indicates an undefined command (cammand not defined in
IEEE Std. 488-1978) or a secondary command received after an undefined primary
cammand,

0O APT=1, address mode 3
This indicates a secondary address.

O After a parallel poll
This indicates the PFR message in the parallel poll. If the PPRn message to
be autput by the uPD7210 is true during the parallel poll execution in PPAS,
the PPR message is latched to the CPT register instead of being output to the
DIO line.

In the first two cases, the CPT contains the data on the DIO line. In the
last case, the PPR message is latched into the CPT register when CPPS=l until
CIDS=1 or a command byte is sent over the GPIB.

3.7 End of String (ECS) Register

EC7 |EC6 | ECS | EC4 | EC3 | EC2| ECL | ECO (W) End of string register

This register holds the seven- or eight-bit HOS message byte used by the GPIB
to detect the end of a data block transfer. The length of the EOS byte is
selected by A; (bit 4 of auxiliary register a).
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When data is being received with A, set, end of string is detected when the
received data and the contents of BOS are equal. This causes the END bit to
be set.

When data is being transmitted with A, set, the END message is sent at the
same time as the transmitted data if the transmitted data and BOS register are
equal.

3.8 Awxiliary Mode Register

ONT2 | ONT1 | CNTO | COM4 | COM3 | COM2 | COML | COMO (5W) Auxiliary mode
register

A write to this register generates one of the following operations according
to the value of the ONT bits (CNT0O-2):

O a write to the auxiliary register

0O an auxiliary cammand is issued

O state change prohibit time is set

O a write to the parallel poll register

ONT oM Operation

210 43210

000 | C, C3C G G L_yxssgefC an auxiliary command specified

0" 4

001 OF3 Fy) Py F specifies the reference clock freguency
37271 % anddetennines'rl, Ts, Ty, and o

011 USP Py By writes to parallel poll register

100 LT VW writes to auxiliary register A

101 By B3 By By By writes to auxiliary register B

110 000E g writes to auxiliary register E

Table 3.6 Auxiliary Register Bits

3-23
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3.8.1 Auxiliary Cammands

You issue the following auxiliary cammands by writing 000C4c3c2c1¢:,o to the
auxiliary mode register.

€4C36 ¢ G
0/|0j0f0]O Immediate Execute pon

A local message "pon" is generated that places the follawing interface
functions into their idle states:

SIDS, AIDS, TIDS, SPIS, TPiS, LIDS, LPIS, NERS, LOCS, PPIS,

PUCs, CIDS, SRIS, SIIS
If you issue this cammand while a pon local message is already active (by
either an external reset pulse or the Chip Reset auxiliary cammand) the pon
local message becames false.

o(ojojl 0 Chip Reset

This conmand performs the same function as an external reset pulse. The
uPD7210 is reset to the following state:

local message pon is set and the interface functions are placed in
their idle states;

all bits of the serial poll mode register are cleared;

EOI bit is cleared;

all bits of the auxiliary A, B, and E registers are cleared;

the Parallel Poll flag and RSC local message are cleared;

Sets Np=8 (Fy=1, Fy=F)=F=0);

clears the TRM0 bit and the TRML bit;

0oooooooaQg

0/0j0]|1]1 Finish Handshake

This command ends the handshake by releasing the RFD message transmission from
the holdoff state.
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0(0|1|0|0 Trigger

This command generates a high pulse in the TRIG pin (T/R3 pin when TRML=0).
This auxiliary cammand performs the same function as if the DET bit (interrupt
status register 1) were set. The DET bit is not set by this cammand.

0(X|1(0]1 Return to Local

When Cy=0, this command generates the local message "rtl" in the form of
pulses. If rtl is already set, this cammand clears it.

When Cy=], this command sets the local message rtl.

0j0{1(1(0 Send BOI

This command sends the END message with the next data byte. It is valid only
for TACS.

0(0(1{l1]1 Non-valid

This command releases the DAC message heldoff by the address pass through.
The uPD7210 is allowed to operate as if an OSA message has been received.

0f{111(1]|1 valid

This command releases the DAC message heldoff by address pass through and
functions as if an MSA message had been received. The DAC message is released

at the time of canmand pass through. DAC is also released if DCAS or DTAS is
in holdoff state.

0(X|0(0]1 Set Parallel Poll Flag

This conmand sets the Parallel Poll nagtothevalueof(‘a. The value of the
Parallel Poll flag is used as the local message ist when 84-0; the value of
SRQS is used as the ist when By=1.
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1j0j0j0|0 Go to Standby

This command sets the local message gts at the time of CACS. gts is cleared
when CACS goes law.

1/0/0|0|1 Take Control Asynchronously

This generates the local message tca in the form of pulses.

1/0j0|1|0 Take Contral Synchronously

This command sets the local message tcs. tcs is effective only when
CSBS+HCSWS=1. tcs is cleared at the leading edge of CACS.

1/1/0(1j0 Take Control Synchronously on End

This command sets the local message tcs when the data block transfer end
(END=1) is generated at CSBS. tcs is cleared at the leading edge of CACS.

1/]0({0(1]|1 Listen

This command generates the local message 1tn in the form of a pulse.

l1j1/{0}1}|1 Listen in Continuous Mode

This command generates the local message 1tn in the form of a pulse and places
the device in continuous mode.

In continuous mode, the local message rdy is issued when ANRS is initiated
unless data block transfer end is detected (END=1). When the end is detected,
the device is placed in the RFD holdoff state, preventing generation of the
rdy message. In continuous mode, the DI bit is not set when a data byte is
received. The continuous mode caused by this command is released when the
Listen auxiliary cammand is issued or LIDS is initiated.
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1j1(1j0]0 Local Unlisten

This command generates the local message lun in the form of a pulse.

1({1(1(0)1 Execute Parallel Poll

This command sets the local message rpp. Ipp is cleared when CPPS+CIDS=l.
The transition of the C interface function is not guaranteed if the local
messages rpp and gts are issued simultaneously when CACS®STRS®SDYS=1.

1/X(|1/1¢(0 Set/Clear IFC

This command generates the local message rsc and sets IFC to the value of C3,
In order to meet IEEE Std. 488-1978, you must not issue the Clear IFC command
until IFC has been held true for at least 100us.

Cy=1=IFC C3=0=IFC

1/x/1(1]1 Set/Clear REN

This command generates the local message rsc and sets REN to the value of G.
In order to meet IEEE Std. 488-1978, you must not issue the Set REN cammand
until REN has been held false for at least 100us.

Cy=1=RIN C3=0=REN

l1(0({1j0]|0 Disable System Control

This command clears the local message rsc.

3.8.2 Internal Counter

The internal counter generates the state change prohibit times
(Ty, T, T, Tg) specified in IEEE Std. 488-1978.
T (low q:eed)-'rsa'l\7-'r9=mp+tm
fc
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T) (high speed)=Np +tgn.
2fc

Where N=integer represented by binary Fo-F3. 1< Np <8
fc=reference clock frequency (clock input)
0 < t sync { max (reference clock high or low period)

T, (high speed) is used for all bytes following the first byte sent after each
false transition of AIN if By=], Yau should use this T) if you are using
three-state bus drivers on the DIO, DAV, and BOI lines. In other cases, use

T, (low speed).

When Np(MHz) =fc, then:
T1 (low speed) =Tg=T4=Tg=2us+t sync
T; (high speed)=500ns+t sync

When Ng(MHz) <fc, IEEE Std. 488-1978 is not satisfied.

twnc is a synchronization error greater than zero but less than the larger of
the reference clock high and low.

0< tqnc < max reference clock high or low period

For a 50% duty clock:
0L ts,{nc £ 1/2 reference clock period

3.8.3 Awuxiliary Register A

You can write to auxiliary register A by writing 10054A352p.150 to the auxiliary
mode register. The contents of auxiliary register A control the messages
(holdoff, BOS/END) associated with data transfer.

Al a Data Receiving Mode

0 0 rormal handshake mode

0 1 RFD Holdoff on All data mode
1 0 RFD Holdoff on End mode

1 1 Continuous mode

Table 3.7 Data Receiving Modes
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O In Normal handshake mode, the local message rdy is generated when data is
received. When the received data is read fram the Data In register, rdy is
generated in ANRS. This causes the RFD message to be transmitted and the
handshake continues.

O In RFD Holdoff on All Data mode, RFD is not sent true after data is received
until the microprocessor issues the Finish Handshake auxiliary cammand.
Unlike normal handshake mode, this mode does not generate the rdy message even
if the received data is read through the Data In register (that is, the RFD
message is not generated).

U In RFD Holdoff on End mode, operation is the same as the previous mode when
the end of the data block (EOS or END message) is detected. Handshake holdoff
is released by the Finish Handshake auxiliary cammand.

O In continuous mode, the rdy message is generated when in ANRS util the end of
the data block is detected. A holdoff is generated at the end of a data
block. The Finish Handshake command must be issued to release the holdoff.
This mode is useful for monitoring the data block transfer without data
reception. In this mode, the DI bit is not set by the reception of a data
byte.

Bit Name Function
0 prohibit mits or prohibits setting the END
%2 1 permit ﬁt at reception of the ECS message
0 prohibit pemits or prohibits autamatic
Ay transmission of the END message at the
1 pemit same time as the BOS message in TACS
A 0 7-bit EOS selects seven or eight bits as the
1 8-bit BOS valid length of the EOS message

Table 3.8 Functions of Auxiliary Register A
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3.8.4 Auxiliary Register B

You can write to auxiliary register B by writing 1013433325130 to the auxiliary
mode register,

Bit Name Function
1 pemit pemits or prohibits the detection of
By undefined conmands; permits or
0 prohibit prohibits the settmg of the CPT bits
on receipt of an undefined command
1 permit pemits or prohibits the transmission
By 0 prohibit of the END message in SPAS.

sets T, (high speed) as Ty of handshake
1 T (high spd) after hananission of second byte
following data transmission

B
2 0 T) (low spd) sets T) (low speed) as Ty in all cases
B, 1 INT specifies the active level of the INT
0 INT Rnn
SRQS indicates the value of the ist
1 ist=SRQS local message (the Parallel Poll flag
is ignored) SQRS=ist=1; SQRS=ist=0
B
4

0 ist=Parallel the value of the Parallel Poll flag is
Poll flag taken as the ist local message

Table 3.9 Functions of Auxiliary Register B

3.8.5 Auxiliary Register E

You can write to auxiliary register E by writing 11()0()0!5‘.1.5-0 to the auxiliary
mode register.

Bit Name Function

) 1 enables enables or dxsables DAC holdoff by
0 disables initiating DCAS

El 1 enables enables or disables DAC holdoff by
0 disables initiating DTAS

Table 3.10 Functions of Auxiliary Register E
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3.8.6 Parallel Poll Register

You can write to the parallel poll register by writing 011051’3p21>1 to the
auxiliary mode register.

O when you use the subset PPl as the PP interface function, you should not write
to this register. The parallel poll response (PH?N) is autamatically sent out
according to the PPE message issued by the GPIB controller. For example, when
the values of S and ist are equal, the PPR.N message is sent out true according
to the specification of Pyp,py (=M-1).

O when you use the subset PP2, you must write to this register in advance. The
U bit implies the local message Ipe. When U=0, S and PyP,P; mean the same as
the bit of the same name in the PPE message and the write operation is the
same as the receipt of the PPE message. When U=1, S and P3P,Py bits do not
carry any meaning, but they should be reset to zero.
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CHAPTER 4
USING THE uPD7210

4.1 Transmitting Cammands

A cammand is transmitted by writing the code to the Byte Out register when a
request for command transmission is received (CO=1). This is repeated when
you send several caommand bytes.

4.2 Processing Undefined Cammands

When B=1, the DAC message is held false and the CPT bit is set when an
undefined command is received. The CPU reads the undefined code via the CPT
register. The handshake that stopped is campleted when the Valid auxiliary
cammand is issued.

When Bj=0, the handshake is completed, just as when a defined command is
received, and the CPT bit remains 0. The received code is ignored.

A secondary camand received immediately after an undefined primary cammand is
handled as an undefined command.

4.3 ProcessinQ Address Pass Through

The APT bit is set when the secondary address is received. This is the case
where a secondary command is received in address mode 3 and LPAS+TPAS=l.

O Address Mode 3 (ton=lon=0 and AIML=AIMD=1)
In this mode, the TE and LE interface functions are used as the
talker and the listener, respectively. Address register 0 holds
the major primary address and address register 1 holds the minor
primary address.

O LPAS+TEAS=1
This condition is satisfied when either the MIA (My Talk Address)
or the MLA (My Listen Address) has been received.
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when the APT bit is set, the handshake stops with the DAC message held false
just as the CPT bit is set. The CPU must then perform the following:

O3 determine whether the secondary cammand just received is a listen,
talk, major, or minor address by reading the LPAS, TDAS, and MIMN
bits of the address status register

O determine whether the secondary command read through the CPT register
is my address. If it is my address, the Valid auxiliary command is
issued. If it is not my address, the Nan-valid auxiliary cammand
is issued.

When the Valid auxiliary command is received, the uPD7210 assumes that the MSA
(My Secondary Address) message has been received. When this command is
issued, LADS=TIDS=1 if LPAS=l or TADS=LIDS=1 if TPAS=1, the DAC message is
sent true, and the handshake is finished.

When the Non-valid auxiliary cammand is received, the uPD7210 assumes that the
OSA (Other Secondary Address) message has been received. When this cammand is
issued, TIDS=1 if TPAS=1l, the DAC message is sent true, and thc handshake is
finished.

4.4 Beginning Data Transfer

After specifying the talker and the listener, issue the Go To Standby
auxiliary cammand. Data transfer begins when the last command written to the
Byte Out register has been transmitted.

4.5 Transmitting Data

When a data reguest is received (DO=1), one byte of data is tranamitted by a
write to the Byte Out register. This process is repeated to send several
bytes. The DO bit is cleared when read or when a write is made to the Byte
Out register.

Yau can use IMA for sending or receiving data. When a request to send data is
received and IMAO=1, or when a device asks to received data and DMAI=1, a DMA
request is generated (DMARED=1).
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4.6 Receiving Data

When the CPU receives a data. receive request, the contents of the Data In
register are read. Data is received in the four modes below.

4.6.1 Normal Handshake Mode (Ag=py=0)

When the device receives data as a listener, a data receive request (DI=l) is
made and the RFD message is sent false. As the receive data is read fram the
Data In register, the RFD message is sent true, informing the talker that the
listener is read for the next data,

4.6.2 RED HOldoff on All Data Mode (Ag=l, A=0)

When the device receives data as a listener, a data receive request (DI=l) is
made and the RFD message is sent false, just as in normal handshake mode.
However, even if the CPU reads the received data fram the Data In register,
the RFD message is held false until the Finish Handshake auxiliary cammand is
issued. While the RFD message is being held false, the next data is not
received and the contents of the Data In register are not updated. Therefore,
the CPU can read the same data several times, if desired.

4.6.3 RFD Holdoff on End Mode (Bg=0, By=1)

In this mode, the RFD message is sent and held false when the data is received
with the END bit set. Issue the Finish Handshake auxiliary command to send
the RFD message true. The function is the same as in normal handshake mode
unless the END bit is set.

3-34
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4.6.4 Cantinuous Mode (AO?—-AIEL)—

In this mode, the RFD message is returned true in response to the DAV message
unless the END bit is set. When the END bit is set, operation proceeds as in
RFD Holdoff on End mode. This mode is used for data block end detection or
interrupt synchronized with the handshake by the tcs local message. When the
Listen with Continuous Mode auxiliary command is issued at CACS, operation is
the same as in this mode.

4.7 Campleting Data Block Transfer

In accordance with IEEE STd. 488-1978, the following two methods are provided
for detecting the end of the data block.

4.7.1 Placing BOS Byte After Data Block

The HOS code may be user-defined, but it is not possible to identify the BOS
message if a code appearing in the data byte is used. You may not use it if
the data byte is a full eight bits. In order to use ASCII code, use the LF
code as EOS and the others as data bytes.

4.7.2 Using the EOI Line

In this method, the END message (EOI=1) is sent out with the last byte of the
data block.

4.7.3 Transmission of the HOS Message

This transmission works the same as transmission of a data byte. When DO=1,
the EOS message can be transmitted by writing the EOS code to the Byte Out
register.
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4.7.4 Transmission of the END Message

After the Send BOI auxiliary cammand is issued to the uPD7210, the END message
is transmitted with the data byte when the next data byte is written to the
Byte Out register.

When A;=]1 (Output EOI on EOS Sent), the END message is sent when the EOS
message is sent (based on the contents of the Byte Out register, the EOS
register, and the value of A4),

4.7.5 Detecting the EOS Message

When A,=] (End on BOS Received), the END bit is set when the EOS message is
received. Receipt of the HOS message is determined by the contents of the
Data In register, the BOS register, and the value of A4.

when the STB (Status Byte) code in the serial poll register and the HOS code
agree, this is not evidence of receipt of the BOS message.

4.7.6 Detecting the END Message

The END bit is set when the END message is received in LACS. You can identify
the END or ECGS message because the value of the BOI line is latched in the BOI
bit when data is received and data itself is latched in the Data In register.

4.8 Discontinuing Data Transfer

There are three methods of discontinuing data transfer, as decribed below.

4.8.1 Using the Take Control Asynchronously Cammand

wWhen the Take Control Asynchronously cammand is issued, AIN is set egual to
one and the data transfer stops. You must be careful when using this method
to stop data transfer because data on the DIO line might be taken as a
cammand.,
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4.8.2 Using the Take Cantrol Synchronously Cammand

when the Take Control Synchronously cammand is issued, AIN is set equal to one
and the data transfer stops at the end of the handshake (ANRS). You must
specify the controller as the listener before using this method.

To specify the controller as listener, issue the Listen or Listen with
Continuous Mode auxiliary command before issuing the Go to Standby auxiliary
cammand. When you use the Listen command, the listener functions in the mode
specified by the Ay and A) bits. When you use the Listen with Continuous Mode
cammand, the listener functions in continuous mode, whatever the values of Ao
and A,

4.8.3 Using the Take Cantrol Synchronously on End Cammand

when this command is issued, AIN is set equal to one at the end of the current
data transfer and transfer stops.

4.9 Serial Polling

To request service, you must confirm that there is no pending service request
(PEND=0). Write the STB into the serial poll mode register with the local
message rsv=l. If the device is not in SPAS, the SRQ message is sent true as
soon as the rsv message is set. If the device is in SPAS, the SRQ message
remains false until the serial polling is complete (SPAS=0). The PEND bit
indicates whether a service request is accepted or left pending. It is set
when rsv=1 and cleared when the STB is read out by the controller-in-charge
(SPAS=0), or when the local message rsv is cleared before SPAS-l.

The STB set to the serial poll mode register is sent out when the STB is asked
to send. The STB is sent only once even if the controller does not assert AN
after the first transfer. The END message is sent out if By=l.
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4.10 Parallel Polling

When the Execute Parallel Poll auxiliary cammand is issued and the local
message rpp is set to 1, the parallel poll is executed as soon as the C
interface function is placed in the proper state (CMWS or CACS). The PPR
(Parallel Poll Response) is autamatically taken in the CPT register and rpp is
cleared to 0. The CPU knows that this operation is complete based on the
condition of C0=1. The PPFR can be obtained by reading the contents of the CPT
register, which are held until a command is transmitted or the controller
becomes imactive.,

4.11 Parallel Poll Protocol

Before a parallel poll is executed, you must specify to which line of DIOl to
DIO8 the one-bit status (ist:individual status) should be output and which
polarity should be used. The following two methods are provided for this.

O Remote Configuration (PPl)
In this method, the specifications are made by either PPE or PFD
messages sent fram the controller.

O Local Configuration (PP2)
In this method, the specifications are made fram the device.

Specifications by the CPU are not required in the Remote Configuration. In
the Local Configuration, you must write the following values to the auxiliary
mode register.

OIIUSP3p2p1

status bit cutput line (DIO1 to DIO8)

status bit polarity S=1: in phase
S=0: in reverse phase

response to parallel poll U=l: no response
U=0: response made
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Status bit polarity
S = 1: in phase
= 0: in reverse phase

S
{ U = 1: No response to paraliel poll
U = 0: Response to paraliel poll

Figure 4.1 Local Configuration for Parallel Poll
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CHAPTER 5

GPIB-INTERFACE USING uPD7210

This chapter describes how to set up a GPIB~Interface using the uPD7210.
Complete hardware schematics as well as a software example will be given,
to show you how easy an implementation of a GPIB-Interface with the uPD7210
may be.

5.1 Hardware

Figure 1 shows one possible way to implement a minimal uPD8085 system
including a GPIB-Interface. As the uPD7210 is directly bus-compatible with
the uPD8080,8085,8088 ... processor series, no additional hardware is
needed to connect the uPD7210 to the uPD808S.

I-’ '-] Decoder
Xy X2 i : I
AD-18 ]
ADO-7 J
\r 1 ‘/\‘ >
o
[
uPoSOSS __
wR
ALE
RESET OUT
LK
RST 7S
IR L b { )
=i r: > > = 0 > > a 9
; 18. ul;l [ ] ? §|&§l; ; al f ; gla'gla % l
» - ~ 3 4 ce e
RST 6. -~ —
uPOT210 TWER OUT  uPDS1SS z HPDSISS —_
1OR W
RST S.5 DMAREQ DMAACK o PAO-7, PBO-7
TM1-3 PAG-7 PBO-

~
>

o HWHWH rs-q-nal-‘[-]
3

Figure 1. Minimum 8085 System using uPD7210
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The uPD7210 is attached to the GPIB-Bus via appropriate bus drivers, which
meet the IEEE-488 bus specifications (Figures 2,3).

The uPD7210 is able to operate with almost any IFEE 488 bus drivers, which
are controlled by the T/R1,T/R2 and T/R3 lines. These lines are pro-
grammed by software depending on the type of the bus drivers used.

Note:

In the case of low-
speed data transfer
(Bp=0), the T/R3 pin

SN 75160

D7 o DIOB 08 can be used as a

< TRIG output., The PE
3% 5 VR input of the SN75160
= . should be set to

=Y nom,
ase RY IEC-BUS
RS1
RS2

T/R2

DMAREQ
DMAACK

L L T

Figure 2. Using SN75160 and SN75161 Bus drivers (T/R mode 3: TRM1=TRMO=1)
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#PD7210 MC3448Ax4 GPIB
PI0s| Data A Bas A f————————DI08
bIo7 Data B Bus B ————————DIO7
DIOG | Data C Bus C ———————DIO6
DIOS Data D Bus Df———pros

—>{S/RA~D P.EA-D[~—

DIo+| Data A Bus A DIO4
bI03, Data B Bus B D103
DIO?Z | Data C Bes C Dlo2
DIOT |

Data D Bes D Diol

$—>S/RA~D P.EA~D [~

R Dot >0

‘T/R3(EOIOE S/RA .
For Data A Bas A EOL Note: .
Lol sirB In this example, no
DAV Data B Bus B DAV high-speed data
S/RC transfer can be made
NRF5 Data C Bus C NRFD because the bus
: S/R D transceiver are open
L DusD - BasD NPAC  collector type (set
P.EA~D [~ B2=0) .
R2(AIC) Po—d s/
SRQ Data A Bus A SRQ
S/RB
Y Data B Bus B ATN
—{ S/RC
REN Data C Bas C REN
= S/RD
T — Data D Bus D 1FC

P.EA~D [~

£—0
d—o

Figure 3. Using MC3448A Bus drivers (T/R mode 2: TRMl=1,TRMO=0)
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5.2 SOFTWARE

In this software example the uPD7210 operates as CONTROLLER/TALKER on the
GPIB-Bus, After specifying a LISTENER the uPD7210 will send a short stream
of data to the GPIB-Bus. Figure 4 shows the command and data sequence put
on the GPIB-Bus by the uPD7210.

IFC %us -
—
ATN L

EOl

D018 — — 1 UNL |1 TA -1 LA - Datalt |- -—DclmN"‘l EOS [ —
3F 40 21 30 kil 32 "]
CO-Bit set DO-8it set
Command-Mode Data - Mode

Figure 4, Data Transmission with the GPIB-Bus

During initialisation the IFC (interface clear) line is activated to reset
all devices attached to the bus., Before starting the data transfer, a
TALKER and at least one LISTENER has to be specified by the CONTROLLER.
For this reason the CONTROLLER places the command UNLISTEN, the TALKER-
ADDRESS (his own one) and a LISTENER-ADDRESS on the bus. As soon as the
CONTROLLER releases the ATN line (end of command mode), the TALKER starts
the transmission of data (data mode). With the last character transmitted
(carriage return) the TALKER activates the BOI (end or identify) line
indicating that the data transfer is finished, Now the CONTROLLER again
takes the bus control to initiate a new data transfer.

The software listing shows the implementation of the procedure discussed
above. This listing is commented extensively and should be self-
explanatory.
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S EEETELEE

HES

HE 3 uPD7218 Software Example
e

s X

iX In this example the uPD?7218 workKs as

;¥ CONTROLLER-TALKER and sends the data stream

¥ ‘@7 717 727 “CR° to a LISTENER.

3

s 2333333333333
§

dagae = BROUT EQU 8@H iBYTE OUT
a8l = INTM1 EQL  81H i INTERRUPT MASKL
8882 = INTMZ EQU 82H s INTERRUPT MASK2
2883 = SPM EGU  83H s S3ERIAL MODE
8884 = ADRM EQU 84H sADDRESS MODE
BB33 = AUXM EQU  85H sAUXILIARY MOCE
8888 = ADRAB 1 EQU 8&H sADDRESS 8.1
Wel7 = EQS EQU 87H sEND OF STRING
H
L
3 X
1¥ JMP Table
1 ¥ =========
3 %
BpBBd C33504@ MATN: JMP XMAIN
Bg@az Csevew INIT: JMP XINIT
daes C33408 SEND @ JMP XSEND
H
HES
3% INIT Routine
;¥ S====ss======
HE
s¥ - initialise uPD?721a
§%
aeay 2EBZ KIMIT: MUT  A,82H jChip recet
wBagR D3IBS OuT  AUXKM
3
BBE0 3E0@ MWI  A,BBH
GaeEr D31 ouT  INTMI idisable interruptl
ge11l D32BE auT  INTMZ jdisable interrupt2
aR1z 2E31 MUT  A,31H jAddress mode |
B@ 1S L334 OuT  ADRM iT-/R mode 3 @ 75158/1 drivers
8617 3EG@a MUT A 8eH smy address=8
aa1y D3RS oUT  ADRE1 jtaddress @ register)
]
@@ 1t 3EE@ MU AL, BEBRH sdisable address | register
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8810 D386 auT  ADRE L
A8 1F 3E@D ' MU A,8DH ;E0S = CR
8821 387 ouT EOS send of string = carriage return
H
@823 3EA4 MYI  A,B8A4H shigh speed transfer (tri state driver:
8825 D335 ouT  AUXM $INT pin is active high
H jist = parallel poll flag
ee2/ 3E24 MVI  A,24H iNF = 4
Bazy? D38S OUT  AUXM sif NF = 4Mhz , T1 = 586ns
H
6ez2B 3EBC MVl  A,8CH jnormal handshake mode
892D D385 OUT  AUXM ¢ 37-bit word EOS
H
8e2r 3E00 MVI  A,88H jimmediate execute power on
8031 D385 ouT  AUXM
H
0833 C? RET send of initialisation
H
3%
3X SEND Routine
$ X ==ss=s=momsmmes
3%
;1% - send the data in registers B,C,D,E to the GPIB-Bus
3%
s
3
8034 3ESB XSEND: MVI  A,8BH jcontinuous mode
8836 D38S OUT AUXM joutput EOI on EOS sent
4
e3¢ CD7000 CALL COCHECK 3CO Bit check (Command Output)
883B 3E3F M1 A,3FH ;send UNLISTEN
80630 D386 OuUT BOUT
i
003F CD7e0e@ CALL COCHECK
8842 3E40 MVI  A,40H ;jsend TALKER Address
8844 D380 ouT BOUT
H
0846 CD70080 CALL COCHECK
8049 3E21 MYI A,21H ;send LISTENER Address
804B D380 ouT BOUT
§
804D 3E1B MV1I A, 1BH jlocal message: l1tn continuous
884F D38S ouUT  AUXM j(listen)
i
8851 3E1A MUI A, 1AaH slocal message: tcs
8053 D385 OouUT  AUXM s(take control synchronously on end>
H MVI A, 18H jlocal message: gts
8855 D385 OUT AUXM s(go to standby)
H
H
89S7 CD78e0@ CALL DOCHECK 3D0 Bit check (Data Output>
8854 78 MOV  A,B ;send contents of register B
8858 D380 ouT BOUT
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HAS0 C0L738a CAaLL DOCHECK
gasy 79 MOV A, C jeend contents of register C
@as1 D338 auT  BOUT
WEs3 CO730R CAaLL DOCHECK .
d@ass FA MOV A,D jsend contents of register D
aBsy L339 ouT  BOUT
£
avgay? CD7PR@8e CALL DOCHECK
aa8sCc FB M AGE jsend contents of register E
Bash D3sw ouT  BOUT iend of SEND-Routine
dasF C7 RET
aava DBSZ COCHECK: IN INTMZ2 ;C0 Bit check (Command Qutput?
Ba72 E&A8 ANI  B8H
aa74 CA7aea JZz COCHECK
aazy Ccv RET
i
8ev7a DR81 DOCHECK: IN INTM1 ;DO Bit check <(Data Output)
aR7Aa EsB8 ANI  @éH
Ba7FC CA7Rae Jz DOCHECK
Ba7F EsB4 ANI 84H
geg1 C285aea JNZ  ERR
Bald4 C? RET
H
’
ERR: sput in your indiwvidual
;ERROR Routine here
i
H
1 ¥
1% MAIN Routine
§¥ momcmoom—se=
HES
;¥ - initialise uPD7218
;¥ - send IFC (interface clear)
;¥ - load reqgisters B,C,D,E
3¥ — call SEND Routine
i ¥
s
@835 CDe30@ XMATH e CALL INIT sset IFC (interface clear)
9888 3EILE MUYT A, 1EH
888Aa D38S ouT  AUXM
aa8C @Ez9@ MVI  C,28H
8e8E @D IFCWAIT: DCR C jwait 1@@us
@B3F C23E4@ JNZ  IFCWAIT
892 3E1S MUT A, 18H jclear IFC
Ba?4 D385 ouT  ALKM
]
6a?s @530 MY/ B,38H jload registers
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2052 RE31 MVI C.31H

Q2%A 1632 MVI D.32H

2@9C 1EQD MVI E.ODH :carriage return CR

QQSE CDR600 CALL SEND :send contents of the registers
20A1 DB21 ENDCHECK : IN INTM1 :test END bit

BRA3 E610Q ANI 10H

B0AS CAA10Q00 Jz ENDCHECK

22AS 32EQ3 MVI A.03 :send finish handshaking command
@OAA D335 ouT  AUXM

@RAC END rend of MAIN routine
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ABSOLUTE MAXIMUM Ta=257C

RATINGS PARAMETER SYMBOL TEST CONDITIONS RATINGS UNITS
Supply Voltage vee ~0.5\ +7.0 v
input Voitage \"71 —0.5N +7.0 \
Output Voltage Vo —0.5V +7.0 v
Operating Temperature | Topt 0~ +70 °c
Strage Temperature Tsig —65 v+ 125 v°Cc

DC CHARACTERISTICS Ta=0" +70°C, veg = 5V = 10%

PARAMETER SYMBOL TEST CONDITIONS T A uNITS
input Low Voltage ViL -0.5 +0.8 v
Input High Voltage ViH +20 Vce +0.5 v
Low Level Output Voltage |VOL oL = 2mA (4mA : T/R1 Pin) +0.45 v

VOH1 10H = —400uA, Except INT +24 v
High Level Output Voltage Vo2 101 400uA INT Pin +24 v
[ OuA +35 v
Input Leakage Current I IIN=0V~Vee -10 +10 uA
Output Leakage Current oL louT = 045V v Voo -10 +10 uA
Supply Current Icc +180 mA
CAPACITANCE ~ '*7%C-Vecmono-ov

PARAMETER SYMBOL TEST CONDITIONS MIN L'r;:s MAX UNITS
Input Capacitance CiIN f=1MHz 10 pF
rowcmeme | G | Aty L
1/0 Capacitance Ci/o 20 pF

AC CHARACTERISTICS ~ Te=0v+70°C.Vee=sv =10%
PARAMETER SYMBOL TEST CONDITIONS LIMITS UNITS
MIN TYP | MAX
Address Setup to RD tAR RS20 8 ns
[ []
Address Hold from RD tRA 0 ns
RD Pulse Width tRR 170 ns
Data Delay from Address tAD 250 ns
Data Defay from RD | RO 150 ns
|Output Float Delay from RDt tDF 0 80 ns
RD Recovery Time tRV 250 ns
[Address Setup 1o WR AW 0 ns
lz\idus Hold from WR WA [ ns
WR Pulse Width ww 170 ns
Data Setup to WR tow 150 ns
Data Hold from WR WD 0 ns
[WR Recovery Time RV 250 ns

[DMAREQ 1 Delay from DMAACK] takRQ_| [
|Data Detay from DMARCK | takD | [

——
@
S
2
L]

[0 | = ]

3-51
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Ta=0"+70°C, Veg = 5V £ 10%

PARAMETER SYMBOL TEST CONDITIONS N unx:s MAX UNITS AC CHARACTERISTICS
[€01 1+ bio €0D! PPSS — PPAS, ATN = True 250 s
EOI 4+ T/R1 ¢ tEOT11 | PPSS-PPAS, ATN = True 155 ns
EOIt—+T/R1 Y tEOT12 PPAS - PPSS, ATN = False 200 ns
ATN { - NDAC | tATND AIDS — ANRS, LIDS 155 ns
ATN L= T/R1 ¢ ATT1 TACS + SPAS ~+ TADS, CIDS 155 ns
ATN L > T/R2 1 tATT2 TACS + SPAS — TADS, CIDS 200 ns
DAV | +~ DMAREQ t tpvRQ | ACRS - ACDS, LACS 600 ns
DAV { -+ NRFD ¢ tDVNR1 | ACRS - ACDS 350 ns
DAV | - NDAC t WVND1 | ACRS = ACDS -+ AWNS 650 ns
DAV t -+ NDAC + tDVND2 | AWNS - ANRS 350 ns
DAV tDVNR2 | AWNS - ANRS - ACRS 350 ns

RNR f:gsi;nﬁ‘imua 500 ns
INDRQ | STRS —SWNS - SGNS, TACS 400 ns
tNDDV | STRS = SWNS = SGNS 350 ns
tWD! SGNS ~ SDYS, BO reg. selected 250 ns
NRFD t -+ DAV | INRDV SDYS = STRS, Ty = True 350 ns
A SGNS =+ SDYS —+ STRS 830
WR t +DAV { twov BO reg. selected, RFD = True +SYNC ns
NF = fc = 8 MHz, T (High Speed)
[mls Pulse Width tTRIG 50 ns

EXTENDED TEMPERATURE RANGE

Ty=25°C
= T 1
0L T 1
Supply Voltage Vee I \
Input Voltage Vi ~05+7.0 v
Output Voltage Vo 05\ +7.0 ! \ !
Operating Temperature | Topy -40 - +85 °c '
Strage Temperature Tsig —65 "\ + 125 “C i
40°C...+85°C, vcc=*5vi1 0%
LIMITS B
PARAMETER SYMBOL TEST CONDITIONS IL N TVE MAX j]‘umrs DC CHARACTERISTICS
Input Low Voltage ViL | -05 +0.6 LV
input High Voltage VIH i +2.2 I vecros| v |
Low Level Output Voltage | VoL 100 = 2mA (4mA : T/R1Pin} | i i 045 TV
VOH1 I0H = —400uA, Except INT RS 3[ v 1
High Level Output Voltage Vora 1OH = —400uA L“T on i +2.3 v
1oH = —50uA | L +3.4 v
Input Leakage Current e iN =0V N Voo -10 +10 uA
Output Leakage Current oL touT = 0.45V v Voo “ -10 +10 uA
Supply Current icc | +220 mA
T, =25°C, V¢ = GND = OV
LIMITS CAPACITANCE
PARAMETER SYMBOL TEST CONDITIONS N P X UNITS
Input Capacitance CiIN f=1MHz 10 of
All Pins Except Pin Under 15 F
Ouwut Capacitance Cour Test Tied to AC Ground : L4
1/0 Capacitance Cio l 20 of
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Ta--IO‘C-0BS'C, Vcc=‘5V:1O %

PARAMETER SYMBOL TEST CONDITIONS . % A ] umiTs
RS20 85

| Addrens Setup to AD AR re3 «20 "
Addres Hold from AD tRA 0] ~
| Pune wiath WA 170 o
Data Delay from Addres 1AD 275 ~
Data Delay trom RD 4 RO 150 ns
Output Float Delay from AD t tOF o 80 s
AD Recovery Time Y 250 N
DMAREQ § Owiay from DMAACK] 'AKRQ 160 s
Data Delay from DMAACK tAKD 240 ns
Addres Sewp 10 WR taw 0 ns
Addres Hold from WR WA +20 ns
WR Pulse Width ww 170 s
Datw Setup to WR tow 150 ns
Datw Hold from WR wo +20 ns
WR Recovery Time 1RV 250 ns
€01 ¢ ~DI0 tEOD! PPSS — PPAS, ATN = True 300 ns
[EBii=Tmit TEOT11 | PPSS = PPAS, ATN = True 202 ~
EOIt=T/R1 L EOr12 PPAS ~ PPSS, ATN = False 260 ns
ATN | -~ NDAC 4 TATND AIDS + ANRS, LIDS 202 ™
ATN L =~T/R14 ATTY TACS + SPAS - TADS, CIDS 202 s
ATN L=+ T/R24 ATT2 TACS + SPAS — TADS, CIDS 260 "~
OAV | -~ DMAREQ t tDVRQ ACRS -+ ACDS, LACS 720 ns
DAV 4 -+ NRFD ¢ tDVNR1 | ACRS ~ACDS 420 ns
DAV | - NDAC t tDVND1 | ACRS = ACDS - AWNS 780 o
DAV t -~ NDAC + tDVND2 | AWNS - ANRS 420 ns
DAV t —+ NRFD t 1OVNR2 | AWNS - ANRS — ACRS 420 ns
e R | S ofveg selecma 600 .
NDAC 1 -~ DMAREQ 1 INDRQ | STRS - SWNS - SGNS, TACS 480 s
NDAC t = DAV t INDDV | STRS - SWNS = SGNS 420 ns

t- wo! SGNS — SDYS, BO reg. selected 300 ™
NRFO 1~ DAV 4 INROV | SOYS —~STRS, Ty = True 420 m
_ SGNS = SOYS = STRS 860
WR t - DAV | wov BO reg. selected, RFD = True +tSYNC| ns

NE = fc = 8 MHz, Ty (High Speed)

[Tmc Pulse Width TRIG 45 ™

Cs,Rs2~Q x

DMAACK

DMAREQ

Cs, RS2~Q
WR

D7~Q

tAKD

L— tAKRQ

- —

[:__, Ww ]

r_‘w__

X
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APPENDIX A

This Chapter contains all Status Diagrams implemented in the uPD7210.

1. ACCEPTOR HANDSHAKE Function (AH)

(RFD) RFD __ (RED)
(DAC) DAC ([DAV]AATNvrdy) Ates DAC
/7 ANV v
pon AIDS —
(within t3)
ATN A rdy (within tp)
ATN A (LACS) v
DAV DAV
RFD (Awns — i1
(DAC) (rdy A ATN) v (T3 A ATN) DAC
local messages
pon power on
rdy ready
tcs take control synchronously
external messages
ATN Attention
DAC Data Accepted
DAV Data Valid
RFD Ready For Data

AH-States

ACDS Accept Data State
AIDS Acceptor Idle State

ANRS Acceptor Not Ready State
ACRS Acceptor Ready State
AWNS Acceptor Wait For New Cycle State
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2. SOURCE HANDSHAKE Function (SH)

pon

a
a = (ATN A (CACS) v (CTRS) ) v (ATN A (TACS) v (SPAS) )

(within t2)

local messages

pon power on

nba new byte available
external messages

ATN Attention

DAC Data Accepted

DAV Data Valid

RFD Ready For Data
SH-States

SDYS Source Delay State
SGNS Source Generator State
SIDS Source Idle State

STWS Source Idle Wait State
STRS Source Transfer State
SWNS Source Wait For New Cycle State
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3. TALKER Functions (T,TE)

3.1 TALKER Function

(NUL) (NUL)
(END) ___ (END) _
(RQS) IFCA (ton v MTA A (ACDS)) (RQs) ATN A (SPWS)

pon

(OTA v [MLA]) A ATN 57
IFC (within tp) END or END
(within tq) Rgs or Rf?s
ATN P (APRS) (APRS)
(within t) ATN A (SPMS)
DAB or EOS
END or END
(RQS)
IFC A SPE A (ACDS
O
e SPD A
(within tg)
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3.2 TALKFR EXTEMNDED Function

IFC A ton
e — A (END) (NUL)  —
:%;; iFC A MSA A(TPAS) A (RQS) ATN A(SPMS)

pon

IFC
(within tq)

0TAA
\
0SA A A(ACDS)
\%
[(ACDS) A MSA A (TPAS))

DAB or EOS
TACS) END or END
(ROS)

MTA A (ACDS)

@-@

PCG A MTA A (ACDS)

TFC A SPE A (ACDS)

e e

IFC SPD A (ACDS)

(within tg)
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local messages

pon power on
ton talk only

external messages

TADS Talker

mreo Mol a

TLLD 14AlRCTL
TPAS Talker
TPIS Talker

SPAS Serial
3PIS Serial
SPMS Serial

ATN Attention

IFC Interface Clear

MLA My Listen Address

MTA My Talk Address

MSA My secondary Address
OTA Other Talk Address
(0572 Other Secondary Address
SPE Serial Poll Enable
SPD Serial Poll Disable
ROS Request Service

PCG Primary Command Group
DAB Data Byte

END End

STB Status Byte
T,TE-States

TACS Talker Active State

Addressed State

Idle State

Primary Addressed State
Primary Idle State
Poll Active State

Poll Idle State

Poll Mode State
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4. LISTENER Functions (L,LE)

4.1 LISTENFR Function

IFC A lon

v

IFC ~ Itn A (CACS)
v

IFC » MLA ~ (ACDS)

UNL A (ACDS
IFC v
(within t4) [MTA A ]
v
(lun ~ (CACS))
ATN
(within tp)

ATN
(within t5)

4.2 LISTENER EXTENTED

IFC A lon
V
TFC A Itn A (CACS
\
TFC A MSA A (LPAS) A (ACBS

pon

UNL A (ACDS
IFC v
(within tq) lun A
Vv
[MSA A (ACDS) A (TPAS)]

MLA A (ACDS)

PCG A MLA A (ACDS)
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local messages

pon power on

lon listen only
1tn listen

lun local unlisten

external messages

ATN Attention

IFC Interface Clear

UNL Unlisten

MLA My Listen Address
MTA My Talk Address

MSA My Secondary Address

L,LE-States

LACS Listener Active State

LADS Listener Addressed State

LIDS Listener Idle State

LPAS Listener Primary Addressed State
LPIS Listener Primary Idle State
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5. SERVICE REOUEST Function (SR)

pon

(SRQ) sV A SRQ

local messages
pon power on
rsv request service

external messages

SRQ Service Request

SR-States

APRS Affirmative Poll Reponse State
NPRS Negative Poll Response State
SRQOS Service Request State
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6. REMOTE/LOCAL Function (RL)

REN A rti A MLA A (ACDS)

pon

_/ GTL A (LADS) A
REN Vv
(within tg) rti A (CLO v (ACDS))
REN A LLO A (ACDS) LLO A (ACDS)
MLA A

GTLA A
local messages
pon power on
rtl return to local
external messages
REN Remote Enable
ILO Local Lockout
GTL Go To Local
MLA My Listen Address
MSA My Secondary Address
RL-States
LWLS Local With Lockout State
1.0CS Local State
REMS Remote State
RWLS Remote With Lockout State
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7. PARALLEL POLL Function (PP)

[PPE A (PACS) A (ACDS)] v [ipe]
(PPRn) (PPRn)

ATN v IDY
{within tg)

IDY A ATN
(within tg)

(PPRn) or PPRn
ft t

ist¥S ist=§
PPC A (LADS) A (ACDS
exCcAllC
PCG A PPC A
local messages
pon power on
ist individual status
1pe local poll enable
external messages
ATN Attention
IDY Identify
PPE Parallel Poll Enable
PPD Parallel Poll Disable
PPC Parallel Poll Configure
PPU Parallel Poll Unconfigure
PCG Primary Command Group
PPRn Parallel Poll Response
PP-States
PPAS Parallel Poll Active State
PACS Parallel Poll Addressed To Configure State
PPIS Parallel Poll Idle State
PPSS Parallel Poll Standby State
PUCS Parallel Poll Unaddressed To Configure State
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8. DEVICE CLFAR Function (DC)

(DL v [SDC A (LADS))) v

 external messages

DCL Device Clear

SDC Selected Device Clear
DC-States

DCAS Device Clear Active State
DCIS Device Clear Idle State

9. DEVICE TRIGGER Function

GET A (CADS) A (ACDS)

external messages

GET Group Execute Trigger

DT-States

DTIS Device Trigger Idle State
DTAS Device Trigger Active State
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10. CONTROILIR Function (C)
(ATN)
(DY)
(NUL)
(STRS ATN
pon G;s\ RS) CTRS) DY
\ TCT
IFC »
(within tg) TCT A (ATNS) A (TADS))
[IFC » (ACNS) A TCT A (TADS)]
vV —
(NUL)
(ATN) \ ts A (STRS) A (SDYS)
(oY) (caps — 605 Li cses
(NUL) ATN ATN \
DY
tes A
\
tca
éws
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local messages
pon power on
gts go to standby
rpp request parallel poll
rsc request system control
sic send interface clear
sre send remote enable
tca take control ansynchronously
tcs take control synchronously
external messages
ATN Attention
IFC Interface Clear
TCT Take Control
1DY Identify
REN Remote Enable
C-States
CACS Controller Active State
CAWS Controller Active Wait State
CADS Controller Addressed State
CIDS Controller Idle State
CPPS Controller Parallel Poll State
CPVIS Controller Parallel Poll Wait State
CSNS Controller Service Not Requested State
CSRS Controller Service Requested State
CSBS Controller Standby State
CSWs Controller Synchronous Wait State
CTRS Controller Transfer State
SACS System Control Active State
SIAS System Control Interface Clear Active State
SINS System Control Interface Clear Not Active State
SIIS System Control Interface Clear Idle State
SNAS System Control Not Active State
SRAS System Control Remote Enable Active State
SRIS System Control Remote Enable Idle State
SRNS System Control Remote Enable Not Active State
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Timing values for State Transitions

T 2 2us for open collector drivers
s 1100ns if DIO,DAV,EOI driven by tri-state drivers
s 700ns if DIO,DAV,EOI,ATN driven by tri-state drivers
> 500ns for all bytes following ATN=false
5> 350ns " " " " " ,and short connections
t, ¢ 200ns
t4 < 100us
T6 > 2us
Ty 500ns
T8 > 100us
Tg > 1.5us
> 600ns for tri-state drivers
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1 Introduction

pPD7210

The uPD7210 allows to implement a fully IEEE-488 (1978) compatible general purpose
interface bus (GPIB) with only a minimum amount of hardware. In Europe the IEEE-488
specification is adapted to IEC-625 standard with the same electrical features but

different cable and connector. The complete schematic on an IEEE-488 controller
board is shown below.

| 10-Area : $300-$31F
Add.Bit: 11109 8|76 54/32 10
0011[000 X|XS S SeLect

o por—iC J2 J1 | StartAdd.  EnoAdd.
A9 N
A8 e 2 $307
— % sor |
AS ,gllﬂl $317 '
A4 gls = 1 $31F
A3 17 R '
=0
g+5V
N
X |
<]
DMA ACK
()
Al A =
A0
0
R AD | (@)
o
TSN, _ WH]
ow = w
=
0o 1119482
D “ IQB‘
D1 22 o 19 8
D2 33 o 17 A
D3 L - a— T
D4 5 ~ 15 =
D5 2le © 1485 5
D A7 %1 B614
D7 8 1 - .

On the other hand the GPIB bus is a very powerful bus by means of communication
speed and control protocols.This application note provides a set of routines that allows
to handle these protocols. All routines are written in pPD8085 assembly language and
can be transfered to any other programming language without problems. Each piece of
sofware is well documented so the user can easily extract those routines which are
needed for his application.
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2 Software Considerations

Before any software should be written for a GPIB, the user should decide what IEEE
functions he desires, which will define what processor routines are necessary. Second,
you should develop the necessary interrupt and software protocols to suit your
microcomputer system. Lastly, you should write the necessary software.

At the end of this application note are program listings with description that should help
you to understand what functions are used in this example, and the details of how
these functions are implemented. The program flow for the routines included are as
follows.

The pPD7210 (Talker/Listener/Controller) interface is activated by calling the INIT
routine, thus initializing the uPD7210 and the GPIB. The INT1 routine should be
jumped to by any interrupt generated because of changing bus status and polling
requests. This routine reads the pPD7210 interrupt status and stores it in memory so
that your software can check and respond when available.

The INTO routine is used to speed data and polling transfers, and should be vectored to
by a different intrerrupt than INT1. The pPD7210 is set up for this type of operation as
part of routines for that can use it , such as SEND and RECV.

Now your main program can respond to changing status and initiate desired functions
by calling a particular routine. You should note from the routine descriptions that for
some routines it is necessary for the main program to initialize its own processor
registers with the necessary routine parameters.

3 Description of Routines
The subroutines described below allow you to

- configure your system (i. g. , talkers, listeners, remote, local, IFC, etc)

- transfer data between devices or the controller

- service device requests in a serial or parallel format

- finally, trigger synchronous operation of all devices on the bus.
The NEC uPD7210 can make your GPIB interface easier, more versatile, and more
powerful than by using first generation controllers, and in most systems, second
generation controller also.

ROUTINE LIST

INIT Initializaition
INTO Interrupt O
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INT1 Interrupt 1

SEND Send Data

RECV Receive Data

XFER Transfer Data

TRIG Device Trigger
CLEAR Device Clear

EXSP Execute Serial Polling
EXPP Execute Parallel Polling
PPC Parallel Polil Configure
IFC Interface Clear

REM Remote

LOC Local

3.1 Initializaition

The operating mode of the pPD7210 is set in this routine. The first function of the
routine is to issue a chip reset, thereby disabling the GPIB interface functions. The next
operation is to set the operating modes of the uPD7210, which includes interrupt
masks, address mode, device address, EOS code. To finalize this routine, the

Immediate Execute pon command is issued followed by the system interface clear
command.

3.2 Interrupt 0

This routine is initiated by the DMA REQ signal which requests a data transfer when
sending data, receiving data, or when executing a serial polling system command.
Before executing these system commands, source or destination address of the first
data byte is set to the HL register pair (data pointer) of the CPU. In case of the Send
Data Command, the BC register pair is used to hold the number of data bytes to be
send (data counter).

The subroutine's flow is as follows:

The TA (Talker Active) bit in the Address Status register is checked first to decide on the
direction of the data transfer. If it is cleared (data input mode), GPIB data is available in
the Data In register and is transferred to the memory location pointed by HL. The data
pointer is then incremented preparing for the next byte.

If the TA bit is set (data output mode), the data byte pointed by HL is transferred to the
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Byte Out register, sending the data byte onto the GPIB. The data pointer is then
incremented and the data counter (BC) is decremented. If the contents of the data
counter (BC) becomes 1, a send EOl command issued, thereby alerting the uPD7210
to send END message with the next byte (Last byte). After the last byte is sent (BC = 0),
the DMAO bit of the uPD7210 is reset inhibiting any further data transfer. Finally, a
subroutine return is implemented.

3.3 Interrupt 1

This routine is initiated by the INT signal, caused by a SRQI (service request interrupt)
or the CO (command output request) bit being set. The interrupt status is read from the
Interrupt Status 2 register of the pPD7210 and is kept in memory because it is
automatically cleared by the read. The interrupt status byte in memory will be read and
cleared, bit by bit, by the routine which uses it.

3.4 Send Data

This routine sends data from the microcomputer system to one or more devices via the
GPIB using the HL,BC,and DE register pairs of the CPU as data pointer, data counter
and device address pointer, respectively. Each device with its device address listed in
an address table pointed by the DE register pair is assigned to receive data (a listener).
Then all of the data in the data buffer specified by the HL and BC register pairs is
transferred.

This routine assumes that device address of the microcomputer system is not involved
in the address table. The last device address in the table is assumed to be followed by
a delimiter having a value which is greater than 30.

3.5 Receive Data

This routine is used to input data from a device whose device address is in the B
register of the CPU. The system is configured such that the microcomputer is the only
listener and receives data until an END or EOS (End of String) message is received.
The data is stored in the data buffer pointed by the HL register pair. The talker device is
assumed not to be the microcomputer system itself.

3.6 Transfer Data

This routine is used to transfer data from a device whose device address is in the B
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register to one or more devices whose device address(es) is (are) listed in the address
table pointed by the DE register pair.

The microcomputer system does not receive the data but lets itself be a listener, so it
can detect an END or EOS message from talker. On detection of them, data transfer is
terminated. The microcomputer system does not participate in the data transfer itself.

3.7 Device Trigger

This routine issues a GET (Group Execute Trigger) message onto the GPIB after
addressing devices listed in the address table pointed by the DE register pair. This
routine is intended to start operation in the listed devices.

3.8 Device Clear

This routine issues a SDC (Selected Device Clear) message onto the GPIB after
addressing devices listed in the address table pointed by the DE register pair . This
routine is intended to clear or initialize these devices. If there is no device address
listed, a DCL (Device Clear) message is issued instead of a SDC message, thus
clearing all devices.

3.9 Execute Serial Polling

This routine executes serial polling according to the sequence of device addresses in
the address table pointed by the DE register pair. One byte of status from each device
is received and stored in the data buffer pointed by the HL register pair in the same
order as in the address table.

The device address of the microcomputer system is assumed not to be involved in the
address table .

3.10 Execute Parallel Polling

This routine executes parallel polling and returns one byte of status, Parallel Poll
Response, in the A register of the CPU.

3.11 Parallel Poll Configure

This routine configures one or more devices to respond to parallel polling assuming
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each device can implement the PP1 interface function. The device address are listed in
the address table pointed by the DE register pair and the configuration information is
stored in a buffer pointed by the HL register pair in the same order as in the adress
table.

The least significant five bits of the configuration byte are assumed to have the same
format as PPE (Parallel Poll Enable) or the PPD (Parallel Poll Disable) message
defined by the IEEE Standard 488.

3.12 Interface Clear

This routine activates the GPIB's IFC line for 100 microseconds, causing the
interface functions of all devices to go to known state. This routine is also executed at
the end of the initialization routine.

3.13 Local

This routine issues a GTL (Go To Local) message after addressing the devices listed in
the address table pointed by the DE register pair. This causes the addressed devices to
go to the local state. If there are no device addresses listed in the address table, the
GPIB's REN line is inactivated, letting all of the devices go to local state. This routine is
intended to enable the devices to receive local data.

3.14 Remote

This routine activates the GPIB's REN line enabling each device to go to remote state
when addressed to listen.

Appendix Software Listing



NEC HPD7210

KKK KKK KKK K KKK K KKK KK K K KKK KK KKK 0K KK 0K O KK KO KK KK K K KKK KKK KOKORKKOKSOK KOO KK 0k Kk K

UTILILTY ROULTINES FOR uPD7210 GFIB CONTROLLER

***a(-i(
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Write Registers

s cay cau ey cas ‘as cex ‘an o33 oAt

EO%REG EQU QOH
INTEML EQU ClH
INT2MZ EQU QZH
ADR%MODE EQU Q4H
AUXEMODE EQU OSH
ADRUREG EQU Q&H
EOQS%REG EQU O7H

; Read Registers

DIZREG EQU COH
INTZST1 EQU O1H
INTRETZ EQU O2H
ADR%ST EQU O4H
CFRTAREG EQU QSH

GENERAL EQUATES

ay can caw

PY:ADR EQU 04H
EOQS%CODE EQU OoDR
FREQ EQU Q8H
AUX%A EQU QoH

; INITIALISATION

INIT:  MVI A, O2H ;CHIF RESET
au AUX2MODE
XRA A
ouT INT2ML :DISABLE INTERRUFTS OTHER THAN SREI % COC
MVI A, S58H
cuT INTEMZ :ENABLE DMAI,DISAELE DMAQ
MV A, 31H
ouT ADREMODE ;SET T/R MODE =,SET ADDRESS MODE1
LDA
ouT :SET MY ADDRESS 0-3I0 TO ADDRESS © REGISTER
MVI A.uEnH
ouT ADR%REG :DISABLE ADDRESS 1 REGISTER
MVI A, EOS%CODE
ouT EOS%REG :SET EOS CODE
MY I A, FREQ OR 2OH
cuT AUX2MODE sSET FREQUENCY OF CLOCH INFUT O-8 MHz
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MVI A, AUXZA OR 8CH
ouT AUX&MODE sSET AUXILIARY MODE A
MVI A, OALH
ouT AUX%MODE sSET AUX.MODE B
i (SEND EO1 IN SFPAS,HIGH SFEED T1)
XRA A
STA INT&STL sCLEAR WORKING AREA FOR INTERRUFT STATUS
ouT AUX%MODE ;s IMMEDIATE EXECUTE FON
CALL IFC
JMF WAIT%CO sRETURN ON ENTERING INTO CACS

an can

INTERRUFT O

INTO: FUSH PSW
IN ADRLST
ANI 02H iTA = 17
INZ DATAZOUT
IN DISREG ;DATA IN
MOV M, A :STORE GFIE DATA
INX H ; INCREMENT DATA FOINTER
RETURN: FOP FSW
EI
RET
DATAZOUT: MOV  AM ;DATA QUT
ouT BO%REG :LOAD GIFE DATA
INX H : INCREMENT DATA FOINTER
DCX E ; DECREMENT DATA COUNTER
XRA A
ORA B
INZ RETURN sRETURN IF (BC) IS GREATER THAN 2
INR A
CHMP C
Jc RETURN ;RETURN IF (BEC)IS GREATER THAN 2
MVI A, 6H $(BC) = 0 OR 1
ouT AUX%MODE $SEND ECI WITH THE NEXT BYTE
Jz RETURN sRETURN IF (BC) = 1
MVI A, S8H ; (BCY= O
ouT INT&MZ ;DISARLE DMAC INTERRUPT
LOOF: N INTST1
ANI 2H ;DO = 17
Jz LOGF sWAIT UNTIL HANDSHAKE IS FINISHED
MVI A, 11H ;TCA (TAKE CONTROL ASYNCHRONOUSLY) CODE
ouT AUX&MODE 1 ISSUE TCA TO 7210
FOP FSW
EI
RET

INTERRUFT 1

INTL: FUSH FSW
FuUst H
IN INT2STZ sREAD INTERRUFPT STATUS 2 REGISTER
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LXI
ORA
MoV
POF
FOF
EI

RET

H, INT2ST1
M

M, A

H

ESW

3
WAITXCO: PUSH

LXI
MoV
ANT
Jz

DI

XRA
MoV
FOF
EI

RET

UNLISTEN

UNLTN:  MVI
ouT
JMF

ADDRESS LISTENERS

H

H, INT&ET1
AM

8H
WAIT%CO+1

A

rx=

A, IFH
BOXREG
WAITCO

sSET INTERRUFT STATUS BYTE IN MEMORY

;LOAD INTERRUFT STATUS BYTE
sCO = 17
sWAIT UNTIL CO BIT IS SET

sCLEAR CO BIT

sUNL (UNLISTEN)CODE
;s ISSUE UNL ONTO GFIE
sRETURN WHEN HANDSHAKE IS FINISHED

(DEVICE ADDREESS FOINTER = DE)

H

ADR%:L: CALL

LOOF1:  LDAX
CFPI
RNC
ORI
ouT
INX
CAaLL
JMF

Y

ADDRESS TALKER

UNLTN
D

31

20H
BO%REG
D
WAIT%CO
LOOP1

(TALK ADDRESS

: ISSUE UNL ONTO GPIR

:LOAD DEVICE ADDRESS

s DELIMITER?

sRETURN IF DELIMITER

;FROM LISTEN ADDRESS

; ISSUE LISTEN ADDRESS ONTC GPIR

; INCREMENT LISTEN ADDRESS FOINTER
;WAIT UNTIL HANDSHAKE IS FINISHED
: REFEAT

B)

ADRYT: MOV
ADR%T1: ORI
ouT
IMF

A, B
40H
BO%REG
WAIT%CO

s FROM TALK ADDRESS
; ISSUE TALK ADDRESS ONTO GFIE
sRETURN WHEN HANDSHAKE IS FINISHED
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;SEND DATA (DATA FOINTER = HL,DATA COUNTER=BEC,DEVICE ADDRESSFOINTER=DE)

ouT
CALL
MVI
ouT
MVI
ouT
JMP

av an

ADRSL
ADRYREG
40H
BO%REG
WAITZCO
A, 78H
INT2MZ
A, 10H
AUX%MODE
WAITLCO

s ADDRESES LISTENERS

s READ MY ADDRESS

s FROM MY TALK ADDRESS

;s ISSUE MTA ONTO GFIE

sWAIT UNTIL HANDSHAKE IS FINISHED
;s INTERRUFT MASE 2

s ENABLE DMAO INTERRUPT

;6TS (G0 TO STANDRY)CODE

s ISBUE GBTS TO 7210

sRETURN ON DATA CYCLE TERMINATION

RECIEVE DATA(DATA FOINTER = HL,TALK ADDESS = B)

RECWV: CALL
CALL
MVI

RECV1: 0OUT
MVI

RECVZ2: 0OUT
MVI
ouT
JMF

ADR&T
UNLTN
A, 13H
AUXMODE
A, 1AH
AUX&MODE
A, 10H
AUX2MODE
WAITSCO

s ADDRESS TALKER

s ISSUE UNL (UNLISTEN) ONTO GFIE

sLTN (LISTEN) CODE

s ISSUE LTN OR LTNC TO 7210

s TCSE(TAKE CONTROL SYNCHRONOUSLY ON END)CCD
;s ISSUE TCSE OR TCS TO 7210

:GTS (GO TO STANDBY) CODE

s ISSUE GET TO 7210 TO INITIATE DATA CYCLE
sRETURN ON DATA CYCLE TERMINATION

TRANSFER DATA (DEVICE ADDRESS POINTER = DE, TALK TALE ADDRESS = E)

5C as at ay can

'n
m
z

caLL
CALL
MVI
JIMP

]

EVICE TRIGGER

ADR&L
ADRT
A, 1EH
RECV1

(DEVICE ADDRESS

s ADDRESS L ISTENERS

s ADDRESS TALEKER

sLTNC(LISTEN WITH CONTINUOUS MODE)CODE

s ISSUE LTNC TO 7210,START DATA TRANSFER
sAND RETURN ON DATA TRANSFER TERMINATION

FOINTER = DE)

T R

-0
~
@

CALL
MVI
ouT
JMF

ADRSEL
A, 8H
BOXREG
WAIT%CO

s ADDRESS LISTENERS

s GET(GROUF EXECUTE TRIGGER) CODE

;s ISSUE GET ONTO GFIE

s RETURN WHEN HANDSHAKE IS FINISHED

DEVICE CLEAR (DEVICE ADDRESS FOINTER = DE)

[) e A

LEAR: LDAX
CFI
MVI
JC
CAaLL
MVI

D
31

A, 14H
CLEAR1
ADReL
A, 4H

:LOAD DEVICE ADDRESS
:NO DEVICE ADDRESS?
s DCL(DEVICE CLEAR)CODE

s ADDRESS LISTENERS
s SDC(SELECTED DEVICE CLEAR)CODE
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CLEARL1: 0OUT BO%REG ;s ISSUE DCL OR €DC ONTO GFIE

JMF WAIT%CO sRETURN WHEN HANDSHAKE IS FINISHED
;EXECUTE SERIAL FOLLING(DATA POINTER = HL,DEVICE ADDRESS FOINTER =
EXSF: MVI A, 18H :SPE(SERIAL POLL ENABEL)CODE

ouT BO%REG ; ISSUE SPE ONTO GFIB

CALL WAIT%CO sWAIT UNTIL HANDSHAKE IS FINISHED

CaLL UNLTN ;s ISSUE UNL (UNLISTEN) ONTO GFIE

MVI A, 13H sLTN (LISTEN) CODE

ouT AUX%MODE s ISSUE LTN TO 7210
LOOPZ2: LDAX D sLOAD DEVICE ADDRESS

CFI 31 s DELIMITER?

Jc CONTN sCONTINUE IF NOT DELIMITER

MVI A, 19H s SPD(SERIAL POLL DISABLE)CODE

ouT BO%REG ;s ISSUE SFD ONTO GPIB

JMP WAITZCO sRETURN WHEN HANDSHAKE 1S FINISHED
COIITN:  CALL ADR&T1 ;s ADDRESS TALKER

MVI A, 12H ;s TCS(TAKE ONTROL SYNCHRONUOUSLY)CODE

CALL RECV2 s ISSUE TCS AND GTS TO 7210

s INITAITING STB TRANSFER
sRETURN ON RECEPTION OF STB
INX D ;s INCREMENT TALK ADDRESS FOINTER
JMF Loorz2 s REFEAT

EXECUTE PARALLEL POLLING (PARALLEL POLL RESPONSE =

Ay

y
EXFF: MVI
ouT
CALL
IN

RET

A, 1DH

AUX&MODE
WAITLCO
CPTYREG

o e
m
0

LDAX
CPI
RNC
CALL
LDAX
ORI
ouT
CALL
MVI
ouT
CALL
MoV
ORI
cuT
INX
INX

D
31

UNLTN
D

20H
BOLREG
WAITYCO
A,s
BOREG
WAIT%CO
A,M

SOH
EOYREG
D

H

s EPP(EXECUTE PARALLEL POLLING)CODE

s ISSUE EPF TO 7210

sWAIT UNTIL LPARALLEL FOLLING IS COMPLETED
s READ PFR FROM 7210

FARALLEL FOLL CONFIGURE (DEVICE ADDRESS POINTER=DE

SECONDARY COMMAND FPOINTER = HL)

;LOAD DEVICE ADDRESS

s DELIMITRE?

sRETURN IF DELIMITER

s ISSUE UNL (UNLISTEN)ONTO GFIB

s RELOAD DEVICE ADDREES

;FROM LISTEN ADDRESS

;s ISSUE LISTEN ADDRESS ONTO GFIR
sWAIT UNTIL HANDSHAKE IS FINISHED
sPPC(PARALLEL FOLL CONFIGURE)CODE
s ISSUE FPC ONTO GFIE

;s LOAD SECONDARY COMMAND

; FORM SECONDARY COMMAND

;s ISSUE FFE OR PFD ONTO GFIE
s INCREMENT FOINTERS
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CaLL
JMF

: INTERFACE CLEAR

WAIT%CO
FFC

A, 1EH
AUX%MODE
WAIT2100
A, 16H

AUX&MODE

:REFEAT

sSIFC(SET IFC) CODE

s ISSUE SIFC TO 7210 ACTIVATING IFC GFIE LINE
sWAIT 100 MICROSECONDS

sRIFC(RESET IFC)CODE

; ISSUE RIFC TO 7210 INACTIVATING IFC

LOCAL (DEVICE ADDRESS FOINTER = DE)

[~ as as e cae

]
0

LDAX
CFI
Jc
MVI
ouT
RET
LOCt: CALL
MVI
ouT
JMP

: REMOTE

REM: MVI
ouT
RET

WAIT%100: RET

END

D

31

Loct

A, 174
AUX%MODE

ADREL
A, 1
BOXREG
WAITLCO

A, 1FH
AUX&MODE

;LOAD ADDRESS
:NO ADDRESS?

s RREN(RESET REN)CODE
; ISSUE RREN TO 7210 INACTIVATING GFIE LINE

s ADDRESS L ISTENERS

;GTL(GO TO LOCAL)CODE

s ISSUE GTL ONTO GFIB

s RETURN WHEN HANDSHAKE IS FINISHED

s SREN(SET REN)CODE
; ISSUE SREN TO 7210 ACTIVATING REN GPIE LINE

;s DUMMY DELAY ROUTINE
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INTRODUCTION

uPD72105

The uPD72105 CSMAC (CSMA Controller) is a netwerk controller
that supports the Omninet LAM Protocol developed by Corvus
Systems Inc. The on-chip DMA capability of the uPD72105 enables
the host system to communicate with other nodes in the network

by writing the command bytes and reading results directly to
and from memory.

Features:

o

Supports Omninet LAN Protocol I and II
Transfer rates: 0.5 to 4 Mbps
Omninet LAN Protocol I : 1 Mbps

o

Omninet LAN Protocol II: 4 Mbps
Command chain function
On-chip DMA controller
8/16-bit system bus compatible
Memory space : 16M bytes (224)
° Transmit FIFO : 12 bytes

Receive FIFO : 20 bytes
° 16/32-bit CRC
On-chip DPLL (40 MHz clock input)
° LOOP BACK test capability
8-MHz system clock (independent from the serial clock)
° CMOS technology
° 48-pin DIP

Note: The use of this device requires a licensing agreement
with Corvus Systems Inc.
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Pin Connection

CRQ
RxC
RxD
TxC

TXD -

TXEN

RESET

LED

B/W

TEST

CLK
A23/D7-A16/DO,
AD15-ADS,

A7-A0

(Top View)

\J
CRQ O—> 1 48 —>0 AEN
RxC o—>{ 2 47 —>0 ASTB
RxD o—> 3 46 [«<—0 READY
T*C Oo<—> 4 45 l«—0O HLDAK
TxD O«—— 5§ 44 ——>0 HLDRQ
TxEN Oo<«=— 6 43 t«——O CLRINT
RESET O—>{ 7 42 —=>0 INT
LED O<=— 8 41 f«—>0 UBE
BW o—> 9 40 f=—>0 WR
TEST 0—> 10 39 |«—>0 RD
CLK o—>{ 11 38le—o0 TS
GND 0—— 12 37 =—>0 A0
A23/07 O<—>{ 13 36 ——O0 VDD
A22/D6 O<—> 14 35 le—>0 Al
A21/DS O=—> 15 38 }—>0 A2
A20/D4 O<—>] 16 33 —>0 A3
A19/D3 Oe—> 17 32 }—>0 A4
A18/02 O=—>{ 18 31 }—>0 AS
A17/D1 O<=—>{ 19 30 —>0 A6
A16/D0 O~—> 20 29 —>0 A7
AD15 Oe—> 21 28 «—>0 ADS
AD14 O<—>{ 22 27 f«—>0 AD9
AD13 O<—>1 23 26 [«—>0 AD10
AD12 O=—>{ 24 25 f«—>0 AD11
Command Request AEN
Receive Clock ASTB
Receive Data READY
Transmit Clock HLDAK
Transmit Data HLDRQ
Transmit Enable CLRINT
Reset
LED Drive INT
Byte/Word UBE
Test WR
Clock RD
Address Bus, CS

Data Bus

)

Address Enable

Address Strobe

Ready

Hold Acknowledge

Hold Request

Clear Interrupt
Request

Interrupt Request

Upper Byte Enable

Write

Read

Chip Select
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ITnternal Block Diagram
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1. PIN FUNCTIONS

Pin Pin I/0 | Active Function

Name Number Level

VDD 36 - - +5 power supplv pin

GND 12 - - Ground potential (0V) pin

CLK 11 I - Inputs a single-phase
system clock.

TEST 10 I L Tests the uPD72105 and is normally]
held high.

RESET 7 I L Resets the internal circuitry of

the chip. The uPD72105 serves as a
bus slave after resetting.
The minimum pulse width is as 7

clocks.

Cs 38 I L Enables RD and WR signals when the
chip operates as a bus slave.

RD 39 I/0 L Three-state control signal. It

acts as an input pin when the chip
operates as a bus slave, allowing
an external processor to read the
contents of the internal registeri
of the uPD72105.

With the uPD72105 operating as a
bus master, this pin acts as an
output pin allowing the uPD72105
to read the external memory
contents.

WR 40 I/0 L Three-state control signal. It

acts as an input when the chip

operates as a bus slave, allowing
an external processor to write
data to the internal registers of
the uPD72105.

With the uPD72105 operating as a
bus master, this pin acts as an
output pin allowing the uPD72105
to write data into external
memory.

4-4
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. . . T . !
' Pin Pin I/0 | Active Function
!Name Number Level
B/W 9 I L/H Specifies a data bus to be

accessed by the chip operating as
a bus master. !
B/W=0 Byte (8-bit) transfers ‘
B/W=1 Word (16-bit) transfers
Do not change the state of this
pin after power-up.

When word access is performed, the
lower bits of the data bus access
even-numbered addresses

HLDRQ 44 (¢} H Outputs the hold request signal to
the host processor. The uPD72105,
when performing DMA within the

chip, activates this signal to

request the right to control the
system bus to start operation as a
bus master.
HLDAK 45 I H Inputs the hold acknowledge signal
from the host processor.

When this signal becomes high, the
uPD72105 operates as a bus master
and starts DMA.

AEN 48 (o] H Enables a higher address that is

latched when the chip operates as
a bus master for outputting to
the system address bus.

This pin is also used to disable
the other system bus drivers.
UBE 41 I/0 L Three-state control signal. It

acts as an input pin and indicates
whether valid data are present on
the A16/D0-A23/D7 or AD8-AD15 when
the chip operates as a bus slave.




HPD72105 N E C

Pin Pin I/0 |Active Function
Name Number Level
TBE|A0|A16/D0-A23/D7 | AD8-AD1S |
0 0! o X i
0 1 X ' o ‘
1 0 o X
1 1 [e) i X

The state of this pin changes
depending on the state of the B/W
pin when the chip operates as a i
bus master. It is always in a
high-impedance state in the byte
transfer mode (when B/W=0),
whereas it acts as an output pin
in the word transfer mode (when
B/W=1), indicating whether valid
data is on Al16/D0-A23/D7 or

AD8-AD1S5.

— T

UBE|A0 |A16/D0-A23/D7 ! AD8-AD15
0 0 o E o
0|1 x ! o |
1 0 o 1 X
1 1 X X

ASTB 47 o] H Strobes the higher address to an

external latch.

Indicates when the memory is in
the ready state. This signal is
inactivated during the wait cycle
in which the width of the RD and
WR signals output by the uPD72105
are extended so that slow-speed

memories are accessed.
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Pin Pin I/0 | Active Function
Name Number Level
CRQ 1 I H Signal with which the host system

requests the uPD72105 to execute
commands. The uPD72105 receives a
command at the rising edge of this
signal and starts executing it.
INT 42 (o} H Indicates that the uPD72105 has

completed command execution or
received a packet.

CLRINT| 43 I H Inactivated the INT signal output
by the uPD72105 . The INT signal
is inactivated at the rising edge

of this signal.
AO0,Al 37,35 | I/0 - Bidirectional three-state address
lines. These pins act as output

pins to indicate the lowest 2 bits
of a memory adgdress when the chip
operates as a bus master. With the|
chip operating as a bus slave,
they act as input pins to indicate
the lowest 2 bits of an I/O
address with which an external
processor accesses the uPD72105.
A2-A7 34-29 (e} - Three-state address lines. These
pins act as output pins to

indicate bits 2 to 7 of a memory
address when the chip operates as
a bus master. They are in a
high~-impedance state when the chip
operates as a bus slave.
AD8- 28-21 | 1/0 - Provide a bidirectional
AD15 three-state address/data bus. The
middle bits (8 to 15) of an
address are multiplexed with the
higher bits (8 to 15) of data.
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Pin Pin I/0 | Active Function

Name Number Level

Ale6/ 20-13 I/0 - Provide a bidirectional

DO- three-state address/data bus.

A23/ The higher bits (16 to 23) of an

D7 address are multiplexed with the
lower bits (0 to 7) of data.

TED 8 0 L Indicates the normal uPD72105

operation by an LED connected
externally to this pin. It
normally outputs a high signal but|
becomes low immediately after
resetting or when the uPD72105
transmits data to the serial bus.
TxXEN 6 (0] H Enables the serial transmitter
driver. It becomes high when the
uPD72105 transmits data to the
serial bus.

TxC 4 I/0 - Outputs the transmit clock
generated within the uPD72105 when
the DPLL mode is selected;
otherwise inputs the transmit

clock from an external device.

TxD 5 (] - Outputs serial transmit data.
RxC 2 I - Inputs the clock for the DPLL when|
DPLL mode is selected. If the
internal DPLL is not selected, it

inputs the receive clock, in which
case the clock is generated by an

aswdmsmnm=1 DTT
CALTLIllal Flilie

RxD 3 I - Inputs serial receive data.
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uPD72105

The uPD72105 has a transmitter and a receiver that transmits/
receives serial data as well as TXFIFO and RxFIFO buffers that
respectively hold parallel data for the transmitter and
receiver. In addition, it has a system interface to transfer
data to and from the the host system, a DMA controller to

control data transfer, and an internal controller to control
operation of each block.

2.1 Internal Controller

The internal controller interprets the commands sent from the
host processor and controls the serial section and DMA
controller. It also generated results which are to be

transmitted to the host system after command execution has been
completed.

2.2 System Interface
This is hardware for interfacing with the h95t system to

process the I/O access and DMA transfer initiated by the host
system.

2.3 DMA controller

The DMA controller processes the information (such as commands,
data, and results) transferred between the host system and
uPD72105 on a memory basis, using DMA. The transfer is
performed in units of 4-byte blocks. Each time the transmitter

or receiver processes the 4-byte data, the DMA controller
issues a HLDRQ signal.

2.4 RXFIFO

This is a 20-byte receive buffer.

2.5 TxFIFO
This is a 12-byte transmit buffer.
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2.6 Receiver

The receiver receives packets via the RxD pin and stores them
in RxXFIFO.

2.7 Transmitter
The transmitter transmits the contents of TxFIFO via the T¥D

pin.
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3. INTERFACING WITH HOST SYSTEM

The host svstem can access three registers in the uPD72105: the
control, status, and address FIFO registers. The control and
status registers are used to control the uPD72105 without using
the CRQ, INT, and CLRINT pins. The address FIFO is used to
provide command addresses to the uPD72105.

Table 3.1 Register Selection (x : Don't Care)

TS | WR | RD | Al | A0 Operation
0 1 0 0 Writes to the control register
1 0 Reads from the status register
0 0 1 0 1 Specifies the address FIFO
0 1 1 1 Writes to the address FIFO
All others Use prohibited
1 X Not selected

3.1 Control Register

D7 ‘06 0s D4 D3 D2 D1 oo

X X x MIRQ CIRQ V] [+] CMDRQ | (X: Don’t Care)

CMDRQ (Command Request) :

This bit has the same functions as the CRQ pin. The host system
can issue a command request to the uPD72105 by setting this bit
to 1. This bit is automatically reset when the command is
gxecuted.

CIRQ (Clear Interrupt Request):

This bit has the same functions as the CLRINT pin. The host
system can clear the INT signal of the uPD72105 by setting this
bit to 1. When the INT signal is cleared, this bit is
automatically reset.
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3.2 Status Register
o7 D6 DS D4 03 D2 D1 DO

1
- - - IRQ - - WNR - J (—: Undefined)

WN (Write Not Ready):
This bit indicates that the uPD72105 is not ready when the host
svstem is preparing to write a command address to the address

FIFO. The host system must wait for this bit to become 0 before
writing the next byte.

IRQ (Interrupt Request):
This bit indicates the status of the INT pin. The host system
can detect an interrupt from the uPD72105 by polling this bit.

3.3 Address FIFO

This is a register that receives the memory address to which
the host system has written a command and then issues a command
request. The uPD72105 then receives a command from the memory
area indicated by the address in the addreseé FIFO and executes
it.

When the host system issues a command request without writing
an address in the address FIFO, the uPD72105 fetches a command
from the memory area indicated by the default address (see NEW
DEFLT ADDR command) and executes it.
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4. COMMANDS

4.1 Types of Commands

The uPD72105 is provided with the following commands:

Command name

Description

INIT (Initialize)

Initializes the uPD72105.

SEND (Send)

Transmits a message to the other
nodes through the network.

SETUP RCV (Setup
Receive)

Activates a socket for receive.

END RCV (End Receive)

Inactivates the set-up socket.

WAIT RCV (Wait receive)

Directs a particular socket to
await reception for a specific
period of time.

RCV LIST (Receive List)

Sets up a list of the receive
buffers.

ECHO (Echo)

Transmits an ECHO packet to the

b o e e ek e e L L
QOCIIELl Lialsporcer oOll Lne

LOOP BACK (Loop Back)

n
Transfers data stored in a
particular buffer in the node to an
other buffer via the uPD72105.

INIT MONIT (Initialize
Monitor)

Starts the network monitor.

MONIT OFF (Monitor OFF)

Suspends transfer during network
monitoring.

MONIT ON (Monitor ON)

Resumes suspended transfer during
network monitoring.

SET PARM (Set

Sets the internal parameters of the

Parameters) uPD72105.
GET PARM (Get Reads the internal parameters of
Parameters) uPD72105.

NEW CHAIN (New Chain)

Specifies a command address to

execute the command stored there.

NEW DEFLT ADDR (New
Default Address)

Sets the default value of a command

address to execute the command stored
there.
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Command name Description
CLR STAT (clear Clears the Tx/Rx statistics of the
Statistics) uPD72105.
GET STAT (Get Reads the Tx/Rx statistics of the
statistics) uPD72105.

Note: INIT MONIT, MONIT OFF and MONIT ON commands don't start
operation without setting the uPD72105 in a state. The

setting way will be informed to the licensees of corvus
systems Inc.
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4.2 Command Functions

uPD72105

We will now discuss the function of each command in detail. The
uPD72105 fetches 12-byte data as a command and processes valid
data only. Command codes are even values and when they are
changed into odd values by setting to DO bit to 1, the "command
chaining function" of the uPD72105 is enabled. This function
allows the uPD72105 to execute a sequence of commands on memory
when the host system issues a single command request. When the
uPD72105 receives a command whose command code has the DO bit
set to 1, it executes the command then the next one
automatically. In this case, however, commands must

continuously exist in every 12-byte area in memory. (See Fig.
4-1)

12 bytes 12 bytes

Memory

Command code: DO=1 D0=1

D0=0

»~
Fig. 4-1 Example of Command Chaining (3 commands)

4.2.1 INIT
Command Result
1 COMMAND CODE = 16H RETURN CODE
2
3 B RESULT ADDRESS
4_ . -
5 HOST
s DMA PARAMETERS
7 BAUD RATE
8 DPLL PHASE
9 DATA FORMAT
10 PROTCOL

The INIT command initializes the uPD72105.
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(1) Command
° RESULT ADDRESS

This parameter specifies an address where the uPD72105
stores the result of a command after it has been
executed.

° HOST
This parameter specifies a node number and is a value of
00H to 3FH. The uPD72105 checks if the specified number
has already been used by another node and indicates the
result by RETURN CODE. When HOST is specified to be FFH,
the uPD72105 indicates by RETURN CODE the maximum value
of up to 3FH of the node number which is not used in the
newtork (the minimum value of the node number corresponds
to the value of FIXED NODES) .

° DMA PARAMETER
This parameter specifies the number of ready cycles for
the on-chip DMA controller. One ready cycle corresponds
to 1 clock cycle.

D7 Dé DS D4 03 02 D1 (o ]

0 1 o 0o ] READY CYCLES
1 1 1 1 1 1

° BAUD RATE
This parameter specifies the frequency-dividing ratio for
the transmit/receive clock when the on-chip DPLL is used.
Where the frequency of the transmit/receive clock is x
and BAUD RATE=N, the actual baud rate is x/ (N+1). When
the on-chip DPLL is not used, the value of this parameter
has no effect.

° DPLL PHASE
Bit D7 of this parameter specifies whether the on-chip
DPLL is used; when it is 0, the on-chip DPLL is used,
whereas when bit D7 is 1, the external DPLL is used.
Also, when bit D7 is 0, the iower 7 bits are used to
specify an operational phase of the DPLL in relation to
the data received. These 7 bits are normally set to 02H.
When bit D7 is 1, the value of these bits have no effect.
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° DATA FORMAT

uPD72105

When commands or results are transferred between the host
system and the uPD72105, this byte specifies which byte
of a value (such as an address or data length) comprising
2 or more bytes should be processed first, the lower or
higher byte. The default value immediately after
resetting is 0; however, the RESULT ADDRESS of the first

INIT command itself after reset will be defined by this
parameter.

DATA FORMAT=0 DATA FORMATX*0
2-byte data Form lower to From higher to
higher byte lower byte
3-byte data From lower, middle From higher, middle
to higher bhyte to lower byte

° PROTOCOL

This parameter specifies the protocol'according to which
packets are transmitted. When the value of this parameter
is 01H, the Omninet I protocol is specified, when it is
02H, the Omninet II protocol is specified. Setting to the
Omninet I protocol, 16-bit CRC is selected. Setting to
the Omninet II protocol, 32-bit CRC is selected.

° FIXED NODES
This parameter specifies the number of nodes using fixed
host addresses. It is valid when HOST=FFH. For example,
when HOST=FFH and FIXED NODES=0FH, 0 to 14 are assined to
the fixed addresses. The node number is then determined
between 15 to 63.
The fixed host address can be used as an address of
common node such as a disk server.
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(2) Result
° RETURN CODE
00H to 3FH: When the RETURN CODE parameter has any of
these values, it indicates that

initialization has been successfully
accomplished and a code is assigned as a
node number.

86H : This value indicates that the value of the
parameter HOST is invalid (40H to FEH).
89H : This value indicates that the node number

specified by the parameter HOST has already
been used by the other nodes.

4.2.2 SEND
Command Result
1 COMMAND CODE = 40H RETURN CODE
2
3 RESULT ADDRESS ° NOT USED
4
5 SOCKET
6 ' USER CONTROL
- — 3 >
7 DATA ADDRESS (0-FFH bytes)
8
9
L DATA LENGTH .
10
11 CONTROL LENGTH
12 DESTINATION

The SEND command transmits messages from memory to the other
nodes through the network.
(1) Command
° SOCKET
This parameter specifies the socket number of the
destination. As a socket number, 80H, 90H, AOH, or BOH
can be specified.
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° DATA ADDRESS

pPD72105

This parameter specifies the first address of memorv that
holds the data to be transmitted.
° DATA LENGTH
This parameter specifies the number of bytes in the data
to be transmitted.
Omninet I : 0 to 7FFH
Omninet II: 0 to 800H
° CONTROL LENGTH
This parameter specifies the number of bytes of user
control the host system created in the user message.
Where the value of SOCKET is 80H or 90H, the number of
bytes is 0.
° DESTINATION
This parameter specifies the node number of the
destination. 00H to 3FH are the regular values, and FFH
indicates the broadcast message. All other transporters
receive a message addressed DESTINATION=FFH, but do not
return acknowledgement.

(2) Result
° RETURN CODE
00H : Indicates that transmission has been
successfully accomplished without
retransmission.

01H to OAH: Indicates the number of retransmission
attempts made before successful transmission
was accomplished.

80H : Indicates that retransmission was attempted
the maximum allowable number of times but no
response was obtained.

81H : Indicates that the transfer data length was

longer than the buffer length provided in
the destination.

82H : Indicates that the socket has not been set up
at the destination.

83H : Indicates that the value of CONTROL LENGTH
specified did not agree with the value at the
destination.
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84H : Indicates that the parameter SOCKET was
invalid, i.e., the value of the parameter
SOCKET was other than 80H, 90H, AOH, and
BOH) .

86H : Indicates that the parameter DESTINATION was
invalid, i.e., the value of the parameter was
other than 00H to 3FH and FFH).

87H : Indicates that the "no empty message" buffer
is available for the socket at the
destination.

8AH : Indicates that the command was not accepted,

because the chip has been in the network
monitor mode.

° USER CONTROL
The user control, which the host system provides in

packet information, should be written in addresses higher
than (RESULT ADDRESS+4) prior to transmission.

4.2.3 SETUP RCV

Command Result
COMMAND CODE = FOH RETURN CODE
SOURCE HOST
RESULT ADDRESS
- LENGTH OF DATA RECEIVED
SOCKET
USER CONTROL
-1 ¥ =
DATA ADDRESS (0-FFH bytes)
DATA LENGTH -
CONTROL LENGTH

The SETUP RCV command readies a socket to receive message

packets.

4-20
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(1) Command
° SOCKET

uPD72105

This parameter specifies the socket number that enables
reception.
° DATA ADDRESS
This parameter specifies the first address of a buffer in
memory in which the rceived data are to be stored.
° DATA LENGTH
This parameter specifies the number of bytes in the
receive buffer to be provided in the addresses higher
than DATA ADDRESS:
Omninet I : 0 to 7FFH
Omninet II: O to 800H
° CONTROL LENGTH
This parameter specifies the number of bytes in the user
control to be received. When the value of SOCKET is 80H
or 90H, it is OOH.

(2) Result
° RETURN CODE

FEH : Indicates that the receive socket has been
successfuly set up.

84H : Indicates that the parameter SOCKET was invalid.

85H : Indicates that the socket specified by the
parameter SOCKET is being used.

8AH : Indicates that the command was not accepted,
because the chip has been in the network monitor
mode.

00H : Indicates that the data has been successfuly
received.

The SETUP RCV command first sets a value to RETURN CODE
immediately after the command has been issued to indicate
whether the socket has been set up. If the socket has been
successfully set up, the command sets the value 00H to
RETURN ODE when a message packet is received later. The
uPD72105 generates an interrupt whenever it sets a value to
RETURN CODE.
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° SOURCE HOST
When a message packet is received (RETURN CODE=00H), this
parameter is set as a result along with LENGTH OF DATA
RECEIVED and USER CONTROL to indicate the number of the
node that transmitted the packet.

° LENGTH OF DATA RECEIVED
This parameter indicates the number of bytes in the user
data of the received packet.

° USER CONTROL
This area stores the user control of the received packet.

4.2.4 END RCV

Command Result
1 COMMAND CODE = 10H RETURN CODE
2
3 i RESULT ADDRESS )
. - -
5 SOCKET

The END RCV command causes the socket that has been set up by
the SETUP RCV or RCV LIST command to return to the inactive
state.
(1) Command
° SOCKET
Specifies the number of the socket that is to be
inactivated.

(2) Result
° RETURN CODE
84H : Indicates that the parameter SOCKET was invalid.
00H : Indicates that the socket has been inactivated.
8AH : Indicates that the command was not accepted,
because the chip has been in the network monitor
mode.
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4.2.5 WATT RCV

Command

Result

1 COMMAND CODE = 14H

RETURN CODE

3 RESULT ADDRESS
. - ~
5 SOCKET
6 00H
7
- TIME -

The WAIT RCV command specifi

es the time during which the socket

set up by the SETUP RCV command is to await reception of a

message packet.
(1) Command
° SOCKET

This parameter specifies the number of the socket for

which the wait time for receiving a packet is specified.

° TIME

This parameter specifies to socket a wait time for

receiving a packet.

AN
U

TIME Wait time [msl
(system clock: 8 MHz)
01 1x100
02 2x100
03 3x100
: J :
T. T .
FF 25x100
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(2)

Where the value of TIME is 00H, the uPD72105 enters the
busy wait state and processes no command until it receives
a message packet. With this function, it is possible to
suspend execution of a sequence of commands by specifying
the command chaining function with a series of commands
following the WAIT RCV command, and executing the WAIT RCV
command with TIME specified to be 00H.

Result
° RETURN CODE
00H : Indicates that the wait time has been set to the

specified socket.
84H : Indicates that the parameter SOCKET was invalid.

88H : Indicates that the specified socket has not been
set up.
8AH : Indicates that the command was not accepted,

because the chip has been in the network monitor
mode.

92H : Indicates that the RCV LIST cemmand is being
executed on the specified socket. The WAIT RCV
command cannot be executed on a socket that has
been set up by the RCV LIST command.

The subsequent RETURN CODE is set to the address

specified by RESULT ADDRESS of the SETUP RCV command that

has set up the socket.

00H : Indicates that a packet has been received within
the time specified by TIME.

90H : Indicates that a packet has not been received
within the time specified by TIME (i.e.,
time-out). In this case, the specified socket
becomes inactive.
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4.2.6 RCV LIST

Command

1 COMMAND CODE = 12H

3 MESSAGE LIST ADDRESS

. L -
5 SOCKET

6 NOT USED

- BUFFER LENGTH -

The RCV LIST command sets up a list of message buffers (message
descriptor) to allow reception by sockets 80H and 90H. Only
socket numbers 80H and 90H are supported by this command. The
list provided by the host system when this command is executed
is shown in Fig. 4-2. The message descriptox consists of a
message list indicating the state of the buffer in which the
received message is to be stored and control records which
manage the buffer.

(1) Command

° MESSAGE LIST ADDRESS
This parameter specifies the first address of the message
descriptor.

° SOCKET
This parameter specifies the number of the socket that is
set up to receive packets.

° BUFFER LENGTH
This parameter specifies the number of bytes in each
message buffer.

(2) Control Record
° SOCKET STATE
Immediately after a command has been executed, RETURN
CODE is first set. Afterward, this parameter indicates
the presence of a buffer storing unprocessed received

messages.
g 4-25
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° RETURN CODE

FEH : Indicates that the receive list has been set up

and that reception is enabled.

84H : Indicates that parameter SOCKET is invalid
(i.e., the value of the parameter is other than
80H and 90H).

85H : Indicates that the specified socket is being
used.
8AH : Indicates that the command was not accepted

because the chip has been in the network monitor
mode.

Buffer state

00H : Indicates that the received message has been
stored after the last interrupt was generated.

FDH : Indicates that the received messages are stored
in all the buffers.
FCH : Indicates that the host system has completed
processing of all the messages.
° FIRST FREE AND LAST FREE

These parameters indicate the first and last indexes of
FREE LIST, respectively. The "FREE LIST" is a message
list of an empty message buffer.

° FIRST RECEIVED and LAST RECEIVED
These parameters indicate the first and last indexes of
RECEIVED LIST, respectively. When the value of LAST
RECEIVED is 00H, it indicates that no message has been
received yet.‘When the value of FIRST RECEIVED equals
that of FIRST FREE, RECEIVED LIST does not exist.
"RECEIVED LIST" is a message list of the buffers storing
unprocessed received messages.

(3) Message List
° NEXT
This parameter indicates the index of the next message
list. When its value is 00H, it indicates the last list.
° DATA BUFFER ADDRESS
This parameter indicates the first address of the message
buffer each message list supports.



NEC uPD72105

° RECORD CODE
FFH : Indicates that the message buffer is empty.

00H : Indicates that the received message is stored in
the message buffer.

The host system rewrites FFH to RECORD CODE when a
command is issued or when the received message in the
message buffer is processed.

° SOURCE
This parameter indicates the number of the node that
transmitted the received packet. This node number is not
set by the host system during command execution. It is
written by the uPD72105 after the packet has been
received.

¢ ACTUAL LENGTH
This parameter indicates the number of bytes in a
received message. It is set by the uPD72105 after the
packet has been received.

When the RCV LIST command is issued, theg first message list
is set up. The uPD72105 then removes the set up of a
message list one by one each time receiving a packet, and
stores the received message to a buffer according to the
list. An interrupt is requested each time a packet is
received.

On receiving a packet, the uPD72105 stores a message in the
buffer of the message list indicated by FIRST FREE, sets
the RECORD CODE in the message list to 00H, and also sets
the SOURCE and ACTUAL LENGTH CODE to specific values. It
then sets FIRST FREE to an index of the next message list
and LAST RECEIVED to that of the current message list. The
uPD72105 also sets the SOCKET STATE to 00H and generates an
interrupt. Figs. 4-3 and 4-4 show updating on the message
descriptor when the first and i-th packets are received,
respectively.

If a message is stored in the last buffer (NEXT=00H) of
FREE LIST, the uPD72105 sets the SOCKET STATE to FDH and
FIRST FREE to 0O0H.
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The host system, on the other hand, checks the SOCKET STATE
on acknowledging an interrupt and processes received
messages if it is either 00H or FDH. The host system first
checks that FIRST RECEIVED does equal FIRST FREE and that
FIRST RECEIVED does not equal 00H (RECEIVED LIST is
present). It then fetches received message from the buffer
indicated by FIRST RECEIVED.

After that, the host syvstem rewrites FIRST RECEIVED to the
NEXT value in the current message list and sets the NEXT to
00H and the RECORD CODE to FFH. It then checks FIRST FREE
further. If FIRST FREE does not equal 00H (FREE LIST is
present), the host system sets NEXT and LAST FREE of the
message list, indicated by LAST FREE to the index of the
current message list. If FIRST FREE equals 00H (FREE LIST
is not present), the host system sets FIRST FREE and LAST
FREE to the index of the current message list. These
procedures mean to add an empty buffer to the end of the
FREE LIST. Fig. 4-5 shows updating on the list when the

first message is processed after the i-th packet has been
received.

The host system continues these processes until RECEIVED

LIST runs out (FIRST RECEIVED does not equal FIRST FREE)

and sets the SOCKET STATE to FCH.
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Command

COMMAND CODE = 12H

MESSAGE LIST ADDRESS

SOCKET
NOT USED

BUFFER LENGTH

MESSAGE LIST
(FREE LIST)

Message descriptor

- Chip updates this control code
> SOCKET STATE (FFH) to FEH after command execution.
FIRST FREE (01H) Chip updates these control
LAST RECEIVED (00H) codes after receiving them.
CONTROL LAST FREE (N) Host system updates these control
Cooe FIRST RECEIVED (01H) codes after pr gar
B NOT USED
\ Host system upda(zs this control
(( index 1 NEXT (02H) code after pro ga
B DATA BUFFER ADDRESS / Buffer 1
o 7 T (Empty) =
RECORD CODE (FFH)
SOURCE Chip sets these messages
‘nfter receiving them.
. Host system does not
- ACTUAL LENGTH prepare these messages.)
Index 2 NEXT (03H)
= =
Index NEXT (N)
(N-1)
- -
_ Buffer (N-1) pu
= - e (Empty) ¥
RECORD CODE(FFH)
index N NEXT (00H)
- -
Buffer N _
- - =¥ (Empty) oo
RECORD CODE (FFH)

Fig. 4-2 RCV LIST Command List (created by the host system)
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Message descriptor
SOCKET STATE (00H)
FIRST FREE (02H) Updated
LAST RECEIVED (01H)
LAST FREE (N)

FIRST RECEIVED (01H)

( index 1 NEXT (02H)

B - Buffer 1
DATA BUFFER ADDRESS 4 = Full) T
RECEIVED
LIST

RECORD CODE (00H) } = Reserve o
Uoa

SOURCE

o ACTUAL LENGTH -1

Index 2 NEXT (03H)

_ N~

Buffer 2 A
L -1 o (Empty) lad
RECORD CODE (FFH)
FREE A, pu
LIST T T
Index N NEXT (00H)
Buffer N
B n 7 (Eum;:v) o
RECORD CODE (FFH)

Fig. 4-3 Updated List on Receiving the First Packet
(by the chip)
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RECEIVED
LIST

FREE
LIST

Fig.
chip)

N

index 1

Index 2

Index i

Index
(i+1)

Index N

Message descriptor

SOCKET STATE (00H)

FIRST FREE (i+1)

LAST RECEIVED (i)

LAST FREE (N)

FIRST RECEIVED (01H)

NEXT (02H)

DATA BUFFER ADDRESS

RECORD CODE (00H)

SOURCE

ACTUAL LENGTH

NEXT (03H)

3).
0

~J

NEXT (i+1)

RECORD CODE (00H)

:

Updated

o (Full) T

= Reserve =

Buffer i .
[~ (Full) 7

ALY

= Reserve =

/—’___ Buffer 1 |
")

NEXT (i+2)

RECORD CODE (FFH)

NEXT (00H)

RECORD CODE (FFH)

4-4 Updated List on Receiving the i-th Packet

I

L Buffer (i+1) A

(Empty) T

l‘/_'_ Buffer N A

J T (Empty) g
(by the
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Message descriptor
SOCKET STATE (00H)
FIRST FREE (i+1)
LAST RECEIVED (i)
LAST FREE (01H) o
FIRST RECEIVED (02H) "
(" index1 NEXT (00H) Updated Process buffer
| DATA BUFFER ADDRESS | _/"- Butfer 1 L
T (Empty) ¥
FREE mpty
LisT RECORD CODE (FFH) Updated
SOURCE
-  ACTUAL LENGTH
N
( Index 2 NEXT (03H)
Index i NEXT (i+1)
RECEIVED r - T L Buffer i L
LIST L B T (Full) r
RECORD CODE (00H) = Reserve >
g {rdex NEXT (i+2)
Index N NEXT (01H) Updated
FREE -~ ~ Sutter N
LIST | . L utfer L
r (Empty) 7
RECORD CODE(FFH)
\

4-5 Updated list on Processing
(by the host svstem)

the First Message
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Command Result

1 COMMAND CODE = 02H RETURN CODE "

3 RESULT ADDRESS

DESTINATION

MAX TRY

The ECHO command transmits the ECHO packet to the other nodes
on the network. With this command, the host system can learn
whether the destination node of the ECHO packet exists on the

network.

(1) Command
° DESTINATION

This parameter specifies the node number of the

destination.
° MAX TRY

This parameter specifies the maximum allowable number of
retransmission attempts (0 to 127). It is generally
specified as a small value such as 01H or 02H.

(2) Result

° RETURN CODE

00H :

01H to 7FH:

80H :

Indicates that the presence of the
destination node on the network was
acknowledged by transmitting the first ECHO
packet (i.e., acknowledgment packet was
received).

Indicates the number of retransmission
attempts made before the acknowledgment
packet was received.

Indicates that the acknowledgment packet was
not received after retransmission attempts
had been made the number of times specified
by MAX TRY.
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86H : Indicates that the parameter DESTINATION was
invalid (over 40H).
8AH : Indicates that the command was not accepted,

because the chip has been in the network monitor
mode.

4.2.8 LOOP BACK

Command No result

1 COMMAND CODE = 1AH

DESTINATION DATA ]
ADDRESS

5 CRC SIZE

o SOURCE DATA -
ADDRESS

10

The LOOP BACK command transfers the data held by a buffer in
memory via the uPD72105 to another buffer in the node. The host
system may check the data for changes during transfer by
comparing the contents of both the buffers.

(1) Command

° CRC SIZE
This parameter specifies the number of bits in the CRC
code. When its value is 02H, the CRC code consists of 16
bits and when it is 04H, 32 bits.

° SOURCE DATA ADDRESS
This parameter specifies the first address of the buffer
containing the data to be transferred.

° DATA LENGTH
This parameter specifies the number of bytes of data to
be transferred.
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(2) Result
° RETURN CODE

00H : Indicates that the loop back function completed
normally.
8AH : Indicates that the command was not accepted,
because the chip has been in the network monitor
mode.
° LLOOP BACK DATA
These bytes are the data transferred by the loop back
function.
° CRC
These bytes are the CRC code generated with transferred
data.

4.2.9 INIT MONIT

Command Result

1 COMMAND CODE = 0AH RETURN CODE

3 RESULT ADDRESS

5 CRC/INT FLAG

7 RING BUFFER ADDRESS

- ENTRIES -1

n
- ENTRY SIZE -
12 .

The INIT MONIT command starts network monitoring to receive all
the packets on the network (including those transmitted to the
other nodes), and then transfers a packet information and an
additional information of each packet to the specified ring
buffer. Note that the received packets also remain on the
network, not influencing the normal receive operation.
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(1) Command
° CRC/INT FLAG
Bit DO (CRC FLAG):

When this bit is 1, the packet information for a packet

that caused a CRC error is also transferred. When it is
0, however, the packet information is not transferred.
Bit D1 (INT FLAG):
When this bit is 1, an interrupt is generated each time a
packet information and an additional information are
transferred to the buffer at the last entry in the ring
buffer.
° RING BUFFER ADDRESS
Specifies the first address of the ring buffer in which
the packet information and additional information are to
be stored.
° ENTRIES
Specifies the number of entries (buffers) in the ring
buffer.
° ENTRY SIZE
Specifies the number of bytes in each buffer of the ring
buffer. The number of bytes from a packet defined by
[ (ENTRY SIZE)-5 bytes] is transferred to the buffer with
the following additional information contained in the
remaining 5 bytes:
1st byte : Indicates the sequence of the packet
received during command execution.
2nd to 4th bytes: Indicates the count value of the
internal counter after the start of
command execution until reception of
the packet.

5th byte Indicates whether a CRC error occurred.
The value 00H indicates that an error
has not occurred, whereas any other

value indicates occurrence of an error.
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(2) Result
° RETURN CODE
00H : Indicates that the command has been accepted.

When the uPD72105 accepts an INIT MONIT command, it becomes
unable to perform ordinary communications, and can only
accept the commands INIT MONIT, MONIT OFF, MONIT ON, and
INIT. To release the network monitor mode, the INIT command
must be executed.

4.2.10 MONIT OFF

Command Resuit
1 COMMAND CODE = 0EH RETURN CODE j
2
3 i RESULT ADDRESS 7
. - -

The MONIT OFF command suspends DMA transfer to the ring buffer
while the uPD72105 is monitoring the network.
(1) Result
° RETURN CODE
00H : Indicates that the command has been accepted.
8AH : Indicates that the command was not accepted,
because the chip has not been in the network
monitor mode.

4.2.11 MONIT ON

Command Result
1 COMMAND CODE = OCH RETURN CODE J
2
3 i RESULT ADDRESS ]
. - -
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The MONIT ON command resumes DMA transfer to the ring buffer
suspended by the uPD72105 while it is monitoring the network.
(1) Result
° RETURN CODE
00H : Indicates that the command has been accepted.

8AH : Indicates that the command was not accepted,
because the chip has not been in the network
monitor mode.

4.2.12 SET PARM

Command Resuit

1 COMMAND = 1EH [ RETURN CODE j
2

3 i RESULT ADDRESS )

. - -

5 MAX WAIT

6 TRAILING FLAGS

7 MAX RETRY

8 LEADING FLAGS

9 PROTOCOL
10 OVERLAP

The SET PARM command modifies the internal parameters of the
uPD72105.
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(1) Command
° MAX WAIT

This parameter specifies the maximum random wait time
before transmission.

The following values are acceptable, and the default
value is OFH.

MAX WAIT | Maximum wait time (us)
01H 5
03 15
07 35
OF 75
1F 155
3F 315
7F 635
FF 1275

° TRAILING FLAGS
The parameter specifies the number of bytes in the
TRAILING FLAG of a packet. The default value is 08H.

° MAX RETRY
This parameter specifies the maximum allowable number of
retransmission attempts. The default value is OAH.

° LEADING FLAGS
This parameter specifies the number of bytes in the
LEADING FLAG of a packet. The default value is OAH.

° PROTOCOL
This parameter has the same functions as the parameter
PROTOCOL of the INIT command.

° OVERLAP
This parameter specifies the number of bits that overlap
timewise between the TRAILING FLAG of the message packet
being received and LEADING FLAG of the acknowledge packet
to be transmitted in response to the packet being
received.
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° TRYINT

This parameter specifies the minimum value of the
retransmission intervals.

TRYINT | Minimum interval (us)
00H Use prohibited
01 3
02 6
> : 7=
FE 762
FF 765

° HOST
The pafameter HOST of this command has no meaning.
The HOST which was determined by INIT command can not be
changed with this parameter.

(2) Result
° RETURN CODE
00H : Indicates that the command has been accepted.
8AH : Indicates that the command was not accepted,

because the chip has been in the network monitor
mode.
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4.2.13 GET

The GET PARM command reads the internal pargmeters of the
uPD72105. To partially modify the internal parameters, the
parameters of the SET PARM command can be created by first

PARM

Command

COMMAND = 1CH

Result

RESULT ADDRESS

RETURN CODE

NOT USED

MAX WAIT

TRAILING FLAGS

MAX RETRY

LEADING FLAGS

PROTOCOL

OVERLAP

NOT USED

HOST

executing the GET PARAM command and then modifying the result.

° RETURN CODE

(1) Result
00H :
8AH :

4.2.14 NEW

Indicates that the command has been accepted.
Indicates that the command was not accepted,

because the chip‘'has been in the network monitor

mode.

CHAIN

Command

COMMAND CODE = 04H

NEW CHAIN ADDRESS
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The NEW CHAIN command exXecutes the command stored in the
address specified by NEW CHAIN ADDRESS. The uPD72105 does not
generate an interrupt for this command, but does so after

execution of the command in the specified address.

4.2.15 NEW DEFLT ADDR

Command No result

1 COMMAND CODE = 06H

-

NEW DEFAULT COMMAND -]
3 ADDRESS

The NEW DEFLT ADDR command sets a default value of the command
address from which the command is fetched when the address
FIFO it empty. This command address is 0 immediately after
resetting.

On receiving the command, the uPD72105 executes the command
specified by NEW DEFAULT COMMAND ADDRESS. The uPD72105 does not
generate an interrupt due to this command, but does after
execution of the command in the specified address.

4.2.16 CLR STAT

Command Result

1l COMMAND CODE=26H RETURN CODE |
2

3 RESULT ADDRESS

4

The CLR STAT command clears the contents of event counters to
initialize the counters. The counters manage the
transmit/receive statistics.
(1) Result
° RETURN CODE
00H : Indicates that the command has been accepted.
8AH : Indicates that the command was not accepted,

because the chip has been in the network monitor
mode.
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4.2.17 GET STAT

Command Result
! COMMAND CODE=28H RETURN CODE
2
- _ - -
3 RESULT ADDRESS RECEIVE ERROR*
‘ )
Receive
5
6 RECEIVE OK
7
8
9 SEND ERROR
10
Transmit
11
- ]
12 PACKETS SENT
13
14
15 ABORT
16
17
18 CRC ERROR *
19
20
21 OVERRUN ERROR
22
7/

The GET STAT command reads the contents of event counters to
store them in a memory area following to the RETURN CODE.
(1) Result
° RETURN CODE
00H : Indicates that the command has been accepted.
8AH : Indicates that the command was not accepted,
because the chip has been in the network monitor
mode.
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° RECEIVE ERROR
The RECEIVE ERROR indicates the count of errors which
have occurred on receiving packets. The value is the
total of ARORT, CRC ERROR and OVERRUN ERROR.

° RECEIVE OK
The RECEIVE OK indicates the count of recieving packets

normally.

° SEND ERROR
The SEND ERROR indicates the count of Tx underrun errors
which have occurred to send aborts on transmitting
packets.

° PACKETS SENT
The PACKETS SENT indicates the count of packet
transmissions. It is the total of normal and abnormal
transmissions

° ABORT
The ABORT indicates the count of receiving aborts.

° CRC ERROR
The CRC ERROR indicates the count of GRC errors which
have occurred on receiving packets. The polynomi.ials of
CRC are as follows.

16 bits: x'0+x12+x%+1
32 bits: X32+x26+x23+x22+x16+x12+x11+x10+x8+x7+x5+x4
+x2+x+1

The initial value of CRC is 1. The calculation is done
for the packet information. The result of calculation is
inverted the bit status, 1 or 0, to transmit the MSB
first on transmitting. The result of calculation is
compared with LSBFOBSMSB (for 16-bit) or PSBDEBBZOE3MSB
(for 32-bit) on receiving, and the receiving is regarded
as CRC error.

Leading Flags | Packet InformationAICRC lTrailing Flags

CRC calculation

° OVERRUN ERROR Fig. 4-6 Frame Format

The OVERRUN ERROR indicates the count of Rx overrun

errors which have occurred on receiving packets.
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5. CONTROL

uPD72105

The host system needs to have additional data in memory for
some commands to issue them to the uPD72105. These data
include: a message descriptor and buffer for the RCV LIST
command, a buffer for the SETUP RCV command, and transmit data
for the SEND command.

A control flowchart of the uPD72105 is shown in Fig. 5-1. Prior
to issuing a command request to the uPD72105, the host system
constructs a command table in memory and writes FFH as the
RETURN CODE in the area of the table indicated by RESULT
ADDRESS. Then it writes the first address of the memory on

which the command table was created to the address FIFO of the
uPD72105.

The command address writing procedure is shown in Fig. 5-2.
In writing data to the address FIFO, the host system always
checks whether the WNR(D1l) bit of the status register is set
to 1. Setting the command address is completed by writing
3-byte data.

If a command request is issued without setting the address

FIFO, the uPD72105 fetches a command from the default address
(see NEW DEFLT ADDR COMMAND) and executes it.

After setting the command address, the host system issues a
command request (the CRQ signal is "H" or the CMDRQ(DO) bit in
the control register is 1) and then waits for a command
completion interrupt to be generated by the uPD72105. When the
host system detects tne command completion interrupt (the INT
signal is "H" or the IRQ(D4) bit of the status register is 1),
the host system resets this interrupt (CLRINT signal is "H" or
CIRQ(D3) bit of the control register is 1).

In this procedure, the host system completes controlling the
uPD72105 and then reads the RETURN CODE stored in RESULT
ADDRESS.

However, when a command is to be executed while setting-up a
receive socket, an interrupt of command execution completion
and that of packet receive may simultaneously be generated. In
this case, the host system fails to detect the packet receive

4-45
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interrupt because the receive interrupt has been also reset

after servicing the command completion interrupt. Therefore,
the host system may service only the command completion
interrupt, and fails to service the receive interrupt.

To avoid this, when a command is executed during the setting-up
of the receice socket, the process can be controlled as
follows: when the uPD72105 generates an interrupt, the RETURN
CODE of the received command is first checked and if it is
other than FFH or FEH, the receive completion interrupt is
serviced. Subsequently, the service routine for the command
completion interrupt is executed without waiting for the
interrupt to occur.

By doing so, depending on the timing of an interrupt, the host
system may start servicing the next interrupt immediately
before it is generated. This results in no causes of interrupt
remaining to be serviced even when an interrupt has been

detected. In such cases, he host system must ignore the
interrupt.
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Fig.

Writes command
in memory

l

Sets RETURN CODE
to “FFH"

[

Writes command address
in address FIFQ

Issues command request

Has interrupt
generated?

Releases interrupt

1

Process result

If command address is omitted,

the default address becomes effective.

RETURN CODE, etc.

5-1 CSMAC Control Flowchart
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START

Reads out status register

Writes data O5H
with Al,A0=0,1

Writes one-byte address
with A1, A0=1,1

A1,A0=00

Specifying address FIFQ

Writing comfand address

Three by tes of higher, middle, and lower bits
(order is specified by the INT command)

Fig. 5-2 Command Address Writing
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SYSTEM CONFIGURATION EXAMPLES

6.
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Fig. 6.3 Example for serial interface

#PD72105

RxD

TxEN

g

HE0 DS3695
TxDATA
RxDATA

—— oscC

RxC (40MHz )

Fig. 6.4 NRZI Data Format
Bit call
Data bit | ! o | o 0 1 0 1| o ’ 1 | 1 ‘ 1

NRZ1
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AC/DC Target spec.

ABSOLUTE MAXIMUM RATINGS (Ta=25°C)

Parameter Symbol | Test Conditions Ratings Units
Power Supply Voltage VDD -0.5~ +7.0 v
Input Voltage VI -0.5~ VDD+0.3 v
Output Voltage Vo -0.5~VDD+0.3 v
Operating Temperature | Topt ~40 ~ +85 °C
Storage Temperature Tstg =40 ~ +125 °C

DC CHARACTERISTICS (Ta=-40 +85°C, VDD=5V+10%)
Parameter Symbhol Test Conditicns MIN ITYP | MAX éLnics
Input Low Voltage VILC CLK Pin -0.5 i +0.8 é 6_»_
VILR | FXC when using |-0.5 | +0.6 v
on-chip DPLL
VIL Others -0.5 ¢ +0.8 é v
Input High Voltage VIHC | CLK Pin, TEST Pinl+3.3 VDD+0. ! v
VIHR RXC when using +2.4 VDD+0.3: V
on-chip DPLL
VIH Others +2.2 VDD+0.3; V
Output Voltage Low VoL IOL=2.5mA +0.4 g
Output Voltage High VOH IOH=~400uA 0.7%VDD }
Supply Current IDD1 When operating *1 25 40 ; mA
Input Leakage Current | ILI OVL VIN £ VDD P 10 f uA
Qutput Leakage Current| ILO 0V< VOUT £VDD ; + 10 % uA
%1 system clock = 8Mliz
DPLL clock = 40iHz
Fix B/W pin to "1" or "O".
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AC CHARACTERISTIC (Ta=-40 +85°C, VDD=5V+10%) *2

BUS-MASTER MODE

Parameter Symbol |Test Conditions MIN
CLK Cycle Time Eb&K ) 125
CLK Active Low TKKL 50
CLK Active High TKKH 50
CLK Rise Time TER 1.5-3.0V
CLK Fall Time TKF 3.0-1.5vV
HLDRQ] Delay Time from CLK!! TDHQOH
HLDRQ. Delay Time from CLK%j TDEQL
HLDAY Setup Time to CLKT 33
AENT Delay Time from CLKY
AEN! Deley Time from CLKT
ASTBY Delay Time from CLK?T | TDSTH
ASTB Pulse Width TSTSTH TKKH-15
ASTB), Delay Time from CLK{ | TDSTL
ADR/UBE/RD/WR TDA
Delay Time from CLK?
ADR/UBE/RD/WR TFA
Float Delay from CLKT
ADR Setup Time to ASTB! TSAST TKKH-35
ADR Hold Time from ASTBY THSTA TFKL-20
RDL Delay Tinme TDAR TKKH-30
from ADR Float
RD! Delay Time from CLK{ TDRL
RD Pulse Width TRRL2 1.5TCYK
-50
RD! Delay Time from CLK? TDRH
DATA Setup Time to RDT TSDR 70
DATA Hold Time from RDT THRD
WR! Delay Time from CLK. TDWL
WR Pulse Width TWWL2 1.5TCYK
-50
WRT Delay Time from CLK{ TDWH
READY Setup Time to CLKT TSRY 35
READY Hold Time from CLKT | THRY 20

10
10
100
100

100

100

70

100
100

70

70

70

70

70

Units

nS

nS
nS
ns

nS

ns
ns

nS

ns
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Parameter

Symbol

CLRINT Pulse Width

INTT Delay Time from CLKT
INT! Delay Time from CLRINTY
LEDY Delay Time from CLKY
LEDT Delay Time fron CLK}

TCLCLH
TDIH
TDIL
TDLL
TDLH

TCRCRH

Conditions

wn

100

100

N T symbol
WR Pulse Widch TWWL 100 nS
CS Hold Time from WRT THWCS 0 n
ADR/UBE/CS Setup Time to WRY TSAW 0 nS
ADR/UBE Hold Time from WRT | THWA 0 ns
DATA Setup Time to WRT TSDW 100 ns
DATA Hold Time from WRT THWD 20 ns
RD Pulse Width TRRL 150 nS
ADR/CS Setup Time to RDL TSAR 35 ns
ADR/CS Hold Time from RDT THRA 0 ns
DATA Delay Time from RDL TDRD 120 ns
DATA Float Delay from RD T TFRD 10 100 nS
RESET Pulse Width TRSTL 7TCYK nS
VDD Setup Time to RESETT TSVDD 1000 ns
lst WR/RD from RESETT TSYWR 2TCYK ns
Recovery Time from WR/RD TRVWR 200 n$
High Setup Time to NLDAKT TSWR -20 n$
High Hold Time from AEN THWR 100 n$
* 2 Input levels for AC test are
2.4V (as "1") and
0.4V (as "0").
Test points are
2.2V (as "1") and
0.8V (as "0").
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Serial Part

Parameter Symbol | Test Conditions MIN MAX {Units
TXC/RXC Cycle Time TCYS 250 {2000 ns
TXC/RXC Active Low TSSL 110 nS
TXC/RXC Active High TSSH 110 n$s
TXC/RXC Rise Time TSR 20 ns
TXC/RXC Fall Time TSF 12 nS
TXD Delay Time from TXCL TDTXD -100 nS
TXEN?T Delay Time from TXC! | TDTEH 100 ns
TXEN} Delay Time from TXC. | TDTEL 100 nS
RXD Setup Time to RXC? TSRXD 50 as
RXD Hold Time from RXCT. THRXD 70 nS
RXC Cycle Time *3 TCYH When using 25 200 nS

on-chip DPLL
RXC Active Low THHL When using 5 ns
on-chip DPLL
RXC Active High TEHH | When using 5 ns
on-chip DPLL
RXC Rise Time THR When using 5 nsS
on-chip DPLL
RXC Fall Time THF When using 5 nS
on-chip DPLL
TX, RX DATA Cycle Time ¢ TCYD When using 250 | 2000 ns
i on-chip DPLL
RXD Setup Timing TRX When using +0.2TCYD nS
on-chip DPLL -0.2TCYD
TXC Active Low TTTL When using 0.5TCYD-25 ns
on-chip DPLL
TXC Active High TTTI1 When using - 10.5TCYD-25 ns
on-chip DPLL
TXD Change Delay from TXC! | TDTXI ‘hen using 50 ns
on-chip DPLL
TXD Change Delay from TXCT | TDTX2 When using 0.5TCYD-50 us
i on-chip DPLL
* 3 DPLLed clock cycle time should be from 250 ns to 2000us.

This is a target spec. and can be changed during

development.,
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AC Timing Test Points

2.4V
’ 2.2V
X :> Test Points <:228V
.8V

0.8V

Timing Waveform

CLK Waveform

CLK

TXC/RXC X

AR
(When ?51ng 0.4V
on-chip DPLL)
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BUS SLAVE MODE
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EUROPEAN DISTRIBUTORS

AUSTRIA

A8&D

ABRAHAMCZIK & DEMEL
GES. MBH. & COKG
EICHENSTRASSE 58-64/1
1120 WIEN

TEL.: (222) 857661

TLX.: 134273

BELGIUM

CN ROOD

DE JAMBLINNE DE MEUXPLEIN 37
1040 BRUSSEL

TEL.: (02) 7352135

TLX.: 22846

MALCHUS ELECTRONICS PVBA
PLANTIN EN MORETUSLEI 172
2000 ANTWERPEN

TEL.: (032) 353256

TLX.: 33637

DENMARK
MER-EL A/S

VED KLAEDEBO 18
2970 HOERSHOLM
TEL.: (2) 571000
TLX.: 37360

FINLAND

OY FERRADO A/B
P.0.BOX 54

VALIMONTIE 1

00380 HELSINKI 38
EL.: (0) 550002

TLX.: 122214

FRANCE

ASAP

MONSIEUR LEGRIS

42, RUE HENRI MATISSE

59930 LA CHAPELLE D'ARMENTIERES
TEL.: 20351110

ASAP

RUE DE TROIS PEUPLES

78190 MONTIGNY LE BRETONNEUX
TEL.: (1) 30438233

TLX.: 698887

CcCl
5, RUE MARCELIN BERTHELOT

92164 ANTONY
TEL.: (1) 46662182
TLX.: 203881

Ccl

5, RUE BATAILLE
69008 LYON
TEL.: 78744456

CEDIS (TOURS)

1, RUE DU DANEMARK
37100 TOURS

TEL.: 47417646

CELTI

Z.1. DE COURTABCEUF
9, AVENUE DU QUEBEC
91940 LES ULIS

TEL.: (1) 64460909

DIM INTER

65-67, RUE DES CITES
93300 AUBERVILLIERS
TEL.: (1) 48349370
TLX.: 230524

DIM INTER (COLMAR)
27, RUE KLEBER
68000 COLMAR
TEL.: 89411543

DIM INTER (VILLEURBANNE)
101, RUE DEDIEU

69100 VILLEURBANNE
TEL.: 78683229

EALING

BATIMENT AUVIDULIS
AVENUE D'OCEANIE

Z.A. D'ORSAY COURTABCEUF
BP 90

91943 LES ULIS CEDEX
TEL.: (1) 69280131

GEDIS

352, AVENUE G. CLEMENCEAU
92000 NANTERRE

TEL.: (1) 42040404

GEDIS (AIX)

MERCURE C

Z.1. D’AIX EN PROVENCE
13763 LES MILLES CEDEX
TEL.: 42600177

GEDIS (ALPES)

21, RUE DES GLAISONS
38400 ST. MARTIN D'HERES
TEL.: 75512332

SERTRONIQUE (LILLE)
20, RUE CABANIS

59007 LILLE CEDEX
TEL.. 20477070

SERTRONIQUE (MANS)
60, RUE SAGEBIEN
CEDEX 43

72040 LE MANS

TEL.: 43842460

TLX.: 720019

TEKELEC

RUE CARLE VERNET
CITE DES BRUYERES
92310 SEVRES

TEL.: (1) 45347535

GERMANY
BIT-ELECTRONIC AG
DINGOLFINGER STRASSE 6
8000 MUNCHEN 80

TEL.: (089) 418007-0
TLX.: 5212931

GLEICHMANN+CO ELECTRONICS
GMBH

WORMSER STRASSE 34

6710 FRANKENTHAL

TEL.: (06233) 24277

TLX.: 465270

GLYN GMBH

SCHONE AUSSICHT 30
6272 NIEDERNHAUSEN
TEL.: (06127) 8077
TLX.: 4186911

H3W ELEKTRONIK VERTRIEB GMBH
STAHLGRUBERRING 12

8000 MUNCHEN 82

TEL.: (089) 429271

TLX.: 5214514

MICROSCAN GMBH
UBERSEERING 31
2000 HAMBURG 60
TEL.: (040) 6320030
TLX.: 213288

REIN ELEKTRONIK GMBH
LOTSCHERWEG 66

4054 NETTETAL 1

TEL.: (02153) 733111
TLX.: 854251

SYSTEM ELEKTRONIK VERTRIEB GMBH
HEESFELD 4

3300 BRAUNSCHWEIG

TEL.: (0531) 314095

TLX.: 952351

ULTRATRONIK GMBH
MUNCHENER STRASSE 6
8031 SEEFELD

TEL.: (08152) 7090

TLX.: 526459

UNIELECTRONIC VERTRIEBS GMBH
LISE-MEITNER-STRASSE 8

6072 DREIEICH 1 B. FRANKFURT
TEL.:(06103) 35175

TLX.: 411213

ITALY

ADELSY S.R.L.

VIA DEL FONDITORE, 5
LOCALITA ROVER!
40127 BOLOGNA
TEL.: (051) 5632119
CLAITRON S.PA

VIA GALLARATE, 211
20151 MILANO

TEL.. (02) 3010091

MELCHIONI S.PA.
VIA COLETTA, 37
20135 MILANO
TEL.: (02) 57941

PANTRONIC S.R.L.

VIA MATTIA BATTISTINI, 212/a
00167 ROMA

TEL.: (06) 6273909

NETHERLANDS

CN ROOD

CORT V.D. LINDENSTRAAT 11-13
2288 EV RIJSWIUK

TEL.: (070) 996360

TLX.: 31238

INNOCIRCUIT

MALCHUS ELECTRONICA
ADVIESGROEP
MALCHUS B.V.
FOKKERSTRAAT 511-513
3125 BD SCHIEDAM
TEL.: (010) 4373777
TLX.: 21598

NORWAY

JAKOB HATTELAND ELECTRONIC A/S
P.B.25

5578 NEDRE VATS

TEL.: (47) 63111

TLX.: 42850

PORTUGAL

AMPEREL S.A.

AV. FONTES PEREIRA DE MELO 47, 4D
1000 LISBOA

TEL.: (1) 532698

TLX.:18588

SPAIN

AMITRON S.A

AVENIDA DE VALLADOLID 47A
28008 MADRID

TEL.: (1) 2479313

TLX.: 45550

COMELTA S.A.

EMILIO MUNOZ 41, NAVE 1-1-2
MADRID 17

TEL.: (1) 7543001

TLX.: 42007

LOBER S.A.

MONTE ESQUINZA 28
MADRID 4

TEL.: (1) 4421100
TLX.: 49533

SWEDEN

NORDQVIST & BERG
BOX 1458

S-17128 SOLNA

TEL.. + 4687646710
TLX.: 10407 NORDSWE S

TH'S ELEKTRONIK
BOX 3027

16303 SPAANGA
TEL.: (0) 8362970
TLX.: 11145

SWITZERLAND
MEMOTEC AG
GASWERKSTRASSE 32
4901 LANGENTHAL
TEL.: (63) 281122

TLX.: 982550

TURKEY

BURC ELEKTRONIK

VE MAKINA

SANAYI VE TICARET A.S.
BANKATCHI-SOKAK 15/2
KUCUKESAT

ANKARA

TEL.: (0090) 41250300
TLX.: 43430

UNITED KINGDOM

ANZAC COMPONENTS LTD
BURNHAM LANE

SLOUGH SL16LN
ENGLAND

TEL.: (06286) 4701

DIALOGUE DISTRIBUTION LTD
WATCHMOOR ROAD
CAMBERLER

SURREY GU153AQ

ENGLAND

TEL.: (0276) 688001

FARNEHL ELECTRONIC
COMPONENTS LTD
CANAL ROAD

LEEDS LS12 2TU
ENGLAND

TEL.: (0532) 636311

IMPULSE ELECTRONICS LTD
HAMMOND HOUSE
CATERHAM

SURREY CR3 6XG

TEL.: (0883) 46433

STC MULTI COMPONENTS
EDINBURGH WAY
HARLOW

CM20 2DF

ENGLAND

TEL.: (0279) 442971

VSI ELECTRONICS LTD
ROYDOMBURY INDUSTRIAL PARK
HORSECROFT ROAD 9

HARLOW, 5

ESSEX CM19 5BYQM

TEL.: (0279) 29666
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NEC Electronics (Europe) GmbH, Oberrather Str. 4, 4000 Dusseldorf 30, W. Germany,
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