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Description 

The fJ-PD7201 and fJ-PD7201A 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 01 the MPSCC is to interlace a 
microcomputer system (CPU) with serial data processing 
devices such as modems. The fJ-PD7201A is an improved 
version of the fJ-PD7201. 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, 1112, 
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 

~ ... 
c;o 
BA 

RESET 

~PD720117201A 

Bit-oriented synchronous operation also has a 16-bit trans
mit length counter and register to control the number of 
transmit characters (1201A 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 (tBM) 

Features 

o pPD8085/8086 bus compatible 
o High-speed transmit/receive operations of 1. 1 Mb/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 (CRG) generation! 

checking (CCITT-O) 
- Error checking (parity, framing, Rx overrun, CRC) 

o Modem control (two channels, four signals) 
o 21/29 control, data, and status registers (7201/7201A) 
o Various interrupt functions 
o + 5 V single power supply 
ON-channel MOS 
o 40-pin plastic DIP (fJ-PD7201AC, fJ-PD7201G) 
o 40-pin ceramic DIP (",PD7201AD, ",PD7201D) 

Figure 1-1 shows the MPSCC functional block diagram. 
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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. ~I Direction Functi .. 

CLK In System clock 

RESET In Reset 

OCOA In Data carrier detect, channel A 

RxCB In Receive clock, channel B 

OCOB In Data carrier detect, channel B 

CTSB In Clear to send, channelB 

TxCB In Transmit clock, channel B 

TxOS Out Transmit data, channel B 

RxDB In Receive data, channel B 

10 RTSB/SYNCB InlOut Request to send, channel 
BISynchronization, channel B 

11 WAITB/OROTxA Out Wait, channel SlOMA request, 
transmit, channel A 

12·19 07.00 InlOut Data bus 

20 GND Ground potential 

21 WR In Write 

22 RO In Read 

23 GS In Chip select 

24 C/O In Control/data 

25 BiA' In Channel Sf Channel A 

26 OTRBIHAI InlOut Data terminal ready" channel 
BIHold acknowledge input 

27 INTAK In Interrupt acknowledge 

28 INT Out Interrupt request 

29 PRllDRORxS InlOut Priority inputiOMA request, 
receive, channel B 

30 PROIDROTxB Out Priority outputiOMA request, 
transmit, channel B 

31 iiffiAlHAO Out Data terminal ready, channel 
AIHold acknowledge output 

32 WAITAIDRORxA Out wart, channel A/OMA request, 
receive, channel A 

33 SYNCA InlOut Synchronization, channel A 

34 RxOA In Receive data, channel A 

35 RxGA In Receive clock, channel A 

36 TxGA In Transmit clocl<, channel A 

37 TxDA Out Transmit data, channel A 

38 RTSA Out Request to send, channel A 

39 rnA In Glearto send, channel A 

40 Vce Power supply 

1-2 
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The pins of the MPSCC function in three interface catego
ries: CPU, channel, am:l 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 
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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 
InterruptiDMA 
TxDAlTxDB output 
Modem control output 

Disabled 
Disabled 
Marking Is 
1 

See Section 4, 05-03 (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. 

1-3 
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OJ - Do (Data Bus) 

DrDo is an 8-bit bidirectional data bus. These tri-state pins 
connect the MPSCC to a standard CPU such as the 
J.l.PD8080AF, J.l.PD8085A, or J.l.PD8086. The data bus 
transmits dala, commands, or status signals between the 
MPSCC and CPU. 

CS (Chip Select) 

Provides access to the Tx or Ax buffer or the status or 
control register specified by the register pointer, 8/ A, or 
C/O 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/O (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/O, WR, RD, es, and B/A signals. 

Table 2-1. Signal Functions 

eli iii[ !iii cs Bii Channel flHlClien 

A Writes transmit data 
to the T x Duffer 

A Reads receive data 
from the Ax butfer 

A Writes data to the 
command parameter 
ICR7·CR?) reg,sters. 

A Reads data froml(!\e 
status vector (SR4-
SRO) registers 
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INT (Interrupt Request) 

Outputs an interrupt request signal. A low-level signal indi
cates an interrupt within the MPSCC. jjij'f 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 InputiDMA Request RxB) 

Transmits or receives the PRI and DRQRxB signals. The 
state of the INT/DMA mode bits (D1 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 
fLPD7201A 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 butter of channel B (Rx Character Available). 

PRO/DRQTxB (Priority OutputiDMA Request TxB) 

The state of the INT/DMA mode bits (D1 and Do) 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. 

WAITAlDRQRxA (Wait AlOMA Request RxA) 

The state of the INT/DMA bits (D1 and Do) of the CR2A 
register specify the function of this pin. 

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

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

NEe 
WAITBIDRQTxA (Wait B/DMA Request TxA) 

The state of the INT/DMA mode bits (D1 and Do) of the 
CR2A register specify the function of this pin. 

WAifS 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 butter of channel A 
becomes empty. 

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

The slate of INT/DMA mode bits (D1 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 CRS register) of channel B. When the 
DTR bit is 1, DTRB becomes O. 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 HAl 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. 

DTRAlHAO (Data Terminal Ready AlHoid 
Acknowledge Output) 

The state of the INT/DMA mode bits (D1 and Do) 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 CRS register). When the 
DTR bit is 1, DTRA is O. When the DTR bit is 0, DTRA is 1. 

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

CHANNEL INTERFACE SIGNALS 

The following signals function as the channel interface. 

RxOA. RxDB (Receive Data AlB) 

Inputs receive data. 

TxDA. TxDB (Transmit Data AlB) 

Outputs transmit data. 

1-4 
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RxCA, RxCB (Receive Clock AlB) 

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 AlB) 

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

SYNCA (Synchronization A) 

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

Asynchronous Mode (Input~ If external/synchronous (EI 
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 (04 of the SRO register). 

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

II the MPSCC is in the hunt phase (Section 4, 0 4 (Enter 
Hunt Phase» when the program specifies the externall 
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 01 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. 
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RTSB/SYNCB (Request to Send BI 
Synchronization B) 

Transmits or receives the RTSB and SYNCB signals, 
respectively. The state of the RTSB/SYNCB select bit (07 
of the CR2A register) specifies which function the pin 
performs. 

When the RTSBiSYNCB 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 msA and SYNCA Signals, except 
that the RTSB and SYNCB signals are applied to channel 
B. 

MODEM INTERFACE SIGNALS 

The following signals function as the modem interface. 

CTSA, CTSB (Clear to Send AlB) 
DCDA, DCDB (Data Carrier Detect AlB) 

The CTS and DCD pins have similar functions. The E/S 
interrupt is generated (when interrupts are enabled) at the 
leading or trailing edge of these signals and latched at the 
E/S bits (05 and 03) of the SRO register. The CTS and OCO 
pins can also be used as a trigger input in the auto enable 
mode. In this case, when bit 0 3 of the CR3 is 1, either the 
transmitter (CTS) or receiver (OCO) 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 (01 of the CR5 register) controls 
this pin. lithe 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 (Do of the SRl 
register) is set. 

In the synchronous mode, the state of the RTS bit is used 
as is. That is, when the RTS bit is 0, the RTS pin is 1. When 
the RTS bit is 1, the RTS pin is O. 
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The MPSCC consists of a transmitter/receiver and CPU 
interface section. The transmitter/receiver section I)as two 
futi-dupleX channels (A and S) and control cireuits for com
muni~on with pther serial data processing devices via a 
modem. Both channels A and S 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 (Ax) data input from the RxD terminal is converted 
into S-bit data by the Ax 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 or8 

Figure 3-1. Flow of Transmit/Receive Data 

I 
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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 S·bit shift 
R!gister 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 ~ft register witllthe contents of the CRe Or CR7 
register by the Rx SYNC register. 

In the monosync mode . (8-bit SYI\iC 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 CRS 
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 S-bit shift register as long as 
this synchronization is maintained. Note that the syn-

HDLC I PMtyIFraming Error 8 1.. _______ _ 

Receiver 

HDLC =::.. 
SYNC 

SYNC Char. 
~ 

EOF 

Section S:==::;::===;;;3=~~:;===~::===~~==l ----------- ------------------
Transmitter 
S .... ion 
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chronization fl1II.Y not be properly established when xxH 
SYNC characters (for example 55H or 33H) are used in the 
monosync or bisync mode. 

In the HOlC 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 S-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 Ax 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: 

III SIIHt 1IogisIor_1iII 
1234517 

111110 
1111110 
1111111 

-
Delete. 0 
Rec~ive. flag .equence 
Receive. abort sequence 

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

Cyclic Redundancy Check (CRC) 

The CAC calculation operation is performed by the Ax 
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 HOLC mode, the receive data is directly 
transferred to the Rx CRC calculator from the S-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 recei~ data 
for S bits to compensate for the process. It then transfers 
the data to the Rx CRC calculator. 

In the HOlC 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 S-bit buff
ers) after it is converted into S-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 ill of the SRl register. 
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TRANSMITTER SECTION 

The S-bittransmit data sent to the MPSCC is transferred 10 
the Tx buffer via the internal data bus. Atthe same time, the 
SYNC character in the synchronous mode or a secondary 
address and a flag in the HOLC mode are loaded inlo 
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 (3obit shift control, two 
S-bit shift registers and I-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 TxO pin. 

Synchronous Mode 

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

HDLC Mode 

The Tx data is sent to the Tx shift register from the Tx 
buffer, and a flag pattern is sent to the Tx shift register from 
the Tx buffer when a message starts and ends. The output 
data from the Tx shift register is sent to the zero insert logic 
circuit and to the Tx CRC calculator. In the zero insert logic 
circuit, a zero is inserted after any five consecutive 15 in all 
fields other than the flags (address, control, frame check). 

CPU INTERFACE SECTION 

The CPl) interface consists of a register section and a 
control section. 

Register Section 

The register section consists of eight control registers 
(CR7-CRO) and five stalus registers (SR4-SRO) for the 
7201A, or three status registers (SRO-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 720lA 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 ~-Do 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 

Table 3-1. MPSCC Control Signals 

C.D iii 

IlPD720117201A 

Three data transmission methods exist for communication 
between the MPSCC and CPU: polling, interrupt, and DMA 
modes. Each channel (A or B) is sel in one of these modes 
by the contents of the CR2A register. However, each chan
nel's CRI 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 tunction, 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. 

Channel Function 

A Reads receive data from R~ 
buffer and reads data 
received by DMA operation In 
OMA-2 mode 17201 A unly I 

A Writes transmit data to r x 
buffer and writes data 
transmitted by OMA operation 
In DMA-2 mode U201A on/Vi 

A Reads data from 
-------- status .. vector registers 

(SRO-SR4) 

A Writes data to 
-------- command parameter reglst~;rs 

(CRO-CR7) 

Combination other than 
the above when CS = a 

Prohibited 

Notes: 1. x = Don't care 

Combination other than 
the above when GS = 1 

2. If the RAJ pin is not used for a hold acknowledge input, it will be treated as a don't care pin. 
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Reads CALL command and 
interrupt vector In 
interrupt acknowledge cycle 

Reads receIVe data by DMA 
operation in DMA·1 mode 

Writes transmit data by DMA 
operation in DMA·l mode 

No read or write operation 
is performed 
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Table 3-2. CR2A Register Control 

CR2A IIITIlIMA Pi. Function Priority 

~ 01 DO 
Channel Cgnllel 

A B 
32 11 29 311 2& 31 High Low 

INT INT WAlTA WAiili DTRB DTRA RxA TxA RxB TxB ' EISA EISB 

1 0 INT INT RxA RxB TxA TxB EISA E/SB 

DMA DRQRxA DRQTxA PRI PRO HAl HAO RxA TxA 
x 0 

INT RxA RxB TxB EISA EISB 

DMA DMA DRORxA DROTxA DRORxB DROTxB HAl HAO RxA TxA RxB TxB 
0 1 0 

RxA RxB EISA EiSB" 

DMA DMA RxA RxB TxA TxB 
1 0 

RxA RxB EISA ElSa-

x 1 1 OMA DMA lITliii OTRA No priority 

RxA RxB EISA E/SB' 
(7201A 
only) 

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 Inte"upt Control 

CR2A INTA CYCLE 

°5 0, 03 
Interrupt Made 

PRI 1 
Select 

CD HEX (CALL OPt VECTOR 
85·1 

GO HEX (CALL OPt HI·Z HI·Z 

HI·Z VECTOR 
85·2 

HI·Z HI·Z HI·Z 
HI·Z VECTOR 0 

85·3 No1e 1 
HI·Z HI·Z HI·Z 

HI·Z VECTOR 
86 No1e 2 

HI·Z HI·Z 

Notes: 1 85·3 mode activates the tNT Ifne jf an internal interrupt exists 
whether or not the PR1line IS high, Therefore, a daisy chain 
uSing the PRI and PRO pins cannot be performed. (This mode 
is available on the I1PD7201A 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 CO vv (hex) instruction where vv is the 
contents of control register 28, Register 28 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 OMA 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 SRO 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 (Do 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 SR28 register 
(vector bits V4-V2 or V2-VO) for checking the status of the 
MPSCC, In this case, channels A and 8 must be set in the 
interrupt mode by bits Do and 0 1 of the CR2A register, or in 
a nonvectored mode. The 85 mode is set when bits 0 5-03 
ofthe CR2A register are 000,001, or 011, The 86 mode is 
set when bits 0 5-03 of the CR2A register are 010, The 
status affects vector bit (02 of the CRI 8 register) must also 
be set vector bits V4·V2 of the interrupt vector are modified 
In the nonvectored 85 mode and V2'VO 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 
l5Ri 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 (02 of the CRtB 
register). These interrupt vectors allow direct branching to 
the process routine for each interrupt source. The MPSCC 
also has nonvectored modes for CPU's that cannot read 
vectors in an interrupt cycle. In this case, the CPU deter
mines what interrupt source is issuing the request by read· 
ing the contents of the status or vector registers of the 
MPSCC. The CPU will then execute the appropriate proc· 
ess routine. 

Three interrupt sources can occur in the MPSCC. 

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

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

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

This mode is generally used for data transmission con
trolled by the software. It is also used for OMA data trans
mission. This interrupt can be masked by setting bit 06 or 
the CR2A register to 1 (7201 A only). 

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

Special Rx Conditions. This interrupt is a special case of 
Rx interrupt and occurs when either the first Rx character 
interrupt or all Rx character interrupt is specified. Special 
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Rxconditions refer to parity, overrun, framing, or end of 
frame errors. When the first Rx character interrupt mode is 
specified, parity errors are nol treated as a special Rx 
condition. When all Rx character interrupt mode is spec
ified, specify whether or not parity efrors 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 15 written to the Tx buffer Of when the reset 
Tx INTiOMA pending command is issued. The Tx interrupt 
also occurs when transmission of CRC characters has 
been completed in the synchronous or HOLC 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 06 of the CRI register is set to 1 (7201 A only) in 
the HLOC mode, the Tx interrupt will occur if the first data is 
written to the T x buffer. 

The E/S interrupt checks whether the state of the CTS, 
UCD, 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 (HOLC mode). 

DMA. The MPSCC has four OMA request pins. When OMA 
is enabled by 0" 03, and 04 of the CRI register, a OMA 
request occurs as follows: 

ORQTxA, ORQTxB: When the Tx buffer becomes empty. 
However, the OMA request does not occur if the Tx buffer is 
empty immediately after it has been reset. This does not 
apply when bit 06 of the CRI register is 1 (HOLC mode, 
720tA only). 

ORQRxA, ORQRxB: When a character exists in the Rx 
buffer. 

Interrupt and DMA. Bits 0, and Do of the CR2A register 
specify whether data transmission is performed by means 
of an interrupt or OMA. An interrupt or OMA is enabled or 
disabled by bit 0, (Tx interruptiOMA) and 04, 0 3 (Rx 
interruptiOMA) of the CRI register. When OMA 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 OMA 
operation. This first Rx character interrupt can be masked 
by setting bit D6 of the CR2A register to 1 (7201 A only). See 
table 3-2 for details on specifying interrupts or OMA. Figure 
3-2 shows interruptiOMA request generation logic. 
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Figure 3-2. Inte"uptlDMA Request Generation Logic 

Note 2 

---1-------t=L_)---=:f-.,~E!'c~-.. ==:: 

t-----------;:::[)-l--±~r}:_.:=--DRQT.A DRQTxB 

Notes: 1. In All Rx Character mode: Normally active 
In First Rx Character Interrupt Mode: Active until first Ax 
Character interrupt is generated. However, this is masked 
when Os of the CA2A register ~ 1 (720M only). 

2. Ax Disable (CAl; 0,) 

3. Tx INTIDMA Enable (CAl; 0,) 
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Both channels A and B of the MPSCC have eight control 
registers (CAO-CAn two transmit length registers (TxLA: 
7201 A only). and two or four statullregisters (SAO and SR1: 
7201; and SAO. SAl. SR3. and SA4: 720lA). Channel B 
also has an additional status register (SR2B). 

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

• CPU Interface mode 
• Serial transmit/receive protocol (asynchronous. bisync. 

or HOLC) 
• 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 (72OlA 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 FunctlomJ 

.......... - -CRO A. B. Selects a status or control register and resets CAC logic 
and sets commands (reSet of the MPSCC interrupt) 

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

CR2A A Specifies system configuration 

CR2B Sets the interrupt vectors 

CR3 A. B Controls data reception operation 

CR4 A. B Controls common operation of data transmission 
and reception 

CR5 A. B Controls data transmission operation 

CR6 A. B Specijies SYNC character. flags.· and secondary address 
CR7 A. B (HDLC mode) 

TxLR·L A.B Specifies the length of transmit data 
TxLR-H A.B up to 16 Ms (7201A only) 

SRO A.B Specifies the states of EIS bits. illlerrupts; or 
buffers 

SRt A. B Sets the special Ax condition or residue codes 

SR2 B Indicates interrupt vectors 

SR3 A.B Indicates contents of a 16-M Tx 
SR4 A.B length counter (7201A only) 

Note: The function CR2 performs is dieterrnined by ils channel. The 
CR2 register of chamel 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. 
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CONTROL REGISTER 0 (CRO) 

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

Table 4-2. eRO Bit Functions 
1It .. __ 

0"1 CRCI CRC initialization 

D6 CRGO code 

~ Commandbils 

04 CMOI 

03 CMOO 

02 PTR2 Pointer bits 

01 PTRI 

00 PTRO 

--Initializes CRC logic 

Sets commands used 10 reset lhe MPSCC. 
enables. illlerrupts. etc. 

Selects a status or control regaster 

OJ and D6 (CRe Initialization Code) 

Table 4·3 shows the bit pattern and related function for the 
CAC bitS. 

Table 4-3. eRe Bit Functions 

CIC1 ... -No operation 

Initializes Rx In Synchronous mode: aU Os 
____ C_RC_ca_lcu_tat_o_r __ (CelTT-O CRC-16) 

Initializes Tx In HOLC mode: all Is 
CRC calculator (CCITT·I) 

Resets Tx underrunlEOM bit (Os of the SRO register) (See Note) 

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

Ds-D3 (Command Bits) 

05 04 03 
o 0 0 (No operation) 

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

05 04 03 
o 0 1 (Send Abort) 

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

0 5 04 03 
o 1 0 (Aeset External/Status Interrupt) 

External/status (ElS) interrupt is re-enabled. and status 
latch operations to ElS bits (01"03 of the SAO register and 
Do of SA1 register) can be performed. Once an ElS inter· 
rupt occurs. issue this command to allow other ElS inter-
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rupts. Also, issue this commal)d to allow status latch 
operations to the EiS bits. 

05 0 4 03 
o 1 1 (Channel Reset) 

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

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

Table 4-4. Register State at Reset 

Register Bits At System Reset At Channel Reset 

CR2A 0-5,7 See table 4-5 

CRO 0-2 

CRl 0.1.3.4, 

CR3 0-7 

CR5 1-4. 7 

0-1 

SRO 2.6 

3-5, 7 Undefined 

SRl 4-7 

0-3 Undefined 

SR3. SR4 0-7 
(7201 A only) 

Table 4-5. Pin State at Reset 

CR2A, D.-Do 

000 001 010 011 
or or or or 

100 101 110 111 

PI. AI'- Rosel AI_'Roset 

WAiiliI 
ORORxA WAITA=Hi-Z ORORxA~O 

WAITBI 
DRORxA WAITB~Hi-Z DROTxA~O 

!'Ai/DRORxB PRI ~ input DRORxB~O 

PRO/DROTxB PRD~by PRI DROTxB~O 

DTRB/HAI OTRB~l HAl ~ input OTRB~ 1 

mRAlHAO OTRA~l HAO~HAI DTRA~l 

INT Hi-Z 

RTSA, RfSii 

SYNCA, 
SYNCB Input state 

t\'EC 
(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. 

(Reset Transmitter 
InterruptlOMA Pending) 

When the Tx buffer becomes empty, a Tx interruptlOMA 
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 interruptlDMA request inside the 
MPSCC. 

05 04 03 
1 1 0 (Error Reset) 

Resets an error bit and the EOF bits (04-07 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. 

05 04 03 
1 1 1 (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_ 

02 - Do (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 CIO 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 poinler bits when the CRO or SRO 
register is accessed. 

Example 1 (Setting CR2A). The pointer bits of the CROA 
register specify 2 (D2 - Do = 010). The CR2A register 
inputs data written during the next write to the MPSCC, for 
instance, CS = 0, cia = 1. 

Example 2 (Reading SR3S). The pointer bits of the CROB 
register specify 3 (D2 - Do = 011). The SR3B register 
outputs the contents of the Tx length register. 

The Tx length registers (TxLR-L, TxLR-H; 7501.A only) use 
a special data selling 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 D6 of the CRI 
register. 

Example 3 (Setting TxLR of Channel A). The pointer bits 
of the CROA register specify 1 (D2 - Do = 001). Bit D6 of the 
CRIA register is set to 1 and other necessary specifications 
in this register are then performed. The number of transmit 
data characters is set in TxLR-L and TxLR-H by the suc
cessive write cycles of CRxA. 

CONTROL REGISTER 1 (CRi) 

The functions of the CRI register bits are summarized 
in table 4-6. 

Table 4-6_ CRt Bit Functions 

Bit 

_. 
function 

07 Wait Enable Controls operation of WAIT pin 

06 Tx Length Register Set 
Instructs data setting of Tx length 
regISters 17201A only) 

05 Wait on RXiTx Controls operation of WAIT pin 

04 Rx INT Mode 1 Selects the mode for Rx interrupts 

03 Rx INT Mode 0 

02 Status Affects Vector Modifies the interrupt" vector caused 
by an interrupt 

01 Tx INT!OMA Enable Enables the Tx interruptiDMA 

DO E!S Interrupt Enable Enables the ElS interrupt 

D7 (Wait Enable) and Os (Wait on RxlTx) 

These bits are meaningful only when both channels A and 
B are set in the interrupt mode (Do and D2 of the CR2A 
register" 0). When Ds is I, 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 
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empty, WAif becomes inactive. Table 4-7 shows the state 
of bits D7 and Ds during receive and transmit operations. 

Table 4-7. Bits Or and DS of CR1 

Function 

RxlTI Operation Condition WAIT Output 

Hi-Z 

Tx buffer When data is written Low 
to the Tx buffer while 
it is full 

When the Tx buffer is Hi-Z 
or becomes empty 

Rx buffer When data is read from Low 
the Rx buffer when it 
is empty 

When the Rx buffer is Hr-Z 
or beco,mes fuJI 

Note: x "" Don't care 

Os (Tx Length Register Set) 

This bit is used in the fl.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 fl.PD7201A 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 ClOline 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 DROTx lines become active. When this 
counter value equals the value loaded into the TxLR. the Tx 
interrupt or DRO request will be masked. When a DMA 
request or interrupt is masked, the value of the counter will 
be set to O. 

The Tx length registers can be rewritten by again selling bit 
D6 of CRI. 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 D6 in CRI will not reset it. 

D4 and D:J (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 



jJPD7201/7201A 

INT DMA mode bits (Do, Dl 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 ER'Or 

0 Rx INT·OMA disabled 

First character interrupt Excluded from Spe· 
eial Rx Condition 

AI! character interrupt Included in Spe-
cial Rx Condition 

All character interrupt Excluded from Spe-
cial Rx Condition 

02 (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 - Va) 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 O. the interrupt vector set at the CR2B 
register is output as it is. When the bit is 1. Vector bits V4-V2 
of the interrupt vector set at the CR2B register are modified 
if 85 mode is specified, In 86 mode. vector bits V2-Vo are 
modified as shown in table 4-9. 

Table 4-9. Modification of Vector Bits V2"VO or V4-V2 

V2 v, Vo 86_ 
Interrupt cause ChaMeI V4 v3 V2 85 .ode 

Tx Buffer Empty A t 0 0 

External/Status Change A 

Rx Character Available A 

Special Rx Condition A 

D1 (Tx Interrupt/OMA Enable) 

This bit enables the Tx interrupt or OMA. When 0, is set 
and when the firstTx data byte is written to the MPSCC. an 
interrupt or OMA takes place each time the Tx buffer 
becomes empty. However. when bit Ds of the CR1 register 
is 1. an interruptiOMA request will be generated each time 
the Tx buffer becomes empty even ifthe firstTx data byte is 
not yet written to the MPSCC (7201A only), 

,..,EC 
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. DCO. or SYNC 
pin changes. 

• The start or end ota break condition or abort sequence 
is detected, 

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

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

CONTROL REGISTER 2, CHANNEL A (CR2A) 

The functions of the CR2A register bits are summarized 
in table 4-10. 

Table 4-10. CR2A Bit Functions 

BII lfame Fune'ioa 

07 RTSB/SYNC Select Selects the function of the RTSB/SYNCS pin 

06 Rx INT Mask Masks an interrupt caused by a first Rx character 
(7201A only) 

05 Vector Mode Selects nonvectored or vectored mode 

04 INT Mode t Selects interrupt mode 85·1, 85·2, 85·3, or 86 

D3 INT Mode 0 

D2 Priority Select Selects the priority of an interrupt 
or OMA request 

D, INT/OMA Mode 1 Specifies the interrupt or DMA 
mode of each channel 

DO INTIOMA Mode 0 

07 (RTSB/SYNCB Select) 

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

06 (Rx INT Mask) 

If bits D4 and 03 of the CR1 register are 0 and 1 (INT on first 
character mode). an interrupt caused by the first received 
character is masked when Os is set (7201A only). While Ds 
is set. the Rx INT signal will not become active even if the 
enable INT on next Rx character command is issued. 
When Os = O. no interrupt is masked. This bit must be zero 
on the fj.P07201. 

Os (Vector Mode) 

This bit specifies the nonvectored or vectored mode. When 
O. 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 stale of the interrupt mode: bits, p-f'lj and an .itlternat 
interrupt source, the MPSCC outputs either a CALL code 
or an interrupt vector to the data pus 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 03 (Interrupt Mode) 
These bits setects the mode in which the MPSCC 
responds when it receives the INTAK signal, Also, they 
determine the vector bits (V7 - Vo of the SR2B register) of 
an interrupt vector to be modified in status affect!! vector 
mode. Table 4-11 shows the states of bits 0 4 and 0 3 in the 
interrupt modes. 

Table 4-11 .. Bits D4 and D3 of CR2A 

-85-1 

85-2 

85-3 (7201 A only) 

86 

D2 (Priority Select) 

.,...,..,. Ye .... 81ts 'or _i_ .. 
~ Allects Vector M ... o, 

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

Table 4-12. INT/DtriA Prlodtles 

INT/DM. 
CR2A - Pin Fuocllon _ .... 

GII .... I WAJTA/.RQRxA iiiii/.,RXB 

0. D, Do • B iiiiii/DqTxA PU/DI"xB 

INT INT WAlTA WAITB PRI PRO 

INT iNT 

oMA oRQRxA ORQTxA PRI PRO 

INT 

DMA oMA DRQRxA DRQTxA DRQRxB DRQTxB 

OMA oMA 

OMA DMA 

IJPD7201n201A 

D-! and DO (INT/OMA Modes 1. and 0) 
These bits specify an interrupt or OMA mode for each 
channel, The pin functions necessary for each system 
configuration (OMA request generation and recognition 
performed by the ORQRx, ORQTx, or HAl pin, and 
MPSCC daisy chain performed by the HAl, RAO, PRJ, or 
PRO pin) is selected and defined by 0, and Do (see. 
Section 6). When both 0, and 00 = 1, there Is n6 priority for' 
OMA operations (7201 A only). The priority of the special Rx 
condition is the same for each channel. 

In table 4-12, when bit 0, or Do is 1, channel A is set in the 
OMA mode,. and a OMA request is generated when the 
MPSCC is in the Rx character available state (ORQRxA 
specified) or when the Tx buffer is empty (ORQTxA spec
ilied). 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 tNT or first character bit 
is selected when channel A is set in the Rx interrupt mode. 
Consequenlly, the first received character will cause an 
interrupt. In the Rx interrupt mode, bit 02 can be set to 
either 0 or 1 without causing any change in interrupt or 
OMA priority. 

Priority 

DTRD/HABI H .... Low 

mAfiiiiiii 
oTRB OTRA RxA TxA RxB TxB EISA E/SB 

RxA RxB TxA TxB EISA E/SB 

HAl HAD RxA TxA 

RxA· RxB TxB EISA· E/SB 

HAl HAD RxA TxA RxB TxB 

RxA· RxB· EISA· E/SB· 

RxA RxB TxA TxB 

RxA· RxB· EISA· EISB· 

DTRB DTRA No Priority 

RxA· RxB· EISA· E/SB· 
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CONTROL REGISTER 2, CHANNEL B 
(CR2B) 

The functions of the CR28 register bits are summarized 
in table 4-13. 

Table 4-13. CR2B Bit Functions 

Bit Name 

Interrupt Vector 

function 

Sets interrupt vectors sent in the 
interrupt acknowledge cycle. When 
Status Affects Vector bit = O. vector 
bits V7 - Vo are output. When Status 
Affects Vector bit = 1. Vector Bits V7 -
Vs. and V1. Vo are modified. Vector 
Bits V4 . V2 are output in 85 mode. 
Vector bits V2 - Vo 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 

BiI-' FlIIICtion 

07 Rx Bit/Character 1 
Define number of bits per serial data character. 

06 Rx Bit/Character 0 

05 Auto Enable Controls transmission/reception operation by 
inpu1 01 a CTS or OCO signal. 

04 Enter Hunt Phase Sets the Hunl phase. 

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

02 Address Search Mode Receives a message if the receive address 
matches either that of CR6 or a global address 

01 SYNC CHAR Load Inhibit Inhibits SYNC characters from being loaded to 
the Rx buffer. 

DO Rx Enable Starts reception operation. 

NEe 
07 and 06 (Rx Bits/Characters 1 and 0) 

These bits define the number of bits per character 01 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 D6 
and how they define the received character. 

Table 4·15. BIts 07 and Of; of CR3 

Bils! 

8-IIH Character 
AfIIIr Assendlly 

IIJ De Character - LSB_ 
l/P(IJ 04 03 02 01 DO Asynchronous 

x(2J x xlP(3J 04 03 02 01 DO Synchronous 
HOle 

1 0 liP Os 04 03 02 01 DO Asynchronous 

Os 04 03 02 01 DO Synchronous 
HOLC 

o 1 lIP 06 Os 04 03 02 01 DO Asynchronous 

xlP 06 Os 04 03 02 01 DO Synchronous 
HoLC 

07 06 Os 04 03 02 °1 DO Asynchronous 

07 06 Os 04 03 02 01 DO Synchronous 
HoLC 

Notes: 11 J lIP is 1 when the parity enable bit (Do of the CR4 register) 
is O. Used for parity when the parity enable M is 1. 

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

(3J x ~ the unused bit in the parity diseble state (DO of the 
CR4 register ~ 0). Used as a parity bit in the parity enable 
state (DO of the CR4 register ~ 1). 
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Os (Auto Enable) 

This bit enables or disables data transmission (Tx) or 
reception (Rx) in response to the modem signal input to 
either the eTS or DCD pin. When the auto enable bit is 1 
and the T x 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 bitis O. When 
the auto enable bit is 0, the CTS and OCO 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 (Os and 03 of the 
SRO register) 10 be set. 

04 (Enter Hunt Phase) 

This bit directs the MPSCC to enter the hunt phase when 
the synchronous or HOLC 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 ]t is synchronized and 
detects the next state. 

When the enter hunt phase bit is set in the internal syn
chronous or HOLC 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 HOLC mode. 

03 (Receive CRC Enable) 

This bit directs the start or restart of CRC calculation (1 = 
start). This bit rnust 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. 
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D2 (Address Search Mode) 

This bit is valid only in the HOLC rnode. When the address 
search mode bit is set in the HOLC receive mode, a 
received secondary address (the first character following 
the flag) is compared with either the secondary reference 
address in the CR6register 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. 

OJ (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 

Bit ... Function 

07 Clock Rate t 

06 Clock Rate 0 

Specify the dock rate Must be the data 
r-ate times 1. 16. 32. or 64 

----.~----~------.------

Os SYNC Mode 1 Select the character synchronization method 
----.~.~~~--.--

06 SYNCMo_d_e_O~~~~~~--~ ________ __ 

03 Stop Bit t Select the transmit stop bit length 

02 Stop Bit 0 

01 Parity Even Odd Selects- even or Odd. panty 

DO Parity Enable Enables transmission or checks panty bit 

07 and Os (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 xl must be used. Table 4-17 
shows how the ~ and D6 bits select the clock rate. 

Table 4-17. Bits 07 and 06 of CR4 

Clock Rat. (lIlC, TICI System Clock Rat. (CLKI 

~ ___________ (D_a_ta_r_at-,e)_X __ l ~ ___ (Dala Rate) x 4.5 minimum 

(Data rate) x 16 

(Data rate) x 32 

(Data rate) x 64 

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

05 and D4 (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 Os and 04 of CR4 

lit Syach ...... - SynchroaizaHon Character 

Monosync B-bit SYNC 

Bisync 16-bit SYNC 

HDLC Flag pattern (01111110) 

External Sync None 

03 and 02 (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 D2 
specify the stop bit length. 

NEe 
Table 4-19. Bits 03 and 02 of CR4 

D2 Stop Bit Length (BitlCbar) 

Synchronous mode (including HOLe) 

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. 

00 (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 D6 and Ds 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 D6 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 
not included in a .character if the character is already 8 bits 
long. 

CONTROL REGISTER S (CRS) 

The functions of the CR5 register bits are summarized 
in table 4-20. 

Table 4-20. CRS Bit Functions 

Bit -. functiDn 

07 Data Terminal Ready Controls the OTR pin 

06 Tx Bits/Character 1 Define the number of bits of the serial 

05 Tx Bits/Character 0 transmit data character 

04 Send Break Transmits a break sequence 

03 Tx Enable Starts the Tx operation 

02 CRC-16/CCm Controls the CRC polynomial 

01 Request to Send Controls the RTS pin 

DO Tx CRC Enable Enables the CRe 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 (0, and Do of the 
CR2A register = 00), the state of this bit is inverted as 
follows: 

D1R llit DTR- pill 

Os and 05 (Transmit Bits/Character 1 and 0) 

These bits define the number of bits per character of each 
serial transmit data byte. Bits D7 - Do are valid transmit data 
bits, Table 4-21 shows how D6 and D7 specify the number 
of bits/character and the data byte written to the MPSCC, 

Table 4-21. Bits 06 and Os of CRS 

De lis Numberot Data byte written Ie Ibe MPSGC 
bits/cilaracler MSI LSB 

DO 

01 DO 

02 01 DO 

03 02 01 DO ---------_._-
0 04 03 02 01 DO 

05 04 03 02 01 DO 

06 05 04 03 02 01 00 

07 06 05 04 03 02 01 DO 

04 (Send Break) 

When D4 is a 1. the output signal from the TxO pin will be 
set immediately in the space state (0), and the contents of 
the Tx buffer will be lost When 0, the output signal from the 
TxO 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 TxO 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, 

03 (Transmit Enable) 

When 03 is a 1, it enables the start of data transmission, 
The auto enable mode (see Os, 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 
TxO pin in the mark state, If the transmit enable bit 
becomes 0 while data is being transmitted, the TxO pin will 
return to the mark state as soon as all transmit characters 
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(such as data, SYNC character, and flag) have been trans
mitted. If a CRG character is transmitted when the transmit 
enable bit IS 0, it will be replaced by either a SYNC char
acter or a flag, 

02 (CRC-1S/CCITT) 

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

Table 4-22. CRe Polynomial 

112 Polynomial Operation IIoIIe 

CRC-16 (,,6 +x15 t ,2 t 1) Synchronous 

CCITT-O (,'6+x12+x5+') 

CCln-llxI6+x12+xS+1) HOLC 

D1 (Request to Send) 

0 1 controls the RTS pin as shown in table 4-23, 

Table 4-23. RTS Pin Control -Asynchronous 

Preset Data 
(ClIO: By. Del 

AliOs 

Ali Is 

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

Synchronous 

HOLC 

Do (Transmit CRC Enable) 

Do enables both CRC calculation and CRC character 
transmission, Normally, ilmust be set before the first data 
(bisync mode) or address field (HDLCmode) is transmitted 
to the MPSCC, The transmit CRC enable bit becomes valid 
when a character is transferred to the T x 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 underruncondition occurs when the transmit CRC 
enable bit is set and when the Tx underrun/EOM bit is 
reset, a CRC character will be transmitted, If the Tx under
run condition occurs when the transmit CRC enable bit is 
reset, no CRC character will be transmitted, and a SYNC 
character or flag will be transmitted instead, 

CONTROL REGISTERS e AND 7 (CRe 
andCR7) 

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

Bit lame Function 

CR& CR7 

07 SYNC Bit 7 Sync Bit 15 SYNC characters (Synchronous mode) 

06 SYNC Bit 5 SYNC Bit 14 

05 SYNC Bit 5 SYNC Bit 13 Flag, secondary address (HOLC mode) 

04 SYNC Bit 4 SYNC Bit 12 

03 SYNC Bit 3 SYNC Bit 11 

02 SYNC Bit 2 SYNC Bit 10 

01 SYNC Bit 1 SYNC Bit 

DO SYNC Bit 0 SYNC Bit 

These characters are written to the CR6 and CRl registers 
according to the specified mode shown in table 4-25, 

Table 4-25. CR6 and CR7 Characters 

Mode CRB CR7 

Monosync Tx SYNC Character Rx SYNC Character 

Bisync SYNC character 1 SYNC character 2 
(Fllst 8 of 16 bits) (Last 8 of 16 bits) 

EXT Sync Tx SYNC character Not used 

HOLC Secondary address Flag character (011111110) 
(For comparison with an 
address field) 

STATUS REGISTER 0 (SRO) 

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

Table 4-26. SRO Bit Functions 

Bit -. Function 

07 Break/Abort Detects the break or abort 
sequence. 

06 Tx Underrun/EOM Detects the Tx Underrun 
condition. 

05 ES bits CTS Monitors input to the CTS pin. 

04 SYNC/Hunt Monitors Input to the SYNC 
pin or the Hunt phase. 

03 OCO Monitors input to the DCD 
pm. 

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

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

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

NEe 
07 • D:3 (E/S Bits) 

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 
satisfies a predetermined condition, such as inversion of a 
bit, each bit latches the respective state at that pOint. The EI 
S interrupt then occurs. Once a latch occurs, another latch 
operation will not be performed until the reset E/S INT 
command is issued, even if the condition of each bit 
required to perform another latch operation is satisfied. 
Figure 4-1 shows E/S bit operation. 

Figure 4-1. EIS Bit Operation 

RESET 

07 (Break/Abort) 

Latch Operation (When Latch 
Condition is SatisfIed) 

EfS Interrupt (When Ef5 
Interrupt Is EnabIecI) 

Read out the E/S Bits 

FIeset E/S Interrupt 
Command Issued, 

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 O. 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 {aliOs) received during Ihe break sequence 
and conSisting of one or more byteS win remain in the Rx 
buffer. Therefore, ignore the firstdata'feceived immediately 
after the MPSCC has detected an end of the break 
sequence. 

The break/abort bit is nol used in synchronous mode. 

D6 (Transmit Underrun/End of Message) 

This bit beComes 1 if the MPSCC is in the Tx underrun 
condition during latch operation of the ElS bits. If the 
MPSCC is not in the Tx underrun condition, this bit is O. 
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 07 and Os of the CRO register to 11. Bit 06 is set 
to 0 when the first data before the flag pattern is written into 
the MPSCC in HOLC mode. However, the. Tx underrunl 
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 EJS 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 HOLC 
modes. 

DS (Clear to Send) 

This bit inverts the state of the CTS pin during a latch 
operation. When the clear to send bit is 1, the CTS pin is 0; 
when clear to send is 0, the CTS pin is 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 ElS interrupt 
occurs. 

D4 (SYNC/Hunt) 

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

In the intemal synchronous mode (monosync or bisync) or 
HOLC mode, a 1 indicates thai 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 lenerated. 

IJPD720117201A 

Da (Data Carrier Detect) 

This bit inverts the state of the OCO pin during latch opera
tions. When the D3 bit is 1, the LlCl) pin becomes 0; when it 
is 0, the OCO pin becomes 1. . 

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

1ltbIe 4-27. EIS Bit Opei'atlons 

.. - -D7 Break/Abort Async Start of completion 1: Break sequence 
of break sequence 0: Other than break 

sequence 

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

sequence 

D6 Tx Underrunl Tx IInderrun state when Tx CRC 1: Tx Underrun state 
0: Other than Tx EOM Is enabled 

DS ers 

D4 SYNClHunt 

. Underrun state 
(Reset Tx 
Underrun/EOM 
command. 
After issuance: O. 
After reset: 1. 

leading or trailing edge of 1: CTS ~ 0 
ers input 0: ers ~ 1 

Async leading or trailing 1: SYNC ~ 0 
EXT sync edge of !lVfll:' input 0:!lVfll:' ~ 1 

Monosync Hunt phase <_.> 
Bisync Character 
HOle synchronization 

leading or tramng edge of fiClj 
input 

1: During hunt 
0: During character 

synchronization 

1:!l'Cli ~ 0 
O:DCD=1 

D2 (Transmit Buffer Empty) 

When this bit is aI, 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 HOLC mode. When 0, it 
indicates Ihat 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 D, is always O. When the interrupt pending bit is " 
it indicates 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 OMA mode (0, and Do 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 lam. Function 

07 End of Frame Indicates reception of flag pattern (usually a 
closing Ilag pattern). 

06 CRG/Framing Error Indicates CRG or Framing error. 

Os Rx Overrun Error Indicates an overrun error. 

04 Parity Error Indicates parity error. 

03 Residue Code 2 Indicates the valid bit range of an information (I) 
field. 

02 Residue Code 1 

01 Residue Code 0 

00 All Sent Indicates completed transmission of all characters 
in the transmitter. 

07 (End of Frame) 

This bit is valid only in the HOLC mode. It is used to indicate 
reception of a valid closing flag and the validity of the CRCI 
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 

06 (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 O. This is bey,ause detection of the 
start bit of the following character is t'i'iggered at the leading 
edge of the reception line. 

In the synchronous or HOLC mode, the CRC/framing error 
bit indicates the result of a comparison between the con-
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tents of the Rx CRC calculator and a received CRC char
acter. As a result, if the received CRC character agrees with 
the contents of the Rx CRC calculator, the CRC/framing 
error bi.t 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 HOLC 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 
(HOLC mode). 

05 (Receive Overrun Error) 

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

04 (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 Ax interrupt 
mode 2 is specified (04 and 03 of the CR1 register = 1 and 
o respectively), the parity error bit causes the special Rx 
condition interrupt 

03 - D1 (Residue Codes 2 through 0) 

Since the data portion of the an HOLe 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 (07 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 

• BJIS/Cbaracler 

D3 D2 Dl PreYilus Character 

1 o 0 c c c c c c c 
--_._------_.-

0 1 0 C C C C C C C C, 

1 1 0 C C C C C C 
--~--------

0 1 

1 o 1 C 

1 1 0 
.. _-_._' 

1 1 1 0 

o 0 0 C C C 0 0 

7~tslCllaracter 

~Ofo, Prnleus Cblracter 

1 0 0 

1 1 C 

C 

1 0 C C C 

0' C C C C C· D 

C 0 0 

IBltslClIara .... 
~Ofo, Previous CItanIct ... 

C 

1 0 C C 

C 

C· 0 

5 BitslCllaract8r 

~ Of 81 PrniDUS CUracttr 

C C' 0 

o 1 0 0 

C 0 0 

0 0 0 

0 0 

Notes: 1. C ~ CRC bit 
2. 0 ~ Valid data 
3. * "" No residue 

211d ........ CIIara .... 

0 

C C 0 0 0 

C 0 0 0 

0 0 0 

0 0 0 0 0 

0 0 D 0 0 0 

0 0 0 0 0 

0 D 0 0 .D 0 

2nd Pre,lous Cllaraeter 

C c t 0 0 

C 0 0 0 

0 D D 

C D 0 0 

D D D D 0 D 

D D 0 D D D' 

D 0 0 D 0 D 

2nd .... Ious Chara .... 

0 

C 

0 0 0 

C 0 0 0 

0 0 0 0 

0 0 0 0 D' 

2l1li __ 

0 0 0 O· 

0 0 0 

0 0 0 0 

0 0 D 

0 0 0 

0 

0 

0' 
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Ther;neaning of the residue code depends on the n.umb~ 
of bits/character specified for the receiver. Table 4-29 
shows the residue codes for8, 7, 6, and 5 bits/character 
specified for the receiver. The previous character refers to 
the last character read before the end of frame, and so on. 

DO (All Sent) 

In the asynchronous transmit mode, this bit is set when all 
characters have been transmitted and the Tx buffer and Tx 
shift register become completely empty. No interrupt is 
caused by a change in the state of the all sent bit. In the 
synchronous and HOLC modes (06 01 the CR1 register = 
0), this bit is always set. . 

In HDLC mode (D6 of the CR1 register = 1; 7201A only) the 
level of this bit changes from 0 to 1 after a series of flags 
have been transmi.tted causing the E/S interrupt to occur. 
The host system is notified that the transmission of one 
frame is complete. Althougihthe level of this bit changes 
from 1 to 0 on transmittal of the CRC character of the next 
frame, this change does not cause the E/S interrupt. 

STATUS REGISTER CHAN,NEL B (SR2B) 

The bits in this register indicate an Interrupt vector that can 
be read only through channel B. When the status affects 
vector is 0, SR2B will indicate the vector which was last 
programmed in CR2B. If the status affects vector bit is 1 
and an interrupt request exists in the MPSCC, the bits of 
SR2B will be modified according to the interrupt source. 
The bits modified are V4-V2 (8085 mode) or V2-VO (8086 
mode) of CR2B. 

This interrupt vector corresponds to the interrupt source 
assigned the top priority among the interrupt requests. If no 
interrupt request exists, vector bits V4-V2 of the CR2B 
register are setto 1s in 85 mode or V2-VO are setto 1s in 86 
mode. See table 4-30. 

Table 4-30. Vector Bits V4-VO 

1 1 

V2 Conditio. 
Vo 

No Interrupt Pending 

Channel B Transmitter Buffer Empty 

Channel B ExternallStatus Change 

Channel B Received Character Available 

Channel B Special Receive Condition 

Channel A Transmitter Buffer Empty 

Channel A ExternallStatus Change 

Channel A Received Character Available 

Channel A Special Receive Condition 
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STATUS REGISTERS 3 AND 4 (SR3 and SR4) 

SR3 

These counters are only available on the fLPD7201A. They 
can be used when data transmission is performed in the 
TxLR set mode (D6 of the CRl 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 D6 
of the CRl register to 1. However, in HDLC mode, when the 
TxLR set mode is specified as well (D6 of the CRl 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 D6 of the 
CRl register to 1. 

NEe 
Tx LENGTH REGISTER, HIGH BYTE AND 
LOW BYTE (TxLR-H and TxLR-LJ 

TxLR·L 

These registers are only available on the fLPD7201A. 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 D6 of the CRl 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 CRS 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 INTIDRQ 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 (06 
of the CRl register = 1). 
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The MPSCC has three communication operating modes: 
asynchronous. synchronous, and HOLC. The contents of 
conlrolregiSters (mainly CRa, 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 a<!ds a start ~lnd a stop bit, and if necessary a 
parity bit. The transmit data consists of data bits Do 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 TxO are set in 
the mark state. 

Figure 5-1. Asynchronous Message Format 

;:----, I ~: I DN 

......... , 
D, I D, I I 

t 
StartBIt(1bitl Stop BH (1, 1,50 2 bits) 

.:----, I 
I:~ D, I D, N:4-7 
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The start bit of the receive data indicates the start of the 
data. Thestop b~ indicates 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 
Do through DN to the host system. 

In asynchronous mode, data transmission or reception is 
controlled by registers CRO to CAS. The CR6 and CR7 
registers are not used. Registers CR1 and CR2 specify the 
mode of the ho$lsystem that controls the MPSCC. In other 
words, these registers specify whether the host system 
should use interrupt, OMAi 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 . 

~ata Transmission In Asynchronous Mode 

The CR4 register specifies clock mode, number of bits per 
character, and state of par~ bits. The clock mode sets the 
data transmission rate by dividing the frequency input at 
TxC by 1, 16, 32, or 64. For example, if 64 is selected as the 
clock mode and the TxC pin has a clock of 64 kHz (15.625 
fLS clock cycle), the transmission data rate will be 1 kb/s. 

Table 5-1. Contents of RegIsters CR3, CR4, andCR51n Asynchronous Mode 

RlII\II RlII\II --, _0 -. 
o Disable 

00. 5 8ils/CHAR 1 Enable 
01. 7 Bils/CHAR 
10. 68ilS/CHAR 
11; 8 Bils/CHAR 

CII4 If 11& 11& 

Clock CI .... SYIIC -, _0 -, 
00. xl Clock Mode 
01. x'6 Clock Mode 
10. x32 Clock Mode 
11. x64 Clock Mode 

CR5 Ir 11& 11& 

Tx 1111/ TIII\II 
,m CIIM , 

_. 
ODTR ~ 1 00, 5 or Less Bits/CHAR 
1 DTR 0 0 

--.... .. 
.. -_0 

.. --o Marking 
1 Spacing 

RlCIIC -
Da 

IIDp 

11\1' 

Dz 
IIDp 

Ills 0 

01, 1 Stop Bil/CHAR 
10, II? SlOp Bits/CHAR 
11. 2 Stop Bits/CHAR 

Da Dz 
T. cae·'6J 

Enable CCITT 

o Disable 
1 Enable 

Note: Sel the paramelers of register CR4 before those of the CRt. CR3. and CR5 registers, 
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SYIIC -LoR RI 1_. -o Disable 

1 Enable 

a, Do 
Parity Parity 

£Ha!tIiIII £111l1li 

o Odd o Disable 
1 Even 1 Enable 

0, Do 
T. cae 

RTS Enabl. 

o RTS 
When all 

Senl 
1 RTS 0 
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The CRI 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 (03 of the CR5 
register), the TxD pin outputs the data's start bit. The start 
bit is output at the trailing edge of TxC at the transmission 
rate preset when the data is written to the MPSCC. 

The data written to the MPSCC from the host system is 
then output starting from the LSB (least significant bit) of 
the data specified by bits Ds and 06 of the CR5 register. If 
data with II. 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 TxO pin. 

When the transmit (Tx) buffer becomes empty while the 
first data byte is being transmitted, the Tx buffer empty bit 
(02 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 TxO pin is set in 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 
TxO pin in the auto enable mode (06 of the CR3 register is 
1) unless CTS becomes O. Data transmission is complete 
when no further data is transmitted to the MPSCC or when 
the Tx enable bit (03 of the CR5 register) is set to O. The 
TxO pin is then set in the mark state, and the transmission 
operation is complete. Note the the TxO pin can also be set 
in the mark state by turning the CfS pin to 1 when the auto 
enable mode is specified. 

To set the TxO pin in the space state (0), set the send break 
bit (04 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 (Do of 
the CRI register is 1), the states of the 0Cl), CfS' 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 (05, 
0 4 , and 0 3 of the CRO register are 0, 1, and 0, respectively) 
to again enable the E/S interrupt that occurs in response to 
these changes. The RTS pin outputs 1 when the transmis
sion has been completed if the requestto send bit (01 of the 
CR5 register) is reset. Under this condition, the all sent bit 
(Do of the SRI 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 
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with bits 07 and 06 of the CR3 register. The'received data 
assembled by the MPSCC is transferred to the host system 
in the mode specified by the contents of the CRI and CR2 
registers. 

After these registers are set and the Rx enable bit of the 
CR3 register is set, if RxO changes from 1 to 0 and remains 
o 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 (04 of the SRI 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 + Is 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: - LSI 

Error Information During Reception. The MPSCC 
detects three types of errors: parity, framing, and overrun. 
If the parity bit of each received character does not coincide 
with the parity bit calculated by the MPSCC, the parity error 
bit (04 of the SRI 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 (06 of the 
SRI register) will be set. If no error exists in the next 
character received, the framing error bit is reset. If xl 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 xl clock mode is specified, however, the 
synchronization of the RxO and RxC pins must be exter
nally establish.ed 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 (0;> 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 (05 of the SRI 
register) is set if the MPSCC receives a character exceed
ing that number. The host system is then notified of the 

1-28 



NEe 
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 c.ontinues until the error reset com
mand is issued. 

Using Receive Data and Received Status. Each channel 
of Ihe MPSCC has a 3-byte receive bUffel" and error status 
register (SR1) that corresponds to the 3-byte buffer. In 
addition, the MPSCC has an Rx character availGlble bit (Do 
of the SRO register) and a break/abort bit (07 of the SRO 
register) that are used as receive status bits. 

When receive dGlta is processed in the polling mode con
trolled by the software, the Rx character available bit is selif 
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 SRl 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 olthat character. In an interrupt mode, an 
interrupt occurs if the Rx character available bit is set. The 
contents of the SRl 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 
SRl 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 OMA processing. 

In all Rx character interrupt mode, receive characters must 
be read after the contents of the SRl 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 SRl 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 (02 of the CRl register) is 
set to 1, it can be distinguished from the normal receive 
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Interrupts by USing interruptvectorsin 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 OCO 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 
(traiiing edge) and end (leading edge) at 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 Re!>et Command 

Pointer-IS Specified. 
Bus Interface Mode is Specified. 

Pointer is Specified 
; Vectw is Specified 

~~=:=.:~: Reset E S INT Command and 

c.::::::.....,=-': ~:~:~~:rotStopBit$ 
and Parity are Speci/led. 

: Pointer is Specified. 

="'-. ... =,,: ~~C~:=Ie~~~::'l\IIble 
=.-L,=,. POinter is Specified. 

~~=~~: Tx Character is Specified. 

: Reset E 5 INT Command and 

'-""-.,.='-'. ~~~~t~~~j~:bred and 
Status Affects Vector is 
Specified. 

: The First Transmit Data Must 
be WrHten Before a Transmit 
Interrupt Occurs. 

=~::::::-l 

for an Interrupt is 
Moditted According 
to the Interrupt Source 
in the Status Affects 
Vector Mode, the Pro· 
cess Applicable to 
each Interrupt Source 
can be Performed. 
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Figure 5-3. Inte"upt Process 

SYNCHRONOUS MODE 

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

In monosync protocol, an a·bit SYNC character in the CR7 
register coincides with serially received a-Qit data, and the 
MPSCC assumes character synchronization has been 
established. The characters following the a-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 

NEe 
syncnrontzatlon. I he ::;YN(; character transmitted is set in 
the CR6 register. 

In bisync protocol, a 16-bit SYNC character in the CR6 and 
CR7 registers coincides with serially received 16-bit data, 
and the MPSCC assumes that character synchronization 
has b8en 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 Ihe start of a transmission. 

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

Figure 5-4. Synchronous SYNC Message Format 

I- External Sync '1 
I- Monoaync ·1 

I' B .. ~l'Ic -I 

SYNC Cheracter I -~.~ I CRC ChanocIIw 

I 

49-000402" 
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Table 5c2 shows the contents of registers CR3 through 
CR7 used in the synchronous mode. 

Tab/eS-2. Contents of Registers CR3-CRT In Synchronous Mode 

CR3 IIJ ... 05 lit -III lib! III 81b! - -CHIllI CHIllI - ...... 
o Disable o Hop 

00, 5 Bits/CHAR 1 Enable 1 Re·enabled 
01, 7 Bits/CHAR 
10, 6 Bits/CHAR 
11, 8 Bits/CHAR 

eM IIJ ... ... DC - Cl .... SY1IC SY1IC 
_I' Rat. 0 _.1 

_. 

03 liz 

MIl .... 

111- Search 
_I • -o Disable 

1 Enable 

liz liz 
SIoJ Steto 
81ts I BIts 0 

00 00, a-Bit SYNC 00 SYNC Mode 
01, 16-Bit SYNC 
11, EXT SYNC 

CR5 IIJ ... ... lit 83 liz 
TI lib! 1'I81b! - TI CRC-I&! 

DTR CIWII CIWI 0 - E_ 
CClTT 

o DTR ~ 1 00, 5 or less Bits/CHAR o Marking o Disable o CCID-O 
1 DTR ~ 0 01, 7 BitS/CHAR 1 Spacing 1 Enable 1 CRC-16 

10, 6 Bits/CHAR 
11, a Brts/CHAR 

CIII ... ... lit liz liz 
SYNC Bit 7 - 0 

-,.. Tx SYNC Character 

IIisyIIc SYNC Character Bit 7 - 0 

Ell Sync T x SYNC Character 

CR7 lit 03 

SYNC Bit 15 - a 

-,.. Rx SYNC Character 

IIisyIoc SYNC Character Bit 15 - a 

Ed Sync not used 
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lit Do 
mc 
CHAR 
Load III 

Inhibit -. 
ONop o Disabi. 

1 Inhibit 1 Enable 

lit Do 
Parity Parity 

heniOdti E_. 
DOdd o Disable 
1 Even 1 Enable 

lit Do 
TI C8C 

m _Ie 

o RTS ~ 1 o Disable 
1 RTS ~ 0 1 Enable 

01 Do 

Do 
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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 CRI. 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 
CR6 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 CRI 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 ORO signal. Afterwards, the interrupt or ORO 
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 TxO output pin remains in the mark state when the 
MPSCC is reset or when data transmission is disabled. 
When the send break bit (04 of the CR5 register) is set, the 
TxO (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 CRI 
and CR2 registers first. The channel from which data is 
transferred must be set in the interrupt mode by 01 and Do 
of the CR2A register. The Tx INT/OMA enable bit (01 of the 
CRI register) must be set. When the first transmit data is 
written to the M PSCC 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. 

t-IEC 
When data transfer is by means of OMA, the OROTx signal 
is used in place of the interrupt signal. When OMA mode is 
used, the transmit channel uses the ORO signal as 
selected by the CR2Aregister, and the Tx INT/OMA enable 
bit in the CRI register is set. When the transmitter has been 
enabled and the first transmit byte is written to the MPSCC, 
the OROTx signal becomes active each time the Tx buffer 
becomes empty. The subsequent transmit data characters 
are written to the MPSCC by means of OMA on a one·by
one basis using the OROTx signal. 

If the MPSCC uses the WAIT pin before a data transfer, the 
wait on RxITx bit (05 of the CRI register) must to set to 0, 
and the wait enable bit (07 of the CRI register) must be set 
to I. 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 (02 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 OROTx 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 (06 
of the SRO register) is set. 

Unless the reset Tx underrun/EOM bit command (07 and 
0 6 of the CRO register = I) has been issued immediately 
before the Tx underrun condition occurs, a SYNC char
acterwill be transmitted. If SYNC character(s) are inserted, 
CRC calculation will not be performed on them, even if the 
Tx CRC is enabled. The Tx buffer is empty in this case, and 
writing transmit data to the MPSCC causes it to be followed 
by the inserted SYNC character(s). 

If transmission of CRC characters is enabled, and the 
transmit enable command of the CRC and the reset Tx 
underrun/EOM command have been issued, a 2-byte CRC 
character will be transmitted, followed by SYNC char
acter(s). When the Tx underrun condition occurs, the Tx 
underrun/EOM bit is set by the RESET Signal or by the 
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channel reset command. The bit is reset only by the reset 
Tx underrun/EOM bit command. When a CRC character is 
inserted, there is no time requirement for issuing the reset 
Tx underrun/EOM command. Issue it only immediately 
before the Tx underrun condition occurs. Normally the 
command is issued when the host system detects the end 
of a message. This command can 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 iJ.PD7201A and the Tx 
underrun condition occurs prematurely. 

While the CRC character is transmitted, the Tx buffer 
empty bit remains in the reset state. This 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 (Do of the CR5 
register). If transmit data is written to the MPSCC when the 
Tx buffer is empty and the Tx CRC enable bit is set, the 
CRC calculation of the written transmit data is performed. If 
the Tx CRC enable bit is reset, and transmit data is written 
to the MPSCC, CRC calculation will not be performed. 

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

First, 55H (leading PAD) is loaded to the 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 06 of 
the SRO register (Tx underrun/EOM bit), determines 
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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 OLE character to the 
CR6 register and SYN to CR7, the MPSCC.can process 
the synchronization pattern of the transparent lext mode. 
The CRC calculation of the SYNC character. transmitted 
from the CR6 and CR7 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 

: Ttle Channels are Reset and the 
'-='---,-''''''-' Initialize Tx CRe Calculator is 

Specified. 

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

~~~~; The Pointer is Specified. 

~?~~: Interrupt Vector is Specified. 

: The Pointer is Specified. 
~~:::;;,;:: Bisync Mode is Specified. 

: The Pointer is Specified. 

'-='---,--'=: ;~a=i~.LengthandCRC-16 

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

~?===:~: The Pointer is Specified. 

~~~~: SYN Character is Specified. 

: The Pointer is Specified. 
: SYN Character is $pec:tfted. 

~?~~: The Pointer and Reset EiS INT 

='---,---"=: ~e S::~~~itects Vector Bit 
is Set. The Til INT and EIS INT 
are Enabled. 

: The Pointer is Specified. 
;:====~: The Tx and Tx CRe are Enabled. 

49-000398.4 
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Figure 5-6. Interrupt Wait Routine 

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 CRl 
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 (00 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-
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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 
CR6 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 (01 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 
(06 of CR2 register is 0). This interrupt Gan be used to 
detect when data transfer using OMA 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 'Wiihthe process Of first RI( character interrupt. 
For this'reason,data transfer by means otDMA is not 
normally performed. The first Rx character interrupt is also 
caused only once by the data loaded into the Rx buffer 
im!11ediately after tljeenable interrupt on next Rx character 
command is issued. 

When bit 06 of the CR2A register is 1 (7201A only) in this 
mode, no interrupt is caused by the character received by 
either of the channels. Also, the Ax interrupt cannot be 
enabled by the enable interrupt on next Rx character com
mand. The oiher operations are performed in ihe same 
manner as when bit 06 of the CR2A register is O. 

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 occur~ in the first Rx character interrupt 
mode. When the all Rx character interrupt mode is spec
ified, a parity error mayor may not be included in the 
special Rx condition interrupt. 

Data transfer can be performed by polling the Rx character 
available bit (Do of the SAO register) by the software. When 
bit Do 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 (03 of the CR3 register), controls 
whether the MPSCC performs CRC calculation of a 
receive character. That is, when the character has been 
loaded into the Rx buffer, manipulation of the Rx CRC 
enable bit before the next character is loaded into the buffer 
will determine whether or not to perform the CRC calcula
tion. If the Rx CRC enable bit is set after a character has 
been loaded into the Rx buffer (Rx interrupt or Rx character 
available bit is set) and before the next character is loaded, 
CRC calculation is performed on the first character. 

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

The CRC/framing error bit (06 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 
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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-blt interval since the second 
byte of a CRC. character was loaded to the·Ax buffer, the 
CRC/framing error bit is monitored. If the bit is 0, no error 
has occurred. If an error occurs, the bit tumsio 1. 

The CRClframing error bit indicates the state of a CRC 
error after a 20-bit interval since the last CRC character bit 
was input to the RxO pin. Accordingly, the RxC clock must 
be input continously for a t 6-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 RxO 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 

r;:;;,.,.-JL;;",,: The Channe(s are Reset and the 
Initialize Rx eRC Catculator 
Bit is Specified. 

r==-:-'L......::=:o: The POinter is Specified 
: Bua Inle"rtaee Mode is Specified 888085-1. 

~~~~: Tt."PoInteris SpecHied. 
: ~Vect,!"isSpecified. 

~~C:::~: The POinter il Specified. 

~~~~: Bisync Models Specified. 

r: : The PoInter is Specified. 
: CRC Polynomial (CRC-16) is =:::......,:-:= Spec"Ied. 

r;:;;;;-"--;;;;;-,: The Pointer is Specified. 

'-="-r-:=..J: ~";=S~~fied. 
r=:::--'-;~: The Pointer is Specified. 

: SYN Character is Specified. 

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

~~e::~ : The Pointer is Specified. 
: All Rx Ch.,acter, Statu. Affects 

c..:::."-..-:=.J Vector and E 5 tNT are Enabled. 

r=;;-"--;:;;;-.-, : The Pointer is Specified. 
; The Ax •• Enabled. Loa:l 01 SYNC 

'-"""'-i-''''"-' Character is Inhibited. 

49,000395" 
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Figure 508. Rx Interrupt 

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

NEe 
tion). Being bit-oriented, HOLC 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 HOLC, refer to the CCITT standards. 

Figure 5-9 shows the HOLC message format. An HOLC 
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 HOLC 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 HOLC 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 509. HDLe Message Format 

l:,yuuoll-ol ~~. I CRCC_ IrJ~l1l1oll 
I I I , " 

~881ts~'BIts~VartlbteLength~1.BIts~8BH.-+; 

Table 5-3 shows the contents of registers CRS-CR7 when 
the MPSCC is in HOLC mode. 
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Table 5-3. Contents of ReglstersCR3-CR7 in HOLC Mode 

CR3 II! lis lis .. lis Dr iI1 De 
SYNC -. Add .... CHAR 

III_ llllIibJ AIIIa - IIICIU: - I.oaII III 
CHAR 1 CHAR 0 Enoble - Enable -. Inlllbil Enable 

00, 5 Bits/CHAR o Disable o NOP o Disable o NOP o Disable 
01, 7 Bils/CHAR 1 Enable 1 Re-enable 1 Enable 1 Available 1 Enable 
10, 6 Bits/CHAR 
11, 8 Bits/CHAR 

CM II! 11& lis .. lis liz lit De 
~ ereek SYNC SYNC Slop Slop PorIty Parity 
l1li.1 IIaIe 0 M .... l 

_. 
BIb 1 Bih 0 Em!iOdd -. 

10 10 HOLC 00 0 

CR5 II! 11& lis °4 lis liz iI1 De 
Tllitsl T, BilS! - T, cae·1&! T, cae 

m CHAR 1 CHAR 0 - E_ 
ccm RTS Enable 

o Iiffi ~ 1 00, 5 or Less Bits/CHAR o Disable o CCITT-l ORTS~l o Disable 
lliffi ~ 0 01, 7 Bits/CHAR 1 Enable lRi'S~O 1 Enable 

10, 6 Bits/CHAR 
11, 8 BitS/CHAR 

CR8 11& 05 04 03 Dr De 
SYNC Bit 7 - 0 

Secondary address 

CR7 04 lis De 
SYNC Bit 15 - 8 

Flag character (01111110) 

Data Transmission in HOLe Mode 

Before performing data transmission in the HDLC mode, 
initialize the MPSCC for transmission. The CA4 register 
specifies the HOLC mode and the CAS register specifies 
the bit length of a transmit character and an HDLC poly
nomial (CCln-1: X'6 + X'2 + X5 + 1). The CA1 and CA2 
registers set the mode in which data is transferred from the 
host system to the MPSCC. Set bit D3 of the CAS 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 DAO signal is not activated by 
the empty state of the Tx buffer. Therefore, do not use 
interrupts, OMA, or polling operations to transfer the first 
transmit data to the MPSCC after the transmitter has been 
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enabled. Note, however, that an interrupt or OMA request is 
automatically generated when a flag is loaded to the shift 
register after the transmitter has been enabled, provided 
that bit Os of the CAl register is 1 (7201A only). 

If auto enable mode is specified, the transmit operation is 
enabled when the CTS pin becomes active after the trans
mitter has been enabled. Of the frame configurations regu
lated by the HDLC protocol, address, control, and data 
fields are transparent to the MPSCC. The MPSCC merely 
transmits these written data without any change. After the 
transmitter has been enabled, the first data written to the 
MPSCC is normally treated as an address field. An 8-bit 
character transferred then from the MPSCC is transmitted 
sequentially with the MPSCC starting from its least signifi
cant bit (LSB) in the number of bits per character specified 
by D6 and D50fthe CAS 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 Aegister S 
(CAS). 

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 CR5 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 HOLC mode, CCITT-l (X'6 + X'2 + XS + 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 (06 of the CRI register) is 
I, CRC or abort sequences will be transmitted according to 
the value olthe Tx length counter. This applies to the 7201 A 
only. The 7201 has no Tx length counter. 

The MPSCC has a zero-insertion function. If five con
secutive Is are detected in a frame when data is transmit
ted using HOLC protocol, a a is inserted after the Is. 
However, no a 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 OMA. 

In polling mode, data transfer is performed without using 
interrupts or OMA. The CPU writes the transmit data to the 
MPSCC by checking the state of the Tx buffer empty bit (02 
of the SRO register). If the bit is I, the CPU can write 
transmit data to the MPSCC. If the bit is a (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 (07 of the CRI 
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 0, and 00 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 INTIOMA 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/OMA 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 
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MPSCC then enters the Tx unperrun 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 06 of the CRI register is O. 
When this bit is set to I, the interrupt occurs each time the 
Tx buffer becomes empty. 

In OMA mode, data transfer is performed using OMA. Bits 
0, and 00 of the CR2A register must be set either to 01 
(channel Atothe OMAmode), tol0 (channel A andBtothe 
OMA mode), or to 11 (channels A and B to the OMA-2 
mode, 7201A only). 

The ORQTx signal becomes active when the Tx buffer 
empty bit is 1 and the OMA controller can write transmit 
data from the CPU to MPSCC. The ORQTx signal does not 
become active just by enabling the transmission. The 
ORQTx signal becomes active when the Tx buffer empty 
bit is set to 1 following the first data written to the MPSCC 
when 0 6 of the CRI register is O. When bit 0 6 of the CRI 
register is 1 (7201 A 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 ORQTx signal becomes 
active when the Tx buffer becomes empty. Should the OMA 
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 ORQTx signal can be reset temporarily by 
using the reset Tx INTIOMA pending command. This com
mand is valid, however, only when the Tx buffer empty bit is 
selto 1. The ORQTx 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 HOLe 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 underrunl 
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 underrunlEOM 
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 O. 

After the MPSCC has been reset, the Tx underrunlEOM 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 Txunderrun/EOM bit remains 
1 and the Tx buffer empty bitO. 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 it is 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 underrunl 
EOM bit resets to 0 (7201 A 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 (06 of the CR1 
register) is set to 1 and the number of transmit bytes is set 
to the Tx length register as the initial condition, the MPSCC 
compares the contents of the Tx length register with those 
of the Tx length counter (SR3 and SR4 registers) to deter
mine whether to transmit an abort sequence. If the number 
of data characters to be transmitted (set value of the Tx 
length register) does not agree with the number of data 
characters which have been transmitted (set value of the 
Tx length counter) in the Tx underrun condition, the 
MPSCC will automatically transmit an abort sequence. 
Since the 7201 does not have Tx length registers and 
counters, this is only possible for the 7201A. 

The abort sequence can also be generated by issuing a 
send abort command (CRO). The host system, rather than 
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the MPSCC, deCides to generate an abort sequence. The 
Tx underruniEOM 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 deiayed, the Tx underrun 
condition will occur. If this condition occurs while the CRC 
characters are being transmitted, then the host system 
must decide it 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 setto 1 from O. 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 ORQTx signals become active. 

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

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

(4) The MPSCC starts transmitting CRC characters. 

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

(6) If the CPU decides that the interrupt has not been 
caused by a normal completion of a message, it 
immediately issues the send abort command (D5, 
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. 

CRe Calculation in HOLC Mode. In HOLC protocol, the 
bits between the opening flag of each frame and a CRC 
character are CRC-calculated using the polynomial X'6 + 
X'2 + X5 + 1. The CRC calculation is performed in the 
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HOLC mode as follows: 

(1) The HOLC polynomial is selected by bit O2 of the 
CR5 register. This specification must be performed 
prior to resetting the Tx CRC calculator. 

(2) The Tx CRC enable bit is set by bit DO 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) althe 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 HOLC mode. This E/S interrupt occurs 
when a flag pattern of one byte or more is transmitted from 
the TxO 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 underrunl 
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 Do of the SR1 register is 
set to 1. When it occurs, the contents of the SRO and SR1 
registers must be read. Should the transmitter be disabled, 
the characters held in the Tx buffer will remain there 
unchanged and will not be transmitted. 

Transmit Operation in Tx Length Set Mode (06 of the 
CRl 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 OMA 
mode (especially in the both CH.DMA-1 mode when bits 01 
and 00 of the CR2A register are set to 1 and 0). In this 
mode, the Tx DMA request DRQTx Signals automatically 
become inactive when the number of bytes sent to the Tx 
length register has been completely transmitted. When bit 
06 of the CR1 register is set to 1 again, the DRQTx signal 

NEe 
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 OOs, the transmission has completed normally. 

To resume transmission after the frame has been automati
cally aborted, activate the ORQTx signal by setting bit 0 6 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 HOLe Mode 

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

Figure 5-10. Transmit Operation, HDLC Mode 

Initialize 

eRO "H 

eRO -- SOH : The tnlll.Jlze 1x CRe Calculator 

can be Omitted Because It is 
AutomatlcaUy Initialized.) I : Command i.lssued (This Operation 

Initialize I 
Complete 
(SeeNQW,) 

Note: In this eumple, the DROTx signal becomes active and requests the first data 
transminion when as becomes low after Inllializallol"l, Afterward, t~. DRaT. signal 
become, activit HCh lime the Tx buffer become. empty. When the number 01 dala HI 
in Ihe TxLR h8sbfton written. subsequenl MPSCC DRQTx signals donot become active 

"-<'00, ... 

1-40 



NEe 
Figure 5-11. EIS Inte"upt Process 

Reception In HOLC Mode 

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

(1) Specify the HOLC 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 HOLC polyno
mial (CCITT-l: X16 + X12 + X5 + 1). 

(3) Specify the secondary address and flag character 
with the CR6 and CR7 registers, respectively. 

The MPSCC enters the hunt phase when the enter hunt 
phase bit (04 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 HOLC 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 
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interrupt occurs. Subsequently, the MPSCC assembles 
and transfers the serial data input from the RXO pin to the 
Ax buffer. Data that exists between the openingand closing 
flags isttansparent 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 (02 of the CR3 register is 1), the 
MPSCC will only start assembling data when the first data 
byte (secondary address) following a valid flag matches 
either the address set in the CR6 register or the global 
address 11111111. The address search function is used only 
to assemble 1-byte address data The host syStem'there
fore must decide, when a frame configured of 2 bytes or 
more of extended address is used, whether the frame 
should be received. In the event that it is received, the 
MPSCC transfers the extended address following the first 
address byte to the CPU if the first address byte coincides 
with the contents 01 the CR6 register or with the global 
address. The CPU, in tum, 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 I field is not regulated by HOLC 
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 asseinbled. For example, if the address and 
control field are eight bits long and the I field foillowing 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 EIS 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 ElS 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 

1-41 



JlPD72011720fA 

and closing flags is seven bits or less. the frame wilt 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 DC5 pin changes. 

Transfer Modes of Receive Dati!. Receive data can be 
transferred from the MPSCC to the CPU in HOLC mode by 
polling. interrupt, or OMA. 

In polling mode. the CPU reads receive data from the 
MPSCC as it checks the state of the Rx character available 
bit (00 of the SRO register). The MPSCC turns the Rx 
character available bit to '1 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 (04 and 03 of the 
CRI register are 01). an interrupt is caused by the first 
received character only. Subsequently. an interrupt will 
occur only'llach time the special Rx condition is detected. 
However. when the enable interrupt on next Rx character 
command (05• 04• and 03 of the CRO register are 1. O. and 
O. respectively) is issued. an interrupt can reoccur when a 
character is received after the command. In the Rx INT 
mask mode (06 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' Ax 
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 OMA operation. In the 
aU Rx character interrupt mode (04 and 03 of the CRI 
register are either 10 or 11). an interrupt occurs whenever a 
character exists in the Rx buffer. Also in this mode. an 
interrupt provided with an interrupt vector indicating the 
interrupt. occurs when the special Rx condition is detected 
(status affects vector is selected). The character immedi
ately before a closing flag (normally the second byte of a 
CRC character) is read from,the MPSCC by the process 
routine for the special Rx condition interrupt. because of an 
end of frame. 

In data ,transfer in OMA mode. the first Rx character inter
rupt mode is selected. The OMA controller usually is 
enabled by this interrupt process routine. and the OMA 
operation starts. Whenan opening flag is detected, the 
ORQAx signal becomes active each time the MPSCC 
receives a character and the MPSCC requests the OMA 
controller to read the receive data, On the other hand. in the 
first Rx character mode. an Rx interrupt occurs upon 
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reception of the first character. This interrupt can be 
masked by setting 06 of the CR2A register to 1 (Rx INT 
mask mode. 7201A only). If the OMA 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 ,HOLC Mode. In the HOLC 
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 isselected). 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 theCRC calcula
tion in response to a closing flag. It can also be reset by the 
reset Rx CRC checker command when bits 0'7 and 06 of 
the CRO register are 0 and 1. respectively. 

In the HOLC mode. CRC calculation of all receive data is 
performed. but no a-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 1201A 
receives a closing iJag, the end of frame bit (07 of the SR1 
register) is set. and "the special Rx condition interrupt 
occurs. Under thiS condition. the CRC framing error bit (07 
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ofthe SA1 register) and residue codes (03, 02 and 0 1 of the 
SA1 register) are valid. The residue codes indicate the 
number of bits on the boundary between a 16-bit CAC 
character bit and an I field. 

The CPU must immediately issue the error reset command 
(05, 0 4, and 0 3 of the CRO register are 110) to clear this 
state aiter 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, HOLe Mode 

The Channel is Reset 

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

~~::c~~: Pointer 4 is Specified. 

~:o==~~: The HOLC Mode is Set. 

: Pointer 5 is Specified. 

~~::c~~: CClTT-1 is Set. 

: Pointer 6 is Specified. 
~~::c~~: The Secondary Address Is Set. 

PQinter 7 is Specified. 
Flag Is Set. 

Pointer 1 is Specified. 

=:.:... .. ....:::=: ~~::!ts::. ~~~~A~~; =~ 
(Set Only in Channel B~ and E/S 
INT Enable are Set. 

Pointer 3 is Specified. 
Rx Character length, Auto Enable 
Mode (Reception is Enabled When 
OeD is Low and Rx Enable Operation 
is Performed). Enter Hunt Phase 
Enable. Address Search Mode, and 
Rx Enable are Set. 
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flag. These receive data characters, however, are not trans
ferred to the !ast byte of the Rx buffer until the error reset 
command is issued. This is in case of an INT on first Ax 
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 HOLC mode. 
This example assumes that data is transmitted using 
the OMA mode. Figure 5-13 shows the special Ax 
condition interrupt process. Figure 5-14 shows the 
reset E/S interrupt. 

Figure 5-13. Special Rx Condition Interrupt Process 

Not.: In this example. a receive operatiorl starts when the level of OCD becomH low after 
initialization. When a valid flag is detected, the first data (other than flags folloWing the 
valkI flag) is compared to the contenlsof the eR6 register. H this data is the sa,,,e. 
(address agreement} DRQR. becomes active each time data including this address 
data is received and the transfer of receive data IS requested. 

49..()00393B 
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Figure 5-14_ Reset EIS Interrupt Proc .. ss 
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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 WAliA and 
WAiTS signals to the CPU'S READY pin. These two sig
nals are active low. 

The WAliA pin also functions as the DRQRxA pin and the 
WAITB as the DRQTxA pin. When D, 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 WAlTA and WAITB pins 
can be wired OR. 

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

• D, and Do of the CR2A register are both 05 in the WAlT 
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 O. 

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

Interrupt Timing 

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

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

IJPD720117201A 

ana notifies the interrupt controiler (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 (0:3. 04 • and Os of the CRO register are allIs). At this 
point. the in service latch assigned top priority will be reset. 
An input signal to the CS pin must be inactive (CS = 1) 
while the INTAK pin remains at a low level (0). 

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

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

If interrupt A occurs. however. while interrupt B is being 
serviced (in service latch of interrupt B is 1). it will be 
enabled instead of B because of its higher priority. and the 
INT signal will be generated. When the CPU issues the 
EOI command after serviCing interrupt A. the in service 
latches of interrupt A and interrupt B are both reset. After all 
three interrupts have been serviced and all interrupt 
sources in the MPSCC and in service latches have been 
cleared. the output signal from the PRO pin is reset. and 
the interrupt of the MPSCC connected in the lower order of 
the daisy chain will be enabled. 
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Figure 6-1. Read/Write Timing 
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Figure 6-2. WAIT Timing 
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The interrupt operation is applicable in the 85-1 and 85-2 
interrupt modes (03 and 04 of the CR2A register are either 
00 or 01). However, in the 85-3 interrupt mode (03 and 04 of 
the CR2A register are II, 7201A only) the iliff 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 olthe 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 an in service latch at the falling edge 
of the RO 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 Rri 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 An 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 

NEe 
Also, no subsequent interrupt will be enabled unless the 
CPU performs a read operation (RO) 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 (lNTAK = 1). 

DMA Timing 

DMA Timing in Both CH.DMA-2 Mode. (7201A only) The 
both CH.OMA-2 mode is set by setting 0, and Do of the 
CR2A register to Is. In this mode, DMA priority in the 
MPSCC is not fixed by a command and DMA process can 
be performed without using the HAl 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 
(",PD8237A, for example). The CS, C/O, and B/A pins of 
the MPSCC must be controlled using the DACK Signal of 
the OMA 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 ",P08237A with the MPSCC in this 
mode. 

Interrupt Disabled Period 
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InterruptRequeet 
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Figure 6-6. DMA Tlmln,; Both CH. DMA·2 Made·' 
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CH.A DMA and Both CH.DMA-1 Modes. When both 
channels A and B of the MPSCC (01 and Do of the CR2A 
register are 10) or only channel A (01 and Do of the CR2A 
register are 01) is set in the OMA mode, CH.A OMA and 
both CH.OMA·1 modes are respectively specified. In these 
modes, the MPSCC enables an internally requested OMA 
operation while the following occurs: 

• The elK signal is at a low level when the HAl pin is 
inactive (high level). 

• The trailing edge of the m5' or WR Signal coinCides with 
an active RAj pin. 

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

The output OMA requests accepted in this manner are sent 
to the OMA controller (,..P08257). If either the HAO signal 
from the MPSCC, connected in the higher order of the 
daisy chain, or the HlOA signal from the CPU is inputtothe 
HAl pin of an MPSCC, that MPSCC enters the OMA cycle 
and starts the OMA process. 

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

ttlEC 
Subsequently, if either the FlO or WR Signal is input while 
the RAj pin is active, the OMA request being serviced is 
cleared at the trailing edge of the Signal, and another OMA 
request is the serviced according to priority. When the 
MPSCC outputs a OMA request and the HAl pin is 0, the 
CS and C/O signals in the MPSCC are automatically set to 
O. The BIA signal becomes 0/1 according to the channel at 
which a OMA request is being serviced. Therefore, it is not 
necessary to externally make the CS, C/O and BfA pins 
active. While the HAl pin is set to 0 in the OMA 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 O. 
When the ,..P08257 is the OMA controller, the priority of 
OMA requests used in the MPCC and those in the 
,..P08257 must agree. Figures 6-8 and 6·9 show the OMA 
timing in this mode and an example of an interface between 
the ,..P08257 and MPSCC, respectively. 

Figure 6·9. Example of MPSCC and ,..pD8257 
Interface 

HLOA (from CPU) 

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 HOLC 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 6-14 Reception In Synchronous Mode (CRC Calculallon) 
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Figure 6-17. Reception In HOLe Mode 
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This section describes the various fLPD7201A 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 
B) or the nonvectored mode, with the status affects vector 
mode enabled, the interrupt vector in the SR2B register 
can analyze interrupt sources. 

Figure 7-1. Status POlling System 

Reod.(cPUI __ ----<>---.... 

..,PD720117201A 

CHANNELS A AND B IN INTERRUPT 
MODE 
In this type of system configuration, interrupts of both 
channels A and e perform data transmission between the 
MPSCC and the main system. 

Vectored Mode 

If the MPSCC is set in the vectored mode, an interrupt 
request signal is input from the MPSCC to the controller 
(fLPD8259A, for example) or directly to the CPU. Set the 
vectored modes in the MPSCC as shown in table 7-1. 

Table 7-1. MPSCC Vectored Mode 

IIPSCC_ 

CPU I25IA IIPSCC #1 

___ #1 

B085A Not provided 85-1 Vectored 85-2 Vectored 

Provided 85-2 Vectored 85-2 Vectored 

8086 Nol provided 86 Vectored 86 Vectored 

PrOVided 86 Vectored 86 Vectored 

Figure 7-2 shows a system configuration using the inter
rupt vectored mode. 

Figure 7-2. Interrupt System (Channels A and B in Interrupt, Vectored Mode) 
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Please note tnat 1he 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 iliIi pin becomes active even if the level of the m 
Figure 7-3. Inte"upt System (115-3 Vectored Mode) 

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 .,.PD8259A). When more than two MPSCCs are 
connected, software must also be used to decide which 
MPSCC is requesting an interrupt. 

Figure 7-4. Interrupt System (Channels A and B In 
Interrupt, Nonlfectored Mode) 
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pin is 1. Therefore, the 85-3 vectored mode can be used as 
a slave of the 8259A. Figure 7-3 shows a system configura
tion using this mode. Note that 85-3 vectored mode is 
available for the 7201 A only .• 

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 
on channel B. DMA request signals are input to a DMA 
controller, such as the pPD8257. 

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 .,.PD8259) or directly to the 
CPU. In this case, selthe MPSCC modes as shown in table 
7-2. . 

Table 7-2. MPSCC Nonvectored Mode __ 
CPU - _"I __ IIPICC#1 

808SA Not provided 85-1 Nonvectored 85-2 NonvBctored 

Provided 85-2 Nonvectored 85-2 Nonvectored 

8086 Not provided 86 Nonvectored 86 Nonvectored 

Provided 86 Nonvectored 86 Nonvectored 



In the nonvectorecl mode. Interrupt requestalgo"s ofllll)e, 
input to the RST Pin of the ",PD8085A. , 

Figure 7-5. tnterrupffDMA systiJm (Vectored IIIOdef' . . , 

HLDA(CPU) 

tlPD7201/7201A 

100_ ...... 

....... "'JIIIj ChOIn) 

DAQ~A).~====~=~=::::=====:::!J 
~(~------~------~~~--------~-------4---t---

I ..... =)--O<I---------------~---

CHANNI:LS A AND BIN DIIA IIODE 
It is possible to use two system configurations with both 
channels set in the DMA mode. The DMA mode used 
decides which system Is configured. In either case, data 
communication between the MPSCC and the main sys
tem Is Implemented by performing a DMA operation 
with both channels. In this manner, high-speed data 
transmission is possible. 

The DMA request siQftai is input to the DMA controller (for 
example, the ",PD8237A). The interrupt signal is gener
ated in response to the ElS, 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
oess Is performed using the DACK signal instead of the 
DMA controller's HAl and HAO pins. Figure 7-6 shows 
a system configuration in this mode. If the oonfigura
tion uses only one MPSCC, the vectored mode can be 
used. If so, setthe MPSCC vectored modes as shown in 
table 7-3. 

49-0002718 

Table 7·3. Both CH.DMA-2 Mode 

CPII - _ ......... -
8085A Not provided 85-1 mode 

Provided 85-2. 85-3 modes 

B086 Not provided 86 mode 

Provided 

Nola: H two or """" MP5CCa are used. specify the fIOIIV8CIored 
mode· 

Figure 7-6. DMA System (Both CH.DMA-2 Mode) _ .... 
.... .... 
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Both CH.DMA-1 Mode 

In both CH.DMA-1 mode, DMA processes are carried out 
using the HAl and HAO pins. Both channels can simul
taneously perform transmission operations using the Tx 
length register (Os of the CRl 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 

CPU - --8085A Provided 85·' mode 

Not provided 85·2 mode 

8086 Provided 86 mode 

Not provided 

NEe 
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) _ ... 
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Figure 7-8. DMA System (Channels A and B In DMA, Nonvectored Mode) 
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fLPD7201A Speclflc .. lons 
Absolute Maximum Ratings 

_ Supply, Vee 

InpuI~.V, 

OUIput~.Vo 

-O.5Vto +7.0V 
-O.5Vto +7.0V· 
-O.5Vto +7.OV 

O'Cto +7O'C 
65"C to + 12S'C 

*COMMENT: Exposing the device to stresses above 
thOse listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be 
operated under conditions outside the limits described 
in the operationat sections of this specification. Expo
sure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

DC Characteristics 
T. = crcto +7crc;Vcc = +5Y % t~ _ ... - -... - -- Tnt condition_ 

Input Low Yon-. v. -OA .... V --- v~ .... Vee + 0.5 

"'-'-- v" +0.45 V 1oL- +2.1)rn'\ 

"'-..... - VOM +2.4 V 1oM--"'" ........... "'-- ... • to .... V .. = YccloOY 

"'-...... ....- .... .to .... YOUT " VcctoOY 

y cc su,pIJ CUnwd Icc 230 

Capacitance 
T. = ZS-C; Vee = QND = OV 

..-. _ ... 0.- MOo ... - ... ~ --..... - c" to pi' Ie" 111Hz: 
",-C_ "- •• pi' 

U .......... _ 

vo_ "'" 
.. pi' rwtumedIoGNO. 
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AC Characteristics 
T. = ere to +70'C;Vcc = +SV '" 1_ 

.-. - 0.- -I)p -- -.-...... - .... ... -........... - .... IV -...... _- .... ,. -...... _.-
~ 3D ......... - 3D 

........ SatuptDRG t .. 
AItdNa ttoIcf froM AD ... • ........ - ... ... 
DMaOUlpUCO"""" ....... tll4 zoo 
o.a. 0uIput o.t.yflom AD too zoo 
DNANlo.t.,"'-'RO ... to 

AddnIU Setup to WA .... • .. 
........ HoIcItromWR .... • -..... - ..... ... 
De&I SeIup 10 WR low .30 
o.ta Hold ffom WR ... 
PRO 0Ny from PRI '-0 .00 
PRO ONyftom INTA ..... ... 
PAt Setup to INT ... tow • 
PAl HoW fnMn INTA .. .. 
..,.. ..... - ~ ... 
o.t.Output our from INTA ... ZOo 
o.ta "... o.a., from INTA ... to tOO 

~~'"*' AOIWR teo 
HAl s.tup to RDrWR .... 300 

HAl Hold from AbiwR .... 
HoW o.a.r from HAl ..... tOO 

o.taCIockCyde too, ... Rae. T.e 
o.q CIocl: HIgh W\dth ..... '10 fbC, TIIC 

DIN (:Iod( Low Wkfth ""'- .00 AIlC. TIrC 

TI Data o.a.,-ffom TIC tm ... "'-tooo .," 3Z, 14 
Ax o.ta Setup 10 AxC to. 
RIC o.ta Hold hum RzC .... 
IHT 0eIrt T\rne ffom T. Data ... .... .... 
!NT 0eIrt nm. '""" RxC '- 7-11 .... 
CTS. DCO. SYNC Higf'I ... ... ..... -
CTSt DCO, SYNC Low .... ... ..... -
EAWMlINT hom CTS, ... 500 

DCO. SYNC 

AIccwrt nm. a.twMn Controta ..... ... 
WAIT DeIrt nm. from Add_ lew tZo 
SYNC SeoIuptoRxC ..... .00 
...... 1 1: ~mustbeactiYeloramin""umolone~ClJ(cyde. 

2: 10 all modes system dock r_ must be ... ~ times data rate 

AC Waveform Measurement Points 

2.' 2.0 2.0 
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'NTACycIe 

DMA Cycle 

RecehleDataCycIe 

iNT 
.... 

OIhernming 

Clock 

AeadlWrlleCycle 
(Soltwere Block rran_ Model 

Sync Pu'se GenenttIon 
(Ext"""" Sync Model 

t\'EC 

~ ------------~--~i'~------

1-60 



NEe 

,..P07201A 

(1) TxLR set rnoct6 (bit DtfOf CAl register; 1) 

1 
'" l1li 

·1 " I lit 

I'" TxtR Set 

Data transmission by using an interrupt or DMA is 
simplified. 
0: The same 85'7201 
1: TxLR set mode 
To realize this mode operation, these two 16-bit regis-
ters are additionally provided . 

• TxLR 

This is a transmit length register. Immediately after the 
setting of bit 06 of the CR1 register, a desired numberof 
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 characteni. 

The value of the TxLC is incremented by 1'eachtime the 
TxlNT or OROTx signal becomes active and '!fIhen it 
matches that of the TxLR, a Tx interrupt or ORO Signal, 
Wflich generates in response to a Tx empty state, is 
niasked. Once set, this mode will not be cleared until 
\he system is reset. 

, 

pPD1201/7201A 

Appendix 
PPD7201A and 7201 C;om~.rl.on 

,..PD7201 

" 

1 

l1li 

~ " I lit 

I'" 0 

This bit is always "0". 

.' 
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(2) DMA mode (bit 0,. Do of CR2A register = 1.1) 

- -If It Ii I .. If It ,Ii [ .. 
INTIDMA INTIDMA INTIDMA INTIDMA 
MODE 1 MOOE 0 MODE 1 MODE 0 

00 BoII1 CHJNT o 0 Both CHJNT 
o 1 CH.A: DMA:CH.B:INT o 1 CH.A: DMA,CH.B:INT 
1 0 BoII1 CH.DMA-l 1 0 Both CH.DMA-l 
11 BoII1 CH.DMA-2" 

• DMA-1 Mode 

The same as the DMA mode of the 7201 . DMA-2 mode is not available in 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. BfA. RD. and 
WR pins of the MPSC. The DTRBlHAI and DTRAlHAO 
pins respectively function as DTRB and DTRA pins. 

(3) 85-3 Vectored mode (bits [4. D.3 of CR2A register = 1. 1) 

- -If .. iI4 I .. It .. If .. iI4 I .. • .. 
INT INT INT INT 
MODE 1 MODE 0 MODE 1 MODE 0 

o 0 85-1 Vectored o 0 85-1 Veclored 
o 1 85-2 Vectored o 1 85-2 Vectored 
10 BB VecIored 10 BB Vectored 
1 1 85-3 VecIored 

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

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 ",PD7201A can be used 
as a slave of ",PD8259A. 
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",PD7201 A .... PD7201 

(4) Masking first Ax character interrupt (bit 0 6 of CR2A register = 1) 

1 
- ~ 1 

-
·1 

., I Ie I" 
., I Ie I" Rx INT Mask 0 

The first Ax character interrupt can be masked. This bit must be always "0". 
0: The same as the 7201 
1: The first Ax 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 Ax. character 
command. 

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

-- I CIIC .. 2 I -.. .... I . _-" I CIIC .. 2 I -.. .... I 
Rx buffer (normal data) Rx buffer (abnormal data) 

Rx Buffer (normal data) Rx Buffer (erroneous data) 

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

(6) Tx interrupt/ORO signal in Tx buffer empty state (HOLC mode) 

When TxLR set bit (bit 06 of the CRI register) is 1, the The Tx interrupt/ORO signal does not become active 
Tx interrupt/ORO signal automatically becomes active until the first data byte is written into the 7201. There-
in response to issuance of the Tx enable command. fore, the first data byte after a channel has been reset 
Therefore, the first data byte can be transferred to the must be written from the CPU to the 7201. 
120M by using an interrupt or OMA. 

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

Abort sequences are detected only after a flag has An abort sequence is detected even before a flag has 
been received. Therefore, if a receive line is in the mark been received (during hunt phase) when the Rx has 
state when Rx has been enabled, this will not be been enabled. 
detected as an abort sequence. 
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(8) Detection of frame transmission completion (HOU:: mode) .. 

When transmission of a frame. has been. completed There is .no information indicating.colJ'lPletion of frlIDle 
(i.e .• when closing flags anttransmltted). the all sent bit 
(bit Do of the SR1 register) becomes 1 and an ElS 

transmission (i.e .• transmission of a closing flag). 

interrupt occurs at the same time .. . 

,.~" 

(9) Transmission of sequential frames (HOU:: mode) 

The overhead of the CPU is lessened when a series of If)!hen a series of frames are transmitted by using DMA. 
frames are transmitted by using OMA mode. the CPU is requiredto perform such things as iS$uance 

• Initialize Tx CRC calculator function of theJnitialize Tx CRC CillcUlat~r or Tx underrunlEOM 
command and managing the timing of the command 

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

• Reset Tx underrunlEOM function 

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

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

If the Tx underrun condition occurS when the TxLR set If the Tx underrun condition occurs before all the data in 
bit (bit Os of the CR1 register) is 't;'8Il abort seqwence or a frame have I:)een transmitted,'a send abort com~ 
CRe is automatically transmitted. must.JJe i~ . 

. 
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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. 

t-""' 
t-""' 

,..,.., 
Modem 

~ ~ ~ 

r ~ r-->' Serial Data r:-z--
r-- r' 

Communi cat 
Li 

CPU 

f--
'"" 

L.J" MPSC I~Control 
f-- '-I r--Y Signals 

.. .. CRT, POS ,etc. 

" " -'" '" 0 

DatalD .. Serial .. .. 
~ :=: ~ .. c: 

" " 0 

~ 11 
'IBB!iiEEB 

Q .. 
U 

"C y-- 0< 
Main 
Memory 

DMAC 

!L- J ~"-'\ y--
v--L-~ 

I.....r-

System Bus 

Figure 1.1 Example of configuration of system using MPSC 
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Chapter 2 

pPD720lA Register Configuration 

The pPD720lA contains six control registers (CRO - CRS), two 

synchronization pattern registers (CRG and CR7), one 

transmit length register (TxLR), and four status registers 

(SRO, SRI, SR3, and SR4) for channel A and for channel B, 

and a vector register (SR2B) for channel B. 

Table 2.1 lists the names and main functions of the 

registers. 

Table 2.2 lists the structure of each register. 

For the bit functions and meanings of the registers, refer 

to the User's Manual. 

Selection of the registers is made by combining the BIA, 
C/D, and CS lines. The registers CRI to CR7 and SRI to SR4 

are selected by using the CRO) 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 

Classifi Register Channel Function cation name 
CRO A, B Reg~ster se1ect~ng pointer, CRC 

logic initialization, various 
control commands. 

CR1 A, B Interface mode w~th CPU. 
InterruRt/DMA control. 

CR2 A Pin selection, vector mode 
selection interrupt/DMA control. 

Control B Initial value of ~nterrupt vector. 
register CR3 A, B Receive operation control, Auto 

Enable, mode. 
CR4 A, B Operation protocol mode. 
CRS A, B Send operation control, general-

purpose output line control. 
CR6 A, B SYNC character or secondary station 

address. 
CR? A, B SYNC character or flag. 

TxLR A, B Setting of the number of send data 
words (16 bits). 

SRO A, B E/S bit, send and receive buffer 
status, interrupt state. 

Status SR1 A, B Special Rx Condition source, Residue 
register Cod"e, 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 Dl DO 
name 

CRCI CRCO -CMD2 CMD1 CMDO PIR2 PIR1 PIRO 
00 Null 000 Null (000 CRO,SRO) 
01 Initialize Rx 001 Send Abort (HOLC) 001 CRl,SRl 

CRC Calculator 010 Reset Els 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/D~lA Pending 101 CRS 

underrun IEml 110 Error Reset 110 CR6 
Bit III End of INT (CH.A only) 111 CR7 

Bit 
Registerl D7 D6 D5 D4 D3 D2 Dl DO 
name 

Wait TxLR Wait on Rx INT Rx INT Status TX INTI EIS INT 
Enable Set Rx/Xx Mode I Mode 0 Affects D~ Enable 

Vector 

o Disable o No OTx 00 INT/D~ Disable o Fixed o Disable o Disable 
1 Enable operation lRx 01 INT on First CHAR. Vector 1 Enable 1 Enable 

1 Ix 10 INT on ALL CHAR. 1 Modified 
Length (With Parity) Vector 

CRI Register 11 INT on ALL CHAR. (CR.B 
Set (No Parity) only) 
(HLDC 
only) 

Bit 
Register D7 D6 D5 D4 D3 D2 Dl DO 

name 
RTSBI RxINT Vector INT I1'.'T Priority INT/D~ INT/D~ 

SYNCB Mask Mode Mode 1 Mode 0 Select Mode 1 Mode 0 
Select 
o RTSB o Don't o Non- 00 85-1 Vectored o IxA-RxB 00 Both CR. INT 

1 SYNCB Mask Vectored 01 85-2 Vectored 1 RxB-TxA 01 CR. A: D~ 
CR2A 1 Mask 1 Vectored 10 86 Vectored CR. B: INT 

11 85-3 Vectored 10 Both CR. D~-1 
(fixed priority) 

11 Both CR.O~-2 
(free from 
prioritY) 

* 0: RxA TxA RxB TxB EISA E/SB 
1: RxA RxB IxA TxB EISA E/sB 

High . Low 

Bit 

I Register\ 07 06 05 04 03 D2 01 00 

name 

CR2B V7 V6 V5 V4 V3 V2 VI VO J 
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I Regi s ~I D7 I D6 I D5 I D4 D3 D2 I Dl DO ' ter 

I I 
name 

Rx ~ Auto 
I 

Enter Rx Address I SYNC CHAR' Rx 

Bits / I Bits/ 
I 

Enable Hunt ! CRC Search Load Enable 
I 

CHAR 1 CHAR 0 Phase I Enable Hade Inhibit 
Async 00 5 Bits/CHAR. 0 Disable 0 I 0 0 0 0 Disable 

01 7 Bits/CHAR. 1 Enable I 1 Enable 
CR3 ISYnc 110 6 

Bits/CHAR. 0 Nop I 0 Disable 

I 
0 Nop I 

1- 118 Bits/CHAR. 
I 

1 Re- I Enable 1 Inhibit 1 I i I 
enable i 

\ 

HDLC 

I 0 Nop 0 
1 Avai lable 

I Regis h Iter Mode D7 D6 DS D4 D3 D2 Dl DO 
name 

Clock i Clock SYNC SYNC Stop Stop Parity Parity 
Rate 1 Rate 0 Mode 1 Mode 0 Bits 1 Bits 0 Even/Odd Enable 
00 x 1 Clock Mode 01 Istop bit/CHAR o Odd o Disable 

Async 01 x 16 ClDck Mode 00 10 1 1/2stop bit/CHAR 1 Even 1 Enable 
CR4 

I 10 x 32 Clock Mode 11 2stop bits/CHAR 
llx 64 Clock Mode 

00 8 bit SYNC 00 SYNC Mode 

Sync 00 01 16 bi t SYNC 

11 EXT SYNC 
HDLC 10 HOLC 0 0 

h Regis 
ter Mode 07 06 OS D4 D3 D2 D1 DO 
name 

OTR Tx Bits/ TX Bits/ Send Tx CRC-16/ RTS Tx CRC 

I CHAR 1 CHAR 0 Break Enable CClTT Enable 
Async o OTR=1 00 S or less Bits/ o Marking 0 Disable 0 o RTS=1 0 

1 OTR=O CHAR_ I Spacing 1 Enable (when All 

CRS 01 7 l\i ts /CHAR. Sent) 

10 6 Bits/CHAR. 1 RTS=O 
Sync 11 8 Bits/CHAR. o CCITT-O o RIS=1 0 Disable 

1 CRC-16 1 ffl=o 1 Enable 
HDLC l 0 o CCITT-l 

h Regis 
ter Node D7 D6 D5 D4 03 02 Dl DO 

name 

SYNC Bit 7 - 0 
Asvnc not used 

CR6 Monosvnc Tx SYNC CHAR. 

Bisync SYNC CHAR. (Bit 7 - 0) 

EXT SV11C Tx SYNC CHAR. 
HDLC Secondary Address 
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Regis h ter Mode 07 06 05 D4 03 02 01 00 
name 

SYNC Bit 15 - 8 

IAs""c not used 
CR7 Monos}'11c Rx SYNC CHAR. 

Bisvnc SYNC CHAR. (Bit 15 - 8) 
EXX sync not used 
HOLC FlaR (01111110) 

Bit 

I I I I I I I Register\ 07 06 D5 D4 D3 02 01 00 
name 
TxLR-L Ix Length ReRister bit 7 - 0 

Bit 

I I I I I I I Register\ 07 D6 D5 D4 D3 02 D1 DO 

name 
TxLR-H Tx LenRth Redster bit 15 - 8 

h Regis 
ter Mode 07 D6 05 D4 03 D2 01 00 
name 

Break/ Ix Under- CTS SYNC! OCD Ix Buffer INT Rx CHAR. 
Abort run/EOM Hunt Emotv PendinR Available 

Async 1 Break Unknown 1 CTS-O 1 SYNC-O 1 DCIPO 1 Ix Buff lINT 1 Rx CHAR 
Detected o CTS=O o SYNC-l o DCD=l Empty Pending Available 

o Normal o Ix Buff o No INT o Rx Buff. 
Full Pending Empty 

SRO EXX sync 1Ix 1 Ix Buff (CH.A 
Monosync Underrun Empty only) 
Bisync 0 tEOM 1 Hunt o Ix Buff 

o Not Ix Phase Full 
HDLC 1 Abort Underrun o Exit (With 

Detect- Hunt CRC) 
ed Phase 

o Normal 
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I~ Regis 
ter flode 07 06 05 04 D3 02 01 00 

name 
End of GRG/ Rx/ Parity Residue Residue Residue All Sent 

Frame Framing Overrun Error, Code 2 Code 1 Code 0 

Error Error 
Async 11 Framing lRx 1 Parity Unknown 1 All Sent 

Error Overrun Error a Not Al1 

I o No Error o No Sent 
SRI a Error o No Erro Error 

Sync 1 CRC 
Error 1 

I a No 
Error 

HOLC 1 End of 'w'hen no residue exists 1 All Sent I 
Frame 5 bits /CHAR 100 o Not Al1 I 

o Not End a 6 bits/CHAR 000 Sent 
of 7 bits/CHAR all 
Frame 8 bits /CHAR all 

I~ Regis 

ter Mode 07 06 05 D4 03 02 Dl DO 
name 

CRI bit V7 V6 V5 V4 V3 V2 VI va 
1D2~0 
CRI bit 1 CH.A 00 Tx Buffer Empty 

~2=1 a CH.B 01 External/Status 

CR2A bits Change 

~4,D3 V7 V6 V5 10 Receive Character VI va 
ROO,Ol,n Available 

(85 mode) 11 Special Rx 
SR2B Condition 

CRl bit I 1 CH.A 00 IX Buffer Empty I 
D2~1 I o CH.B 01 External/Status I 
CR2A bits Change 

~,D3 V7 V6 V5 V4 V3 10 ReceiVe Character 
-10 

I 
Available 

(86 mode) 11 Special Rx 

Condition 

Bit 

I I I I I I I Register \ D7 D6 D5 D4 D3 D2 Dl DO 
name 

SR3 Tx Length Counter bi t 7 - 0 

Bit 

I I I I I I I Register \ D7 D6 D5 D4 D3 D2 Dl DO 

name 
SR4 Tx Length Counter bit 15 - 8 
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VCOM-BS ASSEMBLE LI ST ) PAGE 0001 

E STNO ADRS OBJECT M SOURCE STATEMENTS 

0001 :*********************************** 
0002 ; UPD7201 REGISTER SETTING EXAMPLE * 
0003 :*********************************** 
0004 
OOOS COMMON REGI STER I N I 11 ALI ZE 
0006 
0007 0000 3EI8 :AVI A.18H ; CHANNEL RESET 
0008 0002 D3FI OUT CHACT 
0009 0004 D3F3 OUT CHBCT 
0010 0006 3E02 I.IVI A.2H :PTR 2 
DOli 0008 D3FI OUT CHACT 
0012 OOOA D3F3 OUT CHBCT 
0013 OOOC 3EOO :.IV I A.CR2A :BUS I/F MODE 
0014 OOOE D3FI OUT CHACT 
0015 0010 3EOO MVI A.CR2B :INTERRUPT VECTOR 
0016 0012 D3F3 OUT CHBCT 
0017 
0018 CH-A OPERATION MODE 
0019 
0020 0014 3E04 STOIA: MVI A.4H ;PTR 4A 
0021 0016 D3FI OUT CHACT 
0022 0018 3E4F MVI A.CR4A :CH-A OPERATION MODE 
0023 OOIA D3FI OUT CHACT 
0024 OOIC 3EII MVI A.IIH ;PTR IA.RESET E/S INT 
002S OOIE D3FI OUT CHACT 
0026 0020 3£13 MVI A.CRIA ; INT/DMA MODE 
0027 0022 D3FI OUT CHACT 
0028 0024 3E03 MVI A.3H :PTR 3A 
0029 0026 D3FI OUT CHACT 
0030 0028 3E41 MVI A.CR3A ;RX PARAMETERS 
0031 002A D3FI OUT CHACT 
0032 002C 3E05 MVI A.SH ;PTR SA 
0033 002E D3FI OUT CHACT 
0034 0030 3E28 MVI A.CRSA ;TX PARAMETERS 
003S 0032 D3FI OUT CHACT 
0036 
0037 CH-B OPERATION MODE 
0038 
0039 0034 3E04 STCHB: MVI A.4H :PTR 48 
0040 0036 D3F3 OUT CHBC'!" 
0041 0038 3E4F MVI A.CR4B ;CH-B MODE 
0042 003A D3F3 OUT CHBCT 
0043 003C 3EII MVI A. I IH ;PTR lB. RESET E/S INT 
0044 003E D3F3 ouT CHBCT 
004S 0040 3EIF MVI A.CRIB ; 1 NT /Di.1A :.10DE 
0046 0042 D3F3 OUT CHBCT 
0047 0044 3E03 MVI A.3H :PTR 38 
0048 0046 D3F3 OUT CHBCT 
0049 0048 3E41 MVI A.CR3B : RX PARA!,IETERS 
OOSO 004A D3F3 OUT CHBCT 
OOSI 004C 3EOS MVI A.SH :PTR SB 
0052 004E D3F3 OUT CHBCT 

Figure 2.1 pPD7201A register setting example 1 
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UCOM-85 ASSEMBLE LIST I PAGE 0002 

E ST~O ADRS 05,JECT I~ SOURCE STATEi,jE~TS 

005:3 0050 3E28 MVI A.CR55 : TX PARA\lETE"S 
0054 0052 D3F3 OUT CHBCT 
0055 
0056 :****************** 
0057 :* PARAMETER AREA * 
0058 ;****************** 
0059 
0060 : SYSTEM 110 ADDRESS 
0061 
0062 OOFO CHADT EQU OFOH ;MPSC CH-A DATA 
0063 OOFI CHACT EQU OFIH ;MPSC CH-A CO~TROL 
0064 00F2 CHBDT EQU OF2H ;I.1PSC CH-B DATA 
0065 00F3 CHBCT EQU OF3H ;MPSC CH-B CONTROL 
0066 
0067 : MPSC CONTROL REGISTER PARAMETERS 
0068 
0069 0013 CRIA EQU 13H 
0070 OOIF CRIB EQU IFH 
0071 0000 CR2A EQU a 
0072 0000 CR2B EQU a 
0073 0041 CR3A EQU 41H 
0074 0041 CR3B EQU 41H 
0075 004F CR4A EQU 4FH 
0076 004F CR4B EQU 4FH 
0077 0028 CR5A EQU 28H 
0078 0028 CR5B EQU 28H 
0079 
0080 0000 END 

TOTAL ERROR 00 

SYMBOL ADRS SYMBOL ADRS SYMBOL ADRS SYMBOL ADRS SYMBOL ADRS 

CHACT 
CRIB 
CR4A 
STCHB 

OOFI 
OOIF 
004F 
0034 

CHADT 
CR2A 
CR4B 

OOFO 
0000 
004F 

CHBCT 
CR2B 
CR5A 

00F3 
0000 
0028 

CHBDT 
CR3A 
CR5B 

00F2 
0041 
0028 

CRIA 
CR3B 
STCHA 

0013 
0041 
0014 

Figure 2.1 pPD7201A register setting example 2 
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CHAPTER 3 pPD720lA SYSTEM OPERATION 

Chapter 3 deals with the features of the send and receive data 

transfer method (polling, interrupt, DMA), then explains the 

pPD720lA interrupt and DMA operation control method in detail. 

In addition the interrupt and DMA functions are explained to 

facilitate understanding of the pPD720lA operation. 

3.1 Send and Receive Data Transfer Method 

The pPD720lA 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. 
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(1) Data transfer by polling 

The CPU checks the pPD720lA status for send or receive 

data transfer timing. 

Send data write (CPU IlPD720IA) occurs when the Tx 

Buffer Empty bit (SRO bit D2) is set to 1. 

Receive data read (CPU --- pPD7201A) 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 SRI 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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Figure 3.1 Example of send data transfer program 
using polling 
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Figure 3.2 

Set receive data 
store address 

LXI H, RXBUF 

MVI B, COUNT2 

LOOP 2 : IN SRO 

PRC 

JNC LOOP2 

IN CHADT 

MOV M, A 

INX H 

DCR B 

JNZ LOOP2 

Example of send data transfer program 
using polling 
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(2) Data ·transfer by using interrupt 

When Tx Buffer Empty or Rx Character Available state 

occurs, the INT signal goes LOW (active) and an 

interrupt request is sent to the CPU or interrupt 

controller. This pPD720lA function can be used to 

determine the send data write or receive data read 

timing for the pPD720lA. 

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 th~ 

beginning of processing is restored and another 

interrupt is r~ady to be accepted, then main program 

processing is restarted. 

Since this method elimir.ates the need for the CPU to 

always monitor the pPD720lA status and the CPU needs 

only to be involved when an interrupt request occurs, 

CPU overhead is minimized for more programming 

efficiency. 

Figure 3.3 shows an example of a program using an 

interrupt to send data. 

Since the pPD720lA has two interrupt modes, vector mode 

and nonvector mode, interrupt process ing can be 

performed by the method most suitable for the CPU being 

used. 

The pPD720lA interrupt mode and interrupt operation are 

explained in 3.2. 

1-80 



NEe 

Figure 3.3 

Issue to channel A 

PUSH 

PUSH 

PUSH 

LHLD 

LDA 

MOV 

MOV 

OUT 

INX 

SHLD 

DCR 

MOV 

STA 

PSW 

H 
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TXCNT 

B, A 

A, M 

DATA 

H 

TXPTR 

B 

A, B 

TXCNT 

MVI A, 3aH 

OUT CTRLA 

JZ TXTERM 

POP B 

POP H 

POP PSW 

EI 

RET 

ANtJPD7201A 

TXTERM: Send transfer 
termination 
processing 

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

In a transfer 

interrupt) , the 

under program control 

time during which 

NEe 

(transfer via 

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 D~~ operation is executed by a DMA controller 

(such as the pPD8237A-S) . 

When the pPD7201A is placed in Tx Buffer Empty or Rx 

Character Available states, the DMA request signal goes 

HIGH 

DMA 

(active) and a DMA transfer request is sent to the 

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 

CRIB 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 determined by the 

pPD7201A for efficient programming. 

"H" 
PRI pin 

Interrupt acknowledge 
disable section 

"L" ------'---------------'-------

Internal 
request 

INT pin 

INTAK pin 

interru~ 

Internal 
service latch 

D7 'UDO 

Figure 3.4 Interrupt timing in vector mode (85-1 mode) 
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In nonvector mode, when an interrupt source occurs, the 

pPD720lA asserts the INT line (LOW). When the CPU accepts 

the interrupt request, it reads the pPD720lA SR2B and 

determines the interrupt source. (If necessary, it also 

reads SRO and SRI to determine the interrupt source.) In 

this mode, the INTAK line is not used, but must be pulled 

up. 

Figure 3.5 shows the interrupt timing in nonvector mode. 

ill pin 

Internal 
request 

INT pin 

"H" 

"L" 

Pointer SR2B 
specification 

Internal service 
latch 

07"'00 

Interrupt 
acknowledge 
disable section 

-- -- ---- - SR2Bcontents ---- - - -- -- ---{ 

Figure 3.5 Interrupt timing in nonvector mode 
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Figure 3.6 shows an example of an interrupt processing 

sequence in nonvector mode. 

Figure 3.6 

[=:=J 
do 

Interrupt processing in nonvector mode 
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CR2A 

Table 3.2 lists the relationship between the control 

registers related to each IlPD720lA interrupt mode and 

output vectors. 

Table 3.2 pPD720lA interrupt mode 

Vector read method 
D5 D4 D3 

CRlB,D2 Interrupt mode 
INTA SR2B D7 D6 D5 D4 D3 D2 Dl DO 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 

0 Non Vectored 85 
0 0 

(Fixed Vector) - 0 V7 V6 V5 V4 V3 V2 Vl VO 
1 
0 Non Vectored 85 @@@ 0 1 

(Modified Vector) - 0 V7 V6 V5 Vl VO 
1 

Non Vectored 86 
1 0 0 

(Fixed Vector) - 0 V7 V6 V5 V4 V3 V2 VI VO 

1 0 1 
Non Vectored 86 

I @@@ (Nodified Vector) - 0 V7 V6 VS V4 V3 

I 
0 I 0 0 85-1 Vectored I First time - 1 1 0 0 1 1 0 1 

I 
(Fixed Vector) Second time - V7 V6 V5 V4 V3 V2 VI VO 

Third time - 0 0 0 0 0 0 0 0 

I 
0 0 1 85-1 Vectored I First time - 1 1 0 0 1 1 0 1 

(Modified Vector) Second time - V7 V6 VS @@@ Vl va 
I Third time - 0 0 0 0 0 0 0 0 

I a 

I 
1 a 85-2 Vectored I First time - Hi - Z 

I (Fixed Vector) Second time - I 
V7 V6 VS V4 V3 V2 VI VO 

I 
Third time 0 0 0 0 0 0 0 0 -

0 I I 1 85-2 Vectored First time - Hi - Z I 
(Modified Vector) @@@ I Second time - V7 V6 VS VI VO 

I Third time - 0 0 0 0 0 0 0 0 

I 
I 0 0 86 Vectored First time - Hi - Z 

(Fixed Vector) Second time - V7 V6 VS V4 V3 V2 VI VO 

I I 0 1 86 Vectored First time - Hi - Z 

I (Modified Vector) Second time - V7 V6 VS V4 V3 GGG 
1 1 0 8S- 3 Vectored First time - Hi - Z 

(Fixed Vec tor) Second time - V7 V6 VS V4 V3 V2 VI 
Third time - 0 0 0 0 0 0 0 

1 1 1 8S-3 Vectored First time - Hi - Z 
(Modified Vector) Second time - V7 V6 VS @@@ VI 

Third time - 0 0 0 0 0 0 0 

Note) Such indication as @, @, or @ r.:eans that the value 1s automatically changed 
according to the interrupt source. In other vectors, the value set in CR2B is output 
as is. 

-: Not used. 0: Used. 
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3.2.2 pPD7201A interrupt sources 

The pPD7201A can detect various interrupt sources so that 

the CPU can perform appropriate processing. The interrupt 

sources are roughly c lassi fied into the following three 

types: 

a) Transmit interrupt (Tx interrupt) 

b) Receive interrupt (Rx interrupt) 

c) External/status interrupt (E/S interrupt) 

This section explains each of these interrupt sources, the 

causes of each, and the interrupt service processing 

required. 

(1) Transmit interrupt 

A Tx interrupt occurs when Tx Buffer Empty state (SRO 

bit D2 = 1) is set during INT/DMA Enable (CRl bit Dl 

1) . This interrupt indicates that the pPD7201A 

transmit buffer is empty and the CPU may write send 

data. In Synchronous or HDLC mode, the Tx interrupt 

also occurs when CRC character sending is terminated. 

Note that in the HDLC mode, the Tx interrupt 

occurrence condition in the TxLR Set mode (CRl 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/DMP. 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 D~~ and an interrupt at the same 

time. 
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See Figure 3.3 for the send data transfer method 

using an interrupt. 

(2) 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 CRI 

bi ts 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 06) to 1. 

Special receive interrupt is Special Rx Condition 

interrupt. The Special Rx Condition interrupt occurs 

when receive data is erroneous 

Framing Error). In HDLC mode, 

(Parity, Overrun, or 

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 SRI, and 

can be checked by the CPU. 
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CRI 
D4 D3 
o 0 

o I 

I 0 

I 1 

When the Special Rx Condition occurs, 

command must always be issued. 

the Error Peset 

Table 3.3 lists the receive interrupt mode. 

Table 3.4 lists the Special Rx Condition interrupt 

operation. 

Table 3.3 Receive interrupt mode and operation 

Receive inter..J1 
rupt mode Function 

I INT/DMA Disable IEven if data is received, receive inter- I 
Irupt/DMA request does not occur. ! 

INT on First iA receive interrupt occurs only for the 
Character ifirst received data after this mode is 

iset. (It can be masked by using the Rx 
INT Mask bit.) After an interrupt 
loccurs, Rx interrupt can be enabled 
lagain in the mode by using Enable Int on 
!Next Rx Character command (except during 
IRx INT Mask mode). The mode is selected 
~hen receive data is transferred via 
IDMA. In this mode, a parity error does 
Inot cause a Special Rx Condition inter-

INT on All 
Character 
(parity error 
is used as 
Special Rx 
Condition 

I source) 

l INT on All 
Character 
(parity error 
is not used as 
Special Rx 
Condition 
source 

irupt. 
'IA receive interrupt occurs each time 

\

data is transferred to the receive 
buffer. A parity error causes a Special 
Rx Condition interrupt. 

i 
~his is the same as the mode when CRI 
bits D4 and D3 = 1 and 0 except that a 

I
!pari ty error does not cause a Special Rx. I 
Condi tion interrupt. I 

I I 
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Table 3.4 Special Rx Condition interrupt operation 

Source Operation mode Operation 

Parity Error Asynchronous When a Parity Error occurs. 
(SRI: D4) Synchronous This bit is latched. It is reset 

I when the Error Reset command is 

I issued. 

Overrun Errori Asynchronous When an Overrun Error occurs. 
(SRI: DS) I Synchronous This bit is latched. It is reset 

HDLC when Error Reset command is 
I issued. 

Framing Error Asynchronous When a Framing Error occurs. 
(SRI: 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. 
(SRI: 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 (CRl bits D4 and D3 = 0, 1) 
is selected, "'hen a Special Rx Condition interrut 
occurs, the data subsequently input is not 
transferred to the last stage of the receive buffer 
until the Error Reset command is issued. (Up to two 
characters of data received after the Special Rx 
Condition interrupt occurs are stored in the first 
and second stRges of the receive buffer.) 

Figure 3.7 shows an example of a data trans fer program 

using an Rx interrupt. Figure 3.8 shov,s an example of 

Special Rx Condition interrupt processing. 
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....... 

AN~P07201A 

PUSH PSW 

PUSH H 

PUSH B 

LHLD RXPTR 

LDA RXCNT 

MOV B, A 

IN DATA 

MOV M, A 

INX H 

SHLD RXPTR 

DCR B 

~!OV A, B 

STA RXCNT 

Issue to channel A MVI A, 38H 

OUT CTRLA 

JZ RXTER1'1 Note) 

POP B 

POP H 

POP PS'·; 

EI 

RET 

Note) 

RXTER~: Receive transfer 
termination 
processing 

Figure 3.7 Example of receive data transfer program 
using interrupts 
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...... Issue to channel A 

Figure 3.8 Example of Special Rx Condition 
interrupt processing 

(3) External/Status interrupt latch operation 

The External/Status (E/S) interrupt is used to detect 

the ~PD7201A input status or change in internal 

state. The E/S interrupt occurs under the conditions 

listed in Table 3.5 if E/S TNT Enable is set (CRI bit 

DO = 1). 
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Table 3.5 E/S interrupt occurrence conditions 

I 
Source Operation mode condition E/S interrupt 

(E/S bit) Asynchro- I Synchro- HDLC occurrence Nt) 
nous nous condition 0 e 

I CTS I 0 : 0 0 0 - 1, 1 0 I -I 

I DCD I 
I 

I 0 1 , 1 0 I 0 0 - - 0 
I 

I I I SYNC/HUNT I 0 0 0 0 - 1, 1 - 0 

Break/Abort 0 : - I 0 0 - 1, 1 - 0 

Tx Underrun/EOM - i 0 I 0 
I 

0 - 1 

All Sent - I - 0 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 listed 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 also latched, the values are 

set in SRO, and and E/S interrupt occurs. Normally, 

the CPU determines of the source E/ S interrupt by 

comparing the new SRO contents with the SRO contents 

before latching the E/S interrupt handling routine, 

and· executes interrupt service processing 

accordingly. Note that once an E/S bit is latched, 

the pPD7201A does not execute a new latch operation 

even if the E/S bit state changes afterwards unless 

the Reset E/S INT command is issued. (No E/S 

interrupt occurs.) Figure 3.9 shows an example 

operation when the CTS and DCD lines change state. 
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First, when the CTS line goes LOW, the change of 

state is latched in SRO bit D5 and an E/S interrupt 

occurs. The CPU accepts 

interrupt processing (CD 
DCD goes LOW while the 

the interrupt and begins 

in Figure 3.9). Even if 

E/S interrupt is being 

processed, the Reset E/S INT corrunand is not issued 

for a CTS bit latch operation at the time; therefore, 

the DeD change of state is ignored (CD in Figure 

3.9). When the CTS state change processing continues 

and the Reset E/S INT command is issued (G) 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 pPD720lA, then reading 

SRO. 

Figure 3.10 shows an example of E/S interrupt 

processing. 

CTS pin ~~ __________________________________ ~ ________ ~ 

CL II 
neD pin 

Ii :I/~L--____ ;;--_____ ---j 

I \ ~! 
CTS bit J-.J \ 
~::Ob::t D5) \ 1\ J 
(SRO bi t D3) -----';-\-------------t;----.---------

Reset E/S 
INT cornman d 

'~ ~ 
® ______________ ~n~ ____ ~~ 

Figure 3.9 E/S bit latch operation 
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...... Issue to channel A 

Figure 3.10 E/S interrupt processing example 
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Figure 3.11 summarizes the pPD7201A interrupt 

configuration. 

Send Receive 
External/ 
Status 

I ;;-&,ff;-r -, 
L~~!:X ___ J 

Receive 
interrupt 

Special Rx 
Condition 
interrupt 

iPar"ity E;:-r~~ '--CTS --I 
I Overrun Error I I DCD I 
I Framing Error I I SYNC/Hunt I 
I End of Frame I I Break/Abort I 
L.. _ _ _ _ _ -' I Tx Underrun/ I 

I All sen/OM I L ___ __ -l 

Figure 3.11 J..lPD7201A interrupt configuration 

3.2.3 Precautions on use of interrupts 

(1) External circuit must be provided to use the pPD7201A 

as an interrupt controller pPD8259A-2 slave in the 

85-2 or 86 vector mode. If the PRI line is not LOW, 

the pPD7201A INT signal does not become active even 

if an interrupt condition occurs. Therefore, the PRI 

line must normally be held LOW. 

However, when the pPD8259A-2 accepts any interrupt 

other than pPD7201A interrupts, PRI must be driven 

HIGH in the INTAK sequence to inhibit interrupt 

vector output from the pPD7201A. 
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Therefore, an external control circuit must be 

pr0vided to perform operation cont.rol 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). 

"W 

"L.--------1{ I 
~N. 280nsi 

PRJ 

I ! 

pPD7201A J~T ---~L ____________________ ~/ril----------~ 

JXTAK 

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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Q 

I'PD8086 CLR 

lR7 

I'PD720lA 

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 

pPD7201JI. interrupt processing, issue bro EOI commands 

in the sequence shown in Figure 3.12 (c). In this 

case, interrupt must be disabled in the host when the 

EOI command is being issued. 

Such processing is not required if the system 

configuration enables multiinterrupts. 
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Main routine 

~PD7201A interrupt 
handling routine 

~ 

Figure 3.12 (c) 

I 
I 

DI 
EOI command 
EOI command 
EI 
RET 

(Interrupt disable) 

(Interrupt enable) 

Mu1tiinterrupt processing sequence 
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3.3 pPD7201A DMA Operation 

This section explains ~PD7201A DMA operation (send DMA and 

receive DMA) using HOLC operation as an example. 

3.3.1 Send OMA 

When send data is transferred via DMA, CR2A bits 01 and 00 

~ 0, 1, 1, 0, or 1, 1 must be selected and CR1 bit 01 must 

be set to 1. A send interrupt on the channel where D~.A 

transfer is selected will not occur. 

Send DMA operation is explained by using HOLC mode as an 

example. The OMA operation in the HOLC mode varies 

depending on the value of TxLR (CRI bit D6), as explained 

below: 

(1) When TxLR Set 1 

This mode is a new function added to the ~PD720lA. 

Figure 3.13 shows the timing chart of send OMA 

operation when the fU'1ction 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 Enable mode 

is not entered), the DRQTx signal goes HIGH and the 

OMA controller is requested to transfer send data (GD 
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 «(]) in Figure 3.13), 

then send data is not transferred. Thus, after the 

last data is sent, the ~P0720lA is placed in Tx 
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Underrun state and an E/S interrupt occurs (® in 

Figure 3.13). The data transferred by the DMA 

controller is counted each time in the ~PD7201A (the 

result is held in 1'xLC). When the count reaches the 

value set in TxLR, then the DRQTx signal does not go 

active even if Tx Buffer Empty is set (CD in Figure 

3.13) • This state is continued until TxLR 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 automatically sent. Therefore, 

when the Tx Underrun state occurs, software must be 

used to read the TxLC 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 (QD 
in Figure 3.13). Normally, after the .interrupt 

occurs, the next processing step (such as successive 

frame sending or send stopping) is executed. 

Figure 3.14 shows an example of control when one 

frame of send data is transferred in the mode. 
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--1>-----, 
Tx Buffer Empty 

(SRO bit 02) 

Tx Underrun/EOM~''''''''-----' 

When CRC 
is loaded 

(SRO bit D6) "tl---+--~'f---I----------_J~ 

Tx Enable bi t 
(cRS bit 03) 

DRQTx signal 

WR by CPU (for 
J.lPD7201A) 

WR by DMA 
controller 

CD Tx Enable is set to 1 

It does not 

go L~~ 
@: 

r./s 

Reset E/S 
INT commanq 

I 

(2) First D~.A request by setting Tx Enable to 1 

G) 

CD 
® 
® 

Transfer of last data 

It does not go HIGH because TxLR = TxLC 

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

E/S INT by setting All Sent to 1 

Figure 3.13 pPD7201A send D~.A operation 
(HDLC mode, TxLR Set = 1) 

When flag 
is loaded 

NEe 

f ! 
®~/S JNT 

~S~ 
E/S INT EOl 

and coWnd 

Figure 3.14 (a) Control example of send operation by DMA 
(main program) 
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Note) 

y 

... Tx Underr'un and All Sent processing 

In the TxLR Set 
mode, this 

··command must be 
'---"===;...-----' issued before 

send is disabled. 

Interrupt processing caused by other E/S 
omitted. 

sources is 

Figure 3.14 (b) Control example of send operation by DMA 
(part of E/S interrupt processing) 

1-103 



ANJlPD1201A NEe 
(2) When TxLR Set 0 

In this mode, similar operation to pPD720lA operation 

is performed except that All Sent E/S interrupt 

occurs 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 (CD 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 (® 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 ( CD in 

3.15), then send data is not transferred. 

Figure 

Thus, 

after the last data is sent, Tx Underrun state is set 

and an E/S interrupt occurs «(j) 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) (® in 

Figure 3.15). If the Reset Tx INT/D~~ Pending 

command is not issued, the DRQTx signal remains HIGH 

(dotted-line portion in Figure 3.15), but does not 

affect the send operation. 

Note that if send data is transferred to the pPD7201A 

in the interval of ®, frame end is not normally 

made. 
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To send continuous frames, if the next send data is 

t_ransferred after the (B) state is set, the next 

frame can be sent successively without destroying the 

preceding frame. However, sir.ce the rPD7201A 

generates an E/S interrupt when All 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 ser.d stop (Tx Disable) is set, 

the DRQTx signal is not reset, but if Tx INT/DMA 

Disable (CRI bit DI 0) or the Reset Tx INT/Dt1A 

Pending corrunand is issued, the signal can be reset. 

When eRe i1hen flag 
is loaded is loaded 

Tx Buffer Emp~ 
(SRO bit D2) 

---< 
Tx Underrun/EOM 

(SRO bit D6j 

DRQTx signal 

INT signal 

WR by CPU 
(for ~PD7201A) 

WR by DM 
controller 

---<1---------./ r--;>---\ 

CD First send data write 

o Peset Tx Underrun/EOM bit 

G) First DRQ'I'x signal by setting Tx Buffer Empty to I 

CD Last data transfer 

CD Tx Buffer Empty set after last data is written 

® Peset Tx INT /DMA Pending 

(j) E/S INT by setting Tx Underrun/EOl>l to I 

Figure 3.15 pPD720lA send DMA operation 
(HDLC mode, TxLR = 0) 
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3.3.2 Receive D~~ 

To transfer receive data by using DMA, CR2A bits D1 and D2 

is set to 0, 1, 1, 0, or 1, 1 and CR1 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 

recei ve DMAS.) 

Fiaure 3.16 shows the tiMi.ng chart of receive DJ>..M 

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 
(SR),D7) 

DRQRx signal 

INT signal 

DM controller 
enable/disable 

ANtJPD7201A 

Error RD by DHA 
controller ® ~~;:;~n:OI corrrr 

-------,Vr-------Ji .... ' ___________ ~and 
WR by CPU 
(for )-lPD7201A) 

CD DMA request by setting Rx Character Available to 1 

CD Receive data transfer 

CD EOF is set to 1 when end flag is detected 

GD D~~ controller operation stops when the last data is 
transferred 

® EOF state is cleared 

Figure 3.16 pPD7201A receive D~~ operation 
(HLDC, First Rx H1T 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 request is made 

to the DMA controller to transfer receive data (Cl) 
in Figure 3.16). As requested, the DMA controller 

transfers receive data (@ in Figure 3.16). The 

pPD7201A generates DMA requests for all receive data 

containing a CRC. 

When the pPD7201A detects the end flag, End of Frame 

is set and Special Rx Condition interrupt occurs (CD 
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 (® 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 ® in Figure 3.16). Note the 

following: If the Error Reset command is not issued, 

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 recei ',leo (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 is 

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. 

Figure 3.17 (a) 

N 

Figure 3.17 (b) 

Control example of receive operation via DMA 
(main program) 

Overrun Error 

Perform overrun 

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

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 pPD720l is replaced with the pPD720lA in a 

system using the pPD7201, precautions on one use of 

pPD720l must be followed when a change cannot be made to 

the combination listed in Table 3.6. (For" details. refer 

to the pPD720l User's Manual or pPD720l Application Note.) 

Table 3.6 Selection of D~~ Mode 

~ 
DMA mode Valid TxLR Set Use of 

OMA mode setting ORQ signal mode setting HAKI pin 
Channel A CR2A bits Dl and ORQTxA As desired 

Used 
OMA mode DO = 0,1 DRQRxA -

Both Both.Ch. CR2A bits Dl and DRQTxA 
1 

channel DHA-l DO = 1,0 ORQTxB Used 
DMA mode DRQRxA -ORQRxB 

Both.Ch. CR2A bits 01 and DRQTxA 
desired As 

DMA-2 DO = 1,1 DRQTxB Not used 
DRQRxA -DRQRxB 
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CHAPTER 4 HAFDWARE 

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 cesign of a 

system using the pPD7201A. 

4.1 System Configuration 

The pPD7201A is applicable to various serial data communica

tion protocols. Here, assume the following specifications: 

Transmission format: Full or half duplex 

Applicable protocol: Asynchronous, synchronous or HDLC 

Baud 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 is 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 is 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 

Polling, 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 pPD7201A 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/O port, etc., can 

also be installed as required. Table 4.1 lists a system 

configuration example based on the items mentioned above. 

Table 4.1 System configuration example 

CPU pPD8085AH (3.072 MHz) Function 

~ ROM IlPD2764x2 (16K bytes) System program 
I pPD7201A control program 

Memory I~-- ----------------------- -------------------------
Il PD4 016x4 (8K bytes) Data buffer 

I Working area , 
DMA IlPD8237A-5 (3.072 MHz) Send and receive data 
controller transfer control 

Counter/timer IlPD8253-2 Baud rate generator 
Timer 

Serial IlPD7201A (4.9152 MHz) Serial data processing 
interface 
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4.2 Circuit Configuration 

Fiaure 4.1 shows an actual circuit design example based on 

the configuration listed in Table 4.1 

configurp.d as follows: 

(1) Connection of pPD720lA and pPD8237A-5 

The circuit is 

This connection assumes that Both CR. DMA-2 mode (CR2A:Dl, 

DO = 1, 1) is used. Since the pPD8237A-5 DACK signal is 

used to select a pPD720lA DMA request channel (CS, B/A, 
C/D control), the HAKI pin is not used. 

The DMA priority in this circuit is DRQRxA(DRQO) >DRQTxA 

(DRQl) >DRQRxB(DRQ2) >DRQTxB(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 pPD720lA INT 

signal is connected to the pPD8085AH INTR pin and the INTA 

signal is input to the pPD720lA INTAK signal. 

To use interrupts in the nonvector mode, the pPD720lA INT 

signal is connected to the pPD8085AH RST7. 5 pin and the 

pPD720lA INTAK signal is pulled up to a high level. 

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

DMA-2 mode (CR2A:Dl, DO = 1, 1), the PRI line must be held 

LOW (however, Both CH. DMA-l mode cannot be used). 
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(3) Serial data send and receive 

TxOA, RxOA, TxOB, and RxOB 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 OUTO or from external sources. 

For operation in Asynchronous Xl mode, Synchronous mode, 

or HOLC mode, receive data must be synchronized with the 

receive clock. 

(5) pPD720lA general-purpose input and output lines 

The pins CTSA, DCDA, CTSB, and DCDB, which are always 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 

operation mode. 

(6) Address map 

Figure 4.2 shows the memory address map. Figure 4.3 shows 

the I/O address map. OOOCHr--------, 

ROM 

(16K bytes) 

3FFFH 
4000H~------~ 

RAM 

(8K bytes) 
5FFFHL-________ ~ 

Figure 4.2 Memory map 
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Figure 4.3 I/O map 

I/O [contents address I 
I/O device 

COH iChannel A data 

Cl (Channel A control 

C2 T~~~~~~~ B data 

pPD7201A area 

I 
I Channel 

~ 

I C3 B control I 
I 
I 

!Counter ! C4 #0 
i I 

C5 [counter #1 pPD8253-2 area 

C6 
I 

!Counter #2 

I C7 iControl I 
! 

I 

? I 

: 
I Inhibited 

CF 

I Channel 
I 

i DO 0 base/current address 

i 
Dl I Channel 0 base/current word count 

D2 I Channel 1 base/current address 
i 

I 
D3 : Channel 1 base/current word count 

i D4 Channel 2 base/current address 

D5 I Channel 2 base/current word count 

D6 iChannel 3 base/current address I 

I 
! I 

i D7 I Channel 3 base/current word count I pPD8237A-5 area 
I 

I 
I 

I D8 I Status/command register 
I I I 
I D9 I Write request register I I 

DA I write single mask register bit I 
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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.r-J>o-*' 

ADSTB-----------~ 

~~~~~~~======~--JlL_-Jl_1R2 F 2k" 

D1 

'NTA 
HLDAf."'-' L-__ .:L ___ HLOA 
HOLD se HREQ 

L-_________ ~~---~ 

RES 

L-__ ~~P_-------muCSEL 

Figure 4.1 (a) pPD7201A application circuit example 

(reference cireui t) 
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07--DO 

A7-AO 

MPSCSEL 

DMACSEL 

eLK 

HREQ 

HLDA 

AEN 

ADSTB 

MERD -10RO 

I_ 

RES 

PITSEL 

2.4576MHs 

4.9152MHz 

RES 

ANI,IPD7201A 

DAcKO 25 ,..--
T:l:DA ~ 

~I ~~ DB1 
DACKI 

24 b SELECT} Y rL-- ~;:H D1 R",OA 4 
) 2 2Yt-!- ) 

I 
w" DACK2 14 3 pIA 9 ~~ 4 v " ~ lBay TxDB 

~ !~ DACK3 .. -r ~~ RltOB 

DBO 11 3A 
s"-.!! DO 

~ :f:lj A1 

10 38 T"CA 
pP08237A-5 " Z-li IVA iG'i::"'A it. pull up 8TB .. ) ~ ~ • C/D T ... CB 

~~ READY 23 CS R"CB 

19 32 DRQRxA & 32 AO DREQO 18 
DREQI 

'9 
DRQTxA 

IlCS DREQ217 DRQR"B/PRI 
12 eLK DREQ3 16 30 

DRQT"B/PRO r+; 5Y~ 10 HRQ K3 R4 
I'PD7201A L-tJ 2kill 'kG 7 HLDA 

9 AEN INT- 28 TNT 
8 ADSTB ~UllUP INTA 

~ 21 
1l\'TAK 

EOP 3' CTSA 

~ -- WSV 

--' eLK DeDA 

MEMW ~ jffi CTSB 
1 lOR Yo< 

31 ~ Wi[ Dci5B 2 HOY 
2 

RESET 
GND f,J, 13 RESET J1"P 

j~\ 'm, ': r-

~ ~ pPD8253-2 

L~ 

~ 2~ DO . u Al 
AO 

21 CS 

22RD 23_ 
I WR 

Figure 4.1 (b) pPD7201A application circuit example 

(reference circuit) 
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SOFTWARE 

Chapter 5 explains software used to actually operate the hardware 

design~d 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 ~PD7201A 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 control program (monitor program) 

uses the area. 

Other regions are used as the pPD720lA control program area. 

The initial value of pPD720lA interrupt vector (value set in 

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

area is 40H to SOH. 

The area stores the jump destination addresses corresponding 

to various interrupt sources when the pPD720lA is used in 

vector mode. (See Table 5. 1 . ) S inee the ].lPDS 0 S 5AH RST7. 5 

pin is used when the pPD7201A is uses nonvector mode, and 

the jump destination address becomes 3CH when an interrupt 

occurs. 
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00;' 

f--~:::;:=~~~'------l isysteI:l area 
4(jfl 

60H 

Not used 
100H~ __________________ ~ 

pPD7201A control 
program area 

lOOOH~ __________________ ~ 

2000H 

4000H 

5COOH 

5FFI'E 

Interrupt processing 
program area 

User P...AM area 

I ","< m" 

System area 

User area 

System area 

Figure 5.1 Memory assiqnment 
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Table 5.1 Interrupt vector addresses and interrupt sources 

Interrupt vector pPD7?OlA interrupt address source 

40H Channel B Tx Buffer Empty 

44H .. External Status Change 

48H .. Receive Character Available 

4CH .. Special Rx Condition 

50H Channel A Tx Buffer Empty 

54H n External Status Change 

58H .. Receive Character Available 

5CH " Special Rx Condition 
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5.2 Operation Example in Synchronous Mode 

This program example is to perform send and receive 

operation on channel A in interrupt mode. In the example 

program, the receive operation 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) 

~ Operation contents 
Channel A Channel B 

Send and receive operation Send (TxOA) -
Receive (RxOA) 

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

Tx interrupt 
Rx interrupt 

Interrupt sources used Special Rx Condition -
interrupt 
E/S interrupt~ 

Vector mode 
Vector mode (CR2A: 05) 

Interrupt mode 
85-1 vector mode Interrupt (CR2A: 04. 03) 

mode Status Affects Vector ------ Modified (CR1B: 02) Vector 

Initial value of 

-----------interrupt vector 40H 
(CR2B) 

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 .. ""hen 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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PADI and PAD2 in Figure 5.3 are pad characters. 

Normally, PADI sent be~ore send is set to 55H and PAD2 

sent following CRC2 is set to FFH. Synchronous 

characters (SYN) of at least two bytes must be sent as 

character Synchronization code following PADI. In the 

example, 55H is set in CR6A as PADI and 16H is set in 

CR7A as SYN at initialization time, then send is 

enabled. This enables PADI 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 PADl, 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 pPD720lA. If PAD2 is written as data when 

TX under run occurs, it can be sent following the CRC 

characters. 

CRC calculation is enabled or disabled immediately 

before characters are written. In the example, STX and 

PAD2 are excluded from CRC calculation. 

ANJ,lPD7201A 

CRC calculation is not applied to characters automati

cally inserted from CR6 and CR7, thus CRC calculation 

enable/disable control is not required. This applied 

to the four continuous characters PADI, SYN, SYN, SYN 

in the example. 

(2) 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 pPD720lA 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 eRe calculation must be checked. This control can 

be implemented by reading a receive ~haracter and 

checking the character contents, then enabling or 

disabling eRe calculation. 

In this case, CRC calculation enable or disable control 

must be completed before the next character is trans

ferred to the receive buffer. This can be processed by 

controlling eRC calculation enable or disable wi thin 

the time of five bits (during eight bits per character) 

after a pPD720lA receive interrupt occurs. 

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

from eRe calculation. 

The pPD720lA uses a l6-bit time interval after the last 

character (second byte of CRC in the example) is 

transferred to the receive buffer until the eRe 

calculation result is output. Thus, after the last 

character is received, on extra two bytes of dummy data 

are received before the eRe Error bit (SRlA: 06 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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I ~1 

Figure 5.2 Send character configuration 

p S S 
A Y Y D 
1 N N 

(send starts at the leftmost character) 

S 
Y 

N 

S E C' C P 
T 141 P S C T R R A 

C C D 
X X 1 2 2 

I· 
These characters are contained in CRC 

calculation·. 

Figure 5.3 Actually sent characters 

(send starts at the leftmost character) 

s S E C C 
y y Any characters T R R 

C C 
N N X 1 2 

Figure 5.4 Receive character string format 

(receive starts at the leftmost character) 
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Figure 5.5 

..• Start at IOOH 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 SYlls 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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N 

Return to 
system program 

Receive operation is 
started 

. .. Here I Hunt mage is entered 

Hai t for completion of al,l 
characters received (CRC 
Error check is contained) 

Figure 5.5 Synchronous operation main program 2 
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completion flag 

Figure 5.6 Synchronous operation Tx interrupt processing 
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Figure 5.7 Synchronous operation Rx interrupt processing 
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N 

Figure 5.8 Synchronous operation E/S interrupt processing 
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Sr)ec~ a:j. Rx 
condltlon 
intE':rruI)t 
processing 

Figure 5.9 Synchronous operation Special Rx Condition 

interrupt processing 
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SY:.IBOL ilORS SYUBOL AORS SY'.IBOL AORS SY'.IBOL AORS SY'.IBOL "DRS 

BSCCT 0100 CHACT OOCI CHADT OOCO CHBCT 00(":3 CHBDT 00C2 
CHNRS oul8 (I\CNT 1007 Cl\eRC IIOE: CI\ERR lIn n:E51 105C 
C)-;ES2 1075 CI\ROE 109B Cl\blRE 100:3 CLRFG 010:3 CRI.'" UOI:3 
CRIB OU04 CH2A 0020 CR:?B 0040 CR:3A 00C2 CR4A 0010 
CR5A 0044 CR6A 0016 CR7A 0016 CRCEF 5B09 CRCNT !,;BOB 
CRCSR IOB7 CRCST 1022 CLJNOF 10:34 OMCNT 5Bue EOI nO:38 
EROFG 5B07 ERRES 00:30 ERVDF !,;608 ESINA 1040 ESf.lES 0010 
ESRTiI IOS8 ETX 000:3 EWOFG 5B04 EXMOF 5B06 EXTHP 1080 
OVREF 5BOA O\,RER II :39 PADI 0055 PAD2 OOFF PEN)) 0028 
PITC(J OllC4 PITCI 00C5 PITC2 00C6 PITCT 00C7 HeRDS IOCC 
RCREN lOCI ROCRC 10EI RODAT lOA:? ROOf.1Y IOF6 HX6FS o IA.3 
RXBliF 4400 RXCRC 0040 RXEOI 1123 RXINA 1094 RXPTR· 5802 
RXTRt.J 0lB8 SPRXA 1120 SROAS 5BOO SRXEF IIIE STilCI\ 6UIl0 
STCBA U I :35 STPIT OIOC STX 0002 STXOT 100A SWREF 1014 
SYHl'T 107A SYN 0016 SYRC\, OlAF SYSTM 2000 SYX',IT 0170 
TDLYI UI80 TXBFS 016A TXBUF 4000 TXCRC 008U TXEOI 104~ 

TXINA 1000 TXPTR 5600 TXTRM 019:3 UNDE\.1 OOCO ilNOES 1061 
I.;NDFG 5605 IoiROAT 102"; \\HDT 0188 

Figure 5.10 Synchronous operation program example 1 
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I co' 1- 85 ASSE'lBU: LIST I f'M;E 000 J 

l: snu ADRS OEl JECT '1 

auuI 
UllU2 
OU03 
OUO-1 
0005 
U006 
0007 
0008 
0009 
0010 
DOLI OOCO 
0012 OOCI 
0013 00C2 
00 14 00C3 
0015 
0016 00C4 
0017 00C5 
0018 00C6 
0019 00C7 
0020 
0021 2000 
0022 
0023 
0024 
0025 
0026 
0027 DOLO 
0028 0018 
0029 0028 
0030 00:30 
0031 0038 
0032 
0033 0040 
0034 0080 
0035 OOCO 
0036 
0037 
0038 
0039 
0040 
00·i\ OOI:j 
0042 0020 
004:3 00C2 
DOH 0010 
0045 0044 
0046 0016 
0047 0016 
0048 
0049 0004 
0050 0040 
0051 
0052 

SOl'Rel: STATEi.IE\TS 

:**~***~***~*****-****.************.****~* 
. ~ U'U:' ~u J ,\ Else uPERAT I 0\ SA:WU: PROGR,\'J " 
. + TX : TXDt\ - - ) .. 
:* RX : RXDA (-- '* 
:********************.******************** 

:*************** 
:* I/O ADDRESS .. 
;*************** 

CH,\OT 
CHACT 
CHBDT 
CHBCT 

PITCO 
PITCI 
PITC2 
PITCT 

SYSTU 

EQG 
EQU 
EQU 
EQU 

EQU 
EQl' 
EQU 
EQl' 

EQG 

OCOH 
OCIH 
OC2H 
OC3H 

OC4H 
OC5H 
OC6H 
OC7H 

2000H 

:**************** 
:" UPSC COi.l,MND " 
:**************** 

ESRES EQU 
CHNRS EQU 
PEND EQU 
ERRES EQU 
EOI EQU 

RXCRC EQU 
TXCRC EQU 
UNDEi.1 EQU 

10H 
18H 
28H 
:30H 
38H 

40H 
80H 
OCOH 

:7201A CH-A DATA 
:7201A CH-A C\TRL 
:720IA CH-B DATA 
:7201A CH-B C\TRL 

: 825:3 C\T liD 
:8253 Ci\:T 111 
: 825:3 C\T 112 
:8253 COi\:TROL 

: SYSTHI PROGRAU 

:RESET E/S INT 
:CHANNEL RESET 
:RES TX PENDING 
:ERROR RESET 
:E\D OF I\TERRUPT 

: INIT RX CRC CAL 
:INIT TX CRe CAL 
:RESET TX U"D/EDr.1 

:*********************************** 
:" ,IPse CONTROL REG I STER PARALlETER " 
:*********************************** 

CRIA 
CR2A 
CR:3A 
CR4A 
CR5A 
CR6A 
CR7A 

CRIB 
CR2B 

EQl' 
EQU 
EQU 
EQU 
EQL: 
EQC 
EQL' 

EQU 
EQU 

I :3ft 
20H 
OC2H 
10H 
HH 
16H 
16H 

4H 
40H 

:RX.TX.E/S INT EN 
: I NT • VECTORED k10DE 
:RX 8 BITS 
:16 BITS SYN.NO PA 
:TX 8 BITS.CRC-I6 
;SYN iii 
:SYN 112 

: :100 I F I ED VECTOR 
:VECTORIOIO***OOI 

Figure 5.10 Synchronous operation program example 2 
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AN"PD7201A ttlEC 
UCOM-85 ASSEMBLE LIST ) PAGE 0002 

E STNO ADRS OBJECT 1,1 SOURCE STATEt.IE:-<TS 

0053 
0054 
0055 
0056 
0057 0016 
0058 0002 
0059 0003 
0060 
0061 0055 
0062 OOFF 
0063 
0064 
0065 
0066 
0067 
0068 0000 
0069 0050 C30010 
0070 
0071 0053 
0072 0054 C:34D10 
0073 
0074 0057 
0075 0058 C39410 
0076 
0077 DOSS 
0078 005C C32DII 
0079 
0080 
0081 
0082 
0083 
0084 
0085 
0086 
0087 
0088 
0089 
0090 
0091 
0092 
0093 
0094 
0095 
0096 
0097 
0098 
0099 
DIDO 
0101 
0102 
010:3 
0104 
0105 

005F 

0100 310060 
0103 AF 
0104 21005B 
0107 77 
0108 2C 
0109 C20701 

OIOC 210001 
OIOF 3E36 
0111 D3C7 
0113 70 
0114 D3C4 
0116 7C 
0117 D3C-I 

:********************** 
:* .CONTROL CHARACTERS * 
:********************** 

SYN 
STX 
ETX 

PADI 
PAD2 

EQU 
EQU 
EQU 

EQU 
EQU 

16H 
2H 
JIl 

55H 
OFFH 

:************~*************************** 
:. I NTERRUPT JUMP TABLE (VECTORED I,IODE) * 
:**************************************** 

ORG SOH :CH-A TX INT 
JI.1P TXINA 

ORG 54H :CH-A E/S INT 
JMP ESINA 

ORG 58H :CH-A RX INT 
JMP RXINA 

ORG 5CH :CH-A SPCL RX 
JMP SPRXA 

:**~******************************* 
:* PERIPHERAL INITIALIZE SEQUENCE * 
:********************************** 

ORG 100H 

BSCCT: LXI SP.STACK 

INT 

CLRFG: XRA A :CLEAR STATUS FLG 
LXI H.TXPTR 
MOV 1,1. A 
INR L 
JNZ $-2 

8253-2 INITIALIZE 

STPIT: LXI H.I DOH 
MVI A.36H 
OUT PITeT 
loIOV A.L 
OUT PITCO 
1.I0V A.H 
OUT PITCO 

:CNT 10.9.61\ BPS 
:10 !,IODE 2 

Piqure 5.10 Synchronous operation prograJII example 3 
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UCOM-85 ASSEMBLE LI ST l PAGE 00U3 

E STNO ADRS OBJECT 1.1 SOIJRCE STATHIENTS 

0106 :**************************** 
0107 ; .. UPSC INITIALIZE SEQUENCE .. 
0108 :**************************** 
0109 
0110 COMMON REGISTER I NITIALI ZE 
0111 
o I 12 0119 3EI8 Ulil A.CHNRS ;CHAN]\iEL RESET 
0113 OIIB D3CI Ol:T CHACT 
0114 OIID 03C3 OUT CHBCT 
0115 OIIF 3E02 MVI A.2H :PTR 2 
0116 0121 03CI OUT CHACT 
o I 17 0123 03C3 OUT CHBCT 
0118 0125 3E20 MVI A.CR2A :BUS IF ,AOOE 
0119 0127 03CI OUT CHACT 
0120 0129 3E40 loW I A.CR2B :INERRUPT VECTOR 
0121 012B 03C3 OUT CHBCT 
0122 0120 3EOI MVI A.IH :PTR IB 
0123 012F 03C3 OUT CHBCT 
0124 0131 3E04 MVI A.4H :t.10DIFIEO VECTOR 
0125 0133 03C3 OUT CHBCT 
0126 
0127 CH-A OPERATION MOOE 
0128 
0129 0135 3E04 STCHA: MVI A.4H :PTR 4A 
0130 0137 03CI OCT CHACT 
0131 0139 3EIO MVI A.CR4A ;CH-A IvlODE 
0132 0138 D3CI OUT CHACT 
0133 0130 3E03 I·WI A.3H :PTR :3A 
0134 013F 03CI OUT CHACT 
0135 0141 3EC2 I:IVI A.CR3A :RX PARAldETER 
0136 0143 D3CI OUT CHACT 
0137 0145 3E05 MVI A.5H :PTR SA 
0138 0147 03CI OUT CHACT 
0139 0149 3E44 MVI A.CR5A :TX PARAHETER 
0140 0148 03C1 OUT CHACT 
0141 0140 3E06 MVI A.6H :PTR 6A 
0142 014F D3CI OUT CHACT 
0143 0151 3E55 !:IV I A.PADI :LE,\DING PAD 
0144 0153 D:3CI OUT CHACT 
0145 0155 3E07 ""VI A.7H :PTR 7A 
0146 0157 D3CI OUT CHACT 
0147 0159 :3E16 MVI A.CR7A :SYN 
0148 0158 D3CI OUT CHACT 
0149 015D 3EII 'WI A.IIH :PTR IA.RS ES INT 
0150 015F D3CI OUT CHACT 
0151 0161 3E13 MVI A.CRIA ; INT IJODE 
0152 0163 D3C1 OUT CHACT 
0153 0165 D8CI IN CHACT :READ FIRST SROA 
0154 0167 320D58 STA SROAS 
0155 
0156 
0157 
0158 

Figure 5.10 Synchronous operation program example 4 
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ANpPD7201A ttiEC 
UCOM-85 ASSEMBLE LIST ) PAGE 0004 

E STNO AORS OBJECT U SOURCE STATEMENTS 

0159 :****************************** 
0160 ;* TRANSi,lIT OPERATION ROUTINE * 
0161 :****************************** 
0162 
0163 016A 210040 TXBFS: LXI H.TXBUF ;GET TX BUF AORS 
0164 0160 22005B SHLD TXPTR 
0165 0170 3E85 SYXMT: IvIVI A.85H :PTR SA 
0166 0172 D3CI UUT CHACT 
0167 0174 3EEE MVI A.OEEH :TX EN.TX eRC DIS 
0168 0176 D3CI OUT CHACT 
0169 0178 3E06 MVI A.6H ;PTR 6A 
0170 017A D3CI OUT CHACT 
0171 017C 3EI6 MVI A.SYN :SYN 
0172 017E 03CI OUT CHACT 
0173 
0174 0180 3E50 TDLYI: MVI A.50H ;TIME DELAY 
0175 0182 29 DAD H 
0176 0183 29 DAD H 
0177 0184 3D DCR A 
0178 0185 C28201 JNZ $-3 
0179 XMTDT: 
0180 0188 2A005B LHLD TXPTR ;GET TX DATA AORS 
0181 018B 7E MOV A.I':I 
0182 018C D3CO OUT CHAOT 
0183 018E 23 INX H 
0184 018F 22005B SHLD TXPTR 
0185 
0186 0192 FB EI 
0187 
0188 0193 3A065B TXTRM: LDA EXI,.!DF :CHECK TX END FLG 
0189 0196 OF RRC 
0190 0197 D29301 JNC TXTRM 
0191 019A F3 DI 
0192 019B 3E05 MVI A.5H :PTR SA 
0193 019D D3CI OUT CHACT 
0194 019F 3E44 MVI A.44H ;TX DISABLE 
0195 OIAI D3CI OUT CHACT 
0196 
0197 :***************************** 
0198 ;* RECEIVE OPERATION ROUTINE * 
0199 :***************************** 
0200 
0201 01 A:3 210044 RXBFS: LXI H.RXBUF :GET RX BUF ADRS 
0202 0lA6 220258 SHLD RXPTR 
0203 0lA9 AF XRA A 
0204 OIAA 77 MOV M.A ;CLEAR RX BUFFER 
0205 o lAB 2C INR L 
0206 OIAC C2AAOI .JNZ $-2 
0207 OlAF 3E03 SYRCV: I.IVI A.3H :PTR 3A 
0208 OIBI D3CI OUT CHACT 
0209 0lB3 :3ED3 1.tV I A.OD3H :RX EN. ENTER HUNT 
0210 0lB5 D3CI OUT CBACT 
021 I 0lB7 FB EI 

Figure 5.10 Synchronous operation program example 5 
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UCQt.l- 85 ASSEMBLE Ll ST ) PAGE 0005 

E STNO ADRS OBJECT r.l SOURCE STATEr,lENTS 

0212 
0213 0lB8 3A085B RXTRt·.l: LOA ERVDF :CHECK RCV END FLG 
021.t OIBB OF RRC 
0215 OIBC 028801 JNC RXTRM 
0216 OIBF 3E03 LIVI A.3H ;PTR 3A 
0217 OICI D3CI OUT CHACT 
0218 0lC3 3ECO MVI A.OCOH :RX DISABLE 
0219 0lC5 D3CI OUT CHACT 
0220 0lC7 00 NOP 
0221 0lC8 00 NOP 
0222 0lC9 F3 01 
0223 
022.t OICA C30020 JMP SYSTM 
0225 
0226 :************************************************ 
0227 ; * I :-.iTERRUPT PROCESS I NG ROUT! NE (VECTORED MODE) * 
0228 :************************************************ 
0229 
0230 OleD ORG 1000H 
0231 
0232 ~---------------------
0233 ; CH-A TX INT PROCESS 
0234 ;---------------------
0235 : 
0236 TXINA: 
0237 1000 F5 PUSH PSW 
0238 1001 C5 PUSH B 
0239 1002 E5 PUSH H 
0240 1003 3A045B CKWRE: LOA EWDFG :CHECK WR END FLG 
0241 1006 OF RRC 
0242 1007 DA3410 JC CLJNDF 
0243 100A 2A005B STXDT: LHLD TXPTR :GET TX DATA ADRS 
0244 1000 7E MOV A.M ;GET TX DATA 
0245 100E 4F MOV C.A 
0246 100F FE03 CPI ETX :LAST TX DATA? 
0247 lOll C22210 )( JNZ CReST 
0248 1014 3EOI SWREF: MVI A.I :SET WR END FLG 
0249 1016 32045B STA EWDFG 
0250 1019 3ECO MVI A.UNDEM :RES TX UND/EOM 
0251 10lB D3CI OUT CHACT 
0252 1010 DBCI IN CHACT :READ SROA 
0253 10lF 320D5B STA SROAS :NEW SROA STATUS 
0254 1022 3E05 CRCST: MVI A.5H :PTR 5A 
0255 1024 D3CI OUT CHACT 
0256 1026 3EEF MVI A.OEFH :TX CRC ENABLE 
0257 1028 D3CI OUT CHACT 
0258 102A 79 WRDAT: MOV A.C :SET TX DATA 
0259 102B D3CO OUT CHADT 
0260 1020 23 INX H :VPDATE ADRS PTR 
0261 102E 22005B SHLD TXPTR 
0262 1031 C34410 JIvIP TXEOI 
0263 1034 3E28 CUNDF: MVI A.PEND :RESET TX PENDING 
0264 1036 D3CI OUT CHACT 

Figure 5.10 Synchronous operation program example 6 
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UCOM-85 ASSEtlBLE LIST ) PAGE 0006 

E STNO AORS OBJECT I~ SOURCE STATEMENTS 

0265 1038 3A055B LOA UNDFG ;GET UNORN FLG 
0266 103B OF RRC 
0267 103C 024410 JNC TXEOI 
0268 103F 3EOI MVI A.l ;SET TX END FLG 
0269 1041 32065B STA EXMDF 
0270 1044 3E38 TXEOI; MVI A.EOI ;EOI 
0271 1046 D3CI OUT CHACT 
0272 1048 EI POP H 
0273 1049 CI POP B 
0274 104A FI POP PSW 
0275 104B FB EI 
0276 104C C9 RET 
0277 
0278 .----------------------
0279 ; CH-A E/S INT PROCESS 
0280 ;----------------------
0281 
0282 ESINA: 
0283 104D F5 PUSH PSW 
0284 104E C5 PUSH B 
0285 104F 3AOD5B LDA SROAS ;GET OLD E/S BITS 
0286 1052 47 MOV B.A 
0287 1053 DBCI IN CHACT ;REAO NEW E/S BITS 
0288 1055 4F MOV C.A 
0289 1056 320D5B STA SROAS ;NEW E/S BITS 
0290 1059 A8 XRA B ;CHECK CHANGED E/S 
0291 105A E650 ANI 50H 
0292 '05C 07 eKESI; RLC 
0293 J5D 07 RLC 
0294 105E 027510 JNC CKES2 
0295 1061 3E05 UNDES: klVI A.5 ;PTR 5A 
0296 1063 D3CI OUT CHACT 
0297 1065 3EEE MVI A.OEEH ;TX CRC DISABLE 
0298 1067 D3CI OUT CHACT 
0299 1069 3EFF MVI A.PAD2 ;WRITE TPAD 
0300 106B D3CO OUT CHADT 
0301 106D 3EOI mil A. I ;SET UNDR'J FLG 
0302 106F 32055B STA UNDFG 
0303 1072 C38810 ·JIo!P ESRTA 
0304 1075 07 CKES2: RLC 
0305 1076 07 RLC 
0306 1077 D28810 .JNC ESRTA 
0307 107A 79 SYHNT: MOV A.C ;SET NEW E/S BITS 
0:308 107B E610 ANI 10H ;SYNC/HUNT BIT=I? 
0309 107D C28810 JNZ ESRTA 
0310 1080 3E03 EXTHP: iJVI A.3H ;PTR 3A 
0311 1082 D3CI OUT CHACT 
0312 1084 3EC9 MVI A.OC9H ;RES SYN LOAD INH 
0313 1086 D3CI OUT CHACT 
0314 1088 3EIO ESRTA: MV] A.ESRES ;RESET E/S INT 
0315 108A D3Cl OUT CHACT 
0316 108C :3E38 ~WI A.EOI :EOI 
0317 108E D3Cl OUT CHACT 

Figure 5.10 Synchronous operation program example 7 
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UCOM-B5 ,\SSEIABLE LIST ) PAGE 0007 

E STNO ADRS OBJECT fA SOURCE STATEIJENTS 

0:318 1090 CI POP B 
0319 1091 FI POP PSIoI 
0320 1092 FB EI 
0321 1093 C9 RET 
0322 
0323 ---------------------
0324 : CH-A RX INT PROCESS 
0325 :---------------------
0326 
0327 RXINA: 
0328 1094 F5 PUSH PSIII 
0329 1095 C5 PUSH B 
0330 1096 05 PUSH 0 
0331 1097 E5· PUSH H 
0332 1098 2A025B LHLD RXPTR 
0333 109B 3A075B CKRDE: LOA ERDFG :GET RX RDEND FLG 
0334 109E OF RRC 
0335 109F DAD710 JC CKCNT 
0336 IOA2 DBCO RDDAT: IN CHADT :READ RX DATA 
0337 IOA4 4F MOV C.A 
0338 IOA5 77 MOV "l.A :STORE RX DATA 
0339 IOA6 23 INX H 
0340 IOA7 22025B SHLD RXPTR 
0341 10AA FE03 CPI ETX :LAST DATA? 
0342 10AC C2B710 JNZ CRCSR 
0343 lOAF 3EOI MVI A.IH ;SET RXD RDEND FLG 
0344 lOBI 32075B STA ERDFG 
0345 IOB4 C3CIIO JMP RCREN 
0346 IOB7 FEI6 CRCSR: CPI SYN :RX DATA 'SYN' ? 
0347 IOB9 CACCIO JZ RCRDS 
0348 10BC FE02 CPI STX ;RX DATA 'STX' '? . 
0349 lOBE CACCIO JZ RCRDS 
0350 lOCI 3E03 RCREN: MVI A.3H :PTR 3A 
0351 IOC3 D3CI OUT CHACT 
0352 IOC5 3EC9 MVI A.OC9H :RX eRC ENABLE 
0353 IOC7 D3CI OUT CHACT 
0354 IOC9 C32311 JMP RXEOI 
0355 10CC 3E03 RCRDS: MVI A.3H :PTR 3A 
0356 10CE D3CI OUT CHACT 
0357 1000 3ECI fAVI A.OCIH ;RX CRC DISABLE 
0358 1002 D3CI OUT CHACT 
0359 1004 C32311 JMP RXEOI 
0360 1007 IIOB5B CKCNT: LXI D.CRCNT :GET RX CRC CNT 
0361 10DA IA LDAX 0 
0362 10DB 47 MOV B.A 
0363 10DC FE02 CPI 2H ;CRC RX END ? 
0364 lODE CAF610 JZ ROOMY 
0365 10EI DBCO ROCRe: IN CHADT ;READ RX DATA 
0366 IOE3 77 MOV M.A 
0367 IOE4 23 INX H 
0368 IOE5 22025B SHLD RXPTR 
0369 IOE8 3EO:3 I.WI A.3H ;PTR 3A 
0370 10EA D3CI OUT CHACT 

Figure 5.10 Synchronous operation program example 8 
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UCOM- 85 ASSEt1BLE LI ST ) PAGE 0008 

E STNO ADRS OBJECT M SOURCE STATEMENTS 

0371 10EC 3EC9 MVI A.OC9H :RX CRC ENABLE 
0372 10EE D3CI OUT CHACT 
0373 10FO 78 IvIOV A.B 
0374 10FI 3C INR A 
0375 IOF2 12 STAX D 
0376 IOF3 C32311 JMP RXEOI 
0377 IOF6 DBCO ROOMY: IN CHADT :READ DAMMY DATA 
0378 IOF8 3E03 MVI A.3H :PTR 3A 
0379 10FA D3CI OUT CHACT 
0380 10FC 3ECI t,IVI A.OCIH :RX CRC DISABLE 
0:381 10FE D3CI OUT CHACT 
0382 1100 IIOC5B LXI D.DMCNT :GET DAMIvIY RD CNT 
0383 1103 IA LDAX D 
0384 1104 FEOI CPI IH :DAMMY READ END? 
0385 1106 CAOEI I JZ CKCRC 
0386 1109 3C INR A 
0387 IIOA 12 STAX 0 
0388 IIOB C32311 JMP RXEOI 
0389 IIOE 3EOI CKCRC: MVI A.IH :PTR IA 
0390 1110 D3CI OUT CHACT 
0391 1112 DBCI IN CHACT 
0392 1114 07 RLC 
0393 1115 07 RLC 
0394 1116 D21EII JNC SRXEF 
0395 1119 3EOI MVI A.IH :SET CRC ERROR FLG 
0396 IIIB 32095B STA CRCEF 
0397 IIIE 3EOI SRXEF: MVI A. 1 H :SET RCV END FLG 
0398 1120 32085B STA ERVDF 
0399 1123 3E38 RXEOI: MVI A.EOI :EOI 
0400 1125 D3CI OUT CHACT 
0401 1127 EI POP H 
0402 1128 DI POP D 
0403 1129 CI POP B 
0404 112A FI POP PSIII 
0405 112B FB EI 
0406 112C C9 RET 
0407 
0408 
0409 -----------------------------
0410 ; CH-A SPECIAL RX INT PROCESS 
0411 ,-----------------------------
0412 
0413 SPRXA: 
0414 112D F5 PUSH PSIoI 
0415 112E E5 PUSH H 
0416 112F 2A025B LHLD RXPTR :GET RX DATA BUF 
0417 1132 DBCO CKERR: IN CHADT 
0418 1134 77 LlOV IvI.A 
0419 1135 23 INX H 
0420 1136 22025B SHLD RXPTR 
0421 1139 3EOI OVRER: :WI A.IH 
0422 113B 320A5B STA OVREF :SET OVRN ERR FLG 
0423 113E 32085B STA ERVDF :SET RCV END FLG 

Figure 5.10 Synchronous operation program example 9 
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L'COM-85 ASSEMBLE Ll ST ) PAGE 0009 

E STNO ADRS OBJECT M SOURCE STATEMENTS 

0424 1141 3E30 k1V I A.ERRES :ERROR RESET 
0425 1143 D3Cl OUT CHACT 
0426 1145 3E03 IWI A.3H ;PTR :3A 
0427 1147 D3CI OUT CHACT 
0428 1149 3ECO IvlVI A.OCOH :RX DISABLE 
0429 114B D3CI OUT CHACT 
0430 114D 3E38 I-WI A.EOI 
0431 114F D3CI OUT CHACT 
0432 1151 EI POP H 
0433 1152 FI POP PSIJJ 
0434 1153 FB EI 
0435 1154 C9 RET 
0436 
0437 *********************** 
0438 * TX DATA BUFFER AREA * 
0439 *********************** 
0440 
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 '5' 
0448 4004 43 DB 'C' 
0449 4005 03 DB ETX 
0450 
0451 :*********************** 
0452 :* RX DATA BUFFER AREA * 
0453 ;*********************** 
0454 
0455 4006 ORG 4400H 
0456 
0457 4400 RXBUF: DS 1024 
0458 
0459 :******************** 
0460 :* STATUS FLAG AREA * 
0461 :******************** 
0462 
0463 4800 ORG 5BOOH 
0464 
0465 5BOO TXPTR: DS 2 :TX DATA BUF ADRS 
0466 5B02 RXPTR: DS 2 :RX DATA 8UF ADRS 
0467 
0468 5B04 ElvDFG: DS :TXDATA WR END FLG 
0469 5805 UNDFG: DS :TX UNDRN FLG 
0470 5B06 EXMDF: DS :XMIT END FLG 
0471 5B07 ERDFG: DS :RXD RDEND FLG 
0472 5808 ERVDF: DS :RECEIVE END FLG 
0473 5809 CRCEF: DS :CRC ERROR FLG 
0474 5BOA OVREF: DS :OVERRUN ERROR FLG 
0475 5BOB CRCNT: DS :RX CRC COUNTER 
0476 5BOC DMCNT: DS :DAMMY DATA RD CNT 

Figure 5.10 Synchronous operation program example 10 
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UCOM-85 ASSEMBLE LIST ) PAGE 0010 

E STNO ADRS OBJECT M SOURCE STATEMENTS 

0477 . 
0478 5BOD SROAS: DS :SROA STATUS 
0479 
0480 ;************** 
0481 :* STACK AREA * 
0482 ;************** 
0483 
0484 5BOE ORG 6000H 
0485 : 
0486 STACK: 
0487 0000 END 

Figure 5.10 Synchronous operation program example 11 
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5.3 Operation Bxample in HDLe Mode 

Send and receive operation viaDMA on channel A is described 

as an operation example in HDLe mode. In the example, the 

send and receive control programs are independent of each 

oth~r, but a program which performs send and receive 

oper~tion at the same time can also be prepared because the 

pPD720lA 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 pPD720lA operation mode in the program 

example 

Table 5.3 pPD720lA operation mode setting 

(HDLe operation) 

~ Operation contents Channel A 

Send and receive operation Send (TxOA) 
Receive (RxOA) 

I 
Send and receive data I 
transfer method OMA I 
(CR2A setting) I 

Special Rx Condition 
Interrupt sources used interrupt 

E/S interrupt 

Vector mode Nonvector mode (CR2A: 05) 
Interrupt mode 85-1 mode Interrupt (CR2A: 04, D3) 

Channel B 

-

OMA 

-

setting Status Affects Vector ~ Modified Vector (CRIB: D2) 
Initial value of ---------inte:t~pt vector 40H 
(CR2B) 
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5.3.1 Send operation 

DMA transfer of data of 2.56 bytes per frame by using the 

TxLR set mode (OO-FFH) is described as a pPD720lA 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 (pPD82S3-2, pPD8237A-S) and the pPD720lA, 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 input pin, 

the pPDBOB5AH jumps to address 3CH when a pPD720lA 

interrupt request occurs. Using this address, control is 

passed to the actual interrupt handling routine (starting 

at address IOOOH). 
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Only E/S interrupts are interrupt sources in the program 

example (interrupts caused by other sources and disabledt. 

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 any 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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Figure 5.10 (a) 

••• Start at address 100H 

•.• Data of OO-FFH is set 

Control flags used in the 
program are initialized. 

Counter 0 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. 

• .• DI'iA 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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(Note 1) N 

N (another 
source) 

y 

Note 1: This path is not actually passed through. 

Figure 5.10 (h) HDLC send operation Interrupt 

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

ALSFG 5BOI ALSNT 1027 BADRI 5B04 BCII/CI 5B06 CHIST 012D 
CHACT· OOCI CHADT OOCO CHBCT 00C3 CHBDT 00C2 CHNRS 0018 
CKEND OIAA CKES 100F CRIA 004B· CRIB 0004 CR2A 0043 
CR2B 0040 CR3A OOCO CR4A 0020 CR5A 0061 CR6A 0001 
CR7A 007E DMOBC OODO DMOCW OODI DMIBC 00D2 DMICII/ 00D3 
DM2BC 00D4 DM2CII/ 0005 DM3BC 00D6 DM3CW 0007 DMCBP OODC 
DMCMR OODE DMCTR 0008 DMMCL 0000 DMSMR OODA DMII/AM OODF 
DMII/MD OODe DMII/RR 0009 ENIRX 0020 EOI 0038 EOIA 103A 
ERRES 0030 ERRTA 1036 ESRES DOlO HDLCT 0100 INTEN 0112 
NVINT 1000 PEND 0028 PITCO 00C4 PITCT 00C7 RXCRC 0040 
SABRT 0008 STACK 6000 STCHA 0165 STOMA 0122 STPIT 0115 
STTXD 0104 SYSTM 2000 TXBUF 4000 TXCRC 0080 TXLRA 5B02 
UNDEM OOCO UNDFG 5BOO UNDRN 1019 

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

E STNO ADRS OBJECT M SOURCE STATEMENTS 

0001 ;********************************************* 
0002 : * UPD720 1 A HDLC TX OPERATl ON SAMPLE PROGRAM * 
0003 :* TX : TXDA --) * 
0004 :********************************************* 
0005 
OOOG :*************** 
0007 : *1/0 ADDRESS * 
0008 :*************** 
0009 
0010 OOCO CHADT EQU OCOH : 7201A CH-A DATA 
0011 OOCI CHACT EQU OCIH : 720 1 A CH-A CONTRO 
0012 00C2 CHBDT EQU OC2H :7201A CH-B DATA 
0013 00C3 CHBCT EQU OC3H :7201A CH-B CONTRO 
0014 
0015 00C4 PlTCO EQU OC4H :8253 CNT #0 
0016 00C7 PITCT EQU OC7H :8253 CONTROL 
0017 : 
0018 0000 DMOBC EQU ODOH :8237 BASE/CURAD 
0019 0001 DMOCW EQU ODIH :8237 BASE/CWC 
0020 0002 DMIBC EQU OD2H :8237 BASE/CURAD 
0021 0003 DMICW EQU OD3H :8237 BASE/CWC 
0022 0004 DM2BC EQU OD4H ;8237 BASE/CUR AD 
0023 0005 DM2CW EQU OD5H :8237 BASE/CWC 
0024 0006 DM3BC EQU ODGH :8237 BASE/CURAD 
0025 0007 DM3ClII EQU OD7H :8237 BASE/ClIIC 
0026 0008 DMCTR EQU OD8H :8237 STS/CMD R 
0027 0009 DMlIIRR EQU OD9H :8237 lIIR REQ R 
0028 OODA DMSMR EQU ODAH :8237 lIIR SIG MRR 
0029 OODB DMlIIMD EQU ODBH :'8237 lIIR MODE R 
0030 OODC DMCBP EQU ODCH ;8237 CLBYTP FF 
0031 0000 DMMCL EQU ODDH :8237 RDMCL.MSCL 
0032 OODE DMCMR EQU ODEH ;8237 CL MSK R 
0033 OODF DMWAM EQU ODFH :8237 lIIR ALMS RB 
0034 
0035 2000 SYSTM EQU 2000H ;SYSTEM PROGRAM 
0036 
0037 :**************** 
0038 :* MPSC COMMAND * 
0039 :**************** 
0040 ; 
0041 0008 SABRT EQU 8H ;SEND ABORT 
0042 0010 ESRES EQU 10H ;RESET E/S INT 
0043 0018 CHNRS EQU 18H ;CHANNEL 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 
0049 0040 RXCRC EQU 40H : INlT RX CRC CAL 
0050 0080 TXCRC EQU 80H : INlT TX CRC CAL 
0051 OOCO UNDEM EQU OCOH :RESET TX UND/EOM 
0052 

Figure 5.11 HDLC send control program example 2 
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UCOM-85 ASSEMBLE LIST I PAGE 0002 

E STNO ADRS OBJECT M SOURCE STATEMENTS 

0053 :*********************************** 
0054 ;* MPSC CONTROL REGISTER PARAMETER * 
0055 :*************************~********* 
0056 : 
0057 004B ,CRIA EQU 4BH :TXLR SET 
0058 ;FIRST RX INT 
0059 ;TX DMA ENABLE 
0060 :E/S INT ENABLE 
0061 0043 CR2A EQU 43H :RX INT MASK 
0062 ; NON-VECTORED 
0063 ;85-1 VECTORED 
0064 :BOTH CH. DMA-2 
0065 OOCO CR3A EQU O.COH ;8 BIT/CHAR 
0066 0020 CR4A EQU 20H :HDLC MODE 
0067 0061 CR5A EQU 61H :8 BIT/CHAR 
0068 :TXENABLE 
0069 :CCITT-O 
0070 :TX CRC ENABLE 
0071 0001 CR6A EQU OIH, :SECONDARY ADDRESS 
0072 007E CR7A EQU 7EH. : FLAG 
0073 . 
0074 0004 CRIB EQU 4H ;MODIFIED VECTOR 
0075 0040 CR2B EQU 40H :VECTOR(OIO***OOI 
0076 
0077 ,:******************************************** 
0078 :* INTERRUPT JUMP TABLE (NON-VECTORED MODEl * 
0079 :******************************************** 
0080 
0081 0000 ORG 3CH :RST 7.5 ADRS 
0082 
0083 003C C30010 JMP NVINT : JUMP NON-VCT INT 
0084 
0085 :***************~***************** 
0086 ;* PERIPHERAL INITIALIZE SEQUENCE * 
0087 :********************************** 
0088 
0089 003F ORG 100H 
0090 
0091 0100 310060 HDLCT: LXI SP.STACK 
0092 0103 AF XRA A 
0093 0104 210040 STTXD: LXI H.TXBUF :SET TX DATA 
0094 0107 75 MOV M.L 
0095 0108 2C INR L 
0096 0109 C20701 JNZ $-2 
0097 OIOC 32005B STA UNDFG :CLEAR FLAGS 
0098 OIOF 32015B STA ALSFG 
0099 0112 3EIB INTEN: MVI A.IBH : RST 7. 5 ENABLE 
0100 0114 30 SIM 
0101 
0102 
0103 
0104 
0105 

Figure 5.11 HDLe send control program example 3 
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UCOM-85 ASSEMBLE LIST ) PAGE 0003 

E STNO ADRS OBJECT M SOURCE STATEMENTS 

0106 ; 8253-2 INITIALIZE 
0107 
0108 0115 210001 STPlT: LXI H.IOOH :CNT #0.9600 BPS 
0109 0118 3E36 MVI A.36H ;#0 MODE 2 
OlIO OIIA D3C7 OUT PITCT 
0111 OIIC 7D MOV A.L 
0112 Oil D D3C4 OUT PITCO 
0113 OIIF 7C MOV A.H 
0114 0120 D3C4 OUT PITCO 
0115 
0116 8237A-5 INITIALIZE 
0117 
0118 0122 AF STDMA: XRA A 
0119 0123 D3DD OUT DMMCL :MASTER CLEAR 
0120 0125 3E04 MVI A.4H :DMAC DISABLE 
0121 0127 D3D8 OUT DMCTR 
0122 0129 3EFD MVI A.OFDH ;CH-I ENABLE 
0123 012B D3DF OUT DMIoIAM 
0124 
0125 012D AF CHIST: XRA A ;CLEAR BYTE PTR FI 
0126 012E D3DC OUT DMCBP 
0127 0130 ZA045B LHLD BADRI :CH-I BADRS 
0lZ8 0133 7D MOV A.L ;CH-I BADRS-L 
0129 0134 D3D2 OUT DMIBC 
0130 0136 7C MOV A.H ;CH-I BADRS-H 
0131 0137 030Z OUT OMIBC 
0132 0139 AF XRA A ;CLEAR BYTE PTR FI 
0133 013A D3DC OUT DMCBP 
0134 013C ZA065B LHLO BCIoICI ;CH-I TRNSFR CNT 
0135 013F 70 MOV A.L 
0136 0140 0303 OUT OMICIoI 
0137 014Z 7C MOV A.H 
0138 0143 0303 OUT OMICW 
0139 0145 3E49 MVI A.49H ;ORQI MOOE 
0140 0147 030B OUT OMWMO 
0141 
0142 
0143 **************************** 
0144 * MPSC INITIALIZE SEQUENCE * 
0145 **************************** 
0146 
0147 COMMON REGISTER INITIALIZE 
0148 
0149 0149 3EI8 MVI A.CHNRS ; CHANNEL RESET 
0150 014B 03CI OUT CHACT 
0151 0140 03C3 OUT CHBCT 
0152 014F 3E02 MVI A.2H ;PTR 2 
0153 0151 03CI OUT CHACT 
0154 0153 03C3 OUT CHBCT 
0155 0155 3E43 MVI A.CR2A :BUS IF MOOE 
0156 0157 03CI OUT CHACT 
0157 0159 3E40 MVI A.CR2B ;INERRUPT VECTOR 
0158 015B 03C3 OUT CHBcr 

Figure 5.11 HDI,C send control program example 4 
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UCOM-85 ASSEMBLE LIST ) PAGE 0004 

E STNO AORS OBJECT M SOURCE STATEMENTS 

0159 0150 3EOI MVI A.IH :PTR IB 
0160 015F 03C3 OUT CHBCT 
0161 0161 3E04 MVI A.CRIB :MOOIFIEO VECTOR 
0162 0163 03C3 OUT CHBCT 
0163 
0164 CH-A OPERATION MOOE 
0165 . 
0166 0165 3E04 STCHA: MVI A.4H :PTR 4A 
0167 0167 03CI OUT CHACT 
0168 0169 3E20 MVI A.CR4A :CH-A MOOE 
0169 016B 03CI OUT CHACT 
0170 0160 3E03 MVI A.3H :PTR 3A 
0171 016F 03CI OUT CHACT 
0172 0171 3ECO MVI A.CR3A :RX PARAMETER 
0173 0173 03CI OUT CHACT 
0174 0175 3E05 MVI A.5H :PTR 5A 
0175 0177 03Cl OUT CHACT 
0176 0179 3E61 MVI A.CR5A :TX PARAMETER 
0177 017B 03CI OUT CHACT 
0178 0170 3E06 MVI A.6H :PTR 6A 
0179 017F 03CI OUT CHACT 
0180 01-81 3EOI MVI A.CR6A :SECONOARY AOORESS 
0181 0183 03CI OUT CHACT 
0182 0185 3E07 MVI A.7H :PTR 7A 
0183 0187 03CI OUT CHACT 
0184 0189 3E7E MVI A.CR7A : FLAG 
0185 018B 03CI OUT CHACT 
0186 01803EII MVI A.IIH :PTR IA.RS ES INT 
0187 018F 03CI OUT CHACT 
0188 0191 3E4B MVI A.CRIA : INT/OMA MOOE 
0189 0193 03CI OUT CHACT 
0190 0195 2A025B LHLO TXLRA : TXLRA 
0191 0198 70 MOV A.L :TXLRA-L 
0192 0199 03CI OUT CHACT 
0193 019B 7C MOV A.H : TXLRA-H 
0194 019C 03CI OUT CHACT 
0195 019E 3E05 MVI A.5 :PTR 5A 
0196 OIAD 03CI OUT CHACT 
0197 0lA2 3E69 MVI A.69H :TX ENABLE 
0198 0lA4 03CI OUT CHACT 
0199 0lA6 AF XRA A 
0200 0lA7 0308 OUT DMCTR :DMAC ENABLE 
0201 0lA9 FB EI 
0202 
0203 OIAA 3AOl5B CKENO: LOA ALSFG :CHECK ALSNT FLG 
0204 DIAD OF RRC 
0205 OIAE 02AAOI JNC $-4 
0206 OIBI 3E28 MVI A.PEND :RES TX PENDING 
0207 0lB3 D3CI OUT CHACT 
0208 0lB5 3E05 MVI A.5 :PTR 5A 
0209 0lB7 03CI OUT CHACT 
0210 0lB9 3E61 MVI A.6IH :TX DISABLE 
0211 OIBB 03CI OUT CHACT 

Figure 5.11 HDLC send control program example 5 
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UCOM-85 ASSEMBLE LIST ) PAGE 0005 

E STNO ADRS OBJECT M SOURCE STATEMENTS 

0212 OIBD F3 DI 
0213 OIBE C30020 JMP SYSTM 
0214 
0215 :************************************************* 
0216 :* INTERRUPT PROCESSING ROUTINTE (NON-VECTORED MOD 
0217 :************************************************* 
0218 
0219 OICI ORG 1000H 
0220 : 
0221 1000 F5 NVINT: PUSH PS\aI 
0222 1001 3E02 MVI A.2H :PTR 2B 
0223 1003 D3C3 OUT CHBCT 
0224 1005 DBC3 IN CHBCT ;READ SR2B 
0225 1007 FE54 CPI 54H :CH-A E/S INT ? 
0226 1009 CAOFIO JZ CKES : IF YES. JUMP 
0227 100C C33AI0 JMP EOIA 
0228 : 
0229 100F DBCI CKES: IN CHACT :READ SROA 
0230 lOll 47 MOV B.A 
0231 1012 3A005B LDA UNDFG :GET UNDRN FLAG 
0232 1015 OF RRC ;CHECK IT 
0·233 1016 DA2710 JC ALSNT 
0234 ; 
0235 1019 78 UNDRN: MOV A.B 
0236 lOlA 07 RLC 
0237 10lB 07 RLC 
0238 10lC 023610 JNC ERRTA ;TX UNO BIT=I? 
0239 10lF 3EOI MVI A.I ;YES 
0240 1021 32005B STA UNDFG :SET \JNDRN ELG 
0241 1024 C33610 JMP ERRTA 
0242 ; 
0243 1027 3EOI ALSNT: MVI A. I :PTR IA 
0244 1029 D3CI OUT CHACT 
0245 102B DBCl IN CHACT :READ SRIA 
0246 1020 OF RRC 
0247 102E D23610 JNC ERRTA :ALL SENT BIT=I? 
0248 1031 3EOI MVI A. I ;SET ALSNT FLG 
0249 1033 32015B STA ALSFG 
0250 ; 
0251 1036 3EIO ERRTA: MVl A.ESRES 
0252 1038 D3CI OUT CHACT 
0253 103A 3E38 EOIA: MVl A.EOl ;EOl TO MPSC 
0254 103C D3CI OUT CHACT 
0255 103E FI POP PS\aI 
0256 103F FB EI 
0257 1040 C9 RET 
0258 
0259 
0260 
0261 
0262 
0263 
0264 

Figure 5.11 HDLe send control program example 6 
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UCOM-85 ASSEM6LE LIST ) PAGE 0006 

E STNO ADRS OBJECT M SOURCE STATEMENTS 

0265 ;*********************** 
0266 ;* TX DATA BUFFER AREA * 
0267 :*********************** 
0268 
0269 1041 ORG 4000H 
0270 
0271 4000 TXBUF: DS 1024 
0272 
0273 ~******************** 
0274 ;* STATUS FLAG AREA * 
0275 ;******************** 
0276 
0277 4400 ORG 5BOOH 
0278 
0279 5BOO UNDFG: DS :TX UND FLAG 
0280 5601 ALSFG: DS ;ALL SENT FLAG 
0281 
0282 ;********************** 
0283 ;* 1/0 PARAMETER AREA * 
0284 :********************~* 
0285 
0286 5B02 0001 TXLRA: Dial 100H ;TXLR 
0287 
0288 5B04 0040 BADRI: Dial 4000H ;CH-I DMA ADRS 
0289 5B06 FFOO BCblCI: Dbi OFFH ;CH-I blORD COUNT 
0290 
0291 ;************** 
0292 ;* STACK AREA * 
0293 ;************** 
0294 
0295 5608 ORG 6000H 
0296 
0297 STACK: 
0298 0000 END 

Figure 5.11 HDLe send control program example 7 
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5.3.2 Receive operation 

OMA transfer of data of 256 bytes per frame (OO-FFH) is 

described as a receive operation example. For the Rx INT 

mode, the Int on First Rx Character mode (CRIA : 04, 03 = 
0, 1) is selected, and the First Rx INT Mask mode (CR2A : 

06 = 1) is used for operation. Thus, all receive data 

(containing CRC characters) is transferred via OMA. 

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, initializes I/O 

devices (pP08253-2, pPDB237A-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) Interrupt 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 



AN~PD7201A 

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 llPD7201A 

receive operation state in the main program. 

Figure 5.12 shows the receive operation processing' flow. 

Figure 5.13 shows actual program examples. 

1-156 

NEe 



NEe 

Figure 5.12 (a) 

... Start at address lOOH 

Control flags used in 
program are initialized. 

Counter a 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 progranW 

DMA is enabled • 

• c. Hunt mode is e~ltered. 

HDLC receive operation main program 
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N 

Overrun Error) 

Set eRC Error 
occurrence flag 

Note 1: This path is not actually passed 
through in the present program example. 

NEe 

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

BADRO 5B06 8CWCO 5808 CHOST 0131 CHACT DOC I CHAOT OOCO 
CHBCT 00C3 CHBDT 00C2 CHNRS 0018 CRIA 0048 CRIB 0004 
CR2A 0043 CR2B 0040 CR3A 00C8 CR4A 0020 CR5A 0060 
CR6A 0001 CR7A 007E CRCFA 5BOI CREND 01B7 DMOBC 0000 
OMOCW 0001 OMIBC 0002 OMICW 0003 OM2BC 0004 DM2CW 0005 
OM3BC 0006 or"ncw 0007 OMCBP OOOC OMCMR OOOE OMCTR 0008 
OMMCL 0000 OMSMR OOOA OMWAM OOOF OMWMO OOOB DMWRR 0009 
ENIRX 0020 EOI 0038 EOIA 105B ERESA 104F ERRES 0030 
ESCHA 1016 ESRES 0010 HOLCR 0100 INTEN 0116 NVINT 1000 
OVREA 1038 OVRFA 5802 PEND 0028 PITCO 00C4 PITCT 00C7 
RCVOT 1007 RENDA 5803 RXBFC 0104 RXBUF 4400 RXCRC 0040 
RXOPR 0lA6 SABRT 0008 SROAS 5800 SRCOA 1022 STACK 6000 
STCHA 0169 STOMA 0126 STPIT 0119 SYSTM 2000 TXCRC 0080 
TXLRA 5804 UNOEM OOCO 

Figure 5.13 HDLC receive control program example 1 
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UCOM-85 ASSEMBLE LIST ) PAGE 0001 

E STNO AORS OBJECT M SOURCE STATEMENTS 

0001 :********~************************************ 
0002 :* UP0720lA HOLC RX OPERATION SAMPLE PROGRAM * 
0003 :* RX : RXOA <-- * 
0004 :***** •• ************************************** 
0005 
0006 :*************** 
0007 : * 110 ADDRESS * 
0008 ;-*************** 
0009 : 
0010 OOCO CHAOT EQU OCOH :7201A CH-A DATA 
0011 OOCI CHACT EQU OCIH :7201A CH-A CNTRL 
0012 00C2 CHBOT EQU OC2H :7201A CH-B DATA 
0013 00C3 CHBCT EQU OC3H :7201A CH-B CNTRL 
0014 : 
0015 00C4 PITCO EQU OC4H :8253 CNT #0 
0016 00C7 PITCT EQU OC7H :8253 CONTROL 
0017 . 
0018 DODO OMOBC EQU OOOH :8237 BASE/CURAO 
0019 0001 OMOCW EQU 001H :8237 BASE/CWC 
0020 0002 OM1BC EQU 002H :8237 BASE/CURAO 
0021 0003 OMICW EQU 003H :8237 BASE/Cwe 
0022 0004 OM2BC EQU 004H :8237 BASE/CURAO 
0023 0005 OM2CW EQU 005H :8237 BASE/CWC 
0024 0006 OM3BC EQU 006H :8237 BASE/CURAO 
0025 0007 OM3CW EQU 007H :8237 BASE/Cwe 
0026 0008 OMCTR EQU 008H :8237 STS/CMO'R 
0027 0009 OMWRR EQU OD9H : 8237 WR REQ R 
0028 OODA OMSMR EQU OOAH :8237 WR SIG MSR 
0029 OOOB OMWMO EQU OOBH :8237 WR MODE R 
0030 OOOC OMCBP EQU OOCH :8237 CL BYTP FF 
0031 0000 OMMCL EQU OOOH :8237 ROMCL.MSCL 
0032 OOOE DMCMR EQU OOEH :8237 CL MSK R 
0033 OOOF OMWAM EQU OOFH :8237 WR ALMS RB 
0034 : 
0035 2000 SYSTM EQU 2000H :SYSTEM PROGRAM 
0036 
0037 :**************** 
0038 :* MPSC COMMAND * 
0039 ;**************** 
0040 
0041 0008 SABRT EQU 8H :SEND ABORT 
0042 0010 ESRES EQU 10H :RESET E/S INT 
0043 0018 CHNRS EQU 18H :CHANNEL 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 
0049 0040 RXCRC EQU 40H :INIT RX CRC CAL 
0050 0080 TXCRC EQU 80H :INIT TX CRC CAL 
0051 OOCO UNDEM EQU OCOH :RESET TX UND/EOM 
0052 

Figure 5.13 HDLC receive cQntrol prc>gram example 2 
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UCOM- 85 ASSEMBLE LI ST ) PAGE 0002 

E STNO ADRS OB,}ECT M 

0053 
0054 
0055 
0056 
0057 0048 
0058 
0059 
0060 
0061 0043 
0062 
0063 
0064 
0065 00C8 
0066 
0067 0020 
0068 0060 
0069 
0070 
0071 0001 
0072 007E 
0073 
0074 0004 
0075 0040 
0076 
0077 
0078 
0079 
0080 
0081 0000 
0082 
0083 003C C30010 
0084 
0085 
0086 
0087 
0088 
0089 003F 
0090 
0091 0100 310060 
0092 0103 AF 
0093 0104 210044 
0094 0107 77 
0095 0108 2C 
0096 0109 C20701 
0097 OIOC AF 
0098 OIOD 32015B 
0099 0110 32025B 
0100 0113 32035B 
0101 0116 3EIB 
0102 0118 30 
0103 
0104 
0105 

SOURCE STATEMENTS 

: *********************************.** :* MPSC CONTROL REGISTER PARAMETER * 
:*********************************** 

CRIA 

CR2A 

CR3A 

CR4A 
CR5A 

CR6A 
CR7A 

CRIB 
CR2B 

EQU 

EQU 

EQU 

EQU 
EQU 

EQU 
EQU 

EQU 
EQU 

48H 

43H 

OC8H 

20H 
60H 

OIH 
7EH 

4H 
40H 

:TXLR SET 
:FIRST RX INT 
:TX DMA DISABLE 
:E/S INT DISABLE 
:RX INT MASK 
: NON-VECTORED 
:85-1 VECTORED 
:BOTH CH. DMA-2 
:8 BIT/CHAR 
:RX CRC ENABLE 
:HDLC MODE 
:8 BIT/CHAR 
:CCITT-O 
:TX CRC DISABLE 
:SECONDARY ADDRESS 
: FLAG 

:MODIFIED VECTOR 
:VECTORIOIO***OOl 

;******************************************** 
:* INTERRUPT JUMP TABLE (NON-VECTORED MODEl * 
:******************************************** 

ORG 

JMP 

3CH 

NVINT 

:RST 7.5 ADRS 

:JUMP NON-VCT INT 

:********************************** 
:* PERIPHERAL INITIALIZE SEQUENCE * 
;********************************** 

ORG 100H 

HDLCR: LXI 
XRA 

RXBFC: LXI 
MOV 
INR 
JNZ 
XRA 
STA 
STA 
STA 

INTEN: MVI 
SIM 

SP.STACK 
A 
H.RXBUF 
M.A 
L 
$-2 
A 
CRCFA 
OVRFA 
RENDA 
A.IBH 

:CLR MPSC RX BUF 

:CLEAR FLAGS 

:RST 7.5 ENABLE 

Figure 5.13 HDLe receive control program example 3 
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UCOM-85 ASSEMBLE LIST ) PAGE 0003 

E STNO AORS OBJECT M SOURCE STATEMENTS 

0106 : 8253-2 INITIALIZE 
0107 : 
0108 0119 210001 STPIT: LXI H. 100H :CNT #0.9600 BPS 
0109 OIlC 3E36 MVI A.36H :#0 MOOE 2 
0110 01lE 03C7 OUT PITCT 
0111 0120 70 MOV A.L 
0112 0121 03C4 OUT PITCO 
0113 0123 7C MOV A.H 
0114 0124 03C4 OUT PITCO 
0115 
0116 8237A-5 INITIALIZE 
0117 : 
0118 0126 AF STOMA: XRA A 
0119 0127 0300 OUT DMMCL :MASTER CLEAR 
0120 0129 3E04 MVI A.4H ;OMAC DISABLE 
0121 012B D3D8 OUT DMCTR 
0122 012D 3EFE MVI A.OFEH :CH-O ENABLE 
0123 012F D3DF OUT DMWAM 
0124 
0125 0131 AF CHOST: XRA A :CLR BYTE PTR F/F 
0126 0132 D3DC OUT DMCBP 
0127 0134 2A065B LHLD BADRO ;CH-O BADRS 
0128 0137 70 MOV A.L :CH-O BADRS-L 
0129 0138 D300 OUT DMOBC 
0130 013A 7C MOV A.H :CH-O BAORS-H 
0131 013B D3DO OUT DMOBC 
0132 013D AF XRA A :CLR BYTE PTR F/F 
0133 013E D3DC OUT OMCBP 
0134 0140 2A085B LHLO BCWCO :CH-O TRNSFR CNT 
0135 0143 7D MOV A.L 
0136 0144 03DI OUT DMOCW 
0137 0146 7C MOV A.H 
0138 0147 D3DI OUT DMOCIoI 
0139 0149 3E44 MVI A.44H :ORQO MODE 
0140 014B D3DB OUT OMWMD 
0141 
0142 ;**************************** 
0143 ;* MPSC INITIALIZE SEQUENCE * 
0144 ~**************************** 
0145 
0146 COMMON REGISTER INITIALIZE 
0147 
0148 014D 3EI8 MVI A.CHNRS : CHANNEL RESET 
0149 014F 03CI OUT CHACT 
0150 0151 03C3 OUT CHBCT 
0151 0153 3E02 MVI A.2H ;PTR 2 
0152 0155 03CI OUT CHACT 
0153 0157 03C3 OUT CHBCT 
0154 0159 3E43 MVI A.CR2A :BUS IF MODE 
0155 015B 03CI OUT CHACT 
0156 0150 3E40 MVI A.CR2B :INERRUPT VECTUR 
0157 015F 03C3 OUT CHBCT 
0158 

Figure 5.13 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 3EOI MVI A.IH :PTR IB 
0160 0163 D3C3 OUT CHBCT 
0161 0165 3E04 MVI A.CRIB :MODIFIED VECTOR 
0162 0167 D3C3 OUT CHBCT 
0163 
0164 CH-A OPERATION MODE 
0165 
0166 0169 3E04 STCHA: MVI A.4H ;PTR 4A 
0167 016B D3CI OUT CHACT 
0168 016D 3E20 MVI A.CR4A ;CH-A MODE 
0169 016F D3CI OUT CHACT 
0170 0171 3EOS MVI A.SH ;PTR 5A 
0171 0173 D3CI OUT CHACT 
0172 0175 3E60 MVI A.CR5A ;TX PARAMETER 
0173 0177 D3CI OUT CHACT 
0174 0179 3E06 MVI A.6H ;PTR 6A 
0175 017B D3CI OUT CHACT 
0176 017D 3Eal MVI A.CR6A ;2ND ADDRESS 
0177 017F D3CI OUT CHACT 
0178 0181 3E07 MVI A.7H ;PTR 7A 
0179 0183 D3CI OUT CHACT 
0180 0.185 3E7E MVI A.CR7A :FLAG 
0181 0187 D3CI OUT CHACT 
0182 0189 3EII MVI A.IIH ;PTR IA.RS ES INT 
0183 018B D3CI OUT CHACT 
0184 018D 3E48 MVI A.CRIA ; INT/DMA MODE 
0185 018F D3CI OUT CHACT 
0186 0191 2A045B LHLD TXLRA ;TXLRA 
0187 0194 7D MOV A.L ;TXLRA-L 
0188 0195 D3Cl OUT CHACT 
0189 0197 7C MOV A.H ;TXLRA-H 
0190 0198 D3CI OUT CHACT 
0191 019A 3E03 MVI A.3H ;PTR 3A 
0192 019C D3CI OUT CHACT 
0193 019E 3EC8 MVI A.CR3A ;RX PARAMETER 
0194 OIAO 03CI OUT CHACT 
0195 0lA2 3EIO MVI A.ESRES ;RESET E/S INT 
0196 aIM D3CI OUT CHACT 
0197 
0198 0lA6 DBCI RXOPR: IN CHACT : READ FIRST SROA 
0199 0lA8 32005B STA SROAS 
0200 OIAB AF XRA A 
0201 OIAC 0308 OUT OMCTR ;OMAC ENABLE 
0202 OIAE 3E03 MVI A.3H ;PTR 3A 
0203 OIBO D3Cl OUT CHACT 
0204 0lB2 3ED9 MVI A.OD9H ;RXEN.ENTER HUNT 
0205 0lB4 03Cl OUT CHACT 
0206 0lB6 FB EI 
0207 ; 
0208 0lB7 3A035B CREND: LDA RENDA ;CHECK RXEND FLG 
0209 OIBA FEOI CPI IH 
0210 OIBC C2B701 JNZ CREND 
0211 

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

E STNO ADRS OBJECT M SOURCE STATEMENTS 

0212 OIBF 3E03 MVI A.3H :PTR 3A 
0213 OICI D3CI OUT CHACT 
0214 0lC3 3ECO MVI A.OCOH :RX DISABLE 
0215 0lC5 D3CI OUT CHACT 
0216 0lC7 F3 DI 
0217 
0218 0lC8 C30020 JMP SYSTM 
0219 
0220 
0221 ;************************************************* 
0222 ;* INERRUPT PROCESSING ROUTINE (NON-VECTORED MODE) 
0223 :************************************************* 
0224 
0225 OICB ORG 1000H 
0226 . 
0227 1000 F5 NVINT: PUSH PSIoI 
0228 100 I 3E02 MVI A.2H ;PTR 2B 
0229 1003 D3C3 OUT CHBCT 
0230 1005 DBC3 IN CHBCT ;READ SR2B 
0231 1007 E61C RCVDT: ANI ICH : MASK 
0232 1009 FEIC CPI ICH ;CH-A SRXCND? 
0233 100B CA2210 JZ SRCDA : I F YES. JUMP 
0234 lODE FEI4 CPI 14H :CH-A E/S CHNG? 
0235 1010 CAI610 JZ ESCHA ;IFYES.JUMP 
0236 1013 C35BIO JMP EOIA ; I F OTHS. JP EO I 
0237 1016 DBCI ESCHA: IN CHACT :READ SROA 
0238 1018 32005B STA SROAS :STORE NEW SROA 
0239 10lB 3EIO MVI A.ESRES :RESET E/S INT 
0240 10lD D3CI OUT CHACT 
0241 10lF C35BIO JMP EOIA 
0242 1022 3EOI SRCDA: MVI A.IH :PTR IA 
0243 1024 D3CI OUT CHACT 
0244 1026 DBCI IN CHACT :READ SRIA 
0245 1028 07 RLC :CHECK EOF BIT 
0246 1029 D23810 JNC OVREA ; I F NOT EOF. JMP 
0247 102C 07 RLC :CHECK CRC ERR 
0248 102D D24FIO JNC ERESA ; IF CRC OK. JUMP 
0249 1030 3EOI MVI A. I ;SET CRC ERR FLG 
0250 1032 32015B STA CRCFA ;STORE CRCE FLG 
0251 1035 C34FIO JMP ERESA 
0252 
0253 1038 3E03 OVREA: MVI A.3H :PTR 3A 
0254 103A D3CI OUT CHACT 
0255 103C 3EC8 MVI A.OC8H ; MPSC RX DISABLE 
0256 103E D3CI OUT CHACT 
0257 1040 3E04 MVI A.4H :MASK DMAC CH-O 
0258 1042 D3DA OUT DMSMR 
0259 1044 DBCO IN CHADT ;DAMMY READ 
0260 1046 DBCO IN CHADT 
0261 1048 DBCO IN CHADT 
0262 104A 3EOI MVI A.I ;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 ASSEM6LE LIST ) PAGE 0006 

E STNO ADRS OBJECT M SOURCE STATEMENTS 

0265 104F 3E30 ERESA: MVI A.ERRES ;ERROR RESET 
0266 1051 D3CI OUT CHACT 
0267 1053 3EOI MVI A.I :SET RX END FLG 
0268 lOSS 320356 STA RENDA 
0269 1058 C35810 JMP EOIA 
0270 
0271 1056 3E38 EOIA: MVI A.EOI ;EOI TO MPSC 
0272 105D D3CI OUT CHACT 
0273 105F FI POP PSIII 
0274 1060 FB EI 
0275 1061 C9 RET 
0276 
0277 :*********************** 
0278 ;* RX DATA BUFFER AREA * 
0279 :*********************** 
0280 
0281 1062 ORG 4400H 
0282 
0283 4400 RXBUF: DS 1024 
0284 
0285 :******************** 
0286 ;* STATUS FLAG AREA * 
0287 :******************** 
0288 
0289 4800 ORG 5BOOH 
0290 
0291 5BOO SROAS: DS SROA STATUS 
0292 5BOI CRCFA: DS CRC ERROR FLAG 
0293 5B02 OVRFA; DS OVRN ERR FLAG 
0294 5B03 RENDA: DS RX END FLAG 
0295 
0296 ;********************** 
0297 ;* 1/0 PARAMETER AREA * 
0298 :********************** 
0299 
0300 5B04 0001 TXLRA: DW 100H ;TXLR 
0301 
0302 5B06 0044 BADRO: Dill 4400H . ;CH-O DMA ADRS 
0303 5B08 0101 BCIIICO: 0111 101H :CH-O WORD COUNT 
0304 
0305 ;************** 
0306 ;* STACK AREA * 
0307 ;************** 
0308 
0309 5BOA ORG 6000H 
0310 
0311 STACK: 
0312 000.0 END 

Figure 5.13 HDLe receive control program example 7 
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CHAPTER 6 pPD720lA 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. 

o 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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Table 6.1 Asynchronous send state transition diagram 

explanation table 

State name Operation 

Hark sending 1 Initial state. 
When Tx is disabled and no send data 
exists, TxD is placed in mark state 
(1) • 

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

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

Data sending Data in Tx shift register is sent. 

Break sending Space (0 ) is sent and send data is 
destroyed. 
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Table 6.2 Asynchronous receive state transition diagram 

explanation table 

State name Operation 

Input ignored Initial state. 
The RxD state is ignored. 

Wait for A wait for start bit is continued 
character when mark is being received after 

is enabled. 

Character After start bit is detected, data 
receiving assembled. 

Break detection If the RxD state is one-character 
mark, break detection is made. 

1-170 

Rx 

is 



I-' 
I 

I-' 
-J 
I-' 

Start 

Tx 

Tx Disable No Data 

Data Write 

Tx Underrun 

J. 
BCC Sent J 

No Data 

Figure 6.3 SYNC send state transition diagram 

~ I~ 

~ I~ 

l> z 
"C 

tg 
""I 
N o ... 
l> 



AN~PD7201A NEe 

No. 

1 

2 

3 

4 

S 

Table 6.3 SYNC send state transition diagram 

explanation table 

State name Operation 

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

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

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

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

I BCC sending When CRC is enabled, CRC2 byte is 
automatically sent. 
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Table 6.4 

No. State name 

SYNC receive state transition diagram 

explanation table 

Operation 

NEe 

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 Character Character is assembled every data 
receiving bit count after synchronization is 

set. 
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Table 6.5 

No. State name 

1 Mark sending 

2 Flag sending 

3 Character 
sending 

4 FCS sending 

5 I Abort sending 

HOLe send state transition 

diagram explanation table 

Operation 

Initial state. 
In TxD, mark is sent. 

Flag is automatically sent. 

Data is sent. (Zero insertion 
function is contained. ) 

NEe 

16 bits of eRe are automatically 
sent. (Zero insertion function is 
contained.) 

1 of 8-13 bits is sent. 
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Table 6.6 HDLC receive state transition diagram 

explanation table 

State name 

Input ignored 

Wait for flag 

wait for 
character 

Character 
receiving 

End/start flag 
receiving 

Abort detection 

Operation 

Initial state. 
RxD input is ignored. 

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

When start flag is detected, a wait 
for data (bit pattern other than 
flags) is continued. 

After data is detected (normal 
address field), character is 
assembled every data bit count. 
(Zero deletion function is 
contained. ) 

After A, C, I, FCS field is 
received, flag (end flag) is 
received. 
Character synchronization is made by 
subsequent flag idle. 

Abort iE detected by receiving 1 of 
7 bit or more after synchronization 
is set. 
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INTROOUCTION 

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 communiationequipment, the AMPSC 

provides data conversion according to the predetermined 

format on two independent serial full-duplex channels. The 

basic protocols are asynchronous, character oriented (COP) 

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 PLce (uPD72001L) and 40 

pin plastic DIP (72001C). 

Features 
LSI to high-performance data communications 
r-tultiprotocol operations: 

Asynchronous 
Character-oriented protocol (COP) 
Bit-oriented protocol (BOP) 

T\-l0 full-duplex channels 
Baud rate: DC to 1.6 Mbps 
Transmitter: Double buffer 
Receiver: Quadruple buffer 
Interrupt control capahility 
Dr-tA request signal: Transmit and Receive request/channel 
Overrun error detection 
Data formats: NRZ, NRZI, and F~1 

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 r-tHz max. 
cr-tos technology 
40-pin DIP 
Single +5 V power supply 
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Asynchronous operation 
Character bit length: 5, 6, 7, or 8 hits 
Stop bit length: 1, 1.5, or 2 bits 
C10rk rate: xl, x16, x32, or x64 
Parity oeneration/checking 
Framing error detection 
Break generation/detection 

Character-orient'ed 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 bi~ length: 6 or 8 bits 
BCS generation/checking (CRC-16, CRC-CCITT) 
Parity generation/checking 

1tiEC 

Automatic SYNC character transmission/cheching/deletion 
Bit-oriented protocol (BOP) operation 

HDLC, SDLC, or SDLC Loop mode 
Flag transmission/detection 
Zero insertion/suppression 
Address field detection 
FCS generation/check (CCITT-ll 
Short frame detection 
Automatic Abort transmission/detection 
Idle detection 
Go-Ahead detection 
Transmit data count control (I6-bit transmit lenqth 
register/counter) 
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Pin Configuration (Top View) 
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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 satisfying 
VI for input, and Vo for output) and "L" (voltage level 
sa~isfying VIL for inpu~, and VOL for output) . 

1.1 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. 
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Table 1-1 Pin Status after Reset 

I/O 
Pin status 

Pin name 
RESET (system reset) Channel reset 

WR I - -
RD I - -

B/A I - -
C/D I - -

D7-DO I/O - -
INT 0 Hi~" impedance High impedance 

INTAK I - -
PRI I - -
PRO 0 Depends on PRl Depends on PRI 

DRQTxA 0 "LI1 "Lit 

DRQRxA 0 "L" "L" 
DTRA/DRQTxB, 

0 
Enters DTR function and 

Holds 
DTRB/DRQRxB becomes 1fH" 

TxDA,TxDB 0 "H" 
RxDA,RxDB I -

TRxCA, TRxCB I/O I!'put state 
XIlA/STRxCA 

I 
XIlB/STRxCB -
XI2A/SYNCA 

I/O Input state 
XI2B/SYNCB 
RTSA,RTSB 0 "Rn 

C'fSA, C'fS1l I -
DCDA,DCDB I -

(4 ) CLK (System Clock) --- Input 
This pin inputs the system clock. 
must be more than five times 
transfer rate. 

(5) 

(6) 

WR (Write) --- Input (active Low) 
This pin inputs a control signal 
words or Tx data to the device. 
RD (Read) --- Input (active Low) 
This pin inputs a control signal 
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; "R" input 
selects channel B. 

(8) C/O (Control/Data) --- Input 
This pin inputs a signal which determines the tvpe 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 O~eration 

-L Channel A 
Writes transmit data to Tx buffer L H L 

Channel H B 

-L L 
Channel A 

Reads receive data from ~x buffer H L H Channel B 

-L Channel A 
Writ'es to control register L H H 

Channel H B 

H L ~ H 
Channel A 

Reads status register 
H Channel B 

H H X X High-impedance state 
L L X X Use inhibited 

X:Don't Care 

(9) 07-00 (Data Bus) --- Input/Output 
These pins constitute a three-state, eight-bit, bidirer
tional data bus. This bus is 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. 
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(11) INTAK fInt.crrupt Arknowledqel --- Input (active Low) 

This pin inputs an acknowledge siqnal returned in 
response to an interrupt request. This pin is used to 
select the Vector mode (CR7.A: D7 = l). When select inc 
the Non-Vector mode (CR2A: D7 = 0), this pin must be 
pulled up to "H". 

(17.) 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 outout control during 
the INTAK sequence. The handling of this pin depends on 
the interrupt mode. 
(a) Vectored mode tD7 of CR2A = 1) 

The PRI pin usually controls the generation of 
interrupts. If Type A-3 or Type B-2 (DS, D4, D3 of 
CR2A = 0, 1, a or 1, 0, 0) interrupt vector output 
mode is selected, the PRI pin can be set to either 
"H" or "I,". 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 "L" level to thE" 
PRI pin causes the device to enable interrupt vector 
output in any interrupt vector outp~t mode. If the 
PRI pin is set to "H", interrupt vector output is 
disabled. 

(b) Non-Vectored mode (D7 of CR2A = 0) 
Since this mode has no UTTAK sequence, the PRI pin 
serves only for interrupt generation control. If a 
vector output mode other than Type A-3 and Type B-2 
is selected, input of "1," level 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 configur~ 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 "R", PRO = "H". 
If PRI = "L", PRO = "H" provided an interrupt request 

is present, and PRO = ilL" 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 ",hich this 
pin is set to "H n differ depending on the status of D2 
of CRl: 
CRIA: D2 = 0: DRQTxA 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 by reset operation. 

CRIA: 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 Dl and DO of CR2A. 
(a) When CR2A: Dl, 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 DTRA pin status is as follows: 

When CR5A: D7 0: DTRA "H" 
When CR5A: D7 = 1: DTRA = "L" 
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(b) When CR2A: 01, DO =0, 1 

This pin functions as a DROTxB output. Its function 
is identical to that of the DRQTxA pin, with the 
exception that the former is used on channel B. 

(17) DTRB/DRCRxB (Data Terminal Ready B/DMA request RxBI 
Output 
This pin serves the following two functions depending on 
the status of bits 01 and DO of DR2A. 
(a) When 01, 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. 

(bl When 01, DO of CR2A = 1, 0 
This pin serves as the DRQRxB output. Its function 
is identical to that of the DRQRxA pin, with the 
exception that the former is used on channel B. 

(18) CTSA (Clear to Send Al, CTSB (Clear to Send Bl --
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 EIS INT is enabled 
(DO of CRI set to 1), an E/S interrupt occurs. When the 
Auto Enable mode is selected (05 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 

CTS pin Tx Enable bit Transmitter status 
L 1 Enable 
H 1 Disable 

H or L 0 Disable 
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(19) DC5A (Data Carrier Detect A) --- Input 
DCDB (Data Carrier Detect B) --- Input 

These are general-purpose input pins usable for modern 
control or other purposes. A status change on these pins 
affects E/S bit latch operation. If E/S INT is enabled 
(DO of CRI set to 1), an E/S interrupt occurs. 
If the Auto Enable mode is selected (05 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. 

Table 1-4 Auto Enable Mode and oeD Pin 

DCD Din Rx Enable bit Receiver status 
L 1 Enable 
H 1 Disable 

H or L a Disable 

(20) RTSA (Request to Send A) --- Output 
RTSB (Request to Send B) --- Output 

These are general-purpose output pins usable for modern 
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 

~n 
Protocol 

Auto Enable bit RTS bit (CRS: D1) RTS pin status 

a a H 

Asynchronous 
1 L 
a Remains nL tt until All 

1 
and then becomes uHn 

1 L 

COP/BOP a 1 
a H 

or 
1 L 

1.2 Pins Relating to Transmit/Receive Operations 

Sent=l 

(1) TxDA (Transmit Data A), TxDB (Transmit Data B) --- Outputs 
These are Tx data output pins. 
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(2 ) 

(3) 

RxOA (Receive Oata A), RxOB (Receive Oata B) --- Inputs 
These are Rx data input pins. 
XIIA/STRxCA (Crystal Input lA/Source } 

of Transmit Receive Clock A) 
XIIB/STRxCB (Crystal Input IB/Source --- Inputs 

of Transmit Receive Clock B) 
The function of these pins depends on the status of 07 of 
CR1S: 
la) When 07 of CR1S 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 (OPLL). 

(b) When 07 of CR1S is 1 
These pins function as XII, 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 07 of 
CRlS: 
(a) When 07 of CR1S is 0 

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

(b) When 07 of CRIS is 1 
These pins function as XI2, which along with pin 
XII, connects with a crystal resonator for TxRx CLK 
source osillation. 
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Opera- Sync 
tion detec-
Proto- tion 
col method 

Async 1/ 
Inter-
nal 
sync 

Exter-
COP nal 

sync 

BOP / 
X Don't Care 

Table 1-6 SYNC Pin Functions versus CR4 Value (D7 of CR1S 0) 

SYNC 
pin CR4 
func-

D71 D6 Dsl D4 D3 I D2 
Function 

tion 
Functions as a general-purpose input. Status 

0 1 changes at this pin (nHn to "L" or "L" to 
Input X X 1 0 "H") affect Sync/Hunt bit (D4 of SRI) latch 

1 1 operation, and cause an E/S interrupt. 
If a SYNC character is detected in the 

Output X 0 0 received data, this pin is set to ilL" for 
0 1 1 RxC cycle period. 

Accepts character svnchroniiation signal. 
If this pin is set from IOH" to nL",the 

0 0 device exits the Hunt phase and establishes 
0 0 character synchronization. Character 

Input 1 1 synchronization is maintained while the 
SYNC input is at "Ln. Receive character 

0 1 assembling is initiated at the rising edge 
of the receive clock which precedes the 
'falling edge of the SYNc input. 

No ~ pin does not function. 
func-
tion X 1 0 

I 

! ~ 
('i 

'1: 
1:1 o 
"'" N 
o 
o ... 
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(5) TRxCA (Transmit Receive Clock A1 
TRXCB ('l'rLlnsmit Receive Clock B1 
(a) If 02 of CRlS = ° 

Input,Output 
Input,Output 

ttiEC 

These pins function as transmit/receive clock inputs. 
They input an external transmit/receive clock. 
(Exception) :If at least one of the conditions, (D6, 

DS Of CR1S = 0, 11 or (04, D3 of CR1S = 
0, 1) is satisfied, these pins function 
as inputs even if D2 of CR1S is set to 
l. 

(b) When bit D2 of CRlS = 1 
These pins function as outputs. The output clock 
source is selectable from a crystal oscillator, BRG, 
DPLL, and transmit clock cepending on the setting of 
01 ana DO of CR1S. 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 02, 01, and DO 
of CRlS is invalid. 
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2. CONFIGURATION 

The basic function of the AHPSC "is to control serial data 
transmission/reception with other serial data communication 
devices. The AMPSC contains a flexible architecture to 
efficiently implement this function. 
The internal logics of theAMPSC can be divided into system 
clock, system interface, and transmi t/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. 

L 
System clock section 
System interface section 1 interface control circuit t= Read/write control 

Interrupt/DMA control 
Data bus buffer 

Registers -----------------c==r-- Control register 

Transmit/receive Status register !; Transmit/receive channel -c::: Transmitter section 
Receiver 

Transmit/receive control circuit 
Transmit/receive clock circuit 

Fig. 2-1 A~1PSC 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/wri te 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 r.irr.uit 
The interface control circuit controls interfacing between 
the AlIPSC 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 a-bit data 
bus bUf fer. The type of' data on . the data bus, channel 
selection, and direction of data tran~fer 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/O RD WR INTAK PRl Function 

~ 
H 

L L H H x(l) Channel A 
Reads receive data 

Channel B 
Channel A r-L L H L 

H 
H X 

Channel B 
Writes transmit data 

r-:-L Channel A Reads status register 
H 

H L H H X Channel B (SR) 

r-L Channel A Writes data to control 
H H L H X 

Channel reKister fCR) H B 

X X H H 
L L 

Interrupt 
(2) 

L H 
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 (HOLC, SDLC, etc.) protocols, and is 
controlled by the transmit/receive control circuit. This 
block also ~ontains 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 otherwise 
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 
AHPSC's status by reading these status registers. The M~PSC' 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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r COntrol registers (CR) 

CRO 
CRl (l) 
eP2 
CR3 
CR4 
CR5 
CR6 

CR7 (2) 
CRB,CR9 
CRlO 

~PD72001 

eRI1 
CRl2 - Tx/RxBRG registers (3) 

Registers 

Status registers (SR) 

CRI3 
CRl4 
CRls 

SRO 
SRI 
SP2B (4) 

SR3 
SR4A (4) 
SRB 
SR9 
SRI 0 

SRI 1 (2) 
SRl2 ,SRl3 (2) 
SRl4,SRls 

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. TLe registers listed above are provided on each 

ch_,nnel, with some exceptions. 

Fig. 3-1 Al1PSe Internal Register Configuration 
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Table 3-1 Outline of ANPSC's InternEd Pe9ister Functions 

Type Reg. Channel Description 
/lame 

Control CRa A, B Register selection pointer, control 
regis- commands, or initialize commands 
ters CRI A, B Interrupt/m1A control, received 

data transfer mode 
CR2 A System Interface mode, Interrupti 

m1A mode, Vector mode 
B Initial value of interrupt vector 

CR3 A, B Receive control and Auto Enable 
control 

pari~ CR4 A, B Operation protocol mode, 
cont.rol 

CP5 A, B Transmission control 
CR6 A, B SYNC character/address 
CR7 A, B SYNC character/flaq pattern 
CR8 A, B Tramsmit data count (lower 8 bitsl 

(TxDL-Ll 
CR9 A, B Transmit data count (higher 8 bits) 

(TxDL-H) 
CRIO A, B Data format, loop mode control, 

SYNC character bit length 
CRll A, B E/S interrupt control 
CRl2 A, B TRxC pin/DPLL source selection, 

I Tx/RxBRG interrupt control, 
Tx/RxBRG reqister control 

RxBRG-L A, B RxBRG count value (lower 8 bits) 
RxBRG-H A, B RxBRG count value (hiaher 8 bits) 
TxBRG-L A, B TxBRG count value (lower 8 bits) 
TxBRG-H A, B TxBRG count value (higher 8 bits) 
CRl3 A, B TxDLC control, standby mode con-

trol 
CRl4 A, B DPLL control, test mode control, 

Tx/Rx BRG control 
CRl5 A, B Crystal oscillator control, Tx/Rx 

CLK source selection, TRxC pin 
control 
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status SM ·A, B Transmit/receive buffer status, 
regis- Special R~ Condition status 
ters SRI A, B HiS bit 

SR2 B ; Interrupt vector . 

SR3 A, B . Residue Code, Tx/Rx BRG Zero Count 
SR4 A INT Pending bit 
SR8 A,· B TxDLC-L flower 8 bits) 
SR9 A, B TxDLC-H (higher 8 bits) 
SRIO A, S OPt!. eLK MissIng status, Loop 

status 
SRll A, B Interrupt Enable status (contents 

of CRll) 
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) 
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.Tab1e 3-2 <1/5) Register Status (No.1) 

(X: Undefined, -: Not affected) 

Register name ___ Bitl 07 D6 D5 04 I 03 02 01 DO 

Function eRe Control Comm01nd R~gister Pointer 

eRO System reset X X O. 0 

Channel reset X X 0 0, 

Standby mode - - - -
Short Overrun First First Tx T. E/S 

Function Frame Error Rx INT Rx INT Mode INTiDMA INT/DMA INT 

Detect INT Mask Enable Enable Enable 
eRI 

System reset X X X () X 0 0 

Channel reset - - - 0 - 0 0 

Standby mode - - - - - - -
Vector Status Priority 

Function Mode Affect. Output Vector Type Select INT/OMA Mode 

Vector 
CR2A 

System reset 0 X 0 0 0 

Channel reset - - - - -
Standby mode - - - - -

Function Initial Vector Value 

CR2B System rest X 

Channel reset -
Standby modo -

Rx Character Auto Enler Rx Addr ... SYNC Clar. Rx. 

Function Bit Length Enable Hunt CRC S.arch Load Enable 
lnhibitl 

Ph .. e Enabl. Mod. Multicast 
CRJ 

System reset X X 0 X X X 0 

Channel reset - - 0 - - - 0 

Standby modo - - - - - - -
Function Clock R.te Protocol Mode T" Stop Bits 

Parity Parity 

Select Enable 

CR. System retet X X X X X 

Chlnnel reset - - - - -
Standby modo - - - - -

DTR Tx Character Send T" CRC RTS T" 
Function Control Bit Length Break/ Enable Pol".. Control CRC 

Abort 
CRS 

nomial Enable 

System resat 0 X 0 0 0 0 X 

C~annal rasat 0 - 0 0 0 0 -
Standby mode - - - - - - -
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Table 3-2 (2/5) Register Status (No.2) 

(X· Undefined -" Not affected) 

Register name =::::::::Bit 07 06 T 05 04 I 03 I 02 I 01 I DO 

Function SYNC Character/ Addr ... 

CR6 System reset X 

Channel reset -
·Standby mode -

Function SYNC ChoracteriFlag 

CR7 System rlsat X 

Chann,1 reset -
Standby mode -

Function Tx Oola Length L-Byl. 

CR8 System reset X 

Channel r.set -
Standby mado -

function Tx Dot. Length H-Byte 

CR9 System reset 1 . X 

Channel reset 1 -
Standby mode - -

CRC Data Auto T:l Idle T 1 <Anditioa D4/ SYNC 

Function Initialized Format 
.',Syn./ Condi- .on Loop Character T. 

Condition on Loop tion 
CRIO 

Underrun Enable Bits 

System rBst 0 0 0 0 0 0 0 

Channel reset 0 0 0 0 0 0 0 

Stanby mode - - - - - - -
Break/ Tx CTS Syn./ OCD All Idle BRG 
Abort/ Unc1.errun 

Function GA /EOM IE Hunt IE Sent Detect IE 
IE IE 

CRll 
IE IE IE 

System rest 1 1 1 1 1 1 1 0 

Channel reset 1 1 1 1 1 1 1 0 

Standby mado - - - - - - - -
BRG BRG 

/ 
T. Rx Tx BRG Rx BRG 

Function Select lor Select for BRG BRG Register Register 

TRxC OPLL IE IE Set Set 
CR12 

7 System feset X X 0 0 0 0 
Channet reset - - 0 0 0 0 
Standby mode - - - - - -
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Table 3-2 (3/5) Register Status (No.3) 

(X: Undefined, -: Not affected) 

Register name ~it I 1>7 1>6 I 1>5 1>4 t 1>3 I 02 01 I DO' 

Function R. BRG Constant L-Byte 
R. 

BRG System rest X 

Register-L Channel reset -
Standby mode -

Function Rx BRG Constant H-Byte 
Rx 

BRG System reset X 

Regi.ter-H Channel rest -
Standby mode -

Function Tx BRG Constant L-Byte 
T. 

BRG System reset X 

Relister-L Channel reset -
Standby mode -

Function T. BRG Constant H-Byt. 
T. 

BRG System reset X 

Regi.ter-H Channel reset -
Standby mode ~ 

T. Stand-by 

Function DLC Mode 

CR13 
Enable s.t 

System r.set 0 '0 

Channel.reset 0 0 
Standby mode - -

Loc.1 Echo BRG R" T. 

Function DPLL Command Self Loop Source BRG BRG 

Teat Teat Select, Enable Enabl. 
CRU ----}---+----}---+---+---~·JSt.m rnet 0 0 0 0 0 _. 

Channe' reset ._-{. __ .+----}---+---+--- - - 0 0 0 
Standby mode - - - - - -

Xt.1 R"CLK T.CLK TRiC ~ 
Function Select Select Select Input! Source 

CRlS 
Output Select 

System reset 0 0 0 0 0 
Chennel reset 0 0 0 0 0 
Stondby mode - - - - -
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Table 3-2 (4/5) Register stat~s (No.4) 

(X ex· Undefined -' Net affected' 

Aegiste, name =:::..::::::::: Bit 1>7 1>6 1>5 1>4 D3 D2 DI DO 

End CRCI R. Parity Short T. Sending R. 

Function of Framing Overrun Error Frame Buffer Abort Data 

Frame Errnr Error 
SRO 

Detect Empty Available 

SY1tem reset 0 0 0 0 0 1 0 0 

Channel reset 0 0 0 0 0 1 0 0 

Standby mode - - - - - - - -
Bre.k! T. CTS Sync I DCD All Idle BRG 

Function Abortl 
GA 

U.dernm! Hunt Sent Detect Z~ro 

SRI 
Detect EOM Count 

Syltem reset X 1 X X X 0 0 0 

Channel reset - 1 - - - 0 0 0 

Standby mode - - - - - - - -
Function Vector V.lue 

SR2B System reset X 

Channel relel X 

Standby mode -

~ 
T.BRG R. BRG 

Function Zero Zero Residue Code 

Count Count 
SR3 

~ 
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 Sp. R. Sp. R. 
R.INT T. INT EIS [NT R.INT T.INT tiS INT CoodiU ... INT Coodili ... INT 

SR4A 
Pending Pending Pending Pending Pending Pending Pending Pending 

System reHt 0 0 0 0 0 0 0 0 

Channel reset 0 0 0 0 0 0 0 0 

Standby modi - - - - - - - -
-. On. Two 

1/ 
Sending 

/ 
Tx Sync/ 

V Function Clock Clocks on Loop on Loop 

SRIO 
"Ussing Missing 

System reset 0 0 

1/ 
0 

!/ 0 

1/ Channel r ... t 0 0 0 0 

Standby modo - - - -
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Table 3-2 (5/5) Register Status (No.5) 

IX: Undefined, -: Not affectedl 

Register name Bit D1 D6 llS 0·\ U3 D2 Dl DO 
Bro.kl T. CTS Sync/ DCD All Idle BRG 

Function Ahnrt Undurun' IE Hunt IE Sent Detect IE 

IE EOM IE IE IE IE 
SRU 

SYI~.m re .. ~ I I I I I I I 0 

Channel reset i I I I I I 1 0 

Standby mode - - - - - - - -
Function R. BRG Counter Constant L-Byte 

SRl2 System reset X 

Channel reset -
Standby mode -

Function Rz BRG Counter Constant H-Byte 

SRl3 System reset X 

Channel reset -. .Gtandby mode -
Function Tx BRG Counter Con.tont L-Byt. 

SRa System reset X 

Channel rnet -
Stnodby modo -

Function Tx BRG Counter Constant H-Byte 

SRIS System reset X 

Channe. reset -
Standby modo -

2-26 



NEe 
The AMPSC's internal registers can be accessed ~hrough pins 
B/A Rnd C/O. Selection of registers is done by combining 
pointer bits DO-D2 of CRO and High Pointer bit D3 of the 
same register. The register pointer wi thin 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 

-----, r--------, ~_-_-_-_-_-_. B/A ______ ~..,. ____ .<...c.. __________ ~..,.-__ __'. 

C/D -----7 '\..--------7 
-------- "=-----

Data bus --------~~~--------------~~~----------

Register pointer value 
________ "~0_" ______ _J><~ _________ '_·4~" ________ _'><~ ___ ·_·0~" ___ 

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 TxBRG or RxBRG register. The register 
pointer is c·leared onlv Rfter these write accesses are 
completed. This sequence is shown in Fig. 3-3. If both D1 
and DO are zero, this exception is not applied. 
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Example: Setting the TxARG register no channel R: 

PR 

L H 
Databus 

Regist~r pointer value 
"0" X'-_______ .. ..:::1..:::2:....'_' _____ ~X~ __ '...:' 0::..'_'_ 

Fig. 3-3 TxBRG Register Setting Sequence 

3.2 Control Registers (CRl 
This section describes control registex's 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. Carefully 
examine the meaning of each bit of the contr0l registers in 
the desired operation mode. 
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AMPSC's 
control 
register 
function 

Basic rep;ister -- CRO 

Basic 

(register section, Command) 

CRl -~-- CRll 
(interru~t/ (E/S interrupt) 

DMA, 
receive 1I!ode) 

operation ____ ~ __ CR2 

control (interrupt/ 
DMA,vector) 

~ 
CR6/CR7 
(SYNC,address,flag) 

CR4 
(protocol, 
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DPLL, . register. 
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CRlS 
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Fig. 3-4 Control Register Configuration 
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3.2.1 Control Register 0 (CRO) 

Bit D7 I D6 DS I D4 I D3 D2 I Dl I DO 
Function CRC Control Command Register Pointer 

0 0 No Operation 000 No Operation 0 o 0 CRO, SRO 
0 1 Initialize o 0 1 High Pointer o 0 I CRI, SRI 

Rx CRC 
Calculator 0 1 0 Reset E/S Bj. t Latch 0 1 0 CR2, SR2B 

1 0 Initialize 0 1 I Channel Reset 0 1 1 CR3, SR3 
Tx CRC 
Calculator 100 Enable I 0 0 CR4, SR4A 

Next Rx Character 
1 1 Reset Interrupt 1 o 1 CRS 

Tx Underrun/EOM 
Bit 1 o 1 Reset 1 I o CR6 

Tx INT/DMA 
Pending 1 1 I CR7 

Contents f--.- - ----- --- ----
I I 0 Error Reset o 0 0 CR8, SR8 
I I I End of Interrupt o 0 1 CR9, SR9 

(Channel A Only) 0 I 0 CRIO, SRIO 
o I I CRII, SRll 
I o 0 CRI2, SRl2 
1 0 1 CR13, SR13 
1 1 0 CR14, SR14 
1 1 1 CRlS, SRlS 

(1) 07, 06 (CRC Control) 
These bits are valid when the COP or BOP mode is selected. 
They have no meaning in the asynchronous mode. 
o 0: No operation. 
o 1: Initialize Receive eRC Calculator 

This command is used 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 07 of 
CRlO: 
• When 07 of CRlO is 0, the initial·value is O • 
• When 07 of CRlO is 1, the initial value is 1. 
Bit 07 of CRlO must be set before issuing this 
command. 
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Exception: 
In the BOP mode, the CRC 
intialized according to the 
receiving the flag, without 
command. 

calculator 
value of 

the need 

is automatically 
CRIO's 07 upon 

for issuing this 

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 TxCRC calculator differs depending 
on the value of 07 of CRIO: 
• When 07 of CRIO is 0, initial value is O • 
. When 07 of CRIO is 1, initial value is 1. 
07 of CRIO must be set before issuing this command. 

Exception: 
If 07 of CRIO 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 Messa~e Bit 
This command is used to reset (1 to 0) D6 of SRI (Tx 
Underrun/EOM). If Tx data is not written to tbe transmit 
buffer in the specified time period after transmit 
operation was started, the AMPSC enters the Tx 
Underrun/EOM state. At this point the N1PSC judges 
whether a CRC is to be sent or not depending on the value 
of 06 of SRI. Therefore, manipulation of bit D6 of SRI is 
required before starting transmission: 

\\Then D6 of SRI is 0 when a Tx underrun occurs, a CRC is 
sent. 
When D6 of SRI is 1 when a Tx under run occurs, a SYNC 
character/flag is sent. 

If CRC transmission is desired at the time of the Tx 
underrun, 06 of SRI 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 ROP mode, 06 of SRI is set to zero when the first 
Tx data of a frame is written into the AMPSC without 
issuing this command. 

(2) 05-03 (Command' 
These hits 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. 
o 0 0: No operation. 
o 0 1: High Pointer 

This command is used with 02-00 (Pegister Pointer) 
of CRO when accessing CR8-CRlS or SR8-SR15. For 
example, when accessing CRIl, DS-DO of CPO are set 
to 001011. 

o 1 0: Reset External/Status Bit Latch 
This command is issued when an E/S bit (each bit of 
SRI) 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. 

D 1 1: Channel Reset 
This cOll1,llland 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 vlri tten 
within 3 system clock periods (3 tcy) after the 
Channel Reset command was issued. 

1 0 0: Enable Next Receive Character Interrupt 
This command is valid only when the First Rx INT 
mode (04, 03 of eRl = 0, 1) is selected. It 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. 
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Exception: 

This command is invalid when the First RX INT Mask is 
on (05 of eRl = 1), even if the First RX INT mode is 
selected. 

1 0 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 ID2 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 AHPSC to operate 
follows: 

(a) 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. 

(b) COP mode 
The device issues a Tx interrupt or Tx DHA 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 dC'.ta was written in the 'Tx Underrun 
state (e.g., PAD), the device issues a Tx interrupt 
or Tx DMA request when its Tx buffer is emptied 
after that data is transmitted following a CRC. 

(c) BOP mode 
The device issues a Tx interrupt or Tx OMA request 
when its internal Tx buffer is emptied after a CRC 
has been transmitted in the Tx Underrun state "'hich 
occurred after this command was issued. 

1 1 0: Error Reset 
This command is used to reset the pertinent 
bits (D3-D7 of SRO) 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. 
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NEe 
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-DO (Register Pointer) 
These bits specify the number of the register Irlithin the 
AMPSC to be accessed. They are reset to 000 when a reset 
operation is executed or when the AMPSC is accessedl.safter 
a Register Pointer value is specified. For registers 
numbered 8 and above, the High Pointer command (DS-D3 = 
001) is added to this Register Pointer to access those 
registers. 

3.2.2 Control Register 1 (CRl) 

~ D7 D6 DS D4 j D3 D2 Dl DO 

Functior Short Overrun First First Tx INTI t!;/s INT 

\ Frame rror Rx INT Rx INT Mode Tx INTI DMA ~nable 
Operation Detect INT Mask DMA Enable 
Iprotoco:i\ Enable 

o Normal 0 Disable 0 0 Rx INT 0 Disable 0 DisablE 0 Disable 
Async Mode Disable 

1 Specia 1 Enable 0 1 First 1 Enable 1 Enable 1 Enable 
0 

Mode Rx INT 
COP 1 0 All 

Rx INT-l 
0 Disable 1 1 All 

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 long). 
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0: Disable 

Short frame detection is disabled. 
1: 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. 

(2) 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 last 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 ra). 

1: 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 is illustrated in Fig. 
3-5 (b) • 
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la) If DG of CRI 

Parity Error 

Error 

SRO: 
D6-D4 

.. --------, 
"----.... 

I 
I 
I 
I 
I 
I 

o (Normal m00E'!) 

Data bus buffer side 

{> 

Overrun signal 

Shift register side 

(b) If 06 of CRI 1 (Special mode) 

o 
Shift register side 

Fig. 3-5 Rx Overrun Error Bit Set Timing 
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(3) D5 (F.irst Receive Interrupt ~~ask) 

This is enabled only if the First Rx INT Hode (D4, D3 of 
CRl = 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. 

(4) 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. 
o 0: Receive Interrupt Disable 

This mode is used to accept received data by using 
status polling, or to disable receive interrupt 
requests. 

o 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 is 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 CRG. These 
received data items can be read as 
normal data. 

If an Enable Next Rx Character INT 
issued, data received after this 
issued can cause an Rx interrupt. 
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1 0: 

1 1: 

NEe 
All Receive Tnterrupt-l 
This mode is used to indicate received datil hv 
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. 
All Receive Interrupt-2 
Same as the All Rx Interrupt-I, with the exception 
that a parity error is not indicated by a Special 
Rx Condition interrupt. 

(5) D2 (First Transmit Interrupt/DHA Enable) 
This bit determines whether the Tx INT/DMA request is to 
be activated or not immediatply after transmission if' 
enabled. It is valid when Tx INT/DMA mode is enabled ID7 
of CRI = 1). 
0: Disable 

In this mode no Tx INT/DMA request occurs when 
transmission is enabled. The first Tx data cannot be 
wri tten b: using a Tx interrupt or DMA request in 
this mode. Therefore, the first Tx data must be 
directly written by the host processor immediatelv 
after transmission is enabled. Once the first Tx 
data is written, the Tx INT/DHA request becomes 
active when the Tx buffer is subsequently emptied. 

1: Enable 
When transmission is enabled in the AHPSC, 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. 

(6) Dl (Transmit Interrupt/m1A 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 eRl), 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 \"hen 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 D~ffi 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 CR11. For more 
information about the E/S interrupt, refer to 
subsections 3.2.13, Control Register 11 (CRll), 3.2.14, 
Control Register 12 (CRi2), and 3.3.2, Status Register 1 
(SRI) . 
0: Disable 

In this case, no E/S interrupt occurs even if the 
E/S bit status has changed, regardless of the value 
of CRll. Whj,le no E/S bit latch operation occurs, 
the F./S bit of SRI 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 CRll. 
Changes of the E/S bit are latched. 

3.2.3 Control Register 2A (CR2A) 

Bit D7 D6 D5 I D4 I D3 D2 Dl I DO 
Vector Status Priority 

Function Mode Affects Output Vector Type Select INT/DMA Mode 
Vector 

0 Non- a Fixed a a 0 Type A-I a TxA 0 0 Both Channel 
Vectored Vector 0 0 1 Type A-2 RxB INT 

1 Vectored 1 Status 1 RxB a 1 Ch-A:DMA 
Contents Affects a 1 a Type A-3(Slave TxA Ch-B:INT 

Vector 0 1 1 Type B-1 1 0 Both Channel 
DMA 

1 0 a 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 bjt 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. 

I: Vectored 
Interrupt vectors Cl.re obtained by using the INTAK 
signal. 

(2) 06 (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 
vector value set in CR2B is directly 

1: Status Affects Vector 

is fixed. 
output. 

The 

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 Type 
bits (05-03 of CR2A). The values of the remaining 
bits set in CR2B are directly output. 

(3) 05-03 (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: 
000: TypeJ.l.-1 
o 0 1: Type A - 2 
o 1 0: Type A-3 
o 1 1: Type B-1 
1 0 0: Type B-2 

(4) D2 (Priority Select) 

Bits 
Bits 
Bits 
Bits 
Bits 

and 
and 
and 
and 
and 

change. 
change. 
change. 
change. 
change. 

This bit is used to determine the order of priority 
between Tx request on channel A and Rx request on 
channel B. The priority level for other requests are 
fixed. The priority is not applied to DMA transfer. 
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0: 
1 : 

RxA ) TxA )RxB ) TxB ) E/S A > E/S B 
RxA > RxB > RxA > TxB > E I SA) E I S B 
High ~ ... ------------------...... Low 

(5) 01-00 (Interrupt/DNA Model 
These bits are used to select the Tx/Rx data transfer 
mode on each channel. WhileE/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. 
o 0: Both Channel Interrupt 

This mode allows transmit/receive data to be 
transferred by using interrupts on both channels A 
and S. An interrupt occurs when the Tx buffer is 
emptied or the Rx- Data Available state is entered. 

o 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 m'!A 
This mode allows transmit/receive data to ~e 

transferred by using DMA on both channels. 

Table 3-3 shows the values of 02, 01, and DO of CR2A and 
corresponding Tx/RX data transfer modes, pin functions, and 
priority leye!. 
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Table 3.3 CR2A Register Values Versus Operation Modes 

Priority Remarks CR2A 
Transfer moue of 
transmit/receive data 

Pin function 

Channel A 
DTRA/ DTRB/ High - Low 

Channel B DRQTxB DRQRxB 

0 0 DTRA DTRB 
RxA TxA RxB TxB Interrupt 

0 INT INT 
E/SA E/SB priority 

0 0 DTRA DTRB RxA RxB TxA TxB Interrupt 
1 INT INT 

E/SA E/SB orioritv 

No priority 
DMA 

X 0 1 DNA INT DTRA DTRB 
priority 

RxA*> RxB)TxB Interrupt 
>E/SA*>E/SB I priority 

No priority 
DHA 

X 1 0 DMA DMA DRQTxB DRQRxB I priority 
RxA*>RxB* Interrupt 

)E/SA*>E/SB* iprioritv 
* : Rx and E/S ~nterrupts w~ll occur on the channel for wh~ch the 

DMA mode is selected, provided interrupts are enabled. 
Note X: Don't care. 

3.2.4 Control Register 2B (CR2B) 

Bit D7 I D6 I DS I D4 I D3 I D2 I Dl I DO 
Function Initial Vector Value 
Contents V7 I V6 I V5 I V4 I V3 I V2 I VI I VO 

(1) D7-DO (Initial Vector Value) 
These bits are used to set the initial value of an ~nterrupt 
vector. 
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3.2.5 Control Register 3 (CR3) 

I~ D7 I D6 D5 D4 D3 D2 D1 DO 

Function Rx Character Auto Enter ~ Address SYNC ~ 

\ Bit Enable Hunt ~RC Search Character Enable 
Length Phase Enable Mode Load 

Operation Inhibit/ 
protocol\ Multicast 

0 Disable 
Async o 0 5 bits/char. 0 Disable 0 0 0 0 1 Enable 

o 1 7 bits/char. 1 Enable 
1 0 6 bits/char. o No o Disable "SYNC Char 

COP 1 1 8 bits/char. pperatior 1 Enable Load Inhibit" 
o No Operation 

1 Enter 1 Inhibit I 
Hunt 0 DisablE "Multicast' 

BOP Phase o No Operation 
1 Enable 1 Enable I 

(1) D7-DO (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 , ... hile receiving 
serial data, however, the number should be _phanged 
before input of a character which has the new number of 
bits per character. 
o 0: 5 bits/character 
o 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 pim. 
0: Disable 

CTS and DCD pins become input pins. 
these pins changes, it will be 
corresponding E/S bit (D5 and D3 of 
interrupt will occur. 
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In this case, tlw PTS pin becomes an output pin and 
its output is controlled hy the RTS Crmtrol bit (01 
of CR5). 

1: Enable 
The CTS/OCO pin can hI'! used for Tx/Rx controL For 
control methods, refer to Tables 1-3 and 1-4 of 
Chapter 1 , 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 protocol and state of RTS bit (refer to 
Table 1-5). 

(3) 04 (Enter Hunt Phase; Valid in COP or BOP mode) 
This bit directs the AJl1PSC to enter the Hunt Phase. 
0: No operation 
1: Enter Hunt Phase 

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

(4) 03 ("I.eceive CRC Enable: valid in COP or BOP mode) 
This bit determines whether or not CRC calculation is to 
be done on received data. 
0: Disable 

1 : 

(a) 

CRC calculc.tion is not done on received data. 
Enable 
CRC calculation is done on received data. 
COP 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' Cl , 
O2 , •••.• is received in this order (see Fig. 3.6>. 
Co is first received and loaded into the Rx buffer, 
followed by C1 which is shifted into the shift 
register in series. Whether or not CRC 
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calculation is to be done on Co must be decided before 
the assembling for C is completed (before C1 is 
transferred to the Rx ~uffer). If the RxCRC Enable bit 
lS set to one when CL is transferred to the Rx buffer, 
CRC calculation is aone on co. If it is zero, CRC 
calculation is not done on CO. This can be done by 
reading C from the Rx buffer, checking the character 
value by ~he host processor, and then setting the value 
of this bit (RxCRC Enable bit). Since this control must 
be completed before all bits of C1 reach the AMPSC, a 
sufficient time interval Must be 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 (~or 3 bytes) using the Rx buffer 
is, as a rule, not available in the COP mode. 

0 
G) 

} "" b. ff ., CV 
CD 

••• C2 • C1 <> 
RxD .. I I I 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 model 
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 : Enable 

Addres~ 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 Mf~.l1 i If'iB 

(global address), the frame is received. In any 
other case, the device doensn't receive the 
frame and automatically returns to the FIno 
Oetect state. 

(b) When D1 of CR3 = I 
The higher 4 bits (07-04) of the address field 
are compared with bits 07-D4 of CR6. The 
operation in this mode is identical to that in 
the above case (01 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 is 
detected. Once the address matches, abort detection 
is subsequently done unconditionally. 

(6) 01 (Sync Character Load Inhibit/Multicast; valid in COP 
or BOP mode) 
The meaning of this bit differs in the COP and BOP 
modes. 

(a) 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 
d?ta block, no special processing is done on 
that character. 
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1: SYNC Character Load Inhibit 

Inhibi ts 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 theRx buffer and is 
not used for CRC calculation. 

(b) BOP mode 
This bit is used to enable/disable the Multicast 
function. It becomes valid when the Address Search 
mode is selected (02 of CR3 = 1). 
0: No Operation 

The Multicast function remains ineffective. 
1: Multicast 

The Multicast function becomes effective. For 
details of Mul ticast operations, see the 
description for the Address Search Mode hit (D2 
of CR3). 

(7) DO (Receive Enable) 
This bit con.trol receiver operations. 
0: Disable 

Disables receiver function. 
1: Enable 

Enables the receiver function to start a receive 
operation. When the Auto Enable mode is selected (05 
of CR3 = 1), the signal applied to the oeD pin also 
affects the start of a receive operation. 
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3.2.6 Control Register 4 (CR4) 

~it D7 I D6 DS I D4 D3 I D2 Dl DO 

Function Parity Parity 
Clock Rate Protocol Mode Tx stop Bits 

opera:~ Select Enable 
protocol 

0 0 Xl Don't Care 0 0 Use Prohibited 0 Odd 0 Dis?ble 
Async 0 1 X16 0 1 1 1 Even 1 Enable 

COP 

1 0 X32 1 0 1.5 
1 1 X64 1 1 2 

Mono- 0 0 
sync Don't Care 

Bi-sync a 1 o 0 
External 
Sync o 0 or 0 1 1 1 
BOP Don't Care 1 0 0 

(1) 07, 06 (Clock Rate), OS, 04 (Protocol Mode), 03, 02 
(Stop Bits) 
Combinations of these six bits are used to specify the 
operation protocol of the device. 
(a) Asynchronous mode 

In this mode, set bits 03 and 02 to 0, 1; I, 0; or 
I, 1 (which specify transmit stop bit lengths of I, 
1.5, and 2 bits, respectively). Bits 07 and 06 are 
used to select the clock rate as a mUltiple of baud 
rate. 
o 0: xl 
o 1: x16 
1 0: x32 
1 1: x64 
When the Asynchronous mode is selected, bits 05 and 
D4 remain ineffective. 

(b) COP mode 
Set bits 03 and 02 to 0, O. Any of the following 
three modes can be selected with bits 07-D4: 
(i) Mono-sync mode 

Bits 07 and 06 can be set to any value. Set 05 
and 04 to 0, O. 

0 

The SYNC character bit length is selectable from 6 
and 8 bits (with DO of CRI0) . 
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(ii) Bi-sync mode 

Bits D7 and D6 be set to any value. Set DS and 
D4 to 0, 1. 
The SYNC character bit length is selectable as 
12 or 16 bits (with DO of CRIO) . 

(iii) External Sync mode 
Set bits 07 and 06 to 0, 0 or 0, 1 and DS and D4 
to 1, 1. This mode is used to establish 
character synchronization using 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 CRlS) is set to zero. 

(c) BOP mode 
Bi ts07 and D6 can be set to any value. Set DS and 
D4 to 1, o and 03 and D2 to 0, O. This setting 
selects the ordinary HDLC/SOLC operation. If the 
Loop Select bit (01 of CR10) is set to 1, the Loop 
mode is selected. 

(2) 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: Odd parity 
1: Even parity 

(3) 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 (DI of CR4). If 
the received data length is 7 bits or less 
(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 (CRS) 

~ D7 D6 I D5 D4 D3 D2 Dl DO 

Function DTR Tx Character Send Tx CRC RTS Tx 

\ Control Bit Break/ Enable Polynomial Control CRC 
Operation Length Abort Enable 
Iprotocol \ 

0 DTR= 0 o 5 or less "Send 0 Disable o RTS= 
Async "R" bits/char Break" 1 Enable uH n 

COP 

BOP 

1 DTR= 0 1 7 bits/ o No 
"Lit char. Ope-

1 0 6 bits! ration 
char. 

1 1 8 bits/ 1 Send 
char. Break 

0 

1 

"Send 
Abort" 

o No 
Ope-
ration 

1 Send 
Abort 

(1) 07 (OTR Control) 
This bit controls the OTR pin status. 
0: OTR pin "H" 
1: OTR pin = "L" 

12) 06-05 (Transmit Character Bit Length) 

(a t All 
0 Sent) 0 

1 RTS= 
"1" 

CRC- 0 RTS= 0 Disable 
CClTT "Rtf 1 Enable 
CRC-16 1 RTS= 

"LII 

0 

These specify the bit count per character in serial Tx 
data, as follows: 
o 0: 5 or less bits/character 
o 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 D71D61 Dsl D41D31D21Dli DO 
1 1 1 1 1 0 0 0 DO 

2 1 1 1 0 0 0 Dl DO 

3 1 1 a a a D2 Dl DO 

4 1 a a a D3 D2 Dl DO 

5 0 a 0 D4 D3 D Dl DO 2 

Dn:Effectlve data bit 

(3) 04 (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: 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. 

1: Send Break 
The TxD pin is 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 I-character period. 
If the Tx on Loop is specified (D4 and 01 of 
CRI0 are 1) in the COP mode (05, D4 of CR4 = 0, 
o 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 CRI0) . 

(b) BOP 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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Send Abort 
Starts a send abort sequence (8 consecutive 15). 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 SRI) is set. 
While the TxD pin is normally placed in the Hark 
state when the transmitter is disabled, it functions 
differently during the Echo Loop Test (D3 of .cR14 = 
1) or BOP Loop mode (DS, D4 of CR4 = 1, 0 and D4, Dl 
of CRI0 1 ,1) . 

1: Enable 
Enables the transmitter function 
trasmission. If the Auto Enable mode is 
of CR3 1), the signal applied to 
affects the transmit operation. 

to start 
selected (DS 
the CTS pin 

(S) 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 
CRIO. 
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(a) COP mode 

0: CRC-CCITT 

1 : 

In this.cas~ thI6Poly£~mina5 
express~on ~s X + X + X + 1. 
CRC-16 
In this.cas~ thI6Poly£~mina~ 
express~on ~s X + X + X 
mode 

+ 1. 
(b) BOP 

0: CRC-CCITT 
1 . 1 . 1 16 12 5 On y the generat~on po ynom~na , X + X + X 

+ 1, is selectable. 

(6) Dl (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 

~ Protocol 

Async 

COP/BOP 
X:Don't Care 
*:SR1:D2 

Auto Enable bit 

0 

1 

X 

RTS Cont .bit RTS pin status 

0 H 
1 L 

When 0 from 
H the beginning 

When set to 1 Remains "L" 
and then to 0 while All Sent* 

= 0 and becomes. 
1 when changed 
to "R" 

1 L 

0 H 
1 L 

(7) DO (Transmit CRC Enable: valid 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 TxCRC is enabled, provided the Tx 
Underrun!EOM bit (D6 of SRI) had been set to zero 
before. If the Tx Underrun/EOM bit is set to 1 
before the Tx Underrun/EOM state occurs, the SYNC 
character (COP mode) or a flag (BOP mode) \,lill be 
sent instead of the CRC character. 

3.2.8 Control Register 6 (CR6) 

Bit D7 D6 DS I D4 I D3 D2 I D1 DO 

~ Operation SYNC Character/Address 
protocol 
Async 

COP 

BOP 

Mono-sync 6 SYNC1 SYNCO SYNCS SYNC4 SYNC3 SYNC2 SYNC1 SYNCO 
(Tx SYNC) 8 SYNC7 SYNC6 SYNCS SYNC4 SYNC3 SYNC2 I SYNC1 I SYNCO 

12 SYNC3 SYNC2 SYNC1 SYNCO 1 
Bi-sync 

16 SYNC7 SYNC6 SYNCS SYNC4 SYNC3 SYNC2 SYNC1 SYNCO 
6 SYNC1 SYNCO SYNCS SYNC4 SYNC3 SYNC2 SYNC1 SYNCO 

Ext. Sync 
8 SYNC7 SYNC6 SYNCS SYNC4 SYNC3 SYNC2 SYNC1 SYNCO 

Address Search 
ADRS7-ADRSO 

(Normal) 
Address Search ADRS7-ADRS4 Don't Care 

(Multicast) 

(1) D7-DO (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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Cal 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, a part of the SYNC character pattern 
is set in them. 

(b) BOP mode 

Address 

The value set in these bits differs depending on the 
Address Serch Mode bit (02 of CR3) and Multicast bit 
(Dl of CR3j as shown in Table 3-6. 

Table 3-6 CR6 Value in BOP Mode 

Search Mode bit Multicast bit CR6 setting 
0 0 or 1 Invalid 

0 
Address value 
(ADRS7-ADRSO) 

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 I D6 I DS I D4 I D3 D2 Dl I DO 

~ Operation SYNC Character/Flag 
protocol 
Async 

COP 

Mono-sync 6 SYNCS SYNC4 SYNC3 SYNC2 SYNCI SYNCO Don't Care 
(Rx SYNC) 8 SYNC7 SYNC6 SYNCS SYNC4 SYNC3 SYNC2 SYNCI SYNCO 

12 SYNC 11 SYNCIO SYNC 9 SYNC8 SYNC7 SYNC6 SYNCS SYNC4 Bi-sync 
16 SYNC15 SYNC14 SYNC 13 SYNC12 SYNC11 SYNC10 SYNC9 SYNC8 

Ext. Sync 
BOP Flag (0 1111110) 

(1) 07-00 (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 hi ts diffes depending on 
the selected operation mode. 
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/ Cll COP mode 

In the ~lono-sync mode, t]-le receive SYNC chatacter 
pattern is set in these bits. In the Bi-svnc mode, a 
part of the SYNC character is set in them. These 
bits are not used in the External Sync mode. 

Ib) BOP mode .... LS. 
The flag pattern (01111110) is set in these bits. 

3.2.10 Control Register 8 (CR8) 

~ 
D7 I D6 I DS I D4 I D3 I D2 I D1 I DO 

unction 
Operation Tx Datn Length L-Byte 
protocol 

Async 
COP 
BOP Tx Data Length Bit7-BitO 

(1) 07-00 (Transmit Data Length L-Byte; valid in BOP mode) 
These bits specify the lower byte Ibits 7-0) of the Tx 
data count. This register is used with CR9. It must be 
set before the Tx Data Length Counter Enable bit (01 of 
CR13) and Tx Enable bit (03 of CRS) are set. 

3.2.11 Control Register (CR9) 

~ 
D7 I D6 1 DS I D4 I D3 I D2 I D1 I DO 

unction 
Operation Tx Data Length H-Byte 
protocol 

Async 
COP 
BOP Tx Data Length BitlS-Bit8 

(1) 07-00 (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 CR8~ 

2-56 



NEe J,lPD72001 

3.2.12 Control Register 10 (CRIO) 

~Bi D7 D6 T D5 D4 D3 D2 Dl DO 
Functior CRC Data Auto Tx Idle Tx D4/Loop ~YNC 

"'- Initialized Format on Sync/ ~ondit1on Condition Enable ~haracter 

operat~~ Condition Tx on !Bits 
Drotoco on LooD underrun 

Asvnc 0 o 0 NRZ 0 0 0 
P All "0" o 1 NRZI "Auto Tx "D4 10 8bits 

COP 

BOP 

1 All "1" 1 0 PMl on Sync" 0 a Enable" 1 6bits 
1 1 PMO o DisablE o Disable 

1 Enable 1 Enable 
"Tx a Flag a Normal "Loop 
ion Loop" 1 Mark 1 Abort Enable" 
10 Disable o Disable 
1 Enable 1 Enable 

(1) 07 (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 
In~tialize Tx/Rx CRC Calculator command (07, 06 of CRa = 
1, 0/0, 1) is issued. 
0: All zeros 

The CRC calculation circuit is initialized into all 
zeros by the Initializ8 command. 

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

(2) 06-05 (Oata Format) 
These bits specify the serial data format. Setting these 
bits enables the corresponding encoder/decoder. 
o 0: NRZ 
o 1: NRZI 
1 0: FMI 
1 1: Ft10 
If these bits are set to 00 (NRZ), it is possible to 
decode Manchester encoded data by setting the OPLL mode 
to FM (07, 06, 05 of CR14 = 1, 1, 0). 
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Fig. 3-7 shows the data formats and Table 3-7 shows the 
operation for each data format. 

Bit cell -I I 

I 10 
I I 

i I 
10 1 
I I 
I 

NRZ I 

NRZI 

FMO 

FMl 

Mancheste 

Fig. 3-7 Data Formats 

Table 3-7 Operations for Each Data Format 

Format Operation 
NRZI All data bits which are zero are inverted into Is, 

all data bits which are 1 are not affected. 
FMO Data value is always inverted at the beginning of 

a bit cell. If a data bit is zero, it is again 
inverted at the center of the bit cell: if the data 
bit is 1, it keeps the same status. 

FMl Data value is always inverted at the beginning of 
a bit cell. If a data bit is 1, it is again inverted 
at the center of the bit cell: if the data bit is 
zero it keeps the same status. 
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Man- The first half of a bit cell takes on the same 
chester 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 
bi t. 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 IDI of 
CRI0 = 1) is selected. 
(a) COP mode 

This bit provides the Auto Tx on Sync function to 
synchronize a receiver operation with a transmitter 
operation. It must be set before transmitter and 
receiver are enabled. 
0: Disable 

Disables the Auto Tx on Sync function (Dl of 
CRI0 = 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 (Dl of SRI0) 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 secondary 
station function. It is used for data transmission 
during the SDLC loop operation. 

2-59 

~P072001 



~PD72001 

0: 

1 : 

NEe 
Disable 
Once the AtlPSC forms u loop and starts 
transmission, this bit must be reSE't 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 I-bit delay. 
This bit must be reset before CRC transmission 
is completed after the first Tx data is written 
into the Tx buffer. 
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 RxD input is connected to the 
TxD output within the AMPSC to form a loop. At 
this point the data input to RxD is transferred 
directly to TxD wi thoH,t a l-.1I.i t delay and GA 
(Go-Ahead) pattern (-n111lIffD

) detection is 
started. If the GA pattern is detected, a I-bit 
delay is 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 subsequentJ.y 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 
This bit determines the type 
transmitted following two Ending 
0: Flag 

mode) 
of information to 
flags or an Abort. 

be 

Flags are transmitted. 
1: Mark 
A mark (consecutive Is) is transmitted. 
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(5) 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/E014 state. 
0: Normal 

If the Tx Underrun/EOM bit (D6 of SRI) is zero, the 
CRC and flags are consecutively transmitted. If the 
Tx Underrun/EOM bit is 1 or TxCRC is desabled (DO of 
CRS = OJ, only the flc_gs are transmitted. 

1: Abort 
Abort is transmitted regardless of the Tx 
Underrun/EOM bit status. The Abort transmission is 
followed by a flag transmission. 

(6) Dl (D4/Loop Enable; valid in COP or BOP mode) 
This bit determines whether the Auto Tx on Sync/Tx on 
Loop bit (D4 of CRIO) 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 is 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 CRIO), 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 des connected 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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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 I-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. 

(7) 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 length 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 is 12 bits in the Bi-sync 
mode. 

3.2.13 Control Register 11 (CRll) 

i'S'Bit D7 D6 D5 D4 D3 D2 D1 DO 
Function Break/ Ix CIS Sync/ DCD All Idle BRG 

"- Abort/ rnderrun/ IE Hunt IE Sent petect IE 
Operation GA EOM IE IE IE 
Iprotocol'\, IE IE 

"Break" 
Start- o Disable 0 0 Disable 0 DisableO DisablE 0 Disable 0 p Disable 
stop 1 Enable 1 Enable 1 Enable 1 Enable 1 Enable 1 Enable 

COP o Disable 0 

BOP 
Nor- "Abort" 1 Enable o DisablE o Disable 

mal o DisablE 1 Enable 1 Enable 
1 Enable 
"Abort/ 

Loop GA" 
0 DisablE 
1 Enable 
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Each bit of CRII 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 CRI = 1). 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 

(2) 

(b) 

D6 

This bit serves as the Break IE function. 
0: Disable 

I: 

BOP 
The 
BOP 
(i) 

Disables E/S interrupt caused 
detection/release of break state. 
Enable 
Enalbes E/S interrupt caused 
detection/release of Break state. 
mode 
function of the bit differs between the 
mode (HDLC/SDLC) and SDLC Loop mode: 
HDLC/SDLC mode 
This bit serves as the Abort IE function. 
0: Disable 

by 

by 

Normal 

Disables E/S interrupt caused by Abort 
detection/release. 

1: Enable 
Enables E/S interrupt caused by 
detection/release. 

Abort 

(ii) Loop mode 
This bit provides Abort/GA IE function. 
0: Disable 

Disables the E/S interrupt caused 
detection/ release of an Abort or GA. 

1 : Enable 
Enables the E/S interrupt caused 
detection/ release of an Abort or GA. 

(Transmit Underrun/End of Message Interrupt Enable; 

by 

by 

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. 

2-63 

~PD72001 



~PD72001 NEe 
l: Enable 

Enables E/S interrupt caused by CTS pin status 
changes. 

(4) 04 (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) 03 (DCD Interrupt Enable) 
0: Disable 

Disables E/S interrupt caused by oeD pin status 
changes. 

1 : Enable 
Enables E/S interrupt caused by DCD pin status 
changes. 

(6) 02 (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) 01 (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 Idle detection/ 
release. 
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(8) DO (BRG Interrupt Enable) 
This bit is valid only if Tx/Rx BRG is enabled (Dl, 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 
CRI2, CRI4, SRI, and SR3. 

3.2.14 Control Register 12 (CR12) 

Bit D7 D6 DS I D4 D3 D2 Dl DO 
BRG BRG TxBRG RxBRG TxRRG RxBRG 
Select Select IE IE Register Register 

Function for for / Set Set 
TRxC DPLL 

0 RxBRG 0 R.."{BRG 0 Disable 0 Disable o No o 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 CRIS = 
1) and the BRG is selected for the source of the clock 
at the TRXC pin (01, DO of CRlS = 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) 06 (BRG Select for OPLL) 
This bit selects the clock source for 
on-chip OPLL circuit, from TxBRG and RyERG. 
when the BRG clock is selected as the clock 
circuit (07, 06, 05 CR14 = 1, 0, 0). 
0: RxBRG 

tttrEC 
the lIMPSC' s 
It is valid 

for the OPLL 

The RxBRG clock serves as the clock source for the 
OPLL. 

1: TxBRG 
The TxBRG clock serves as the clock source for the 
OPLL. 

(3) 03 (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 CRll = 1). 
0: Disable 

No EIS interrupt is issued even if the TxBRG count 
value reaches zero. The status of the BRG Zero Count 
bit (DO of SRl) and TxBRG Zero Count bit (D4 of SR31 
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 TxBRG 
Zero Count bits are both set to one. 

(4) 02 (Receive BRG Interrupt Enable) 
This bit determines whether or not an EIS interrupt is 
to be issued when the RxBRG count value reaches zero. It 
is valid when the BRG IE bit is set (DO of CRll = 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. 

1: Enable 
An EIS 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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IS) 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 TxBRG 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 CRl4 = 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 RxBRG 
register. 
0: No operation 

No write cycle for the RxBRG register is provided. 
1: RxBRG Register Set 

The first two control word write cycles 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 (Dl 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 hit and bit Dl of CR12 
Register Set) at the same time is not allowed. 

NEe 
(TxBF.G 

3.2.15 Control Register ] 3 (CR13) 

Bit D7 I D6 I D5 I D4 I D3 I D2 Dl 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 used for TxDLC control. It enables or 
disables comparison of the Tx Data Length in CRa and CR9 
with the value of the TxDLC (SRa, SR9). 
0: Disable 

Disables the TxDLC function and comparison of its 
contents with the TxDL. 

1: Enable 
Enables the TxDLC function to start comparison of 
its contents \,li th the TxDL. After initialization, 
this bit must be set before the transmitter is 
enabled (before transmission is started). If this 
bit is set, the TxDLC is incremented by one each 
time the TxINT!DHA request is activated. Nhen 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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least one Ending flag is output from the TxD pinl • 
If the Tx Underrun/EOM state (D6 of SRI = 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 TxDLC value is preserved and the 
Sending Abort bit (Dl of SRO) 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. 

(2) DO (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 "DOH" into CRO. 

1: Standby Mode Set 
Places the AMPSC in the Standby mode, in Ylhich 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 '{'able 3-8. 
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Table 3-8 Pin Status in Standby Morle 

Pin nat:le I/O Pin status Pin n.?me 1/0 Pin status 

WR I TxDA. TxDB a Retains the 
current state 

1m I RxDA. RxDB I ----
B/A I TRxCA, TRxCB I/O High impedance 
C/D I RTxCA, XT\A 

RTxCB, 
I -

D7-DO I/O High impedance XIlB 

INT 
Retains the 

0 
XI2A/SYNCA current state 

I/O High impedance 
TIITi\1{ I XI2B/SYNCB 

PRI I RTSA t RTSB 0 
Retains the 

-- current state 

PRO a Depends on PRl CTSA, ~ I -
DRQTxA a DCIlA, ~ I 

DRQRxA a Retains the ------------DTRA/DRQTxB 
~ 

current state 
DTRB/DRQRxB 

During the Sti'lndby 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 

Fixed to "U" ill 
XI2A/SYNrA 
XI2B/SYNCB 

Fixed to "H" or "Lit 
CTSA, CTSB 
DCUA, ilCD1l 
others Don't Care 

The Standby mode is cleared when "00" is written into the 
control register 0 (WR= "L") 

2-70 



t(EC IJPD72001 

3.2.16 Control Register 14 (CR14) 

Bit D7 I D6 I D5 D4 D3 D2 Dl DO 
Local Echo 

Function DPLL Command Self Loop 
BRG 
Source 
Select 

RxBRG 
Enable 

TxBRG 
Enable 

o 0 0 No Operation 
o 0 1 Enter Search 
o 1 0 Reset Missing 

Clock 
Contents 0 1 1 DPLL Disable 

1 0 0 DPLL Source BRG 
Select 

Test Test 
o No 0 No 
Operation Operation 
1 Enable 1 Enable 

1 0 1 DPLL Source 
Xtal/STRxC seleTct 

1 1 0 PM Mode 
1 1 1 MRZI Mode 

(1) D7, D6, D5 (DPLL Command) 

o Xtal/ 
STRxC 

o Disable 0 Disable 

1 System 1 Enable 1 Enable 
Clock 

These bits are used to control the DPLL circuit. Hhen 
they are reset, the DPLL circuit is disabled, clock 
source input ,is assigned to the STRxC pin, and NRZI mode 
selected. 
o 0 0: No operation 
o 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. 

o 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 SRlO). 

o 1 1: DPLL Disable 
This command is used to stop the DPLL circuit. 
operation. It also resets the Clock Missing bits 
(07 and D6 of SRIO). 
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1 0 0: 

NEe 
DPLL Source BRG Select 
This command allows the use of the BRG as the 
clock source for the DPLL. Hhether the TxBRG of 
the RxBRG is to be used as the clock source 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 OSC and STRxC input is 
specified by the Xtal Select bit (D7 of CRlS) . 

1 I 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 
1: Enable 

The transmitter output is directly connected to 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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Transmitter l---1r--+--"'O TxD pin 

Receiver o RxD pin 

Fig. 3-8 Local Self/Test Mode 

(3) 03 (Echo loop Test) 
This bit is used to echo back received data directly to 
the remote sender. It is used for line tests. 
0: No operation 
1: Enable 

The RxO input pin is connected to the TxD pin within 
the AMPSC so that received data is echoed back to 
the sender via the TxO pin (Fig. 3-9). In this case 
the AMPSC' s trcmsmi tter function is invalidated, 
with transmitter control by CTS input disabled. 

Transmitter I .--1--"0 TxD pin 

I Receiver : ..... .-..--;-._-0 RxD pin 

Fig. 3-9 Echo Loop Test Mode 

(4) 02 (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 CRIS is set to one, thf' output of the 
crYstal 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. 

1: System Clock 
The system clock is used for the source clock for 
the BRG. 

(5) DI (Receive BRG Enable) 
This bit is used for RxBRG control. 
0: Disable 

Disables the RxBRG. inhibiting count operation. 
1: Enable 

Enables the R~,BRG 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 (CRIS) 

Sit D7 D6 I DS D4 I D3 D2 Dl I DO 
Xtal RxCLK TxCLK TRxC TRxC 

Function Select Select Select Input/ Source 
Output Select 

0 No o 0 STRxC Inpu o 0 STRxC Input 0 Input o 0 Xtal 
Xtal o 1 TRxC Input o 1 TRxC Input 1 Output 0 1 TxCLK 

Contents 1 Xtal 1 0 RxBRG Clod 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) 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. 

1: Xtal 
Hakes the on-chip Xtal OSC circuit available, so 
that a Xtal resonator can be connected across pins 
XII and XI2. 

(2) D6, DS (Receive Clock Select) 
These bits select the clock source for the receive 
clock. 
o 0: STRxC Input 

The clock applied to the STRXC pin of the device 
is used as the receive clock. 

o 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 00 of 
CR1S 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 OPLL is used as the 
receive clock. 

(3) 04, 03 (Transmit Clock Select) 
These bits select the clock source for the transmit 
clock. 
o 0: STRXC Input 

The clock applied to the STRxC pin of the device 
is used as the transmit clock. 
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(4 ) 

o I: 

1 0: 

I 1 : 

TRxC Input 
The clock applied to the TRxC pin is used as the 
transmit clock. If this clock is selected, bits 
02, D1, and DO of CRlS become invalid. 
TxBRG Clock 
The output clock of the TxBRG is used as the 
transmit clock. 
OPLL Clock 
The output clock of the OPLL is used as the 
transmit clock. 

02 (TRxC Input/Output) 
This 
and 
0: 

1 : 

bit selects the 
output functions. 
Input 

TRxC pin function 

The TRXC pin functions as an input. 
Output 

from the input 

The TRxC pin functions as an output. If the pin is 
specified as an input by 06, OS, 04, and 03 of CR1S, 
the setting of this bit is invalid. 

(5) 01, 00 (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 (02 of 9R15 1). If, 
however, the TRxC pin is specified for input by 06, OS, 
04, and 03 of CR15, the setting of these bits are 
invalid. 
o 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. 

o 1: TxCLK 
The transmit clock appears at the TRxC pin. 

1 0: BRG Clock 
The ERG I s output clock appears at the ~ pin. 
Selection between TxBRG and RxBRG is done with 07 
of CR12. 
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1 1: DPLL Clock 
~he output of the DPLL appears at the TRxC pin. 

3.3 Status Registers (SR) 
This section describes the status registers thar 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) 

I~Bit- D7 D6 D5 D4 D3 D2 Dl DO 
Function End CRC/ Rx Parity Short Tx Sending Rx 

""- of Framing Overrun Error Frame Buffer Abort Data 
Operation Frame Error Erro"r Delect Empty Available 
Iprotocol" 

"Framing 
Error 0 No 0 No 0 Tx 0 Not 

Error Error Buffer Available 
Async 0 No Full 

Error 1 Overrun 1 Parit 1 Available 
Error Error 1 Tx 

1 Framing Buffer 
Error Empty 

0 "eRe 0 0 

Error" 0 Tx 
Buffer 

eop 0 No Full 
Error (Including 

1 eRe eRe 
Error Transmission) ____ 

0 Not o Not 1 Tx 0 Not 
EOF Detect Buffer Sending 

BOP 1 EOF 0 1 Short Empty Abort 
Frame 1 
Detect Sending 

~bort 

(1) D7 (End of Frame; valid in BOP mode) 
This bit indicates whether reception of a frame is 
completed or not. 
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0: 

1 : 

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) . 
EOF 
This bit is set when an Ending flag is received, to 
indicate the end of a frame reception. The CRC Error 
bit (D6 of SRO) and Residue Code (D2-DO of SR3) are 
validated when this bit is set. The EOF condition 
causes a Special Rx Condition interrupt. 

(2) D6 (eRe/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 is reset bv an Error Reset command or 
reception of a normal data item (containing no 
framing error) . 
A framing error does not affect reception of the 
next data item. 

(b) COP or BOP mode 
This bit indicates the result of the eRe calculation 
performed on received data. If set to one, it 
indicates a CRe 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 
bi t after elapsing 20-bi t time from when the last 
bit of the second eRC byte is input to the RxD pin, 
or after elapsing l6-bit time from when the second 
eRC byte is transferred to the Rx buffer. In the BOP 
mode, read the bit when the End of Frame bit (D7 of 
SRO) 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 CR1). For more deteils, see the 
description of CR1. 
The Rx Overrun Error bit is latched, and is reset by the 
Error Reset command. 

t-----::~.::-r----i11 Rx buffer 

... D4.D3 0 
~D~~~~.{IJIJI==~~JJ 

Fig. 3-10 Rx Buffer Full 

Rx buffer 

Fig. 3-11 Rx Overrun 
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(4) D4 (Parity Error; valid in Asvnchronous or COP moJal 

This bit indicates the res\1} t of parity check. It j s 
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 
When in the All Receive INT-l 
0), a parity error causes 
interrupt. 

command. 
mode (D4, D3 of CRI = 1, 
a Special Rx Condition 

(5) D3 (Short Frane Detect; valid in BOP mode) 
This bit is valid when Short Frame Detect Enable is 
selected (D7 of CRI = 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 'Then the host system may +:ransfer Tx data 
to the AHPSC. 
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 in to the A11PSC. 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 MIPSC 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. 
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(7) 01 (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 (04 of CR5) is set to one. 
(b) Tx Underrun occurred when the Tx Condition on 

Under run bit (02 of CRI0) was set to one. 
(c) Tx Under run occurred when the TxDLC Enable bit (D1 

of CRI3) 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. 

(8) DO (Receive Data Available) 
This bit indicates whether or not valid receive data 
exists in the Rx buffer \.,i thin 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 (SRI) 

1~,Bit D7 D6 D5 D4 D3 D2 D1 DO 
Function Break/ x CTS Sync/ DCD All Idle BRG 

'" Abort/ ~nderrunl Hunt Sent Detect Zero 
Operation GA ~OM Count 
protocol'\.. Detect 

"Break 
Detect" a CTS="H' a SYNC="H" a DCD="H" a Not a 

All Sent 
Async 0 Not 1 CTS="L' 1 SYNC="L" 1 DCD="L" 

COP 

BOP 

Detect a 1 All 1 
Sent 

1 Break a 
Detect 

Ext. 
0 

a Not a 
'Iilt-:- Tx 0 Exit 

"Abort ~nderrun/ Hunt a Not 0 Not 
Detect" EOM Phase All Sent Idle 

Nor- a Not 1 Tx 1 Hunt 1 All 1 Idle 
mal Detect pnderrun/ Phase Sent Detect 

EOM 
1 Abort 
Detect 

"Abort 
GA 
Detect" 
a Not 

Detect 
Loop 1 Abort 

/GA 
Detect 

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 CRI = 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) 
'rhe function of this bit differs depending on the 
operation mode: 
(a) Asynchronous mode 

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 is not 
available. Therefore, the Break condition cannot be 
read as a character. 

(b) BOP mode 
The function of this bit differs between the Normal 
BOP mode (HDLC/SDLC) and SDLC Loop mode: 
(i) HDLC/SDLC mode 

This bit provides the Abort (7 or more 
consecutive Is) 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 flRg 
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 is detected. Once an address 
match has occurred, abort detection is 
subsequently done unconditionally. If it is 

2-83 

IJPD72001 



j.lPD72001 

de"j red to 
subsequent 
one again. 

( ii) Loop mode 

give 
framp-s, 

NEe 
the same funrtion to 

D2 of CP3 must be set to 

~his hit serves the Ahort/GA 
L1\~ llll nB) Detect function. 

(Go-Ahead: 

0: Not Detect 
Indicates that no Abort/GA was detected or 
rele2sed (zero received aftp-r 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/ 

Em1 state. If CRC transmission is desired 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 NIPSC. 
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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1: Indicates that the device entered the Tx 

Underrun/EOr.1 st.ate. 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 
or channel reset), Send Abort, 
disable, and this change causes an 

(3) 05 (Clear to Send) 
This bit indicates the CTS pin status. 
0: CTS pin = '''H'' 
1: CTS pin = "L" 

operation (system 
or transmission 

E/S interrupt. 

The status changes of this bit are latched to cause 
an E/S interrupt. However, if the CTS IE bit (05 of 
CRll) is zero, this bit only indicates the CTS pin 
input status and is not latched. 

(4) 04 (Sync/Hunt) 
This bit indicates the SYNC pin status or AMPSC's 
synchronization establishment state. Its 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 
~n E/S interrupt, provided the crystal oscillator is 
not used (07 of CR15 = 0). 

(b) Internal COP mode or BOP mode 
This bit indicat.es the AHPSC' s synchronization 
establishment state. 
0: Exit Hunt Phase 

Indicates that synchronization is established. 
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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 
E/S interrupt. However, if the DCD 
is zero, this bit only indicates 
status and will not be latched. 

latched to cause an 
IE bit (D3 of CRIll 
the DCD pin input 

(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 \vhen the Tx is disabled. 

1: All Sent 
Indicates that all Tx data within the M1PSC has 
been transmitted and no data remains in the Tx 
buffer or Tx shift register. 

This bit is reset to zero when Tx data is 
transferred to the AI1PSC. Zero-to-one transition of 
this bit is latched to cause an E/S interrupt. 

(7) Dl (Idle Detect; valid in BOP mode) 
This bit indicates detection of the Idle state (15 or 
more consecutive Is). 
0: Not Idle Detect 

Indicates that no Idle state is detected or the Idle 
state has been finished. 

2-86 



NEe 
1: Idle Detect 

Indicates that the Idle state is detected. 
status changes of this bit are latched to cause an E/S 
interrupt. 

(8) 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 CRl1) is zero. 

1: 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 TxBRG and RxBRG can be 
determined from D4 and D3 of SR3. 
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3.3.3 Status Reqist~r 2n (SR2B) 

~Bit 07 D6 OS D4 I 03 I D2 01 DO 
Function 
Vecti,r Vector Value 
type ""'-

0 Ch-B o 0 Tx Buffer 
Empty 

I C"-i, 

0 I Externa 1/ 
Status 

Type A V7 V6 VS VI VO 
1 0 PJC 

DAta 

Available 

1 1 SpeCial 
Rx Condition 

o Ch-ll o 0 1'X Buffer 
Empty 

I Ch-A 
0 I External/ 

Status 
Type B V7 V6 VS V4 V3 

1 0 Rx 
Data 
AV8ilabie 

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 derectlv output. 
(b) If d6 of CR2A = 1 

The value of SR2B differs dependinq 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, VI, 
and VO are affected for Type B, and all other bits are 
directly output without being changed. 
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SR2B ~s normaLLy used tor analyzing the cause of interrupt 
by the ru~PSC in an interrupt service routine in the 
Non-Vector mode (07 of CR2A = 0). 
When Tx/Rx data is to be transferred by using status 
polling, the interrupt vector set in SR2B can be treated as 
status by placing the AMPSC in the Non-Vector mode, Status 
Affects Vector (06 of CR2A = 1), and Both Channel INT (Dl, 
DO of CR2A = 0, 0). 

3.3.~ Status Register 3 (SR3) 

~it_ D7 I D6 I D5 D4 D3 D2 I Dl I DO 
Function 

---------
TxBRG RxBRG , 

operat~K Zero Zero Residue Code 
protocol Count Count 

Async 0 Not 0 Not 

COP 

BOP 

Unknown Zero Zero Unknown 
1 Zero 1 Zero 

(when there is no remainder) 
5 Bits/Char. 1 o 0 
6 Bits/Char. 0 0 0 
7 Bits/Char. 0 1 1 
8 Bits/Char. 0 1 1 

(1) 04 (TxBRG Zero Count) 
This bit is meaningful when the TxBRG is enabled (DO of 
CR14 = 1). 
0: Not Zero 

Indicates that the TxBRG count value does not reach 
zero. 

1: Zero 
Indicates that the TxBRG 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 SR1) is one 
whenever this bit is set at one. The bit is zero 
whenever the BRG IE bit (DO of CRll) is at zero. 

(2) 03 (RxBRG Zero Count) 
This bit is meaningful when RxBRG is enabled (01 of CR14 
= 1). 
0: Not 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 i,; rf'set by the Reset E/S Bit I,atch 
coromi'lnd. T11e BRG Zero Count bit (DO of SRI) is one 
whenever this bit is set at one. The bit is ~ero 

whenever the BRG IE bit IDa of CRll) is at zero. 

(3) D2-DO (ReEidue Code; valid in BOP mode) 
These bits indicate the vi'lJid range of data bits in the 
infornation fie:i.u of c frame c:.t the end of frc:~r.e 

~eception. The range of valid data bits can be 
0.etermined by reading these bits \oihen the AHPSC (.rtered 
the EOF state. Table 3-10 shmvs thE' I:"eanings of the 
Residue Code ~or different data lengthE. 

(Example) IF the Residue Code indicates "000" .lhen data 
of 8-bits is received as shown in 
Fig. 3-12, the valid I field bits are ••.. Dj7, 
DkO, Dk1. 
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Table 3-10 Meanings of Residue Code 

Residue Code I field ranl1:e (effective I field bit) 
Data D2 Dl DO nth byte (n-l)th byte (n-2)th byte (n-3) th 

lengtt (final byte) 
0 0 0 DO-3 0 

0 0 1 DO-2 0 

5 0 1 0 DO 0 

1 0 0* 0 

1 1 0 DO-1 0 

0 0 0* 0 0 

0 0 1 DO-3 0 

6 0 1 0 DO-1 0 

1 0 0 DO 0 

1 0 1 DO-4 0 

1 1 0 DO-2 0 

0 0 0 DO 0 0 

0 0 1 DO-4 0 

7 0 1 0 DO-2 0 

0 1 1* 0 0 

1 0 0 DO-1 0 

1 0 1 DO-5 0 

1 1 0 DO-3 0 

0 0 0 DO-1 0 0 

0 0 1 DO-5 0 

8 0 1 0 DO-3 0 

0 1 1* 0 0 

1 0 0 DO-2 0 

1 0 1 DO-6 0 

1 1 0 DO-4 0 

1 1 1 DO 0 0 

Di: Indicates valid data bits 
o Indicates all bits (bits 5, 6, 7 and 8) are valid. 

Indicates all bits (bits 5, 6, 7 and 8) are invalid 
(denotes eRe). 

byte 

* When there is no remainder. Denotes the case when the 
Boundary of the last receive data matches the boundary 
between the I field and eRe. 

2-91 

pPD72001 



~PD72001 ttiEC 
MSB 

07 

Recieved from the reft 

LSB 
DO 

CRC#l I CRC#2 

Bits in the enclosed portion became 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 DS D4 D3 D2 Dl 
Function Ch-A Ch-B Ch-A Ch-A Ch-A Ch-B Ch-B 

\ 
Special Special Rx INT Tx INT E/S INT Rx INT Tx INT 
Rx Rx Pending Pending Pending Pending Pending 
Condition Condition 

INT INT 
operatiO\ Pending Pending 
jprotocol 

Async 
0 Not Pending 
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 \-11.thin 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) D7, D6 (Special Rx Condition TNT 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 CRI = 0, 0). 

(2) D5 (Channel A Rx INT Pending) 
This bit indicates the presence of an Rx interrupt on 
channel A. 

(3) D4 (Channel A Tx INT Pending) 
This bit indicates the presence of a T}: interrupt on 
channel A. 

(4) D3 (Channel A EIS INT Pending) 
This bit indicates the presence of an RIS interrupt on 
channel A. 

(5) D2 (Channel B Rx INT Pending) 
This bit indicates the presence of an Rx in~errupt on 
channel B. 

(6) Dl (Channel B Tx INT Pending) 
This bit indicates the presence of a Tx interrupt on 
channel B. 
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(7) DO (Channel B E/S INT Pending) 

This bit indicates the presence of nn E/S interrupt on 
chanr.el B. 

3.3.6 Status Register 8 (SR8) 

~it- D7 j D6 I DS I D4 I D3 I D2 I Dl 1 DO 
Function 

Operation Ty. Data Length Counter L-Byte 
pro to col""'-

Async 

COP 

BOP 

Unknown 

Tx Data Length Counter Bit7-BitO 

Status Register 8 (SR8) is used with SR9 to indicate the Tx 
interrupt/DMA request activation count. These registers are 
made valid if the Tx Data Length Counter is enabled (01 of 
CR13 = 1). 

(1) 07-00 (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) 

I"SBit- 07 I 06 f 05 I 04 I 03 I 02 I 01 f 00 
Fun~ion 

Operation Tx Oata Length Counter H-Byte 
[protocol"-

Async 

COP 
Unknown 

BOP Tx Oata Length Counter Bit1S-BitS 

(1) D7-DO (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 SRB. The description of this resiter is identical 
to that for SRB, with the exception that SR9 indicates 
the upper byte of count data. 

3.3.B Status Register 10 (SRlO) 

"; Bit 07 06 05 04 03 I 02 01 00 
Function One Two 

/ 
Sending 

/ 
Tx Sync/ 

"- Clock Clocks on Loop on Loop 
Operation Missing Missing 
iprotocoi\ 

Async 0 Not o Not Unknown 
Missing Missing 

"Tx Sync" 
1 Missing 1 Missin~ 

COP Unknown 0 Not 
Tx Sync 

1 Tx Sync 
~or- UnknoWI Unknown Unknown UnknoWI1 
I mal 

0 Not lion Loop" 
Sending 

BOP 1 Sending 0 Not 
ILOOP on Loop 

1 on Loop 
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(1) 07 (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 OPLL is in use. 
When FI·l is used for the. data format, an edge (rising or 
falling edge) occurs within a I-bit time (at a bit 
boundary or center of a bit), unlike NRZ or NRZI. The 
OPLL uses this edge as a reference for clock generation. 
The OPLL identifies the position of edges in serial 
data, and generates a clock be sed on this position. If 
no edge exists, clock generation by the OPLL 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 OPLL 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 
This bit is latched, and is reset by the 
Missing Clock command (07, D6, D5 of CR14 = 0, 
or Enter Search command 107, 06, 05 of CR14 = 
1). 

data. 
Reset 
1, 0) 
0, 0, 

(2) 06 (Two Clocks Missing) 
This bit indicates whether edges were detected in serial 
data. It is valid when FI1 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. 

1: r.1issing 
Indicates that edges were not detected in serial 
data two times consecutively. 
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(3) 04 (Sending on Loop; valid in BOP mode) 

This bit indicates that the AMPSC formed an SOLe 
and is busy for transmission. It is valid when the 
Loop mode is selected (04, 01 of CRIO = 1, II. 
0: Not Sending 

Indicates that the AMPSC is not doing a 
transmission. 

1: Sending 
Indicates that the AMPSC is doing a 
transmission. 

(4) 01 (Tx Sync/on Loop; valid in COP or BOP model 

Loop 
SOLe 

loop 

loop 

The 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 also reset to 
zero if the Auto Tx on Sync bit (04 of CRIO) or 
04 Enable bit (01 of CR10) is reset. 

1: Tx Sync 
Indicates that synchronization between the 
transmitter and receiver is -established (SnlC 
character detection on receiver completed) after 
both the Auto Tx on Sync and 04 Enable bits were 
set, and transmission is enabled for the device. 

(b) BOP mode 
This bit serves the on Loop function during SOLC 
Loop operation, and indicates the repeat operation 
state of the A11SPC. 
o : Not on Loop LSB IISB 

Indicates that no GA pattern (01111111) is 
detected even if the SOLC Loop is formed (04, 01 
of CRI0 = 1, 1). In this state a I-bit delay is 
not inserted. Thi s bit is al so re set to zero 
when the device releases the SOLC Loop (01 of 
CRI0 = 0). 
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on Loop 
Indicates that il GA pattern vIas detected and a 
I-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 (SRll) 

Bit 07 06 05 04 03 02 01 DO 
Break/ Tx Underrun/ CTS Sync/ DCD All Idle BRG 

Function Abort EOM IE Hunt IE Sent Detect IE 
IE IE IE IE IE 

This register directly indicates the value set in CRII. The 
host processor can use this register to control interrupt 
enable for the AHPSC. 

3.3.10 Status Register 12 (SRI2) 

DO 

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 I D7 I D6 I D5 I D4 J D3 I D2 I D1 I DO 

Function I 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) 

DO 

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) 

DO 

This register indicates the upper 8 bits (bits 15-8) of the 
value set in the Tx BRG. 
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4. SYSTEM CONFIGURATION EXAMPLE 

'I'he following figure shows a systP-In configuration exampl~ in 
\vhich the uPD72001 is interfaced with a modem, with both 
channels placed in the D~ffi mode. 
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3. Electrical Specifications 

Absolute Maximu1Il 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 Vo -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, Vnn = 5V:!:1O%) 

Prameter Symbol Test Conditions MIN. TYP. MAX. Unit 

Input Voltage High VIHC Clock pin +3.3 Ivnn+0.5 V 

VIH Other pins +2.2 fvnD+O. S V 

Input Voltage Low 
VILC Clock pin -0.5 +0.6 V 

V1L Other pins -0.5 +O.B V 

Output Voltage High VOH IOH - -400uA 0.7Vnn V 

Output Voltage Low VOL IOL - 2.0mA +0.45 V 

Input Leakage Current High ILIH VI - V Dn 
+10 uA 

Input Leakage Current Low ILI1 VI - OV -lD uA 

Output Leakage Current I LOH Vo - Vnn +10 uA 
High 

Output Leakage Current Low I LOL Vo - OV -10 uA 

Supply Current Inn BMHz Operation 20 40 mA 

Capacitance (Ta = 25°C, VDn - OV) 

Parameter Symbol Test Conditions MIN. MAX. Unit 

Input Capacitance CIN fc - IMHz 10 pF 
Unmeasured pins 

I/O Capacitance CIO returned to OV. 20 pF 
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AC Characteristics (Ta - -10 to +70·C. VCC - +5V + 10%) 

System Interface 

Prameter Symbol Test Conditions 
Standard value 

Unit 

MIN. MAX. 

Clock Cycle tcn 125 2000 ns 

Clock high-level width tWKH 50 1000 ns 

Clock low-level width tWKL 50 1000 ns 

Clock rise time tm 1.5V to 3.0V 10 ns 

Clock fall time tKF 3.0V to 1.5V 10 ns 

Address setup. time tSAR 0 ns 
to RDJ. 

Address hold time tRRA 0 ns 
from Riit 

RD pulse width tWRL 150 ns 

Data output delay time tDAD 120 us 
from address 

Data output delay time tDRD 120 ns 
from RD 

Data float delay time tFRD 10 85 ns 
from lID 

Address setup time tSAW 0 ns 
to WR~ 

Address hold time tHWA 0 ns 
from lo.'Rt 

-WR pulse width twwr. 150 ns 

-Data setup time to WRt tSDW 120 ns 

Data hold time from WRt tHWD 0 ns 

RDt WR recovery time tRV 160 ns 
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Serial control 

Parameter Symbol Test Conditions 
Standard value 

Unit 

MIN. MAX. 

Transmit/Receive tCYD 5 tCYK 
data cycle 

-- --STRxC, TRxC input tCYC 125 ns 
clock cycle 

-- -- High t WCH 50 ns STRxC, TRxC input 
clock pulse width 

Low t WCL 50 ns 

TxD d~time tDTCTDl x 1 mode 100 ns 

from STRxC, TRxC + 
tDTCTD2 x 16,32,64 mode 300 ns 

RxD setup time t SRDRC 0 ns 
to STRxC, TRxC t 

RxD hold time t HRCRD 140 ns 
from STRiC, TRxCt 

-INT delay time from TxD tDTDIQ Tx INT mode 4 6 tCYl{ 

DRQTx delay time tDTDDQ Tx DMA mode 4 6 tCYK 
from TxD 

-* INT delay time from RxC l' tDRCIQ Rx INT mode 7 11 -tCYl{ 

DRQRx delay t~* tDRCDQ Rx DMA mode 7 11 tCYl{ 
from RxCt 

DRQRx delay time tDRDQ 120 ns 
from iD t 

DRQTx delay time tDWDQ 120 ns 
from WR+ 

*: STRxC or TRxC, which is used for the receive clock. 
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Interrupt control 

Parameter Symbol Test Conditions Standard value Unit 

MIN. MAX. 

--INTAK low-level width tWIAL 150 ns 

-PRO delay time tDPIPO 50 ns 
from PRI 

PRI setup time t SPIIA When vector output 0 ns 
to INTAi" .. is permitted. 

PRI hold time tHIAPI When vector output 20 ns 
from INTAi"f is permitted. 

Data output delay time tDIAD 120 ns 
from INTAK 

Data float delay time tFIAD 10 85 ns 
from INTAK 

Modem control 

Parameter Symbol Test Conditions 
Standard value Unit 

MIN. MAX. 

- -- -- High tWMJI 2 tcnc: ers, DCD, SYNC 
pulse width 

Low tWML 2 tcnc: 

-INT delay time tDMIQ 2 tCYK 
from crs, DCD, SYNC 

--SYNC delay time tDTRKSY COP external 0 2 tCYK 
from STRxC, TRxCt synchronization 
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Crystal oscillation and reset 

Parameter Symbol Test Conditions 
Standard value 

MIN. MAX. 

XII Input cycle time tCYX 125 1000 

RESET pulse width t WRSL 2 

Note: At all modes. system clock cycle must be more than five times 
of data rate. 

AC test I/O wave (except clock) 

2.4 -----.x 2.2 - Test_ 20 .. 2• X 
O.45---~ 0 .• - points- . \.. __ _ 

AC test clock input wave 

1. 1.1 I.I~ , Test./' 
____ ...J 0.6 - points - 0.6 \. ____ _ 

Load circuit for AC test 

D.U.T h 
,----' 1 I CL-IOOpF 

CL includes the jig-
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Timing Wave 

Clock timing 

I-----tc" ----~ 

twK. 

CLK 

t .. 

Read cycle timing 

c/o. B/A 

D7-0 

1----t ••• -----1 

Write cycle timing 

o.~: =4='.'1 _ 51 '.' ~ 
---E-~~r D7-0 

Read/Write cycle timing (data transfer by software) 

1fiJ. WR 

\'----
1~------tRV -------L 

------\~----"---
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Transmit cycle timing 

5TR.CAlS 

TR.CAlS 

T.DA/S 

DRQT.AlB 

Receive cycle timing 

R.DAIB 

DRQR.AlB 

DMA request reset timing 

DRQT.A/B 

DRQRxA/B 

~PD72001 

'~--------~-------
) 

1---- OcYC ------I 
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INTAK cycle timing 

07-0 
_---«-------,--..)>-_-«------)>-_'O_"AO[ 'FIAO~ 

E/S timing 

'C='"'=r'-~~ 
1= -- i ____ _ 

SYNC input timing (external synchronization mode) 

-.I \'---~/ \'---t ~ 
L ... t Bit of l.t Bit of __________________________ 'O"_cSY1 ___ _ SYNC CharaCler Da .. Cha .. cter ~ 

*: 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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XII input timing 

X1l --~j----~~~'----~}---
RESET pulse 
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The uPD7210 GPm-IFC is a general-purpose interface buS interface controller. 

It interfaces betltleen the interface buS specified in IEEE Std 488-1978 arxi a 

microcanputer system under the control of a microprocessor. 

Features 

o Interface cap:lbility that meets IEEE Std 488-1978 

o sm, J\Hl, 'lS/'l'E5, IJ/LE3, SRl, RiJ., PPl/PP2, DC!., 
on, Cl, C2, 0, C4, CS 

o Programmable data transfer rate 

o Sixteen registers 
eight read register and eight write registers 
message tranSllission and reception, interface function control, 

and status infca:mation . 

o 1\ddress registers 
detection of Ml'A, MLA, and ~ 
l~o device addresses 

o Autanatic ID) message detection 

o Autanatic amnand processing and undefined camoand read capability 

0 IJ4A cap:lbili ty 

0 Programmable tus transceiver ~O specification 

0 1 to 8Jtiz clock range 

0 'l"lIr-CanIatibl e 

0 N-channel K)S 

0 +5V single p:JWer SUWly 

0 4Q-pin plastic DIP 
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Nanes of states and messages are described using the method specified in . IEEE . 

Std. 489-1978. 'lbeir explanations are anitted. For detailed explanations, 

refer to the IEEE Piper: 

lEE Std. 489-1978 -IEEE Standard Digital. Interface for 

Progrlllllllable Instr\lllllltaticn-

'!he uPD7210 operates CIl positive logic, IEEE Std. 489-1978 is based CIl 

J1e9Iltive logic. A term or state raae in a logic equatiCll equals one when the 

uPD7210 is in that state, and zero otherwise. 

GPlB: 

ca..and: 

Data: 

an interface bJs wbic:b meets IEEE Std. 489-1978 

ti tiline ranote interface message 
IIlltiline ranote devi~t message 

TIR1 
TIR2 

CLOCK 
AESET 

TIA3 
DMAAEQ 

DiiAlCK 
~ 
1m 
WA 
INT 
DO 
D1 
D2 
D3 
D4 
D5 
De 
D7 

GND 

1 
2 
3 
4 
5 
6 
7 
8 
8 
10 
11 
12 
13 
14 
15 
16 
17 
18 
18 
20 

U 

JJPD 
7210 

40 
38 
38 
37 
38 
35 
34 
33 
32 
31 
30 
28 
28 
27 
26 
25 
24 
23 
22 
21 

Vee 
m 
NI5Al; 
NAFD 
5AV 
155 
DI07 
MOl 
Da 
l5i04 
6iOi 
DIm 
ImH 
SiiO 
ATN 
AEN 
iFC 
AS2 
AS1 
ASO 

Figure 1.1 Pin CCIlfiguration 
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DIOI-OlO8 

DO-D7 

CS 

RSO-AS2 

AD Interlace 
Functk)ns 

Wii 

IlMAREQ SHI 

IiiiiiACK 
AHI 

T5JTE5 

GPIB Control 

L3JLE3 

SR' 

RL. 

PP1/PP2 
T/R1-TIR3 

INT 

DCl 

DT' 

Cl 

C2 

C3 

C4 

CLOCK ------4 

RESET-....... ---------L ___ J 

Figure 1.2 Block Diagrilll 

1.1 Geleral Description 

The uRY721.0 is designed to conform to IEEE Std 488-1978. It prOl7ides an 

interface between a microcan~ter systan and the GPm. 'lhis uPD7210 is 

colmected to a GPm via non-inverting bus transceivers that meet the 

electrical specifications in IEEE Std 488-1978. 
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1.2 IEEE std 488-1978 

This standard cutlines a method for simplifying a systan by connecting various 

peri);tlerals to the same bus (GPm). 'lbis rEqUires standardized control 

signals and data flew to and fran each peri);tleral. 

Data transfer using the uID7210 is carried out in bit-parallel and by'te-serial 

fashion over Dro lines. Transfer timing is controlled by' three handshake 

lines (data byte transfer control lines). In this three-line handshake 

systEm, a ~te cannot be transferred until one handshake cycle (transfer of 

the pcevious byte) is CXJIIplete. 'lbis feature emances reliable data transfer 

bebieen periJ;ilerals of different speeds. 
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~ t t t t t t t t 0-
Device A 

.,,-

Talker, Ustener 
Controller 

(Calculator) 

. ( ~ Date Bu. 

~ 

DevlCeB 
Telker, U.tener, 

(DIgital Multlmeter) 

I.--f-
V HandShake Une. 

-
v 

Device C 
Listener Only 

(Signal Generator) 

.... L.-I-

I Control Unea 
~ 

y 

Device D 
Talker Only 
(Counter) 

~ 

'--}DI01-a 

Figure 1.3 Interface Flmctions and Bus cmfiguration 
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'nle 1JlID7210 meets the flmctional requiranents of the fol1ooring ~ specified ill 

IEEE Std. 488-1978. 

SIll, 1iIl, '15 or: 'm5, L'3 or: LB3, 

SRI., BLl, PPl, DCl, 17r.1., Cl., C2, C3, C4, CS 

When the controller is active, i.e., CIC>1 (ClOoCII&tCADS), there are two 

exceptions. 

o When CIC·SRl~1, the SRl pin becc;aes an input and the SRl message 

is not transaitted. tis SRl message is detected inside the 

IJlID7 210. 

~
CIC : 

::- =ce-------I_ _ "t--?E 
I 

"PD7210 
I 

Figure 2.1 lEE 488-1978: bception 1 

o When CIC·PPAs-1, the DID pins (DlDl to DIoe) becaae inputs and the 

PPR message is not transaitted. Yoo can detect the Pm message I:¥ 
reading the CP'l' register. 
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CIC + PPAS 

PPRn --------------------~~~ 

..... ---oOIOn 

Intema' Data Bua -----< 

~D7210 

CPT Reglater Selection 

Figure 2.2 IEEE 488-1978: Exception 2 

2.1 Pin Description 

RESET Reset (inplt, active high) 

'Itle uB>7210 aces to an idle state when this pin is high. 

CLock (inplt) 

'Ibis is a reference clock input that generates. the state change prooibit times 

(T!, '%' ~, T9) as specified in the IEEE std. 488-1978. 

112-19 I Do to Dr Dllta Bus (irplt/output) 

'Ibis is an 8-oi t bidirectional data bus whic:his connected to the data bus of 

the microcanputer Er{stEIII. 

(hip Select (iIplt, active lew) 

'Ibis enables access to the register selected by RSO-RS2. 

(input, active lew) 

'Ibis reads the contents of the read register specified by RSO-RS2 on DO-D7. 

write (input, active lew) 

tis writes the data in DO-D7 to the write register specified by ROO-RS2. 
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Register Select (input) 

'lbis selects one read (or write) registeJ; cf the eight registers cl1ring a read 

(or write) operation. 

Interrupt Request (output) 

'Dlis signal is active when an interrupt request is generated fran one cf the 

internal interrupt factors. Yru can dlange the active level in software. 

J\oCtive high: when~-o 

J\oCtive lew: when ~.l 
(~-o on reset) 

8:3: Bit 3 of auxiliaty B register 

IJfA Ra;plest (output, active high) 

'Dlis signal incU.cates that a request foe IlIA has been made. It goes lew when 

a IlIA acknewledge signal is input. 

(inplt, active lew) 

'ltlis signal camects the data bus cf the microcaaputer systaD to the data 
register. When this signal. is lew, the contents cf the Data In register is 

QJtput into DO-07 with a read signal, and the data in DO-07 is output to the 

Byte OUt register with a write B19Ml. 

cs RD WR IlIA ICK RS)-RS2 l!IlnCtion 

0 0 1 1 iDJ read registers OR-7R 
0 1 0 1 iDJ write to registers OW-7W 
X 0 1 0 lCXX read to Data In register (OR) 
X 1 0 0 lCXX write to Byte OUt register (eM) 
1 X X 1 ~} register is not selected 
X 1 1 X (DO-D7-Hi-Z) 
0 0 0 X ~} ~cilibit 
X 0 0 0 (ope~ation is not guaranteed) 
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Trananit/Rec:eive Centrol 1 (output) 

'11lis line is the input and ootput control signals of the GPm bus 

transceivers. 

- - - - -T/Rl. DIOl-DI08 ~ NRFD NDAC 

1 Q1tput Q1tput ir:plt input 
0 input inp,It output output 

T/R2, T/R3 Tranaait/Receive Control. 2,3 (output) 

jJPD7210 

'!be function of the T/R2 and T/R3 signals is detemined t¥ the 'IRK) ard 'IRMl. 

values of the address mode register as shown below. 

T/R2 T/R3 'IRK) 'lRMl. 

EDIOE 'lRIG 0 0 
CIC ']RIG 1 0 
CIC EDIOE 0 1 
CIC FE 1 1 

EDIOE-'l'1CS+SPIIS+CIC. CSBS 

When EDIOE=l, the EDI pin is an output; when EDIOE=O, EDI is an 

irplt. 

C~ 

When CIOol, .\iN is an output and ~ is an input. When CIC=O, KiN 
is an inplt and ~ is an output. 

PE=CIC.PIN; 

When Pf)Il, thr~state bus tranSQeivers are used in DIOl-DIOS and the 

DAV lines. When PEaO, ClperH:Ollector transceivers are used. 
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'lRm 

!WEe 
When DTA9-l or when a Trigger auxiliary COIIIIIimd is issued, a high 
pulse is generated. 

'!be following pins are connected to the corresponding lines of the GPlB 

through no~inverting tus transceivers. 

I 28-35 I mOl-OIOB Data IqlUt/'OUtput (input/output) 

'Ibis is an 8-bit bidirectiCl1lll data bus used foe transferring renote multiline 

messages. 

Data Valid 

'.!his is a handshake line which indicates that the data on the DW lineS is 

valid. 

Not Ready for Data (input/output) 

'Dlis is a handshake line which indicates whether the GPlB is pcepared to 

receive messages. 

Not Data J\a:ept:ed (input/output) 

'Ibis is a handshake line which indicates that the message has been received. 

Attention (input/outplt) 

'.!his is a control. line which indicates that data on the DIO lines is an 
interface message cr a device-dependent message. 

Interface Clear (input/output) 

'Dlis is a control. signal. that Clears the interface flmCtion. 
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Service R€quest (input/output) 

'Ibi.s control line asks the controller for service. 

REmote Enable (input/output) 

'ttlis control line selects renote or local control for a device. 

IDI Dd of Identify ( input/output) 

'ltlis control line iooicates the eOO of a transfer of multiple bytes or, with 

MN, exea.Jtes a parallel poll. 
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The uPD721.0 cootains 16 registers; eight read registers and eight write 

registers. 

II II II 
8 8 8 - lIegIot_ 
Z 1 0 

000 wlal~I~I~I~lool~I_~~ 

o 0 1 CPT I APT I DEY I END I DEC I EfIfI I DO I DI I I ......... _ ... 1[1111 

o 1 0 INT I _I I LOK I IIEII I co I LOKC I RElIC I AOSC lint .... Stot ... 2 12111 
o 1 1 SI I PEND I SI I SI I Sot I S3 I 52 I 81 I ---12IIJ 
1 0 0 CIC IAN IsplISlLPAS ITPAS I LA I TA IIIJIINI -_14111 
1 0 1 I CPT71 CPTII CPTSI CPT. I CPT31 CPT2 I CPTI I CPTO I Comm __ Th ........ 15111 
1 1 0 I x I oro I OLO IADI-OIAD4-0IAD3-0IAD2-oI4OI-o1 __ 0 [IRJ 

1 1 1 I E~I on I DLI IA05-1IA04-11AD3-1IA02-1I401-11 _1[7111 

Figure 3.1 Read Registers 

o 0 0 18071 _ 1805 1804 I 8031 802 I 801 I 800 I a,teOutIOWJ 
o 0 1 I CPT I APT I DEY I INO I DEC I _ I DO I DI I InIerrupt _ 1[IWJ 
o 1 0 I 0 I _I I DIIAO I DIIAI I co I LOKC I RElIC I AOSC I InIerrupt _ 2 I2WJ 

o 1 1 I SI I _ I SI I 55 I Sot I S3 I 52 I 81 I ---13WJ 
1 0 0 I ton I Ian I TIIIIl ITIIIIOI 0 I 0 1_11_1 __ 14WJ 
1 0 1 I CNTI I CNTI I CNTO I COIMI coni COllI I COllI I COIlO I Aux.18ry - [SWJ 
1 1 0 I AIlS I aT I OL I ADS I 4041 A031 A021 40q _OIlltWJ 
1 1 1 I leT I ECI I Eel I IC4 I EC3 I Eel I ECI I Eeo I _ of StrIng [7WJ 

Figure 3.2 Write Registers 

3.1 Data Registers 

I 0I710I610ISI0I410DI0I210nloIO I (OR) Data In register 

IB07I~I~IB04IB03IB02IBQlIB<D1 (OW) Byte OUt register 

'.Qlese data registers are used for: transferring CXIIIIWlds and data between the 

GPIB and the microcaaputer system. '!be Data In register holds data Sent fran 

the talker OI7er the GPIB when the uID721.0 is designated as the listener. Data 

is Q1tp1t OI7er the data bus with a read operation. 'lbe contents of the Data 

In register are held until the next eight bits of data are received. 
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'ltle Byte Out regist~ holds data or a CXIIIIliUld written to it l¥ a write 

q:leratioo and sends the data or ccmnand to the GPm. ~ contents of the Byte 

OUt register are updated at the trailing edge of the write strobe. 

3.2 Interrupt Registers 

I CPrIAPrI°ftlamlDfX:I~loo 101 I 

I ImI~I WKI~lool WKclRfMClmscl 
I CPrIAPrloorlamlIEI~loo I 01 I 
I 0 I SlQI laoo lI»1AIIOOl wxc lREMClmscl 

(lR) Interrupt Status 

Register 1 

(2R) Interrupt Status 

Register 2 

(1W) Interrupt Mask 

Register 1 
(2W) Interrupt Mask 

Register 2 

'!he interrupt registers are canposed of interrupt status bits, inteJ"rupt mask 

bits, and other bits not associated with interrupts. 

3.2.1 Interrupt Bits 

There are thirteen possible interrupt conditions. Each possible interrupt 

c:alditioo has an interrupt status bit and an interrupt mask bit associated 

with it. 

Table 3.1 shQfs the conditiOllS under which an interrupt status bit is set or 

reset (bi bol""8et) • ~ interrupt mask bit enables or disables the 

cocrespondinq interrupt condition. When the interrupt mask bit is set, the 

cocrespondinq interrupt condition is enabled. 
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Bit Set CondItIoRa ...... CondItIotuI 

CPT 
[UCG +ACG . (TAOS +LADS)l' undefined • 

pon+(Read INT Status 1 Reg.)* l 
ACDS' a.,* +UDPCF· SCG· ACDS' a., 

UOPCF [UCG+ACG· (TAOS+LADS)]· undefined· [(UCG+ACG)· defined + TAG+LAGj-
ACDS·a., ACDS+SO+pon 

APT ADM 1*·AOMO*·(TPAS+LPAS)· SCG-
ACDS 

DET DTAS pon+(Read INT Status 1 Reg.) l 
END LACS· (EOI +EOS • Az)*· ACDS 

DEC DCAS 

ERR SOYS' DAC· RFD+SlOS - (Write Byte Out 
Reg.)* +(SDYS-SIDS)* 

DO (TACS· SGNS) t ~?35: /NT Status 1 Reg.) l + 
+SGNS .. 

01 LACS· ACDS • COntinuous MOde pon+(Read tNT Status 1 Reg.) l 
+(Finish Handshake)' • (Holdoff Mode)' 
+(Read Data In Reg.)' 

SAOI (Cle- - SRQ ~ ROO -!:iAV) t 
LOKC LOK*t +LOKl pon+(Read INT Status 2 Reg.)·l 
REMC REM·t +REMl 

ADSC (TA' t + TA l +LA' t +LA l +CIC t +CIC l + 
+MJMN* t +MJMN l ) 'Ion+ton 

CO (CACS· SGNS) t ~ INT Status 2 Reg.) l + 
+~ 

Table 3.1 Interrupt Status Bits 

Notes: 
~: auxiliaty register A 
~n.:_ auxilicu:y register B 
AIKJ,l: addI:ess iiIode register bits 
UI(, 1UM: . interrupt status register 2 bi ts 
TA, LA, CIC, Mllfi: ad:1ressstatus register bits 
(finish handshake): Finish Handshake auxilicu:y canmd issued 
(boldoff mode) : RIiD boldoff· state 
SDl!S->SIm: transition fran scm to SlIS 

'Ihe IN"l' bit (interrupt status register 2) is the logical (2 of the enabled 

interrupt status bits. When any llI'IIIaSked interrupt status bit is set, the INT 

bib-l. '!bis makes the INT pin active. 

When the CPU receives an interrupt, it can tell which condition triggered the 

interrupt t:¥ reading the interrupt status register. All the bits of the 
interrupt status register are Cleared after a read. If an interrupt occurs 

ciJring a read, the interrupt rEqUeSt is beld until after the register is 
Cleared, then it is placed in the register. 
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CaIInand Pass 'lbrough 

Wben. BO.l, this. bit indicates that an undefined 0CJIIII/UId has been received over 
the GPlB or that a secont;1ary caamand has been received just after an undefined 

0CIIIIIIUld. 

When this bit is set, the DI\C message is held and the handshake stops until 
the Valid auxiliary camnand is issued. '!be undefined 0CIIIIIIUld can be reaQ frau 

the CXJIIII1J1d plss through register. 

'lbe tD'CP also indicates that an undefined primary c::aIIIIIUId has been received. 

1!ddress Pass '1br<lugh 

'!bis indicates that the secondary address (which the cpo. is rEqUired to check 

in address mode 3) has been received. 

When this bit is set, the rw: message is held and the handshake stops until 

ei ther the Valid Ol' Nell-valid auxiliaty C01IIIIInd is issued. '!be secondary 

address can be read frau the CCIIIIIImd pass through register. 

DeYice Trigger 

'!bis indicates that the device has been in D'l'A':I. A high pllse is output when 

T/R3 is used as the 'lRlG pin. 

'Ibis indicates that the transfer of a data block is CCIIIplete. '!bis bit is set 

when either the am message (EQ[) or a:s message (when the contents of the D 

register and the Data In register are the _) is received. 

DeYice Clear 

'Ihis indicates that the device is in DCAS. 

3-15 



IJPD7210 NEe 
Error 

This bit indicates that the contents of the Byte Out register have been lost. 

'Ibis bit is set when data is sent over the GPm without a specified listener 

or when a I:¥te is written to the Byte Out register during SIDS or during the 

SDYS->Slll3 tr ansi tion. 

I m, 01 I Data Out, Data In 

'l.be DO bit indicates a data write request to the Byte Out register. 

'Ibe 01 bit indicates that a data I:¥tehas been written to the Data In register 

fran the GPm and asks the CPU to read the Data In register. 

In continuous mode, the DI bit is not set I:¥ a write to the Data In register. 

When yoo are not using 1JfA, Y<l1 can use the IJoIAREQ pin as the DO/DI interrupt 

pin. 'l.bi.s causes the IIW) and IJfAI bits to fl.nCtion as mask bits. 

I ~1 I Service Request Irplt 

'Ibis indicates that an SR2 message has been received while the controller is 

active (CIO=l). 

When a service request canes fran several devices, the R:}S message is detected 

on the DIO line and the SR2I bit is set again. 

I UK:, RBI: I Lockout Change, Renote Change 

LOIe indicates a change in the value of the LeI{ bit (HiLS+IM.S). REHC 

indicates a change in the value of the RmI bit (REMS+lULS). 

Address Status Change 

'Ibis indicates that a change occurred in one of the four bits (T~ LA, CIC, 

MJ!ti) of the address status register. Yoo can find the values of these bits 

I:¥ reading the address status register. 
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cannand Output 

This indicates a ra:juest that a CCImlaJld be written to the Byte Out register so 

that it can be transmitted to the GPm. 

3.2.2 Nan-interrupt Bits 

Lockout, Renote 

'lhese indicate the status of the RL interface functions. 'lhe LCI{ bit 

indicates that the device is in IM.S or 00.5. 'lhe REX bit indicates that the 

device is in REMS or 00.5. 

IIW), DMl\! I IJo1A Out~t, IJo1A IrpJt 

'Ihese bits enable and disable DMA transfers between mEmOry and data registers. 

When IJWPl and the uID7210 is in data transmission enable mode, a IJo1A request 

that asks for a data I:!ite to be written to the I:!ite out register is generated. 

When IJotAI"l, a IMA request that asks for data to be written fran the GPm to 

the Data In register is generated. 

3.3 Secial Pall Registers 

I SSlpENDI$ISSIS4IS3I52I~ 
I ssl rsvl$1 SSIS4I53I521 81\ 

(3R) Serial Poll Status Register 

(3W) Serial Pall Mode Register 

'lhe serial poll mode register holds the status I:!ite (81-$, SS; sent over the 

GPm) and the local message, rsv. 

When the CPU sets rSV"'l (rsv message is issued), the state of the SR interface 

function becanes SRlS 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 Dro lines as S'lB 

and ~S messages. The rsv bit is cleared when the SR interface function is in 

Al'RS. 
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You can read S'IB in the serial poll mode register fran the serial poll status 

register. The mID bit is set when rsv..l am cleared when Nms·rBii=l. Yw 

can confirm that a request was accepted am that the S'IB bit was tranSllitted 

t¥ reading the status of the PEND bit. 

You can clear all the bits of the serial poll mode register with a reset pllse 

or with the Qlip Reset auxiliary canmand. 

3.4 Address Mode status Registers 

I CICINiNISPMSILAPSI'lPASILA/'.I2\IKi!fi1 (4R) Adkess Status Register 

I talllall'llOO.I"nMlIOIOIAOOIAIK>1 (4M) Aakess Mode Register 

'!he address mode register selects the functions of the T/R2 and 'l'/R3 pins and 

selects the address mode. 

3.4.1 Selecting T/R2 and T/R3 Pin Flnction 

'!he T/R2 and T/R3 pin fl.llCtions are selected as follQfs: 

'llOO. "nMl T/R2 'lYR3 

0 0 H>lOE 'lRIG 
0 1 crc 'lRIG 
1 0 CIC EOlOE 
1 1 crc EE 

Table 3.2 Pin Flnction Select 

3-18 



NEe .,PD7210 

3.4.2 Selecting htiress Mode 

to'1 10'1 1DO. AJJI) htiress MOde C£.ntents Of Ccntents Of 
Adr. reg. 0 /dr. reg. 1 

1 0 0 0 talk only not used not used 
0 1 0 0 l1sten ally not used not used 

MCIress mode major ~k minor talk 
G 0 0 1 1 allllljoe ci ··.minoc listen 

listen adCIr. acikess 
htiress mode prilllllry addr. r;yaddress 

0 0 1 0 2 talk or listen talk or listen 
htiress mode primaty adc1r. primiuy address 

0 0 1 1 3 _jor talk or minor talk or 
JIlIljor li~en minor listen 

All other caabimti<XlS are prdlibited. 

Table 3.3 htiress Mode Select 

'ftle uPD7210 autaaatical.ly detects two types Of addresses. '1hese are held in 

address registers G ani 1. 

o htiress Mode 1 

Actiress mode 1 irx:ludes two types Of device addresses: major and minor. M1'A 

or II.A reception is indicated when either ~ess equals the received address. 

'!be interface flmCtion is either T or L. 

o htiress Mode 2 

Actiress register 0 holds the primary address and address register 1 holds the 

sec:ondary address. '1he interface f\D:t.1on is either TE or LEo 

o htiress Mode 3 

Actiress mode 3 provides major and minor primiuy addresses. '1he CPO must 

identify the seconr3ary address ~ reading the CCIIIIIand pass through register. 

'!be interface function is either TE or LEo 
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o 'Dllk Only and Listen Only Modes 

Address identification is not necessaty in these modes. No address register 

is used. 

Bit Name Definition 

MN MN 
LPAS I2AS 
TlWl 'll'1S 
CIC c:tIiUCAM 
LA LACS+-um-Lim __ 
TA 'ma;fo~ 

Set: receipt of minor talk or minor listen address 
KJIfi Raset: receipt of major talk or major listen address, 

AIH)=Q or pon=l or Jroo=l 
SH6 SPMS 

Table 3.4 Address Status Register Bits 

'!he MN bit c:onfiru that the device has entered QBS after the Go To St:andt¥ 

auxiliaty c<JlllllUld has been issued. 

LPAS and TPlIS determine whether the received seoondaty address is the talk or 

listen address after an APr interrupt. 

ClC, LA, TAr an::l.K1* are used when yQJ must knQl their values when an AJl)C 

interrupt is generated. 

3.5 AaJress Registers 

I x 1001) IDLOIAr6-o 1AD4-O 1AD3-O 1AD2-0 IADl-oI (6R) Address Register 0 

I IDllrmIDIJ.IAr6-11AD4-11AD3-11AD2-1IADl-ll (7R) Address Register 1 

IARSIDTIILIADSIAD4IAD3IAD2IADlI (6W) Address Register 0/1 
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You set dev'ice address I::1f writing the address to acXIress register 0/1. 

bit of address register Oil. is as foll~s: 

Bit Nane FUnction 

ACkkess selects the address register to which 
0 register 0 the low-order bits are written 

1IRS (AD! to ADS) 
llJddress 

1 register 1 
permlts or prooibits the set address 

0 permitted (AOl to ADS) detected as a talk 
DT address. 'lhls bit corresponds to D'lI. 

1 prohibited or DTO of the address registers. 

permits or prooibits the set address 
0 peI1llitted (ADI to AD5) detected as a listen 

IL address. 'lhls bit corresponds to ILl 
1 prohibited or DLO of the address registers. 

these bits indicate dev'ice addresses 
ADI-ADS and correspond to ADS-O to AOl-O ani 

ADS-l to AD!-l. 

"nlble 3.5 Adkess Register 0/1 Bits 

For example, when the following codes are written into address register 0/1 in 

address mode 1: 

OOXAAAAA 

10XBBBBB 

MAAA: major talk address 

BBBBB: minor talk address 

the deYice has both the major ani minor talk addresses. 'Ihe uB17210 operates 

as if the lirA has been received when the talk address of either MAAA or BBBBB 

is received. 

YC11 can read the adddress (ADI-ADS) ani the DT ani Dr. bits written in address 

register 0/1 in either address register 0 or 1, aooording to the value of the 

ARS bit. Barever, the value of bit 7 of address register 0 is unknown. Bit 7 

(mI) indicates the value of the IDI line latched when a data I::1fte is 

received. 
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3.6 Camand Pass 'l'brcugh Register 

I cm I cml CPl'S1 cml cml cml cml cm> I 

NEe 

(SR) Camand Pass 

'lbrough Register 

'!he CE'O reads the data en· the DIO . lines throUgh the CXIIIIIIUld psss through 

register. YQ1 can read the fallowil'l9 three types of registers fran the Q'l' 

register: 

o CPlI=l, 80-1 
This iRiic:ates an urdefined CXIIIIIIUld (cCJllllllnd not defined in 

IEEE Std. 488-1978) or a secondar:y c:CJIIIIIlnd received after an undefined pdmar:y 

cCJlllllU1d. 

o APl'-1, address mode 3 

This iRiic:ates a secondar:y address. 

o After a psrallel poll 

'Ihls iRiic:ates the PPR message in the Plrallel pall. If the PPRn message to 
be Q1tput by the um7210 is true dJril'l9 the psrallel pall execution in PPAS, 

the Pm message is latched to the" Q'l' register instead of beil'l9 output to the 

DIO line. 

In the first two cases, the CPr c:ontains the data on the DIO line. In the 

last case, the PPR message is latched into the Q'l' register when CPPS-l until 

CIn9-1 or a 0CJIIIIIlnd I:!ite is sent over the GPIB. 

3.7 Em of Stril'l9 (Em) Register 

(7W) End of stril'l9 register 

'!his register holds the seven- Or e1ght-bit f.t6 message byte used tl!f the GPIB 

to detect the end of a data block transfer. '!he length of the a byte is 

selected by ~ (bit 4 of auxUiar:y register A). 
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N1en data is being received with A:2 set, em of string is detected when the 
received data and the contents of FXl> are equal. 'lhls causes the WD bit to 

be set. 

When data is being transmitted with ~ set, the am message is sent at the 
SIIIIe time as the transmitted data if the transmitted data am FXl> register are 

equal. 

3.8 Auxiliary M<xie Register 

(3i) Auxiliaty mode 

register 

A write to this register generates one of the following operations according 

to the value of the Qfl' bits (CN'lO-2): 

o a write to the auxiliaty register 

o an auxiliaty canmand is issued 

o state change pccilibit time is set 

o a write to the p![allel. poll register 

Qfl' <IIt Operatial 
210 4 3 210 

000 C4 C3 C2 Cl Co issues an allXiliaty canmand specified 
l:¥ C~-<:4 

001 o F3 F2 Fl FO ~ ties the reference Clock frtquenc::y 
and determines T1 , '%' ~, am T9 

o 11 U S P3 P2 P:J. writes to plralleJ. pOll register 

100 A4 A.3 "2 A.t JIo writes to allXiliary register A 

101 B4 BJ ~ BJ. So writes to auxiliary register B 

110 OO°E:tFo writes to allXiliary register E 

Table 3.6 Auxiliaty Register Bits 
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3.8.1 AuxiliaEr Ccmmands 

Yoo issue the follQlling auxiliazy ccmmands by writing OOOC4C3C2C1Co to the 
auxiliary mode register. 

lJIIDediate Ezecute pen 

A local message ·pon" is generated that places the follQlling interface 

functiau; into their idle states: 

SlIS, AIDS, TIDS, SPIS, TPIS, LIDS, LPIS, mRS, UlCS, PPIS, 

rues, cms, SRIS, SIIS 

If you issue this ccrrmand while a pen local message is alreaqy active (by 

either an external reset pUse or the Oli.p Reset auxiliary canmand) the pon 

local message becanes false. 

Olip Reset 

'!his oatmand performs the same function as an external reset pUse. '!be 

uID7210 is reset to the follQlling state: 

o local message pon is set an:'! the interface functions are placed in 

o their idle states; 

o all bits of the serial poll mode register are cleared; 

o EOI bit is cleared; 

o all bits of the auxiliazy A, B, and E registers are cleared; 

o the Parallel Poll flag arxl RSC local message are cleared; 

o sets Nr-S (F3=1, F2-Fl=FO-o); 
o clears the 'mKl bit arxl the 'mMl. bit; 

Finish Handshake 

'!his cxmnand ends the handshake by releasing the RED message transnission fran 

the holdoff state. 
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'l'tigger: 

'lhis a:maand generates a h19h Pllse in the 'lRIG pin (T/R3 pin when 'lMl.~). 

'Ibis auxiliaty cCJl'llBl'ld performs the same function as if the DET bit (interrupt 

status register 1) were set. '!be DET bit is not set I::¥ this CX1IIIIaI'Id. 

Return to Local. 

When S-o, this a:maand generates the local DE!sage wrtl.· in the form of 

Pllses. If rtl is alr~ set, this 0CJIIIIIIIId clears it. 

When S-l, this a:maand sets the local DE!Ssage rtl.. 

Bend II>I 

rus a:maand sends the I!RD message with the next data I::¥te. It if' valid only 

far: 'lXS. 

'lhis CXlIIIIIllnd releases the ON: message heldaff I::¥ the address pass through. 

'lbe um7210 is allQfed to operate as if an e&. message bas been received. 

This a:maand releases the IX message heldaff I::¥ a<tiress pass through and 

fWlCtiCl1S as if an MBA message had been received. 'lhe IX message is released 

at the tiDE! of COIIIIand pass thr:ough. me is also released if DCAS or D'rAS is 

in holdaff state. 

Set Per:allel Poll Plag 

'lhis a:maand sets the Parallel POll Flag to the value of S. '!be value of the 

Parallel Poll flag is used lIS the local -ge 1st when 84-0, the value of 

S1QS is used lIS the ist when 84-1. 
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Go to St.aId¥ 

'!his ccmnand sets the local message gts at the time of C1\CS. gts is cleared 

when CACS goes lcw. 

~ Control AsynchrancuslY 

'!his generates the local message tea in the form of pulses. 

'!his ccmnand sets the local message tea. tc:s is effective ally when 

CSBS+CSiS=l. tcs is cleared at the leading edge of C1\CS. 

~ Control Synchrancusly on End 

'!his ccmnand sets the local message tea when the data block transfer end 

(ENJ>:l) is generated at <mS. tc:s is cleared at the leading edge of C1\CS. 

IJ.sten 

This ccmnand generates the local message ltn in the form of a pulse. 

IJ.sten in Continuous Mode 

'!his ccmnand generates the local message ltn in the form of a pulse and places 

the del7ice in oontinuous mode. 

In oontinuous mode, the local message r~ is issued when J\NRS is initiated 

unless data block transfer end is detected (END-l). When the end is detected, 

the del7ice is placed in the RID holdoff state, preventing generation of the 

r~ message. In oontinuous mode, the Dr bit is not set when a data I¥te is 

received. 'lb! oontinuous mode caused I¥ this cx:mmand is released when the 

Listen auxiliary camuand is issued or LIDS is initiated. 
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Local unlisten 

'!his cxmnand generates the local message 100 in the form of a FUJ.se. 

Execute Parallel Poll 

'Ihis cxmnand sets the local message tW. rw is cleared when CPPS+CIa;=1. 

'!he transition of the C interface function is not guaranteed if the local 

messages rw and gts ace issued simultaneously when 0ICS°§iig·SDY5=1. 

Set/Clear IPC 

'Ihis c:::amand generates the local message rsc and sets IR: to the value of S. 
In order to meet IEEE Std. 488-1978, yru must not issue the Clear IPC ccmmand 

until IPC has been held true for at least lOOus. 

S=l .. IFC C3=O=IFC 

'Ihis a:mnand generates the local message rsc and sets REN to the value of S. 
In cxder to meet IEEE Std. 488-1978, yru must not issue the Set REN CCJIIIIaJld 

until REN has been held false foe· at least lOOus. 

S=l=R11N ~=o-iUN 

11 I 0 11 I 0 I 0 I Disable SystEm COntrol 

'Ihis a:mnand clears the local message rsc. 

3.8.2 Internal Crunter 

The internal CCllDter generates the state cbange p[ohibit times 

(T1 , '%' ~, T9) specified in IEEE Std. 488-1978. 

Tl (low speed) a'!6:a'J?-Tg"2Nrt~ 

fc 

1-2", 



j,lPD7210 

Tl (high speed) ~ +tl:¥ne 

ifc 

Where ~integer represented by binaty FO-F3' 1 ~ Nr ~ 8 
fc=reference clock frequency (elock input) 

o ~ t ~ ~ max (reference clcx:k high or lew period) 

ttlEC 

Tl (high speed) is used for: all i:¥tes follewing the first byte sent after each 

false transition of Am if 82-1. Ycu should use this Tl if you are using 
three-state rus drivers on the DlO, DIN, and EDl lines. In other cases, use 
Tl (lew speed). 

When Np(MHz) =fe, then: 

Tl (lew speed) ='%='l7=Tg=2us+t sync 

Tl (high speed)=500ns+t sync 

When ~(MBz) <fc, IEEE Std. 488-1978 is rot satisfied. 

tsync is a synchronization error greater than zero rut less than the larger of 
the reference clock high and lew. 

o ~ tl:¥nc ~ max reference clock high or lew period 

For a 50% duty clock: 

o ~ tsync ~ 1/2 reference clcx:k period 

3.8.3 Alaciliaty Register A 

You can write to auxiliaty register A by writing lO~A:3A:zA.L"o to the awdliaty 

mode register. 'DIe contents of auxiliaty register A control the messages 

(holdoff, EaVElm) asscx:iated with data transfer. 

A:J. Pc Dlta Receiving Mode 

0 0 mImal. handshake mode 
0 1 WI> Holdoff on All data mode 
1 0 Rro Haldoff on En3 mode 
1 1 Caltinuous mode 

Table 3.7 Data Receiving Modes 
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o In Na:mal handshake mode, the local message rdy is generated when data is 

received. When the received data is read fran the Data In register, rdy is 

generated in l\NRS. '1hi.s causes the RFD message to be trananitted and the 

handshake contirues. 

o In RID Holdoff on All Data mode, RID is not sent true after data is received 

\mW the microprocessor issues the Finish Handshake auxiliary caumand. 

unlike ootmal 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) • 

o In RFD Holdoff on End mode, operation is the same as the ~evious mode when 

the end of the data block (Eal Q[ END message) is detected. Handshake holdoff 

is released t¥ the Finish Handshake auxiliaty canmand. 

o In continuous mode, the rdy message is generated when in J\NRS util the end of 

the data block is detected. A holdoff is generated at the end of a data 

block. '1b! Finish Handshake 0CJ\IIIiUld must be issued to release the holdoff. 

'lhls mode is useful for monitoring the data block transfer without data 

reception. In this mode, the DI bit is not set t¥ the reception of a data 

t¥te. 

Bit Name l'Ulction 

~ 0 prcilibit EiDDits or ~cilibits setting the END 
1 permit . t at recePtion of the fa) message 

0 prcilibit peDDits Q[ ~cilibits autanatic 

A:3 1 permit 
trananissiOl'l of the END messa9E! at the 
mme time as the ED> message lJl TICS 

A4 0 7-bit IDS selects seven Q[ eight bits as the 
1 8-bit IDS valid length of the IDS message 

Table 3.8 F\mctions of Auxiliary Register A 
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3.8.4 AuXilia;y Register 8 

You can write to auxilicuy register 8 ~ writing 10lB4BJB2BlBo to the auxiliary 
mode re¢ster. 

8it NaIIe FUnction 

1 permit peanits or ~cbibits the detection of 
80 

0 prcbibit 
undefined a:maands; permits or 
~cbibits the setting of the CPT bits 
en receipt: of an undefined CCIIIIIaIld 

1 permit peanits or ~cbibits the transnission 
81 0 PIdlibit cf the END message in SBl!S. 

1 Tl (high ~ 
sets Th (high ~) as 'li of haJdshaite 
after ansmission of second ~te 
following data tranSDission 

82 
0 Tl (low spd) sets Tl (low speed) as 'li in all cases 

8 3 1 !NT ~ifies the active level of the !NT 
0 !NT p.n 

~ indicates the value of the ist 
1 istcSlQS local message (the Parallel Poll flag 

is ignored) SQ1&=ist-l; SQRS-istooO 
B4 

0 ist-Parallel the value of the Parallel Poll flag is 
Poll flag taken as the ist local message 

Table 3.9 FIJ1ctions of AuXilicuy Register B 

3.8.5 AuXiliary Register E 

You can write to auxilicuy register E ~ writing ll0000E:!. Eb to the auxilicuy 
mode register. 

Bit NaIIe FUnction 

Eo 1 enables enables or disables DAC holdoff ~ 
0 disables initiating DCAS 

El 1 enables enables or disables DAC holdoff ~ 
0 disables initiating DrAa 

'DIble 3.10 FU'lCtions of Auxilicuy Register E 
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3.8.6 Parallel Poll Register 

You can write to the pirallel poll register t:¥ writing OllUSP3P2Pl to the 

auxiliary mode register. 

o When you use the subset PPl as the PP interface function, yCll shOUld not write 

to this register. 'lM pirallel poll response (P~) is autanatically sent out 

according to the PPE message issued t:¥ the GPlB contrOller. Foe example, when 

the values of S and ist are equal, the ~ message is sent out true according 

to the specification of P3P2l1. (=fi-l). 

o When you use the subset PP2, yCll must write to this register in advance. 'lM 

U bit implies the local message Ip!. When 0=0, S and P3P2l1. 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 0-1, S and P3P2l1. bits do not 
carry lJIlr:f meaning, but they should be reset to zero. 
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CIAP1'I!R 4 

tEnr; 'IBE Ul'D7210 

4.1 Transmitting Camnands 

A CCIIIIIlmd is transnitted i:¥ writing the <Xlde to the Byte OUt register when a 

request for CXJIIIIIIJld transnission is received (C()I:1). '!his is repeated when 

you send several caumand i:¥tes. 

4.2 Processing Un:iefined COmIands 

When BO=l, the DN: message is held false and the Cl'l' bit is set when an 
tmdefined c:xJIIIIand is received. 'DIe CPO reads the undefined <Xlde via the Cl'l' 

register. 'DIe haOOshake that stopped is canp1eted when the Valid auxiliaty 

COIIIIIlnd is issued. 

when BO=O' the haJ¥lshake is oanpleted, just as when a defined cxmaand is 
received, and the CPr bit ranains O. 'DIe received <Xlde is ignored. 

A secondaJ:y caamand reCeived i.nmediately after an undefined pdl\luy cxmaand is 

handled as an Imdefined CCIIIIland. 

4.3 processing Address Pass 'lbrough 

'lhe M'r bit is set when the secondaty address is received. '!his is the case 

where a secondaty canmand is received in address mode 3 am LH\S+TPAS-1. 

o Jlddress Mode 3 (ton=olOl1"'O am AIMl.-AOO=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 primaty address and address register 1 holds the minor 
primaty address. 

o LPlS+TmS=l 
This oorr:iition is satisfied when either the MrA (My Talk ~ress) 
or the MLA (My Listen ~ress) has been received. 
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~en the M'f bit is set, the handshake stops with the DAC message held false 

just as the CPr bit is set. '!he c:ru must then perfoIl1l the following: 

o deteIl1line whether the secordary canmand just received is a listen, 
talk, major, or minot" address t¥ reading the LPAS, 'lDIIS, and !l1fti 
bi ts of the address status register 

o deteIl1line whether the secordary canmand read through the CPr register 
is lIV address. If it is lIV address. the Valid auxiliary canmand is 
issued. If it is not II!( address, the N~valid auxiliary camnand 
is issued. 

When the Valid auxiliary camnand is received, the uP07210 asslUes that the MSA 

(My Secondary Ad:iress) message has been received. When this c:a\III8I'Id is 

issued, I..Aa3=TIDS=1 if LPAS=1 or 'l2\DS=LII:s-l if TPAS=l, the DAC message is 

sent true, and the handshake is finished. 

When the Nm-valid auxiliaty COIIIla1'Id is received, the uH17210 asslUes that the 

OSA (Other Secondaty Ad:iress) message has been received. When this 0CIIIIIaJld is 

issued, TID&=l if 'lPAS=1, the IY!C message is sent true, and the handshake is 

finished. 

4.4 Beginning Data Transfer 

After specifying the talker and the listener, issue the Go To St:a.ndI:¥ 

auxiliary cQll\li!OO. Data transfer begins when the last CCIIIIIaI'ld written to the 

Byte Out register has been transnitted. 

4.5 Transnitting Data 

When a data r~est is received (IXP1), one t¥te of data is transnitted t¥ a 

write to the Byte Out register. '.Dlis process is repeated to send several 

t¥tes. The 00 bit is cleared when read or when a write is made to the Byte 

OUt register. 

YOl can use IMA for sending or receiving data. When a r~est to send data is 

received and IJW)=1, or when a device asks to received data and IJtAI-l, a IMA 

r~est is generated (DMAREQ;ol). 
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4.6 Receiving Data 

When the CJ?U receives a data. receive request, the contents of the Data In 

register are read. Data is received in the four modes below. 

1ftlen the deVice receives data as a listener, a data receive r:equest (DI-1) is 

made and the RI1D message is sent false. As the receive data is read fraa the 

Data In r:egister:, the RI1D __ ge is sent tr:ue, infoming the talker: that the 

listener is r:ead for: the next data. 

When the del7ice r:ec:eives data as a listener:, a data r:eceive r:equest (D1-1) is 

made and the RI1D message is sent false, just as in DOnal handshake mode. 
BOWeYer:, even if the au reeds the received data fraa the Data In register, 

the RI1D message is held false until the Pinlsh HIIndshake auxiliary CCIIIIIiInd is 

issued. While the RI1D message is being beld false, the next data is not 

received and the Q)I'ltents of the Data In register: are not updated. '!berefore, 

the CJ?U can read the same data several times, if desired. 

4.6.3 RI1D Boldoff en End Made (Ao~~ 

In this mode, the RI1D message is sent and beld false when the data is received 

with the am bit set. Issue the Finish Handshake auxiliazy CCJIIIIIII'Id to send 

the RI1D message true. '!be function is the same as in DOnal handshake mode 
unless the am bit is set. 
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4.6.4 CQ'ltinuous Mode 

In this mode, the RH> message is returned true in response to the DAV message 

unless the nm bit is set. When the END bit is set, q:eration proceeds as in 

RFD Holdoff 00 End mode. 'Ibis mode is used for data block em detection or 

interrup:. synchronized with the handshake I:¥ the tcs local message. When the 

Listen with CQltinuous Mode auxiliaty canmand is iSSUed at 0lCS, operation Is 

the same as in this mode. 

4.7 Completing Data Block Transfer 

In accordance with IEEE STd. 488-1978, the follOrling two methods are provided 

foe detecting the end of the data block. 

4.7 .1 Placing Em Byte After Data Block 

'!be Em code may be user-defined, but it is not possible to identify the Fm 

message if a code awearing in the data I:¥te is used. Yw may not use it if 

the data I:¥te is a full eight bits. In order to use IBCII code, use the LF 

code as Em and the others as data bytes. 

4.7.2 Using the EOI Line 

In this method, the nm message (EOI=l) is sent rut with the last byte of the 

data block. 

4.7.3 Trananissioo of the Em Message 

'Ibis trananissioo works the same as tranllllission of a data byte. When IX>-l, 

the Em message can be tranllllitted by writing the Em code to the Byte Out 

register. 
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After: the Send ID1 auxiliuy CCJIIIIIIU1d is issued to the uSJ'7210, the am message 

is trananitted with the data byte when the next data byte is written to the 

Byte out register. 

When ~.l (OUtput ID1 CIn IDI Sent), the DID message is sent when the IDI 
message is sent (based CIn the contents of the Byte out register, the IDI 

register, and the value of "4). 

4.7.5 Det:ecting the IDI Message 

When A:t-l (End CIn IDI Received), the am bit is set. when the IDI message is 
received. Receipt: of the e message is determined by the contents of the 

Data In register, the IDI register, and the value of ~. 

When the S'JB (status Byte) code in the serial. poU register and the IDI code 

agree, this is not evidence of receipt of the IDI message. 

4.7 .6 Det:ecting the am Message 

'!he DID bit is set when the am message is received in L1CS. l'CIl can identify 

the DID ex ECE message because the value of the BJ1 line is latc:bed in the BJ1 

bit when data is received and data itself is latc:bed in the Data In register. 

4.8 DiscontinJing Data Transfer 

'lbere are three methods of discontinuing data transfer, as decribed below. 

4.8.1 Using the Take cmtral AIf{ndlronously CCDIIIIInd 

When the Take cmtral Asynchroncusl.y COIIIIIaJ1d is iSSued, MH is set equal to 
cne and the data transfer stops. l'CIl must be careful when using this Ethod 

to st~ data transfer because data CIn the DIO line might be taken as a 

CCIIIIIiU1d. 
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4.8.2 Using the Take COltrol synchronously CQlI1laIld 

when the Take COltrol Synchronously camnand is issued, MN is set equal to one 

and the data transfer stops at the em of the handshake (ANRS). Yru must 

specify the controller as the listener before using this method. 

To specify the controller as listener, issue the Listen or Listen with 

Cmtinuous Mode auxiliary camnand before issuing the .Go to St:andI:¥ auxUiaty 

CCJI'Il1alld. When yru use the Listen CQIIIIaJ1d, the listener functions in the mode 

specified l:¥ the 110 am A.J. bits. When yoo use the Listen with Caltinuous Mode 

CCJI'Il1alld, the listener functions in continuous mode, whatever the values of 110 
and Ar. 

4.8.3 Using the Take cmtrol Synchronously on End Camnand 

When this CQIIIIaJ1d is issued, MN is set equal to one at the end of the current 

data transfer and transfer stops. 

4.9 Secial Polling 

To request service, yru must confirm that there is no pending service request 

(PEND=O). write the S'lB into the serial poll mode register with the local 

message rsv=l. If the device is not in S~, the SRJ message is sent true as 

soon as the rsv message is set. If the device is in S~, the SRJ message 

renains false until the serial polling is cxmplete (SP1&=O). '!be PJH) bit 

indicates whether a service request is accepted or left pending. It is set 

when rsv=l am cleared when the S'lB is read out l:¥ the controller-in-charge 

(SPAS=O), or when the local message rsv is cleared before SPM>-l. 

'!be S'lB set to the serial poll mode register is sent cut when the S'lB is asked 

to send. '1be S'lB is sent ally once even if. the controller does not assert MN 

after the first transfer. '!be END message is sent out if Bl =1. 
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4.10 Parallel Polling 

When the E:xecute Parallel Poll auxiliaty ccmmaild is issued and the local 

message rpp is set to 1, the ptrallel poll is executed as soon as the C 

interface function is placed in the p:oper state (cms or OICS). '!be Pm. 

(Parallel Poll Response) is autanatically taken in the CPr register and rpp is 

cleared to O. 'lhe au knows that this operation is canplete baSed on the 

conditioo of en"l. 'lhe Pm. can be obtained t¥reading the oontents of the CPr 

register, which are held until a oanmand is transmitted or the oontroller 

becxmes inactive. 

4 .ll Parallel Poll Protocol 

Sefae a plrallel poll is executed, yQ1 must specify to which line of DIOl to 

DI08 the ooe-bit status (ist:individual status) should be output and which 

polarity should be used. 'lhe following two methods are p:ovided· for: this. 

o Rsnote CCIlfiguration (PPl.) 

In this method, the specificatioos are made t¥ either PPE or: PH) 

messages sent frau the oontroller. 

o U>cal CCIlfiguratioo (PP2) 

In this method, the specificatioos are made frau the device. 

Specificatioos t¥ the au are not re:;plired in the Rsnote CCIlfiguratioo. In 

the Local CCJlfiguration, yQ1 must write the following values to the auxiliary 

mode register. 

status bit Q1tput line (D101 to DI08) 

status bit polarity 9=1: in Ibase 
9=0: in reverse Ptase 

response to plrallel poll 0-1: no response 
0=0 : response made 
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o I 1 I u I s I P31 P21 P1 I I' -,- ' ............. , .... 

,Imn to mD) 

Status bit polarity 
S = 1: In pha .. 
S = 0: in reverse phase 

'--______ { u = 1: No response to parallel poll 
U = 0: Response to para"e' poll 

Figure 4.1 Local Cmfiguration for: Parallel Poll 
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CHAPTER 5 

GPIB-INTERFACE USnK; 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 Hardltlare 

Figure 1 shows one possible way to implement a minimal uPDB08S 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. 

rD1 [fF-Fl I 1 . , .. 
.... ,. 

j I I I 
A_' 

1 • > , 
IOIii -... . - - -..... -

...... OUT 

cue 
I 

1 MT 7.S 

~ 

1 

! ~ 81J1H III ~ i,IJlq i ~I ~ 
. 
! i !I"I ~ it ~ 

I i 1ft! :It 
~I 

~ .... caf-MTI.5 I-- "" TiiiiiiiOliT • .u~1. j,lPOI155 "-I-- DiiiACK r-"H" iOiil-
MY 5.5 -.. PM-f, ---.7 

T"'1_l ..... , -, _. 
~ 

iiiiiTii 

l 1 
~ 'l' 1 f _T_ 

I -..> V V - J r -U --... 
Figure 1. Minimum fl08S System using uPD7210 
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The uPD7210 is attached to the GPIB-Flus via awropriate bus drivers, which 
meet the 1EEE-488 bus specifications (Figures 2,3). 
The uPD72l0 is able to operate with almost any IEEe 488 bus drivers, which 
are controlled by the T/Rl,T/R2 and T/R3 lines. These lines are pro
grammed by software depending on the type of the bus drivers used. 

DO 0101 01 81 

Note: 
0 In the case of low-ID 
U; speed data transfer ..... 
z (B:!=O) , the T/R3 pin 

07 0108 08 
VI can be used as a 0 88 

N TRIG outp..1t. 'fue PE 
liD ..... T/R3 inp..1t of the SN75160 
WR 0 
(;!'; Cl. should be set to 

=l "ou. 
RSO 

T/R1 lEe-BUS 
RSl 
RS2 

T/R2 DC 
TE 

DMAREa 

DMAACK SRQ 

ATN 

INT EOI 
DAV 

RESET NR 
NO 

CLOCK IFC 

N V 
REN 

Figure 2. Using SN75160 and SN75161 Bus drivers (T/R mode 3: 'lRMl='lIDIO=l) 
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-"PD12l!) 

NOT 
moT 
1lIlrr 
DlOs 

mo. 
Jmrr 
Jmrr 
mar 

T/Kl 
..... ..... 
V V 

T/R3(EQIOE) 

"Ell!" 

1iAV 

lli!FIi 

= 

T/R2{C1C) ..... 
V 

mIQ 

ATlI 

lim 

lFl:" 

~fC3H8""x~ 

Dat .. A S .. A 

Data B BvsS 

D.*. C Bv.C 

D.ta 0 BvsO 

_ S/RA-D P.E.A-D 

D.c. A S .. A 

Det. B "".S 
o.t. c "".C 
D.ca D "".0 

~S;R'A-D P.E.A-D 

I 
SIR A 

o.t. A s..A 
L. SIRB 

O.ta B ..... S 
SIR C 

o.t. c ..... C 

SIR D 

O&t. D ..... 0 

P.E.A-D 

S/HA. 

Data A ..... A 
SIRS 
Dae. 8 ..... S - SIRe 

Data C ..... C - SIR D 

Data 0 ""sO 

P.E.A-D 

Y .Y. II' L 

I-

r-

I 

-

~ 

°LO 

GPlS 

DIOB 

DI01 

DlO6 

DIOS 

DlO' 
DlO. 

Dl02 

0101 

EO[ 

DAV 

NDAC 

SRQ 

ATN 

[F<: 

1ttIEC 

Note: 
In this example, no 
high-speed data 
transfer can be made 
because the bus 
transceiver are open 
collector type (set 
B2=O) • 

Figure 3. Using OC3448A Bus drivers (T/R mode 2: 'ffiMl=l,'lRHO=O) 
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5 • 2 SOF'J1vARE 

In this software example the uPD7210 operates as CON'IRO[J,ER/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. 

IFe t:J 
ATN I L 
EOI 

DI0'.8 - -

J2 0D 3F 40 21 30 31 
,~----------------~~~--------------------~/ 

CO-Bit set 

Commond- Mode 

DO-Bit set 

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 CCNl'ROILER. 
For this reason the CON'lROILER places the command UNLISTEN, the TALKER
ADDRESS (his own one) and a LISTENER-ADDRESS on the bus. As soon as the 
CON'lROILER 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 EOI (end or identify) line 
indicating that the data transfer is finished. Now the CCNl'ROILER 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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1313813 
ee8! 
131382 
ee83 
131384 
131385 
131386 
ee87 

13131313 C385ea 
1313133 C<legee 
1313136 C334ee 

eee9 3Ee2 
eeeB D:385 

00eD 3E0e 
eeeF D381 
1313 11 D:382 

01313 3E31 
0015 0384 

013 I? 3E00 
131319 0:386 

1313 If: 3EEe 

NEe 
;ii uPD721e Se.fhJiH'e Exa_mple 
; * =================.:.'!.:;;;:=-==== 

; ii 
j. In this example the uPD721e works as 
;. CONTROLLER/TALKER and sends the data stream 
;.13-- -1-- --2-- --CR' to a LISTENER. 
; . 
j •• * ••• ***** •• ******** •••• *********************** 

BOUT EQU 
INTtvl! EQU 
INTt'12 EQU 
SPt'l EQU 
AD Rt'l EQU 
AUXI-l EQU 
ADRe 1 EQU 
EOS EQU 

; 

; * ; * JI-IP Table 
; * ========= 

;* 
MAIN: 
INIT: 
SEND: 

; * 

JMP 
JMP 
JMP 

8eH 
81H 
82H 
83H 
84H 
85H 
86H 
87H 

XMAIN 
XINIT 
XSEND 

;* INIT Routine 
;* ============ 

; * ;* - initialise uPo?210 
;* 
; 
><INIT: MVI A,e2H 

OUT AUXM 

I--ll ,) I A,0eH 
OUT INTI.,! 
OUT INTM2 

t"ll) I A,31H 
OUT ADRI-l 

t--ll)I A,eeH 
OUT ADRel 

t-l l) I A,0EeH 
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;BYTE OUT 
; INTERRUPT tvlASK 1 
; INTERRUPT MASK2 
; SER IAL t10DE 
;ADDRESS MODE 
;AUXILIARY MODE 
;ADDRESS a/I 
JEND OF STRING 

;Chip reset 

;disable interrupt! 
;disable interrupt2 

;Address mode 
;T/R mode 3 : 751613/1 drivers 

imy address=e 
;(address €I register) 

;disable address 1 register 



NEe 
0!3 10 D386 

e01F 3E13D 
0021 D:387 

13023 3EA4 
0025 D385 

; 
9921 3E24 
0029 0385 

092B 3E8C 
9920 D385 

002F 3E99 
9031 D385 

0933 C9 

0034 3E8B 
0936 D385 

993E: C07999 
U3B 3E3F 
9930 0389 

983F CD7999 
9942 3E49 
9944 D389 

9946 CD7999 
9949 3E21 
994B 0389 

9940 3EIB 
994F 0385 

9051 3EIA 
0053 D385 

9955 0385 

9957 CD7899 
895A 78 
995B 0389 

; 
;lE 

OUT 

MVI 
OUT 

MVI 
OUT 

MV! 
OUT 

MVI 
OUT 

MVI 
OUT 

RET 

AClR01 

A,0DH 
EOS 

A,0A4H 
AUXM 

A,24H 
AUXt-l 

A,8CH 
AUXM • 

A,99H 
AUXM 

; lE SEND Rou tin e ; * ._==-_-=a====-_ 
;lE 

JEOS = CR 
jend of stl' i"9 = car-,.. i age retur-n 

;high speed transfer (tr'j state 
; !NT pi" is ac t ive high 
; i lOt = parallel poll flag 
INF = 4 
; i f NF = 4Mhz , T1 = 599n s 

;normal handshaKe mode 
;7-bit word EOS 

; immedi ate execute power on 

lend of i n i ti a I i sa t i on 

llE - send the data in registers B,C,D,E to the GPIB-Bus 
;lE 
; 
XSEND: MVI A,BBH ;continuous mode 

OUT AUXM ;output EOI on EOS sent 

CALL COCHECK ;CO Bit checK (Command Ou tpu t) 
MVI A,3FH ;send UNLISTEN 
OUT BOUT 

CALL COCHECK 
MVI A,48H Isend TALKER Address 
OUT BOUT 

CALL COCHECK 
MVI A,2IH Isend LISTENER Address 
OUT BOUT 

MVI A,IBH ;local m.ssag ... I tn continuou!l 
OUT AUXM I (I ist .. n) 

11\I! A,IAH Iloca.1 message: tcs 

IJP0721 0 

dr iver) 

OUT AUXM l(taKe con trol synchronously on end) 

MV! A,19H I local message, gts 
OUT AUXM I (go to standby) 

CALL DOC HECK 100 Bi t checK (Data Output) 
MOV A,B ;send contents of register B 
OUT BOUT 

3-45 



J,lPD7210 

(105D CD7800 
00~.0 79 
0061 [:0380 

01363 CD78€le 
1306.5 7A 
'31367 (·380 

13069 CD7800 
006C 7B 
006D D38e 

0e6F C'? 

00:'>0 DB82 
0072 E608 
0074 CA70 13 13 
13077 C9 

01378 D881 
0137A E606 
1307C CA7800 
007F E604 
01381 C2851313 
01384 C9 

131385 CDe3e13 
13088 3EIE 
ee8A D385 
008C 0E2e 
ee8E 0D 
ee8F C28E00 
131392 3E16 
13094 D385 

13096 136313 

CALL 
t·'10V 
OUT 

CALL 
tvl0~) 

OUT 

CALL 
tvl0V 
OUT 

RET 

COCHECK: IN 
ANI 
JZ 
RET 

DOC HECK : IN 
ANI 

; 
ERR: 

; 
;* 

~JZ 

ANI 
JNZ 
RET 

OOCHECI< 
A,C 
BOUT 

DOCHECt< 
A,D 
BOUT 

DOCHECK 
A,E 
BOUT 

INTt12 
08H 
COCHECK 

INTMl 
06H 
DOCHECK 
04H 
ERR 

; '* MAIN Rou ti ne 
; '* =========0=== 
; '* 
;'* - initialise uPD721e 

1'tIEC 
;send contents of register C 

;send contents of register D 

;send contents of register E 
;end of SEND-Routine 

;CO Bit check (Command Output) 

;DO Bit check (Data Output) 

;put in your individual 
;ERROR Routine here 

;'* - send IFC <interface clear) 
;'* - load registers B,C,D,E 
;'* - call SEND Routine 
; '* 
; 
XMAIt; : CALL INIT ;set I FC <interface e I ear) 

tvlVI A,IEH 
OUT AUXI1 
tvlVI C,20H 

I FO·lAIT: OCR C ;I..~ai t 113eus 
Jt'-lZ I FCWAIT 
tvl!""1 A,16H ;clear IFC 
OUT AUXM 

MVI B,30H ; load registers 
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00<;18 0E31 MVl C .. 31H 
00<;1A 1632 MVI D.32H 
0121<;1(: lEI2JD Mill E.0DH :carriage return CR 

012J9E (:DI2J6I2JI2J CALL SEND :send contents of the registers 

0121 A 1 D881 ENDCHECK: IN INTMl :test END bit 
12JI2JA3 E61I2J ANI 112JH 
00A5 CAA100 JZ END CHECK 
00A8 3EI2J3 MVl A.12J3 :send finish handshaking command 
012JAA D.32.5 OUT AUXM 

12J0AC END :end of MAIN routine 
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ELECTRICAL SPECIFICATION 





ABSOLUTE MAXIMUM 
RATINGS 

DC CHARACTERISTICS 

CAPACITANCE 

AC CHARACTERISTICS 

PARAMETER S¥MBOL TEST CONDITIONS 

SupplV Volt. VCC 

Input Voltage VI 

OutputVoItlge Vo 

Operating Temperature Topl 

Strage TemperatUre Tn. 

T. "0'" .,(fe, Vec" &V t 10% 

PARAMETER SYMBOL TEST CONDITIONS 

Input Low Voltage VIL 

Input High VoltaV' V,H 

Low Level Output Volt. VOL IOl· 2mA (4mA: T!R1 Pin) 

VOHI IOH· -400uA. Except INT 

High level Output Voltage 'OH' -400uA I. 
VOH2 , ,INTPin 

'OH' "-SQuA 
Input Leakage Cur,ent III 'IN-OV,,",VCC 

Output Leakage Cur1'ent 'OL lOUT = tI.45V '" Vcc 

SupplV Current ICC 

Ta = 25°C. Vee =GND = OV 

PARAMETER SYMBOL TEST CONDITIONS 

InputCap8Citance C'N t-1 MHz 
Output Capacitance CoUT All Pins Except Pin Under 

Test Tied to AC Ground 
I/O Capacitance C,IO 

T.zO'\.. +1(/JC. VCC=SV t 10% 

PARAMETER SYMBOl. TEST CONDITIONS 

Address Setup to RO IAR 
RS2.Q 

CS 
Address Hold from RD IRA 

FfO Pulse Width IRR 

Data Celey fr-om Addr •• lAD 

D.ta Delay from AD '" IRO 

Output Float Delay from 1m t 10F 

Ri5 Recovery Time IRv 

Ad ... Setup to WR lAW 

Add,.. Hold from WA twA 

WA Pulse Width IWW 
O.tiI Setup to WR lOW 

Da. Hold from WR IWD 
WR Recovery Time IRV 

OMAREQ '" Delay from OMAACK tAKRQ 

Data Delay from DMAACK tAKO 
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RATINGS UNITS 

-0.& 'V +7.0 V 

-0.5"1,,+7.0 V 

-0.5"" +1.0 II 

0'" +70 ·C 

~5 ", ... 125 ,·C 

LlMlTS 
UNlns MIN TV' MAle 

-0.5 +0.8 V 

+2.0 VCC+O·5 V 

+0.45 V 

+2.4 
.. 

V 

+2.4 V 

+3.5 V 

-10 +10 uA 

10 +10 uA 

+180 mA 

LIMITS 
UNITS 

MIN TV. MAX 

10 pF 

15 pF 

20 pF 

LIMITS 
UNITS 

MIN TV. MAX 

85 n. 
0 

0 n. 
170 n. 

250 os 

150 n. 
0 80 n. 

250 os 

0 os 

0 n. 
170 ns 
150 n. 

0 n. 
250 n. 
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I'ARAMETEA Sv.oL TEST CONDITIONS LIMITS 
UNITS 

M'N TV. MAX 
AC CHARACTER ISTICS 

~J.101rn5 lEeD' PPSS" PPAS. ATN • True 250 n. 
Em ....... T/R1 t tEon1 PPSS" PPAS, ATN ., True '55 n. 
mi t~TIR" 1E01'12 PPAS"" PPSS. ATN = False 200 n' 
ATIi'~NliAC' 'ATND AI OS"" ANRS. LIDS .55 n. 
Am ... "'T1R1' 'ATT. TACS + SPAS-+TADS. CIOS .55 n. 
ATIii ...... TIR2 " 'ATT2 TACS + SPAS ... TADS,CIDS 200 n. 
IiA\l '~DMAREO t 'DVRO ACRS ... ACDS, LACS 600 n. 
mw'~Iiili1'D' toVNR1 ACRS-+ACDS 350 n. 
l)AV " .... NDA'f t 'DVNO. ACRS .... ACOS"" AWNS 650 ns 
DAV t-NDAC.a. 'DVN02 AWNS-ANRS 350 no 

DAV t-NRfOt tOVNR2 AWNS-ANRS-ACRS 350 n. 
IilH ~ Niil'ii t tRNR ANRS-ACRS 

LACS. 01 reg. selected 500 n. 
INOAC t ~ DMAREO t "'ORO STRS .... SWNS .... SGNS. lACS 400 n. 
iiiOAC t -DAV t "'DOV STRS .... SWNS .... SGNS 350 no 

WR t .... tm:i two, SGNS .... SOYS, 80 reg ..... cted 250 no 

NRFO ' .... DAy '" tNRDV SOYS-STRS. T, ~TtUIl 350 n. 
SGNS .... SOYS .... STRS B30 

Wli t ~!lAY , twov 80 reg. selecte6, RFO '" T,u, +ts;YNC n. 
NF • fe '" 8 MHz, T1 tHigh Speedl 

TRIG Pulse Width 'TRIG 50 no 

EXTENDED TEMPERATURE RANGE 

RATINGS UNITS ABSOLUTE MAXIMUM 
I -0.5" +7.0 I V RATINGS 

SYMBOL 
Supply Voltage Vee 

TEST CONDITIONS 'PARAMETER 

Input Voltage V I -O.S'\, +7.0 V 

Output Voltage Vo -0.5 "\. +7.0 V 

Operating Temperature T opt -40 - +85 "C 

Strage Tamperatura Tug -65'\..+125 ~ 

PARAMETER SYMBOL TEST CONDITIONS 
LIMITS 

UNITS I DC CHARACTERISTICS MIN TV. MAX 

Input Low Voltage V'L -0.5 I ,·0 • 6 --T-v--1 
input High VoItqe VIH +2.2 Vec .... 51 V 

Low Level OutpUt Voltage VOL IOl .. 2mA (4mA : T IR 1 Pml +0.45 : V 

VOHI IOH • -400uA, EKcepllNT 1-2 .• 3 1 V 

High Lavel Output Volt .... IOH- 400uA +2a3 V 
VOH2 INT PIn 

'OH .. -50uA + 3.4 V 

Input Leakage Current IlL ~IN '"' OV "\,Vce -10 +1. I uA 

OutpUt leakage Current 'OL lOUT '"' O.45V '" Vec i -I. i +10 I uA I 
Supply Current ICC ! I + 220 I mA I 

T • ., 25·C. Vee Of GND· OV 

PARAMETER SYMBOL TEST CONDITIONS 
LIMITS 

UNITS MIN TV' MAX 
CAPACIT ANCE 

Input Capacitance C'N f .. l MHl i 10 pF 

OUtpUI CapKilance CoUT All PIns Except Pin Under 15 pF 
Test ned to AC Ground 

110 Capacitance CI/O I 2. pF 
I 
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PA"AMEUR IVMOOt. TEST CONDITIONS 
LlMm 

UNITS MIN typ MAX 

Addr .. S.llIIl to 1m IAR 
R52-O 8. 

M es .20 
AdI;h_ Hold from 1m IRA 0 "' IR:iPuheWidtfl .•. no 

r--7-OIS. o.l'y nom AddnIa 'AO 275 
0111'- DIlley from lUi ~ "'0 150 n, 
0u~1 Float o...v from 1m f 'DF 0 BO M 

A15 Rec:owry Tillie 'RV >SO M 

OMA.~eO , D.I.v 'rom ~ tAKRQ ,.Q ., . __ . 
0", Deuy bom~ tAKO 240 ., 
Addr_ s.1UCt IQ WA 'AW 0 m 

Add_ Hold from WJi OWA .20 m 

WR PufMWidlh - ". m 

A, .. S.lup to WJt 'ow 150 I I ., 
D.UI Hold from vm IWD .20 I I m 

WRR~T'me 'RV 250 ., 
Em ,""i5TO 1£001 PPSS .... PPAS.ATN • True 300 ., 
mll-TIRt t I EOT1t PPSS-PPAS,ATN "Tn ... 202 ., 
Wl I-T/R', IEOr!2 PPAS"" PPSS, ATN" F.I" 260 ., 
A:TN l .... NQAC , IATNO AIDS-+AHRS. LIDS 202 ., 
ATH l-T/AI, tATTt TACS + SPAS"" TAOS. CIOS 202 ., 
AfN l-T/FI2, IATT2 TACS + SPAS-TAOS. CIDS 260 M 

DAV ," .... OMAREQ t leVRO ACAS"" ACOS, LACS 720 n, 
OAV l-NRfD' toVNRl ACRS-ACOS 420 M 

DAVl-NOACt laVN01 ACAS .... ACDS"" AWNS 780 M 

OAVt-NOACl IDVND2 AWNS-ANAS 420 ., 
QAVt ..... NRFOt toVNR2 AWNS"" ANAS .... ACAS 420 m 

AD' .... NRFD f IRNR 
ANRS .... ACRS 
LACS. 01 ..... seleclMi 600 M 

NOAt t .... DMAREQ t tNORO STRS"" SWNS .... SGNS, lACS 480 M 

NOAt t .... OAII f {NODV STRS'" SWNS ... SGNS 420 N 

WR f .... om IWDI SGNS'" SDYS, 80 ....... _'" 300 m 

NRFO f ... DAV' tNRDV SDYS-STRS, T,,, Tru- 420 m 

SGNS'" SDYS ... STAS 860 
WR t-OA'V l OWDV BO ..... selected, AfD. True +t$YNC m 

NF" fe .. 8MHz, Tl (HifI'!SpndI 

TRIG Pulse Width tTRIG 45 m 

CS, RS2-Q 

07-<l 

OMAAEQ 

CS. AS2-G 

D7-0 
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APPENDIX A 

This Chapter contains all Status Diagrams implemented in the uPD7210. 

1. ACX::EP'IDR HANDffiAKE Functioo (AR) 

(RFDI 
(DAC) 

RFD (RFD) 
DAC ([OAV 1 II ATN V rdy) 1\ itS DAC 

pon 
ATNV~V~ 

(within t2) 

local messages 

pon power on 
rdy ready 
tcs take cootrol synchrooously 

external messages 

ATN Attentioo 
DAC Data Accepted 
DAV Data Valid 
RFD Ready For Data 

Ali-states 

ACDS Accept Data State 
AIDS Acceptor Idle State 
ANRS Acceptor Not Ready state 
ACRe; Acceptor Ready State 
lIlvtlS Acceptor Nait For New Cycle State 
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2. romcr: HANDSHAKE Function (SH) 

pon 

RFDA TT 

ex 
==~-=== ex; (ATN A ~v ~)v (ATN A ~v tMMJ) 

(withint21 

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 
s:;NS Source Generator state 
SIIE Source Idle State 
Sl'1'lS Source Idle l'1ait State 
S'ffiS 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) 
(ROS) IFe A (ton v MTA ,\ (ACOS)) (RaS) 

pan 

IFe 
(within t4) 

pan 

IFe 
(within t4) 

iFCASPEA~ 

SPO A (ACOS) 

ATN 
(within t2) 
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STB 
END or END 
RaS or RaS 

t t 
(APRSHAPRS) 

IJPD7210 



~PD7210 

3.2 Tl\LKER EXTENDED Function 

IFC A Ion 

IFC A MSA A~ A (ACOS) :~~~I (NUL) A'fN A~ 

OTA A (ACOS) 
V 

GSA A (TPAS) A(ACOS) 
V 

[(ACilS) A MSA A ~l 

MTAA~ 

pon 

PCG A MTA A (ACOS) 

pon 

IFC 
(wilhinI4) 

m;"SPE"~ 

SPO"~ 
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STB 
END or END 
ADS or ADS 

ft ft 

(APAS) (APAS) 
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local messages 

pen power on 
ton talk only 

external messages 

ATN Attention 
IFC Interface Clear 
MIA My Listen Address 
l-Tl'A My Talk Address 
MBA My secondary Address 
orA Other Talk Address 
OSA Other secondary Address 
SPE Serial Poll Enable 
SPD Serial Poll Disable 
RQS Request Service 
PCG Primary Command Group 
DAB Data Byte 
END End 
STB Status Byte 

T,TE-States 

TACS Talker Active State 
TAOS Talker Addressed State 
TII:6 Talker Idle state 
TPAS Talker primary Addressed State 
TPIS Talker primary Idle State 
SPAS Serial Poll Active State 
3PIS Serial Poll Idle State 
SR-IS Serial Poll Hode State 
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4. LIS,]'ENER Functions (L,LE) 

4.1 LISTENER Function 

pan 

IFG 
(within t4) 

IF-~ !I Ion 
V 

IFe !.Itn c. ~£S) 

1Ft i ML~! (I\~@ 

v 

(Iun' (GAGS)) 

4.2 LISTENER EXTENTED 

pon 

IFe 
(within t4) 

pon 

IFG 1\ Ion 
V 

TFC 1\ Itn 1\ (GACS) 
V 

IFC 1\ MSA A ~ 1\ (ACOS) 

MLAi\~ 

peG 1\ M LA 1\ (ACOS) 

ATN 
(within t21 

ATN 
(within 12) 
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local messages 
-- --

pon power on 
lon listen only 
ltn listen 
lun local unlisten 

external messages 

ATN Attention 
1FC Interface Clear 
UNL Unlisten 
HLA My Listen Address 
MI'A My Talk Address 
MSA My Secondary Address 

L,LE-States 

LACS Listener Active State 
lADS Listener Addressed State 
L100 Listener Idle State 
LPAS Listener Primary Addressed State 
LPIS Listener Primary Idle State 
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5. SERVICE RfX){JF.ST FW1ction (SR) 

(SRQI rsv A (SPAS) SRQ 

pon 

rsvA (SPAS) 

(SPAS) 

rsvA (SPAS) 

(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 
SRQS Service Request State 
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6. RElIOTE/IOCAL Function (RL) 

pon 

REN 
(wilhin 141 

REN A rti f.. MLA A (ACJi§) 

GT LA (LADS) A (ACOS) 
v 

rll A (LLO v (ACOS)) 

REN A LLO 1\ (ACOS) 

MLAA~ 

GTL A (LADS) A (ACOS) 

local messages 

pan power on 
rtl return to local 

external messages 

REN Remote Enable 
fLO Local Lockout 
GTL Go To Local 
HLA ~~ Listen Address 
mA t1y Secondary Address 

RL-States 

IWLS Local \'lith Lockout State 
LOCS Local State 
Ril1S Remote State 
Rm.s Remote With Lockout State 

IIPD7210 

LLO A (ACOS) 
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7. PARPJLEL POlL Function (PP) 

[PPEI\~I\~lv[lpel 

pon 

PPC 1\ (];!Q!) 1\ ~ 

pon 

PCG 1\ PPC ,~ (ACOS l 

local messages 

pon power on 
ist individual status 
lpe local poll enable 

external messages 

i\TN Attention 
IIJY' Identify 
PFE 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 

lOY 1\ ATN 
(within ts) 

(PPRn) or PPRn 
n n 

ist *S ist"'S 

PACS Parallel Poll Addressed TO Configure State 
PPIS Parallel Poll Idle State 
PFSS Parallel Poll Standby State 
PUCS Parallel Poll Unaddressed To Configure state 
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8. DEVICE CLPJ\R F'unction (DC) 

(DClV rSDC.~ ~])v (At:.@ 

------------. (DCl v [SOCA(lAOSjj).~ ~@ 

. external messages 

DCL 1 Device Clear 
SOC Selected Device Clear 

OC-States 

~I Device Clear Active State 
Device Clear Idle State 

9. DEVICE TRIG3ER Function 

GET A ~ A !At:.@ 

external messages 

Gin' I Group Execute Trigger 

Dl'-States 

DITS I Device Trigger Idle State 
DTAS Device Trigger Active state 
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10. CC1'JTROfUn Fooction (el 

pon 

(ATN) 
(lOY) 
(NUL) 

IFC r (SACS) 
(within t4) 

- I 
flFC f (ACNS) A TCT f (fZ\@1 

V 

(ATN) 
(lOY) 
(NUL) 

~ 

(STRSh (SDYS) A rpp 

ATN 
lOY 

(NUL) 

TS 

ATN 
lOY CPPS 

(NUL) 

rpp 

rpp 

rpp 

ATN 
[Oy 
TCT 

ATN 
(lOY) 
(NUL) 

gts A (STRS) II (SDYS) 
~'--...:::==---=="-t-l CSBS 

T7 
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tes II (ANRSI 
V 
tea 

CSWS 

ATN 
lOY or (iDYl 

(NUL) 

ttlEC 
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pon 

(SACS) 

(SACS) 1\ Sre 

IJPD7210 

SRQ 

rsc 
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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 
tea take control ansynchronously 
tcs take control synchronously 

external messages 

ATN Attention 
IFC Interface Clear 
TCT Take Control 
ID'l Identify 
REN Remote Enable 

C-states 

CACS COntroller Active state 
CN'lS Controller Active wait State 
CAnS Controller Addressed state 
CIDS Controller Idle State 
CPPS Controller Parallel Poll State 
CR-7S 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 
C'ffiS 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 
~ 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 :> 2us 
1 ;: 1100ns 

2. 700ns 
~ 500ns 
}. 350ns 

t2 ~ 200ns 
t4 < 100us 
T6 2. 2us 
T7 ) 500ns 
TS > 100us 
T9 ~ 1.5us 

). 600ns 

for open oollector drivers 
if DIO,DAV,IDI driven by tri-state drivers 
if DIO,DAV,IDI,ATN driven by tri-state drivers 
for all bytes following ATN=false 

" "" " ",and short oonnections 

for tri-state drivers 
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1 Introduction 

The I!PD7210 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 sama electrical features but 
different cable and connector. The complete schematic on an IEEE-488 controller 
board is shown below. 

( ~~lID{l~1J ® aif'l~®aa~®®if'l\l @~a® aif'l\l®rrI1~©® ©®~~~~~a_~~ _ ~~~_ ~~~ _~~ J _______ _ 

All----~ 

A10'~ A. 
AB 
.7 
A6 
AS 
A. 
'3 

o 
'2 ,... 
" N AO ,... 

~=======~======~. c V<YN 10 '3. 

31 
3 
22 
34 
35 

la-Area : $300-$31 F 

Add.Bit: 111098[7654132 1 0 

0011000XXSSSELECT 

J2 J1 Start Add. Ene Add. 

o 0 $300 $307 
o 1 $:Kl8 $3OF 
1 0 $310 $317 
1 1 $318 $31F 

12 
13 
14 
15 

DBS ~~ 
18 

~~ 3. 
36 
37 
38 
2. 
25 

20 19 10 
N 

.5V 5V 

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 I!PD8085 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 IJ.PD7210 (Talker/Listener/Controller) interface is activated by calling the INIT 
routine, thus initializing the IJ.PD7210 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 IlPD7210 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 IlPD7210 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 
som.) 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 IlPD7210 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 0 
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3.1 Inltializaltion 

INT1 
SEND 
RECV 
XFER 
TRIG 
CLEAR 
EXSP 
EXPP 
PPC 
IFC 
REM 
LaC 

Interrupt 1 
Send Data 
Receive Data 
Transfer Data 
Device Trigger 
Device Clear 
Execute Serial Polling 
Execute Parallel Polling 
Parallel Poll Configure 
Interface Clear 
Remote 
Local 

~PD7210 

The operating mode of the IlPD7210 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 IlPD7210, 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 REO 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 EOI command issued, thereby alerting the IlPD7210 
to send END message with the next byte (Last byte). After the last byte is sent (BC = 0), 
the DMAO bit of the IlPD721 0 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 IlPD7210 and is kept in memory because it is 
automatically cleared by the read. The interrupt status byte in memory wiii 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 
termin.ated. 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 opetation 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 Del (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 IFe 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 initiaiization 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 
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;******************************************t****************************** ; * ;* UTILILTY ROULTINES FOR uPD7210 GPTB CONTROLLER 
; * 
;************************************************************************* 
; Write Registers 
; =============== 

BO~.;REG 

INT~Ml 

INn.M2 
ADRe.,MODE 
AUX~.,MODE 

ADR",REG 
EOSll<REG 

; Read Registers 
; ============== 

DH.,REG 
INTll<STl 
INT&ST2 
ADRt.,ST 
CPTl!(REG 

EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 

EQU 
EQU 
EQU 
EQU 
EQU 

OOH 
OlH 
02H 
04H 
05H 
06H 
07H 

OOH 
OlH 
02H 
04H 
05H 

GENERAL EQUATES 

MY8,ADR 
EOSt.,CODE 
FREQ 
AUXt-{A 

I NI T! AL I SAT! ON 
============== 

NIT: MVI 
OUT 
XRA 
OUT 
MVI 
OUT 
MVI 
OUT 
LDA 
OUT 
M'JI 
OUT 
M'JI 

EQU 
EQU 
EQU 
EQU 

04H 
ODH 
08H 
OOH 

A!1 02H 
AUXll<MODE 
A 
INH,Ml 
A, 58H 

A,3tH 
ADR~~MODE 

MY~,ADR 

ADR8,REG 
A,OEOH 
ADR~,REG 

A, EOS~,CODE 

;CHIP RESET 

; D I SABLE I NTERRUPTS OTHER THAN SRQ I ~, CO 

;ENABLE DMAI,DISABLE DMAO 

;SET T/R MODE 3,SET ADDRESS MODEl 

;SET MY ADDRESS 0-30 TO ADDRESS 0 REGISTER 

;DISABLE ADDRESS 1 REGISTER 

OUT EOS~,REG ; SET EOS CODE 
MVI A;t FREQ OR 20H 
OUT ;SET FREQUENCY OF CLOCK INPUT 0-8 MHz 
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MVI 
OUT 
MVI 
OUT 

A, AUX~.'A OR 80H 
AUX~~MODE 

A,OA6H 
AUX~,MODE 

XRA A 
STA 
OUT 
CALL 
JMP 

; INTERRUPT 0 
;=========== 

INTO: PUSH 
IN 
ANI 
JNZ 
IN 
MOV 
INX 

RETURN: POP 
EI 
RET 

DATA&:OUT: MOV 
OUT 
INX 
DCX 
XRA 
ORA 
JNZ 
INR 
CMP 
JC 
MVI 
OUT 
JZ 
MVI 
OUT 

LOOP: IN 
ANI 
JZ 
MVI 
OUT 
POP 
EI 
RET 

INTERRUPT 1 
=========== 

NT1: F'USH 
PUSH 
IN 

INT&STl 
AUX&MODE 
IFC 
WAln,co 

PSW 
ADR~.ST 

02H 
DATA~<OUT 

DI&REG 
M,A 
H 
PSW 

A,M 
BO&REG 
H 
B 
A 
B 
RETURN 
A 
C 
RETURN 
A,6H 
AUX&MODE 
RETURN 
A,58H 
INH,M2 
INT&STl 
2H 
LOOP 
A,11H 
AUX&MODE 
PSW 

PSW 
H 
INT&'ST2 

NEe 
;SET AUXILIARY MODE A 

;SET AUX.MODE B 
; (SEND EOl IN SPAS, HIGH SPEED Tl l 

;CLEAR WORKING AREA FOR INTERRUPT STATUS 
; IMMEDIATE EXECUTE paN 

iRETURN ON ENTERING INTO CACS 

;TA = 1? 

;DATA IN 
;STORE GPIB DATA 
; INCREMENT DATA POINTER 

iDATA OUT 
iLOAD GIPB DATA 
; INCREMENT DATA POINTER 
;DECREMENT DATA COUNTER 

iRETURN IF (BCl IS GREATER THAN 2 

;RETURN IF (BClIS GREATER THAN 2 
; (BC) = 0 OR 1 
iSEND EOI WITH THE NEXT BYTE 
;RETURN IF (BC) = 1 
; (BC)= 0 
;DISABLE DMAO INTERRUPT 

;00 = 1? 
iWAIT UNTIL HANDSHAKE IS FINISHED 
; TCA (TA~<E CONTROL ASYNCHRONOUSLY) CODE 
; ISSUE TCA TO 7210 

;READ INTERRUPT STATUS 2 REGISTER 
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LXI 
ORA 
MOV 
PDF' 
F'OP 
EI 
RET 

H, INTal.STl 
M 
M,A 
H 
PSW 

;UTILITY SUBROUTINES 
;=============~===== 

WA IT&CO: PUSH 
LXI 
MOV 
ANI 
JZ 
Dr 

H 
H, INTt-<STl 
A,M 
8H 
WAIT&CO+1 

XRA M 
MOV 
POP 
EI 
RET 

;UNLISTEN 
;======== 

UNLTN: MVI 
OUT 
JMP 

M,A 
H 

A,3FH 
BO&REG 
WAITt.CO 

tJ PD7210 

;SET INTERRUPT STATUS BYTE IN MEMORY 

;LOAD INTERRUPT STATUS BYTE 
;CO = 1? 
;WAIT UNTIL CO BIT IS SET 

; CLEAR CO BIT 

;UNL (UNLISTENlCODE 
; ISSUE UNL ONTO GPIB 
;RETURN WHEN HANDSHAKE IS FINISHED 

;ADDRESS LISTENERS (DEVICE ADDRESS POINTER = DE) 
;=============================================== 
; 
ADRt<L: CALL 
LOOP1: LDAX 

CPI 
RNC 
ORI 
OUT 
INX 
CALL 
JMP 

UNLTN 
D 
31 

20H 
BDe<REG 
D 
WAIT&CO 
LOOP1 

; ISSUE UNL ONTO GPIB 
;LOAD DEVICE ADDRESS 
; DELIMITER? 
;RETURN IF DELIMITER 
;FROM LISTEN ADDRESS 
; ISSUE LISTEN ADDRESS ONTO GPIB 
; INCREMENT LISTEN ADDRESS POINTER 
; WA IT UNTI L HANDSHAKE IS FIN I SHED 
; REPEAT 

;ADDRESS TALKER (TALK ADDRESS = B) 
;================================= 

ADR&.T: MOV 
ADR~,Tl : ORr 

OUT 
JMP 

A,B 
40H 
Bm,REG 
WAIT~-(CO 

;FROM TALK ADDRESS 
; ISSUE TALK ADDRESS ONTO GPIB 
;RETURN WHEN HANDSHAKE IS FINISHED 
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;SEND DATA (DATA POINTER = HL,DATA COUNTER=BC,DEVICE ADDRESSPOINTER=DEI 
;=~~:~================================================================= 

SEND: CALL ADR8,L 
IN ADR&REG 
ORI 40H 
OUT Bm,REG 
CALL WArT~~CO 

MVI A,78H 
OUT INT&M2 
MVI A,10H 
OUT AUX~,MODE 

JMP WAIT&CO 

;RECIEVE DATA(DATA POINTER 

;ADDRESS LISTENERS 
;READ MY ADDRESS 
;FROM MY TALK ADDRESS 
; ISSUE MTA ONTO GPIB 
;WAIT UNTIL HANDSHAKE IS FINISHED 
; INTERRUPT MASK 2 
;ENABLE DMAO INTERRUPT 
;GTS (GO TO STANDBYICODE 
; ISSUE GTS TO 7210 
;RETURN ON DATA CYCLE TERMINATION 

HL,TALK ADDESS = BI 
;=================~~~~=~======================== 

RECV: CALL ADR&T ; ADDRESS TALKER 
CALL UNLTN ; ISSUE UNL (UNLISTENI ONTO GPIB 
MVI A,13H ;LTN (LISTENI CODE 

RECVl : OUT AUXt.MODE ; ISSUE LTN OR LTNC TO 7210 
MVI A,lAH ; TCSE <TAKE CONTROL SYNCHRONOUSLY ON 

RECV2: OUT AUX&MODE ; ISSUE TCSE OR TCS TO 7210 
MVI A,10H ;GTS (GO TO STANDBY I CODE 
OUT AUXt.MODE ; ISSUE GET TO 7210 TO INITIATE DATA 
JMF' WAIH.CO ; RETURN ON DATA CYCLE TERM I NA TI ON 

;TRANSFER DATA <DEVICE ADDRESS POINTER = DE, TALK TALK ADDRESS = BI 
;================================================================= 
; 
XFER: CALL 

CALL 
ADR&L 
ADR&T 

;ADDRESS LISTENERS 
;ADDRESS TALKER 

ENDICOD 

CYCLE 

MVI A,lBH ;LTNC(LISTEN WITH CONTINUOUS MODEl CODE 
JMP 

; 

RECV1 ; ISSUE LTNC TO 7210,START DATA TRANSFER 
;AND RETURN ON DATA TRANSFER TERMINATION 

;DEVICE TRIGGER (DEVICE ADDRESS POINTER = DEI 
-============================================ , 
TRIG: CALL 

MVI 
OUT 
JMP 

ADRt.L 
A,8H 
BO&REG 
WAIn,CO 

;ADDRESS LISTENERS 
;GET(GROUP EXECUTE TRIGGER) CODE 
; ISSUE GET ONTO GPIB 
;RETURN WHEN HANDSHAKE IS FINISHED 

;DEVICE CLEAR <DEVICE ADDRESS POINTER = DEI 
;========================================== 

CLEAR: LDAX D : LOAD DEVICE ADDRESS 
CF'I 31 ;NO DEVICE ADDRESS? 
MVI A,14H ;DCL(DEVICE CLEAR) CODE 
JC CLEAR1 
CALL ADR~,L ; ADDRESS LISTENERS 
MVI A,4H :SDC(SELECTED DEVICE CLEAR I CODE 
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CLEAR1: OUT 

JMP 
Bot <REG 
WAITt,CO 

IJPD7210 

; ISSUE DCL OR SOC ONTO GPIB 
; RETURN WHEN HANDSHAt(E IS FINISHED 

;EXECUTE SERIAL POLLING(DATA POINTER = HL,DEVICE ADDRESS POINTER = DEl 
;===================================================================== 

EXSP: MVI 
OUT 
CALL 
CALL 
M'JI 
OUT 

LOOP2: LDAX 
CPI 
JC 
M'JI 
OUT 
JMP 

CO:iTN: CALL 
M'JI 
CALL 

INX 
JMF' 

; 

A, iSH 
B08<REG 
WAITt<CO 
UNLTN 
A,13H 
AUXt,MODE 
D 
31 
CONTN 
A,19H 
BO~<REG 

WAIT8<CO 
ADR~<T1 

A,12H 
RECV2 

D 
LOOP2 

;SPE(SERIAL POLL ENABEL)CODE 
; ISSUE SPE ONTO GPIB 
.WAIT UNTIL HANDSHAKE IS FINISHED 
; ISSUE UNL (UNLISTEN) ONTO GPIB 
;LTN (LISTEN) CODE 
; ISSUE LTN TO 7210 
;LOAD DEVICE ADDRESS 
; DELIMITER? 
;CONTINUE IF NOT DELIMITER 
;SPD(SERIAL POLL DISABLE)CODE 
; ISSUE SPD ONTO GPIB 
;RETURN WHEN HANDSHAKE IS FINISHED 
;ADDRESS TALKER 
;TCS(TAKE ONTROL SYNCHRONUOUSLYlCODE 
; ISSUE TCS AND GTS TO 7210 
;INITAITING STB TRANSFER 
;RETURN ON RECEPTION OF STB 
; INCREMENT TALK ADDRESS POINTER 
; REPEAT 

;EXECUTE PARALLEL POLLING (PARALLEL POLL RESPONSE = Al 
;===================================================== 

EXPP: MVI 
OUT 
CALL 
IN 
RET 

A,1DH 
AUX!l<MODE 
WAIT&CO 
CPT8<REG 

;EPP(EXECUTE PARALLEL POLLINGlCODE 
; ISSUE EPP TO 7210 
; WA IT UNTI L LPARALLEL POLLI NG I S COMPLETED 
;READ PPR FROM 7210 

; PARALLEL POLL CONFIGURE <DEVICE ADDRESS POINTER=DE 
;======================= SECONDARY COMMAND POINTER HLl 

PF'C: LDAX 
CPI 
RNC 
CALL 
LDAX 
ORI 
OUT 
CALL 
MVI 
OUT 
CALL 
MOV 
ORI 
OUT 
INX 

D 
31 

UNLTN 
D 
20H 
BO&REG 
WAITt.CO 
A,5 
Bm,REG 
WAIT&CO 
A,M 
60H 
BO!l<REG 
D 

INX H 

;LOAD DEVICE ADDRESS 
; DELIMITRE? 
;RETURN IF DELIMITER 
; ISSUE UNL <UNLISTEN) ONTO GPIB 
;RELOAD DEVICE ADDRESS 
;FROM LISTEN ADDRESS 
; ISSUE .LISTEN ADDRESS ONTO GF'IB 
;WAIT UNTIL HANDSHAKE IS FINISHED 
;PPC(PARALLEL POLL CONFIGURElCODE 
; ISSUE PPC ONTO GP I B 

;LOAD SECONDARY COMMAND 
;FORM SECONDARY COMMAND 
; ISSUE PPE OR PPD ONTO GPIB 
; I NCREMENT POI NTERS 
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CALL 
JMP 

; INTERFACE CLEAR 
;::::============== 

IFC: M'JI 
OUT 
CALL 
MVI 
OUT 
RET 

WAITt,CO 
F'PC 

A,lEH 
AUX~<MODE 

WAITt,100 
A,16H 
AUX~,MODE 

NEe 
; REPEAT 

;SIFC(SET IFCI CODE 
;ISSUE SIFC TO 7210 ACTIVATING IFC GPIB LINE 
; WA IT 10<) MICROSECONDS 
;RIFC(RESET IFCICODE 
; ISSUE RIFC TO 7210 INACTIVATING IFC 

; LOCAL <DEVICE ADDRESS F'OINTER = DEI 
;================================== 

LOC: 

LOCi: 

; 
; REMOTE 
;====== 

REM: 

LDAX 
CPI 
JC 
MVI 
OUT 
RET 
CALL 
MVI 
OUT 
JMP 

MVI 
OUT 
RET 

WAITtdOO: RET 

END 

D 
31 
LOC1 
A,17H 
AUXf-.MODE 

ADR&L 
A,l 
Bm,REG 
WAIT&CO 

A,lFH 
AUX&MODE 

;LOAD ADDRESS 
;NO ADDRESS? 

;RREN(RESET RENICODE 
; ISSUE RREN TO 7210 INACTIVATING GPIB LINE 

;ADDRESS LISTENERS 
;GTL(GO TO LOCALICODE 
; ISSUE GTL ONTO GPIB 
;RETURN WHEN HANDSHAKE IS FINISHED 

;SREN(SET RENICODE 
; ISSUE SREN TO 7210 ACTIVATING REN GPIB LINE 

DUMMY DELAY ROUTINE 
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INTRODUCTION 

The uPD7210S CS~~C (CS~A Controller) is a network controller 

that supports the Omninet LAN Protocol developed by Corvus 

Systems Inc. The on-chip Dr1A capability of the uPD7210S 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 

o Transfer rates: O.S to 4 Mbps 

Omninet LAN Protocol I 1 Mbps 

Omninet LAN Protocol II: 4 Mbps 

o Command chain function 

o On-chip DMA controller 

o 8/16-bit system bus compatible 

o Memory space : 16M bytes (224) 

o Transmit FIFO : 12 bytes 

Receive FIFO : 20 bytes 

o 16/32-bit CRC 

o On-chip DPLL (40 MHz clock input) 

o LOOP BACK test capability 

o 8-MHz system clock (independent from the serial clock) 

o CMOS technology 

o 48-pin DIP 

Note: The use of this device requires a licensing agreement 

with Corvus Systems Inc. 
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Pin Connection (Top View) 

CRQ 

RxD 

TxD 

TxEN 

RESET 

LED 

B/W 

TEST 

CRQ 

RxC 
RxD 
TxC 
TxD 

TxEN 
RESET 

LEO 

CLK 
GND 

A23/D7 
A22/D6 
A21/D5 
A20/D4 
A19/D3 
A18/D2 
A17/Dl 
A16/DO 

AD15 
AD14 
AD13 
AD12 

Command Request 

Receive Clock 

Receive Data 

Transmit Clock 

Transmit Data 

Transmit Enable 

Reset 

LED Drive 

Byte/\'lord 

Test 

CLK Clock 

A23/D7-A16/DO,: Address Bus, 

ADI5-AD8, 

A7-AO 

Data Bus 
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AEN 
ASTB 
READY 
HLDAK 
HLDRQ 
CLRINT 
INT 

WR 

RD 
cs 
AO 

VDD 
Al 
A2 
A3 
A4 
AS 
A6 
A7 
ADS 
AD9 
AD10 
AD1l 

AE~ 

ASTB 

READY 

HLDAK 

HLDRQ 

CLRINT 

INT 

UBE 

WR 

RD 

N 

t\'EC 

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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IIPD72105 NEe 
1. PIN FUNCTIONS 

Pin Pin I/O Active Function 
Name Number Level 

VDD 36 - - +5 ~ower supplv pin 

GND 12 - - Ground potential (OV) 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/O L Three-state control signal. It 

acts as an input pin when the chi~ 

operates as a bus slave, allowing 

an external processor to read the 

contents of 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 read the external memory 

contents. 

\'lR 40 I/O 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 uPD72l05. 

With the uPD72105 operating as a 

bus master, this pin acts as an 

output pin allowing the uPD72105 

to write data into external 

memory. 
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Pin 

Name 

B/W 

HLDRQ 

HLDAK 

AEN 

Pin I I/O II Active 
i 

Number I I Level 

9 I L/H 

44 o H 

45 I H 

48 o H 

41 I/O L 

~PD72105 

Function 

I Specifies a data bus to be i 
accessed by the chip operating as 

a bus master. 

s/W=O Byte (8-bit) transfers 

I 13/W=l 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 

Outputs the hold request signal to 

the host processor. The uPD72l05, 

when performing DMA within the 

chip, activates this signal to 

request the right to control the 

system bus to ptart operation as a 

bus master. 

Inputs the hold acknowledge signal 

from the host processor. 

~lhen this signal becomes high, the 

uPD72105 operates as a bus master 

and starts DMA. 

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. 

Three-state control signal. It 

acts as an input pin and indicates 

whether valid data are present on 

the A16/DO-A23/D7 or AD8-ADl5 whe~ 

the chip operates as a bus slave. 
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Pin Pin I/O Active I Function 

Name Number Level 

I 
UBE AO,A16/DO-A23/D7 I AD8-AD15 ! 

O! i I 

I 0 0 I X I 

0 11 x i 0 
i 

1 0 0 ! x 

1 1 0 i x 

The state of this pin changes 

depending on the state of the B/W 

pin when the chip operates as a I 
It is always 

I 
bus master. in a 

I high-impedance state in the byte 

transfer mode (when B/W=O) , 

I whereas it. acts as an output pin 

I in the word transfer mode (when 

iiB/w=l), indicating whether Valid 

data is on Al6/DO-A23/D7 or 

AD8-AD15. 

UBE AO A16/DO-A23/D7! AD8-AD15 

0 0 0 ! 0 I 

0 1 x I 0 
I 

, I , i 

1 0 0 , x , 
1 1 x i x 

I 
ASTB 47 0 H ! Strobes the higher address to an 

i 
! external latch. 

READY 46 I H I Indicates when the memory is in 
I 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 

I 
are extended so that slow-speed 

memories are accessed. 
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Pin Pin I/O Active Function 

Name Number Level 

CRQ 1 I H Signal "with which the ho!';t I system i 

requests the uPD72l05 to execute 

commands. The uPD72l05 receives a 

command at the rising edge of this 

siqnal and starts executinq it. 

INT 42 a H Indicates that the uPD72l05 has 

cornpletedcommand execution or 

I received a packet. 

CLRINT 43 I H i Inactivated the INT signal output 

I by the uPD72105 • The INT signal 

is inactivated at the rising edge 

of this signal. 

AO,Al 37,35 I/O - Bidirectional three-state address 

lines. These pins act as output 

pins to indicate the lowest 2 bits 

of • memory ~~ress when the chip ] 
operates as a bus master. With th 

chip operating as a bus slave, 

they act as input pins to indicate 

the lowest 2 bits of an I/O I 
address with which an external 

.. processor accesses the uPD7210S • 

A2-A7 34-29 a - 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. 

AC8- 28-21 I/O - Provide a bidirectional 

AC1S three-state address/data bus. The 

middle bits (8 to 15) of an 

address are multiplexed with the 

hiqher bits (8 to 15) of data. 
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Pin Pin I/O Active Function 

Name Number Level 

I Al6/ 20-13 I/O - Provide a bidirectional 

I DO- ! three-state address/data bus. 
A23/ The higher bits (16 to 2'3 i of an 
D7 address are multiplexed with the 

lower bits (0 to 7) of data. 

LED 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. 

TxEN 6 0 H Enables the serial transmitter 

driver. It becomes high when the 

uPD72105 transmits data to the 

serial bus. 

TxC 4 I/O - Outputs the transmit clock 

generated within the uPD72105 wher 

the DPLL mode is selected; 

otherwise inputs the transmit 

clock from an external device. 

TxD 5 a - 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 

external PLL. 

RxD 3 I - Inputs serial receive data. 
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2. INTERNAL CONFIGURATION 

The uPD7210S 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 h~st 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 l2-byte transmit buffer. 
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2.6 Receiver 

The receiver receives packets via the RxD pin and stores them 

in RxFIFO. 

2.7 Transmitter 

Thp. transmitter transmits the contents of TxFIFO via the TxD 

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) 

CS WR RD Al AO 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 

07 '06 05 04 03 02 01 DO 

X X X MIRQ CIRQ 0 0 CMORQ I IX; Don', ea .. l 

CMDRQ (Command Request) : 

This bit has the same functions as the CRQ pin. The host system 

can issue a command request to the uPD7210S by setting this bit 

to 1. This bit is automatically reset when the command is 

IitXecuted. 

CIRQ (Clear Interrupt Request): 

This bit has the same functions as the CLRINT pin. The host 

system can clear the INT signal of the uPD7210S 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 

07 06 05 04 03 02 01 DO 

IRQ WNR (-: Undefined) 

WN~Write Not Ready): 

This bit indicates that the uPD7210S is not ready when. the host 
system 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 uPD7210S 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 uPD7210S then receives a command from the memory 
area indicated by the address in the address FIFO and executes 

it. 
When the host system issues a command request without writing 

an address in the address FIFO, the uPD7210S 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. COt-'Y.ANDS 

4.1 Types of Commands 

The uPD72105 is provlded with the following commands: 

Command name Description 

INIT (Initial.ize) Initializes the uPD72l05. 

SEND (Send) Transmits a message to the other 

nodes through .the network. 

SETUP RCV (Setup Activates a socket for receive. 

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 L:ST (Receive List) Sets up a list of the receive 

buffers. 

ECHO (Echo) Transmits an ECHO packet to the 

other transporter on the network. 

LOOP BACK (Loop Back) Transfers data stored in a 

particular buffer in the node to an 

other buffer via the uPD72l0S. 

INIT MaNIT (Initial.ize Starts the network monitor. 

Monitor) 

MaNIT OFF (Monitor OFF) Suspends transfer during network 

monitoring. 

MaNIT ON (Monitor ON) Resumes suspended transfer during 

network monitoring. 

SET PARM (Set Sets the internal parameters of the 

Parameters) uPD72l0S. 

GET PARM (Get Reads the internal parameters of 

Parameters) uPD72l0S. 

NEW CHAIN (New Chain) Specifies a command address to 

execute the command stored there. 

NEW DEFLT ADDR (New Sets the default value of a command 

Default Address) 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) uPD72l05. 

GET STAT (Get Reads the Tx/Rx statistics of the 

statistics) uPD72105. 

Note: INIT MONIT, HONIT 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 Con~and Functions 

We will now discuss the function of each co~~and in detail. The 

uPD7210S 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 uPD72l0S is enabled. This function 

allows the uPD7210S to execute a sequence of commands on memory 

when the host system issues a single command request. When the 

uPD72l0S 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 l2-byte area in memory. (See Fig. 

4-1 ) 

12 bytes 12 byt., 

Memory 

Command code: DO'" 1 00-1 00-0 

• 
Fig. 4-1 Example of Command Chaining (3 commam~s) 

4.2.1 INIT 

Command R .... lt 

COMMAND CODE - 16H RETURN CODE 

2 
- -

3 RESULT ADDRESS 

- -
4 

5 HOST 

6 DMA PARAMETERS 

BAUD RATE 

8 DPLL PHASE 

9 DATA FORMAT 

10 PROTCOL 

The IN IT command initializes the uPD7210S. 
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(1) Command 

o RESULT ADDRESS 

This parameter specifies an address where the uPD72l0S 

stores the result of a command after it has been 

executed. 
o HOST 

This parameter specifies a node number and is a value of 

OOH to 3FH. The uPD72l0S 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 uPD72l0S 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 corre~ponds 
to the value of FIXED NODES) • 

o DMA PARAMETER 
This parameter specifies the number of ready cycles for 

the on-chip DMA controller. One ready cycle corresponds 

to 1 clock cycle. 

07 08 05 04 03 02 01 011 

o o o I READY CYCLES 

o 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+l). When 

the on-chip DPLL is not used, the value of this parameter 

has no effect. 
o DPLL PHASE 

Bit D7 of this parameter specifies whether the on-chip 
DPLL is used; when it is 0, the o~-chip DPLL is used, 
whereas when bit D7 is 1, the external DPLL is used. 

Also, when bit D7 is 0, the lower 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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o DATA FOru.tAT 

When commands or results are transferred betl-leen 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 O~ however, the RESULT ADDRESS of the first 

IN IT command itself after reset will be defined by this 

parameter. 

DATA FORMAT"'O DATA FORMATlioO 

2-byte data Form lower to From higher to 

higher byte lower byte 

3-byte data From lower, middle From higher, middle 

to hiqher byte to lower byte 

o PROTOCOL 

This parameter specifies the protocol~accordinq to which 

packets are transmitted. When the value of this parameter 

is OIR, the Ornninet I protocol is specified, when it is 

02R, the Omninet II protocol is specified. Setting to the 

Omninet I protocol, 16-bit CRC is selected. Setting to 

the ornninet II protocol, 32-bit CRC is selected. 

o 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"'OFH, 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 

o RETURN CODE 

OOH 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 

89H 

4.2.2 SEND 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

This value indicates that the value of the 

parameter HOST is invalid (40H to FEH). 

This value indicates that the node number 

specified by the parameter HOST has already 

been used by the other nodes. 

Com .... nd R_lt 

COMMANO CODE. 40H 

}f 
RETURN CODE 

RESULT ADDRESS· NOT USEO 

SOCKET 

USER CONTROL 

DATA ADDRESS IO-FFH by ... ) 
.~ 

OATA LENGTH 

CONTROL LENGTH .-/ 

DESTINATION 

The SEND command transmits messages from memory to the other 

nodes through the network. 

(1) Command 

o 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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o DATA ADDRESS 

This paraMeter specifies the first address of memory that 

holds the data to be transmitted. 

o DATA LENGTH 

'T'his parameter specifies the number of bytes in the data 

to be transmitted. 

Omninet I: 0 to 7FFH 

Omninet II: 0 to 800H 

o CONTROL LENGTH 

This parameter specifies the number of bytes of user 

control the host system created in the user.message. 

;o1here the value of SOCKET is 80H or 90H, the number of 

bytes is O. 

o DESTINATION 

This parameter specifies the node number of the 

destination. OOH 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 

o RETURN CODE 

OOH Indicates that transmission has been 

successfully accomplished without 

retransmission. 

OlH to OAH: Indicates the number of retransmission 

80H 

81H 

82H 

B3H 

attempts made before successful transmission 

was accomplished. 

Indicates that retransmission was attempted 

the maximum allowable number of times but no 

response was obtained. 

Indicates that the transfer data length was 

longer than the buffer length provided in 

the destination. 

Indicates that the socket has not been set up 

at the destination. 

Indicates that the value of CONTROL LENGTH 

specified did not agree with the value at the 

destination. 

4-19 



jJPD72105 

84H 

86H 

87H 

BAH 

NEe 
Indicates that the parameter SOCKET was 

invalid, i. e., the value of the parameter 

SOCKET was other than SOH, 90H, AOH, and 

BOH) • 

Indicates that the parameter DESTINATION was 

invalid, i.e., the value of the parameter was 

other than DOH to 3FH and FFH). 

Indicates that the "no empty message" b\1ffer 

is available for the socket at the 

destination. 

Indicates that the command was not accepted, 

because the chip has been in the network 

monitor mode. 

o 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 

Result 

2 

COMMANC COCE - FOH 

}f 
RETURN COCE 

SOURCE HOST 

RESULT ADDRESS 
LENGTH OF DATA RECEIVED 

4 

SOCKET 

6 USER CONTROL 

DATA ADDRESS 1 (O·FFH bytes) 

J 8 

9 
DATA LENGTH 

10 

11 CONTROL LENGTH IJ 

The SETUP RCV command readies a socket to receive message 

packets. 4-20 
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(1) Command 

o SOCKET 

This parameter specifies the socket number that enables 

reception. 

o DATA ADDRESS 

",PD72105 

This parameter specifies the first address of a buffer in 

memory in which the rceived data are to be stored. 

o 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: 0 to 800H 

o 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 

o RETURN CODE 

FEH : Indicates that the receive socket has been 

successfuly set up. 

84H Indicates that the parameter SOCKET was invalid. 

8SH 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. 

OOH 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 OOH to 

RETURN ODE when a message packet is received later. The 

uPD7210S generates an interrupt whenever it sets a value to 

RETURN CODE. 
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o SOURCE HOST 

When a message packet is received (RETURN CODE=OOH1, 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. 

o LENGTH OF DATA RECEIVED 

This parameter indicates the number of bytes in the user 

data of the received packet. 

o USER CONTROL 

This area stores the user control of the received packet. 

4.2.4 END RCV 

Commend 

2 I--_CO_MMA_ND C_ODE_.l0_H~} r1 
3 RESULT ADDRESS j 
4 

5 SOCKET 

RETURN CODE 

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 

o SOCKET 

Specifies the number of the socket that is to be 

inactivated. 

(2) Result 

o RETURN CODE 

84H Indicates that the parameter SOCKET was invalid. 

OOH Indicates that the socket has been inactivated. 

8AH Indicates that the command was no.t accepted, 

because the chip has been in the network monitor 

mode. 
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4.2.5 WAIT RCV 

Result 

COMMAND CODE' 14 ... 

f 
~------------------~ 

2 

3 RESUI. T ADDRESS 

4 

RETURNCOOE 

5 SOCKET 

6 OOH 

7 
TIME 

B 

The WAIT RCV command specifies the time during which the socket 

set up by the SETUP RCV command is to await reception of a 

message packet. 

(1) Command 

o SOCKET 

This parameter specifies the number of the socket for 

which the wait time for receiving a packet is specified. 

o TIME 

This parameter specifies to socket await time for 

receiving a packet. 

TIME wait time Cms] 

(system clock: 8 MHz) 

01 1x100 

02 2x100 

03 3x100 

: : 
~ 

-- '"' 
25x100 T 
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Where the value of TIME is DOH, the uPD7210S 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 TD-1E specified to be DOH. 

(2) Result 

o RETURN CODE 

DOH 

84H 

88H 

8AH 

Indicates that the wait time has been set to the 

specified socket. 

Indicates that the parameter SOCKET was invalid. 

Indicates that the specified socket has not been 

set up. 

Indicates that the command was not accepted, 

because the chip has been in the network monitor 

mode. 

92H Indicates that the RCV LIST c9mmand 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. 

DOH 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 LIs'r 

Command 

COMMAND CODE· 12H 

MESSAGE LIST ADDRESS 

4 

5 SOCKET 

6 NOT USED 

BUFFER LENGTH 

8 

The RCV LIST command sets up a list of message buffers (message 

descriptor) to allow reception by sockets BOR and 90R. Only 

socket numbers BOR and 90R 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 descripto. 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 

o MESSAGE LIST ADDRESS 

This parameter specifies the first address of the message 

descriptor. 

o SOCKET 

This parameter specifies the number of the socket that is 

set up to receive packets. 

o BUFFER LENGTH 

This parameter specifies the number of bytes in each 

message buffer. 

(2) Control Record 

o 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. 
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RETURN CODE 

FER Indicates that the receive list has been set up 

and that reception is enabled. 

84R Indicates that parameter SOCKET is invalid 

(i.e., the value of the parameter is other than 

BOH and 90R). 

8SR Indicates that the specified socket is being 

used. 

8AR Indicates that the command was not accepted 

because the chip has been in the network monitor 

mode. 

Buffer state 

OOR Indicates that the received message has been 

stored after the last interrupt was generated. 

FOR Indicates that the received messages are stored 

in all the buffers. 

FCR Indicates that the host system has completed 

processing of all the messages. 

o 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. 

o FIRST RECEIVED and LAST RECEIVED 

These parameters indicate the first and last indexes of 

RECEIVED LIST, respectively. When the value of LAST 

RECEIVED is OOR, 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 

o NEXT 

This parameter indicates the index of the next message 

list. When its value is OOR, it indicates the last list. 

o DATA BUFFER ADDRESS 

This parameter indicates the first address of the message 

buffer each message list supports. 
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o RECORD CODE 

FFH Indicates that "the message buffer is empty. 

OOH 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. 

o 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. 

o ACTUAL LENGTH 

This parameter indicates the number of bytes ina 

received message. It is set by the uPD72105 after the 

packet has been received. 

When the RCV LIST command is issued, th~ 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 OOH, 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 OOH 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=OOH) of 

FREE LIST, the uPD72l05 sets the SOCKET STATE to FDH and 

FIRST FREE to OOH. 
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The host system, on the other hand, checks the SOCKET STATF. 

on acknowledging an interrupt and processes received 

messages if it is either OOH or FDH. The host system first 

checks that FIRST RECEIVED does equal FIRST FREE and that 

FIRST RECEIVED does not equal OOH (RECEIVED LIST is 

present). It then fetches received message from the buffer 

indicated by FIRST RECEIVED. 

After that, the host system rewrites FIRST RECEIVED to the 

NEXT value in the current message list and sets the NEXT to 

OOH and the RECORD CODE to FFH. It then checks FIRST FREE 

further. If FIRST FREE does not equal OOH (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 OOR (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-~h 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 }~ 
COOE 

~~ 

OL 

SOCKET 

NOT USED 

BUFFER LENGTH 

MESSAGE LIST 
(FREE LIST) 

\. 
Index 1 

Index 2 

':" 
Index 
IN-Tl 

Index N 

Message descriptOr 

SOCKET STATE IFFHI 

FIRST FREE IOIHI 

LAST RECEIVED IOOHI 

LAST FREE INI 

FIRST RECEIVED IOIHI 

NOT USED 

NEXT I02HI 

DATA BUFFER ADDRESS 

RECORD CODE(FFH) 
SOURCE 

ACTUAL LENGTH 

NEXT I03Hl 

NEXT IN) 

RECORD CODE(FFH) 

NEXT IOOHI 

RECORD CODE(FFH) 

~PD72105 

~ ~'O .~ .... ,","""'"",0. to FE H after command execution. 

Chip updates these control 
codes after receiving them. 

HQst system updates these control 
codes after proceS$ing a received m essage. 

} ~" .. - .... -'"" ~ .. ~ code after procesSing a recented me 

"f:: 
Buffer 1 

,,~ (Emptyl 

ssage_ 

} Chip .. ts the .. me_. 
atter. receiving them. 
(Host sYstem does not 
prepare these messages.) 

* ~ 

IV·" Buffer (N-Il =!:< (Empty) 

-} :::~ 
Buffer N 
(Empty) " 

Fig. 4-2 RCV LIST Command List (created by the host system) 
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Message descriptor 

SOCKET STATE IOOH) } FIRST FREE I02HI 

LAST RECEIVED 101 H) 

Updated 

LAST FREE IN) 

FIRST RECEIVED 101 H) 

---
Index 1 NEXT 102H) 

RECEIVED 
LIST 

DATA BUFFER ADDRESS 

RECORD CODE(OOH) 
SOURCE 

ACTUAL LENGTH -

~I---~~~-----I"~ t 

FREE 
LIST 

Index 2 

Index N 

,:s 

NEXT 103H) 

RECORD CODE(FFH) 

NEXT IOOH) 

RECORD CODE(FFH) 

}~ 
T 

,~ 

} 

Buffer 2 
(Empty) 

Buffer N 
I Empty) 

Fig. 4-3 Updated List on Receiving the First Packet 

(by the chip) 
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RECEIVED 
LIST 

FREE 

Index 1 

Index 2 

Index i 

Index 
(i+1) 

LIST Index N 

Message descriptor 

SOCKET STATE IOOHI 

FIRST FREE 0+11 

LAST RECEIVED iii 

LAST FREE INI 

FIRST RECEIVED I01HI 

--

NEXT (02HI 

DATA B.UFFER ADDRESS 

RECORD CODE(OOH) 
SOURCE 

ACTUAL LENGTH 

NEXT I03HI 

'1= 
NEXT 0+11 

RECORD CODE(OOH) 

NEXT 0+2) 

RECORD CODE(FFH) 

:= 
NEXTlOOH) 

I-

RECORD CODE(FFH) 

} Updated 

:::~ 

,~ 

Buffer (i+1) 
(Empty) 

Buff .. N 
(Empty) 

Fig. 4-4 Updated List on Receiving the i-th Packet (by the 

chip) 
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Message descriptor 

SDCKETSTATE (OOHI 

FIRST FREE 0+11 

LAST RECEIVED iii 

LAST FREE (OIHI 

FIRST RECEIVfD (02HI 
} Updated 

--
Index 1 NEXT (OOHI Process buffer 

FREE 
LIST 

DATA BUFFER ADDRESS 

RECORD CODE(FFH) 

t7-
{U~ted '--_____ ..J 

Buffer 1 
(Emptyl 1 

RECEIVED 
LIST 

FREE 
LIST 

Indox 2 

Index i 

Index 
0+11 

Indox N 

~~ 

<I=' 

I-

r-

SOURCE 

ACTUAL LENGTH 

NEXT (03HI 

NEXT 0+11 

. 

RECORD CODE(OOH) 

NEXT (i+21 

NEXT (OIHI 

RECORD CODE(FFH) 

'f: 

.= 

Buff ... N 
(Empty) 

4-5 Updated list on Processing the First" Message 

(by the host system) 

4-32 

ttlEC 



NEe IJPD72105 

4.2.7 r.e n " 

Command Result 

COMMAND CODE· 02H 

}f 
RETURN CODE 

RESULT ADDRESS 

5 DESTINATION 

6 MAX TRY 

The ECHO command transmits the ECHO packet to the other nodes 

on the network. With this command, the host Rystem can learn 

whether the destination node of the ECHO packet exists on the 

network. 

( I) Command 

o DESTINATION 

This parameter specifies the node number of the 

destination. 

o 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 OIH or 02H. 

(2) Result 

o RETURN CODE 

OOH 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) • 

OIH to 7FH: Indicates the number of retransmission 

SOH 

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). 

N'EC 

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 

COMMAND CODE - lAH 

2 

DESTINATION DATA 
3 

ADDRESS 

4 

5 CRCSIZE 

6 

SOURCE DATA 
7 

ADDRESS 

8 

9 
LENGTH 

10 

The LOOP BACK command transfers the data held by a buffer in 

memory via the uPD72l05 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 

o 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. 

o SOURCE DATA ADDRESS 

This para~eter specifies the first address of the buffer 

containing the data to be transferred. 

o DATA LENGTH 

This parameter specifies the number of bytes of data to 

be transferred. 
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(2) Result 

o RETURN CODE 

OOH : Indicates that the loop back function completed 

normally. 

BAH Indicates that the command was not accepted, 

because the chip has been in the network monitor 

mode. 

o LOOP BACK DATA 

These bytes are the data transferred by the loop back 

function. 

o CRe 

These bytes are the eRe code generated with transferred 

data. 

4.2.9 INIT MaNIT 

Command Result 

COMMAND CODE' OAH RETURN CODE 

RESULT ADORESS 

-
4 

5 CRC/INT FLAG 

6 

7 RING BUFFER ADDRESS 

8 

9 
ENTRIES 

10 

11 
ENTRY SIZE 

12 

IJPD72105 

The IN IT 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) Commanc". 

o CRC/INT FLAG 

Bit DO (CRC FLAG) : 

Vlhen 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 Dl lINT 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. 

o RING BUFFER ADDRESS 

Specifies the first address of the ring buffer in which 

the packet information and additional information are to 

be stored. 

o ENTRIES 

Specifies the number of entries (buffers) in the ring 

buffer. 

o 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 OOH indicates that an error 

has not occurred, whereas any other 

value indicates occurrence of an error. 
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(2) Result 

o RETPRN CODE 

OOH Indicates that the command has been accepted. 

"'hen the uPD72l05 accepts an IN IT MaNIT command, it becomes 

unable to perform ordinary communications, and can only 

accept the commands INIT MaNIT, MaNIT OFF, MaNIT ON, and 

INIT. To release the network monitor mode, the INIT command 

must be executed. 

4.2.10 MaNIT OFF 

Command A_It 

COMMANO COOE - OEH 

f 
RETURN CODE 

2 

RESULT ADDRESS 

4 

The MaNIT OFF command suspends DMA transfer to the ring buffer 

while the uPD72l05 is monitoring the network. 

(1) Result 

o RETURN CODE 

OOH 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 MaNIT ON 

2 ~CDMM_AND ~ C----lDDE - OCH } r1 
--=AO"~ J 

RETURN CODE 

4 
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The MaNIT ON command resumes D~~ transfer to the ring buffer 

suspended by the uPD72105 while it is monitoring the network. 

(1) Result 

o RETURN CODE 

OOH Indicates that the command has been accepted. 

BAH Indicates that the command was not accepted, 

because the chip has not been in the network 

monitor mode. 

4.2.12 SET PARM 

R_lt 

COMMAND'IEH RETURN CODE 

2 

3 RESULT ADDRESS 

4 

5 MAX WAIT 

6 TRAILING FLAGS 

MAX RETRY 

8 LEADING FLAGS 

9 PROTOCOL 

10 OVERLAP 

The SET PARM command modifies the internal parameters of the 

uPD72105. 
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(11 Command 

o 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 (usl 

01H 5 

03 15 

07 35 

OF 75 

IF 155 

3F 315 

7F 635 , 

FF 1275 

o TRAILING FLAGS 

The parameter specifies the number of.bytes in the 

TRAILING FLAG of a packet. The default value is OSH. 

o MAX RETRY 

pPD72105 

This parameter specifies the maximum allowable number of 

retransmission attempts. The default value is OAH. 

o LEADING FLAGS 

This parameter specifies the number of bytes in the 

LEADING FLAG of a packet. The default value is OAR. 

o PROTOCOL 

This parameter has the same functions as the parameter 

PROTOCOL of the IN IT command. 

o 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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o TRYINT 

This parameter specifies the minimum value of the 

retransmission intervals. 

TRYINT Minimum interval (us) 

OOH Use prohibited 

01 3 

02 6 

. 
. . 

::::: !::::: -::---

FE I 762 J FF 765 

o HOST 

The parameter HOST of this command has no ~eaning. 

NEe 

The HOST which was determined by INIT command can not be 

changed with this parameter. 

(2) Result 

o RETURN CODE 

OOH 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 GE':' ?".R.'1 

Command Aesult 

4 

COMMAND = lCH 

L-_____ R_E_SU_L_T __ A_D_D_R_ES_S ____ ~} f 
RETURN CODE 

NOT USED 

MAX WAIT 

TRAILING FLAGS 

MAX RETRY 

LEADING FLAGS 

PROTOCOL 

OVERLAP 

NOT USED 

HOST 

The GET PARM command reads the internal par~meters of the 

uPD7210S. To partially modify the internal parameters, the 

parameters of the SET PARM command can be created by first 

executing the GET PARAM command and then modifying the result. 

(1) Result 

o RETURN CODE 

OOH Indicates that the command has been accepted. 

BAH Indicates that the command was not accepted, 

because the chip'has been in the network monitor 

mode. 

4.2.14 NEW CHAIN 

No result' 

COMMAND CODE - 04H 

2 

3 NEW CHAIN ADDRESS 

4 
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The NEW CHAIN command executes the command stored in the 

address specified by N~W CHAIN ADDRESS. The uPD72105 does not 

generate an interrupt for this command, but does so after 

execution of the command in the specifi~d address. 

4.2.15 NEW DEFLT ADDR 
eom .... nd No .... ult 

COMMAND CDDe - 06H 

2 

NEW Dt!FAULT COMMAND 
3 ADDRESS 

4 

The NEW DEFLT ADDR command sets a default value of the command 

address from which the command is fetched when the address 

FIFO if. empty. This command address is 0 immediately after 

resetting. 

On receiving the command, the uPD72105 executes the command 

specified by NEW DEFAULT COMMAND ADDRESS. T~e 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 

2 

3 

Command 

COMMAND CODE-26H _ (1 
RESULT ADDRESS J -

Result 

RETURN CODE J 

The CLR STAT command clears the contents of event counters to 

initialize the counters. The counters manage the 

transmit/receive statistics. 

(1) Result 

o RETURN CODE 

OOH Indicates that the command has been accepted. 

BAH Indicates that the command was not accepted, 

because the chip has been in the network monitor 

mode. 
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4.2.17 CET STAT 

~ __ r_o.~",lT'and Result 

COMMAND CODE=28H 

>- RESULT ADDRESS .~ 
LI-____ ----' J 

r RETURN CODE 

1 
RECEIVE ERROR .. 

Receive 
5 

6 RECEIVE OK 
-

7 

8 

9 SEND ERROR 

10 
Transmit 

11 
-

12 PACKETS SENT 

13 

14 
-

15 ABORT 

16 

17 
f-

18 CRC ERROR * 
19 

20 
~ 

21 OVERRUN ERROR 
I-

22 

The GET STAT command reads the contents of event counters to 

store them in a memory area following to the RETURN CODE. 

(1) Result 

o RETURN CODE 

DOH Indicates that the command has been accepted. 

BAH Indicates that the command was not accepted, 

because the chip has been in the network monitor 

mode. 
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o RECEIVE ERROR 

The RECEIVE ERROR indicates the count of errors which 

have occurred on receiving packets. The value is the 

total of ABORT, CRC ERROR and OVERRUN ERROR. 

o RECEIVE OK 

The RECEIVE OK indicates the count of recieving packets 

normally. 

o SEND ERROR 

ttlEC 

The SEND ERROR indicates the count of Tx under run errors 

which have occurred to send aborts on transmitting 

packets. 

o PACKETS SENT 

The PACKETS SENT indicates the count of packet 

transmissions. It is the total of normal and abnormal 

transmissions 

o ABORT 

The ABORT indicates the count of receiving aborts. 

o CRC ERROR 

The CRC ERROR indicates the count of ~C errors which 

have occurred on receiving packets. The polynomLlals of 

CRC are as follows. 
16 bits: x16+x12+x5+l 

32 bits: x32+x26+x 23+x 22+x16+x 12+x11+x10+xB+x7+x5+x 4 

+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 LSBFOBBMSB (for 16-bit) or ;~BDEBB20E3MSB 
(for 32-bit) on receiving, and the receiving is regarded 

as CRC error. 

o OVERRUN ERROR 

Packet Info 

CRC calculation 

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 

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 uPD72l05 is shown in Fig. 5-1. Prior 

to issuing a command request to the uPD72l05, the host system 
constructs a command table in memory and w'rites 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 
uPD7210S. 

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(Dl) bit of the status register is set 

to 1. Setting the command address is comp.eted 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 PH" 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 PH" or the IRQ(D4) bit of the status register is 1), 

the host system resets this interrupt (~LRINT signal is PH" 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 
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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 uPD7210S 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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If command address is Omitted. 
the default address becomes effective. 

RETURN CODE, et<:. 

Fig. 5-1 CSMAC Control Flowchart 
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Al.AO-OO 

Specifying odd,... FIFO 

Writing comm.nd addr •• 

Three bytes of higher, middle, and lower bits 
(order ilspecified by the fNl' command I 

Fig. 5-2 Command Address Writing 
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6. SYSTE~ CONFIGURATION EXAMPLES 
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Fig. 6-1 System Configuration Example I (Memory Mapped I/O) 
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Fig. 6-2 System Configuration Example II 
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Fig. 6.3 Example for serial interface 

I'PD12105 

RxD~ ______________________ ___ 

TxD~-------------, 

'------------- T xDAT A 

L--------------RxDATA 

Fig. 6.4 NRZI Data Format 

Bit call 

Data bit N 0 I 0 I 0 I 1 I 0 

NRZI ~~ ____ ~I 

4-51 



"" I 
til 
~ 

Message Packet 

Echo Packet 

Acknowledgement Packet 

Sync Packet 

I 
Leadi ng Flags Message Header 

Leadi ng Flags Message Header 

Packet Format 

Packet Information r---'--- User Message -~ 
User Control User Data 

"(0-255) >.:(0-2047) 

User Control User Data 
x(0-2SS) x(0-2048) 

CRC 
Trai I lng Flags x2 

CRC 
Trai ling Flags x4 

~ ----Destination Source Validation Destination User Data User Control 
Addre a s Address "AS" S ocke t Retry Pa r it y Length Length 

Destination Source Validation Destination 
Retry Pari ty 

User Data User Control 
Address Address "SA" Socket __ L -----

Length Length 

Dett i nat i on Source Va'lidation So eke t (no ule) eRe 
Leadi ng Flags Address Address " AS" "00" xs x2 Trai 1 ing }<"'lags 

Leading Flaga 
Destination Source Val idation Socket CRC 

Trai ling Flaes 
Address Address "SA" "~O" 

Retry x4 

Dest i na t ion ACK./NAK Validation eRC 
Leading Flags Address "50" Code "AS" (no use) x2 TTai I ing Flags 

Leadi ng Flags Dest inat ion Source Validation Socket ACK./NAK CRC 
Trai ling nag. I 

-------
Addren Address "SA" " 01' Code x4 

Deatination Source Validation (no use) eRe Leading Fiala Addu .. "60" Addrea .. "AS" X6 Uetry x2 Teai ling Fiala 

Leadi og Flag. De 8 tina t i on Source Val idati on Socke t 
Retry eRe 

Trailing Flaga Addres. Addreas "SA" "02" x4 

I OMNINET I protocol, II OMNINET II protocol 

'C 

" C ..., 
I\) .... 
o 
CI1 

~ 
~ 
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uPD72105 AclDC Target spec. 

ABSOLUTE HAXIHUH RATINGS (Ta=25°C) 

Parameter Symbol 

Power Supply Voltage VDD 

Input Voltage VI 

Output Voltage VO 

Operating Temperature Topt 

Storage Temperature Tstg 

----.--~ 

Test Conditions 
-.-~-.-------.--

Ratings 
.-----. 

-0.5 "-' +7.0 

-0.5 '" VDD+O. 3 

-0 . .5 ........ VDD+O . 3 

-40rJ +85 

-40~ +125 

Units 

V 

V 

V 

DC CHARACTERISTICS (Ta=-40 +85°C, VDD=5V+I0~~) 

Para!:leta:.- __ SYl"-o>ol ! 
I Input Low Voltage VILC 

I 
VILR 

VIL 

Input High Voltaee VIHC 

VIHR 

VIR 

Output Voltage Low VOL 

Output Voltage High VOR 

I Supply Current InDl 

Illput Leakage Current ILL 

i Output Leakage Current ILO 

i, system clock = 8Wlz 

DPLL clock = 40HHz 

Fix nIH pin to "1" or "0". 

Test Cor:ditions ! :rn: !TYP i H.'_X iUnits 
--l'-·-·--L·---~--·--!--

CLK Pin -0.5! j +0.8 i V 
:! I 

-- I' I 
P~C when usi~g -0.5 'I I +0.4 I' V 
'on-chip DPLL I 
Others -0.5 ! +0.8 i V 

CLK Pin, TEST Pin +3.3; IVDD+0.3! V 

!!~C~~;nD;~~ng +2.4 ll~ VDD+0.3j V 

+2.2 Others 

IOL=2.5mA 

VDD+0.3 V 

+0.4 V 

IOH=-400uA O. PVDD V 

1
25 

Hhen operating *1 

OV~VIN ~ VDn 

40 rnA 

2:. 10 uA 

OVoS VOUT ~ VDn I + 10 i uA 
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uPD7210S 

AC CHARACTERISTIC (Ta=-40 +85°C, VDD=5V.:!:.10%) ;'2 

BUS-HASTER HODE - -~~----..... -. -.----.----------.-~ .. -
Parameter Symbol Test Conditions 

---.. ---.. -------.------.-- - : 

CLK Cycle Time TCYK 

CLK Active Lm, TKKL 

CLK Active High TKKH 

I CLK Rise Time TKR 1. 5-3. OV 

I CLK Fall Time I TKF 3.0-1.S'! 
I I i HLDRQi' Delay Time fron CLK]'I TD!lQH 

I HLDRQv no 1 .... ~ .. Time fron rT 11'" TDU(), 
~--"""~J v~"'1 " .... ~ 

i HLDAl: Setup Tirc,E to CLK; j TSl-L .. ;' 

! AE\-'~ Delay Tine from eLK!, I T11.1-1-1 I 1>1 L ~~L •• 

! 
! AE)j,l, Delay Tir:.e fro~ CLKf ! TDALL 
I I TDS"H I ASTBI' Delay Time from CLKI 

I TSISTH I ASTB Pulse \~idth 
I 

i TDSTL I ASTB~ Delay Time from CLK~ 

I ADR/UBE/RD/WR I TDA 
Delay =~m~from CLKt 

, ADR/UBE/RD/HR ! TFA I no", Doby £,.- ,,,I I 

I 
ADR Setup Time to ASTBt I TSAST 

I 
: ADR Hold Time from ASTB ~ I TIISTA 

! RDt Del2Y 
, 

Tine i T))AR 
i from ADR Float I I , 
! RDt Delay Time from CLK1 ! TDRL 

I RD Pulse Hidth i TRRL2 

I RDt 

I 
Delay Tir.le from CLKt I TDRI! 

i DATA Setup Tiloe to rus! ! TSDR 

! DATA 
, 

Hold Time from RDt I TURD 
1-
\-m~ Delay Time from CLK.; I TD\-IL 

~.JR Pulse Hidth i TI,IIL2 
i 

I-IRi Delay Time 
I 

from CLK, i TDHII 

READY Setup Time to CLK1' I T5RY 

READY Hold Time frotl CLK! 
, 
I THRY ----

4-56 

NEe 

--." . . _----~._ . . ---'-"'-" 

NIN llAX Units 

125 1000 nS 

50 nS 

50 115 

10 n5 

10 nS 

.1 00 nS 

100 reS 

35 r.S 

100 nS 

100 I"~S 

70 nS 

TKKH-15 nS 

100 nS 

100 n5 

70 nS 

TKKH-35 nS 

Tl:KL-20 nS 

TKKH-30 nS 

70 nS 

1.STCYK 
-50 n5 

70 nS 

70 nS 

0 nS 

70 nS 

1.5TCYK 
--50 nS 

70 I1S 

35 115 

20 11S 
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uPD72JOS 

-_._--- - I HI~'; l-iAX Units I 

·1 
100 oS I 

I 

~ci'!~IN:a :':I;'::~:I'~'~-:'-_~~=-~~:~:J~~~l~~J_~~_~~--cond i ~ j~'ns ... 1,- ...... --._. 

INn Delay Time from CLRINTt TDIL 

100 nS 

I 100 nS 

lUTf Deloy Time from CLKf TDIH 

LEDL Delay Ti-tlf.' frof'1 CLKt TnLI. 

LEDl Delay Til'Je fron CLK'i TDLH 

100 nS ! I 
I 100 nS 

CRQ Pulse \'Iicth TCRCRH ~ r~S 

BUS-SLWE !~OD2 
-------~.---- -----------.. -.....-----~--., .. ---.---------.-.---.-. ... ~ .- .. -- . __ .... _'". "_. .- .. ~------ .. "--

ParCl..eter i Sy;;:bo~ 'fest Co •. c i t icr;.s I ~!I~~ I·L4.X Units I ---I 

i I i ... ~? Pulse h'idch I Ti.;l·:L 100 nS 
i 

CS KRi !THl-:CS ! Hold Time rron 0 oS 

t ADR/UBE!CS Setup Time to HR~ TSAl..: a nS 
[ 

ADR/miE \\iR~ 
I 

I Hold Time froro THHA a nS 

I DATA Setup Time to ~T!1. l' TSm! 100 nS 
I 

I DATA Hold Titl2 from HR'I THl-lD 20 nS 

I 
RD Pulse Hidth TRRL 150 nS 

ADR/CS Setup Time to RD1 TSAR 35 nS 

I ADR/CS Hold Tine from lml THRA 0 nS 

I DATA Delay Time from RD L TDRD 120 nS 

i DATA Float Delay from RD t TFRD 10 100 nS 

I RESET Pulse Hidth TRSTL lTCYK nS 

VDD Setup Time to RESETt TSVDD 1000 nS 

1st \'!R/RD from RESET"I TSYHR 2TCYK nS 

Recovery Tine from HR/RD TRVHR 200 nS 

High Setup Time to IILDAKI' TShTR 

I 
-20 nS 

High Hold Time from AEN-l, THHR 100 nS 

.... , 2 Input levels for AC test are 

2.4V (2S "I") and 

0.4V (as "all). 

Test points are 

2.2V (as "1") and 

0.8V (as "Oil). 
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Serial Part 

Parameter 

TXC/RXC Cycle Time 

TXC/RXC Active Lov] 

TXC/~XC Active High 

TXC/RXC Rise Time 

TXC/RXC Fall Time 

-~--~~~F;;~:C;;!i~i~~ ·~r;~i~l~tl 

TSR ~~! :: j 

TXD Delay Time from TXCt 

I TXENt Delay Time frOtl TXC 1 
i TXEi~ Delay Tine froB TXC~ 

I RXD Setup Time to p,XCi 

i ~W Hold Time fran L,{C" 

LXC Cycle Time *3 

RXC Active Lm" 

RXC Active High 

RXC Rise Time 

RXC Fall Time 

,100 I nS 

100 nS 

100 nS 

50 n;, 

70 nS 

25 200 I1S 

5 llS 

5 nS 

5 nS 

5 nS 

250 ~OOO nS 

"3 DPLLed clock cycle time should be from 250 I1S to 2000:ls. 

This in C1 target spec. nnd call he ch.tnged during devclnpeent. 
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AC Timing Test Points 

2.4V ___ ~X ~:~~> Test Points <~ .. ~~ X~ __ _ 
O.4V 

Timing Waveform 

CLK Waveform 

tKF-j r- t -j t tKR 
I L- KXL-----. . I 

CLK -~-------rl::: ~--~--'- 3.0V 
1.5V ~ - - - -- --1.f.-- KKH _ . 

t CYK 

~I':HF ----..: ttHR 
I tHHL-.,1 ------,J 

RXC -----" ----- - t. - ----- 1- 2.4V 
(When Using O.4V j ------. !.--tHHH _, 
on-chip DPLL) t CYH 0>; 
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elK 

HLDRQ 

HLDAK 

AEN 

ASTB 

ADDRESS 
(MPX PIN) 

ADDRESS/UBE ______ _ 
(ADR ONLY PIN) 

WR 

READY 

ADDRESS 
(MPX PIN) 

RD 

I 
--f-- -------~----

I 
t RRL2 . 
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BUS SLAVE MODE 

CS 

\\R 

ADR/UBE 

DB 

ADR 

RD 

DB 

RESET 

WR or RD 

~ tSVDD 
1----::...:-:::..::tR'-S-T-L--l1 

\I' __ ~]L---

1c 'I 'm'L 

f----tRVI~R--..........,'-----' 
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HLDAK --1 \ U1r--+-WR or RD 

AEN 

WR or RD 

'----- t SIVR 

t d HWR 

I \ 

i,--_/ 
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01:. 
I 

C1\ 
01:. 

TXC (IN) 

TXD 

TXEN 

RXC 

RXD 

I 

>l---' tDTE I 

/ \ ! \ x]l~-\ I 

----'~ ,r ---
~----j \'---

t SRXD tHRXD 

Hhen not using on-chip DPLL 

L 
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U1 

~ 
~ 
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RXD 

J t t~x j tRX 

t CYD 

,,~ 
tTTL 

~1 
tTTH 11 T'XC (OUT) 

TXD 

U '=1 t 1ft-"" t DTX2 I 
0\ 
UI 

Hhen usj.ng on-chip DPLL 

r RECEIVE DATA 

} TRANSMIT DATA 
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EUROPEAN DISTRIBUTORS 

AUSTRIA 
A&D 
ABRAHAMCZIK & DEMEL 
GES. MBH. &COKG 
EICHENSTRASSE 58-64/1 
1120WIEN 
TEL.: (222) 857661 
TLX.: 134273 

BELGIUM 
CNROOD 
DE JAMBLINNE DE MEUXPLEIN 37 
1040 BRUSSEL 
TEL.: (02) 7352135 
TLX.: 22846 

MALCHUS ELECTRONICS PV8A 
PLANTIN EN MORETUSLEI172 
2000 ANTWERPEN 
TEL.: (032) 353256 
TLX.: 33637 

DENMARK 
MER-EL AlS 
VED KLAEDEBO 18 
2970 HOERSHOLM 
TEL.: (2) 571000 
TLX.: 37360 

FINLAND 
OY FERRADO AlB 
P.O.BOX54 
VALlMONTIEl 
00380 HELSINKI 38 
TEL.: (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 

CCI 
5, RUE MARCELIN BERTHELOT 
BP92 
92164 ANTONY 
TEL.: (1) 46662182 
TLK: 203881 

CCI 
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 AUBERVlLLlERS 
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 AUVIDULlS 
AVENUE D'OCEANIE 
Z.A. D'ORSAY COURTABCEUF 
BP90 
91943 LES ULIS CEDEX 
TEL.: (1) 69280131 

GEDIS 
352, AVENUE G. CLEMENCEAU 
92000 NANTERRE 
TEL.: (1) 42040404 

GEDIS (AIX) 
MERCUREC 
Z.1. D'AIX EN PROVENCE 
13763 LES MILLE8 CEOeX 
TEL.: 42600177 

GEDIS (ALPES) 
21, RUE DES GLAISONS 
38400 ST. MARTIN D'HERES 
TEL.: 7551 2332 

SERTRONIQUE (LILLE) 
20, RUE CABANIS 
BP35 
59007 LlLLE CEDEX 
TEL.:2047707Q 

SERTRONIQUE (MANS) 
60, RUE SAGEBIEN 
CEDEX43 
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 MONCHEN 80 
TEL.: (089) 418007-0 
TLX.: 5212931 

GLEICHMANN +CO ELECTRONICS 
GMBH 
WORMSER STAASSE 34 
6710 FRANKENTHAL 
TEL.: (06233) 24277 
TLX.: 465270 

GLYNGMBH 
SCHONE AUSSICHT 30 
6272 NIEDERNHAUSEN 
TEL.: (06127) 8077 
TLX.: 4186911 

H3W ELEKTRONIK VERTRIEB GMBH 
STAHLGRUBERRING 12 
8000 MONCHEN 82 
TEL.: (089)429271 
TLX.: 5214514 

MICROSCAN GMBH 
OBERSEERING 31 
2000 HAMBURG 60 
TEL.: (040) 6320030 
TLX.: 213288 

REIN ELEKTROI;IK GMBH 
LOrSCHERWEG 66 
4054 NETTETAL 1 
TEL.: (02153) 733111 
TLX.: 854251 

SYSTEM ELEKTRONIK VERTRIEB GMBH 
HEESFELD4 
3300 BRAUNSCHWEIG 
TEL.: (0531) 314095 
TLX.:952351 

ULTRATRONIK GMBH 
MONCHENER STRASSE 6 
8031 SEEFELD 
TEL.: (08152)7090 
TLX.: 526459 

UNIELECTRONIC VERTRIEBS GMBH 
USE-MEITNER-STRASSE 8 
6072 DREIEICH 1 B. FRANKFURT 
TEL.: (06103) 35175 
TLX.: 411213 

ITALY 
ADELSY S.R.L. 
VIA DEL FONDITORE. 5 
LOCALITA ROVERI 
40127 BOLOGNA 
TEL.: (051) 532119 

CLAITRON S.PA. 
VIA GALLARATE. 211 
20151 MILANO 
TEL.: (02) 3010091 

MELCHIONI S.P.A. 
VIA COLETTA. 37 
20135 MILANO 
TEL.: (02) 57941 

PANTRONIC S.R.L. 
VIA MAniA BAnISTINI, 212/a 
00167 ROMA 
TEL.: (06)6273909 

NETHERLANDS 
CNROOD 
CORT V. D. UNDENSTRAAT 11-13 
2288 EV RIJSWIJK 
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 AIS 
P.B.25 
5578 NEDRE VATS 
TEL.: (47)63111 
TLX.: 42850 

PORTUGAL 
AMPERELS.A. 
AV. FONTES PEREIRA DE MELD 47. 4D 
1000 LlSBOA 
TEL.: (1) 532698 
TLX.: 18588 

SPAIN 
AMITRONSA 
AVENIDA DE VALLADOLID 47 A 
28008 MADRID 
TEL.: (1)2479313 
TLX.: 45550 

COMELTASA 
EMILIO MUNOZ 41, NAVE 1-1-2 
MADRID 17 
TEL.: (1) 7543001 
TLX.: 42007 

LOBER S.A. 
MONTE ESQUINZA 28 
MADRID 4 
TEL.: (1) 44211 00 
TLX.: 49533 

SWEDEN 
NORDQVIST & BERG 
BOX 1458 
5-17128 SOLNA 
TEL.: +4687646710 
TLX. 10407 NORDSWE S 

TH'S ELEKTRONIK 
BOX 3027 
16303 SPAANGA 
TEL.: (0) 8362970 
TLX.: 11145 

SWITZERLAND 
MEMOTECAG 
GASWERKSTRASSE 32 
4901 LANGENTHAL 
TEL.: (63) 2811 22 
TLX.: 982550 

TURKEY 
BURC ELEKTRONIK 
VEMAKINA 
SANAYI VE TICARET A.5. 
BANKATCHI-SOKAK 15/2 
KOCOKESAT 
ANKARA 
TEL.: (0090) 41250300 
TLX.: 43430 

UNITED KINGDOM 
ANZAC COMPONENTS LTD 
BURNHAM LANE 
SLOUGH SL1 6LN 
ENGLAND 
TEL.: (06286)4701 

DIALOGUE DISTRIBUTION LTD 
WATCHMOOR ROAD 
CAMBERLER 
SURREY GU15 3AQ 
ENGLAND 
TEL.: (0276)688001 

FARNEHL ELECTRONIC 
COMPONENTS LTD 
CANAL ROAD 
LEEDS LS12 2TU 
ENGLAND 
TEL.: (0532) 636311 

IMPULSE ELECTRONICS LTD 
HAMMOND HOUSE 
CATER HAM 
SURREY CR3 6XG 
TEL.: (0883) 46433 

STC MULTI COMPONENTS 
EDINBURGH WAY 
HARLOW 
CM202DF 
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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