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This module contains 4 asyncronous communication ports for the
SPC-1 microcomputer system on a single PC-board. The module
contains a frequency divider to generate standard frequencies.
Strapping of the baud-rate for each port is performed on a

16~pin strap plugged into a socket on the board.

In addition to the data in/data out connections, each port
contains Clear To Send input. Signal levels are in accordance

with the CCITT V24 standard.

The interrupts from the ports (reciever ready/transmitter
ready) may be strapped to any of the 8 interrupt request
lines. Also the interrupt conditions may be sensed, allowining
several interrupt sources to share the same interrupt request

line, or to run the module without use of interrupts at all.
Fig. 1 shows a blocked schematic of the module.

Appendix 1 contains the detailed logic schematic of the

module.

Appendix 2 contains a data sheet containing programming
information for the LSI chip used in each port of the module.
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2.1 Addressing. The communication between the module and the

CPU is performed by means of IN- and OUT instructions. The

module uses 8 of the 256 I/0-addresses for the 8085. A switch
register on the board determines the base address (8xn,n=0,1,2
,eeee.,31) of the module. The decoding of ADR(7:0) is

performed as follows:

ADR(7:3) selects the module.
ADR(2:1) selects one of 4 communication

ports: ADRZ2 ADRI1 PORT
0 0 0
0 1 1
1 0 2
1 1 3

ADR(0O) determines wheter data or control/status
are transferred. (ADR(0O)=0: data; ADR(O)=1:
control/status.

Detailed programming information is given in appendix 2
containing the data sheet for the 8251A universal Synchronous/

Asynchronous reciever/transmitter used in each port of the

module.



2.2 Interrupts.

Each port of the module contains two interrupt sources:
Reciever ready (RxRDY) and Transmitter ready (TxRDY).
Transmitter ready can be changed to Transmitter empty (TxE) in
an auxiliary, preprogrammed strapfield on the board. These
interrupt sources, which are activated and deactivated
according to the rules described in appendix 2, may be
connected to the IR(7:0) interrupt request bus of the SPC-1
system by means of a l6-pin strap plugged into a socket on the

board as shown:

Interrupt level IR
IR
IR
IR
IR
IR
IR
IR

The interrupt drivers are open-collector, active low, allowing

a maximum of 8 interrupt sources shafing the same interrupt

request line.

~N O Ul = W = O

L . N

E 3

*®

ok

E 3

L T

*

Channel 0
Channel 1
Channel 2

Channel 3

IRQ

IRQ

IRQ

IRQ



2.3 Baud-rates.
Baud-rate selecting is performed by means of a 16-pin strap

plugged into a socket on the board as shown: :

Channel 0 Clock *¥ ¥ Channel 1 Clock
9600 * ¥ 9600
4800 * ¥ 4800
2400 * * 2400 |
1200 # ¥ 1200
600 * ¥ 600
300 * ¥ 300
Channel 2 Clock ¥ ¥ Channel 3 Clock

3. Connections.

The connections to the communication equipment (printers, data
terminals etc.) are performed on the top connector of the

module.

Each port has the following connections in the top connector:

inputs: Recleved data RxD
Clear To Send CTS

outputs: Transmitted data TxD
Request To Send RTS #)

Data Terminal Ready DTR #)

All inputs and outputs are in accordance with CCITT vauy

standard.
Table 1 shows the connections to the top of the module.

¥) These outputs are always active "high" by means of a

resistor to +V.

4. Power requirements.
The module uses the standard +/-5V and standard +/-12V supply

of the SPC-1 microcomputer system.
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7012-P Component List 9

R2 10K 4%310R-1-103
R4 1K 4116R-002-102
R5 1K CR25

R6 10K CR25

R7 10K CR25

R8 10K CR25

R9 10K CR25

R10 10K CR25

R11 1K CR25

C1 10u 16V Tantal
ca 10u 16V Tantal
C3 100n Stack Foil
C4 100n "

C5 100n "

cé 100n "

CT 100n "

C8 100n "

C9 100n "

C10 100n "

ICH T4LS136

I
I
I
I
I
i
i
I
I
1
[
I
I
I
I
I
i
1

I

IC3 T4LS14
IC4 T4LS14
IC5 83043B AMD
ICé T4L.802
Ic7 T4LS155
IC8 T4LS32
IC9 T4LS136
IC10 7418393
IC11 7413163
IC12 8251A
IC13 8251A
IC14 8251A




- NN

IC16
IC17
IC18
IC19

16p
28p
16p
7012-P

75150

75150

75154

75154
IC-Socket
IC-Socket
IC-Socket
Comp-platform

Printed Circuit
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Appendix
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PROGRAMMABLE COMMUNICATION INTERFACE.

,

Az
m Synchronous and Asynchronous s Error Detection — Parity, Overrun g' |
Operation Framing e
a Synchronous — 5-8 Bit Characters; " zJ

Internal or External Character Synchro- g Fully Compatible with 8080/8085 CPU
nization; Automatic Sync Insertion

= Asynchronous — 5-8 Bit Characters; = 28-Pin DIP Package
Clock Rate — 1, 16, or 64 Times Baud
Rate; Break Character Generation; 1,
1%, or 2-Stop Bits; False Start Bit w All Inputs and Outputs are TTL
Detection; Automatic Break Detect Compatible
and Handling

» Baud Rate — DC to 64K Baud = Single +5V Supply

a Full Duplex, Double Buffered, Trans-
mitter and Receiver m Single TTL Clock

The Intel® 8251A is the enhanced version of the industry standard, intel® 8251 Universal Synchronous/Asynchronous
Receiver/Transmitter (USART), designed for data communications with Intel's new high performance family of
microprocessors such as the 8085. The 8251A is used as a peripheral device and is programmed by the CPU to operate
using virtually any serial data transmission technique presently in use (including IBM “bi-sync”). The USART accepts
data characters from the CPU in parallel format and then converts them into a continuous serial data stream for
transmission. Simultaneously, it can receive serial data streams and convert them into parallel data characters tor the
CPU. The USART will signal the CPU whenever it can accept a new character for transmission or whenever it has
received a character for the CPU. The CPU can read the complete status of the USART at any time. These include data
transmission errors and control signals such as SYNDET, TxEMPTY. The chip is constructed using N-channel! silicon
gate technology.

PIN CONFIGURATION
BLOCK DIAGRAM
o, v T 2[00,
2 20,
3 % Y, r\l
4 26 [ AC 4._1\ Data 1~ -t | 1Ransmr o
« BUS BUFFER | T*
o, s 2af]oin 0,00 T susren KI—V —V w s
o, ]s 2] RIS
o, 1 B251A 22{] oSk 1
. o, 2 ] ReseT
[ RESET At
! recly 9 fo ) Cux it I e - TaROY
wh o 1903 v.0 X ——=laga0wRITE
cs C€O0... o] CONTAGL TRAANSMIT TeE
agn 18 [ TeEmPTY A0 LOGIC CONTROL -
~ — - - ’ 1aC
+—e] -
e e 17 [ TS wR a 1
w0 ] 1 16 ) synoET/BD T !
AxRDY 4 15 T2ROY cs |
osa l N
et O
[ PIN NAMES - . [
L — e T 1akg mecaw
o 0, 0o Dats Bus (8 buns) ] [ Dats Set Ready conThoL | r\{ BUFFLR  J= MO
g; g c/o Contiul o Data 15 10 be Written or Read , TR Date Tormunst Arady (41 P A i s w
- RD Resd Data Conomand SYNDET/BD | Syrc Deteclt ATS o VIR
g wR Wriie Dats o1 Contrat Command resn Outect R v
B cs Chip Enadie _ | 1 \
A
cix Clock Pube (TTLY nrs rquest 1o Send Data : '
} RLSET Reret i crs Clees 10 Senad Data i RO
7. Trammarer Clack boTeE Tiamem.tin Empty | .
1.0 Teansmirter Qata ! Vee *5 Vol Supuiy INFEIR AL <lexr::::x:| e
‘ A Hecewer Croek ; ni Ground CRTENEN - e SYNINT
A0 Receiver Dats ' .
RROY Recerver Resdy ihas cRacacte: 1o BOROL ¢
T:ROY Tranimuires Hasdy fraty for chas loom BOBO: |

© Intel Corporation, 1878

DJ
R0
GO




E
|

GO R e v v

¥
]
»

R

I e ]

!

———— A

i PR P LT N N

Lo

Appendix 2

FEATURES AND ENHANCEMENTS

: 8251A is an advanced design of the industry stan-
' dard USART, the Intel® 8251. The 8251A oper-

ates

with an extended range of Intel micropro-

cessors that includes the new 8085 CPU and main-
tains compatibility with the 8251. Familiarization
time is minimal because of compatibility and
involves only knowing the additional features and
enhancements, and reviewing the AC and DC speci-
fications of the 8251A.

? The 8251A incorporates all the key features of
¢ the 8251 and has the following additional features
i and enhancements: :

8251A has double-buffered data paths with
separate /O registers for control, status,
Data In, and Data Out, which considerably
simplifies control programming and mini-
mizes CPU overhead.

In asynchronous operations, the Receiver
detects and handles “break’ automatically,

_relieving the CPU of this task.

A refined Rx initialization prevents the
Receiver from starting when in “break”
state, preventing unwanted interrupts from
a disconnected USART.

At the conclusion of a transmission, TxD
line will always return to the marking state
unless SBRK is programmed.

12-47

Tx Enable logic enhancement prevents a
Tx Disable command from halting trans-
mission until all data previously written has
been transmitted. The logic also pravents
the transmitter from turning off in the middie
of a word.

When External Sync Detect is programmed,
Internal Sync Detect is disabled, and an Ex-
ternal Sync Detect status is provided via a
flip-flop which clears itself upon a status read.
Possibility of false sync detect is minimized
by ensuring that if double character sync is
programmed, the characters be contiguously

detected and also by clearing the Rx register
to all ones whenaver Enter Hunt command is

issued in Sync mode.

A_s long as the 8251A is not selected, the
RD and WR do not affect the internal opera-
tion of tha device.

The 8251A Status can be read at any time
but the status update’, will be inhibited during
status read. '

The 8251A is free from extraneous glitches
and has enhanced AC and DC characteristics,
providing higher speed and better operating

margins.
Baud rate from DC to 64K.

e Fully compatible with Intel’s new industry

standard, the MCS-85.

Side 12
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8251A

8251A BASIC FUNCTIONAL DESCRIPTION

General

The 8251A is a Universal Synchronous/Asynchronous Re-
ceiver/Transmitter designed specifically for the 80/85 Micro-
computer Systems. Like other 1/0 devices in a Microcom-
puter System, its functional configuration is programmed
by the system's software for maximum flexibility. The
8251A can support virtually any serial data technique cur-
rently in use {including 1BM "'bi-sync”).

In a communication environment an interface device must
convert paraltel format system data into serial format for
transmission and convert incoming serial format data into
parallel system data for reception. The interface device must
also delete or insert bits or characters that are functionally
unique to the communication technique. In essence, the
interface should appear “‘transparent” to the CPU, asimple
input or output of byte-oriented system data.

Data Bus Butfer

This 3-state, bidirectional, 8-bit buffer is used to interface
the 8251A to the system Data Bus. Data is transmitted or
received by the butfer upan execution of INput or QUTput
instructions of the CPU. Control words, Command words
and Status information are aiso transferred through the
Data Bus Buffer. The command status and data in, and
data out are separate 8-bit registers to provide double
buffering. _

This functiona! block accepts inputs from the system Con-
wrol bus and generates control signals for overall device
operation. It contains the Control Word Register and Com-
mand Word Register that store the various control formats
for the device functional definition.

RESET (Rpset)

A “high” on this input forces the 8251A into an “idle”
mode. The device will remain at “Idie’ until a new set of
control words is written into the 8251A to program its
functional definition. Minimum RESET puise width is
6 toy {clock must be running).

CLK (Clock)

The CLK input is used to generate internal device timing
and is normally connected to the Phase 2 {TTL) output of
the 8224 Clock Generator. No external inputs or outputs
are referenced to CLK but the frequency of CLK must be
greater than 30 times the Receiver or Transmitter data

bit rates.

WR (Write)
A “low’” on this input informs the 8251A that the CPU is
writing data or control words to the 8251A.

RD (Read)
A “low’ on this input informs the 8251A that the CPU is
reading data or status intormation from the 8291A.

CID (Control/Data)

This input, in conjunction with the WR and RD inputs,
intorms the 8251A that the word on the Data Bus is either
a data character, control word or status information.

1« CONTROL/STATUS 0 =DATA

CS (Chip Select)

A “low" on this input selects the B251A. No reading or
writing will occur unless the device is selected. When CS is
high, the Data Bus in the float state and RD and WR will
have no effect on the chip.

N
i ~
g DATA <r\:> l_r TRAANSWT o
¢ suUs BUFFER == '™
A N e ¥ BUFFLA —/ -3
v I J
; nesEY - :
: “ | &
;  Ck——TacaomwniTe <::> TRANSAST gd
€O .§ CONTROL contaoL [ TRemeTY
.. " LOGIC
B ? S an o..ﬁt
L WR__] : -
R 14 . . L e
SN a 3 T : -
L [ - C_ aeceve | - oy
‘SUFFEA
e connn -
Ly P : S
4 g - ‘ ~
§ SN (]
B ,’ ) o -
b /" e
RECEIVE
WTERNAL con
. DATABUS  [-° oL
N .
P e IR NS S

Figure 1. 8251A Block Diagram Showing Data Bus
Buiter and Read/Write Logic Functions

c/d RD WR CS
0 0 1 0 8251A DATA = DATA BUS
0 1 o [} DATA BUS - 8251A DATA
1 0 1 0 STATUS =~ DATA BUS
1 1 ] 0 DATA BUS = CONTROL
X 1 1 0 DATA BUS = 3-STATE
X X X 1 DATA BUS = 3-STATE

Modem Control

The 8251A has a set of contro! inputs and outputs that can
be used to simplity the interface 10 almost any Modem. The
Modem contiol signals are general purpose in nature and
can be used for functions other than Modem control, it

necessary.

12-48
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Appendix 2

8251A

DSR (Data Set Ready)

The DSR input signal is a general purpose, 1-bit inverting
input port. Its condition can be tested by the CPU using a
Status Read operation. The D3R input is normally used to
test Modem conditions such as Data Set Ready.

DTR (Data Terminal Ready))

The DTR output signal is a general purpose, 1-bit inverting

output port. it can be set “low” by programming the ap-

propriate bit in the Command {nstruction word. The DTR
: output signal is normaily used for Modem control such as

Data Terminal Ready or Rate Select.

RYS (Requast to Send)

The RTS output signal is a general purpose, 1-bit inverting
output port, It can be set “low’ by programming the ap-
pcopriate bit in the Command Instruction word. The RTS
output signal is normally used for Modem controf such as
Request to Send.

6175- (Clear to Send)

A “low” on this input enables the 8251A to transmit
serial data if the Tx Enable bit in the Command byte is
set to a “one.” If either a Tx Enable off or CTS off condi-
tion occurs while the Tx is in operation, the Tx will
transmit all the data in the USART, written prior.to Tx
Disable command before shutting down.

Transmitter éuﬂer

The Transmitter Buffer accepts parallel data from the Data

Bus Buffer, converts it to a serial bit stream, inserts the
" appropriate characters or bits {based on the communica-
tion technique) and outputs a composite serial stream__gf
i data on the TxD output pin on the falling edge of TxC.

The transmitter will begin transmission upon being enabled
. it €T3 = 0. The TxD line will be held in the marking
. State immediately upon a master Reset or when Tx Enable/
. CTS off or TXEMPTY.

Transmitter Control

- The transmitter Control manages all activities associated
; with the transmission of serial data. It accepts and issues
i Hgnals both externally and internally to accomplish this

: function.

TxRDY (Transmitier Ready)

This output signals the CPU that the transmitter is ready to

accept a data character. The TxRDY output pin can be
t Used as an interrupt to the system, since it is masked by

Tx Disabled, or, for Polled operation, the CPU can check

TxRDY using a Status Read operation. TxRDY is auto-
_ Matically reset by the leading edge of WR when a data
i character is loaded trom the CPU.

Note that when using the Polled operation, the TxRDY
status bit is not masked by Tx Enabled, but will only
indicata the Empty/Full Status of the Tx Datwa Input
Register.

TxE (Transmitter Empty)

When the 8251A has no characters to transmit, the TxEMP-
TY output wilt go “"high”. It resets automatically upon re-
ceiving a character from the CPU. TxEMPTY can be used to
indicate the end of a transmission mode, so that the CPU
“knows” when to “turn the line around” in the half-
duplexed operational mode. TxEMPTY is independent of
the Tx Enable bit in the Command instruction.

In SYNChronous mode, a "*high’” on this output indicates
that a character has not been loaded and the SYNC charac-
ter or characters are about to be or are being transmitted
automaticaily as “fillers”, TxEMPTY does not go low
when the SYNC characters are being shifted out.

‘-‘ A_;\ T TRANSMIT
. BUFFER
D«;-DS — -5
TRANSMIT
CONTROL
Ry
T
RECEIVE L3
surrEn RO 4
S e}
w ¥ (2
) T/
L oA / £
“ S . | RamOY - ;
. / RECEIVE
INTERNAL "1 CONTROL S 4
.~ DATABUS S © 1 b SYNOEY Y
N P SAKDET
; ~ TG

Figure 2. 8251A Block Diagram Showing Modem and
Transmitter Butfer and Control Functions

TxC (Transmitter Clock)
The Transmitter Clock controls the rate at which the char-
acter is to be transmitted. In the Synchronous transmission
mode, the Baud Rate {1x) is equal to the TxC frequency.
In Asynchronous transmission mode the baud rate is a
fraction of the actual TxC frequency. A portion of the
mode instruction selects this factor; it can be 1, 1/16 or
1/64 the TxC.
fFor Example:

It Baud Rate equals 110 Baud,

TxC equals 110 Hz {1x)

TxC equals 1.76 kHz {16x)

TxC equals 7.04 kHz {G4x).
The falling edge ot TxC shifts the serial data out of the
8251A,

Side 14
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Appendix 2

8251A

Receiver Buffer

The Receiver accepts serial data, converts this serial input
to parallel format, checks for bits or characters that are
unique 1o the communication technique and sends an
“assembled” character 1o the CPU. Serial data is input 10
RxD pin, and is clocked in on the rising edge of RxC.

Receiver Control

This functional block manages all receiver-related activities
which consist of the following features:

The RxD initialization circuit prevents the 8251A from
mistaking an unused input lire for an active low data
line in the “break condition’’. Before starting“to receive
serial characters on the RxD line, a valid **1”° must first
be detected after a chip master Reset. Once this has been
determined, a search for a valid low (Start bit) is en-
abled. This feature is only active in the asynchronous
mode, and is only done once for each master Reset.

The False Start bit detection circuit prevents false starts
due to a transient noise spike by first detecting the fall-
ing edge-and then strobing the nominal center of the
Start bit {RxD = low).

The Parity Toggle F/F and Parity Error F/F circuits are
used for parity error detection and set the corresponding
status bit.

The Framing Error Flag F/F is set if the Stop bit is
sbsent at the end of the data byte {asynchronous mode),
and also sets the corresponding status bit,

RxRDY (Receiver Ready)
This output indicates that the B251A contains 8 character
that is ready to be input to the CPU. Rx RDY can be con-
nected to the interrupt structure of the CPU or, for Polled
operation, the CPU can check the condition of RxRDY
using a Status Read operation.

Rx Enable off both masks and holds RxRDY in the Reset
Condition. For Asynchronous mode, to set RxRDY, the
Receiver must be Enabled to sense a Start Bit and a com-
plete character must be assembled and transferred to the
Data Output Register. For Synchronous mode, to set
RxRDY, the Receiver must be enabled and a character
must finish assembly and be transferred to the Data Output
Register,

Failure to read the received character from the Rx Data
Gutput Register prior to the assembly of the next Rx Data
character will set overrun condition error and the previous
character will be written over and lost. it the Rx Data is
being read by the CPU when the internal transfer is occur-
ring, overrun error will be set and the old character will be
lost. :

RxC (Receiver Clock)
The Receiver Clock controls the rate at which the character
is to be received. In Synchronous Mode, the Baud Rate {1x)
is equal to the actual frequency of RxC. In Asynchronous
Made, the Baud Rate is a fraction of the actual RxC fre-

quency. A portion of the mode Instruction selects this
tactor; 1, 1/16 or 1/64 the RxC,

For Example:

Baud Rate equals 300 Baud, if
RxC equals 300 Hz (1x)

RxC equals 4800 Hz {16x)
AxC equais 19.2 kHz {64x).

Baud Rate equals 2400 Baud, if
RxC equals 2400 Hz {1x)

AxC equals 38.4 kHz (16x)
RxC equals 1563.6 kHz (64x}.

Data is sampled into the 8251A on the rising edge of AxC.

NOTE: In most communications systems, the 8251A will
be handling both the transmission and reception operations
of a single link. Consequently, the Receive and Transmit
Baud Rates will be the same. Both TxT and RxT will re-
quire identical frequencies for this operation and can be
tied together and connected to a single frequency source
{Baud Rate Generator) to simplify the interface.

SYNDET (SYNC DetectVBRKDET (Break Detect) )

This pin is used in SYNChronous Mode for SYNDET and
may be used as either input or output, programmable
through the Control Word. It is reset to output mode low
upon RESET, When used as an output {internal Sync mode),
the SYNDET pin will go ““high’’ to indicate that the B251A
has located the SYNC character in the Receive mode. if the
8251A is programmed to use doublie Sync characters (bi-
sync), then SYNDET will go “high” in the middle of the
last bit of the second Sync character. SYNDET is auto
matically reset upon a Status Read operation.

RECEIVE
BUFFER
[§ 2441

RECEIVE
CONTRAOL

b

TR T

Figure 3. 8251A Block Diagram Showing Recelver
Bufier and Control Functions
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8251A

When used as an input (external SYNC detect mode), a
positive going signal will cause the B8251A to start assem-
bling data characters on the rising edge of the next RxC.
Once in SYNC, the “high” input signal can be removed.
the period of AxC. When External SYNC Detect is pro-
grammed, the tnternal SYNC Detect is disabled.

BREAK DETECT (Async Mode Only)

This output will go high whenever an all zero word of the
programmed length (including start bit, data bit, parity bit,
and one stop bit) is received. Break Detect may also be read
as a Status bit. It is reset only upon a master chip Reset or
Ax Data returning to a “'one” state.

L

Y ADDRESS BUS

COMTROL BUS,
ml 6 w[ nesu' 0y

(TTLH

DATA BUS

0,-0, AD WA RESET CLK

2251A

Figure 4. 8251A interface to 8080 Standard
System Bus

DETAILED OPERATION DESCRIPTION

General

The complete functional definition of the 8251A is pro-
grammed by the system’s software. A set of control words
must be sent out by the CPU to initialize the 8251A to
support the desired communications format. These control
words will program the: BAUD RATE, CHARACTER
LENGTH, NUMBER OF STOP BITS, SYNCHRONOQUS or
ASYNCHRONOUS OPERATION, EVEN/ODD/OFF PAR-
ITY, etc. ln the Synchronous Mode, options are also pro-
vided to select either internal or external character synchro-
nization.

Once programmed, the B251A is ready to perform its com-
munication functions. The TxRDY output is raised "high”
10 signal the CPU that the B251A is ready to receive a data
character from the CPU. This output (TxRODY} is redet
automatically when the CPU writes a character into the
8251A. On the other hand, the 8251A receives serial data
from the MODEM or 1/O device. Upon receiving an entire
character, the RxROY output is raised “high” to signal the
CPU that the 8251A has a compleate character ready for the
CPU to fetch. RxRDY is reset automatically upon the CPU
data read operation.

12-51

The 8251A cannot begin transmission until the Tx Enable
(Transmitter Enable) bit is set in the Command Instruction
and it has received a Clear To Send (CTS) input. The TxD
output will be held in the marking state upon Reset.

Programming the 8251A

Prior to starting data transmission or reception, the 8251A
must be loaded with a set of control wards generated by
the CPU. These control signals define the complete func-
tional definition of the 8251A and must immediately fol-
low a Reset aperation {internal or external).

The control words are split into two formats:

1. Mode Instruction
2. Command Instruction

Made Instruction

This format defines the general operational characteristics
of the 8251A. it must follow a Reset operation (internal or
external). Once the Mode Instruction has been written into
the 8251A by the CPU, SYNC characters or Command In-
structions may be inserted.

Command Instruction

This format defines a status word that is used to control the
actual operation of the 8251A.

Both the Mode and Command Instructions must conform
to a specified sequence for proper device operation. The
Mode Instruction must be inserted immediately following a
Reset operation, prior to using the 8251A for data com-
munication.

All control words written into the B251A after the Mode In-
struction will load the Command tnstruction. Command
Instructions can be written into the 8251A at any time in
the data block during the operation of the 8251A. To re-
turn to the Mode Instruction format, the master Reset bit
in the Command Instruction word can be set to initiate an
internal Reset operation which automatically places the
8251A back into the Mode Instruction format. Command
Instructions must follow the Mode Instructions or Sync
characters.

[l MODE INSTRUCTION
D+t SYNC CHARACTER ¢

SYNC MODE
b -1 SYNC CHARACTER 2 onLY

C/D+1 | COMMAND INSTAUCTION

co-o DATA
C/0 -1 | COMMAND INSTRUCTION
co-0 DATA

|
<D -t COMMAND INSTRUCTION

* Tha second SYNC charscias s shpgmed 1t MODE mttruction
has prog amimed the 825 1A tn unyle character Internal SYNC
Mooe Baoth SYNC charsciscy ave shipped it MODE imitrechion
hae programmed the 87514 10 ASYNC mode.

Figure 5. Typical Data Block
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Mode Instruction Definltion

The B251A can be used for either Asynchronous or Syn-
chronous data communication. To understand how the
Mode Instruction defines the functional operation of the
8251A, the designer can best view the device as two sepa-
rate components sharing the same package, one Asynchro-
nous the other Synchronous. The format definition can be
changed only after a master chip Reset. For explanation
purposes the two formats will be isolated.

NOTE: When parity is enabled it is not considered as one of
the data bits for the purpose of programming the word
length. The actual parity bit received on the Rx Data line
cannot be read on the Data Bus. In the case of a pro-
grammed character length of less than B bits, the least
significant Data Bus bits will hold the data; unused bits are
*don’'t care’’ when writing data to the 8251A, and will be
ercs’’ when reading the data from the 8251A.

Asynchronous Mode (Transmission)

Whenever a data character is sent by the CPU the 8251A
automatically adds a Start bit {iow level) foliowed by the
data bits {least significant bit first), and the programmed
number of Stop bits to each character. Also, an even or
odd Parity bit is inserted prior to the Stop bitls}, as de-
fined by the Mode Instruction. The character is then trans-
mitted as a serial data stream on the TxD output. The serial
data is shifted out on the falling edge of TxC at arate equal
to 1, 1/16, or 1/64 that of the TxC, as defined by the Mode
Instruction, BREAK characters can be continuously sent to
the TxD if commanded to do so.

When no data characters have been loaded into the 8251A
the TxD output remains “high” {marking) unless a Break
{continuously low) has been programmed.

Asynchronous Mode (Receive)

The RxD line is normally high. A failing edge on this line
triggers the beginning of a START bit. The validity of this
START bit is checked by again strobing this bit at its nom-
inal center (16X or 64X mode only). if a low is detected
again, it is a valid START bit, and the bit counter will
start counting. The bit counter thus locates the center of
the data bits, the parity bit {(if it exists) and the stop bits.
It parity error occurs, the parity error tlag is set. Data and
parity bits are sampled on the RxD pin with the rising edge
of RxC. if a low level is detected as the STOP bit, the
Framing Error flag will be set. The STOP bit signals the end
of a character. Note that the receiver requires only one stop
bit, regardless of the number of stop bits programmed. This
character is then loaded into the parallel 1/O butter of the
8251A. The RxRDY pin is raised 1o signal the CPU that a
character is ready to be fetched. |f a previous character has
not been fetched by the CPU, the present character replaces
it in the 1/0 butfer, and the OVERRUN Error tlag s raised
{thus the previous character is fost). All ot the error flags
can be teset by an Error Reset Instruction. The occurrence
of any of these errors witl not affect the operation of the

8251A.

o, o, b ©O, 0, D,

LLLLT:

i BAUD RATE FACTOR
] 1 L) 1

o [} ' 1
e | e | e

CHARACTER LENGTN

L] 1 [ A\l

[] [] 1 1

E 6 7 [)
BIvS [ 8ITS 8115 | BITS

PARITY ENABLE

Y- ENABLE 0= DISABLE

EVEN PARITY GENERATION/CHECK
1+ EVEN G-000

NUMBER OF STOP BITS

° 1 [ 3 1

o [} ] 1

1 % 2
INVALID| g7 | miTs | miTs

(ONLY EFFECTS Tx; Rx NEVER
REQUIRES MORE THAN ONE
STOP BIT}

Figure 6. Mods Instruction Format, Asynchronous
Mode

GENERATED

TRANSMITTER OUTPUT OgD1----Da  BYS25IA

START PARITY sTOP
o
Al

DOES NOT APPEAR
Dg Dy ———~D1 ON THE DATA BUS

! !

START PARITY s108
AsD | e OATA BITS | T l TS |
—

.

RECEIVER INPUT

—— i
PROGRAMMED
CHARACTER
LENGTH

TRANSMISSION FORMAT
CPU BYTE I5-8 BITS/CHAR)

s
‘ DATA CHARACTER l
—

B oy

ASSEMBLED SERIAL DATA OUTPUT {TaD)

< b

| START PARITY STOP I
Al
10 l DATA CHARACTER l 4% l BITS )

RECEIVE FORMAT

SERIAL DATA INPUT (RsD)

START o PAR d
ARITY stor
| foge l DATA CHARACTER [ o l S
—

CPUBYTE {58 BITS/CHAR]®

—

[ DATA CHARACYER ]

- §

*NOTL IF CHARACTER tENGTHISDEFINLDO ASS 6 OR 7
BITS THE UNUSED B1TS ARE SET 10 "ZERO™

Figure 7. Asynchronous Mode
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Synchronous Mode (Transmission)

The TxD output is continuously high until the CPU sends
its first character to the 8251A which usuaily is a SYNC
character. When the CTS line goes low, the first character
is serially transmitted out. All characters are shifted out on
the falling edge of TxC. Data is shifted out at the same
rate as the TxC.

Once transmission has started, the data stream at the TxD
output must continue at the TxC rate. |f the CPU does not
provide the 8251A with a data character before the 8251A
Transmitter Buffers become empty, the SYNC characters
{or character if in single SYNC character mode) will be
sutomatically inserted in the TxD datastream. In this case,
the TxEMPTY pin is raised high to signal that the 8251A is
empty and SYNC charagters are being sent out. TxEMPTY
doss not go low when the SYNC is being shifted out (see
figure below). The TxEMPTY pin is internally reset by 8
data character being written into the 8251A.

AUTOMATICALLY INSERTED BY USART
™0 [MYA l DATA I SYNC 3 lSVNC 2 l OATA l ————— |
FALLS UPON CPU WRITING A
YaEMPTY / CHARACTER TO THE USART

NOMINAL CENTER OF LAST 81T

Synchronous Mode (Receive)

In this mode, character synchronization can be internally
or externally achieved. If the SYNC mode has been pro-
grammed, ENTER HUNT command should be included in
the first command instruction word written. Data on the
RxD pin is then sampled in on the rising edge of AxC. The
content of the Rx buffer is compared at every bit boundary
with the first SYNC character until a match occurs. If the
8251A has been programmed for two SYNC characters, the
subsequent received character is also compared; when both
SYNC characters have been detected, the USART ends the
HUNT mode and is in character synchronization. The
SYNDET pin is then set high, and is reset automatically by
a3 STATUS READ. If parity is programmed, SYNDET
will not be set until the middie of the parity bit instead of
the middle of tha last data bit.

In the external SYNC mode, synchronization is achieved by
applying a high level on the SYNDET pin, thus forcing the
8251A out of the HUNT mode. The high level can be
removed after one AxC cycle. An ENTER HUNT command
has no effect in the asynchronous mode of operation.

Parity error and overrun error are both checked in the same
way as in the Asynchronous Rx mode. Parity is checked
when not in Hunt, regardless of whether the Receiver is
enabled or not.

The CPU can command the receiver to enter the HUNT
mode if synchronization is lost. This will also set ail the
used character bits in the bufter to a “‘one’’, thus prevent-
ing a possible false SYNDET caused by data that happens
to lbe in the Rx Buffer at ENTER HUNT time. Note that

the SYNDET F/F is reset at each Status Read, regardless of
whether internal or external SYNC has been programmed.
This does not cause the 8251A to return to the HUNT
mode. When in SYNC mode, but not in HUNT, Sync Detec-
tion is still functional, but only occurs at the “known”
word boundaries. Thus, if one Status Read indicates SYN-
DET and a second Status Read aiso indicates SYNDET,
then the programmed SYNDET characters have been re-
ceived since the previous Status Read. {If double character
sync has been programmed, then both sync characters have
been contiguously received to gate a SYNDET indication.)
When external SYNDET mode is selected, internal Sync
Detect is disabled, and the SYNDET F/F may be set at

any bit boundary.

o, Dy O, DO, D; D D O
[Scslfsﬂl [14 ’ENI L,‘[ iy { o 0]
I CHARACTER LENGTH

— 0 1 0 T

L] L 1 1

5 L] 7 8
BITS | 8IrS BITS BITS

b PARITY ENABLE
{1 = ENABLE)
(0 = DISABLE)

EVEN PARITY GENERATION/CHECK
1« EVEN
0= 000

EXTERNAL SYNC DETECT
1=SYNDET IS AN INPUT
Q= SYNOET IS AN QUTPUT

SINGLE CHARACTER SYNC
1= SINGLE SYNC CHARACTER
0= DOUBLE SYNC CHARACTER

NOTE: IN EXTERNAL SYNC MODE, PROGRAMMING OOUBLE CHARACTER
SYNC WILL AFFECT ONLY THE Tx.

Figure 8. Mode Instruction Format

CPUBYTES (58 BITS/CHAR)

[ DATA CHARACTERS J

ASSEMBLED SERIAL DATA OUTPUT (TaD}
SYNC SYNC
f CHAR 3 L CHAR 2 ‘ OATA CHARACTERS ]

AECEIVE FORMAT

SERIAL DATA INPUT (RaD)

I SYNC SYNC
CHAR | l CHAR 2 I DAYA CHARACTERS J

CPUBYTES (S8 BITS/CHAR)

( DATA CHARACTERS ]

Figure 9. Data Format, Synchronous Mode
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COMMAND INSTRUCTION DEFINITION

Once the functional definition of the 8251A has been pro-
grammed by the Mode Instruction and the Sync Characters
are loaded (if in Sync Mode) then the device is ready 1o be
used for data communication. The Command Instruction
controls the actusl operation of the selected format. Func-
tions such as: Enable Transmit/Receive, Error Reset and
Modem Controls are provided by the Command Instruction.

Once the Mode Instruction has been written into the 8251A
and Sync characters inserted, if necessary, then all further
“control writes” (C/D = 1) will load a Command Instruc-
tion. A Reset Operation {internal or external) will return
the 8251A to the Mode Instruction format

o, o o, D, D, D O D

€H IR RYS[ EA |SBAKE RxE { OTR | T=EN

TRAANSMIT ENABLE
1 = enable
0 = disabile

DATA TERMINAL
READY

T will torce OTR
Output 10 Jec0

RECEIVE ENABLE
1 = snabis
0 » diable

SEND BREAK
CHARACTER
1 = torces TaD “low”™
0 = normal operation

ERAOR RESET
1 = reset wrcor o
PE, OE, FE

REQUEST TO SEND.
“hugh™ will force ATS
output 10 2e70

INTERNAL RESET
“hogh™ returns B251A 1o
Mode Imtruction Format

ENTER HUNT MODE*
1 = snabis sasrch tor Sync
Charscien

*(HASNO EFFECT
. N ASYNC MOOE)

Nots: Error Reset must bs performed whenever RxEnable and

Enter Hunt sre programmed.

Figure 10. Command Instruction Format

STATUS READ DEFINITION

in data communication systems it is often necessary to
examine the “status” of the active device to ascertain if
errors have occurred or other conditions that require the
processor’s attention. The 8251A has facilities that 3liow
the programmer to “read” the status of the device at any
time during the functional operation. {The status update is
inhibited during status read).

A normal “read’’ command is issued by the CPU with c/o=1
to accomplish this function.

Some of the bits in the Status Read Furmat have identical
meanings to external output pins so that the 8251A can be
used in a completely Polled environment or in an interrupt
driven environment. TxRDY is an exception.

Note that status update can have a maximum delay of 28
clock periods from the actual event atfecting the status.

o, o, Oy D, o, 0, D, D,

DSR SYNOEY FE OF re YaEmrTY] RzROY | TaROY

I | | =

SAME DEFINITIONS AS 1/O PINS

PARITY ERAOR

The PE Hag 18 sat when » penty
orror 1 detectad. i remat by
v ER it of the Command
tnsuuction. PE does not whstst
operation of the 8251A.

OVERRUN ERAOR

The OF flag 13 vt when the CPU
doss not 1eead 3 charscter befors
the nex1 one becomes available

I 1 reset by the ER bet of the
Command instrucuon. OF does
mot unhibit operation of the 82514
howaver, the previcunsly overrun
chacacter is fost.

FRAMING ERROR (Async onty}
The FE tisg 1 set whan s vald
S10p bit 1 not detected at the
end ol every character. It % resey
by the ER bit of the Command
beustruction. FE does not wambea
the operstion of Ow R251A

DATA SET READY: bndwcaias
that the DSR is st & zerc level.

Note 1:  TxRDY status bit has ditferent meanings from the
TxRDY output pin. The former is not conditioned
by CTS and TxEN; the latter is conditioned by both
TS and TxEN.
ie. TXROY status bit = DB Butier Empty

IxROY pin out = DB Buffer Empry ACTS:=0)-{TxEN=1

Figure 11. Status Read Format
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APPLICATIONS OF THE 8251A

ADORESS 8US

CONTAOL BUS

—r

T

C AooRES WS — L
T S0

CONTROL BUS s
sl ' o
PHONE

UL

DATA 8US

{ DATA BUS ] 1 osh asvac HON
\ ! -~ om ok et
¢ 8251A ers
rp====1 | ATs
AeD fo————f EIATOTTL |
ONVERT t
ro I T R
e b —d A sau0
LI el P AATE
e I BAUD RATE CRY Tal GENERATOR TELEPHONE
b GENERATOA TEAMINAL LINE

Figure 12. Asynchronous Serial interface to CRT

Figure 14. Asynchronous interface to Telaphone Lines
Terminal, DC—9600 Baud .

¢ 'ADOHESS BUS |
s‘l CONTROL BUS y
Y DATA BUS )
¥ ADORESS 8US 1 @ ’
) CONTROL BUS ! P
r [ l asia 0 PHONE
S OATA 8u3 5 At LINE
it INTER
- nc FACE
SYNOET »soom
cTs
; R0 aTs
Ta0 SYNCHAONOUS B3R
TERMINAL
asta A2 "_j OR PERIPHERAL oTh
A {14 DEVICE YELE]P:EONE
SYNDET

Figurs 13. Synchronous Interface to Terminal or Figure 15. Synchronous Interface to Telephone Lines

Peripheral Davice

12:55
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias. . ... .. .. 0°C 10 70°C
Storage Temperatura . ... ... .. ... .. —65°C 10 +150°C
Voltage On Any Pin

With Respectto Ground . . . . .. ... ... ~05V i +7V
Power Dissipalion . . .. ... . .o o 1 Watt

*COMMENT : Stresses above those listed under “Absolute
Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional opera-
tion of the device at these or any other conditions above
those indicated in the operational sections of this specifi-
cation is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device
reliability.

D.C. CHARACTERISTICS
Ta =0°Cto 70°C; Vg = 5.0V $6%; GND = OV

wy.
s
<
-4
a
X
a
@
i
o,

Symbol Parameter Min. Max, Unit Tast Conditions
Vi Input Low Voltage -0.5 0.8 A
ViH Input High Voltage 2.0 Vce v
Vou Output Low Voltage 0.45 v loL =2.2mA
Vou Output High Voitage 2.4 \Y lon = —400 uA
lorL Output Float Leakage 10 uA Vgur = Vcc TO 0.45V
L Input Leakage 10 BA Vin = Vee TO 0.45V
lce : Power Supply Current 100 mA All Qutputs = High
CAPACITANCE
Ta =25°C; Vge = GND = 0V
Symbal Parameter Min. Max. Unit Test Conditions
CiN Input Capacitance 10 pF fc = 1IMHz
Cyo 1/O Capacitance 20 pfF Unmeasured pins returned to GND
¥20
. g
v >
3
4200 6 o
§ Neec
IN9 14 5
o
B2B1A ouT " -1 -
[13 / X
= -20
-100 -50 0o +50 <100

Figure 16. Test Load Circuit

A CAPACITANCE {pf)

Figure 17. Typical 4 Output Delay vs. &
Capacitance (pF)
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A.C. CHARACTERISTICS
Ta = 0°C to 70°C; Vg = 5.0V £5%; GND = OV )
Bus Parameters (Note 1)
Read Cycle:
SYMBOL PARAMETER MIN. MAX. UNIT TEST CONDITIONS
tan Address Stable Before READ (CS, c/D) 0 ns Note 2
tRA Address Hold Time for READ (CS, C/D) 0 ns Note 2
tAR READ Pulse Width 250 ns
tRD Data Delay from READ 200 ns 3,CL=150pF
toF READ to Data Floating 10 100 ns
Write Cycte:
SYMBOL PARAMETER MIN. MAX. UNIT TEST CONDITIONS
AW Address Stable Before WRITE 0 ns
twa Address Hold Time for WRITE 0 ns
ww WRITE Putse Width 250 ns
tow Data Set Up Time for WRITE 150 ns
two Data Hold Time for WRITE 0 ns
try Recovery Time Between WRITES ' 6 toy Note 4
NOTES: 1. AC timings measured VOH = 2.0, VoL * 0.8, and with load circuit of Figure 1.

. Chip Setect (CS) and Command/Dats {C/D) are considered as Addresses.

1

2

3. Assumes that Address is valid before Ap 4.

4. This recovery time is for Mode Initiatization only. Write Data is allowed only when TxRDY = 1.

Recovery [imae between Writes for Asynchronous Mode is 8 tcy and for Synchronous Mode is 16 tCy.

Input Waveforms for AC Tests

24
. 2.0 : TEST 20
08 POINTS 08

0.45

e

st T TR
PERIPHERALS

12.57
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Other Timings:
SYMBOL PARAMETER MIN, MAX. UNIT TEST CONDITIONS )
toy Clock Period 320 1.35 us Notes 5, 6 t
A Clock High Pulse Width 120 tcy-90 ns
B3 Clock Low Pulse Width 90 ns
R, t Clock Rise and Fall Time 5 20 ns
toTx TxD Delay from Falling Edge of TxC 1 Hs
tSRx Rx Data Set-Up Time to Sampling Puise 2 us
THRxX Rx Data Hold Time to Sampling Puise 2 Hs
frx Transmitter Input Clock Frequency
1x Baud Rate bC 64 kHz
16x Baud Rate 0C 310 kHz
64x Baud Rate DC 615 kHz
trpw Transmitter Input Clock Puise Width
1x Baud Rate 12 tcy
16x and 64x Baud Rate 1 tcy
trro Transmitter Input Clock Pulse Delay
1x Baud Rate 15 tcy
16x and 64x Bzud Rate 3 tcy
fRx Receiver Input Clock Frequency
1x Baud Rate DC 64 kHz
16x Baud Rate DC 310 kHz
64x Baud Rate DC 615 kHz
tRpw Receiver tnput Clock Pulse Width
1x Baud Rate 12 toy
16x and 64x Baud Rate 1 tcy
tRPD Receiver Input Clock Pulse Delay
1x Baud Rate 15 tcy
16x and 64x Baud Rate 3 tey .
1TXRDY TxRDY Pin Delay from Center of last Bit 8 tcy Note 7 |
tTxRDY CLEAR TxRDY | from Leading Edge of WR 150 ns Note 7
tRxRDY RxRDY Pin Delay from Center of last Bit 24 tcy Note 7
tRxADY CLEAR RxRDY { from Leading Edge of RD 150 ns Note 7
us Int;r;’\;el szglxlcET Delay from Rising 24 oy Note 7
tes External SYNDET Set-Up Time Before
Falling Edge of RxC 16 tev Note 7
Y XEMPTY TxEMPTY Delay from Center of Data Bit 20 tcy Note 7
twe Control Delay from Rising Edge of 8 Ctey Note 7
WRITE (TxEn, DTR, RTS) ) *
ten Control to READ Set-Up Time {DSR, CTS) 20 toy Note 7

6. The TxC and RxC frequencies have the following timitations with respect to CLK.

For 1x Baud Rate, f1, or fry < 1/{30 1oy}
For 16x and 64x Baud Rate, t1, or fp, < 1/(4.5 tcy)

6. Resat Pulse Width = 6 tcy minimum; System Clock must be running during Reset.

7. Status update can have s maximum delay of 28 clock periods trom the event affecting the staws.
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WAVEFORMS
System Clock Input

-o———lw
bt l"
= .
CLOCK » | I

Transmitter Clock & Data

TxC (1x MOOE)

T {142M0DE)

—‘1 i‘—‘onl '“rx_‘l }'_

TnOATA __J' D, X

Receiver Clock & Data

(Ax BAUD COUNTER STAATS HERE)

Ax DATA \ START BV
i .

e Unpoy

—] - ,___:ﬂ______‘____—_\__
SReCPERIODS __ 1, 19 RxC PERIODS (182 MODE)
(18% MODE)

OATA 0¥ X oatamrt

AXC {1x MODE)

fa——

A<t s mooe) \f\

WY SAMPLING
PuLSE

tHAX

[ max i
Write Data Cycle (CPU — USART)

TaRDY ______/__——_—\{

l 1T.RDY CLEAR
tww —1

we
E tow —-1 wo
OONT CARE DON'T CARE
DATA N {08} < {  _OATASTASLE

cib AW ";—:i/—_‘_—_—

= }~—-or

£ ATA FLOA
DATA FLOAT OATA OUT ACTIVE DATA FLOAT

OATAOUT (D B)
——
AR RA
<D /

AR TRA
cs
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wr
=
-3
pe Rvvy
ax:
=a
o
B
a.

e
w‘“*u*——yzng\w ;1 i

Tx DATA
-nmvew
DATA CHAR Y DATA CHAKR 2 OATACHARS N )_DA'ACNAR!
58 =
- o -
L4 ]
EXAMPLE FORMAT = 7 BIT CHARACTER WITH PARITY & 2STOP BITE. Lo 4

Appendix 2

8251A

Write Control or Output Port Cycle (CPU — USART)

5TA. AT
INOTE #1)

X

e —|
- r—-wjr'
r—--m ~—~irwo

l—-——uw t—e] tma

e /

}__. aw
a

|

|

Read Control or Input Port (CPU - USART)

DSR, CT3
(NOTE #2) Xl
n —’{ tRR - N
A I )
1 = wo - t woF
DATA OUY 1
08 —

—-—{uu\-— —{ RA |—
L |

|
- qlll — —"‘RAF

NOTE #1: T INCLUDES THE RESPONSE TIMING OF A CONTAOL BYTE.
NOTE #2: T, INCLUDES THE EFFECT OF CTS ON THE TxENBL CIRCUITRY,

Transmitter Control & Flag Timing (ASYNC Mode)

e (U e

TTREMPTY ot

Ta EMPTY by

Tx READY

waTsnn T T I — ¥
tTapoye!  f—
Tx AEADY R I \ / 'i .
Fin) We DATA 1 W DATAZ wWr DATA S Wr DATA 4
B i \| /] 7\
Wr TxEn We SBRK
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8251A

Recelver Control & Flag Timing (ASYNC Mode)

SACAK OETECT

QvERAUN ERACK BatA 1
(BTATUS 817) Crand
) —wlp- tALmOY LOST
Ry ROV g
i

ne0atA

co T

[ ean| ne

[ Ak |
= T\ \_}”\J_
& ./ b/
—
s DATA S
OATACHAN I DATACHAR 2 DATalRANY -:"::';:': N
== -
o< ra
EXAMPLE FORMAT = ) SIF CHARACTEA WiTHPARITY & 23TOP 8aTS » :g i§
H k3
Transmitter Control & Flag Timing (SYNC Mode)
” ]\
|
Tu taerrY __4[
Ta AEADY r—“
STATVI DY { J
Ta READY
o~ Y L
e COMSM AND
. ey
o8 \ \ T \!
W OATA W DATA W OATA e OATA iy COMMANG ™ DATA
CHAR ¢ CHaR 2 CraA 3 CHANG SBAK )V CHang
-
Ta QATA STNC ™ QAra MAAKING | SPACING | MARKIWG DATA Syl
MAAK NG STATL CHAR 1 CHAA T CHAR T SYMC CHAR T CHAR D CHAR4 STACE STATE STalé LHAR § CrAR i1c
Tapara BO0DSNG0000880000800000000000800000 BOOD 0 3 ofoon

EXAMPLE FORMAT = § 81T CHARACTER W Tr PARITY ] STNC CRANACTZAL

Receiver Control & Flag Timing (SYNC Mode)

SYNOEY
1P1I NOTE +3

/ i\

us—4 lo—

TYNOLT )
Bt ey
R DY (P11} {'
AdSTATUS LALLEDL] Re STATUS
cd ] AY T Aa $TATUR
:::: e DATA R4 DATA Ne STHC LALTY t AeOATA
Cran s cHAN 3 cHany
= A S
~ N S
oOon T SYmC SYnC DAfa oara g OATA AYmC DATA DATA
Cang CHaAR Y CHaR 7 CHamt CHAR D THAA Y Cran ) SYNC CHAR 2 DUN T CARL CHAR T CranT §TC
O 00 06.00,00000100000530000H00000500000400000:0000¢:,060000000000
JARASARAASS cnan sy |

A Zided

Jwuy

b exi munt woot

SAT EYNC D41

OIS 1t INTEANAL STMC 23YAC CHARACTEAS $ 8114 wiTH FARITY

NOTE .2 URTEMNAL EYNG B BITE WITRPARITY
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