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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 

yeeeee, 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: ADRe2 ADR1 PORT 

O O ) 

O 1 1 

| O 2 

1 | 3 

ADR(O) determines wheter data or control/status 

are transferred. (ADR(O)=0: data; ADR(0O)=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-1l 

system by means of a 16-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 sharing the same interrupt 

request line. 
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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 O 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: Recieved 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 v24 

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 imodule uses the standard +/-5V and standard +/-l2V supply 

of the SPC-1 microcomputer system. 
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Side 11 Appendix 

» Ro) 4 A. 

intel 8251A ae 
“7 

PROGRAMMABLE COMMUNICATION INTERFACE: 
waaay: 

m Synchronous and Asynchronous a Error Detection — Parity, Overrun an \> 

Operation Framing Sin, S 

a Synchronous — 5-8 Bit Characters; “nd 

Internal or External Character Synchro- sg Fully Compatible with 8080/8085 CPU 

nization; Automatic Sync Insertion 

a 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 « All Inputs and Outputs are TTL 

Detection; Automatic Break Detect Compatible 

and Handling 

m Baud Rate — DC to 64K Baud a Single +5V Supply 

a Full Duplex, Double Buffered, Trans- 

mitter and Receiver a 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 18M “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 for 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 

oC: ~“ 2o, 
2 2770, 

3 76 Wy a 
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coq 7) CTs wr a ‘| 

aol 16 (7) Synoeteo v H 
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© Intel Corporation, 1978 
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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 

' anhancements, 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 

» and enhancements: ; 

8251A has double-bufferec data paths with 

separate I/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 4 

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 syne detect is minimized 

by ensuring that if double character syne is 

programmed, the characters be contiguously 

detected and also by clearing the Rx register 

to all ones whenever Enter Hunt command is 

issued in Sync made. , 

As 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/O devices in a Microcom- 

puter System, its functional configuration és programmed 

by the system's software for maximum flexibility. The 

8251A can support virtually any serial data technique cur- 

rently in use (including IBM “bi-sync”’). 

In a communication environment an interface device must 

convert parallel 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, a simple 

input or output of byte-oriented system data. 

Data Bus Buffer 

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 buffer upon execution of INput or OUTput 

instructions of the CPU. Control words, Command words 

and Status information are also transferred through the 

Data Bus Buffer, The command status and data in, and 

data out are separate &-bit registers to provide double 

buffering. : 

This functiona! block accepts inputs from the system Con- 

trol 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 (Reset) 

A “high” on this input forces the 8251A into an “idle” 

mode. The device will remain at “Idle” until a new set of 

control words is written into the 8251A to program its 

functional definition. Minimum RESET pulse width is 

6 tcy (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 825A. 

RD (Read) 

A “low” on this input informs the 8251A that the CPU ts 

reading data or status intormation from the 8251A. 

C/D (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=CONTROLASTATUS 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 RAD and WR will 

have no effect on the chip. 

. 

' mn 

| DATA =, Lin | rassesr np 
< Bus A opurren po 
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Figure 1. 8251A Block Diagram Showing Data Bus 

Buffer and Read/Write Logic Functions 

ci RD WA CS 

) 0 1 0 8251A DATA = DATA BUS 

ty) 1 (1) te) DATA BUS — 8251A DATA 

1 ty) 1 ts) STATUS = DATA BUS 

1 1 t) i) DATA BUS = CONTROL 

x 1 1 is) DATA BUS = 3-STATE 

x x x 1 DATA BUS ~ 3-STATE 

Modem Contro! 

The 8251A has a set of contro! inputs and outputs that can 

be used to simplify the interface to almost any Modem. The 

Modem control signals are general purpose in nature and 

can be used for functions other than Modem control, if 

necessary. 
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DSR (Data Set Ready) 

The OSR 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 DSA input is normally used to 

test Modem conditions such as Data Set Ready. 

DTR (Data Terminal Ready)! 

The OTA 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 Instruction word. The DTR 

: output signal is normally used for Modem control such as 

Data Terminal Ready or Rate Select. 

RTS (Request to Send) 

The RTS 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 Instruction word. The RTS 

output signal is normally used far Modem contro! such as 

Request to Send. 

CTs (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 toa “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 Buffer 

The Transmitter Buffer accepts parallel data from the Data 

Sus 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 of 

i data on the TxD output pin on the falling edge of TxC. 

The transmitter will begin transmission upon being enabled 

- if ETS = O. The TxD line will be held in the marking 
. State immediately upon a master Reset or when Tx Enable/ 

- CTS off or TXEMPTY. 

Transmitrer Control 

: The transmitter Control manages all activities associated 

; with the transmission of seriai data. It accepts and issues 

1 Sgnals both externally and internally to accomplish this 

‘ function. 

TxRDY (Transmitter Ready) 

This output signals the CPU that the transmitter is ready to 

accept a data character. The TxRDY output pin can be 

! 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 

' character is loaded from 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/Fult Status of the Tx Data Input 

Register. 

TxE (Transmitter Empty) 

When the 8251A has no characters to transmit, the TxEMP- 

TY output will 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 

automatically as “fillers, TxEMPTY does not go low 

when the SYNC characters are being shifted out. 

ane ~ vw tg ee 

TRANSMIT 

BUFFER 

1? Si 

TRANSMIT 

CONTROL 

* 

‘og RECEIVE 4 
BUFFER fo Aa { 
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: fly 4 ~ i ia, / wf 

“ = Sf = |AaRDY - & 

- / RECEIVE 
INTERNAL ““T CONTROL pat 4 
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; . anKoer : 

: ™~ Ra, Ace 

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. 

For Example: 

If Baud Rate equals 110 Baud, 

Tx equals 110 Hz (1x) 
TxC equals 1.76 kHz (16x) 

TxC equals 7.04 kHz (64x). 

The failing edge ot TxC shifts the serial data out of the 

B251A. 

Side 14 
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8251A 

Receiver Buffer 

The Receiver accepts serial data, converts this serial input 

to parallel format, checks for bits or characters that are 

unique to the communication technique and sends an 

“assembled” character to the CPU. Serial data is input to 

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 line for an active tow 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 

absent at the end of the data byte (asynchronous mode), 

and also sets the corresponding status bit. 

RAxRDY (Receiver Ready) 

This output indicates that the B251A contains a 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 

Output 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. If 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 (Recelver 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 Rx. In Asynchronous 

Mode, the Baud Rate is a fraction of the actual RxC fre- 

quency. A portion of the mode Instruction selects this 

factor; 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) 
RxE equals 19.2 kHz (64x). 

Baud Rate equals 2400 Baud, if 

RxC equals 2400 Hz (1x) 

RxC equals 38.4 kHz (16x) 
RxC equals 153.6 kHz (64x). 

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

NOTE: In most communications systems, the B251A will 
be handling both the transmission and reception operations 

ot a single link. Consequently, the Receive and Transmit 

Baud Rates will be the same. Both Txt and Rx 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 Detect/BRKDET (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. {t is reset to output mode low 

upon RESET, When used as an output (internal Syne mode}, 

the SYNDET pin will go “high” to indicate that the 8251A 

has located the SYNC character in the Receive mode. If the 

8251A is programmed to use double Sync characters (bi- 

sync}, then SYNDET will go “high” in the middle of the 

last bit of the second Syne character. SYNDET is auto 

matically reset upon a Status Read operation. 

RECEIVE 
BUFFER 
(8-P) 

RECEIVE 
CONTROL 

B 

be Nedewc 

Figure 3. 8251A Block Diagram Showing Recelver 

Buffer and Control Functions 
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When used as an input (external SYNC detect mode), a 

positive going signal will cause the 8251A 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 Internal 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 

Rx Data returning to a one” state. 
LW 7 ADDRESS BUS 

CONTROL BUS, 
7 76 *| eset oy 

(TTL 

DATA BUS 

0,-O, AG WA RESET CLK 

B2S1A 

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, SYNCHRONOUS or 

ASYNCHRONOUS OPERATION, EVEN/ODD/OFF PAR- 

ITY, etc. In the Synchronous Mode, options are also pro- 

Vided to select either internal or external character synchro- 

nization. 

Once programmed, the 8251A is ready to perform its com- 

munication functions. The TxRDY output is ratsed “high” 

to signal the CPU that the 8251A is ready to receive a data 

character from the CPU. This output (TxROY) is reset 

automatically when the CPU writes a character into the 

8251A. On the other hand, the 8251A receives serial data 

from the MOOEM or !/O device. Upon receiving an entire 

character, the RxROY output is raised “high” to signal the 

CPU that the 8251A has a complete character ready for the 

CPU to fetch. AxROY is reset automatically upon the CPU 

data read operation. 

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 words generated by 

the CPU. These control signals define the complete func- 

tional definition of the 8251A and must immediately fol- 

low a Reset operation (internal or external). 

The control wards are split into two formats: 

1. Mode Instruction 

2. Command Instruction 

Mode 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 8251A after the Mode In- 

structian 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 

82514 back into the Mode Instruction format. Command 

Instructions must follow the Mode Instructions or Sync 

characters. 

ecoel MODE INSTRUCTION 

apet SYNC CHARACTER t 
SYNC MODE 

co-1 SYNC CHARACTER 2 Onty 

C/O +1 | COMMAND INSTAUCTION 

cia +6 DATA 

C/O +1 | COMMAND INSTRUCTION 

CO-0 DATA 

] 
cOo-t COMMAND INSTRUCTION 

* The wecond SYNC charectes us mgd if MODE mutrucoon 

hes programmed the B251A ta ungle character Internal SYNC 
Moe Both SYNC characters ae tipped if MODE intrection 

hae programmed the $7518 10 ASYNC mode. 

Figure 5. Typical Data Block 
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Mode Instruction Definition 

The 8251A 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- 

tate 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 8 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 

eros” 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 (low fevel) followed 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 bit(s}, 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 Tx 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 falling 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 tow 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. 

If parity error occurs, the parity error flag is set. Data and 

parity bits are sampled on the RxD pin with the rising edge 

ot RxC. tf 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 buffer of the 

8251A. The RxRDY pin is raised to signal the CPU that a 

character is ready to be fetched. If a previous character has 

not been fetched by the CPU, the present character replaces 

it in the 1/O buffer, and the OVERRUN Error tlag ts raised 

(thus the previous character is lost). All of the error flags 

can be reset by an Error Reset Instruction. The occurrence 

of any of these errors will not affect the operation of the 

B251A. 
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° 0 ' ' 

SNS [bon } aaa | eax 

CHARACTER LENGTH 
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EVEN PARITY GENERATION/CHECE 

Te EVEN &- 000 

NUMBER OF STOP BITS 
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Figure 6. Mode Instruction Format, 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 usually 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 Tx. 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. If the CPU does not 

provide the 8251A with a data character before the 8251A 

Transmitter Buffers become empty, the SYNC characters 

lor character if in single SYNC character mode) will be 

automatically inserted in the TxD data stream. In this case, 

the TxEMPTY pin is raised high to signal that the 8251A is 

empty and SYNC characters are being sent out. TxEMPTY 

does not go low when the SYNC is being shifted out (see 

figure below). The TxEMPTY pin is internally reset by a 

data character being written into the 8251A. 

AUTOMATICALLY INSERTED BY USAAT 

Tx J oata | DATA SYNC 1 | sync 2 | OATA | —-<—---- | 

FALLS UPON CPU WRITING A 

YaEmery J CHARACTER TO THE USART 

NOMINAL CENTER OF LAST &IT 

Synchronous Mode (Recelve) 

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 

a STATUS READ. If parity is programmed, SYNDET 

will not be sat until the middle of the parity bit instead of 

the middle of the 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 all the 

used character bits in the buffer to a ‘‘one’’, thus prevent- 

ing a possible false SYNDET caused by data that happens 

to be in the Rx Buffer at ENTER HUNT time. Note that 

the SYNDET F/F is reset at each Status Read, regardless of 

whether internat 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 also 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 SYNOET F/F may be sat at 

any bit boundary. 

D0, 0, OF O% 9, 0, % O% 

[s<s eso] ep ven uf uy | Q | 

| CHARACTER LENGTH 

or a 1 0 ' 

Q a t 1 

6 7 8 

BITS | alts aiTs BITS 

Le PARIFY ENABLE 

{t= ENABLE) 

(0 = DISABLE) 

EVEN PARITY GENERATION/CHECK 
1+ EVEN 

0-000 

EXTERNAL SYNC DETECT 

1= SYNOET IS AN INPUT 

O* SYNOET IS AN OUTPUT 

SINGLE CHARACTER SYNC 
1» SINGLE SYNC CHARACTER 

@= DOUBLE SYNC CHARACTER 

NOTE: IN EXTEANAL SYNC MODE, PROGRAMMING OOUBLE CHARACTER 

SYNC WILL AFFECT ONLY THE Tx. 

Figure 8. Mode Instruction Format 
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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 to be 

used tor data communication. The Command Instruction 

controls the actual 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 toad a Command Instruc- 

tion. A Reset Operation {internal or external) will return 

the 8251A to the Mode Instruction format 

D, Of & DB, DB, Dp % Dy 

€H wn ars | EA [SBAKE AsE | OTR [THEN 

TRANSMIT ENABLE 
1 © enable 
O + disabie 

DATA TERMINAL 
READY 
nigh” will torce OTR 
Output to sero 

RECEIVE ENABLE 
1 * enable 

0 * diyable 

SEND BREAK 
CHARACTER 
1 = torces TaD “Tow” 

OD = normal operation 

EAAROR RESET 
1 reset estos flags 

PE, OF FE 

REQUEST TO SEND 
“high” wall force ATS 
output lo 2670 

INTERNAL RESET 

“hgh” retuens BZ51A to 

Mode Imtruction Format 

ENTER HUNT MODE* 

1 = enable search for Sync 

Chavectent 

* (HAS NO EFFECT 

- +N ASYNC MODE) 

Note: Error Reset must be performed whenever RxEnable and 

Enter Hunt are 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 allow 

the programmer to “read” the status of the device at any 

time during the functional operation. (The status update is 

inhibited during status read). 

Anormal “read” command is issued by the CPU with Cc/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 compietely 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 affecting the status. 

Oy 
0, Oo, OD, D4 0, 0, 0, 

osA SYNOET FE OE rE YaEMeTV] ArROY | TaROY 

| {| | = 
SAME DEFINITIONS AS 1/0 PINS 

PARITY ERROR 

The PE Hag rs sat when 2 perity 

error 6 detected. Hm rset Dy 

the ER bit of the Commend 
lastsucton. PE does not whsbet 
operation of the 82514. 

OVERRUN ERROR 

Thre CF flag 13 vat whens the CPU 
does not reed 2 character betore 
the next one becomes available 
fu 90 reset by the ER bet of the 
Command instrucuon. GE doe: 

not urhibit operation of the B251A 
however, the previously overrun 

Character is tost. 

FRAMING ERROR (Async onty} 

The FE fing 6 set when 8 veld 
Stop bit s not detected at the 
end of every character. Ht i reset 
by the EB bit of the Command 
Instruction. FE does not webct 
the operation of tee AZSTA. 

DATA SET READY: bedicates 

that the DSA is at a zero tevel. 

Note 1: TxRDY status bit has different meanings from the 

TxRDY output pin. The former is not conditioned 

by CTS and TxEN; the latter is conditioned by both 
CTS and TxEN. 

ie. TxROY status bit = OB Butfer Empty 

TxADY pin out = OB Buffer Empty +{CTS=0)-fTxEN@! 

Figure 11. Status Read Format 
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APPLICATIONS OF THE 8251A 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias.....-..- 0°C to 70°C 

Storage Temperatur2 2... ee —65°C to +150°C 

Voltage On Any Pin 

With Respect to Ground...........- ~0.5V ta +7V 

Power Dissipation 2... 0... ee es 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°C to 70°C; Voc = 5.0V +5%; GND = OV 

ww. ai 3 
=<. 
« 
rei 
x. 
4 
c- 
us 
oa, 

Symbol Parameter Min. Max. Unit Tast Conditions 

Vit Input Low Voltage -0.5 0.8 Vv 

Ving Input High Voltage 2.0 Vee Vv 

Vou Output Low Voltage 0.45 Vv for = 2.2MA 

Vou Output High Voitage 2.4 Vv ton = —400 uA 

lorL Output Float Leakage +10 pA Vout = Vec TO 0.45V 

Vie Input Leakage +10 LA Vin = Vcc TO 0.45V 

lec : Power Supply Current 100 mA All Outputs = High 

CAPACITANCE 

Ta = 28°C; Vcc = GND = OV 

Symbal Parameter Min. Max. Unit Test Conditions 

Cin Input Capacitance 10 pF fe = IMHz 

Cio 1/O Capacitance 20 pF Unmeasured pins returned to GND 

+20 

. 7" ra 

xv > 
3 

4702 a) 
5 Ngee. 

1ND14 5 
co 

B251A OuT . -0 7~ 

6K /| . 

= -20 
- 100 +50 ° +50 +100 

Figure 16. Test Load Circuit 

3 CAPACITANCE ipf) 

Figure 17. Typical 4 Output Delay vs. 4 

Capacitance (pF} 
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A.C. CHARACTERISTICS 

Ta = 0°C to 70°C; Voc * 5.0V £5%; GND = OV ; 

Bus Parameters (Note 1) 

Read Cycle: 

SYMBOL PARAMETER MIN. MAX. UNIT TEST CONDITIONS 

tar Address Stable Before READ (CS, c/D) 0 ns Note 2 

tra Address Hoid Time for READ (CS, C/O) 0 ns Note 2 

tar READ Pulse Width 250 ns 

tao Data Delay from READ 200 ns 3, Cy = 150 pF 

tor READ to Data Floating 10 100 ns 

Write Cycte: 

SYMBOL PARAMETER MIN. MAX. UNIT TEST CONDITIONS 

taw Address Stable Before WRITE 0 ns 

twa Address Hold Time for WRITE 0 ns 

tww WRITE Putse Width 250 ns 

tow Data Set Up Time for WRITE © 150 ns 

two Data Hold Time for WRITE 0 ns 

trav Recovery Time Between WRITES , 6 tcy 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/Data (C/D) are considered as Addresses. 
1 

2 
3. Assumes that Address is valid before ips. 
4. This recovery time is for Moda Initialization only. Write Data is allowed only when TxROY = 1. 

Recovery Sime between Writes for Asynchronous Mode is 8 tcy and for Synchronous Made is 16 tcy. 

Input Waveforms for AC Tests 

2.4 
. 2.0 . TEST 2.0 

0.8 POINTS 08 

0.45 

a, 
vaec 

e. 

a? 
ao 

¢ 
Oe 



7O12-P 

i 
<= 
Se. 
ie 
& 

ae 
Qe 

Appendix 2 
Side 2? 

8251A 

Other Timings: 

SYMBOL PARAMETER MIN, MAX. UNIT TEST CONDITIONS : 
tey Clock Period 320 1.35 bts Notes 5, 6 . 

_& Clock High Pulse Width 120 tcy-90 ns 
a] Clock Low Pulse Width 90 ns 
ty, te Clock Rise and Fall Time 5 20 ns 

toTx TxD Delay from Falling Edge of TxC 1 Ms 

tsRx Rx Data Set-Up Time to Sampling Pulse 2 US 

THRx Rx Data Hold Time to Sampling Pulse 2 Us 
frx Transmitter Input Clock Frequency 

1x Baud Rate pc 64 kHz 
16x Baud Rate Oc 310 kHz 
64x Baud Rate DC 615 kHz 

trew Transmitter Input Clock Puise Width 

1x Baud Rate 12 tey 
16x and 64x Baud Rate 1 tcy 

trpp Transmitter Input Clock Pulse Delay 

1x Baud Rate 15 tcy: 
16x and 64x Gzud 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 

trRew Receiver tnput Clock Pulse Width 

1x Baud Rate 12 tcy 
16x and 64x Baud Rate 1 tcy 

tapp Receiver Input Clock Pulse Delay 

1x Baud Rate 16 tcy 
16x and 64x Baud Rate 3 tey : 

trxnDy TxRDY Pin Delay from Center of tast Bit 8 tey Note 7 | 
tyxROY CLEAR TxRDBY | from Leading Edge of WR 150 ns Note 7 
trxRDY RxRDY Pin Delay from Center of last Bit 24 tey Note 7 
try RDY CLEAR RxRDY } from Leading Edge of RD 150 ns Note 7 
us ee oa Delay from Rising 24 tey Note 7 

tes External SYNDET Set-Up Time Before 
Falling Edge of Rx 16 tcy Note 7 

trxEMPTY TxEMPTY Delay from Center of Data Bit 20 tcy Note 7 
two Control Delay from Rising Edge of 8 - tey Note 7 

WRITE (TxEn, OTR, RTS) . . 
tor Control to READ Set-Up Time (DSR, CTS} 20 tey Note 7 

5. The TxC and RxC frequencies have the follawing limitations with respect to CLK. 
For 1x Gaud Rate, fry or fay < 1/(30 tcy) 
For 16x and 64x Baud Rate, tr, or fay < 1/145 toy) 

6. Reset Pulse Width = 6 toy 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 

pot? 

ba t, ty. 5 . 
CLOCK @ ) | 

Transmitter Clock & Data 

Tat (1x MODE) 

Tat (14nKODE) 

— Ltr ton] -—- 

TaOATA a. aa _ _ x 

Receiver Clock & Data 

(Au BAUD COUNTER STAATS HERE) 

ARGATA | STAAT BIT 

\ ‘ | -—-———~ "apo 

—| aoe ee ee een oe 

ORC PERIODS 16 AnC PERIODS (181 MODE) 
(160 MODE) 

OATA MIT X _OATA BIT 

AKC (1x MODE} 

~——— 

Ant (remove) \/\ 

WT SAMPLING 
PuLse 

tHAX [-————_ "sAx 1 

Write Data Cycle (CPU - USART) 

TaADY _._ Sf. 
| 'TaAADY CLEAR 

ows | 
We 

ar tow ——y wo 

DONT CARE OON'T CARE 

DATA tw {0.8.) S 4. OATA STAMLE 

cB AW Peal 

— [e-toF 
* ATA FLOA 

DATA FLOAT DATA OUT ACTIVE OATA FLOAT. 

DATA OuT (0.8) 

— 
tan TAA 

co Z 

TAR TRA 

cs 
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Write Control! or Output Port Cycle (CPU — USART) 

BTA AYA 
(NOTE #1) x 

wwe | 
= bel 

pas lf 
b— taw fee] WA 

| | 
Read Control or Input Port (CPU + USART) 

OSA, CTS 
(NOTE #2) x 

b— ‘n — taR 

a 
i 

aye e_—— 

~ ke tap | P tor 
DATA OUT } en 

(0.8) js 
—>| wa oy HRA 

Le 
& =\"" ane eT 

NOTE #1: Tyo INCLUDES THE RESPONSE TIMING OF A CONTROL BYTE. 

NOTE #2: To, INCLUDES THE EFFECT OF CTS ON THE TxENBL CIRCUITRY. 

Transmitter Control! & Flag Timing (ASYNC Mode) 

mo \ ns cee 
TYREMPTY ~~ 

TaEwety ———_——¢ 

Tx READY nd 
(aTATUS BIT) ‘ {74 rz I 

tranoye{ = fe— 

Ts READY —- ry \ j + . 

w win WreDATA1 We DATA2 Wr DATA Ww OATA4 

Zz. os james \| "I —T 
p~] ey Wr TxEn Wr SBRK 

ar: 
=a" wr \ j ‘ LIN | 
a o we 

Tx DATA 
S-amwoe™ BATA CHAR DATA CHAR 2 OATA CHAR 3 . SDAA CHAR 4 

oa ia 
ra e 

ae 3 
EXAMPLE FORMAT <7 BIT CHARACTER WIT PARITY & 2 STOP BITE. ha iy 
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Recelver Control & Flag Timing (ASYNC Mode) 

GAC AK OFTECT 

OVERRUN ERROR oa 
tun énnor 

Cuan st STATUS OT) he tana Loser 

Ru nov 
rt q 

ca Th 

a” UU 

We Natat 

& bf p/ 

Ra Dara LS 

OATA CMAN OArA CHAR? Cate Cnaad eo aM 7 

ze a. 
ts na 

GRAPE FORMAT =) BE CHARACTER WITH PARITY & 2 STOP GATS ° “5 58 

of aa 

Transmitter Control & Flag Timing (SYNC Mode) 

ons IN \ 

Te terry _ 

Ta READY 4} 

arava an { J 

Ta ntaov q 
om __ 

wr COMA AD . sone 
“ \ \ I AN 

wr OATA we DATA wm OATa we OATA tr COmet aN fw DATA 

cant cman? Cnaas CHANG AK cHams 

” Li 
t/ Oats iT Th Gata MARKING) SPACING] MAAK ING Data sre 

MAAS IG STATE CHaa tl CHaa Td CraRmt SYNC Chan 2 cnaa 2 CHaa 4 STATE STATE Stale cHaAs Cnaa 

TaQara LYIET LOLL ELLE OE ELL OEE TEC | LOT LY 

4 ! 

aatsneae 

EMAMPLE FORMAT © 6 G1 CHARACTER Pm Te PARIFY 2 ST MC CHARACTERS 

Receiver Control & Flag Timing (SYNC Mode) 

sv¥moey 
IPIME NOTE 74 

TYNOET (8.8) 

Ovennun 
ERROR iS 0b 

Aa ADY (Pi 

ca) 

a) 

aoe ooOCOCOOCOSHOOOCCHOO000 

astioed 

f \ 
us—e bk 

ATACHAR TAL 
10st 

Aa stars, ww EAR Ae Re STATUS 
Te at aa STATUS 

wens wets + 
rrr he ATA Ra DATA Wa sve Ra OATA 

Chaat CHARS cHany 
f 

oon T sync ad ata Data, OATA ed K Gara Dara 
Came chant CHaRe Cram cnaa2 cHaay Chan) |SYNCCHARZ] CONT CARE CHART cman 

AB606 

CHAA ASeY BEGINS cc 

JMU 
ek punt moot 

wore + 
MOTE 2 UR TEMMAL BYNES BITE mI PARITY 

Sal bye DEF 

INTEAMAG SEMC ESYNC CHAAACTIAL S$ OITA WITH AAT 

sGeopeueeooecooouModocuveNenoou 

CUT HUM mUoe 
SAT SYN OCT (STATUS SIF) 
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