
STANDARD MICROSYSTEMS 
CORPORATION 

COM 8251A 
ILPC FAMILY 

Universal Synchronous IAsynchronous 
Receiver ITransmitter 

FEATURES 
USART 

PIN CONFIGURATION 

D Asynchronous or Synchronous Operation 
-Asynchronous: 

5-8 Bit Characters 
Clock Rate-1, 16 or 64 X Baud Rate 
Break Character Generation 
1,1 112 or 2 Stop Bits 
False Start Bit Detection 
Automatic Break Detect and Handling 

-Synchronous: 
5-8 Bit Characters 
Internal or External Character Synchronization 
Automatic Sync Insertion 
Single or Double Sync Characters 
Programmable Sync Character(s) 

D Baud Rate-Synchronous- DC to 64K Baud 
-Asynchronous-DC to 19.2K Baud 

D Baud Rates available from SMC's COM 8116, 
COM 8126, COM 8136, COM 8146, and COM 8046 

D Full Duplex, Double Buffered Transmitter and 
Receiver 

D Odd parity, even parity or no parity bit 
D Parity, Overrun and Framing Error Flags 
D Modem Interface Controlled by Processor 
D All Inputs and Outputs are TTL Compatible 

GENERAL DESCRIPTION 
The COM 8251A is an MaS/LSI device fabricated 
using SMC's patented COPLAMOS® technology that 
meets the majority of asynchronous and synchronous 
data communication requirements by interfacing 
parallel digital systems to asynchronous and 
synchronous data communication channels while 
requiring a minimum of processor overhead. The 
COM 8251A is an enhanced version of the 8251. 
The COM 8251A is a Universal Synchronous/ 
Asynchronous Receiver/Transmitter (USART) 
designed for microcomputer system data 
communications. The USART is used as a peripheral 
and is programmed by the processor to communicate 
in commonly used asychronous and synchronous 
serial data transmission techniques including IBM 
Bi-Sync. The USART receives serial data streams and 
converts them into parallel data characters for the 
processor. While receiving serial data, the USART 
will also accept data characters from the processor in 
parallel format, convert them to serial format and 
transmit. The USART will signal the processor when it 
has completely received or transmitted a character 
and requires service. Complete USART status, 
including data format errors and control signals such 
as TxE and SYNDET, is available to the processor at 
any time. 
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D2 1 28 D1 

D3 2 27 DO 

RxD 3 26 Vee 

GND 4 25 RxC 

D4 5 24 DTR 

D5 6 23 RTS 

D6 7 22 DSR 

D7 8 21 RESET 

TxC 9 20 ClK 

WR 10 19 TxD 

CS 11 18 TxEMPTY 

C/O 12 17 CTS 

RD 13 16 SYNDET/BD 

RxRDY 14 15 TxRDY 

PACKAGE: 28-pin D.J.P. 

D Compatable with Intel 8251A, NEC IlPD8251A 
D Single +5 Volt Supply 
D Separate Receive and Transmit TTL Clocks 
D Enhanced version of 8251 
D 28 Pin Plastic or Ceramic DIP Package 
D COPLAMOS® N-Channel MaS Technology 

BLOCK DIAGRAM 

TxD 

TxRDY 

TxEMPTY 

TxC 

RxO 

RxROY 

Rxe 

SYNOETI 
BRKOET 
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INPUT/ 
PIN NO. SYMBOL NAME OUTPUT FUNCTION 

1,2,27, 02,03, DO, DATA BUS I/O An 8-bit, 3-state bi-directional DATA BUS used to interface the 
28,5-8 01,04-07 COM 825M to the processor data bus. Data is transmitted or 

received by the bus in response to inpuVoutput or Read/Write 
instructions from the processor. The DATA BUS also transfers 
Control words, Command words, and Status. 

3 RxD RECEIVER DATA I This input receives serial data into the USART. 

4 GND GROUND GND Ground 

9 TxC TRANSMITTER I The TRANSMITTER CLOCK controls the serial character trans-
cmcK mission rate. I n the Asynchronous mode, the TxC frequency is 

a multipleofthe actual Baud Rate. Two bits of the Modelnstruc-
tion select the multiple to be 1 X, 16X, or 64X the Baud Rate. I n the 
Synchronous mode, the TxC frequency is automatically se-
lected to equal the actual Baud Rate. 

Note that for both Synchronous and Asynchronous modes, 
serial data is shifted out oftheUSART by the falling edgeofTXC::;. 

10 WR WRITE DATA I A "zero" on this input instructs the COM 8251A to accept the 
data or control word which the processor is writing out to the 
USART via the DATA BUS. 

11 CS CHIP SELECT I A "zero" on this input enables the USARTfor reading and writing 
to the processor. When CS is high, the DATA BUS is in the float 
state and AD andWR' will have no effect on the chip. 

12 C/O CONTROL/DATA I The Control/Data input, in conjunction with the WR and tID 
inputs, informs the USART to accept or provide either a data 
character, control word orstatus information via the DATA BUS. 
0= Data; 1 = Control/Status 

13 RD READ DATA I A "zero" on this input instructs the COM 8251A to placethedata 
or status information onto the DATA BUS for the processor 
to read. 

14 RxRDY RECEIVER READY 0 The RECEIVER READY output indicates that the Receiver 
Buffer is ready with an "assembled" character for input to the 
processor. For polled operation, the processor can check 
RxRDY using a Status Read orRxRDY can be connected tothe 
processor interrupt structure. Note that reading the character 
to the processor automatically resets RxRDY. 

15 TxRDY TRANSMITTER READY 0 TRANSMITTER READY signals the processor that the trans-
mitter is ready to accept a data character. TxRDY can be used 
as an interrupt or may be tested through the Status information 
polled ~aton. TxRDY is automatically reset by the leading 
edge of when a data character is loaded from the processor. 

16 SYNDET/ SYNC DETECT/ I/O The SYNDET feature is only used in the Synchronous mode. 
BRKDET BREAK DETECT The USART may be programmed through the Mode Instruction 

to operate in either the internal or external Sync mode and 
SYNDET then functions as an output or input respectively. In 
the internal SYNC mode, the SYNDET output will gotoa "one" 
when the COM 8251A has located the SYNC character in the 
Receive mode. If double SYNC character (bi-sync) operation 
has been programmed, SYNDET will go to "one" in the middle 
of the last bit of the second contiguously detected SYNC char-
acter. SYNDET is automatically reset to "zero" upon a Status 
Read or RESET. In the external SYNC mode, a "zero" to "one" 
transition on the SYNDET input is sampled during the negative 
half cycle of AXe and will cause the COM 8251A to start as-
sembling data character on the next rising edge of RxC. The 
length of the SYNDET input should be at least one AXe period, 
but may be removed once the COM 825M is in SYNC. When 
external SYNC DETECT is programmed, the internal SYNC' 
DETECT is disabled. 
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INPUT/ 
PIN NO. SYMBOL NAME OUTPUT FUNCTION 

16 The SYNDET/BRKDET pin is used in both Synchronous and 
(cont.) Asynchronous modes. When in SYNC mode the features for 

the SYNDET pin described above apply. When in Asynchronous 
mode, the BREAK DETECT output will go high when an all zero 
word of the programmed length is received. This word consists 
of: start bit, data bit, parity bit and one stop bit.Reset only occurs 
when Rx Data returns to a logic one state or upon chip RESET. 
The state of BREAK DETECT can also be read as a status bit. 

17 CTS CLEAR TO SEND I A "zero" on the CLEAR TO SEND input enables the USART to 
transmit serial data if the TxEN bit in the Command Instruction 
register is enabled (one). 

If either a TxEN off or CTS off condition occurs while the Tx is 
in operation, the Tx will transmit all the data in the USARTwritten 
prior to the Tx Disable command before shutting down. I 

18 TxE TRANSMITTER EMPTY 0 The TRANSMITTER EMPTY output signals the processor that 
the USART has no further characters to transmit. TxE is auto-
matically reset upon receiving adatacharacterfrom the proces-
sor. In half-duplex, TxE can be used to signal end of a trans-
mission and request the processor to "turn the line around". 
The TxEN bit in the command instruction does not effect TxE. 

In the Synchronous mode, a "one" on this output indicates that 
a SYNC character or characters are about to be automatically 
transmitted as "fillers" because the next data character has not 
been loaded; an underflow condition. If the USART is operat-
ing in the two SYNC character mode, both SYNC characters will 
be transmitted before the message can resume. TxE does not 
go low when the SYNC characters are being shifted out. TxE 
goes low upon the processor writing a character to the USART. 

19 TxD TRANSMITTER DATA 0 This output is the transmitted serial data from the USART. When 
a transmission is concluded the TxD line will always return to 
the marking state unless SBRK is programmed. 

20 ClK CLOCK PULSE I The ClK input provides for internal device timing. External 
inputs and outputs are not referenced to ClK, but the ClK 
frequency must be greater than 30 times the RECEIVER or 
TRANSMITTER CLOCKS in the 1X mode and greater than 4.5 
times for the 16X and 64X modes. 

21 RESET RESET I A "one" on this input forces the USART into the "idle" mode 
where it will remain until reinitialized with a new set of control 
words. RESET causes: RxRDY=TxRDY=TxEmpty=SYNDETI 
BRKDET = 0; TxD = DTR = RST = 1. Minimum RESET pulse 
width is 6 tCY, ClK must be running during RESET. 

22 DSR DATA SET READY I The DATA SET READY inp..!!!..£an be tested by the processor 
via Status information. The DSR input is normally used to test 
Modem Data Set Ready condition. 

23 RTS REQUEST TO SEND 0 The REQUEST TO SEND output is controlled via the Command 
word. The RTS output is normally used to drive the Modem 
Request to Send line. 

24 DTR DATA TERMINAL 0 The DATA TERMINAL READY output is controlled via the 
R'EAr5V Command word. The r5TR output is normally used to drive 

Modem Data Terminal Ready or Rate Select lines. 

RxC 25 RECEIVER CLOCK I The RECEIVER CLOCK is the rate at which the incoming char-
acter is received. I n the Asynchronous mode, the 'R'XC frequency 
may be 1, 16 or 64 times the actual Baud Rate but in the Syn-
chronous mode the RxC frequency must equal the Baud Rate. 
Two bits in the mode instruction select Asynchronous at 1X, 
16X or 64X or Synchronous operation at 1X the Baud Rate. 

Data is sampled into the USART on the rising edge of RxC. 

26 Vcc Vcc SUPPLY VOLTAGE PS +5 volt supply 
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DESCRIPTION OF OPERATION-ASYNCHRONOUS 

Transmission -

When a data character is written into the USART, it auto­
matically adds a START bit (low level or "space") and the 
number of STOP bits (high level or "mark") specified. by 
the Mode Instruction. If Parity has been enabled, an odd 
or even Parity bit is inserted just before the STOP bit(s}, 
as ~ified by the Mode Instruction. Then, depending 
on CTS and TxEN, the character may be transmitted as a 
serial data stream at the TxD output. Data is shifted out by 
~falling~e of TxC at a transmission rate of TxC, 
TxC/16 or TxC/64, as defined by the Mode Instruction. 

If no data characters have been loaded into the USART, or 
if all available characters have been transmitted, the TxD 
output remains "high" (marking) in preparation for send­
ing the START bit of the next character provided by the 
processor. TxD may be forced to send a BREAK (con­
tinuously low) by setting the correct bit in the Command 
Instruction. 

Receive-

The RxD input line is normally held "high" (marking) by 
the transmitting device. A falling edge (high to low transi­
tion) at RxD signals the possible beginning of a START bit 
and a new character. The receiver is thus prevented from 
starting in a "BREAK" state. The START bit is verified by 
testing for a "low" at its nominal center as specified by the 
BAUD RATE. If a "low" is detected, it is considered valid, 
and the bit assembling counter starts counting. The bit 
counter locates the approximate center of the data, parity 
(if specified), and STOP bits. The parity error flag (PE) is 
set, if a parity error occurs. Input bits are sampled at the 
RxD pin with the rising edge of RxC. If a high is not de­
tected for the STOP bit, which normally signals the end 
of an input character, a framing error (FE) will be set. After 
the STOP bit time, the input character is loaded into the 
paralled Data Bus Buffer of the USART and the RxRDY 
signal is raised to indicate to the processor that a character 
is ready to be fetched. If the processor has failed to fetch 
the previous character, the new character replaces the old 
and overrun flag (OE) is set. All the error flags can be reset 
by setting a bit in the Command Instruction. Error flag 
conditions will not stop subsequent USART operation. 

DESCRIPTION OF OPERATION -SYNCHRONOUS 

Transmission -

As in Asynchronous transmission, the TxD output re­
mains "high" (marking) until the USART receives the first 
character (usually a SYNC character) from the processor. 
After a Command Instruction has set TxEN andafter 
CleartoSend (CTS) goes low, thefirstcharacterisser~ 
transmitted. Data is shifted out on the falling edge of TxC 
at the same rate as TxC. 

Once transmission has started, Synchronous Data Pro­
tocols ~uire that the serial data stream at TxD continue 
at the TXC rate or SYNC will be lost. If a data character is 
not provided by the processor beforethe USARTTransmit 
Buffer becomes empty, the SYNC character(s} loaded 
directly following the Mode Instruction will be automat­
ically inserted in the TxD data stream. The SYNC char­
acter(s} are inserted to fill the line and maintain synchron­
ization until the new data characters are available for 
transmission. If the USART becomes empty, and must 
send the SYNC character(s}, the TxEMPTY output is 
raised to signal the processor that the Transmitter Buffer 
is empty and SYNC characters are being transmitted. 
TxEMPTY is automatically reset by the next character 
from the processor. 

Recelve-

In Synchronous receive, character synchronization can 
be either external or internal. If the internal SYNC mode 

has been selected, the ENTER HUNT (EH) bit has been 
set by a Command Instruction, the receiver goes into the 
HUNT mode. 

Incoming data on the RxD input is sampled on the rising 
edge of Rxe, and the contents of the Receive Buffer are 
compared with the first SYNC character after each bit has 
been loaded until a match is found.lftwoSYNCcharacters 
have been programmed, the next received character is 
also compared. When the (two contiguous) SYNC char­
acter(s} programmed have been detected, the USART 
leaves the HUNT mode and is in character synchroniza­
tion.Atthistime, theSYNDET (output) issethigh.SYNDET 
is automatically reset by a STATUS READ. 

If external SYNC has been specified in the Mode Instruc­
tion, a "one" applied to the SYNDET (input) for at least 
one RxC cycle will synchronize the USART. 

Parity and Overrun Errors are treated the same in the 
Synchronous as in the Asynchronous Mode. If not in 
HUNT, parity will continue to be checked even if the re­
ceiver is not enabled. Framing errors do not apply in the 
Synchronous format. 

The processor may command the receiver to enter the 
HUNT mode with a Command Instruction which sets 
Enter HUNT (EH) if synchronization is lost. Under this 
condition the Rx register will be cleared to all "ones". 
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OPERATION AND PROGRAMMING 

The microprocessor program controlling the COM 8251A 
performs these tasks: 

- Outputs control codes 
- Inputs status 
- Outputs data to be transmitted 
-Inputs data which has been received 

Control codes determine the mode in which the COM 
8251A will operate and are used to set or reset control 
signals output by the COM 8251A. 

The Status register contents will be read by the program 
monitoring this device's operation in order to determine 
error conditions, when and how to read data, write data or 
output control codes. Program logic may be based on 
reading status bit levels, or control signals may be used 
to request interrupts. 

INITIALIZING THE COM 8251A 

Figure 1. Control Word Sequences for Initialization 
r 

C/l)=l .... 

>-

C/l) = 0 -< 

"-

C/D=l 

C/o=o { 

MODE CONTROL 

COMMAND 

DATA 

· · 
COMMAND 

DATA 

· · · 

} 

INITIALING 
SEQUENCE 

ASYNCHRONOUS OPERATION 

The COM 8251A may be initialized following a system 
RESET or prior to starting a new serall/O sequence. The 
USART must be RESET (external or internal) following 
power up and subsequently may be reset at any time 
following completion of one activity and preceding a 
new set of operations. Following a reset, the COM 8251A 
enters an idle state in which it can neither transmit nor 
receive data. 

The COM 8251A is initialized with two, three or four con­
trol words from the processor. Figure 1 shows the sequence 
of control words needed to initialize the COM 8251A, for 
synchronous or for asynchronous operation. Note that 
in asynchronous operation a mode control is output to 
the device followed by a command. For synchronous 
operation, the mode control is followed by one or two 
SYNC characters, and then a command. 

Only a single address is set aside for mode control bytes, 
command bytes and SYNC character bytes. Forthis to be 
possible, logic internal to the chip directs control informa­
tion to its proper destination based on the sequence in 
which it is received. Following a RESET (external or inter­
nal), the first control code output is interpreted as a mode 
control. If the mode control specifies synchronous opera­
tion, then the next one or two bytes (as determined by the 
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C/O = 1 

C/O=O -< 

C/D= 1 

C/D=O { 

MODE CONTROL 

SYNC #1 

SYNC #2 
(OPTIONAL) 

COMMAND 

DATA 

· · · · 
COMMAND 

DATA 

· · · 

INITIALING 
SEQUENCE 

SYNCHRONOUS OPERATION 

mode byte) output as control codes will be interpreted as 
SYNC characters. For either asynchronous or synchro­
nous operation, the next byte output as a control code is 
interpreted as a command. All subsequent bytes output 
as control codes are interpreted as commands. There are 
two ways in which control logic may return to anticipating 
a mode control input; following aRESETinputorfoliowing 
an internal reset command. A reset operation (internal via 
IR or external via RESET) will cause the USART to inter­
pret the next "control write", which should immediately 
follow the reset, as a Mode Instruction. 

After receiving the control words the USART is ready to 
communicate. TxRDY is raised to signal the processor 
that the USART is ready to receive a character for trans­
mission. Concurrently, the USART is ready to receive 
serial data. 

C/O RO WR CS 
0 0 1 0 USART - Data Bus 
0 1 0 0 Data Bus - USART 
1 0 1 0 Status - Data Bus 
1 1 0 0 Data Bus - Control 
X X X 1 Data Bus - 3-State 
X 1 1 0 
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MODE CONTROL CODES 
The COM 8251A interprets mode control codes as illus­
trated in Figures 2 and 3. 

Control code bits 0 and 1 determinewhethersynchronous 
or asynchronous operation is specified. A non-zero value 
in bits 0 and 1 specifies asynchronous operation and de­
fines the relationship between data transfer baud rate and 
receiver or transmitter clock rate. Asynchronous serial 
data may be received or transmitted on every clock pulse, 
on every 16th clock pulse, or on every 64th clock pulse, 
as programmed. A zero in both bits 0 and 1 defines the 
mode of operation as synchronous. 

For synchronous and asynchronous modes, control bits 
2 and 3 determine the number of data bits which will be 
present in each data character. In thecaseofaprogrammed 
character length of less than 8 bits, the least significant 
DATA BUS unused bits are "don't care" when writing data 
to the USART and will be "zeros" when reading data. Rx 
data will be right justified onto DO and the LSB for Tx data 
isDO. 

For synch ronous and asynch ronous modes, bits 4 and 5 

determine whether there will be a parity bit in each char­
acter, and if so, whether odd oreven paritywill beadopted. 
Thus in synch ronous mode a character wi II consist offive, 
six, seven or eight data bits, plus an optional parity bit. In 
asynchronous mode, the data unit will consist of five, six, 
seven or eight data bits, an optional parity bit, a preceeding 
start bit, plus 1,1 112 or 2 trailing stop bits. Interpretation of 
subsequent bits differs for synchronous or asynchronous 
modes. 

Control code bits 6 and 7 in asynchronous modedetermine 
how many stop bits will trail each data unit. 1112 stop bits 
can only be specified with a 16X or 64X baud rate factor. 
In these two cases, the half stop bit will be equivanlent to 
8 or 32 clock pulses, respectively. 

In synchronous mode, control bits 6 and 7 determine 
how character synchronization will be achieved. When 
SYNDET is an output, internal synchronization is specified ; 
one or two SYNC characters, as specified by control bit 7, 
must be detected at the head of a data stream in order to 
establish synchronization. 

COMMAND WORDS 

Command words are used to initiate specific functions 
within the COM 8251A such as, "reset all error flags" or 
"start searching for sync". Consequently, Command 
Words may be issued by the processor to the COM 8251 A 
at any time during the execution of a program in which 

specific functions are to be initialized within the com­
munication circuit. 

Figure 4 shows the format for the Command Word. 

Figure 4. COM 8251A Control Command 

7 6 5 4 3 2 O~BitNo. 

I If I I I I I I 

C 
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TxEN 
1 = Enable transmission 
0= Disable transmission 

DTR 
1 = DTR output is forced to 0 

RxE 
1 = Enable RxRDY 
0= Disable RxRDY 

SBRK 
1 = TxD is forced low 
0= Normal operation 

ER 
1 = Resets all error flags in 

Status register (PE, DE. FE) 

RTS 
1 = RTS output is forced to 0 

IR 
1 = Reset format 

EH 
1 = Enter HUNT mode 



Figure 2. Synchronous Mode Control Code. 

7 6 5 4 3 2 1 O~BitNo. 

I I I I I 0 I 0 I 
~ "-.-J "-.-J 

~sYncmOde 
00 5 bits per character 
01 6 bits per character 
10 7 bits per character 
11 8 bits per character I 
0= Parity disable, 1 = Parity enable 

0= Odd parity, 1 = Even parity 

0= SYNDET output 
1 = SYNDET input 

0=2 SYNC characters 
1 = 1 SYNC character 

Figure 3. Asynchronous Mode Control Code. 

7 6 5 4 3 2 1 O~BitNo. 

I I I I I I I 
"-.-J "-.-J "-.-J 

t 00 Invalid (SYNC mode) 
01 Async mode, 1 X Baud rate factor 
10 Async mode, 16X Baud rate factor 
11 Async mode, 64X Baud rate factor 

00 5 bits per character 
01 6 bits per character 
10 7 bits per character 
11 8 bits per character 

0= Parity disable, 1 = Parity enable 

0= Odd parity, 1 = Even parity 

00 Invalid 
01 1 stop bit 
10 1112 stop bits 
11 2 stop bits 
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Bit 0 of the Command Word is the Transmit Enable bit 
(TxEN). Data transmission for the COM 8251A cannot 
take place unless TxEN is set (assuming CTS = 0) in the 
command register. The TX Disable command is prevented 
from halting transmission by the Tx Enable logic until all 
data previously written has been transmitted. Figure 5 
defines the way in which TxEN, TxE and TxRDY combines 
to control transmitter operations. 

Bit 1 is the Data Terminal Ready (DTR) bit. When the DTR 
command bit is set, the DTR output connection is active 
(low). DTR is used to advise a modem thatthe data terminal 
is prepared to accept or transmit data. 

Bit 2 is the Receiver Enable Command bit (RxE). RxE is 
used to enable the RxRDY output signal. RxE, when zero, 
prevents the RxR DY signal from bei ng generated to notify 
the processor that a complete character is framed in the 
Receive Character Buffer. It does not inhibit the assembly 
of data characters at the input, however. Consequently, 
if communication circuits are active, characters will be 
assembled by the receiver and transferred to the Receiver 
Buffer. If RxE is disabled, the overrun error (OE) will prob­
ably be set; to insure proper operation, the overrun error 
is usually reset with the same com mand that enables RxE. 

FigureS. 
Operation of the Transmitter Section as a Function of TxE, TxRDY and TxEN 

TxEN TxE TxRDY 
1 1 1 Transmit Output Register and Transmit Character Buffer empty. 

TxD continues to mark if COM 8251A is in the asynchronous mode. 
TxD will send SYNC pattern if COM 8251A is in the Synchronous 
Mode. Data can be entered into Buffer. 

o Transmit Output Register is shifting a character. Transmit Character 
Buffer is available to receive a new byte from the processor. 

o Transmit Register has finished sending. A new character is waiting 
for transmission. This is a transient condition. 

o 0 Transmit Register is currently sending and an additional character 
is stored in the Transmit Character Buffer for transmission. 

o 0/1 0/1 Transmitter is disabled. 

Bit 3 is the Send Break Command bit (S BR K). When SBR K 
is set, the transmitter output (TxD) is interrupted and a 
continuous binary"O"level, (spacing) isappliedtotheTxD 
output signal. The break will continue until a subsequent 
Command Word is sent to the COM 8251A to removeSBRK. 

Bit 4 is the Error Reset bit (ER). When a Command Word 
is transferred with the ER bit set, all three error flags (PE, 
OE, FE) in the Status Register are reset. Error Reset occurs 
when the Command Word is loaded into the COM 8251A. 
No latch is provided in the Command Registerto savethe 
ER command bit. 

Bit 5, the Request To Send Command bit (RTS), sets a 
latch to reflect the RTS signal level. The output of this 
latch is created independently of other signals in the 
COM 8251A. As a result, data transfers may be made by 
the processor to the Transmit Register, and data may be 
actively transmitted to the communication line through 
TxD regardless of the status of RTS. 

Bit 6, the Internal Reset (IR), causes the COM 8251A to 

return to the Idle mode. All functions within the COM 
8251A cease and no new operation can be resumed until 
the circuit is reinitialized. If the operating mode is to be 
altered during the execution of a processor program, the 
COM 8251A must first be reset. Either the RESET input 
can be activated, or the Internal Reset Command can be 
sent to the COM 8251A. Internal Reset is a momentary 
function performed only when the command is issued. 

Bit 7 is the Enter Hunt command bit (EH). The Enter Hunt 
mode command is only effective for the COM 8251A when 
it is operating in the Synchronous mode. EH causes the 
receiver to stop assembling characters at the RxD input, 
clear the Rx register to all "ones", and start searching for 
the prescribed sync pattern. Once the "Enter Hunt" mode 
has been initiated, the search for the sync pattern will 
continue indefinitely until EH is reset when a subsequent 
Command Word is sent, when the IR command is sent to 
the COM 8251A, orwhen SYNC characters are recognized. 
Parity is not checked in the EH mode. 

STATUS REGISTER 

The Status Register maintains information about the 
current operational status of the COM 8251A. Status can 
be read at any time, however, the status update will be 
inhibited during status read. Figure 6 shows the format of 
the Status Register. 

TxRDY signals the processor that the Transmit Character 
Buffer is empty and that the COM 8251A can accept a new 
character for transmission. The TxRDY status bit is not 

totally equivalent to the TxRDY output pin, the relationship 
is as follows: 

TxRDY (status bit) = Tx Character Buffer Empty 
TxRDY (pin 15) = Tx Character Buffer Empty • CTS • TxEN 

RxRDY signals the processor that a completed character 
is holding in the Receive Character Buffer Register for 
transfer to the processor. 
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Figure 6. The COM 8251A Status Register 

7 6 5 4 3 2 O~BitNo. 

I I I I I I I II 
~ ~ 

TxE signals the processor that the Transmit Register 
is empty. 

PE is the Parity Error signal indicating to the CPU that the 
character stored in the Receive Character Buffer was 
received with an incorrect number of binary "1" bits. PE 
does not inhibit USART operation. PE is reset by the ER bit. 
OE is the receiver Overrun Error. OE issetwhenevera byte 
stored in the Receiver Character Register is overwritten 
with a new byte before being transferred to the processor. 
OE does not inhibit USART operation. OE is reset by the 
ER bit. 

FE (Async only) is the character framing error which in­
dicates that the asynchronous mode byte stored in the 
Receiver Character Buffer was received with incorrect bit 
format (liD" stop bit), as specified by the current mode. FE 
does not inhibit USART operaton. FE is reset by the ER bit. 

Note: 
1. While operating the receiver it is important to realize 

that the RxE bit of the Command Instruction only in­
hibits the assertion of RxRDY; it does not inhibit the 
actual reception of characters. As the receiver is con­
stantly running, it is possible for it to contain extraneous 
data when it is enabled. To avoid problems this data 
should be read from the USART and discarded. This 
read should be done immediately following the setting 
of the RxE bit in the asynchronous mode, and following 
the setting of EH in the synchronous mode. It is not 
necessary to wait for RxRDY before executing the 
dummy read. 

2. ER should be performed whenever RxE of EH are pro­
grammed. ER resets all error flags, even if RxE = o. 

t TxRDY 

RxRDY 

TxE 

PE 
Parity error 

OE 
Overrun error 

FE 
Framing error 

SYNDET/BRKDET 

DSR 

SYNDET is the synchronous mode status bit associated 
with internal or external sync detection. 

DSR is the status bit set by the external Data Set Ready 
signal to indicate that the communication Data Set is 
operational. 
All status bits are set by the functions described for 
them. SYNDET is reset whenever the processor reads the 
Status Register. OE, FE, PE are reset by the error reset 
command or the internal reset command or the RESET 
input. OE, FE, or PE being set does not inhibit USART 
operation. 

M any of the bits in the status register are copies of external 
pins. This dual status arrangement allows the USART to 
be used in both Polled and Interrupt driven environments. 
Status update can have a maximum delay of 16 tCY periods. 

3. The USART may provide faulty RxRDY forthe first read 
after power-on or for the first read after the receiver is 
re-enabled by a command instruction (RxE). A dummy 
read is recommended to clear faulty RxRDY. This is not 
the case for the first read after hardware or software" 
reset after the device opration has been established. 

4. Internal Sync Detect is disabled when External Sync 
Detect is progrqmmed. An External Sync Detect Status 
is provided through an internal flip-flop which clears 
itself, assuming the External Sync Detect assertion has 
removed, upon a status read. As long as External Sync 
Detect is asserted, External Sync Detect Status will 
remain high. 
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MAXIMUM GUARANTEED RATINGS· 
Operating Temperature Range ............................................................ O°C to +70°C 
Storage Temperature Range .................................................... " .... -55°C to +150°C 
Lead Temperature (soldering, 10 sec) ........................................................... +325°C 
Positive Voltage on any Pin, with respect to ground ................................................. +8.0V 
Negative Voltage on any Pin, with respect to ground ........ " ...................................... -0.3V 
·Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these at any other condition above those indicated in the operational 
sections of this specification is not implied. 
NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute 
Maximum Ratings not be exceeded or device failure can result. Some power supplies exhibit 
voltage spikes or "glitches" on their outputs when the AC power is switched on and off. 
In addition, voltage transients on the AC power line may appear on the DC output. If this 
possibility exists it is suggested that as clamp circuit be used. 

ELECTRICAL CHARACTERISTICS (TA = ooe to 70o e, Vee = +5V ±5%, unless otherwise noted) 

SYMBOLI PARAMETER I MIN. I MAX. UNIT I TEST CONDITIONS 

D.C. Characteristics 

VIL Input Low Voltage -D.3 0.8 V 

VIH Input High Voltage 2.0 Vee V 

VOL Output Low Voltage 0.45 V IOL=2.2 rnA 

VOH Output High Voltage 2.4 V IOH = -400/1A 

IOFL Output Float Leakage ±10 /1A VOUT = Vee TO 0.45V 

IlL Input Leakage ±10 /1A VIN = Vee TO 0.45V 

lee Power Supply Current 100 rnA All Outputs = High 

Capacitance TA= 25°C, Vee = GND 

CIN I Input Capacitance 

I I 

10 pF IfC=IMHZ 
CliO I/O Capacitance 20 pF Unmeasured pins returned to GND 

A.C. Characteristics 
Bus Parameters (Note 1) 
Read Cycle: 

tAR Address Stable Before READ (CS, C/O) 0 ns Note 2 

tRA Address Hold Time for READ (CS, C/O) 0 ns Note 2 

tRR READ Pulse Width 250 ns 

tRO Data Delay from READ 200 ns Note 3, CL = 150 pF 

tOF READ to Data Floating 10 100 ns 

Write Cycle: 

tAW Address Stable Before WRITE 0 ns 

tWA Address Hold Time for WRITE 0 ns 

tww WRITE Pulse Width 250 ns 

tow Data Set Up Ti me for WRiTE 150 ns 

two Data Hold Time for WRITE 0 ns 

tRY Recovery Time Between WRITES 6 tey Note 4 

Other Timings: 

tey Clock Period .320 1.35 /1s Notes 5, 6 

tq, Clock High Pulse Width 120 tey-90 ns 

ti Clock Low Pulse Width 90 ns 
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SYMBOL PARAMETER MIN. MAX. UNIT TEST CONDITIONS 

tA, tF Clock Rise and Fall Time 5 20 ns 

tOTx TxD Delay from Falling Edge of TxC 1 /1s 

tSAx Rx Data Set-Up Time to Sampling Pulse 2 /1S 

tHAx Rx Data Hold Time to Sampling Pulse 2 /1S 

frx Transmitter Input Clock Frequency 
1X Baud Rate DC 64 kHz 

16X Baud Rate DC 310 kHz 
64X Baud Rate DC 615 kHz 

trpw Transmitter Input Clock Width 
1X Baud Rate 12 tCY 

16X and 64X Baud Rate 1 tCY 

tTPO Transmitter Input Clock Pulse Delay 
1X Baud Rate 15 tCY 

16X and 64X Baud Rate 3 tCY 

fAx Receiver Input Clock Frequency 
1X Baud Rate DC 64 kHz 

16X Baud Rate DC 310 kHz 
64X Baud Rate DC 615 kHz 

tAPW Receiver I nput Clock Pulse Width 
1X Baud Rate 12 tCY 

16X and 64X Baud Rate 1 tCY 

tAPD Receiver Input Clock Pulse Delay 
1X Baud Rate 15 tCY 

16X and 64X Baud Rate 3 tCY 

trxAOY TxRDY Pin Delay from Center of last Bit 8 tCy Note? 

trxAOY CLEAA TxRDY I from Leading Edge of WR 150 ns Note? 

tAxAOY RxRDY Pin Delay from Center of last Bit 24 tCY Note? 

tAxAOY CLEAA RxRDY I from Leading Edge of RD 150 ns Note? 

tiS Internal SYNDET Delay from Rising 24 tCY Note? 
Edge of RxC 

tES External SYNDET Set-Up Time Before 16 tCY Note? 
Falling Edge of RxC 

trxEMPTY TxEMPTY Delay from Center of Data Bit 20 tCY Note? 

twc Control Delay from Ris.i!!fLEdge of 8 tCY Note? 
WRITE (TxEn, DTR, RTS) 

tCA Control to READ Set-Up Time (DSR, CTS) 20 tCY Note? 

NOTES: 1. AC timings mStilsured VOH = 2.0, VOL= 0.8, and with load circuit of Figure 1. 
2. Chip Select (CS) and Command/Data (C/O) are considered as Addresses. 
3. Assumes that Address is valid before RaJ. 
4. This recovery time is for RESET and Mode Initialization. Write Data is allowed only when TxRDY = 1. Recovery Time between 

Writes for Asynchronous Mode is 8 tCY and for Synchronous Mode is 16 tcv. 
5. The TxC and RxC frequencies have the following limitations with respect to ClK. 

For 1X Baud Rate, fTx or fAX:S 1/(30 tcv) 
For 16X and 64X Baud Rate, fTx or fAX:S 1/(4.5 tCY) 

6. Reset Pulse Width = 6 tcv minimum; System Clock must be running during RESET. 
7. Status update can have a maximum delay of 28 clock periods from the event affecting the status. 

2V 

Figure 1. 

4200 

1N914 

6KO 

Typical .::l Output 
Delay Versus 

.::l Capacitance (pF) 

+20 

+10 

/ 
II 

-10 

-2 0 J 
-100 -50 

/ 
V 
" SPEC 

+50 +100 

TEST LOAD CIRCUIT 
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~(1xMODEI 

TXt: (16xMODEI 

Tx DATA 

RxDATA 

RxC (1x MODEl 

RxC (16xMODEI 

INT SAMPLING 
PULSE 

WAVEFORMS 

System Clock Input 

CLOCK ¢ 

Transmitter Clock & Data 

Receiver Clock & Data 

(Rx BAUD COUNTER STARTS HEREI 

START BIT 

--, .. ---tRpw---~-------t,1 
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Write Data Cycle (CPU - USART) 

I 
~~--------I H tbRDY CLEAR 

WR --------------~~~-----------

I, tow -\:j two 
DON'T CARE DON'T CARE 

DATA IN (D.B.I -------=-:..:..:....:-=.:.:.:.=-----« OAT A ST ABL E ~~, -------------

C/O ----------------.~~ 

------------~~ ~r-------
"'--_________ .7" 

~~------

Read Data Cycle (CPU 4- USART) 

RxRDY _____ .....JI 1~ ______________ _ 
I ~XRDY CLEAR I 

~ -----------~~ tRR--y,r-__ __ 

---I l-tRD -il- tDF 

DATA OUT (D.B,I ______ D=..:.A-"-T:...:.A.:...;F L:..:O:.:...;A.;...T ---II1'1~DA~T~A~O~UT~A~C~TI~V;E ..J"rD:...:.AT:...:.A:...:.F..::.LO=..cA..:..;...T 

------------~I~ ~Ir-
C/O '\ 'I 

~ ---------~~~tA_R __________ ~_RA~ 

Write Control or Output Port Cycle (CPU - USART) 

DTR,RTS -----------------------------~X 
(NOTE "11 ____________________________ -J, L-. ____ _ 

________ ~ I-tWW--!I:~t-wc-=.1-----
WR ~ 

DATA IN (D.B.I ----------{ 
'---t---t-.T 

tWA 

C/O _________ -J 

tWA 

NOTE "1: TWC INCLUDES THE RESPONSE TIMING OF A CONTROL BYTE, 
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ffi 

Tx EMPTY 

Tx READY 
(STATUS BIT) 

Read Control or Input Port (CPU - USART) 

OsR, CTS -----V; 
(NOTE"') f"..;<-. _________________ _ 

___ I-_'CR~_·IL'RR-I--
~ ~~ K 

-+I 1- IRD - 1- IDF 

DAT~g~~ ------------II~Fl' _____ -t~~--------
---l'AR I--

c/o __________ -----.JJI 
- IRA I--­

) 

~ 
__________ ~ 'AR I--- -- IRA /;:: 

~ ~~----------~~ 
NOTE ",: TCR INCLUDES THE EFFECT OF CTS ON THE TxENBL CIRCUITRY. 

Transmitter Control & Flag Timing (ASYNC Mode) 

ITxEMPTY 1\-r----~ 
I'------t-----€l 

Tx R~~I~~ ----(1; 

C/O 

Tx DATA 

DATA CHAR 1 DATA CHAR 2 DATACHAR3 

EXAMPLE FORMAT· 7 BIT CHARACTER WITH PARITY & 2 STOP BITS. 

BREAK DETECT 

OVERRUN ERROR 
ISTATUSBIT) 

R_ROV 

c/o 

Rx DATA 

Receiver Control & Flag Timing (ASYNC Mode) 

~ 

- r-:- IA"RDV 
CHAR 2 

LOST 
Ii- '1: 

AdDATA 

----dr RxEn f WrERA An 

U 

~ I,.J 

II 
~ 

, Y 

DATA CHAR 1 DATA CHAR 2 ~_NM"Il'I!,Q 

BREAK 

EXAMPLE FORMAT· 7 BIT CHARACTER WITH PARITY & 2 STOP BITS. 
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.,.DATA CHAR 4 

= <{ 

~ 
c 

,..-
~ 

I~ 
!------

If ~ 
Wr,RII.En; Wr RxE,,' 

U r-v-
~ 



m 

r. READY ----+---~ 
(STATUSBITI 

Tx READY 
(PIN) 

Transmitter Control & Flag Timing (SYNC Mode) 

C/D _____ ~~~~~~---4+.~~----~~~4_-_+-~ 

EXAMPLE FORMAT· S BIT CHARACTER WITH PARITY, 2 SYNC CHARACTERS 

Receiver Control & Flag Timing (SYNC Mode) 

SYNDET 
(PIN) NOTE ;:1 

SYNDEr (S,81 

OVERRUN 
ERROR IS.81 

R .. ROY (PIN) 

C/O 
.-JW,EH '\ 

R .. En· 

---v 
DON'T 
CARE 

I 
'IS_ -

SYNC SYNC DATA 
CHAR 1 CHAR 2 CHAR 1 

8\ ~rE'.!.....J 
tES_ 

~ 
Ir-I-t\--

JDATA CHAH 2 f.\ 
LOST 

~l "'~ 
Irf-I-

1\ I 1\ Rd';,T:~~S L 
Ad OATA 
CHAR 1 CHAR 3 CHAR 1 

"-
\LtJ II 

DATA \Lc hLJ I\~ 
CHAR 2 CHAR 3 CHAR 1 SYNC CHAR 2 DON'T CARE 

: 

t-
l---

tL-

J 

Ad STATUS 

1\ r--
Rd DATA 

DATA \... 
V--

DATA 
CHAR 1 CHAR 2 ETC, 

X'X'X'X 'X'NoX'X'X'X-X:XoX'X'H-~ ;XoX'H'H ;HH'X-X ·N' X>X' loX ~H'H'X-l ~XoX' X· X ,x-ID,X 'X'X'X'X'X' , °x,x·x,x-nxox, • 'x-x !lUXU 
1I11IIIII III r I }l11JAs~!Eb,~sl I I I I III 

JlI1fUlJ 
L EXIT HUNT MODE 

SEl SYNC DET 

NOTE ·:1 INTERNAL SYNC. 2 SYNC CHARACTERS, 5 BITS. WITH PARITY 
NOTE ;;2 EXTERNAL SYNC. 5 BITS. WITH PARITY 
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/ BEGINS 

lUi ru- l11f 
EXIT HUNT MODE I 

SET SYN DEl ISTATUS Bill 

rut 
SET SYNDET (STATUS BIT) 
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APPLICATION OF THE COM8251A 

Asynchronous Serial Interface to CRT Terminal, 
DC to 9600 Baud 

Asynchronous Interface to Telephone Lines 

PHONE 
LINE 

INTER 
FACE 

1 
TelEPHONE 

LINE 

Synchronous Interface to Terminal or Peripheral Device 

SYNCHRONOUS 
TERMINAL 

OR PERIPHERAL 
DEVICE 

Synchronous Interface to Telephone Lines 

SYNC 
MODEM 

PHONE 
LINE 

INTER· 
FACE 

1 
TELEPHONE 

LINE 

COM8251A Interface to p.P Standard System Bus 

\ ADDRESS BUS \ 
Ao 

I CONTROL BUS \ 
I/O R I/OW RESET 

\ DATA BUS \ 

~ ~ 
8 

'< 7 
CID C{ 0,-00 IiO iVA RESET ClK 

COM8251A 

Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica­
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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