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Operation

Synchronous 5-8 Bit Characters;
Internal or External Character
Synchronization; Automatic Sync

Insertion

Asynchronous 5-8 Bit Characters;
Clock Rate—1, 16 or 64 Times Baud
Rate; Break Character Generation; 1,
114, or 2 Stop Bits; False Start Bit
Detection; Automatic Break Detect and ]

Handling

# Synchronous Baud Rate—DC to 64K

The Intel® 8251A is the industry standard Universal Synchronous/Asynchronous Receiver/Transmitter
(USART), designed for data communications with Intel's microprocessor families such as MCS-48, 80, 85, and
iAPX-86, 88. The B251A is used as a peripheral device and is programmed by the CPU 10 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 charac-
ters for the CPU. The USART will signai 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 signais such as SYNDET, TxEMPTY. The chip is
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28-Pin DIP Package
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FEATURES AND ENHANCEMENTS

The 8251A is an advanced design of the industry
standard USART, the Intel® 8251. The 8251A oper-
ates with an extended range of Intel microproces-
sors and maintains compatibility with the 8251. Fa-
miliarization time is minimal because of compatibility
and involves conly knowing the additional features
and enhancements, and reviewing the AC and DC
specifications of the 8251A.

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

8251A has double-buffered data paths with sepa-
rate /0 registers for control, status, Data In, and
Data Out, which considerably simplifies control
programming and minimizes CPU overhead.

In asynchronous operations, the Receiver de-
tects and handles “break’ automatically, reliev-
ing 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.

Tx Enable logic enhancement prevents a Tx Dis-
able command from halting transmission until all
data previously written has been transmitted. The
logic also prevents the transmitter from turning
off in the middle of a word.

When External Sync Detect is programmed, In-
ternal Sync Detect is disabled, and an External
Sync Detect status is provided via a flip-fiop
which clears itself upon a status read.

Possibility of false sync detect is minimized by
ensuring that if double character sync is pro-
grammed, the characters be contiguously detect-
ed and also by clearing the Rx register to all ones
whenever Enter Hunt command is issued in Sync
mode.

As long as the 8251A is not selected, the RD and
WR do not affect the internal operation of the
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, provid-
ing higher speed and better operating margins.

Synchroncus Baud rate from DC to 64K.

Be sure to visit ChipDocs web site for more information.

FUNCTIONAL DESCRIPTION

General

The 8251A is a Universal Synchronous/Asynchro-
nous Receiver/Transmitter designed for a wide
range of Intel microcomputers such as 8048, 8080,
8085, 8086 and B088. Like other I/0O devices in a
microcomputer system, its functional configuration is
programmed by the systern’s software for maximum
flexibility. The 8251A can support most serial data
techniques 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 technigue. 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 inter-
face 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, Data-In and Data-Out registers
are separate, 8-bit registers communicating with the
system bus through the Data Bus Buffer.

This functional block accepts inputs from the system
Control bus and generates control signals for overall
device operation. It contains the Control Word Reg-
ister and Command Word Register that store the
various controi formats for the device functional defi-
nition.

RESET (Reset)

2-2

A “high” on this input forces the B251A 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 toy (clock must be running).

A command reset operation als¢ puts the device
into the “Idle” state.
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Figure 3. 8251A Block Diagram Showing Data Bus Buffer and Read/Write Logic Functions

CLK (Clock) c/D RD WR TS

The CLK input is used to generate internal device 0 0 1 0 |8251ADATA — DATABUS

timing and is normally connected to the Phase 2 0 1 0 0 |DATABUS — 8251ADATA

(TTL} output of the Clock Generator. No external in- 1 0 1 0 |STATUS — DATABUS

puts or outputs are referenced to CLK but the fre- 9 1 0 0 |DATABUS — CONTROL

guency of CLK must be greater than 30 times the X 1 1 0 | DATABUS — 3-STATE

Receiver or Transmitter data bit rates. X X X 1 |DATABUS — 3-STATE

WR (Write) _

o _ C/D (Control/Data)

A “low” on this input informs the 8251A that the o _

CPU is writing data or control words to the 8251A. This input, in conjunction with the WR and RD in-
puts, informs the B251A that the word on the Data

- Bus is either a data character, control word or status

RD (Read) information.

A “low” on this input informs the 8251A that the 1 = CONTROL/STATUS; 0 = DATA.

CPU is reading data or status information from the

8251A.

2-3
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CS (Chip Select)

A “low” on this input selects the 8251A. No reading
or writing will occur unless the device is selected.
When GS is high, the Data Bus is in the float state
and RD and WR have no effect on the chip.

Modem Control

The 8251A has a set of control 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 oth-
er than modem control, if necessary.

DSR (Data Set Ready)

The DSR input signal is a general-purpose, 1-bit in-
verting input port. Its condition can be tested by the
CPU using a Status Read operation. The DSR 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 program-
ming the appropriate bit in the Command Instruction
word. The DTR output signal is normally used for
modem control such as Data Terminal Ready.

RTS (Request to Send)

The RTS output signal is a general-purpose, 1-bit
inverting output port. 1t can be set “low” by program-
ming the appropriate bit in the Command Instruction
word. The RTS output signal is normally used for
modem control 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 to a “one”. If either a Tx Enable off or CTS off
conditior’ 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.

Be sure to visit ChipDocs web site for more information.

Transmitter Buffer

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 communication technique) and outputs a com-
posite serial stream of data on the TxD output pin on
the falling edge of TxC. The transmitter will begin
transmission upon being enabled if CTS = 0. The
TxD line wilt be held in the marking state immediate-
ly upon a master Reset or when Tx Enable or CTS is
off or the transmitter is empty.

Transmitter Control

The Transmitter Control manages all activities asso-
ciated with the transmission of serial data. It accepts
and issues signals 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 TxEnable; or, for Polled operation,
the CPU can check TxRDY using a Status Read op-
eration. TxRDY is automatically 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 TxEnable, but will
only indicate the Empty/Full Status of the Tx Data
Input Register.

TxE (Transmitter Empty)

When the 8251A has no characters to send, the
TxEMPTY output will go “high”. it resets upon re-
ceiving a character from CPU if the transmitter is
enabled. TXEMPTY remains high when the transmit-
tor is disabled. 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-
duplex operational mode.

In the Synchronous mode, a “high” on this output
indicates that a character has not been loaded and
the SYNC character or characters are about to be or
are being transmitted automatically as “filiers’. Tx
EMPTY does not go iow when the SYNC characters
are being shifted out.
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Figure 4. 8251A Block Diagram Showing Modem and Transmitter Butfer and Control Functions

TxC (Transmitter Clock)

The Transmitter Clock controls the rate at which the
character 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 actuat TxC
frequency. A portion of the mode instruction selects
this factor; it can be 1, ¢ or Va4 the TxC.

For Example:

If Baud Rate equals 110 Baud,

TxC equals 110 Hz in the 1x mode.
TxC equals 1.72 kHz in the 16x mode.
TxC equals 7.04 kHz in the 64x mode.

The faliing edge of TxC shifts the serial data out of
the 8251A.

Receiver Buffer

The Receiver accepts serial data, converts this seri-
al input to parallel format, checks for bits or charac-
ters 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.

Be sure to visit ChipDocs web site for more information.

Receiver Control

This functional block manages all receiver-related
activities which consists of the following features.

The RxD initialization circuit prevents the 8251A
from mistaking an unused input line 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 enabied. 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 falling edge and then strobing the normal center
of the Start bit (RxD = low).

Parity error detaction sets the corresponding status
bit.

The Framing Error status bit is set if the Stop bit is
absent at the end of the data byte (asynchronous
mode).
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RxRDY (Receiver Ready)

This output indicates that the 8251A contains a
character that is ready to be input to the CPU.
RxRDY can be connected to the interrupt structure
of the CPU or, for polled operation, the CPU can
check the condition of RxRDY using a Status Read
-operation.

RxEnable, when off, holds RxRDY in the Reset Con-
dition. For Asynchronous mode, to set RxRDY, the
Receiver must be enabled to sense a Start Bit and a
complete character must be assembled and trans-
ferred to the Data Output Register. For Synchronous
mode, 0 set RxRDY, the Receiver must be enabied
and a character must finish assembly and be trans-
ferred 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 er-
ror 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 occurring, 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 Mods,
the Baud Rate (1x) is equal to theactual frequency
of RxC. In Asynchronous Mode, the Baud Rate is a
fraction of the actual RxC frequency. A portion of the
mode instruction selects this factor: 1, Y4 or V44 the

RxC.

For Example:

Baud Rate equals 300 Baud, if

RxC equals 300 Hz in the 1x mode;
RxC equals 4800 Hz in the 16x mode;
RxC equals 19.2 kHz in the 64x mode.

Baud Rate equals 2400 Baud, if

RxC equals 2400 Hz in the 1x mode;
RxC equals 38.4 kHz in the 16 mode;
RxC equals 153.6 kHz in the 64 mode.
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Figure 5. 8251A Block Diagram Showing Receiver Buffer and Control Functions
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Data is sampled into the 8251A on the rising edge of
RxC.

NOTE:

In most communication systems, the 8251A will be
handling both the transmission and reception oper-
ations of a single link. Consequently, the Recsive
and Transmit Baud Rates will be the same. Both
TxC and RxC will require identical frequencies for
this operation and can be tied together and con-
nected 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 cutput, program-
mable 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 8251A has located the SYNC

character in the Receive mode. if the 8251A is pro-
grammed to use double Sync characters (bi-sync),
then SYNDET will go “high” in the middle of the last
bit of the second Sync character. SYNDET is auto-
maticaily reset upon a Status Read operation,

When used as an input (external SYNC detect
mode), a positive going signal will cause the 8251A
to start assembling data characters on the rising
edge of the next RxC. Once in SYNC, the ‘“‘high”
input signal can be removed. When External SYNC
Detect is programmed, Internal SYNC Detect is dis-
abled.

BREAK (Async Mode Only)

This output will go high whenever the receiver re-
mains low through two consecutive stop bit se-
quences (including the start bits, data bits, and parity
bits). 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.

g ADDRESS BUS \
AO
{ CONTROL BUS )
170 R| 1/0 W| RESET 1
(T1L)
r DATA BUS \
Q Q o)
cb T 0,-D, RD  WR RESET CLK
8251A
205222-6

Figure 6. 8251A Interface to 8080 Standard System Bus

Be sure to visit ChipDocs web site for more information.
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DETAILED OPERATION DESCRIPTION

General

The compiete functional definition of the 8251A is
programmed by the system’s software. A set of con-
trol 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 OP-
ERATION, EVEN/ODD/OFF PARITY, etc. In the
Synchronous Mode, options are also provided to se-
lect either internal or external character synchroni-
zation.

Once programmed, the 8251A is ready to perform its
communication functions. The TxRDY output is
raised “high” to signal the CPU that the 8251A is
ready to receive a data character from the CPU. This
output (TxRDY) is reset automatically when the CPU
writes a character into the 8251A. On the other
hand, the B251A receives serial data from the MO-
DEM or 1/0 device. Upon receiving an entire charac-
ter, the RxRDY output is raised “high’ to signal the
CPU that the 8251A has a complete character ready
for the CPU to fetch. RxRDY 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 Com-
mand Instruction and it has received a Clear To
Send (CTS) input. The TxD output will be held in the
marking state upon Reset.

c/o -1 MODE INSTRUCTION
c/b =1 SYNC CHARACTER 1
SYNC MODE
¢ -1 SYNC CHARACTER 2 OnLY
C/D =1 | COMMAND INSTRUCTION
cib-0 % DATA -
c/b =1 COMMAND INSTRUCTION
cD-=0 DATA Jt
c/D -1 COMMAND INSTRUCTION
205222-7
*The second sync character is skipped if mode instruction has
programmed the B251A to single character sync mode. Both
sync characters are skipped if mode instruction has programmed
the 8251A to async mode.

Figure 7. Typical Data Block

Be sure to visit ChipDocs web site for more information.
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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 functional definition of the 8251A and
must immediately follow a Reset operation (internal
or external).

The control words are split into two formats:

1. Mode instruction
2. Command Instruction

Mode Instruction

This instruction defines the general operational
characteristics of the 8251A. It must follow a Reset
operation (internai or external). Once the Mode In-
struction has been written into the 8251A by the
CPU, SYNC characters or Command Instructions
may be written.

Command Instruction

This instruction defines a 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 (see Figure 7). The Mode Instruction must
be written immediately following a Reset operation,
prior to using the B251A for data communication.

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

Mode Instruction Definition

The 8251A can be used for either Asynchronous or
Synchronous data communication. To understand
how the Mode Instruction defines the functionat op-
eration of the 8251A, the designer can best view the
device as two separate components, one Asynchro-
nous and the other Synchronous, sharing the same
package. The format definition can be changed only
after a master chip Reset. For explanation purposes
the two formats will be isolated.
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NOTE:

When parity is enabled it is not considered as one
of the data bits for the purpose of programming
word length. The actual parity bit received on the
Rx Data line cannot be read on the Data Bus. In
the case of a programmed 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 “zeros” 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 level) fol-
lowed by the data bits (least significant bit first), and
the programmed number of Stop bits t¢ each char-
acter, Also, an even or odd Parity bit is inserted prior
to the Stop bit(s), as defined by the Mode Instruc-
tion. The character is then transmitted as a serial
data stream on the TxD output. The serial data is
shifted out on the falling edge of TxC at a rate equal
to 1, Vie OF Vg, that of the TxC, as defined by the
Mode Instruction. BREAK characters can he contin-
uously 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) un-
less a Break (continuously low) has been pro-
grammed.

Asynchronous Mode (Receive)

The RxD line is normally high. A falling edge on this
line triggers the beginning of a START bit. The validi-
ty of this START bit is checked by again strobing this
bit at its nominal 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
iocates 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 sam-
pled on the RxD pin with the rising edge of the RxC.
If a low level is detected as the STOP bit the Fram-
ing 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 paraliel I/0 butfer 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 1/0O buffer, and the OVERRUN Error flag

€P | PEN

BAUD RATE FACTOR

- Q 1 0 1

L - 0 0 1 1

SYNC
MODE

CHARACTER LENGTH
- ¢ 1 0 v

(1X) | (¥6X) | (64X)

1] 0 1 1

5 6
BITS | BITS

PARITY ENABLE

7 8
BITS | BITS

1= ENABLE 0= DISABLE
EVEN PARITY GENERATION/CHECX

1=EVEN 0=00D
NUMBER OF STOP BITS

g 1 0 1

0 0 1 1

2
BITS

1 %
INVALID| g7 | giTs

(ONLYAFFECTS Tx; Rx
NEVER REQUIRES MORE
THAN ONE STOP BIT)

205222-8

Figure 8. Mode Instruction Format, Asynchronous Mode

Be sure to visit ChipDocs web site for more information.
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is raised (thus the previous character is lost). All of
the error flags can be reset by an Error Reset In-
struction. The occurrence of any of these errors will
not affect the operation of the 8251A.

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 char-
acters are shifted out on the falling edge of 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 charac-
ter before the 8251A Transmitter Buffers become
empty, the SYNC characters (or 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 internaliy
reset by a data character being written into the
8251A.

Data is shifted out at the same rate as the TxC.

GENERATED

DpD1——— Dx BY 8251A

TP — T
PARITY STOP
DATA BITS T aITs
- O

y r—

TRANSMITTER OUTPUT

STA
TxD MARKING B'?T

DOES NGT APPEAR
Do Dy ———-Dx ON THE DATA BUS

i D .

hr r
PARITY STOP |
BIT DATA‘B_'TS 8IT BITS

¥

RECEIVER INPUT

PROGRAMMED
CHARACTER
LENGTH

TRANSMISSION FORMAT
CPUBYTE (58 8ITS/CHAR)

s
2 4

DATA CHARACTER

rys
-~

ASSEMBLED SERIAL DATA OUTPUT (TxD}

START 37 PARITY sTor
BIT DATA CHARACTER BIT BITS
. =1 ——
RECEIVE FORMAT
SERIAL DATA INPUT (AxO)
4§ —
START PARITY sTOP
o DATA cuinfnzn T BITS

CPUBYTE (5-8 BITS/CHAR)*

i &

77

DATA CHARACTER

4 ¢
A

205222-9

*NOTE:
If character length is defined as 5, 6, or 7 bits the unused bits are set to “zero”.

Figure 9. Asynchronous Mode
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AUTOMATICALLY INSERTED BY USART

TxD | DATA | DATA | SYNC1 | SYNC2 | DATA | — — — — —
FALLS UPON CPU WRITING A
TXEMPTY CHARACTER TO THE USART

/\ AN

NOMINAL CENTER OF LAST BIT
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Synchronous Mode (Receive)

In this mode, character synchronization can be inter-
nally or externally achieved. If the SYNC mode has
been programmed, ENTER HUNT command should
be included in the first command instruction word
written. Data on the RxD pin is then sampled 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. ¥f 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 charac-
ter synchronization. The SYNDET pin is then set
high, and is reset automatically by a STATUS READ.
if parity is programmed, SYNDET will not be set 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 RxC cycle.
An ENTER HUNT command has no effect in the
asynchronous mode of operation.

D, Dg Dy D, D; D, D, D,
SCS |ESD| EP [PEN| L, [ L, { O | O
CHARACTER LENGTH
.| o 1 0 1
~| o 0 1 1
5 6 7 B
BITS | BITS | 8ITS | BITS
PARITY ENABLE

(1= ENABLE)
(0 = DISABLE)

EVEN PARITY GENERATION/CHECK
1=EVEN
0=00D

EXTERNAL SYNC DETECT
1=SYNDET IS AN INPUT
0 = SYNDET IS AN OUTPUT

NOTE:

+ SINGLE CHARACTER SYNC
1 = SINGLE SYNC CHARACTER
0 =DOUBLE SYNC CHARACTER
205222-11

In external sync mode, programming double character sync will affect only the Tx.

Figure 10. Mode Instruction Format, Synchronous Mode

Be sure to visit ChipDocs web site for more information.
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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 preventing 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
roset at each Status Read, regardless of whether
internal or external SYNC has been programmed.
This does not cause the B251A to return to the
HUNT mode. When in SYNC mede, but not in
HUNT, Sync Detection is still functional, but only oc-
curs at the “known’” word boundaries. Thus, if one
Status Read indicates SYNDET and a second
Status Read also indicates SYNDET, then the pro-
grammed SYNDET characters have been received
since the pravious Status Read. (If double character
sync has been programmed, then both sync charac-
ters have been contiguously received to gate a SYN-
DET indication). When external SYNDET mode is
selected, internal Sync Detect is disabled, and the
SYNDET F/F may be set at any bit boundary.

COMMAND INSTRUCTION
DEFINITION

Once the functional definition of the 8251A has
been programmed by the Mode Instruction and the

Sync characters are loaded (if in Sync Mode) then
the device is ready to be used for data communica-
tion. The Command Instruction controls the actual
operation of the selected format. Functions 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, of necessary,
then all further ‘control writes™ {C/D = 1) will load a
Command instruction. A Reset Operation (internal or
external) will return the 8251A to the Mode Instruc-
tion format.

NOTE:
Internal Reset on Power-up:

When power is first applied, the 8251A may come up
in the Mode, Sync character or Command format. To
guarantee that the device is in the Command In-
struction format before the Reset command is is-
sued, it is safest to execute the worst-case initializa-
tion sequence (sync mode with two sync charac-
ters). Loading three 00Hs consecutively into the de-
vice with C/D = 1 configures sync operation and
writes two dummy 00H sync characters. An Internal
Reset command (40H) may then be issued to return
the device to the “idle” state.

CPUBYTES (5-8 BITS/CHARI}

]

DATA CHARACTERS

&
-

ASSEMBLED SERIAL DATA QUTPUT (TxD)

d b
Y »

SYNC
CHAR 1

SYNC
CHAR 2

DATA CHARACTERS

RECEIVE FORMAT

SERIAL DATA INPUT (RxD)

T r

-t

SYNC
CHAR 1

SYNC
CHAR 2

DATA CHARACTERS

Pa—

CPU BYTES (5-8 BITS/CHAR])

—

DATA CHARACTERS

g
v ¥

i &

L o

206222-12

Figure 11. Data Format, Synchronous Mode

2-12
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b, Dg O, O, Dy D, D D,
EH iR RTS ER [SBRK| RxE | DTR | TxEN

TRANSMIT ENABLE
1 = enable
0 = disable

DATA TERMINAL
READY

“high”* will force DTR
output to zero

RECEIVE ENABLE
1 = enable

0 = disable

SEND BREAK
CHARACTER

1 = forces TxD “low"
0 = normal operation

ERROR RESET

1 = roset orror flags
PE, OE, FE

REQUEST TO SEND

“high”” will force RTS
output to zero

INTERNAL RESET

“high' returns B251A 1o
Mode Instruction Format

ENTER HUNT MODE*

NOTE:

Error Reset must be performed whenever RxEnable and Enter Hunt are programmed.

1 - enable search for Sync
Characters

*(HAS NO EFFECT IN
ASYNC MCDE}

205222-13

Figure 12. Command Instruction Format

STATUS READ DEFINITION

In data communication systems it is often necessary
to examine the “status” of the active device to as-
certain if errors have occurred or other conditions
that require the processor’s attention. The B251A
has facilities that allow the programmer to “read”
the status of the davice at any time during the func-
tional operation. (Status update is inhibited during
status read.)

Be sure to visit ChipDocs web site for more information.

2-13

A normal “read” command is issued by the CPU
with C/D = 1 to accomplish this function.

Some of the bits in the Status Read Format have
identical meanings to external output pins so that
the B251A can be used in a completely polied or
interrupt-driven environment. TxRDY is an excep-
tion.
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Note that status update can have a maximum delay of 28 clock periods from the actual event affecting the
status.

SYNDET/

DSR BRKDET FE OF PE TxEMPTY| RxRDY | TxRDY

| S
Note 1

SAME DEFINITIONS AS I/O PINS

PARITY ERROR

The PE flag is set when a parity
error is detected. It is reset by
the ER bit of the Command
Instruction. PE does not inhibit
operation of the 82514

OVERRUN ERROR

The OE flag 1s set when the CPU
does not read a character hefore
the next one becomes available

It 1s reset by the ER it of the
Command Instruction. OE does
not inhibit operation of the B251A
however_ the previously overrun
character 1s lost

FRAMING ERROR (Async onty)
The FE flag is set when a valid
Stop bit 1s not detected at the
————— e end of every character It is reset
by the ER hit of thé Command
Instruction. FE does not inhibit
the operation of the 82514

DATA SET READY  Indicates
that the DSR s at a zero level.

L

205222-14

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.
i.e. TXRDY status bit = DB Buffer Empty
TxRDY pin out = DB Buffer Empty ® (CTS = 0) ® (TXEN = 1)

Figure 13. Status Read Format

www. chipdocs . con Be sure to visit ChipDocs web site for more information.
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APPLICATIONS OF THE 8251A

¢ ADDRESS BUS [
L CONTROL BUS {
|
i
{ DATA BUS {
T
f
N4 f
RxD f@—————4 EIATO TTL
CONVERT
wob——el T b—
82514 Lo ———J |
= o
RATOR TERMINAL
205222-15

Figure 14. Asynchronous Serial Interface to CRT Terminal, DC—9600 Baud

ADDRESS BUS 1

||

CONTROL BUS s

DATA BUS B

L |
-
NEIY

8251A AxC ”—l OR PERIPHERAL
e DEVICE

SYNDET

205222-18

Figure 15. Synchronous Interface to Terminal or Peripheral Device

2-15
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APPLICATIONS OF THE 8251A (Continued)

(L ADDRESS BUS K
&] CONTROL BUS
§ DATA BUS 1
RxD
TxD
. PHONE
Bsh fo— ASYNC LINE
oTR MODEM INTER
o FACE
82514  CTS pa—
RTS Jo——
Aat 8AUD 1
o RATE
TxC GENERATOR TELEPHONE
LINE
205222-18
Figure 16. Asynchronous Interface to Telephone Lines
{ ADDKESS 8US i
Ll CONTROL BUS 1
§ DATA BUS 3
. RxD
TxD
8251A PHONE
RxC LINE
TaC Joo— INTER.
FACE
SYNC
SYNDET MODEM
CTS p~—-|
RTS p—{
D3R foe—rrs
DTR
TELEPHONE
LINE
205222-17

Figure 17. Synchronous Interface to Telephone Lines

NOTES:

1. AG timings measured Vo, = 2.0 VgL = 0.8, and with load circuit of Figure 18.

2. Chip Select (CS) and Command/Data (C/D) are considered as Addresses.

3. Assumes that Address is valid before Rp | .

4. This recovery time is for Mode Initialization only. Write Data is allowed only when TxRDY = 1, Recovery Time between
Writes for Asynchronous Mode is 8 tcy and for Synchronous Mode is 16 toy.

5. The TxC and RxC frequencies have the following limitations with respect to CLK: For 1x Baud Rate, fr, or fry <

1/(30 tey): For 16x and 64x Baud Rate, f1y or fry < 1/(4.5 {gy). This applies to Baud Rates less than or equal to 64K Baud.
6. Reset Pulse Width = 6 tcy 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.

8. In external sync mode the tes spec. requires the ratio of the system clock (clock) to receive or transmit bit ratios to be
greater than 34,

9. A float is defined as the point where the data bus falls below a logic 1 (2.0V @ gy limit) or rises above a Logic 0 (0.8V @
lop limit).

2-16
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias . ... .. 0°Cto 70°C
Storage Temperature .......... —65°Cto +150°C
Voltage on Any Pin

with Respectto Ground.......... —0.5vVto +7V
Power Dissipation ................oovvvenn... 1w

NOTICE: This is a production data sheet. The spacifi-
cations are subject to change without notice.

*WARNING: Stressing the device beyond the “Absoiute
Maximum Ratings” may cause permanent damage.
These are stress ratings only. Operation beyond the
“Operating Conditions” is not recommended and ex-
tended exposure beyond the “QOperaling Conditions”
may affect device reliability.

D.C. CHARACTERISTICS T = 0°Cto 70°C, Vgg = 5.0V £10%, GND = 0V*

Symbol Parameter Min Max Unit Test Conditions

ViL Input Low Voltage —-0.5 0.8 Vv

ViH Input High Voltage 2.0 Vee \)

VoL Output Low Voltage 0.45 v loL = 2.2 mA

VOH Output High Voltage 2.4 \' loH = —400 pA

loFL Output Float Leakage 10 pA VouT = Voo to 0.45V

e Input Leakage 10 pA ViN = Vgg to 0.45V

lcc Power Supply Current 100 ma All Outputs = High
CAPACITANCE T4 = 25°C,Vgc = GND = OV

Symbol Parameter Min Max Unit Test Conditions

CiN Input Capacitance 10 pF fc = 1 MHz

Cio I/0 Capacitance 20 pF Unmeasured pins returned

to GND

A.C. CHARACTERISTICS T, = 0°Cto 70°C, V¢ = 5.0V £10%, 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 Hold Time for READ (CS, C/D) 0 ns (Note 2)
tRR READ Pulse Width 250 ns
tRp Data Delay from READ 200 ns 3,CL = 150 pF
torF READ to Data Floating 10 100 ns (Note 1, 9}
WRITE CYCLE
Symbol Parameter Min Max Unit Test Conditions
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 Time for WRITE 150 ns
twD Data Hold Time for WRITE 20 ns
try Recovery Time Between WRITES 6 toy (Note 4)

2-17
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A.C. CHARACTERISTICS (Continued)

OTHER TIMINGS

Symbol Parameter Min Max Unit | Test Conditions
tcy Clock Period 320 1350 ns | (Note5, 6)
tp Clock High Pulse Width 120 toy—90 ns -

i; Clock Low Pulse Width 90 ns
tr. t¢ Clock Rise and Fall Time 20 ns
toTx TxD Deiay from Falling Edge of TxC 1 us
frx Transmitter input Clock Frequency
1x Baud Rate DC 64 kHz
16x Baud Rate DC 310 kHz
64x Baud Rate DC 615 kHz
typw Transmitter Input Clock Pulse Width
1x Baud Rate 12 toy
16x and 64x Baud Rate 1 tcy
treo Transmitter input Clock Pulse Delay
1x Baud Rate 15 tey
16x and 64x Baud Rate 3 toy
fRx Recsiver Input Clock Frequency .
1x Baud Rate bC 64 kHz
16x Baud Rate bC 310 kHz
64x Baud Rate bC 615 kHz
trpw Receiver input Clock Pulse Width
1x Baud Rate 12 toy
16x and 64x Baud Rate 1 toy
tRPD Recaeiver Input Clock Pulse Delay
1x Baud Rate 15 toy
16x and 64x Baud Rate 3 tcy
tTxRDY TxRDY Pin Delay from Center of Last Bit 14 tcy | (Note7)
tTxRDY CLEAR | TXRDY | from Leading Edge of WR 400 ns | (Note7)
tRxRDY RxRDY Pin Delay from Center of Last Bit 26 tcy | (Note 7)
tRxRDY CLEAR | RXRDY | from Leading Edge of RD 400 ns | (Note7)
tis Intermal SYNDET Delay from Rising
. Edge Of m 26 tCY (Note 7)
tes External SYNDET Set-Up Time After
Rising Edge of RxC 16tcy | tapp—rcy | ns | (Note7)
tTREMPTY TxEMPTY Deilay from Center of Last Bit 20 toy | (Note 7)
twe Contro! Delay from Rising Edge of 8 (Note 7)
WRITE (TxEn, DTR, RTS) toy
tcr Control to READ Set-Up Time (DSR, CTS) 20 tcy | (Note 7)
*NOTE:

For Extended Temperature EXPRESS, use MIL 8251A electrical parameters.

2-18
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A.C. CHARACTERISTICS (Continued)

TYPICAL A OUTPUT DELAY VS. A CAPACITANCE (pF)

+20
- *1o 4
<
>
3
a 0
(-
é \SPEC.
)
o
“

-10 /

x /

-100 -50 0 +50 +100
A CAPACITANCE (pF)
205222-19
A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT

\

24

2.0 20

> TEST POINTS <:

0.8 0.8 8251A ouT

0.5
205222-20
G

AC Testing: Inputs are driven at 2.4V for a Logic “1" and 0.45V I

for a Logic “0". Timing measuraments are made at 2.0V for a -

Logic ‘1" and 0.8V for a Logic "0". €, = 150 pF

205222-21
Figure 18
WAVEFORMS
SYSTEM CLOCK INPUT
CLOCK ¢
205222-22

2-19
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TRANSMITTER CLOCK AND DATA

TPwW

TxC (1x MODE) i

tTPO

TxC (16xMODE)

—’* }‘_'Drx

/ \

o] |—

Tx DATA !

X

RECEIVER CLOCK AND DATA

{Rx BAUD COUNTER STARTS HERE)

205222-23

START BIY /

DATABIT

Rx DATA N /
4
J— —" tRew
RxC (1x MODE} |\

8 RxC PERIODS
{16x MODE)

AxC (16 MODE)

INT SAMPLING

—

—(«————16 RxC PERIODS (16x MODE}

PULSE

205222-24
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WAVEFORMS (Continued)
WRITE DATA CYCLE (CPU — USART)
TxROY / _\l.
I tr:rov CLEAR
_ . ww ,r*
WI l
'._ 10w ~—-—<——1 two
DATA IN (D8 OON'YCARE < DATASTABLE } DON'Y CARE
b \ tAW WA /I
= AW WA |f
205222-25
READ DATA CYCLE (CPU «— USART)
RnR[;V / w_
B—-l RuRDY CLEAR
& L o tan—|
-| R — 0F
DATA OUT (D.8.) DATA FLOAT £ OATAGUT ACTIVE }-DATA FLOAT
c ‘l RA VT
205222-26

2-21
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WAVEFORMS (Continued)

WRITE CONTROL OR OUTPUT PORT CYCLE (CPU — USART)

DTR. RTS
{NOTE =1) )(
l-— twe +l
_ '~ ww »|
Wr \ /
i
|.__ 1DW — 4-.1 two
DATA IN (D. 4 >
(D.8.) 4 )
ld—-dv tAw 4——-—»‘ tWA

c/D Vi N
= t - taw -~——,|/‘WA

205222-27
READ CONTROL OR INPUT PORT (CPU <— USART)
DSR.CTS
(NOTE =2) X
Id———~ tCR —-l
-— tRR ————t—I
" | A
—c-‘ -— tAD ——a -— tDF
DATA OUT L )
(DB} x
Mq—l tAR |e— ——i tRA r*——-
c/D Wi X
_bl tAR f——— pR— - '"A |._
& \ T
205222-28
NOTES:
1. Twg includes the response timing of a control byte.
2. Teg includes the effect of CTS on the TxENBL circuitry.

2-22
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TRANSMITTER CONTROL AND FLAG TIMING (ASYNC MODE)

cTS \
tTREMPTY ——1
TaEMPTY T ¢
Tx READY
-
(STATUS BIT) 1 3
tTxADY b
Tx READY X 9 \
- T
N Wr DATA 1 Wr DATA 2 Wr DATA 3 Wr DATA 4
o/ [ ] \| T
Wr TxEn
wr
.
Tx DATA -
DATA CHAR 1 DATA CHAR 2 DATA CHAR 3 %
se [=
Example Format = 7 Bit Character With Parity & 2 Stop Bits. E: &

13 5
byl 171

RECEIVER CONTROL AND FLAG TIMING (ASYNC MODE)

BREAK DETECH

FRAMING EHROK

205222-29

STatus Eir

UVERRUN ERRQOR

isTatusein

—={js— oY
Ax ALY [
ce _ ] [ T T
Wi Retn LI
+
w S T p \ W)
Raln
R J /
Ha DATA 1
DAYA CHAR Y DATACHAR 2 DATACHAR T PN G-t g w
- BREAK = -
= - H Aukn . EoRes
] =B85 =
-« e % e
T . = " b
s £ < 3
wa ah ha ia

Example Format = 7 Bit Character With Parity & 2 Stop Bits

205222-30
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TRANSMITTER CONTROL AND FLAG TIMING (SYNC MODE)

!

Tx EMPTY

Tx READY
{STATUS BIT}

Tx READY
iPINI

Tx DATA

n

e

Y

1} Wr COMMAND

SBRK

Wi DATA W DATA WrDATA W DATA Wi COMMAND Wr DATA

CHAR 1 CHAR2 CHAR 3 CHAR ¢ SBRK

DATA DATA SYNC ATA DATA MARKING DaTa SYNC
MARKING STATE CHAR 1 CHAR 2 CHAR)  SYNCCHARZ § CHAR3 CHAR 4 STATE CHAR 5 CHAR LI
o
oR'RIRIR0 eg 1222304 ol "Rl IRe R 210224 LIS sisry LY &8 % ¢ & oX1 12110 s LI Sl £ %t O [} £
L) ran AR AR PAR AR PAN LY}
20522231

Example Format = 5 Bit Character With Parity, 2 Sync Characters,

(penunuoD) SNHOAIAVYM
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RECEIVER CONTROL AND FLAG TIMING (SYNC MODE)

SYNDL T
IPININOTE 1t

SYNDET (5 Bt

OVERRUN
ERROR (S B)

Rx RDY (PIN}

Vi

Rx DATA

Rx CLOCK

NOTES:

[ \ NOTE 2 ) \ ) \
s | tES —o|| 99—
- (N W
3 h
DATA CHAH 2
< LOST
[
h \
J 1 [R—
} [
Ad STATUS Wr ERR Rst Rd STATUS
Rd STA |
._JWr (3] \— [ j Wsr EN“:S et
RxEn Rd DATA Ad DATA Ad SYNC Rd DATA
CHAR 1 CHAR 3 CHAR 1
1 1 ]
DON'T SYNC SYNC DATA DATA L DATA SYNC DATA DATA
CARE CHAR CHAR 2 CHAR 1 CHAR 2 CHAR 3 CHAR 1 SYNC CHAR 2 DON'T CARE CHAR 1 CHAR 2 ETC.
IIIIIKD!:]IEOIIIA‘GIlllqollll(olzjq.pvzlq‘.l1]|<-lllllll9|?3l‘d|IJA‘
CHAR ASSY
F CHAR ASSY BEGINS ’
,  BEGINS

Juir

b exiT HUNT MODE
SET SYNC DET

1. Internal Sync, 2 Sync Characters, 5 Bits With Parity.
2. External Sync, 5 Bits, With Parity.

EXIT HUNT MODE /

SET SYNDET (STATUS BIT}

'

SET SYNDET (STATUS BIT)

205222-32
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