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PROGRAMMABLE COMMUNICATION INTERFACE

& Synchronous and Asynchronous ® Asynchronous Baud Rate—DC to
Operation - 19.2K Baud '

® Synchronous 5-8 Bit Characters; ® Full-Duplex, Double-Buffered
Internal or External Character Transmitter and Receiver
Synchronization; Automatic Sync ® Error Detection—Parity, Overrun and
Insertion . Framing

® Asynchronous 5-8 Bit Characters; ® Compatible with an Extended Rang
Clock Rate—1, 16 or 64 Times Baud of Intel Microprocessors -

Rate; Break Character Generation;
1, 1%z, or 2 Stop Bits; False Start Bit
Detection; Automatic Break Detect
and Handling

® Synchronous Baud Rate—DC to
64K Baud

28-Pin DIP Package

m All Inputs and Outputs are TTL
Compatible

B Available in EXPRESS
—Standard Temperature Range
—Extended Temperature Range

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 microprocessor
families such as MCS-48, 80, 85, and iAPX-86, 88. The 8251A is used as a peripheral device and is programmed
by the CPU to operate using virtually any serial data transmission technique presently in use (including IBM
"bi-sync”). The USART accepts data characters from the CPU in parallel format and then converts them into a
continuous serial data stream for transmission. Simultaneously, it can receive serial data streams and convert
them into parallet 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 fabricated using N-channel silicon gate technology.

A DATA /\__-\ | TRansmit
]

7.0
8US BUFFER |—
0, 00— | surren — ks

[ [} I
i X RS 27 be

RESET A -

| T.RDY ~
L ——]reaDmmite \‘—"/ TRANSMIT
€o CONTROL CONTROL
RD o LoGIC T2

WR____ |

- T2 E

DSR

RESEY
CLk

TxD
TabtMPTY
cTs
SYNDET/BD
T«ROY

<

4
cs

1
i
(
¢

DSR e

i

DIR, o
MODEM
CONTROL

.

]

1

!

i RECEIVE
BUFFER |e—RxD

CTS (S -P)
ars - -

|
J
Y4 receve | mw

. P_.R-RDV
INTERNAL
DATA BUS conTROL e SYNDET
N
Figure 1. Block Diagram Figure 2. Pin Configuration

intel Corporalon Assumes No Respons:dility for the Use of Any Circurtry Other Than Circuitry Embodied n an intel Product No Other Circunt Patent Licenses are Impleo
“INTEL CORPORATION 1984 September 1984
207780-001

6-49



intel

8251A

" FEATURES AND ENHANCEMENTS

The 8251A is an advanced design of the industry
standard USART, the Intel® 8251. The 8251A
operates with an extended range of Intel
microprocessors-and maintains compatibility with
the 8251. Familiarization time is minimal because of
compatibility and involves only knowing the addi-
tional features and enhancements, and reviewing
the AC and DC specifications of the 8251A.

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

e B8251A has double-buffered data paths with sepa-
rate I/O registers for control, status, Data In, and
Data Qut, which considerably simplifies control
programming and minimizes CPU overhead.

e |n 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.

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

e 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
oft in the middle of a word.

s When External Sync Detect is programmed, Inter-
nal Sync Detect is disabled, and an External Sync
Detect status is provided via a flip-flop which
clears itself upon a status read.

o Possibility of false sync detect is minimized by
ensuring that if double character sync is program-
med, the characters be contiguously detected 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.

e The B251A is free from extraneous glitches and
has enhanced AC and DC characteristics, provid-
ing higher speed and better operating margins.

e Synchronous Baud rate from DC to 64K.

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,

-B8085; 8086 and 8088. Like other {/O devices in a

microcomputer system, its functional configuration
is programmed by the system’s software for maxi-
mum 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 datainto parallel system data for recep-
tion. The interface device must also delete or insert
bits or characters that are functionally unigue 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 in-
terface 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 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).

A command reset operation also puts the device into
the “Idle"” state.
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CLK (Clock)

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

WR (Write)

A “low" on this input informs the 8251A that the CPU
is writing data or control words to the 8251A.

RD (Read)

A “low” on this input informs the 8251A that the CPU
is reading data or status information from the 8251A.

C/D (Control/Data)

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

1 = CONTROLU/STATUS; 0 = DATA.
CS (Chip Select) |

A “low" on this input selects the 8251A. No reading or
writing will occur unless the device is selected.
When CS is high, the Data Busisin 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
other 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 -
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Figure 3. 8251A Block Diagram Showing Data
Bus Buffer and Read/Write Logic
Functions
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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 pro-
gramming the appropriate bit in the Command In-
struction 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. It can be set “low” by pro-
gramming the appropriate bit in the Command In-
struction 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
condition 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.
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Transmitter Buffer

The Transmitter Buffer accepts paraliel 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 will be held in the marking state immedi-
ately upon a master Reset or when Tx Enable or TTS
is off or the transmitter is empty.

Transmitter Control

The Transmitter Control manages all activities asso-
ciated with the transmission of serial data. Itaccepts
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 opera-
tion. 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 receiv-
ing a character from CPU if the transmitter is en-
abled. TXEMPTY remains high when the transmitter
is disabled. TXEMPTY can be used to indicate the
end of a transmission mode, so thatthe 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 “fillers.”
TxEMPTY does not go low when the SYNC charac-
ters are being shifted out.
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Figure 4. 8251A Biock Diagram Showing Modem
and Transmitter Buffer and Control
Functions

" TxC-(Transmitter Clock)
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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 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,

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 falling edge of TxC shifts the serial data out of
the 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.
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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 enabled. 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 detect-
ing the falling edge and then strobing the nominal
center of the Start bit (RxD = low).

Parity error detection sets the corresponding
status bit.

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

RxRDY (Receiver Ready)

This output indicates that the 8251A contains a char-
acter thatis 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 con-
dition 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 Bitand a
complete character must be assembled and trans-
ferred to the Data Output Register. For Synchronous
mode, to set RxRDY, the Receiver must be enabled
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
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 occurring, overrun er-
ror will be set and the old character will be lost.

6-53

RxC (Receiver Clock)

The Receiver Clock controls the rate at which the
character is to be received. In Synchronous Mode,
the Baud Rate (1x) is equal to the actual frequency of
RxC. In Asynchronous Mode, the Baud Rate is a
fraction of the actual RxC frequency. 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 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 16x mode;
RxC equals 153.6 kHz in the 64x mode.

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

NOTE: In most communications systems, the 8251A
will be handling both the transmission and reception
operations of a single link. Consequently, the
Receive and Transmit Baud Rates will be the same.
Both 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.
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Figure 5. 8251A Block Diagram Showing
Recelver Buffer and Control Functions
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SYNDET (SYNC Detect/
BRKDET Break Detect)

This pin is used in Synchronous Mode for SYN-
DET and may be used as either input or output,
programmabie 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. |f 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 Sync character. SYNDET is
automatically 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 pro
grammed, Internal SYNC Detect is disabled.

BREAK (Async Mode Only)

This output will go high whenever the receiver
remains 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.
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{ DATA BUS ]\
8 l l
Q el
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Figure 6. 8251A Interface to 8080 Standard
System Bus
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DETAILED OPERATION DESCRIPTION

General

The complete .fur;ctional 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 OPER-
ATION, EVEN/ODD/OFF PARITY, etc. In the
Synchronous Mode, options are also provided to
select either internal or external character
synchronization.

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 8251A receives serial data from the MODEM or
I/O device. Upon receiving an entire character, the
RxRDYoutput 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 mark-
ing state upon Reset.

€D 1 MCDE INSTRUCTION
¢cD SY*.C CHARACTER 1
SYNC MODE
¢B SYNC CHARACTER 2 ONLY
cD - COMMAAD INSTRUCTION
-0 = 0aTA 1
CD:1 | COMMAND INSTRUCTION
¢B:0 2 DATA :
CD:1 | covwasDINSTRUCTION

*THE SECOND SYNC CHARACTER 1S SKIPPED IF MODE INSTRUCTION HAS PRO-
GRAMMED THE 8251A 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
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Programming the 8251A

Prior to starting data transmission or reception, the
8251A must be loaded with a set of contro! words
generated by the CPU. These control signals define
the complete functional definition of the 8251A and
mustimmediately 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 (internal 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 thatis 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 8251A for data
communication.

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

Mode Instruction Definition

The 8251A can be used for either Asynchronous or
Synchronous data communication. To understand
how the Mode instruction defines the functional
operation of the 8251A, the designer can best view
the device as two separate components, one
Asynchronous and the other Synchronous, sharing
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the same package. The format definition can be
changed only after a master chip Reset. Forexplana-
tion 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 program-

- ming 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 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 B251A.

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 to 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, 1/16, or 1/64 that of the TxC, as defined by the
Mode Instruction. BREAK characters can be contin-
uously sent to the TxD if commanded to do so.

When no data characters have been loaded into the
8251A the TxD output reamins “high” (marking) un-
less a Break (continuously low) has been
programmed.
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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 strob-
ing this bit at its nominal center (16X or 64X mode
- only). Ifalow is detected again, it is avalid START bit,
and the bit counter will start counting. The bit coun-
ter thus locates the center of the data bits, the parity
bit (if it exists) and the stop bits. if parity error oc-
curs, the parity error flag is set. Data and parity bits
are sampled on the RxD pin with the rising edge of
RxC. If a low level is detected as the STOP bit, the
Framing Error flag will be set. The STOP bit signals
the end of a character. Note that the receiver re-
quires only one stop bit, regardless of the number of
stop bits programmed. This character is then loaded
into the parallel I/O 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 )/O butfer, and the OVERRUN Error
flag is 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 atfect the operation of the 8251A.

GENERATED

TRANSMITTER OUTPUT DoD1---- Dx  BY 82514
i
! 4 ! 1 -4
START PARITY STOP
TxD  MARKING 8IT DATABITS BIT BITs
~—t &
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AECEIVER INPUT DQ Dy ----Dx ON THE DATA BUS
START ! PARITY sToP
RxD 81T DAYA‘BIITS BIT BITS

PROGRAMMED
CHARACTER
LENGTH

TRANSMISSION FORMAT
CPUBYTE (58 BITS/CHAR)
‘6

DATA CHARACTER
L b

ASSEMBLED SERIAL DATA OUTPUT (TxD)
PARITY sToP
BIT BITS

SERIAL DATA INPUT {RaD)

4 ¥ )
START PARITY sToP l
8IT DATA CHARACTER BIT 8ITS

~—t P

STARTY

15
BIT DATA CHARACTER
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*NOTE tf CHARACTER LENGTHISDEFINED ASS 6 OR 7
BITS THE UNUSED BITS ARE SET TO "2ERO"

Figure 9. Asynchronous Mode
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Synchronous Mode (Transmission)

The TxD output is continuously high until the CPU
sends its first character to the 8251Awhich usually is
a SYNC character. When the TTS line goes ow, the
first character.is serially transmitted-out. All charac-

. -ters are shifted out.on the fallingedge of TxC. Data is
- shifted out at the same rate as the TxC.

Once transmission has started, the data stream at
the TxD output must continue at the TxC rate. If the
CPU does not provide the 8251A with a data charac-
ter before the 8251A Transmitter Buffers become
empty, the SYNC characters (or characterifinsingie
SYNC character mode) will be automatically in-
serted 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 B251A.

AUTOMATICALLY INSERTED BY USARY

T-D[DAYA l DATA l sv~c1[sv~cz l DATA [ _____ ]

FALLS UPON CPU WRITING A
’ CHARACTER TO THE USART

A )

TaEMPTY

NOMINAL CENTER OF LAST BIY

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 inciuded in the first command instruction word
written. Data on the RxD pin is then sampled on
the rising edge of RxC. The content of the Rx butter
is compared at every bit bounuary 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 USARTends thiz HUNT mode and is in character
synchronization. The SYNDET pin is then set high,
and is reset automatically by a STATUS READ. Iif
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.
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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, regardiess of
whether the Receiver is enabled or not.

D, b, b, O, D, DO, D,

scs [esof €p |PEN| L, | L,

CHARACTER LENGTH
[}

1 1

0

6
BITS

1

7
B8ITS

1

8
81TS

PARITY ENABLE
(1« ENABLE)
(0= DISABLE)

EVEN PARITY GENERATION/CHECK
1= EVEN
0=000

EXTERNAL SYNC DETECT
1+ SYNDET IS AN INPUT
0+« SYNDET S AN QUTPUT

SINGLE CHARACTER SYNC
1+ SINGLE SYNC CHARACTER
0+ DOUBLE SYNC CHARACTER

NOTE- IN EXTERNAL SYNC MODE. PROGRAMMING DOUBLE CHARACTER
SYNC WILL AFFECT ONLY THE Ta

Figure 10. Mode Instruction Format,
Synchronous Mode

The CPU can :ommand 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
-resel at each Status Read, regardless of whether
internal or external SYNC has been programmed.
This does not cause the 8251A to return to the HUNT
mode. When in SYNC mode, but not in HUNT, Sync
Detection is still functional, but only occurs at the
“known" word boundaries. Thus, if one Status Read
indicates SYNDET and a second Status Read also
indicates SYNDET, then the programmed SYNDET
characters have been received since the previous
Status Read. (If double character sync has been
programmed, then both sync characters have been
contiguously received to gate a SYNDET indication.)
When external SYNDET mode is selected, internal
Sync Detect is disabled, and the SYNDET F/F may be
set at any bit boundary.
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CPUBYTES {58 BITS/CHAR}

DATA CHARACTERS

ASSEMBLED SERIAL DATA OUTPUT (TaD)

SYNC
CHAR 2

SYNC
CHAR 1

DATA CHARACTERS

RECEIVE FORMAT

SERIAL DATA INPUT (RaD)

SYNC
CHAR 2

SYNC

T
CHAR 1 DATA CHARACTERS

CPUBYTES (5.8 BITS/CHAR)

B

DATA CHARACTERS

. Figure 11. Data Format, Synchronous Mode

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 communication.
The Command Instruction controls the actual opera-
tion 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, if necessary,
then all further “contro! writes™ (C/D = 1) will load a
Command Instruction. A Reset Operation'(internal
or external) will return the 8251A to the Mode In-
struction 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 tc execute the worst-case
initialization sequence (sync mode with two sync
characters). Loading three 00Hs consecutively into
the device with C/D = 1 configures sync operation
and writes two dummy 00H sync characters. An In-
ternal Reset command (40H) may then be issued to
return the device to the “idle” state.
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[} RTS [ ER |SBRK| RxE | OTR | TxEN

TRANSMIT ENABLE
1 enable
C = disable

DATA TERMINAL
READY

“high”” will force OTR
"] output 10 rero

RECEtVE ENABLE
1 enabie
0 disahle

SEND BREAK
CHARACTER
1 - torces TaD “low’
0 : normal operation

ERROR RESET
1 reset erer flagy
PE OE FE

-

REQUEST TO SEND
“high witl torce RTS
outpul to 7er0

INTERNAL RESET
hgh returns B2514 10
Moxte Instruction Format

ENTER HUNT MODE*
1 - enanie search tor Sync
Charactery

* (HASNO EFFECT
IN ASYNC MODE)
Note: Error Reset must be performed whenever RxEnable

and Enter Hunt are programmed.

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 ascer-
fain 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 func-
tional operation. (Status update is inhibited during
status read.)

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 8251A can be used in a completely polled or
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.
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D, O, 0, 0, 0, Og

FE OF PE TaEMPTY] RaROY | TzRDY

SYNOET/
DSR | ‘srxDET

‘—D
Note!

SAME DEFINITIONS AS 1/Q PINS

PARITY ERROR

The PE fiag s set when 2 parity
error 13 detected 113 reset by
the ER bit of the Command
Instruction PE does not inhibit
operation of the 82514

OVERRUN ERROR

The OE t1ag 1 set when the CPU
does not read a character hefore
the next one hecomes avalable
1113 reset by the ER hit of the
Command tnstruction OF does
not inhihit operation of the 82514
however the previously Overrun
character i3 lost

FRAMING ERROR (Async only!
The FE flag os set when a validt
Stop it 13 not detected at the
end of every character It 11 reset
iy the ER tnt of the Command
Instruction FE does not inhibit
the operation of the 8251A

DATA SET READY Indicates
that the DSR 11 at 2 zer0 level

Note 11 TxRDY status bit has different meanings from the
TxROY output pin. The former 15 not conditioned
by CTS and TxEN; the latter 1s conditioned by both

CTS and TxEN
i.,e. TxRDY status bit = DB Buffer Cmpty

TxRDY pinout DB Buffer Empty «(CTS-0)-
(TxEN-1)

Figure 13. Status Read Format

APPLICATIONS OF THE 8251A

{ ADDRESS BUS !
CONTROL BUS {
1 |
!
{ DATA BUS {
T
|
|
ArD |[e————— EIATOTTL |
CONVERT
10—l oty b
8251A _————
Rat »j \/
e GENERATOR oo
TERMINAL

Figure 14. Asynchronous Serial Interface to CRT
Terminal, DC—9600 Baud
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) ADDRESS BUS ]
l r ¢ ADDHESS BUS )
) comnon. BUS \ ‘ l
Ii CONTROL BUS N
DATA BUS ) [ ) l ]
! I @ I ! ¢ DATA BUS )
0 SYNCHRONOUS
82614 ot TERMINAL . a0
x °‘-"J OR PERIPHERAL x PHONE
e DEVICE 82514 e LINE
T INTER-
SYNDET svne FACE
SYNDET MODEM
s p—
ATS p—
OSA p=——
Figure 15. Synchronous Interface to Terminal or 5TR
Peripheral Device TeLErKonE
)
¢ ADDRESS BUS {
l r s : Figure 17. Synchronous Interface to Telephone
N
[1 T CONTROL BY Lines
\ DATA BUS -
=0
. PHONE
ODSRP=——1  as¥nC LINE
TR fp—ei MODEM INTER
FACE
82s1A €75 pe—ri
ATS p—
RaC 8AUD
Axc RATE
TxC GENERATOR TELEPHONE
LINE - -

Figure 16. Asynchronous Interface to Telephone
Lines
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias .......... 0°C to 70°C
Storage Temperature ................ -65°C to +150°C
Voitage On Any Pin

With Respect To Ground ............. -0.5Vto +7V
Power Dissipation ..........cco0viiiiiiiiiinnn. 1 Watt

*NOTICE: Stresses above those listed under “Absolute
Maximum Ratings” may cause permanent damage to the
device.This is a stress rating only and functional operation
of the device at these or any other conditions above those
indicated in the operational sections of this specification

‘is notimplied. Exposure'to absolute maximum rating con-

ditions for extended periods may affect device reliability.

D.C. CHARACTERISTICS (To=0°C to 70°C, V¢ = 5.0V + 5%, GND = 0V)*

Symbol Parameter Min. Max. | Unit Test Conditions
ViL Input Low Voltage -0.5 0.8 \
ViH Input High Voltage 2.0 Vee v
VoL Output Low Voitage 0.45 V |lor=22mA
VoH Output High Voltage 24 V  llgL = -400 A
loFL Output Float Leakage -~ =10 #A |VouTt =V TO 0.45V
e Input Leakage - =10 #A ViN = Ve TO 0.45V
lcc Power Supply Current 100 mA |All Outputs = High

CAPACITANCE (T, = 25°C, V¢ = GND = 0V)

Symbol Parameter Min. | Max. | Unit Test Conditions
Cin Input Capacitance : 10 pF |fc = 1MHz
C 1/O Capacitance 20 pF |Unmeasured pins returned
1/0 ]
to GND

A.C. CHARACTERISTICS (T = 0°C to 70°C, Ve = 5.0V +5%, GND = 0V)*

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/B) 0 ns |Note?2
AR READ Pulse Width 250 ns
tRD Data Delay from READ " 200 ns |3,C_ = 150 pF
toF READ to Data Floating 10 100 ns
WRITE CYCLE
Symbol Parameter Min. Max. | Unit Test Condtions
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
twp Data Hold Time for WRITE 20 ns
try Recovery Time Between WRITES 6 tcy | Note 4
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A.C. CHARACTERISTICS (Continued)
OTHER TIMINGS
Symbol Parameter Min. Max. | Unit Test Conditions
tcy Clock Period 320 1350 ns |Notes 5,6
ty Clotk High Puise Width 120 | tcy-90 ns
ty Clock Low Pulse Width 90 - ns
iR, tF Clock Rise and Fall Time 20 ns
toTx TxD Delay from Falling Edge of TXC 1 us
frx Transmitter Input Clock Frequency
1x Baud Rate oC 64 kHz
16x Baud Rate DC 310 kHz
64x Baud Rate DC 615 kHz
trpw Transmitter Input Clock Pulse Width
1x Baud Rate 12 tcy
16x and 64x Baud Rate 1 tcy
treD Transmitter input Clock Pulse Delay
1x Baud Rate 15 tcy
16x and 64x Baud Rate 3 tcy
fRx Receiver Input Clock Frequency
1x Baud Rate DC 64 kHz
16x Baud Rate DC 310 kHz
64x Baud Rate DC 615 kHz
tRPW Receiver Input Clock Puise Width
1x Baud Rate 12 tcy
16x and 64x Baud Rate 1 tcy
tRPD Receiver Input Clock Pulse Delay
1x Baud Rate 15 tcy
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
ts Internal SYNDET Delay from Rising R
Edge of RxC 26 tcy |Note?
tes External SYNDET Set-Up Time After
Rising Edge of RxC 16tcy | tRpo-tcy ns |Note7
tTXEMPTY TxEMPTY Delay from Center of Last Bit 20 tcy |Note7
twe Control Delay from Rising Edge of .
WRITE (TxEn, DTR, RTS) 8 tcy |Note?7
tcR Control to READ Set-Up Time (DSR, CTS) | 20 tcy |Note7
*NOTE:

1. For Extended Temperature EXPRESS, use MIL 8251A electrical pardmeters.

.
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A.C. CHARACTERISTICS (Continued)

NOTES:

. AC timings measured Vo = 2.0 Vo = 2.0, Vg, = 0.8, and with load circuit of Figure 1.

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

. Assumes that Address is valid before Rpl. '

. 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 tcy.

. The TxC and RxC frequencies have the following limitations with respect to CLK: For 1x Baud Rate, {1y or fpx < 1/(30

o H WK -

tcy):

For 16x and 64x Baud Rate, f1y or fgx <1/(4.5 tcy).
. Reset Pulse Width = 6 tcy minimum; System Clock must be running during Reset. .
. 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.

~N O

TYPICAL A OUTPUT DELAY VS. A CAPACITANCE (pF)

+20

+10 /

SPEC.

A OUTPUT DELAY (ns)

A

-100 -50 0 +50 +100

3 CAPACITANCE (pF)

A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT

INPUT/OUTPUT

24
20 20
> TEST POINTS < N
08 : 08
0.4s
AC TESTING: INPUTS ARE DRIVEN AT 24V FORA LOGIC ' 1” AND 045V FOR

ALOGIC 0" TIMING MEASUREMENTS ARE MADE AT 20V FOR A LOGIC 1" Cy = 150pF
AND 08V FOR A LOGIC 0

8251A —T—C ouY
c

L

l'H
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WAVEFORMS

SYSTEM CLOCK INPUT

cLocK e N T.[L"ﬂ’"‘r N/

TRANSMITTER CLOCK AND DATA
1Trw tTr0

YT (1x MOOE) _ﬂ } \ / ) |

TR (16smo0E) \/\AIV\IVVV\J\N\NW\/V\/\NV\N\/V\/\NV\/V\NVV\JV\
-

I'_'ou torx "‘ "-
Tx DATA r X X

RECEIVER CLOCK AND DATA

{Ax BAUD COUNTER STARTS HERE)

Rz DATA \ / START BIT / DATA 8IT X oATamiT
‘arp {
— thow
RxC (1x MODE) ] / \

8 RaC PERIODS
(V6 MODE) et (ea-eeee 16 R2C PERIODS {162 MODE) e s

LS RVAVAVAVAVAVAVAVAVAY AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAY AVAVAVAVAVAVAVAVAVAVAVAN

—f— 3, — 3,
INT SAMPLING
PULSE J
[y

WRITE DATA CYCLE (CPU — USART)

TaROY / \

| tTxROY CLEAR

tww o |
w I
-~ tow _—...-—1 wp
DON'T CARE A N‘Y CARE

DATAIN(D.B) 2 DATA STABLE P 20 <

t t

1Y) AW WA/———'—
Fo ] ] taw WA

READ DATA CYCLE (CPU « USART)

AzRDY / q
|:—4 tRXROY CLEAR

n .
Io— tRD —— }._ 08
s
OATAOUT (D8.) DATAfLOAT { oATAOUT ACTIvE }-DATATLOAT

. AR RA | e

AR LY
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WAVEFORMS (Continued)

WRITE CONTROL OR OUTPUT PORT CYCLE (CPU — USART)

(Ecﬁﬂf . A
. T b
" N
|——_'tow —=|—{wo
DATAIN(DSB) { }
|~—~ aw fo—] wa
c/d i A
e of taw -——[ WA '
a N A

READ CONTROL OR INPUT PORT (CPU « USART)

DSR.CTS f -
{NOTE =2
=
——
= !
-l‘ |= o l*-' 1OF
DATA OUT
i08)
—.l 1AR fo— - tRA to——
¢/0 /N ! | U,
| AR fo—— | tRA ".._.
= N /

NOTE sy T, . INCLUDES THE RESPONSE TIMING OF A CONTROL BYTE
NOTE 22 Ty INCLUDES THE EFFECY OF CTS ON THE TaENBL CIRCUITRY.

TRANSMITTER CONTROL AND FLAG TIMING (ASYNC MODE)

& T (U S
T EMPTY —f r-—
Ta EMPTY |
T2 AEADY
(STATUS BIT) — f
TaROYS |
Ta READY AR —
) WrDATA | Wi DATA2 Wi DATA 3 Wi DATA &
B | M [~ \| | [~ X,
Wi Tr€n ' . Wr SBRK
Y
N . .
Tx DATA SL00000007 -
O NMeNY
DATACHAR1  DATACHAR2  DATACHAR3 LT
X3 E
.
€% 8
EXAMPLE FORMAT » 7 BIT CHARACTER WITH PARITY & 2 STOP BITS. 5a s
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WAVEFORMS (Continued)

RECEIVER CONTROL AND FLAG TIMING (ASYNC MODE)

ontaa DEHCY
100000 ¢ BN
S8 8t
ovt::'w'u::‘a O
ATVE BT, —.h .a0v Cnany
2 20y [ —— o8t
l:ua-n
o T Js I X S bd
L LY AR | Ry
s TS , S
l [
. 1 %) S /
“pate
DAtalmAN } DaTACwmen } DataCwan ) ammerS Scnmocre /
so OMAR 2 H Aatn  frohem
s +3 s 23
FRAMALI IORWAT AN CRARACTIA Bilm PaBITY & 13100 GIT5 kH €t !E &3
se is 58 a5
e 3\
To kmMPTY \
¢
araros o . J
rf
e e Y L
W COMMAND
R 1LLY "
o AN \ A [ / !
w. DATA  w: DATA " DATA w DATA W COMMAND w. DAYTA 1
CHam CrHam 2 CHAR ) CHAR S sehx Crmansy
w
At oata SYNC ata oAtA MARKING | SPACING | WARKING Dala svaC
MARKING STATE CHAR Y [LTLY] CmaR ) SvNC CWAR 2 [LILY) Cnal e o STAYE ¢ S1AlL l STar CHAR S Cnan [R18
Te DATA ol kol Aol Lods]e 00000 ejprlale of LaZake o JaJake ‘ Q000 el Ja]
G & L ove )

ERAMPLE FORMAT + § 81T CHARACTER WITH PARITY 2 S¥NC CHARACTERS

RECEIVER CONTROL AND FLAG TIMING (SYNC MODE)

SYNDE 1 "
@inNOTE / N\ \_wore .J’ |- r‘k
-.,_.“._ €S
g
SYNDET 1S 81 A \ [
OVERAUN
DATA CHaN 2
ERROA 1§ 8) ) \
R ROV (PiN)
. '_‘\_—1/ - -
Ne $14 TUS W ERR Ayt M| :\fsu' $
‘ A STATUS
¢o —/&' (L] \ \ I we kMo "J I
Rafn Rd DATA Re DATA Ra SYNC A DATA
CHAR Y tu.An ) cn?u )
"
e \
. | N\ \
] SYNC SYNC DAL OATA DATA SYNC OATA - ODATA
CARE CHAR Y CMAR ) CHAR A CHAR 2 CHAR 3 CHAR SYNC CHAR 2 DON'Y CARE CHAR 1 CHAR 2 £7C
RsDATA 000000 8000000004080 800UH000000088000 B0 0H0H00800HO0000000080000008000H
CHAR ASSY
CHAR ASSY SEGINS "' BECING
o Ay
()

4__£xi7 wunt moDE
SLY SYNC DE T

NOTE | NTEANAL SYNC 2 SYNC CHARACTERS. § :TS WITH PARITY
NOTE 2 EXTEANAL SYNC S BITS WITH PARITY

EX)1T mUNT MODE /

SEYSYNDEY (STATUS IT)

SET SYNDET STATUS 1Y)
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