intel

8251A
PROGRAMMABLE COMMUNICATION INTERFACE
s Synchronous and Asynchronous @ Asynchronous Baud Rate—DC to 19.2K
Operation Baud _
a Synchronous 5-8 Bit Characters; m Full-Duplex, Double-Buffered
Iinternal or External Character Transmitter and Receiver
'Syncilt'ilronlzatlon; Automatic Sync m Error Detection—Parity, Overrun and
nsertion

Framing

s Compatible with an Extended Range of
intel Microprocessors

8 Asynchronous 5-8 Bit Characters;
Clock Rate—1, 16 or 64 Times Baud
Rate; Break Character Generation; 1,

14, or 2 Stop Bits; False Start Bit m 28-Pin DIP Package
Detection; Automatic Break Detect and m All Inputs and Outputs are TTL
Handling Compatible

® Synchronous Baud Rate—DC to 84K m Available in EXPRESS and Military
Baud Versions

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 8251A is used as a peripheral device and is programmed by the CPU to operate using
virtually any serial data transmission technique presently in use (including IBM “bi-sync"). The USART accepts
data characters from the CPU in parallel format and then converts them into a continuous serial data stream
for transmission. Simultaneously, it can receive serial data streams and convert them into parallel data charac-
ters 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 Intel’s high performance HMOS technology.
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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 invoives only 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 1/0 registers for controi, status, Data In, and
Data Qut, 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 wili
always return to the markmg state unless SBRK
is programmed.

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

e 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.

o 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.

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,
8085, 8086 and 8088. Like other /O devices in a
microcomputer system, its functional configuration is
programmed by the system’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 transmigsion and convert incoming serial
format data into paralle!l system data for reception.
The interface device must aiso delete or insert bits
or characters that are functionally unique to the
communication technique. in essence, the interface
should appear “transparent” to the CPU, a simple
input or output of byte-oriented system data.

Data Bus Buftfer

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 Siatus, 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 defi-
nition.

RESET (Reset)

A "high” on this input forces the 8251A into an
“ldle” mode. The device will remain at “Idle” until &
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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DETAILED OPERATION DESCRIPTION

Generél

The complete 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 ASYNCHRONQUS OP-
ERATION, EVEN/ODD/OFF PARITY, etc. In the
Synchronous Mode, options are also provided to se-
lact 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 signai 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 MO-
DEM or I/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 B251A 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.

€/D = 1 MODE INSTRUCTION
C/D =1 SYNC CHARACTER 1
SYNC MODE
¢B - SYNC CHARACTER 2 ONLY
C/D -1 | COMMAND INSTRUCTION
cio-0 Jf DATA -
Co = COMMAND INSTRUCTION
0 - A -~
-0 2 DATA T
€D =1 | commanD INSTRUCTION
205222-~7
‘The second sync character is skipped if mode instruction has
programmed 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

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 contro! 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 (intemal 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 8251A 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 ot
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 automaticaily 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 functional 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 expianation purposes
the two formats will be isolated.
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glg is sampled into the 8251A on the rising edge of
X,

NOTE:

in most communication systems, the 8251A will be
handling both the transmission and reception oper-
ations 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.

SYNDET (SYNC Detect/
BRKDET Break Detect)

This pin is used in Synchronous Mode for SYNDET
and may be used as either input or output, program-
rmabie through the Control Word. it is raset 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 (externali SYNC detect
mode), a positive going signal will cause the B251A
to start assemblingzdata characters on the rising
edge of the next . 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.
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Figure 8. 8251A Interface to 8080 Standard System Bus
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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. ......... —0.5Vto +7V
PowerDissipation ........................... 1w

*Notice: Stresses above those listed under “Abso-
lute Maximum Ratings" may cause permanent dam-
age 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 opera-
tional sections of this specification is not implied. Ex-
posure to absolute maximum rating conditions for
extended periods may affect device reliability.

D.C. CHARACTERISTICS T4 = 0°Cto 70°C, Ve = 5.0V £10%, GND = OV*

Symbol Parameter Min Max Unit Test Conditions

ViL Input Low Voitage -0.5 08 v

Vin Input High Voltage 20 Veo v

VoL Qutput Low Voltage 0.45 v lop = 22mA

VoH Output High Voltage 2.4 v loH = —400 uA

loFL Output Float Leakage 10 pA Vout = Vecto 0.45V

L Input Leakage 10 BA Vin = Voo to 0.45V

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

Symbol Parameter Min Max Unit -Test Conditions

Cin input Capacitance 10 pF fc = 1t MHz

Cro 170 Capacitance 20 pF Unmeasured pins returned

to GND

A.C. CHARACTERISTICS T4 = 0°Cto 70°C, V¢ = 5.0¢ +£10%, GND = 0V*

Bus Parameters (Note 1)

READ CYCLE
Symbol Parameter Min Max Unit Test Conditions
tAR Address Stable Before READ (TS, C/D) 0 ns (Note 2)
tRA Address Hold Time for READ (CS, C/D) 0 ns (Note 2)
AR READ Puise Width 250 ns
tRD Data Delay from READ 200 ns 3,CL = 150 pF
toF 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 Tims for WRITE 0 ns
tww - WRITE Puise Width 250 ns
tow Data Set-Up Time for WRITE 150 ns
two Data Hold Time for WRITE 20 ns
try Recovery Time Between WRITES 6 toy (Note 4)

L
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A.C. CHARACTERISTICS (Continued)

OTHER TIMINGS

Symbol Parameter Min Max Unit | Test Condi:
tcy Clock Period 320 1350 ns | (Note5, 8)
te Clock High Pulse Width 120 tcy —90 ns
iy Clock Low Puise Width 80 ns
tr. t¢ Clock Rise and Fall Time 20 ns
toTx TxD Delay trom Falling Edge of TxC 1 1S
frx Transmitter Input Clock Frequency

1x Baud Rate DC 84 kHz
16x Baud Rate DC 310 kHz
64x Baud Rate DC 615 kHz
trew Transmitter Input Clock Pulse Width
1x Baud Rate 12 toy
18x and 64x Baud Rate 1 toy
PO Transmitter Input Clock Puise Delay
1x Baud Rate 15 toy
16x and 64x Baud Rate 3 toy
fRx Recaiver Input Clock Frequency
1x Baud Rate DC 64 kHz
16x Baud Rate DC 310 kHz
84x Baud Rate DC 815 kHz
trRew Receiver Input Clock Puise Width
1x Baud Rate 12 toy
16x and 64x Baud Rate 1 tcy
taPD Receiver input Clock Pulse Delay
1x Baud Rate 15 oy
16x and 64x Baud Rate 3 tcy
trxRDY TxROY Pin Delay from Center of Last Bit 14 tcy { (Note 7)
tTxRDY CLEAR | TXRDY | from Leading Edge of WR 400 ns | (Note?)
tRxRDY RxRDY Pin Delay from Center of Last Bit 26 toy | {(Note 7)
tRxRDY CLEAR | RXRDY | from Leading Edge of RD 400 ns | (Note?)
s internal SYNDET Delay from Rising '
Edge of m 26 1CY (NO(G 7)
tes External SYNDET Set-Up Time After
Rising Edge of FixC 18ty | tRPD—tcY | NS | (Note?)
tTXEMPTY TxEMPTY Delay from Center of Last Bit 20 tcy | (Note 7)
twe Control Delay from Rising Edge of 8 o {Note 7)
WRITE (TxEn, DTR, ATS) Y
tcR Control to READ Set-Up Time (DSR,TTS) | 20 tcy | (Note 7)
*NOTE:

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





