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8251A
PROGRAMMABLE COMMUNICATION INTERFACE

m Synchronous and Asynchronous m Asynchronous Baud Rate—DC to 19.2K
Operation Baud

m Synchronous 5-8 Bit Characters; m Full-Duplex, Double-Buffered
Internal or External Character Tranamitter and Recelver
Isrnuhmnluﬂul; Automatic Sync m Error Detection—Parlty, Overrun and
nsertion Framing

® Asynchronous 5-8 Bit Characters; m Compatible with an Extended Range of
Clock Rate—1, 16 or 64 Times Baud
Rate; Break ﬂl"l'lrl::llr Generation; 1, Intel Microprocessors
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

B Synchronous Baud Rate—DC to 64K B Avallable In EXPRESS and Military 2
Baud Yersions

The Intel® B251A s the industry stendard Univarsal Synchronous/Asynchronous Receiver/Transmitter
(LISART), designed for data communications with Intel*s microprocassor families such as MCS-48, B0, 85, and
iAPX-BE, BB. The B251A is used as a peripheral device and is programmed by the CPU 1o operals using
virtually any senal data transmission technique presently in use (including IBM “bi-sync™). The USART accepts
data characters from tha CPU in parallel formal and then converts them into a continuous saral data stream
for transmission. Simultanecusly, it can recadve saral data streams and convart them into parallal data charac-
ters for the GPIU. The USART will signal the CPU whenewver it can acocept a new characler for transmission or
whanever it has recelved a character for the CPU. Tha CPU can read the completa status of the USART at any
time. Thesa include data trensmission errors and control signals such as SYMNDET, TEMPTY. The chip is
fabricated using Intal’s high performance HMOS technology.
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FEATURES AND ENHANCEMENTS

The B251A is an advanced design of the industry
standard USART, the Intel® B251. The 8251A oper-
ates with an extended range of Intel microproces-
s0rs and maintains compatibility with the 8251. Fa-
miliarization time is minimal because of compatibility
and involvas only knowing the additional features
and enhancements, and reviewing the AC and DC
specilications of tha B251A.

The 8251A incorporatas all the key features of the
B251 and has the following additional features and
enhancamants:

* B251A has double-butfered data paths with sopa-
rate |/0 registers for control, status, Data In, and
Data Out, which considerably simplifies control
programming and minimizes CPU overhead.

* |n asynchronous operations, the Receiar de-
tects and handles “break” automatically, reliey-
ing the CPU of this task.

+ A rafined Rx inltialization prevents the Receiver-
from starting when in “break” state, preventing
unwantad interrupts from a disconnectad
USART.

& At the conclusion of & trangmission, TxD ling will
always return to the marking state unless SBRK
is programimed.

+* Tx Enabla logic enhancemeant pravents a Tx Dis-
able command from halting transmissicn until all
data previously writlen has bean transmitted. The
logic also prevents the transmitier from tuming
off in tha middle of a word.

* When Extarnal Syng Detect is programmed, In-
termal Sync Detect is disabled, and an External
Syne Delect status s provided via a fip-flop
which clears itself upon a status read.

* Possibiity of false synt datect i minimized by
ensuring that if doubla character sync is pro-
grammed, the characters be contiguously detect-
ed and also by clearing the Rx ragigter 1o all onas
whanevar Enter Hunt command is issued in Sync
made.

» As long as the 82514 is not selected, the R and
WH do not affect the internal operation of the
danice.

* The B251A Status can be raad at any time but tha
stalus update will be inhibited during status read.

* The 82514 is frea from extranecus glilches and
has enhanced AC and DU characteristics, provid-
img higher speed and batter oparating margins.

= Synchronous Baud rate from DG to G4K.
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FUNCTIONAL DESCRIPTION

General

The 8251A is a Universal Synchronous/Asynchino-
nous Recabrar/Transmitter dasigned for a wida
range of Intel microcomputers such as BO48, B080,
8085, 8086 and BOBA. Like other |/D devices in a
microcomputer systam, its functional configuration is
programmmed by the system's software for maximum
flexibdify. The B251A can support most sorial data
techmigues in use, including 1IBM "bi-gync™.

Im a communication environment an interface devica
miust cormvart parallel format system data into serial
format for transmission and convart incoming sarial
format data into paralisl system data for reception.
The interface device must also dalate or insert bits
or characters that are funclionally unique to tha
communication technigue. In essance, the interfaca
should appear “transparent” to the CPU, a simple
input or output of byle-orianted system data.

Data Bus Buffer

Thig 3-gtate bidirectional, B-bil butfer is used to inter-
face the B251A to the system Data Bus. Data is
trangmitted or recaived by the buffer upon exacutian
of INput ar OUTput instructions of the CPU. Comtrol
words, Command words and Status information ara
also transferred through the Data Bus Buffer, The
Command Status, Data-In and Date-Out registers
are separate, B-bit regsters communicating with the
system bus through the Data Bus Butfer,

This functional block accapts inputs from tha systam
Control bus and generatas control signals for overall
device operation. it contains the Control Word Reg-
istor and Command Word Register that store the
various controd formats for the device functional defi-
nition.

RESET (Reset)

A “high” on this inpul forces tha B251A into an
“idla" moda. Tha device will ramain at "idle” until a
naw sat of control words is written imlo the 8251A to
program its functional definiion. Minimum RESET
pulse width is B tey (clock must be running).

A command resat oparation also puts the device
into the “idie™ state,
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Figure 3. 8251A Block Diagram Showing Data Bus Buffer and Read/Write Logic Functiona

CLK (Clock) c/D RD WR C5

The CLK input is used o generate internal device 0 0 1 0 |8251ADATA — DATABLUS

tming and s normally connected to the Phase 2 0 1 0 0O DATABUS — 82514 DATA

(TTL) output of the Clock Generator. No extarnal in- 1 0 1 0O | BTATUS — DATA BUS

puts or cutputs are referenced to CLK but the fre-

quency of CLK must be greater than 30 times the ; : ? g g:;: g:jg : gﬂsﬂ?EL

Recamer or T) rmiter ] \

or Transmitter data b rates X X X 1 |DATABUS — 3.STATE
WwWR l:"ﬂrlte} —
o _ C/D (Control/Data)

A “low” on thiz input informs the 8281A that the

CPU is writing data or confrol words to the B251A, This inpul, in conjunction with the WH and RD in-
puts, informs the 82514 that the word on the Data
Bug is eithar a data character, control word or status

AD (Read) information.

A “low"” on this input informs the 8251A that the 1 = CONTAOL/STATUS; 0 = DATA,

CPU Is reading data or status information from the

BES1A,
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CS (Chip Seiect)

A "low™ on this input selects the B251A. Na reading
ar writing will occur unless the device is selectad.
Whan is high, the Data Bus is in the float state
and AD and have no effect on the chip.

Modem Control

The B2514 has a set of control inputs and outputs
that can ba usad to simplity the interface o almost
any madeam. The medem control signals are ganeral
purpose in nature and can be used for functions oth-
ar than modem controd, if necasaary.

DSR (Data Set Ready)

Tha DEF input signal is a general-purposa, 1-bit in-
warting input port. Its condition can be tested by the
CPU using a Status Read operation. The DSH input
is normally usad 1o test modem conditions such as
Data Set Ready.

DTR (Data Terminal Ready)

The OTH output signal is a general-purpose, 1-bit
imvarting output port. it can be set "low™ by program-
ming the iate bit in the Command Instruction
word, The output signal s normally used for
madem condrol such as Data Terminal Ready.

RTS (Request to Send)

The ATS output signal is a general-purpose, 1-bit
invarting output port. 1t can be 3t "low" by program-
ming the a iate bit in the Command Instruction
word. The output signal i3 normally used for
modem control such as Request 1o Send.

CTS (Clear to Send)

& “low" on this input enables the B251A to transmit
sorial data il tha Tx Enabla bit in the Command byte
is set to @ "ona". i sither a Tx Enable off or TTS off
condition occurs while the Tx is in operation, tha 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 parallal data from
the Data Bus Buffer, converts it to a serial bit stream,
inserts the appropriate charactars or bite (based on
the communication technigua) and outpuls a com-
posite serial stream of data on the TxD output pin on
the falling edge of T=C. The transmitter will begin
transmission upon baing enabled if TTS = 0. Tha
TxD line will ba hald in the marking state immeadiate-
ly upon a master Rlaset or when Tx Enable or CTS is
off or tha transmitter is ampty.

Transmitter Control

Tha Transmittor Controd manages all activities asso-
ciated with the transmissson of serial data. it accepts
and Issues signals both externally and internally to
accomplish this function.

TxRDY (Transmitter Ready)

This outpul signals tha CPU that the transmittar is
ready to accept a dala 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 a4 Stalus Read op-
eration. TxRDY s automalically resel by the laading
edge of WH when a data character is loaded from
tha CGPLU,

Note that when using the Polled oparation, the
TxRDY status bit is Aof masked by TxEnabile, but wil|
only ndicate the Empty/Full Status of the Tx Data
Input Registar.

TxE (Transmitter Empty)

When the B251A has no characters to send, the
T=EMPTY output will go “high™. it ressts upon re-
ceiving a character from CPU if the transmitter is
anabled. TxEMPTY remains high whon the transmit-
ter is disabled. TxEMPTY can be used to indicate
the end of a transmizson mode, 2o that the CPU
“knows" whan o “turn the liné around™ in the half-
duplex operational mode.

In the Synchronous mode, a “gh" on this output
imdicates that a character has not bean loaded and
the SYMNC character or characters are about to ba or
are being transmitted automatically as "filers™, Tx
EMPTY doas not go low when the SYNC characters
are being shifted out.
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Figure 4. 8251A Block Diagram Showing Modem and Transmitter Buffer and Control Functions

TxC (Transmitter Clock)

The Transmitter Clock controls the rate at which the
charactar is to be transmittad. In the Synchronous
tfransmizsion mode, the Baud Rate (1x) & aqual to
the T=C fraquency. In Asynchronous tfransmission
mode, the baud rate is a fraction of the actual T=C
traquency. & portion of the mode instruction selects
this factor it can be 1, We or e the Tl

Faor Exampla:

if Baud Rate squals 110 Baud,

Txl: equals 110 Hz in the 1x mode.
TxC equals 1.72 kHz in the 16x mode.
ToC equals 7.04 kHz in the 84x mode.

The falling edge of TG shifts the sadal data out of
the B251A.

Receiver Buffer

Tha Receiver accepts serlal data, converts this sani-
al input to parallal format, checks for bits or charac-
ters that are unigua to the communication technigue
and sends an “assembled” character 1o the CPU.
Serial data is input to RxD pin, and i clocked in on
the rising edge of FxdC.
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Receiver Control

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

The AxD nitislization circuit prevents the B251A
from mistaking an unused input line for an active kow
dala fine in the “break condition”. Before starting to
receive sefnial characters on the AxD line, a valid 1"
must first be detected after a chip master Resat,
Onca this has been determined, a saarch for a vald
low (Start bil) is enabled. This featurs is only active
in the asynchronous mode, and is only done once
for each master Reset.

The False Start bit datecton circuit pravents false
starts due o a transient noise spike by first detecting
the falling adge and then strobing the normal center
of the Start bit (AxD = low).

Parity arror dataction sets the cormesponding status
bit.
The Framing Error status bit is set if the Stop bit is

absent al the end of the data byle (asynchronous
moda).
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operation,

RxRDY (Recelver Ready)

This output indicates that the B2Z51A contains a
character that is ready 1o be input to the CPU.
A=ADY can ba connected to the interrupt structure
of the CPU or, for polled operation, the CPU can
cheack tha condition of AxRDY wusing a Status Read

RAxEnable, whan off, holds RxREY In the Reset Con-
dition. For Asynchronous mode, to set RxRDY, tha
Recavar must ba anabled to sensa a Start Bit and a
complate character must be assembled and trans-
ferred to the Data Output Registar. For Synchronous
moda, 1o sat AxADY, the Recever must be enabled
and a character must finish assambly and ba frans-
ferred to the Data Output Register,

Failure 10 read the received character from the Rx
Data Output Register pricr to the assembly of the
naxt Fix Data character will set overrun condition ar-
ror and the previous character will ba written over
and Iost. If the Rx Data is being read by the CPU

when tha intarnal transfar s SECLITING, SWeEnUn arrar
will ba set and the old character will be lost.

AxC (Receiver Clock)

The Receiver Clock controls the rate at which the
character is o be received. In Synchronows Mode,
the Baud Rate {1x) iz equal to the actual frequancy
of FaG. in Asynchronous Mode, the Bawd Rate is a
fraction of the actual AxC trequency. A portion of the
%hmhn salacts this factor 1, " or Yy tha

For Example:
Baud Rata oquals 300 Baud, if
PG equals 300 Hz in the 1x mode;
FxC squals 4800 Hz in the 16x mode;
G equals 19.2 kHz in the B4x mode.

Baud Rate equals 2400 Baud, if

PG equals 2400 Hz in the 1x mods;
FxC equals 38.4 kHz in the 18 mode;
FxC equals 153.8 kHz in the 64 mode.
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Figure 5. B251A Block Diagram Showing Receiver Buffer and Control Functions
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E"TL-HIE samplad into the 8251A on the rising adge of

NOTE:

In mast communication sysiems, the B251A will be
handiing both the transmission and reception oper-
ations of a single link. Consaquantly, tha Receive
and Transmit Bawd Rates will be the same. Both
TxC and RxC will require identical frequencies for
ihis operation and can be tied togather and con-
nected 10 a single frequency source (Baud Rate
Generator) to simplify the intoriace.

SYNDET (SYNC Detect/
BRKDET Break Detect)

Thig pin is used in Synchronous Moda for SYMDET
and may be used as either input or output, program-
mable through the Control Word. it 1s resal to output
mode low upon RESET. When used as an output
(internal Sync moda), the SYNDET pin will go “high™
to indicate that tha B251A has located the SYNG

character in the Receiva moda. If the B251A & pro-
grammed 1o use double Sync charactars (bi-syna),
than SYMNDET will go “high" in the middie of the last
bit af the second Sync charactar. SYNDET is auto-
matically reset upon a Status Head operation.

When used as an Input (extarnal SYNC detact
mode), a positive going signal will cause the B251A
to start assembling data characters on the rising
adge of tha next . Once in SYNG, tha “high”
input signal can be removed. When External SYNC
Datect is programmad, Intarmal SYNG Detect iz dis-

BREAK (Async Mode Only)

This output will go high whenevar the racaivar re-
mains low through two consecutive stop bit se-
quances (including the start bite, data b, and parity
bits). Braak Detect may also be read as a Status bit.
It is reset only upon a master chip Reset or Ax Data
returning to a “ono™ stats.

! ADDRESS BUS |
S
1 ' CONTROL BUS
ﬁ’[’ MI nu[-r| -:r'rﬁl

L DATA B

HIm1A

cf © o0, RO W RESET CuK

Figure 6. E251A Interface 10 B0B0 Standard System Bus
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DETAILED OPERATION DESCRIPTION

General

The complete functional definition of tha B251A is
programmed by the systam’s software. A set of con-
trol words must be sent out by the CPU to initialize
the B251A W 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, &tc. In tha
Synchronous Mode, options ara also provided to se-
lect aithar intarnal or excternal character synchnoni-
zation.

Onga programmed, the B251A is ready to parform its
communication functions. The TxRDOY output is
raisad “high” to signal the CPU that the 8251A is
raady to receive a data character from the GPL. This
output (TxROY) is resa! automatically when the CPU
writes a character into the 8251A. On the other
hand, the B251A receives sarial data from the MO-
DEM or /O device. Upon receiving an entire charac-
{er, the RxADY output Is ralzed “high™ to signal tha
CPU that the 8251A has a complata character ready
for tha CPU to fetch. FdRDY is resat automatically
upon the CPU data reéad oparation.

The 8251A cannot begin transmission uniil the Tx
Enable (Transmitter Enable) bit is set in the Com-
mand Instruction and it has received a Clear To
Send (C15) input. The TxD output will be hald in the
marking state upon Raset,

o e MODE INSTRUCTION
o - 4 SVME CHARACTER 1
EYMC MODE
e -1 EVHE CHARACTER § } GHLY
CO a1 | COMMAMD INSTRLCTION
B -0 DATA =
o - COMBAAND IMETRUCTIGH
cli-u 1; DATA pr
OO = 0 | COmSAAND RETRUCTION

HE2ER-T
*Tha second sync charackor s skippad il mode Instncion hes
programmad tho B251A to single charscier syne mode. Both
ST choraoters. are skpoed i mode Instnacion hes programmed

the B251A 0 ssyro mode

Figure 7. Typlcal Data Block
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Programming the 8251A

Prigr to starting data transmission or reception, the
8251A must be loaded with a set of control words
genarated by the CPU. Thesa control signals define
the complete functional definition of the B251A and
must immediataty follow a Reset cperation (intemal
o extarnal).

The control wards are split into two formats:

1. Moda instruction
2. Command Insiruction

Mode Instruction

This instruction defines the general operatonal
characteristics of tha 8251A. It must follow a Heset
operation (internal or external). Once the Mode In-
siruction has been written into thi 8251A by the
CPU, 8YNC characters or Command Insiructions
may ba writtan.

Command Instruction

This ingtruction dafines a ward that is used to control
the actual operation of the 8251A.

Both the Mode and Command Instructions must
wﬂmmmaapadﬁadumnmnhrpmpq dewica
operation (seae Figure 7). The Mode Instruction musl
be written mmediataly following a Resat oparation,
prior to using the B251A for dala communication.

All control words written into the B251A after the
Moade Instruction will load the Command Ingtruction.
Command Instructions ¢an be writtan into tha 82514
at gny tima in tha data block during the operation of
tha 8251 A, To return to the Mode Instruction format,
the master FHeset bit in the Command Instruction
word can ba set to initiate an intermal Reset opera-
tion which automatically places the 8251A back into
tha Mode Instruction format. Command Instructions
must follow the Mode Instruction or Sync characters,

Mode Instruction Definition

Tha 8251A can be used for aither Asynchronous or
Synchronous data commurecation. To undarstand
how the Mode Instruction defines the functional op-
eration of the 8251 A, the designer can best view the
device as two separate components, one Asynchiro-
mous and the other Synchronous, sharing tha same
packaga. The format daefinition can be changed only
after a mastar chip Resel. For explanation purposes
the two formats will ba isolatad.
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ROTE:
When parity is enabled it is not considerad as one
data bite for the purpose of programming
word length. The aclual parity bit recaived on the
Data line cannot be

actar. Alsp, an avan or odd Parity bit is inserted prior
1o the Stop bit{s), as defined by the Moda Insiruc-
fion. The character is then transmiiled as a sarial
straam on the TxD output The serial data is
ifted out on the falling edge of TxC at a rate equal
1, Yis OF Y4 that of the TxC, as defined by the
Mode Instruction. BREAK characters can ba contin-
uously sent to the TxD if commanded fo do so.

11

When no data characters have been loaded into the
B251A the TxD output remains “high™ (marking) wn-
lese g Bragk (comtinuously low) has baan pro-
gramimiad.

Asynchronous Mode (Recelve)

The AxD line is normally high, A falling edge on this
lina triggers thae beginning of a START bit. Tha valigi-
ty of this START bit is checked by again strobing this
bit at its nominal center (16X or B4X moda only), If &
lcww s datected agsin, it is a valid START bit, and the
bit counter will start counting. The bit countar thus
locates the center of the dala bits, the parity bit (if &
endsts) and tha stop bits. |f parity efmor occurs, the
parity armor flag is sat. Data and parity bits are sam-
plad on the RxD pin with the rising edge of the FxC.
If & low level is detected as the STOP bit the Fram-
ing Error tiag will ba set. The STOP bit signals the
end of a charactar. Note that the recener requires
only one stop bit, regardiess of the number of stop
bitg programmed, This character |s then loaded into
the paraliel 1/0 butfer of the 82514, Tha RxADY pin
is raised 1o signal the CPL) that a character is ready
to be fetched. If & previous character has not baen
felched by the CPU, the character replaces
it in the /O buffer, and the OVERRUN Emor flag

o, b, 0O, 0O, By O; DO,

FEN] Lo Ly H.?

BALUD AATE FACTOR

——— & L] 1 1

o T a 1

SYNC
MODE

CHARACTER LENGTH
o 1 L} 1

fER | NEX} | [E R

-

- a a 1 1

5 B 7 B
BITE | MITS | BITS | BITS

FARITY [NABLE

1= EMABLE ©- DISABLE
EVEN PARITY GENERATION/CHECK

T 1 =EVEN 0= QDD
NUMBER OF ETOP BITE

S, [ T 1 1

<] 1 o ]

] % 7|
INVALID| g7 | gits | miTs

LY AFFECTS Tx: Ax
RECQLIRES MORE
THAN ONE STOP BIT)

205222 -8

Figure 8. Mode Instruction Format, Asynchronous Mode
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is raised (thus the previous character is lost). All of
tha emor flags can be reset by an Ermor Resat In-
struction. Tha occurrence of any of thasa armors will
not affect the operation of the 8251A,

Synchronous Mode (Transmission)

Tha TxD oulput & continuously high until the CPU
saends its first character to the B251A which usually
is & SYNC character. When the TS line goes low,
the first character is senally transmitted out. All char-
acters are shifted out on the falling edge of TxC.
Data is shifted cut at the same rate as the TxC.

Once transmission has started, the data stream al
the TxD output must continue at tha TeG rate. If the
GPU does not provide the B251A with a data charac-
ter bafora the B251A Transmitter Bullers becoma
ampty, the SYNC characters (or character if in singla
S¥YNC character moda) will be aulomatically inserted
in the TxD data stream. In this case, the TXEMPTY
pin is raisad high to signal that the B251A is empty
and SYMNC characters are being sent out, T<xEMPTY
doas nit go low whan the SYNC Is baing shifted out
(sea figure below), The TxEMPTY pin is intemnally
rasat by a data characier being written into the
B2S1A,

GEMERATED
TRANSMITTER DUTFUT DyD1---— Dk BY BEIA
START PARITY STOR
Tell MARKING pops D.!.'I'A..I.ITE . SToP |
DES NOT AFPFEAR
RECEIVIR BPLT DDy ———-On DM THE DATA BUS
1 r - T uEurr el
STERT
AsD BT mT!'!ITI BT BITS
PR O ALA WD
CHARACTER
LEMGTH
TRANEMIEERDN FORMAT
CPU BYTE (S8 8ITSACHAR]
i
DATA CHARALT R

ASSENMBLED SERRAL DATA OUTPLT {TaDb

i # i
START PARITY 5TOP
BIT DATA CHARACTER &t BT
i i F

RECEWE FORMAT

SERIAL DATA IMFUT {RxD)

Ll L
START FARITY gD I
Y DATA GHA‘H.MGI'EI BT BITS

CPUBYTE {58 BITSCHAR]

DATA CHARALCTER

25222-9

*MOTE:
i character length is defined as 5, &, or 7 bits the unused bits are sat 1o “zesa’.

Figure 9. Asynchronous Mode
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AUTOMATICALLY INSERTED BY USART
£
Tal | DATA | DATA | SYNE 1 | SWYNCZ | DATA | — =~ = — —
[‘m FALLS UPOM CPU WRITING &
TeEMPTY CHARACTER TO THE UBART
MO INAL CENTER OF LAST mIT
2052210
Synchronous Mode (Receive) the USART ends the HUNT mode and is in charac-

In this mede, charactar ization can ba inter-
nally or externally achieved. H the SYNC moda has
beean programmead, ENTER HUNT command should
be included in the first command instructon word
written, Data on the RxD pin is then sampled on the
rising edge of AxC. The contant of the Rx buffer is
compared at every bit boundary with the first SYNC
character untll a match occurs, if tha 8251A has
been programmed for two SYNC characters, the
subsequent received character is also compared;

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 sat until
the middle of the parity bit instead of the middie ol
tha last dala bit.

In the external SYMNC mode, synchronlzation is
achieved by applying a high level on the SYNDET
pin, thus forcing the 82514 out of the HUNT mode.
The high level can be removed after ona RxC cycla.
An ENTER HUNT command has no efiact in the

whan both SYNC characters have been detected, asynchronous mode of oparation.
D, Oy Dy D, D; D D, D
BCS |ESD| EP |PEM| Ly | L, 0 o

CHARACTER LENGTH

o 1 1] 1
- .
o o 1 1
5 ] 7 B
BITS | BITS | BITS | BITS

FARITY ENABLE
i1 = ENABLE)
i3 = DISABLE]

EVEN PARITY GENERATION/CHECK
1= EVEN
0 =000

EXTERNAL 3¥NC DETECT
1= SYNDET 15 AN INPUT
0 = S¥YNDET I5 AN OUTPUT

NOTE:

In external sync moda, programming double character sync will afedt anly ths Tx

SINGLE CHARACTER E¥NC
1 = BINGLE S5YNC CHARACTER
0= DDUBLE S¥NC CHARACTER
BOSDPER - 11

Figure 10. Mode Instruction Format, Synchronous Mode

Downl
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8251A

Parity amor and overTun amor are both choacked in
the same way as in the Asynchronous Rx mode.
Parity is checked whan not in Hunt, regardless of

whather the Heceiver is enabled or nol.

The CPU can command the receiver to enter tha
HUNT mode if. synchronization is lost. This will also
sot all the used character bits in the buffer to a
“one,” thus preventing a possibla false SYMDET
caused by data that happens to be in the Rx Buffer
at ENTER HUNT tima. Note that the SYNDET F/F is
resat at each Status Fead, regardiess of whelher
intarnal or external SYNC has been progra
This does not cauwse the B251A to return 1o the
HUNT mode. Whan in SYNC mode, but not in
HUNT, Sync Detection is still functional, but only oc-
curs al tha “known" word boundaries. Thus, if one
Status Aead indicales SYMDET and a second
Status Read also indicates SYNDET, then the pro-
grammed SYNDET characters have baen received
gince the previous Status Read. (f double character
sync has bean programmed, than balh syne charac-
recaivad to gata a SYN-
DET indication). When extornal SYNDET mode is
Detect is disabled, and the

ters have bean
salected, intarnal Sync

SYNDET F/F may be set at any bit boundary.

COMMAND INSTRUCTION
DEFINITION

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

rmimiad.

Synt characters ara loadad (f in Sync Mode) than
the device is ready 1o be used for data communica-
tion. Tha Command Instruction conirols the actual
operation of the selected format. Functions such as:
Enable Transmil/Recaiva, Error Resat and Modem
Controls are provided by the Command instruction.

Once the Moda Instruction has been writtan into the
B251A and Sync characters inserlad, of

then all further "control writes” (C/D0 = 1) will load a_
Command Instruction. A Reset Operation {internal or
exiemal) will return the B251A to the Mode Instruc-
tiom format,

NOTE:
Intarnal Rasat on Powar-up:

When power is first appéled, tha 8251A may come up
in the Mods, Sync character or Command format. To
guarantes that the device is In the Command In-
struction format before the Reset command is is-
sued, It is safest o execute the worst-case initializa-
tion sequence (sync mode with two sync charac-
ters). three D0Hs consecutively into the de-
vice with C/D = 1 configures sync operation and
writes two dummy 00H sync characters, An Internal
Resetl command (40H) may then be issued 1O retum
the device to the “idle"” state.

CPURYTES |5-8 BITS/CHARI

= i

DaTha CHARACTERS

ASSEMBLED SEMIAL DATA OUTPUT (T=D)

b
 F

FYNC

CHAR 1

SYNC
CHaR 7

DaTa CHARACTERS

RECE!VE FORMAT

SEFIAL DATE INFUT (RelX]

SYNC

CHAR 1

SYNE
CHAR T

DATA CHARALCTERS

CPU BYTES I5-8 BITS/CHARN

OATHR CHARACTERS

&

205222-12

Figure 11. Data Format, Synchronous Mode

Downloaded from Elcodis.com electronic components distributor
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m, ©, O, U, D, 0O, 0, 0O
EH [1;] Ft'l's ER m““ AxE OTR TaEM

TRANSMIT ENABLE
1 = pribes
0 = desmbig

DATA TERMINAL
READY

“hegh”’ willl torce OTh
oulput o pern

HECEIVE ENABLE
1 = snable

0 = demabin

SEND BREAK
CHARACTER

1= fowded Tulb “lowr™
0 = ol Sparation

ERRQR AESET

* = ruesal arror Mags
PE DE, FE

REQUEST TO SEND

“hagh” vl Tarce RTE
Sulpul ke rerd

INTERMAL RESET

"Fugh” Faluei BIS 1A B
FApte |ngTFLCricn Fofmal

ENTEA HUNT MODDE"

Error Resat must be performed whenever RxEnabla and Enter Hurt are programimed.

1 - enaible samich far Syne
Chassctari

"{HAS WO EFFECT IN
ASTHD MODE}
205Z22=13

Figure 12. Command |ratruction Format

STATUS READ DEFINITION

In data communication systems it is often necessary
to examine the “status™ of the active device to as-
cartain il ammors have occurrad or other conditions
that require the processor's attention. The B2S1A
has facilities that allow the programmer 1o “read™
the status of the davice at any lime during the fung-
tional operation. (Stalus update is inhibited during
status read.)

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

Somea of the bils in the Status Read Format have
identical meanings to external oulput pins so that
the B251A can be used in a completely polled or

inmterrupt-diiven anvironment. TxADY |s an excep-
tion.

2-13
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Mote that status update can have a maximum dalay of 28 clock parods from the aclual event atfacting the
status.

pse | By | FE ok pe | raemery| mamoy | TaRDY

| —
LA

SAME DEFINITIONS A8 100 FINS

PARITY ERROR

The PE Ting 15 st when a parity
ErIOF it deteched IF o resed by
the ER bi1 ol the Cofmemand
Imstructimn. PE doet nad irdulu
optsston of the BMS1 0

OVERRUN ERRDR

The DE Flag 13 w1 whin tha CPLI
dloss ol sescd 3 character Meeloe &
thi e wd ane becomes available

1t is reset by The ER Bt o the
Command Instructian, OF doas
raii? iwhibat operatian of gke B25 14
hevatwier. thi praviowtly oweaumn
characier ot lagy

FRAMING ERROR {8iyrc oniy|
The FE Tlag iz set when & valid
Seoip el 15 nat detected a1 the
it end of eaery eharacter 11 reset
by the ER hit ol thd Command
Irgkrsction. FE daes rat imwhihet
Ihk operation of the B2514

DATA SET READY |Indicabes
that ihe D5 8 6t 8 cero level.

r

2062214

HOTE:
1. TwRDY status bit has differani meanings from the TxRADY cutput pin. The former s not conditioned by TTS and TxEN;
ihe Intter is conditionad by both TTS and TxEN.
i, TxADY status bit = OB Butfer Empty
TRRDY pin out = OB Buffer Empty ® ({15 = 0) = [TKEN = 1)

Figurs 13. Status Read Format

214
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APPLICATIONS OF THE 8251A
‘' ADDRESS BUS
i CONTROL BUS
| [ 1] ) :
§ DATA BUS

——]  El& TO TTL

e

I CONVERT

wery e

L= = d i

1

BALID RATE
GENERATOR

CRY
TEAMIMAL

Z0E2I2-15

Figure 14. Asynchronous Serial Interface to CRT Terminal, DC—5200 Baud

) ADDRESS BUS T
|
11_ CONTROL BLUS II
[ |
' DATA BUS 1
Tall =iy SYMCHNORDUS
TH b N AL
B251A '“_"E “"_l R PERIPHERAL
SYMDET

20522018

Dovvnlloaded from Elcodis.com electronic components distributor
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APPLICATIONS OF THE 8251A (Continued)

| ADDAERE IS T
\_‘ ] | CONTROL Bl T
i l | | DATA BUS B
¥
s
Tald —
HE aFYNE LINE
afh WODEM ﬂ:‘l.:_: _I
HE2S 1A ;
1
Hail o= L bl
Tul nn:':-:m ﬂmle!

LiNE
2R2EP-18

Figura 16, Asynchronous Interface to Telephone Lines

e ADDRESS B - 1
H : CONTROL BLE 4
I 11 )
'lL@U DATA BUS 9
] N
BFE1A : E:’E:
““::r: ] wooew
b1
=
LmE METRE-1T

NOTES:

3. Assumas tha! Address is valid bafora Ap |

greater than 34,
i, ity

216

oaded from Elcodis.com electronic components distributor

1. AC timings measured Vo — 20 VoL = 0.8, and with |oad cincuit of Figure 18,
2. Chip Select [CS) and Comemand/Data (C/D) ane considerad as Addrosses.

Figure 17. Synchronous Interface to Telephone Lines

&, Thig recorery ime is tor Mode nitlaizetion onty. Write Data is allowad only when TxADY = 1. Ancovary Time batwean
Writes for Asynchronous Mode is 8 iy and for Synchronous Mode is 18 Loy,
5, T TG and R frequencias hive tha fiollowing limitations with respect to CLK: For 1x Baud Rate, fry or fag =

1/(30 ey} For 18x and Bdx Baud Rata, fry or fpe £ 1/{4.5 igy). This applies to Baud Aates lass than or squal to G4K Baud.
. Reaat Pulsa Width — 8 lgy minimurn; System clock must be running during Fesoet.

7, Status update can have a maxmum deley of 28 clock periods frorm the event affecting the stalus.
B, In extermal sync mode tha tes Spoc. requires the ratio of the system clock (clock) to recede or transmit bit ratios to be

&. A fioat is defined as the point whare the data bus falks balow a logic 1 (2.0V @ gy limit) or rises above a Logic 0 (D.BY @
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ABSOLUTE MAXIMUM RATINGS® mnﬂ'"ﬁ”ﬁ”wm
Ambient Temperature Under Bias ..., .0°Glo 70°C - e -
Storage Temperature .. ........—685'Cto +1560°C mw,;rﬂmrm
Wmnm;h:amnu_-..m”vuﬂm+w mm Mﬂﬁw*”ﬂ
POWer DISSIABON _............coocvecre T o aoel vonte iy o Conditions
D.C. CHARACTERISTICS T, = 0°Cto 70°C, Vo = 5.0V £10%, GND = OV*

Symbeol Paramster Min Max Unit Test Conditions

ViL Input Low Violtage =0.5 0.8 ¥

Vi input High Voltage 20 Vee ¥

VoL Output Low Violtage 0.45 W oL = 2.2 mA

Yiou Output High Voltage 2.4 L low = —400 uA

loFL Output Floa! Leakage +10 pA Vout = Voo to D.45V

i Input Leakage +10 pA Vin = Voo 1o 0.45V

lce Power Supply Gurrent 100 ma All Outputs = High
CAPACITANCE T, = 25°C, Voo = GND = OV

Symbal Paramater Min Max Unit Test Conditlons

Cin Input Capacitance 10 pF fc = 1 MHz

Ciyo 170 Capacitance 20 pF Unmeasured pins returned

to GND

A.C. CHARACTERISTICS T, = 0°Cto 70°C, Vo = 5.0V £10%, GND = ov*

Bus Parameters (Note 1)

READ CYCLE
Symbol Paramater Min Max Unit Test Conditions
tan Address Stable Before READ (T5, C/D) o ns [Mote 2}
tRa, Address Hold Time for HEAD (C5, /Ty 0 ns [Maote 2)
tan READ Pulse Width 250 ne
a0 Data Delay from READ 200 ns 8,0, = 160 pF
toF READ to Data Floating 10 100 ns {Nota 1, 9)
WRITE CYCLE
Symbol Paramater Min Max Unit Test Conditions
taw Address Stable Belore WHRITE (1] ns
by, Address Hold Time for WRITE 0 ns
thaw WRITE Pulsa Width 250 ns
tow Data Set-Up Time for WRITE 150 ne
two Data Hold Time for WRITE 20 ns
' Recovery Time Betwaan WRITES 2] tey (Mote 4)

2-17
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intgl. 8251A
A.C. CHARACTERISTICS (Continued)
OTHER TIMINGS
Symbol Parsmeter Min Max Unlt | Test Conditions
ey Clock Period 320 1350 ns | (Mote 5, 6)
ty Clock High Pulse Width 120 toy— 90 ns
iy Clock Low Pulse Width 90 ns
ta. Clock Rise and Fall Time 20 ns
toTe TxD) Detay from Falling Edge of TxC 1 e
e Transmitter Input Clock Frequendcy
12 Baud Rata DC 64 kHz
16x Baud Rata DG 310 kHz
64x Baud Rate DC B15 kHz
trew Transmitter Input Clock Pulsa Width
1% Baud Rata 12 toy
16x and G4x Baud Rate i tov
treo Transmitter Input Clock Pulse Delay
1% Baud Rate 15 ey
16x and B4x Baud Rate a oy
frx Recaiver Input Clack Frequancy .
1% Baud Rate Dc B4 kHz
16x Baud Rate oc 310 kHzZ
G4x Baud Rate DC 615 kHz
tRPw Recaemer input Clock Pulze Width
1x Baud Rate 12 ey
16x and G4y Baud Fate 1 oy
trpo Recatver Input Clock Pulse Delay
1x Bawd Rate 15 toy
16x and B4x Baud Rate 3 toy
TROY TxADY Pin Delay from Center of Last Bit 14 toy | (Note 7}
TR0y CLEAR TxADY | from Leading Edge of WH 400 ns | (Mote T}
r—— AxRDY Pin Delay from Center of Last Bit 26 toy | (Note 7)
trxroy cLEAR | PeADY L from Leading Edge of RD 400 ns | (Note7)
s Imermnal SYMNDET Delay from Rising
Edge of Fo; 2% | lor | (Nota?)
Extermnal SYNDET Set-Up Tima After
ITEMPTY TxEMPTY Delay from Canter of Last Bit 20 v | {(Note )
twic Gontrol Dalay from Rising Edge of 8 - (Nata 7)
WRITE (TxEn, DTH, ATS)
tcn Control to READ Sat-Up Time (0B8R, CTS) | 20 toy | (Note T7)

-
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MNOTE:
For Extended Temparature EXPRESS, usa MIL A251A alocirical paramaters.
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A.C. CHARACTERISTICS (Continued)

TYPICAL & OUTPUT DELAY V5. A CAPACITANCE (pF)

M

N - /
E “
e
&
]
E o
E SPEC.
=]
.|1

10 /

. /

100 50 0 =5 +10d
4 CAPACITANCE {mF|
pan Lt e |
A.C. TESTING INPUT, OUTPUT WAVEFORM AC. TESTING LOAD CIRCUIT

T4

D ¢

MhFed -0

| AL Tasting: |Pputs ane diven at 2.4Y Tor 8 Logic 1" And 045V
tor m Logic 0", Timing measwrements ara made ai 2.0V lor &
Logic “1" and 0&V for & Logle 0",

B25VA T—O QT
c

b

£, = 160 F

maaEe -1

WAVEFORMS

EYSTEM CLOCK INPUT

Figure 18

ELOCK a
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WAVEFORMS (Continued)

wI-FEEEE

GH
.MJ_I_ “ wINd
ONITIWYSE LN

AV ts00m i amy

{300 =91 ) S00IHFd I9H 5L h Lﬂﬁﬂ““ | ]
B _. ____ (300W ¥L) Yy
rg tLI-

- iy .H_L
vaviva X 118 Vivg S/ 1418 LS \.\\#. vivavH

[AHAH S1HYLE BT LAMNOD Crve ¥H)

Y.ivad ONY M207D HaNE23H

X X X
|I_ _llu.EF ..__.n._ll._ _l|

é -

YiVa ANV X2070 HALLINSNYHL

wiwg =i
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8251A

WAVEFORMS (Continued)

WRITE DATA CYCLE (CPU — USART)

TaRDY J

baded from Elcodis.com electronic components distributor

T3
ll—l 0w —--.-—-{ W
DATA N 08 ) DONT CARE { oatastasie } DON'T CARE
enls "'.| L m.ﬁ._!l
205222-28
READ DATA CYCLE (CPU +— USART)
-nﬂﬁ"l" i
7]
thp —_— pe
BATA DUT §ELR) DATA FLOAY r- CATA FLOAT
{ DATAOUT ACTIVE J——tors
oo \J"“‘ [ —
205222-268
2-21
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intgl. 8251A

WAVEFORMS (Continued)

WRITE CONTROL OR OUTPUT PORT CYCLE (CPU — USART)

BTR, ATS
(NOTE =11 X

. —————————J* .

DATA IN (D.8.) ¥ !

c/B _‘-’T 1

0828327
READ CONTROL OR INPUT PORT (CPU +— USART)
D5A, CT8
INDTE 22} -Hll:
R -
o — o —]
Ad ,e"
]
— |JI— RO —a = IOF
DATA QLT £ —
DR . 1
-| 1R tRaA
€I Fij B 5
AR — — A
£3 "'&_ - B N
NOTEE:
1. Twe includas tha responsa iming of & conbral byte.
2. Teg includes the effect of CTS on tha TXENBL cirguitry.
2-22
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WAVEFORMS (Continued)

intgl.

G- TETE0E

FILFEL 7]

LERWLND

L g
HIUEE] THIAYHI

¥ WD vivd

L e e e
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WAVEFORMS (Continued)
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WAVEFORMS (Continued)
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