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8251A
PROGRAMMABLE COMMUNICATION INTERFACE

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

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

B Asynchronous 5-8 Bit Characters, m Compatible with an Extended Range of
Clock Rate—1, 16 or 64 Times Baud
Rate; Break Characler Generation; 1, intel SlordiaoEeeri
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 84K m Avallable In EXPRESS and Military
Baud Versions

The Intal® B251A s the industry standard Universal Synchronous/Asynchronous FReceiver/Transmitter
(USART), designed for data communications with Intels microprocessor families such as MCS-48, 80, B85, and
WAPX-BE, BB. The B251A is used as a peripheral device and is programmed by the CPU 1o operats using
wirtually any senal data transmission technique presently in use (including IEM "'bi-sync™). The USART accepts
data characters from the CPL in parallel formal and then converts them Into a continuous serial data stream
for transmission. Simultanecusly, it can receive saral data streams and convart them into parallel data charac-
tars for the CPLU. The USART will signal the CPU whanever it can acocept a new character for transmission or
wheanever it has received a character for tha CPU. Tha CPU can read tha complata status of the USART at any
lime. Thesa include data transmission emors and control signals such as SYNDET, TkEMPTY. The chip s
fabricated using Intel's high performance HMOS tachnology.
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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 Intgl microprocas-
sors and maintains compatibility with tha B251. Fa-
miliarization time is minimal becauss of compatibility
and involves only knowing the additional features
and anhancemants, and reviawing the AC and DC
specifications of the B251A.

Thae 8251A incorporates all the key feafures of tha
B251 and has the following additional features and
anhancemants:

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

In asynchronous operations, the Recever de-
tects and handles "break” automatically, reliey-
irg the CPU of this task.

A rafined Rx nitialization prevents the Receivar-
from starting when in “"break” state, preventing
unwanted interrupts from a  disconneciad
LISART.

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

Tx Enable logic enhancemeant pravents a Tx Dis-
able command from haling transmissicn until all
data previously written has been transmitied. The
logic also prevents the transmitier from turning
off in the middle of a word.

Whan Extarnal Sync Detect is programmed, In-
ternal Sync Detect s disabled, and an External
Sync Delect status © provided via a flip-flop
which clears itself upon a status read.

Possibidity of false sync detecl is minimized by
ensuring that if double character sync s pro-
grammed, the characters ba contiguouwsly detect-
ed and also by clearing the Rx register io all onas
whanever Enter Hunt command is issued in Sync
mode.

As long as tha B251 4 is not selected, the KD and
WHR do not affect the internal operation of the
device.

The B251A Status can be read at any time but the
status update will be inhibited during status read.
The B251A is frea from extransous gliiches and
has enhanced AC and DG characteristics, provid-
ing higher speed and better oparating margins.

» Synchronous Baud rate from DC to G4k,
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FUNCTIONAL DESCRIPTION

General

The B251A is a Universal Synchronows/Asynchiro-
nous Recalar/Transmitter dasigned for & wida
range of Intel microcomputers such as B048, 080,
8085, 8086 and B088. Like other |/0 devices in a
micrecamputer systam, its functional configuration is
programred by the system's software for maximum
flexdibdity. The B251A can support most sertal data
techriques in use, including 1BM “bi-gync",

In a communication environment an interface device
must convert parallel formal system data into serial
format for transmission and comvart incoming sarial
format data imlo paralial system data for reception.
The imerfaca device must also delate or insert bits
of characters that are functionally unque to the
communication technigue. In essence, the interface
should appear “transparent” to the CPL, a simple
input or output of byte-criented system data.

Data Bus Buffer

This 3-gtate bidirectional, B-bit buffer is used to inter-
face the B8251A 1o the system Data Bus. Data is
trangmitted or recaived by tha buffer upon exacution
of INput or OUTput instructions of the CPU. Control
words, Command words and Status information are
algo transferred through the Data Bus Buffer. The
Command Status, Date-in and Data-Out registers
ars saparate, B-bit registers communicating with the
system bus through the Data Bus Buffer.

This functional block accapts inputs from the systam
Contral bus and generates control signals for overall
devica operation. it containg the Control Word Reg-
ister and Command Word Register that store the
variows controd formats for the device functional defi-
nition.

RESET (Reset)

A “high™ on this inpul forces tha B251A into an
"idla" mode. Thae device will ramain at "idla" until a
naw sat of control words is written imo the 8251A 1o
program its functional definiion. Minimum RESET
pulsa width is 6 toy (clock must be running).

A command reset operation 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 Funcliona

CLK (Clock)

The CLK input & used 1o generate internal device
timing and s normally connected to the Phase 2
(TTL) output of tha Clock Genarator. No extarmal in-
puts or oufputs are referenced to CLK but the fre-
quency of CLK must be greater tharn 30 tirmes the
Reacever or Transmitter data bt rates.

WR (Write)

A Ylow” on thiz 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
B251A,

2-3

Cc/D RD WR CS
0 0 1 0 8251ADATA — DATABUS
] 1 0 O |DATABUS — B251A DATA
1 @ 1 0O |STATUS — DATABUS
1 1 0 0 |DATABUS — CONTROL
X 1 1 0 {DATABUS = 3-BTATE
X X X 1 DATABUS — 3-S5TATE
C/D (Cantrol/Data)

This input, in conjunction with the WH and RD in-
puts, imforms the B251A that the word on the Data
Bus is aither a data character, control word or status
information.

1 = CONTROLASTATUS; 0 = DATA.
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CS (Chip Select)

A "low™ on this input selecls the B251A. No roading
or writing will accur unless the device is selected,
When is high, the Data Bus is in the float state
and AD and have no effect on the chip.

Modem Control

The B251A has a set of contral inputs and outputs
that can be used to simplity the interface to almost
any modam. The modem control signals are general
purpose in nature and can be used for functions oth-
ar than modermn control, if necassary.

DSR {Data Set Ready)

The DSH input signal is a genaral-purposa, 1-bit in-
varting input port. Iis condition can be tested by the
CPU using a Status Read cperation. The DS input
is normally used 1o test modem conditions such as
Data Set Ready.

DTR (Data Terminal Ready)

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

RTS (Request to Send)

The RTS oulput signal is & general-purpose, 1-bit
inverting output port. 1t can be set "low" by program-
ming the a jate bit in the Command Instruction
word. The output signal is normally used for
modem contral such as Aequest 1o Send.

CTS (Clear to Send)

A “low" on this input enables the B251A to transmit
sarial data if the Tx Enabde bit in tha Command byte
is sat to & "one". i seither 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
io Tx Disable command before shutting down.

2.4

Transmitter Buffer

The Transmitter Buffer accepts parallel data from
the Data Bus Buffer, corwarts it to a serial bit stream,
inserts the appropriate characters or bits (basad on
the communication technigue) and outpuls a com-
pasite serial stream of data on the TxD output pin on
the falling edge of TxC. The transmitter will begin
transmigsion upon being enabled i TTS = 0. Tha
TxD lina will ba hald in the marking state immediate-
ly upon a master Raset or when Tx Enable or CTS s
off or the transmitter is empty.

Transmitter Control

Tha Transmittor Conirod manages all aclivities asso-
ciated with the transmission of serial data. i accepts
and issues signals both externally and internally to
accomplish this function.

TxRDY (Transmitter Ready)

This output signals the CPU that the transmitter is
ready to accept a dala character. Tha TxRDY output
pin can be usaed as an interrupt to the system, since
it is masked by TxEnable; or, for Polled operation,
the CPLU can check TxRDY using & Status Read op-
eration. TxADY s automatically resat by the leading
edge of WH when a data character is loaded from
the GFL),

Mote that when using the Polled operation, the
TxRDY status bit is nof masked by TxEnable, but will
only indicate tha Empty/Full Status of tha Tx Data
Input Register.

TxE (Transmitter Empty)

Whan the B251A has no charactars to send, the
T=EMPTY output will go "high". 1 resets upon re-
caiving a character from CPU if the transmitter is
anabled. TxEMPTY romains high whon the transmit-
tor iz disabled. TxEMPFTY can be used to indicate
the and of a transmission moda, 5o that the CPU
“knows™ whan 1o "turn the lne arournd™ 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 SYMNC character or characters are about 1o be or
are being transmitted automatically as "filera”, Tx
EMPTY doas not go low when the SYMNC characters
are being shifted out.
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Figure 4. 8251A Block Disgram Showing Illnd-lm and Transmitter Buffer and Control Functions

TxC (Transmitter Clock)

The Transmitter Clock controls the rate at which the
charactar is 1o be transmitiad. In the Synchronous
fransmission mode, the Baud Rate (1x) & equal 1o
the TxC frequency. In Asynchronous fransmission
mode, the baud rate is a fraction of the actual T=C
fraquency. A portion of the mode instruction selects
this factor; it can ba 1, %4 or 4, the TxC.

For Exampla:

if Bauwd Rate equals 110 Baud,

Txl: aquals 110 Hz in the 1x mode.
TxC equals 1.72 kHz in the 16x moda.
TuC equals 7.04 kHz in the 64x moda.

The falling edge of TxC shifts the sedal data out of
the B251A,

Receiver Buffer

The Receiver accepts serial data, convarts 1his sari-
al input to parallel format, checks for bits or charac-
tars that are unigua to the communication echnigue
and sends an “assembled” character 1o the CPL.
Serial data is input to RxD pin, and is clocked in on
the rising edge of FxdC.

2-5

Recelver Control

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

The RAxD initialization circuit prevents the B8251A
from misiaking an unused input line for an active kw
dala line in the “break condition”. Before starting to
recaive sefial characters on the PxD line, a valid 1"
must first be detected after a chip master Resat,
Once this has bean determined, a search for a valid
low [Start bit) is enablad. This featurs is only active
in the asynchronous mode, and is only done once
for each master Reset.

The False Start bit detection circuit pravents false
starts due 1o a transient noise spike by first detacting
tha talling edge and then strobing the normal center
of the Start bet (AxD = low).

Parity arror detaction sets the comesponding status
bit.

The Framing Error status bit is set if the Stop bit is
absent at the end of the data byte [asynehronows
mioda).
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RxRDY {Recelver Ready)

This output indicates that the B251A contains a
character that is ready to be input to the CPU.
RxADY can be connected to the interrupt structure
of the CPU or, for pollad operation, the CPU can
check tha conditian of AxRDY using a Status Read
aperation,

RAxEnable, when off, holds RxRDY in the Reset Con-
dition. For Asynchronous mode, to set RxRDY, tha
Recaivar must be anabled to sense a Start Bit and a
complete character must be assembled and trans-
{erred to the Data Output Register. For Synchronous
rgda, 1o 28t AxADY, the Receiver must be anablad
and a character must finish assembly and be trans-
ferred to the Data Oulput Register,

Failure 1o road the received character from the Hx
Data Output Ragister prior to tha assembly of the
noxt Ax Data character will 381 ovarrun condition ar-
ror and the previous character will be written over
and lost. If the Ax Data is being read by the CPU

when tha intarnal transtar s Seourring, Swveerun anror
will ba sat and tha old character will be lost,

AxC (Receiver Clock)

The Receiver Clock controls the rataé at which the
character is 1o be recelved. In Synchronous Mode,
the Baud Rate (1x) is equal to the actual fraguancy
of AxC. In Asynchronous Mode, the Baud Rate is a
fraction of the actual AxC frequency. A portion of the
% instruction selects this factor 1, Ve or Yy the

For Example;

Baud Rate equals 300 Baud, if

FxC equals 300 Hz in the 1x mode;
FAxC aquals 4800 Hz in the 16x mode;
RxC equals 19.2 kHz in the 84x mode.

Baud Rate equats 2400 Bauwd, if

AxC equals 2400 Hz in the 1x mode;
FxC equals 38.4 kHz in the 18 mode;
FxC equals 153.6 kHz in the 64 mode.
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Figure 5. 8251A Block Diagram Showing Receiver Buffer and Control Functions
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%rﬂls sampled into the B251A on the rising adge of

MNOTE:

In most communication systems, the B251A will be
handling both tha transmission and reception oper-
ations of a single link. Consaquantly, tha Racaive
and Transmit Bawd Rates will ba the same. Both
TuC and RxC will reguire identical frequencies for
this operation and can be tied together and con-
nacted 10 a single frequancy source (Baud Rate
Generator) to simplify the intertace.

SYNDET (SYNC Detect/
BRKDET Break Detect)

This pin is uged in Synchronous Modo for SYNDET
and may be used as aither nput or cutput, program-
mable through the Control Word. it is resel to output
mode low upon RESET. When used as an output
(imernal Sync mode), the SYNDET pin will go “high"
to indicate that the B251A has located the SYNC

character in the Receive moda. If the B2S1A s pro-
grammed 1o usa double Sync charactars (bi-syna),
than SYNDET will go “high" in the middle of the last
bit of the second Sync character. SYNDET is auto-
matically reset upon a Status Read oparation.

When used as an input (external SYNC detect
mode), a positive going signal will cause the B251A
to start amnﬂra%ata characters on the rising
adge of the next Once in SYNC, the “high
input signal can be removed. When External SYNC
Datect is programmed, Internal SYNG Datact is dis-
abled.

BREAK (Async Made Only)

This output will go high whenevar tha racaiver re-
mains low through two consecutive stop bit se-
quances (including the star bits, data bits, and parity
bits}. Break Datect may also be read as a Status bit.
It is reset only upon a master chip Reset or Ax Data
returning o a "ona™ stats.

! ADDRESS BUS |

1 - CONTROL BUS

m]"m

RESET “3
iTTL)

DaTH BLS

b

B0y

RO

HESTA

W RESET  CLK

Figure 6. 8251A Iinterface to 8080 Standard System Bus
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DETAILED OPERATION DESCRIPTION

General

The complete functional definition of the B251A Is
programmed by the systam’s software. A set of con-
trol words must be sent out by tha CPU to initialize
the B251A 10 supporl the desired communications
format. Thesa control words will program the: BAUD
RATE, CHARACTER LENGTH, NUMBER OF STOP
BITS, SYNCHRONOUS or ASYNCHRONOUS OP-
ERATION, EVEN/ODD/OFF PARITY, etc. In tha
Synchronous Mode, options ara also provided to se-
lect aifhar intarnal or edternal character synchinoni-
zation.

Onca programmead, the 82514 is ready to periorm its
communication functions. The TxRDY output is
raisad “high” to signal the CPU that the 8251A is
ready to receive a data character from the CPU. This
output (TxROY) is resst automatically when the CPU
writes a character into the 8251A. On the other
hand, the B251A raceives serial data from the MO-
DEM or 15O device. Upon recaiving an entire charac-
ter, the AxRDY output is ralsed "high" to signal the
CPU that the 8251A has a completa character ready
for tha CPU 1o fetch. FeRDY is resst automatically
upon the CPLU dala read operation.

The 8251A cannot begin transmission uniil the Tx
Enable (Transmiftar Enable) bit is set in the Com-
mand Instruction and it has receivad a Clear To
Send (CT3) input. Tha TxD output will be hald in the
marking state upon Reset.

o = 1 MODE INSTRUCTION
R SYNE CHARACTER 1
SYNC MODE
R EYHE CHARACTER 7 } LY
Cia | | COMMAMD INSTRLUCTION
o -0 - DATA v
ol COMRAS MDY IMETRLUCTION
cli-8 1: MATA :F
Gl = 1 | COMMAND IMETRUCTION

TR -T
*Tha second syno characbor & skipped i mods retncion hes
programmad tho B251A to singls Sharasler syne mode. Both
SyTec charmoters are skipoed if mods Instnacion hes programmied
thia B251A to amynd moda.

Figure 7. Typlcal Data Block

Programming the 8251A

Prior to starting data transmission or recéption, the
8251A must be loaded with a set of control words
genarated by the CPL. Thesa control signals define
the complete functional definition of the B251A and
must immediately follow a Resat operation (imtemal
or extarnal).

The control wards are split into two formats:

1. Moda instruction
2. Cormmand Instruction

Mode instruction

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

Command Instruction

This instruction defines a word that s usad to control
the actual operation of the B251A.

Both the Mode and Commarnd Instructions muest
conform to a specified saquence for proper device
operation (see Figure 7). Tha Mode Instruction must
ba written mmediataly following a Reset operation,
prior to using the B251A for data communication.

All control words written into the B251A after the
Maoda Instruction will koad the Command Instruction,
Command Instructions can be written into the B251A
at any time in tha data block during the operation of
tha B281A. To raturm to the Made Instruction format,
the master Reset bit in the Command Instruction
word can be set to initiate an internal Reset opera-
tion which automatically places the B251A back into
the Mode Instruction format. Command Instructions
must follow tha Mode Instruction or Sync characters,

Mode Instruction Definition

Tha B251A can ba used for pithor Asynchronous or
Synchronous data communication. To undarstand
how the Mode Instruction defines the functional op-
eration of the 82514, the designer can best view the
device as two separate componants, ona Asynchro-
nous and the other Synchronous, sharing the same
package. Tha format definition can be changed only
aftar a mastar chip Reset. For explanalion purposes
the two formats will be isclated.
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NOTE:
Whian parity is anabled it is not considerad ag one
bits for the purpose of programming
. Tha aclual parity bit recaived on the
cannot be

£
3
2
g
:

the programmed number of Stop bits to each char-
. AlsD, an avan of odd Parity bit is inserted prior
Stop bit(s), as defined by the Mode Instruc-
ion, The character is then transmiited as a saral
straam on the TxD gutput The serial data is
ifted out on tha falling edge of TxC at a rate aqual
10 1, Yy OF V4 that of the TxG, as defined by the
Mode Instruction. BREAK, charactars can ba contin-
uously sant to the TxD i commanded to do so.

HeL

When no data characiers have been loaded inlo the
B251A the TxD output remains “high” {marking) un-
lass & Bragk [continuously low) has been pro-
gramirmad.

Asynchronous Mode (Receive)

Tha AxD line is normally high, A falling edge on this
line triggers the beginning of a START bit. The validi-
ty of this START bit is checked by again strobing this
bit at its nominal center (16X or B4X mode only), If &
low ks detectad again, it is a valid START bit, and the
bit counter will start counting. The bit countar this
locates the center of the data bits, the parity bit (if &
endsts) and the stop bits. If parity error occurs, tha
parity arror flag is set. Data and parity bits are sam-
pled on the AxD pin with the rising edge of the FxC.
If & low level is detected as the STOP bit the Fram-
ing Error fiag will be set. The STOF bit signais the
end of a character. Note that the recefver requires
only one stop bit, regardiess of the number of stop
bits programmed, This character is then loaded into
the parallal 1/0 butter of the 8251A. Tha RxRD'Y pin
is raisad to signal the CPLU that a character is raady
to ba fetched. If a previous character has not baen
felched by the CPU, the character replaces
it in the |/O buffer, and the OVERRUN Ermor flag

B, By By D, D, Dy D,

B (PEN L | L, | Ry

BAUD AATE FACTOR

o 1 o 1

¥ L] 1 1

wone | o | v | rea

CHARAGCTER LENGTH
o 1 0 1

— .

- 1] a 1 1

5 B r a
BITS | BITS | BT | Bivs

FARITY [NABLE

1= ENABLE 0 - DISABLE
EVER PARITY GENERATION/HECK

T 1=EVEN 0= Q0D
NUMBER OF S5TOP BITE

a 1 ] 1

o | i 1

] % T
INVALID| giv | mits | miTs

LY AFFECTS Tx; Ax
REQUIRES MORE
THAN OME STOP BIT)

208227 -8

Figure 8. Mode Instruction Format, Asynchranous Mode
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is raised (thus the previous character is lost). All of
the amor flags can be reset by an Error Resst In-
struction, Thea occurrence of any of thase arrors will
not affect the operation of the B251A.,

Synchronous Mode (Transmission)

Tha TxD oulput & continuously high until the GPU
sends its first character to the 82514 which usually
is & SYNC character. Whan the CTS line goes low,
thi 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.

Onca transmission has started, the data stream at
the TxD output must continue at the TxC rate. If the
CPU does not provide the B251A with & data charac-
ter before the B251A Transmitter Bullers becoma
ampty, the SYMNC characters (or character if in single
SYNC charactar moda) will ba aulomatically inserted
in the T«D data stream. In this case, the TXEMPTY
pin ig raised high to signal that the B251A is ampty
and SYNC characters are being sent out. TREMPTY
doas not go low whan the SYNC s baing shifted out
(sea figure below). The TxEMPTY pin is internally
raset by a data characier being written into the
B251A.

TRANSMITTER OUTFUT

D4 B4 —— Dx

T

GINERATED
BY BIG1A

START

4 4
PARITY ToP |
Tel MARKING plorh DATA BITS i ’-”‘
i i

DES NOT AFFEAR

RECEIVIR SPUT DOy O ————Dn (W THIE DATA BUS
| L o T ulmr o
ETART

A&l AT IJATA,!'I'I sl iTos

FACEOAANEED

CHARMCTER

LEMGTH
TRANEMESSEON FORMAT
CPU BYTE (58 B TS/CHAR|
T
DA T CHAMaCTER

ASSENBLED SERRAL DATA DUTPUT (TaD)

i ¥ i b
START PARITY ToP
BIT CATA CHARACTER T BT

: ’-—-—-—n—r——- F

RECEWE FORMAT
SERI&L DATA |NPUT {RxD}
START iy PARITY HTOP
fo DATA CHARACTER BT s
ik —

CPU BYTE {58 B TSCHAR)"

DAYTA CHARACTER

if character length is defined as 5, &, or 7 bits the unused bits are sl to “reeo’’.

25esz-9
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Figurse 9. Asynchronous Mode
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AUTOMATICALLY INSERTED BY USART
'l'nDI DATA | DATA I'I'IEI{ EWNC Z | DATA | — = = = —
- {’\ NN CHARAETER o e
NOMIRAL CENTER OF LAST 81T N
Synchronous Mode (Receive) the USART ends the HUNT mode and is in charac-

In this mode, charactar

ization can be Inter-
nally or externally achieved. If the SYNC mode has
baen programmed, ENTER HUNT command should
be included in the first command instructon word

written, Data on the BxD pin is then sampled on the

rising edge of FAxC. The contant of
compared at every bit boundary with

charactar until a match occurg. If the 82514 has
been programmed for two SYNC charactoers, the
subsagquent received character is also compared;
whan both SYNC characters have basn dotocted,

he Ax buffer is In the external SYNC mode, synchronlzation is
tha first SYNC achieved by applying a high level on the SYNDET
pin, thus forcing the 8251A out of tha HUNT modea.
Tha high level can be removed after one FxG cycla.
An ENTER HUNT command has no efiect in the

asynchronous mode of oparation.

ter synchronization. The SYMNDET pin is then set
high, and is reset automatically by a STATUS READ.
It parity is programmed, SYNDET will ot be et until
the middla of tha parity bit instead of the middle of
the last dala bit.

D, Dy D, D,

DE n! I:.I nI!I

SCE |ESD | EP | PEN

L L, 0|0

CHARACTER LENGTH

A —— o 1 Li] 1
== .
o o 1 1
5 L] 7 B
BIT: | BITS | BITS | BITS

FARITY ENABLE

(1= ENABLE]
0 = DISABLE)

0=-000

NOTE:

EXTERNAL 3YMNC DETECT
1= S¥YNDET |15 AN INPLUT
0 = SYNOET I3 AN DUTPUT

= SINGLE CHARACTER EYNC

1= SINGLE S¥NC CHARACTER
0= D0DUBLE S¥NC CHARACTER

In external sync mode, programming double character syno will affect anly ths T

EVEN PARITY GEMERATION/CHECK
1= EVEN

BEREE -1

Figure 10. Mode Instruction Format, Synchronous Mode
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Parity arror and overrun amor are both chackad in
the same way as in the Asynchronous Rx mode.
Parity is checked when not in Hunt, regardiess of
whather the Receiver is enabled o not.

The CPU can command the receiver to enter the
HUNT mode if. synchronization is losh This will also
sal all the used character bits in the buffer to a
ona,” thus preventing a possible false SYNDET
caused by data that o be in the Rx Buffer
at ENTER HUNT tima. Note that the SYNDET F/F is
resat at each Status Read, regardless of whether
intarnal or external SYNC has been programmad.
This does not cause the B251A to retumn 1o the
HUNT mode. When in SYNC mode, but not in
HUNT, Sync Detection is still functional, but only oc-
curs at tha “known" word boundaries. Thus, if one
Status Read indicates SYNDET and a second
Status Read also indicates SYNDET, then the pro-
grammed SYNDET characters have bsen received
gince the previous Status Read. (i double character
sync has bean programmed, then both syne charac-
ters have bean contiguousty recaived to gate a SYMN-
DET indication). When sxemnal SYNDET mode is
salected, internal Sync Detect is disabled, and the
SYMDET F/F may be set at any bit boundary.

COMMAND INSTRUCTION
DEFINITION

Once the functional definition of the B8251A has
been programmed by the Mode Instruction and the

Synt characters are loaded (f in Sync Moda) than
the devica is ready 10 be used for data communica-
tion. Tha Command Instruction controls thea actual

ion of the selected format. Functions such as:
Enable Transmit/Receive, Eror Reset and Modem
Controls are provided by the Command instruction.

Once the Mode Instruction has baen written into the
B251A and Sync characlers insarled, of necessary,
then all further "control writes™ (C/0 = 1) will load a
Command Instruction. A Resatl Operation (internal or
external) will retunn the B251A to the Mode Instruc-
tion format.

NOTE:
Intermal Resat on Powar-up:

When power is first appiiad, the 8251A may come up
in the Mode, Sync character or Command format. To
guarantes that the dewvice iz In the Command In-
struction format before the Reset command is is-
sued, It is safest 1o execute the worst-case initializa-
tipn sequance (sync moda with two sync charac-
bers). threa 00Hs consecutively into the de-
vice with C/D = 1 configures sync operation and
writes two dummy 00H sync characters. An Internal
Reset command [40H) may then be issved 10 retum
the device to the “idle” state.

CFU BYTES |58 BITS/CHARI

= i

DaTa CHARACTERS

&

ASSEMBLED SERIAL OATA OUTPUT (TxD)

.

SYMNC
CHAR 2

AYNC
CHAR 1

raTa CHARACTERS

RECEWE FORMAT

EEMIAL DATS INFUT [AxlH

S¥MC
CHAR ¢

SYNC
CHAR 1

DATA CHAHALCTERS

CPUBYTES I5-8 BITS/CHARD

OATA CHARACTERS

205222-12

Figure 11. Data Format, Synchronous Mode
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b, o, 0O, ©, D, 0O, 0O, D
EH iH Ft'ls ER .SHH“ AxE OTRH TaFEN

TRANSMIT ENABLE
1 = prabes
0 = dessble

DATE TERMINGL
READY

“hegh”' wnll force OTHR
oulpit o Zev

RECEIVE EMNABLE
1 = snable

B = deabie

SEMD HEREAK
CHARACTER

1 = jorced Tl ke
0 = normsl operaSon

ERROR RESET

= el wrroe lage
PL DE, FE

AEQUEST T SEND

“hagh™ vl Tarce ATS
Bulpul o rerg

INTERMAL RESET

"Figh” Feluei BIS 1A B0
Mipiie Insrucricn Formar

ENTEA HUNT MODE"

Error Reset must be performed whenever RxEnabla and Enter Hunt are programmed,

1 - enable saarch far Symc
Chaiactsri

*{HAS NO EFFECT I
ASYMC MODE}
208223=-13

Figure 12. Command |fstruction Format

STATUS READ DEFINITION

Iin data communication systems it is often necessary
o examine the “status™ of the active device to as-
cartain if ermors have occumred or other conditions
that raquire the processor's aftention. The B251A
has facilities that allow the programmear o “read™
the status of the davice at any time during the func-
tional operation. (Stalus update is inhibited during
status read.)

2-13

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

Soma of the bits in the Status FRead Format havae
idantical meanings to external output pins so that
the B251A can be used in a complstaly polled or

interrupt-driven emnvironment. TxRDY s an excep-
tion.
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Mote that status update can have a maximum delay of 28 clock perods from the aclual avent affecting the
status.

D, D, o, o, o, D, o, Dg
U Al FE OF PE TEMPTY| RaRDY | TaRDY
| E——
Note 1

SAME DEFINITIONS AS 150 PINS

PARITY ERROR

The PE liag 15 oot when 2 parity
avrof i1 deeRciad I o resed By
the EA bit ol the Corfrsiard
Imvstrucimn. PE doey nedt imdulng
o stion of the 83614

OVERRAUN ERRDR

The OF Plag i3 et wheen the SPL
dlosn ngd sesdd 3 charaches Meloed
thi neal one becomes asailable

1% 15 resed by 1 ER Bl of 1he
Command Insvructian, OF does
md? inhebet operatian of ke B2514,
hepaeir. the previowtly owersum
characier o lasr

FRAMING ERADA {Atyrc only |
The FE Flag it set when & valid
Semep fiel is et detected 31 the
end of every characisr I8 reser
by the ER bt ol thd Command
Irytrisction. FE daes fit imhibet
ke paeration of the B2514

I DATA SET READY Indicabes
I that ibe DSR 3 8t 2 cero level.

rd

HO52EE -4

HOTE:
1. TeRDY status bit has differant maanings from the TxRDY cwtput pin. The former is not conditioned by TTS and TxEN;
the latter is conditioned by both TTS and TxEM.
i, TXADY status bit = DB Butfer Empty
T«RDY pin out = DB Buffer Empty & (CTS = 0) # (TREN = 1)

Figure 13. Status Read Format
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APPLICATIONS OF THE 8251A

‘' ADDRESS BUS !
i_-__ CONTROL BUS : [
i DATA BUS : B -}

|

1

"

Rl ] EI& TO TTL
CONVERT
TuD A— GO —

| I | \

:Fi=g

Fiwl !
BAILID RATE

TaC = =ik
GENMERATOR TERMIMAL

2ER2ER-15

Figure 14. Aaynchronous Serial Interface to CRT Terminal, DC—5800 Baud

Y MCH R OO
TH AN AL
BIFIA AT “_.I OR PERIPHERAL
Tl DEVICE
SYNDET
H8R0=18

Figure 15. Synchronous Interfacs to Terminal or Peripheral Davice
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APPLICATIONS OF THE 8251A (Continued)

| ADDRESS IS 4
Ll ] | CONTROL BS - T
i l | | DATA RS B

s
Tuild
FHONE
Bk AN LINE
HIFS 15 ;
1
RAsl o . B LA
Tol m-:'::m 'I'ILI'H'L'I!
LINE 205222~ 18
Figura 16, Asynchronous Interface to Telephone Lines
- ADCRESS B 1
H : COMTROL BLE. B
[ 1] )
I -
] S—
mEa FHOME
[ ] LINE
b "tact
EYROET m““
oy
Ll ]
=
TR
TELEMHOME
LimE FORER2=17

Figure 17, Synchronous interface to Telephons Lines

NOTES:

1. AC timings measured Vo = 2.0 Vi, = 0.8, and with load circuit of Figure 18.
2 Chip Select (CS) and Command/Data (G/D) ama considerad as Addrosses.

3. Assumes thal Address is valid befora Ap 1.

4. Thia recovery Sime is for Mode Initiaization onty. Write Data is allowed only whan TxRDY = 1. Recovery Time betwean

Writes for Asynchronous Mode is B oy and for Synchronous Mode is 18 Loy

5. The TxC and RxG frequencies have the following limitations with respect to CLK: For 1x Baud Rate, fry or fay <
1/{30 gy): For 18x and Bdx Baud Rats, fry o fay = 1/(4.5 1cy). This applies to Baud Aates loss than or equal to 84X Baud.
6. Reaat Pulse Width — 8 gy minimurn; Systemn clock must be running during Feset.

7. Status update can have a maximum delay of 26 clock periods from the event affecting the status.

8. In eatarmal sync mode the tes spec. requires the ratio of the systern clock (slock) to recede of transmit bit ratios o be

greater than 34,

g. A fioat is defined as tha point whare the data bus falis below a logic 1 (2.0V & Igy imit) or rises above a Logic O (0.8Y @

b, it

2-18
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ABSOLUTE MAXIMUM RATINGS®

NOTICE: This is a production data shest. The spacifi-
cations are subject to change withouwt notice,

Ambisnt Tamparature Under Bias ... ... CCtoT0°C =
Storage Temperature .. ........—685'Cto +150°C WW$ﬁmrm
vﬂmnm;%d-.--......*ﬂrwh*?” mw MﬂwﬂﬁwW$
PoWer DISSIDAION .. ....................... 1N movapeeioon "owdnn the "Operating Condiions
D.C. CHARACTERISTICS Ta = 0°C 1o 70°C, Vo = 5.0V £10%, GND = OV*

Symbol Parameter Min Max Unit Test Conditions

ViL Input Low Voltage —-05 0.8 v

Vil input High Voltage 20 Ve v

Vo Output Low Voltage 0.45 v loL = 2.2 mA

Yo Output High Voltage 2.4 Y o = —400 pA

loFL Oulput Float Loakage +10 pA Vout = Voo to D45V

i Input Leakage +10 A Vin = Vior 1o 0.45V

loe Power Supply Current 100 ma All Qutputs = High
CAPACITANCE Ta = 25C, Voo = GND =

Symbol Paramater Min Max Unit Test Conditlons

Cin Input Capacitance 10 pF fc = 1 MHz

Cyo 170 Capacitance 20 pF Unmeasurad pins returmsd

to GND

A.C. CHARACTERISTICS T, = 0°Cto 70°C, Vg = 5.0V 1 10%, GND = ov*

Bus Parameters (Note 1)

READ CYCLE
Symbol Paramater Min Max Unit Teast Conditions
tan Address Stable Before READ (T5, C/D) i ns (Note 2}
tra Address Hold Time for READ (C8, C/D) 0 ns (Note 2)
taR AEAD Pulse Width 250 na
tan Data Delay from READ 200 ns 3,C_ = 150 pF
tor READ to Data Floating 10 100 ns {Note 1, 9)
WRITE CYCLE
Symbol Parameter Min Max Unit Test Conditions
taw Address Stable Befora WHITE (1] ns
by, Address Hold Time for WRITE 0 na
s WRITE Pulse Width 250 ns
tow Data Set-Up Time for WHITE 150 ns
two Data Held Time for WRITE 20 ns
Ry Recovery Time Betwaan WRITES 2] toy (Note 4)
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A.C. CHARACTERISTICS (Continued)
OTHER TIMINGS
Symbol Parameter Min Max Unit | Test Conditions
ey Clock Period 320 1350 ns | (Note 5, 6)
ty Clock High Pulse Width 120 toy— 80 ns
" Clock Low Pulse Width 80 ns
tm. Clock Risa and Fall Time 20 ns
toTe Tx} Datay from Falling Edga of TxG 1 TS
e Transmitier Input Glock Frequency
1x Baud Rate DC 64 kHz
16x Baud Rate Do aa kHz
64x Baud Rate DC 815 kHz
trow Transmitter Input Clock Pulse Width
1x Baud Rata 12 toy
16x and B4x Baud Rate i Lov
tren Transmittar Input Clock Pulsa Delay
1x Baud Rate 15 toy
18x and B4x Baud Rate 3 oy
frx Recsiver Input Clock Frequancy :
1x Baud Rate Dc 64 kHz
16x Baud Rate oC 310 kHz
B84x Baud Rate oc 615 kHz
tRPw Receiver input Clock Pulse Width
1x Baud Rate 12 oy
16x and 64x Baud Rate 1 loy
trro Receiver Input Clock Pulse Delay
1x Baud Rate 15 toy
16x and S4x Baud Rate 3 toy
treRDY TxADY Pin Delay from Canter of Last Bit 14 toy | (Mota 7}
tTxROY GLEAR | TXADY | from Leading Edge of WH 400 ns | (Mote 7)
tpeRDY AxADY Pin Delay from Centar of Last Bit 28 fcy | (Mote 7)
Aoy GLEAR | R¥ADY | from Leading Edge of AD 400 ng | (Note 7)
b Internal SYNDET Delay from Rising
Edge of FiC 26 | tor | (Nota?)
Extarnal SYNDET Set-Up Tima After
tTeEMPTY TxEMPTY Delay from Center of Last Bit 20 Iy | (Mote 7)
twc Control Dalay from Rising Edge of B (Mot 7)
WRITE (TxEn, OTH, ATS) i
tcm Control to READ Set-Uip Time (O5H, CTS) 20 toy | (Nota 7)
*NOTE:

For Extended Temperature EXPRESS, usa MIL 82514 alactncal paramaters.
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A.C. CHARACTERISTICS (Continuad)

TYPICAL & QUTPUT DELAY V5. A CAPACITANCE (pF)

Lai]

ol ) /
i 4
o
q
e
g o
Ii_' SPEC.
=
=
.|1

10 ‘/

2 /

100 60 [ =50 + 100
4 CAPACITANCE |pF|
FO5EEI_ 18
A.C. TESTING INPUT, OUTPUT WAVEFORM AC. TESTING LOAD CIRCLUIT

4

X

fSEER- A

B25VA T—O QuT
c

L

| AL Tasling: Inputs are drivar 8l 249 Tor 8 Logie 1" and OASY
tor m Logiz 0", Timing measuremenss are made al 20V lor a
Logc "4 and D&V for g Logic 0",

€, - 150 pF
MO5222-21

WAVEFORMS

SYSTEM CLOCK INPUT

Figure 18
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WAVEFORMS (Continued)

— =

- 35714
DWIT4NYS LN

AV 0o om

(DO =8|

e L
i i m_ 1300w XL) Dy

veviva X 118 ¥ivg 7

LIE LHYLS \\\ .7 v1v0 Ny

[ANAH SLHYLE WL N0 ONE Ha)

YiVa ANV N20T0 HIAIFII

X K

wiwad =i

|

RVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVE

\ /

r

)
___._.npll_ _._.|

WUV e

S

YiVQO ANV XNO0T7D HALLINSNYHL
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WAVEFORMS (Continued)

WRITE DATA CYCLE (CPU — USART)

TaRDY j

t}mnnv CLEAR
J— L,
L]

- W —a—l TWD
DON'T CARE | '

DATA N (D8, :‘.. DATA STABLE }

o = [
L ¢'mT ?;1[

CHOh'T CARE

205222-28
READ DATA CYCLE (CPU +— USART)
Inﬂ;l'l" ||ll 'IJ'
F WaADY CLEAR
= : —hm—-L‘—_
—"'4 I-'—‘HI —] }-—Inl
BATA DUT 40,5 DATA FLOAT £ Oatacut acTive J-2ATA FLOAT
o 1R " ———
K52 2-28
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WAVEFORMS (Continued)

WRITE CONTROL OR OUTPUT PORT CYCLE (CPU — USART)

OTR, ATS
INOTE =1] X

r—l'lnw - -4-| L

DATA IM (B8] _}
o/ A Tx
-— (1 1 WA
e \ v
20829327
READ CONTROL OR INPUT PORT (CPU +— USART)
DEHR, CT%
INOTE =2} -}{
— Y — s
s | i
DATA OUT £ e
(11 & 7
-| tAR — LR
eI F3 T 5,
—-—l LAR T
5 \ y T
[ "

NOTES:
1. Twe includas tha responsa iming of a contral Byte.
2. Top mcludes the effect of CTS on tha T<EMBL drguilry,

2-22




S AE T F R UMM SERET A = 1Rl epime

it £
SO = 53 Ee
t._-_1 L L2 LY |..-...._..ru..uu. L) a £ iw=3 vavd [ vl
- N b —— o COCCO JOOROOCT SOOI B
/ iy h A o
=17
|H“Hﬂt M-
B { T g -ﬂh_l. —t T ___..ll‘_-l .
[ .-._.In_l-.—.
_-II__.u“u R bl ﬂ.....l _________ LY]
Lrizn I T P =T T T P

HITHHEI “ISIATHI

B251A

WAVEFORMS (Continued)

intgl.

E-ETEn0E

N WwHS v ¥ WwHG Wi § WeHD W Lwa

(300N DNASY) DNINLL DY GNY TOHLNOD HIAIZI3H

‘Bl B4 2 F ARy s JI08IRD B — TR spdwe

Wiva "L

e

i

ACTYIH i

Lu ST vAE|
Aowis i

| A Lamaug
w2

(300 INASY] DNINLL Dv1d ONY JOHLNOD HILLINSNYHL
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WAVEFORMS (Continued)

] ngerira sl

y 00| HEHS
Tand
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wawdl

BLWAE TR N

L B o FE FE TS
A 0 Y i

R

L3

(300N INAS! DNINLL DY 4 ONY TOHLNGD HALLINSNYHL
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WAVEFORMS (Continuad)

AN JIAA TSI § CSUAS mumay F

AINEG WUAL SHE § "SIER0BIEYTD) Duls 2 ulsg e C|

o Al Fab 5 )
LAV SPEWASH L BOMAR 38 APG ETAWLE) § B0 NAS L 1S 130 INAE L TE
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ASEY WWHT THIDIR 55w HOHD
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