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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; H Fuli-Duplex, Double-Buffersd

internal or External Character Tranamitter and Recelver

Is"'“"""""lm“ zation; Automatic Sync m Error Detection—Parity, Overrun and

Framing

H Asynchronous 5-8 Bit Characters:

Clock Rate—1, 16 or 64 Times Baud m Compatible with an Extended Range of

: leroprocessors
Rate; Break Characler Generation; 1, Intel M
114, 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 B Avallable In EXPRESS and Military 2
Baud Versions

The Intel® B251A i the industry standard Universal Synchronous/Asynchronous Raceiver/Transmitter
(USART), designed for dala communications with Intel’'s microprocessor families such as MCS-48, 80, 85, and
IAPX-BE, BB. The B251A is used as a peripheral device and is programmed by the CPU 1o operate using
virtually any serial data transmission tachnique presantly in use (including IBM “bi-sync™). The USART accepts
data characters from tha CPU in parallel formal and then converts them into a conlinuous seral data stream
for transmission. Simultanecusly, it can receive saral data streams and convart them into parallel data charac-
ters for the CPU. The USART will signal the CPL whenever it can accept a new character for transmission ar
whenéever it has received a character for the CPL. The CPU can read the completa status of the USART at any
time. Thesa include data transmission emors and control signals sech as SYNDET, TkEMPTY. The chip is
fabricated uging 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 Intal® 8251, Tha 8251A oper-
ates with an extended range of Intal microproceas-
gors and maintains compatibility with the B251. Fa-
miliarization time is minimal becauss of compatibility
and involves only knowing the additional features
and enhancements, and reviewing the AC and DC
spacifications of the B251A,

Tha 8251A incorporates all the kay features of tha
B251 and has the following additional faatures and
anhancemants:

* §251A has double-buffered data paths with sepa-
rate |/C registers for control, status, Data In, and
Data Out, which considerably simplifies control
programming and minimizes CPU overhead,

In asynchronous operations, the Receiver de-
tects and handles “break™ automatically, reliev-
ing the CPU of this task.

A rafined Rx initalization prevents the Recever-
from starting when in "break” state, preventing
urwanted interrupis from a disconneciad
USART.

At the conclusion of a transmission, TxD ling will
always return to the marking state unless SBRK
ls programmed.

Tx Enable logic anhancamant prevents a Tx Dis-
able command from haling transmissicn until all
dafta praviously written has bean transmitied. The
logic also prevents the transmitier from turning
off in the middle of a word.

Whan External Syn¢ Detect is pr mead, In-
termal Sync Detect is disabled, and an External
Sync Delect status © provided via a flip-flop
which clears mself upon a status read.

Possibdity of false sync detect is minimized by
ensuring that f doubla character sync 5 pro-
grammed, the characters ba contiguously detect-
ed and also by clearing the Rx regisier o all onas
whanever Enter Hunt command is issued in Sync
mode.

As long as tha B251 A is not selected, the FD and
WH do not affect the internal operation of the
dewica.

The B251A Status can ba read at any tima but tha
status update will ba inhibited during status read.
The B251A is frea from extraneous glitches and
has enhanced AC and DU charactenistics, prowid-
ing higher speed and better oparating margins.

» Synchronous Baud rate from DC to G4K.
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FUNCTIONAL DESCRIPTION

General

Tha B8251A is a Universal Synchronouws/Asynchro-
nous Recalvar/Transmitter designed for a wids
range of Intel microcomputers such as BO48, B0BO,
8085, 2086 and B0B8. Like other 1/ devices in &
micrecamputer systam, its functional configuration is
programred by the system's soffware for maxinum
flexibdity. The B251A can support most saral data
technigues in use, including I1IBM “bi-gync”.

In & communication environment an interface device
must convert parallel formal system dala into serial
format for transmission and conwvart imcoming serial
format data info paralel system data for reception.
The interface device must also delate or insart bils
of charactars that are functionally unique to the
communication technigue. In essence, the intarface
should appear “transparent” to the CPLl, a simple
input or output of byte-oriented system data.

Data Bus Buffer

Thig 3-state bidirectional, B-bit butfer is usad to inter-
faca thea B2B1A to the systemn Data Bus. Data is
trangmitted or racaivad by the buffer upon exacution
of INput or OUTput instructions of tha CPU. Control
words, Command words and Status information are
giso transferred through the Data Bus Buffer. The
Command Status, Data-in and Data-Out registers
are saparate, B-bit registers communicating with the
system bus through the Data Bus Buffer.

This functional block accapts inputs from the systam
Control bus and generates control signals for overall
device operation. it contains the Control Word Reg-
ister and Command Word Register that store the
vanous control formats for the device functional defi-
nitiom.

RESET (Reset)

A “high™ on this inpul forces the B251A into an
"dla" moada. Tha devica will ramain at “idla" until a
mow sat of control words is writtan imo the 8251A to
program its functional definition. Minimum RESET
pulsa width iz B toy (clock must be running).

A command resat oparation also puts the device
into the “ldie™ state,



intgl. 82514

RESEY

L7 A E—

e

CATA - | TRARSMIT
<:\/h R \{_‘> RUFFER f—e TaD
Or U] e — "

b—a= TulmDY

THANRSWIT

controL [ TREMPTY

INTERNAL
DaTa BUS

boa TeC

Ll meceive
BUFFER f=—PRaD 2
m R

—= A= ALY

ol RECEIVE [T
e
COMTROL

—

aae SYMNDETS
BAKDET

~ Fashr ki

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 outputs are referenced to CLKE but the fre-
quency of CLK must be greater tharn 30 tirmes the
Raceivar or Transmitter data bit 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,

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 selacls the B251A. Mo roading
ar wriling will oocur unless the davice is sslactad.
Whan 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 control inputs and oulputs
that can be used to simplity the interface to almost
any modam. The modem control signals are general
purpose in nature and can ba used for functions oth-
or than modern control, If neceassary.

DSR {Data Set Ready)

The DEH input signal is a general-purposa, 1-bit in-
varting input port. Iis condition can ba testad by the
CPU using a Status Read operation. The DSH input
i normally usad 1o test modem conditions guch as
Data Set Ready.

DTR (Data Terminal Ready)

The OTR output signal is a general-purpose, 1-bit
inverting output port. it can be set "low’ by program-
ming tha igte bit in the Command Instruction
word, The output signal is normally used for
modem control such as Data Terminal Roady.

RTS (Request to Send)

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

CTS (Clear to Send)

A& “low" on this input enables the B251A to transmit
saral data if the Tx Enable bit in the Command byte
is sat to & "one". H 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
io T Dizable command before shutting down.
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Transmitter Buffer

The Transmittar Buffer accepis parallal data from
the Data Bus Buffer, comwvarts it to a serial bit stream,
inserts the appropriate characters or bits (basad on
the commumcation technigua) and outpuls a come-
posite serial stream of data on the TxD output pin on
the falling edge of TxC. The transmitter will begin
transmission upon being enabled i TTS = 0. Tha
TxD line will be hald in the marking state immediate-
ly upon a master Reset 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 ransmisson of serial data. it accepts
and issues signals both externally and internally to
accomplish this function.

TxRDY (Transmitter Ready)

This output signals the GPU that the transmitter is
ready to accept a dala character. Tha 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 & Status Read op-
eration. TxADY is aulomalically resal by the leading
edge of WH wheon a data character is loaded from
tha CPLU.

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

TxE (Transmitter Empty)

Whan the B251A has no charactars to send, the
TEMPTY output will go "high™. It resats upon re-
caiving a character from GPU if the transmitter is
anabled. TxEMPTY remains high when the transmit-
tor iz disabled. TxEMPTY can be used to indicate
the end of a transmission mode, so thal the CPU
“knows™ whan 1o "turn the line 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 SYNC characters
are baing shifted out.
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Figure 4. 8251A Block Disgram Showing Hﬂdlm and Transmitter Buffer and Control Functions

TxC (Transmitter Clock)

Thea Transmitter Clock controls the rate at which the
charactar is to ba transmitlad. In the Synchromous
fransmission mode, the Baud Rate (1x) & aqual 1o
the TG fraquency. In Asynchronous transmission
mode, the baud rate is a fraction of the actual T=C
frequency. A portion of the mode instruction selects
this factor; it can ba 1, ¥ or 4, the TG,

For Example:

if Baud Rate equals 110 Baud,

Tul: aquals 110 Hz in the 1x mode,
TxC equals 1.72 kHz in the 16x mode.
ToC equals 7.04 kHz in the 84x moda,

The falling edge of TxC shifts the seral data out of
the B251A.

Receiver Buffer

The Receiver accepts seral data, converts this seri-
al input to parallal format, checks for bits or charac-
tars that are unigua to the communication echnigue
and sends an “assembled” character 1o the CPL.
Sarial data is imput to RxD pin, and = clocked in on
the rising edge of FxC.

Receiver Control

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

The RxD initialization circuit prevents the B251A
from misiaking an unused input line for an active kow
dala line in the “break condition”, Before starting to
recaive sefial characters on the Ax0 line, a valid "1"
must first be detected after a chip master Resat,
Once this has been determined, a search for a valid
low (Start bil) is enabled. This featurs is only active
in the asynchrongus mode, and is only done once
for each master Reset.

The False Start bit detachon circuit prevents false
starts due fo a transient noise spike by first detacting
tha falling edge and then strobing the normal center
of the Start bit (AxD = low).

Parity error detaction sets the cormesponding status
bit.

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




nigl.

8251A

RxRDY (Recelver Ready)

This oculput indicates that the B251A contains a
character that is ready 1o be input t© the CPLL
RxADY can ba connectad to the intermrupt structure
of the CPU or, for polled operation, the CPU can
check tha condition of AxRDY using a Status Read
aperation,

RxEnable, whan off, holds RxRDY In tha Raset Con-
dition. For Asynchronous mode, 1o set RxRDY, the
Recaivar must ha anablad to sanse a Start Bit and a
complate character must be assembled and trans-
ferred to the Data Output Register. For Synchronous
mode, 1o set AxADY, the Receiver must be enabled
and a character must finish assambly and be trans-
ferrad to the Data Output Reagister,

Fallura 1o read the received character from the RAx
Data Output Raegister prior to the assembly of the
naxt Ax Data character will set overrun condition ar-
ror and the previous charactar will be written over
and lost. If the Rx Data is being read by the CPU

when the internal transfer is coowrming, ocweerun anrar
will ba sat and the old character will be lost.

RxC (Receiver Clock)

The Receiver Clock controls the rata at which the
character is o be received. In Synchronous Mods,
the Baud Rate (1x) is equal to the actual fraquancy
of AxC. In Asynchronous Mode, the Baud Rate is a
fraction of the actual RxC frequency. A portion of the
% instruction selects this facior 1, Ve or Y4 tha

For Example;

Baud Rate equals 300 Baud, if

FxC squals 300 Hz in the 1x mode;
FAxC equals 4800 Hz in the 16x mode;
RxG aquals 19.2 kHz in the 64x mode.

Baud Rate equats 2400 Baud, if

AxC equals 2400 Hz in the 1x mode;
FxC equals 38.4 kHz in the 16 mode;
FxC aquals 153.6 kHz in the 64 mode.
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Figure 5. 8251A Block Diagram Showing Recsiver Buffer and Contrel Functions
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%ﬂls sampled into the B251A on the rising adge of

NOTE:

In most communication systems, the B251A will be
handling both the transmission and recaption oper-
ations of a single link. Consaquantly, the Raceive
and Transmit Bawd Rates will ba the same. Both
TuC and RxC will require identical frequencies for
this operation and can be tied together and con-
nectad 10 a single frequency source (Baud Rate
Ganerator) to simplify the intertace.

SYNDET (SYNC Detect/
BRKDET Break Detect)

This pin is used in Synchronous Mode tor SYNDET
and may be used as either nput or cutput, program-
mable through the Control Word. it s reset to output
mode low upon RESET. When used as an output
(internal Sync mode), the SYNDET pin will go “high"
to indicate that the B251A has located the SYNC

character in the Receive mode. If the B251A is pro-
grammed 10 use double Sync characters (bi-sync),
than SYNDET will go “high" in the middle of the last
bit of the second Sync charactar. SYNDET is auto-
matically resel upon a Status RHead oparation.

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

BREAK (Async Mode Only)

This output will go high whenevear tha recaiver re-
mains fow through two consecutive stop bit se-
quances (including the start bits, data bits, and parity
bits). Break Datect may also be read as a Status bit.
It is reset ordy upon a master chip Reset or Ax Data
returning to & "ono’ state.

1 ADDRESS BUS |

1 - CONTROL BUS

il e

RESETY “2
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- RO wE

HISTA

RESET Cuk
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Figure 6. B251A Interface 1o 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 s 1 MODE INSTRUCTION
R SYNE CHARACTER 1
SYNC MODE
R EYHE CHARACTER 7 } LY
Cia | | COMMAMD INSTRLUCTION
o -0 - DATA o
ol COMRAS MDY IMETRLUCTION
cli-8 1: MATA :F
Gl = 1 | COMMAND IMETRUCTION

Fo0FR -7
*Tha second syno characbor & skipped i mods retncion hes
programmad tho B251A to singls Sharasler syne mode. Both
sync characters. ane skipoed i mode Instnciion has programmied

tha BE251A o ssyro mode.

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 ksad 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 8251A, 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:
parity is anabled it is not considerad as one
data bits for the purpose of programming
word length. The actual parity bit received on the
cannot be read on the Data Bus. In
of a programmed character length of less
n 8 bits, the least significant Data Bus bits will
huh;l the data; unused bits are "don't care” when

acter. Alsp, an even or odd Parity bit is insarted prior
1o the Stop bit(s), as defined by the Mode Instruc-
fion. The character is then transmiled &s a saral
data straam on tha TxD output The serial data is
shifted out on the falling edge of TxC at a rate equal
10 1, Yig OF Vo that of the TxL, as defined by the
Muode Instruction. BREAK characters can be contin-
uously sant to the TxD if commanded to do so.

When no data charactars have been loaded inlo the
B8251A the TxD output remains “high™ {marking) un-
less & Breaak [Comtinuously low) has been pro-
gramirmed.

Asynchronous Mode (Recelve)

Tha AxD line is normally high, A falling edge on this
lina triggers the beginning of a STARAT 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 is detected again, it is a valid START bit, and the
bit counter will start counting. The bit countar thus
locates the center of the data bits, the parity bit (if &
andsts) and tha stop bits. If party ermor occurs, the
parity error flag is set. Data and parity bits are sam-
plad on the AxD pin with the rising edge of the FixC.
If & low level is datected as the STOP bit the Fram-
ing Error fiag will be set. The STOP bit signals the
aend of a character. Nota that the receier requiras
only one stop bit, regardiess of the number of stop
bits programmed, This character is than loaded into
the parallal 1/0 butfer of the 8251A. The RxRDY pin
is raised to signal the CPLU that a character is raady
to be fetched. If a previous character has not been
felched by the CPU, the present character replaces
it in the /O buffer, and the OWVERRUN Error flag

B, By By D, D, D, D,

Sy | S [ EPIPEN] Ly | Ly | Ry

BAULD ARATE FACTOR

——— ¥ o 1 1

o L o 1

SYNC
mopE | (1# [ (v | 64

CHARACTER LENGTH

L 1 0 1

e .

& & [ a
BITS | BITS | BITS | BiTS

FARITY [MNABLE

1= ENABLE 0 - DISABLE
EVEMN PARITY GENERATION/CHECK

T 1=zEVEN 0= 00D
NUMBER OF STOP BITE

¢ 1 o ]

o | 1 1

|l
] 1% T |
INVALID| gt | givs | mits
LY AFFECTS Tx: Ax

REQUIRES MORE
THAN ONE STOP BIT)
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Figure 8. Mode Instruction Format, Asynchronous Mode
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is raisad (thus the previous charactar is lost). All of
the amror flags can be reset by an Error Reset In-
struction. Tha occurrence of any of these arrors will
not affect the operation of the B251A.

Synchronous Mode (Transmission)

Tha TxD oulpit Is continuously high until the CPU
sends its first character to the B251A which usually
is & SYNC character. Whan the TTS line goes low,
the first character is serally 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 fransmission has started, the data stream at
the TxD output rmust continue at the TxC rate. If the
CPU does not provide the 8251 A with a data charac-
ter before the B251A Transmilter Bullers becoma
ampty, the SYNC characters (or character if in single
SYNG charactar mode) will ba aulomatically inserted
in the T«D data stream. In this case, the TxEMPTY
pin is raised high to signal that the B251A is empty
and SYMNC characters are being sent out, TxEMPTY
doas not go low whan the SYNC I8 baing shifted out
(sea figure below). The TxEMPTY pin is internally
resat by a data characier being written into the
B251A.
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i .
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RsD AT I DATA BITE ok o

PFACHERAMMED

CHARACTER

LEMGTH

TRANSMISEFON FORMAT

CFU BYTE M58 BITSACHAR |

DaATA CHARACTER

ASSERMBLED SERRAL DATA DUTPUT (Tl
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T

RECEWWE FORMAT

DATA CHARACTER

. fm—
FARITY sToF
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SERIAL DATA INFUT {RxD)
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STARY

i L
L

Y DATA CHARACTER
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—
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If character length is defined as 5, &, or 7 bits the unused bits ane sal to “pera’™.
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Figurs 9. Asynchronous Mode
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AUTOMATICALLY INSERTED BY USART
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MO IRAL CENTER OF LAZT §IT
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nchronous Mode the USART ands the HUNT mode and is in charac-
5’. {H'“WE} ter synchronization. The SYNDET pin is then sat

In this mode, charactar synchronization can be inter- high, and is reset automatically by a STATUS READ.
nally or externally achieved. If the SYNC mode has If parity is programmed, SYNDET will not be set until
baan programmead, ENTER HUNT command should the middla of tha parity bit instead of the middle ol
be included in tha first command instructon word the last data bit.

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

rising edge of AxC. The contant of the Rx buffer is In the external SYNC mode, synchronlization is
compared at every bit boundary with the first SYNC achieved by applying a high level on the SYNDET
character until a match occurs. If the 8251A has pin, thus forcing the 8251A out of the HUNT mode.
been programmed for two SYNC characters, the  The high level can be removed after one RxC cycle.
subsequent receivad character is also compared; An ENTER HUNT command has no ellect in the
whan both SYNC characters have basn detactad, asynchronous mode of oparation.

D, By Dy D, D, O, Dy B,

SCS [Eso| EP (PEN| Ly | L, | O [ ©

CHARACTER LENGTH

e o 1 Li] 1
-
o 1 1
5 L 7 B
BIT: | BITS | BITS | BITS

PARITY ENABLE
{1 = ENABLE]
0 = DISABLE]

EWEN PARITY GEMERATION/CHECK
1= EVEN
0=00DD

EXTERMNAL 3YMNC DETECT
1= S¥YNDET 15 AN INPLT
0 = SYMOET B3 AN DUTPUT

+= SINGLE CHARACTER SYNG

1= SINGLE S¥NC CHARACTER

0= DDUBLE S¥YNC CHARACTER
NOTE: BOSEFR -1
In external sync mode, programming double character sync will aMect anly this Tx

Figure 10. Mode Instruction Format, Synchronous Mode
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Parity arror and overrun amor are both checked in
the same way as in the Asynchronous Rx modea.
Party i checked whan not in Hunt, regardless of
whather the Receiver is enabled or nol.

The CPU can command the receiver to enter the
HUNT mode if. synchronization is lost. 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 happens 1o be in the Rx Buffer
at ENTER HUNT tirma. Mote that the SYNDET F/F s
rasat at each Status Read, regardless of whather
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 RAead indicates SYNDET and a second
Status Read also indicates SYNDET, then the pro-
grammed SYMNDET characters have been receivad
gince the previous Status Read, [ double character
gync has bean programmed, then both syne charac-
ters have bean contiguously received to gate a SYN-
DET indication). When sxtemnal SYNDET mode is
galectad, internal Sync Detect is disabled, and the
SYNDET F/F may ba aet at any bit boundary.

COMMAND INSTRUCTION
DEFINITION

Cnce the functional definition of the B251A has
bean programmed by the Mode Instruction and the

Sync characters are loaded (f in Sync Modae) than
the device is ready 10 be used for data communica-
tion. Tha Command Instruction conirols the actual
operation of the selectad format. Functions such as:
Enabla Transmat/Raceivae, Error Reset and Modam
Contrals are provided by the Command instruction.

Once the Moda Instruction has been written into the
B251A and Sync characlers inserled, of necessary,
then all further "control writes™ (C/D = 1) willload a
Command Instruction. A Resel Operation (internal or
external) will return the B251A to the Mode Instruc-
tion format.

NOTE:
internal Resat on Power-up:

When power is first applied, the 8251A may come up
in the Mode, Sync character or Command format, To
guarantes that the dewvice is In the Command In-
struction format before the Reset command is is-
sued, It is safest 1o execute the worst-case initializa-
ion saquance (syne mode with two syne charac-
ters). three 00Hs consecutively into the de-
vica with C/D = 1 configures sync operation and
writes two dummy D0OH sync characters, An Intermal
Resat command (40H) may then be issued 1o retum
tha device to the “idle™ state.

CPURYTES |5-B BITS/CHARI

B

DATA CHARACTERS

ASSEMBLED SERIAL OATA OUTPUT (TxD)

i
* F

SYMNC
CHAR 2

FYNC
CHAR 1

aTa CHARACTERS

RECE!WE FORMAT

SEMIAL DATS INFUT [Rxl}

S¥NC
CHAR ¢

S¥YNC
CHAR 1

DAaTA CHAHALCTERS

CPU BYTES 158 BITRCHARD

DATA CHARACTERS

&

205222-12

Figure 11. Data Format, Synchronous Mode
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n, o, 0O 0, o0, 0O, O 0
EH iR RTS ER |SBRE| AxE | OTR | TaFN

TRAMSMIT EMNABLE
1 = prabes
O = dessble

DATA TERMIMAEL
READY .
“hegh' wall force OTHA
ouiput io ren

RECEIVE ENABLE
1 = snable

Q= demabie

SEMND HREAK
CHARACTER

1 = jowcmd Tull ke
[ e e ]

ERARDR RESET

Y = e wrrov Nage
PL OE, FE

REQUEST T SEND

“hegh™ el Tarce ATS
oulpul ko reng

INTERMAL RESET

"high” FERueii BIS1A ke
Mg Ingiructicn Formar

ENTEA HLKNT MODE"

Error Reset must be performed whenewer RuEnabla and Enter Hurt are programmed,

1 - smable saarch far Symc
Chaige st

"{HAS N EFFECT IN
ASYMC MODE}
K082 P=13

Figure 12. Command Instruction Format

STATUS READ DEFINITION

In data communication systems. it is often necessary
o examine tha “status™ of the active device to as-
cartain if ermors have occumed or other conditions
that raquire the processor's aftention. The B251A
has facilities that allow the programmer 1o “read”
tha status of the davice at any time during the func-
tional operation. (Stalus update is inhibited during
status raad.)

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

Soma of the bits in the Status Fead Format have
identical meanings to external oulput pins so that
the B251A can be used in a complataly polled or

interrupt-driven environment. TxRDY s an oxcep-
tion.

2-13




intel. e251A

Mote that status update can have a maximum delay of 28 clock perods from the actual avent atfecting the
status.

o, D Dy, O, o, Dy o, Dg
OER 3"1'1“ DE“T1; FE e PE TEMPTY| RaRDY | TaRDY
 —
Mo

SAME DEFINITIONS AR 150 PINS

PARITY ERROR

Tre PE ling 15 oot when 3 parity
avrnf L deeRcead I o resed by
the EB bit ol the Cefrmarm
Imstructimn. PE tisel mdl il
optston of the 83514

OVERRAUN ERRDA

The OE Flag 13 s when vhs CPL
dlosis nod sead 3 characber Felode
thie nead ang becomes asailable

It s reset by T ER Bt of The
Command Invructian, OF does
mid? inhebet operatian of ke B2514,
heatwer. EhE praviowtly owesium
characier m lage

FRAMING ERRADR {85iyrc iy |
Thi FE Flag vi tei when a valid
S bl is mot detected 31 the
end of geery character 18 s reset
by the ER bt ol thd Command
Irmytrsction. FE dags fit imhibet
ki aerakion of the B2514

I DATA SET READY Indicabes
I that ihe DSR 3 &t o cero level.

rd

M5AF2 -1k

NOTE:
1. TaROY siatus bit has differant maanings from the ThRDY output pin. The former is not conditioned by TTS and TxEN;
tha |atter is conditloned by both TTS and TxEM.
i, TXADY status bit = DB Butfer Empty

TxRDY pin out = DB Butfer Empty » (CTS = 0) » (TKEN = 1)

Figure 13. Status Read Format
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APPLICATIONS OF THE 8251A

‘N ADDRESS BUS !
i_-__ CONTROL BUS : [
i DATA BUS : j -}

|

1

;

AnDy fam————] El& TO TTL
CONVERT
70} — O L —

B354 L e — — 4 *
st
BAILID RATE
it p— cAT
GENMERATOR TERMINAL

2UE2EE-15

Figure 14. Aaynchronous Serial Interface to CRT Terminal, DC—5500 Baud

S MICTH Bk O
TR N AL
BIEIA Rl ""_l 08 PERIFHERML
i DEVICE
SYMDET
208220 =18

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

| ADDRERS IS L
T T —
\ DATA RS B

[
Tulr
FHONE
Euh ATTHC LINE
XS ;
i
LI o= L BALEY
ol ul::ll:m 'I'ILI-HL!
LINE 20827218
Figura 168, Asynchronous Intarface to Telephone Lines
(. ADORERS AL 1
H : COMTRAL BLE B
[ 11 )
) DATA BUS 1
Fr N—
pEa 0 P
[ LINE
b -
FYROET -::'::u
] p—
]
mE
TR
TELEMHOME
LimE FORFR2=17

Figure 17, Synchronous interface to Telephone Lines

NOTES:

1. AC timings measured You — 20 Vg = 0.8, and with [oad circuit of Figure 18.

2 Chip Select (CS) and Command/Data (G/0) ana considerad as Addrosses.

3. Assumes tha! Address is valid bafore Ap |

4, Thia recovery iime is for Mode Iniilaiization only. Write Data is allowed only whan TxRDY = 1. Recovery Time betwean
Writes for Asynchronous Mode is B Yoy and for Synchronous Mode i 18 Loy

5, The TG and AxG frequancies have tha following limitations with respect to CLK: For 1x Baud Rate, fr, or fay =

1/(30 tey): For 16x and B4x Baud Rate, fry or fay = 1/{4.5 icy). This applies to Baud Aates less than or equal to 84X Baud.
&, Resat Pulse Width = 8 gy minimurm; Systern clock must be running during Reset.

7. Status update can have a maximum deley of 28 clock periods from the event affecting the atatus. _

8. In eatarmal sync moda the tes spac. requires the ratio of the systern clock (glock) to recedve or transmit bit ratios o be
reater than 34,

E.A.lunid-ﬁ-dnlm point whare the data bus falks balow a logic 1 (2.0V & Igy imit) or rises above a Logic O (0.8Y @

b, it
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ABSOLUTE MAXIMUM RATINGS®

Ambient Tamparature Under Bigs ...... 0'C o TG
Slorage Temperature .. ........—85'Cto +160°C
Voltage on Any Fin

with Respact to Ground. . ........—0.5Vto +7V

NOTICE: This is a production data sheat. The spacifi-
cations are subject to change withowt notice.

" WARNING: mmmmwm Abgoiute
mﬁn:;umﬁm mwmrw
“Operating Condifions” is not recommended and ax-
lended aexposire beyond the "Operating Conditions™
mmwmm

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

Symbol Parameter Min Max Unit Test Conditions

WiL Input Low Voltage —-05 0.8 v

Vil input High Voltage 20 Ver L

VoL Output Low Voltage 0.45 v oL = 2.2 mA

Vo Output High Voltage 2.4 v low = —400 pA

loFL Ouitput Float Leakage +10 pA Vout = Yoo to 0.45V

TR Input Leakage 10 A Vin = Voo 1o 0.45Y

lce: Powear Supply Current 100 ma All Outputs = High
CAPACITANCE T, = 25°C, Vo = GND =

Symbol Paramater Min Max Unit Test Conditlons

Cin Input Capacitance 10 pF fe = 1 MHz

Cyo 1/0 Capacitance 20 pF Unmeasured pins returned

to GND

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

Bus Parameters (Noie 1)

READ CYCLE
Symbal Parameter Min Max Unit Tesi Conditions
tan Address Stable Befora READ (TS, C/D) i ns {Note 2}
tra, Address Hold Time for READ (C8, C/D) 0 ns (Note 2)
tan READ Pulse Width 250 ng
tan Data Delay from READ 200 ns 3,0, = 150 pF
toF READ to Data Floating 10 100 ns {Nota 1, 9)
WRITE CYCLE
Symbaol Paramster Min Max Unit Test Conditlons
taw Address Stabla Bafora WHITE (1] ns
by, Address Hold Time for WRITE 0 na
e WRITE Pulse Width 250 ns
tow Data Set-Up Time for WRTTE 150 ns
o Data Hold Time for WRITE 20 s
ey Recovery Time Betwean WRITES 2] toy (Mot 4)
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A.C. CHARACTERISTICS (Continued)

OTHER TIMINGS

Parameter

Test Conditions

Clock Period

1350

(Note 5, 6)

Clock High Pulse Width

oy 80

Clock Low Pulsa Width

8Bl

Glock Risa and Fall Time

TxD Detay from Falling Edge of TxC

Transmitter Input Clock Frequency
1x Baud Rate
16x Baud Rate
64x Baud Rate

883

a0
815

Transmitter Input Clock Pulse Width
1x Baud Rate
16x and B4x Baud Rate

Transmittar Input Clock Fulza Delay
1x Baud Rate
16x and B4x Baud Rate

§5 |65 |53 [v(2(3|2|2|E

Recsiver Input Clock Frequency
1x Baud Rate
1éx Baud Rate
Gdx Baud Raba

310
615

kHz
kHz
kHz

Recawer input Clock Pulze Width
1% Baud Rate
18x and B4y Baud Rate

Recatvar Input Clock Pulse Delay
ix Bawd Rate
18x and 64x Baud Rate

TxADY Pin Delay from Center of Last Bit

14

(Note 7)

T¥ADY | from Leading Edge of WH

(Note 7)

RxADY Pin Delay from Center of Last Bit

(MNote T)

RxADY | from Leading Edge of AD

(Note 7)

Imternal SYNDET Delay from Rising
Edge of FixC

% &8

§ 39219199 |29

(Note 7)

External SYNDET Sat-Up Time After
Rising Edge of FxC

16 oy

tapD—CY

(MNote 7)

tTxEMPTY

TxEMPTY Dealay from Center of Last Bit

(Note 7)

twc

Conttrol Delay from Rising Edge of
WRITE (TxEn, OTH, FTS)

{Note 7)

tcn

Control to READ Sat-Up Time (OBR, TTS)

20

919 2] @

{Note 7)

NOTE:
For Extended Temperatune EXPRESS, usa MIL 2514 alacincal paramaters.
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A.C. CHARACTERISTICS (Continuad)

TYPICAL & OUTPUT DELAY V5. A CAPACITANCE (pF)

L.

ol ) /
E =
e
L
=
&
- [}
Ii_' SPEC
-
]
-I1

-0 /

2 /

- 100 ) 0 *50 +10d
A EAPACITANCE |pF|
Pa i Lt B ]
A.C. TESTING INPUT, OUTPUT WAVEFORM AC. TESTING LOAD CIRCUIT

A

D i

FOSFER- A

B25NA T—O QuT
c

L

| AL Testing: Irnputs are drivar 8l 2.8Y Tor 8 Logie 1" and OASY
tor @ Logiz 0", Timing measuremenss are made &l 20V lor a
Logic 1% and 0 &V for a Logic 0",

€, - 160 pF
20522221

WAVEFORMS

SYSTEM CLOCK INPUT

Figure 18

CLOCK 2
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WAVEFORMS (Continued)

357N
DNITdWYS LN

AV i300msn om

[30M =8l
SOMHHIS %M B _

| - m_ {300W *1L) Jny

I
veviva X 118 ¥iva i Li8 LHVLS \\\ #_ v 1w Y

[AHIH FLHYLE W3 L0 e 2 )

YiVa ONV MO0 HIAIZI3M

\ = e

VWAV VYV oo

) / y .._w..| T 1300W 1} Qo)

Y.1Va ONY X070 HILLINSNYHL
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WAVEFORMS (Continued)

WRITE DATA CYCLE (CPU — USART)

TaRDY j
%t}ﬂ'n!ﬂ\" CLEAR

i s

OO T CARE + T CA
{ DATA STABLE } CON'T CARE

" &= =
e ¢¥AT "r:;lf

DATA BN (DA,

s T-28
READ DATA CYCLE (CPU +— USART)
lll!l-&'l" i \i
F WMADY ELEAR
= . —un—-k—_
—--4 I-l—hq: — }-—In'
EIATA DUT 40K DATA FLOAT § DataouT AcTive ) DATA FLOAT
o a8 (=) [—
- | Y A, —
K522 2-28
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WAVEFORMS (Continuad)

WRITE CONTROL OR OUTPUT PORT CYCLE (CPU — USART)

DTR, ATS

[RDTE =1] K_-

.

r-—"lnw - -—-Jtlwu
&

DATA IN (B8] {

- e EEWY = FALA

o/ A T.\___

s w'|,~-'|_ Law -‘—'}h"ﬂ.

20820397
READ CONTROL OR INPUT PORT (CPU +— USART)
DER, CT%
INOTE =2} X
P
s | '
—u-l |.._ tﬂu = = TOE
DATA OUT F e
DA & s
-| AR e |-—
il Fi T %,
TAR —=i A
a N —

HOTES:
1. Twe includas tha responsa iming of a contral Byte.
2. Top ecludes the eifect of CTS on the TeENBL drouity,
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WAVEFORMS (Continued)
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w1
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i— i | . g
— 1 i 1 i E— | |
|
.—.'| - AqrE E
u.-d“_ — bl . ._.m.....l _________ L1]
j L T bl ene A
4v|.___1 ——r - = - w el
(300N DNASY) DNINLL DY ONY TOHLNOD HIAIZDIY
&7 TR0 -
3 2:
= mm ‘SHE D0 7 F ARG LI RIDRIRED B L — TRUUCY epdweg
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WAVEFORMS (Continued)
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LE=ETEG0E
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WAVEFORMS (Continued)
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