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Programmable Communication Interface

The Intel M8251A is the enhanced version of the industry standard, Intel M8251 Universal
Synchronous/Asynchronous Receiver/Transmitter (USART), designed for data communications with
Intel’s microprocessor families such as MCS-48, 80, 85, and M8086, M8088, M80186. The M8251A
is used as a peripheral device and is programmed by the CPU to operate using virtually any serial
data transmission technique presently in use (including IBM “bi-sync”). The USART accepts data
characters from the CPU in parallel format and then converts them into a continuous serial data
stream for transmission. Simultaneously, it can receive serial data streams and convert them into
parallel data characters for the CPU.
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M8251A
PROGRAMMABLE COMMUNICATION INTERFACE
Military
[ ] Synchronous and Asynchronous - n FuII-Duplex, Double-Buffered

Operation

m Synchronous 5-8 Bit Characters;

" Internal or External Character
Synchronization; Automatic Sync
Insertion

m Asynchronous 5-8 Bit Characters;
Clock Rate—1, 16, or 64 Times Baud
Rate; .Break Character Generation; 1,
114, or 2 Stop Bits; False Start Bit
Detection; Automatic Break Detect
and Handling '

B Synchronous Baud Rate—DC to 64K
Baud

m Asynchronous Baud Rate—DC to 19.2K

Transmitter and Receiver

Error Detection—Parity, Overrun, and
Framing

Compatible with an Extended Range of
Intel Microprocessors

Military Temperature Range:
—55°C to +125°C (T¢)

All Inputs and Qutputs are TTL
Compatible

Single + 5V Supply
Single TTL Clock

m Available in 28 Pin DIP or 28LCC

Packages

The Intel MB251A is the enhanced version of the industry standard, intel M8251 Universal Synchronous/Asyn-
chronous Receiver/ Transmitter (USART), designed for data communications with Intel’s microprocessor fami-
lies such as MCS®-48, 80, 85, and M8086, M8088, M80186. The M8251A is used as a peripheral device and is
programmed by the CPU to operate using virtually any serial data transmission technique presently in use
(including IBM “bi-sync”). The USART accepts data characters from the CPU in parallel format and then
converts them into a continuous serial data stream for transmission. Simultaneously, it can receive serial data
streams and convert them into parallel data characters for the CPU, The USART will signal the CPU whenever
it can accept a new character for transmission or whenever it has received a character for the CPU. The CPU
can read the complete status of the USART at any time. These include data transmission errors and control
signals such as SYNDET, TXEMPTY. The chip is fabricated using N-channel silicon gate technology.
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M8251A

FEATURES AND ENHANCEMENTS

The M8251A is an advanced design of the industry
standard USART, the Intel M8251. The M8251A op-
erates with an extended range of Intel microproces-
sors and maintains compatibility with the M8251. Fa-
miliarization time is minimal because of compatibility
and involves only knowing the additional features
and enhancements, and reviewing the AC and DC
specifications of the MB8251A,

The MB251A incorporates all the key features of the
M8251 and has the following additional features and
enhancements:

e M8251A has double-buffered data paths with
separate 1/0 registers for control, status, Data In,
and Data Out, which considerably simplifies con-
trol programming and minimizes CPU overhead.

® |n asynchronous operations, the Receiver de-
tects and handles “break” automatically, reliev-
ing the CPU of this task.

¢ A refined Rx initialization prevents the Receiver
from starting when in “break” state, preventing
unwanted interrupts from a disconnected
USART.

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

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

¢ When External Sync Detect is programmed, In-
ternal Sync Detect is disabled, and an External
Sync Detect status is provided via a flip-flop
which clears itself upon a status read. -

¢ Possibility of false sync detect is minimized by
ensuring that if double character sync is pro-
grammed, the characters be contiguously detect-
ed and also by clearing the Rx register to all ones
whenever Enter Hunt command is issued in Sync
mode.

‘s As long as the M8251A is not selected, the RD
and do not affect the internal operation of the
device.

¢ The MB251A Status can be read at any time but
the status update will be inhibited during status
read.

¢ The MB251A is free from extraneous glitches and
has enhanced AC and DC characteristics, provid-
ing higher speed and better operating margins.

e Synchronous Baud rate from DC to 64K,
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FUNCTIONAL DESCRIPTION

General

The M8251A is a Universal Synchronous/Asynchro-
nous Receiver/Transmitter designed for a wide
range of Intel microcomputers such as M8048,
M8080, M8085, M8086, M8088 and M80186. Like
other I/O devices in a microcomputer system, its
functional configuration is programmed by the sys-
tem’s software for maximum flexibility. The M8251A
can support most serial data techniques in uss, in-
cluding IBM “bi-sync.”

in a communication environment an interface device
must convert parallel format system data into serial
format for transmission and convert incoming serial
format data into parallel system data for reception.
The interface device must also delete or insert bits
or characters that are functionally unique to the
communication technique. In essence, the interface
should appear “transparent” to the CPU, a simple
input or output of byte-oriented system data.

Data Bus Buffer

This 3-state, bidirectional, 8-bit buffer is used to in-
terface the M8251A to the system Data Bus. Data is
transmitted or received by the buffer upon execution
of INput or OUTput instructions of the CPU. Control
words, Command words and Status information are
also transferred through the Data Bus Buffer. The
Command Status, Data-In and Data-Out registers
are separate, 8-bit registers communication with the
system bus through the Data Bus Buffer.

This functional block accepts inputs from the system
Control bus and generates control signals for overall
device operation. It contains the Control Word Reg-
ister and Command Word Register that store the
various control formats for the device functional defi-

nition.

RESET (Reset)

A “high” on this input forces the M8251A into an
“Idle” mode. The device will remain at “Idle” until a
new set of control words is written into the M8251A
to program its functional definition. Minimum RESET
pulse width is 6 toy (clock must be running).

A command reset operation also puts the device
into the “Idle” state. :

B 432b17b 0087218 LOL IH
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CLK (Clock)

The CLK input is used to generate internal device
timing and is normally. connected to the Phase 2
(TTL) output of the Clock Generator. No external in-
puts or outputs are referenced to CLK but the fre-
quency of CLK must be greater than 30 times the

Recsiver or Transmitter data bit rates.

WR (Write)

A “low” on this input informs the M8251A that the
CPU is writing data or control words to the M8251A.

RD (Read)

M8251A

C/D (Control/Data)

This input, in conjunction with the WR and RD in-
puts, informs the M8251A that the word on the Data
Bus is either a data character, control word or status
information.

1 = CONTROL/STATUS; 0 = DATA.

CS (Chip Select)

A “low” on this input selects the M8251A. No read-
ing or wrltmg will occur unless the device is selected.
When TS is high, the Data Bus is in the float state
and RD and WR have no effect on the chip.

A “low" on this input informs the M8251A that the
CPU is reading data or status information from the

M8251A. : : The M8251A has a set of control inputs and outputs
- that can be used to simplify the interface to almost
any modem. The modem control signals are general

Modem Control

purpose in nature and can be used for functions oth-
TaorrEn et er than modem control, if necessary.
(P51
DSR (Data Set Ready)
[~ TaROY ‘The DSR input signal is a general-purpose, 1-bit in-
T pruemery verting mput port. Its condition can be tested by the
pe-ToT CPU using a Status Read operation. The DSR input
is normally used to test modem conditions such as
Dat Set Ready.
GER T — " |
o <_1 mecewe | DTR (Data Terminal Ready)
BUFFER Je—"" . '
,‘I’r*;l mm_m N T ¢ " The DTR output signal is a general-purpose, 1-bit

inverting output port. It can be set “low” by program-

_ming the appropriate bit in the Command Instruction
word. The DTR output signal is normally used for
modem control such as Data Terminal Ready.

/ RxRDY
RECEIVE st

INTERNAL I
DATA BUS CONTROL SYNDEY/

BAKDET

~o RTS (Request to Send)

271033-4

The RTS output signal is a general-purpose, 1-bit
inverting output port. It can be set “low” by program-
ming the appropriate bit in the Command Instruction
word. The output signal is normally used for

" Figure 3. M8251A Block Diagram Showing Data
Bus Buffer and Read/Write Logic Functions

Cc/D RD WR CS : modem control such as Request to Send.
0 0 1 0 M8251ADATA — DATABUS
0 1 0 0 DATABUS— MB251ADATA CTS (Clear to Send)
1 0 1 .0 STATUS — DATABUS
1 1 0 0 DATABUS— CONTROL A “low” on this input enables the M8251A to trans-
X 1 1 0 DATABUS — 3-STATE mit serial data if the Tx Enable bit in the Command
X X X 1 DATABUS-—» 3-STATE b%e is set to a “one.” If either a Tx Enable off or
- off condition occurs while the Tx is in operation,
[ | .73
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MB8251A

the Tx will transmit all the data in the USART, written
prior to Tx Disable command before shutting down.

Transmitter Buffer

The Transmitter Buffer accepts parallel data from
the Data Bus Buffer, converts it to a serial bit stream,
inserts the appropriate characters or bits (based on
the communication technique) and outputs a com-
posite serial stream of data on the TxD output pin on
the falling edge of TxC. The transmitter will begin
transmission upon being enabled if CTS = 0, The
TxD line will be held in the marking state immediate-
ly upon a master Reset or when Tx Enable or CTS is
off or the transmitter is empty.

Transmitter Control

The Transmitter Control manages all activities asso-

ciated with the transmission of serial data. It 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 {o accept a data character. The TxRDY output
pin can be used as an interrupt to the system, since
it is masked by TxEnable; or, for Polled operation,
the CPU can check TxRDY using a Status Read op-
eration. TxRDY is automatically reset by the leading
edge of WR when a data character is loaded from
the CPU.

Note that when using the Polled operation, the
TxRDY status bit is not masked by TxEnable, but
will only indicate the Empty/Full Status of the Tx
Data Input Register. ‘

TxE (Transmitter Empty)
When the M8251A has no characters to send, the

TXEMPTY output will go “high.” It resets upon re--

ceiving a character from the CPU if the transmitter is
enabled. TXEMPTY remains high when the transmit-
ter is disabled. TXEMPTY can be used to indicate
the end of a transmission mode, so that the CPU
“knows” when to “turn the line around” in the half-
duplex operational mode.

In the Synchronous mode, a “high” on this output
indicates that a character has not been loaded and
the SYNC character or characters are about to be or
are being transmitted automatically as ‘“fillers.”
TXTEMPTY does not go-low when the SYNC char-
acters are being shifted out. :
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Figure 4. M8251A Block Dlagram Showing
Modem and Transmitter Buffer and
Control Functions

TxC (Transmitter Clock)

The Transmitter Clock controls the rate at which the
character is to be transmitted. In the Synchronous
transmission mode, the Baud Rate (1x) is equal to
the TxC frequency. In Asynchronous transmission
mode, the baud rate is a fraction of the actual TxC
frequency. A portion of the mode instruction selects
this factor; it can be 1, 14g or 144 the TXC.

For Example:
If Baud Rate equals 110 Baud,
TxC equals 110 Hz in the 1x mode.
TxC equals 1.72 KHz in the 16x mode.
TxC equals 7.04 KHz in the 64x mode.

The falling edge of TxC shifts the serial data out of
the M8251A.

Receiv_ef Buffer

The Receiver accepts serial data, converts this seri-

al input to parallel format, checks for bits or charac-
ters that are unique to the communication technique
and sends an “assembled” character to the CPU.
Serial data is input to RxD pin, and is clocked in on
the rising edge of RxC.




intel@

Receiver Control

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

“The RxD initialization circuit prevents the M8251A
from mistaking an unused input line for an active low
data line in the “break condition.” Before starting to
receive serial characters on the RxD line, a valid “1"
must first be detected after a chip master Reset.
Once this has been determined, a search for a valid

- low (Start bit) is enabled. This feature is only active

in the asynchronous mode, and is only done once

for each master Reset.

The False Start bit detection circuit prevents false
starts due to a transient noise spike by first detecting
the falling edge and then strobing the nommal cen-
ter of the Start bit (RxD = low).

Parity error detection sets the corresponding' status
bit.

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

RxRDY (Receiver Ready)

This output indicates that the MB251A contains a
character that is ready to be input to the CPU.
RxRDY can be connected to the interrupt structure
of the CPU or, for polled operation, the CPU can
check the condition of RxRDY using a Status Read
operation.

RxEnable, when off, holds RxRDY in the Reset Con-
dition. For Asynchronous mode, to set RxRDY, the
Receiver must be enabled to sense a Start Bit and a
complete character must be assembled and trans-
ferred to the Data Output Register. For Synchronous
mode, to set RxRDY, the Receiver must be enabled
and a character must finish assembly and be trans-
ferred to the Data Qutput Register.

Failure to read the received character from the Rx
Data Output Register prior to the assembly of, the
next Rx Data character will set overrun condition er-
ror and the previous character will be written over
and lost. If the Rx Data is being read by the CPU
when the-internal transfer is occurring, overrun error
will be set and the old character will be lost.

RxC (Receiver Clock)

"The Receiver Clock controls the rate at which the
character is to be received. In Synchronous Mode,

| - '
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the Baud Rate (1x) is equal to the actual frequency
of RxC. In Asynchronous Mode, the Baud Rate is a
fraction of the actual RxC frequency. A portion of the
mode instruction selects this factor: 1, %js or Vg4 the
RxC.

For example:

Baud Rate equals 300 Baud, if

RxC equals 300 Hz in the 1x mode;
RxC equals 4800 Hz in the 16x mode;
RxC equals 19.2 KHz in the 64x mode.

Baud Rate equals 2400 Baud, if _
RxC equals 2400 Hz in the 1x mode;
BxC equals 38.4 KHz in the 16x mode;
??C equals 153.6 KHz in the 64x mode.

Data is sampled into the M8251A on the rising edge
of AxXC.

NOTE:

~ In most communications, the M8251A will be han-

dling both the transmission and reception opera-
tions of a single link. Consequently, the Receive
and Transmit Baud Rates will be the. same. Both
TxC and BxC will require identical frequencies for
this operation and can be tied together and con-
nected to a single frequency source (Baud Rate
Generator) to simplify the interface.

DATA TRANSMIT _—
: BUS BUFFER f—a Tn
) | BUFFER P45)
RESET .| <":> |— TaRDY
cLx
=1 READ/WRITE
W] contrOL gﬂ%‘: e TREMPTY
RB__.o LOGIC ) o
W I~ :
a___|
DSH [
oTe
MODEM R
T CONTROL
- pa— <_——>
/ AxRDY
INTERNAL mc
DATA BUS . SYNDET/
ORKDET
271033-6

Figure 5. M8251A Block Diagrarh Showing
Receiver Buffer and Control Functions
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SYNDET (SYNC Detect)/
BRKDET (Break Detect)

This pin is used in Synchronous Mode for SYNDET
and may be used as either input or output, program-
mable through the Control Word. It is reset to output
mode low upon RESET. When used as an output
(internal Sync mode), the SYNDET pin will go “high”
to indicate that the MB8251A has located the SYNC
character in the Receive mode. If the MB251A is
programmed to use double Sync characters (bi-
sync), then SYNDET will go “high” in the middie of
the last bit of the second Sync character. SYNDET
is automatically reset upon a Status Read operation.

When used as an input (external SYNC detect
mode), a positive going signal will cause the
M8251A to start assemblin
rising edge of the next RxC. Once in SYNC, the
“high” input signal can be removed. When External
SYNC Detect is programmed, Internal SYNC Detect
is disabled.

BREAK (Async Mode Only)

This output will go high whenever the receiver re-
mains low through two consecutive stop bit se-
quences (including the start bits, data bits, and parity
bits). Break Detect may also be read as a Status bit.
It is reset only upon a master chip Reset or Rx Data
returning to a “one” state.

DETAILED OPERATION DESCRIPTION

General

The complete functional definition of the M8251A is
programmed by the system’s software. A set of con-

¢ ADDRESS BUS 3

5I CONTROL BUS
70 nl 7o w nisnl ‘"'l-zil

DATA BUS

il

data characters on the -

cB D,-D, WR  RESET CLK
MAZF1A
271033-7
Figure 6. M8251A Interface to M8080
Standard System Bus
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trol words must be sent out by the CPU to initialize
the M8251A to support the desired communications
format. These control words will program the : BAUD
RATE, CHARACTER LENGTH, NUMBER OF STOP
BITS, SYNCHRONOUS or ASYNCHRONQUS OP-
ERATION, EVEN/ODD/OFF PARITY, etc. In the
Synchronous Mode, options are also provided to se-

lect either internal or external character synchroni-
zation. :

Once programmed, the M8251A is ready to perform
its communication functions. The TxRDY output is
raised “high” to signal the CPU that the M8251A is
ready to receive a data character from the CPU. This
output (TxRDY) is reset automatically when the CPU
writes a character into the M8251A. On the other
hand, the M8251A receives serial data from the MO-
DEM or 170 device. Upon receiving an entire charac-
ter, the RxRDY output is raised “high” to signal the
CPU that the M8251A has a complete character
ready for the CPU to fetch. RxRDY is reset automati-
cally upon the CPU data read operation.

The MB251A cannot begin transmission until the Tx
Enable (Tranmitter Enable) bit is set in the Com-
mand Instruction -and it has received a Clear To
Send (CTS) input. The TxD output WI“ be held in the
marking state upon Reset.

Programming the M825 1A

Prior to starting data transmission or reception, the
M8251A must be loaded with a set of control words
generated by the CPU. These control signals define
the complete functional definition of the M8251A
and must immediately follow a Reset operation (in-
ternal or external).

!

C/C= t MOODE INSTRUCTION
C=1 SYNC CHARACTER 1 t
* SYNC MODE
ez SYNC CHARACTER 2 ONLY
C/O=1 | COMMAND INSTRUCTION
co=0 DATA <
WGER COMMAND INSTRUCTION
¢ =D - Data :I
cfo=1 | COMMAND INSTRUCTION

271033-8
* The secand SYNC character is skipped if MODE instruction has
programmed the M8251A to single character Internal SYNC
Mode. Both SYNC characters are skipped if MODE instruction
has programmed the MB251A to ASYNC Mode or External SYNC
Mode.

Figure 7. Typical Data Block
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The control words are split into two formats:

1. Mode Instruction
2. Command Instruction

Mode Instruction

This instruction defines the general operational
characteristics of the M8251A. It must follow a Re-
set operation (internal or external). Once the Mode
Instruction has been written into the M8251A by the
CPU, SYNC characters or Command Instructions
may be written.

| Command Instruction

This instruction defines a word that is used to control
the actual operation of the M8251A.

Both the Mode and Command Instructions must.

conform to a specified sequence for proper device
operation (see Figure 7). The Mode Instruction must
be written immediately following a Reset operation,
prior to using the M8251A for data communication.

All control words written into the M8251A after the
Mode Instruction will load the Command Instruction.
Command Instructions can be written into the
MB251A at any time in the data block during the
operation of the M8251A. To return to the Mode In-
struction format, the master Reset bit in the Com-
mand Instruction word can be set to initiate an inter-
nal Reset operation which automatically places the
M8251A back into the Mode Instruction format.
Command Instructions must follow the Mode In-
structions or Sync characters.

Mode Instruction Definition

The M8251A can be used for either Asynchronous
or Synchronous data communication. To understand
how the Mode Instruction defines the functional op-
eration of the M8251A, the designer can best view
the device as two separate components, one Asyn-
chronous and the other Synchronous, sharing the
same package. The format definition can' be
changed only after a master chip Reset. For expla-
nation purposes the two formats will be isolated.

NOTE:
When parity is enabled it is not considered as one
of the data bits for the purpose of programming the
word length. The actual parity bit received on the
Rx Data Line cannot be read on the Data Bus. In
the case of a programmed character length of less
than 8 bits, the least significant Data Bus bits will

B 482617k 0087223 T73 A
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hold the data; unused bits are “don’t care” when
writing data to the M8251A, and will be “zeros”
when reading the data from the M8251A.

Asynchronous Mode (Transmission)

Whenever a data character is sent by the CPU the
M8251A automatically adds a Start bit (low level)

. followed by the data bits (least significant bit first),

and the programmed number of Stop bits to each
character. Also, an even or odd Parity bit is inserted
prior to the Stop bit(s), as defined by the Mode In-
struction. The character is then transmitted as a seri-
al data stream on the TxD output. The serial data is
shifted out on the falling edge of TxC at a rate equal
to 1, V4e, OF Y4 that of the TxC, as defined by the
Mode Instruction. BREAK characters can be contin-
uously sent to the TxD if commanded to do so.

When no data characters have been loaded into the
M8251A the TxD output remains “high” (marking)
unless a Break (continuously low) has been pro-
grammed. - - .

Asynchronous Mode (Receive)

The RxD 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 64X mode only). If a
low is detected again, it is a valid START bit, and the
bit counter will start counting. The bit counter thus
locates the center of the data bits, the parity bit (if it

Dr?sosDQDJD?D‘D'

s, | s, |er[PEn| b L, ) B, 8
| BAUD RATE FACTOR
] 1 ] 1
0 ] ' 1
iy

SYNC
MODE (x| 1vex) | i)

CHARACTER LENGTH
a 1 ]

1
0 a 1 1
1

5 [ T
BITS § BITS | BITS | BITS

PARITY ENABLE

T2ENABLE O=DISABLE )

EVEN PARITY GENERATION/CHECK
1= EVEN 0 =0DD

NUMBER OF STOF BITS
o 1 L]

1
o L] 1 1
2

invauiol ol | atve | as
ONLY AFFECTS Tx; Rx
AEOUIRES MORE
THAN ONE STOP BIT)

271033-8

Figure 8. Mode Instruction Format,
Asynchronous Mode
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exists) and the stop bits. If parity error occurs, the
parity error flag is set. Data and parity bits are sam-
pled on the RxD pin with. the rising edge of RxC. If a
low level is detected as the STOP bit, the Framing
Error flag will be set. The STOP bit signals the end of
a character. Note that the receiver requires only one
stop bit, regardless of the number of stop bits pro-
grammed. This character is then loaded into the par-
allel 170 buffer of the M8251A. The RxRDY pin is
raised to signal the CPU that a character is ready to
be fetched. If a previous character has not been
fetched by the CPU, the present character replaces
it in the 1/0O buffer, and the OVERRUN Error flag is
raised (thus the previous character is lost). All of the

. error flags can be reset by an Error Reset Instruc-
tion. The occurrence of any of these errors will not

affect the operation of the M8251A.

Synchronous Mode (Transmission)
The TxD output is continuously high until 'the CPU

sends its first character to the M8251A which usually

is @ SYNC character. When the CTS line goes low,
the first character is serially transmitted out. All char-
acters are shifted out on the falling edge of TxC.
Data is shifted out at the same rate as the TxC.

GENERATED

TRANSMITTER OUTPUT DgDj---=Du  BY8251A '
_ ; | .
START f PARITY _"'m’ |
™o MaRKkiNG | T gd DATA BITS oIt ktoe
DOES NOT APPEAR
RECEIVER INPUT Dp Dy —-=-Dx ON THE DATA BUS
| START 8 PARITY sTOP l
RxD fash | DATA 8I7S . I sTor
rr
PROGRAMMED

CHARACTER
LENGTH

TRANSMISSION FORMAT
CPU BYTE (58 BITS/CHAR)

¥
DATA CHARACTER
%

e

ASSEMBLED SERIAL DATA QUTPUT (TxD}

START g PARITY sTOP
[ ot I DATA CHARACTER | ek [ e
T 'y —

RECEIVE FORMAT
SERIAL DATA INPUT (RxD)
1 — +
STAAT PARITY sTOP I
BIT DA'IACH.Q'R:RCI'ER I BIT IS

CPUBYTE (58 BITS/CHAR)*
' —

I DATA CHARACTER |
i %

*NOTE: 271033-10
It character length is defined as 5, 6 or 7 bits the un-
used bits are set to “zero”.

Figure 9. Aysnchronous Mode
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Once transmission has started, the data stream at
the TxD output must continue at the TxC rate. If the
CPU does not provide the M8251A with a data char-
acter before the M8251A Transmitter Buffers be-
come empty, the SYNC characters (or character if in
single SYNC character mode) will be automatically
inserted in the TxD data stream. In this case, the
TXEMPTY pin is raised high to signal that the
MB8251A is empty and SYNC characters are being
sent out. TXEMPTY does not go fow when the SYNC
is being shified out (see figure below). The
TxEMPTY pin is internally reset by a data character
being written into the M8251A.

AUTOMATICALLY INSERTED BY USART

=D IiATA [ DATA [ SYNC 1] SYNC 2 ] DATA l _____ ]
FALLS UFON CPU WRITING A
CHARACTER TO THE USART

TuEMPTY

NOMINAL CENTER OF LAST 81T
271033-11

Synchronous Mode (Receive)

In this mode, character synchronization can be inter-
nally or exlemaily achieved. If the SYNC mode has
been programmed, ENTER HUNT command should
be included in the first command instruction word
written. Data on the RxD pin is then sampled on the

-rising edge of RxC. The content of the Rx buffer is

compared at every bit boundary with the first SYNC
character until a match occurs. If the M8251A has
been programmed for two SYNC characters, the
subsequent received character is also compared,
when both SYNC characters have been detected,
the USART ends the HUNT mode and is in charac-
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 set until
the middle of the parity bit instead of the middle of
the last data bit.

In the external SYNC mode, synchronization is
achieved by applying a high level on the SYNDET
pin, thus forcing the M8251A out of the HUNT mode.
The high level can be removed after one RxC cycle.
An ENTER HUNT command has no effect in the
asynchronous mode of operation.

Parity error and overrun error are both checked in
the same way as in the Asynchronous Rx mode.
Parity is checked when not in Hunt, regardiess of

‘whether the Receiver is enabled or not.

The CPU can command the receiver to enter the
HUNT modse if synchronization is lost. This will also
set all the used character bits in the buffer to a




SINGLE CHARACTER SYNC
1= BINGLE SYNC CHARACTER
0=DOUBLE SYNC CHARACTER

271033-12
NOTE: Co

In external SYNC mode, programming double character
SYNC will affect only the Tx.

Figure 10. Mode Instruction Format,
Synchronous Mode

“one,” thus preventing a possible false SYNDET
caused by data that happens to be in the Rx Buffer
at ENTER HUNT time. Note that the SYNDET F/F is
reset at each Status Read, regardless of whether
internal or external SYNC has been programmed.
This does not cause the M8251A to return to the
HUNT mode. When in SYNC mode, but not in
HUNT, Sync Detection is still functional, but only oc-
curs at the “known™ word boundaries. Thus, if one
Status Read indicates SYNDET and a second
Status Read also indicated SYNDET, then the pro-
grammed SYNDET characters have been received
since the previous Status Read. (If double character
sync has been programmed, then both sync charac-
ters have been contiguously received to gate a
SYNDET indication.) When external SYNDET is se-
lected, internal Sync Detect is disabled, and the
SYNDET F/F may be set at any bit boundary.

COMMAND INSTRUCTION DEFINITION

Once the functional definition of the M8251A has
been programmed by the Mode Instruction and the
sync characters are loaded (if in Sync Mode) then
the device is ready to be used for data communica-

tion. The Command Instruction controls the actual -

operation of the selected format. Functions such as:
Enable Transmit/Receive, Error Reset and Modem
Controls are provided by the Command Instruction.

Once the Mode Instruction has been written into the

M8251A and Sync characters inserted, if necessary,

B 43°bl7b 0087225 84b HE

. R T R R R R S,

0, b, O D, D, D, D, D, CPUBYTES (58 BITS/CHAR)
SCS |ESD| EP [PEN] Ly | L, | O | O UATﬁcHAnné![ns'
CHARACTER LENGTH :
_ ASSEMBLED SERIAL DATA QUTPUT (TaD!
0 1 0 1 ‘s
¢ Al
—| o 0 1 1 ‘ ::::‘ : ;‘::z DATA GHARACTERS

5 s 7 ‘. 1

811s | 8118 | BITS | BITS

RECEIVE FORMAT
SERIAL DATA INPUT {RaD)
e . PARITY ENABLE .
12 ENABLE) s
(0= DISABLE) SYNC S¥YNC -
CHAR 1 CHAR 2 DATA CHARACTERS
EVEN :Aalw GENERATION/CHECK CPU BYTES (58 BITS/CHAR)
1= EVEN
0=000 yh
I DATA CHARACTERS ]

EXTERNAL SYNC DETECT 4
1 BSYNDET 1S AN INPUT
0x5YNDET IS AN QUTPUT 271033-13

Figure 11. Data Format, Synchronous Mode

then all further “‘control writes” (C/D = 1) will load a
Command Instruction. A Reset Operation (internal or
axternal) will return the M8251A to the Mode Instruc-
tion format.

- Note:
Internal Reset on Power-up

When power is first applied, the M8251A may come
up in the Mode, Sync character or Command format.
To guarantee that the device is in the Command In-
struction format before the Reset command is is-
sued, it is safest to execute the worst-case initializa-
tion sequence (sync mode with two sync charac-.
ters). Loading three 00Hs consecutively into the de-
vice with C/D = 1 configures sync gperation and
writes two dummy O0H sync characters. An Internal
Reset command (40H) may then be issued to return
the device to the “Idle” state.

STATUS READ DEFINITION

In data communication systems it is often necessary
to examine the “status” of the active device to as-
certain if errors have occurred or other conditions
that require the processor’s attention. The M8251A
has facilities that allow the programmer to “read”
the status of the device at any time during the func-
tional operation. (Status update is inhibited during
status read.) -

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

Some of the bits in the Status Read Format have
identical meanings to external output pins so that
the M8251A can be used in a completely polled or
interrupt-driven environment. TxRDY is an excep-
tion.

7-9




M8251A ' : |n ®

o o
o, o, 0o, DB, D, O, O, O, 0, Oy 0y Oy e O: ) o
en | m [rrs | er |sBRk] Ree | DTR |TaEN psR | Pmeey | fe Of PE | TaEmeTY| RuADY | TxRDY
-Nate1
TAANSMIT ENABLE !
1= enable ' SAME DEFINITIONS AS 1D PINS
O driable .

PARITY ERROR

Tha PE flag 1s se1 when a parsiy

E: n[EI.Y Al force BTR errgr i detected 11 o vl Dy
' wil force . the ER bit of the Command

Spn e ) instruction PE does not inhint

apmation of the 82614

DATA TERMINAL

RECEIVE ENABLE
1= gnahie

O detabite OVERRUN ERAOR
The OF tlag i tet when the CPU
Aoes not resd & character belore
SEND BREAK the next one becomes avinlable
CHARACTER ) 11 11 reset by the ER hat ol the
V= torces TuD low Command lastruction OF dost
Qm ngemal oparanion nat inhibit operation of the B2514
hawever the previously oyvwirun
charsctad o lost
ERROR RESET
T vt @rron Thags
PE.OF FE
FRAMING ERRDA [Async only}
The FE llag ri 44T whan 3 velid
Stap bit i1 not detected at the
AEOUWEST TO SEND and of every characier 113 rset
“high™” walt torce BTE by the ER hut ol the Command
output 1o rero Imtiuction FE does o1 inhibit

the operatian of 1he BISTA

INTERNAL RESET
Chagh stturnd B2514 1o .
Modle Instruction Formal - DATASET READY Indicaies
that the DSR 1 at a sevo kvel

ENTER HUNT MODE *

Te= grable vhaech Tor Sync 271033-15
Characters
— NOTE: :
‘W Agvic Moot 1. TXRDY status bit has different meanings from the
27103314 TxRDY output pin. The former is not conditioned by
CTS and TxEN; the latter is conditioned by both CTS
NOTE: _ and TxEN.
Error Reset must be performed whenever RxEnable i.e. TXRDY status bit = DB Butfer Emp
and Enter Hunt are programmed. TxRDY pin out DB Buffer Empty ® (CTS-0) ®
(TxEN-1)
Flgdre 12. Command Instruction Format : Figure 13. Status Read Format
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intgl.
ABSOLUTE MAXIMUM RATINGS*
Case Temperature Under Bias. .. —55°C to +125°C

MB251A

NOTICE: This is a production data sheet. The specifi-
cations are subject to change without notice.

*WARNING: Stressing the device beyond the “Absolute

Storage Temperature .......... —65°Cto +150°C  Maximum Ratings” may cause permanent damage.
Voltage on Any Pin with Respect These are stress ratings only. Operation beyond the
toGround.............co..... ..—05Vto +7v  "Operating Conditions” is not recommended and ex-
: e tended exposure beyond the “Operating Conditions”
Power Dissipation.......................... 1LOW  rmay affect device reliability. _
‘Operating Conditions
Symbol ' Description Min .  Max Units
Tc . ~ Case Temperature (Instant On) ~55 +125 °C
Vee Digital Supply Voltage 4,75 5.25 v
D.C. CHARACTERISTICS (Over Specified Operating Conditions) -
Symbol Parameter Min Max Unit Comments
Vi InputLow Voltage | ~05 08 | vV 1
VIH Input High Voitage 2.2 Veco v _
VoL Output Low Voltage 0.45 V | loL=22mA
VOH Output High Voltage 2.4 Y loL = —400 pA
loFL . Output Float Leakage £10 pA Vout = Vog to 0.45V
L _ Input Leakage +10 pA ViN = Voo 10 0.45V
loc Power Supply Current 120 mA (Note 10)
CAPACITANCE T = 25°C; Vo = GND = OV
Symbol * Parameter Min Max Unit Comments
CiN - Input Capacitance 10 ~ pF fc = 1 MHz
1Ciro 170 Capacitance 20 pF Unmeasured Pins
Returned to GND
A.C. CHARACTERISTICS (Over Specified Operating Conditions)
BUS PARAMETERS (Note 1) |
‘READ CYCLE
- Symbol Parameter Min Max Unit Comments
tAR Address Stable Before READ (CS, C/D) 0 ns {Note 2)
tRa Address Hold Time for READ (CS, C/D) 0 ns " (Note 2)
thn READ Pulse Width | 250 |- ns
tRD Data Delay from READ _ 200 ns " (Note 3)
toE READ T to Data Floating 10 | 150 ns
I 7-11
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. ]
M8251A | |n'l'e| .

A.C. CHARACTERISTICS (Over Specified Operating Conditions) (Continued)

WRITE CYCLE
Symbol Parameter Min Max Unit Comments
taw Address Stable Before WRITE - 0 ns
twa Address Hold Time for WRITE 20 ns
tww WRITE Pulse Width 250 ns
tow Data Set-Up Time for WRITE 160 . ns
twp . Data Hold Time for WRITE 20 ns
trv Recovery Time Between WRITES 6 toy (Note 4)
OTHER TIMINGS
Symbol Parameter Min Max Unit Comments
toy Clock Period ' : 320 | 1350 ns (Notes 5, 6)
ty Clock High Pulse Width ' 140 tov-s0 ns
tg Clock Low Pulse Width 90 ns
iR, tF Clock Rise and Falt Time 20 ns
toTx TxD Delay from Falling Edge of TxC 1 ps
1y Transmitter Input Clock Frequency . '
1x Baud Rate _ DC 64 KHz
16x Baud Rate X _ DC 310 KHz
64x Baud Rate DC 615 KHz
trew Transmitter input Clock Pulse Width
1x Baud Rate 12 toy
. 16x and 64x Baud Rate 1 toy
trrD ' Transmitter Input Clock Pulse Delay
' 1x Baud Rate 15 toy
16x and 64x Baud Rate 3 tcy
fRx Receiver Input Clock Frequency '
1x Baud Rate DC 64 KHz
16x Baud Rate DC 310 . KHz
, 64x Baud Rate DC 615 KHz
trPw Recsiver Input Clock Pulse Width
1x Baud Rate 12 tcy
16x and 64x Baud Rate 1 ' toy
trPD Recsiver Input Clock Puise Delay
1x Baud Rate 15 toy
16x and 64x Baud Rate 3 toy
trxROY TxRDY Pin Delay from Center of Last Bit 14 toy {(Note 7)
tTxRDY CLEAR TxRDY | from Leading Edge of WR 400 ns (Note 7)
tRxRDY RxRDY Pin Delay from Center of Last Bit 26 toy (Note 7)
7-12
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1. AC timings measured Vo = 2.0, VoL = 0.8, and with load circuit shown on following page.
2. Chip Select (CS) and Command/Data (C/D) are considered as Addresses. .

3. Assumes that Address is valid before Rp ..
4, This recovery time is for-Mode Initialization only. Write Data is allowed only when TxRDY = 1. Recovery Time between
Writes for Asynchronous Mode is 8 tgy and for Synchronous Mode is 16 tgy.
5, The TxC and RxC frequencies have the following limitations with respect to CLK
For 1x Baud Rate, frx or fgy < 1/(30 toy):

For 16x and 64x Baud Rate, frx or fgx < 1/(4.5 toy).
6. Reset Pulse Width = 8 tgy minimum; System Clock must be running during Reset.
7. Status update can have a maximum delay of 28 clock periods from the event affecting the status
8. Before falling edge of RxC.
9. In external synch mode the tgg spec. requires the ratio of the system clock (CLK) to recsive or transm]t bit ratios to be

greater than 34.

10. lgg is measured in a static condit]on with outputs in the worst condition with all outputs unloaded.

TYPICAL A OUTPUT DELAY VS. A CAPACITANCE (pF)

-
|nte| | M8251A
: ® .
A.C. CHARACTERISTICS (Over Specified Operating Conditions) (Continued)
. OTHER TIMINGS (Continued)
Symbol Parameter Min Max Unit | Comments
tRxRDY CLEAR RxRDY | from Leading Edge of RD - 400 ns (Nota 7) -
tis Internal SYNDET Delay from Rising 26 toy (Note 7)
Edgeof RxC ' '
iEs External SYNDET Set-Up Time After 16 (Note B) toy - {Note 7, 9)
Rising Edge of RxC ) .
tYREMPTY TXEMPTY Delay from Center of Last Bit 20 toy (Note 7)
twe Control Delay from Rising Edge of 8 toy (Note 7)
WRITE (TxEn, DTR, RTS) '
tcR Control to READ Set-Up Time (DSR, CTS) 20 toy (Note 7)
NOTES:

+20

yd

A QUTPUT DELAY (ns)
o

v . 7

L/

=100 =50 0
A CAPACITANCE (pF)

+50

+100

271033-16
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M8251A intel .

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

Input/Output

24 i _

) ) 20 ) 20
oY .
0.8 s ‘
0.45
. 271033-17 I‘n '

A.C. Testing: Inputs are Driven at 2.4V for a Logic “1" and 0.45V : =

for a Logic "0”. Timing Measurements are Made at 2.0V for a 271033-18

Logic “1" and 0.8V for a Logic “0D", Gy = 150 pF
A.C. FLOAT TIMING LOAD CIRCUIT A.C. FLOAT TIMING WAVEFORM

Vi=2.1Y
. MEASURED Vqy .
R =7500 MEASURED Vg = 0.2V

FLOAT

TEST POINTS <

MB251A our MEASURED Vg + 0.2V
MEASURED Vg _ :
C_=150pF 271033-31
= Inputs are driven at 2.4V for a Logic “1" and 0.45V for a Logic
271033-30 “o",
WAVEFORMS
SYSTEM CLOCK INPUT _
tey——
—4 37
N cLocK 4
¢ \_/_ 271033-18
~ TRANSMITTER CLOCK AND DATA
trew trrp )
T (1xMODE) \ § A [ | S
e MJWV\MAN\/\AANWWVWWVWWWWWW
- ton e I
TXOATA X X X
271033-20
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InteL | |  M8251A
WAVEFORMS (Continued)

.RECEIVEH CLOCK AND DATA

, (Mx BAUD COUNTER STARTS HERE) .
neoATA START BT’ ya DATA 81T Y oatamr

F' taro
WG (1% MOOE) 1 - i X ' B —

o BRZCPERIOOS | 14 ReC PERIODS | 182 MODE) ——+

116x MODE) ' '
AL I VAVAVAVAVAVAVAVAVAY AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAV AVAVAVAVAVAVAVAVAVAVAVA
) —efe—13 t.. _...k I,
INT SAMPLING : . '1 .
PULSE
- |-.— L™
o 271033-21
WRITE DATA CYCLE (CPU — USART)
TeRDY
ITaADY CLEAR
. =
. ow wo
DATA IN (DR} Zon AR {_OATASTABLE OonTeaRe
o =
= \ Taw I.;::i
. 271033-22
READ DATA CYCLE (CPU <« USART)
RaRDY ______/—_-—_‘
) ' . l IRAADY CLEAR
& ; UL}
DATA OUT (B8 DATAFLOAY 4?{:;..?:@34*&“1
= AR .‘._alT-_
271033-23
WRITE CONTROL OR OUTPUT PORT CYCLE (CPU — USART)
BT, AT
INGTE =1} -
; . ol
w N
ow wp
DATA IN (DB - b
) taw e twa
B /] \
TAW ey THA
. . & N S .
NOTE: . 27103324
1. Twc includes the response timing of a control byte. )
AN
" 718

B 432b17L 0087231 OuT WA
-————————




M8251A |n'te|®
WAVEFORMS (Continued)
READ CONTROL OR INPUT PORT CYCLE (CPU < USART)
DSk €T
(NOTE #1)
~ la—— 1cR ""Il AR | Y
Rd
~j -~ 1AD — |+ twoF
OATA OUT
0.8)
—ed AR |=— -——=i tRA I.—
5] /
—ad AR (- —=| tHA —_—
= N
271033-25
NOTE:
1. Tog includes the effect of CTS on the TXENBL circuitry.
TRANSMITTER CONTROL AND FLAG TIMING (ASYNC MODE)
5 p———
TREMPTY —o{|e—
Ta EMPTY 1
Taris s X s r
xRDYe] ]
Tx READY L. 1 \:; f—"t
i Wr DATA Y Wr DATAZ Wr DATA 3 WrDATA & . .
o [\ ] A\ ]/ 7\
Wr TaEn ) - wr afl
Tx DATA . >
DATACHAR 1 DATA CHAR 2 DATA CHAR 3 . :D:'?A’Hﬂ::
$
23 5
271033-26
Example Format = 7 Bit Character with Parity & 2 Stop Bits.
RECEIVER CONTROL AND FLAG TIMING (ASYNC MODE)
.
s —
# ' ‘f'-u Ran
n ! S 7 '
i oATA DAY, mm T CERELEED] f
v :::;: cm':l gE BREAK ERce EE Toulin Eivfies
= Ek 5= ES
BopE B
' 271033-27
Example Format = 7 Bit Character with Parity & 2 Stop Bits
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i nU M8251A
®
WAVEFORMS (Continued)

TRANSMITTER CONTROL AND FLAG TIMING (SYNC MODE) |

TaEWPTY . \ \
TaRiADY
ISTATUS T

TeMERDY
o !
Ve Dbl A byl
IRAR
g i \ |
W OATA W OATA W COMMAND v DATA
[T . SR CHAR &

SARRING | SPACING 3 DAta Yo

MARK WG STATL STATL h L LEY LH AR (X%
reoate 0000040000000
271033-28

Example Format = 5 Bit Character with Parity, 2 SYNC Characters

RECEIVER CONTROL AND FLAG TIMING (SYNC MODE)

i wOTE ) ' / Y \_ove 2 ﬂ K a)
: g —af|lo— o s %'_ '
SYNDET S " n { [ .
ovEnRuN
EARDA i385 l: (c‘u'w H 3
. b
s ROY iPIN) . { [ ? { -
. 1Al . - AR R Ae §TAT
B g RAETATUS | -
- © _[:'.::‘ \ RaDATA e A SYRC o Aa D hl
CHART - cHAR ] cnan 1
“ ! \]J'\ - »L— -
= ooN T ITNC SYNC DATA DATA DATA BVNC . - h\ DATA o ‘\_/_
CANE CHAR 1 CHAR LLAl HAR 7 1 CHAR 1| VML CHAA T DON'T CARE CHAR 1 AR (113
.-“‘l » aRaledulaR  EaR 44 PR+RILIR & gt AR UU UL UYLy Y USue b 4 e D) DOULNOUULHUOOGE UL L booug
) §— CrAR At Mo oaa
o T
- ftire e sy 201 w0t S
_ 271033-29
NOTES:
1. Internal sync, 2 SYNC characters, 5 bits, with parity.
" 2. External SYNC, 5 bits, with parity.
u : 7-17
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