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Serial communication
uses a single line data.

Parallel communication
uses n-bit data line.



e Asynchronous transfer does not require clock
signal.

e However, it transfers extra bits(start bits and stop
bits) during data communication.

e Synchronous does not transfer extra bits.
However, it requires clock signal.



Transmit data

Receive data

System 1 System 2
Clock
Signal common
§ o Q .
Data SYN CHAR #2 SYN CHAR #1

Synchronous data-transmission format



Transmit data

Receive dat
System 1 — System 2

Signal common

MSB LSB
o )
Parity D;fa
Stop bit Start
bit bit
(MARK) (SPACE)

Asynchronous data-transmission format



e The 8251 USART (Universal Synchronous Asynchronous
Receiver Transmitter) is capable of implementing either
an asynchronous or synchronous serial data

communication.

e As a peripheral device of a microcomputer system, the
8251 receives parallel data from the CPU and transmits
serial data after conversion.

e This device also receives serial data from the outside and
transmits parallel data to the CPU after conversion.
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Description

DO - D7 - This is bidirectional data bus which receive control words
and transmits data from the CPU and sends status words and
received data to CPU.

RESET - A "High" on this input forces the 8251 into "reset status”.
The min. reset width is six clock inputs during the operating status
of CLK.

CLK - CLK signal is used to generate internal device timing. CLK
signal is independent of RXC or TXC.

WR - This is the "active low" input terminal which receives a signal
for writing transmit data and control words from the CPU into the
8251.



Description

e RD - This is the "active low" input terminal which receives a signal
for reading receive data and status words from the 8251.

e C/D - This is an input terminal which receives a signal for selecting
data or command words and status words when the 8251 is
accessed by the CPU.

e CS-Thisis the "active low" input terminal which selects the 8251 at
low level when the CPU accesses.
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Description

TXD - This is an output terminal for transmitting data from which
serial-converted data is sent out.

TXRDY - This is an output terminal which indicates that the 8251 is
ready to accept a transmitted data character.

TXEMPTY - This is an output terminal which indicates that the 8251
has transmitted all the characters and had no data character.

TXC - This is a clock input signal (Active Low) which determines the
transfer speed of transmitted data.

— In "synchronous mode," the baud rate will be the same as the frequency of
TXC. In "asynchronous mode", it is possible to select the baud rate factor by
mode instruction. It can be 1, 1/16 or 1/64 the TXC.
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Description

RXD - This is a terminal which receives serial data.

RXRDY - This is a terminal which indicates that the 8251 contains a

character that is ready to READ.

— If the CPU reads a data character, RXRDY will be reset by the leading edge of
RD signal. Unless the CPU reads a data character before the next one is
received completely, the preceding data will be lost. In such a case, an
overrun error flag status word will be set.

RXC - This is a clock input signal which determines the transfer
speed of received data.

— In "synchronous mode," the baud rate is the same as the frequency of RXC. In
"asynchronous mode," it is possible to select the baud rate factor by mode
instruction. It can be 1, 1/16, 1/64 the RXC.
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Description

e SYNDET/BD - This is a terminal whose function changes according to
mode.

— In “internal synchronous mode®, this terminal is at high level, if sync
characters are received and synchronized.

— If a status word is read, the terminal will be reset.

— In “external synchronous mode”, this is an input terminal. A "High" on
this input forces the 8251 to start receiving data characters.

— In “asynchronous mode”, this is an output terminal which generates
"high level” output upon the detection of a "break" character if
receiver data contains a "low-level" space between the stop bits of two
continuous characters.

— The terminal will be reset, if RXD is at high level. After Reset is active,

the terminal will be output at low level. 13



Description

DSR - This is an input port for MODEM interface. The input status of
the terminal can be recognized by the CPU reading status words.

DTR - This is an output port for MODEM interface. It is possible to
set the status of DTR by a command.

CTS - This is an input terminal for MODEM interface which is used

for controlling a transmit circuit.
— The terminal controls data transmission if the device is set in "TX Enable"
status by a command. Data is transmittable if the terminal is at low level.

RTS - This is an output port for MODEM interface. It is possible to
set the status RTS by a command.
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e The 8251 functional configuration is programmed by software.

e QOperation between the 8251 and a CPU is executed by program

control.

e Table 1 shows the operation between a CPU and the device.

CS | C/D| RD | WR
1 ¥ ¥ b Data Bus 3-State
0 X 1 1 Data Bus 3-State
0 1 0 1 Status — CPU
0 1 1 0 Control Word « CPU
0 0 0 1 Data — CPU
0 0 1 0 Data « CPU

Table 1 Operation between a CPU and 8251
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J Read

q

Check RxRDY

Is it logic 17

Yes

Read data register®

% This clears ExRDY

J Write

. l‘
Check TXRDY

l

No

Is it logic 17

Yes

Write data register®

% This clears TxRDY
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Load mode
instruction

!
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Load syn char

l<

Load
command
instruction

<>

| N

Before the 8251 can be used to receiver
or transmit characters, its mode control
and command registers must be
initialized.

The 8251 has only one address for a few
control registers.

The only readable register is a status

register. The other registers must be
written in sequence.
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C/D =1
C/D = 1
C/D = 1

C/D = 1

C/D=0 -

c/D =1

cCD=0 ;

R

MODE INSTRUCTION

SYNC CHARACTER Y

SYNC CHARACTER 2

COMMAND INSTRUCTION

DATA

COMMAND INSTRUCTION

DATA

COMMAND INSTRUCTION

SYNC MODE
ONLY *

205222-7

*The second sync character is skipped if mode instruction has
programmed the B251A to single character sync mode. Both

sync characters are skipped if mode instruction has programmed
the 8251A 10 async mode.
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e There are two types of control word.
1. Mode instruction (setting of function)
2. Command (setting of operation)

e Apart from the control words, a Status Word is
present in 8251 to see the internal status.
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1. Mode instruction word

Mode instruction is used for setting the function of the 8251.

Mode instruction will be in "wait for write" at either internal reset
or external reset.

That is, the writing of a control word after resetting will be
recognized as a "mode instruction.”

ltems set by mode instruction are as follows:

Synchronous/asynchronous mode

Stop bit length (asynchronous mode)

Character length

Parity bit

Baud rate factor (asynchronous mode)
Internal/external synchronization (synchronous mode)
Number of synchronous characters (Synchronous mode)
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EP

PEN

Baud Rate Factor

¥

¥

¥

¥

¥

0 1 0 1
0 0 1 1
Refer to
Fl[.] 3 1 Y 16 X 64 X
SYNC
Charactor Length
0 1 0 1
0 0 1 1
5 hits G hits 7 bits 8 hits
Parity Check
0 1 0 1
0 0 1 1
. Odd . Even
Disable Parity Disahle Parity
stop bit Length
0 1 0 1
0 0 1 1
Inhabit 1 bit 1.5 hits 2 hits

Fig. 2 Bit Configuration of Mode Instruction (Asynchronous)
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aGS

ESD

EP

PEN

Charactor Length

0 1 0 1
0 0 1 1
5 bits G bits 7 bits 8 bits
Parity
0 1 0 1
0 0 1 1
Disable | party | Disable | party
aynchronous Mode
0 1
Internal External
synchronization | Synchronization

Number of Synchronous Charactors

0

1

2 Charactors

1 Charactor

Fig. 3 Bit Configuration of Mode Instruction (Synchronous)
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2. Command Word

e Command is used for setting the operation of the 8251.

e |t is possible to write a command whenever necessary
after writing a mode instruction and sync characters.

e |tems to be set by command are as follows:
— Transmit Enable/Disable
— Receive Enable/Disable
— DTR, RTS Output of data.
— Resetting of error flag.
— Sending to break characters
— Internal resetting
— Hunt mode (synchronous mode)
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...Internal Reset
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0...Normal Operation

Fig. 4 Bit Configuration of Command
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Parity Differant from
TXRDY Terminal.
Refer to "Explanation”
of TXRDY Terminals.

Dy Dg Ds Dy D Dz D4 Dy
DSR |®M2T| FE | OE | PE |muery | AxaDY | TXRDY
. s 2 i

Same as terminal.
Hefer to "Explanation”
of Terminals.

1...Parity Error

1...Ovarrun Error

1. Framing Error

Note: Only asynchronous mode.

Stop bit cannot be detected.

3

ShuEs__TerminaID_E'ﬁ
1..DSR=0
0...05R =1

Fig. 5 Bit Configuration of Status Word
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(11001110  Mode Hord
V VAL L\ \\__baud rate factor of 16x
6 8 e T character length of 8 bits

H Y AN parity disabled
H \\\______ 2 stop bits

: 8086 instructions to initialize the §251A on an
+ S0K-86 board

MCY DX, OFFFZH ; point at command register address
MOV AL, 00K ; send 0's to guarantee device is

QUT DX, AL ; in the commard instruction format WY 9, ¢ i and delay
MOV (X, 2 ; before the RESET comend is § . e .
00:L00P DO + issued and delay after sending = MOV AL,001101118 ; Load command word and send it
QUT DX, AL ; each command instruction Vi T DX, AL
MOV CX, 2 g ;00110111 Command word
' A !

D1:L00P D1 Y sy AL\ L\ Transmit enable '
QT DX, AL 1 « A\ \\\\\____ Data terminal ready, DTR will
MOV CX, 2 g L e T T output 0

D2:L0CP 02 s A\ \\\\__Receive enable
MOV AL, 404 ; Sent internal reset command to bp NN\ Normel operation
uT DX, AL + return device to idle state ' ' EER Reset all error flags
MOV CX, 2 : Load delay constant P A\ RST output 0, request to send

03:L0CP D3 + and delay - H \\ t?o not return to mode

i) \ instruction form

MOV AL,110011408; Load mode control word & send it
QT DX, AL

\ Disable hunt mode



; instlucliviie TOF Ciiioml weitig wded G iing Wi

+ SDK-86 8251A using polling method

MOV DX, OFFF2H + Point at control register
TESTY: ; address
IN AL, DX : Read status -
AND AL, 100000018  ; and check status of
H \____\__ data set ready & transmit ready
CMP AL, 100000018  ; s it ready?
JNE TESTT + Continue to poll {f not ready

HOV DX, OFFFOH + otherwise paint at data address
MOV AL, DATA TO_SEND ; Load data to send
ouT 0X, AL +and send it

(a)
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« Instructiens for receiving data with an
+ §DK-26 8251A using polling method

e

MOV OX, OFFFCR Point at control register

TEST2: 1 address
N AL, OX ' kead status -
AND AL, 000000108 ; and check status of RxRdy
T TEST + Continue to poll if not reacy

MOV 0X, OFFFOH + othersise point at data
IN AL, OX + address and get date
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