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( PROGRAM MCS 8031 RECEIVE DATA)

MOV TH1 , HCC-, ( SET BUAD RATE )

MOV TCON , H4@, ( SET TIME 1 )

MOV TMOD , H20 ( SET T1 AUTO RELOAD )
MOV SMOD , HOQ ' ( SET SMOD FOR BOUD RATE)
MOV SCON , H50 ( SET SCON)

MOV IE , H90 ( ENABLE RECEIVE )

(PROGRAM INTERUPT RECEIVE)

JB  SCON , HO1 (CHECK BIT RI)
RET 1
MOV A , SBUFF (RECE1VE DATA)
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S .

(PROGRAMME CHECK ODD PARITY)
MOV R2 , OOH (CLEAR COUNTER)
MOV C , RBI (LOAD PARITY)
JNC NO 1
INC R2
NO1 ; MOV R3 , O7H
MOV A , R1
CHECK ; RLC A
JNC - NO2
INC Rk
NO 2 ; DJNZR3, CHECK
. MOV A , R2
MOV C , A COp ,
JC  ODD PARITY (CHECK PARITY DO)
MOV R® , 004
ODD PARITY ; RET
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(PROGRAMME EXTERNAL INTERURT)
JB TCON , @1H (CHECK INTERUPT)
RET
CLR TCON
MOV RO , HOO
MOV PORT 1 , HO8 (SET DATA CHANEL)

MOV 1E , SOH (ENABLE SERIAL , DISABLE INTOQ)
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{ BEGINNING PROGRAM 3%

FRAME1 ,

ERROR1,

FRAME1,

)

ACALL

ACALL

RETI

ACALL

RETI

ACALL

RETI

ACALL

RETI

JB S

RET1

CLR

MOV

ACALL

CLR

CJNE

MOV

SWAP

ANL

CJNE

MOV

ANL

CJINE

INC

RETI

CJNE

MAIN

1E0

INTO

IE1

INT1 W
CON , HO1

SCON
R1 , SBUFF
CK.PART , TY
BIT , NORINGING
RO , OOH , FRAMEZ2
A, R
A
A , OFH
A, OOH , ERROR1
A, RI
A , OFH
A , CODE , ERROR1

RO

R® , @1H , FRAMEZ



MOV A , Rl

SWAP A
ANL
AN A~ OFH

CJNE A , @IH ,ERROR2
DATA CHECK ,INC RO
MOV A , Rt
ALN A , OFH
NOT BUSY , CJNE A , @0GH , NOT BUSY
SET BIT , BUSY BASE
MOV RO , QOH
RET 1
NOT BUSY , CLR BIT , NOT BUSY
CALLED , CJNE A , @O1H , NO CALLED
SET BIT RING
MOV IE , IE + SE.
NOP
RET 1
CJNE A , @2H , ERROR2
NO CALLED , MOV IE , IE + SE
NOP
ERROR2 , RETI
FRAME3 , CJNE R@ , 92H , ERROR3
MOV RO , OQH
MOV A , Rl
SWAP A
ALN A , OFH

CJNE A , 02H , ERROR3



MOV A , R1
ANL A , OFH
MOV PORT1 , A
MOV 1E , IE P DIS SE
ERROR3 , RETI
{ PROGRAM CK PARITY 3
MOV R2 , @@H
MOV C , RB1
JNC NOTHING 1
INC R2
NOTHING 1 , MOV R3 , @7H
MOV A , R1
CHECK , RLC &
JNC NOTHING 2
INC R2
NOTHING 2 , DJNZ RS , CHECK
MOV A , R2
MOV C , A(D@)
JC ODD PARITY
MOV RO , OCH
ODD PARITY , RET
{ PROGRAM EXTERNAL INTERRUPT® 3
JB TCON , O1H
RET
CLR TCON
MOV RO , @¢H

MOV PORT1 , @8H



" MOV

RET

IE, 1E + DIS. SE

{ PROGRAM INITIALIZATION 3

RETURN,

MOV

MOV

MOV

MOV

MOV

MOV

MOV

MOV

MOV

MOV

MOV

IE, B0H
SP,2pH
PSW, 00H
TH1,CCH
TCON, 40H
TM@D , 20H:
SM@D, B@H-
1P, 11H
PORT1,08
RO, OOH

1E,S%H

SJMP  RETURN
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intel -~ PRELININARY'
‘ 8031/8051/8751 S

SINGLE-COMPONENT 8-BIT MICROCOMPUTER . :x:

B 8031 - Control Oriented CPU With RAMand/O-
m 8051-An 8031 With Factory Mask-Programmable ROM -

1
; *+ M 8751-An 8031 With User Programmable/Erasable EPROM
% 4K x 8 ROM/EPROM - © e ow’m BooleanProcessor- e
; 128x8RAM "7 .t Tt Lt MCS-48® Architecture Enhancedwith: .
¥ Four 8-Bit Ports, 32 /0 Lines o ‘ -« Non-Paged Jumps e v e
p Two 16-Bit Timer/Event Counters s . * Direct Addressing * -
High-Performance Full-Duplex- . : - » Four8-Register Banks
Serial Channel - 7 ‘¢ Stack Depth Up 16 128-Bytes
: External Memory Expandableto 128K =~ ¢’ Multiply, Divide, Subtract, Compare
Compatible with MCS-80®/MCS-85® . .  m Mos!Instructions Execute in 1ps
4 Peripherals .., . .. . . : & 4us Multiply and Divide :

Irhe Intel® 8031/8051/8751 is a stand-alone, high-performance single-chip computer fabricated with Intel's
Pughly-reliable +5 Volt, depletion-load, N-Channel, silicon-gate HMOS technology and packaged in a 40-pin
PIP. It provides the hardware features, architectural enhancements and new instructions that are necessaryto

ke it a poweriul and cost etiective controlier for applications requiring up to 64K bytes of program memory
Rmnd/or up 10 64K bytes of data storage. .~ .. :: . _ ! A AiwaiBRd IR AV s
{T he 8051/8751 contains a non-yolatile 4K x B read-only program memory; a volatile 128 x 8 read/write data
¥memory; 32 I/0 lines; two 16-bit limer/counters; a five-source, two-priority-level, nested interrupt structure; a
senal 1/0 port for either multi-processor communications, /0 expansjon, of full dupliex UART; and on-chip
‘::scnllalor and ctogk circuits. The B031.is identical, éxcept that it lacks the program memory. Fot systems that
frequire extra capability, the 8051 can be expanded using standard TTL compatible memories and the byte
ionented MCS-80 and MCS-85 peripherals, *, - 22| B o by Mg > 4F -
Tne 8051 microcomputer, like its 8048 predecessor, Is efficient both as a.controlier and as an arithmetic
1Processor. The 8051 has extensive facilities for birary and BCD arithmetic and excels in bit-handling capa-.
ibilities. Efficient use of program memory resulis.from an instruction set consisting of 44% one-byte, 41%
{lwo-byte, and 15% three-byte instructions. With a 12 MHz crystal, 58% of the instructions execute jin1us, 40%
111 2us and multiply and divide require only 4us. Among the many instructions added to the standard 8048
snstruction set are multiply, divide, subtracl and compare.. . ’

. . M Py~ wiory -
:’:“:" ; 3 Y Cowmrany : - i wc
2 male Aottt . s i i SO Lo
. I Caiaton ovezs : l L b (=) o i
i frovtddees Two te-art =
N A el R ] =
b E = -2
i 11 - i1 e =)
aAleoups =1 :
,l ll | }
wmimen el
{ B rirry wl E’.‘.“"“" l :::: — -
e | §amT i (Sl
“H-——{--THHH- - e =
N b . Vioe —
sty Sonynoy Pemniiis PoRTE, Stmal  saneat S B —
[ = ol S B ilas =
Figure 1. L. . © Figure2. .. ’ Figure 3. Pin

Biock Diagram . . ° ’ Logic Symbel © Conliguratlon *



intd _B031/8051/8751 - PRELIMINARY
_ > X : R
- 8081 Famlly Pln Description’ tof counter 0.

Vgs -
Circuit ground polentml

. Vce

ce

and verification.
© PORTO

Port 0 is an S-bit open drain bldluctio-ml,.llo port..

1isalso the multiplexed low-order address and data

_ bus when using external memory. It is used tor data
- Input and output during progumming and verifi-
cation. Port § can sink/source lwo TTL loads -

PORT1

. Port 1.13'an 8-bit quasi-bidirectional VO port. It is

used forthe low-order address byte dusing program-

ming and venﬂcatlon Pon 1 can :Ink/oource one.

FILload. 14 ..
PORT2 o

.. Pon 2 is an 8-bit: quul—bldlrocﬂoml vo port. ltalso
© emits the high-order address byte when accesslng
external memory. It-is used for the high-order
address and the control signals during programming

- "and veritication. Pon 2 can alnklaource one TTL_

load.
PORT 3

¥

Port3ls an 8-bit quasl-bxdincuoml IIO pon. italso :

containg he Interrupt, timer, serial port and RDand
WR pins that are used by varjous options.. The

‘output latch corresponding to a secondary function

must be programmed to a one (1) for that tunctionto
operate. Port 3 can sink/source one TTL load. The
secondary.unctions are assigned lo the plns ol Port
3, as foliows:.

—RXD/data (P3.0). Serial pon‘a ucolvor dau Input;

(asynchronous) or data lnpuvoutput (synchro-
nous). :
—-TXD/clock (P3. 1) Sarigl port's fransmitter data
oulput (nsynchronous) of clock output (;ynchro—
ous)
—iNTO (?3.2) lhtorrupln lnputorgate control Input

*$5V po'wer supply during opefnnon. prognmmlng :

—INT1(P3.3). lmprruptl lnputor gate control lnpq
for counter 1

.o ==T0 (P3:4). 1nput 1o counter 0.
- —T1 (P3:5). Inpyt to counter 1,

:-—Wﬁ {P3.6). The write control signal latches the
‘ data byte trom Port 0 into the External D.u
Momory, : :

—RD (P3.7). Tho ‘read control tlgnll omblu -,
‘External Data Memory 10 Port O » o

Xy

CR8TINPD ., , DLt

Alowtohigh tnmlllon onthis pln (at approximatsly .

* 3V) resets the 8051. If Vpp is-held within its spec

(approximately +5V), while VCC drops below spec, ,
VpD will provide standby power to the RAM. Whan ~
Vpp islow,the RAM's currentis drawntrom Ve . A
"small Internal resistor permits power-on reset using
onlya capacltor connecled toVce. .
. . oo 4
ALE/PROG = } e
Provides "Address Latch Enabie output uud for®
)atching the address into external memory during
normal operation. Recelves the program pulu

. input d durmg EPROM programming.

_PSEN .

The Program Store Enable output isa comrol slgna!
“that’ enables the external’ Program Memory lo mc

_ bus during normal fetch operanons : -
EA/NDD - i { .

ol "

When held at a TTL hngh Ievel the 8051 execulu
instructions from the internal ROM/EPROM whon
the Pc is Jess than 4096. When held at a TTL low”
ilevel, the 8051 feiches all instuctions from external
Program Memory. The -pin’ also receives the 2IV
EPROM programming supply voltage. . =~ ._ - ..

- XTALY ‘

4nput 10 the oscnllator’s high gain amphher A crysw
or external source can be used.. e
XTAL2 - ’ Lo
Output from the osculator's amplifier. Requxred whon
-acrystal ts»used . . - Ty

4
i
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i‘ ntel - ‘ 8031/8051/8751 o @ﬁ@mn{mum“

: NGS* *NOTICE: Stresses above those listed under “Absolute
AB§DLUTE .MAXIMUM [RATINGS : Maximum Ratings™ may cause permangnt dimage to the
Ambient Temgerature Under Bigs .......... 0°C1070°C davice. This is a stress rating only and functional opera-

Storage Tempetature. . ..... yrrrereeese BECONSC'C  yion of the device at these or any other conditions above
vollage on Any Pin With those indicated in the operational seclions ol this speci-
Respect to Ground (Vgg) -eveueuvrnenane. 05V 10 +7V . lication is not implied. Exposure 10 absolute maximum
;| Power Dissipation EXTTRTIe sesecrressenciences . 2WBNS  rating conditions for extanded Ppetiods may allect device
‘ : L - reliability. L. .
1D.C. CHARACTERISTICS (T, = 0°C1070°C: Vg = 5V £ 5%; Vgg ='0V) -
1| Symbol Parameter ] Min | Typ " Max Units | Test Conditions
aviL Input Low Voltage (All except XTALY) | -0.5 08 '
“l - T
Hviq Input’Low Voltage (XTAL1) g . <05 | ) TBD
JVin tnput High Voltage . f. 20 Vcer0s
. (ANl Exc_epl XTAL1, RSTVpPQ) .
Vik “Input High Voltage (XTAL1) T80 | . veeos '
Vin2 input High Voltage (RST) 30 * Ivecros ;
! ViH3 Input High Voliage (Vpp) Bt 45 - S5 [+ V | Power Down Only ,
: : : . - Vec = 0)
vo, Output Low Volage: ) o€ 1 - 045 | v |1 =2ma .
: (All Outputs Except Port 0) b —. 1 7. '
voL1 Outpuf Low Voltage (Port0) = « - | - | e | v figeama - |
VOoH . |- Output High Volitage (ANl Outputs 24 . b £ lgH=-100uA
Except Port 0, ALE and PSEN), . \Va 2 . . t
VOH1 Output High Voltage (ALE and PSEN.- 24 . _ I v i foH® 400 pA- .-
Co Port 0 in External Bus Mode) 3 : ’ . -
Lo Pullup Resistor Current (P1, P2, P3) o 500 A | asvsvysvee
ILO1 . ' | Output Leakage Current {PO) . 5 €10 . KA ASVeViNsVee 8
icC Power Supply Cuncn} g A / 150 mA Ta=25°C
. {All Outputs Disconnected) 4
“ 4PD Power Down Supply Current . : 200 " mA | Tau25°C, Vppasy,
1 o - - Vegtov i
Cio Capacitance Of I/0 Butler . ; 10 pF fc= IMH2




' lﬂtef : 8031/8051/8751. PRELIMINARY

A.C. CHARACT£BISTICS (TA=0°C1970°C; Vo sVt 5%; Vgg = OV c,'_ tor Pont Q, ALE .
: " _and PSEN Outpits =150 PF; C_ for All Other Qutputs = 80 pF)

Program Memory Cﬁl;l"l.dedlﬂd
oo g : Varlable Clock:
o Co . 12 MHz Clock VTCLCL=12 MHz fo 12 MHz
symbol N Parameter Min Max | uUnits Min Max Units
TCLCL | Osciltator Period "83 | s . R ns
TCY " | Min Insiruction Cycle Time - 1.0 o #s  |12reLer-.| 12TeLeL ns
TLHLL JALEPusewin. = - | 14 ~ | ns [2rerciao ns
1At [Adaress setUpToate - 60 ns | TCLCL-25 ns.
TLLAX | Address Hold Afier ALE s0 |- - n3.|TCLCL-as, ns
TPLPH |PSENwiah - | | o5 w1 es tlareicieo s
“Tun | PsEN, ace CycleTime- *- -| 500 |- ns |e6TCLCL ns
TPLIV | PSEN To valid Instruction tn 150, ns r 3TCLCL-100 ns
TPHOX | Input Data Hold After PSER 0 o/ ; o5 |o | ' ns
| TPHDZ | input Data Fiost After PSEN 2 75 | s ~ ] TeLcLwo ns
| TAVIV' [Address To Vaiid tnstr in 10K VAN Y | sTeLei0 T | ns
TAZPL Address Float.To FSEN | A, "] s 0. . ns
Extemal Data Mamory'Charic;cdsUc:' z | P A A
S ’ ’ . 12 MHz Clock - Varlable Clock .
Symbo! Parameter Min | Max Units | Min- |' mMax Units
TRLRH | AD Pulse wigm - . 400" - | "ns  |eTcicr-ioo | . ns
TWLWH | WR Pulse Width_ - 400 . . ns | 6TCLCL-100 ns
TALDV | AD To valid Data In . 250 s STCLCL-170 ns
|rHoX [ Data HoldAterAD .~ | ¢ ns |0 ns
TRHDZ | Data Fioat Afier A5 . %y o] 00 s - : 2TCLCL-70 ns
‘ TAVDV | Address To Valid Data In 4 600 : ns 5 .9TCLCL-150 ns
TAVWL | Address Tp WA or RD 200 ns 4TCLCL-130 ns
TOVWX | Data Valid To WR Transition . ns ns
TQVWH | Data Setup Belore WP 400 . ns )L 7TCLCL-180 ns
TWHOX | Data Held Afier WR 80 ns | 21CLCL-% ns

NOTE:" . . R .

There are 210 0 ALE Cycles per insiruction. Clocks and state timing are shown on the timing oi.gun: 1or telerence purposes only. They ars
‘ROt accessible outside jhe package! TCY is the minimum instrucuon cycle time which consisls 0f12 cacillalor clocks of two ALE Cycins.
Address setup and hold lime from ALE are the same for data and program memory,



8031/8051/8751

PRELIMINARY

A}

25

8l
5

ADQALSY Aygehy N

o

VALA e

l TPLIV ] -
—

——t
TPHOX o] ko

Fe——TProZ

X. ADOALSS Agg-hy

" arae ['n.on

nouK AroAg

waTm

'ln.oi'r eTh u,lnou .

- Program MAcmory Read Cycie -

POAT 2

" ADDALSS AygAg

TAVWL

. TALDY=-84

}.__

|

PLOAY

) 8

. eAlAm

‘rORT S th. w ]m’uy A,f,

-—

.. . Dale Memory Resd Cygle - - .

S

X

ADORESS Ars-hy

SR P2

Tavwi

pmTOVWE

e

o D

Arag

DaTA OUT

¥

Dala Memory Write Cycle

. . ADDRESS . .. .
OA FLOAT




intal . 8031/8051/8751 - PRELIMINARY

L3

PROGRAM VERIFY ' o

Symbol S N 12 MHz Clock Varlable Clock
ymbol | .. srameter Min. | Max. | . Min Max.

TOVPL Data Setup jo PROG . 10us | - 3 TCY + 10us

- TPHDX Data Hold from PROG 10us ' 3TCY + 10;1: .
TAVQV Address to Data Valid : 10us 3TCY + 10us
TELQV | Output Enable (P27) to Data Valld ! 10us JTCY + 10us
TEHQZ | Output Enable Ot to Data Floal 0 10us |- 0 3TCY +.10us
TVHPL VDD Setup to PROG 10us o 10us .

TPHVL VDO Hold after PROG : 10us 10us

YPLPH PROG Width . 49ms | 5Ims 49ms ’ 51ms

Inpul and Output Waveforms for A.C. Tesis

24

. : . 20" .20 -
) . < ST POINTS .
: . ' 0.8 =08 A\ .
© 045 . \ :

PROGRAM VERIFY

PORY 27

- . . : N\ : LS4k q) . L
POAT 1047 © ADORESS 1 ;’ 'A’DDM“‘ M?Ilu O ) ;
um-—r—o-l Er- TPHAY h—ﬁ Tavov \ .
" PORT 230 o DoALls - { ADDALSS ADOAESS - ¥ . -
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inte_l°

PROGRAMMABLE COMMUNICATION INTERFACE -

» Synchronous and Asynchronous
Operation

* Synchronous:
5-8 Bit Characters
Internal or External Character
-Synchronization
Automatic Sync Insertion

* Asynchronous:
5-8 Bit Characters
Clock Rate — 1,16 or 84 Times
Baud Rate
Break Character Generation
. 1,134, or 2 Stop Bits
False Start Bit Detection

Silicon Gate MOS 8251

Baud Rate —DC to 56 k Baud (Sync Mode)

' DC to 96k Baud (Async Mode)
= Full Duplex, Double Buffered,
Transmitter and Receiver

Error Detection — Parity, Overrun,
and Framing

Fully Compatible with 8080 CPU
= 28-Pin DIP Package

All Inputs and Outputs Are
TTL Compatible

® Single 5 Volt Supply
» Single TTL Clock

- The 8251 is a Universal Synchronous/Asynchronous Receiver / Transmitter (USART) Chip designed for data
communications in microcomputer systems.

The USART is used as a peripheral device and is programined

by the CPU to operate using virtually any serial data transmission technique presently in use (including I1BM

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 con-
vert them into parallel data characters for the GPU. 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, TxEMPT. The chip is constructed using N-channe! silicon gate technology. i A

PIN CONFIGURATION

BLOCK DIAGRAM

e .
o, [ o,
0,2 7 {Jo, n
A0 [ 3 %[ v, -
onND [ & 2s [ R DATA TRANEMIT T
o= < 1 sus K p BUFFER |
~gs Ly e OrR 0,0y BUFFER -8 ]
o, e 2 RS . \
o7 2[R é .
1 . e
o,Cie 825 21 [ meser T [
. TEl]s 207 ck RESET o] YaROY
=R [N S
WR {10 193 <0 AEADWRITE T
RANSMIT v
&n 18 1 vagmpry 8] co hoL controL [T ¢
& Tt Mo LoGic ™
co [ 17 [}ETS [0 "‘r -
o] 18 [7] sywoET
rxROY [ 14 15[ Tenpy = I - .
-
O%R .o
Pin Name | Pin Fonction Pin Nerne | Pin Function BTh, o . | | mecenve
G709 | Dats Bus (8 bins) BeR Dota Set Rasdy ;S?::L BUFFER fe—RtD
cro Control or Data h 10 be Weitten o Rasd bR Data Termunal Rasdy (143 1$-»
nO Reed Data Command - EYNDET | Sync Detect (343
WR Weite Dets or Contro! Comemsnd AT Reguest 1o Send Dats
cs Chip Enstle cTs Clear 10 Send Dats
cLx Clock Pulwe (TTL) TE Tearmitter Empty ”)
RESET Rewt Veo +5 Volt Supply - ReMOY
A3 Tramminier Cloek GND Ground . —
D Transmitter Deta ) INTERNAL ne fPeSvL I S
LI Recwiver Clock DATA BUS e SYNDEY -
RxD Receiver Dsta
MADY | Wooeiver Rasdy (has chavacter for 3080) U
- TeRDY Tronsmitrer Resdy {resdy Yor cher, from SG80)

SN " s s o i = eae bt et
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SILICON GATE MOS 8251

8251 BASIC FUNCTIONAL DESCRIPTION
General

The 8251 is a Universal Synchronous/Asynchronous Re-
ceiver/Transmitter designed specifically for the 8080 Micro-
computer System. Like other 1/0 devices in the 8080 Micro-
computer System its functional configuration is programmed
by the systems software for maximum flexibility. The 8251
can support virtually any serial data technique currently
in use (including 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, bi-directional, 8-bit buffer is used to interface - -

the 8251 to the 8080 system Data Bus. Data is transmitted
or received by the buffer upon execution of INput or QUT-
put instructions of the 8080 CPU. Control words, Command
words and Status information are also transferred through
the Data Bus Buffer,

Read/Write Control Logic

This functional block accepts inputs from the 8080 Control
bus and generates control signals for overall device operation.
It contains the Control Word Register and Command Word
Register that store the various control formats for device
functional definition.

RESET (Reset)

A “*high” on this input forces the 8251 into an “Idle’’ mode.
The device will remain at “Idle™ until a new set of control
words is written into the 8251 to program its. functional
definition.

CLK (Clock)

The CLK input is used to generate internal device timing
and is normally connected to the Phase 2 (TTL) output of
the 8224 Clock Generator. No external inputs or outputs
are referenced to CLK but the frequency of CLK must be
greater than 30 times the Receiver or Transmitter clock in-
puts for synchronous mode (4 times for asynchronous
mode).

WR (Write)

A “low" on this input informs the 8251 that the CPU is

outputting data or control words, in essence, the CPU is
writing out to the 8251,

RD (Read)

A “low” on this input informs the 8251 that the CPU is in-
putting data or status information, in essence, the CPU is
reading from the 8251.

c/D (Control/Data)

This input, in conjunction with the WR and RD inputs in-
forms the 8251 that the word on the Data Bus is either a,
data character, control word or status information.
1=CONTROL 0=DATA

CS (Chip Select)

A “low" on this input enables the 8251. No reading or writ-
ing will occur unless the device is selected.

DATA TRANSMIT
2 T e o B
' BUFFER . (P=5) ]

Cb RD WR CS
© 0 1 0 8251=DATABUS
0 1 0 0 ‘DATABUS=- 8251
1 0 1 0 STATUS=DATABUS
1 1 0 0 DATABUS=CONTROL
X X X 1 DATABUS= 3.STATE
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Modem Control

The 8251 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 purpose in nature
and can be used for functions other than Modem control,

if necessary. .

DSR (Data Set Ready)

The DSR input signal is general purpose in nature. Its con-
dition can be tested by the CPU using a Status Read opera-
tion. The DSR input is normally used to test Modem con-
ditions such as Data Set Ready.

DTR (Data Terminal Ready)

The DTR output signal is general purpose in nature. It can
be set “low"” by programming the appropriate bit in the
Command Instruction word. The DT R output signal is norm-
8lly used for Modem control such as Data Terminal Ready
. orRateSelect, . __ __ .

ATS (Request to Send)

The RTS output signal is general purpose in nature. It can
be set “low” by programming the appropriate bit in the
Command Instruction word. The RTS output signal is norm-
ally used for Modem control such as Request to Send.

CTS (Clear to Send)

A “low"” on this input enables the B251 to transmit data
(serial) if the Tx EN bit in the Command byte is set to a
llone.ll

Transmitter Buffer

The Transmitter Buffer accepts parallel data from the Data
Bus Buffer, converts it to a serial bit stream, inserts the ap-
propriate characters or bits (based on the communication
technique) and outputs a composite serial stream of data on
the TxD output pin.

Transmitter Control

The Transmitter Control manages all activities associated
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
to accept a data character, It can be used as an interrupt to
the system or for the Polled operation the CPU can check
TxRDY using s status read operation. TxRDY is automatic-
al_ly reset when a character is loaded from the CPU.

»

~

TxE (Transmitter Empty) <3

When the 8251 has no characters to transmit, the TxE out-
put will go “high”. It resets automatically upon receiving a
character from the CPU. TxE can be used to indicate the
end of 8 transmission mode, so that the CPU “knows" when
to “turn the line around” in the half-duplexed operational
mode.

In SYNChronous mode, a “high” on this output indicates
that a character has not been loaded and the SYNC charac-
ter or characters are about to be transmitted automatically
as "fillers”,

TRANSMIT
BUFFER

L

: TRANSMIT
CONTROL

TR o R FOM TR
: l%}#ll‘:a,i‘x:‘fv~ bt

TxC (Transmitter Clock) ,

The Transmitter Clock controls the rate at which the char-
acter is to be transmitted. In the Synchronous transmission
mode, the frequency of TxC is equal to the actusl Baud
Rate (1X). In Asynchronous transmission mode, the fre-
quency of TxC is & multiple of the actusl Baud Rate. A
portion of the mode instruction selects the value of the
multiplier; it can be 1x, 16x or 64x the Baud Rate.

For Example:

If Baud Rate equals 110 Baud,
TxC equals 110 Hz (1x)

TxC equals 1.76 kHe (16x)
TxC equals 7.04 kHz (64x).

If Baud Rate equals 9600 Baud,
TxC equals 614.4 kHz (84x).

1

The falling edge of TxC shifts the serial data out of the
8251,
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Receiver Buffer

The Receiver accepts serial data, converls this serial input
to parallel format, checks for bits or characters that are
unique to the communication technique and sends an
»assembled’’ character to the CPU. Serial data is input to
the RxD pin.

Receiver Control
This functional block manages all receiver-related activities.

RxRDY (Receiver Ready)

This output indicates that the 8251 contains a character that
is ready to be input to the CPU. RxRDY can be connected
10 the interrupt structure of the CPU or for Polled opera-
tion the CPU can check the condition of RxRDY using a
status read operation. RxRDY is automatically reset when
the character is read by the CPU.

RxC (Receiver Clock)

The Receiver Clock controls the rate at which the character

is to be received. in Synchronous Mode, the frequency of

AxXC is equal to the actusl Baud Rate (1x). In Asynchronous

Mode, the frequency of RxC is a multiple of the actual

Baud Rate. A portion of the mode instruction selects the

* value of the multiplier; it can be 1x, 16x or 64x the Baud
Rate.

B

For Example: I1f Baud Rate equals 300 Baud,
RxC equals 300 Hz (1x)

AXC equals 4800 Hz (16x)
RXC equals 19.2 kHz (64x),

If Baud Rate equals 2400 Baud,
RxC equals 2400 Hz (1x)

RAxC equals 38.4 kHz (16x)
RxC equals 153.6 kHz (64x).

Data is sampled into the 8251 on the rising edge of RxC.

NOTE: In most communications systems, the 8251 will be
handling both the transmission and reception operations of,
a single link. Consequently, the Receive and Transmit Baud
Rates will be the same. Both TxC and RxC will require iden-
tical frequencies for this operation and can be tied toget'her
and connected to a single frequency source (Baud Rate
Generator) to simplify the interface. !

-

SYNDET (SYNC Detect)

This pin is used in SYNChronous Mode only. It is used as
either input or output, brogrammable through the Control
Word. It is reset to “low” upon RESET. When used as an
output (internal Sync mode), the SYNDET pin will go
"high” to indicate that the 8251 has located the SYNC
character in the Receive mode. If the 8251 is programmed
1o use double Sync characters (bi-sync), then SYNDET will
go “*high” in the middle 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 8251 to start assembling
data characters on the falling edge of the next RxC. Once
inSYNC, the “high” input signal can be removed. The dura-
tion of the high signal should be at least equal to the period
of RxC.

Y g ADDRESS BUS PEL
o 2 |
i CONTROL BUS

I'RS'EI 1 ntm] m’t’il
Y DATA BUS

i

DD, HAD WR RESET CLK

8251

8251 Interface to 8080 Standard System Bus




SILICON GATE MOS 8251

DETAILED OPERATION DESCRIPTION
General

The complete functional definition of the 8251 is program-
med by the systems software. A set of control words must
be sent out by the CPU to initialize the 8251 to support the
desired communications format. These control words will
program the: BAUD RATE, CHARACTER LENGTH,
NUMBER OF STOP BITS, SYNCHRONOUS or ASYNCH-
RONOUS OPERATION, EVEN/ODD PARITY etc. In the
Synchronous Mode, options are also provided to select either
internal or external character synchronization.

Once programmed, the 8251 is ready to perform its com-
munication functions. The TxRDY output is raised “high”
to signal the CPU that the 8251 is ready to receive a char-
acter. This output (TxRDY) is reset automatically when the
CPU writes a character into the 8251. On the other hand,
the B251 receives serial data from the MODEM or 1/0 de-

vice, upon receiving an entire character the RxRDY output °

is raised “high” to signal the CPU that the 8251 has & com-
..plete character ready for the CPU to fetch. RxRDY is reset
automatically upon the CPU read operation.

The 8251 cannot begin transmission until the TxEN (Trans-
mitter Enable) bit is set in the Command Instruction and
it has received a Clear To Send (CTS) input. The TxD out-
put will be held in the marking state upon Reset.

Programming the 8251

Prior to starting data transmission or reception, the 8251
must be loaded with a set of control words generated by
the CPU. These control signals define the complete func-
tional definition of the 8251 and must immediately follow
a Reset operation (internal or external).

The control words are split into two formats:

1. Mode Instruction
2. Command Instruction

Mode Instruction

This format defines the general operational characteristics
of the 8251. It must follow a Reset operation (internal or
external). Once the Mode instruction has been written into
the 8251 by the CPU, SYNC characters or Command in-
structions may be inserted.

Command Instruction

This format defines a status word that is used to control
the actual operation of the 8251,

Both the Mode and Command instructions must conform to
a3 specified sequence for proper device operation. The Mode
Instruction must be inserted immediately following a Reset
operation, prior to using the 8251 for data communication.

All control words written into the 8251 after the Mode In-
struction will load the Command Instruction. Command In-
structions can be written into the 8251 at any time in the’
data block during the operation of the 8251. To return to -
the Mode Instruction format a bit in the Command Instruc-
tion word can be set to initiate an internal Reset operation

" which automatically places the 8251 back into the Mode
Instruction format. Command Instructions must follow the
Mode Instructions or Sync characters.

€D MODE INSTRUCTION

SYNC MODE
ONLY *

e SYNC CHARACTER 1
-1 SYNC CHARACTER 2

€/5 =1 | COMMAND INSTRUCTION

e i e €D - @ 4 =~ DATA e e e

C/5=1 | COMMAND INSTRUCTION

co~o J DATA J

CB =1 | COMMAND INSTRUCTION

“The second SYNC charscter is skipped il MODE imstruction
has programmed the 8251 to single character Internal SYNC
Mode. Both SYNC charactert are skipped if MODE inetruction
ha programmed the 8251 10 ASYNC mode.

Typical Data Block
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Mode Instruction Definition

The 8251 can be used for either Asynchronous or Synchro-
nous data communication. To understand how the Mode
Instruction defines the functional operation of the 8251 the
designer can best view the device as two separate components
sharing the same package. One Asynchronous the other
Synchronous. The format definition can be changed "on
the fly" but for explanation purposes the two formats will
be isolated.

Asynchronous Mode (Transmission)

Whenever a data character is sent by the CPU the 8251
NMmatlcally adds a Start bit (low level) and the program-
med number of Stop bits to each character. Also, an even
or odd Parity bit is inserted prior to the Stop bit(s), as de-
fined by the Mode Instruction. The character is then trans-
mitted as a serial data stream on the TxD output. The serial
data is shifted out on the falling edge of TxC at 3 rate equal
to 1, 1/16, or 1/64 that of the TxC, as defined by the Mode

Instruction. BREAK characters can be commuously sent to

~ the TxD if commanded to do so. ¢

When no data characters have loaded into the 8251 the
TxD output remains “high” (marking) unless & Break (con-
- tinuously low) has been programmed.

Asynchronous Mode (Receive)

The RxD line is normally high. A falling edge on this line
triggers the beginning of a START bit. The validity of this
START bit is checked by again strobing this bit at its nom-
inal center. If a low is detected again, it is a valid START
bit, and the bit counter will ctart counting. The bit counter
locates the center of the data bits, the parity bit (if it ex-
ists) and the stop bits. If parity error occurs, the parity er-
ror flag is set. Data and parity bits are sampled on the RxD
pin with the rising edge of RxC. If alow level is Betected as
the STOP bit, the Framing Error flag will be set. The STOP
bit signals the end of a character, This character is then
loaded into the parallel 1/0 buffer of the 8251. 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 1/0 buf-
fer, and the OVERRUN flag is raised (thus the previous
character is lost). All of the error flags can be reset by a
command instruction. The occurrence of any of these er-
rors will not stop the operation of the 8251.

5 1§

. L 1 L 1

D, O Dy D,

30K

Dy D, b,

T[]

SAUD RATE FACTOR

° EE R E
od
S | ox [ vex [ eaxr

CHARACTER LENGTH
L 1 L) 1

L o’ 1 1

5 [] 7
BITS | BITS | BITS | BITS

PARITY ENABLE
1= ENABLE 0= DISABLE

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

NUMBER OF STOP BITS

_————

[} 1 o | 1
° vl 1
1 1% &

INVALID| gi7 | giTs | 8iTs

Mode Instruction Format, Asynchronous Mode

TRANSMITTER OUTPUT

x
"0 nn«ml"’.‘,‘," I DATA BITS

o4

"
PARITY. STOP
Ll BITS
RECEIVER INPUT

FPu. A "
START PANTY sToP
g it i a4 I
- §

TRANSMISSION FORMAT 4
CPU BYTE (58 BITS/CHAR)

[ DATA CHARACTER ]

4 b

ASSEMBLED SERIAL DATA OUTPUT (TxD)
PARITY sTor
BIT BITS
———

SERIAL DATA INPUT (RxD)
. S PARITY
DATA CHARACTER e m'rs |
CPUBYTE (58 BITS/CHAR)*

[ oarmonunacren ]

44

START

BT I DATA CHARACTER

RECEIVE FORMAT

START
8IT

*NOTE: IF CHARACTER LENGTH IS DEFINED AS 5, 6 OR 7
BITS THE UNUSED BITS ARE SET TO “ZERO™, -

Asynchronous Mode

-
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Synchronous Mode {Transmission)

The TxD output is continuously high until the CPU sends
its first character to the 8251 which usually is a SYNC
character. When the CTS line goes low, the first character
is serially transmitted out. All characters are shifted out on
the falling edge of TxC. Data is shifted out at the same
rate as the TxC. .

Once transmission has started, the data stream at TxD out-
put must continue at the TxC rate. |f the CPU does not pro-
vide the 8251 with a character before the 8251 becomes
empty, the SYNC characters (or character if in single SYNC
word mode) will be sutomatically inserted in the TxD data
stream. In this case, the TXEMPTY pin is raised high to sig-
nal that the 8251 is empty and SYNC characters are being
sent out. The TXEMPTY pin is internally reset by the next
character being written into the 8251,

Synchronous Mode (Receive)

In this mode, character synchronization can be internally
or externally achieved. I the internal SYNC mode has been

“programmed, the receiver starts in a HUNT mode. Data on

the RxD pin is then sampled inon the rising edge of RxC.
The content of the Rx buffer is continuously compared
with the first SYNC character until a match occurs. If the
8251 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 character synchronization. The SYN-
DET pin is then set high, and is reset automatically by 2
STATUS READ.

In the external SYNC mode, synchronization is achieved by
applying a high level on the SYNDET pin. The high level can
be removed after one RxC cycle.

Parity error and overrun error are both checked in the same
way as in the Asynchronous Rx mode.

The CPU can command the receiver to enter the HUNT
mode if synchronization is lost.

D, DBy Oy D, Dy D, D, Dy

Ll L[ [ T]

| CHARACTER LENGTH
{1 0 1 L 1

o o 1

L] 7
8ITS | BITS | BITS

e PARITY ENABLE
(1= ENABLE)
(0 = DISABLE)

1= EVEN
0=00D

EXTERNAL SYNC DETECT
1= SYNDET IS AN INPUT

EVEN PARITY GENERATION/CHECK

0« SYNDET IS AN OUTPUT

SINGLE CHARACTER SYNC

1« SINGLE SYNC CHARACTER
0 = DOUBLE SYNC CHARACTER

Mode Instruction Format, Synchronous Mode

CPUBYTES (5.8 8ITS/CHAR)

[ o]

ASSEMBLED SERIAL DATA OUTPUT (TxD)

SYNC SYNC §
I CHAR 1 ] alin? DATA CHARACTERS I

RECEIVE FORMAT

SERIAL DATA INPUT (RxD)

SYNC SYNC
rﬂﬂl 1 ] CHAR 2 DATA CHARACTERS

3

CPU BYTES (58 BITS/CHAR)

I DATA CHARACTERS I

Synchronous Mode, Transmission Format

.
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COMMAND INSTRUCTION DEFINITION

Once the functional definition of the 8251 has been pro-
grammed by the Mode Instruction and- the Sync Characters
are loaded (if in Sync Mode) then the device is ready to be
used for data communication. The Command Instruction
controls the actual operation of the selected format. Func-
tions 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 8251
and Sync characters inserted, if necessary, then all further
““control writes” (C/D = 1) will load the Command In-
struction. A Reset operation (internal or external) will
return the 8251 to the Mode Instruction Format,

STATUS READ DEFINITION _

In data communication systems it is often necessary to
examine the “status” of the sctive device to ascertsin if
errors have ‘occurred or other conditions that require the
processor’s attention. The 8251 has facilities that allow the
programmer to ““read” the status of the device at any time
during the functional operation,

A normal “read” command Is Issued by the CPU with the
C/D input at one to accomplish this function,

Some of the bits in the Status Read Format have identical
meanings to external output pins so that the 8251 can be
used in a completely Polled environment or In 3n interrupt
driven environment.

D8P b, b, b, 0, v, A

o | m s [ e [sen| aee [ore freer]

TRANSMIT ENABLE
1 = snable
0 = dissble

DATA TERMINAL
READY

“Wgh” will foree DTA -
output to tero

RECEIVE ENABLE
1 = anable

0 = dinable

SEND RREAK

CHARACTER

1 = forem TxD “Jowm™

0 = morms! operetion
=

ERROR RESET
1 = renet oll orror Roge
PE, OF, FE

REOQUESY TO SEND
*high” will fores RTS
output to rero

INTERNAL RESET
“Wigh” returm 8251 19
Made Inttruction Formet

ENTER HUNT MODE
1 = gnable ssorch for Bync
Charsetery

Command Instruction Format

04 £ 3By o D¢ Dy L2} ) Do

OSR | SYNDET FE Ot PE ToE RxROY | TaRDY

N4 ¢ 14

SAME DEFINITIONS AS 1/0 PINS

PARITY ERROR

The PE fing s st when o parivy
st e mme| s e | el s detacted, 1t s reest by - | .
the ER bit of the Commend

FRAMING ERROR (Asyne oniy)
The FE fNiag b st wion » velid

Status Read Format -
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APPLICATIONS OF THE 8251

; ADDRESS BUS 7 ADORESS BUS
]] CONTROL BUS LI .CONTROL BUS 1
£ o ild K SN T
o DATA BUS : § DATA BUS s
|
|
p==——q
RxD {1 BATOTTL R0
y j CowveRr . D =D
o 0 N it { A BSR ASYNC m‘
Bt ~—l =24 Y/ &TR MODEM INTER.
ACE .
= GENERATOR Aol O
RTS
- T BAUD
Asynchronous Serial Interface to CRT Terminal, e s,
TELEPHONE
DC-9600 Baud LINE
5 R 5 % g 6.8 Asyv}chropg_us Interface to Telephone Lines
) Aloof:s BUS f -3 { _l [ ADDRESS BUS B
H [ CONTROL BUS N )l J ] ] CONTROL BUS 3y
{ @ DATA BUS 3 § U DATA BUS Yy
s b e ey
281 ‘—‘l OR PERIPHERAL :‘; n';'v::n
DEVICE * FACE
synofT sYNC
SYNOET ﬁ; MODEM
L .
m I
o™
Syachronous Interface %0 Terminal or Peripheral Device TELEPHONE
[

Synchronous Interface to Telephone-Lires .
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D.C. Characteristics: Ta =0°C'to 70°C; Ve = +5V $5%; Vgs = QV

Symbol | Parameter Min. | Typ. | Max. | Unit | Test Conditions
ViL Input Low Voltage 8 \' -
ViH Input High Voltage 2.0 v ;
loL=2.0mA (DBg3),”
V. | 5 oL o7).
oL Output Low Voltage 4 A" 1.6;11 A(Others)
Iofy=150uA (DBg 7). - -
Vi High Volt ¥ on 18
2 i L V| 100uA (Others
lec Power Supply Current 80 mA Heinge
) Input Load Current 10 - k. Vjn=0V 10 5.25V
loL | Output Leakage Current (DB Low) -100 AuA FVoyr=04v
ILoH Output Leakage Current (DB High) +10 “nA,(; . Vout=Vec

A.C. Characteristics: Ta =0°C to 70°C; V¢ = +5V $5%; Vss = OV
'ss

£ ./
Symbol | Parameter Min. {.TyA | ‘Max. l_Jn'h Test Conditions
tey Clock Period 480 1 .. Lns
tow Clock Puise Width 220 2 ns
tco Clock Pulse Delay }26_0 f\_“ ns
tR.AF Clock Rise and Fall Time NS0 S ha M A
wh Write Pulse Width 4004 ns
e —— -
tps Data Set-Up Time for WRITE 300 ns
toH Data Hold Time for WRITE 20 ns
top Data Delay from READ 350 ns Cy = 150pF
teD READ to Data Floating - 160 ns C_ = 150pF
taw Address Stable before WRITE’ . " G A ns
WA Address Hold Time for WE TE ‘[ﬂ f: L\c h 40 ns
taR Address Stable before BEAD Vi ,,é} 0 ns
tRA Address Hold Time fbr,READ " g 0 ns
1OTx TxD Delay from iﬂy gevf 'JtC A\é 300 ns
tsRx Rx Data Set- ‘yp“ﬂme toSamplmg Pulse 500 ns
tHRx Rx Data deq‘h?e o San‘iphng Pulse 6 CLK
et Period,
frx Transmitter Input Clock Frequency
1X Baud Rate % 56 KHz
16X and 64X Baud Rate 615 KHz
fRx Receiver Input Clock Frequency .
1X Baud Rate 56 KHz
16X and 64X Baud Rate 615 KHz
trx TxRDY Delay from Center of Data Bit 6 CLK C=50pF
Period
tRx RxRDY Delay from Center of Data Bit 6 CLK
Period
s Internal SYNDET Delay from Center of 6 CLK
Data Bit Period
tes External SY_fﬂ_)ET Set-Up Time before Rising 6 CLK
Edge of RxC Period

e W






