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ABSTRACT

This thesis presents the high speed data communication equipment by time division
multiplexing techniques, It has 4 channels for interfaced with Data Terminal Equipment (DTE)
and then received by asynchronous at speed 300, 600, 1200, 2400 or 9600 BPS. When acts
proce;iure of data multiplexing, it will trancieved this signal on communication mcdmm which
is channel for aggregate signal by synchronous at speed 64 kBPS or asynchronous at speed

19.2 kBPS transmission.
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2.8.4 YoanagluszUUMITea1s (Protocol)
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M7 2.2 audnyas lavgevesdyqna RS232-C

qmﬁ’ﬁumzma‘lﬂ%
Driver output logic levels with 1SV>0>5V
3k to 7k load -5V>0>-15V
Driver output voltage when open circuit Vo<25V
Driver output impedance with Power off Ro > 300 Ohms
Output Short circuit current Io<05 A

Driver slew rate

dv/dt < 30V/s

Receiver input impedance

7k > Rin >3k

Receiver input voltage

+15 compatible with driver

Receiver output with open circuit input MARK
Receiver output with +3V input SPACE
Receiver output with -3V input MARK

+15 LOGIC 0 = SPACE
+5 CONTROL ON

+5 Noise Margin

+3

Transition Region




20

MmN 2.2 (A1) Auanyuz lavdovesdynu RS232-C

-3
' -3 ' Noise Margin
-5
-5 LOGIC 1 = MARK
-15 CONTROL OFF

2.4.3 11711 RS2382-C Ay V.24

TAndntunaspuawmnaudnasgaamassudidnnsofindussanisonsm nie
RS232-C whauds andszynfuasnguued CCITT (Comite Consultatif Intemnational
Telephonique Telegraphique) 1ANINATFIUBBnUUHiTouuIAzatsaty Fulumassu

8001 3 JUlUUAe
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v.28 ussewdnyuen i@ miunsly Unbalance Double Current Interchange
Circuit
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a 3 a Jov A o dy o =<
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L4 A o s Yo a o as =3 1 a
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maah 8.2 Sandyanunuade

Output Output Rates (Hz)

Number * 64 * 16 *8 *1
Fl1 614.4 k 153.6 k 768 k 9600
F2 460.8 k 1152k 576k 7200
F3 '307.2 k 76.8 k 384k 4800
F4 2304 k 576 k 288 k 3600
F5 153.6 k 384k 192 k 2400
F6 1152k 288 k 144 k 1800
F7 76.8 k 192k 9600 ‘1200
F8 384k 9600 4800 600
F9 192k 4800 2400 300
F10 128 k 3200 1600 200
F11 9600 . 2400 1200 150
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snamsginsamlilulnsents

REF NO. DESCRIPTION PART NO.
C1,C2,C3,C4,C7,C8 Ceramic 330pF

Cs Ceramic 0.1uF

C6 Ceramic 50uF
C9,C10 Electrolytic 2200uF
C11,C12,C13,C14,15,C16,C17  Ceramic 100nF
CcC Ceramic 0.1uF
CPU Board control Z-80 CPA
D1 Diode 1N4007
D2,D3 Diode 1N5401
Fl Fuse 1A
IC1,IC3,IC18 IC MC488
IC2,I1C4,IC19 IC MC1489
IC5,IC6,IC7,IC8,IC17 IC 8251
IC9,IC15 IC 74L.S04
IC10 IC 74L.S07
IC11 IC 741505
1C12 IC 74LS13
IC13 IC 741512
IC14 IC MC14411



IC16

IC20

IC21

ic22
P1,P2,P3,P4,P5
RI1,R2,R3,R4,R5
R6

R7

R8,R9
SWI1,SW2,SW3,SW4,SW5
X1

X2

68

IC

IC

IC

IC
Connector
Resistor
Resistor
Resistor
Resistor
DIP Switch
Crystal

Crystal

741590
MC7812
MC7912
MC7805
DB25 F
330

3.3k

1.5M
1.2M

6 Channel
3.6864MHz

640KHz
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v & A Y o
m‘ﬂmmmsadﬁﬂmway’ammﬁ?gﬂ

o 4 4 o o 1 4 v
msiunsesdemsdoyannuiigellfaonniu  neudussdemswiigudnuus

mwizvsunsoudonou Flanaowudluuni 3 FaimslFaulasildaunsensemld
H w 1 o
amTunoufene 1l

1. domsownsuiiuneiniogunsallaenvesdoya (DTE) hiuniesdons
FoyanrmiTiqelavidmuoisouneiiiigUnsali¥eds (Connector) Wy DB-25 M &l
WenanithiunTesdoasdoyaniuiigqe  uardndranilsldginsalifousds  (Connector)

2 v A& 1 (4 3/ o A 1 &
fuuuy DB-25 F & lfFeudsgunseitlaomedeya (DTE) uazyhmsoudemuiouTs

sewinganiivounsesdildginselifouds (Connector) 1y DB-25 Fifdaufiy

2. iendantialumsiudidoyalasly DIP-SW Feegdaau1ain DB-25 F usas

’ ] ar

Yosdyanaudeyaniuiiiiezdl pp-sw dszsedyndosdyga Tasmsidondasiinlu

- 8

msdadoyanyuerdlasialasiinnumuiedsil

1. 81 ON 1 1 sziumsidendasiiin = 300 BPS
b1 2 as o

2. 41 ON 11 2 s=iun1si@ondasiiin = 600 BPS
1Y A o a

3. 1 ON 1 3 szilumsifensasiin = 1200 BPS

4. 81 ON 11 4 szitlun1sifondasiin = 2400 BPS
b 4 A [ a

5. 471 ON 11 5 szidlumsiAensnsiin = 4800 BPS

6. 41 ON %1 6 szt umsidondnsidn = 9600 BPS

3. @enjluuuveunaiiansdwudeyaine iduuuud InsfeneosFa las e
uazidedasriinlunsdewudeyavonlosssnhgamilveunios Tasmsidenit DIP-SW

3 Y ] ' a o o
Function HUUAQASVINANIUNUIYAIU

1. 81 oN 1 1 seilumsifonnsdauudeinsiie udnin OFF ¥ 1 suithums

@onmsaiuuesE Insue
2. 81 ON 1 2 uaz 4 wziumsidondasiiin = 19.2 kBPS (Asynchronous)

3.8 ON 3 uaz 6 sziiiun1sidondasiiin = 640 KBPS (Synchronous)
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4. 1 ON 11 5 vzilumsidensasiiin = 640 kBPS Fl9lunsdifiiins LocAL
LOOP BACK TEST (LB.TEST)

4. ¥1m15 ON aInd POWER sedungiiiu LCD DISPLAY Mnsuaanaiiiuie
¥8UATBIND “HIGH SPEED DATA COMM. EQUIPMENT BY TDM tiaztausjuiives
msdwrudoyaiiuuuy “SYNCHRONOUS MODE” 3o “ASYNCHRONOUS MODE”

5. mmsavihudeyaenisaanedoms laolddeyaluzuuudieg

6. funamsAanmalunisiaulinaly RESET degaumiveunses nielu
nsdhhmsnfeugduuuvesmsdwiudeya (ASYN/SYN) sxdpainnis RESET in7ealmi

b4
nnAsIRY
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s Hbbockbbooeklokkk SETUP Z-80 CPU #kitikfiiiokoribiollrk

CPU "Z80.TBL"
HOF "INT8"
ORG 0000KH
START:

PDATA:EQUSOH
PSIGN:EQU82H

PREAD:EQUB4H

LD HL,0000H s;Power on Delay
LOOP1:

DEC HL

LD A,L

OR H

JR NZ,L00P1

LD 5P, 9FFFH ;Set SP.

sF Rkl F oo ook MATN  skkkkieoboloioiolor koo lokor ok
MAING:
CALL ' INITLCD
CALL  MAINDISP
3 AR Ak R kR ek ok ko k. SETUP 8231 USART ksl ks foldkk k¥

IN A, (34H)

BIT 0,4



JR NZ,ASYNC
LD HL,TAB4
CALL DISP1

LD HL, TABOO

CALL DISP2

LD A, 38H

ouT (21H),A
LD A, 161

oUT (21H),4
OouT (21H),A
LD A,95H

OuT (21,4
LD A, TAH

OUT (25H), A
ouT (29H), A
ouT (2DH), A
ouT (31,4
LD 4,15H

0yUT (25H),A
ouT (29H),A
OUT (2DH), A
OuT (31,4

JR MAINI



ASYNC:

LD
CALL
LD
CALL
LD
ouT
ouT
ouUT
oUT
oUT
LD
oUT
ouT
oUT
OUT
oUT

JR

HL,TAB3
DISP1

HL, TABCO
DISP2

A,7AH

(210 ,A
(25H),A
(29H), A
(2DH), A
(311), A
4,15H

(21H),A
(25H), A
(291 ,A
(2DH), A
(310, 4

MAIN2

75

sSet 8251 ASYNC
sClock * 16

37 bit , E Parity , 1 Stop

;Set TX & RX Enable

sand Reset ERRCR

ks MAIN PROGRAM  mekikikblk koo fioh ko dok

MAINI:

IN

BIT

JR

CALL

JR

A, (21D
6,A
NZ,MAIN1
MAIN

MAINI
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MAINZ2:
CALL MAIN

JR MAINZ

3 kool DATA  COMM. dolkdokkskolisiolobtoolsidoliotiol ok

MAIN:
LD E,00H sReset Control word
LD HL,8200H ;Set Buf.data = Address 9200H
N A, (21H) sRead config port AGG
BIT 1,4 ;Check. RX ready
CALL NZ,READ1 sIF RX ready call READ1
LD C,25H
IN A, (C) sRead config port 1
BIT 1,4 sCheck RX
CALL NZ,READZ2 5IF RX ready call READ2
LD C,28H
IN A, (C) sRead config port 2
BIT 1,4 sCheck RX
CALL NZ,READ3 sIF RX ready call READS
LD C,2DH
IN A, (O) sRead config port 2

BIT 1,4 ;Check RX



CALL

LD

IN

BIT

CALL

CP

CALL

RET

DEC

IN

LD

READ3:

DEC

IX

LD

INC

INC

NZ,READ4

1,A

NZ,READS

A,00H
E

NZ,TRAX

A, (C)
(HL), A
HL

c

0,E

77

sIF RX ready call READ4

sRead config port 4
s;Check RX

sIF RX ready call READS

;Check input data port 1-4
sIF DATA = yes THEN call TRAX

;Jump Lo MAIN

sIn data port 1

sLoad data port 1 to Buf.data

sSet, bit 0 = 1 of Control word

sIn data port 2

sLoad data port 2 to Buf.data



SET

RET

READ4:

DEC

IN

LD

INC

INC

SET

RET

READS:

DEC

IN

LD

INC

INC

SET

RET

READ1:

EXX

IN

LD

cp

1,E

A, ()

(HL), A

HL

<«

A, (C)

(HL), A

HL

3,E

A, (20H)

0AAH
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;Set bit 1 = 1 of Control word

sIn data port 2

sLoad data port 2 to Buf.data

s8et, bit 2 = 1 of Control word

;In data port 4

sLoad data port 4 to Buf.data

sSet bit 3 = 1 of Control word



EXX

LD

Cp

JR

LD

EXX

RET

JUMP1:

LD

CP

JR

LD

INC

EXX

RET

JUMPZ:

INC

LD

AND

LD

BIT

RES

JR

A,10H
B
NZ,JUMP1

D,01H

A,01H

D

NZ, JUMP2
E,B

D

A,E
00001111B
E,A
C,24H
0,E

0,E

NZ,TX1
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sLoad START FRAME
sCheck data = START FRAME
sjump if data <> STRAT FRAME

sSet counter data

sCheck data number 2
sJump datad>number 2
sload Control word to E

sINC counter data

s INC counter data

sC = index port 1

sCheck Data port 1

sdJump data port 1 = yes



LD

BIT

RES

JR

LD

BIT

RES

JR

LD

BIT

RES

JR

EXX

RET

TX1:

LD

orT

EXX

RET

TRAX:

LD

LD

CALL

C,28H
1,E
1,E
NZ,TX1
C,2CH
2,E
2,E

NZ,TX1

3,E
3,E

NZ,TX1

A,B

(), A

HL,9200H
B,10H

TX2

80

sC = index port 2

sCheck data port 2

sJump data port 2 = yes
5C = index port 3

sCheck data port 3

sJump data port 2 = yes

5C = index port 4

sCheck data port 4

sJunp data port 4 = yes

3B = START FRAME

;Send START FRAME



ST3:

ST1:

TX2:

LD

CALL

LD

LD

SRL

ADC

DJNZ

LD

LD

CALL

DEC

JR

RET

IN

BIT

JR

BIT

CALL

JR

B,E
TX2
B,04H

A,00H

A,00H
ST3

E,A

B, (HL)
TX2
HL

E

NZ,ST1

A, (21H)
0,4
NZ,ST2
1,4
NZ,READ1

TX2
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3B = Control word

sSend Control word

;counter all data

3B = data in BUF.data
;S5end data

;INC BUF.data

sDEC data counter

sJump Counter <> 0

sread config port AGG
sTX ready

sdJump if TX ready

sRX ready

sdJump if RX ready
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ST2:
LD A,B sData to A
ouT (20H), A ;out data to port AGG
RET

3 Jeskekolkste e e dde sl etk skl ok ok el lsk deioekoioekellesiokolaleslok ok koo ok
TABOO:DFB" "
TAB1:DFB"HIGH SPEED DATA COMM"
TAB2:DFB " EQUIPMENT BY TDM "
TAB3:DFB" ASYNCHRONOUS MODE "
TAB4:DFB" SYNCHRONOUS MODE "
AGG:DFB"AGG: G
P1:DFB"PORT 1: "

P2:DFB"PORT 2: "
P2:DFB "PORT 3: "
P4:DFB"PORT 4: "

ND:DFB"PORT NO CONNECTED!!:"

DRX:DFB" RX L
DTX:DFB" X "
MAINDISP:

CALL CLS

LD HL,TAB1

CALL DISP2

CALL DELAYL -

CALL DELAYL



CALL

CALL

CALL

CALL

CALL

CALL

CALL

RET

CLS:

LD

CALL

LD

CALL

CALL

RET

LOGO:

LD

CALL

LD

CALL

CALL

RET

INITLCD:

LD

ouT

83

LOGO
CLS
LOGO
CLS
LOGO
DELAYL

DELAYL

HL,TABOO
DISP1
HL, TABOO
DISP2

DELAYH

HL,TAB1
DISP1
HL,TABZ
DISP2

DELAYL

A,00111000B

(PDATA),A



CALL

CALL

LD

OUT

CALL

LD

ouT

CALL

CALL

RET
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DELAY
DELAY
A,00001111B
(PDATA), A
DELAY
A,00000110B
(PDATA),A
READY

DELAY

bk DELAY

DELAY:

DE1:

PUSH

LD

DJNZ

pPoP

RET

BC

B, 00H

DE1

BC

FsksfdsRlor kbRl kooF ok ok

s Bkl ke LONG DELAY ekkiskiekokfokdkdok ok ok s o o s 3

DELAYL:

LD

CALL

CALL

CALL

D, 0FFH

DELAY
DELAY

DELAY
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DEC D
JR NZ,L1
RET
DELAYH:
LD D, 5FH

L11:

CALL DELAY

CALL DELAY

CALL DELAY

DEC D
JR NZ,L11
RET

SRRk kool kckk Rk dokks  CHECK BUSY FLAG lddikdoliolplokdok kb %

READY:
IN A, (PREAD)
BIT 7,4
JR NZ,READY
RET

;******************#***** SET ADDRESS DD RAM  ssbdsksdsoidskbskokdeskokdeb e &
GOTO:
SET T,A
ouT (PDATA),A
CALL READY

RET



DISP1:

LD

CALL

CALL

CALL

RET

DISP2:

LD

CALL

CALL

CALL

RET

DISP21:

LD

CAEL

CALL

CALL

RET

DIsp22:

LD

CALL

CALL

RET

A,00H
GOTO
WLINEZ20

¥LCD

A, 40H
GOTO
WLINEZ20

#LCD

4,40H
GOTO
WLINEY

WLCD

A,47TH
GOTO
WLINE13

WLCD

86



WLINET:

LD

RET

WLINE13:

LD

RET

WLINE20:

LD

RET

WLCD:

LD

LD

CALL

INC

DJINZ

RET

WBYTE:

LD

ouT

CALL

RET

END

5 koo ooBblokkE GOODBYE ek d el folok ksl ok ok
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B,7

B,13

B, 20

A, (HL)
D,A
WBYTE
HL

¥LCD

4,D
(PSIGN),A

READY
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8251A :

PROGRAMMABLE COMMUNICATION INTERFACE

Synchronous and Asynchronous = Asynchronous Baud Rate—DC to
Operation 19.2K Baud
Synchronous 5~8 Bit Characters; = Full-Duplex, Double-Buffered
Internal or Externai Character Transmitter and Receiver
Synchronization; Automatic Sync . = Error Detection—Parity, Overrun and
Insertion Framing .
Asynchronous 5-8 Bit Characters; = Compatible with an Extended Range
Clock Rate—1, 16 or 64 Times Baud : of Intel Microprocessors .
Rate; Break Character Generation; m 28-Pin DIP Package
1, 114, or 2 Stop Bits; False Start Bit ® Al
1 Te ! T TTL

Detection; Automatic Break Detect Co;:autist;lind Outputs are
and Handling ® Available in EXPRESS

w Synchronous Baud Rate—DC to —Standard Temperature Range
64K Baud

-——~Extended Temperature Range

The Intel® 8251A is the enhanced version of the industry standard, intel 8251 Universal Synchronous/
Asynchronous Receiver/Transmitter (USART), designed for data communications with Intel’s microprocessor
tamilies such as MCS-48, 80, 85, and iAPX-86, 88. The 8251A is used as a peripheral device and is programmed
by the CPU to operate using virtually any seriat data transmission technique preséntly in use (including 1SM
“bi-sync”). The USARTaccepts data characters from the CPU'in parallef format and then converts them into a
continuous serial data stream for transmission. Simultaneously, it cad 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 signais such as
SYNDET. TxEMPTY. The chip is fabricated using N-channel silicon gate technology.

DATA La ] rranssr
/;_. AT /N N susFER  |—=Te0
3, o v
y T, BUFFER l gl
N .
I N #
AESET | . e K
ser (\_:\ ! TROY &no u—E
"1 REAO/WRITE i :
&b ] contROL i o W il ° o
ab—-q LoGic ' 5 T . avs
PO - = > -
z ! o a, o%a
e [ ! > o
< cun
. , Y 1.0
: ccmve & Tefgmetry
o A i AECEIV 5 €T
convacy LK susfen  |-—Re0 €9 o
c:: . l prers “—6 SYNOET RO
a P
K. ,1 i AHDY f.80v
j ' i T +
H | ¢ | 3
4
% | |—-ren0OY
il
mTEANAL | ! = :;:::?L e
DATA BUS ; ! e SYNOET
h

N,

Figure 1. Block Diagram Figure 2. Pin Configuration
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FEATURES AND ENHANCEMENTS

The 8251A is an advanced design of the industry
standard USART, the Intel® 8251. The 8251A
operates with an extended range of Intel
microprocessors and maintains compatibility with
the 8251. Familiarization time is minimal because of
compatibility and involves only knowing the addi-
tional features and enhancements, and reviewing
the AC and DC specitications of the 8251A.

The 8251A incorporates all the key features of the
8251 and has the following additional features and
enhancements:

e 8251A has double-buffered data paths with sepa-
rate I/O registers for control, status, Data In, and
Data Qut, which considerably simplifies control
programming and minimizes CPU overhead.

e In aéynchronpus operations, the Receiver detects
and handles “break” automatically, relieving the
CPU of this task.

e 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 s
programmed.

e 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.

s When External Sync Detect is programmed, Inter-.
nal Sync Detect is disabled, and an External Sync
Detect status is provided via a flip-flop which

_ clears itse)f upon a status read.

e Possibility of taise sync detect is minimized by
ensuring that if double character sync is program-
med, the characters be contiguously detected and
also by clearing the Rx register to all ones
whenaver Enter Hunt command is issued in Sync
mode. .

« As long as the 8251A is not selected, the RD and
WR do not affect the internal operation of the
device.

* The 8251A Status can be read at any time but the
status update will be inhibited during status read.

e The 8251A 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.

N

FUNCTIONAL DESCRIPTION

General

The- 8251A is a Universal Synchronous/Asynchro-
nous Receiver/Transmitter designed for a wide
range of Intel microcomputers such as 8048, 8080,
8085, 8086 and 8088. Like other /O devices in a
microcomputer system, its functional configuration
is programmed by the system's software for maxi-
mum flexibility. The 8251A can support most serial
data techniques in use, including IBM “bi-sync.”

In_a cgmmunication environment an interface
device must convert paraliel format system datainto
serial format for transmission and convert incoming
serial format data into paraliel systermn data forrecep-
tion. 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 8251A to the system Data Bus. Data is
transmitted or received by the buffer upon exscution
ot INput or OUTput instructions of the CPU. Control
words, Command words and Status information are
also transtarred through the Data Bus Buffer. The
Command .Status, Data-in and Data-Out registers
are separate, 8-bit registers communicating with the
system bus through the Data Bus Butfer.

This functional block accepts inputs from the system
Control bus and generates control signais 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
definition.

RESET (Reset)

A “high" on this input forces the 8251A into an “idle”
mode. The device will remain at ‘Idle" until a new set
of control words is written into the 8251A to program
its ‘functional definition. Minimum RESET puise
width is 6 tcy (clock must be running).

- A command reset operation also puts the device into
the “idle” state.
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CLK (Clock)

The CLK input is used to generata internal device
timing and is normally connected to the Phase 2
(TTL) output of the 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 data-bit rates.

WR (write) -

A “low"” on this input informs the 8251A that the CPU
is writing data or control words to the 8251A.

RD (Read)

A "low" on this input informs the 8251A that the CPU
is reading data or statusinformation from the 8251A.

TRANSMIT
BUFFEA
(L 1]

o Ta0

pr—e= T2AROY

TRANSMIT

CONTAGL =Tl MrTY

. re2

AECEIVE
BUSFER  fa—R20

o
x g

RECUIvE i
INTERANAL - oo
OATA BUS GG

L) 4 e

e SYNOET/
8AKDLT

Figure 3. 8251A Block Diagram Showing Data
Bus Butfer and Read/Write Logic

Functions
c/O RD WR
0 ] 1 0 B8251A DATA = DATA BUS
9 1 6 0  DATABUS =8281A DATA
1 0 1 0 STATUS= DATABUS
1 1 0 0 OATABUS =~ CONTROL
X 1 1 0  DATABUS= 3.STATE
X X X 1 DATABUS= 3.STATE

C/D (Control/Data)

This input, in conjunction with the WR and RD in-
puts, informs the 8251A that the word on the Data
Bus is either a data character, control word or status
information.

1= CONTBOUSTATUS: 0 = DATA.
CS (Chip Select)

A*low"”on this iﬁput selects the 8251A. Noreading or
writing will occur unless the device is selected.
When CSis high, the Data Bus is inthe float state and
RD and WR have no effect on the chip.

Modem Control

The B251A has a set of control inputs and outputs
that can be used to simplifythe interface to almost
any modem. The modem control signals are general
purpose in nature and can be used for functions
other than modem control, it necessary.

DSR (Data Set Ready) .
The DSR input signal is a general-purpose, 1-bit in-
verting input port. Its condition can be tested by the
CPU using a Status Read operation. The D3R input
is normally used to test modem conditions such as
Data Set Ready.

DTR (Data Terminal Ready)

The DTR output signal-is a general-purpose, 1-bit
inverting output port. it can be set “low" by pro-
gramming the appropriate bit in-the Command In-
struction word. The DTR output signal is normaily
used for modem control such as Data Terminal
Ready.

RTS (Request to Send)

The RTS output signal is a general-purpose, 1-bit
inverting output port. it can be set “low” by pro-
gramming the appropriate bit in the Command In-
struction word. The RTS output signal is normally
used for modem control such as Request to Send.

CTS (Clear to Send) '

A “low"” on this input enables the 8251A to transmit
serial data if the Tx Enable bit in the Command byte
is set to a “one.” If either a Tx Enable off or CTS off
condition occurs while the Tx is in operation, the Tx
will transmit all the data in the USART, written prior
to Tx Disable command before shutting down.
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Trénsmltter Butfer

The Transmitter Butfer 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 technigue) 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 it TTS = 0. The
TxD line will be held in the marking state immedi-
ately upon a master Reset or when Tx Enable or CTs
is otf or the transmitter is empty.

Transmitter Control

The Transmitter Controt manages all activities asso-

ciated with the transmission of serial data. It accepts

and issues signals both externally and internaily to
accomplish this function.

TxRDY (Transmitter Ready)

This output signals the CPU that the transmitter is
ready to accept a data character. The TxROY output
pin can be used as an interrupt to the system, sinceit
is masked by TxEnable; or, for Polled operation, the
CPU can check TxRDY using a Status Read opera-
tion. TxRDY is automatically reset by the leading
edge of WR when a data character is loaded from
the CPU.

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

TxE (Transiitter Empty)

When the 8251A has no characters to send, the
TxEMPTY output will go “high."” It resets upon recsiv-
ing a character from CPU if the transmitter is en-
abled. TXEMPTY remains high when the transmitter
is disabled. TXEMPTY can be used to indicate the
end of a transmission mode, so thatthe CPU “knows”
when to “tumn the line around” in the haif-dupiex
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 “filiers.”
TxXxEMPTY does not go low when the SYNC charac-
ters are being shifted out.

oAta
[ o<::: by C} Te
Y BUFFER
RESEY . )
Tanov
XA e aommire Cj "

€O o] conTAOL TuttwTy
RO___.4 LoGiC . e

RECEIVE
susrga R0
is.”

L1

| RenOY

necove L &GE
COMTROL

INTEANAL
DATA 83

- SYNOET/
sAKDET

Figure 4. 8251A Block Diagram Showing Modem
and Transmitter Butter and Control
Functlons -

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, 1/16 or 1/64 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 8251A.

Receliver Buffer

The Receiver accepts serial data, converts this serial
input to parallel format, checks for bits or characters
that are unique to the communication technique
and sends an "assembled” charscter to the CPU.
Serial data is input to RxD pin, and is clocked in on
the rising edge of RxC.
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Receiver Control

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

The RxD initialization circuit prevents the 8251A
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 affer a chip
master Reset. Once this has been determined, a
search for a valid low (Start bit) is enabled. This
featurs is.only active in the asynchronous mode,
and is only done once for each master Reset.

The Halse Start bit detection circuit prevents false
starts due to a transienat ndise spike by first detect-
ing the falling edge and then strobing the nominal
center of the Start bit (RxD = low).

Parity error detection Sets the corresponding
status bit.

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

RxRDY (Receiver Ready)

This output indicates that the 8251A contains a char-
acter that is ready to be input to the CPU. RxRDY can
be connected to the interrupt structure of the CPU
or, for polied operation, the CPU can check the con-
dition of RxRDY using a Status Read operation.

RxEnable, when oft, holds RxRDY in the Reset Con-
dition. For Asynchronous mode, to set RxRDY, the
Receiver must be enabled to sense a Start Bitand a
complete character must-be assembled and trans-
terred 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-
farred to the Data Output 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
error and the previous character will be written over
and lost. If the RAx Data is being read by the CPU
when the internal transfer is occurring, overrun er-
ror will be set and the old character wiil be lost.

RxC (Receiver Clock)

The Receiver Clock controls the rate at which the
character is to be received. in Synchronous Mode,
the Baud Rate (1x) is equal to the actual frequency ot
RxC. In Asynchronous Mode, the Baud Rate is a
traction of the actual RxC frequency. A portion of
the mode instruction seiects this factor: 1, 1/16 or
1/64 the RxC. -

For example:

Baud Rate equals 300 Baud, it

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

RxCT equals 2400 Hz in‘the 1x mode;
AxC equals 38.4 kHz in the 16x mode;
RxC equals 153.6 kHz in the 64x mode.

Data is sampled into the 8251A on the rising edge ot
RxC.

NOTE: In mostcommunications systems, the 8251A
will be handiing 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 requira identical frequencies
for this operation and can be tied togsther and con--
nected to a single frequency source (Baud Rate
Generator) to simplify the intertace.
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Figure 5. 8251A Block Diagram Showing
Recelver Butfer and Control Functions
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SYNDET (SYNC Detect/
BRKDET Break Detect)

This pin is used in Synchronous Mode for SYN-
DET and may be used as either input or output,
programmable through the Control Word. it is reset
to output mode low upon RESET. When used as an
output (internal Sync modse), the SYNDET pin will go
“high” to indicate that the 8251A has located the
SYNC character in the Receive mode. If the 8251A is
programmed to 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 8251A to start
assembling data characters on the rising edge of the
next RXC. Once in SYNC, the “high"” input signal cari
be removed. When External SYNC Detect is pro-
grammed, Internal SYNC Detect is disabled.

BREAK (Async Mode Only)

This output will go high whenever the receiver
remains 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 8251A is
programmed by the system's software. A set of con-
trol words must be sent out by the CPU to initialize
the 8251A to support the desired communications
format. These contrél words will program the: BAUD
RATE, CHARACTER LENGTH, NUMBER OF STOP
BITS, SYNCHRONOUS or ASYNCHRONOUS OPER-
ATION, EVEN/ODD/OFF PARITY, etc. In the
Synchronous Mode, options are also provided to

" select either internal or external character

synchronization.

Once programmed, the 8251A is ready to performits
communication functions. The TxRDY output is
raised “high” to signal the CPU that the 8251A is
ready to receive a data character from the GPU. This
output (TXRDY) is reset automatically when the CPU
writes a characterinto the 8251A. On the other hand,
the 8251A receives serial data from the MODEM or
/O device. Upon receiving an entire character, the
RXROYoutputis raised "high” to signal the CPU that
the 8251A has a complete character ready for the
CPU to fetch. RxRDY s reset automatically upon the

‘CPU data read operation.

The 8251A cannot begin transmission until the Tx
Enable (Transmitter Enable) bit is set in the Com-
mand Instruction and it has received a Clear To Send
(CTS) input. The TxD output will be held in the mark-
ing state upon Reset.

{ ADOMESS BUS 1
M
e MODE INSTAUCTION
- CONTROL BUS
VO K| VO W] RESET 2] B ot SYNG CHARACTER )
(7L SYNC MOOL
{ = DATA BUS — Bt SYNC CHARACTEN 7 onLy
€T et | commAND iNsTAUCTION
) J oara (
&  o0,-0, A6 AR meser cix B+ 1 | commanD insTAUCTION
=1 cBeo { OATA J
€81 | commano insTAUCTION
"t svwe » 0 ¥ MO0E MAS PRO-
GRAMIMO TINE $261A TO SINGLE CHARACTER SYNC MOOL BOTH FYNC
. Axe D 1# MOOL TION NAS e
S291A TO ASTHC MOOL.

Figure 6. 8251A Interface to 8080 Standard
: System Bus

Figure 7. Typical Data Block
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Programming the 8251A

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

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 8251A. It must follow a Reset
operation (internal or external). Onca the Mode In-
struction has been written into the 8251A by the
CPU, SYNC characters or Command Instructions
may be written.

Command Instruction

This instruction defines a word thatis used to control
the actual operation of the 8251A.

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 8251A for data
communication,

All control words written into the B251A after the
Mode Instruction will load the Command Instruc-
tion. Command Instructions can be written into the
8251A atany time in the data block during the opera-
tion of the 8251A. To return to the Mode Instruction
format, the master Reset bit in the Command In-
struction word can be set to initiate an internal Reset
operation which automatically places the 8251A
back into the Mode Instruction format. Command
Instructions must follow the Mode Instructions or
Sync characters.

Mode Instruction Definition

The 8251A can be used for either Asynchronous or
Synchronous data communication. To understand
how the Mode Instruction.defines the functional
oparation of the 8251A, the designer can best view
the device as lwo separate components, one
Asynchronous and the other Synchronous, sharing

’

the same package. The format definition can be
changed only-after a master chip Reset. For explana-
tion purposes the two formats will be isolated.

NOTE: When parity is enabled it is not considered
as one of the data bits ior the purpose:of program-
ming the word length. The actual parity bit recsived
on the Ax Data line cannot be redd on the Data Bus.
In the case of a programmed character length of less

_than.8 bits, the least significant Data Bus bits will

hold the data; unused bits are “don't care™ when
writing data to-the 8251A, and will be “zeros"” when
reading the data from the 8251A.

Asynchronous Mode (Transmission)

Whenever a data character is sent by the GPU the
8251A automatically adds a Start bit (16w level) fol-
jowed by the data bits (leastsignificant bit first), and
the programmed number of Stop bits to each.char-
acter. Also, an even or odd Parity bit is inserted prior
to the Stop bit(s), as defined by the Mode lnstruc-
tion. The character is then transmitted as a serial
data stream on the TxD output. The serial data is
shifted out on-the falling edge of TxC at a rate equal
to 1, 1/16, or 1/64 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
8251A the TxD Sutput reamins "high” (marking) un-
less a Break (continuously low) has been
programmed.
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Figure 8. Mode instruction Format,
Asynchronous Mode
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Asynchronous Mode (Receive)

The RxD line is normally high. A talling edge on this
line triggers the beginning of a START bit. The
validity of this START bit is checked by again strob-
ing this bit at its nominal center (16X or 64X mode
only). It a low is detected again, itis a valid START bit,
and the bit counter will start counting. The bit coun-
ter thus locates the center of the data bits, the parity
bit (if it exists) and the stop bits. !f parity error oc-
curs, the parity error tlag is set. Data and parity bits
are sampled on the RxD pin with the rising edge of
AxC. It 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 re-
quires only one stop bit, regardless of the number ot
stop bits programmed. This character is then loaded
into the paralle! ¥O butfer of the 8251A. 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 VO butfer, and the QVERRUN Error
‘tlag is raised (thus the previous character is lost). All
of the error flags can be reset by an Error Resst
Instruction. The occurrence of any of these errors
will not affect the operation of the 8251A.

GEMERATED

TRANIMITTER OUTPUT OgO1=-=~ 01  SYENIA

START ‘ | PARITY l TOR .l
.7 OATA 8 ur s
—

Ts0 MAAKING

MQT APPEAR

001s
RECELIVER INPUT 0g Dy =~=~0a ON THE CATA SUS

Y 1 ) )
o | [Coeeem ] wE |

—— e

.
TRANSHISSION FORMAT
CPU BYTE (S0 BIT/CHAR)

[ OATA CHARACTEA J
d,

ASEEMBLED STAIAL DATA QUTPRUT {TWD)
‘ START PaARITY STOP I
ort [ DATA CHARACTER I r I TS
e J
.

AECEIVE FORMAT

SERIAL OATA IWPUT (R20)

¥
STAAT PANETY STOP
[ " [ DATA CHARACTER 1 "t [ "rs

CPUBYTE (58 SITLCHARY

OATA CHARACTER

S

NOTE: 15 CHMARACTER LENGTH IS OLAINED ASS. SOA T

TS ThE UNMUSEID 01TS ARE 1ET TO “1ERO™

Figure 9. Asynchronous Mode

. Synchronous Mode (Transmission)

The TxD output is continuously high until the CPU
sends its first character to the 8251A which usually is
a SYNC character. When the CT3 line goes low, the
first character is serially transmitted out. All charac-
ters are shifted out on the falling edge ofTxC. Data is

_shifted out at the same rate as the TxC.

Once transmission has started, the data stream at
the TxD output must continue at the TxC rate. it the
CPU does not provide the 8251A with a data charac-
ter before the 8251A Transmitter Butfers become
empty, the SYNC characters {or ¢haracter itin single
SYNC character mode) will be automatically in-
sarted in the TxD data stream. in this case, the
TxEMPTY pin is raised high to signal that the 8251A
is empty and SYNC characters ars being sent out.
TxEMPTY does not go low when the SYNC is being
shifted out (see figure below). The TXEMPTY pin is
internally reset by a data character being written
into the 8251A.
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Synchronous Mode (Receive) .

In this mode, character synchrohlzation canbeinter-
nally or externally 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 Ax buffer
is compared at every bit boundary with the first
SYNC character until a match occurs. If the 8251A
has been programmed for two SYNC characters, the
subsequent received .character is aiso compared;
when both SYNC characters have been detected,
the USARTends the HUNT mode and is in character
synchronization. The SYNDET pin is then set high,
and is reset automaticalty by a STATUS READ. If
parity is programmed, SYNDET will not be set until
the middle of the parity bit instead of the middie ot
the last data bit.

In the external SYNC mode, synchronization is
achieved by applying @ high level on the SYNDET
pin, thus forcing the 8251A 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.
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Parity error and overrun error are both checked in
the same way as in the Asynchronous Rx mode.
Parlty is checked when not in Hunt, regardless of
whether the Receiver is enabled or not.
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Figure 10. Mod§ Instruction Format,
Synchronous Mode

The CPU cag_command the receiver to enter the
HUNT mode if synchronization is lost. This will also
set all the used character bits in the buffer to a
“one,”-thus preventing a possible false SYNDET
caused by data that happens to be in the Rx Butfer at
ENTER HUNT time. Note that the SYNDET F/F is
reset at each Status Read, regardiess of whether
internal or external SYNC has been programmed.
This does not cause the 8251A to return to the HUNT
mode. When in SYNC mode, but not in HUNT, Sync
Detection is still functional, but only occurs at the
“known" worG boundaries. Thus, if one Status Read
indicates SYNDET and a second Status Read also
indicates SYNDET, then the programmed SYNDET
characters have been received since the previous
Status Read. (If double character sync has been
programmed, then both sync characters have been
contiguousty recsived to gate a SYNDET indication.)
When extsrnal SYNDET mode is selected, Internal
Sync Detect s disabled, and the SYNDET F/F may be
set at any bit boundary.
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Figure 11. Data Format, Syncﬁronoul Mode

COMMAND INSTRUCTION DEFINITION

Oncae the functional definition of the 8251A 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 communication.
The Command Instruction controls the actual opera-
tion 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
8251A and Sync characters inserted, if necessary,
then all further "control writes” (C/D = 1) will load a
Command Instruction. A Reset Operation (internal
or external) will return the 8251A to the Mode In-

_struction format.

Note: Internal Reset on Power-up

When power is first applied, the 8251A may come up
in the Mode, Sync cheracter 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
Initialization sequence {sync mode with two sync
characters). Loading three 00Hs consecutively into
the device with C/D = 1 configures sync operation
and writes two dummy 00H sync characters. An In-
ternal Reset command (40H) may then be issued to
returh the device to the “idle” state.
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Figure 12. Command Instruction Format

STATUS READ DEFINITION

indata communication'systems itis often necessary
to examine the “status” of the active device to ascer-
tain if errors have occurred or other conditions that
require the processor’s attention. The 8251A has
facilities that allow the programmer to “read” the
status of the device at any time during the func-
tional operation. (Status update is-inhiblted 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 8251A can be used in a completely polled or
interrupt-driven envlronment TxRDY is an
aexception.

Note that status update can have a maximum delay
of 28 clock perlods from the actual event affecting
the status.
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Figure 13. Status Read Format

APPLICATIONS OF THE 8251A
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias ..... «....0°Cto 70°C
Storage Temperature ................ -65°C to +150°C
Yoitage On Any Pin :

With Respect To Ground ............. -0.5Vto +7V
Power Dissipation ............................. 1 Watt

‘NOTICE: Stresses above those listed under “Absolute
Maximum Ratings” may cause permenent damage to the
device. This is a strass rating only and functional operation
of the device at these or any other sonditions above those
indicated in the operational sactions of this specification
is notimpliad. Exposure to absolute maximum rating con-
ditions for sxtended periods may atfact device reHability.

D.C. CHARACTERISTICS (Ta = 0°C to 70°C, Ve = 5.0V + 5%, GND = 0V)*

Symbol Parameter Min, Max. Unit Test Condltions
ViL ° |input Low Voltage -05 | 08 v
Vix input High Voltage 2.0 Vee v
Vou Qutput Low Voltage 0.45 V. lioL=22mA
YoH Qutput High Voltage 24 V  {log = —400 A
lorL Output Float Leakage =10 uA Voyrt =Voc 7O 0.45V
e input Leakage =10 | uA [Vjn =Vce TO 0.45V
lece . Power Supply Current 100 mA |Alt Outputs = High

CAPACITANCE (T, = 25°C, Vs = GND = 0V)

Symbol Parameter Min, Max. Unit Yest Conditions
Cin Input Capacitance 10 pF [fc = 1MHz
Ciho /O Capacitance 20 pF jUnmeasured pins returned

to GND

A.C. CHARACTERISTICS (T = 0°C to 70°C, Vo = 5.0V =10%, GND = 0V) *

Bus Paramaeters (Note 1)

READ CYCLE '
Symbol Parameter Min.. | Max. | Unit Test Conditions
AR Address Stable Before READ (CS, C/D) 0 . ns |Nots 2
tRA Address Hald Time for READ (CS, C/D) 0 ns |Note 2
AR READ Pulse Width 250 ns
tap Data Delay from READ . 200 ns |3,C = 150 pF
tor READ to Data Fioating 10 100 ns
WRITE CYCLE
Symbol Parameter Min. Max. Unit Test Condtions
taw Address Stable Betore WRITE 0 ns
twa Address Hold Time for WRITE 0 ns
tww WRITE Pulse Width 250 ns
tow " | Data Set-Up Time for WRITE 150 ns
two Data Hold Time for WRITE 20 ns
tRv Recovery Time Between WRITES 8 tcy |Note 4
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A.C. CHARACTERISTICS (Continued) .
OTHER TIMINGS
Symbol Parameter Min, Max. Unit Test Conditions
toy Clock Period 320 1350 ns [NotesS, 6
ty Clock High Pulse Width 120 | tgy—90 ns
tr Clock Low Puise Width 90 ns
tg, t¢ Clock Risé and Fall Time 20 ns
toTx TxD Delay from Falling Edge of TxC 1 us
frx Transmitter Input Clock Frequency )
" {x Baud Rate [o]e] 64 kHz
16x Baud Rate | oC 310 kHz
64x Baud Rate oC 615 kHz
trpw Transmitter Input Clock Pulse Width é
1x Baud Rate 12 tey
16x and 64x Baud Rate 1 toy
trpo - {Transmitter Input Clock Pulse Delay ‘
1x Baud Rate 15 tey
16x and 84x Baud Rate 3 toy
fRx Receiver Input Clock Frequency
1x Baud Rate oC 64 kHz
16x Baud Rate DC 310 kHz
64x Baud Rate - DC 615 kHz
trpw Receiver Input Clock Pulse Width
1x Baud Rate ~ 12 ey
16x and 64x Baud Rate 1 toy
trpo Receiver Input Clock Pulse Delay
1x Baud Rate 15 tey
16x and 64x Baud Rate 3 toy
tTxRDY TxROY Pin Delay from Center of Last Bit 14 toy [Note7
rxROY CLEAR |TXRDY | from Leading Edge of WA 400 ns [Note7
tRxROY ' RxROY Pin Delay from Center of Last Bit 26 tcy |Note7
taxROY CLEAR |RXRDY | from Leading Edge of RD 400 ns [Note7
Ys Internal SYNDET Delay from Rising
Edge of RxC 26 toy {Note7
tes External SYNDET Sat-Up Time After
Rising Edge of RxC 18 tgy {Note7
tTxEMPTY TxEMPTY Delay from Caenter of Last Bit ~ 20 tcy |Note7
twe Control Delay from Rising Edge of .
WRITE (TxEn, OTR, ATS) 8 tcy {Note7
ter Control to READ Set-Up Time (D3R, &T3) | 20 tcy |Note?
*NOTE

1. For Extended Temperature EXPRESS, use MB8251A electrical parameters.
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A.C. CHARACTERISTICS (Continued)

NOTES:

1. AC timings measured Vor = 2.0 VoL = 2.0, Vo = 0.8, and with load circuit of Figurs 1.

2. Chip Select (CS) and Command/Data (C/D).are considered as Addresses.

3. Assumes that Address is valid before Apl.

4. This recovery time Is for Mode Initialization only. Write Data is allowed only when TxROY, = 1. Recovery Time between
Writes for Asynchronous Mode is 8 tcy and for Synchronous Mode is 18 tcy. .

5. The TxC and RxC frequencies have the tollowing limitations with respect to CLK: For 1x Baud Rate, f1y or tax < 1/(30

.

toy):
For 16x and 64x Baud Rate, fry of frx <1/(4.5 tcy).
8. Reset Pulse Width = 6 tey minimum; System Clock must be running during Reset.
7. Status update can have a maximum delay of 28 clock periods from the avent affecting the status.

TYPICAL A OUTPUT DELAY.VS. A CAPACITANCE (pF)
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-3
>
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3
s
=
2 N\ sree.
£
>
3
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S0 ) ) 50 <100
3 CAPACITANCE ioF)
.

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

INPUTIOUTPUT

1.4

> .;....<;><—‘ - T”

AC TESTING: WPUTS ARE DAVENAT 24V FORALOGIC | ANDQ 43V FOR :
ALOGIC O TIMING MEASUREMENTS ARE MADE AT 20V FOR A LOGIC 1 Cy » 1800
ANO 04V FOR A LOGIC O .

.40
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WAVEFORMS
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'WAVEFORMS (Continued)

D

WRITE CONTROL OR OUTPUT PORT CYCLE (CPU — USART)
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WAVEFORMS (Continued)

RECEIVER CONTROL AND FLAG TIMING (ASYNC MODE)
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B SEMICONDUCTOR /s e
TECHNICAL DATA

BIT AATE GENERATOR CMOS LSI

The MC14411 bit rate generator is constructed with complementary (LOWPOWER COMPLEMENTARY MOS)
MOS enhancement mode devices. It utilizes a frequency divider net-
work to provide a wide range of cutput frequencies. BIT RATE GENERATOR

A crystal controlled oscillator is the clock source for the netwark. A
two-bit address is provided to select one of four muitiple output clock
rates.

Applications include a selectable frequency source for equipment in L SUFFIX
the r:iuta communications market, such as teleprinters, printers, CRT CERAMIC PACKAGE
terminals, and microprocessor systems. CASE 623
¢ Single 5.0 Vdc (+5%) Power Supply
@ Internal Qscillator Crystal Controlied for Stability (1.8432 MHz)

@ Sixtsen Different Qutput Clock Rates
® 50% Output Duty Cycle
® Programmable Time Bases for One of Four Muitiple Qutput Rates
® Buffered Outputs Compatible with Low Power TTL P SUFFIX
® Noise Immunity = 45% of Vpp Typical PLASTIC PACKAGE
® Diode Protection on All Inputs LooE 109 N
@ External Clock May be Applied to Pin 21
® Internal Puilup Resistor on Reset Input
PIN ASSIGNMENT
ridi @ N 2fvoo
302 21 ASA
MAXIMUM RATINGS (Voltages referenced to Vss, Pin 12.} 503 2{1Rsg
Aeting Symbaol Vaiue Unit F1(4 21 {] Xtatip
DC Supply Voltage Range Vpp | 5.2510 -0.5 v ras 2011 Xtalgy,
Input Voltage, All Inputs Via Yoo +05 10 v
Vg5 -0.5 Fi0(s 19{1F18
OC Current Orain per Pin 1 10 mA [2:1s k4 18 {1 F15
Operating Ternperature Range TA -40 10 +85 °C Fids 17172
Storage Temperature Range Tsig | ~65t0 +150 °C
Fl4 q 9 16 Fe
Resai (10 15 {JF6
Not Used [J1! T w12
BLOCK DIAGRAM
—o1 F vss 012 1311913
o 17 F2 d
o2 3 v
F4 DO =Pin 24
Rate Setects 230 :;5 = Vgg = Pin 12
Sel o
AateSelectg 22 ¥ 515 F8 -
o 04 F7 -
Xt Oividers . This device cantains circuitry to protect the
Crysist, 210— X ? A o8 inputs aqainst dsmage due to high static
Oscillator > Oivider [X e 1, o7 F9 voltages or electric fields; however, it is sd-
. Circuit ivider Lg Snlef:t los F10 vised that normal precautions be taken to
Crystalnyy 20 O~ x84 | Logic 58 Fi1 avoid application of eny voliage higher than
> " 2 maximum rsted voltages to this high im-
.s "'0'3 13 pedance circuit. For proper operation it is
-0 recommended that Vin and Ve be con-
Reset 100— lyg Fl4 sirsined 1o the range Vggs(Viy or
Vout! 2Vpp.
« See Figure 2 lor typice! ©18 FI5 Unused inputs must stways be tied to an
crystel oscillator circuits. 018 Fi6 sppropriste logic voitage evel {e.Q., either
* « When Aeset= 0, cutputs F1 thru F14 =0, outputs F16 and F16=1. Vss or Vppl
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MC14411

ELECTRICAL CHARACTERISTICS
Voo -40°C 25°C +85°C
Cheracteratic Symbol | vae | Min Max Min Ty Max Min Max_| U™
Supply Voltage Voo - 4.75 5.25 4.75 5.0 5.25 4.75 5.26 N
Output Voltage 0 Lavet v 6.0 - 0.05 - Q 0.05 - 0.05 v
1" Level out 5.0 4.95 - 4.95 5.0 - - 4.95 - v
Input Voitage
Vo=450r0.5W viL | 5.0 - 1.5 - 2.5 1.5 - 1.5 \%
(Vo= 0.5 or 4.5 Vdc) Vi | 50 35 - 35 2.75 - 35 - v
Qutput Drive Current
(VOH=2.5V) Source loH | 50 | -0.23 - -0.20 -7 - -0.18 - mA
VoL =0.4 VI Sink oL | 50 | 023 - 0.20 0.78 - 0.16 - mA
Input Current
Pins 21, 22, 23 lin - - +0.1 - +0.00001 +0.1 - +10 A
Pin 10 . 5.0 = - -1.5 - -75 - - »A
Input Capacitance (Vi = 0) Cin - . = ~ 5.0 - - - pF
Quiescent Dissipation Pa 5.0 - 2.5 - 0.015 2.5 - 15 mwW
Pawer Dissipation®*t
{Dynamic plus Quiescent) Po 5.0 Po=I{7.5 mMWIMHz2I t+PQq mw
{Cy = 15 pF}
Qutput Rise Time"" ITLH 5.0 - - - 70 200 - - ns
ty = 3.0 ns/pF) Ct + 25 ns
OQutput Fatt Time** ITHL 5.0 - - - 70 200 - - ns
ty={1.5 ns/pF) C_+47 ns .
Input Clock Frequency ey 5.0 - 1.85 - - 1.85 - 1.85 MH2
Clock Pulse Widih tWIC) - 20 - 200 - - 200 - ns
Reset Pulse Width WIR) >} 00 s 00 L o, 500 i ns

tFor dissipstion at different external capacitance (Cy ) reler 10 corresponding tormula:
PIC = Pp + 2.6 x 10~ HCy - 15 pF) Vpp
where: PT, Pp in mW, Ci in pF, VpQ in Vdc, and f in MHz.

**The formula grven is for the typical characieristics only.

TABLE 1 — QUTPUT CLOCK RATES

Rate Select -

% A ate
o} 0 X1
0 1 X8
1 Q X186
1 1 x64

Qutput Qutput Retes (M2}

Number X84 X16 X8 X1
F1 6144 % 153.6 k 788k 9600
F2 460.8 k 115.2 % 57.6 k 7200
F3 07.2% 76.8 384k 4800
F4 204k 576k 88% 600
£5 153.6 k 384Kk 19.2% 2400
f8 115.2% 8.8% 144 % 18C0
F7 76.8 19.2% 9600 1200
F8 384k 9600 4500 &00
2] 19.2% 4500 2400 0
Fl0 128% Jx0 1600 200
F11 9600 400 1200 150
F12 8613.2 21533 1076 6 1345
Fi3 7038.5 1758.8 879.4 109.9
Fla 4800 1200 0 75
Ft5 9216k N6k 9216 % 9216k

F16° 1,843 M 1.843 M 1843 M 1843 M

“F18 is bullered oscilator output.
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FIGURE 1 ~ DYNAMIC SIGNAL WAVEFORMS

20ns 20ns

e Lol
0% 00
lnput 10% vss

0% VoH
Output 10% Vou,
fTLH 'THL

FIGURE 2 — TYPICAL CRYSTAL OSCILLATOR CIRCUIT

Rate Select
Reset A 8
Xtak, J l
21
. )
— [ oF
R T it Rate
t 1 4
1 Ay AL Clock Qutputs
LT 12pF
20
Xtalgyy Ape 15 MO+ 10%
Crysul Specifications
Crystal Mode Paraitel
Frequency 1.8432 MHz £0.05% @13 oF
Rg 540 0 max
7.0 pF max

Temperature Range 0 to 70°C
Test Lavel 1 mw
Test Set TS —~ 30/TSM or Equivetant

°Suggested Crystal Suppliers:
Tyco, CTS Knights

Circuit dlagrams utilizing Motorola oroducts are included 83 » maans
of llustrating typical semiconductor applications; consequently,
complete information sulficient for consiruction purposes is not

r ily given. Tha inf has been caratully checked and is
beligvad (0 be entirely reliable. However, no responsibility is assum-
ed lor inaccuracies, Furth @, such inf ion does not convay

1o tha purchaser of the semicanducior davices described any license
under the patent rights of Motorols Inc., or others,
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MC1488

QUAD LINE DRIVER

The MC1488 is a monolithic quad line driver designed to inter-

QUAD MDTL LINE DRIVER
RS-232C
SILICON MONOLITHIC
INTEGRATED CIRCUIT

Features:
® Current Limited Qutput
$10 mA typ

® Power-Off Source Impedance
300 Ohms min

Flexible Operating Supply Range

face dats terminal equipment with data communications equipment
in conformance with the specifications of E1A Standard No. RS-232C.

® Simple Slew Rate Control with External Capacitor

® Compatible with All Motoroia MDTL and MTTL Logic Families

LINE DAIVER MIERCOMNECTING
MCIWg CABLE

LTS
_i
B -4

IMTERCONNECTING
MOTL LOGIC thPys

TYPICAL APPLICATION

UNE AECEIVER
ML

AN
[o
-+ ./

L SUFFIX
CERAMIC PACKAGE
CASE 63208

D SUFFIX
PLASTIC PACKAGE
CASE 751A-02 14
(5Q-14})

P SUFFIX

PLASTIC PACKAGE

CASE 646-06

1
Pin CONNECTIONS

A

VEEE

tnout A [2]
Outous A (3]
1nous 814
input 82(3]
Outout 8 [8]

E lnput O1
@ tnput 02
Ecu!mt o
Elnm [
Blnﬂul c2
EO\“N( c

Ml vee

VEE ) O—m

Hae 071 LOGIC OuTPUT Gna (7]
CIRCUIT SCHEMATIC
{174 OF CIRCUIT-SHOWN}
Yee 14 O
an wn
NS 4,9.1208 2 1
I%PYT Y
X
T
NS S, 10,13
S 3, 10, ) v n -
—0  ouret
b 4 HNS LB 1108 ]
f
16 o

MOTL and MTTL are tracemarks of Matorola inc,
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MC1488

MAXIMUM RATINGS (T5 = +25°C unless otherwise noted.)

Rating Symbol Value Unkt
Power Supply Voltage - Vee +15 Vde
Vee - 15
Input Voitage Range- VIR ~156<Vg < Vde
7.0
Qutput Signe! Voitage Yo =15 Vde
Power Derating {Package Limitation, Caramic
and Plastic Duak-In-Line Package) Pp 1000 mw
Derate above Tp = +25°C 1RagA 6.7 mwrc
Operating Ambient Temperature Range TA 0to +75 *C
Storage Temperature Range T,(g -65t0 +175 c
ELECTRICAL CHARACTERISTICS (Vce = +9.0 = 1% Vdc, Vgg = —9.0 = 1% Vde, TA = 0 ta 75°C unless otharwise noted.)
Characteristic Figure | Symbal Min Typ Max Unit
Input Current — Low Logic State (Vi = 0} 1 i — 1.0 1.8 mA
Input Current — High Logic State (Vi = 5.0 V) 1 (T — — 10 nA
Qutput Voltage — High Logic State 2 VoH Vde
(Vi = 0.8 Vdc, Ry, = 3.0 k1, Vog = +9.0 Vde, Veg = =-9.0 Yde) +6.0 +7.0 —_
(ViL = 0.8 Vdc, R = 3.0kf, Voo = +13.2 Vde, Vgg = - 13.2 Vdc) +80 | +105 -
Qutput Voltage — Low Logic State 2 Vou Vde
(Vi = 1.9 Vde, R = 3.0 k), Ve = +9.0 Vde, VEg = -9.0 Vdc) -60 | =70 -
(V4 = 1.8Vde, Rt = 3.0 k1, Vec = +13.2 Vde, Vgg = ~13.2 Vdc) -9.0 - 10.5 -
Positive Output Short-Circuit Currant (1) 3 10§ + +6.0 +10 +12 mA
Negative Output Shon-Circuit Current (1) 3 los - -8.0 -10 -12 mA
Output Resistance Ve = Veg = 0, Vgl = =2.0V) 4 o 300 — —_ Ohms
Positive Supply Current (R} = =) 5 Ice | mA
(Vi = 1.9 Vde, Voo =~ +9.0 Vde) - +15 +20
Vi = 0.8 Vde, Ve = +9.0 Vde) — +45 +6.0
(Vi = 1.9 Vde, Ve = +12 Vde) - +19 +25
(Vi = 0.8 Vde, Voo = + 12 Vde) - +5.8 +7.0
(VIH = 1.9 Vde, Veoe = +15 Vde) - — +34
(Vi = 0.8 Vde, Ve = +15 Vde) — - +12
Negative Supply Current (R = x) S leg
(Vi4 = 1.9 Vde, Vgg = -5.0 Vde) - -13 -17 mA
(Vi = 0.8 Vdc, Vgg = - 9.0 Vdel} - - - 500 HA
(ViH = 1.9 Vde, Vgg = =12 Vde) : - -18 -23 | mA
(Vi = 0.8 Vdc, Vgg = ~12 Vde) - —- - 500 nA
(ViH = 1.9 Vde, Vgg = =15 Vde} - - -34 mA
Vi, = 0.8 Vdc, Vgg = - 15 Vde) - — -2.5 mA
Power Cansumption Pc mw
(Vee = 9.0 Vde, Vg = -9.0 Vde) — - 3313
(Vce = 12 Vde. Veg = - 12 Vde) - - 578
SWITCHING CHARACTERISTICS {(Vge = +9.0 =1% Vde, Vgg » -9.0 =1% Vde, Ta = +25°C.)
Propagation Oelay Time {2; = 3.0 k and 15 pF) 6 PLH - 275 350 ns
Fall Time (zt = 3.0 k and 15 pF} ] ITHL - 45 75 ns
Propagstion Delay Time (21 = 3.0 k and 15 pF} 6 tPHL - 110 175 ns
Rise Time {z; = 3.0 k and 15 pF) 6 tTLH - 65 100 ns
{1} Maximum Package Powser Dissi may be il an are shoried simyitaneously,
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MC1488

CHARACTERISTIC DEFINITIONS

FIGURE 1 - INPUT CURRENT

LA A A

FIGURE 3 ~ OUTPUT SHORT-CIRCUIT CURRENT
vee  Vee

" '
‘v

0

FIGURE S ~ POWER-SU?PLY CURRENTS
vee

)|

[ ? ¢
Viy M
’ 1
i, ! N
12 1

|

198 oo °
‘ §
—
3 3
10s. \
2 T ==
W i’

FIGURE 2 - QUTPUT VOLTAGE
v 3V

w B b

—O-e I

vou q

sV

o

&,
I

FIGURE 4 — QUTPUT RESISTANCE (POWER.OFF)

3.

—O— —o——l
H 3

o—CO— Vo
4 '—?—‘ +2Vee
$ —o0—e ‘

y—-?—‘ L I 15,8 mA Mas

p—0— "

FIGURE 6 — SWITCHING RESPONSE

15 0F

4
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ITHL 3nd 1T Meavwed 10% to 30%
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APPLICATIONS INFORMATION

FIGURE 13 — POWER-SUPPLY PROTECTION
TO MEET POWER.QFF FAULTY CONDITIONS

The € ic Industries A istion {EIA) RS232C specification
detsil the requirements for m. mudaco b dsta p g
aquipment snd dats i This dard

specifies not only the number and type of interface leads, but also the
voltage lavels to be used. The MC1488 quad driver and its companion
circuit, the MC1489 quad receivar, provide a complete Iinterfsce system
between DTL or TTL logic levels and the RS232C defined levels. The
RS232C requirements as applied to drivers sre discussed herein.

The required driver voltages are defined a3 between S and 15
voits in magnitude and are positive for a logic "0 and negative {or
a logic "1”. These voltages are so defined when the drivers are
terminated with 8 3000 to 7000-0hm resistor, The MC1488 meets
this vaitage requirement by converting a DTL/TTL logic level into
RS232C levels with ane stage of inversion.

The RS232C specification further requires that during transi-
tions, the driver output slew rate must not exceed 30 volts per
microsecond. The inherent slew rate of the MC 1488 is much o0

FIGURE 12 — SLEW RATE versus CAPACITANCE
FORIgc = 10mA

L o >{ e e g ————
vee {u %u ou
U SRR,
MC1e8e TR | MClas
podobe
. ]
= 0 O Lo O 34 Ot -0
| obeas’ 1
[,
A O 210w
>
O O 0-7-\___,’ “O
]
O HO i
O O 0-1 -\-__a'o_l °
'
o4 o-t:D)__o o-,-{ \‘0-4'
| -
o AAW.S O-ﬂ--(-__/ :O
H---.-—J
P B A
VEE = =

would be excessive. Therefore, if the system is designed to permit

to ground at the power-supplies of the drivers, a
diode should be placed in each power-supply lead to prevent over-
heating in this fauit condition. These two diodes, as shown in
Figure 13, could be used to decouple alt the driver packages in »
system, (These same diodes will allow the MC1488 1o withstand
momentary shorts to the £25.voit limits specified in the eartier
The addition of the diodes atso permits the
MC1488 to withstand faults with power4uoplies of less than the

The maximum short.circuit current allovsable under fault con.
ditions s mare than guaranteed by the previcusly mentroned
10 mA output current imiting, he

The MC1488 is an extremely versatile line driver with 2 myriad

1000 = Tow i
X
A
<
=z h
3 00 v as
- = i+t
3 F—= 30 Vius NG Standard RS2328.}
2 v
w ¥ 9.0 volts stated above.
b3 : N}
§ 10 T =
a T =
'
1
- (333 0F Other Applications
] |
1.9 ﬂ“’ (B of possible applications,
10 10 100 1000 1g.008

C. CAPACITANCE (oF)

fast for this requirement. The current limited output of the device
can be used to control this slew rate by connecting 3 capacitor to
each driver output. The required capacitor can be essily determined
by using the relationship C = 195 x AT/AV from which Figure 12is
derived. Accordingly, a 330-pF capscitor on each output wall
guarantee 3 worst case slew rate of 30 voits per microsecond.

The interface driver it also required to withstand an accidental
short to any other cond: £ in an i ting cable. The worist
passible signsl on any conductor would be snother driver using a
plus or minus 15-valt, 500-mA source. The MC 1488 is designed to
indetinitely withstand such ¢ thort 10 all lour outputs in a packsge
81 long a3 the power-tupply voltages are grester than 9.0 volits li.e.,
Vee»9.0 Vi Vee-9.0 V0. In some power-suoply designs, » loss
of system power causes 2 low impedance on the power-supply out.
puts. When this occurs, a low impedance to ground would exist at
the power inputs to the MC 1488 effectively shorting the JO0-ohm
output resistors to ground. Il all four cutputs were than shorted
to plus or minus 15 volts, the power dissipation in these resistors

Several {estures of the drivers enhance
this vcuauliw:

Qutput Current Limiting ~ this enables the circuit designer
to delme the output voltage levels independent of power-supplies
and can be accomplished by diode clamping of the output pins,
Figure 14 shows the MC1488 used as 3 OTL to MOS transiator
where the high-level voltage output is clamped one diode sbove
ground. The resistor divider shown is used to reduce the cutput
voltage below the 300 mV above ground MOS input (evel limit,

2. Power-Supply Range < as can be seen fram the schematc
drawing of the drivers, the positive and negative driving elements
of the device are essentistly independent and do not require metch-
ng power-supplies, In fect, the positive supply can veey from s
minimum seven voits {required for driving the negative pulidown
section) to the maximum specilied 15 voits, The negative supply
can very from soproximately -2.5 volts to the minimum specified
-15 volts. The MC 1488 will drive the cutput (o within 2 voits of
the positive or negative supplies s long ss the current output limits
ars not ded. The tion of the current-timiting and
swoply-voitege festures sllow 3 wide combinastion of paossible out.
puts within the same qusd packegs. Thus if only a portion of the
four drivers ace used for driving R$232C lines, the remainder could
beused for OTL to MOS or even DTL to OTL tranststion, Figure 15
showt one such combination,
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MC1488
TYPICAL CHARACTERISTICS
{Ta = +25°C unless otherwise noted.)
FIGURE 7 — TRANSFER CHARACTERISTICS FIGURE 8 — SHORT-CIRCUIT OUTPUT CURRENT
versus POWER-SUPPLY VOLTAGE versus TEMPERATURE.
"2 T T Pt Y g ——
. veoeVegrt 12V 3 . I ——L
» +
- | i = : g5+ —
n » El v
5 w0 vee VEIE 19 y 2.0
2 Vee Veg=t6V a3
W 430 = 420
1 ‘ 2
vt =
3 oM Vo 2 o0
> g
- =
g 3.0 t— It é -30 b4
= & G
i = C s -s0f :
> =] 0s-
-9.0 & .0 —
:;,' ___*_,__——-'
<12 -12
¢ 02 04 05 03 10 2 & 16 18 20 -55 0 8 18 +128
Via, INPUT VOLTAGE (VOLTS) T, TEMPERATURE (9C)
FGURE 9 — OUTPUT SLEW RATE FIGURE 10 — OUTPUT VOLTAGE
versus LOAD CAPACITANCE AND CURRENT-LIMITING CHARACTERISTICS
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FIGURE 11 — MAXIMUM OPERATING TEMPERATURE
versus POWER-SUPPLY VOLTAGE
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FIGURE 14 —~ MDTL/MTTL-TO-MOS TRANSLATOR

a2y
174 MC1488
:‘1!":: J o MOS OUTPUT
VA~ 3
NPT At (WITH Vgs = GNO)
10t
17V NV
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FIGURE 15 ~ LOGIC TRANSLATOR APPLICATIONS

ot & 3 MATL OUTPUT
INPUT ATV ATV
MOTL ;,_ 5 oy =
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GATE o -0.7V10 5.7V
it : ciass
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TECHNICAL DATA
MC1489

MC1489A

QUAD LINE RECEIVERS QUAD MDTL
LINE RECEIVERS
RS-232C
The MC1489 monolithic quad line receivers are designed to inter- SILICON MONOLITHIC
tace data terminal equipment with data communications equipment INTEGRATED CIRCUIT
in contormance with the specifications of EIA Standard No.RS-232C.
® Input Resistance — 3.0 k to 7.0 kilohms
® [nput Signal Range —~ + 30 Volts
® Input Threshold Hysteresis Built In
¢ Response Control Puur psu
a) Logic Threshold Shifti FFIX
b), ,npgm N,;i: poi":in'g >~ CERAMIC PACKAGE  PLASTIC PACKAGE
CASE 63208 CASE 646-08
D SUFFX
PLASTIC PACKAGE 2
CASE 751402 14
{SO-14) N
TYPICAL APPLICATION
UINE ORtvER LINE AECEIVER tnout 4 [T] W vee
“CIe INTEACONNECTING uCisy
T T CARLE Jre> X CR:::ZT: j'"ov' [+]
—JL A _¢ =) ’p— Qutput A E 2 :m:,-;
Input B E ! Eoulml =]
! ‘ Aepaone =
s f10] tnout C
! INTERCONNECTING ! goryo1 8 out
MOTL LOGIC ImoyT i cantt ‘r- MOTL LOGIE Oy TPUT Outeut 8 (g] g:;:;-;
G'oundE : E} CQutout €

EQUIVALENT CIRCUIT SCHEMATIC (174 OF CIRCUIT SHOWN)

1
-0 Vo

< <
st 3 L1t

AESPONSE CONTROL 2 O

—K

NPYT 1 O—

8 [ 18%0 ]

7\

L————O loutsut

O 1GROUND

MOTL snd MTTL sre rademerks of Matorols Inc.
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MC1489, MC1483A

MAXIMUM RATINGS (T4 = +25°C uniess otherwise notad)

Rating Symbot Value Unit

Power Supply Voltage Vee 10 Vde
Input Voitage Range ViR =30 Vde
Qutput Load Current 8 20 mA
Power Dissipation (Package Limitation, Caramic

and Plastic Dual In-Line Package) PD 1000 mw

Derate above T4 = +25°C 1g)A 6.7 mwrC
Operating Amblent Temperaturs Range TA Oto +75 c
Storage Temperature Range Ts(g -85t0 +175 *c

ELECTRICAL CHARACTERISTICS [Response control pin is open.} (Vee
otherwise noted)

= +50Vde 210%, T4 = 0to +75°C unless

Characteristics Symbol Min Typ Max Unit
Positive Input Current {(ViH = +25 vdc) 4 38 —_ 8.3 mA
(Vi = +3.0 Vde) 0.43 - -
Negative input Current Vi = -25 Vvde) . -3.6 — -8.3 mA
Vi = -2.0 Vde} ~0.43 - —
Input Tum-On Threshald Voitage VIH Vde
[TA = +25°C, VoL % 0.45V) MC1489 1.0 - 1.5
MC1483A 175 1.95 2.25
Input Turn-Off Thrashold Voitage Vit Vde
(TA = +25'C,Voy = 2.5V, It = -0.5mA) MC1489 0.75 - 1.25
MC1489A 0.75 0.8 1.25
Output Voitage High (Vi = 075V, I = -0.5 mA) Voo 2.5 4.0 5.0 Vde
{input Open Circuit, I = -0.5 mA) 2.5 4.0 5.0
Output Voltage Low Vi = 3.0V, 1 = 10 mA} VoL — 0.2\ | ous Vdc
Qutput Short-Circuit Current los -— ~-30 Y| -a0 JNA
Power Supply Current {All Gates “on,” Iy = 0 MA, Viy = +5.0 Vdc) Ice - 18 26 mA
Power Consumption (Vi = +5.0 Vdc) Pc -— 80 130 mw
SWITCHING CHARACTERISTICS (Ve = 5.0 Vde = 1%, Ta = +25°C. Sea Figure 1.)
Propagation Delay Time (R = 3.9 %x0) PLH - 25 8S ns
Rise Time (Ry, = 3.9 k(1) TLK — 120 178 ns
Propagstion Delsy Time (R, = 390 k1) PHL — 5 50 ns
rail Time (N, = N0 ki) 1Ty, - 10 20 ne
TEST CIRCUITS
FIGURE 1 — SWITCHING RESPONSE FIGURE 2 — RESPONSE CONTROL NODE
'S vde
Ay - Va
Afl dicdes
1NJ084
of equv ' "
Q 4
" T T
B It RESPONSE NODE
MCI489A
TTLH and ITHL \ vo
meawred
10 - 907

C = 15 F = total parasitic capscitance, which includes
probe and wiring capsatances

C capacitor ot loe ngse telinrang
R, sesntor o8 for threshold il g,
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MC1489, MC1489A

APPLICATIONS INFORMATION (continued)

FIGURE 10 — TYPICAL TRANSIATOR APPLICATION —
MOS TO DTL OR TTL

*§ Vde
R
roey
— Y
{ o
MCI4
oS cun £0TLar TTL
Lo6IC R

1 l "L k. I‘
T
VGG ¢-Vo0 = WV @ = S Vdc @ T

FIGURE 11 — TYPICAL PARALLELING OF TWO MC1489,A RECEIVERS TO MEET RS-232C
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MC1489, MC1489A

£.n. AMPLITUOE {VOLTS)

APPLICATIONS INFORMATION

Generst Information

The Electronic Industries Association (EJA) has released
the RS-232C specification detailing the requirements for
the interface between data processing equipment and
data communications equipment. This standard speci-
fies not only the number and type of interface leads,
but also the voltage levels to be used. Tha MC 1488 quad
driver and its companion circuit, the MC1489 quad re-
ceiver, provide a complate interface system between
OTL or TTL logic levels and the RS-232C defined levels.
The RS-232C requirements as applied to receivers are
discussed herein, .

The required input impedancs is defined as between
3000 ohms and 7000 ohms for input voitages between
3.0 and 25 volts in magnitude; and any voltage on the
receiver input in an open circuit condition must be less
than 2.0 volts in magnitude. The MC1489 circuits meet
these requirements with a maximum open circuit volt-
age of one Vgge. f

The receiver shall detect a voltage between — 3.0 and
— 25 voits as & Logic “1” and inputs between + 3.0 and
+25 volts a3 8 Logic “0.” On some interchange leads,
an open circuit of power “OFF"” condition {300 ohms or
mors to ground) shail be decoded as an "OFF"” condition
or Logic “1.” For this resson, the input hysteresis
thresholds of the MC1489 circuits are™al! sbove ground.
Thus an open or grounded input will cause the same
output as a negative or Logic 1 input.

Device Characteristics

The MC1489 interfacs reteivers hava internal feadback
from the second stage to.the input stage providing input

—

FIGURE 8 — TYPICAL TURN-ON THRESHOLD versus
CAPACITANCE FROM RESPONSE CONTROL PIN TO GND

hysteresis for noise rejection. The MC1489 input has
typical turn-on voltage of 1.25 volts and turn-off of 1.0
volt for a typical hysteresis of 250 mV. The MC1489A
has typical turn-on of 1.95 valts and turn-off of 0.8 volt
for typically 1.15 volts of hysterasis.

Each receiver section has an external response con-
trot node in addition to the input and output pins,
thereby allowing the designer to vary the input thresh-
old voitage lavels. A resistor can be connected between
this node and an externai power-supply. Figures 2, 4
and § itlustrate the input threshold voitage shift possible
through this technique.

This response nade can also be used for the filtering
of high-frequency, high-energy noise pulses. Figures 8
and 9 show typical noise-pulse rejection for extarnal
capacitors of various sizes,

These two oparations on the response node can be
combined or used individually for many combinations
of intertacing applications. The MC1489 circuits are par-
ticularly useful for interfacing between MOS circuits and
MOTUMTTL logic systems. In this application, the input
thrashold voltages are adjusted {with the appropriste
supply and resistor vatues) to fall in the canter of the
MOS voltage logic levels. (See Figure 10)

The response node may also be used as the receiver
input as long as the designer reslizes that he may not
drive this node with a low impedancs source to a volt-
age greater than one diode above ground or less than
one diods below ground. This feature is demonstrated
in Figure 11 where two recaivers are siaved to the same
line that must still meet the RS-232C impedance-
requirement.

FIGURE 9 — TYPICAL TURN-ON THRESHOLD versus
CAPACITANCE FROM RESPONSE CONTROL PIN TO GND
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MC1489, MC1489A

1L, INPUT CHARENT (mA)

V(. OUTPUT VOLTAGE (Vdc)

FIGURE 3 — INPUT CURRENT
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TYPICAL CHARACTERISTICS
(Vg = 5.0 Vde, T4 = +25°C unless otherwise nored)

FIGURE 4 — MC1489 INPUT THRESHOLD
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MC1489, MC1483A

APPLICATIONS INFORMATION (continued)

FIGURE 11 — TYPICAL PARALLELING OF TWO MC1489,A RECEIVERS TO MEET RS-232C
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