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ABSTRACT

This thesis is & design concerning about the EPROM EMULATOR board that it is designed
to improve and develop the programs. Nommally, before we are using actual EPROM to
microprocesser board.. This board connected to computer by serial port (RS-232). This inside board
use microcontroller 8051 control other part.
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ORG 0000H
MAIN MOV A#0AAH
MOV PLA
SIMP MAIN
END
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ORG 0000H
MAIN MOV A #0F2H

MOV DPTR,#0002H
MOVX @DPTR,A
CLR A
MOVX A,@DPTR
MOV PLA
SIMP MAIN
END
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MAIN:

LOOP:

ORG 0000H
MOV A#07H
RL A

MOV PLA
CALL DELAY
CINE A,#0EOH,LOOPI
MOV A #0FFH
MOV PLA
CALL DELAY
CLR A

MOV A #0EOH
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NEXT: RR A
MOV Pl1,A
CALL DELAY
CINE A#07TH,NEXT1
MOV A,#0FFH
MOV PLA
CALL DELAY
CIR A
JMP MAIN
NEXTI: JMP NEXT
LOOP1: JMP LOOP
DELAY: MOV RO,#0FFH
DL1: MOV RI1,#0FFH
DJNZ RL,$
DJNZ RO,DL1
RET
‘END

A { 4 ] A 1 o o
FawamsnamevuTusunsui 3 1 seldduilededoyaiiiu 0000 0111 TuGwesathmuovild
FayapaIni LED lupesathmneda 3 assdindu uazezideu 1 dalimedeiinziinaunsensdeda

gatodgana IihezAandoutunuaudsSaaunduinduduln wiranmsvaasshisunsmims

uraaligld

Tsunsuin 4
ORG 0000H

MOV DPTR,#TAB
LOOP: CLR A

MOVC A,@A+DPTR

MOV PLA

CALL DELAY

CINE A,#0FFH,LOOP2

MOV DPTR#TAB

JMP LOOP
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LOOP2: INC DPTR
JMP LOOP
DELAY: MOV RO,#0FFH
DI: MOV RI1,#0FFH
DIJNZ R1,$
NOP .
NOP
NOP
NOP
DINZ RO,D1
RET -
TAB: DB 00,81H,42H,24H,18H
DB 24H,42H,81H,00,0FFH
END
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ORG 0000H
j Rk kR ok Rk ok ko ko ko k ok ok ke ko

;DEFINE :CONSTANT.
,-********************************

BEL EQU 7

BS EQU 8

CR  EQU 13

LF  EQU 10

DEL EQU 07FH

PCON EQU 87H
I-*********************************

START: JMP 0100H ;JUMP OVER INTER ROUTINE
ORG 0100H

CALL INIT_ COMM.
LOOP: CALL DEACTIVETARG
MOV  DPTR, #TITL_MSG
CALL DPRN_TXT
CALL GET_HEX FILE
CALL ACTIVETARG ;ACTIVE TARGET BOARD (CLEAR RESET) .

CALL EMUMODE ;ENTER EMULATER MODE.
CALL DEACTIVETARG
JMP LOOP

TITL_MSG: DB CR,LF ;this is title massage
DB 'EPROM EMULATOR'®
DB CR,LF
DB ' TELECOMMUNICATION PROJECT VERSION'

DB CR,LF,0

WAIT HEX_TXT:

DB 'pPlease send hex file format (intel hex format)'
DB CR,LF,0

ILCMD: DB 't Illegal command error !‘
DB CR,LF, 0

ILHXDG: DB 't Illegal hex digit erxroxr !!
DB CR,LF, 0

CHSUER: DB "1 Checksum error !'
DB CR,LF, 0

UNEPCH: DB ‘1  Unexpected character error !
DB CR,LF,0

ILRCID: DB "1 Illegal record ID !'!

DB CR,LF,0

DEACTIVETARG:
SETB Pl.5 ;RETSET = HIGH.
SETB Pl.6 ;DISCONNECT RAM FROM TARGET.
CLR P1.7 ; CONNECT RAM TO MY SELF.
CLR Pl.4 ;LED OFF.
RET
ACTIVETARG: SETB Pl1.7 ;DISCONNECT RAM FROM MY BUS.
CLR Pl.6 ;CONNECT RAM TO TARGET.
CLR Pl.5 ;CLEAR RESET.
SETB Pl.4 ; LED ON.

RET



EMUMODE :

EMU1:

EMUMODEMSG :

INIT COMM:

INIT BG:

INIT SERIAL:

DRN_TXT:

TXTRET:

"PRN_CHAR:

;WAIT FOR USER PRESS ESC.

MOV
CALL
CALL
CJINE
RET
DB
DB
DB

CALL
CALL
RET

MOV
MOV
MOV
MOV
SETB
CLR
RET

MOV
RET

CLR
MOVC
JZ
CALL
INC

RET

JNB
CLR
MOV
RET

GET_HEX FILE:
;ITS START

;ADDRESS IN THE EXTERNAL RAM.
;GET_HEX_FILE ONLY CHANGES REGISTERS
;A,B,DPTR,RO,R1,R2,AND R7.

GHFO:

GHF1:

GHF2:

;RO
;R1
1R2

CLR
MOV
CALL
CALL
CJNE
CPL
MOV
CALL
Jc
MOV

DPTR, #EMUMODEMSG

PRN_TXT

GET_SERIAL

A,#27,EMUL ;IS A = ESC ?

CR,LF, 'Emulating ........ '
CR,LF, 'Press ESC to retransmitt HEX file'
CR,LF,CR,LF,0

INIT_BG ; INIT BOAD RATE GEN (TIMER 1).
INIT SERIAL ;INIT SERIAL PROT WITH 9600 B.

TMOD, #22H ;TIMER 1 MODE 2 ,8BIT AUTO RELOAD.
PCON, #70H ;SMOD = O.

TH1, #0FDH

TL1, #0FDH

TR1 ;ACTIVE TIMER1

EA

SCON, #52H ;MODE 1 8BIT REN=1 TI=1 RI=0

A

A, @A+DPTR
TXTRET
PRN_CHAR
DPL
PRN_TXT

TI,PRN_CHAR
TI
SBUF, A

;READ AN INTEL-HEX FILE FORM SERIAL AND LOADS IT TO

NUMBER OF DATA BYTE.

CHECKSUM.
= RECORD ID.
P1.3
DPTR, #WAIT HEX_TXT
PRN TXT
GET_SERIAL
A, #':',GHF1 ;INTEL HEX START WITH ":".
P1.4 ; LED ON/OFF.
R1,#0 ;EACH ONE LINE OF HEX ,R1 = 0.
NEXTB ;GET NUMBER OF DATA BYTE.
GHFERR4 ; IF ERROR.
RO,A ; SAVE NUMBER OF DATA BYTE.



CALL NEXTB ;GET HEIGH BYTE OF ADDRESS.
;NEXTB CONVERT NEXT 2 CHAR TO A BYTE.
;NEXTB ALSO CALCULATE CHECKSUM AND SAVE.
;IN R1,DON'T FORGET.

JC GHFERR5 ;IF CAN'T GET HEX DIGIT ,ERROR.

¥ MOV DPH,A ;SAVE AS ADDRESS HIGH
CALL NEXTB
Jc GHFERRS5

MOV DPL,A ;SAVE AS ADDRESS LOW.
’ CALL NEXTB ;GET RECORD ID.
Jc GHFERR®
¥ MOV R2,A ;SAVE ID RECORD
JN2Z GHF3 ;IF <> 0 THEN END OF HEX RECORD.
;IF = 0 THEN GET DATY BYTE.
GHF4 : CALL NEXTB ;GET DATA BYTE UNTIL END ONE LINE OF HEX

Jc GHFERR1
MOVX @DPTR,A

INC DPTR
DJINZ RO,GHF4 4 IF RO <> 0 THEN GET NEXT DATA BYTE.
CALL NEXTB ; CHECKSUM
;R1= CHECKSUM. (AFTER XCH) .
MOV A,R1
JNZ GHFERR3
CLR c
JMP GHF1
GHF3: CJINE A, #1,GHFERR6

MOV  DPTR, #GFCM
CALL PRN_TXT

CLR Pl.4
CLR P1.3
RET ;GET HEX COMPLETE.
GHFERRL : MOV  DPTR, #ILHXDG;IF ERROR
JMP  GHF6
GHFERR2 : MOV  DPTR, #ILRCID
JMP  GHF6
GHFERR3 : MOV  DPTR, #CHSUER
JMP  GHF6
GHFERR4 : MOV  DPTR, #NBER
JMP  GHF6
GHFERRS : MOV  DPTR, #ADER
. JMP  GHF6
GHFERRS : MOV  DPTR, #IDER
JMP  GHF6
GHF6 : CALL PRN_TXT
SETB PL.3

CALL DELAY
CALL DELAY

CLR Pl.4
P JMP GHFO ; THEN LOAD AGAIN.
NBER: DB 'NUMBER OF DATA ERROR. ',CR,LF,O0
ADER: DB '"ADDRESSS ERROR.',CR,LF,0

IDER: DB 'RECORD ID ERROR.',CR,LF,0



GFCM:

GET_SERIAL:

NEXTB:

NXBERR:

NIBBLE:

NIB2:

NIBl:

DB

;READ

MOV
CLR

RET

'HEX FILE RECEIVED COMPLETE.',CR,LF,0

SBUF AND RETURN IN ACC
RI,GET_SERIAL

A,SBUF
RI
A,#07FH

;IF IT HAS PARITY CLEAR IT.

;NOW ACC CONTENT SBUF.

;READS ONE BYTE IN ASCII-REPRESENTATION FROM SERIAL
;AND RETURN THE BINARY IN ACC.

; THE CHECKSUM IN R1 IS UPDATED.

;IN CASE OF ERROR THE CARRY FLAG IS SET.

;NEXTB CHANG ONLY REGISTERS A,B,R1,AND R7.

CALL
CALL
Jc
SWAP
MOV
CALL
CALL
Jc
ORL
XCH
ADD
XCH
CLR
RET

GET_SERIAL
NIBBLE
NXBERR

A

R7,A
GET_SERIAL
NIBBLE
NXBERR
A,R7

A,R1

A,RL

A,R1

c

;READ FIRST CHAR.

; CONVERT TO BINARY.

; IF ERROR RETRUN.

; CONVERT TO HIGH NIBBLE.
;SAVE IN R7.

;READ SECOND CHAR.

;JOIN BOTH NIBBLES.

;R1 = CHECKSUM.

; CALCULAT CHECKSUM.

;SAVE CHECKSUM.

iNO ERROR.

;IF ERROR ,CARY FLAG = SET.

;CONVERT ASCII IN A TO BINRAY.

;RETURNED IN A.IF CONTENT IN A NOT HEX DIGIT CARRY
;FLAG IS SET.
;NIBBLE ONLY CHANG REGISTER A AND B.

CALL
MOV
CLR
SUBB
Jc

MOV -
SUEBB
Jc

MOV
SUBB
Jc

MOV
SUBB
Jc

ADD
CLR

RET

UPCASE
B,A

C
A,#'0
NIBl
A #F
A,B
NIBl
A,B

A H#('97+1)
NIB2
A,B
A,#'A
NIB1l
A, #10
c

;TO BE SURE,CONVERT HEX DIGIT TO UPCAS
;SAVE A

;IS CHAR < 0 ?
;YES ERROR

;IS CHAR < F ?
;YES,ERROR TOO

;IS CHAR <= 9 ?
;YES,IT IS 0..9

;IS CHAR < A ?
; YES, ERROR



UPCASE: ;IF CHAR IN A IS LOWERCASE LETTER,IT IS CONVERTED IN TO
;UPPER CASE AND AND RETURNED IN A.
;OTHERWISE IT WILL BE LEFT UNCHANGED (a,b,..z will

;changed) .
;UPCASE ONLY CHANGES REGISTERS A AND B
MOV B,A ;SAVE A
CLR C
SUBB A,#'a’ ;IS CHAR < a ?
Jc UPC1 ;YES ,LEAVE IT UNCHANGED.
MOV A,B
SUBB A,#('z'+1) ;IS CHAR > z (A,B,...) ?
JNC UPC1 ;YES LEAVE IT UNCHANBED.
ADDC A, #'Z’ ;A =[ A -('z'+1)+2+C ]
MOV B,A
UPCl: MOV A,B ;RETURN RESULT IN A
RET
DELAY: PUSH 00 ;push RO
PUSH 01 ;push R1
MOV RO, #0FFH
Dl: MOV R1,#0FFH
DJNZ R1,$
DJNZ RO,D1
POP 01 by
POP 02
RET

END ;END OF FILE "PROJECT.ASM"
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§ g
| 27C64/87C64
64K (8K x 8) CHMOS PRODUCTION AND ,
UV ERASABLE PROMS
& CHIMOS Microcentraller and & High Perforinarice Speeds
Microprocessar Compatible — 150 ns Maximum Access Time
—87(.:64-1ntegrat'ed- Address Latch B New Quick-Pulse Programming™
— Universal 28 Sin Memery Site, 2-line Algorithm (1 second proaramm
Control gorithm { nd programming)

® Available In 28-Pin Cerdip and Plistic
® Low Power Consumption DIP Package and 32-Lead PLCC
— 100 pA Maximum Standby Current Package.
8 Noise immunity Features (Ses Packaging Spec, Order #231369)
— =10% VY¢¢ Tolerance
— Maximum Latch-up Immunity
Through EP{ Processing

1 Intel's 27C64 and 87C64 CHMOS EPAOMSs are 64K bit SV only memories crganized as 8192 words of 8 bits.
i They employ advanced CHMOS*II-E circuilry for systems requiring low power, high perforinance speeds, and
! anmunily ‘o roise. Tne 87CB4 has been optimized for multiplexed bus microcontrotier and microgrocessor
" compattilty while the 27C84 has a non-multiplexed addressing interface and is plug compatible with the

standard Intel 2764A (HMOS II-E).

The 27064 and 87CS4 are oftered in both a ceramic DIP, Plastic DIP, and Plastic Leaded Chip Carrier (PLCC)
Packages. Cerdip packages provide flexibility in prototyping and R&D environments, whereas Plastic DIP and
PLCC cPROMs provide optimum cost effectiveness in production environments. A new Quick-Puise Program-
ming™ Algorithm is employed which can speed up programming by as much as ons hundred times.

The 87C&4 incorporates an address fatch on the addrass pins 1o minimize chip count in multiplexed bus
-systems. Cesigners can eiiminate an extarnal address latch by tieing address and data pins of the 87C64
cicecty t¢ the precessor’s multiplexed eddresssdata pins. On the falling edge of the ALE input {(ALE/TE),
address information at the address inputs (Ag-A12) of tha 87C84 is latched internally. The address inputs are
then ignored as data information is passed on the same bus.

The highest degree of prolection against latch-up iz achieved through lntel’s unique EPI processing. Prevan-
tion of latch-up is provided for stresses up tc 100 mA on address and data pins from —1V to Vg + 1V.

*HMQS arg CHMOS are patented pincessas of intal Corporation,

DATA QUTPUTS
0o=07

I -

B —f QUTPUT ENABLE
PROG L0GC H  OUTPUT BUFFERS
Pl — CHIP ENABLE

TLIME/EE —» ADERESS LATCH: ENABLEZ

Y 0ECO0E > Y=CATING
e .
. - £5,536 BT
X DECOOE > "
W
d=hyp 31 CLLL MATRIX
ADORESS et §-
NPUTS :
=]

. . $000%-1
Shaded Areas.} |-1i.1 " repraseat the 87C54 version 2

Figure 1. Block Glagram



27C64/87Cs4

Extended Temperature (Express)
EPROMs

The intel EXPRESS EPROM family is a seres of
electrically programmable read only memories which
havs received additional processing to enhance
product characteristics. EXPRESS processing is
available for severa! densities of EPROM, allowing
the choice of approprials memory size lo malch sys-
tem applications.

- EXPRESS EPROM products are available with 168
*8 hour, 125°C dynamic burn-in using Intel's stan-
dard bias configuration. This procaess exceads or
meets most industry specifications of bum-in. The
standard EXPRESS EPROM operating temperature
range is 0°C to 70°C. Extended operating tempera-
ture range (—4G°C to +85°C) EXPRESS products
are available along with automotive temperature
rahge (<40°C to +125°C) products. Like all intel
EPROMSs, the EXPRESS EPROM family is inspected
0 0.1% electical AQL This may aljow the user to
reduce or eliminate incoming inspection testing.

.

READ OPERATION -
D.C. CHARACTERISTICS

EXPRESS EPROM Product Family
PRODUCT DEFINITIONS

Type | 1, n%%?';atg?eg(‘C) Surn-in 125°C (hr)
Q Oto +70 168 =8
T —40 to +85 NONE
L —40to0 +85 1€8 %8
A —40to +125 NONE
8 ~40to +125 168 =8
EXPRESS Optlons
27C64/87C64 Verslons
Packaging Options
Versess | _Cerlp | pLcc | PR
-1 .LQ' T T
<15, T.LQ T T
-2 TLQAB T.A T,A
-20 TLQA T T
—-STD T,LQAB TA | TA
~25 T,LQA T T
-3 TLQAS T,A T.A
-30 T,LQ,A T T

Electrical Parameters of EXPRESS EFROM products are identical to standard EPROM parameters excapt for:

27C64
Symbol Parameter 87C64 Teat Conditions
Min Max .
Isg Ve Standby Current (mA) | CMOS 0. - | TE=VeaOF =V
TTL 1.0 CE = Vi, OF = Yie
lec, Ve Active Current (mA) TTL 20,30 | OE=CE =V
’ Ve Active Current at TrL 20, 30 OE = CE = Vi,
High Temperature -~ Vop = Voo, Tamsient == 85°C
NOTE:

1. Sewe notes 4 and 6 of Raad Operation D.C. Characteristics.

290000-13
Vo = +5V
CE ~ 332Kz

O = +sv
Vpp = =5V

R« 1Xn
GND « ov
FGM = +5v

- 26000014
Blnary Sequenca from Ag lo Ay

Burn-in Blas and Timing Diagrams
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-l : 27C64/87C64

o
Pin Names
Paay: ~anz3sesse
CoOn QUTPUT,
o] CUTPUT ENASLE
= CHI? ENABLE
AELT ADCRESS LATCH ENABLE
T /OHP ENABLE ST %
FGM PRCGRANM STROZ2E
H.C, NQ CONNETT
O.U. OONT USE
27C64/87C64
P27C64/P87C64
27258 7128 27324 27168 i IT3A i 7254
Ver Vep ey 7 Hb‘f_ Veg Ve
Az Arnz LRt b=t M Avs
Ay Ay Ay Az MO bl =8 Yeo Vee Ay Ay
As Ae Ay As - B0 Aq A Aq As
As Ay As Ay Y= R = Ay ) ) A
Ay Ay Ay Ay A, s B4, Yeo Agy Aty Ay
Ay Ay Ay Ay e bs =0Ox o] TEee [o3 o4
1 A2 Az Az Ay A,S ‘ b= Ao Ao A A
Ay Ay Ay Aq Lo =03 AR = [ed o4 &=
. Ay Ao L9 Ay atire 1whoy Cy Oy O Oy
Go Go Go Co &g n nPa, Oq Ce O Cy
Oy Oy Qy Oy 0,11 [11-F% Os [« Os Os
[+% (73 O3 0, o8 uwhe, Cy O, 0O, O,
Gnd Gnd Gna Gnd Y171 t1=-1% Oy Oy o+ Cy Oy
.
280000-2
NOTE:

Intel “Universal Site” Compatible EPROM Pin Conf:guraﬁons are shown in the acdjacent blocks to 27CE4 Pins.
Shaced Areas (WP 727 represent the 87CH4 version

Figura 2, Pln Configuration
az:ifsx} Bx18 | AT | {M12] [Vl | o0 | Vee| [P}
NI7128A 18KX8 =t | {21
2ffpRed amxxs | arefars
OO N\
. PN VG T )
24 E s o ‘2 ] It}
A3 | E 3 28 ] Ay
- a E 7 ) 27 3 A1y
A3 E 8 . 32 PN PLCC 26 »
" E e 0.450" X C.A50~ 28 &
{11.430 X 13.970)
" E ‘0 (MILMETERS) 24 j o
i TOP YViEW
A . 1" o ] 183
ne E 12 2 :] ory,
0 ; 13 2 ] Rad
i t4 18 16 17 18 13 20
\% I O Y O | O 4
AR il

] L

i
l
o1 [{oz [owoflou [Jas {]oe {los

290000-11
Flgure 3. PLCC(N) Lead Contlguration




m‘teI 27C54/87C64

PROGRAMMING WAVEFORMS 27C64 - '

t AM - — VERIFY ———.]
' v -
. A3 r
ADORESSES ADORESS STABLE i 'x
Vi, : —t == T
l —ter e, !
. i_._h.
Yin . }————J
: —\ ez o
DATA DATA IN STABLE I{ 4 . BATA OUT VALID
b - iy = ! SRS
- ot | Lt ] —_— bl
1273y A
. £ 1 %
Yoo
s.ov ———/ ! 3 »
—trt ’
casv " ln
2 YA
s.ov 28
Vi omemmsmneny
‘C-g 21
Vo 0
; s ]
Vou v
o
3 v
i LS8 . tots
o™
"2 S —n
~ _l . l_ ’\ /
GE g
v’\
263063-9
NOTES: ™'
1. The Input Timing Reference Level is 0.8V ior Vi and 2V for a Vin. ‘

2. tog and tgep are characteristics of the device but must be accommodated by the programmer.

3. When programming the 27C64, a 0.1 pF capacitor is required asross Vpa and ground (0 supprase scuious voltage
transienis which can damage ths dsvice.
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27C864/87C64

e e v g,

A.C. PROGRAMMING CHARACTERISTICS BIC3%

T, = 25°C +5°C, See Table 2 for Vgg and Vpp Voltages.

’ Symbol Parameter Uimits Unit Condttions
Min TYp Max

! tyes Vpo Setup Time 2 ps
tves Voo Setup Time 2 s
' W Chip Desalact Width 2 s
taL Address to Chip Select Setup 1 us
tia Addrass Hold from Chip Select 1 ns

tow PGM Pulsa Width 95 100 105 ns Quick-Fulsa

tos Data Setup Time us -
' “ 1 toep OF High to Data Float 130 ns
Aces Output Enable Setup Time 1S
toe Data Valid from Output Enable 150 ne
; 1 toH Data Hold Time pns
tces CE Setup Time gs
NOTE: .

1. Programming tolerances and test ccnditions are the same as 27C54.

PROGRAMMING WAVEFORMS B7CE4

ADCRESS

OATA

ALE/CE

Yer

Vee

NOTE:

1. 12.75V Vpp & 6.25V Vg for Quick-Pulse Programming Algo:sithm.
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EPROM 27128 and 27128A

27128 . Cata OutPutsy
e
-0
Co o _._°°.-’_

Vep O mea LI A B

S ~{ovtes esanc [
N3 c-“l‘;m;t
5 eyt EER
1-—| raoc 106K Outrut Burrias
| = M H Y CATinG
teehyy i OLCODER L.
ApOAZSS b—
v 'E z :
I =] 0€CODEn M memoen
- : CTUL MATRIX
-

Figure 1. Block Disgram
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SEeqQ | | 270256

256K CMOS EPROM

November 1969

Features : Pin Configuration
X 256K (32K x 81 CMOS EPROM 27C256
w Ultra Low Power

- 100 1A Max. V,__ Standby Current vee (]

- 40 mA Max. Active Current a2
M Programmed Using Intelligent Algarithm 47

- 125VV,, 4s
W 200 ns Access Times s

-5VET10% V,, . A

+ 0° to 70°C Temperature Range 2,
W Minimum 10 Year Data Retention L0
li JEDEC Approved Bytewide Pin Configuration all
M Silicon Signature® : *o G
W Military and Extended Temperature Range : ? g

Avallable. +

0 :
oo (7

Description ’

SEEQ's 27C256 is the indusiry's first 256K CMOS Block Diagram
EPAOM. It has a 32K x 8 organization and has very low °
powerdissipation. Its <0 mA active currentislessthan one
‘haif the active power of n-chaninel EPACMS. In addition
the 100 uA V.. standby current is orders of magnitude : cvonv
lcwer than those same EPROMs. Conseguently, system AstAu :.> : e
memory sizes can be substantially increased at a very g
smallincrease in power. Low active and standby power is

Mode Selection L oA )| coww B s
PINSJCE | OE | V,, | Vou Outputs ' cana

MODE 20) | (22) | (1) | 28 | (11-13,15-19) | 5z __] o

Read : Vi Vie | Vee | Ves | Oour &= AERS

Output Disable | X | V, | Vec | Vec | HighZ > o 3

Standby Vo | X | v | V.. | HighZ 1}

Program Vie Vi | Voo | Vee | Dy 051

Program Verity |V, | Vi | Voo | Vool Oaur

Program Inhibt |V, | Voo | Vaw | Vee | HighZ Pin Names

Silican Signature™l V. t V, | V.. | V.. | Encoded A=Ay I ADORESSES ~ COLUMN (LSB)

Data A -A,, ADDRESSES - ROW
X can be either V, or V,, . CE CHIP ENABLE
ot S st A« 2 s ot & | oureuremete
0,-0, OUTPUTS

Silicon Signature is a registered trademark of
SEEQ Technology.

seeQ Technology, incorporated

MD400012/A 311



MAX232, MAX232I

DUAL EJA-232 DRIVER/RECEIVER

SLLS04

70 - FEBRUARY 1989 - REVISED MAY 1995

~

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Input supply voltage range, Voo (see Note 1) ..o i -03Vto6V
Positive output supply voltage range, Vg, . .vvvirtiiiiiiii ittt iia i, Vec-03Vio 15V
Negative output supply voltage range, Vg_ ....... Pt et e -03Vto-15V
Input voltage range, Vi Driver ... .. it i e -0.3VtoVgo+03V
RECBIVEr . e e 30V

Output voltage range, Vo: TIOUT, T20UT ..ot Vg.-03VtoVg, +03V
RIOUT, R20UT ... i -0.3VtoVge + 03V

Short-circuit duration: T1OUT, T20UT ..ottt ittt i e e e e unlimited
Operaling free-air temperature range, Ta: MAX232 .. ... ..o, .... 0°Cto70°C
MAX232l ... i —40°C to 85°C

Storage temperature range, Tolg e e o pm——— e e e - §5°C'to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for10seconds . .................. S 260°C

t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are-stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE 1. All voltage values are with respect to network ground terminal.
recommended operating conditions
. MIN NOM MAX| UNIT |

Supply voltage, Voo ' «| 45, 5 5.5 v
High-level input voltage, Vi (T1IN,T2IN) < 2 \'
Low-level input voltage, Vi (T1IN, T2IN) 1 ' 0.8 v
Receiver input voltage, R1IN, R2IN [ / ' +30 \"
Operaling free-air temperature, Tp . 0 70 °C

electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature range (unless otherwise noted) ~

PARAMETER ' TEST CONDITIONS MIN  TYPt MAX | uNIT
, T1OUT, T20UT | RL =3kQto GND 5 7 N
VoH High-level output voltage - \
R10UT, R20UT |igH=~1mA 3.5
- T10UT, T20UT =3kQ ND - -
VoL Low-level output voltaget O AL=8K2to G — ! 3 V.
] . R10UT, R20UT |IlgL =3.2mA y - 04

Receiver positive-going input P
ViT+ threshold voltage R1IN, R2IN Vec =5V, Ta =25°C 1.7 2.4 \

Receiver negative-going input o
ViT- threshold voltage R1IN, R2IN Vec =5V, Ta =25°C 0.8 1.2 \
Vhys  Input hysterésis voltage R1IN, R2IN Vee=5V 0.2 0.5 V'
f Receiver input resistance R1IN, R2IN Vee =5, Ta =25°C 3 5 7 kQ
fo- .. Output resistance ‘ T1OUT, T20UT |Vg4=Vg..=0, Vo=%2V 300 Q
losS  Short-circuit dufput current T1OUT, T20UT Voo =55V, Vo=0 : +10 mA
s Short-circuit ingut current T1IN, T2IN Vi=0 200 pA
lec Supply current Veg =55V, All outputs open, - 8 10] ma :

-

Ta =25°C

T All typical values are at Vo =5 V, T = 25°C.

1t The
levgl

algebraic conventlon, in which the least positive (most negative) value is designated minimum, is used in this data sheet for logic voltage
s only.

§ Not more than one output should be shorted at a time.

Taebe

|

1
1



" e Operates With Single 5-V Power Supply

e LinBiCMOS™ Process Technology
e Two Drivers and Two Receivers
L kw:30-V Input Levels
e Low Supply Current...8 mATyp
e Meets or Exceeds ANSI EIA/TIA-232-E and
ITU Recommendation V.28
e Designed to be Interchangeable With
Maxim MAX232
e Applications
EIA/TIA-232-E
Battery-Powered Systems -
Terminals

Modems
+  Computers

® ESD Protection Exceeds 2000 V Per
MIL-STD-883, Method 3015

description

L3

The MAX232 is a dual driver/receiver that’

bincludes a capacitive voltage generator to supply
EIA/TIA-232-E voltage levels from a single 5-V
. supply. Each receiver converts EIA/TIA-232-E

. inputs to 5-V TTL/CMOS levels. These receivers
' have a typical threshold of 1.3 V and a typical

hysteresis of 0.5 V, and can accept +30-V inputs.

Each driver converts TTL/CMOS input levels intor

EIA/TIA-232-E levels. The driver, receiver, and
voltage-generator functions are available as cells
in the Texas Instruments LINASIC™ library.

The MAX232 is characterized for operation from
p°C to 70°C. The MAX232! is characterized for
operation from —40°C to 85°C.

MAX232, MAX232l

DUAL EIA-232 DRIVER/RECEIVER
DW OR N PACKAGE
(TOP VIEW)
[}
Ci+{]1 U 16{] Vce
Vg. [} 2 15[} GND
ci-[}3 14f] TIOUT
c2+[| 4 13[] R1IN
c2-[]5 12{] R1OUT
Vs_[] 6 1] THIN
ToouT[[7  1ofl T2IN
R2IN[] 8 9l] R2OUT
logic symbolt
| ‘ 5V
' >|< 16,
1 Vee
Cls — ] Cl4+ 5
cio 3¢y~ Pec-18Y Vs
4
P a *—]C2+  _ovpc 15V & vs.
c2-—X¥—]cC2-,
11 14
T1IN b T10UT
: 7
P L > > T20UT
. 13
RIOUT —2—< I |¢— RIN
8
R20UT ——< oV T {—<— R2IN
X 15
GND

1 This symbol is in accordance with ANSV/IEEE Std 91-1984 and

IEC Publication 617-12.



; : MAX232, MAX2321
DUAL EIA-232 DRIVER/RECEIVER

SLLS047D -~ FEBRUARY 1989 ~ REVISED MAY 1995

switching characteristics, Voo =5V, Tp = 25°C

L PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT ,
tpLH(R') Receiver propagation delay lime, low- to high-leve! output See Figure 2 500 ns
|pHL(F{) Receiver propagation delay time, high- to low-level output See Figure 2 500 ns

o RL =3 kQto 7 kQ,

SR. Driver slew rate . See Figure 3 30| Vs
SRtr) E Driver transition region slew rate See Figure 4 3 Vius

APPLICATION INFORMATION

5V
! £ 8
3 vee! I 1F
T 1 y c1 2 [
L% C1+ % » =
1 p.F 3 Vs+ 7< » 8.5 V
. . * C1- 6
/4 5 - Vs -85V
— 1pF
T c2- ; =t
' , 1A
a“S— > =>——— EIA/TIA-232 Output
i .From CMOS or TTL 10 7
d — . > S EIA/TIA-232 Output
12 1 13 ]
' 2> it Sl : T |—<—— EIAMTIA-232 Inpuit
To CMOS or TTL ‘A : 8 :
——] oV ' —¢—— EIAMIA-232 Input
! f
15
s GND

Figure 1. Typical Ogerating Circuit




MAX232, MAX232
DUAL EIA 232 DRI\IERIRECEIVER

S1.LS047D - FEBRUARY 1989 —~ REVISED MAY 1995

PARAMETER MEASUREMENT INFORMATION

E . Vee
é

RL=13kQ
R1IN

or
Pulse R2IN

Generator
(see Note A)

See Note C

=50 pF =
i (see Note B)

TEST CIRCUIT:

s10ns—>: be— ~—» le—<10ns
I -t
| |

90%  90% N |
put o "z\‘zl 50% SOQS;SLw% oV

<+—- 500 ns ——»p
(o | k—»:— tpLH

| [ VoH .
Output 15V Ay ———1= VOL'

WAVEFORMS ,

NOTES: A. The pulse generator has the following characteristics: Zg = 50 £, duty cycle < 50%.
B. Cy_includes probe and jig capacitance.
C. Al diodes are 1N3064 or equivalent.

Figure 2. Receiver Test Circuit and Waveforms for tpy;_and tp| 4 Measurement




S MAX232, MAX232I
| DUAL EIA-232 DRIVER/RECEIVER

SLLS047D - FEBRUARY 1989 ~ REVISED MAY 1995

PARAMETER MEASUREMENT INFORMATION

e

— T1IN or T2IN T10UT or T20UT ,,
Gen:;ior EIA/TIA-232 Output
m 1
(see Note A) oL CL =10 pF
¥ (see Note B)
TEST CIRCUIT
<10 ns —b{ le— —»] :1— <10 ns
i | -t 3v. -
Input .
L)
. | 10% ov
e 55—l
b je—>—1tpLy
tpHL —te—»! f
, . |
90% ; | % 0% VoH
‘ Output [ {he A 9) |
! T RN A ~ VoL
trHL - "I & trLH .
08 (VouVoy) \¢ 0.8 (Vo Vo .
- i
TR T
. WAVEFORMS

. . 4
NOTES: A. The pulsegenerator has the following characteristics: Zg = 50 ©, duty cycle < 50%.
B. C inctudes probe and jig capacitance.

Figure 3. Driver Test Circuit and Waveforms for ipHL and tp 4 Measurement (5-us input)

‘ Pulse .7
‘ Generator -* EIA/TIA-232 Output
(see Note A) * l
' B G

CL=25nF

TEST CIRCUIT

<10ns —» |le— —» le— <10ns
Input |

90% 90%
15V 15V

10%

| I
|4—— 20 s ——b] A
||

| |
Output 3V -\ | I/-I 3V VoH
-3V
SV r— VoL

6V

SR = —Oo Y
tTHL 7 YrLn

WAVEFORMS
NOTE A:  The pulse generator has the following characteristics: Zo = 50 Q, duty cycle < 50%.

Figure 4. Test Circuit and Waveforms for try;_and ty y Measurement (20-us input)



: IMPORTANT NOTICE

]
Texas Instruments (T) reserves the right to make changes to its products or to discontinue any semiconductor
product or service without notice, and advises its customers to obtain the latest version of relevant information
to verily, before placing orders, that the information being relied on is current.

¢ 11 warrants performance of its semiconductor products and related software to the specifications applicable at
the time of sale in accordance with TI's standard warranty. Testing and other quality contro! techniques are
utilized to the extent Tl deems necessary to support this warranty. Specific testing of all parameters of each
device is not necessarily performed, except those mandated by government requirements.

Certain applications using semiconductor products may involve potential risks of death, personal injury, or
* severe propeérty or environmental damage (“Critical Applications”).

TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED, OR WARRANTED
TO BE SUITABLE FOR USE IN LIFE-SUPPORT APPLICATIONS, DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS. .

E N
Inclusion of Tl products in such applications is understood to be fully at the risk of the customer. Use of Tl
products in such applications requires the written approval of an appropriate Tl officer. Questions concerning
! potential risk applications should be directed to Ti through a local SC sales office. ;

In order to minimize risks associated with the customer's applications, adequate design and operating
» safeguards should be provided by the customer to minimize inherent or procedural hazards.

Ti assumes no liability for applications assistance, customer product design, software performance, or

infringement of patents or services described herein. Nor does Tl warrant or represent that any license, either

express or implied, is granted under any patent right, copyright, mask work right, or other intellectual property

right of Tl covering or relating to any combination, machine, or process in which such semiconductor products
i or services might be or are used. .

k
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5402,/7402

.Quadruple 2-Input Positive-NOR Gate ‘
Schottky TTL High-Speed TTL Low-Power Schottky TTL- Standerd TTL Low-Power T
Package Package Package Package : Packi
Device Type Device Type Device Type Device Type Device Type
\ YPe CTPimlcr YPeTC T IMIcr YPe e e mer YPe I PImcr PeICTPIR
SM58507 1 Vi T SNSLS02 1 ) WD SNss0z ) @ wz| SNsaLoz J DINOAT
T.IL SN74502 NG SNTALS02 1 DN SN7402 T TING) SNT4LOZ .1 Onoe
CHILD FMLISa2,/ 3502 [0 [ FUSLSOL, 7 UL SD2 L) #Q | FMS402/F MINDZ 10 X3 Xk
FARCHILD i v LG FOL02 /TN o | P0| [¢d | FCTa027F Ganaz JoiPa) | &
- MC5402 LD} F Q) X
MOTOROLA SN74L. 502 ) MCT402 LDPD] [FO .
s.C . OM54LS02 DMSa02 ) DN W) DM54L 02 J QUIND] Y
N.S.C OM74LS02 OM7402 3 DN OM74L02 ) DIND] &
N .
PHILIPS N14502 [0) NI4LS02 5] FIH221/7202 D E
55402 FOAD;  [wel 3
SIGNETICS NT4502 A NULS02 A @] M7402 F AP R
i L
SIEMENS FLRI ) o
FUJITSY 4L 502 MO MB4I7 [ 3
4]
HITACH! HD 14502 P HO UL 502 @ HD7402/HD2511 | QPO -4
MITSUBISHI M74L.502 9 M$3202 P 4
NEC P B2 DQICD »
¢
TOSHIBA TD 34024 P K
Electrical Characteristics SN54LS02/SN74L5S02 . . PR
absolute maximum ralings over operating free-air tempprature range SChemAtlcs (ea6h gate) ™
Swer'y votsae, VoG W Uperatmg Not-aw [snsaLs] =85 _w anc % N
Tnout vonlape ™ 1emoereire range [SN"LS 0C 1o We a
Storage temperatwre range -43C o I0C oRuTs
recommended oparating conditions A ——g
| _“snsawsoz | SN74L502 S Q
MiN NOM MAX MIN NOM MAX
Suoply voitage, Voo ° (X} s 5.5 a1 s $.23% v
Hightevel quiput Gurrent, 1oy ~a00 - 400 A ™
Low-levet ouioul current, gy 4 0 mA
Operaimg Wee-ew temostators, Ta % 3 ] ) 3 ==
electrical characteristics over recommended operating

free-air temperature range

PARAMTER TEST CONDITIONS t MIN TYP$ MAX | UNIT
ViH High-levet input valtage 2 v
Vi Low-level input volrage 0.8] Vv
Vi faput clamp voltage Veg=MiN, lh=—1amA =15 Vv
VEE=MIN. v, =v|_max,
g t
VOH  High-level output voltagn tom=MAY 2.1 34 v
3 v, MIN, Vv v,
VoL  Low-level output voltage ce= N 0.25 041 V
. gy = dma
Inout t .
oo e Al oL gl veoaMax. vimty 0.t| ma
maximum input voltage
[} High-iavel Data s v MAX, V 2 [ A
= =
- input_current o cc s M=y e
| Lowlevol Data mouts | Voo =MAX, Vi =0.4v | ma
= e =Q. .
L nput current a2 nouts cc w g, ,
. S4LS Famiy [ —20 -100
i Shori-circuit outpul current ¢ v MaX, I— A
0s i outaul eu ce= [T41.5 Famiy | <20 oo | "
MgcH_ Supnly current Veg=MAX T otal, outouts high 1.6 3.2] mA
Iy, Supoly currant Total, outputs low 2.8 5.4 | mA
Averape por gale
Supply current v sV .
tcg upply cur: cCc= (509% duty cyclo) 0.5 mA
Propagation dolay time,
veg=Sv, C.
PLH low-to-high-lovel output cc=s Ta=2sc i, S
Propagation deiay time,
t F, A 1 L
PHL igh-to-low-level outpul O =15 L= 10 l§ "

Pin Assignments (Top View)

® @

52

Vog 4Y 48 4A IY 38 3A 4Y 4B 4A GNO 38 A 3Y

vt ) el [u] [w] 9L s} i [is] [ial [1] [re) (o] [F)
. .

"|| [z akinliali EaflalaDaDalal

3
1A 18 Y 24 28 GNO [ ¥T]
positive logic:

Y=A¥H

g
a
3
(2]
<
=
Lins

Z

CIT

e

2=

ey
ABE

A

&

H
vy

£

L5

‘LS02 CIRCUIT

. AEESLY

L Zegetaer

H
A

L)

‘LO2CIRCUIT -

— 0 .

Resistor values shown are nominal and in ohms.

1 For condrtions shown as MIN or MAX, use the apuropriate vatue

under

LAIl typical valuos are at Voo =5V, Ta=25C.

#Not more than ono output should be shorted at a time, and for SNS45'/SNUS’,

, .

duration of outpul short-circuit should not exceed one second. .
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5404 /7404

Hex Inverter

Schottky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
Package Package ! ! Package Package Package
. . . 1 . .
vice Type Device Type Device Type + Device Type — Device Type
Device Type TTRTMICF P ICTPIMECE YPe TCTPIMICF CIPTMEF ® TYPe IS TRIMICF
SN54504 J 3 Wi { SHSaH0L 4 Wi SNSAL S04 .34 W24 SNSa0e i W21 SNS4LOS U @ND TR
T SN4S04 JTINT SNT2MO4 1IN SNT4L S0¢ 17N SN404 J @ [N SN14L04 JOHINT T
LD FM54504 F M3S04(Dd F M34r08-F MIRO4 F 3] resusos o iusista 23] £ | F M3404/F M3NOS DD F2
FAIRCHI FCluso4rFCssee 00108 F CT4H04/F CIHOL FETLS0 / PSR 21D FD | FM7004/F Conos 1D DIPD
M Ca108 F , | MCsane LD Fa
MOTOROLA MC3008 Fa{ sNTeLS04 F1 M CT404 LTFT
N.S.C DM 5erige DM54L 504 DM 404 JLING]  [wal oMSsLoe TomND e
et DIA34504 Dat2HI04 DM72LS04 H DMaud I N M 78104 1 DIND FQ
PHILIPS N14S04 3 NTAHDA [ NTLSOR i F JH241/740¢ [0
- $54504 Fiisl w.{ $54H04 Fa |43 Wl 55404 FOIAD wl
SIGNETICS Fore FTaT Twilnieoe FalaT NTaLS08 55 NTao4 FOIAD
| !
SIEMENS T ] FLH2IL []]
! X
FUJITSU T s0n T MBI T[T
f
HITACHI R T T i DI S0 i P7 HD408/HD2522 | C|PD
| ! ]
MITSUBISH! oo g, { MT4L S0 [ERCE M53204 PO
NEC 74504 K TAL 504 Kd © JurB23s 5]
TOSHIBA ! | T(3404A Pl
Electrical Characteristics SNS4L.S04/SNTALS04
sbsolute maximum ratings oves operating free-air lemperature range
Surts votage, VOO ™ Coeratng Wae-ar | SNSALS —45C 10 129°C .
s Ve ™ e T preTe T % Wt Schematics {each gate)
S10rape 10M0P BRI AN =8¢ 1 10¢ .
. operating
SNEaLS04 SN74.504 5
N NOM MAX MIN NOW MAX oA N
Suoeny vottace, VO 5 $ LR} “n ) L) v
Mg ievel oueal Corent t0m —400 -4 »h Vee
Lometert ouipst Gwrrent 10g 4 ] me o
Deurraing Fetan lemoratot. 1o % 125 D ) B3
electrical characteristics over recommended operating
free-air temperature range Ratiald
PARAMETER TEST CONDITIONS t MIN TYP 3 max]umit
Vi Hwgn-lgvel 1Nt vorage 2 v
Vi Low-level ngut voltage G.8} VvV
V. injut_clamp volage Veg=MIN,  1j=—18mA -5 v
‘ 2t vgg-u N vl,,_=v|,_ max cocur LR LRI
v High-ieve! out: age i : 7 K] ¢ 34 A (10K} 130] I Gup
OH ghrievi Dy} vOITRY! Ve = AAX 2. 3 ¥ i TN T T RTTY
r Veo=MIN. Vig=2v, irput clamp dicdes not on
VoL Lowdevel output vollage lo, = 4ma L SKS4L TSNTAL * circults. 'S04 CIRCUNT
\ . -
3 nout current at VeEEMEX V(R IV o.9| ma 04, L04 CIRCUITS
T8 MU nput uuuage
7Y} Haghelevel input current Vog=MAX | Vig=2,7v S 20) wA
hy Low-level inpul Surrent VOC=MEX, vy 504V =0.4] ma
ioe Shori-circunt Vog=Max —[ 5L S Fanaly | ~20 - 100 e
cutput Cutrem @ | TLS Famiy | =20 ~ 100
locH  Suppty current VegmHax Total, outputs gh 1.2 2.4] mA R
Iggy  Supply current +_|Total., outbuts low 3.6 6.61 ma
Average per gate
icc Supply curreat veg=S5Sv £ A
cc  Sweh cc {509 duty cycle) o "
P 1] 13
LK ropagatior delay time, N 18 R
jow-10-tign-levet output | Vee®= SV,  Ta=25C,
Progagation defay iime, CL=™ISPF, R =2 = .
PHL hgn-to-low level output 1 154 ns
Pin Assignments (Top View)
Vee
]
O] @
Ve 6A 6 sA rs; oy 1Y 64 &Y GND SY 54 av
|.-.f|_n':_(u T i‘bjj' ]>J fe) it [i} [Tn) fie L<\ILU L wrauT v
i s h
i /.X LX'] 6o
: i
lL [Dl I{: | I{>l i Ho4 CRcu 1304 CIRCUIT
1
Uuuw_r}:r Uttt gkl
14 'y 2y n iv s Yeo 32
positine logic
Yaa Resistor valves s*own ate nominal angd 1n ohms.




5408,/7408  Quadruple 2-input Positive-AND Gate - - '
Schottky TTL High-Speed TTL. Laow-Powar Schottky TTL Standard TTL Low-Power TTL]
Package Package Package Package Pacl
Device Type Device Type Device Type Device Type Device Type
Y P [M[CF YPe I TPIMcH ¥P¢ [CTRM|cF P IETPmIce c[P
T.1 SNS4S08 i w1 SNS4LS08 J Wi SN5408 IO . wl!
* 3N14508 JMINT SNTLS08 3 BN SN1408 1 @iN; 4
FAIRCHILD FM$4508./ Fu9508 5| | _}r®IFMS4H08 F MIHOS O £ | eusio08/ FHSLIN [ FO | F MS408/F MINO3 DKL F -
¥CI4S08 / FCIS08 o) | #0; ¥ |F C74HOA/F CIHOB |OisjPus FCI4LS08./ FCALSOE op |0 KD | FC408/F CINOS 1D P ]
MC310! L@ ) B
MOTOROLA MC 3001 [ 2 FI| SN741LS08 P MC7408 P ]
NS.C OM54H08 30N OMS4L S08 0 DOMs408 @M wD] OMS4L08 i
. OM7¢H08 1[N OM74LS08 p i OM 1408 1OINL DM74L08 k:
. Rl
PHILIPS Niiso : FETTT T NTiLS0s @ N7408 ) KE
R $34H08 Foad wei 55408 FO|AD W HR
SIGNETICS N74508 a1 N74H08 FO[AD NT4LS08 X3 N7408 FO[AD! S &
|
SIEMENS FLH38L o] E
- .
FUJITSU 741 508 M 1 . - {4
. z
HITACHI HDTAL S08 T H07408 /102550 | ®PD *
MITSUBISHI MI4L 508 P M53208 PO E
I
NeC 74L 508 C T uPB224 oD : 3
. £
TOSHIBA i T EERE 3
Electrical Characteristics SN54LS08/SN74LS08 ' Lo
absolute marimum ratings over oparating iree-air temparature range N i
Sumiy vonr VCG v Oneravng fres-as [ swsacs e W )0 Schematics (each gate) g
tnout voilsae ™ lemoecaiwe fonge [ snrans £ w10 . ¥
Intecemiier voane 3$.5v Storage tamparature rerge -85 10 1WC G F
ded operating diti kL
v SNSaLs08 SN74L508 rrecd F oy
MIN NOM MAX MiIN NOM MAX 2t = N
Suvooly voitage. Voo 45 5 $.5 4,18 s $.28 v . . 'i
High-levat ouipA outeent. oW B - 500 — 820 A R
Cow-tevel uipul eurrent, 10 1 (D ¢ e
Oonrateq Weeaw tempcranse, T4 =T ) ] ) c ‘
electrical characteristics over recommended operating :
frae- air temperature range ,,\
PARAMETER TEST CONDITIONS t MIN TYP 3 MAX [UNIT A
Vin High-level input vollage 2 v ‘
Vi, Low-level mput voitags 0.8} v
V| Input clamp voltage 5 Voo ®=MIN, |y =—=18mA =181 v .
| Voo =MIN, V=2V, .
v High-1
OH igh-leve! output vouaéo lop = MAX 2.7 4 v (
R . Tl Ve =MIN,  vyga2v N
vou Low-level output voltage loL® 4ma 0.2¢ 0.4 v .
N Input cu.rrcnl at Veo=MAX, V=V o1l ma '.‘..
maximum input voltags 5
[ High-level input current Voo =MAX Vig=2,7v 20| uA . 3
[m Low-teve! input currant Veog =MAX Vi =0.4v =0.4]| mA o
Short circust $41.S Family | =20 —100 -
Ips output current & Vog=Max 74LS Famdy | ~20 ool ™ L "_!
IcoH  Supply current Total, outputsmgh [~ 2.4 48! ma . i
=MA .
IgcL  Sueply current Vee X Total, outouts low 4.4 8.8 mA . 3
Average pergate N
' - 4 .
CC  Supply current VeV, | chos-quty cycte) 0.85 mA 508 CIRCUIT :
Prooagation delay tme, s 15 !
PLH  gueto-nigh-tevel cutput Veg=SY. Ta=25C. 23 . o4
' Propagatio delay ume, CL=iSpF, R =2%Q N
PHL  pgneto-low-level output 0 204 ns !
Pin Assignment (Top View) X
b
H
A
. A
) 4
- )
i
. ' 1
B LS08 cicuT - ;
A 18 Y A @ ¥ GND L ;
. ! o !
:o::::‘- logic: “Resistor values shown are nominal and in ol
t For conditions shown as MIN o 'MAX. use m; appropriale vaiues under oporg . b

$ AN typrcat values are at Vpg =5V, . ¢
more than one output should be shorted at a time, and for SNS4S'/SNT4S‘, duration af output short circuit should not excesd one second. .

*Not

TA=I5C.



432

. Quadruple "2-input Posjtive-OR Gate

/
. Schottky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
Package Package Package Package Package
Device Type Device Type Device Type Device Type Device Type
ree P8 TETR MIcH YPe [P mcH Pe ICTPmIcF YPe [CTP[mIcH Yee reTemle
T l-:k’ Lo SNS4532 D WO SNSLLSI? JQ WO} SN5432 JO WD
S &R - FnTasa? J QIND SNMLSI2 1 QIND SNT432 JDIND
'FMRCWLD Prsasn /sy L] )] FUSALS3Z/ FMSLSN oD O | FMS432/FMIND2 O( F O
. | Rragaz /#0952 Lol [ FCILSI2/ FONST? oD | "D FQ | FCT432/F CINI2  {ODIPOD)
MOTW ‘ SNTALS32 PO
N. ~ 'c ' N DML 5§32 ! (0] DMS432 1 O |ND WOl DMS54L32
h Qb DMS4L S32 [ DM74232 JOIND OM74L32
PHILIPS - Foem o) NTALS3? [ N132 [4)
~ . sz IF O] 2@ w(i
S'G'.Encs - N74LS32 AD) [ FO! 20
SIEMENS FLHEII [}
- A .
'
EAU‘"TW N T4L532 MDD -
HT&CH ( B HD74LS32 PO HD7422 GJJ‘"Po
MITSUBISHI o MS3L532 PO
Y Hootrar ta -
T
NECTT: s % co :
JOSHIBA "+ | -
v i i Electrical Characteristics SN54LS32/SN74LS32 i
~ryby, oot absolute maximum retings over eperating free-air temparature range -
vy vetase, VGG ] Goernteg Weeow | SNSILS —5%_w_ioic . Schematics(each gate)
Tnput vollngs v tamperatre range | snuLs LR
B Strage Wymperatre Qe -43C 1 1%°C
‘ recbmmendad oparating conditions 1000 1080
T $N34L532 SNTALSI2 T .
: MIN HOM MAX | mMiN HOM MAX M
Supely voltage, Vi© 4.3 5 .5 4.1% H .0 v
Pogh-level output owrent, oy =400 - 400 A
» Lowelivel outout owrent, Loy, 4 ) mA
Gowaing koees temoersiure, 5 T % o w | < '
atiiss . electrical characteristics over recommended operating .
Fimlrde » frog-air temperature range
e PARAMETER TEST CONDITIONS t MIN TYP $ MAX [ UNIT
ViH » High-level input voltage A 2 v R
Vi -+ Low-lovel tnpwt voliage 08| v | il
V| -+ Input clamp voltage Vgg=MIN, 1= —jgmA ~-t.5] Vv
- . v MIN,  Viq=2v, . ;
‘Y'(’JN & High-tevel output voltage |:::MAX H 2.1 a4 %
O Uowlev v Veo=MIN. Vi =V max, %
VoL %, Low-avel putput valtage ‘bL" inA 7 8.25 0.4 V.
1 i o Input current at A .
1 i 3";'5 E maximum input voltage VComMAX, Vy=1v R 24
Hign-level input gurrent Veg=MAX, Vig=2.1v 20 | uA
Low-level input ourrent Vog=MAX, Vi w04V =0.4} ma
P . ] saLs Famty [*=20 ~ 100 .
Short-olroult* cutput ouu"nl’ Veo=MAX [Tes Famiy | =20 0 m4
Supply ourrent Vog=HaX Total, outputs high 3.1 6.2 mA
Supply current . Total, outputs low 4.9 9.8 mA
Ay Average pergate a
;. 8
1. Supply current vee=sv (50% duly cycle) | . 1.0 mA
Propagation dalay ums, . s §32 CIRCUIT
low-to-high-lavel output Yoo= SV,  Ta=25C. . ¢
Propagation. defay time, ACL-IipF. R =22 . o 2 .
high-to-low-evel output I Vee
! ., Pin Assignment (Top View) Wk g 1k 8 0%
" . NPUTS . g,
. A P |
L -
. ¥ K 'd
B o P M
v J7 g QuTRUT
' ' f Sk Y
/ %> P * )
. . 1.5k *
A T GND
' ‘LSI2 CIACWLYT
positive logiec: Resistor value;‘ shown are nomwnal and i ohms
K YmA+D .
w;;j For oocaditions shown 8s MIN or MAX, use ine appropriats value under operating

WIAR typicat vaiues sre a1 VOGSV, Ta=25C,
.(‘:Nol more than one output should be shorted at & time.




54373 /74373

Octal D-Type Transparent Latches and Edge-Triggered Flip-Flops

Schottky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL Low-Powem‘
. Package Package Package Package Packazc
Device Type|—~ -—r— Device Type i Device TypeI Device Type Device Type -j——-ig‘\
C|P. MjcF clp|mlcr [cipImicr C|PIMIcF clrlm
; O
T. SN5sIN pal 4T SNSILSITI I T
SN74SIT ol SNTAL547 1 LN Ny
- ™
FAIRCHILD : —
—
MOTOROLA
-
NS.C »
-
-
PHILIPS
-
SIGNETICS }——— :
i
" _—
SIEMENS i -
+ —
FUJITSU -
-
HITACH!
MITSUBISHI !
- .
NEC — ! -
N =
TOSHIBA- | SN A A i :
1 i 1 ; i
: H
Electrical Characteristics SNS4LS373/SN74LS373 : . i
Pin Assignments (Top View)
absolute maximum ratings over operaiing free-air temperature range
Suepty veltage, Voo W 1 Operang treoear [snseLs ] -s5T to 125T ERNCINT SN S SR R PRI Tasn
Inout voltage ure range [Snecs 8T to 10T wlfw{fwlballuw|{wtfuj{u]faifn P I T Y
ra3e lemparatute range —65C to 150T B_ ?‘—,P _l'éﬁ
H Iz 1M
recoinmend operating conditions = = kol —
T R YUY S
SN5aL5373 SN7aLs3ITa_ | o pomat L 8
<= MIN NOM MAX | MIN NOM MAX @:@_@:@ [ TN B
upply voitage, Voo 15 5 s3|ers 5 8.25] v Pyt e
Hugh-level output current. iy = Iy vy __[l_n_l rira({aflsff2lisfie]]m N - P a z
- e e E W= i
Hign-level ourpst voltage. Vou 5.5 5.5 v 7
SNS4LS373 (4} SN74LS373 3, N) 15979 3303
Pulse wath, ty 15 i5 . SNS45373 (1) SN74S373 (3. N} TAANSIARINT LAVERES
O 15 15 G
Seplup Lime, tsyTyup 0. 0 ns
:old fime. fnolg = TH 104 ns
peralng free-ar temperature, 1 i c | ]
v FY-Y_ & JA ¥ Y T ). | TRANSPARENT LATCHES
elacirical characteristics ave: recommended operating free-air
temperature range {unless otherwise noted) th
PARAMETER T "TEST CONDITIONSE MIN TYPT MAX | UNIT 2:,‘,3:‘;&
Vs High-lzvel input votta;e Y]
ViL__ Lewetevel mout voltoge ’ i 08| v [N
Vik fnpus clamp veltage VEC ™ IN, I~ jAmA =1.5 v 1 o !
A1 A . &
VoM High-level output voltage Vae SMING Vi ey, 24 1 v 8 2o
Vi - Yig mar, gy SMAX ¢ Ny
Ve« N, ! -2 0
VoL Low-level output vohane Viprev, I'OL"“"“ 035 0.5y Vv S 15
I Vi =Vo mas L x
~state Quivut current, Ve =mMax Y
1 [+ R n e
oz hign-level volug_a vo 2.7 " Wi ua 0 o 1
, Off-state output cuirent, Yeg TMAX, V4R 2v. IG LLIEP)
oZL fow-leval voltage apphind Vo-0.4v Wy A g
Input current at ____lll —
1 A - = a0 -] q
! MENMUG 0Dyt voilage Vee =MaX. Vi=1v ehiams 13 *—qz 9
1H Hign-tevel input current TTVEEENER, V=27V \ 0] uA ] “
[ Low-ievel mput current VEC<MAK, V=01V -0 4| mA 113
log Short-circun_culput cureent § Ve = MAX ~38 ~130| mA 0 S s
AT EL T = a2
ice Supply current Ofl(:;ux conurol ar 4V L5312 2 0| ma <] 50
na
. switching chua\cteristics_ Vee=5V. Ta=25C : 1 A
118
FROM ET) o w©
PARAMETER
H uneuT) | (ouTeur)!  TEST CONDITIONS MIN  TYP MAX|UNIT -
fmax MH 2 70 : !
- —] ne
ELH Data any O 12 1B s o s
PHy, 218 i
1oL 1 Chock or Cp = t5oF, R =6812, 20 %) o0 8 >
[y . enavte &ny O ; See Howes 2 ana 3 M o] ™ 3 ™
| Pzn | Ouwwa 5 2 L s
ez, Contror Any O 7 %l ™ emgu: unD
ionz Gurtpmt O TR T - Tt B T
; Comrrut Q! ng
PL2 See hote 3 15 2% —

1 For roncitions snewn s MIN MAX. use

o

purabng ConaIbios

384 typicar vahes are a1 Voo =SV T, -25T

§ ol more 1han one tulput shuuid e SNOTIed 31 a Lme ang duaralon O the shorl Swourl should
not exceed one second.

the ApEtHD* e vawe spaeit-ed

-

ef recnmmreniod

NOTES 2.
3. See tcad circuits and wavelorms on paes J-11

Imay «Mmaunum ck equency

Ip_H Yprobadelon delay nme, luwstn-mgh-ievel output

1D +0fOPagatoN defay time, MgR-in-lawstevet Muiput

1P Z1 = Outoul 8nadly ime 10 Migh Ieve)

IpZy @ostput enable tme to low ievel

a7 ~ Vutiul disadle Lima from nigh tevel

1P 2 FOuibul dsadie Ums from ow lnvel

Maximum gluch froquensty 1n Llested with atl vututs 10aded



,;.54245/74245 Octal BUs Transceivers with 3-state Outputs )

*.  Schottky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
. . Package , Package ’ Package Package Package
Device Typé Device T Device T | . i
evice Typ CTPTMEF evi ype CIPTMEF evice Type CIFIMEFR Device Type CIrTmMERs Device Type CIPIMcF
SN54L5245 h i Wi fw
SNTALS245 3 rNy

ms..cﬁ o
5’.‘.’!‘-‘?.5. [ e
§|‘éNET|cs S - '
SIEMENS

p;.{ITSU e . .

Electrical Characteristics SNS4LS245/SN74L.5245 . .
% absolute marimum retings over opscating frea-gir temperature range _"
§Sipoiy valtage, VGG TV .Operaung free-air [snsas ~65C 1o 125C b X
{iiput, voitage : v Iemparature range IsntaLs 0C to 10C S ety
LR e ] Storage tamperature ranqe 65°C to 150°C . L &
[4 ded operating diti !
anase 4
¥ - SNZ4L.S245 .  SN74LS5248 UNIT yee & moM om oM oW e 0w
MIN _ NOM  MAX|MIN  NOM _ MAX LIS SIS LA LI LIS LIS S LIS L]
iSuppiy-voliaga; vcc 2 4.5 5 $.5{4.78 s s.25| vV ) o
‘ﬁ level outout cwrrent, 10H . - 12 -15| mA
aval_output ourrent, 101 i 'A 12 24| ma g v v 7 3
[0psrating tree-arr tamperature, T4 .| -s8 12§ ) 0 c l
; lectrical characteristics over recommended operating ANVARPA A
. {rea-air temperature range
. : SNT74LS245
. . 10N
" W GnorTionst MIN TXP$ MAX i BeDabBasOalel 1 sH s Fi»
T =y ¥ 3 v 3 -y~ M i i i —
4
Low-lavel input voitage . 0.8 v i SNS4LS245 (1) SN74L5248 (4, N)
Input olamp voitage . c VOC=MIN, = —=18mA -1.5 v .
-V.cc-Mm 0.2 0.4 v
VEC=MIN,  ligp=>-3ma | 2.4 34 .
ViH=2v, — v |+
ViLwv) max | top =MAX 2
. VEC=MIN. | |1g_ =i2mA, [X) N .
v | vie=zv, ; v
ViL=Vitmax (1o =24mA . 0.5
.7
veg=max, V0BTV & K. .
B .
@0 alate ouiput current, Batav - -
Efow-tevel voltage npol:ed . Vo=0.4v by '
Jpput current at  * AoB N Vin$.sv 0.1
wamun ingut ot _[DiRor & | VO0 “MAX. GG o] ™
ligh-lovel’ input_ourrent VCC=MAX, ViH=2,7V 20 pA L.
ow-level tipul ourront VCC*MAX, V) =0.4V ~0.2| mA f . ’
hert-girouit oulpul current VCC =MAX =40 ~225 | ma *
Tatal, outputstugh . . 48 0 °
Total.cutpuisiow | Voo wMAX, Outputs apen 62 90 | mA ' '
. Outputsat M2 . 64 35 .
gwitching characteristics. VCC 5V, TA 25C
. PARAMETER ~__TEST CONDITIONS MIN TYP MAX | UNIT
ropagation delay lime, . i R ‘
~to-hgh-level output . e A * 12[ s .
reo'lmlion deley time, - : :
ahto-low-Tevel outout : ':L ':-‘-OF.Z Ay =680, ] s 121 ns .
¢ Nate 27 40} ns
25 0] ns .
" Cp=%F, R =660, I5 5] ns
See Noto 2 5 2 m
dtions shown as MIN or MAX, use the approp value undor operating K
loati values are sl Vo SV, T «25°C. d .

Dore than one cutput should be shorted al » ime, and durahion of the shorl-short should not not evceed one second.
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