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Special Project AC Servomotor Controller

Name Mr. Somchai  Or-ingsub

Mr. Udom Peanpu-Nga

Department Applied Physics
Program Applies Physics
Academic Year 2003

Special project Advisor Asst. Prof. Dr. Warawoot Thowladda

ABSTRACT

Nowadays, servomotors are commonly used to drive the moving arms of the industrial
robots. This project proposes the design and construction of a computerized AC servomotor
controller. The controller which consists of two parts: microcontroller and servomotor driver
controls the servomotor using the method of closed loop control. The control commands were
transferred to the MSC51 (AT89C52) microcontroller via RS232 serial port of the personal
computer. The PWM would be generated and sent to driving circuit board by microcontroller.
The microcontroller received and processed the speed, direction and rotor position signals from
the encoder and used as a closed loop feedback control signal. From the experiment, the speed,

direction and rotor position of the ac servomotor could be controlled successfully.
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stage| Output NAND Gate 3 Output NAND Gate 4 | Output
1 1 0 0
2 1 1 1
3 0 1 0
4 1 1 1

AT 2. 13 MBUNNUAZID T W NYBIUWAN @AY 11

AND Gate no.11
stage | Output NAND Gate 5 Qutput NAND Gate 6 Output AND Gate 10 | Output
1 1 i 0 0
2 0 1 1 0
3 1 4 0 0
4 1 0 1 0
‘miN‘ﬁ 2.14 ﬂ'ﬁu‘vgmmmmﬁwmmuuumﬂﬁmma‘u 12
AND Gate no.12
stage| Output NAND Gate 7 Output NAND Gate 8 Output AND Gate 9 | Output
1 1 1 1 1
2 1 1 1 1
3 1 1 1 1
4 1 1 1 1

v Y o o A s o o
’Qﬂﬂwaz"lﬂﬁfgﬂﬁmuimu(countup) lnﬂ”ﬂlﬂﬂiﬂi}u'lﬂﬂ'n CW uay YYruUuUua (count

s

50

' 9 v
down) ouamas 111 ccw niniudygrahnlddedidy lediudyea Fayiaaio



51

P-4

9
Y1 (count up) vzAviiludyyrudunnvesdyaaiviuves lediuday 1 (CPU) ay

dayay11iua(count down) wandudyaudunnvesdyaranivasvesledivdyaiu
(CPD ) A31l71 3.19-3.20

o a A

71l 3.19 Fyaadunn AB 1ile waimes vyl luie ccw

T

cow

U7 3.20 dyanudunn A,B iiie vemesmu 11 lusia cw



52

o ¢ e o 4
VNI ULVIdYY I A uaz B vouou lAames v 4 aouzes I daanunay

]
: v
A I

v E4
QNIAYI 4 9N NIWINMIHYU CW taz CCW Tae 15ouv0aaImes vz i dyanunaugn@en

2 4 A R A 4 o ¢ 4
INUA 4096 gnaau Mmivezihidugnadun 1a lldwmeuTnsamesiitelssulana

3.2 dIUNVIMIUYY
v o G e P ¢ R
TudiuvenasmuguiInuavesssTuedwes usmesminsaulelagd
o
1. lulasneulnsames ATS9CS2

2. lulnsneununes

321 lulaspeulnsaiass ATS9CS2

AT89Cs2 iilwlulasaoulnsames 8 favwa 40 11 awseiunldunylylns
AouNuADIAszgn MCS-51lavdnthonnudililunsumelunine 8 Alaludiuy Flash
memory ﬂ?ﬂﬁﬁﬂﬂﬁu’h Programmable and Erasable Read Only Memory (PEROM) 11{28A72114
Hrdoyameluuun128 lud adredrumaTulas cmos

AT89Cs2 dlululasaeuiunasninlng ATMEL RilSwmasudasiiviaoniy

v
° a ] U o o 1L
Simoluannsadvunasauldlidosnd 1000 - afwazawnsmiumlszgndldlums

AUAY
PDIP
7
(T2)P1.000 1 40 pvce
(T2EX)P1.1]2 39 [1P0.0(AD0)
P12[]3 38 [1P0.1{AD1)
P1.30]4 37 P02 (AD2)
Pi4[]5 36 [1P0.3(AD3)
PISCl6 35 [1P0.4 (AD4)
P67 34 [1P0.5 {ADS5)
P1.7[]8 33 [1P0.6 (ADS6)
RST[]9 A2 P07 (AD7)
(RXD) P3.0[] 10 31 JEANPP
(TXD) P3.1] 11 3 [1ALEPROG
(INTO) P32[] 12 24 [1PSEN
(NT1) P33 13 28 [1P2.7 (A15)
(Toj P34 ] 14 27 P26 (A14)
T1)P350] 15 26[AP25(A13)
OVR) P36 16 25 P24 (A12)
RD)P3.7] 17 24[AP23(A11)
XTAL2[] 18 23[AP22(A10)
XTAL1C] 19 22 [AP2.1(A9)
GNDL] 20 21 AP2.0(A8)

1 321 Mdwazndyanuvesn ATSICS?



23

AMANIAYDI ATS9CS2

—

annsaldunluTnsaouivunosaszga MCs-s1

] o a L4 =)
nuen i Ilsunsuiuinin Flash Memory vina 8 Ala'lud TNIoULAY

i

av'ldlitound 1000 ass wazhudoyaldunda 107
191Wid092.7-6 Taad

e ldTusennuid 024 mnziEsa
sevumbanud ldsunsudl 3 seay

I VO wasn 32 1ia

e B~ S R

UHAIDUINDS ST 25281 5 NS
8. 1 Counter / Timer Y11 16 5 2 &1
9. WOSABYNTULUL Full Duplex

10. ansaaonlalsunsy'ly

+5V
Rese tE, 10uF
T_L_ ATBIC51

30pF 3 EAvep
,‘—_Y__‘I 5| RST ALE/PROG -2
XTAL2 Kb
11.0592|MHz o 19 | STt PSEN 2o
FT‘T o—S4p7 P37IRD L
— 30pF R-Pack 10K D_S P1.6 P3.6/WR r-
= P1.5 P3.5/T1 | 1
> P1.4 P3.4/TQ C—a
P1.3 P3.3(INT1 [ O—p1+—0
P1.2 P3.2/INTO [~ 3 5 B0
P1.1/T2-EX P3.1/DD [~ T TN ™@OUT [ 5
=0 P1.0/T2 P3.0/RXD RXOUT RXIN >
R-Pack 10H 2 28 2 2 Tl DR
5| PO.7/AD7 P2.7/A15 =52 VDRV o0—s1°
3| P0.6/AD6 P2.6/A14 560 O0—1—0
5| PO.5/ADS P2.5/A13 52 o -0
36| P0.4/AD4 P2.4/A12 53
PO.3/AD3 P2.3IA11 |5 —
3 Po.21AD2 P22/A10 |53 i etomon
9] PO.1/AD1 P2.1/A9 (5%
P0.0/ADO P2.0/A8 ﬁ
\ 2] Decoder
=i > Inverter

1 3.22 2995 luTnsneuInsames



54

HanMIMaIY

<o Y Ao Y a R s
"llliﬂiﬂﬂuI‘VIiﬁLﬁﬂiWWWuﬁ’liU‘ﬂﬂﬂJﬂ%'lﬂ"hJTﬂSﬂ'f]ilw’JLCV'I?JSW'IU‘V]NW’E]‘iﬂf’JHﬂS1!

U

HAZAILAUMINNUYO WD [ IuRINDS

Wo3M 0 (P0.1-P0.7)

s ° Y Ao o = a Y o
nNasa 0(PO.I—P0.7)w1ﬁu1ﬂu1ﬁiyiy1mi]1ﬂ’J<ﬁ]’iﬂi’JﬂS14’chﬂL’]JiEJ‘]JWIEJ‘]Jﬂ‘US‘Hﬁ

f‘f"t.ynunm“lumiwmm:ﬁﬂﬂmﬂsumﬂ'lumm"luiﬂmauTwsmas‘{zﬁ'amuquﬁumﬁwm

4
UoInog

Wo3A 1 (P1.1-P15)

v
=1

We3n 1 (P1.1-PLS) e adayaa PWM ALAUAUS 2WBNBMDS

WosA 2 (P2.0-P2.1)

o J

P2.0 Vimtiises udaans CO VDU UADTVINIIVTDOATH el

oo

@

P2.1 imthnsesuduana BO VOUANUADFVINIDTDOATH o

o o

3.2.2 hlasnoununas

A % Y Ao g 9q ¥ ' 4
‘lUTﬂiﬂﬂu‘W’JmaiVITH“L!'Wlill"ll?)iJﬁﬁnﬂ@i‘]ﬁﬂuNTL!‘V]1QITJ5L!ﬂ51Iﬂ'JTJQNuﬂmﬂﬁ

L)

19 ] g [ s A o
uazﬁwagawmmqwmmqﬂin"lﬂm‘luTﬂSﬂauTmamasmaﬂizmawaﬁtyiymm‘uqn

o 4 ’q Y a a o
msinuvesuemes Iagllsunsuatuguuomes 19 Tisunsuisraniand oy

t‘ Switch 3

] Status: Com | Divecton: [ switch 1 - Stop 4

1 323 Tlhsunsumuguuemesun luTasnouiumes



55

] 7o Y Hq 9 A & o
ﬁiuﬂlﬂﬂiﬂ‘itlﬂiNllﬂm@i‘ﬂTﬁu11/lGlGlfﬂ’J‘lJf’]iJﬂﬁ‘UENiJf]m@‘i FIANHUSUDINTT

v
#1au11suns uliagg

4

4 o Y A A A
1. wlsuwesa MUUIMNANWOTADYNTN Com 1 1150 Com2

" Com?2

117 3.24 wlsudwmSuiRenwosa

A 4 A s <
2. LWiiJV]ﬂ‘VINﬂ”I'iHMWU’ENiI’E)m@; ﬂ1ﬂﬁ1ﬁlﬁﬂﬂﬂﬁ1’n\‘lﬂﬁﬁlguﬂlﬂﬂm]m@iﬂ1m‘ull

UIRNT (CW) M58 RAT (CCW)

Direction—

CCw /COW

:i A a 4
310 325 Wl WA NN NYUVBIDINDS

a  d 0 9y A o d A o oA U
3. L‘V\lﬂJﬂ’m‘]f L MAUTNRBANITNINUUDIUDIND S 11‘],!1!?({1\111‘! 2 ‘lJJJﬂ’E] ‘1qu Start 1A

1;|3J Stop
1y Start._ G| nthidaliuomes
1l Stop 2% simhiids i uemeos nyanyuy
& Swich 1 sat_ | oo |

71N 3.26 lswadad 1



56

aQ o Y AN o I o U A
4. lﬂiuﬁ’)ﬁ‘ﬁ 2 MUAUMABNNITNINIUVDINDIADT U U 1 iJiJ 19

St ' mihimilouainadnanaldoosy fe

& WYy 7 & T s
wenatjuinueimesaznyu uaziieldevifunemessznganyy

U Start

" Switch 2 Start

11N 3.27 msuadnd 1

5. suaiadg 3 v‘h‘ﬂfﬁ'ﬁnﬂuﬁaﬁmm(Timer)ﬁmuﬂmsv‘imummmma{ﬁ Judanu

11jufo
Wy Start - Sta_"J diefimsfmuanan (i) msnimvesuomes nss

VnLunATly Start voime sy UMILNAT 188113

7

1N 3285 ua3aq 3



UNN 4

Wamsnaasstazense

;o o ~ J o = g
ﬂ"l‘i‘Vlﬂ'ﬁﬂﬂu‘ﬂ1ﬂ1iﬂﬁﬁﬂ\11ﬂﬂﬂ1‘iu’l‘]§ﬂﬂﬂﬂﬂﬂlﬂ“]fl“]fﬂiI’Jil’t)m’ﬂi‘lli]li‘)“]ﬂ“]iﬂiii
4 9 v A o A P 1
voines lalvussdudumnm =60 Toadnsfinasamsnaasd uazilaous duty cycle ¥4

dayay 184 Pulse Width Modulation (PWM) 15302 10%

o a e St v a 4
4.1 ﬂ'li‘ﬂﬂﬁi’)\i‘ll‘l]!.’f]“]ﬂ“]fﬂiT?Hﬂlﬂﬂiﬂlliﬂﬂuﬂuﬂﬁ =60 I'Jﬁﬂ

dayay 194 Pulse Width Modulation (PWM) = 1KHz

PWM | NEzuaBunm [unigeu | aldtynaniPulse Width Modulation suduayouaasuamas

(%) (Amp) (PWM)

10 2 \

=
S
Q4
i
Y

1
TReT

|| T

wnanstiluwenasianulidwiunsldnuiionisdinwwintu leygralihlJldussTeviiunisdn

lidnsdilag viedu Snvsinudlvidaulauilonmuaziesdnsdfiudivesenarsnnasaninisinluly



58

PWM [nszua@uwy [Funfi/seu | gudnynyiuPulse Width Modulation qUdyannunaresuamas
(%) | (Amp) (PWM)
30 - -
i
40 | o002 | 0230 |
:
-
.
t
50 0.03 0.208
60 0.1 0.185

&z A Y o 1Y ¥ = =2 & 1 ¥ o v 59 1%
nansiiluenasianulidwiunisldnuionisfinyivintu leygalihlldusyleviaunism

Laidnsdilas edu Snviinudlvidaudasionuazdosdnddiadivaaenarsynasandnisluly



59

PWM [nszug@uwn [3unii/seu | sUdtynuPulse Width Modulation sUdyaounaresnamas

(%) (Amp) (PWM)

70 0.15 0.125 l" i

80 0.21 0.099

90 0.09 0.057

100 0.095 0.044

15197 4.1 HAMINAAD Fyay 194 Pulse Width Modulation (PWM) 1 A2120159

wnanstiluwenasianulidwiunisldnuiionisdnwwintu eygralihlJldussTeviiunisdn

lidnsdilag viedu Bnvsinudlvidaulauilonmuaziesdnsdfiadivedenarsnnasaninisinluly



60

vinmsnaaeiioliussduduyn - 60 Tradaasamsnaasauaziaous duty
o ' o § " T
cycle VOITYY 1M PWM A1 duty cycle Yoadqyay1as PWM N1 10-30% 105 1auomes il
Y = 1 @ P J ) 2
MsHyu Mifdouin duty cycle vodayaa Pwm fi 40-100% wo Tawemesiimsviyy il
3 2

U o a ¥ ° o a
A1 duty cycle ¥oaday a1 PWM it w1 1da S rveawe s 1auaias Sin Vunaygy

o o @ Y A o dgl
Tyanuareamailianyuzadenauzyl lsinniu



UNN 5

Y
ﬁgﬂ!lﬁ&’ﬂlﬂ!ﬁﬂ@l!ﬂ%

5.1 aydwamsidenazduiivay
= g ) = & /9 ¥
TﬂswmwnﬂymﬂumsﬁﬂwﬂmnqmamwsTmmmﬂﬂmmsnmuqn
=4 ° v 9/ ] ] A 1 o a o o v
anuTmazdumisldlaomisenniiu 2 daufle  drudueFiwes lemeSiazdiuniy
v LY = o 4 9 T a o o @
AU duduedwes luewesisznoudis 199sumnaield 29958uUneTines 2esTuma
1Az99IeAsHE ANV Uszaeuda ulasneuInsames ATSOCS2 wazly
Tnsneuiuaos
< ~ oA
lulassnoulnsames  AT89C52 Aums@ouT)sunsumsueausuudime
AIVAUMTNNUYSUOTIH03 | IuBMDT teziimayendefiunouR e sUus T U fiAms
mlad (MS Window) Tesnsidenldsunsidyrawan (Visual Basic) malidionons

AU

52 YerawenuzuaziImlumsann
1. 29930005 ¥ (decoder) AIzvORUBLIRTININAGEAHBAARUGIEN
2. m3Woulilsunsunaugy  aasdouliidhilvhomefioz s aian 1o
2
i

a

° =) o' Iq & 1Y) = o P

8. ﬂﬁ‘YI1\‘111&‘1]’03!,@“]“‘1)"6]5T’Jﬂﬂlﬁﬂi‘hﬂliﬁﬂw}’l’q»?ﬂ’ﬁN?Q%Sﬂﬂ@ﬂuﬂuﬂiw‘n
a &
WANAYY

o Jeda A:‘dg A
4. ﬂ'l'ii'VIN'I‘L!‘UEN"hJTﬂSﬂﬂuiﬂialﬂﬂiﬂﬂﬂizﬁﬂ ﬁﬂ1WVIﬂﬁluﬂ’)‘§%$!a'ﬂﬂ¢l5$Qﬁ

d’d a a c; ' dy
nilssansnmingannil



tda’ 1 lﬂl Y o U ¥ tﬂl = 1 gj 1 Y o ¥ €Y ¥
wnanstiluenasianulidmsunisldnuienisfinewingu eugrelnhlulgusslevimunisin

Lidnsdiles viedu Snveinudividaulasilonuaziosdnddiudivedenarsynasaninisinluly



RAAAAK )

ARAATA

dal I ld' Y o U ¥ lﬂl = 1 gj 1 Y o ¥ L% 14
wnanstluenasianulidmsunisldnuienisfinewingu eugrslihluldusslevimunisén

Laidnsdilas viedu Snviainudlvidaulastlomuazdosdnddiadivaaenaisynasandnisluly



Switch

BRIDGE TRANSFORMER
220v 03 +
¢ 4 1
450uF 1400V 2 : 2 i
4 - . . “d 5 VIN vouT -2
2 = = BRIDGE
3 IRF730 IRF730 IRF730 2l
3 3 3 2
3 1000uF/25V
IRF73g IRF730 ,ﬂ
3% R [
L Lo TRANSFORMER CT
D3 +12v
3 3 ! tM7em12
220V > N out
5 BRIDGE
== R ==
2
AC Servomotor 3 1mch/25v2‘] 1000uF/25V
1
+| +12v + +12v + +12v
LM7912
LED LED LED = ouTt
N 330 Ohm N\ 330 Ohm X 330 Ohm .J_ B L
-~
5 2 3 woo\;F/zst 1000uF/25V
Ny 50 Ohm Nu 50 Chm Al 50 Ohm L5
2 2 -
TCPZS0 T ue
-f2v “2v =12V,
ATBOC51
'
POO PO.0/ADD P2.0/AB :2211:2 P2.0
+ +12v + +12v + v PO.1 PO.1/AD1 P2.1/A9 2"2-1
P02 FO.2/AD2 p2.2/A10 [23—
3 POJ/AD3 P2A11 |24
LED LED =0 P0.4 PO.4/AD4 P2tz 25—
4 4 P05 POSIADS P25/A13 [-48—0 o
N FO.6 P0.6/AD6 P2.6/A14 [-RE—0 O—
300 S30.00m 3% onm PO.7 PO.7/ADT P2.7/a15 |80 o o
P1.0 P3.1/TXD é ? XN xout |8
A Ny My P11 P3.0/RXD RXOUT RXIN = —0
P12
e 50 Ohm el 50 Ohm > 50 Ohm P13 o—2- vpRV o
2 2 P14
'—mqﬁ F1.5 Ds275 CONNECTOR DB9
+
F =
-12v e EAVPP
1 XTAL1 Resat
F
aopr[] e
XTAL2 H RST
= 11.0592 MH =



AC Servomotor

I

I8pOouq

CRYSTAL

20 pF

5V 5V
10K ) 10K
A
P B YP gﬁ -0
O—HRT ¥S
O—2 RTC
STRS SN5417
B
94 A
1 B vp 14 1
B é}l:_g—_ RT vs &l
RTC
B i SNs17
SN75115
[m]
T4AC11074
13 [ x o
1 bei
s N

5M

2
3
4
NAND3 z 1
—3p1  otf4a
oo 3 4
SO\ \& g TE AND3
=80 e %
o]0, a5 L~ NAND3
YAk I
184pg  gp [H2
U beik ;
< 2
TARCSTT NAND3 3 1
4
:
AND3
F ~4
AV Vi M
NAND3
MDL
15
A PO35{a  Qa PO
8 P02 1:-1—1— B Q8 F—alP05
ac poa—dc o He—eXpos
QD Po0c—Hp g [ P07
12
o P UP  CO 292.0
3 80 Pl A on ao&épzn
o—1d Loa
% p o _]__ CIR ClR
4 TARCTIGE TAACTI93



dy 1 td' ¥ o U £ lﬂl = | gj 1 Y o ¥ c Y ¥
wnanstiluenasianulidmsunisldnuienisfinewingu leygelihluldusslevimunisén

Laidnsdilas viedu Snvioihudvidaulasionuazdotdnddiadivaaenaisynasandnisluly



$mod52

$noprint
dseg at 30h
tick: ds 1
com: ds 1
count: ds 1
co: ds 1
min: ds 1
sec: ds 1
secl: ds1
coder: ds 1
decoder:ds 1
direc: ds'1
cseg at  0000h
jmp  start
org  000bh
jmp  SEVICES
org 0100h
start:  ORL TMOD,#00100000b

MOV THI,#0fdh
MOV TLI1,#0fdh
ORL TCON,#01001001b
ORL SCON,#01010010b

;T1=8 bit auto-reload
;Timer 1 reload value
;Timer 1 initial value
;Run 1, Hold 0

;Mode 1,rEN, TXRDY,rXEMPTY

I /SET EXTERNAL INTERRUPT 0,1 WA



setb ea

ST H/DNTTIAL .V ALUEAIIIITHTITITITIET

mov tick,#00h
mov com,#00h
mov count,#00h
mov co,#00h
mov ud,#00h
mov sec,#00h
mov coder,#00h
mov decoder,#00h
mov min,#00h
moyv coder,p0

mov a,coder

ST VAN PROGRAMMMMNM I
mini:  jnb i,mini

clr Ii

mov  asbuf

mov  direc,a

mov a,direc

cjne a,#T,minil

jmp main
minil: mov a,direc
cjne a,#'1',mini

jmp  left

main:  jnb ri,main



mainl:

loop:

lo:

loop1:

loop2:

clr i

mov a,sbuf
mov min,a
cjne a#'s';mainl

jmp run

mov a,min

cjne a,#'n',main

mov th0,#0fth
mov tl0,#0b4h
orl tmod,#01
setb ea

setb et0

setb tr0

mov coder,p0

mov a,coder

mov a,tick
cjne a,#0,loopl

mov com,#0fth

mov a,tick
cjne a,#9,loop2

mov com,#00h

mov a,tick
cjne a,#10,loop31

mov tick,#00h

sedit duty

sedit 10



inc co
loop31: mov a,co
cjne a,#3,loop30 ;frequency
mov co,#00h
inc count

inc ud

loop30: mov a,direc
cjne af#'r,loop301

ajmp loop3

loop301:mov a,direc
cjne a,#1',mini

ajmp left

loop3: mov a,count  ;step 1
cjne a,#0,loop4
mov a,com
anl a,#lah
cpl a

mov pl,a

loop4: mov acount ;step 2
cjne a#1,loop5
mov a,com
anl a,#16h
cpl a

mov pl,a

loop5: mov a,count  ;step 3



cjne a,#2,loop6
mov a,com
anl a,#26h
cpl a

mov pl,a

loop6: mov a,count
cjne a,#3,loop7 ;step 4
mov a,com
anl a,#25h
cpl a

mov pl,a

loop7: mov a,count ;step 5
cjne a,#4,loop8
mov -a,com
anl a,#2%h
cpla

mov pl,a

loop8: mov a,count ;step6
cjne a,#5,loop9
mov a,com
anl a,#1%h
cpl a

mov pl,a

loop9: mov a,count
cjne a,#6,loop11

mov count,#00h



loopl1: jnb ri,loop14
clr ri
mov  a,sbuf
mov sec,a
cjne a#'tloopl2
mov pl,#0ffh

jmp start

loop12: mov a,sec
cjne a#'n'loopl3

jmp loop

loop13: mov p1,#0ffh

jmp start

loopl14: jmp loop

ST L EF TIMALITARURAARARTE TRV
left:  jnb ri,left

clr ri

mov  a,sbuf

mov min,a

cjne a,#'s';mainl 1

jmp  left0

mainl 1: mov a,min

cjne a#'n',left

leftd: mov a,tick



cjne a,#0,leftl

mov com,#0ffh

leftl: mov a,tick
cjne a,#9,left2 ;edit duty
mov com,#00h

left2: mov a,tick
cjne a,#10,left3  ;edit 10
mov tick,#00h

inc co

left3: mov a,co
cjne a,#3,left4 sfrequency
mov co,#00h
inc count

¢ ud

left4:  mov acount  ;step 1
cjne a#0,lefts
mov a,com
anl a,#1%h
cpl a

mov pl,a

left5:  mov a,count ;step 2
cjne a#1,left6
mov a,com
anl a,#2%h
cpl a

mov pl,a



left6: mov a,count  ;step3
cjne a,#2 left7
mov a,com
anl a #25h
cpl a

mov pl,a

left7: mov a,count
cjne a,#3,left8 ;step 4
mov a,com
anl a,#26h
cpl a

mov pl,a

left8: mov a,count ;step 5
cjne a,#4,left9
mov a,com
anl a#16h
cpl a

mov pl,a

left9: mov a,count ;step6
cjne a,#5,left10
mov a,com
anl a,#lah
cpl a

mov pl,a

left10: mov a,count



cjne a,#6,leftl1

mov count,#00h

leftl1: jnb r,left14
clr i
mov  asbuf
mov sec,a
cjne a#'t'left12
mov pl,#0fth

jmp start

left12: mov a,sec
cjne af'n'leftl3

jmp left0

left13: mov pl,#0ffh

jmp start

leftl4: jmp left0

ST /N TERRUPT SERVICEMMIIIIMIN

SEVICES:
inc tick
mov th0,#0ffth
mov tl0,#0b4h  ;frombtoa
reti

end
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Option Explicit

Dim motor_rotate As Integer
Dim inverse As Integer

Dim check As Integer

Dim tick, s1, s2, s3 As Boolean

Dim outport As String

Private Sub Form_Load()

StatusBar1.Panels(1).Text = " Status : Com1"
StatusBar1.Panels(2).Text = " Direction : "
StatusBar1.Panels(3).Text = " Switch 1 : Stop "

motor_rotate = 1
MSComma].Settings = "9600,N,8,1"
MSComm].CommPort = 1
MSComm].InputLen = 1
MSComm]1.PortOpen = True
MSComm]1.RThreshold = 1
tmrl.Enabled = False

tmr3.Enabled = False

End Sub

Private Sub cmdStart_Click()
If optS1.Value = True Then
StatusBar1.Panels(3).Text = " Switch 1 : Start"
MSComm]1.Output = outport

tmr1.Enabled = True

MSComm1.Output = "s"
End If
End Sub

Private Sub cmdStop_Click()

If optS1.Value = True Then
StatusBar1.Panels(3).Text = " Switch 1 : Stop "
MSComm]1.Output = "t"
tmrl.Enabled = False

End If

End Sub

Private Sub cmdStart]_MouseDown(Button As Integer, Shift As Integer, X As Single, Y As Single)
If optS2.Value = True Then

StatusBar1.Panels(3).Text = " Switch 2 : Start "

MSComm1.Output = outport

tmrl.Enabled = True



MSComm1.Output = "n"
End If
End Sub

Private Sub cmdStart]_MouseUp(Button As Integer, Shift As Integer, X As Single, Y As Single)
If optS2.Value = True Then
StatusBar1.Panels(3).Text = " Switch 2 : Stop "
MSComm1.Output = "t"
tmr1.Enabled = False
End If
End Sub

Private Sub cmdTimer_ClickQ
If optS3.Value = True Then
StatusBar1.Panels(3).Text = " Switch 3 : Timer "
MSComm1.Output = outport
tmr3.Enabled = True
tmr1.Enabled = True
MSComm1.Output = "s"
tick = True
check = Val(txtTimer.Text)
While tick = True
DoEvents
Wend
End If
End Sub

Private Sub optComl_Click()
StatusBar1.Panels(1).Text = " Status : Com1"

If MSComm1.CommPort = 2 Then MSComm 1.PortOpen = False
MSCommI.CommPort = 1

MSComm1.PortOpen = True

End Sub

Private Sub optCom2_Click()

StatusBar1.Panels(1).Text = " Status : Com2"

If MSComm1.CommPort = 1 Then MSComm1.PortOpen = False
MSCommI.CommPort =2

MSComm1.PortOpen = True

End Sub

Private Sub optCW_Click()
StatusBar].Panels(2).Text = " Direction : CW "
outport = "r"

MSComm1.Output = outport

End Sub



Private Sub optCCW_Click()
StatusBar1.Panels(2).Text = " Direction : CCW "
outport = "I"

MSComm1.Output = outport

End Sub

Private Sub optS2_Click()
StatusBar1.Panels(3).Text = " Switch 2 : Stop "

End Sub

Private Sub optS3_Click()
StatusBar1.Panels(3).Text = " Switch 3 : Timer "

End Sub

Private Sub tmr3_Timer()
check = check - 1
Text4.Text = check
If check = 0 Then
MSComm1.Output = "t"
tick = False
tmrl.Enabled = False
End If
End Sub

*// Graphic of motor //

Private Sub tmr1_Timer()
If optCW.Value = True Then motor_rotate = motor_rotate + 1
If optCCW.Value = True Then motor_rotate = motor rotate - 1

If optCCW.Value = True And motor_rotate = 0 Then motor._rotate = 8
If motor_rotate > 8 Then motor_rotate = 1

If motor_rotate = 1 Then
motorl.Visible = True
motor2.Visible = False
motor3.Visible = False
motor4.Visible = False
motor5.Visible = False
motor6.Visible = False
motor7.Visible = False
motor8.Visible = False

Elself motor_rotate = 2 Then
motorl.Visible = False
motor2.Visible = True
motor3.Visible = False

motor4.Visible = False



motor5.Visible = False
motor6.Visible = False
motor7.Visible = False
motor8.Visible = False
Elself motor_rotate = 3 Then
motorl.Visible = False
motor2.Visible = False
motor3.Visible = True
motor4.Visible = False
motor5.Visible = False
motor6. Visible = False
motor7.Visible = False
motor8.Visible = False
Elself motor_rotate =4 Then
motor].Visible = False
motor2.Visible = False
motor3.Visible = False
motor4.Visible = True
motor5.Visible = False
motor6.Visible = False
motor7.Visible = False
motor8.Visible = False
Elself motor_rotate = § Then
motorl.Visible = False
motor2.Visible = False
motor3.Visible = False
motor4.Visible = False
motor5.Visible = True
motor6. Visible = False
motor7.Visible = False
motor8.Visible = False
Elself motor_rotate = 6 Then
motorl.Visible = False
motor2.Visible = False
motor3.Visible = False
motor4.Visible = False
motorS.Visible = False
motor6.Visible = True
motor7.Visible = False
motor8.Visible = False
Elself motor_rotate = 7 Then
motorl.Visible = False
motor2.Visible = False
motor3.Visible = False
motor4.Visible = False
motor5.Visible = False
motor6.Visible = False

motor7.Visible = True



motor8.Visible = False

Elself motor_rotate = 8 Then
motorl.Visible = False
motor2.Visible = False
motor3.Visible = False
motor4.Visible = False
motor5.Visible = False
motor6.Visible = False
motor7.Visible = False
motor8.Visible = True

End If

End Sub

dy 1 td' ¥ o U £ dl = 1 gj Ll Y o ¥ ¢ Y ¥
wnanstluenasianulidmiunisldnuienisfinewingu eygrelihluldusslevimunisén

Laidnsdilas viedu Snviainudlvidaulastomuazdosdnddiadivaaenaisynasandnisluly



da’ 1 lﬂl Y o U ¥ lﬂl = 1 gj 1 Y o ¥ L 8% ¥
wnanstluenasianulidmiunisldnuienisfinewinu eygrelihluldussTevimunisin

Lyidnsdilas viedu Snvainudividaudasilonmuaziesdnddiudivedenarsynasaninisuinluly



Features

» Compatible with MCS-51™ Products

* 8K Bytes of In-System Reprogrammable Flash Memory
* Endurance: 1,000 Write/Erase Cycles

* Fully Static Operation: 0 Hz to 24 MHz

* Three-level Program Memory Lock

* 256 x 8-bit Internal RAM

* 32 Programmable I/O Lines

* Three 16-bit Timer/Counters

* Eight Interrupt Sources

* Programmable Serial Channel

¢ Low-power Idle and Power-down Modes

Description
The AT89C52 is a low-power, high-performance CMOS 8-bit microcomputer with 8K

bytes of Flash programmable and erasable read only memory (PEROM). The device -

is manufactured using Atmel’s high-density nonvolatile memory technology and is
compatible with the industry-standard 80C51 and 80C52 instruction set and pinout.
The on-chip Flash allows the program memory to be reprogrammed in-system or by a
conventional nonvolatile memory programmer. By combining a versatile 8-bit CPU
with Flash on a monolithic chip, the Atmel AT89C52 is a powerful microcomputer
which provides a highly-flexible and cost-effective solution to many embedded control
applications.
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The AT89C52 provides the following standard features: 8K
bytes of Flash, 256 bytes of RAM, 32 I/O lines, three 16-bit
timer/counters, a six-vector two-level interrupt architecture,
a full-duplex serial port, on-chip oscillator, and clock cir-
cuitry. In addition, the AT89C52 is designed with static logic
for operation down to zero frequency and supports two
software selectable power saving modes. The Idle Mode
stops the CPU while allowing the RAM, timer/counters,
serial port, and interrupt system to continue functioning.
The Power-down mode saves the RAM contents but
freezes the oscillator, disabling all other chip functions until
the next hardware reset.

Pin Description

vccC
Supply voltage.

GND
Ground.

Port 0

Port 0 is an 8-bit open drain bi-directional I/O port. As an
output port, each pin can sink eight TTL inputs. When 1s
are written to port 0 pins, the pins can be used as high-
impedance inputs.

Port 0 can also be configured to be the multiplexed low-
order address/data bus during accesses to external pro-
gram and data memory. In this mode, PO has internal
pullups.

Port 0 also receives the code bytes during Flash program-
ming and outputs the code bytes during program
verification. External pullups are required during program
verification.

Port 1

Port 1 is an 8-bit bi-directional I/O port with internal pullups.
The Port 1 output buffers can sink/source four TTL inputs.
When 1s are written to Port 1 pins, they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 1 pins that are externally being pulled low will source
current (I, ) because of the internal pullups.

In addition, P1.0 and P1.1 can be configured to be the
timer/counter 2 external count input (P1.0/T2) and the
timer/counter 2 trigger input (P1.1/T2EX), respectively, as
shown in the following table.

Port 1 also receives the low-order address bytes during
Flash programming and verification.

Port Pin | Alternate Functions

P1.0 T2 (external count input to Timer/Counter 2),
clock-out

P1.1 T2EX (Timer/Counter 2 capture/reload trigger and
direction control)

Port 2

Port 2 is an 8-bit bi-directional I/O port with intermal puilups.
The Port 2 output buffers can sink/source four TTL inputs.
When 1s are written to Port 2 pins, they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 2 pins that are externally being pulled low will source
current (I, ) because of the internal pullups.

Port 2 emits the high-order address byte during fetches
from external program memory and during accesses to
external data memory that use 16-bit addresses (MOVX @
DPTR). In this application, Port 2 uses strong internal pul-
lups when emitting 1s. During accesses to external data
memory that use 8-bit addresses (MOVX @ RI), Port 2
emits the contents of the P2 Special Function Register.

Port 2 also receives the high-order address bits and some
control signals during Flash programming and verification.

Port 3

Port 3 is an 8-bit bi-directional I/O port with internal pullups.
The Port 3 output buffers can sink/source four TTL inputs.
When 1s are written to Port 3 pins, they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 3 pins that are externally being pulled low will source
current (I, ) because of the pullups.

Port 3 also serves the functions of various special features
of the AT89C51, as shown in the following table.

Port 3 also receives some control signals for Flash pro-
gramming and verification.

Port Pin Alternate Functions

P3.0 RXD (serial input port)

P3.1 TXD (serial output port)

P3.2 INTO (external interrupt 0)

P3.3 INTT (external interrupt 1)

P3.4 TO (timer 0 external input)

P3.5 T1 (timer 1 external input)

P3.6 WR (external data memory write strobe)

P3.7 RD (external data memory read strobe)
RST

Reset input. A high on this pin for two machine cycles while
the oscillator is running resets the device.

ALE/PROG

Address Latch Enable is an output pulse for latching the
low byte of the address during accesses to external mem-
ory. This pin is also the program pulse input (PROG) during
Flash programming.

In normal operation, ALE is emitted at a constant rate of 1/6
the oscillator frequency and may be used for external
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timing or clocking purposes. Note, however, that one ALE
pulse is skipped during each access to external data
memory.

If desired, ALE operation can be disabled by setting bit 0 of
SFR location 8EH. With the bit set, ALE is active only dur-
ing a MOVX or MOVC instruction. Otherwise, the pin is
weakly pulled high. Setting the ALE-disable bit has no
effect if the microcontroller is in external execution mode.

PSEN

Program Store Enable is the read strobe to external pro-
gram memory.

When the AT89C52 is executing code from external pro-
gram memory, PSEN is activated twice each machine
cycle, except that two PSEN activations are skipped during
each access to external data memory.

Table 1. AT89C52 SFR Map and Reset Values

EAIVPP
External Access Enable. EA must be strapped to GND in
order to enable the device to fetch code from external pro-
gram memory locations starting at 0000H up to FFFFH.
Note, however, that if lock bit 1 is programmed, EA will be
internally latched on reset.

EA should be strapped to V. for internal program
executions.

This pin also receives the -12-volt programming enable volt-
age (Vpp) during Flash programming when 12-volt
programming is selected.

XTAL1
Input to the inverting oscillator amplifier and input to the
internal clock operating circuit.

XTAL2 _
Output from the inverting oscillator amplifier.

OF8H OFFH
OFOH 5 OFTH
00000000
OE8H OEFH
ACC
OGRS Lo OETH
0D8H ODFH
PSW
OB0H [ - oaboiins 0D7H
— T2CON T2MOD RCAP2L RCAP2H TL2 TH2
00000000 XXXXXX00 00000000 |- 00000000 | 00000000 | 00000000 OICFH
0COH 0CTH
0B8H s
XX000000 GERH
P3
OBOH | 14111111 0B7H
0A8H &
0X000000 maii
P2
OAOH | . i 0ATH
_ SCON SBUF .
00000000 XXXXXXXX 9FH
P1
SO0H | 41111111 .
il TCON TMOD TLO TL THO TH1
00000000 00000000 00000000 | 00000000 | 00000000 | 00000000 SFH
80H PO SP DPL DPH PCON
11111111 00000111 00000000 | 00000000 oxxxoooo | &M




Special Function Registers

A map of the on-chip memory area called the Special Func-
tion Register (SFR) space is shown in Table 1.

Note that not all of the addresses are occupied, and unoc-
cupied addresses may not be implemented on the chip.
Read accesses to these addresses will in general return
random data, and write accesses will have an indetermi-
nate effect.

User software should not write 1s to these unlisted loca-
tions, since they may be used in future products to invoke

Table 2. T2CON — Timer/Counter 2 Control Registe

new features. In that case, the reset or inactive values of
the new bits will always be 0.

Timer 2 Registers Control and status bits are contained in
registers T2CON (shown in Table 2) and T2MOD (shown in
Table 4) for Timer 2. The register pair (RCAP2H, RCAP2L)
are the Capture/Reload registers for Timer 2 in 16-bit cap-
ture mode or 16-bit auto-reload mode.

Interrupt Registers The individual interrupt enable bits are
in the IE register. Two priorities can be set for each of the
six interrupt sources in the IP register.r

T2CON Address = 0C8H
Bit Addressable

Reset Value = 0000 0000B

Bit TF2 EXF2 RCLK TCLK

EXEN2 TR2 CiT2 CP/RL2

7 6 5 4

3 2 1 0

Symbol

Function

TF2

Timer 2 overflow flag set by a Timer 2 overflow and must be cleared by software. TF2 will not be set when either
RCLK=1o0or TCLK=1.

EXF2

Timer 2 external flag set when either a capture or reload is caused by a negative transition on T2EX and
EXEN2 = 1. When Timer 2 interrupt is enabled, EXF2 = 1 will cause the CPU to vector to the Timer 2 interrupt
routine. EXF2 must be cleared by software. EXF2 does not cause an interrupt in up/down counter mode
(DCEN = 1).

RCLK

Receive clock enable. When set, causes the serial port to use Timer 2 overflow pulses for its receive clock in serial
port Modes 1 and 3. RCLK = 0 causes Timer 1 overflow to be used for the receive clock.

TCLK

Transmit clock enable. When set, causes the serial port to use Timer 2 overflow pulses for its transmit clock in serial
port Modes 1 and 3. TCLK =0 causes Timer 1 overflows to be used for the transmit clock.

EXEN2

Timer 2 external enable. When set, allows a capture or reload to occur as a result of a negative transition on T2EX
if Timer 2 is not being used to clock the serial port. EXEN2 = 0 causes Timer 2 to ignore events at T2EX.

TR2

Start/Stop control for Timer 2. TR2 = 1 starts the timer.

cim2

Timer or counter select for Timer 2. C/T2 = 0 for timer function. C/T2 = 1 for external event counter (falling edge
triggered).

CP/R2

Capture/Reload select. CP/RL2 =1 causes captures to occur on negative transitions at T2EX if EXEN2 = 1. CP/RL2
= 0 causes automatic reloads to occur when Timer 2 overflows or negative transitions occur at T2EX when EXEN2
= 1. When either RCLK or TCLK = 1, this bit is ignored and the timer is forced to auto-reload on Timer 2 overflow.

Data Memory

The AT89C52 implements 256 bytes of on-chip RAM. The
upper 128 bytes occupy a parallel address space to the
Special Function Registers. That means the upper 128
bytes have the same addresses as the SFR space but are
physically separate from SFR space.

When an instruction accesses an internal location above
address 7FH, the address mode used in the instruction

specifies whether the CPU accesses the upper 128 bytes
of RAM or the SFR space. Instructions that use direct
addressing access SFR space.

For example, the following direct addressing instruction

accesses the SFR at location 0AOH (which is P2).
MOV OAOH, #data
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Instructions that use indirect addressing access the upper
128 bytes of RAM. For example, the following indirect
addressing instruction, where RO contains 0AOH, accesses
the data byte at address 0AOH, rather than P2 (whose
address is 0AOH).
MOV @RO, #data

Note that stack operations are examples of indirect
addressing, so the upper 128 bytes of data RAM are avail-
able as stack space.

Timer 0 and 1

Timer 0 and Timer 1 in the AT89C52 operate the same way
as Timer 0 and Timer 1 in the AT89C51.

Timer 2

Timer 2 is a 16-bit Timer/Counter that can operate as either
a timer or an event counter. The type of operation is
selected by bit C/T2 in the SFR T2CON (shown in Table 2).
Timer 2 has three operating modes: capture, auto-reload
(up or down counting), and baud rate generator. The
modes are selected by bits in T2CON, as shown in Table 3.
Timer 2 consists of two 8-bit registers, TH2 and TL2. In the
Timer function, the TL2 register is incremented every
machine cycle. Since a machine cycle consists of 12 oscil-
lator periods, the count rate is 1/12 of the oscillator
frequency.

Table 3. Timer 2 Operating Modes

RCLK +TCLK | CP/RL2 TR2 MODE
0 0 1 16-bit Auto-reload
0 1 16-bit Capture
1 X 1 Baud Rate Generator
X X 0 (Off)

In the Counter function, the register is incremented in
response to a 1-to-0 transition at its corresponding external

input pin, T2. In this function, the external input is sampled
during S5P2 of every machine cycle. When the samples
show a high in one cycle and a low in the next cycle, the
count is incremented. The new count value appears in the
register during S3P1 of the cycle following the one in which
the transition was detected. Since two machine cycles (24
oscillator periods) are required to recognize a 1-to-0 transi-
tion, the maximum count rate is 1/24 of the oscillator
frequency. To ensure that a given level is sampled at least
once before it changes, the level should be held for at least
one full machine cycle.

Capture Mode

In the capture mode, two options are selected by bit
EXEN2 in T2CON. If EXEN2 = 0, Timer 2 is a 16-bit timer
or counter which upon overflow sets bit TF2 in T2CON.
This bit can then be used to generate an interrupt. If
EXEN2 = 1, Timer 2 performs the same operation, but a 1-
to-0 transition at external input T2EX also causes the cur-
rent value in TH2 and TL2 to be captured into RCAP2H and
RCAP2L, respectively. In addition, the transition at T2EX
causes bit EXF2 in T2CON to be set. The EXF2 bit, like
TF2, can generate an interrupt. The capture mode is illus-
trated in Figure 1.

Auto-reload (Up or Down Counter)

Timer 2 can be programmed to count up or down when
configured in its 16-bit auto-reload mode. This feature is
invoked by the DCEN (Down Counter Enable) bit located in
the SFR T2MOD (see Table 4). Upon reset, the DCEN bit
is set to 0 so that timer 2 will default to count up. When
DCEN is set, Timer 2 can count up or down, depending on
the value of the T2EX pin.
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Figure 1. Timer in Capture Mode

0sc =12 .
cm2=0
\'\3_—0/01‘4 TH2 w2 | T2 |
: OVERFLOW
N | conTROL Zie
| cm2 = 1 i f
- ' M M
RCAP2H | RCAP2L
TRANSITION
DETECTOR TIMER 2
INTERRUPT
T2EX PIN [ J——» o o= EXF2
| coNnTROL
EXEN2

Figure 2 shows Timer 2 automatically counting up when
DCEN = 0. In this mode, two options are selected by bit
EXEN2 in T2CON. If EXEN2 = 0, Timer 2 counts up to
OFFFFH and then sets the TF2 bit upon overflow. The
overflow also causes the timer registers to be reloaded with
the 16-bit value in RCAP2H and RCAP2L. The values in
Timer in Capture ModeRCAP2H and RCAP2L are preset
by software. If EXEN2 = 1, a 16-bit reload can be triggered
either by an overflow or by a 1-to-0 transition at external
input T2EX. This transition also sets the EXF2 bit. Both the
TF2 and EXF2 bits can generate an interrupt if enabled.

Setting the DCEN bit enables Timer 2 to count up or down,
as shown in Figure 3. In this mode, the T2EX pin controls

the direction of the count. A logic 1 at T2EX makes Timer 2
count up. The timer will overflow at OFFFFH and set the
TF2 bit. This overflow also causes the 16-bit value in
RCAP2H and RCAP2L to be reloaded into the timer regis-
ters, TH2 and TL2, respectively.

A logic 0 at T2EX makes Timer 2 count down. The timer
underflows when TH2 and TL2 equal the values stored in
RCAP2H and RCAP2L. The underflow sets the TF2 bit and
causes OFFFFH to be reloaded into the timer registers.

The EXF2 bit toggles whenever Timer 2 overflows or
underflows and can be used as a 17th bit of resolution. In
this operating mode, EXF2 does not flag an interrupt.
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Figure 2. Timer 2 Auto Reload Mode (DCEN = 0)

osc +12 i
Cm2 =
—O//o——>| TH2 TL2 ]‘
i CONTROL e
T 5 TR2 /\
[} ety RELOAD Y
TIMER 2
Lt INTERRUPT
RCAP2H | RCAP2L
< TF2
TRANSITION
DETECTOR
TEX PIN [(J—— “otC . EXF2
| coNTROL
EXEN2
Table 4. T2MOD - Timer 2 Mode Control Register
T2MOD Address = 0C9H Reset Value = XXXX XX00B
Not Bit Addressable
- & H = - - T20E DCEN

Bit 7 6 5 4 3 2 1 0
Symbol Function
— Not implemented, reserved for future
T20E Timer 2 Output Enable bit.
DCEN When set, this bit allows Timer 2 to be configured as an up/down counter.
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Figure 3. Timer 2 Auto Reload Mode (DCEN = 1)
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Figure 4. Timer 2 in Baud Rate Generator Mode
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Baud Rate Generator

Timer 2 is selected as the baud rate generator by setting
TCLK and/or RCLK in T2CON (Table 2). Note that the
baud rates for transmit and receive can be different if Timer
2 is used for the receiver or transmitter and Timer 1 is used
for the other function. Setting RCLK and/or TCLK puts
Timer 2 into its baud rate generator mode, as shown in Fig-
ure 4.

The baud rate generator mode is similar to the auto-reload
mode, in that a rollover in TH2 causes the Timer 2 registers
to be reloaded with the 16-bit value in registers RCAP2H
and RCAP2L, which are preset by software.

The baud rates in Modes 1 and 3 are determined by Timer
2's overflow rate according to the following equation.

Modes 1 and 3 Baud Rates = Timer 2 O\;grﬂow Rate

The Timer can be configured for either timer or counter
operation. In most applications, it is configured for timer

operation (CP/T2 = 0). The timer operation is different for -

Timer 2 when it is used as a baud rate generator. Normally,
as a timer, it increments every machine cycle (at 1/12 the
oscillator frequency). As a baud rate generator, however, it

Figure 5. Timer 2 in Clock-out Mode

increments every state time (at 1/2 the oscillator fre-
quency). The baud rate formula is given below.

Modes 1and 3 _
Baud Rate

Oscillator Frequency
32 x [65536 - (RCAP2H,RCAP2L)]

where (RCAP2H, RCAP2L) is the content of RCAP2H and
RCAP2L taken as a 16-bit unsigned integer.

Timer 2 as a baud rate generator is shown in Figure 4. This
figure is valid only if RCLK or TCLK = 1 in T2CON. Note
that a rollover in TH2 does not set TF2 and will not gener-
ate an interrupt. Note too, that if EXEN2 is set, a 1-to-0
transition in T2EX will set EXF2 but will not cause a reload
from (RCAP2H, RCAP2L) to (TH2, TL2). Thus when Timer
2 is in use as a baud rate generator, T2EX can be used as
an extra external interrupt.

Note that when Timer 2 is running (TR2 = 1) as a timer in
the baud rate generator mode, TH2 or TL2 should not be
read from or written to. Under these conditions, the Timer is
incremented every state time, and the results of a read or
write may not be accurate. The RCAP2 registers may be
read but should not be written to, because a write might
overlap a reload and cause write and/or reload errors. The
timer should be tumed off (clear TR2) before accessing the
Timer 2 or RCAP2 registers.

TL2 TH2

ot

osc . (k ' (8-BITS) | (8-BITS)
) 3 -
L; Bl
NG
RCAP2L | RCAP2H
C/T2 BIT
prof” ) A :
T2) > . +2 4)\@
T20E (T2MOD.1)
TRANSITION
\__ DETECTOR
P1.1 / \ _O/ :
(T2EX) j : INTERRUPT

EXEN2
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Programmable Clock Out

A 50% duty cycle clock can be programmed to come out on
P1.0, as shown in Figure 5. This pin, besides being a regu-
lar 1/0O pin, has two alternate functions. It can be
programmed to input the external clock for Timer/Counter 2
or to output a 50% duty cycle clock ranging from 61 Hz to 4
MHz at a 16 MHz operating frequency.

To configure the Timer/Counter 2 as a clock generator, bit
C/T2 (T2CON.1) must be cleared and bit T20E (T2MOD.1)
must be set. Bit TR2 (T2CON.2) starts and stops the timer.

The clock-out frequency depends on the oscillator fre-
quency and the reload value of Timer 2 capture registers
(RCAP2H, RCAP2L), as shown in the following equation.

Oscillator Fequency
4 x [65536 — (RCAP2H,RCAP2L)]

Clock-Out Frequency=

In the clock-out mode, Timer 2 roll-overs will not generate
an interrupt. This behavior is similar to when Timer 2 is
used as a baud-rate generator. It is possible to use Timer 2
as a baud-rate generator and a clock generator simulta-
neously. Note, however, that the baud-rate and clock-out
frequencies cannot be determined independently from one
another since they both use RCAP2H and RCAP2L.

UART

The UART in the AT89C52 operates the same way as the
UART in the AT89C51.

Interrupts

The AT89C52 has a total of six interrupt vectors: two exter-
nal interrupts (INTO and INT1), three timer interrupts
(Timers 0, 1, and 2), and the serial port interrupt. These
interrupts are all shown in Figure 6.

Each of these interrupt sources can be individually enabled
or disabled by setting or clearing a bit in Special Function
Register IE. IE also contains a global disable bit, EA, which
disables all interrupts at once.

Note that Table shows that bit position IE.6 is unimple-
mented. In the AT89C51, bit position IE.5 js also
unimplemented. User software should not write 1s to these
bit positions, since they may be used in future AT89
products.

Timer 2 interrupt is generated by the logical OR of bits TF2
and EXF2 in register T2CON. Neither of these flags is
cleared by hardware when the service routine is vectored
to. In fact, the service routine may have to determine
whether it was TF2 or EXF2 that generated the interrupt,
and that bit will have to be cleared in software.

The Timer 0 and Timer 1 flags, TFO and TF1, are set at
S5P2 of the cycle in which the timers overflow. The values
are then polled by the circuitry in the next cycle. However,

the Timer 2 flag, TF2, is set at S2P2 and is polled in the
same cycle in which the timer overflows.

Table 5. Interrupt Enable (IE) Register

(MSB) (LSB)
LEA l— 1ET2 IES 'ET1 IEX1 )ETOIEX01
Enable Bit = 1 enables the interrupt.
Enable Bit = 0 disables the interrupt.

Symbol Position Function

EA IE.7 Disables all interrupts. fEA =0,
no interrupt is acknowledged. If
EA =1, each interrupt source is
individually enabled or disabled
by setting or clearing its enable
bit.

— IE.6 Reserved.

ET2 IE.5 Timer 2 interrupt enable bit.

ES IE.4 Serial Port interrupt enable bit.

EX 1 IE:3 Timer 1 interrupt enable bit.

EX1 IE.2 External interrupt 1 enable bit.

ETO ] == Timer 0 interrupt enable bit.

EXO IE.O External interrupt O enable bit.

User software should never write 1s to unimplemented bits,

because they may be used in future AT89 products.

Figure 6. Interrupt Sources

INT1
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Oscillator Characteristics

XTAL1 and XTAL2 are the input and output, respectively,
of an inverting amplifier that can be configured for use as
an on-chip oscillator, as shown in Figure 7. Either a quartz
crystal or ceramic resonator may be used. To drive the
device from an external clock source, XTAL2 should be left
unconnected while XTAL1 is driven, as shown in Figure 8.
There are no requirements on the duty cycle of the external
clock signal, since the input to the internal clocking circuitry
is through a divide-by-two flip-flop, but minimum and maxi-
mum voltage high and low time specifications must be
observed.

Idle Mode

In idle mode, the CPU puts itself to sleep while all the on-
chip peripherals remain active. The mode is invoked by
software. The content of the on-chip RAM and all the spe-
cial functions registers remain unchanged during this
mode. The idle mode can be terminated by any enabled
interrupt or by a hardware reset.

Note that when idle mode is terminated by a hardware
reset, the device normally resumes program execution
from where it left off, up to two machine cycles before the
internal reset algorithm takes control. On-chip hardware
inhibits access to internal RAM in this event, but access to
the port pins is not inhibited. To eliminate the possibility of
an unexpected write to a port pin when idle mode is termi-
nated by a reset, the instruction following the one that
invokes idle mode should not write to a port pin or to exter-

is restored to its normal operating level and must be held
active long enough to allow the oscillator to restart and
stabilize.

Figure 7. Oscillator Connections

C2
i—a}——‘I»— XTAL2
P
& )|——e— XTAL1
7; GND

Note: C1, C2 = 30 pF +10 pF for Crystals

=40 pF £10 pF for Ceramic Resonators

Figure 8. External Clock Drive Configuration

NC —— XTAL2

nal memory. EXTERNAL
OSCILLATOR XTAL1

Power-down Mode SIGNAL

In the power-down mode, the oscillator is stopped, and the

instruction that invokes power-down is the last instruction GND

executed. The on-chip RAM and Special Function Regis- i

ters retain their values until the power-down mode is —_

terminated. The only exit from power-down is a hardware 7

reset. Reset redefines the SFRs but does not change the

on-chip RAM. The reset should not be activated before V¢

Status of External Pins During Idle and Powe-down Modes
Mode Program Memory ALE PSEN PORTO PORT1 PORT2 PORT3
Idle Internal 1 1 Data Data Data Data
Idle External 1 1 Float Data Address Data
Power-down Internal 0 0 Data Data Data Data
Power-down External 0 0 Float Data Data Data
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Program Memory Lock Bits

The AT89C52 has three lock bits that can be left unpro-
grammed (U) or can be programmed (P) to obtain the
additional features listed in the following table.

Lock Bit Protection Modes

Vpp =12V Vpp =5V
Signature (030H) = 1EH (030H) = 1EH

(031H) = 52H (031H) =52H

(032H) = FFH (032H) = 05H

Program Lock Bits

LB1 LB2 LB3 | Protection Type

1 U U U No program lock features.

MOVC instructions executed
from external program
memory are disabled from
fetching code bytes from
internal memory, EA is
sampled and latched on reset,
and further programming of
the Flash memory is disabled.

2 P U u

Same as mode 2, but verify is
also disabled.

Same as mode 3, but external
execution is also disabled.

When lock bit 1 is programmed, the logic level at the EA pin
is sampled and latched during reset. If the device is pow-
ered up without a reset, the latch initializes to a random
value and holds that value until reset is activated. The
latched value of EA must agree with the current logic level
at that pin in order for the device to function properiy.

Programming the Flash

The AT89C52 is normally shipped with the on-chip Flash
memory array in the erased state (that is, contents = FFH)
and ready to be programmed. The programming interface
accepts either a high-voltage (12-volt) or a low-voltage
(Vcc) program enable signal. The Low-voltage program-
ming mode provides a convenient way to program the
AT89C52 inside the user’s system, while the high-voltage
programming mode is compatible with conventional third-
party Flash or EPROM programmers.

The AT89C52 is shipped with either the high-voltage or
low-voltage programming mode enabled. The respective
top-side marking and device signature codes are listed in
the following table.

Vpp =12V Vpp =5V
Top-side Mark AT89C52 AT89C52

XXXX XXXX - §

yyww yyww

The AT89C52 code memory array is programmed byte-by-
byte in either programming mode. To program any non-
blank byte in the on-chip Flash Memory, the entire memory
must be erased using the Chip Erase Mode.

Programming Algorithm Before programming the
AT89C52, the address, data and control signals should be
set up according to the Flash programming mode table and
Figure 9 and Figure 10. To program the AT89C52, take the
following steps.

1. Input the desired memory location on the address
lines.

2. Input the appropriate data byte on the data lines.
Activate the correct combination of control signals.

4. Raise EA/V;; to 12V for the high-voltage program-
ming mode.

5. ' Pulse ALE/PROG once to program a byte in the
Flash array or the lock bits. The byte-write cycle is
self-timed and typically takes no more than 1.5 ms.
Repeat steps 1 through 5, changing the address
and data for the entire array or until the end of the
object file is reached.

Data Polling The AT89C52 features Data Polling to indi-
cate the end of a write cycle. During a write cycle, an
attempted read of the last byte written will result in the com-
plement of the written data on PO.7. Once the write cycle
has been completed, true data is valid on all outputs, and
the next cycle may begin. Data Polling may begin any time
after a write cycle has been initiated.

Ready/Busy The progress of byte programming can also
be monitored by the RDY/BSY output signal. P3.4 is pulled
low after ALE goes high during programming to indicate
BUSY. P3.4 is pulled high again when programming is
done to indicate READY.

Program Verify If lock bits LB1 and LB2 have not been
programmed, the programmed code data can be read back
via the address and data lines for verification. The lock bits
cannot be verified directly. Verification of the lock bits is
achieved by observing that their features are enabled.

Chip Erase The entire Flash array is erased electrically by
using the proper combination of control signals and by
holding ALE/PROG low for 10 ms. The code array is written
with all 1s. The chip erase operation must be executed
before the code memory can be reprogrammed.

w
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Reading the Signature Bytes The signature bytes are
read by the same procedure as a normal verification of
locations 030H, 031H, and 032H, except that P3.6 and
P3.7 must be pulled to a logic low. The values returned are
as follows.

(030H) = 1EH indicates manufactured by Atmel

(031H) = 52H indicates 89C52

(032H) = FFH indicates 12V programming

(032H) = 05H indicates 5V programming

Flash Programming Modes

Programming Interface

Every code byte in the Flash array can be written, and the
entire array can be erased, by using the appropriate combi-
nation of control signals. The write operation cycle is self-
timed and once initiated, will automatically time itself to
completion.

All major programming vendors offer worldwide support for
the Atmel microcontroller series. Please contact your local
programming vendor for the appropriate software revision.

Mode RST PSEN ALE/PROG EA/Vpp P2.6 P2.7 P3.6 P3.7
Write Code Data H L HM2v L H H H
N G
Read Code Data H L H H | L H
Write Lock Bit - 1 H { H/12v H H
0
Bit - 2 H L H/12V H H L L
N | A :
Bit- 3 H L H/12V H L H L
=
Chip Erase H L (1) H/12v H L L L
1 ARASA
Read Signature Byte H L H H L L L L

Note: 1. Chip Erase requires a 10 ms PROG pulse.
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Figure 9. Programming the Flash Memory

Figure 10. Verifying the Flash Memory

+5V +5V
ATB7F52 2 AT87F52 Q
APDR,  A0- BTk by Vee |- ADDR. A0 - ATl o4 Moplt
OOOOH/1FFFH PGM OOOOH/1FFFH PGM DATA
F20 ~ P24, PO m— L0 P20 - P24 PO [-» (USE 10K
A8 - A12 A8 - A12 PULLUPS)
— > P26 ————p P26
SEE FLASH = ——» P27 ALE |4—— PROG SEE FLASH = ——»| P27 ALE [¢—
PROGRAMMING — PROGRAMMING |
MODES TABLE ~— > P36 MODES TABLE =~ »| P3.6 i
P37 _——»| P37 T
—a XTAL2 EA [ V,/Vpp —e XTAL2 EA le— !
324 MHz | 324 MHz_| o
] o— o>y
—e———+— XTAL4 RST (&, —e———— XTAlY RST |¢— Vi
e | GND PSEN. |- e | GND PSEN [——
Flash Programming and Verification Characteristics
T, = 0°C to 70°C, V. =5.0 +10%
Symbol Parameter Min Max Units
Vpp(" Programming Enable Voltage 11.5 125 %
Ipp(M Programming Enable Current 1.0 mA
1MoL Oscillator Frequency 3 24 MHz
taveL Address Setup to PROG Low 48t. o
teHax Address Hold after PROG 48t oL
toveL Data Setup to PROG Low 48t o,
teHpx Data Hold After PROG 48t oL
teticn P2.7 (ENABLE) High to Vpp 48t ¢
tshaL Vpp Setup to PROG Low 10 Us
tons " Vpp Hold after PROG 10 us
toLen PROG Width 1 110 us
tavav Address to Data Valid 48t o
terqy ENABLE Low to Data Valid 48t ¢
S Data Float after ENABLE 0 ABtey
Lol PROG High to BUSY Low 10 s
twe Byte Write Cycle Time 2.0 ms
Note: 1. Only used in 12-volt programming mode.
AIMEL 15
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Flash Programming and Verification Waveforms - High-voltage Mode (Vpp=12V)

B PROGRAMMING VERIFICATION
Py ADDRESS \‘J; ADDRESS

P20 - P24 e
<+ tavav

PORT 0 DATA IN DATA OUT p——

tDVGL tGHDX
tAVGL = tGHAX

ALE/PROG

tSHGL

EAN,o

P2.7
(ENABLE)

P3.4
(RDY/BSY) BUSY READY

|
vt —

Flash Programming and Verification Waveforms - Low-voltage Mode (Vpp=5V)

P10 - P17 PROGRAMMING | VERIFICATION
. &= 5 N
P20 - P24 ADDRESS —T A0BESH | F——
= i taav
PORT 0 DATA IN ( DATA OUT
<> tover  torpx [
tAVGL o tGHAX
ALE/PROG
tSHGL - tGLGH ’
Sl LOGIC 1
EANge LR %y = Y e\ LS |
e—t
P2.7 S teLau — *— lenaz
(ENABLE)
toreL —
P3.4
(RDY/BSY) BUSY READY
tWC
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Absolute Maximum Ratings*

Operating Temperature................ocoeveeeeeeeenn. -55°C to +125°C *NOTICE:
Storage Temperature...........ccccceeeeevcceieecccnnns -65°C to +150°C

Voltage on Any Pin

with Respectto Ground............cccoeeviniiinnnnn. -1.0V to +7.0V

Maximum Operating Voltage .........ccccooeeveecicnininnniennn, 6.6V

DC OUDUE CUITENE  ovonreiviviisasimmivminvassisimaisesire 15.0 mA

DC Characteristics

Stresses beyond those listed under “Absolute
Maximum Ratings” may cause permanent dam-
age to the device. This is a stress rating only and
functional operation of the device at these or any
other conditions beyond those indicated in the
operational sections of this specification is not
implied. Exposure to absolute maximum rating
conditions for extended periods may affect
device reliability.

The values shown in this table are valid for T, = -40°C to 85°C and V. = 5.0V +20%, unless otherwise noted.

Symbol Parameter Condition Min Max Units
A Input Low-voltage (Except EA) -0.5 0.2 V0.1 v
Vi Input Low-voltage (EA) 0.5 0.2Vc0.3 %
Vi Input High-voltage (Except XTAL1, RST) 0.2 Vc+0.9 Vect0.5 %
Vi Input High-voltage (XTAL1, RST) 0.7 Ve Vect0.5 v
Voo Output Low-voltage'" (Ports 1,2,3) lop = 1.6 mA 0.45 v
Vo1 Output Low-voltage!" lo =3.2mA 0.45 v
(Port 0, ALE, PSEN)
Vou Output High-voltage los =-60 PA, Ve = 5V +10% 24 v
(Ports 1,2,3, ALE, PSEN)
low =25 pA 0.75 Ve v
lop = -10 pA 0.9 Ve v
Vou1 Output High-voltage lon =-800 pA, Ve = 5V £10% 24 v
(Port 0 in External Bus Mode)
lon =-300 pA 0.75 V¢ v
los = -80 pA 0.9 Ve v
I Logical 0 Input Current (Ports 1,2,3) | V,,=0.45V -50 HA
I Logical 1 to 0 Transition Current Vin =2V, Ve =5V £ 10% -650 pA
(Ports 1,2,3)
I Input Leakage Current (Port 0, EA) 0.45<V < Ve +10 pA
RRST Reset Pulldown Resistor 50 300 KQ
Co Pin Capacitance Test Freq. = 1 MHz, T, =25°C 10 pF
lcc Power Supply Current Active Mode, 12 MHz 25 mA
Idle Mode, 12 MHz 6.5 mA
Power-down Mode(") Ve =6V 100 pA
Ve =3V 40 pA
Notes: 1. Under steady state (non-transient) conditions, I, must be externally limited as follows:

Maximum |l per port pin: 10 mA
Maximum lg, per 8-bit port:

Port 0: 26 mA Ports 1, 2, 3: 15 mA
Maximum total I, for all output pins: 71

mA

If 1o, exceeds the test condition, Vo may exceed the related specification. Pins are not guaranteed to sink current greater

than the listed test conditions.
2. Minimum V¢ for Power-down is 2V.

AIMEL
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AC Characteristics

Under operating conditions, load capacitance for Port 0, ALE/PROG, and PSEN = 100 pF; load capacitance for all other
outputs = 80 pF.

External Program and Data Memory Characteristics

12 MHz Oscillator Variable Oscillator
Symbol Parameter Min Max Min Max Units
1heLcl Oscillator Frequency 0 24 MHz
fit ALE Pulse Width 127 2ty 40 ns
tavie Address Valid to ALE Low 43 terc-13 ns
tLax Address Hold After ALE Low 48 te 20 ns
L ALE Low to Valid Instruction In 233 _ 4y 65 ns
(o ALE Low to PSEN Low 43 terc-13 ns
tsiei PSEN Pulse Width 205 3tc o 20 ns
toLy PSEN Low to Valid Instruction In 145 3tey 45 ns
toxix Input Instruction Hold after PSEN 0 0 ns
texiz Input Instruction Float after PSEN 59 terc-10 ns
toxav PSEN to Address Valid 75 terc-8 ns
taviv Address to Valid Instruction In 312 Stepc 55 ns
toiaz PSEN Low to Address Float 10 10 ns
trir RD Pulse Width 400 6t o -100 ns
twiwn WR Pulse Width 400 6tc 100 ns
teiov RD Low to Valid Data In 252 5ty c-90 ns
trHox Data Hold After RD 0 0 ns
trupz Data Float After RD 97 2t 28 ns
tiov ALE Low to Valid Data In 517 8t o -150 ns
tavov Address to Valid Data In 585 9te o -165 ns
tiwe ALE Low to RD or WR Low 200 300 3tcie-50 3t o1 +50 ns
tavwi Address to RD or WR Low 203 At o -75 ns
tavwx Data Valid to WR Transition 23 ter 20 ns
tavwn Data Valid to WR High 433 Tt o -120 ns
ey Data Hold After WR 33 toucy =20 ns
teiaz RD Low to Address Float 0 0 ns
twhLn RD or WR High to ALE High 43 123 oL -20 teic 125 ns

18 AT89CH2 ey



External Program Memory Read Cycle

AT89C52

"t

>ty

|
toriy
texay
o “*tpu\z texiz 4’]

tF’XIX i

[ PLPH

INSTR IN

> M A0-A7T >

et o
ALE
tavie (i
— bpL e
PSEN
tax >

PORT 0 >—K___A0-AT s

< taviv >

PORT 2 A8 - A15

N A8 - A15

External Data Memory Read Cycle

et —

ALE

I g YT

PSEN

¢

tLLDv h—’f

«— b —>

PORT 0

PORT 2 )

W tAVLL—H

=t ax s N

triaz >

ol BN tF ERTI =l

trioy e

i

tRHDZ

A0 - A7 FROM RI OR DPLX )

— trupx
DATA IN ¥ | A0 - A7 FROM_PCL>~<INSTR IN

e taywi
- tavoy

P2.0 - P27 OR A8 - A15 FROM DPH

X A8 - A15 FROM PCH

-
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External Data Memory Write Cycle

rﬁ ‘tLHLL'—_> ‘
ALE !;1_/
eV Awhen
PSEN
«— tyw —’[“tWLWH —
WR -t Nt R
e tavi —»| avwx P [ —s twrax
== tC!VWH =
PORT 0  >KA0 - A7 FROM RI OR DPL DATA oUT X A0 - A7 FROM PCL>—<INSTR IN
. tavw g
PORT 2 X P2.0 - P2.7 OR A8 - A15 FROM DPH X __A8 - A15 FROM PCH

External Clock Drive Waveforms

") 'CHEX
Voo - 05V —E -

0.7 Ve .

-~ 0. “p 1%
0.45v —

External Clock Drive

Symbol Parameter Min Max Units
e oL Oscillator Frequency 0 24 MHz
toter | Clock Period 416 -
tenox High Time 15 ns
terex Low Time 15 ns
toren Rise Time 20. ns
toneL Fall Time 20 ns

20 AT89CH52 m———————



Serial Port Timing: Shift Register Mode Test Conditions
The values in this table are valid for V. = 5.0V £20% and Load Capacitance = 80 pF.

12 MHz Osc Variable Oscillator
Symbol Parameter Min Max Min Max Units
tx Serial Port Clock Cycle Time 1.0 12t o us
tquxH Output Data Setup to Clock Rising Edge 700 10t ¢ -133 ns
txHax Output Data Hold After Clock Rising Edge 50 2t o117 ns
txrpx Input Data Hold After Clock Rising Edge 0 0 ns
txrov Clock Rising Edge to Input Data Valid 700 10t -133 ns

Shift Register Mode Timing Waveforms

INSTRUCTION | 0 [ 1 | 2 | 3 [ 4 E 5 | 6 [ 7 E 8 |
ALE NN l ; ] AT
’<~—‘J|tXLXL
cLock w2 ERI N 2, me g\ I g B
tovxi le——»] |
| == L* tyrax
WRITE TO SBUF 2l M5 [ 2 oL ES 6 X T
v t 3
OUTPUT DATA T — 4—:{’ 7 box SETTI |

. CLEARRI |
v
INPUT DATA

AC Testing Input/Qutput Waveforms("

Vee- 0.
ce™ 08V 0.2 Vo + 0.9V

TEST POINTS
0.2 Vg - 0.1V

0.45v

Note: 1. AC Inputs during testing are driven at V. - 0.5V
for a logic 1 and 0.45V for a logic 0. Timing measure-
ments are made at V,,; min. for a logic 1 and V,_ max.

for a logic 0.

AIMEL

(S T, T T T O T T

SETRI|
Float Waveforms("
V TN vOL - 0.1V
Ve s - Timing Reference
Points
VLOAD & VOL‘ 0.1v
Note: 1. Fortiming purposes, a port pin is no longer floating

when a 100 mV change from load voltage occurs. A
port pin begins to float when a 100 mV change from
the loaded V/V(, level occurs.
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Ordering Information

Speed Power
(MHz) Supply Ordering Code Package Operation Range
12 5V +20% AT89C52-12AC 44A Commercial
AT89C52-12JC 44) (0°C to 70°C)
AT89C52-12PC 40P6
AT89C52-12QC 44Q
AT89C52-12Al 44A Industrial
AT89C52-12JI 44J (-40°C to 85°C)
AT89C52-12PI 40P6
AT89C52-12Ql 44Q
16 5V +20% AT89C52-16AC 44A Commercial
AT89C52-16JC 44J (0°C to 70°C)
AT89C52-16PC 40P6
AT89C52-16QC 44Q
AT89C52-16Al 44A Industrial
AT89C52-16JI 44) (-40°C to 85°C)
AT89C52-16PI 40P6
AT89C52-16Ql 44Q
20 5V +20% AT89C52-20AC 44A Commerecial
AT89C52-20JC 449 (0°C to 70°C)
AT89C52-20PC 40P6
AT89C52-20QC 44Q
AT89C52-20Al 44A Industrial
AT89C52-20JI 44J (-40°C to 85°C)
AT89C52-20P!I 40P6
AT89C52-20Ql 44Q
24 5V +£20% AT89C52-24AC 44A Commercial
AT89C52-24JC 44J (0°C to 70°C)
AT89C52-24PC 40P6
AT89C52-24QC 44Q
AT89C52-24Al 44A Industrial
AT89C52-24J1 44J (-40°C to 85°C)
AT89C52-24P| 40P6
AT89C52-24Q 44Q
Package Type
44A 44-lead, Thin Plastic Gull Wing Quad Flatpack (TQFP)
44J 44-lead, Plastic J-leaded Chip Carrier (PLCC)
40P6 40-lead, 0.600" Wide, Plastic Dual Inline Package (PDIP)
44Q 44-lead, Plastic Gull Wing Quad Flatpack (PQFP)
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Packaging Information

44A, 44-lead, Thin (1.0 mm) Plastic Gull Wing Quad
Flatpack (TQFP)

Dimensions in Millimeters and (Inches)*

JEDEC STANDARD MS-026 ACB

12.210478) o

PIN1ID 11.75(0.458)

‘_ 0.45(0.018)
0.80(0.031) BSC _J 0.30(0.012)
, . 10.10(0.394)
9.90(0-386)
G ‘_ 1.20(0.047) MAX
0.20(.008) 7
0.09(:003) ‘L {

——I

\ ‘_]L 0.75(0.030) 0.15(0.006) |

0.45(0.018) 0.05(0.002)

Controlling dimension: millimeters

44J, 44-lead, Plastic J-leaded Chip Carrier (PLCC)
Dimensions in Inches and (Millimeters)
JEDEC STANDARD MS-018 AC

.045(1.14) X 45° PINNO. 1

45(114) X 30°- 45" (1o 00
-IDENTIFY ——

— = 008(203)

v 1

1 630(16.0)
1 590(15.0)
021(533) |
013( 330)

—

S E S BN @ W W

T C.656(16.7)
032(813) |

026(660)

2 650(16.5)
£ ] .89507.7)
685(17 4

A
1 1

[, -043(1.09)

" [020(.508)

.120(3.05)

T 090(2.29)
180(4.57)
165(4.19)

050(127)TYP — =

- .022(.559) X 45° MAX (3X)

40P6, 40-lead, 0.600" Wide, Plastic Dual Inline
Package (PDIP)
Dimensions in Inches and (Millimeters)

2.07(52.6) i
2.04(51.8) PIN

.090(2.29
1.900(48.26) REF —=| »l }‘— )

.220(5.59) 005(.427)
MAX MIN

SEATING IW W
PLANE
.065(1.65)

.161(4.09) | ‘j .015(.381)
-125(3. 1’.] L JL .022(.559)

.065(1.65) .014(.356)
110(279) 041(1.04)
.090(2.29) 630(16.0)

l‘ 590(15.0)
O ReF

f 15
ooy [t} 7
.008(203) ¢

i« .690(17.5)
610(15.5)

44Q, 44-lead, Plastic Quad Flat Package (PQFP)
Dimensions in Millimeters and (Inches)*
JEDEC STANDARD MS-022 AB

[ 12.95 (0.506)

P|N1ID—\

13.45 (0.525) SQ-—j
1
|
|
|
|

E 0.50 (0.020)
0.80 (0.031) BSC —— [~ 0.35(0.014)

-
s

10.10 (0.394)

- 9.90(0.386) 2Q
| !
| i —— 2.45 (0.096) MAX
0 i ’ j ;
0.17(0.007) 7 | |
0.13(0005) 1 ; T !
1 J o e
Sy e
Vo] | 103{0.041) L 0.25(0.010) MAX

0.78 (0.030)
Controlling dimension: millimeters
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[ﬁ SGS-THOMSON IRF730

MICROELECTRONICS IRF730FI
N - CHANNEL ENHANCEMENT MODE
POWER MOS TRANSISTORS
TYPE Vpss Rps(on) Ip
IRF730 400 V <1Q 55A
IRF730FI 400 V <1Q 35A

= TYPICAL Rps(on) = 0.82 Q

= AVALANCHE RUGGED TECHNOLOGY

= 100% AVALANCHE TESTED

= REPETITIVE AVALANCHE DATA AT 100°C

APPLICATIONS

» HIGH CURRENT, HIGH SPEED SWITCHING

= SWITCH MODE POWER SUPPLIES (SMPS)

= CHOPPER REGULATORS, CONVERTERS, TO-220 ISOWATT220
MOTOR CONTROL, LIGHTING FOR
INDUSTRIAL AND CONSUMER
ENVIRONMENT

INTERNAL SCHEMATIC DIAGRAM

D (2)
6 (1
s (3
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
IRF730 IRF730FI
Vps |Drain-source Voltage (Vgs = 0) 400 400 \Y
Vpgr |Drain- gate Voltage (Rgs = 20 kQ) 400 400 Vv
Ves |Gate-source Voltage +20 \'%
Io Drain Current (cont.) at Tc = 25 °C 5.5 35 A
Io  |Drain Current (cont.) at T¢ = 100 °C 3.1 .22 A
lom(e) |Drain Current (pulsed) 22 22 A
Pt |Total Dissipation at Tc = 25 °C 100 35 w
Derating Factor 0.8 0.32 w/°C
Viso |Insulation Withstand Voltage (DC) — 2000 \Y,
Tstg |Storage Temperature -65 to 150 °C
Tj Max. Operating Junction Temperature 150 °c

(°) Pulsewidth limited by safe operating area

May, 1993 1/10




IRF730/FI

THERMAL DATA
TO-220 ISOWATT220
Rthj-case |Thermal Resistance Junction-case Max 1.25 3.57 °c/w
Rthj-amb |Thermal Resistance Junction-ambient Max 62.5 °c/w
Rinc-s |Thermal Resistance Case-sink Typ 0.5 °c/w
T Maximum Lead Temperature For Soldering Purpose 300 c
AVALANCHE CHARACTERISTICS
Symbol Parameter Max Value Unit
Iar Avalanche Current, Repetitive or Not-Repetitive 5.5 A
(pulse width limited by Tjmax, § < 1%)
Eas Single Pulse Avalanche Energy 290 mJ
(starting Tj = 25 °C, Ib = Iar, Vpp = 25 V)
Ear Repetitive Avalanche Energy 7.6 mJ
(pulse width limited by Tj max, 8 < 1%)
AR Avalanche Current, Repetitive or Not-Repetitive 3.1 A
(Tc =100 °C, pulse width limited by Tj max, § < 1%)
ELECTRICAL CHARACTERISTICS (Tcase = 25 °C unless otherwise specified)
OFF
Symbol Parameter Test Conditions Min. Typ. | Max. Unit
V(8r)pss |Drain-source Ib=250pA Vgs=0 400 \Y
Breakdown Voltage
Ipss Zero Gate Voltage Vbs = Max Rating 250 LA
Drain Current (Vgs=0) |Vps = Max Rating x 0.8 T¢=125°C 1000 HA
lgss Gate-body Leakage Ves =220 V +100 nA
Current (Vbs = 0)
ON (*)
Symbol Parameter Test Conditions Min. | Typ. | Max. Unit
Ves(h) |Gate Threshold Voltage |Vps = Vas  Ip = 250 LA 2 3 4 \
Ros(on) |[Static Drain-source On |Vgs=10V Ip=3 A 0.82 1 Q
Resistance
Ip(on) |On State Drain Current |Vps > Ip(on) X Ros(onymax Ves= 10V | 5.5 A
DYNAMIC
Symbol Parameter Test Conditions Min. | Typ. | Max. Unit
grs (*) |Forward Vos > Ip(on) X Rpsionymax ~ Ip =3 A 2.9 3.5 S
Transconductance ;
Ciss Input Capacitance Vbs=25V f=1MHz Vgs=0 640 800 pF
Coss Output Capacitance 120 150 pF
Crss Reverse Transfer 50 65 pF
Capacitance
2/10
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IRF730/FI

ELECTRICAL CHARACTERISTICS (continued) -

SWITCHING RESISTIVE LOAD

Symbol Parameter Test Conditions Min. Typ. | Max. Unit
taony |TUrn-on Time Vop=175V Ip=3A 47 | 62 ns’
tr Rise Time Res=15Q 35 45 ns
taofry | Turn-off Delay Time (see test circuit) 120 155 ns
te Fall Time 30 38 ns
Qq Total Gate Charge Ip=565A Vgs=15V 44 55 nC
Qgs Gate-Source Charge Vpp = Max Rating x 0.8 6 nC
Qgd Gate-Drain Charge (see test circuit) 20 nC
SOURCE DRAIN DIODE
Symbol Parameter Test Conditions Min. | Typ. | Max. Unit
Isp Source-drain Current 5.5 A
Ispm(e) [Source-drain Current 22 A
(pulsed)
Vsp (*¥) |Forward On Voltage Isp=55A Vgs=0 1.6 \%
tr ~~ |Reverse Recovery Isp=55A  di/dt =100 Alus 470 ns
Time WEN D= 100 V - T; = 150 °C +* - Rt B
Qrr Reverse Recovery 6.3 ucC
Charge
(*) Pulsed: Pulse duration = 300 us, duty cycle 1.5 %
(e) Pulse width limited by safe operating area
Safe Operating Area for TO-220 Safe Operating Area for ISOWATT220
GC36020 GC24710
Iy (A) In(A) i i i
e i : i i
: m I e i
2— ‘\\ -
— & S Q N
|z § 4 N\ \'\ 101 : % @:ﬁ = = E
1OIE @? kN 4:Q~, _15\ il;l;\‘ 100”‘5
8 E Q‘ 11 ¥ N m‘s - m N
4 N 100us Ims
‘: Il 10° =t
2 m\ 1ms e i 10ms
. 4 U
109! \‘ A\ LI s m AN 100ms
] a\ 10ms 10~ L L1 L 1s
N R 1] Mle===z::= i ===: D.C.
\J|100ms $ - =
s 0.C. l OTE'TTIDB m m H
10" 02 468 7 @ 22 468 ;2 468 1072 .m i”, a4
10 10 10 10 Vos (V) 10° 10’ 102 10 V,s (V)
3110
‘_' SGS-THOMSON
>/
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IRF730/FI

Thermal Impedance for TO-220 Thermal Impedance for ISOWATT220
K 6C18400 K €C20551
61 l lol_ll_ﬂl = A iﬂiﬂﬂ, = it
] [
ﬂl
0.2 Lot 0.2 eotT1
H 1l
o.1 [lTTIIl 0.1 L+1]
11441 Zin = k Rypye » ]
-1 0.0 g = il
107 S 5=t /r 10 2, il
L 0,02 ; 0.02 [0.05 P 7, = Kk Ry
AR
0.01 1 6=t /7
INGLE_PULSE —-I_E}_—J W

m e M ERE
'SINGLE PULSE
| L]
1657

-2

107 107 ¥ 10T PHpT . @ L P (1072 109 \10° 1.(s)
Derating Curve for TO-220 Derating Curve for ISOWATT220
Prat (W) will” _ GC1831D Prot (W) GCIB58D
\\\
A
120 30 N
A
BO 20
N
\\\
\
40 10 N(
N
0 50 100 150 T.pea(°C) 0 50 100 Teane (°C)
Output Characteristics Output Characteristics
GC36030 GC3I8040
1(4) Vos =10V 'o(4) Ves =10v//Tav
Y, . 8V
12
8 L S y,/4 T
6V 5V il l
// . 10
6 5.5V
5V 8 i
4 Juny; 2
4.5V A 1
2 / 4,5V
I
2
4v ) v
|
0 2 4 [ 8 vns(v) 0 S5 10 15 20 25 30 Voe(V)
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IRF730/FI

Transfer Characteristics Transconductance
chﬂn_ GC3B0SQ
Ip (A) [ ] 9n(S) R
10 i et I o [[Yo5 > o) XR osormax
8 ,’ T, =-40°C
6 /
: | A1 1,=25
L~ :,.""
4 e T, =125°C
, 2 / //
2 o
0 2 4 6 8 Ves (V) s} 2 4 6 B 1,(a)
Static Drain-source On Resistance Maximum Drain Current vs Temperature
G 10 GC24630
Ros(on) " TR0 I (A)
(a) Ves=10V
2.5 6
5 N
2.0 3
4 N
N
1.5 N
3 N
~ X
1.0 = N
2 A
0.5 \ \
0 2 4 6 8 10 Ip (A) 0 50 100 Te (°C)
Gate Charge vs Gate-source Voltage Capacitance Variations
6C23820 GC3IB&00
Ves (V) y C(pF)
//
.
10 2000
Vss=0
8 v i=1MHz | |
/ 1500
z X Vos =320V
V4
" 1000
% \ Cias
Ip =5.5A 500,
2 I \ /cfl! /cﬂll
r 5 =
1 I
0 10 20 30 40 Qg(nC) 0 10 20 30 40 v(V)
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IRF730/FI

Normalized Breakdown Voltage vs Temperature

Normalized On Resistance vs Temperature

6C23830 GC28390

Vierposs EEEE T Ros(on)

(narm) (norm) /
[ 1] Ves=0 74
| [ ] Ip=250uA » 2.0 /

1.1 /
W, A
Bz /
15 /‘
L
1.0
P 1.0
V.
0.9 |4 & s Ves=10V
¢ b=3A | |
- 0 E
-50 0 50 100 T, (°C) -50 0 50 100 T, ()
Source-drain Diode Forward Characteristics
GC3I8080
1p(A)
20
T,=125°C
18 n=25¢ NI /L ¥
[ | 1,=-40°C o
12 . £ ,/
A A/
= A
A
B /
A / A
7 7T 7
0
06 07 08 03\ Vyg®
Unclamped Inductive Load Test Circuit Unclamped Inductive Waveforms
é V(er)pss
L
Yo o4
2200 3.3
o s F V,
lo :3 # ::I" —..—m
o
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IRF730/FI

DIM. mm inch
MIN. TYP. MAX. MIN. TYP. MAX.
A 4.40 4.60 0.173 0.181
C 1.23 1.32 0.048 0.051
D 2.40 2.72 0.094 0.107
D1 1.27 0.050
E 0.49 0.70 0.019 0.027
F 0.61 0.88 0.024 0.034
F1 1.14 1.70 0.044 0.067
F2 1.14 1.70 0.044 0.067
G 4.95 5.15 0.194 0.203
G1 24 2.7 0.094 0.106
H2 10.0 10.40 0.393 0.409
L2 16.4 0.645
L4 13.0 ' 14.0 0.511 0.551
L5 2.65 2.95 0.104 : 0.116
L6 15.25 1513 0.600 0.620
L7 6.2 6.6 0.244 0.260
L9 3.5 3.93 0.137 0.154
DIA. 3.75 3.85 0.147 0.151
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IRF730/FI

DIM. mni inch
MIN. TYP. MAX. MIN. TYP. MAX.
A 4.4 4.6 0.173 0.181
B 25 2.7 0.098 0.106
D 25 2.75 0.098 0.108
E 04 0.7 0.015 0.027
F 0.75 | 0.030 . 0.039
F1 1.16 1Y 0.045 0.067
F2 1.15 1.7 0.045 0.067
G 4.95 52 0.195 0.204
G1 24 277 0.094 0.106
H 10 10.4 0.393 0.409
L2 16 0.630
L3 28.6 30.6 1.126 1.204
L4 9.8 10.6 0.385 0.417
L6 15.9 16.4 0.626 0.645
L7 9 9.3 0.354 0.366
%] 2 3.2 0.118 0.126
(1]
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IRF730/FI

Information furnished is believed to be accurate and reliable. However, SGS-THOMSON Microelectronics assumes no responsability for the
consequences of use of such information nor for any infringement of patents or other rights of third parties which may results from its use. No
license is granted by implication or otherwise under any patent or patent rights of SGS-THOMSON Microelectronics. Specifications mentioned
in this publication are subject to change without notice. This publication supersedes and replaces all information previously supplied.
SGS-THOMSON Microelectronics products are not authorized for use as critical componentsin life supportdevices or systems without express
written approval of SGS-THOMSON Microelectonics.

© 1994 SGS-THOMSON Microelectronics - All Rights Reserved

SGS-THOMSON Microelectronics GROUP OF COMPANIES
Australia - Brazil - France - Germany - Hong Kong - ltaly - Japan - Korea - Malaysia - Malta - Morocco - The Netherlands -
Singapore - Spain - Sweden - Switzerland - Taiwan - Thailand - United Kingdom - U.S.A
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OSHIBA

‘ IGBT/Power MOSFET
- Gate Drive Photo-IC Couplers

TLP250(INV)/TI.P250F(INV)

_ NEW PRODUCT GUIDE




. Applications

@ IGBT gate drive

® Power MOSFET gate drive
@ Inverter

@ Servo motor control

® UPS

@ Induction heater

. Features

@ Input threshold current: IF = 5 mA (max)
® Supply voltage: 10 V ~ 35 V

® Output peak current: 2.0 A (max)

® Response speed: 0.5 s (max)

® [toHL~tpLHI: 0.4 us (max)

@ Isolation voltage: 2500 Vims (min)

® UL-recognized

® D4 option type: VDE-approved

Note:
If a VDE0884-approved device is required,
please specity option D4.

COUPLERS

V) / TLP250F (INV)

OWER MOSFET GATE DRIVE

The Toshiba TLP250 (INV) and TLP250F (INV) are 8-pin
photocouplers designed exclusively for use in IGBT
(isolated-gate bipolar transistor) drive applications.
These photocouplers are capable of driving the gates of
IGBTs and power MOSFETs directly (for which the
addition of a gate resistor is necessary).
The photo-IC couplers are housed in compact packages.
This, combined with their ability to drive IGBTs and power
MOSFETSs directly, makes system design easier, allows
simpler circuit configurations and improves system

reliability.

. Pin Configuration

7

16
:;é T s
1:NC 5: GND
2:LED ANODE 6: Vo (output)
3:LED CATHODE 7:Vg
4:NC 8:Vce
Truth Table
s T Tr2
LED ON ON OFF
INPUT OFF OFF ON




[ Te2soany)

Maximum ratings

| diP2so
- Maximum ratings

mEu

®
v

Maximum ratings

TLP250 (INV) & TLP250

IF=10mA, V86 =4V
H-level Output Current I0PH \;:CC ik

IF=0,V65=-25V
L-Level Output Current loPL \f g 30i/

CC*=

Switching Time Dispersion between | toHL— RL=200.C, = 101F
ON and OFF toLH | \
Common Mode Transient Immunity o Vcm = 1000 Vpp, IF = 8 mA, Al 5,000 v
for High-Level Output Heab Ve =30V, Ta=25¢C (min)
Common Mode Transient Immunity o Vcm = 1000 Vpp, IF =0 mA, 15,000 i
for Low-Level Output L | vec=30V,Ta=25°C (min) s

® UL-recognized: UL1577, File No. E67349

® Option (D4) type

VDE-approved: DIN VDE0884/16.92, Certificate No. 76823

; TLP250 TLP250F* 'TLP25Q‘ - TLP250F*
Maximum Operating Insulation Voltage 630 Vpk 840 Vpk Creepage distance 6.4 mm 8.0 mm
Highest Permissible Over Voltage 4000 Vpk 6000 Vpk Clearance 6.4 mm 8.0 mm

Note:

When a VDE0884-approved device is required, please specify option D4.

*Making an application



@ Forward Current Derating (Ta = 70°C) Alp/ATa -0.36 mA/°C
Reverse Voltage VR 5 \'%
H Peak (PW <25 ps, f=15kHz) (Note 2) - -1.5 %
Output Current (PW < 1 pis, f= 15 kHz) (Note 2) 20

. L Peak (PW <25 ps, f=15kHz) (Note 2) G +15 i

£ | Output Current (PW < 1 ps, = 15 kHz) (Note 2) +2.0

§ Output Voltage s Vo 35 \Y
Output Voltage Derating (Ta=70°C) .+~ AVQ/ATa - -073 Vv/°C
Supply Voltage Vce . 35 Vv
Supply Voltage Derating (Ta'> 70°C) AVCG/ATa [ %-0.73 V/°C

Operating Frequency (Note 3) f L 25 kHz

Operating Temperature Range Topr -20~85 °C

Storage Temperature Range Tstg =565~125 °C

Isolation Voltage (AC, 1 minute, R/H < 60%, Ta = 25°C) BVs 2500 Vims

Note 2: Exponential Waveform
Note 3: Exponential Waveform, IOPH < -1.0 A (£ 2.5 pis), IOPL <

+1.0A (£2.5pus)

Note 5: A ceramic capacitor (0.1 |tF) should be connected between pin 8 and pin 5 to stabilize the operation of the high-gain linear amplifier.

Failure to provide this bypass may impair the switching properties. The total lead length between capacitor and coupler should not
exceed 1 cm. g

Input Forward Voltage VE IF =10 mA, Ta =25°C V
Temperature Coefficient of Forward Voltage | AVF/ATa| I =10 mA E =20 = mVv/°C
Input Reverse Voltage IR VR=5V,Ta=25C e e 10 HA
: IF=10mA,Ve6=4V| —05 | =15 | —
H Level IOPH
Outpilt Current goc\c/; = TLP250 (INV) | =1.0 | =15 A
*1) IF=0,Ve5=-25V 0.5 2 s
L Level lopL
TLP250 (INV) 1.0 2
H Level VoH | Vcc=15V [ |p=5mA 11 21128 Lo
Output Voltage VEE=-15V \%
L Level VoL | R =200Q VE=0.8V — |-142 [-125
H Level ICcH = |IF=10mA en 7 11
Supply Current }3/(?\9 mA
L Level lccL VF=08V iy 75 11
Vcet1 =+15V, VEE1 =-15V
Th | i
reshold Input Current OutputL —+H FLH RL=200Q,Vpo>0V 12 5 mA
Vcc1=+15V,VEg1=-15V
Threshold Input Voltage | OutputH —L | VFHL RL =200 Q, Vo <0V 0.8 — —_ \%
Supply Voltage Vee 10--]. — 1]; 86

* Al typical values are at Ta = 25-°C

(*1):Duration of I/O time < 50 us




Switching Characte
Parameter : Symbol | Condiﬁbnsy | Min | Typ. | Max :«r;Ur]it ‘
. L - H toLH 0.05 | 0.15 0.5
Propagation Delay Time IF=8mA
2 e ] toHL 0.05 | 0.15 |- 05
Vcec =15V, VEg=-15V, us
Switching Time Dispersion between [ toHL— RL=20Q,CL=10nF e o 0.45
ON and OFF tolH |
Common Mode Transient Immunity for oMy Vcm = 1000 Vp-p: IF =8 mA, 15,000| — G Vins

High-Level Output Vecc =30V, Ta=25°C

Common Mode Transient Immunity for Vcm = 1000 Vp-p: IF =0 mA,
Low-Level Output Vcc =30V, Ta=25°C

S50 A 100 A 150 A : 200 A

IGBT output current



L

TLpzsLaNV)

TLP250

A/

Voo =-30V

IF = 10-mA
Ta=25°C
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OVERSEAS SUBSIDIARIES AND AFFILIATES 990219(H)

Toshiba America
Electronic Components, Inc.

Headquarters-Irvine, CA

9775 Toledo Way, Irvine,

CA 92618, U.S.A.

Tel: (949)455-2000 Fax: (949)859-3963

Altamonte Springs, FL(Orland)
600 S, North Lake Blvd., Suite 250,
Altamonte Springs, FL 32701, U.S.A.
Tel: (407)332-0966 Fax: (407)339-3777

Deerfield, IL(Chicago)

One Pkwy., North, Suite 500, Deerfield,
IL 60015-2547, U.S.A.

Tel: (847)945-1500 Fax: (847)945-1044

Denver, CO
8400 E, Prentice Englewood, CO 80111, U.S.A.
Tel: (303)220-9848 Fax: (303)220-9856

Edison, NJ

2035 Lincoln Hwy. Ste. #3000, Edison
NJ 08817, U.S.A.

Tel: (908)248-8070 Fax: (908)248-8030

Irvine, CA

2 Venture Plaza, Suite 500, Irvine,

CA 92718, US.A.

Tel: (714)453-0224 Fax: (714)453-0125

Microelectronics Center-Sunnyvale, CA
1220 Midas Way, Sunnyvale,

CA 94088-3509, U.S.A.

Tel: (408)739-0560 Fax: (408)746-0577

Norcross, GA(Atlanta)

655 Engineering Dr. #160, Norcross,
GA 30092, U.S.A.

Tel: (404)368-0203 Fax: (404)368-0075

Richardson, TX(Dallas)

777 East Campbell Rd., Suite 650, Richardson,
TX 75081, U.S.A. i

Tel: (214)480-0470 Fax: (214)235-4114

Wakefield, MA(Boston)

401 Edgewater Place, Suite #360, Wakefield,
Essex, MA 01880-6229, U.S.A.

Tel: (617)224-0074 Fax:(617)224-1095

San Jose Engineering Center, CA
1060 Rincon Circle, San Jose,

CA 95131, US.A.

Tel: (408)456-8900 Fax: (408)456-8910

Toshiba Electronics Europe GmbH

Diisseldorf Head Office

Hansaallee 181, D-40549 Diisseldorf
Germany

Tel: (0211)5296-0 Fax: (0211)5296-400

Miinchen Office

Bro Miinchen Hofmannstrasse 52,
D-81378, Miinchen, Germany

Tel: (089)748595-0 Fax: (089)748595-42

Toshiba Electronics France SARL
Immeuble Robert Schumann 3 Rue de Rome,
F-93561, Rosny-Sous-Bois, Cedex, France
Tel: (1)48-12-48-12 Fax: (1)48-94-51-15

Toshiba Electronics Italiana S.R.L.
Centro Direzionale Colleoni

Palazzo Perseo Ingr. 2-Piano 6,

Via Paracelso n.12,

1-20041 Agrate Brianza Milan, Italy

Tel: (039)68701 Fax:(039)6870205

Toshiba Electronics Espaiia, S.A.

Parque Empresarial San Femando Edificio Europa,
e Planta, ES-28831 Madrid, Spain

Tel: (91)660-6700 Fax:(91)660-6799

Toshiba Electronics(UK) Limited
Riverside Way, Camberiey Surrey,
GU153YA, UK.

Tel: (01276)69-4600 Fax: (01276)69-4800

Toshiba Electronics Scandinavia AB
Gustavslundsvagen 12, 2nd Floor

S-161 15 Bromma, Sweden

Tel: (08)704-0900 Fax: (08)80-8459

Toshiba Electronics Asia
(Singapore) Pte. Ltd.

Singapore Head Office

438B Alexandra Road, #06-08/12 Alexandra
Technopark, Singapore 119968

Tel: (278)5252 Fax: (271)5155, (270)6056

Bangkok Office
135 Moo 5 Bangkadi Industrial Park, Tivanon Rd.,

Bangkadi Amphur Muang Pathumthani 12000, Thailand

Tel: (2)501-1635 Fax: (2)501-1638

Toshiba Electronics Trading
(Malaysia)Sdn. Bhd.

Kuala Lumpur Head Office

Suite W1203, Wisma Consplant, No.2,

Jalan SS 16/4, Subang Jaya, 47500 Petaling Jaya,
Selangor Darul Ehsan, Malaysia

Tel: (3)731-6311 Fax: (3)731-6307

Penang Office

Suite 13-1, 13th Floor, Menard Penang Garden,
42-A, Jalan Sultan Ahmad Shah,

100 50 Penang, Malaysia

Tel: 4-226-8523 Fax: 4-226-8515

Toshiba Electronics Asia, Ltd.

Hong Kong Head Office

Level 11, Top Glory Insurance Building,
Grand Century Place,

No.193, Prince Edward Road West,
Mong Kok, Kowloon, Hong Kong

Tel: 2375-6111 Fax: 2375-0969

Seoul Branch

14/F, KEC B/D, 257-7 Yangjae-dong,
Seocho-ku, Seoul, Korea

Tel: (02)589-4334 Fax: (02)589-4302

Seoul Branch, Gumi Office

6/F, Ssangyong Investment Securities B/D,
56 Songjung-Dong, Gumi City

Kyeongbuk, Korea

Tel: (0645)456-7613-6 Fax: (0546)456-7617

Beijing Office

Rm 714, Beijing Fortune Building,

No.5 Dong San Huan Bei-Lu, Chao Yang District,
Beijing, 100004, China

Tel: (010)6590-8795 Fax: (010)6590-8791

Chengdu Office

Unit F, 18/F, 42 Wenwu Road

Xinhua Avenue, Chengdu, 610017, China
Tel: (028)675-1773 Fax: (028)675-1065

Shenzhen Office

Rm 3010-3012, Office Tower Shun Hing Square,
Di Wang Commercial Centre, 333 ShenNan
East Road, Shenzhen, 518008, China

Tel: (0755)246-1582 Fax: (0755)246-1581

Toshiba Technology Development
(Shanghai) Co., Ltd.

23F, Shanghai Senmao International Building, 101
Yin Cheng East Road, Pudong New Area, Shanghai,
200120, China

Tel: (021)6841-0666 Fax: (021)6841-5002

Tsurong Xiamen Xiangyu Trading Co., Ltd.
8N, Xiamen SEZ Bonded Goods Market Building,
Xiamen, Fujian, 361006, China

Tel: (0592)562-3798 Fax: (0592)562-3799

Toshiba Electronics
Taiwan Corporation

Taipei Head Office

17F, Union Enterprise Plaza Bldg. 109

Min Sheng East Rd., Section 3, 0446 Taipei,
Taiwan

Tel: (02)514-9988 Fax: (02)514-7892

Kaohsiung Office

16F-A, Chung-Cheng Bldg., Chung-Cheng 3Rd.,
80027, Kaohsiung, Taiwan

Tel: (07)222-0826 Fax: (07)223-0046

Toshiba Display Devices
(Thailand) Co., Ltd.

142 Moo 5, Bangkadi Industrial Park,
Tivanon Rd., Pathumthani 12000, Thailand
Tel: (2)501-1200 Fax: (2)501-1209

The information contained herein is subject to change without notice.

In Touch with Tomorrow

TOSHIBA is continually working to improve the quality and the reliability of its products. Nevertheless, semiconductor devices

in general can malfunction or fail due to their inherent electrical sensitivity and vulnerability to physical stress. It is the responsibility

of the buyer, when utilizing TOSHIBA products, to observe standards of safety, and to avoid situations in which a malfunction TDSHIBA GDRPORATION

or failure of a TOSHIBA product could cause loss of human life, bodily injury or damage to property. In developing your designs, . 5 s

please ensure that TOSHIBA products are used within specified operating ranges as set forth in the most recent products Electfonlc Devices sales & Marketlng Group
specifications. Also, please keep in mind the precautions and conditions set forth in the TOSHIBA Semiconductor Reliability 1-1, Shibaura 1-chome, Minato-ku, Tokyo, 105-8001, Japan

Handbook. Tel: (03)3457-3405 Fax: (03)5444-9324

The information contained herein is presented only as a guide for the applications of our products.
No responsibility is assumed by TOSHIBA for any infringements of patents or other rights of the third parties which may result
from its use. No license is granted by implication or otherwise under any patent or patent rights of TOSHIBA or others.

Gallium ide (GaAs) is a used in some of the products described in this documents. GaAs dust and fumes are toxic: Do not break, cut or pulyerize the products, or use chemicals to dissolve them.
When disposing of the produtts, follow the appropriate regulations. Do-not dispose of the products with-other industrial waste or with domiestic garbage!

Website: http://doc.semicon.toshiba.co.jp/indexus.htm

©1999 TOSHIBA CORPORATION
Printed in Japan
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PRESETTABLE BCD/DECADE

UP/DOWN COUNTER

PRESETTABLE 4-BIT BINARY
UP/DOWN COUNTER

The SN54/741.5192 is an UP/DOWN BCD Decade (8421) Counter and the
SN54/74L.S193 is an UP/DOWN MODULO-16 Binary Counter. Separate
Count Up and Count Down Clocks are used and in either counting mode the
circuits operate synchronously. The outputs change state synchronous with

the LOW-to-HIGH transitions on the clock inputs.

Separate Terminal Count Up and Terminal Count Down outputs are
provided which are used as the clocks for a subsequent stages without extra
logic, thus simplifying multistage counter designs. Individual preset inputs
allow the circuits to be used as programmable counters. Both the Parallel
Load (PL) and the Master Reset (MR) inputs asynchronously override the

clocks.

e Low Power .. .95 mW Typical Dissipation
e High Speed . . . 40 MHz Typical Count Frequency

e Synchronous Counting

¢ Asynchronous Master Reset and Parallel Load

e Individual Preset Inputs
e Cascading Circuitry Internally Provided

e Input Clamp Diodes Limit High Speed Termination Effects

CONNECTION DIAGRAM DIP (TOP VIEW)

Vecc Po MR TCp Tey_ PL WPy

P3

6] [15] [14] [ta] [2] [n] [to] [o]

NOTE:

Pt Q@ Q CPp CPy Q Q3 GND
PIN NAMES LOADING (Note a)
HIGH LOW

CPy Count Up Clock Pulse Input 0.5U.L. 0.25 U.L.
CPp Count Down Clock Pulse Input 0.5U.L. 0.25U.L.
MR Asynchronous Master Reset (Clear) Input 0.5U.L. 0.25 U.L.
PL Asynchronous Parallel Load (Active LOW) Input 0.5 U.L. 0.25 U.L.
Pn Parallel Data Inputs 0.5U.L. 0.25U.L.
Qn Flip-Flop Outputs (Note b) 10UL | 525)U.L.
ICp Terminal Count Down (Borrow) Output (Note b) 10UL | 5@25)U.L.
TCy Terminal Count Up (Carry) Output (Note b) 10UL. | 5(2.5)U.L.

NOTES:
a. 1 TTL Unit Load (U.L.) = 40 pA HIGH/1.6 mA LOW.

The Flatpak version

has the same pinouts
(Connection Diagram) as
the Dual In-Line Package.

SN54/741.5192
SN54/741.5193

PRESETTABLE BCD/DECADE
UP/DOWN COUNTER

PRESETTABLE 4-BIT BINARY
UP/DOWN COUNTER

LOW POWER SCHOTTKY

J SUFFIX
CERAMIC
CASE 620-09

e

N SUFFIX
PLASTIC
CASE 648-08

@ D SUFFIX
o soic

1 CASE 751B-03

16

ORDERING INFORMATION

SN54LSXXXJ  Ceramic
SN74LSXXXN  Plastic
SN74LSXXXD SoOIC

b. The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for Commercial (74)

Temperature Ranges.

LOGIC SYMBOL

1 10 9

LT

PL P P{ P, P
5—— CPy L Yoy p— 12

4——emp o—— 13

TCp
MRQy Q1 Q2 Q3

14 3 2 6 7

Voo =PIN 16
GND=PIN 8

FASTAND LS TTL:DATA

5-1




SN54/74L.S192 « SN54/74LS193

STATE DIAGRAMS

LS192 LOGIC EQUATIONS
FOR TERMINAL COUNT
TCy=Q9-Q3-CPy__ ___
TCp=Qp-Q1-Q2-Q3-CPp

LS193 LOGIC EQUATIONS
FOR TERMINAL COUNT

TCu=Q0-Q1:Q2.Q3:-CPy
TCh=Qp-Q1:Q2-Q3-CPp

COUNT UP 777

LS192 COUNTDOWN - = - - -- e
LOGIC DIAGRAMS
P 51 P Py P3
PL @ @ 1 @
(LOAD) D .
CPy @ @ =,
(UP COUNT) T
OUTPUT)
fg : )
LK — Sog Sog Lo -
T ’ f ;
o e ¢ cp2
| i : ED
o @ l @ (BORROW
SouNT I OUTPUT)
COUNT)
"
(CLEAR) o = o @
y e Q Q3
Vcc=PIN 16 LS192
GND=PIN 8

(O =PIN NUMBERS

FAST-AND LS TTL DATA
5-2



SN54/741.S192 « SN54/74L.S193

LOGIC DIAGRAMS (continued)

Po P1 P2 P3
® 0) ® ®
LOAD) "{> il
CP TCU
(up COUNT) )_ (CARRY
OUTPUT)
1] i H ] i
SDQ SDQ SDQ SDQ
T s T T
cp? %P QP pQ
® Top
CPp (BORROW
(DOWN RO . OUTPUT)
COUNT .
cLehn ® ® ® ®
Qo Q1 Q@ Q3
LS193
Vec = PIN 16
GND=PIN8

(O =PINNUMBERS

FAST-AND) LS-TFTL-DATA
5-3



SN54/741L.S192 « SN54/74L.S193

FUNCTIONAL DESCRIPTION

The LS192 and LS193 are Asynchronously Presettable
Decade and 4-Bit Binary Synchronous UP/DOWN (Revers-
able) Counters. The operating modes of the LS192 decade
counter and the LS193 binary counter are identical, with the
only difference being the count sequences as noted in the
State Diagrams. Each circuit contains four master/slave
flip-flops, with internal gating and steering logic to provide
master reset, individual preset, count up and count down
operations.

Each flip-flop contains JK feedback from slave to master
such that a LOW-to-HIGH transition on its T input causes the
slave, and thus the Q output to change state. Synchronous
switching, as opposed to ripple counting, is achieved by
driving the steering gates of all stages from a common Count
Up line and a common Count Down line, thereby causing all
state changes to be initiated simultaneously. A LOW-to-HIGH
transition on the Count Up input will advance the count by one;
a similar transition on the Count Down input will decrease the
count by one. While counting with one clock input, the other
should be held HIGH. Otherwise, the circuit will either count by
twos or not at all, depending on the state of the first flip-flop,
which cannot toggle as long as either Clock input is LOW.

_The Terminal Count Up (TCy) and Terminal Count Down
(TCp) outputs are normally HIGH. When a circuit has reached
the maximum count state (9 for the LS192, 15 for the LS193),
the next HIGH-to-LOW transition of the Count Up Clock will
cause TCy to go LOW. TCy will stay LOW until CPy goes
HIGH again, thus effectively repeating the Count Up Clock,
but delayed by two gate delays. Similarly, the TCp output will
go LOW when the circuit is in the zero state and the Count
Down Clock goes LOW. Since the TC outputs repeat the clock
waveforms, they can be used as the clock input signals to the
next higher order circuit in a multistage counter.

Each circuit has an asynchronous parallel load capability
permitting the counter to be preset. When the Parallel Load
(PL) and the Master Reset (MR) inputs are LOW, information
present on the Parallel Data inputs (Pg, P3) is loaded into the
counter and appears on the outputs regardless of the
conditions of the clock inputs. A HIGH signal on the Master
Reset input will disable the preset gates, override both Clock
inputs, and latch each Q output in the LOW state. If one of the
Clock inputs is LOW during and after areset or load operation,
the next LOW-to-HIGH transition of that Clock will be
interpreted as a legitimate signal and will be counted.

MODE SELECT TABLE
MR PL CPy CPp MODE
H X X X Reset (Asyn.)
L i X X Preset (Asyn.)
L H H H No Change
L H T H Count Up
Jo H H =l Count Down

L = LOW Voltage Level
H = HIGH Voltage Level
X =Don't Care

I = LOW-to-HIGH Clock Transition

FASTAND LS\ TTL/DATA

5-4



SN54/74L.S192 « SN54/74L.S193

GUARANTEED OPERATING RANGES

Symbol Parameter Min Typ Max Unit

Vce Supply Voltage 54 4.5 5.0 55 \
74 4.75 5.0 5.25

TA Operating Ambient Temperature Range 54 -55 25 125 °C
74 0 25 70

loH Output Current — High 54,74 -04 mA

loL Output Current — Low 54 4.0 mA
74 8.0

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

Limits
Symbol Parameter Min Typ Max Unit Test Conditions
Guaranteed Input HIGH Voltage for
VIH Input HIGH Voltage 2.0 Vv All Inputs
54 0.7 Guaranteed Input LOW Voltage for
ViL Input LOW Voltage - R \Y All Inputs
VK Input Clamp Diode Voltage -0.65 | -15 \% Vcec =MIN, IN=-18 mA
54 25 3.5 Vv Vee =MIN, oy = MAX, Vi = Vi
CC » IOH » VIN = VIH
V Output HIGH Volta
OH pu ge 74 27 35 v |orViL per Truth Table
54,74 025 | 04 V. |loL=4.0mA Vce =Vee MIN,
VoL Output LOW Voltage VIN = VL or Vi
74 0.35 0.5 VvV loL=8.0mA per Truth Table
20 BA. Ve =MAX, VN =27V
IIH Input HIGH Current
0.1 mA  |Vcc=MAX,VIN=T7.0V
liL Input LOW Current -04 mA  Vec=MAX,V|N=0.4V
los Short Circuit Current (Note 1) -20 -100 mA | Vce = MAX
Icc Power Supply Current 34 mA Voo = MAX
Note 1: Not more than one output should be shorted at a time, nor for more than 1 second.
AC CHARACTERISTICS (Tp = 25°C)
Limits
Symbol Parameter Min Typ Max Unit Test Conditions
fMAX Maximum Clock Frequency 25 32 MHz
tPLH CPy Input to 17 26 .
tPHL TCy Output 18 24
tPLH CPp Input to 16 24 e
tPHL TCp Output 15 24 Vecec=5.0V
= F
tpLH 27 38 CL=15p
tPHL Clock to Q 30 47 ns
tPLH = 24 40
i PLtoQ 25 40 ns
tPHL MR Input to Any Output 23 35 ns

FAST ) AND LS TTL'DATA
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SN54/74LS192 e« SN54/74L.S193

AC SETUP REQUIREMENTS (Tp = 25°C)

Limits
Symbol Parameter Min Typ Max Unit Test Conditions
tw Any Pulse Width 20 ns
ts Data Setup Time 20 ns
Vec=5.0V
th Data Hold Time 5.0 ns
trec Recovery Time 40 ns

DEFINITIONS OF TERMS

SETUP TIME (ts) is defined as the minimum time required for
the correct logic level to be present at the logicinput priorto the
PL transition from LOW-to-HIGH in order to be recognized and
transferred to the outputs.

HOLD TIME (tn) is defined as the minimum time following the
PL transition from LOW-to-HIGH that the logic level must be
maintained at the input in order to ensure continued recogni-

tion. A negative HOLD TIME indicates that the correct logic
level may be released prior to the PL transition from
LOW-to-HIGH and still be recognized.

RECOVERY TIME (trec) is defined as the minimum time
required between the end of the reset pulse and the clock
transition from LOW-to-HIGH in order to recognize and
transfer HIGH data to the Q outputs.

FAST AND LS TTL DATA
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SN54/74LS192 « SN54/74L.S193

AC WAVEFORMS

tw —>
CPy or CPp 13V 7[ SF VY iav
t —
el PLH *>|

Q S|§1.3V %1.3V

Figure 1

CPy or CPp S‘K £13v Pn 13V

= lﬂf—tpHL '-—-]—lPLH PHNN{* ’I PLH
TCyor TCp \ 7;! 13V Qn 13V

NOTE: PL = LOW

Figure 2 Figure 3

Py 13V

PL * * 13V
=>4
muf o XN ) T
tPLH +—>| ,q-»r tPHL CPyorCPp 13V

Q 13V I‘— tPHL_’I
n

Q 1.3V

Figure 4 Figure 5

_—\ st 0 ﬂ
g w

7 77777 CPyorCPp l 7F 13V
Q éQ=P/ QQ=P%

<~ tPHL"‘
* The shaded areas indicate when the input is permitted Q 13V
to change for predictable output performance
Figure 6 Figure 7

FAST AND LS TTL:DATA
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@ MOTOROLA

TRIPLE 3-INPUT AND GATE

Ll Lo Lsf Lef Ls] [e]
GND
*OPEN COLLECTOR OUTPUTS

GUARANTEED OPERATING RANGES

SN54/74LS15

TRIPLE 3-INPUT AND GATE
LOW POWER SCHOTTKY

= J SUFFIX

i) CERAMIC

i CASE 632-08
14

1

K N SUFFIX
PLASTIC
o CASE 646-06
1
&
1

D SUFFIX
Soic
CASE 751A-02

ORDERING INFORMATION

SN54LSXXJ Ceramic
SN74LSXXN  Plastic
SN74LSXXD  SOIC

Symbol Parameter Min Typ Max Unit

Vce Supply Voltage 54 4.5 5.0 5.5 \Y
74 4.75 5.0 5.25

TA Operating Ambient Temperature Range 54 -55 25 125 °C
74 0 25 70

VOH Output Voltage — High 54,74 5.5 \Y%

loL Output Current — Low 54 4.0 mA
74 8.0

FAST AND-L:S TTL DATA
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SN54/74LS15

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

Limits

Symbol Parameter Min Typ Max Unit Test Conditions
ViH Input HIGH Voltage 2.0 Vv fl‘l‘fgzﬁged input HIGH Volingetfor

54 0.7 Guaranteed Input LOW Voltage for
ViL Input LOW Voltage = o \% All Inputs
VIK Input Clamp Diode Voltage -065| -1.5 \ Vcc=MIN, IN=-18 mA
IOH Output HIGH Current 54,74 100 HA | Vce = MIN, Vo = MAX

54,74 0.25 0.4 \" loL=4.0mA Vce =Vee MIN,

VoL Output LOW Voltage VIN =V or Vi4

74 0.35 0.5 \% loL=8.0mA per Truth Table

20 PA | VEc=MAX, V)N =27V
IIH Input HIGH Current & i
0.1 mA Ve =MAX,V|N=7.0V
i Input LOW Current -0.4 mA Vcc=MAX, VN =04V
Power Supply Current
lcc Total, Output HIGH 3.6 mA | Vce=MAX
Total, Output LOW 6.6
AC CHARACTERISTICS (Tp = 25°C)
Limits )

Symbol Parameter Min Typ Max Unit Test Conditions
tPLH Turn-Off Delay, Input to Qutput 20 35 ns Ve =5.0V
tPHL Turn-On Delay, Input to Output 17 35 ns CL=15pF, R =2.0kQ

FAST AND LS TTL DATA
5-2




SN5474, SN54LS74A, SN54S74
SN7474. SN74LS74A SN74574

DUAL D-TYPE POSITIVE-EDGE-TRIGGERED FLIP-FLOPS WITH PRESET AND CLEAR

SDLS119 — DECEMBER 1983 — REVISED MARCH 1988

e Package Options Include Plastic ‘‘Small
Outline’’ Packages, Ceramic Chip Carriers
and Flat Packages, and Plastic and Ceramic
DIPs

° Dependable Texas Instruments Quality and
Reliability

description

These devices contain two independent D-type
positive-edge-triggered flip-flops. A low level at the
preset or clear inputs sets or resets the outputs
regardless of the levels of the other inputs. When preset
and clear are inactive (high), data at the D input meeting
the setup time requirements are transferred to the
outputs on the positive-going edge of the clock pulse.
Clock triggering occurs at a voltage leve! and is not
directly related to the rise time of the clock pulse.
Following the hold time interval, data at the D input may
be changed without affecting the levels at the outputs.

The SN54’ family is characterized for oberation over the
full military temperature range of —55°C to 125°C.
The SN74’ family is characterized for operation from

0°Cto70°C.
FUNCTION TABLE
INPUTS OUTPUTS
PRE CLR CLK D[ Q Q
iz H x "X\ M4 e
H L X (P H
L L x X _|wed [y it
H H t H H L
H H t Lt H
H H t X | Gg. Qg

t The output levels in this configuration are not guarantead
to meet the minimum levels in Vo if the lows at preset
and clear are near V;_maximum, Furthermore, this con-
figuration is nonstable; that is, it will not persist when
either preset or clear returns to its inactive (high) level.

logic symbol¥

SN5474 . . . J PACKAGE
SN54LS74A, SN64S74 .. .J OR W PACKAGE
SN7474 .. . N PACKAGE
SN74LS74A, SN74S74 ... D OR N PACKAGE
(TOP VIEW)
1R Urdvee
1002 13(J2CLR
1ck s 12020
1PREJ4 11[J2CLK
1a0s 10[]2PRE
1a0s 920
GND]7 s[J2a
SNS5474 .. . W PACKAGE
- (TOP VIEW)
1k \J14[11PRE
1002 130J1Q
1CLRO3 ugﬁ
vecOs 11DGND
2CLROs 10[J2Q
206 9[j2a
2CLK (7 8{12PRE
SNSA4LS74A, SN54S74 . . . FK PACKAGE
(TOP VIEW)
[o 4 s o4
(8] ]
(&)
o3 ¢ 83
3 2 12019

1CLK[] 4 18[]2D
NC{]l s 17[JNC

1PRE[] 6 16(J2CLK
NC[]? 15s[INC

14 (] 2PRE

NC - No internal connection

logic diagram (positive logic)

1PRE m S (5) 10
etk BB PRE
10 %—— 1D (6] 15
1CLR mb- R
2PRE o 9 R
el 203 LR Q
2CLK ﬁ—;{_—
20 ~——— (8 s [F=ens
2cLR U3 o &
CLK
tThis symbol is in accordance with ANSI/IEEE Std 91-1984
and IEC Publication 617-12.
Pin numbers shown are for D, J, N, and W packages. o
PRODUCTION DATA information is current as of publication date. i Copyright © 1988, Texas Instruments Incorporated
Products conform lospecuﬁcauonsperme tem'ls of exas Instruments I
p g y include
testing of all parame(ets. TEXAS

POST OFFICE'BOX 655303 ®/DALLAS, TEXAS! 75265 1



SN5474, SN54LS74A, SN54S74
SN7474. SN74LST74A, SN74S74
DUAL D-TYPE POSITIVE-EDGE-TRIGGERED FLIP-FLOPS WITH PRESET AND CLEAR

SDLS119 - DECEMBER 1983 — REVISED MARCH 1988

schematics of inputs and outputs

74
EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS
Vee A iy Vee
R
i 130 2 NOM
INPUT e S
OUTPUT
'lL MAX Req NOM
_1.6mA 4kQ
32mA 2kQ
'S74
EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS

= Vee
Vec 3 i
50 Q@ NOM
Req
INPUT ~ —=
>
ouTPUT

llL MAX Req NOM
-2mA 28kQ
—4 mA 1.4k
-6 mA 940 Q

‘!L‘ TeEXAS
INSTRUMENTS
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SN5474, SN54LS74A, SN54S74
SN7474. SN74LS74A, SN74S74
DUAL D-TYPE POSITIVE-EDGE-TRIGGERED FLIP-FLOPS WITH PRESET AND CLEAR

SDLS119 — DECEMBER 1983 — REVISED MARCH 1988

schematic
‘LS74A
1200 ;gm 316 kQ %15 kQ 39ka 1200 %
4 4
al o a la
< <
a—e S1kQ 1kQ3 SR
T r_7 & »f
<
33kQ 21.7ka 17mi: 3.3k0
F¢ > =15
ClR—¢ ' '\ PRE
- N vd [ &
X 4
A7 777
16 ka 16 k2
»l
18kQ V v
CLK f¢-o 36 kR
: JA 31kQ
X Y p—————0O
[
Y.
2 GND
+
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
Supply voltage, Vo (see Note 1) . ... ... ..  ommmm e 7V
nput:voltage=o 74 ST4 . S fe sl sl L e N v el S el e e Lot e ooyl B o B 55V
S A A eI e LW B S e Rl L o e T e L 7V
Operating free-air temperature range: SN54’ . ... ... ... ... ... ... ... —55°C to 125°C
OIN T i 55 5 5518 355 5555 ae s o s 5 e e ot 0 cooat s o 1ot et s e ' 0°C to 70°C
Storage temperature range . . .. ... ... ..cou e it it e, —-65°C to 150°C

NOTE 1: Voltage values are with respect to network ground terminal.

*!P TeEXAS
INSTRUMENTS

POST OFFICE'BOX 655303 ®'DALLAS,"TEXAS 75265 3



SN5474, SN54LS74A, SN54S74
SN7474. SN74LS74A, SN74S74
DUAL D-TYPE POSITIVE-EDGE-TRIGGERED FLIP-FLOPS WITH PRESET AND CLEAR

SDLS119 - DECEMBER 1983 — REVISED MARCH 1988

recommended operating conditions

SN5474 SN7474
MIN NOM MAX | MIN NOM MAX b

Vee  Supply voltage 45 5 55 | 4.75 5 526 \"
Vi High-level input voltage 2 2 v
Vi Low-level input voltage 0.8 0.8 \
lo4 High-level output current -04 —04 mA
loL Low-level output current 16 16 mA

CLK high 30 30
tw  Pulse duration CLK low 37 37 ns

PRE or CLA low 30 30
tsu {nput setup time before.CLK ¢ 20 20
th Input hold time-data &fter CLK t S 5 ns
TA  Operating free-air temperature —55 125 0 70 °c

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)

SN5474 SN7474
PARAMETER TEST CONDITIONS? WNo St o AT s UNIT
Vi Vee = MIN, I =—12mA —15 -15 v
Vce = MIN, Vin=2V, =08V,
VoH cc L Vie 24 34 24 34 v
loH = —-0.4mA
Vce = MIN, ViH=2V, ViL=08V,
VoL ce 1H I 02 04 02 04 | v
oL =16 mA
1 Vce = MAX, V=65V 1 1| mA
D 40 40
UH R ‘ 120 120 | #A
Ve = MAX, Vi=24V
All Other 80 80
D 16 ~16
i il Voo = MAX Vi=04V 119 ¥ b A
L I'cms & Wt = 132 - pal "
CLK —3.2 ¥32
lost Vee = MAX —20 —~57 |18 -57 | mA
Icc# Vee = MAX, See Note 2 8.5 15 8.5 15 mA

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.

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

5Clear is tested with preset high and preset is tested with clear high.

1Not more than one output should be shown at a time.

'Avavage per flip-flop.

NOTE 2: With all outputs open, Icc is measured with the Q and a outputs high in turn. At the time of measurement, the clock input is
grounded.

switching charateristics, Vg =5V, Ta = 25°C (see note 3)

F
PARAMETER AOM L TEST CONDITIONS MIN TYP MAX UNIT
(INPUT) (OUTPUT)
fmax 15 25 MHz
tPLH S — - 25 ns
PRE R QorQ
tPHL oL ] RL = 400 Q, CL=15pF 20 | ns
t - 14 25 ns
PLH CLK QorQ
‘PHL 20 40 ns

NOTE 3: Load circuits and voltage waveforms are shown in Section 1.

*5‘ TExAS
INSTRUMENTS
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SN5474, SN54L.S74A, SN54S74
SN7474. SN74LS74A, SN74S74
DUAL D-TYPE POSITIVE-EDGE-TRIGGERED FLIP-FLOPS WITH PRESET AND CLEAR

SDLS119 — DECEMBER 1983 — REVISED MARCH 1988

recommended operating conditions

SN54LS74A SN74LS74A aNiT
MIN NOM MAX | MIN NOM MAX
Vec  Supply voltage 45 5 55475 5§ 525 | v
Vi High-leve! input voltage 2 2 v
Vip Low-level input voltage 0.7 0.8 \4
10K High-level output current —04 -04 | mA
oL Low-level output current 4 8 mA
fclock  Clock frequency 0 25 0 25 | MHz
E CLK high 25 25
tw Pulse duration PAE or CLA low 25 25 ns
High-level data 20 20
By Setup time-before CLK t RSy —— 20 20 ns
th Hold time-data after CLK 1 5 5 ns
TA Operating free-air temperature —55 ©125 0 70 °C

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONODITIONST ST grEsLaIne UNIT
MIN TYP$ MAX [ MIN TYP MAX
Vik Vce =MIN, lj=—18mA -15 - 15 \
Vou Ve M yH JEIN LU ol ek a7 \ .4 v
1oy = —04 mA
oc ~¢P- AT M2 025 04 025 04
loL =4 mA
VoL Vee = MIN VIL=MAX, | Vig=2V ¥
. ¢ $ 035 05
oL =8 mA
D or CLK 0.1 0.1
h CLR orPRE | . LCC = MAX, " - 02 2] ™
hH DLCLK_ Vce = MAX Vi=27V " = KA
CLR or PRE 2 40 40
Dor CLK —04 —04
TR ZLR or PRE Vee = MAX, V=04V o8 T mA
10s§ Vce = MAX, See Note 4 —20 —100 | — 20 —100 | mA
Icc (Total) Vee = MAX, See Note 2 4 8 4 8 mA

-

For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.

1 All typical values are at Voo =5V, T4 = 25°C.

§ Not more than one output should be shorted at a time, and the gurnion of the short circuit should not exceed one second.

NOTE 2: With all outputs open, Icc is measured with the Q and Q outputs high in turn, At the time of measurement, the clock input is
grounded.

NOTE 4: For certain devices where state commutation can be caused by shorting an output to ground, an equivalent test may be parformed

with Vo = 2,25 V and 2.125 V for the 54 family and the 74 family, respectively, with the minimum and maximum limits reduced to

one half of their stated values.

switching characteristics, Ve =5 V, Ta =25°C (see note 3)

F TO
PARAMETER i TEST CONDITIONS MIN TYP MAX | UNIT
(INPUT) (OUTPUT)
frnax 25 33 MHz
¢ T - RL=2kQ, CL=15pF - 13 25| s
PLH CLR, PRE or CLK QorQ L ot
tPHL 25 40 ns

Note 3: Load circuits and voltage waveforms are shown in Section 1.

{5‘ TeEXAS
INSTRUMENTS
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SN5474, SN54LST74A, SN54S74
SN7474. SN74LS74A, SN74S74

DUAL D-TYPE POSITIVE-EDGE-TRIGGERED FLIP-FLOPS WITH PRESET AND CLEAR

SDLS119 — DECEMBER 1983 — REVISED MARCH 1988

recommended operating conditions

SN54S74 SN74S74 N
MIN NOM MAX | MIN NOM MAX
Vce  Supply voltage 45 5 55 | 4.75 5 625 v
Vi High-level input voltage 2 2 \
ViL Low-evel input voltage 0.8 0.8 v
1oy High-level output current -1 -1 mA
1oL Low-level output current 20 20 mA
CLK high 6 6
tw  Pulse duration CLK low 7.3 7.3 ns
CLR or PRE low 7 7
4 High-level data 3 3
tsy  Setup time, before CLK t T 3 3 ns
th input hold time - data after CLK t 2 2 ns
TA  Operating free-air temperature —55 125 0 70 °c

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)

SN54S74 SN74S74
PARAMETER TEST CONDITIONS T MIN. TveE Max | v Tvet max] UMT
Vik Vee = MIN, | =— 18 mA, -1.2 -1.2 v
Vou Yof - MIN__ j PR S | TS 05 25 34 D, N v
IoH=—1mA
VoL Ve = MIN, Vig=2V, ViL=08V, 1 ob "
loL=20mA
i Vce = MAX, V=55V 1 1 mA
D 50 50
iy CLR Voo =MAX, Vy=27V 150 150 | ©A
PRE or CLK 100 100
D 2 -2
e :—;2: Voc =MAX, V=05V _3 _j mA
CLK —4 —4
10s§ Vee = MAX —40 -100 | —40 —100 | mA
Icc Vee = MAX, See Note 2 B 25 15 25 [ mA

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.

*All typical values are at Vece = 5 V. Ta = 25°C.

SNot more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second.

1Clear is tested with preset high and preset is tested with clear high.
"Average per flip-flop.

NOTE 2: With all outputs open, Icc is measured with the Q and (o} outputs high in turn. At the time of measurement, the clock input is

grounded.

switching characteristics, Vcc = 5 V, TA = 25°C (see note 3)

PARAMETER s L TEST CONDITIONS MIN TYP MAX | UNIT
(INPUT) (OUTPUT)
fmax 75 110 MHz
tPPLH PRE or CLR QorQ 4 6 ns
PRE or CLR (CLK high) = 9 135
t —_— QorQ RL = 280 0, CL=15pF ns
FHL PRE or CLR (CLK fow) : L N 5 8
t k3 6 9 ns
PLH CLK QorQ = 5
tPHL ns

NOTE 3: Load circuits and voltage waveforms are shown in Section 1.

Q‘ TEXAS
INSTRUMENTS
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IMPORTANT NOTICE

Texas Instruments and its subsidiaries (T1) reserve the right to make changes to their products or to discontinue
any product or service without notice, and advise customers to obtain the latest version of relevant information
to verify, before placing orders, that information being relied on is current and complete. All products are sold
subject to the terms and conditions of sale supplied at the time of order acknowledgement, including those
pertaining to warranty, patent infringement, and limitation of liability.

Tl warrants performance of its semiconductor products to the specifications applicable at the time of sale in

accordance with Tl

performed, except those mandated by government requirements.

CERTAIN APPLICATIONS USING SEMICONDUCTOR PRODUCTS MAY INVOLVE POTENTIAL RISKS OF
DEATH, PERSONAL INJURY, OR SEVERE PROPERTY OR ENVIRONMENTAL DAMAGE (“CRITICAL
APPLICATIONS”). TI SEMICONDUCTOR PRODUCTS ARE. NOT DESIGNED, AUTHORIZED, OR
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS. INCLUSION OF Tl PRODUCTS IN SUCH APPLICATIONS IS UNDERSTOOD TO
BE FULLY AT THE CUSTOMER'S RISK.

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

Tlassumes no liability for applications assistance or customer product design. Tl does not warrant or represent
thatany license, either express or implied, is granted under any patentright, copyright, mask work right, or other
intellectual property right of T| covering or relating to any combination, machine, or process in which such
semiconductor products or services might be or are used. TI's publication of information regarding any third
party’s products or services does not constitute TI's approval, warranty or endorsement thereof.

Copyright © 1999, Texas Instruments Incorporated
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DM74LS373/DM74LS374

Edge-Triggered Flip-Flops

General Description

These 8-bit registers feature totem-pole 3-STATE outputs
designed specifically for driving highly-capacitive or rela-
tively low-impedance loads. The high-impedance state and
increased high-logic level drive provide these registers with
the capability of being connected directly to and driving the
bus lines in a bus-organized system without need for inter-
face or pull-up components. They are particularly attractive
for implementing buffer registers, I/O ports, bidirectional bus
drivers, and working registers.

The eight latches of the DM54/74LS373 are transparent
D-type latches meaning that while the enable (G) is high the
Q outputs will follow the data (D) inputs. When the enable is
taken low the output will be latched at the level of the data
that was set up.

The eight flip-flops of the DM54/74L.S374 are edge-triggered
D-type flip flops. On the positive transition of the clock, the Q
outputs will be set to the logic states that were set up at the
D inputs.

March 1998

3-STATE Octal D-Type Transparent Latches and

A buffered output control input can be used to place the eight
outputs in either a normal logic state (high or low logic levels)
or a high-impedance state. In the high-impedance state the
outputs neither load nor drive the bus lines significantly.

The output control does not affect the internal operation of
the latches or flip-flops. That is, the old data can be retained
or new data can be entered even while the outputs are off.

Features

® Choice of 8 latches or 8 D-type flip-fiops in a single
package

® 3-STATE bus-driving outputs

= Full parallel-access for loading

m Buffered control inputs

® P-N-P inputs reduce D-C loading on data lines

Connection Diagrams

Dual-In-Line Packages

See Package Number

’LS373
ENABLE
Vec 8 8 7 70 60 5D sq G
|20 |1o |18 ln |16 [1s ] |1a |12 11
9 b D 0 CR) I:,g )
« s S o P15 e
T T T
S D a a o D a
oe & S oe oe & S oe
T T
S = = b5 e
l1 Iz la |4 ls ls |7 Ia ls l1o
OUTPUT 10 i 20 20 3 3D 4 4 oND
CONTROL
DS006431-1

Order Number DM54L.S373J, DMS54LS373W, DM74LS373N or DM74LS373WM

J20A, M20B, N20A or W20A

© 1998 Fairchild Semiconductor Corporation DS006431

www.fairchildsemi.com
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Connection Diagrams (Continued)

Function Tables

DM54/74LS373
Output Enable D Output
Control G
L H H H
L H L L
L L X Q,
H X X /4

H = High Level (Steady State), L = Low Level (Steady State), X = Don't Care
T = Transition from low-to-high level, Z = High Impedance State
Qp = The level of the output before steady-state input conditions were estab-

lished.
DM54/74L.S374
Output Clock D Output
Control
L ) H H
L ) i L
L L X Q,
H X X V4

'LS374
Ve 8 8D ) 70 eQ 6D sD 50 CcLOCK
lzo I!s |18 |17 |1s |1s lu |13 |12 11
a_ o D_a a_o» D__Q
CcK CK CK > CK
oE OE oE oE
T T |
a_ o D_a a_o D_a
oK oK oK b Tk
OE OE ,_ oF OE
T I
i R L T ==
|1 Iz Is |4 Is Is |7 Ia le |1o
OUTPUT 10 10 20.\\20|///30/ 3. 4. s ‘enp
CONTROL
DS006431-2

Order Number DM54L.S374J, DM54LS374W, DM74LS374WM or DM74LS374N
See Package Number J20A, M20B, N20A or W20A

www.fairchildsemi.com 2




Logic Diagrams

3)

m—

4)
20 (4)

7
a0 =)

DM54/74LS334
Transparent Latches

outPuT __(1) » i
CONTROL

(8)

13]
50 (13)

14
6014

70 a7

(18)

ENABLE (“)D
G

]
G
= 2,
a 2
D 4
— G
5 [1 0
D
G (6)
Q 3Q
o
G
= 9]
a © 4
= _
—| G
== 12,
D ¢
—Ol G
‘¢ E (15)
a 60
D ¢
& (16)
Q 70
A |
i R g (19)
Qj 8aQ

DS006431-3

DM54/74L.S374
Positive-Edge-Triggered Flip-Flops

ouTPUT _(1) i
CONTROL ‘(D__

(3)

10 —8 —p
b o

=

Q
4
20 o o
CcK
aQ
7.
30 a) 1]
p—Op> CK
Q
8,
40 L D
—OD> CK
Q
13]
S0 2 D
—Op> CK
aQ
14
60 4 D
—COD CK
aQ
17|
70 AE7)
1
8D o) D

cLock Q-DOJ

1_ 6Q
D r
—aD> CK
- (16)
Q 7Q
J— 8Q

4Q

(12)

(15)

(19)

DS0064314.

www.fairchildsemi.com



Absolute Maximum Ratings (ote 1)

Operating Free Air Temperature Range

Supply Voltage v DMS54LS —55'? to +125:C

lnp‘; ‘t’ i’/o“ageg hig DM74LS 0°C to +70°C

Storage Temperature Range -65°C to +150°C

Recommended Operating Conditions

Symbol Parameter DM54LS373 DM74LS373 Units

Min Nom Max Min Nom Max
Vee Supply Voltage 4.5 5 5.5 4.75 5 5.25 \%
Viy High Level Input Votage 2 2 \"
Vi Low Level Input Voltage 0.7 0.8 \
lon High Level Output Current ~1 -2.6 mA
lou Low Level Output Current 12 24 mA
tw Pulse Width Enable High 15 15 ns
(Note 3) Enable Low 15 15

tsu Data Setup Time (Notes 2, 3) 5l 5l ns
tn Data Hold Time (Notes 2, 3) 20l 201 ns
Ta Free Air Operating Temperature =55 125 0 70 ‘C

Note 1: The "Absolute Maximum Ratings* are those values beyond which the safety of the device cannot be guaranteed. The device should not be operated at these

limits. The parametric values defined in the “Electrical Ch ics® table are not d at the ratings. The "R Op g
Conditions" table will define the conditions for actual device operation.
Note 2: The symbol ({) indicates the falling edge of the clock pulse is used for reference.
Note 3: To = 25°C and Ve = 5V.
"LS373 Electrical Characteristics
over recommended operating free air temperature range (unless otherwise noted)
Symbol Parameter Conditions Min Typ Max Units
(Note 4)
V, Input Clamp Voltage Vee = Min, |, = -18 mA -5 \%
Vou High Level Output Voltage Vee = Min DM54 24 3.4
lon = Max v
VL = Max DM74 24 3.1°
Vig = Min
VoL Low Level Output Voltage Vee = Min DM54 0.25 0.4
lor = Max
Vi = Max DM74 0.35 0.5 \"
Viy = Min
lo. = 12 mA DM74 0.4
Vee = Min
Iy Input Current @ Max Vee = Max, V, = 7v 0.1 mA
Input Voltage
™ High Level Input Current Vee = Max, V, = 2.7V 20 A
e Low Level Input Current Vee = Max, V, = 0.4V -0.4 mA
lozn Off-State Output Current Vee = Max, Vg = 2.7V
with High Level Output Vin = Min, V| = Max 20 HA
Voltage Applied
loz Off-State Output Current Vee = Max, Vg = 0.4V
with Low Level Output Vin = Min, V,_ = Max -20 A
Voltage Applied
los Short Circuit Vee = Max DM54 -20 -100 mA
Output Current (Note 5) DM74 -50 -225

www.fairchildsemi.com




'LS373 Electrical Characteristics (Continued)

over recommended operating free air temperature range (unless otherwise noted)

Symbol Parameter ' Conditions Min Typ Max Units
’ I (Note 4) I
lee Supply Current Vee = Max, OC = 4.5V, 24 40 mA
I D, Enable = GND ’ I
'LS373 Switching Characteristics
at Ve = 5V and Ta =25C
’ From R_ = 667Q
Symbol Parameter (Input) C_ = 45pF C. = 150 pF Units
To Min Max Min Max
(Output)
torn Propagation Delay Data
Time Low to High to 18 26 ns
Level Output Q
ten Propagation Delay Data
Time High to Low to 18 27 ns
Level Output Q
torn Propagation Delay Enable
Time Low to High to 30 38 ns
_‘ Level Output Q
torL Propagation Delay Enable
Time High to Low to 30 36 ns
Level Output Q
tezy Output Enable Qutput
Time to High Control 28 36 ns
Level Output to Any Q
tez Output Enable Output
I Time to Low Control 36 50 ns
Level Output to Any Q
toz Output Disable Qutput
Time from High Control 20 ns
Level Output (Note 6) to Any Q
to > Output Disable Output
Time from Low Control 25 ns
Level Output (Note 6) to Any Q
Note 4: All typicals are at Vee = 5V, Tp = 25°C.
Note 5: Not more than one output should be shorted ata time, and the duration should not exceed one second,
Note6: C =5 pF.
Recommended Operating Conditions
Symbol Parameter DM54LS374 DM74LS374 Units
Min Nom Max Min Nom Max
Supply Voltage | 45 | s 55 | 475 [ s 5.25 v
High Level Input Voltage 2 , , 2 \
V. Low Level Input Voltage | 0.7 0.8 v
lon High Level Output Current , -1 -2.6 mA
lo Low Level Output Current 12 24 mA
5 www.fairchildsemi.com




Recommended Operating Conditions (Continued)

Symbol Parameter DM54LS374 DM74LS374 Units
Min Nom Max Min Nom Max
tw Pulse Width Clock High 15 15 ns
(Note 8) Clock Low 15 15
tsu Data Setup Time (Notes 7, 8) 20T 20T ns
ty Data Hold Time (Notes 7, 8) 17T 17 ns
Ta Free Air Operating Temperature -55 125 0 70 ‘C
Note 7: The symbol (1) indicates the fising edge of the clock pulse is used for reference.
Note 8: Tp = 25°C and V¢ = 5V.
’LS374 Electrical Characteristics
over recommended operating free air temperature range (unless otherwise noted)
Symbol Parameter Conditions Min Typ Max Units
(Note 9)
V, Input Clamp Voltage Vee = Min, [, = -18 mA =1.5 \'4
Vo High Level Output Voltage Vee = Min DM54 24 3.4
lon = Max DM74 24 3.1 v
Vi = Max
Viy = Min
Voo Low Level Output Voltage Vce = Min DM54 0.25 04
lop = Max DM74 0.35 0.5
ViL = Max \"
Vin = Min
log =12 mA DM74 0.25 04
Vee = Min
I Input Current @ Max Vee = Max, V, = 7v 0.1 mA
Input Voltage
[ High Level Input Current Vec = Max, V, = 2.7v 20 HA
e Low Level Input Current Vee = Max, V, = 0.4V -0.4 mA
lozy Off-State Output Vee = Max, Vg = 2.7V
Current with High Vin = Min, V. = Max 20 HA
Level Output
Voltage Applied
loz Off-State Output Vee = Max, Vg = 0.4V
Current with Low Vin = Min, V. = Max -20 HA
Level Output
Voltage Applied
los Short Circuit Vec = Max DM54 -50 -225 mA
Output Current (Note 10) DM74 =50 =225
lec Supply Current Vee = Max, D, = 27 45 mA
GND, OC = 4.5V
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"LS374 Switchin

g Characteristics

at Vee = 5V and Ta=25C
R_ = 667Q
Symbol Parameter C_=45pF C. = 150 pF Units
Min Max Min Max

fumax Maximum Clock Frequency 35 20 MHz

toLn Propagation Delay Time 28 32 ns
Low to High Level Output

tonL Propagation Delay Time 28 38 ns
High to Low Level Output

tozn Output Enable Time 28 44 ns
to High Level Output

toz Output Enable Time 28 44 ns
to Low Level Output

torz Output Disable Time 20 ns
from High Level Output (Note 11)

to > Output Disable Time 25 ns
from Low Level Output (Note 11)

Note 9: Al typicals are atVeg = 5V, Ty = 257C,

Note 10: Not more than one ouf

Note11: C_ =5 pF.

tput should be shorted at atime, and the duration should not exceed one second,
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0.290-0.320

T366-8.128)
1

85°£5°

0180 _
(4512)
MAX

| _o3t0-oa0 |

(787a—10.41)

0.291-0.289
{7.391-7.59)

0.010-0.029 _,_,
{o.254—0.77) **° *

Physical Dimensions inches (millimeters) unless otherwise noted

0.985
{z5.019)

0.025

W\ |6 @] F 6 ER

0.220-0.310
(5.508—7.874)

0.005-0.020
(0.127-0.508)
RAD

OT Tl T LT TsT Ted Lo Lo [o] 1d

v
o] | D0320.005
{0.94020.121)
0.005 0.055.£0.005
I e {139720.127) ™ 0.020-0.080
6LASS sznuur\ l MIN {0.508—1.524)
(L] ] 0.200
(5.080)
MAX
E A
e 0.150
Py Lo (@e0) 0.125-0.200
s MIN  (@.175-5.080)
0060 o000
(1.524) (0.457% 0.076)
MAX
BOTH ENOS 0.100£0.010
2si0z025)
J20A (REV M)

20-Lead Ceramic Dual-in-Line Package (J)
Order Number DM54LS373J or DM54LS374J
Package Number J20A

0.496 -
{12.588~

0.512
13.005)

0.334-0.419
(10.008 —10.643)

30° TYP

LEADNO.1_]

I1DENT

0.010 MAX
{0.254)

0.004 -0.012

0093 -0.104
(2.362 -2.642)
8° MAX TYP
ALL LEADS

{0.102-0.305)

I

o~

0.009-0.013 &
(0.229-0.330) ALL LEAD TIPS
TYP AL LEADS

)

0.014
0.016-0.050 0.35] e— 2080
~{0.406-1.270) 3% (1.21m)
TYP ALL LEADS i)

20-Lead Wide Small Outline Molded Package (M)
Order Number DM74LS373WM or DM74LS374WM
Package Number M20B

SEATING

PLANE

0.014-0.020 1yp

— fa—
0.008 1yp
(0.203)

(0.356 -0.508)

1208 (REV F)
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

1.013-1.040
i %o 2573-26.2)
e 012 "\ | (] [®] (7] (%] (] (7] (] (] (0 s
MAX DP \_T s13z0127) [z2] [
N RAD
PIN NO. .260 10
HBENIS PIN NO. 1 IDENT
0.280 \o
g opTIONT | -
MIN
0.300-0.320 al OPTION2
{7.620-8.128)
0.060 NOM 0040,y OPTION2 0.130 0.005
0065 (1524 r {1.016) 4°(4x) @30 0337 |
(7T L LALs L
I \ 0.145-0200
1 t | s
95%5° 0.009-0.015 90°:0.004° i l
" oz29-038m = ‘ 0.020
[ e 0.100£0.010 __| l__ 0.125-0.140  (0.508)
0.060£0.005 500250 0.018+0.003 BaTs 356, MIN
" s 10040 (1.52420.21) {0.25720076)
-0015
1016
(uss ey m)
N20A (REV G}
20-Lead Molded Dual-In-Line Package (N)
Order Number DM74LS373N and DM74LS374N
Package Number N20A
0.090 [e——— 0.540 MAX ——>
0.060 B
0.040
Gy 0.050 £0.005 = —{ <= 0.005 MIN TYP
9:030 WP fa0 »
TP t
0.370
0.250 =
1 0.285 MAX ) 0.270
H GLASS 0.260
l L] 0.012
L1 —[I 0.008
1
H DETAIL A
| 0.370
DETAIL A | 0.250
PIN #1 |
0.006 _ || L ] L_ 19
0.004 0.019 qyp 0.045 MAX [
TYP 0.015 TYP W20A (REV E)

20-Lead Ceramic Flat Package (W)
Order Number DM54LS373W or DM54LS374W

Package Number W20A
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Flip-Flops

DM74LS373/DM74LS374 3-STATE Octal D-Type Transparent Latches and Edge-Triggered

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DE-
VICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD SEMI-
CONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or sys- 2. A critical component in any component of a life support
tems which, (a) are intended for surgicalimplant into device or system whose failure to perform can be rea-
the body, or (b) support or sustain life, and (c) whose sonably expected to cause the failure of the life support
failure to perform when properly used in accordance device or system, or to affect its safety or effectiveness.

with instructions for use provided in the labeling, can
be reasonably expected to result in a significant injury

to the user.
Falrchild Semiconductor Falrchild Semiconductor Falrchild Semiconductor National Semiconductor
Corporation Europe Hong Kong Ltd. Japan Ltd.
Americas Fax: +49 (0) 1 80-530 85 86 13th Floor, Straight Block, Tel: 81-3-5620-6175
Customer Response Center Email: europe.support@nsc.com Ocean Centre, 5 Canton Rd. Fax: 81-3-5620-6179
Tel: 1-888-522-5372 Deutsch Tel: +49 (0) 8 141-35-0 Tsimshatsui, Kowloon
English Tel: +44 (0) 1 793-85-68-56 Hong Kong
Italy Tel: +39 (0) 2 57 5631 Tel: +852 2737-7200

www.fairchildsemi.com Fax: +852 2314-0061

Fairchild does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and Fairchild reserves the right at any time without notice to change said circuitry and specifications.
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GUARANTEED OPERATING RANGES

SN54/74L.S04

HEX INVERTER
LOW POWER SCHOTTKY

- J SUFFIX
R CERAMIC
) CASE 632-08
14
1
I sureix
]' PLASTIC
= CASE 646-06
3

(& D SUFFIX
™ solc
1

CASE 751A-02

ORDERING INFORMATION

SN54LSXXJ Ceramic
SN74LSXXN  Plastic
SN74LSXXD  SOIC

Symbol Parameter Min Typ Max Unit

Vce Supply Voltage 54 45 5.0 55 \Y
74 4.75 5.0 5.25

TA Operating Ambient Temperature Range 54 -55 25 125 °C
74 0 25 70

loH Output Current — High 54,74 -0.4 mA

loL Output Current — Low 54 40 mA
74 8.0

FAST AND LS TTL DATA

5-1




SN54/74LS04

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

Limits

Symbol Parameter Min Typ Max Unit Test Conditions
ViH Input HIGH Voltage 20 v z‘l’fn’;:::ed lnpuEtIGEL Yottagesior

54 0.7
ViL Input LOW Voltage — — v /G\l:j?r:;ayﬂged Input LOW Voltage for
VIK Input Clamp Diode Voltage -0.65| -1.5 \ Vce =MIN, IN=-18 mA

54 25 3.5 \ = = =
VoH Output HIGH Voltage A 38 [T - Zrc\ﬁL p“g:%?hHTab“ﬁan’ VIN=ViH

54,74 025 | 04 v loL=4.0mA Vce =Vec MIN,

VoL Output LOW Voltage VIN=VjLorViH

74 0.35 0.5 Vv loL=8.0mA per Truth Table
IIH Input HIGH Current 2 i NEORVAX, Vig = 2.7 ¥

0.1 mA Vcc=MAX, VIN=T7.0V
L Input LOW Current -0.4 mA Vec =MAX, VIN=04V
los Short Circuit Current (Note 1) -20 —100 mA Ve = MAX
Power Supply Current
Icc Total, Output HIGH 24 mA - | Voe =MAX
Total, Output LOW 6.6
Note 1: Not more than one output should be shorted at a time, nor for more than 1 second.
AC CHARACTERISTICS (Ta =25°C)
Limits

Symbol Parameter Min Typ Max Unit Test Conditions
tPLH Turn-Off Delay, Input to Output 9.0 15 ns Vece=50V
tPHL Turn-On Delay, Input to Output 10 15 ns CL=15pF

FAST AND LS TTL DATA
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@ MOTOROLA

QUAD 2-INPUT AND GATE

GUARANTEED OPERATING RANGES

SN54/74L.S08

QUAD 2-INPUT AND GATE
LOW POWER SCHOTTKY

= J SUFFIX
N CERAMIC
) CASE 632-08
14
1
( N SUFFIX
PLASTIC
CASE 646-06
1

/ D SUFFIX
4\@% solc
1

CASE 751A-02

ORDERING INFORMATION

SN54LSXXJ Ceramic
SN74LSXXN  Plastic
SN74LSXXD SOIC

Symbol Parameter Min Typ Max Unit

Vce Supply Voltage 54 45 5.0 55 \
74 4.75 5.0 5.25

TA Operating Ambient Temperature Range 54 -55 25 125 °C
74 0 25 70

loH Output Current — High 54,74 -0.4 mA

loL Output Current — Low 54 4.0 mA
74 8.0

FAST AND LS TTL DATA




SN54/74L.S08

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

Limits
Symbol Parameter Min Typ Max Unit Test Conditions
il Input HIGH Voltage 20 v f;f;;ﬂ::ed Input HISH Yoltage: foc
54 0.7 Guaranteed Input LOW Voltage for
t LOW Volt
ViL Inpu Voltage 7 ol \% All Inputs
VIK Input Clamp Diode Voltage -065| -1.5 \ Ve =MIN, I|N=-18 mA
54 25 35 \ Vee = MIN, ol = MAX, ViN =V
cC » IOH » VIN= VIH
Vi Output HIGH Voltage
OH P oltag 74 27 35 v or Vj_ per Truth Table
54, 74 0.25 | 0.4 \% loL=4.0mA Vce =Vec MIN,
VoL Output LOW Voltage VIN=ViLorViH
74 0.35 0.5 A loL=8.0mA per Truth Table
20 pA Vece =MAX, VIN=2T7V
IIH Input HIGH Current e N
0.1 mA Vce =MAX,VIN=T7.0V
i Input LOW Current -04 mA Vce =MAX,ViN=0.4V
los Short Circuit Current (Note 1) -20 -100 mA Vce=MAX
Power Supply Current
Icc Total, Output HIGH 4.8 mA Ve = MAX
Total, Output LOW 8.8
Note 1: Not more than one output should be shorted at a time, nor for more than 1 second.
AC CHARACTERISTICS (Ta = 25°C)
Limits
Symbol Parameter Min Typ Max Unit Test Conditions
tPLH Turn-Off Delay, Input to Output 8.0 15 ns Veg =50V
tPHL Turn-On Delay, Input to Output 10 20 ns CL=15pF

FAST AND LS TTL DATA
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SN55115, SN7511%
DUAL DIFFERENTIAL RECEIVERS

SLLS072D — SEPTEMBER 1973 —- REVISED MAY 1998

® Choice of Open-Collector or Active Pullup SN55115. .. J OR W PACKAGE
(Totem-Pole) Outputs SN7511(_5r6i, '\’/":x?KAGE
® Single 5-V Supply W
@ Differential Line Operation 1vs[] 1 16[] Voo
® Dual-Channel Operation 1YP [} 2 15[] 2Ys
® TTL Compatible 1sTRB[|3  14fl2vP
1RTC[|4  13[] 2STRB
® +15-V Common-Mode Input Voltage Range 1B0s 12[] 2rRTC
® Optional-Use Built-In 130-Q Line- 1Rr[] 6 11]] 2B
Terminating Resistor a7 10[] 2Ry
® |Individual Frequency-Response Controls GND [} 8 9] 2A
® Individual Channel Strobes
® Designed for Use With SN55113, SN75113, SN55114 . . . FK PACKAGE
SN55114, and SN75114 Drivers (TOP VIEW)
® Designed to Be Interchangeable With L0 8 o
National DS9615 Line Receivers T Z> N
/ IS 1]
description 1sTRB [J4°> 2 2 Ve 2vP
The SN55115 and SN75115 dual differential line e % Q EE el
receivers are designed to sense small differential i & i 2rrc
signals in the presence of large common-mode . 1 \ 2B
noise. These devices give TTL-compatible output T8 910 11 12 1;;4
signals as a function of the differential input o | e o o

voltage. The open-collector output configuration
permits the wire-ANDing of similar TTL outputs
(such as  SN5401/SN7401)  or - other
SN55115/SN75115 line receivers. This permits a
level of logic to be implemented without extra
delay.

<0O0<L
rzz(\lg

NC — No internal connection

The output stages are similar to TTL totem-pole outputs, but with sink outputs, 1YS and 2YS, and the
corresponding active pullup terminals, 1YP.and 2YP, available on adjacent package pins. The frequency
response and noise immunity may be provided by a single external capacitor. A strobe input is provided for each
channel. With the strobe in the low level, the receiver is disabled and the outputs are forced to a high level.

The SN55115 is characterized for operation over the full military temperature range of —55°C to 125°C. The
SN75115 is characterized for operation from 0°C to 70°C.

FUNCTION TABLE
OUTPUT
R e e
TOGETHER)
L X H
H L H
H H 1

H= V>V |y min or V|p more positive than VT 4+ max
L=V <V maxorV|p more negative thanVT_ max

X = irrelevant

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

Copyright © 1998, Texas Instruments Incorporated

PRODUCTION DATA information is current as of Tpubﬁcalion date.
Products conform to specifications per the terms of Texas Instruments
duction p ing does not ily include

9

y. P
testing of all parameters.
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SN55115, SN75115

DUAL DIFFERENTIAL RECEIVERS

SLLS072D - SEPTEMBER 1973 — REVISED MAY 19!

98

logic symbolt

1B

1A
1RT
1STRB
1RTC
2B

2A
2RT
2STRB
2RTC

S |4 &>

_7____l>:| ko3 >.___2 1YP
6

— Rt

el obh 1 4ys
4

——{RsP

1

i 00 4 v
10

13 L
12

e

T This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12.

logic diagram (positive logic)

5
§By——=4¢

1A

o

6
1RTC

1STRB

11
28— —1

2A
10

2RT 'T 2 VWW—
2RTC

aps

2STRB

2 1YP (Pullup)
1 4vs (Sink)

14 2vp (Pullup)
15 2vs (Sink)

‘{';‘ TEXAS

INSTRUMENTS

POST.OFFICE BOX 655303 ® DALLAS, TEXAS 75265



SN55115, SN75115
DUAL DIFFERENTIAL RECEIVERS

SLLS072D — SEPTEMBER 1973 — REVISED MAY 1998

schematic (each receiver)

Response
Time
RT Strobe  Control
6,10 ) 412 16
Vee
T ¥ DINVAR TR
ks, ,{
(ol
>
1.5k $1.64k 164k $ 130 26k
1pF 1pF 26k
l—H_l 0_%—' 500 500 L
20
mpnes N . Yy ¥ 2,14 Pullup
8k L\—u—/"{ 8k -
v 7k ’—[, 5k
7% ']j [ % 5 — h
Input 5.11 N
B 1,15 Sink
" K Output
$130 150 {4 YS
150 150 15k % W 8
/7T7 T GND

Common to
Both Receivers

Resistor values are nominal and in ohms.
Pin numbers shown are for the J, N, and W packages.

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

Supply voltage, Vo (S8 NOte 1) ... it i e 7V
Input voltage V| (A, B, @and RT) ..t oauun it et i i e 25V
Input voltage V| (STRB) . .t cui ot it et e e e it ettt 55V

14V

Off-state voltage applied to open-collector outputs
Continuous total power dissipation
Storage temperature range, Tgig

See Dissipation Rating Table
—65°C to 150°C

Case temperature for 60 seconds: FK'package ........ ... ..ol i, 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J or W package ................ 300°C
..................... 260°C

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package

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, except differential input voltage, are with respect to network ground terminal.

“'f TEXAS
INSTRUMENTS

POST, OFFICE BOX 655303 ® DALLAS, TEXAS 75265 3



SN55115, SN75115
DUAL DIFFERENTIAL RECEIVERS

SLLS072D — SEPTEMBER 1973 — REVISED MAY 1998

DISSIPATION RATING TABLE

PACKAGE Ta £25°C DERATING FACTOR TA=70°C Ta =125°C
POWER RATING ABOVE Tp =25°C POWERRATING POWER RATING
FKT 1375 mW 11.0 mW/°C 880 mW 275 mW
JT 1375 mW 11.0 mW/°C 880 mW 275 mW
N 1150 mW 9.2 mW/°C 736 mW —
wt 1000 mW 8.0 mW/°C 640 mwW 200 mW

Tin the FK, J, and W packages, SN55115 chips are either silver glass or alloy mounted. SN75115 chips are
glass mounted.

recommended operating conditions

SN55115 SN75115 UNIT
MIN  NOM MAX| MIN NOM MAX
Supply voltage, Vcc 4.5 5 55| 4.75 5 525 \%
High-level input voltage at STRB, V|4 24 24 \Y
Low-level input voltage at STRB, V) 0.4 04 \%
High-level output current, IoH =5 -5 mA
Low-level output current, oL 15 151 mA
Operatiné free-air temperature, Tp -55 125 0 70 °C

“.’? TEXAS
INSTRUMENTS

4 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



SN55115, SN75115
DUAL DIFFERENTIAL RECEIVERS

SLLS072D - SEPTEMBER 1973 — REVISED MAY 1998

electrical characteristics over recommended operating free-air temperature range (unless

otherwise noted)

SN55115 SN75115
PARAMETER TEST CONDITIONST UNIT
MIN TYPf MAX| MIN TYPF MAX
Positive-goin
Virad ity i olgge Vo=04V, loL=15mA, Vic=0 500 500| mv
Negative-goin
V|T_§ th rgshol d-?/ ollagge Vo=24YV, loH=-5mA, V|c=0 -5001 -5001 mV
= +15 +24 +15  +24
VIcR .C°mtm°|" e Vip=#1V o to o to v
input voltage range —-15 —19 -15 -19
Ta=MIN 22 24
High-level ouput Vce =MIN, Vip=-0.5V, 5
VOH Voﬁage P | oCHC= diy 1D TaA=25C| 24 34 24 34 Vv
Ta = MAX 24 24
Low-level output Vce = MIN, Vip=-0.5V,
VOL  voltage P I&i 15, ID D2, 0.4 022 045 V
TA=MIN -0.9 -0.9
Low-level input Vce = MAX, V=04V, 328 e e = 7
L current Other input at 5.5 V Ll e 0.1 05 00| ma
T = MAX -0.7 -0.7
I High-level strobe Ve = MIN, Vip=-05V, |TA=25°C 2 5 o
o current Vstrobe = 4.5V Ta = MAX 5 10
Low-level strobe Vee = MAX, Vip=0.5V, 3
I i Vgrcobe i ID TA=25°C 1145 -24 ~1.15 -24| mA
Response-time- Vee = MAX, Vip=05V, ).
(RTC)  control current Vgg =0 ¢ e € (D) {41 Y A
Vce = MIN, VoH =12V, |TA=25°C 100
SHE Vip =45V Ta = MAX 200
lo(off)  open-collector = HA
output current Vce=MiN, VoH =525V, | TA=25°C 100
Vip=-4.75V Ta = MAX 200
R neleminaliN et Taz2seCll 7 7 180 Lfer | 24 [0 79| @
65 goid X\ VID==05Y lyaco5ec | —15  —40 80| —14/ —40 —100| mA
Supply current Vce =MAX, Vip=05V, o
lcc (bo':t‘: ?eceivers) V|C(>:C= 0 2 i Z3ele 72 R\ e P01 A

T Unless otherwise noted, Vgtrobe =2.4 V. All parameters with the exception of off-state open-collector output current are measured with the active

pullup connected to the sink output.
¥ Al typical values are at Voc =5V, Ta =25°C, and V| = 0.
§ Differential voltages are at the B input terminal with respect to the A input terminal.
1 The algebraic convention, in which the less positive (more negative) limit is designated as minimum, is used in this data sheet for threshold

voltages only.

#Only one output should be shorted to ground at a time, and duration of the short circuit should not exceed one second.
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SN55115, SN75115
DUAL DIFFERENTIAL RECEIVERS

SLLS072D — SEPTEMBER 1973 — REVISED MAY 1998

switching characteristics, Vgg =5V, C = 30 pF, Tp = 25°C

SN55115 SN75115
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX| MIN TYP MAX

Propagation delay time,

tPLH low-to-high level output R_.=3.9kQ, See Figure 1 18 50 18 75| ns
Propagation delay time, i :
tPHL high-to-low level output R_.=390Q See Figure 1 20 50 20 75 ns

PARAMETER MEASUREMENT INFORMATION

Open 24V
tnput———  —| BT — ——| ST <5ns =4 l— —» l—<5ns
& 5 . — ——— 3 v
o | : { Differential | 90% 90%
ulse Bl | 4 lnput l£ov ovyY]
Generator i 10% 10%
(see Note A) | p— -3V
—H H——t —ﬂ H— t
lAL _J PHL PLH
e & i ; R 1 (see Note B)
= esponse — Outout
Time Control  ~ gy =y
Open L
TEST CIRCUIT VOLTAGE WAVEFORM

NOTES: A. The pulse generator has the following characteristics: Zg = 50 Q, PRR < 500 kHz, ty, < 100 ns, duty cycle = 50%.
B. CL includes probe and jig capacitance.

Figure 1. Test Circuit and Voltage Waveforms
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SN55115, SN75115
DUAL DIFFERENTIAL RECEIVERS

SLLS072D — SEPTEMBER 1973 — REVISED MAY 1998

TYPICAL CHARACTERISTICST

INPUT CURRENT
Vs
INPUT VOLTAGE
L S s s L
Vecc=5V
Input Not Under Test at 0 V /
4~ TA=25°C 4
; vl
E 2 /
1
g
5 0
(8]
5
g /
iy, //
—q //
6 /

-25 -20-15-10 -5 0 S5 10 15 20 25
V| = Input Voltage -V

Figure 2
OUTPUT VOLTAGE OUTPUT VOLTAGE
Vs vs
FREE-AIR TEMPERATURE COMMON-MODE INPUT VOLTAGE
T T 6 T T
Vcc =45V No Load
3.4 i i Tp =25°C
5
3.2] VoH (Vip =-0.5V, Ioy = -5 mA) 3 Vce =55V
>I Lt | > 1 T
o 2 LT\ (- Veg=5V
> f——i
% 2.4 £ Vec =45V
= 2 I
3 2 = 3
2 g i
o 16 3 p=-1v
1 1 2
§ 1.2 KS) I,
0.8 1
0.4— VIOL MP = 0-f|> Velgr =43 ma) Vip=1V
s T TR R . al ||
-75 -50 —-25 0 25 50 75 100 125 -25-20-15-10 -5 0 5 10 15 20 25
Ta — Free-Air Temperature - °C V|c — Common-Mode Input Voltage - V
Figure 3 Figure 4

1 Data for temperatures below 0°C and above 70°C and for supply voltages below 4.75 V and above 5.25 V are applicable to SN55115 circuits
only. These parameters were measured with the active pullup connected to the sink output.
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SN55115, SN75115
DUAL DIFFERENTIAL RECEIVERS

SLLS072D - SEPTEMBER 1973 — REVISED MAY 1998

VoH - High-Level Output Voltage - V

Vo — Output Voltage - V

TYPICAL CHARACTERISTICS

HIGH-LEVEL OUTPUT VOLTAGE

Vs

HIGH-LEVEL OUTPUT CURRENT

TA =25°C

T
Vip=-05V

Vec =565V
\ Veg =5V

\

—

Vec =45V

N\
\\\

-10 -20

-30 -40

loH — High-Level Output Current - mA
Figure 5

OUTPUT VOLTAGE

Vs

DIFFERENTIAL INPUT VOLTAGE

|
Vec=5V

Load =2kQto Vcc

TA= 125°cw

Ta =25°C —/ﬂ

Ta =-55°C

!

L

-0.1

0 0.1

V|p - Differential Input Voltage -V

Figure 7

0.2

VoL - Low-Level Output Voltge — V

Vo - Output Voltage = V

LOW-LEVEL OUTPUT VOLTAGE
Vs
LOW-LEVEL OUTPUT CURRENT

0.4 T
Vip=05V
Ta=25°C /
0.3 /’
Vcc =45V
/’cc =5.5V
0.2

/

e

7

0
0 5 10 15 20 25 30
loL— Low-Level Output Current —mA
Figure 6
OUTPUT VOLTAGE
VS
DIFFERENTIAL INPUT VOLTAGE
6 T
Vce = 5.|5 \'/
Vec=5V
> &
Vcc =45V
- i

Tp = 25°C
1 1

Load =2kQto Vcc u

y

0
-0.2 -0.15 -0.1 -0.05 0

05 0.1

0.15 0.2

V|p - Differential Input Voltage - V

Figure 8
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SN55115, SN75115
DUAL DIFFERENTIAL RECEIVERS

SLLS072D — SEPTEMBER 1973 — REVISED MAY 1998

TYPICAL CHARACTERISTICST

OUTPUT VOLTAGE OUTPUT VOLTAGE
vs vs
STROBE INPUT VOLTAGE STROBE INPUT VOLTAGE
6 T T 6 T T
No Load .
Vip=0.5V Vecc =5V
Ta = 25°C | No Load ]
5 > 5 Vip=0.5V
Vee=565V
> >
L 4 N Lo
o F—~— o
g ; g \i\ Ta=125°C
s BN S
5 3 \ \ 5 3 \
2 Vec=5 2
3 Ge 3 r/ Tp =-55°C
! 2 T Y/ e
>c> Vec =45V >o
— Ta =25°C
1 1 ”
0 0 1
0 05 1405 2-2J251178 Yl DAl Tz As\ 3 35 4
Vstrobe — Strobe Input Voltage - V Vstrobe — Strobe Input Voltage — V
Figure 9 Figure 10
SUPPLY CURRENT SUPPLY CURRENT
(BOTH RECEIVERS) (BOTH RECEIVERS)
vs vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
60 T 40
No Load
TA =25°C 35 —
50 —
<
€ T 30
I 40 B Input at Vg y. At
g Alnputat0Vv / § 25
5 5
o
> 30 -~ // =020
a o
g / g
"I’ 20 A B Inputat0 V "l’ 15
Alnput at Vge o
§ /y ° 10
Vece =55V
10
d 5 [ Blnputat5.5V
Alnputat0V
0 0 | |
0 1 2 3 4 5 6 7 8 -75 -50 -25 0 25 50 75 100 125
Vce - Supply Voltage -V TA — Free-Air Temperature — °C
Figure 11 Figure 12

1t Data for temperatures below 0°C and above 70°C and for supply voltages below 4.75 V and above 5.25 V are applicable to SN55115 circuits
only. These parameters were measured with the active pullup connected to the sink output.
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SN55115, SN75115
DUAL DIFFERENTIAL RECEIVERS

SLLS072D — SEPTEMBER 1973 — REVISED MAY 1998

TYPICAL CHARACTERISTICST
PROPAGATION DELAY TIMES MAXIMUM OPERATING FREQUENCY
Vs vs
FREE-AIR TEMPERATURE RESPONSE-TIME-CONTROL CAPACITANCE
30 T T 10M
VCC =5V E NS
See Figure 1
25 ,/ %. N
o 2 1M —=:
c o
é tpHL (R =390 Q)/ % ~
£ o / w N
c g
k) e & S
S 15 S S
o
5 7] Ry 2 10k - b
© 4 =3
g E =
& 5 q
o =
5 x s L Vecc =5V
.E Input: — 0.5-V to 0.5-V Square Wave
T 25C '] BRI I ENEET]
. N
-75 -50 -25 0 25 50 75 100 125 0.001 0.01 0.1 1 10
Ta — Free-Air Temperature — °C Response-Time-Control Capacitance — puF
Figure 13 Figure 14

1 Data for temperatures below 0°C and above 70°C and for supply voltages below 4.75 V and above 5.25 V are applicable to SN55115 circuits
only. These parameters were measured with the active pullup connected to the sink output.

APPLICATION INFORMATION

Location 3 Location 5

: e T— X
.
I Zo¥
| ® P S|
Location 1 _L-;-'—- -:_O._V_‘ S _': = :O__%_l Location 6
H_ b |_p—d7
Location 2 Twisted Location 4

*; SN75113 Driver
j>— SN75115 Receiver

15Zo = RT. A capacitor may be connected in series with Zg to reduce power dissipation.

Figure 15. Basic Party-Line or Data-Bus Differential Data Transmission

“’f TEXAS
INSTRUMENTS

10 POST OFFICE BOX 655303|@ DALLAS|TEXAS 75265




IMPORTANT NOTICE

Texas Instruments and its subsidiaries (T1) reserve the right to make changes to their products or to discontinue
any product or service without notice, and advise customers to obtain the latest version of relevant information
to verify, before placing orders, that information being relied on is current and complete. All products are sold
subject to the terms and conditions of sale supplied at the time of order acknowledgement, including those
pertaining to warranty, patent infringement, and limitation of liability.

TI warrants performance of its semiconductor products to the specifications applicable at the time of sale in
accordance with Tl's standard warranty. Testing and other quality control techniques are utilized to the extent
TI 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 SEMICONDUGTOR PRODUCTS MAY INVOLVE POTENTIAL RISKS OF
DEATH, PERSONAL INJURY, OR SEVERE PROPERTY OR ENVIRONMENTAL DAMAGE (“CRITICAL
APPLICATIONS”). TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, AUTHORIZED, OR
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS. INCLUSION OF Ti PRODUCTS IN SUCHAPPLICATIONS IS UNDERSTOOD TO
BE FULLY AT THE CUSTOMER'S RISK.

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

Tl assumes no liability for applications assistance or customer product design. Tl does not warrant or represent
that any license, either express orimplied, is granted underany 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 or services might be or are used. Tl's publication of information regarding any third
party’s products or services does not constitute Tl's approval, warranty or endorsement thereof.

Copyright © 1998, Texas Instruments Incorporated
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