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Abstract

This thesis is a creation of PLC 8 inputs 8 outputs and 8 timers/counters. It uses

microcontroller MCS-51 number 8032 as CPU. It has 20 buttons keyboard for using program. It
has LCD module for watching programs. LCD module has backlight for watching programs in
dark place. Keybroad is used bullene language for programming. Inputs and outputs can be used
with under 35 volts output devices. Microcontroller use assembly language to write program for
controlling in accordance with programs that are written with keyboard and for sending control

signal to input and output to control output devices.
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Y11-5 (row) seithunlunisdesufuaindatia SPST dwdonuy wasnfua 8,9,11 uag 12
Tagy 1-5 ui) Wudnuazvoand (row)

U1 6 (osil) Li'ﬂumﬁ‘la’f‘lumii"uﬁtynpmu1ﬁmmnmauaﬂ TaoTunmsldamezldenug (o)
munrudoya ( data sheet ) dionsnsininsesealaovaceludnuay (NC) 20958 amsalden s
Y1 7(cap) L?Jumﬁi%'ssiaﬁuﬁmﬁuﬂﬁz@muuamﬁei%’\nuN11sﬂmﬁ'uﬂmﬁ’wawﬁﬁﬁuﬁﬁmﬂ
1u¢h"la€fﬂﬂamﬂ%am”la%sﬁ'awiaﬁanﬁuﬂizqﬁm15&ﬁan1si%’a1u1ana
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Y110 (gnd) VINTNIE

13 Lﬂumgmmannwzﬁaﬁmsnﬂﬁ?mﬁﬁﬂﬂﬁ'wﬂﬂﬁ?mﬁfﬁm1ﬁyﬂ~ﬁﬁma 9 (High)
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ponflan19zi1 (Low ) Wenuanasdeasns1ng Tumsldemilnd

1 1519 szifuviedine 4 Safudaygagmaes (Binry) 00000-100118 52y, 20 Fayayras
W3 20 uifuies
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Switch 0 1 2 3 4 5 6 7 8 9
Position |Y1,X1 Y1,X2 Y1,X3 Y1,X4 Y2,X1 Y2,X2 Y2,X3 Y2,X4 Y3,X1 Y3,X2

D

c O » 1 >
m O o @ »
O™ © o
R ol = \3&
Sya | &
Sy (SEeG

o

o

o

o

Switch 10 11 12 13 14 IS 16 1% 18 19
Position [Y3,X3 Y3,X4 Y4,X1 Y4,X2 Y4,X3 Y4,X4 Y5, XAWSXKFY5X3 Y5, X4
D
A Al 0 1 0 1 0 1 0 1 0 1
iy Bl 1 1 0 0 1 1 0 0 1 1
A Cl o 0 1 1 1 1 0 0 0 0
0o D| 1 1 1 1 1 1 0 0 0 0
U E| 0 0 0 0 0 0 1 1 1 1
T
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2.1.2 WuuaaHaeadn (LCD MODULE )

R RALA®
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d' ) Qo o

v v vy
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o @ (3 S @ 9 v d [
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y
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v
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Clear Display
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y Y °

o 13 i 1A g
ﬂ’]ﬁﬂﬁlﬂl\lﬂ'ﬁmiuﬂ‘]?!ﬂiﬂiﬁu’mﬂllﬁﬂﬁ”ﬁ Hﬁ““ﬁgﬂ11ﬂlﬂail°ﬂaiﬂﬂtcﬂﬂ1ﬁa ﬁ ANV UATUAU

Return Home

DB7 DBO
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Display on/off Control

DB7 DBO0

J Y
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o o o 4 L4
ﬂmdu‘h’famiumnﬂuﬂazmﬂwa (D) on/off , m‘uaumaﬁmm (C) on/off | wazlinosisey
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Cursor or Display Shift
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Function set

DB7 DBO0

O[O0 |1 |DL|N|F|*|=*

o Q'l é!’ ot [ o o Y l:' =}
mdsiil¥Fdmsudmuadnyasnisuase SnUssTaRuaama M) uagvuaanuazden
voIntsuaana (F) lasdn DL=1 uaz 0 vaedaihamlulnuadumediauuy 8 Sauas 4
Uaenudidy n N=11uag 0 fansudara 2 UIsianseuinngt uas 1 UFTNAAINEIAL

fin F=1uaz 0 dansuaawwalulnuaniuazdn 5x10 galne 5x7 ganudiAu
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vo9dn BF Tnod1 BF =1 azvueBemizeuaasranendaihindoufive sudoyayasie luides
3 ] y
namsvszuianalusideimiands S e fuuddr BF =0 N MUIsLTaINaLBaTa N oY

o

fazfudrdeininseoyadoyalnylfuds
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Jpper 4
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¥ ydnwal Haria

1 GND A58

I'4
) \ele) +5 T7an

o [ o

3 Vo YSunnududiousau (0-5 Taan)
4 RS @Bensdmnns (0=3imaesmdansounsn

HEAIN1IEMIMNNULDLA NI ULBAAT o

1=53amasadn )

5 R/W onmsemmsodeoy (0=[Mou;1=e11)
6 E Sundansemieden Lep

7 DO mdnduwadadnd e

8 DI mdBuwayadaii 2

9 D2 adBuaieHadnd 3

10 D3 addunaeyaTng 4

11 D4 adBunaowyadaf 5

12 D5 adunaieANATAT 6

13 D6 mdBuwaedadaii 7

14 D7 ABunase IRy ngega

o ® ' ' dq ¥ 4 v W aa
MTNN2.4 !lﬁﬂ\?ﬂ']“'ﬂuQﬂ1ﬂ1ﬁqﬂ1‘ﬁlwﬂuﬁﬂﬂﬂuﬂﬂ“ﬂﬁ

2.1.2.1 mssumesivla MCS-51 #u nieuansNauoada

Msdumesiva MCs-51 fu niuanwaueadd iulaeia s antens 1dnudungn
Tnof lisuiudeqld 8255 pP1 lumsveonesanisldam Samnsaldaumesaiuuosaly
InsneuInsamos luns ldnuswiumizuanmaueadaldne uddiiinsdevionadadas
8255 U Tloufioz1dnesaves 8255 wosn A vde B umsdumesima Taeldfummadude
3a ( Data Bus 8 Bit (D0-D7) ) I fuueadfiiiosnn nodnuoe 8255 "lnmmm‘lmmmm"lu
seudin1d 9190y 1 frdessdoeldfanedande 8 i measmmm”luimﬂauimamas

MCS-51 uummm“lwm‘luszﬂum"lﬁ' mw:mu“lﬁ'mwasmm"luIﬂSﬂauTmanamﬂuﬁ
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Tiyatlatesnn lifinawdudeulunisidem aunsedenuionidias wimaney 11 91 fip 11

RS,R/W.E l1aig DO-D7

vCC

MCS-51 LCD T
INTO P3.2 4 Vee 2
INTI P3.3 5
TO P34 6
P10 7 Vo 3
P11 8 commt“—’g
P12 9
P13 10
PL4 11
PLS 12
PL6 13
PL7 14
Gud 1
1

W23 uanmsdumesivlalulnsnenfiunesyiin fu uoadd Taunss
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2.1.2.3 agdiuneumslyusadn
’ 9 ’ : W &
I GuAuAIwn13ATHITHUY ( Set Function ) ¥0aueadalufifide nsdmviladsannvouoadia
fiues U §wanussia, Suaudaidnys @idei 6 TnogsienziBenldninmsiedidaluns
. Ay
AIURNLDATA )
2. Fnsdeiidenugunisuaanaio msianiineueadin Idtlavsedla inesiweivielu
dflezdnsensunielinsenwsu (fidadi 4)

3. Hnsau (clear ) niveuaada vwdonlunis e (Fidan 1)

2.1.2.4 Mmsl¥anunainves 8255 PPI lumsdume e audumienaainaueada

8255 USER PORT DOT MATRIX

PAD Te P LCD MODULE
PA2 7% EAZ
PA4 PAS P1. 24— Rs 10k
24 B —
Bak PAT Pl l R/w  VSS(GND) |,
23 I
PC1 C

S

1
2
3 A'AY
4 6
PBO - o Pl.n—7——— E VDD (+5V) N
PC6 DBO 3
EBY 6 21 s N VL____T
= d 5] PC4 z DB 2
FB3 8 19 10 7.5
PB4 ¢ 1 PCO 1 DB3 A 5 ’
PBS PC1 DB 4 g VVV ?
10 117 12
PB§ PC2 DBS “

—

)

b

L PC3 B B6 T
D
LN 15 14
vece NJ GND DB7

JUn2.4 uamemsIdau 8255 nesn A Mumeduteyaliuoadd

s @ 1A @ ' w ‘d a J a v
vinglelindnmsiruiRersunsdesunesaues lulnsnoufiunesyiln udeeld 8255
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2.2 dau@uumumzm]ﬁﬂmm PLC (Input and Output devices of PLC )

2.2.1 gaulioude ( Terminal )

v Y i1
HumsigendeginsalnmouenifledunauasiodaoziFoudedy vee uaz nsnd
4 t Y ¥ L A 1] 4 é  J
ildmeuen lulusienill9gmondavuin 10 04 (pin) FalFFesfinilaunzanede voc uas
o o w ] A 2K aa 1T a A J 1 = [y
NI NAMUAN ¥ udereIndudodunarioio1Ana 8 Foaiiaaiuly
Tumsdeaevesginssinmouemdrfugaiondesie ldmadadafivareae Iuaz 14

madadsudrlduenvesgadonuds lvuonldiniv

125 uamsgimate
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JUN2.6 uarmsmsdeas vt

2.2.2 dIUBUNA
°o_ o I 1 1 é [~ 4 a o
dumsihdyausinginseifidesgmousndeonsuusindumes ( Sensor), a3ad
. 4 ¥
, A5/ (Limit Switch ) Hudy undmesaves 8255 o119 Mcs-51 Ussunana
] aa 2
uartesnngunsaimelwiluginselnmedruasneadaldlu 5 Trad nazldnszualon
4 o 1 o & ~ w 1 o @ @
N Fezmundggnunamouendilussdunesnszuags lamisovztiun 1918 mefige
2y a ¥ ] 5 v
nubsneslinsuenms Idnszue iszninmeuenuazaeslu Tasnsuennsndeenninduly

4
Tuswniisldqunssluendeyaneidsua (Photocoupler ) lumsuennsadeannniy

2.2.2.1 Qunsaluesniayanaidenes ( Photocoupler ) 1185 PC817

Li‘luqﬂﬂsnfztanﬁagiy1mﬁ'aﬂggﬂamﬁﬂmsnﬁummwmuﬁuqq ( High Density Mounting Type ) Tag

TradunmiunendfuazHuoiyaiiuns dFamedlua
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2.2.4 S1adl (Relay)
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2.2.5 ULN2003AN m39diuenadusadiugs , nszuags (ULN2003AN HIGH-VOLTAGE, HIGH-

CURRENT DARLINGTON ARRAYS)

TnsgaundgUnssidmiudaudadesen1aaees i ns sn3nersedusi Clow-level logic
circuitry ) uagnme Inaafidean1ouen ( multiple peripheral power loads ) ULN20xxA/L A13981
4 @ . % v a daao '
DUTYLUTIAUGI (high-voltage ), AT ( high-current ) Bin s RiAsanszuaIvansde
¥ 4 J é v @ o Qs 3 w 3 yg LK ~ (] o
118971 500 mA deniladatunin daduRamua 7 ¢ esivwegiugumgiimeuenuassuda
U NS eug iy tozdsesonIuny IManMdesumnnn 230 W (350 mA x 7,95 V')
v
MovdevesTvanlAun 5iad (relays ) , Taiuew (solinoids ), malewemes ( stepping motor ) ,
MIRUHUAIBUNMAR ( magnetic print hammers ), FaRwEndioads (multiplexed LED ), gulnyal
uarAINafideuad oo (incandescent displays iaz gUnsellfnaudeu ( heaters )

o 3 = s @ ) 9 a Aawv
gunseifenuatinnwamseluns@awednadrazan (collector output ) A28 BuAfaunsu ln
Ton ( integral clamp diodes )

ULN2003ANTf I mmudumnaiideoynsu (series input resistors ) ifia19unssany

Tngms 9910 6 v G915 V CMOS 130 PMOS a03nioiyn (logic output)
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ULN2003ANtHu 3 sfuonadinsgm dwalinrwaminsaveamsean (sinking ) 500
mA 102 9zNuTiesga 50 V vaizaousa ( OFF state )
vy
P o a o 1 =) A
ULN2003AN i '10® 16 v1 qunsalyndaszgnindalnaiodymogasatubunaie s

NwAen15eQUnTAluUIAL 993 (circuit board ) uazazamIsaThen 18T RTAgamgi 20 °C

fla+85 °C
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msAeIUEAINALBATATUNESAYBS 8255 uradligL 3.4

8255 USER PORT DOT MATREX
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ﬂNational Semiconductor

July 1993

MM54C922/MM74C922 16-Key Encoder
MM54C923/MM74C923 20-Key Encoder

General Description

These CMOS key encoders provide all the necessary logic
to fully encode an array of SPST switches. The keyboard
scan can be implemented by either an external clock or
external capacitor. These encoders also have on-chip pull-
up devices which permit switches with up to 50 kf on resist-
ance to be used. No diodes in the switch array are needed
to eliminate ghost switches. The internal debounce circuit
needs only a single external capacitor and can be defeated
by omitting the capacitor. A Data Available output goes to a
high level when a valid keyboard entry has been made. The
Data Available output returns to a low level when the en-
tered key is released, even if another key is depressed. The
Data Available will return high to indicate acceptance of the
new key after a normal debounce period; this two-key roll-

An internal register remembers the last key pressed even
after the key is released. The TRI-STATE® outputs provide
for easy expansion and bus operation and are LPTTL com-
patible.

Features

® 50 kQ maximum switch on resistance

B On or off chip clock

B On-chip row pull-up devices

B 2 key roll-over

B Keybounce elimination with single capacitor
B Last key register at outputs

B TRI-STATE outpust LPTTL compatible

over is provided between any two switches. B Wide supply range 3V to 15V
B Low power consumption
Connection Diagrams
Pin Agsignment for Pin Assignment Pin Assignment for
Dual-In-Line Package for SOIC DIP and SOIC Package
ROW V1 =1 U ALV Row Y =41 I~ 20~ Ve o U .,
g @ Row v2 —f 2 19 | 0aTa 0UT & A 5
ke AR | Row Y3 =3 8 ftara out 8 Row 2 - 2 oaTA OuT A
nowvs 4 HS oaraours Row Ya = 4 ‘7 }eata qut ¢ rawys Y e oaTA our s
Row va 4 = oaraoutc w13 18 1= 0ATA OVL.D aowvi -4 L2 oataourc
5 10 OSCILLATOR = & 15 == WC L
CSTILLATEA —~ [ ATA SN0 KEYBOUNCE MASK —{ 7 14 f— DUTPUT ENABE Rowys — - oataquro
eveouNce masx — 12 sorroromae COLUMN X4 —18 *3 I DATA AVAILABLE osciLLaTon -2 < oaranure
_1 _IL COLUMN X3 =49 12 = COLUMN X1 1 "
COLUMS X4 5 - DATA AVAILABLE a0 %o | o KEYBOUNCE MASK ~=f — OUTPOTERARLE
COLUMN X3 wef [ COLUNN X1 COLUMN X¢ Ll '-Il DATA AVAILABLE
a0 Y < covum x2 TL/F/6037-14 coLumn 1 2] 2 covumm x1
Top View ono 12 Lﬂ:numu x
TL/F/6037-1 Order Number MM74C922
Top View TL/F/6037-2
Order Number MM54C922 or Top View
MM74C922 Order Number MM54C923 or
MM74C923
TR-STATE® is a of National Semi c
©1905 National Semiconductor Coporaon  TL/F/6037 RRD-BI0M105/Printed in U. . A.

13poou3 Aa)-0Z €260V ZININ/EZ6DPSININ “Iapoou3 Aa)-91 2260V ZININ/ZZ6IHSININ
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Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availablility and specifications.

Voltage at Any Pin

Operating Temperature Range
MM54C922, MM54C923
MM74C922, MM74C923

Ve — 0.3Vto Vg + 0.3V

—55°Cto +125°C
—40°C to +85°C

Stbrage Temperature Range

Power Dissipation (Pp)
Dual-In-Line
Small Outline

Operating Vcc Range

Vee

Lead Temperature
(Soldering, 10 seconds)

—65°C to +150°C

700 mW
500 mW

3Vto 15V
18V

260°C

DC Electrical Characteristics min/Maximits apply across temperature range unless otherwise specified

Symbol [ Parameter ] Conditions Min I Typ ! Max | Units
CMOS TO CMOS
VT4, Positive-Going Threshold Voltage Voo = 5V, Iy 2 0.7 mA 3.0 3.6 43 \
at Osc and KBM Inputs Vee = 10V, Iy = 1.4 mA 6.0 6.8 8.6 \"
Vee = 15V, Iy 2 21 mA 9.0 10 12.9 \
Vr_ Negative-Going Threshold Voltage Vee = 5V, iy 2 0.7 mA 0.7 1.4 20 v
at Osc and KBM Inputs Ve = 10V, |y 2 1.4 mA 1.4 3.2 4.0 \
Vee = 15V, IiIn 2 2.1 mA 2.1 5 6.0 Vv
VNG Logical “1" Input Voltage, Voo = 5V 35 45 v
Except Osc and KBM Inputs Vge = 10V 8.0 9 v
Voo = 15V 12.5 13.5 Vv
Vi) Logical “0" Input Voltage, Voe = 5V 0.5 15 v
Except Osc and KBM Inputs Vee = 10V 1 2 \
Veg = 15V 15 25 \%
Ip Row Pull-Up Current at Y1, Y2, Voo = 5V, Viy = 0.1 Vg -2 -5 vy
Y3, Y4 and Y5 Inputs Voo = 10V -10 —-20 RA
Vce = 15V -22 —45 pA
Vout(1) Logical “1” Output Voltage Veec = 5V, lp = —10 pA 45 \
Vee = 10V, lp = —10 pA 9 \
Vecc = 15V, lp = =10 pA 13.5 Vv
VouT() Logical “0" Output Voltage Vce = 5V, 1o = 10 pA 05 v
Vec = 10V, lp = 10 pA 1 Vv
Voo = 15V, Ig = 10 pA 1.5 v
Ron Column “ON"’ Resistance at Vee = 5V, Vp = 0.5V 500 1400 1]
X1, X2, X3 and X4 Outputs Vee = 10V, Vg = 1V 300 700 0
Voc = 15V, Vg = 1.5V 200 500 Q
lce Supply Current Vee = 5V 0.55 11 mA
Osc at 0V, (one Y low) Vee = 10V 1.1 1.9 mA
Vee = 15V 1.7 2.6 mA
ling1) Logical “1” Input Current Vce = 15V, Vy = 15V
at Output Enable 0.005 1.0 HA
hiNgo) Logical “0" Input Current Vece = 15V, VN = OV »
at Output Enable 0 & 0.005 pA
CMOS/LPTTL INTERFACE
VIN(1) Logical “1” Input Voltage, 54C, Vg = 4.5V Voo — 1.5 Vv
Except Osc and KBM Inputs 74C,Vog = 4.75V Vee — 1.5 \"
Vino) Logical “0" Input Voltage, 54C, Vg = 4.5V 0.8 v
Except Osc and KBM Inputs 74C, Vo = 4.75V 0.8 Vv
Vour(1) Logical “1"” Output Voltage 54C, Voo = 4.5V
= 24 v
lo = —360 pA
74C, Vo = 4.75V
lo = —360 pA 24 v
Vout(o) Logical “0’" Output Voltage 54C, Vg = 4.5V 0.4 v
lo = —360 pA .
74C,Vgg = 4.75V
lo = —360 pA 0.4 v

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for ““Operating Temperature Range"
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device

operation.
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DC Electrical Characteristics
Min/Max limits apply across temperature range unless otherwise specified (Continued)

Symbol | Parameter | Conditions [ min | 1y Max Units

OUTPUT DRIVE (See 54C/74C Family Characteristics Data Sheet) (Short Circuit Current)

ISOURCE Output Source Current Vee = 5V, Vout = 0V, 175 —33 mA
(P-Channel) Ta = 25°C d ;

Isource Output Source Current Vee = 10V, Voyt = 0V, _8 15 mA
(P-Channel) Ta = 25°C

Isink Output Sink Current Vee = 5V, Vout = Vee
(N-Channel) Ta = 25°C = e A

ISINK Output Sink Current Vee = 10V, Vout = Vee, 8 16 A
(N-Channel) Ta = 25°C

AC Electrical Characteristics* Ta = 25°C, C_ = 50 pF, unless otherwise noted

Symbol Parameter Coiditions Min Typ Max Units
tpdo, tpd1 Propagation Delay Time to C_ = 50 pF (Figure 1)
Logical “0" or Logical “1"” Vee = 5V 60 150 ns
fromD.A. Vee = 10V 35 80 ns
Vee = 15V 25 60 ns
toH, tiH Propagation Delay Time from R = 10k, C,_ = 10 pF (Figure 2)
Logical “0" or Logical “1” Vee = 5V, RL = 10k 80 200 ns
into High Impedance State Vee = 10V, C = 10 pF 65 150 ns
Vee = 15V 50 110 ns
tHo, tH1 Propagation Delay Time from R = 10k, C| = 50 pF (Figure 2)
High Impedance State to a Vee = 5V, R = 10k 100 250 ns
Logical “0" or Logical “1" Vee = 10V, C| = 50 pF 55 125 ns
Veo = 15V 40 90 ns
CiN Input Capacitance Any Input (Note 2) 5 7.5 pF
Cout TRI-STATE Output Capacitance Any Output (Note 2) 10 pF
*AC Parameters are guaranteed by DC correlated testing.
Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be d. Except for ‘O ing T e Range”
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Ch istics” provi it for actual device
operation.

Note 2: Capacitance is guaranteed by periodic testing.

Switching Time Waveforms

Vee Vee
el ENASLE
[]

0.5 Vee
k— ton
Vee et

VG e DATA OUT ( { TRISTATE
ANY ur:ss MM A” Vau P
0

Vee Ve
e
ouTPUT
0 BASCE 0.5 Vee
1
tpdt tdt : il
o 90%
v DATA OUT TRISTATE
ce T—.1 .
DATA 08V, 05V g
5 Vg (1
outRT TUF/6037-4

FIGURE 2

DATA

AVAILABLE 05 Ve 05 Vee

TL/F/6037-3
T1 = T2 = RC, T3 = 0.7 RC, where R = 10k and C is external capacitor at KBM input.

FIGURE 1
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Block Diagram

DATA AVAILABLE DATA
o—t— b AVAILABLE
OSCEXTC l
ORCLDCK 5
TRISTATE
- INHIBIT KEY BOUNCE - CONTROL
& —— o CONTRO
COUNTER d ELIMINATION OUTPUT
ENABLE
y EXTC ADC
I___ . Lse
——OAW
4 y — ok
2704 DECODER
ACTIVE LOW OUTPUTS b
KEY
T o Sl
INTERNAL S CK
N N |
Se. e " n [ b
&5 &5 e | ——OC }ouTpuTS
o ~ | é—cx
sPST [ L W s ENCODING
SATCH No- To- vi | WA— LOGIC s
o o So—o—¢> AND L]
" 13 12 2XEY
- Po- Po- d l—lvw—o ROLL OVER —oOp
~e ~e Ne—0—6 ¢—cx
1 ) 18
"\O— 1}\0_ 1\0__ &
. e o s
KEY EJ
ARRAY oK msB
TU/F/6037-5
Truth Table
Switch 1] 1 2 3 4 5 6 7 8 9 A0S /14 15 16 17 18 19
Position |v1,X1 ¥1,X2 Y1,X3 Y1X4 Y2X1 ¥2X2 Y2X3 Y2X4 Y3X1 Y3X2 Y3,X3 Y3,X4 Y4X1 YAX2 Y4,X3 Y4,X4 Y5*X1 Y5"X2 Y5*X3 Y5*.X4

-

moow»
ooooo

“CO>»+H>»0

OCooo=

coo-—=+o0
OO0 O = =

co—+o0o0

OO -0 =

(=N =
OO = =
oO—+o00O0
O+ 00—

oO—<0-<=0
O =2 O =

O+ =<00
O~ A 'SiA

Ol L Wiy

O —aa
000 o

bl =N =N =

“~o0oO0O-=0
- o O

*Omit for MM54C922/MM74C922
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Typical Performance Characteristics

Typical I, vs V)y at
Any Y Input

Ta=26°C

Veg =18V

7
1 [ Vg =10V |
0 //

ROW PULL-UP CURRENT (uA)
&

3
Veg=5v
0
[] 5 10 15
Vee - Vin
TL/F/6037-6
" Typical Fgcan vs Cosc
1k b
g
- i |
“w 100 N
T
I
10
0.01 01 1 10
Casg WF)
TL/F/6037-8

Typical Applications

Synchronous Handshake (MM74C922)

10
MM7eca22 =
x4 KBM
x1
[
x2 %
l r X1 . TO DATA BUS
3]2]1]0 v 3
7{s]s]|a }—v2 o
s[Als ]t v :'"7“”‘
FlE[o|c v4
DATA AVAILABLE
Dse Ok O awviration)
SYSTEM
CLOCK p=— CK g
(SEENOTEY _|
£ ENABLE QUTPUT
T (RESPONSE)
TUF/6037-10
Note 3: The key may be h y

Typical R v8 Voyr at
Any X Output

[Vee=v Ta=25°C

-~

w b
[

~
o

v

-
]

v
/ "]

P 5V

COLUMN OUTPUT IMPEDANCE (kn)
o -
= n o~
[

0 § 10 15

VouT IV}
TL/F/6037-7

Typical Debounce Period
vs Ckpm

01

M

DEBOUNCE PERIOD (SECONDS)

0.001
01 1 10 100

TL/F/6037-9

Synchronous Data Entry Onto Bus (MM74C922)
il ¢

MM74C022
X4 KBM

s

> T0
DATA BUS
—

» @ o a

DA DATA AVAILABLE

B EIED

mipioin

ool ol e

olelalals
s

SYSTEM
CLOCK p~
(SEE NOTE 3)

—c

T

TL/F/6037-11

Outputs are enabled when valid entry is made and
go into TRI-STATE when key is released.

by omitting the capacitor at osc. and driving osc. directly if the system clock rate is lower than 10 kHz.




53

Typical Applications (continued)

Asynchronous Data Entry Onto Bus (MM74C922)

10C
MM78C822 -
X4 KBM
X3
Ap—————p
n ]
e
l i x1 . TO DATA BUS
e
3{2]1{s
7|6]6]4 :1 ’
2 DA DATA AVAILABLE
BlA|9]® Y3
Flejo]jc \
DSCI (3
-
< 1/8 TAC04 TL/F/6037-12
Outputs are in TRI-STATE until key is pressed, then data is placed on bus.
When key is released, outputs retum to TRI-STATE.
Expansion to 32 Key Encoder (MM74C922)
*5V
| MM74C922
v,
X1 € xem
X2 0sC |
C ==i0C
xs T
I X4 DA = DATA AVAILABLE
01§23 n AP Do
4 |516|7 Y2 B> D1
8 |s jiofu Y3 c—> TO DATA
12113 §14 |15 - Y4 VA pf—> 03 S
Y Y ¥ Viou
18 [17 |18 ]19 =L
20 |21 |22 |23 Ay
D4
2412526 |27
28 |29 | 30 | 31 NM74C20
S 3 < <
$ 3 3 100k
Voo TL/F/6037-13
Theory of Operation

The MM74C922/MM74C923 Keyboard Encoders imple-
ment all the logic necessary to interface a 16 or 20 SPST
key switch matrix to a digital system. The encoder will con-
vert a key switch closer to a 4(MM74C922) or
5(MM74C923) bit nibble. The designer can control both the
keyboard scan rate and the key debounce period by altering
the oscillator capacitor, Cogg, and the key bounce mask
capacitor, Cygk. Thus, the MM74C922/MM74C923's per-
formance can be optimized for many keyboards.

The keyboard encoders connect to a switch matrix that is 4
rows by 4 columns (MM74C922) or 5 rows by 4 columns
(MM74C923). When no keys are depressed, the row inputs
are pulled high by internal pull-ups and the column outputs
sequentially output a logic “0". These outputs are open
drain and are therefore low for 25% of the time and other-
wise off. The column scan rate is controlled by the oscillator
input, which consists of a Schmitt trigger oscillator, a 2-bit
counter, and a 2-4-bit decoder.

When a key is depressed, key 0, for example, nothing will
happen when the X1 input is off, since Y1 will remain high.
When the X1 column is scanned, X1 goes low and Y1 will go
low. This disables the counter and keeps X1 low. Y1 going

low also initiates the key bounce circuit timing and locks out
the other Y inputs. The key code to be output is a combina-
tion of the frozen counter value and the decoded Y inputs.
Once the key bounce circuit times out, the data is latched,
and the Data Available (DAV) output goes high.

If, during the key closure the switch bounces, Y1 input will
go high again, restarting the scan and resetting the key
bounce circuitry. The key may bounce several times, but as
soon as the switch stays low for a debounce period, the
closure is assumed valid and the data is latched.

A key may also bounce when it is released. To ensure that
the encoder does not recognize this bounce as another key
closure, the debounce circuit must time out before another
closure is recognized.

The two-key roll-over feature can be illustrated by assuming
a key is depressed, and then a second key is depressed.
Since all scanning has stopped, and all other Y inputs are
disabled, the second key is not recognized until the first key
is lifted and the key bounce circuitry has reset.

The output latches feed TRI-STATE, which is enabled when
the Output Enable (OE) input is taken low.
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Physical Dimensions inches (millimeters)

0.020 ) 0.915
(n.sua)mm (23.24)
0.025 0.310
.63 ™0 (7-174) MAX
D) ST la T TaTTeT T T 18]
0.005 0
i == N fee—
0.037 0.005 2200 ¢
000002 | || %
o 020-0320 0.0s5+0005 _  (0.8400. 0.020-0.060
(7.366 —8.128) (1.397£0.127) (0.508 -1.524)
GLASS SEALANT 425 _0.200,
N = {3.175-5.080)
AL 0.008 - 0.012
@s72) - | 023038 f
96°15° 2
m w. “l
030040 | e 0.100:0.010. ___' | 0.9 3150
{T8e—10.41) {20025 ¥ (2.489) B.810)
NAX
0.018::0.003
{0.45720.076) BOTH ENDS
JIBA (REV L)
Ceramic Dual-In-Line Package (J)
Order Number MM54C922J or MM74C922J
NS Package Number J18A
0985
0.025 {%.019) m)
{0.635)
2 bd [1s] [1s] [77] [ﬂ [1s] [w] [a] [r2] fiq
0.220-0.310 e
(5.588—17.874)
/ O TR T e
0.005-0.020
(0 127 - 0.508)
RAD TYP 0.037:+0.005
e l*a.uaio.m)
0.005 0.055:+0,005
0.180 _ 0.290-0.320 ¥ o {1:39720.127) = 0020
— . . EET) 020 —0.050
e, ‘m“] BLASS suuun\ I MM {0.508—1.524)
]
[ | :_l —=— 0.200
v N f &=
950450 88° 94 f 0,150
- a8l 0125-0.200
{0.203-0.305) MIN  {3.175-5.080)
0.310-0.410 0.060 __J 0.018:0.003 | e
(7.874-10.41) (1.524) (0.457 £0.076)
MAX
BOTH ENDS 0.100+0.010
{2.540£0.254)

J20A (REV M)

Ceramic Dual-In-Line Package (J)
Order Number MM54C923J or MM74C923J
NS Package Number J20A
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Physical Dimensions inches (milimeters) (Continued)

0.4%-0.512

112,598 -13.005)

|
0.384~0.419

LEAD NO. 1

1-O

Order Number MM74C922M or MM74C923M
NS Package Number M20B

3 TYp
i
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dUUUUTTOTL
T 2 3 4« 858 1 8 8 w0 -f
ﬂ.ﬁllnu
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(7.391-7.505)
000002 Lo93-0.104
{0.234=0.m3n 45" 22647
f__—‘ . 0.004—0.012
) P —
AL CEADS oT02-0305)
L__- n—-_ﬂ ‘ m b == i SEATING
f ) PLANE
9.008 -0.013 ﬂ/ \f_ T n‘tu 0.08 f
= {8.02) 0.016 - 0.050 0.358) | | 208 ! _— 0.014 —0.020 yyp
{1220 -0.33) AL LEAD TIPS ™ [ .a0s-1.27) f (12m) {0358 0,508
TYPALL LEADS TP ALL Linod e )
0.008 ryp
{0.203) M (REV F)
Plastic Small Outline 1.C. Package (M)
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Physical Dimensions inches (milimeters) (Continued)

0.845-0.870
[21.46-22.10]
0.090
0.092 > 2.29 TYP.
%(2.34] 1p | (229 19
romm NI Y N Y Y Y N
0.76 r
PIN NO. 1
0.245-0.255
IDENT \b [6.22-6.48]
PO TTUTY
1 9
0.060
7] frsz] 77 0.145-0.200
0.040 0.125-0.135 :145-0.200..
[01-0:551 = 102 ™ [3.18-3.43] T [3.68-5.08]
4 = I
‘ | L
909 £4° TYP ‘
e T 0.125-0.140
[2.54] 0.015-0,021 -125-0.
i‘- o oo [0.38-0.53] TP [3.18-3.56]
e [0.25-1.02) "'F LL| 8.020, 10"
[0.51]

Plastic Dual-In-Line Package (N)
Order Number MM54C922N or MM74C922N
NS Package Number N18A

0.300-0.320
[7.62-8.13]
L hiddiida: B

950150 TYP
0.280
[7.11]MIN

0.310-0.365
[7.87-9.27]

0.008-0.014
[0.20-0.36)

N18A (REV F)

TYP




MM54C922/MM74C922 16-Key Encoder, MM54C923/MM74C923 20-Key Encoder
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Physical Dimensions inches (milimeters) (Continued)

1.913-1.040
T 265.73-2842)
m _ nmz:nnus_
MAX DP mmmmmmmmmm {0813:0.27) S
N 0.26040.005 e
PN NO.1IDENT~_ | 504 07T PINND. TIDENT—~_ |
0280 e
w2) SR, g
nmin
RO OPTION 2
17.620-8.128) 0.650 NOM 0040, . OPTIONZ_ 0130 0.005
0085 (1520) {To18) a* ux) e o)
] o @3 012n
{1831) r i \
0.145-0.200
L] 3 j] 1 {3.693-5.080)
5% 5° 0.959-0.015 90°:0.004° i ?
U pzzeam ~
Ve 0.1000.010 0.125-0.140 {0,500
0.080+6.006 {2,530 £0.254) 0.018:0.003 31763566 MIN
+0.040 (1.62420.127) (0.457£0.076)
9325 g5
+1.016
('2“—0331

N20A (REV O)

Plastic Dual-in-Line Package (N)
Order Number MM54C923N or MM74C923N
NS Package Number N20A

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL
SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or 2. A critical component is any component of a life

systems which, (a) are intended for surgical implant support device or system whose failure to perform can
into the body, or (b) support or sustain life, and whose be reasonably expected to cause the failure of the life
failure to perform, when properly used in accordance support device or system, or to affect its safety or
with instructions for use provided in the labeling, can effectiveness.
be reasonably expected to result in a significant injury
to the user.
National Semiconductor National Semiconductor National Semiconductor National Semiconductor
Corporstion Europe Hong Kong Japan Lid.
1111 West Bardin Road Fex: (+49) 0-180-530 85 86 13th Floor, Straight Block, Tel: 81-043-299-2309
Arlington, TX 76017 Email: cnjwge@tevm2.nsc.com Ocean Centre, 5 Canton Rd. Fax: 81-043-298-2408
Tek: 1(800) 272-9950 Deutsch Tel: (+49) 0-180530 85 85 Tsimshatsu, Kowloon
Fax 1(800) 737-7018 Engish Tel: (+49) 0-180632 78 32 Hong Kong
Francais Tel: (+49) 0-180-5632 93 58 Tet: (852) 2737-1600
Italiano  Tel: (+49) 0-180-534 16 80 Fax: (852) 2736-9960

National does not y ity for use of any arcuitry no crcuit 2 impli i the right at any time wihout
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PC817 Series High Density Mounting Type

Photocoupler

# Lead forming type (Itype ) and taping reel type (P type ) are also available. (PC817I/PC817P )
##% TUV (VDE0884 ) approved type is also available as an option.

B Features
1. Current transfer ratio
(CTR: MIN. 50% atIr= 5mA ,VcE=5V)
2. High isolation voltage between input and
output (Vio : 5000V ms)
3. Compact dual-in-line package
PC817 : 1-channel type
PC827 : 2-channel type
PC837 : 3-channel type
PC847 : 4-channel type
4. Recognized by UL, file No. E64380

B Applications
1. Computer terminals

2. System appliances, measuring instruments
3. Registers, copiers, automatic vending
machines

4. Electric home appliances, such as fan
heaters, etc.

5. Signal transmission between circuits of
different potentials and impedances

B Outline Dimensions

(Unit : m
PC817 PC827
2544025 Internal connection diagram 25440.25 Internal connection diagram
o lo @0 elol® o ®D 606
e [ SRE YU
- o - -
N 8 ﬁ_, Anode §| §§ in
Anode mark 2 &8 & mark : % 2 2 [H-, I-H-l
[ B aJ
D@ ®o e @ @ P20® oy Anode
0.9%02 1205 @@ Cathode
10%03 of TN ®® Emitter
- ®® Collector
. o 458*05 . s +0.5
birEe e S fp e
20 3 s Q Cathode | &| &
4= oy : @ Emitter = o
S - o @ Caollector = t
p: 0.5+01 6=0t013° a 0,5%0-1 4
PC837 ) PC847
lptemal connection Internal connection
. 5 544025 diagram x 2.54%0.25 diagram
(o J @©
] £
g POOO OGO ® 6 P00 O
2@l 20 ©C YV g ncarann_ 00000000
EEEE B EE AR
<] = =5 =§|°S 88 3% 8% 39|«
83 .88 81l % N Ll oRE J2F JFd| B PP Y
oot 020@ 066 TR falete X
olooe oe OGP Anode e e 00 0® ®o606
t @@® Cathode o 9=0.2
09*0.2 i 0.9
= @Q @ Emitter 12%03
1.2%9 @D Collector e 19.82+0.5
0.3 o o
o 0 . 1474205 152 Bl & g
Za S o o) © P
k' =k :
o] ™ N~ n —]
- o] . 0'26:(:0.1 3 |
S I Jé . = 0.5+ 01 P e=0to13
2 0.5%0.1 6 B g OAB®D Anode QOB Emitter
Q@®® Cathode OR@E® Collector
* In the absence of confirmation by device specification sheets, SHARP takes no responsibility for any defects that occur in equipment using any of SHARP's devices, shown in catalogs,
data books, efc. Contact SHARP in order to obtain the latest version of

the device specification sheets before using any SHARP's devics.”
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PC817 Serie

B Absolute Maximum Ratings (Ta= 25°C) '
Parameter Symbol Rating Unit
Forward current Ir 50 mA
*IPeak forward current Irm 1 A
Input
Reverse voltage Vr 6 v
Power dissipation P 70 mW
Collector-emitter voltage V ceo 35 A"
Emitter-collector voltage VEco 6 \4
Output
Collector current Ic 50 mA
Collector power dissipation Pc 150 mW
Total power dissipation P 1ot 200 mW
““[solation voltage Viso 5000 V s
Operating temperature T opr - 30to + 100 :C
Storage temperature T stg - 55to0 + 125 °C
Soldering temperature T 501 260 uC
*1 Pulse width <=100ps, Duty ratio : 0.001
*2 40 to 60% RH, AC for 1 minute
*3 For 10 seconds
i Electro-optical Characteristics (Ta=25°C)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Forward voltage Vg Ir = 20mA - 1.2 14 \'/
Input Peak forward voltage VM Iem = 0.5A - - 3.0 \
Reverse current Ir Vr=4V - - 10 LA
Terminal capacitance C V=0, f= 1kHz - 30 250 pF
Output | Collector dark current Iceo Vee= 20V - - 10 -7 A
*4Current transfer ratio CTR Ir=5mA, V=5V 50 - 600 %
Collector-emitter saturation voltage V CE(sat) Ir=20mA, I c= ImA - 0.1 0.2 \
Transfer | Isolation resistance Riso DC500V, 40 to 60% RH 5x 1010 1o - Q ‘
charac- | Floating capacitance Cr V=0, f= IMHz - 0.6 1.0 pF
teristics | Cut-off frequency B Vee=5V,1 c=2mA, R =100, - 3dB - 80 - kHz
Responsctime | N M Vee=2V,1c=2mA, RL=1000Q . . = =
Fall time te - 3 18 us

*4 Classification table of current transfer ratio is shown below.

Fig. 1 Forward Current vs.

Ambient Temperature

60
Model No. Rank mark CTR (%)
PC817A A 80 to 160 50
PC817B B 130 to 260 - \
PC817C C 200 to 400 i Y
PC817D D 300 to 600 S \
PC8:7AB AorB 80 to 260 ; 30
PC8:%7BC BorC 130 to 400 K \
PC83%7CD CorD 200 to 600 E & \
PC8%7AC A,BorC 80 to 400 &
PC83%7BD B,CorD 130 to 600 10
PC8:%7AD A,B,CorD 80 to 600 "

__PC8%7 | AB,CDorNomark _.50t0600.. 225 0 25 S0 75 100 125

#:1lor2or3o0r4

Ambient temperature T, (°C)
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Fig. 2 Collector Power Dissipation vs. Fig. 3 Peak Forward Current vs. Duty Ratio
Ambient Temperature
10 000
< i Pulse width <=100 s
- 5000 T=25°C
e
= 2000
= 150 g
a — 1000
g g
g Z 500
g=s N\ NS
Z N
£ 100 \ g 200 R
2 100
8. \ 50 e
g &
g 50
S N £ o
10
0 5
- 30 0 25 50 75 100 125 5102 5 1022 5 10-12 501
Ambient temperature T , (°C) Duty ratio
Fig. 4 Current Transfer Ratio vs. Fig. 5 Forward Current vs. Forward Voltage
Forward Current
200 T I
0
180 ¥ee —BV s Lrigsic
_ T, 5 I5C 200 L 7rad
=160 RUC~g el ™ 25+
= 100 l’l 'I.Ii 0°C
=) b~ 2+t }
S) B i < 50 EtLes -25°C
=} L~ g /11
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o B /
e BT
E ol S0 it
5 " B i
E 60 ] 5 ]
S | £ ]
40 ; o o)
20 1
0
1 2 5 10 20 50 0 05 1.0 15 20 25 30 35
Forward current I ¢ (mA) Forward voltage V¢ (V)
Fig. 6 Collector Current vs. Fig. 7 Relative Current Transfer Ratio vs.
Collector-emitter Voltage Ambient Temperature
30 — X 150
Ir=3 5 T, =25°C Ir =5mA
\Y -
25 N—— y Vg =5V
20 " Pc(MAX.) 2
2 ] g
E 2 / ] £ 100
§~ bt
z / b B S~
g 15 E
10mA £ AN
Q 13
5 ,"’—’— E
§ 10 g 50
] 3
© 5mA| =
5 (4
0 0
0 1 2 3 4 5 6 7 8§ 9 -30 0 25 50 75 100

Collector-emitter voltage V ¢g (V) Ambient temperature T , (°C)




SHARP
B R e B B P R T D 6 O b A A DO T R S AP D T Ve e

Fig. 9 Collector Dark Current vs.

Fig. 8 Collector-emitter Saturation Voltage vs.
Ambient Temperature

0.16

0.14

Ir =20mA
Ic=1mA

0.12

0.10

/

0.08

0.06 =

0.04

Collector-emitter saturation voltage Vcr(sar) (V)

0.02

- 25

Fig.10 Response Time vs. Load Resistance

0 2
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0.1 1

Load resistance Ry, (kQ)

Test Circuit for Response Time

Input

Vee

Rp RL 3 Output

input
Output

Test Circuit for Frepuency Response

® Please refer to the chapter “Precautions for Use ”
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PC817 Seri

_gAmbient Temperature
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Fig.11 Frequency Response
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Fig.12 Collector-emitter Saturation
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Dwg. No. A-8594

Note that the ULN20xxA series (dual in-line
package) and ULN20xxL series (small-outline
IC package) are electrically identical and share
a common terminal number assignment.

ABSOLUTE MAXIMUM RATINGS
Output Voltage, V
(ULN200xA and ULN200xL) ........ 50V
(ULN202xA and ULN202xL) ........ 95V
Input Voltage, V, coevevninicicicicninienes 30V
Continuous Output Current,

Lo ssnsnnsseasnsnensmnesiandsitstivssiamiassssanes 500 mA
Continuous Input Current, I ..cccc.ce.. 25 mA
Power Dissipation, P

(one Darlington pair) ........c.ccceveveen 1.0W

(total package) .......c.ceeveevencnn See Graph
Operating Temperature Range,

T -20°C to +85°C
Storage Temperature Range,

T wivsesssissmmasusnmassss -55°C to +150°C

HIGH-VOLTAGE, HIGH-CURRENT
DARLINGTON ARRAYS

Ideally suited for interfacing between low-level logic circuitry and
multiple peripheral power loads, the Series ULN20xxA/L high-voltage,
high-current Darlington arrays feature continuous load current ratings
to 500 mA for each of the seven drivers. At an appropriate duty cycle
depending on ambient temperature and number of drivers turned ON
simultaneously, typical power loads totaling over 230 W (350 mA x 7,
95 V) can be controlled. Typical loads include relays, solenoids,
stepping motors, magnetic print hammers, multiplexed LED and
incandescent displays, and heaters. All devices feature open-collector
outputs with integral clamp diodes.

The ULN2003A/L and ULN2023A/L have series input resistors
selected for operation directly with 5 V TTL or CMOS. These devices
will handle numerous interface needs — particularly those beyond the
capabilities of standard logic buffers.

The ULN2004A/L and ULN2024A/L have series input resistors for
operation directly from 6 to 15 V CMOS or PMOS logic outputs.

The ULN2003A/L and ULN2004A/L are the standard Darlington
arrays. The outputs are capable of sinking S00 mA and will withstand
at least 50 V in the OFF state. Outputs may be paralleled for higher
load current capability. The ULN2023A/L and ULN2024A/L will
withstand 95 V in the OFF state.

These Darlington arrays are furnished in 16-pin dual in-line plastic
packages (suffix “A”) and 16-lead surface-mountable SOICs (suffix
“L”). All devices are pinned with outputs opposite inputs to facilitate
ease of circuit board layout. All devices are rated for operation over the
temperature range of -20°C to +85°C. Most (see matrix, next page) are
also available for operation to -40°C; to order, change the prefix from
“ULN” to “ULQ”.

FEATURES

B TTL, DTL, PMOS, or CMOS-Compatible Inputs

B Output Current to 500 mA

B Output Voltage to 95 V

H Transient-Protected Outputs

B Dual In-Line Plastic Package or Small-Outline IC Package

x = digit to identify specific device. Characteristic shown applies to family of
devices with remaining digits as shown. See matrix on next page.

Allegro

MicroSystems, Inc.

199Ys ElEQ
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2003 terRU 2024
HIGH-VOLTAGE,
HIGH-CURRENT
DARLINGTON ARRAYS
DEVICE PART NUMBER DESIGNATION
VCE(MAX) 50V 95V
IC(MAX) 500 mA 500 mA
Logic Part Number
5V ULN2003A* ULN2023A*
TTL, CMOS ULN2003L* ULN2023L
6-15V ULN2004A* ULN2024A
CMOS, PMOS ULN2004L* ULN2024L
* Also available for operation between -40°C and +85°C. To order, change
PARTIAL SCHEMATICS prefix from “ULN" to “ULQ”.

ULN20x3A/L (Each Driver)

—»+—o COM

ULN20x4A/L (Each

10.5K

Dwg. No. A-9651

Driver)

Dwg. No. A-8898A

25
20 \\

SUFFIX'A, R , ), = 60°C/W
15

P

1.0

254 -
BN

AN

N

ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS

05 '
SUFFIX 'L', Ry , = 90°C/W \:
0
25 50 75 100 125 150
AMBIENT TEMPERATURE IN °C
Dwg. GP-006A

X = Digit to identify specific device. Specification shown applies to family of
devices with remaining digits as shown. See matrix above.

Dlegro

MicroSystems, Inc.

115 Northeast Cutoff, Box 15036
Worcester, Massachusetts 01615-0036 (508) 853-5000
Copyright © 1974, 1998 Allegro MicroSystems, Inc.
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HIGH.CURRENT
DARLINGTON ARRAYS
Types ULN2003A, ULN2003L, ULN2004A, and ULN2004L
ELECTRICAL CHARACTERISTICS at +25°C (unless otherwise noted).
Test Applicable Limits
Characteristic Symbol Fig. Devices Test Conditions Min. Typ. Max. | Units
Output L.eakage Current lcEX 1A All Ve =50V, Ty =25°C — <1 50 LA
Vce =50V, Tp=70°C — <1 100 HA
1B ULN2004A/L | V=50V, Tpo=70°C,V)y=1.0V — <5 500 A
Collector-Emitter VCE(sAT) 2 All Ic =100 mA, Ig = 250 pA — 09 11 \
Saturation Voltage lc = 200 mA, Ig = 350 pA — 11 13| v
Ic =350 mA, Ig = 500 pA — 1.3 16 \
Input Current linN) 3 ULN2003A/L | V|y=3.85V — 093 135 mA
ULN2004A/L | VN=5.0V — 035 05 mA
ViN=12V — 1.0 145] mA
lIN(OFF) All Ic =500 pA, Tp = 70°C 50 65 — HA
Input Voltage VIN(ON) ULN2003A/L | Vee=2.0V, Ic=200 mA — — 24 \
Vee=20V, Ic =250 mA — — 27 \Y
Vece=2.0V, Ic =300 mA — — 3.0 \Y
ULN2004A/L | Vee=2.0V,lc=125mA — — 5.0 \
Vce=2.0V, Ic=200 mA — — 6.0 \
Vee=2.0V, Ig=275mA — — 7.0 \
Vee=2.0V, =350 mA — — 8.0 \
Input Capacitance CiN — All — 15 25 pF
Tum-On Delay tPLH 8 All 0.5 Ejy t0 0.5 Eqyt — 025 1.0 us
Tum-Qif Delay tPHL 8 All 0.5 Ejn to 0.5 Egyt — 025 1.0 us
Clamp Diode IR 6 All VR =50V, Tp =25°C — — 50 A
Leakage Current VR =50V, Tp =70°C _ _ 100 LA
Clamp Diode VE 7 All Ir =350 mA — 17 20 Y
Forward Voltage

Complete part number includes suffix to identify package style: A = DIP, L = SOIC.
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HIGH-VOLTAGE,
HIGH-CURRENT
DARLINGTON ARRAYS

Types ULN2023A, ULN2023L, ULN2024A, and ULN2024L
ELECTRICAL CHARACTERISTICS at +25°C (unless otherwise noted).

Test Applicable Limits
Characteristic Symbol Fig. Devices Test Conditions Min. Typ. Max. Units
Output Leakage Current | Iggx 1A All Vee=95V, Tp=25°C — <1 50 pA
Ve =95V, Tp =70°C — <1 100 HA
1B ULN2024A/L | V=95V, TA=70°C,V|N=1.0V — <5 500 LA
Collector-Emitter Veesan 2 All Ic =100 mA, Ig =250 pA — 09 141 Y,
Saturation Voltage lc = 200 mA, Ig = 350 pA we 48 . 48 ) W
Ic =350 mA, Ig = 500 pA — 1.3 1.6 \Y
Input Current lIN(ON) 3 ULN2023A/L | Vy=3.85V — 093 135 mA
b ULN2024A/L | ViN=5.0V — 035 05 mA
ViN=12V — 10 145 mA
lIN(OEF) 4 All Ic =500 pA, Tp =70°C 50 65 — HA
Input Voltage VIN(ON) 5 ULN2023A/LL | Veg=2.0V, lc=200 mA — — 24 \
Vee=2.0V, Ic =250 mA — — 27 \Y
3 Ve = 2.0V, Ig = 300 mA 41 - 30 vV
; ULN2024A/L | Vee=2.0V, Ic=125 mA — — 5.0 \Y
Vce=2.0V, Ic=200 mA — — 6.0 \Y
Vee=2.0V, Ig =275 mA — — 7.0 \
Vee=2.0V, Ic=350 mA — — 8.0 \Y
Input Capacitance CiN — All — 15 25 pF
Turn-On Delay tPLH 8 All 0.5 Ey to 0.5 Egqyr — 025 1.0 us
Turn-Off Delay tPHL 8 All 0.5 Ejy to 0.5 Equt — 025 1.0 us
Clamp Diode IR 6 All VR=95V, Tp=25C — — 50 pA
Leakage Current VR =95V, Tp = 70°C i _ 100 uA
Clamp Diode VE 7 All IF =350 mA — 1.7 20 \Y
Forward Voltage

Complete part number includes suffix to identify package style: A = DIP, L = SOIC.

'qlle 1 0'® 115 Northeast Cutoff, Box 15036
Worcester, Massachusetts 01615-0036 (508) 853-5000

MicroSystems, Inc.
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2003 TtHRU 2024
HIGH-VOLTAGE,
HIGH-CURRENT

DARLINGTON ARRAYS

TEST FIGURES
FIGURE 1A FIGURE 1B FIGURE 2
oPeN Vce opeN Vce

Dwg. No. A-9728A Dwg. No. A-9730A Dwg. No. A-973

FIGURE 3 FIGURE 4 FIGURE 5
OPEN OPEN
O OPEN
ViN
Vce Ic

Dwg. No. A-8732A Dwg. No. A-9733A = 4 = =Dwg. No.EA-973r

FIGURE 6 FIGURE 7 FIGURE 8

OPEN Ve
Vln
Dwg. No. A-9735A Dwg. No. A-9736A ULN20X3* 3.5V GE:‘EJLNS‘;“
ULN20X4* 12V PR« 10KHz [

* Complete part number includes a final letter to indicate package.

X = Digit to identify specific device. Specification shown applies to family of devices with remaining digits as shown.
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HIGH-VOLTAGE,
HIGH-CURRENT
DARLINGTON ARRAYS

ALLOWABLE COLLECTOR CURRENT TYPICAL APPLICATIONS
AS A FUNCTION OF DUTY CYCLE
(Dual In-line-Packaged Devices, Suffix ‘A’)

+Vgs " +V

600
X < 1
g \\\ \ 2
z N \ N I~
I 400 N NN DN ~
% %\\\4 3\\
z N N ™S
E \~ 65\\\ \
7
c /1 ‘\\\\
3 200
o = NUMBER OF QUTPUTS ~—
E SIMULTANEOUSLY Fiaoec ] OUTPUT
N al
Dwg. No. A-9652
0
0 20 40 60 80 100 WV
DUTY CYCLE IN PER CENT
Dwg GROTD

(Small-Outline-Packaged Devices, Suffix ‘L’)

600 |
TA=470°C
1 90°CW |

LN

N o
\\ \ 5 o 2N4g01
NAZW
N

g
|
A

OUTPUT CURRENT IN mA/CHANNEL
/// .4

N 4 ‘\ o
200 5 v
7 NN _J q
NUMBER OF OUTPUTS = \E: = O%Mrgﬁ.r =
gmmg&gw Dwg. No. A-8654A
°0 20 40 60 80 100
DUTY CYCLE IN PER CENT
SATURATION VOLTAGE COLLECTOR CURRENT AS A
AS AFUNCTION OF COLLECTOR CURRENT FUNCTION OF INPUT CURRENT
600 600 '/o"
s, v
/s 4
] /" / i / d /]
Z 400 - Z 400 4
z Q\dr" & g Q\(ﬁ’ = /
A4 : I
§ 200 A é\é § 200 ’/’/ é\‘\‘q\s‘
: 1 /7 : 7
© "’ / © "l'/ /
A/ Vi
© 0 0.5 - 1.0 1.5 20 0 (¢] = 200 400 600
COLLECTOR-EMITTER SATURATION VOLTAGE INPUT CURRENT IN pA

ﬂle r0® 115 Northeast Cutoff, Box 15036
Worcester, Massachusetts 01615-0036 (508) 853-5000

MicroSystams, Inc.
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HIGH-VOLTAGE,
HIGH-CURRENT
DARLINGTON ARRAYS

TYPICAL APPLICATIONS

Dwg. No. A-0853A

+Vce

TTL
OUTPUT

Dwg. No. A10,175

INPUT CURRENT

AS A FUNCTION OF INPUT VOLTAGE

INPUT CURRENT IN mA — i

INPUT CURRENT IN mA — Iin

Types ULN2003A, ULN2003L, ULN2023A, and
ULN2023L

2.0
N
;r\““/ »

05
\»/' AREA OF NORMAL OPERATION
WITH STANDARD OR SCHOTTKY TTL

o | [ ] ]

2,0 3.0 4.0 5.0 6.0
INPUT VOLTAGE

Dwg. GP-069

Types ULN2004A, ULN2004L, ULN2024A; and
ULN2024L

2.0

1.5
/
N3 /
)
1.0 ﬁ&/ |
LT
/ il '""ﬁ.;\c';i
0.5 1. =
0
5 6 7 8 9 10 = ]

INPUT VOLTAGE




71

2003 tHRU 2024
HIGH-VOLTAGE,
HIGH-CURRENT
DARLINGTON ARRAYS
PACKAGE DESIGNATOR “A”
Dimensions in Inches
(controlling dimensions)
16 9
0.280
0.2140 ]
o.c1)7o __Io.mol., 8‘..._0.005
0.045 0.775 BSC MIN
0.735
t
0.210
MAX
gl
0.015 0.150
MIN D5
¥ ¥
.4 L‘ggfi Dwg. MA-001-16A In
Dimension in Millimeters
(for reference only)
16 9
7.11
6.10 ‘,
l 1LJ | S [ (R [ e R R S | l~_8l
:ZJ‘_" 19.68 -—1%35:'—— L—._ms
18.67
f
5.33 -
MAX
-t
0.39 3.81
MIN 2.93
.t

—d|-0.558

0.356

Dwyg. MA-001-16A mm

NOTES: 1. Leads 1, 8, 9, and 16 may be half leads at vendor’s option.
2. Lead thickness is measured at seating plane or below.
3. Lead spacing tolerance is non-cumulative.
4. Exact body and lead configuration at vendor’s option within limits shown.

115 Northeast Cutoff, Box 15036
Worcester, Massachusetts 01615-0036 (508) 853-5000

- Allegro

MicroSystems, Inc.
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HIGH-VOLTAGE,
HIGH-CURRENT1

DARLINGTON ARRAYS

PACKAGE DESIGNATOR “L”

Dimensions in Inches
(for reference only)

16 9
.0098
HHHAHAA 1 Y
0.1574 0.2440
0.1497 0.2284
0.050
LR N
0.020_..‘1 2 3 _.l ,4_0_050
0.013 4——0.3937_—_4 BSC 0°T0 8°
0.3859
B!
0.0688| H
0.0532 L.ﬂ
T T‘ 0.0040 MIN. Dwg. MA-007-16 in

Dimension in Millimeters
(controlling dimensions)

THHHHHHH T‘ng

4.00 6.20
3.80 5.80 1.07

L LI R =

8:2;_"{ - ——l P 0°T0 8&[\1
9.80

:

1.75 | f
1.35 | |

T L 0.10 MIN. Dwg. MA-007-16A mm

NOTES: 1. Lead spacing tolerance is non-cumulative.
2. Exact body and lead configuration at vendor’s option within limits shown.
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HIGH-VOLTAGE,
HIGH-CURRENT
DARLINGTON ARRAYS

The products described here are manufactured under one or more
U.S. patents or U.S. patents pending.

Allegro MicroSystems, Inc. reserves the right to make, from time to
time, such departures from the detail specifications as may be required
to permit improvements in the performance, reliability, or
manufacturability of its products. Before placing an order, the user is
cautioned to verify that the information being relied upon is current.

b Allegro products are not authorized Jor use as critical components
" in life-support devices or systems without express written approval.

The information included herein is believed to be accurate and
reliable. However, Allegro MicroSystems, Inc. assumes no responsi-
bility for its use; nor for any infringement of patents or other rights of
third parties which may result from its use.

lle m‘” 115 Northeast Cutoff, Box 15036
Worcester, Massachusetts 01615-0036 (508) 853-5000

MicroSystems, Inc.
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