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Suffix'.Q' Plas~ic Quadln:Line wit~Heat SinMabs .... ,h",,\.:.I',.,: ,; ...................... : ... ; 12,31 
Suffix 'R' GlasslCeramic Hermetic Dualln-~inln,;' .:c..'. t,',;, ; ••.......•............ :.) 1:2;31 
Suffix'S' Plastic Mini Single In-line; ....•..... , .• ' ", ... <, c •• ';'; .................... /. , 'l2~33 
Suffix 'J' Plastic 3-Pin Singleln-Une .; ... ;,1. , ".' •. , ••••••••• , •••••••••••••••••••• '" • ,: 12-33 

. Suffix 'U'Phistic 3·Pin Thin Single In-Line .... ' ..... : c/ ••• •••••• ; •• , ••••••••••••••••••••••. 12"34 
Suffix 'W'rlastic l2-Pin Singl.e In!Line Power Tab;;. •.. ; . "," ...• ; ... : ................... L.:12-34 
Suffix 'Y' rlasti~ .Head TO-92 Transistor .... " . , ............ : ................. .', ..... , .• " ;:1z,:35 
Suffix'Z' Plastic Head TO-220Single In-LineP,owerJab .......• , ': ":.' ............. . J;; :" ... ! :; i· j2+35 
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TPQA-05 through 56 
UDS-0400H through 0433-1 
UDS-0500H through 0533H 
UHC/UHD-400 through 433-1 
UHP-400 through 433-1 
UHC/UHD-500 through 533 
UHP-500 through 533 
TPP-1000 and 2000 
ULN-2001A through 2015A 
ULS-2001H through 2015H 
ULS-2001R through 2015R 
ULN-2021A through 2025A 
ULS-2021H through 2025H 
ULN-2031A through 2033A 
ULS-2045H 
ULN-2046A 
ULN-2046A-1 
ULN-2047A 
ULN-2054A 
ULN-2061M and 2062M 
ULN-2064B through 2077B 
UlS-2064H through 2077H 
ULN-2081A 
ULN-2082A 
ULN-2083A 
ULN-2083A-1 
ULS-2083H 
ULN-2086A 
UlN-21l1A 
UlN-2140A 
ULS-2140H 
ULN-2204A 
TPQ-2221 and 2222 
UlN-2240A 
UlN-2241A 
ULN-2242A 
ULN-2243A 
UlN-2249A 
ULN-2260A 
UlN-2270B and 2270Q 
ULN-2280B 
ULN-2283B and 2283B-1 
ULN-2290B and 2290Q 

Quad Transistor Arrays ................................. 10-52 
.................................. See UHD-400through433-1 
.................... ~ ................ See UHD-500 through 533 

Hermetic Quad Power and Relay Drivers. . . . . . . . . . . . . . . . . . . . .. 5-2 
Quad Power and Relay Drivers ............................ 3-3 
Hermetic Quad Power and Relay Drivers. . . . . . . . . . . . . . . . . . . . .. 5-2 
Quad Power and Relay Drivers. . . . . . . . . . . . . . . . . . . . . . . . . . . .. 3-3 
Medium-Power Darlington Arrays .......................... 10-51 
High-Current Darlington Drivers. . . . . . . . . . . . . . . . . . . . . . . . . .. 3-14 
Hermetic High-Current Darlington Drivers .....•.............. 5-7 
Hermetic High-Current Darlington Drivers· . . . . . . . . . . . . . . . . . . .. 5-7 
High-Current, 95 V Darlington Drivers ...... , .. , . . . . . . . • . .. .. 3-14 
Hermetic High-Current Darlington Drivers .... , ..... , . . . . . . . .. 5-7 
Darlington Arrays ................................ , . ... 10-2 
Hermetic NPN Transistor Array ...... '.' •...........•.... '." 10-4 
NPN Transistor Array ..•.......................... , ..... 10-4 
NPN Transistor Array ................................... 10-6 
Triple Differential Amplifier Array ....................... ; .. 10-7 
Dual Differential Amplifier Array .................. , ..... : .. 10-8 
Dual 1.5 A Darlington Switches. . . . . . . . . . . . . . . . . . . . . . . . . . .. 3-24 
Quad 1.5 A Darlington Switches ..................... ;..... 3-24 
Hermetic Quad 1.5 A Darlington Switches .................. ; ,. 5-17 
Common-EmitterNPN TransistorArray ....................... 10-11 
Common-ColiectorNPN Transistor Array ............. c ........ 10-11 
Independent NPN Transistor Array .......................... 10-12 
Independent NPN Transistor Array •......................... 10-14 
Hermetic Independent NPN Transistor Array .......... , ........ 10-12 
NPN Transistor Array ......... ; ............ " ........... 10-15 
F-M, I-F Amplifier/Limiter and Detector .... : ....... :......... 6-3 
Quad Current Switch ................................... 10-16 
Hermetic Quad Current Switch .......•....... , ............ 10-16 
A-M/F-M Radio System .........•......... , ............. ; 6-8 
Quad NPN Transistor Arrays ... : ............... : .......... 10-52 
A-M/F-M Signal Processing System . . . . . . . . . . . . . . . . . . . . . . . .. 6-15 
A-M/F-M Signal Processing System . . . . . . . . . . . . . . . . . . . . . . . .. 6-21 
(TDAlO90) A-M/F-M Signal Processing System ................. 6-27 
Mixer/I-F for F-MRadios. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 6-34 
A-M Radio System. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 6-38 
AGC, Sync, and Scan Processor. . . . . . . . . . . . . . . . . . . . . . . . . . .. 7-3 
(TDA1170) Vertical Deflection System ....................... 7-6 
2.5 W Audio Power Amplifier. . . . . . . . . . . . . . . . . . . . . . . .. . . . .. 8-3 
Low-Power Audio Amplifiers . . . .. . . . . . . . . . . . . . . . . . . . . . . . .. 8-9 
(TDA3190 and TDA1190Z) 4-Watt TV Sound Channels. . . . . . . . . . .. 7-12 
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ULN:2350C and 2351C 
U~N22401A 
UtN~2429A 
ULN~2430M 
UlN~2435A 

U~~445A 
lilLN~2450A and 2451M 

. ULN~2455A 
TPQ-2483 and 2484 
UDN,c254lB and 2541W 
UDN-£54Za and 2542W 
~D1'l:-2580A through 2588A 
~~N~25~5A. 
UlNq28QlAthrough 2815A 
ULSc2801H through 2815H 
ULS~280JR through 2815R 
ULN-2821A through 2825,6, 
ULS-2821H through 2825H 
UON~28416 and 28456 
UDN-2878W and 2879W 
UTI'H8866 and 2888,60 
TP0-2906 andZ9Q7 
UDN::.29336 and 29346 
UDN-2935Z 
UON72949Z 
l:IDN-2950Z 
UDN-2952B and 2952W 
UON~2956A and 2957A 
UOQ·2956R and 295m 
UON-2975W,and2976W 
UDN,c298lA through 2984A 
UOS:2981H through 2984H 
Tff,3000 
UGN-30l3T and 3013U 
UGfHQ19T and 3019U 
UGS~3019T and 3019U 
UGN-3020T and 3020U 
UGS.3020T and 3020U 
UGN~3030T and 3030U 
UGS"3030T and3030U 
UGN~3035Q . 
UGN-3040Tand 3040U 
UGN730751and 3075U 

luffChip@ Semi-CustonHntegrated Circuits ............. ; ...•. ;I 1-12 
Lamp Monitor. : ...... ,; .. : i:" .• ,.', •. •............... , •.• ,;'. " .)Q.:18. 

, .. HuldJJetector., ..•..••. ,;:: n .. ' ..... '.' .......... '.' ; ... ;' , .•. ()0-20 
·lim~r •. , ..... ,,; ":'" : ,., •. , ., ..................... , .•. 'i;.~·IO-n' 
AIJtomotive !Lam p Mpnitor ;'j"." •• ;' ••••••••••.••••••••••••• : 10-26 
AutomotiveLamp,Monitor.;., ... : ............. '.' •. ' .. ;'. "'LIQ~21i 
Precision power Timer/Osei)Iators; .: ........... , , .•...... ; .. ' 1<, 

Qeneral~Purpose QUad COmParator ...................... i; '.10-26 . 
QuadNPN Transistor,Arrays.; .' ................ v"",,~,:: lQ-52 
Quad NAND Drivers ,~ ......... ' ,' ............. ',' . ;'''c'' .. " 3~35 
Quad NAND Drivers .... ;. ".: .. ;. "i . .... " ... :. '.' . ,.' .. '.' ... 3-35 
8-Chan!1eIcHigh~urr(ln~$oqrce;DffVers .............. I ••••••• , 3~38 

..8:-Channel Mediufl1':iCu(rentSj!1kDrlver ........ ; .......... ,c.'. . 3-45 
1Hjgh·C!l~cent D~rl.iogtonQriv~w .,'." ..................... :. 3-47 
Hermetic t/igh-Cll:rreot,{larlingtonDfjiyers .................. ,; 5~26 
Hermetic Hign-CurrenlDarl!u,llrfyers ................... "." 5-26 
High-Curre!1,t,95 VOariingionQrivers ...................... , .. 3;47 
Hermetic95N Darlington Drivers •.. < . . . . . . . . . . . . . . . . . .. .. ...5-26 
Quad l.5A DariingttlnDri,lIers .. ,._.~ : .................... ',., 3~58 
Quad 4A Ilarlington Driv~rs , .• , ......................... :.' 3-64 
SCRArraysl.;.,;·, :,,of .• > , •.. '. ...... /: .• " •...... , ....• , ,.,.,>; ·3"70 

·Quad P&.Transi$tIJrArf.ays ..• ' .•... ; ...................... ,.JO~5Z 
3-Channel H\l;lf~8FidgeMotOrDrivers. , ................... ".. '1'i 
BjpolarJlalf.BridgeMotQfDrlver; . :'. . . . . . . . . . . . . . . . . . . . . ... 3-73 
High.Current, Half-Bridge MQtorOriver .................... ;. 3-79 
Bipolar tfJllf-6ridgeMQtorD[iver . ,. ; . . . . . . . . . . . . . . . . . . . . . .. 3-73 
Full-Bridge Mutor Orille.fS; " .·f. .•.. . . . . . . . . . . . . . . . . . . . . . .. 3-83 
High-Current SOur~e Driv.er$;.i .. i .. " ..... , . . . • . • • • . . . . . . • .. H9 
Hermetic.Hig~-CurrentSllUrce.Drivers . . . .. . . . . . .. . . . . . . . . . .. 5-36 
Dual 4ASo'enoid.D.r,iYers •.. ~: .......... , .................. 3-92 
High-Current Source Dr.ivtlFS •.•. ; ., .......... ; . . . . .. . . . . . .. 3-96 
Hermeti.c' High.Cu.rrent SourteDr,ivers ...................... ; 5-39 
Triple.Medium,.Powed)'arl~f1gton~witch .............. , •• ; '" i;. 1Ml· 
Low-Costlligital Halt Eff~tSwitr;fles. . . . . . . . . . . . . . . . . . . . .. .. 9"3·.·· 
Low-Cost Digital Hall·;Effect-SWit~M$ .....•........ '" .. :, > (.~9~5 
Extended·Temp'eraturei.lw(~~st..HlI" Effect Switches .. , . ,: ; ; " ;,;', 9"5, 
Low-Cost OigitaIHII/lEfte¢lSw,itqh.es c , •••••••••• • ;i • •.• ~ ....••• ;. ; 9-7· 
Extended.Temperature ,PJgitalHalltffect Switches ........... :;:.,' 9-7 
BipoilltDigital HliJiEffet;tSwitche~\: .. " ........... ,.'. ;,'. /." 9-9 
·£)(tended-Temperature' 6ipQlarPig:~tal Hall Effect Switches ...... i,; ; '.9-9; 

, MagneticaJly~eia"(t~aJ~, ~ffett~BillP,ar Latch .. . ' ......... '.' .. ~ ~-1t 
UJtra-Sensitive,DigitaLJiJaf[liffectSwitches ........ ; ....... i',:: . 97U 
Bipola:r,HaU Effect ~atcbesi.i. " ... , .................... ,,; .9:14 

*New Product. Contactfactory for detailed information. 
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UGS-3075T and 3075U 
UGN-3076T and 3076U 
UGSc 3076T and 3076U 
UGN·3201M and 3203M 
UGN-3220S 
ULN-331OD and 3310T 
ULN-3330D, 333.0T, 3330Y 
UGN-3501M 
UGN-350lT and 350lU 
UGN-3604Mand 3605M 
UDN-3611M through 3614M 
UDS-361lH through 3614H 
ULN-3701Z 
ULN-3702Z 
ULN-3703Z 
ULN-3705M 
TPQ-3724 through 3725A 
ULN-3783M 
ULN'3784B 
ULN-3793W 
TPQ-3798 and 3799 
ULX-3803A 
ULN-3804A 
ULN-3809A 
ULN-381OA 
ULN-3812A 
ULN'3838A 
ULN-3840A 
ULN-3859A 
TPQ-3904 
TPQ-3906 
TPP'4000 
UCN-4202A and 4203A 
UCN-4204A 
TPQ-4258 and 4354 
UCN-4401A and 4801A 
UCS-4401H and 4801H 
UCN-4805A 
UCN-4807 A and 4808A 
UCN-4810A 
UCS-4810H 
UCN-4815A 
UCS-4815H 

Product Index (Continued) 

Extended-Temperature Bipolar Hall Effect Latches .............. 9-14 
Bipolar Hall Effect Latches ... , . . . . . . . . . . . . . . . . . . . . . . . . . .. 9-17 
Extended-Temperature Bipolar Hall Effect Latches .............. 9-17 
Dual Output Digital Hall Effect Switches ..................... 9-20 
Dual Output Digital Hall Effect Switch. . . . . . . . . . . . . . . . . . . . . .. 9-23 
Precision Light Sensors . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . .. 10-32 
Optoelectronic Switches ........................ , . . . . . . .. 10-38 
Linear Output Hall Effect Sensor. . . . . . . . . . . . . . . . . . . . . . . . . .. 9-25 
Linear Output Hall Effect Sensors . . . . . . . . . . . . . . . . . . . . . . . . .. 9-28 
Hall Effect Sensor Elements. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 9-31 
Dual Peripheral and Power Drivers. . . . . . . . . . . . . . . . .. .. . . . .. 3-103 
Hermetic Peripheral and Power Drivers .......... , ....... ,. ... 5,44 
(lDA2002) 5-to 10-Watt AudiO Power Amplifier . . . . . . . . . . . . . . ... 8q7 
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(TDA2003) 10"WattAudio Power Amplifier .................... 8'26 
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Quad NPN Transistor Arrays. ; . ; , ......................... 10-52 
Dual Low-Voltage Audio Power Amplifier. . . . . . . . . . . . . . . . . . . . . . * 
4-Watt Audio Power Amplifier .. , . . . . . . . . . . . . . . . . . . . . . . . . .. 8-35 
20-Watt Audio Power Amplifier" .. ............... ', . ,' .... " . . . * 
Quad PNP Transistor Arrays. . . . . . . . . . . . . . . . . . . . . .. . . . . . .. 10-52 
low-Voltage A-M/F-M/Shortwave Signal Processor., . . . . . . . . . . . . .. . . * 
A-M/F-M Signal Processor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 6-42 
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Phase-Locked Loop Stereo Decoder .................. , ..... , 6-52 
A-M Radio System. . . . . . . .. . . . . . . . . . . . . . . . . .. . . . . . . . . .. 6-55 
A-M/F-M Signal Processing System . . . . . . . . . . . . . . . . . . . . . . . .. 6-61 
Low-Power, Narrow-Band F-M I-F ............... :.......... 6-68 
Quad NPN Transist6r Array ............................... 10-52 
Quad PNP Transistor Array ....... , .............. , ........ 10-52 
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Stepper MojorTranslator/Drivers . , . . . . . . . . . . . . . . . . . . . . . . ... 4-2 
B'iMOS 1.25A, 2--Phase Stepper Motor Translator/Driver .... ',...... * 
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BiMOS Latched Drivers ...................... , ......... ; 4-9 
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ULN-J!l60R 
ULS:8160R. 
ULN-8161M 
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GENERAL INFORMATION 

UL N - 2046 

Sprague Part Numbering Systems 

A - 1 

fL..------INSTRUOION5. 
1 = SELECTED VERSION, SEE DETAIL SPECIFICATIONS 
BU = BURNED-IN PARTS TO DOUBLE-DEUCE PROGRAM 
MIL = MILITARY GRADE WITH SCREENING TO MIL-STD-883, 

CLASS B (PACKAGES H, J, AND R ONLY) 

....... ----PACKAGE DESIGNATION. 
A ;= PLASTIC, 14- THROUGH 40-PIN DUAL IN-LINE 
B = PLASTIC, 8- THROUGH 22-PIN DUAL IN-LINE SEMI-TAB 
C = UNPACKAGED CHI~ 
CW = PROBED WAFER 
D = METAL CAN, 3-LEAD (TO-52) 
E = LEADLESS CHIP CARRIER (CONTACT FACTORY) 
H = GLASS/METAL HERMETIC, 8- THROUGH 40-PIN DUAL IN-LINE 
J = GLASS/METAL HERMETIC; 14-LEAD FLAT PACK 
L = PLASTIC SOIC (CONTACT FACTORY) 
M = PLASTIC, 8-PIN DUAL IN-LINE • 
P = DIRECTLY REPLACED BYB PACKAGE 
Q = PLASTIC, ~6-PIN QUAD IN-LINE . 
R = CERAMIC/GLASS HERMETIC, 14- THROUGH 40-PIN DUAL IN-LINE 
S = PLASTIC, 4-LEAD SINGLE IN-LINE 
T = PLASTIC, 3-LEAD SINGLE IN-LINE 
U = PLASTIC, 3-LEAD THIN SINGLE IN-LINE 
V = METAL FLANGE MOUNT, ll-LEAD (T0-3) 
W = PLASTIC, 12-LEAD SINGLE IN-LINE POWER TAB 
Y = PLASTIC, 3-LEAD (T0-92) 
Z = PLASTIC, 5-LEAD SINGLE IN-LINE POWER TAB (T0-220) 
ZH = Z PACKAGE WITH FORMED LEADS FOR HORIZONTAL MOUNT 
ZV = Z PACKAGE WITH FORMED LEADS FOR VE,RTICAL MOUNT 

-----DEVICE TYPE (FOUR DIGITS). 

L.-----OPERATINGAMBIENT TEMPERATURE RANGE; 
N = COMMERCIAUINDUSTRIAL, SEE DETAIL SPECIFICATIONS 
Q = EXTENDED ( - 40°C TO + 85°C) . 
S = FULL MILITARY ( - 55°C TO + 125°C) 
X = SPECIAL SIGNIFIER FOR PRE-PRODUCTION DEVICES 

'------FAMILY (UC, UD, UG, UL, OR U1). 
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GENERAtfNFORMATION , -

UH 

0-400 - r,-_' ---------INSTRUCTIONS. 

1 = SELECTED VERSION, SEE DETAIL SPECIFICATIONS 
MIL = MILITARY GRADE WITH SCREENING TO MtL~STD-883, 

CLASS B (PACKAGES C AND D ONLY) 

1..--___________ DEVICE TYPE (THREE DIGITS). 

PA~KA:EG~~~~~~l~~iRMETIC, 14-PIN fLAlPACK 
D = GLASStMETAL HERMETIC; 14"PIN DUAL IN-LINE, 
K = UNPACKAGED CHIP OR PROBEOWAFER . 
P == PLASnC; 14-PIN DUAL IN-tiNE 
R = CERAMIC/GLASS HERMETIC,' 14-PINDUAL IN-LINE 

1..-----.;.;.;;...------,-------..,......;..-FAMILy (UH ONLY). 

TPP - t'-'--~-'"'" .. .:.....,., _' _______ ~--
- DEVICE TYPE (FOUR DIGITS OR FOUR DIGITS AND1ETTER). 

L--------.,-,..--------FAMILy. 
TPP = OARLINGTONARRAY 
TPQ = QU~D TRANSISTOR ARRAY - " .--

D 



GENERAL INFORMATION 

CROSS-REFERENCE in Numerical Order 

The suggested Sprague replacement devices are based on similar
ity as shown in currently published data. Exact replacement in all 
applications is not guaranteed. The user should compare the speci
fications of the competitive and recommended Sprague replace
ment. 

Manu.facturers' Abbreviations: Competitive Suggested 
Part Sprague 

AMI American Microsystems Number Manufacturer Replacement 
CS Cherry Semiconductor AD741CH ULN-21510* 
DI Dionics, Inc. AD74lCN ULN-2151M* 
EXR Exar Integrated Systems 
FER Ferranti Limited AN206 MAT ULN-2165A* 
FSC Fairchild Semiconductor 
FUJ Fujitsu CA124E RCA ULN-4336A* 
GE General Electric* CA224E RCA ULN-4336A* 
HIT Hitachi Ltd. CA324E RCA ULN-4336A* 
IR International Rectifier* CA741CE RCA ULN-2151M* 
In In Semiconductors CA741CT RCA ULN-21SlO* 
MAL P. R. Mallory* CA758E RCA ULN-3812A 
MAT Matsushita CA1l90E RCA ULN-2290B 
MIT Mitsubishi Electric Corp. CA1l90Q RCA ULN-2290Q 
MOT Motorola Semiconductor CA1310E RCA ULN-381OA 
NEC Nippon Electric Co. CA1391E RCA ULN-2291M* 
NS National Semiconductor CA1394E RCA ULN-2294M* 
OKI Oki Semiconductor CA1398E RCA ULN-2298A* 
PE Pro-Electront CA1724G RCA TPQ-3724 
PLS Plessey Semiconductor CA1725G RCA TPQ-3725 
RAY Raytheon Co.* CA2002 RCA ULN-3701Z 
RCA RCA CA2002M RCA ULN-3701ZH 
RFA Rifa CA2004 RCA ULN-3702Z 
SANY Sanyo CA2004M RCA ULN-3702ZH 
SG Silicon General Inc. CA2111AE RCA ULN-2111A 
SIG Signetics Corp. CA2136AE RCA ULN-2136A* 
SIL Siliconix CA3045 RCA ULS-2045H 
SGS SGAIATES 
SPC Sprague Products Co.* 
SPR Sprague Electric Co. :j:European registration; manufactured by various companies including 
SYL Sylvania In, Philips, SGS/ATES, Siemens, Thomson-CSF, AEG-Telefunken, and 
THM Thomson-CSF Valvo. 
TI Texas Instruments *No longer manufactured. Listed for reference only. 

TLF AEG-Telefunken 
TaKa RCL Toko 
TOS Toshiba Corp. 
UNI Unitrode 
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Competitive 
Part 
Number 

CA3045F 
CA3045L 
CA3046 
CA3054 
CA3064E 
CA3065 
CA3066 
CA3067 
CA3070 
CA3071 
CA3072 
CA3075 
CA3081E 
CA3082E 
CA3083E 
CA3086 
CA3089E 
CA3120E 
CA3121E 
CA3123E 
CA3l26Q 
CA3135G 
CA3146E 
CA3153G 
CA3170E 
CA3172G 
CA3183AE 
CA3I83E 
CA3I89E 
CA3I95 
CA3209E 
CA32I7E 
CA32I9E 
CA3724G 
CA3725G 
CAI0806A 

CSI02 
CSI22 
CSI66 

GENERAL INFORMATION 

Suggested 
Sprague 

Manufacturer Replacement 

RCA ULS-2045R 
RCA ULS-2045H 
RCA ULN-2046A 
RCA ULN-2054A 
RCA ULN-2264A* 
RCA ULN-2165A* 
RCA ULN-2266A* 
RCA ULN-2267A* 
RCA ULN-2124A* 
RCA ULN-2127A* 
RCA ULN-2228A* 
RCA ULN-2129A* 
RCA ULN-2081A 
RCA ULN-2082A 
RCA ULN-2083A 
RCA ULN-2986A 
RCA ULN-2289A* 
RCA ULN-2125A* 
RCA ULN-2269A* 
RCA ULN-2137A* 
RCA ULN-2262A* 
RCA ULN-2261A* 
RCA ULN-2046A-1 
RCA ULN-2297A* 
RCA ULN-2268A* 
RCA ULN-2229A* 
RCA ULN-2083A-I 
RCA ULN-2083A-I 
RCA ULN-3889A* 
RCA ULN-3812A* 
RCA ULX-3888A* 
RCA .. ULN-3914A 
RCA UON-2541B 
RCA TPQ-3724 
RCA TPQ-3725 
RCA ULN-39i4A 

CS ULN-3304M* 
CS ULN-3306M* 
CS UlN-2492A 

lISprague device includes internal pull-down resistors. 
*No longer manufactured. Listed for reference only. 

Competitive 
Part 
Number Manufacturer 

OH3724CN NS 
OH3725CN NS 

Dl302 01 
Dl502 01 
01507 DI 
Dl509 01 
Dl510 01 
01512 01 
01514 01 

OM3724CN NS 
OM3725CN NS 
OS361lN NS 
OS3612N NS 
OS3613N NS 
OS3614N NS 

OVR~Ol 

FPQ2222 FSC 
FPQ2907 FSC 
FPQ3724 FSC 
FPQ3725 FSC 
FSA2619P FSC 
FSA2719P FSC 

GEL2113 GE 

HA1137W HIT 
HA1156W HIT 
HA1l99 HIT 
HA1364 HIT 
HAI317A HIT 
HA1.388 HIT 
HA12402 HIT 

ITI5I2 ITT 
1TT552 ITT 

tSome differences in specified switching speed with the Sprague ·device being superior for use witH 
inductive loads. 
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Suggested 
Sprague 
Replacement 

TPQ-3724 
TPQ-3725 

UON-7183A 
UON-6144A*t 
UON-6116A-1 ~ 
UON-6116A-2~ 
UON-6510A 
UON-6514A 
UON-6118A-2~ 

TPQ-3724 
TPQ-3725 
UON-3611M 
UON-3612M 
UON-3613M 
UON-3614M 

UHP-480* 

TPQ-2222 
TPQ-2907 
TPQ-3724 
TPQ-3725 
TNO-908 
TNO-903 

ULN-21l1A 

ULN-2289A* 
ULN-38I0A-1 
ULN-2249A 
ULN-2290Q 
ULX-3777W* 
ULX-3788W* 
ULN-2204A 

UHP-49I* 
ULN-200IA 

D 



GENERAL INFORMATION 

Com petitive Suggested Competitive Suggested 
Part Sprague Part Sprague 
Number Manufacturer Replacement Number Manufacturer Replacement 

1TT554 ITT ULN-2002A LM124N NS ULN-4336A* 
1TT556 ITT ULN-2003A LM148N NS ULN-4336A* 
1TT652 ITT ULN-2001A LM224N NS ULN-4336A* 
1TT654 ITT ULN-2002A LM324N NS ULN-4336A* 
1TT656 ITT ULN-2003A LM377N NS ULN-2274B* 
1TT3064 ITT ULN-226.4A* LM378N NS ULN-2278B-l * 
1TT3065 ITT ULN-2165A* LM380N NS ULN-2280B 

LM383AT NS UlN-3702Z 
KB4402 TOKO ULN-2289A* LM383T NS ULN-3701Z 
KB4409 TOKO ULN-381OA LM384N' NS ULN-3784B 

LM741CH NS ULN-2151D* 
LU9 SGS ULX-3908Q* LM741CN NS ULN-2151M* 
U80 SGS ULX-3801Q* LM746N NS ULN-2228A* 
L20l SGS ULN-2001A LM1304 NS ULN-2120A* 
L202 SGS ULN-2002A LM1305 NS ULN-2122A* 
L2D3 SGS ULN-2003A LM1307N NS ULN-2128A* 
L204 SGS ULN-2004A LM1310N NS ULN-381OA-l 
L601 SGS ULN-2821A LM1391N NS ULN-2291M* 
L602 SGS ULN-2822A LM1394N NS ULN-2294M* 
L603 SGS ULN-2823A 
L604 SGS ULN-2824A LM1800N NS ULN-3812A 

LM1820N NS ULN-2137A* 
LA705PC SANY ULN-3812A LM1827N NS ULN-2224A* 
LA758PC SANY ULN-3812A LM1828N NS ULN-2228A* 
LA1l60 SANY ULN-2243A LM1829N NS ULN-2262A* 
LAI230 SANY ULN-2289A* LM1841N NS ULN-2136A* 
LA1364 SANY ULN-2264A* LM1848N NS ULN-2229A* 
LA1368 SANY ULN-2298A* LMI877N NS ULN-2274B* 
LA1369 SANY ULN-2224A* LM2002T NS ULN-3701Z 
LA3045 SANY ULS-2045H LM2002AT NS ULN-3702Z 
LA3046 SANY ULN-2046A LM2111N NS ULN-21llA 
LA3086 SANY UlN-2086A LM2113N NS ULN-21llA 
LA3089 SANY ULN-2289A* LM3045D NS ULS-2045H 
LA330! SANY ULN-3810A-l LM30.46N NS ULN-2046A 
LA3350 SANY ULN-381OA LM3053N NS ULN-2209M* 
LB1231 SANY ULN-2001A LM3054N NS ULN-2054A 
LB1232 SANY ULN-2002A LM3064N NS ULN-2264A* 
LB1233 SANY ULN-ZOO3A LM3065N NS ULN-2165A* 
LB1234 SANY ULN-2004A LM3066N NS ULN-2266A* 
LB1294 SANY UHP-491 * LM3067N NS ULN-2267A* 

*No longer manufactured. Listed for reference only. 

1-6 



Competitive 
Part 
Number 

lM3070N 
lM3071N 
lM3072N 
lM3075N 
lM3086N 
lM3089N 
lM3611N 
lM3612N 
lM3613N 
lM3614N 

M54523 
M54524P 
M54525P 
M54526P 
M54532P 
M54562P 
M5463P 

MB3759C 
MB3759P 
MB3760C 
MB3760P 

MC1304 
MC1305 
MC1307P 
MC1309 
MC1310EP 
MC1310P 
MC1311P 
MC1320P 
MC1324P 
MC1326P 
MC1327P 
MC1328P 
MC1329P 
MC1339P 
MC1344P 

Suggested 
Sprague 

Manufacturer Replacement 

NS UlN-2124A* 
NS UlN-2127A* 
NS UlN-2228A* 
NS UlN-2129A* 
NS UlN-2086A 
NS UlN-2289A* 
NS UDN-3611M 
NS UDN-3612M 
NS UDN-3613M 
NS UDN-3614M 

MIT UlN-2003A 
MIT UlN-2001A 
MIT UlN-2002A 
MIT UlN-2004A 
MIT UlN-2064B 
MIT UDN-2982A 
MIT UDN-2981A 

FUJ UlQc8194R§ 
FUJ ULQ-8194A§ 
FUJ UlQ"8195R§ 
FUJ UlQ-8195A§ 

MOT UlN~2120A* 
MOT UlN-2122A* 
MOT UlN-2128A* 
MOT UlN-3809A 
MOT UlN-38lOA 
MOT UlN-38lOA 
MOT UlN-3812A 
MOT UlN-2137A* 
MOT ULNc2224A* 
MOT ULX-2226A* 
MOT UlN-2217A* 
MOT UlN-2228A* 
MOT UlN-2229A* 
MOT UlN-2126A* 
MOT UlN-3812A 

*No longer manufactured. Listed for reference only. 
§Sprague engineering bulletin in preparation. 
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GENERAL INFORMATION 

Com petitive Suggested 

D Part Sprague 
Number Manufacturer Replacement 

MC13S6P MOT UlN-2136A* 
MC1357P MOT UlN-2111A 
MC1358P MOT UlN-Z16SA* 
MC1364P MOT UlN-2264A* 
MC1370P MOT UlN-2124A* 
MCl371P MOT UlN-2127A* 
MC1375P MOT UlN-2129A* 
MC1389P MOT UlN-2289A* 
MC1391P MOT UlN-2291M* 
MC1394P MOT UlN-2294M* 
MC1398P MOT. UlN-2298A* 

MC1411l MOT UlN-2001R 
MC1411P MOT UlN-2001A 
MC1412l MOT UlN-2002R 
MC1412P MOT UlN-2002A 
MC14131 MOT UlN-2003R 
MCl413P MOT UlN-2003A 
MCl413TP MOT UlQ-2003A 
MC1416l MOT UlN-2004R 
MC1416P MOT UlN-2004A 
MC1417P MOT UDN"2580A 
MC1439G MOT UlN-2139G* 
MC1439Pl MOT UlN-2139M* 
MC147lP1 MOT UDN-S711M 
MC1472Pl MOT UDN-5mM 
MC1473Pl MOT UDN-5713M 
MC1474Pl MOT UDN-5714M 
MC1741CG MOT UlN-21SlO* 
MC1741CPl MOT UlN-2151M* 
MC3346 MOT ULN-2046A 
MC3357P MOT ULX-3857A* 
MC3386P MOT UlN-2086A 
MC3403P MOT UlN-4336A* 
MFC4050 MOT UlN-2135E* 

Ml3045 UlS-2045H 
Ml3046 UlN-2046A 
Ml3086 UlN-2086A 



GENERAL INFORMATION 

Com petitive 
Part 
Number 

MPQ2221 
MPQ2222 
MPQ2369 
MPQ2483 
MPQ2484 
MPQ2906 
MPQ2907 
MPQ3724 
MPQ3725 
MPQ3725A 
MPQ3798 
MPQ3799 
MPQ3904 
MPQ3906 
MPQ6001 
MPQ6002 
MPQ6100 
MPQ6100A 
MPQ650J 
MPQ6502 
MPQ6600 
MPQ6600A 
MPQ6700 

MSL912R 

N2211A 
N2212A 
N5065A 
N5070B 
N5071A 
N5072A 
N5111A 
N5741T 
N5741V 

NA3086 

NE564F 
NE564N 

Suggested 
Sprague 

Manufacturer Replacement 

MOT TPQ-2221 
MOT TPQ-2222 
MOT TPQ-2369 
MOT TPQ-2483 
MOT TPQ-2484 
MOT TPQ-2906 
MOT TPQ-2907 
MOT TPQ-3724 
MOT TPQ-3725 
MOT TPQ-3725A 
MOT TPQ-379B 
MOT TPQ-3799 
MOT TPQ-3904 
MOT TPQ-3906 
MOT TPQ-6001 
MOT TPQ-6002 
MOT TPQ-6100 
MOT TPQ-6100A 
MOT TPQ-6501 
MOT TPQ-6502 
MOT TPQ-1)600 
MOT TPQ-6600A 
MOT TPQ-6700 

OKI UDN-6118A-2 

SIG ULN-2211B* 
SIG ULN-2212B* 
SIG ULN-2165A* 
SIG ULN-2124A* 
SIG ULN-2127A* 
SIG UlN-2228A* 
SIG UlN-2111A 
SIG UlN-21510* 
SIG ULN-2151M* 

ULN-2086A 

SIG ULN-8564R§ 
SIG ULN-8564A§ 

*No longer manufactured. listed for reference only. 
§Sprague engineering bulletin in preparation. 
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Competitive Suggested 
Part Sprague 
Number Manufacturer Replacement 

NE594F SIG UDN-6118R-2 
NE594N SIG UDN-6118A-2 
NE5501N SIG ULN-2021A 
NE5502N SIG ULN-2022A 
NE5503N SIG ULN-2023A 
NE5504N SIG ULN-2024A 
NE5560F SIG ULN-8160R 
NE5560N SIG ULN-8160A 
NE5561N SIG ULN-8161M 
NE5562F SIG ULN-8162R§ 
NE5562N SIG ULN-8162A§ 
NE5563F SIG ULN-8163R§ 
NE5563N SIG ULN-8163A§ 
NE5601N SIG ULN-2001A 
NE5602N SIG ULN-2002A 
NE5603N SIG ULN-2003A 
NE5604N SIG ULN-2004A 

PA239 GE ULN-2126A* 

PBD35230lJ RFA ULN-2001R 
PBD352301N RFA ULN-2001A 
PBD352302J RFA ULN-2004R 
PBD352302N RFA ULN-2004A 
PBD352303J RFA ULN-2003R 
PBD352303N RFA ULN-2003A 
PBD352304J RFA ULN-2002R 
PBD352304N RFA ULN-2002A 
PBD352311N RFA ULN-2021A 
PBD352312N RFA ULN-2024A 
PBD352313N RFA ULN-2023A 
PBD352314N RFA ULN-2022A 
PBD35380lJ RFA ULN-2801R 
PBD353802J RFA UlN-2804R 
PBD353803J RFA UlN-2803R 
PBD353804J RFA ULN-2802R 

PWM25BK SIL ULQ-8125R§ 
PWM25CK SIL ULN-8125R§ 
PWM27BK SIL ULQ-8127R§ 
PWM27CK SIL ULN-8127R§ 



Com petitive 
Part 
Number 

02T2222 
02T3725 

RC741DN 
RC741TE 
RC4136DP 
RC4236DP 
RC4336DP 
RC4436DP 

S4534 
S4535 

SA594N 
SE5560F 
SE5560N 
SE5561N 
SE5562F 
SE556.2N 
SE5563F 
SE5563N 

SFC2046E 
SFC2054EC 
SFC2086E 

SG741CT 
SG741CM 
SG1524BJ 

SG1524F 

SG1525AJ 
SG1.526J 
SG1527AJ 
SG200lJ 
SG2001N 
SG2002J 

Suggested 
Sprague 

Manufacturer Replacement 

TI TPO'2222 
TI TPO-3725 

RAY ULN-21S1M* 
RAY ULN-2151D* 
RAY ULN-4136A* 
RAY ULNc4236A* 
RAY ULN-4336A* 
RAY ULN-4436A* 

AMI UCN-4BI0A 
AMI UCN-581BA 

SIG UDO-611BA-2§ 
SIG ULS-B160R 
SIG ULS-B160A 
SIG ULS-B161M 
SIG ULS-B162R§ 
SIG ULS-8162A§ 
SIG ULS-8163H§ 
SIG ULS-8j63A§ 

THM ULN-2046A 
THM ULN-2054A 
THM ULN-2086A 

SG ULN-21510* 
SG ULN-2151M* 
SG ULS-B124R§ 

SIG ULS-8124R§ 

SG ULS-8125R§ 
SG ULS-B162R 
SG ULS-B127R§ 
SG ULS-2DOIR 
SG ULN-2001A 
SG ULS-2002R 

*No longer manufactured. Listed for reference only. 
§Sprague engineering bulletin in preparation. 
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GENERAL <JNFORMA nON 

Com petitive Suggested 
Part Sprague 

0 Number Manufacturer Replacement 

SG2002N SG ULN-2002A 
SG2003J SG ULS-2003R 
SG2003N SG ULN-2003A 
SG2004J SG ULS-2004R 
SG2004N SG ULN-2004A 
SG2524BJ SG ULO-B124R§ 
SG2524BN SG ULO-B124A§ 

SG2524F SIG ULO-B124R§ 
SG2524N SIG ULO-B124A§ 

SG2525AJ SG ULO-8125R§ 
SG2525AN SG ULO-B12SA§ 
SG2526J SG ULO-B126R 
SG2526N SG ULO-B126A 
SG2527AJ SG ULO-B127R§ 
SG2527AN SG ULO-B127A§ 
SG2B41N SG UDN-2B41B 
SG30BIN SG ULN-20BIA 
SG3082N SG ULN-2082A 
SG30B3N SG ULN-20B3A 
SG3086N SG ULN-20B6A 
SG3146N SG ULN-2046A-l 
SG3183N SG ULN-2083A-l 
SG3524BJ SG ULN-B124R§ 
SG3524BN SG ULN-8124A§ 

SG3524N SIG ULN'B124A§ 

SG3525AJ SG ULN-8125R§ 
SG3525AN SG ULN-B125A§ 
SG3526J SG ULN-B126R 
SG3526N SG ULN-8126A 
SG3527AJ SG ULN-Bl27R§ 
SG3527AN SG ULN-8127A§ 
SG3635P SG UDN-2935Z 
SG3821J SG ULS-2045H 
SG3B21N SG ULN-2046A 
SG3B22N SG ULN-2054A 



GENERAL INFORMATION 

Competitive Suggested Competitive Suggested 
Part Sprague Part Spragu~ 
Number Manufacturer Replacement Number Manufacturer Replacement . 

SG3851J SG ULS-2011R SN75469J TI ULN-2024R 
SG3851N SG ULN-2011A SN75469N. TI ULN-2024A 
~SG3852J SG ULS-2012R SN75471P TI UDN-3611Mf 
SG3852N SG ULN-2012A SN75472P TI UDN-3612Mt 
SG3853J SG ULS-2013R SN75473P TI UDN-3613Mt 
SG3853N SG ULN-201?A SN75474P TI UDN-3614Mt 
SG3854J SG ULS-2014R SN75475P TI UDN-5712Mt 
SG3854N SG ULN-2014A SN75.476P TI UDN-S711Mt 
SG3886N SG ULN-2086A SN75477P TI UDN"5722Mt 
SG6118N SG UDN-6l18A SN75478P TI UDN-5713Mt 

SL3045C· PLS ULS-2045R 
SN75479P TI UDN-5i14Mt 

SL3046C PLS ULN-2046A SN75518N TI UCN-5818A§ 

SL3054 PLS ULN-2054A SN75605 TI UDN.2950l 
SN76104N TI ULN-2120A* 

SL308lO PLS ULN-2081A 
SN76105N TI ULN-2122A* 

SL3082D PLS ULN-2082A SN761.10N Tl ULN-2128A* 
SL3083£ PLS ULN-2083A 

SN76111N TI ULN-2121A* 
SL3086 PLS ULN-2086A 

SN76113N TI ULN-2128A* SL3145E PLS UlS-2045H 
SN76115N TI ULN-3810A SL3146E PLS ULN-2046A-l SN76116N TI ULN-3812A 

SL3183E PLS ULN-2083A-l SN76130N TI ULN-2126A* 
SN72741l TI ULN-215lO* SN76177ND TI UlN-2278B* 
SN72741P TI UlN-Z151M* SN76226N TI UlN-2216A* 
SN75064NE TI UlN-2064B SN76227N TI UlN-2217A* 
SN7506SNE TI UlN-2065.8 SN76228N TI UlN-2218A* 
SN75066N£ TI UlN-20S6B SN76242N TI UlN-2124A* 
SN75067NE TI UlN-2Q67B .. SN76243AN TI UlN-2127A* 
SN75068NE TI UlN-20688 SN76246N TI UlN-2228A* 
SN75069NE TI UlN-20698 SN76266N TI UlN-2266A* 
SN75074NE TI UlN-2074B SN76267N TI UlN-2267A* 
SN75075NE TI UlN-2075B SN76298N TI UlN-2298A* 
SN75407P TI UDN~5732M SN76564N TI UlN-2264A* 
SN75437ND TI UDN-2541B SN76:565N TI UlN-2264A* 
SN75466J TI UlN-2021R SN76591P TI UlN-2291M* 
SN75466N TI UlN-2021A SN76594P TI ULN-2294M* 
SN75467J TI ULN-2022R SN76635N TI UlN-2137A* 
SN75467N TI UlN-2022A SN76642N TI UlN-2111A 
SN75468J TI UlN-2023R SN76643N TI UlN-211lA 
SN7546~N TI UlN-2023A SN76665N TI UlN-2165A* 

*No longer manufactured. listed for reference only. 
tSomedifferences in specified switching speed with the Sprague device being supe~or for use with 
inductive loads. 

\. §Sprague engineering bulletin in preparation. 
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GENERAL INFORMATION 

Competitive Suggested Competitive Suggested 
Part Sprague Part Sprague 

0 Number Manufacturer Replacement Number Manufacturer Replacement 

SN76669N TI UlN-2136A* TD62104P TOS UlN-2004A 
SN76675N TI UlN-2129A* TD62479P TOS UDN-5714M 
SN76678P TI UlN-2209M* TD62703P TOS UHP-495* 
SN76688ND TI UlN-221lB* TD62705P TOS UHP-491 * 
SN76689N TI UlN-2289A* TD62781AP TOS UDN-6118A-2 
SN76883N TI UlX-2230A* TD62782AP TOS UDN-6128A-Z 
SPJ724QD TI TPQ-3724 
SP3725QD TI TPQ-3725 TDAlO60 PE:j: UlN-8160A 

TDA1083 PH ULN-2204A 
TA7070P TOS UlN-2264A* TDA1090 PH UlN-2242A 
TA7103P TOS UlN-Z224A* TDA1l70 PE:j: UlN-2270Q 
TA7141AP TOS UlN-2217A* TDA1190 PH UlX-3908Q* 
TA7157P TOS UlN-381OA TDA1190P PH UlN-2290B 
TA7613P TOS UlN-2204A TDA1190Z PE:j: UlN-2290Q 

TDA1200 PH ULN-2289A* 
TAA930 UlN-2111A TDA1230 PE:j: ULX-380IQ* 
TBA395 UlN-2218A* TDA1327 PH ULN-2217A* 
TBA396 UlN-2219A* TDA2002 PE:j: ULN-3701Z 

TDA2002A PH UlN-3702Z 
TCA3089 PH UlN-2289A* TDA200.2H PH UlN-3701ZH 
TCA3189 PH UlN-3889A* TDA2002V PE:j: UlN-3701ZV 

TDA2003H PH UlN-3703ZH 
TD62001AP TOS UlN.2001A TDA2003V PH UlN-3703ZV 
TD62001P TOS UlN-2001A TDA2008V PE:j: UlN-3702ZV 
TD62002AP TOS UlN-2002A TDA3189 PH UlN-3889A* 
TD62002P IDS UlN-2002A TDA3190 PH ULN-2290B 
TD62003AP TOS UlN-2003A TDA3190P PE:j: UlN-2290B 
TD62003P TOS UlN-2003A TDA3950A PH UlN-2220A* 
TD62004AP TOS UlN-2004A 
TD62004P TOS UlN-2004A TID121 TI IND-933 
TD62064AP TOS UlN-2064B TID122 TI TND-940 
TD62064P TOS ULN-2064B TID123 TI TND-938 
TD62074AP TOS ULN-2074B TID124 TI TND-939 
TD62074P TOS UlN-2074B Tl494CJ TI UlN-8194R§ 
TD62081AP TOS ULN-2801A Tl494CN TI UlN-8194A§ 
TD62082AP TOS UlN-2802A Tl4941J TI UlQ-8194R§ 
TD62083 TOS UlN-2803A Tl4941N TI UlQ-8194A§ 
TD62084AP TOS UlN-2804A Tl494MJ TI UlS-8194R§ 
TD62101P TOS UlN-2001A Tl495CJ TI UlN-8195R§ 
TD62103P TOS UlN-2003A Tl495CN TI UlN-8195A§ 

:tEuropean registration; manufactured by various companies including lIT, Philips, SGSlATES, Siemens, 
Thomson-CSF, AEG-Telefunken, and Valvo. 

*No longer manufactured. listed for reference only. 
§Sprague engineering bulletin in preparation. 
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GENERAL INFORMATION 

Competitive 
Part 
Number 

TL4951J 
TL4951N 
TL594CJ 
TL594CN 
TL5941J 
TL5941N 
TL594MJ 
TL595CJ 
TL595CN 
TL5951J 
TL5951N 
TL595MJ 

TVCM-1 
TVCM-2 
TVCM-3 
TVCM-4 
TVCM~5 
TVCM-6 
TVCM-7 
TVCM-8 
TVCM-9 
TVCM-10 
TVCM-ll 
TVCM-12 
TVCM-13 
TVCM-14 
TVCM-15 
TVCM-16 
TVCM-17 
TVCM-18 
TVCM-19 
TVCM-20 
TVCM-21 
TVCM-22 
TVCM-23 
TVGM-24 
TVCM-25 
TVGM-26 

Suggested 
Sprague 

Manufacturer Replacement 

TI ULQ-8195R§ 
TI ULQ-8195A§ 
TI ULN-8194R§ 
TI ULN-8194A§ 
TI ULQ-8194R§ 
TI ULQ-8194A§ 
TI ULS-8194R§ 
TI ULN-8195R§ 
TI ULN-8195A§ 
TI ULQ-8195R§ 
TI ULQ-8195A§ 
TI ULS-8195R§ 

SPC ULN-2114W* 
SPC ULN-2114A* 
SPC ULN-2114K* 
SPC ULN-2111A 
SPC ULN-2111A 
SPC ULN-2120A* 
SPC ULN-2122A* 
SPC ULN-2124A* 
SPC ULN-2127A* 
SPC ULN-2128A* 
SPC ULN-2165A* 
SPC ULN-2121A* 
SPC ULN-2126A* 
SPC ULN-2131M* 
SPC ULN-2125A* 
SPC ULN-2129A* 
SPC ULN-2135E* 
SPC ULN-2136A* 
SPC ULN-2137A* 
SPC ULN-2209M* 
SPC ULN-2224A* 
SPC ULN-2228A* 
SPC ULN-22748* 
SPC ULN-2276P* 
SPC ULN-22786* 
SPC ULN-22788* 

'No longer manufactured. Listed for reference only. 
§Sprague engineering bulletin in preparation. 
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Com petitive Suggested 
Part Sprague 
Number Manufacturer Replacement 

TVCM-27 SPC ULN-2298A* 
TVCM-28 SPC ULN-22118* 
TVCM-29 SPC ULN-3812A 
TVCM-30 SPC ULN-2264A* 
TVCM-33 SPC ULN-2267A* 
TVCM-34 SPC ULN-2269A* 
TVCM-35 SPC ULN-2280B 
TVCM-36 SPC ULN-37848 
TVCM-37 SPC ULN-2285A* 
TVCM-38 SPC ULN-2285P* 
TVCM-39 SPC ULN-2289A* 
TVCM-40 SPC ULN-2298A* 
TVCM-62 SPC ULN-3812A 
TVCM-65 SPC ULN-22788* 
TVCM-66 SPC ULN-2046A 
TVCM-67 SPC ULN-2054A 
TVCM-68 SPC ULN-2208M* 
TVCM-73 SPC ULN-381OA 

U5E737394 FSC ULN-2114W* 
U5E7746394 FSC ULN-2114W* 
U6A758394 FSC ULN-3812A 
U6A7704394 FSC ULN-22118* 
U6A7720394 FSC ULN-2137A* 
U6A7729394 FSC ULN-2122A* 
U6A7732394 FSC ULN"2120A* 
U6A7746394 FSC ULN-2114A* 
U6A7767394 FSC ULN-2128A* 
U6A7781394 FSC ULN-2127A* 
U6B7780394 FSC ULN-2124A* 
U6E7729394 FSC ULN-2122A* 
U7F7064394 FSC ULN-2264A* 
U7F7065354 FSC ULN-2165A* 
U7F7065394 FSC ULN-2165A* 
U7F7075394 FSC ULN-2129A* 
U7F7729394 FSC ULN-2122A* 
U7F7732394 FSC ULN-2120A* 
U7F7746394 FSC ULN-2114A* 
U7F7767394 FSC ULN-2128A* 



GENERAL INFORMATION 

Competitive Suggested Competitive Suggested 
Part Sprague Part Sprague 

D Number Manufacturer Replacement Number Manufacturer Replacement 

U7F7780394 FSC ULN-2124A* UA3089PC FSC ULN-2289A* 
U7F7781394 FSC ULN-2127A* UA7327 FSC ULN-2270B 
U8F7746394 FSC UlN-2114W* 

> ie" 
U9A7746394 FSC ULN-2114A* UC1524AJ UNI ,~~"fULS-8124R§ 
U9A7781394 FSC ULN-2127A* UC1525AJ UNI >~~ ,ULS-8125R§ 

.~, ... 
U987780394 FSC ULN-2124A* UC1526J UNI ' ULS-8126R 
U9C7065354 FSC ULN-2165A* UC1527AJ UNI ULS-8127R§ 

UC2524AJ UNI ULQ-8124R§ 
U417B TLF ULN-2204A UC2524AN UNI ULQ-8124A§ 

UC2525AJ UNI ULQ-8125R§ 
UA704PC FSC ULN-2211B* UC2525AN UNI 0LQ-8125A§ 
UA705PC FSC ULN-3812A UC2526J UNI ULQ-8126R 
UA720PC FSC ULN-2137A* UC2526N UNI liLQ-8126A 
UA729PC FSC ULN-2122A* UC2527AJ UN!. ULQ-SI27R§ 
UA732PC FSC UlN-2120A* UC2527AN UNI ULQ-8127A§ 
UA737EC FSc ULN-2114K* UC3524AJ UNI ULN-8124R§ 
UA739PC FSC ULN-21Z6A* UC3524AN UNI ULN-8124A§ 
UA741CT FSC ULN-215lD* UC3525AJ UNI UlN-8125R§ 
UA741CV FSC UlN-2151W UC3525AN UNI ULN-8125A§ 
UA746PC FSC ULN-2228A* UC3526J UNI ULN-8126R 
UA753TC FSC ULN-2209M* UC3526N UNI ULN-8126A 
UA758PC FSC UlN-3812A UC3527AJ UNI ULN-8127R§ 
UA767PC FSC UlN-2128Ak UC3527AN UNI ULN-8127A§ 
UA780PC FSC UlN-2124A* UC494ACJ UNI ULN-8194R§ 
UA781PC FSC ULN-2127A* UC494ACN UNI UlN-8194A§ 
UA787PC FSC UlN-2162A* UC494AJ UNI ULS-8194R§ 
UA1391TC FSC ULN-219)M* UC495ACJ UNI ULN-8195R§ 
UA1394TC FSC UlN-2294M* UC495ACN UNI UlN-8195A§ 
UA2136PC FSC UlN-2136A* UC495AJ UNI ULS-8195R§ 
UA3045DM FSC ULS-2045H 
UA3046PC FSC ULN-2046A UCN4810N TI UCN-48IOA 
UA3054PC FSC ULN-2054A UDN2841NE TI UDN-2841B 
UA3064PC FSC ULN-2264A* UDN2845NE TI UDN-2845B 
UA3065PC FSC ULN-216SA* UDN5711N TI UDN-5711M 
UA3067PC FSC ULN-2267A* UDN5712N TI UDN-5712M 
UA3075PC FSC ULN-2129A* UDN5713N TI UDN-5713M 
UA3066PC FSC ULN-2266A* UDN5714N TI UDN-5714M 
UA3067PC FSC ULN-2267A* 
UA3086PC FSC ULN-2086A* UDN-6164A SPR UDN-6116A-l 

*No longer manufactured. Listed for reference only. 
§Sprague engineering bulletin in preparation. 
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GENERAL INFORMATION 

Competitive Suggested Competitive Suggested 
Part Sprague Part Sprague 
Number Manufacturer Replacement Number Manufacturer Replacement 

UDN-6184A SPR UDN-6118A-l UlN-2114A SPR UlN-2228A* 

UlN2001AJ TI UlN-2001R UlN-2209V UlN-2209M* 
UlN2001AN TI UlN-2001A 
UlN2002AJ TI UlN-2002R UlN~2210A SPR UlN-381OA 
UlN2002AN TI UlN-2002A UlN-222SP SPR UlN-2211B* 
UlN2003AJ TI UlN-2003R UlN-2226A SPR UlN-2224A* 
UlN2003AN TI UlN-2D03A UlN-2244A SPR UlN-3812A 
UlN2004AJ TI UlN-2004R UlN-224SA SPR UlN-3812A 
UlN2004AN TI ULN-2004A UlN-227SP SPR UlN-2274B* 
UlN200SAJ TI UlN-200SR UlN-2277P SPR UlN-2278B* 
UlN200SAN TI UlN-200SA UlN-2281B SPR UlN-3784B 

UlN-2287A SPR UlN-2289A* 
UlN2064NE TI UlN-20648 UlN-2301M SPR UlN-2300M* 
UlN206SNE TI UlN-20658 
UlN2066NE TI UlN-2066B UlN-3006M SPR UGN-3201M 
UlN2067NE TI UlN-2067B UlN-3006T SPR UGN-3019T 

UlN-3007M SPR UGN-3203M 
UlN2068 MOT . UlN-2068B UlN-3008M SPR UGN-3S01M 

UlN-3008T SPR UCN-3S0lT 
UlN2068NE TI UlN-2068B UlN-3100M SPR UGN-3600M 
UlN2069NE TI UlN-2069B UlN-3101M SPR UGN-3601M 
UlN2074NE TI UlN-2074B UlN-3330Y-2 SPR UlN-3330Y 
UlN207SNE TI UlN-207SB UlN-390SA SPR UlN-3914A 

UlS-3006T SPR UGS-3019T 
UlN-2110A SPR UlN-3810A 
ULN-2113A SPR UlN-2111A UPA2001C NEC UlN-2001A 

"No longer manufactured. Listed for reference only. 
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GENERAL INFORMATION 

Competitive Suggested Com petitive Suggested 
Part Sprague Part Sprague 

D Number Manufacturer Replacement Number Manufacturer Replacement 

UPA2002C NEC UlN-2002A XR2204CP EXR UlN-2004A 
UPA2003C NEC UlN-2003A XR2205CP EXR UlN-2005A 
UPA2004C NEC UlN-2004A XR6118P EXR UDN-6118A 
UPC324 NEC UlN-4336A* XR6128P EXR UDN-6128A 

XR1310CP EXR UlN-381OA lN1060 FER UlN-8160A 
XRl800P EXR UlN-3812A 

512 ITT UHP-491* 
XR2001CN EXR UlNc2001R 552 ITT UlN-2001A 
XR2001P EXR UlQ-2001A 554 ITT UlN-2002A 
XR2002CN EXR UlN-2002R 556 ITT UlN-2003A 
XR2002P EXR ULQ-2002A 652 ITT UlN-2001A 
XR2003CN EXR UlN-2003R 654 ITT UlN-2002A 
XR2003P EXR ULQ-2003A 656 ITT UlN-2003A 
XR2004CN EXR UlN-2004R 
XR2004P EXR UlQ-2004A 9665DC FSC UlN-2001R 
XR2011CN EXR ULN-2011R 9665DM FSC UlS-2001R 
XR2011CP EXR UlN-2011A 9665PC FSC UlN-2001A 
XR2012CN EXR UlN-2012R 9666DC FSC UlN-2002R 
XR2012CP EXR UlN-2012A 9666DM FSC UlS-2002R 
XR2013CN EXR ULN-2013R 9666PC fSC UlN-2002A 
XR2013CP EXR UlN-2013A 9667DC FSC UlN-2003R 
XR2014CN EXR ULN-2014R 9667DM FSC UlS-2003R 
XR2014CP EXR UlN-2014A 9667PC FSC UlN-2003A 
XR2201CP EXR UlN-2001A 9668DC FSC UlN-2004R 
XR2202CP EXR UlN-2002A 9668DM FSC UlS-2004R 
XR2203CP EXR UlN-2003A 9668PC FSC UlN-2004A 

*No longer manufactured. listed for reference only. 
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GENERAL INfORMATION 

HOW TO ORDER 

To PLACE AN ORDER, obtain price 
and delivery, or request additional technical 

literature, call or write your local sales office 
(see inside back cover) or: 

From U.S.A. Sprague Electric Co. 

From Asia 

Marshall Street 
North Adams, MA 01247 
(413) 664-4411 
Telex: 710-369-1360 
Sprague World Trade Corp. 
Eastern Branch 
G.P.O. Box 4289 
Hong Kong 
3-7440010 
Telex: 780433 95 

From Europe Sprague World Trade Corp. 
3 Chemin de Tavernay 
1218 Grand Saconex 
Geneva, Switzerland 
022-98-4021 
Telex: 23469 

REQUESTS FOR additional technical in
formation on standard or custom devices 

may be sent to the appropriate manufacturing 
facility: 

For all monolithic integrated circuits except 
Hall effect devices, 

Sprague Electric Co. 
115 Northeast Cutoff 
Worcester, MA 01606 
(617) 853-5000 
Telex: 710-340-6304 

For discrete semiconductors and Hall Effect 
devices, 

Sprague Electric Co. 
70 Pembroke Road 
Concord, NH 03301 
(603) 224-1961 
Telex: 710-361-1495 
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GENEAALINFORMATfON 

SPRAGUE FACILITIES 

Sprague Electric Company manufactures active 
and passive components in 15 locations in the 
United States and in five countries in Europe and the 
Far East. Headquarters of the Semiconductor Divi
sion is in Worcester, Mass. All semiconductor wafer 
fabrication is done in the Worcester plant, as are all 

Semiconductor Operations 
The integrated circuit operation of the Sprague 

EleCtric Semiconductor Division is located in a mod
ern 115,000 square~foot plantinWorcester, Mass. 
Discrete components ,such as trimsistorsand 
diodes, and Hall Effect integrated circuits are man
ufactured at the division'sCoricord,N.H., plant, 
which occupies 30,000 square feet. 
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services integral to its suppor:t·VolUIuellsseinbly 
operations ar~ l~lftedbothin WorcesterandA~<Ma
nila, .Republicofthe.Philippines. ·Sal~s?flic~sand 
sale.s representatives are located thro9~holJ.t tJ1e 
United States and Canada, LatinAllleri9~,E~r()pe, 
Japa~; Africa. anq.theF~East. 

Sprague Electric is a leading manufactUJ:er of vole 
ume integrated circuits serving the consumer. in<ius
trial controls, and peripherals markets. Production 
process technologies includecomplementafYmetal
gate MOS, high-voltage andhigh-cli~r~nt bipolar, 
and high"performancebipolarlinear • This br~dtliof 
proces s· technologyenable~Spra8c\).eElectric tjJ· 
manufacture optimalcost-perforlllancej~te8rateq 
circuits. 



GENERAL INFORMATION 

TRANSISTOR OPERATIONS, Concord, New Hampshire 

How Integrated Circuits areShipp~d 

Integrated circuits are shipped in one,ofthese 
carriers: 

A,Chanrtel Anti,Static Pl~stic Tubing 
TO" 220 Plastic Magazine 
Individual Plastic Box 

Integrated circuit chips are shipped in either un
scribed wafer form or individually partitioned in a 
plastic box. 

Quality Control and Reliability 

All critical points in the manufacturing processes 
of Sprague Electric integrated circuits are carefully 
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monitored for compliance to engineering specifica
tions .. Electrical tests are made on 100% of the parts 
by automatic test systems. Lot sampling assures 
meeting customer A.Q.L. r6quirements. Calibration 
of test standards and equipment is performed at pe
riodic intervals in order to maintain test accuracy. 

Sprague Electric Company conducts a continuing 
reliability assurance program to detect deviations in 
device characteristics. Test samples are taken at 
random froll1 each lot and are subjected to testing 
for performance evaluation and specification com
pliance. Routinely, finished samples are subjected 
to all electrical performance tests. A copy of the 
quality control inspection plan used for specific in
tegrated circuits is available on request. 



GENERAL INFORMATION 

ENGINEERING BULLETINS 

The information in this data book is equivalent to the Sprague Engineer-

D ing Bulletins listed below. If an individual bulletin and this data book are 
compared, the latest revision takes precedence. For example, data on the 
UCN-4805A, described in Chapter 4, supersedes Bulletin 26181, which is 
presently in print. If that bulletin is revised to match this data book, it will 
carry the' A' revisionletter.lf revisions beyond what appear here are later 
incorporated, the bulletin would then bear a 'B' revision letter. 

Part Number Bulletin Number Part Number BuHetin Number 

UHC/UHD-400 through 433-1 29300.1 3P ULN-2249A 27121.10 
UHP-400through 433-1 29300B 2P ULN-2260A 27119.2 
UHC/UHD-500 through 533 29300.1 3P ULN-2270B and 22700 27124.10 
UHP-500 through 533 29300B 2P ULN-2280B 27117.11A 
TPP-lOOOand 2000 29714A ULN-2283B and 2283B-l 27117.21 2P 
SG 1526J 27466.10 ULN-2290B and 22900 27110.32 2P 
ULN-2001Athrough 2015A 29304C ULN-2350C and 2351C 27405 
ULS-2001H tnrough 2015H 29304.1B ULN-240lA 27460 
ULS-2001R through 2015R 29034.18 ULN-2429A 27461 
ULN-2021A through 2025A 29304C ULN-2430M 27462 
ULS-2021H through 2025H 29304.1B ULN-2435A and 2445A 27460.10 
ULN-2031A through 2033A 29710A 2P ULN-2455A 27460.10 
ULS-2045H 29707 2P TPO-2483 and 2484 29711A 
ULN-2046A 29707 2P SG 2526J 27466.10 
ULN-2046A-l UDN-2541BIW and UDN-2542BIW 29317 
ULN-2047A 29712 2P UDN~2580A through 2588A 29316 
ULN-2054A 29708A 2P UDN-2595A 29320 
ULN-2061M and 2062M 2930SC ULN-281OA through 2815A 29304.3A 2P 
UlN-2064B through 2077B 29305C UlS-280IH through 2815H 29304.4A 
UlS-2064H through 2077H 29305.1 ULS-2801R through 2815R 29304.4A 
UlN-2081Aand 2082A 29709 ULN-2821A through 2825A 29304.3A 2P 
UlN-2083A 29713 2P ULS-2821H through 2825H 29304.4A 
UlN-2083A-l UDN-284IB and 2845B 29314A 
ULS-2083H 29713 2P UDN-2878W and 2879W 29305.10 
ULN-2086A UTN-2886B and 2888A 29401 2P 
ULN-2111A m02E 2P TPO-2906and 2907 297UA 
ULN-2140A 29015.210A 2P UDN-2935Z 29318.3 
ULS-2140H 29015.210A 2P UDN-2949Z 29318A 
ULN-2204A 2712l.50A UDN-2950Z 29318.3 
TPO-2221 and 2222 29711A UDN-2952B· and 2952W 29319 
UlN-2240A 2712l.62 UDN-2956A and 2957A 29309A 2P 
UlN-2241A 27121.61A UDO-2956R and 2957R 29309.1A 
ULN-2242A 2712l.60A UDN-2975W and 2976W 29319.10 
ULN-2243A 27105.1 

NOTE: 2P (2nd printing) indicates minor changes and/or corrections not normally affecting device performance. 

1-19 



GENERAL INFORMATION 

ENGINEERING BULLETINS (Continued) 

Part Number Bulletin Number Part Number Bulletin Number 

UDN-2981A through 2984A 29310A UCN-4401A 26180A 2P 
UDS-2981H through 2984H 29310.1 2P UCS-4401H 26180.1 
TPP-3000 29714A UCN-4801A 26180A 2P 
UGN-3013T 27603B UCS-4801H 26180.1 
UGN/UGS-3019T/U 27601B UCN-4805A 26181A 
UGN/UGS-3020T 27602A UCN-4807 A and 4808A 26186 
UGN/UGS-3030T IU 27606A UCN-4810A 26182A 
UGN-3040T 27607 UCS-481OH 26182.1 
UGN/UGS-3075T/U 27608 UCN-4815A 26183 2P 
UGN/UGS-3076T/U 27609 UCN-4815H 26183.1 
UGN-3201M and 3203M 27604 UCN-4821Athrough 4823A 26185 2P 
UGN-3220S 27605 UCS-4821H through 4823H 26185.1 
UlN-331ODIT 27481 NE/SE 5560F and 5560N 27466A 
UlN-3330DITIY 27480B NE 5561F 27466.1 
UGN-3501M 27500.1 2P UDN-5703A through 5707A 29306 2P 
UGN-350lT 27500 2P UDS-5703H through 5707H 29306.1 2P 
SG 3526J 27466.10 UDN-5711M through 5714M 29307A 2P 
UGN-3600M and 3601M 27120B UDS-5711H through 5714H 29307.1 
UDN-3611M through 3614M 29308 2P UDN-5722M 29307.2 
UDS-3611H through 3614H 29308.1 UDN-5732M 29307.4 
UlN-3701Z 27117.31 UDN-5733M 29306 2P 
UlN-3702Z 27117.33 UDS-5733H 29306.1 2P 
UlN-3703Z 27117.34 UDN-5742M 29307.4 
UlN-3705M 27117.23 UDS-5791H 29315.1A 
TPQ-3724 through 3725A 297l1A TPQ-6001 through 6100A 29711A 
UlN-3784B 27117.12 UDN-6116A through 6128R-2 29313B 2P 

TPQ-3798 and 3799 29711A UDN-6138A through 6148A-2 293l3B 2P 

UlN-38Q4A 27121.52 TPQ-6501 and 6502 29711A 

UlN-3809A 27109.112 UDN-651OAlR and 6514A1R 29313.3 

UlN-3810A 27109.113 TPQ-6600 through 6700 297IlA 

UlN-3812A 27109.114 UDN-7180A through 7186A 293IlA 2P 

UlN-3838A 27121.53 UlN-8126A and 8126R 27466.10 2P 
UlN-3840A 27121.64 UlQ-8126A and 8126R 27466.10 2P 
UlN-3859A 27105.10 UlS-8126R 27466.10 2P 
TPQ-3904 and 3906 2971lA ULN-8160A and 8160R 27466A 
Tpp'·4000 29714A ULS-8160R 27466A 
UCN-4202A and 4203A 26184A ULN-8161M 27466.1 

NOTE: 2P (2nd printing) indicates minor changes and/or corrections not normally affecting device performance. 
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SECTION 2 - HIGH-VOLTAGE INTERFACE DRIVERS 

Selection Guide ................................... 2-2 

UDN-6116A through 6128A Fluorescent Display Drivers ........ 2-3 
UDN-6116R through 6128R-2 Hermetic Display Drivers ........ 2-3 
UDN-6138A through 6148A-2 Fluorescent Display Drivers ...... 2-3 
UDN-651OA and 6510R Display Anode/Grid Drivers ........... 2-7 
UDN-6514A and 6514R Display Anode/Grid Drivers ........... 2-7 
UDN-7180A through 7186A Gas-Discharge Segment Drivers ... , . 2-10 

See Also: 

UHP-500 through 533 Quad Power and Relay Drivers. . . . . . . . .. 3-3 
UCN-4821A through 4823A 8-Bit Serial-In, latched Drivers .. , .4-28 

Application Notes: 
A Monolithic IC Series for Gas-Discharge Displays .......... 2-J6 
Trends in IC Interface for Electronic Displays· ........... " 2-22 
Reliability of Series UDN-6100A ...................... 2-33 
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HIGH·VOLTAGE INTERFACE DRIVERS 

SELECTION GUIDE TO HIGH-VOLTAGE INTERFACE DRIVERS 

Absolute Maximum Ratings 
Device Type loUT VOUT Outputs 

UHP-500 through 533 500 rnA 100V Sink4 
UCN-4823A 500 rnA 100V Sink 8 
UDN-6116NR -40 rnA 85 V Source 6 
UDN-6116A-l -40 rnA 115 V Source 6 
UDN-6116NR-2 -40 rnA 65 V Source 6 
UDN-6118NR -40 rnA 85 V Source 8 
UDN-6118A-l -40 rnA 115 V Source 8 
UDN-6118NR-2 -40 rnA 65 V Source 8 
UDN-6126NR -40 rnA 85 V Source 6 
UDN-6126A-l -40 rnA 115 V Source 6 
UDN-6126NR-2 -40 rnA 65 V Source 6 
UDN-6128NR -40 rnA 85 V Source 8 
UDN-6128A-l -40 rnA 115 V Source 8 
UDN-6128NR-2 -40 rnA 65 V Source 8 
UDN-6138A -40 rnA ±40 V Source 8 
UDN-6138A-2 -40mA ±30V Source 8 
UDN-6148A -40 rnA ±40V Source 8 
U DN-6148A-2 -40 rnA ±30V Source 8 
UDN-6510NR -40mA 200V Source 8 
UDN-6514NR -40 rnA 140 V Source 8 
UDN-7180A 20 rnA -115V Sink 8 
UDN-7180A 20 rnA -115 V Sink 8 
UDN-7183A 3.25 rnA -115.V Sink 8 
UDN-7184A 2.0 rnA -115 V Sink 8 
UDN-7186A 1.0 rnA -115 V Sink 8 
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SERIES UDN-6100A AND UDN-6100R 
FLUORESCENT DISPLAY DRIVERS 

SERIES UDN-6100A AND UDN-6100R 
FLUORESCENT· DISPLAY DRIVERS 

FEATURES 
-Digit or Segment Drivers 
-low Input Current 
-Integral Output Pull-Down Resistors 
-high Output Breakdown Voltage 
-Single or Split Supply Operation 

CONSISTING of six or eight NPN Darlington output stages and 
the associated common-emitter input stages, these drivers are 

designed to interface between low-level digital logic and vacuum 
fluorescent displays. All devices are capable of driving the digits 
and/or segments of these displays and are designed to permit all out
puts to be activated simultaneously. Pull-down resistors are incor
porated into each output and no external components are required 
for most fluorescent. display applications. The highest voltage parts 
(suffix A-I) are also used in gas-discharge display applications as 
anode (digit) drivers. 

Twenty-four standard devices are listed, so that a circuit designer 
may select the optimum device for his application. Input 
characteristics, number of drivers, package style, and output voltage 
are tabulated for each device in the Device Type Number Designation 
chart. With any device, the output load is activated when the input is 
pulled towards the positive supply (active 'high'). All units operate 
over the temperature range of -20oe to +85°e. 

*Always spec:lfycomplete part number, such as: 

UD N - 6116 A - 2 

L~'NSTIua,ONS: SElECTED VERSION. SEE 
. TYPE NUMBER DESIGNATION, NEXT PAGE. 

PACUGE: A = PLASTIC DIP 
R = CERAMIC DIP 

'--_____ DEYICE TYPE. 

"------DPERATING TEMPERATURE RANGE. N = -20°C to +85°C 

'------FAMILy. UD = DIGITAL DRIVERS 
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UDN·6126* 

UDN·6118* 
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SERIESUDN-61 OOAAND UDN-6100R 
FLU()RESCENT DISPLAY DRIVERS 

DEVICE TYPE NUMBER DESIGNATION 

No. of No. of Type Number 
Input Compatibility Drivers .. ; iVOUT Pins 

60 V 16 
6 80 V 16 

110 V 16 

5V TTL, CMOS 
60 V 18 
80 V 18 

8 110 V 18 
±30 V 20 
±40 V 20 

60 V 16 
6 80 V 16 

110 V 16 

6'-15V CMOS, PMOS 
60 V 18 
80 V 18 

8 110 V 18 
±30 V 20 
±40 V 20 

ABSQLUTE MAXIMUM RATINGS at TA = + 25°C 
(Voltages are with reference to ground unless otherwise shown) 

Supply Voltage, VSB (all dev.ices; suffix A or R) ... ; 
(UDN-6138/48A or R, ref. VEE) ............. . 

.... 85 V 
.. 85 V 
115 V 

. ....•... 65 V 
(all devices, suffix A-l) . 
(all devices, suffix A-2 or R-2) .. 
(UDN-6138/48A-2 or R-2, ref. VEE). 

Supply Voltage, VEE (UDN-6B8/48 all suffixes) . 
Input Voltage, VIN (all devices) .' 

(UDN-6138/48all suffixes, ref. VEE) . 
Output Current, lOUT .. 
Allowable Package Power Dissipation, PD . 

OperatingTemperature. Range, TA . 
Storage Temperature Range, Ts .. 

. ......... 65 V 
. .. -40 V 

. ...... 20 V 
.55 V 

. -4UmA 
. ......... See Graph 
. .. -20°C to +85°C 

..... -5.5°C to + 150°C 

Plastic DIP Ceramic DIP 

UDN-6116A-2 UDN-6116R-2 
UDN-6116A UDN-6116R 
UDN-6116A-l -
UDN-6118A-2 UDN-6118R-2 
UDN-6118A UDN-6118R 
UDN-6118A-l -
UDN-6138A-2 -
UDN-6138A - . 

UDN-6126A-2 UDN-6126R-2 
UDN-6126A UDN-6126R 
UDN-6126A-l -
UDN-6128A-2 UDN-6128R-2 
UDN-6128A UDN-6128R 
UDN-6128A-l -
UDN-6148A-2 -
UDN-6148A -

2.5 r---,---'-r-----,--,---,.-'----, 

'" '" <=> 

.::5 
e5 
a. 
t:5 1. 0 

~ 
u 

"" a. 

':l 
'" "" e5 
:::i O. 5f---+--+--~ 

"" 

AMBIENT TEMPERATURE, TA Iwe 

DWG. rIO. A-ll ,224 



SERIES UDN-6100A AND UDN-6100R 
FLUORESCENT DISPLAY DRIVERS 

ELECTRICAL CHARACTERISTICS (over operating temperature range) 
Note: All Values Specified At --

SuffIx .. A I A·1 A·2 1·2 
V.- 10 10 110 60 60 Volts I 
·VII - 0 0 NA 0 0 Voh. J 

·UDN·6131 and UDN·6141 

Applicable Devices Limit. 
Characteristic Symbol Basic Part No. SuHlx Test Conditions Min. Typ. Max. Units 
Output Leakage Current loul All All VIN = 0.4 V - - 15 iAA 
Output OFF Voltage VOUI All All VIN = 0.4 V - - 1.0 V 
Output Pull·Down Current loul All A or R Input Open, 450 650 1100 uA 

A·I VOUI = Vss 600 900 1500 uA 
A·2 or R·2 350 500 775 ,..A 

Output ON Voltage VOUI UDN·6116/18/38 A or R VIN = 2.4 V, 77 78 - V 
A·I lOUT = -25 rnA 107 108 - V 

A·2 or R·2 57 58 - V 
UDN·6126/28/48 A or R VIN = 4.0 V, 77 78 - V 

A·I 10UI '" -25 rnA 107 108 - V 
A·2 or R·2 57 58 - V 

Input ON Current liN UDN·6116/18138 All VI = 2.4 V - 120 225 ,..A 
VI = 5.0 V - 375 650 iJA 

UDN·6126128/48 All VIN = 4.0 V - 130 250 ,..A 
VIN ", 15 V - 675 1150 ,..A 

Supply Current ISB All All All Inputs Open - 10 100 ,..A 
UON·6116 A or R All Inputs", 2.4 V - 5.0 7.5 rnA 

A·I Two lriputs == 2:4 V - 2.5 4.5 rnA 
A·2 or R·2 All Inputs'" 2.4 V - 4.0 S.O rnA 

UUrl-OllH/~H A or K All Inputs == 2.4 V - S.O 9.0 rnA 
A·I Two Inputs - 2.4 V - 2.5 4.5 rnA 

A·2 or R·2 All Inputs - 2.4 V - 5.5 8.0 rnA 
UDN·6126 A or R All Inputs = 4.0 V '. - 5.0 7.5 rnA 

A·I Two inputs = 4.0 V - 2.5 4.5 rnA 
A·2 or R·2 All Inputs = 4.0 V - 4.0 S.O rnA 

UDN·S128/48 A or R All Inputs = 4.0 V - 6.0 9.0 rnA 
A·I Two Inputs '" 4.0 V - 2.5 4.5 rnA 

A·2 or R;2 All Inputs'" 4.0 V - 5.5 8.0 rnA 

RECOMMENDED. OPERATING CONDITIONS 

Supply Voltage VSB UDN·S116/181 A or R ,,5.0 - 70 V 
26/28 A·I 5.0 - 100 V 

A·2 or R·2 5.0 - 50 V 
UDN·6138/48 . A 5.0 - 40 V 

A·2 5.0 - 30 V 
VEE UDN·S138/48 A 0 - -40 V 

A·2 0 - 30 V 
Input ON Voltage VIN UDN·6lIS/18/38 All 2.4 - 15 V 

UDN·512S128/48 All 4.0 - 15 V 

Output ON Current lOUT All All - - -25 rnA 
,. ,. 

NOTE: PosItIve (negatIve) current IS defmed as gomg mto'(commg out of) the specIfIed deVIce pm. 
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SERIES .UDN-6100A AND UDN-6100R 
FLUORESCENT DISPLAY DRIVERS 

Type (All Suffixes) 

UDN-Sl16!l8/38 
UDN-S12SI28/48 

10 kQ 
20 kQ 

RB 
30 kQ 
20 kQ 

PARTIAL SCHEMATIC 

One Driver 
(All Type.) 

30K 

I NPUTO---N~~4--f 

GNDo-----~-+--~ 

TYPICAL MULTIPLEXED FLUORESCENT DISPLAY 

SEGMENT SELECT 
UDN-6118/28A 

'---t---<lOUTPUT 

125K 

(UDN-6138/48* ONLY) 

VEE 

OWG.i'40. A-1O,592C 

n ~ ~~~~=:-[!QJ li6J 
1~~~b~~III!!6"lSS~~~i/~E~~ ~_ ~~ ~ ~ rht &\ 

01~ 
02 ---<:Q--!7-----i>}--t--
03 ~~~~~+---

n D. ~JJ-~~~+-
-.l L 05 ~:;j--!7--~}--1---

g; ---GCc-1>-~~-+--
08 --<~~~i'1---+--'----'"-'-------'----'--'---=----'-------------------' 

DWG. NO. A-lO,261B 
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UDN-6510AlR AND UDN-6514A/R 
HIGH-VOLTAGE SOURCE DRIVERS 

UDN-651 OA/R AND UDN-6514A/R 
HIGH-VOLTAGE SOURCE DRIVERS 

FEATURES 
• TTL/MOS-Compatible Inputs 
• High Output-Breakdown Voltage 
.40 mA Output-Current Capability 
• low Power Dissipation 
• Reliable Monolithic Construction 

EASY, EFFECTIVE INTERFACE for low-level 
TTL or MOS circuitry and high-voltage loads is 

available with Sprague UDN-651OA IR and UDN-
6514A IR bipolar integrated circuits. These eight
channel devices drive the anodes of gas-discharge 
displays or the grids and anodes of large, multi
plexed dot-matrix vacuum-fluorescent display 
panels. 

Types UDN-651OA and UDN-651OR supply an 
output-voltage swing of up to 100 V with a 
maximum V BB of 200 V. Typically, the output is 
switched between + 100 V and + 180 V. 

Types UDN-6514A and UDN-6514R can switch 
output-voltage levels from ground to + 135 V with 
appropriate pull-down circuitry and a maximum 
supply voltage of + 140 V. 

Each device in the series has eight independent 
drivers made up of switched constant-current level 

shifters and PNP INPN driver stages. Driver inputs 
operate with open-drain PMOS or CMOS, or with 
open-collector or standard TTL. 

Types UDN-651OR and UDN-6514R are fur
nished in 18-pin dual in-line industrial-grade, her
metically sealed ceramic packages. Types UDN-
6510A and UDN-6514A aresupp/ied in inexpensive 
18-pin dual in-line plastic packages. To simplify 
applications designs, all units have input connections 
on one side of the package and output pins on the 
other. All devices are rated for operation over the 
temperature range of - 20°C to +85°C. 

ABSOLUTE MAXIMUM RATINGS 
at TA = +25°C 

(Vw = GROUND unless otherwise specified) 

Supply Voltage, Vss (UON-6510A/R) .............. , .................. 200 V 
(UDN-6514A!R) ................................. 140 V 

Output OFF Voltage (Vw = Vss), Your (UDN-6510A/R) ................ " --,100 V 
Input Voltage, VIN ••••••••••••••••••••••••••••••••••••••••••••••• 20 V 
Output Current, lour. . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -40 mA 
Package Power Dissipation, Po ................................. See Graph 
Operating Temperature Range, TA .••••••••••••••••••••••••• -20°C to +85°C 
Storage Temperature Range, Ts .... '," ................ , .. -55°C to +150°C 
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UDN-6S1 OA/R AND UDN-6S14A/R 
HIGH-VOLTAGE SOURCE DRIVERS 

PACKAGE POWER DISSIPATION 
AS A FUNCTION OF TEMPERATURE 

PARTIAL SCHEMATIC 
2.5,----,---,.---,---..,----...., 

One Driver (All Types) 

z· 
o 

~ 151------1~--"~ '----+----+----1 

10K 
I NP UTo---.N'-."-1-M 

30K 

L---4----o0UTPUT 

'" '" <> 

'" 
~ ~ 1. 0l----I-------r 

'-' « 
'" u 
;;: 

No. A-ll,657 
~ O. 51----+---+-----+--~~-___,--t 

; '~ 
GND o---........ -+--t ~ ~ 

« 

25 50 75 100 125 
AMBIENT TEMPERATURE. TA. IN °c 

Dwg. No. A-ll,558 

Caution: The high input impedance of these devices makes them suscepti
ble to static discharge damage associated with handling and testing. 
Techniques similar to those used for handling MOS devices should be 
employed. 

ELECTRICAL CHARACTERISTICS at TA = +25°C, VUB = 200 V <UDN-6510AlR) or 140 V (UDN-6514A/R), 
all voltage measurements are referenced to ground (unless otherwise noted) 

Applicable Limits 
Characteristic Symbol Devices Test Conditions Min. Typ. Max. Units 

Output Leakage Current IoU! UDN-6510A/R VOU! = 100 V, VIN = 0.4 V, TA = + 70°C - - 15 /LA 
UDN-6514A/R VOU! =0 V, VIN = 0.4 V, TA = +70°C - - 15 /LA 

Output ON Voltage VOU! UDN~651IJA/R VIN - Z.4 V, IoU! - -Z~ rnA m 1~1 - V 
UDN-6514A/R VIN - 2.4 V, IoU! - -25 rnA 135 l3! - V 

Input ON Current liN All VIN - 2.4 V - 120 225 /LA 
VIN = 5.0 V - 375 650 /LA 

Supply Current IBB All All inputs open - 10 100 /LA 
One input = 3.5 V - - 500 /LA 

RECOMMENDED OPERATING CONDITIONS 

Su pply Voltage VBB UDN-6510A/R 55 - 180 V 
UDN-6514A/R 55 - 130 V 

Output OFF Voltage VOU! UDN-6510A/R Reference VBB - - -80 V 
Input ON Voltage VIN All 2.4 - 15 V 
Output ON Current IoU! All - - -25 rnA 

.. 
NOTE: Negative current IS defined as coming out of the specified deVice pin. 
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TYPICAL PLASMA GAS-DISCHARGE DISPLAY APPLICATION 

TTL/CMOS DI GIT SELECT 

+lBOV 

m=ft~~[+llOV 

..-0./11'--.-0 +80V 

TTL/CMOS SEGMENT SELECT 

Dwg. No. A-1l~655 

UDN-6S10AlRAND UDN-6S14A/R 
HIGH-VOLTAGE SOURCE DRIVERS 

EQUIVALENT CIRCUIT 

+18QV 

I DI GIT 
SWITCH 

+llOV 

+80V 

t~:1 

-= Dwg. No. A-l1.656 

MULTIPLEXED DOT-MATRIX VACUUM-FLUORESCENT DISP.LAY APPLICATION 

UDN-6514A 

+ 140V 

Dwq. No. A~ll ,659 
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SERIES UDN-7160A 
GAS-DISCHARGE DISPLAY SEGMENT DRIVERS 

SERIES UDN·7180A 

GAS DISCHARGE DISPLAY SEGMENT DRIVERS 

FEATURES 
• Relia ble Monolith ic Construction 
• High Output Breakdown Voltage 
• Low Power 
• TTL'MOS Compatible Inputs 

Description 

Series UDN-7180A segment drivers are monolithic high-voltage bipolar 
integrated circuits for interfacing between MOS or other low-voltage 
circuits and the cathode of gas-discharge display panels. 

These drivers reduce substantially the number of discrete components 
required with panels (Beckman, Burroughs, Dale, Matsushita, NEC, Pan
tek, etc) in calculator, clock and instrumentation applications. 

The UDN-7183A, UDN-7184A, and UDN-7186A drivers contain ap
propriate level shifting, signal amplification, current limiting, and output 
OFF-state voltage bias. The UDN-7180A driver requires external current 
limitinganiIisintendedfor higher"current applications orwhereindividual 
outputs are operated at different current levels (i.e. with alpha-numeric 
displays). All inputs have p!Jll-downresistors for direct connection to 
open-drain PMOS logic. .. 

These devices provide output currents suitable for display segments in a 
wide variety of display sizes and number of display digits. Either a fixed 
split supply operation or a feedback-controlled scheme is allowed. 

Applications 

The Series UDN-7180A drivers can be used in a wide variety oflow
level to high-voltage applications utilizing ga!! discharge displays such as 
those found in calculators, clocks, point-of~sale terminals, and instru
ments. Their high reliability combined with millimum size, ease of installa
tion, and the cost advantages of a complete monolithic interface make them 
the ideal choice in manyapplicati6ns:~'AtYPicai application showing the 
use of these devices, and their counterpart anode drivers, is shown. 
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SERIES UDN-71BOA 
GAS"DISCHARGE DISPLAY SEGMENT DRIVERS 

ABSOLUTE MAXIMUM RATINGS at + 25°C 

Supply Voltage, V'/,K . .......................................... -115 V 
Input Voltage, VIN .............................................. +20 V 
Output Current, louT: UDN-71BOA ..................................... 20 mA 

UDN-71B3A ................................... 3.25 mA 
UDN-7184A .................................... 2.0 mA 
UDN-71B6A .................................... 1.0 mA 

Power Dissipation, Po .....•.................................... 1.13 W' 
Operating Temperature Range, TA ........................... -20°C to +85°C 
Storage Temperature Range, Ts ........................... -65°C to + 150°C 

*Derate at the rate of 9.1 mW/oC above 25°C 

Due to the high input impedance of these devices, they are susceptible to static 
discharge damage sometimes associated with handling and testing. Therefore, 
techniques similar to those used for handling MOS devices should be employed. 

ELECTRICAL CHARACTERISTICS at TA = + 25°C, VKK = 110 V (unless otherwise specified) 

Test UDN-7180!83A UDN-7184A UDN-7186A 
Characteristic Symbol Test Conditions Fig. Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. 
Output ON Voltage VON All inputs at 2.4 V 1 -100 -104 - -98 -102 - -97 100 -
UDN-7183!84!86A All inputs at 2.4 V, V", = - 70 V 1 - -66 '- - -65 - - -63 -

Output ON Voltage VON All inputs at 2.4 V, -105 -108 - - - - - - -
UDN-7180A ION = 14 mA 
Output OFF Voltage VOFF All inputs at 0.4 V, 

Reference V .. 2 76 84 - 76 84 - 76 84 -
Output Current ION All inputs at 2.4 V, V" = -110 V, UDN-7183A only 

910 (lliMITI") Test output held at - 60 V 3A 1475 1850 2450 1140 1520 440 550 725 
Output Current ION All inputs at 0.4 V, V", = - no V, 
(ISENS,) Test output held at - 66 V 3B -95 -120 -155 -65 -85 -115 -50 -65 -90 
Input High Current I. Test input at 2.4 V, 

Other inputs at 0 V 4 - 100 200 - 100 200 - 100 200 
Input low Current III Test input at 0.4 V, One input 

at 2.4 V, Other inputs at 0.4 V 5 - 1 j() - 1 10 - I 10 
Supply Current I" All inputs at 0 V 6 - -125 -175 - -125 -175 - -125 -175 

NOTES, 
1. All voltage measurements are referenced to pin 9 unless otherwise specified. 
2. All voltage measurements made with IOMD DVM or VTVM. 
3. Recommended V", operating range, - 85 to -110 V. 
4. Positive (negative) currentis defined as going into (coming out of) the specified device pin. 
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SERIES UDN-71S0A 
GAS-DISCHARGE DISPLAY SEGMENT DRIVERS 

TEST CIRCUITS 

-1l0V -llOV 

DWG. NO. A-973aB DWG. NO. A-973gB 

FIGURE 1 FIGURE 2 FIGURE3A 

-110V 
-1lOV 

DliIl. NO. "'97~IA 

DWG. NO. A-9740B 

FIGURE3B FIGURE 4 

OPEN 

DWG. NO. A-9742B 
-l1OV 

DWG. NO. A-971lS 

FIGURES FIGURE 6 
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SERIES UDN-7180A 
GAS-DISCHARGE DISPLAY SEGMENT·DRIVERS 

PARTIAL SCHEMATIC 

TYPICAL APPLICATION 

I. 
(kQ) 

7.10 350 

7.13 350 

7.84 410 

7116 620 

700K 

12 
(kQ) 

25 

40 

80 

27 K 

I 
I 
I 
I 
I 
I 
I 

vKK I 

W I 
I . I 

'COMMON BIASING NETWORK L 0.!::lE_OF~I~T-?R~E~ ..... -.J 

Dwg.No. A-9644C 
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SERIES UDN-7lS0A 
GAS-DISCHARGE DISPLAY SEGMENT DRIVERS 

N'fRICAN A 
~ 
A 

GNETICS 
fA6612 

] 

TYPICAL SIX-DIGIT CLOCK 

II INS852 

ID6 IDs 

(2) '4 ~ '4 t 
DCO D4 D3 D2 Dl 

I -,- -, I_I ,- ,-
... _, 1 I ... 

PM 
, ,- - I ... - --, ... 

BURROUGHS L 
~ >C[)60733CM 
"'i ~ • 

DIM HOURS TEN MI "iI1!.lES 

* MEDO "- -L-SET ~~r BRIGHT I r' I 
JHzl I I 

VDD 
VSS -- r---

~ ~ 
"'"-

~f-'D6 .... -
I 

~ ~+-DS ~ ~ u4 0 00 .... 
~ 11'\ .- D .... 

~ ..... 
D3 ..0 V') I Sc I 0 11'\ z 
"-2 z 0 L~1i 

0 :e ~ 
D_l ::::l :e ::::l SA ---- IGN ~ 

--vKK 

'---
COUNT DISPLA 

...L1NHIBIT -'-

T -? 

.. .. 
I: ... 

. A .. ... .h 
... 

~~INSa59 < 

T ~ 

':" 

_ ..... +100V 
... .b- < 

T .. ~ 
.b- ~. * ... T -lOOV? D'I>~. "0. A-9751A , ..... 
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~ 
DIGIT2 

DIGIT 3 

DIGIT 4 

SEG a 

SEG b 

SEG c 

SEG d 

SE.G e 

SEG f 

SEG 9 

a 
f(9'b 
e/ d' C 

SERIES UDN-71S0A 
GAS-DISCHARGE DISPLAY SEGMENT DRIVERS 

ONE SCAN CYCLE 

"' 

ACTUAL OUTPUT CIRCUITS EQUIVALENT CIRCUITS 
VBB 

ON 

i-' ,=/ 

" It.",] 

ON 118 UDN-611BA-l 01 GIT SWITCH--

ON 

125 K 

1-, '-' ,- I_I - DWG. NO. A-ll.096 

ANODE AND CATHODE WAVEFORMS 

ANODE ON VOLTACTJ 

,= sma ",1 (m '"\1 
OFF BI.AS VOLTAGEY: . I L.... ---

, PANEL VOLTAGE DROP , 

OFF BIAS VOLTAGE 

CATHODE SELECT SIGNAL ! 50% 

CATHODE ON VOLTAGE -. -- r, 
REIONIZATION TlItf--j I---' --I ~CATHODE 

,- DIGIT PERIOD --t BLANKING 
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HIGH-VOLTAGE INTERFACE DRIVERS «ontinued) 

A MONOLITHIC IC SERIES 
FOR GAS-DISCHARGE DISPLAY INTERFACE 

Introduction 

The switching of the high voltages necessary for 
display panels such as the Burroughs Panaplexilli has 
long presented difficulties to the semiconductor indus
try - particularly to IC manufacturers. It is difficult 
to fabricate devices capable of sustaining 200 volts or 
greater with standard IC processes of today. Solutions 
to the high voltage gas discharge display interface also 
must be inexpensive as well as functional; this cost/ 
simplicity factor prohibits most unusual or exotic cir
cuit designs and/or IC processes. 

The earliest (and a great many recent) gas discharge 
interface schemes used discrete components, but that 
has been an increasingly cumbersome and expensive 
solution. Competition at the system level has largely 
come from LEDs, and a great many standard ICs are 
available for the smaller LEDs. In most instances, the 
small displays have gone to LEOs. However, the larger 
display applications are still an opportunity for gas 
discharge since character size and cost are not directly 
related. The cost impact upon the potential for gas 
discharge displays in many systems is a function of 
interface complexity and cost, and it was to this end 
that a joint Sprague/Burroughs effort was launched. 

Early Sprague/Burroughs meetings were held to de
fine the relevant factors involved in such a program 
and provide the necessary insight for both parties into 

Figure' 
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the capabilities of diode isolated ICs, the voltage and 
current requirements of the Panaplex displays, the need 
for minimization of power (battery systems), pack
aging of the circuits, component count and cost, etc. 
Add to this the potential for use with feedback con
trolled supplied, poorly regulated doc supplies, the 
wide variety of numbers of display digits, the range 
of digit sizes (in use or contemplated), etc., and our 
task was not to be an easy one. 

Our direction was determined by two factors: a his
tory of fabricating 130-140 volt PN diode isolated 
display circuits, and a more recent effort to utilize 
compatible thin-film resistor technology. These fac
tors, coupled with considerable expertise in designing 
and processing high voltage ICs, dictated an approach 
utilizing a split (± 100 V) supply. The split supply 
would provide the 200 volts needed to ionize the dis
play and the resistor capability would greatly aid the 
incorporation of functions previously done by discrete 
components - including both input and output (seg
ment) current limiting, pulldown (open drain PMOS), 
pullup and pulldown reference for IC outputs, and a 
high impedance voltage divider for the output OFF 
bias. All level shifting is accomplished via use of PNP 
or NPN transistors, and the capacitors previously re
quired were negated. 



Basic Scheme 

Replacing discrete components through incorpo
rating their function into this IC series .results in the 
block diagram of Figure 1 with itsbasicrequirement 
for a single digit and single segment driver; a scheme 
capable of driving as many as eight digits and the 
eight segments. Additional digits or segments be
yond the eight provided in an I8-lead DIP may be 
driven by combinations of packages beyond the min
imum two necessary. Example: three ICs-two 
digit and one segment-will fulfill the needs ofa 12 
to 16 digit calculator. 

Included in this series of high voltage interface are 
two digit driver packages: UDN-6116 (6-digit), and 
UDN-6118 (8-digit). Segment drivers include the 
UDN-7I80, UDN-7I83, UDN-7184, and UDN-
7186, and the four offer current ranges compatible 
with display sizes from 0.250" to 1" panels, and oth
ers will be made available as needs are defined. 

HIGH-VOLTAGE INTERFACE DRIVERS (Continued) 

Digit Interface 

The digit driver is the more complex of the two 
and its schematic is shown in Figure 2. Input address 
polarity is positive (active high in TTL parlance) and 
the circuit is designed to interface from TTL (4.5 
volts from open collector-or using pull-up to V cd, 
CMOS, PMOS, etc. Input current-limiting and one- B 
half of the pull-down for open drain PMOS is the 
function of R,; R" adds the second half of the pull-
down to the ground bus. The protective value of R. 
and R, must be noted; ajunction failure in Q, has the 
two resistors as a current limiter to the MOS (or 
TTL) output and will minimize the likelihood of de-
stroying the low level logic outputs. 

Input transistor Q4 is a high voltage inverter and 
sinks the base current of PNP Q3' A positive input 
(4,5 to 20V) will turn on Q4 arid this base current (65 
f1A typ.) for PNO Q3 will turn on the output Darling
ton (Q, and Q2) and source digit current. 

ELECTRICAL CHARACTERISTICS:T. = + 25°C, VIK = 110 V (unless otherwise specified) 

Test UDN-71BO/83A UDN-71B4A UDN-71B6A 
Characteristic Symbol Test Conditions Fig. Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. Units 
Output ON Voltage VON All inputs at 2.4 V 1 ~100 -104 - -98 -102 - -97 -100 - V 
UDN-7183/84/86A All inputs at 2.4 V, V" = -70 V 1 - c- 66 - - -65 - - -63 - V 
Output ON Voltage VON All inputs at 2.4 V, -105 -108 - - - - - - - V 
UDN-7180A ION =14 mA 
Output OFF Voltage VOFF All inputs at 0.4 V, 

ReferenceV" 2 76 84 - 76 84 - 76 84 - V 
Output CUfrent ION All inputs at 2.4 V, V .. = -110 V, UDN:7J83Aonly 
(lliOITING) Test output held at - 60 V 3A 1475 18502450 910 1140 1520 440 550 725 IJ,A 
Output Current I". All inputs at 0.4 V, V" = -llOV, 
(I'ENSE) :' Test output held at - 66 V 38 -95 -120 - 155 -65 -85 :"115 -50 -65 -90 IJ,A 
Input High Current I" Test input at 2.4 V, 

Other inputs at 0 V 4 - 100 200 - 100 200 - 100 200 ftA 
", Input Low Current III Test input at 0.4 V, One input 

at 2.4 V, Other inputs at 0.4 V 5 - 1 10 - 1 10 - 1 10 ftA 
Supply Current I", . All inputs at 0 V 6 - -125 -175 - -125 -175 - -125 -175 !LA 
NOTES: 

L All voltage measuremenKare referenced to pin 9unless otherwise specified. 
2. All voltage measurements made with IOMa DVM or VTVM. ' 
3; Recommended V",operatingrange,~ 85 to -!lO V. 
4. Positive (negative) current is defined as going into (coming out of) the specified device pin. 
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HIGH-VOLTAGE INTERFACE DRIVERS (Continued) 

PARTIAL SCHEMATI C 

INPUT 

GROUND 

Consistent ionization and extinguishing of· the 
display panel is the result of the 60-75 volt swings 
available from both digit and segment ICs. The con
ditions that previously created problems for the 
'direct MOS drive with minimal swings at the output 
have been very adequately handled with the increased 
output swings of the 6100/7100 series. Problems 
from leading zero blanking, low temperature, low 
ambient light, etc. which previously gave difficulty 
areweUtaken care of with this series ofICs. 

Setment Interface 

The segment driver circuit is shown in Figure 3 and 
the value of R2 (segment limiting) is determined via 
masking for the appropriate display current. Its 

Figure 2 
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OUTPUT 
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counterpart pull-up resistor RI is also changed to 
some known ratio of R2. The ground terminal (#9) is 
referenced near, or connected directly to ground, and 
the VKK line is typically a - 90 to -100 volts. 

The input PNP (QI) serves as a level translator and 
provides doc level shifting to the output Darlington 
(Q2 and Q3)· Emitter resistol'(R3) both limits the in
put current and furnished pull-down for open drain 
PMOS. An added intent is the measure of protection 
furnished the MOS by· the very high impedance of 
R3• 

The basic switching function is the combination of 
PNP QI' Darlington Q2 and Q3' and the associated 
resistors RI, R2• and R3. Address polarity is again 
active high. The input may be raised a muiawm of 
20 volts above around and will function with input 
levels obtained from CMOS and open collector TTL 
(4.SV). 



PARTIAL SCHEMATI C 

TYPI CAL APPLI CATION 

HIGH-VOLTAGE INTERFACE DRIVERS (Continued) 
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HIGH-VOLTAGE INTERFACE DRIVERS (Continued) 

The OFF output biasing network is common to all 
the individual drivers with the level of bias deter
mined by the ratio ofR7 to the total ofR7 and Rs. As 
in the digit driver, the value of output bias is =2/3 the 
voltage across V KK and ground-thus insuring suffi
cient 'on to off' swings to properly fire, and effec
tively extinguish unaddressed segments during a 
scan. Emitter follower Q. and Q5 sources current to 
the pull-up bus connected to the various outputs as 
they are turned on during the display scan. 

Minimum Component Interface 

The impact of this new product family may be 
seen in the typical digital clock of Figure 5. This a-c 
powered clock uses a Mostek 50250 clock IC. a 
UDN-6116A-l digit driver, and a UDN-7183 segment 
driver. Total component count is approximately 30 

pieces, and the board layout is straightforward and 
uses single-sided board. 

Many calculator interface schemes use consider
ble numbers of components (70 to 100 typically) to 
drive gas discharge panels. As one example: a 
twelve digit/eight segment machine uses 85-90 dis
cretes while the new IC version uses only three 
packages, and results in less space along with con
siderable simplification. Other applications will ben
efit similarly with this series of circuits. 

Summary 

Display technology and usage has emerged at a 
mind boggling rate in the past several years-largely 
due to the fantastic growth rate of calculators. The 
planar gas panels have been an integral portion of 
this burgeoning market, but like all the other displays 
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available does not meet the requirements for an ideal 
display. 

Gas discharge panels are a fine combination of 
aesthetics, reliability, low cost, large character size, 
multiplexing capability, etc., but havebeenimpacted 
to some degree by the lack of an available and inex
pensive, totally monolithic interface. The move 
toward Ie interface for displays has stifled some 
potential - largely in favor of LEDs; although many 
applications requiring large characters and/or in 
high ambient light·turn toward gas .panels. The 
planar gas discharge display is a long way from ob
scurity, and the availability of this family of. les 
should open up new areas as well as satisfying 
existing systems. 

HIGH·VOLT AGE INTERFACE DRIVERS (Continued) 

The intent from the inception of this program has 
been to produce and provide a standard, inexpensive 
and easyt0u.se interface for gas discharge displays. 
Agreatmimypotential applications exist for these 
circuits in. consumer and commercial products. From 
the calculator and digital clock areas this product 
also wiH find use in automotive dashboards, point
of-sale systems,' electronic cash registers and scales, 
and instrumentation. The market for displays is still 
very elastic, and many applications for gas discharge 
panels are continuing to appear. The Sprague con
tribution to this market is this series of state-of-the
artinterface les. 
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HIGH·VOLTAGEINTERFACE DRIVERS· (Continued) 

Introduction 

TRENDS IN IC INTERFACE 
FOR ·ELECTRONIC D1SPLAYS 

.Display technology was truly setintd high gear by the explosion of the electronic calculator 
business. Expansion at a phenomenal pace. continues , encompassing a multitude of products, 
particularly high-volume consumer products (calculators, clockS, games, and watches). Re
cently, further stimulated by the "microprocessor revolution," with its far-reaching effects, 
and the resulting changeover to solid state design from electromechanical, mechanical, fluidic, 
or electrical systems, the vistas for displays have expanded well beyond the horizon. Products 
have been and are being developed, using microprocessors and displays, that never previously 
existed. 

To augment this microprocessor revolution, semiconductor manufacturers are developing 
many new interface circuits useful witl:! displays, although some of these will not be exclu
sively for display systems. To accomplish this, the present boundaries of device design, 
process, packaging, and electrical parameters will require continual extension and expansion. 

Display Buffers 

A continuing evolution of standard interface ICs is needed to buffer low-level logic from 
high-voltage and/or high-current loads. Some of this buffer development will serve display 
systems. Since there already is a broad assortment of buffers (particularly for low- to 
medium-current LED applications), the ongoing development in simple or low-order interface 
will mainly concentrate upon further reduction in discrete component count, package im
provement (particularly for high-currentlhigh-power devices), improvements in device cur
rent, voltage, switching speed, and greater reliability. 

Figures 1, 2, and 3 show some Sprague interface ICs that represent buffer circuits; other 
vendors supply similar, or identical, high-current or high-voltage buffers to allow operation of 
displays from low-level logic. Two basic changes have occurred relatively recently: 

1. Greater use of18~pin DIPs for eight driver channels (Source Driver, Figure 2). 

2. Creation of sourcing functions (Figures 2 and 3; useful for LED, gas-discharge, vacuum 
fluorescent, incandescent, and electromagnetic displays, depending upon device 
ratings). While further buffer designs are needed (particularly in high-current ( > 2 A) 
and high-voltage ( > 100 V) circuits), the main emphasis will be toward the incorpora
tion of logic and control circuitry with output buffers. 

Complex Interface 

Paralleling (though lagging) the microprocessor LSI revolution is the area of greatest future 
for IC display circuits: The need for complex, smart or high-order interface. This will be MSI 
to LSI logic (with perhaps some linear functions) combined with suitable output buffers. 
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HIGH-VOLTAGE INTERFACE DRIVERS (Continued) 
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Display interface ICs (similar to the MOS. I 10 control chips), both custom and standard 
product, .are becoming available in this category. High-volume applications may justify 
custom ICs, but the more general trend will be toward standard, off-the-shelf designs .~ 
chiefly due to the high costs of developing custom ICs, 

The higher voltage displays (ga~-discharge, Vacuum fluorescent, . a~c plasma, and d-c 
electroluminescent) may share some circuits (if appropriately planned and designed),particu
larly in the area of matrix displays. It is difficult to imagine, however, much commonality 
between high-current LEDs, high-voltage gas-discharge or a-c plasma, and low-power LCDs, 
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HIGH-VOLTAGE INTERFACE DRIVERS (Continued) 

+V 

-l 
-1 

Figure 3 
I-DIGIT II-SEGMENT HIGH-CURRENT LED INTERFACE 

although they should share considerably the development of cellular CAD circuit designs. 
Basic shift registers, latches and decoders do have considerable commonality. 

Ip. Figure4 is apinout and logic diagram of the first BiMOS Sprague IC combining logic and 
output drive. Although not expressly intended for display applications, this BiMOS (CMOS 
logic and bipolar outputs) IC has a great deal of utility to engineers working with lower 
voltages and high currents (LEDs, incandescent and electromagnetic displays). Type DCN-
4801A is a parallel-in Iparallel-out unit composed of eight 'D' latches and eight 350 rnA 150 V 
bipolar Darlington outputs. 
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More recently, Sprague has designed a serial-in /parallel-out BiMOS interface IC ex.pressly 
for use with vacuum fluorescent displays. Figure 5 shows the UCN48lOA lO-bit serial-in/ 
parallel-out interface for use with VF displays; the use of serial data allows 10 output lines, 
data in and data out in a standard I8-lead DIP. It makes possible both fewer IC packages and 
simpler PC board wiring, although it is slo",er than a parallel data approach. It uses only a 
single pin of the I/O ports. 
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HIGH-VOLtAGE INTERFACE DRIVERS (Continued) 
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HIGH-VOLTAGE INTERFACE DRIVERS (Continued) 

A slightly more recent design for vacuum fluorescent displays is the Sprague UCN-4815A. 
This is a 22-lead, 8-bit parallel-in /parallel-out BiMOS unit. The unit may have data inputs and 
a strobe bus (see Figure 6). The chip enable /blanking pin provides control of VF buffers. A 
power-on-dear is internally incorporated. 

INPUTS 

4 

STROBE BLANKING 

Figure 6 
UCN-4815APARALLEL 8-BIT VF INTERFACE 

2-27 

D 



HIGH·VOLTAGE INTERFACE .DRIVERS(Continued) 

Device Technologies 

With the exception of LCD displays (which at least until recently have been largely, if not 
entirely, driven by MOS) the display and interface technologies in high-volume use are mainly 
associated with bipolar semiconductors. Early display interface ICs (particularly devices such 
as the 7447 and 7448) were aimed at LED technology and represent MSI with modest output 
capability. The increasing use of higher voltage displays, multiplexed high-current applica
tions, and the need for greater circuit complexity and low pin count will dictate other 
technologies, such as 12L, BiMOS, CMOS IDMOS, and possibly DMOS. 

Standard Bipolar 

Standard bipolar technology, long associated with TTL or linears (early op amps), appears 
very limited in scope for the future. Circuit density and supply power requirements will dictate 
other processes for functions beyond the simple MSI level. The advantages of standard bipolar 
ICs appear to be in the areas of simple high-current, high-power or high-voltage interface. In 
particular, applications requiring the combination of high voltages ( '" 100 V) or multiple 
high-current outputs ( '" 2 A) will restrict the logic Icontrol circuitry to a low leveL Cost, chip 
size and package power dissipation will restrict this circuitry largely to versatile, simple 
buffers. 

Anticipated to increase significantlyisthe use offL for systems of low to modest voltages 
(LEDs through VF). The present limits ofI'L appear to be limited to applications below the 50-
to 60-volt level. I'L, with its combination of circuit density, low power and reasonable 
switching speeds should make a fine match for LEDs or other low-voltage display applica
tions. For higher voltages ( > 25 or 30 V), prospects the penalty of reduced circuit density may 
diminish its cost effectiveness. Some increase in standoff voltage may be afforded by the uses 
of cascaded output transistors or process improvements,thus reducing the need to sacrifice 
logic density. Without a standard I'L logic family, the main market penetration would appear 
to be custom designs although there is a definite opportunity for standard interface for lower 
voltage applications, particularly LEDs and vacuum fluorescent. 
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BiMOS 

BiMOS, a combination of CMOS and bipolar for interface ICs, seems to fit a technology 
niche of higher breakdown voltages than 12L, especially where logic power and supply voltage 
range (5 to 15 V) is important. BiMOS or BiFET les, which are presently on the market, are 
largely related to operational amplifiers, although other uses, such as the Sprague application 
of BiMOS to interface, are emerging. 

Currently, it is feasible to design and manufacture BiMOS interface with breakdown 
voltages in the 80 to 100 V range. With additional time and greater concentration on increasing 
BV, it appears that higher voltages ( '" 150 V) for output buffers could be obtained. By 
obtaining breakdowns in the 120 V to 160 V range, BiMOS then becomes a viable IC 
technology for interface for the higher voltage displays: d-c gas-discharge with. ±100 to 
±130 V; a-c plasma with 160 to 170 V, and glow transfer or d-c electroluminescent (DCEL) 
opportunities with a range of 120-150 volts. 

Switching speeds and output configurations (active pull-down or resistive) are critical to 
matrix displays (particularly a-c plasma) with large numbers of drive lines. Adding active 
pull-down or pull-up will tend to increase chip size (and cost), thus adding to the potential 
overall difficulty of BiMOS with its greater process complexity and slightly longer manufac
turing cycle. This does appear to be a very key technology for the near future. Its product niche 
will include for applications requiring 60 to 100 V (or more) breakdowns, low-power logic, 
wide supply range, modest speeds, and MSI to small LSI. 

CMOSIDMOS 

Chiefly being carried on by Texas Instruments, CMOS IDMOS display interface appears to 
be intended for much of the same display market as BiMOS. Product information how 
available indicates 60 to 100 V breakdown (DMOS outputs), CMOS logic, low to modest 
output currents ( '" 25 rnA), and logic speeds to 4 MHz. Designs now being promoted are 
targeted toward a-c plasma and vacuum fluorescent panels. 

Two apparent disadvantages now appear to exist: 

1. Logic operates from 12 V ±1O% (may be done to provide maximum speed). 

2. Output drive cun:ent is insufficient for high-current displays (without 100 rnA, or 
more, the larger matrix panels will use discretes or another technology). 

These shortcomings may be modified with time, although it is doubtful if 500 rnA to 1 A 
DMOS outputs are practical. 
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HIGH-VOLTAGE INTERFACE DRIVERS (Continued) 

Dielectric Isolation 

Affording the highest breakdown voltage capability of present technologies is dielectric 
isolation. Since there is no collector-to-substrate PN junction, nor a collector-to-isolationwall 
PN junction, considerable improvement in collector-to-base and collector-to-emittervoltage is 
possible. Additionally, transistor sizes are considerably smaller than their PN-isolated coun
terparts. The dielectric ally isolated devices offered by Dionics span a spectrum of approxi
mately 100 volts to 280 volts (a-c plasma driver). DI affords the maximum breakdown voltage 
capability currently available. 

Opposing this great advantage in breakdown voltage, however, is the increased process 
complexity of dielectric ally isolated les. Definite improvements are needed in the area of 
process simplification, cost reduction, and alternate sources. Large-volume use of DI circuits 
will be restrained until these problems (particularly alternate sources) can be overcome. DI 
interface, with its potential for 300 V transistors, has a great promise if the barriers can be 
overcome. 

Packaging 

Semiconductor design and process have greatly outstripped packaging currently in use, 
particularly in the area of power-handling capability. Greater concentration and resources are 
required to solve some of the following display interface related problems: 

1. DIP power dissipation. 

2. Greater number of leads (and smaller package sizes). 

3. Improved plastic DIP resistance to moisture and corrosive environments. 

4. Lower package manufacturing costs. 

5. Smaller module or display subassemblies. 
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Power dissipation difficulties (strobed high currents) are most associated with LEDs. Use of 
very low duty-cycle and bright LEDs (particularly alphanumeric and matrix) dictates a need for 
mUltiplexing with peak currents as high as 3 A,Nothingcurrently on the market exceeds 
1.75 A per output, and DW ratings preclude dec operation at such currents. However, many of 
the high-current applications are within the capability of standard bipolar ICs now offered, 

For LSI ICs containing many I/O lines, the 24-,28-, and40-lead DWs are standard. Since 
package size and cost increase together, it may be desirable to constrain manynewerICs to 
18-, 20-, or 22-lead DIPs (with 0.300" spacing, 22 also in use with 0.450" width). Printed 
wiring board real estate is increas'ingly dictating smaller size. Solutions such as the quad in-line 
(Rockwell) or less than 0.100" centers are possible. There are problems associated with a 
non-standard configuration (lack of sockets and higher prices) and the smaller physical size 
will not aid the quest for higher power (LEDs). 

Improvements in plastic DW moisture resistance and reliability are already underway; uses 
of tri-metal schemes (such as RCA's), silicon nitride or quartz passivation will continue to 
improve resistance to moisture and corrosive fumes. For display applications, these reliability 
improvements are of greatest concern in high-voltage devices. 

Lower package costs are necessary to further incrtlase the use of ICs in areas such as flat 
panel matrix displays. Currently, much of the cost of such a system is related to drive 
electronics, and much of the cost of the interface is the assembly cost of the DIPs (or hybrids). 
Increased use of automated assembly, film-carrier techniques and solder bumps will enhance 
the choice of ICs over discretes, and flat panel over CRT. 

Also of concern is the possible mating of IC chips, solder-bump chips, or film-strip chips 
into the display assembly. Candidates for such a treatment would include d-c anda-c plasma, 
LEDs (already being done. to a degree), DCEL, ACEL, LCD, and VF. Panel technologies 
usingthick or thin-film techniques could benefit from such an approach. The biggest barrier to 
such an integrated assembly is the market data needed to justify tooling and lead time. It will 
only require one manufacturer willing to be a pioneer to further swing display technology into 
integrated systems. Prospects for purchasing a display complete with all drive electronics, 
such as a flat panel a-c plasma matrix (chips mounted via hybrid techniques on the rear of the 
glass envelope), are improving with time. 

2-31 

D 



HIGH"VOLTAGE INTERFACE DRIVERS (C()ntinued) 

Summary 

A bright future exists for IC interface in display systems; the combination of logic (from 
MSI to small LSI) with suitable output buffers will further assist display designs. The 
following IC Technology-Display Interface matrix lists the key characteristics and primary 
display applications of various semiconductor technologies. Since many of these characteris
tics are changing, the table lists the device characteristics either now available or for the near 
future. 

The most dynamic technologies for the immediate future appear to be BiMOS, I2L, 
CMOS iDMOS, and, perhaps soon, DMOS. Sprague, Dionics, RCA, Texas Instruments, 
National Semiconductor, and others are using these device technologies to carve market niches 
where suitable. The dynamics of the IC market make for an uncertain future for any supplier of 
display circuitry unable or unwilling to continue the technological advancement necessary to 
meet the changing demands of the display market. 

IC TECHNOLOGY - DISPLAY INTERFACE 

Supply 
Technology Breakdown V Output 1 Speed Complexity Range Power 

(max) -- --

Primary Display 
Suitability 

Linear Process 10 to~l7O V <IOmAt02A <I MHz 
Bipolar 

1\ 20to-60 V <10 rnA to 2A 3-6 MHz 

BiMOS 50 to -150 V <10 MA to 500 rnA 2-5 MHz 

CMOS/OMOS 60 to -100 V ""25 rnA 2-4 MHz 

01 -200 to -300 V <10 rnA to 100.rnA (est) I MHz (est) 

Code, GO = O-C Gas-Discharge & Glow Transfer 
ACP = A-C Plasma 

OCEl = O-C Electroluminescent 
EM = Electromagnetic 

VF = Vacuum Fluorescent 
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MSI 5 V High LEOs, GO, VF, ACP, 
OCEL, EM 

LSI 

LSI 

5V Low-Modest LEO, VF, EM 

LSI 

MSI 

5 to 15 V Low 

12 V Low 

5 V High 

LEO, GO, VF, ACP, 
OCEL, EM 

GO, VF, ACP, LCO 

GO, VF, ACP, OCEL 



HIGH-VOLTAGE INTERFACE DRIVERS"(Continued) 

RELIABILITY OF sERIE$,-,DN-6l00A 
HIGH-VOLTAGE DISPLAY DRIVERS 

, .;THIS REPORT SUMMARIZES acceleratlid-'lif6 tests thathav: been 
" "perfornied on Series U£m;..6100A integrated circuits and provideS informa
, "tion that can be used to calculate the failure rate at any junction operating 

temperature. 

INTRODUCTION 

Product-reliability improvement is a continuous 
and evolving p,ro~ess at Spragi!e,Elec~iQ Company. 
Ongoing life tests; environmeptid tests, and stress 
tests are performed' to estapIish 'failure rates and 
monitor established process-control procedures. 
Failures are a9aiY:?:.c\qto detefIl!ille de§ign cllangt;S or 
process improYementsthat €an be. hnplementeo., to 
improve device .reliability. ' '. ',' 

The reliability,;ot: integrated circuits can bemeas
uredby qualifie&tion tests; accelerated tests; and 
butI1~in: 

1) QualificatiOiNesting IS performed at +J2~(J 
for 1000 hours with an LTPD = 5 in accord
ance with MlL-STD-883B.This testing is 
normally conducted in response to a specific 
customer .request or requirement. Qualifica
tion testing highlights design problems or 
gross processing problems, but 'does not 
provide sufficient data to geqerate accurate 
failure rate~in areasonableperiod'vf time. 

2) Accelerated testing is perforrtltid attempera
tures above. + 125°C and is used to generate 
failure-rate data. 

3) Burn-in i~ intended to ,remove infant~ 
mortality rejects apd is conducted at + 150°C 
for 96h()urs or at + 125°C for 168 hours. An 
analysis ofZ,test results fmm Sprague Elec
tric's Double-Deuce@) bum-in program found 
1.27% failures in more tllan325,000 pieces 
tested in a recent time period. Mostfailures 

,;) 
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were due to slight parametric shifts. Cata
strophic failures, which would cause' user
eqIJipment failure, were less than 0.1 %. 

. , . , 

ACCELERATED"LlFE TESTS 

Sprague Electric performsaccelerated-Iife tests on 
integ~afeddrcuitsat junction 'teniperatures 'Of 
+ I50"C'or + mioe afthe recommendedoperaring 
voltages. The internal power 'dis,sipation on some 
high-power circuits requires the ambieitt tempera"' 
ture!() tie lower t4an +c .15poC to keep Pie.Junction 
temperam,rebetweell+ 150°Capd + P~~C, 

In these . teSts", fiiiIUi"es<are prodtlcedso'tfiatC'the 
statistical life distribution may be established. Tile 
distribution cannot be established without failures. 
High-temperature accelerated-life testing is neces
sary to accumulate data in reasonable time periods. It 
has been established that the failure mechanism~ 
'ariiernperatures in these tests are identical. Tempera
tures above + 175°C are not generally used for the 
following reasons: 

a) Industry-standard inoldingcompounds de
grade and ~elease contaminants (halides) at 
approximately +2{}()oC. 

b) Life-test boards constructed with materials 
capable of Withstanding exposure to tempera
tures greater than + 175°C have been deemed 
to be cost prohibitive. 

c) Increases in junction leakage ({lITrents may 
increase the power dissipationt a~d device 
te1l1perature to an indeterminant level. 

II 



HIGH-VOLlAGEINTERFACE DRIVERS (Continued) 

Table I contains Series UDN-6100A data 
produced by life tests that were conducted at 
+ 150°C. The data includes the numherof test sam
ples, number of units in each sample, and the time 
periods during which failures occurred. The total 
time-on-test varies, with priority changes influenc
ing allocation of oven and board space, as new prod
ucts are introduced. The time intervals between test 
readings were chosen for ease of plotting on log
normal paper. 

The acceleration factor calculated using the Ar
rhenius equation, and a 1 eV activation energy, is 
approximately 5 x for each 25°C temperature rise in 
junction temperature and is multiplicative.' This al
lows the data to be compared to qualification life-test 
data by equating 200 hours at + 150°C to 1000 hours 
at + 125°C. If these tests had been qualification tests, 
they would have ended at 200 hours at + 150°C or 40 
hours at + 175°C. 

The data at the bottom of Table I is compiled by 
calculating the probability of success (P,), the 
cumulative probability of suc~ess, the probability of 
failure (Pf) and the percentage of failed units in each 
time period. 

The cumulative percent of failures is plotted on 
log-normal plotting paper in Figure 1. This paper has 
a logarithmic time-scale axis and a probability-scale 

TABLE I 

axis. A log-normal distribution plots a straight line. 
A line of best fit is drawn through the plotted points 
and extended to determine the median lifetime at the 
50% fail-point. The median life at a junction temper
ature of + 150°C is. 100,000 hours, in this case. 

The log-normal distribution is commonly and 
widely used, because most semiconductor device 
data fits such a distribution. 2 When the median life 
has been found at the elevated temperature, it can be 
converted to the lower tempe~ature of the actual 
application. The Arrhenius equation, which relates 
the reaction rate to temperature, is used to make this 
conversion.' The Arrhenius equation is: 

v, = V,oe"lkT 

where V,o = a constant 
e = activation energy 
k = Boltzmann's constant 
T == absolute temperature in degrees 

Kelvin 

An activation energy of 1.0 electron-volt was es
tablished by testing Series ULN- 2000A, Series 
UDN-5700M, and Series UDN-2980A devices at 
multiple temperatures. Failure analysis of devices 
rejected during the testing also supports this activa
tion energy, as failures were mainly due to increased 
leakages, reduced beta, and surface inversion.3 

. TEST RESULTS AT TJ = + 150°C 
HOURS ON TEST 

TEST BIAS 90 150 300 600 1200 lS00 2000 5000 6000 
NUMBER VOLTS QTY. NUMBER OF FAILURES 

1 SO 24 0 0 2 
2 SO 24 0 0 0 0 0 0 0 
3 SO 12 0 0 0 0 0 
4 SO 12 0 0 0 0 2 1 0 0 
5 110 24 0 0 0 0 0 0 
6 SO 12 0 0 0 

TOTAL ON TEST lOS IDS lOS 72 72 5S 57 31 S 
TOTAL FAILURES 0 0 2 0 2 1 3 0 0 
TOTAL GOOD 108 lOS 106 72 70 57 54 31 S 
P, 1.00 1.00 0.9S1 1.00 0.972 0.983 0.947 LOO 1.00 
Cumulative P, 1.00 1.00 0.9S1 0.9S1 0.954 0.938 0.S88 0.888 0.888 
Pj = 1 - P, 0 0 0.019 0.019 0.046 0.062 0.112 0.112 0.112 
% Failures 0 0 1.9 1.9 4.6 6.2 11.2 11.2 11.2 
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HIGH-VOLTAGE INTERFACE DRIVERS (Continu~d) 
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Figure 1 

CUMULATIVE PERCENT OF FAILURES 

The median life-point is drawn on Arrhenius 
graph paper in Figure 2. Arrhenius plotting paper 
gives a graphical solution, rather than a mathemati
cal solution, to the problem of equivalent median 
lifetime at any junction temperature. A line is drawn 
through this point (or points when multiple tempera
tures are used) with a slope of e = 1. 0 e V . 

Althol,lgh. not as statistically accurate as the me
dian lifetime, the 5% fail-point can be read. from 
Figure 1 and plotted parallel to the median-life line in 
Figure 2. 

The median life with lower junction temperatures 
may now be determined using Figure 2 .. It .must be 
emphasized that this is junction temperature and not 
ambientternperature. The temperature fiseat the 
junction due to internal power dissipation must be 
taken into account using the formula: 

T J = PD8 JA + TA 

or 
T J = PD8 Jc + Tc 

The median lifetime, or 50% fail-point, as deter
mined in Figure 2, is approximately 100 years at 
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+ 125°C or 1,000 years at + 90°C junction tempera
ture. 

The approximate failure rate (FR) may be deter
mined from FR = IIMedian Life, where Median 
Life is taken from Figure 2 at the intersection of the 
junction-temperature line and median-life plot. The 
actual instantaneous failure rate may be calculated 
using a Goldwaite plot. 4 However, this approxima
tion is very close. At + 100°C the failure rate would 
be: 

FR = 1/(4 X J06 hours) 
= 0.025%/1000 hours 

Of her failure rate values have been calculated in 
'table II. 

TABLE II 
SERIES UOM-61UDA FAILURE RATES 

TJ Median Ufe Failure Rate 
(CC) (h) (%/1000 h) 

125 6 x 105 0.167 
100 4 x 106 n.025 

75 4 x 1Q1 0:0025 
50 5 X 108 0.0002 

II 
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MEDIAN LIFE 

CONCLUSION 

The relationship between temperature and failure 
rate is well documented and is an important factor in 
all designs. Load currents, duty cycle, and ambient 
temperature must be considered by the design en
gineer to establish a junction-temperature limit that 
provides failure rates within design objectives. 

Figure 2 shows that a design with a junction tem
perature of + 100°C, calculated from internal power 
dissipation and external ambient temperature, 
reaches the 5% fail-pointin 10 years. Lowering the 
junction temperature to +70°C increases the time to 
100 years. 

A complete sequence of environmental tests on 
Series UDN-6100A, including temperature cycle, 
pressure cooker, and biased humidity tests are also 
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continuously monitored to ensure that assembly and 
package technology remain within established 
limits. 

These environmental tests and accelerated~life 
tests establish a base line for comparisons of new 
processes and materials. 
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SECTION 3-HIGH-CURRENT IItTERFACE DRIVERS 

Selection Guide._ . . . . . . . . . . . . . . . . . . . . . . . . . .. . • . . . . . . . . . . . . . . . . .. 3-2 

UHP-400 through 433-1 Quad Power and Relay Drivers. . . . • . . . . . . . . . . . . . . .. 3-3 
UHP-500 through 533 Quad Power and Relay Drivers ...................... 3-3 
UlN-200lA through 2025A 7-Channel Darlington Drivers ................... 3-14 
UlN-2061M and 2062M Dual 1.5 A Darlington SWitches .................... 3-24 
UlN-2064B through 2077B Quad 1.5 A Darlington Switches. . . . . . . . . . . . . . . . .. 3-24 
UDN-2541B and 2541W Quad NAND Drivers ............................. 3-35 
UDN-2542B and 2542W Quad NAND Drivers ......... " . . . .. . . . . . . . . . . . . .. 3-35 
UDN-2580A through 2588A 8-Channel Source Drivers . ... . . . . . . . . . . . . . . . . .. 3-38 
UDN-2595A 8-Channel Sink Driyer ............. : . . . . . . . . . . . . . . . . . . . .. 3-45 . 
UlN-2801A through 2825A 8-Channel Darlington Drivers •.................. 3-47 
UDN-2841B and 2845B Quad 1.5 A Darlington Drivers' ..•.•................ 3-58 
UDN-2878W and 2879W Quad 4 A Darlington Switches ..................... 3-64 
UTN-2886B SCRArray. . . . . . . . . . . . . . . . . . • . . . . . . • . . . . . . . . . . . . . . . . .• 3-70 
UTN-2888A SCR Array ........... , ................................ 3-70 
UDN-2933B' an,d UDN-2934B 3-Channel Half .. Bridge Motor privers . . . . . . . . . . . . . . * 
UDN-2935Z Bipolar Half-BridgeMotor Driver ... : ...... : •.••.............. 3-73 
UDN-2949Z Half-Bridge 2 A Motor Driver ................•.............. 3-79 
UDN-2950ZBi'palar Half-Bridge Motor Driver ..........•................. 3-73 
UDN-2952B and 2952W Full-Bridge Motor Drivers .. ~ ....... : . . . . . . . • . . . .. 3-83 
UDN~2956A alld1957A Negative Supply, 5-Channel Sou'rce.Drivers ......•...... 3-89 
UDN-2975W and 2976W Dual 4 A Solenoid Drivers ... ~. : .. ; ................ 3-92 
UDN-2981A through 2984A 8-Channel Source Drivers ...................... 3-96 
UDN-36llM through 3614M Dual Peripheral and Power Drivers . ~ ............. 3-103 
UDN-5703A through 5707A Quad Peripheral and PowerDriVllrs ............... 3-107 
UDN-5711M through 5714M Dual Peripheral and Power Drivers .... . . . . . . . . . .. 3-111 
UDN-5722M Dual Peripheral and Power Driver .....•............ , ........ 3-115 
UDN-5732M DualPeripheral and Power Driver ........ : .............•.... 3-118 
UDN-5733A Quaci'Peripheral and Power Driver ........................... 3-110 
UDN~5742M Dual Peripheral and Power Driver .......•..............•.... 3-118 

Application Notes: 
Series ULN-2QOOA Darlington Arrays ................................ : 3-121 
Interface Integrated Circuits for Motor Drive Applications ................. 3-128 
Expandfng TbeJrontiers of Integrated Circuit Interface •.....•............ 3-135 
Interface ICsfor Current-Sourcing Applications ... . . . .. . . . . . . . . . .. . . • .. 3-145 
New Power-Int~rface ICs ........•........... : . . . . . . . . . . . . . • . . . .. 3-155 

*New product. Contact factory for' detailed information. 
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HIGH-CURRENT INTERFACE DRIVERS 

smOION GUIDE TO HIGH-CURRENT INTERFACE DRIVERS 

Device Type 

UHP-400 through 433 
UHP-400 through 433-1 
UHP-500 through 533 
ULN-2001 through 2005A 
ULN-2011 through 2015A 
ULN-2021 through 2025A 
ULN-2061M 
ULN-2062M 
ULN-2064/66/68/70B 
ULN-2065/67/69/71B 
ULN-2074/76B 
ULN-2075177B 
UDN-2541BIW 
UDN-2542BIW 
UDN-2580A 
UDN-2580A-l 
UDN-2585A 
UDN-2588A 
UDN-2588A-l 
UDN~2595A 
ULN-2801 through 2805A 
ULN-2811 through 2815A 
ULN-2821 through 2825A 
UDN-2841B ' ' 
UDN-2845B 
UDN-2878W 
UDN-2879W 
UTN-2886B 
UTN-2888A 
UDN-2933/34B 
UDN-2935Z 
UDN-2949Z 
UDN-2950Z 
UDN-2952BIW 
UDN-2956/57A 
UDN-2975W 
UDN-2976W 
UDN-2981182A 
UDN-2983/84A 
UDN-3611 through 3614M 
UDN-5703 through 5707A . 
UDN-5711 through 5714M 
UDN-5722M 
UDN-5732M 
UDN-5733A 
UDN-5742M 

. 5,OOmA 
500mA 
500 mA 
500 mA 
600mA 
500 mA 
1.75 A . 
1.75 A 
1.75 A 
1.75 A 
1.75 A 
I.75A 
1.5A 
1.5 A 

-500mA 
-500 mA 
-250 mA 
-500 mA 
-500 mA 
200 mA 
500 mA 
600 mA 
500 mA 
1.75 A 
U5A 
5.0A 
5.UA 

80011600 mA 
800mA 

±800 inA 
±2.0A 
±2.0A 
±2.0A 
+3.5A 

-500mA 
5.0A 
5 ... 0 A 

-500 mA 
-500 mA 
600mA 
600 mA 
600mA 
600 mA 
600 mA 
600 mA 
700 mA 

Absolute Maximum Ratings 
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40V 
70V 

lOa V 
50V 
50V 
95V 
50V 
80V. 
50V 
80V 
50V 
80V 
60V 
80V 
50V 
80V 
20V 
50V 
80V 
20V 
50V 
50V 
95 V 

-50V 
-50V 

50V 
SOV 
3.5,V 
35V 
30V 
35 V 
30V 
35V 
40V 

-80V 
.. 50 V 

60V 
'SOV 

8QV 
80V 
SOV 
80V 
70V 
70V 
80V 
70V 

Outputs 

Sink4 
Sink4 
Sink4 
Sink 7 
Sink 7 
Sink 7 
Source/Sink 2 
Source/Sink 2 
Sink4 
Sink4 
Source/Sink 4 
Source/Sink 4 
Sink4 
Sink4 
Source 8 
Source 8 
Source 8 
Source 8 
Source 8 
Sink8 
Sink8 
Sink8 
Sink8 
Sink4 
Source/Sink 4 
Sink4 
Sink4 
Sink 4 + 2 
Sink8 
3 Half-Bridge 
Half-Bridge 
Half-Bridge 
Half-Bridge 
Full Bridge 
Source 5 
Source/Sink 2 
Source/Sink 2 
Source 8 
Source 8 
Sink 2 
Sink4 
Sink 2 
Sink 2 
Sink 2 
Sink4 
Sink2 



SERIES UHP-400; UHP-400-l ANDUHP-500 
POWER AND RELAY' DRIVERS 

SERIES UHP-400, UHP-400-1 AND UHP-5QO 
POWER AND RELAY DRIVERS 

fEATURES 

• Inputs Compatible with DTL/TTL 
• 500mA Output Sink Current Capability 
• Pinning Compatible with 54/74 Logic Series 
• Transient Protected Outputs on Relay Drivers 
• High Voltage Output - IOOV Series UHP-500, 70V Series 

UHP-400-I, 40V Series UHP-400 

Description 

These power and relay drivers are bi-polar monolithic circuits and incorpor
ate 10gicgateUnd bigh-(:urr~h~/switching transisfotsQ'!ithe same chip. Each 
output transistor is capable of sinking 500mA in the ON state. In the OFF 
state, .Series UHP-400.devices will sustain 40V, Series UHP-400-1 devices 
will stistain 70V, and Series YHP-500 devices will sustain lOOy. 

Applications· 

TheUHP-400,UHP.-400-I,and UHP"500 Series Power Drlversareideally 
suited for driving incandescent lamps, relays, solenoids, and other interface 
devices with up to IA output current per package. 

fi .. ~ ~. ~. . '. -_ ..... _ ........ -.... ~ ..... 
UHP-400/400-l/500 UHP-402/402-1/502 UHP-403/403-l/503 UHP.406/406-l/506 

Quad 2 AND Quad 2 DR Quad OR Quad AND 

.~. 
' -" ..... fi __ ~--- ~.-

UHP-407 /407-1/507 UHP-408/408-l/508 UHP-432/432-l/532 UHP-433/433-l/533 
Quad NAND Quad 2 NAND Quad 2 NOR Quad NOR. 
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SE~IES UHP.400, UHP-400-1 AND UHP-SOO 
POWER AND RELAY DRIVERS 

Supply Voltage, Vee ......... . 
I nput Voltage, Vin .......... . 
Output Off· state Voltage, Volf 

Series UHp·400. 
Series UHp·400·1 .. 
Series UHp·500. 

ABSOLUTE MAXIMUM RATINGS 

Output On·State Sink Current, Ion .. 
Suppression Diode Off·State Voltage, Volf 

Series UHp·400. 
Series UHp·400·I .......... . 
Series UHp·500. 

Suppression Diode On·State Current, Ion ..... 
Operating Free·Air Temperature Range, TA .•. 

Storage Temperature Range, Ts ..... . 

. ..... 7V 
. ..... 5.5V 

. .40V 
.70V 

.IOOV 
. .500mA 

. .40V 
... 70V 

.IOOV 
. .. 500mA 

. ... -20°C to +85°C 
............. -65°C to + I50°C 

RECOMMENDED OPERATING CONDITIONS 

Min. Nom. Max. Units 

Supply Voltage (Vee) 4.75 5.0 5.25 V 
,Operating Temperature Range o +25 +85° 
Current into any output (ON state) 250 rnA 

Series UHP 14-pin plastic dual in-line; copper lead frame and epoxy encapsulation standard for high power handling 
capability. * 

Thermal Resistance: 
Junction to case, <PiC' •.•••••••..••••..••••.•••.••••••••.•.••.••..•.•••••..••••.••••••••.••••••••.••••••••.. 40°C/W 
Junction to still air, <Pia .•.••..•. " ..••.•.••.•••••••••.••••..••.•.••..••••.•••.•.•••.•••••••..•.••..••••••. 60°C/W 

'<Pia of 60°CjW permits operation of four outputs continuously and simultaneously at 250m A with a junction temperature which will not exceed +150°C (<I>i) 
at a +85°C ambient. 

At manufacturer's option, these devices may be marked with the original Series UHP-400, 
UHP-400-1, or UHP-500 part numbers and/or part numbers in the new Series UDN-0400A, 
UDN-0400A-I, or UDN-0500A, respectively. Similar devices using the original and new part 
numbering systems are identical in all respects. For example: UHP-408 is exactly the same 
as the UDN-0408A. 
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SERIES UHP-400, UHP-400-1 AND UHP-SOO 
POWER AND RELAY DRIVERS 

ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted) 

Test Conditions 

Driven Other 
Characteristic Symbol Temp. Vee Input Input Output Min. Typ. 

"I" Input Voltage Vinl! MIN 2.0 
"0" I nput Voltage VinlOI MIN 
"0" Input Current at all Inputs 
except Strobe l'nfOI MAX 0.4V 4.5V -0.55 
"0" Input Current at Strobe I;n 01 MAX 0.4V 4.5V -1.1 
"I" Input Current at all Inputs li"ll} MAX 2.4V OV 
except Strobe MAX 5.5V OV 
"I" Input Current at Strobe I;n(1} MAX 2.4V OV 

MAX 5.5V OV 

SWITCHING CHARACTERISTICS at Vcc= 5.0V, TA. = 25°C 

Limits 
Characteristic Symbol Test Conditions Min. Typ. 

Turn-on Delay Time tpdO CL=lSpf 

Series UHP-400 Vs = 40V, RL = 26511 (6 Watts) 

Series UHP-400-1 Vs = 70V, RL = 46511 (10 Watts) 200 
Series UHP-500 Vs = IOOV, RL= 670 II (IS Watts) 

Turn-off Delay Time tpd! CL= 15pf 
Series UHP-400 Vs = 40V, RL = 265 n (6 Watts) 
Series UHP-400-1 Vs = 70V, RL = 46511 (10 Watts) 300 
Series UHP-500 Vs "" 100V, RL = 670 n (15 Watts) 

NOTES: 
I. Typical values are at Vee = 5.0V, TA = 25°C. 
2. Each input tested separately. 
3. Voltage values shown in the test circuit waveforms are with respect to network ground terminal. 
4. Capacitance values specified include probe and test fixture capacitance. 

INPUT PULSE CHARACTERISTICS 

VinlOI = OV 

Vinl!) = 3.5V 

tf = 7ns 

t, = 14ns 

3-5 

tp = II'S 

PRR = 500kHz 

Max. 

500 

750 

Limits 

Max. 

0.8 

-0.8 
-1.6 
4() 
I 
100 
I 

Units 

ns 

ns 

Units Notes 

V 
V 

mA 2 
mA 
p.A 2 
mA 
IlA 2 
mA 

Notes 

3 
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StRIESUHP·400, UHP·400·1 AND UHP·SOO 
POWER AND RELAY DRIVERS 

Type UHP·400, UHP-400-1, and UHP-SOO 

Quad 2-lnput AND Power Drivers 

ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted) 

Test Conditions 

Driven 
Characteristic Symbol Temp. Vee Input 

"I" Output Reverse Current 
Type UHP-400 loff MIN 2.0V 
"I" Output Reverse Cu rrent 
Type UHP-400-1 loff MIN 2.0V 
"I" Output Reverse Current 
Type UHNOO loff MIN 2.0V 
"0" Output Voltage Vo• MIN 0.8V 

MIN O.8V 
"I" Level Supply Current !ce(l) NDM MAX 5.0V 
"0" Level Supply Current lee(o) NOM MAX OV 

NOTES: 
1. Typical values are al Vee = 5.0V, TA = 25·C. 
2. Each gate. 
3. Capacitance values specified include probe and test fixture capacitance. 

INPUT 2.4V Vec5V 
OUT
PUT Vs 

~-r-R: --: 
I ~ I 
I I 
I I 
I ) 
I I 
I I 
I JSpF I 

: INote3) r 
I I 
I I 
I '::' LOAD I 
I CIRCUIT I L _____ ... ~ 

[;\'·'G. 110. "--78760 
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Limits 

Other 
Input Output Min. Typ. Max. Units Notes 

2.0V 40V 50 p.A 

2.0V 70V 50 ..E.,A 

2.0V lOOV 50 .E,A 
V" 150mA 0.5 V 
Vee 250mA 0.7 V 
5.0V 4 6 mA 1 2 
OV 17.5 24.5 mA 1,2 

,1'"-1O_'l~ ______ Vin(O) 

I 
I I 

'pd I ---r------I '1 'pdO 

OUTPUT I j;50%----50'l-~-,L~ ----Voutm 

• V.vI(O) 



Type UHP-402, UHP-402-1, and UHP-S02 

Quad 2-lnput OR Power Drivers 

SERIES UHP·400, UHP·400·1 AND UHP·500 
POWER AND RELAY DRIVERS 

ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted) 
Test Conditions Limits 

Driven Other 
Characteristic Symbol Temp. Vcc Input Input Output Min. Typ. Max. Units Notes 

"1" Output Reverse Current 
Type UHP-402 lofl MIN 2.0V OV 40V 50 !J.A 
"1" Output Reverse Current 
Type UHP-402-1 loll MIN 2.0V OV 70V 50 !J.A 
"1" Output Reverse Current 
Type UHP-502 loll MIN 2.0V OV 100V 50 !J.A 
"0" Output Voltage Vo, MIN O.SV O.SV 150mA 0.5 V 

MIN O.SV O.SV 250mA 0.7 V 
"1" level Supply Current ICClII NOM MAX S.OV S.OV 4.1 6.3 mA 1,2 
"0" level Supply Current ICCIol NOM MAX OV OV IS 25 mA 1,2 

NOTES: 
1. Typical values are at Vcc ~ S.OV, TA ~ 2S'C. 
2. Each gate. 
3. Capacitance values specified include probe and test fixture capacitance. 

OUT-
INPUT VCC==5V PUT Ys 

r ----1 
INPUT 

'L : 
I 

r 'O::.:%'--____ Vin(O) 10% 

I 
1 I 
: I 
I lSpF I 

: INcte3) : 

I = LOAD: 
I CIRCUIT I L _____ J 

I 

'pd' ...,.-----.I 
I ',--___ --,: ___ --Vout(l) 

OUTPUT 150% 50% L 
_ VO",(O) 

...---_,pdO 

OWG. Mo. A-7628C 
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SERIES UHP·400, UHp·400·1 AND UHp·500 
POWER AND RELAY DRIVERS 

Type UHP·403, UHP·403·1, and UHP·S03 

Quad OR Relay Drivers 

ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted) 
Test Conditions 

Driven 
Characteristic Symbol Temp. Vee Input 

"I" Output Reverse Current 
Type UHP·403 loff MIN 2.0V 
"I" Output Reverse Current 
Type UHPA03·1 loll MIN 2.0V 
"I" Output Reverse Current 
Type UHP·503 lofi MIN 2.0V 
"0" Output Voltage Von MIN O.BV 

MIN 0.8V 
Diode leakage Current ILK NOM NOM OV 
Diode Forward Voltage Drop Vo NOM NOM Vee 
"I" level Supply Current leell) NOM MAX 5.0V 
"0" level Supply Current lee(o) NOM MAX OV 

NOTES: 
1. Typical values are at Vee = 5.0V. T A = 25"C. 
2. Each gate. 
3. Diode leakage current measured at VR = Voll(mln). 
4. Diode forward voltage drop measured at II = 200mA. 
5. Capacitance values specified include probe and test fixture capacitance. 

INPUT Vee = 5V OPEN OUTPUT 

----I 
", : 

.......... ~-+-+ ) 
I 
) 

I 
. JSpf I 

]Not.5)1 
... LOAD I 

_~I!.C~I!. J 
OYrJ. MD. A-9123A 
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Limits 
Other 
Input Output Min. Typ. Max. Units Notes 

OV 40V 100 p.A 

OV 70V 100 p.A 

OV 100V 100 p.A 
O.BV 150mA 0.5 V 
O.BV 250mA 0.7 V 
OV OPEN 200 p.A 3 
Vee 1.5 1.75 V 4 
5.0V 4.1 6.3 mA 1,2 
OV IB 25 mA 1,2 

INPUT 

10% ~'0'1::..;Yo:..... ____ Vin(O) 

I 

I ' 
tpd' ~ '1 tpdO 

I ',--___ ...,: __ --Vout(l) 

OUTPUT 150%' 50% L 
• VO""O) 

DWG. No, A-7628C 



TypeUHP~406i OHP.406·1, and UHP·s06 

SERIESUHP.400, UHP--'400· rAND UHP·500 
POWER AND 'RElAY DRIVERS 

tLECTRICAL CHARACTERISTICS flyer IJperating temperattn'e range (unless otl{erwise noted) 
;"., .. .• Test Conditions Limits ... 

Driven Other 
C~arlicteristjc Symbol TemR. Vce Input Input Output Min. Typ. Max. . Units Notes 

"I" Output ~~verse Cur.rent 
Type UflP·406 . loll' ,.'. MIN 2.0V 2.DY 4DV 10.0 up, 
"I" Output ~everse Current ,:.< 

7o.v TypeUHNO~:l 10if MIN 2.0V 2.OV 100 ..... JSA .... 
"1"Oulput Reverse Current . 

l00V. 10.0. I Type IJHP·5DS 10if MIN 2.DV 'l.DV p,A ',' 
"0." Output VOltage ,Von .. MIN D.8V .Vee lSOi:nA. 0.5 V 

\ MN .D.XV ·Vrr .·2SOmA 0..7 V 
L·· Diode Leakage CUrren·t ILK NOM ;NOM OV DV OPEN ' ... 200c', p,A •. ,·3 "., 

Diode Forw~td Voltage Drop • VO NOM ,riO.M Vee Vcc .. ' I.S 1.75 . V ...... 4 
"}" Level Supply Current ICCII) NOM MAX ·S.OV 5.0V 4 6 mA 1,2 
"0." level Supply Current lee(o) NOM MAX DV OV 17.5 24.5 mA 1,2 

NOTES: 
1. Typical values are at Vee = 5.0., T A = 25°C. 
2. Each gate. 
3. Diode leakage current measured at VR = V.fI(min)' 
4. Diode forward voltage drop measured at If = 200mA. 
5. Capacitance values specified include probe and test fixture capacitance. 

~WG. itO. A.-7B7U 
-.{ 1OOi."IIo. A-7628C 
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SERIESUHP·400, UHP-400-1 AND UHP-SOO 
POWER AND RELAY DRIVERS 

Type U,HP-407, UHP-407-1, and UHP-507 

Quad NAND Relay Drivers 

ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted) 
Test Conditions , 

Driven 
Characteristic Symbol Temp. Vee Input 

"1" Outvut Reverse Current 
Type UHP-407 loff MIN O.BV 
"1" Output Reverse Current; 
Type UHP-401-1 loff MIN O.BV 
"1" Output Reverse Current 
Type UHP-507 loft MIN O.BV 
"O"Output Voltage YO" MIN 2.0V 

MIN 2.0V 
Diode Leakage Current ILK NOM NOM Vee 
Diode Forward Voltage Drop Vo NOM NOM OV 
"1" Level Supply Current leelll NOM MAX OV 
"0" Level Supply Cu rrent leCiol NOM MAX 5V 

NOTES: 
1. Typical values are at Vee ~ 5.0V, TA ~ 25'C. 
2, Each &ate. 
3. Capacitance values specified include probe and test fixture capacitance. 
4. Diode leakage current measured at VR ~ V.Hlml"l. 
5. Diode forward voltage drop measured at If ~ 200mA. 

INPUT 2.4V VCC=.5V 0 EN O~i: Vs 

r~----l 
'L 

I 
I 15pF 

: TN.t.31 
: .. LOAD 
I CIRCUIT 1 
L _____ .J 
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Other 
Input Output Min. Typ. 

Vcc 40V 
.. 

Vcc 70V 

Vcc 100V 
2.0V 150mA 
2.0V 250mA 
Vee OPEN 
OV 1.5 
OV 6 
5V 20 

INPUT 

tpdO 

OUTPUT 

Limits 

Max. Units Notes 

100 /'A 

100 I'A 

100 /'A 
0.5 V 
0.7 V 
200 /,A 4 
1.75 V 5 
7.5 mA 1,2 
26.5 mA 1,2 

~;L. ____ VI"IO) 

--- - -- - Vout(O) 

DWG. 110., .·1900,\ 



Type UHP-408, UHP-408-1, and UHP-S08 
Quad 2-lnpul NAND Power Drivers 

SERIESUHP·400, UHP-400-1 AND. UHP-SOO 
POWER AND RELAY DRIVERS 

ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted) 
Test Conditions 

Driven 
Characteristic Symbol Temp. Vcc Input 

"1" Output Reverse Current 
Type UHP-40B loff MIN O.BV 
"1" Output Reverse Current 
Type UHP-408-1 loll MIN 0.8V 
"1" Output Reverse Current 
TVDe UHP-508 I." MIN O.BV 
"0" Output Voltage Von MIN 2.0V 

MIN 2.0V 
"1" Level Supply Current ICCI·I) NOM MAX OV 
"0" Level Supply Current ICClO) NOM MAX 5.0V 

NOTES: 
1. Typical values are at Vcc = 5.0V, TA = 25°C. 
2. Each ~ate. 
3. Capacitance values specified include probe and test fixture capacitance. 

INPUT 2.4V 
OUT-
PUT Vs 

15pF 

I'Note3J 

":'" lOAD 
CIRCUIT '-_ ... ____ J 

DWG. Mo. A.~9638 
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Limits 

Other 
Input Output Min. Typ. Max. Units Notes 

Vcc " 40V 50 p.A 

Vcc 70V 50 p.A 

Vrr 100V 50 )J.A 
2.0V 150mA 0.5 V 
2.0V 250mA 0.7 V 
OV 6 7.5 mA 1,.2 
5.0V 20 26.5 mA 1,2 

INPUT 

"""'00/,"-, ____ Vin(O) 

OUTPUT 

DWG. NO. A~1900A 



SERIES UHP-400, UHP-400-1 ANDUHP-SOO 
POWER AND RELAY DRIVERS 

Type UHP·432, UHP·432·1, and UHP·S32 

Quad 2·lnput NOR Power Drivers 

ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise· noted) 

Test Conditions 

Driven 
Characteristic Symbol Temp. Vee Input 

"1" Output Reverse Current 
Type UHP-432 loff MIN O.BV 
"1" Output Reverse Current 
Type UH.P-432-1 loff MIN O.BV 
"1" Output Reverse Current 
Type UHP-532 loll MIN O.BV 
"0" Output Voltage Von MIN Z.OV 

MIN 2.0V 
"0" Level Supply Current icelol NOM MAX 5.0V 
"1" Level Supply Current lee(11 NOM MAX OV 

NOTES: 
1. Typical values are at Vee = 5.0V. TA = 25"C. 
2. Each gate. 
3. Capacitance values specified include probe and test fixture capacitance. 

OUT-
INPUT Vce~5V PUT Vs 

r ----, 
1 Rl 
I 
I 
I 

: I 
i lSpF I 

I \;Nore 3) : 

: J,' LOAD: 
I CIRCUIT 1 L ____ _ J 

OWG. NO • .1.-7902,1, 
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Limits 

Other 
Input Output Min. Typ. Max. 

O.BV 40V 50 

O.BV 70V 50 

O.BV 100V 50 
OV 50mA T5 
OV 250mA 0.7 
5.0V 20 25 
OV 6 7.5 

INPUT 

OUTPUT 

Units Notes 

p.A 

p.A 

p.A 
V 
V 
mA 1 2 
mA 1,2 

--- - -- - Vout(O) 

OWG. MO. '+'-1900'+' 



Type UHP-433, UHP-433-1, and UHP-S33 
Quad NOR Relay Drivers 

SERIES UHP-400, UHP-400-1 AND UHP-SOO 
POWER AND RELAY DRIVERS 

ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted) 
Test Conditions 

Driven 
Characteristic Symbol Temp. Vcc Input 

"I" Output Reverse Current 
MIN 0.8V Type UHP-433 loll 

"I" Output Reverse Current 
Type UHP-433-1 loff MIN O.8V 
"I" Output Reverse Current 
Type UHp·533 loll MIN 0.8V 
"0" Output Voltage Von MIN 2.0V 

MIN 2.0V 
Diode leakage Current ILK NOM NOM Vee 
Diode Forward Voltage Drop Vo NOM NOM OV 
"I" level Supply Current icel1) NOM MAX OV 
"0" level Supply Cu rrent Kee{o) NOM MAX 5V 

.NOTES: 
1. Typical values are at Vee ~ 5.0, TA ~ 25°C. 
2. Each gate. 
3. Diode leakage current measured at VR ~ VolI{m;n). 
4. Diode forward voltage drop measured at If ~ 200mA. 
5. Capacitance values specified include probe and test fixture capacitance. 

INPUT V CC=5V OPEN OUTPUT Vs 

-------. 
RL : 

I 

o 
'JSpF I I(Notes): 

I -=-lOAD I 

~c:~a:I~ _J 
DWU. MO. A-~135A 
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Other 
Input Output Min. Typ. 

0.8V 40V 

0.8V 70V 

0.8V 100V 
OV 150mA 
OV 250mA 
Vee OPEN 
OV 1:5 
OV 6 
5V 20 

INPUT 

'pdO 

OUTPUT 

limits 

Max. Units Notes 

100 !J.A 

100 I'A 

100 !J.A 
0.5 V 
0.7 V 
200 /loA 3 
1.75 V 4 
7.5 rnA 1,2 
25 rnA 1,2 

""" ..... ---- V;n(O) 

,--- Vout(l) 

------- Vout(O) 

DWG. NO. A~1900A 



SERIESULN-2000A 
HIGH-VOLTAGE, HIGH-CURRENT DARLINGTON ARRAYS 

SERIES ULN-2000A 
HIGH-VOLTAGE, HIGH-CURRENT DARLINGTON ARRAYS 

THESE HIGH-VOLTAGE, HIGH-CURRENT 
Darlington arrays are comprised of seven silicon 

NPN Darlington pairs on a common monolithic sub
strate. All units have open-collector outputs and in
tegral diodes for inductive load transient suppres
sion. 

Peak inrush currents to 600 rnA (Series ULN-
2000A and ULN-2020A) or 750 rnA (Series ULN-
20 lOA) are permissible, making them ideal for driv
ing tungsten filament lamps. 

Series ULN-200IA devices are general purpose 
arrays that may be used with standard bipolar digital 
logic using external current limiting, or with most 
PMOS or CMOS directly. All are pinned with out
puts opposite inputs to facilitate printed wiring board 
layout and are priced to compete directly with dis
crete transistor alternatives. 

Series ULN-2002A is designed for use with 14 to 
25 V PMOS devices. Each input has a Zener diode 
and resistor in series to limit the input current to a 
safe value in that application. The Zener diode also 
gives these devices excellent noise immunity. 

Series ULN-2003A has a 2.7 kG series base 
resistor for each Darlington pair, allowing operation 
directly with TTL or CMOS operating at a supply 
voltage of 5 V. These devices will handle numerous 
interface needs - particularly those beyond the 
capabilities of standard logic buffers. 

Series ULN-2004A has a 10.5 kG series input 
resistor that permits operation directly from CMOS 
or PMOS outputs utilizing supply voltages of 6 to 
15 V. The required input current is below that of 
Series ULN-2003A, while the required inputvoltage 
is less than that required by Series ULN-2002A. 

Series ULN-2005A is designed for use with 
standard TTL and Schottky TTL, with which higher 
output currents are required and loading of the logic 

3-14 
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output is not a concern. These devices will sink a 
minimum of 350 rnA when driven from a "totem 
pole" logic output. 

Series ULN-2000A is the original high-voltage, 
high-current Darlington array . The output transistors 
are capable of sinking 500 rnA and will sustain at 

Type Number 

Genera I Purpose UlN-2001A UlN-2011A ULN-2021A PMOS, CMOS 

14-25 V ULN-2002A UlN-2012A UlN-2022A PMOS 

5V UlN-2003A UlN-2013A ULN-2023A TTl, CMOS 

6-15 V UlN-2004A UlN-2014A UlN-2024A CMOS, PMOS 

High-Output UlN-2005A UlN-2015A UlN-2025A TTl 



SERIES ULN-200OA 
HIGH-VOLTAGE, HIGH-CURRENT DARLINGTON ARRAYS 

least 50 V in the OFF state. Outputs may be paral
leled for higher load-current capability. Series 
ULN-201OA devices are similar, except that they 
will sink 600 rnA. Series ULN-2020A will sustain 
95 V in the OFF state. 

All Series ULN-2000A Darlington arrays are fur
nished in a 16-pin dual in-line plastic package. These 
can also be supplied in a hermetic dual in-line pack
age for use in military and aerospace applications. 

ABSOLUTE MAXIMUM RATINGS 
at +25°C Free-Air Temperature 

for any.one Darlington pair 
(unless otherwise noted) 

Output Voltage, VCE (Series ULN-2000, 201OA) ........................... 50 V 
(Series ULN-2020A) ................................ 95 V 

Input Voltage, VIN (Series ULN-2002, 2003, 2004A) ........................ 30 V 
(Series ULN-2005A) ................................. 15 V 

Continuous Collector Current, Ic (Series ULN-2000, 2020A) ................ 500 rnA 
(Series ULN-2010A) ..................... 600 rnA 

Continuous Input Current, liN' ..................................... , 25 rnA 
Power Oissipation, Po (one Darlington pair) ............................. 1.0 W 

(total package) ................................ 2.0 W· 
Operating Ambient Temperature Range, TA .................... -20°C to +85°C 
Storage Temperature Range, Ts ........................... -5SoC to + IS0°C 

*Derate at the rate of 16.67 mW/oC above +25°C. 
Under normal operating conditions, these devices will sustain 350 mA per output with VCE(SAI) = 1.6 V at +70·C 
'with a pulse width of 20 ms and a duty cycle of 34%. 

'" >-
>-« 
3: 

~ 
Z 
0 
;::: 
« 
"-
8j 
0 
'" w 

~ 
0 « 
'" u « 
"-
w 
-' 

::i! 
3: 

ALLOWABLE AVERAGE POWER DISSIPATION 
AS A FUNCTION OF AMBIENT TEMPERATURE 

2.0 
~EVICE LIMIT 

, 
1.5 \ 

\ 
I' 

1.0 " \ 
~t.. 

0.5 

\'Vo 

,~ , 
9 \ ..... 
;;i 

0 

\ , 
o 50 100 150 

AMBIENT TEMPERATURE IN °c 
Dwg. No. A-9753C 
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SERIES ULN-2000A 
HIGH-VOLTAGE, HIGH-CURRENT DARLINGTON ARRAYS 

PARTIAL SCHEMATICS 

Series ULN-2002A 
(each driver) 

r--I~-oCOM 

7V 10. 5K 
, 

i 
, , 
I 
I ---, 

OWG. ~o. A-!J650 

Series ULN-2004A 
(each driver) 

1O.5K 

,....,---j*--oCOM 

, , 
I 
I 

---' 
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Series ULN-2001A 
(each driver) 

Series ULN-2003A 
(each driver) 

r--I~-oCOM 

, 

i 
, , 
I 

- --~ 

DW~. No. A-96S I 

Series ULN-200SA 
(each driver) 

r--I~-oCOM 

, 

i 

il G. MO. A-IO.228 



SERIES ULN-2000A 
HIGH~VOLTAGE, HIGH-CURRENT DARLINGTON ARRAYS 

SERIES ULN·2000A 

ELECTRICAL CHARACTERISTICS AT +25°C (unless otherwise noted) 

Test Applicable Limits 
Characteristic Symbol Fig. Devices Test Cond itions Min. Typ. Max. Units 

Output leakage Current leEX 1A All VeE. =50 V, TA = 25°C - - 50 J-tA 
VeE = 50 V, TA = 70°C - - 100 /LA 

1B UlN-2002A VeE = 50 V, TA = 70°C, VIN = 6.0 V - - 500 /LA 
UlN-2004A VeE = 50 V, fA = 70°C, VIN = 1.0 V - - 500 /LA 

Collector-Emitter VeEISATI 2 Ie = 100 mA, IB = 250/LA - 0.9 1.1 V 
Saturation Voltage All Ie = 200 mA, IB = 350/LA - 1.1 1.3 V 

Ie = 350 mA, IB = 500/LA - 1.3 1.6 V 
Input Current I INION) 3 UlN-2002A VJN - 17 V - 0.82 1.25 mA 

UlN-2003A VIN = 3.85 V - 0.93 1.35 mA 
UlN-2004A VIN = 5.0 V - 0.35 0.5 rnA 

VIN = 12 V - 1.0 1.45 rnA 
UlN-2005A VIN = 3.0 V - 1.5 2.4 mA 

IINIOff} 
~ 

4 All Ie = 500 /LA, TA = 70°C 50 65 - /LA 
Input Voltage VINION) 5 UlN-2002A VeE - 2.0 V, Ie =300 mA - - 13 V 

VeE = 2.0 V, Ie = "200 mA - - 2.4 V 
UlN-2003A Vn = 2.0 V, Ie = 250 mA - - 2.7 V 

VeE = 2.0 V, Ie =~OO mA - - 3.0 V 

VeE = 2.0 V,le = 125 mA - - 5.0 V 
UlN-2004A V" = 2.0 V, Ie = 200 mA - - 6.0 V 

VeE = 2.0 V, Ie = 275 mA - - 7.0 V 
Ve, = 2.0 V, Ie = 350 mA - - 8.0 V 

UlN-2005A VeE = 2.0 V, Ie == 350 mA - - 2.4 V 
D-C Forward Current hfE 2 UlN-2001A VeE = 2.0 V, Ie = 350 mA 1000 - -
Transfer Ratio 
Input Capacitance CIN - All - 15 25 pF 
Turn-On Delay t plH - All 0.5 [in to 0.5Eou! - 0.25 1.0 /LS 
Turn-Off Delay tpHl - All 0.5 Ein to 0.5 Eou! - 0.25 1.0 /LS 
Clamp Diode IR 6 All VR = 50 V, TA = 25°C - - 50 /LA 
leakage Current VR = 50 V, TA 7' 70 0e '. - - 100 /LA 
Clamp Diode Vf 7 All If = 350 rnA - 1.7 2:0 V 
Forward Voltage 

3-17 

D 



SERIES ULN-2000A 
HIGH~VOLTAGE, HIGH-CURRENT DARLINGTON ARRAYS 

SERIESULN·2010A 

ELECTRICAL CHARACTERISTICS AT +25°C (unless otherwise noted) , 

Test Applicable Limits 
Characteristic Symbol Fig. Devices Test Conditions Min. Typ. Max. Units 

Output Leakage Current 1m 1A All VCE = 50 V, TA = 25°C - - 50 pA 

VCE = 50 V, T. = 70°C - - 100 /LA 
18 ULN-2012A VCE =50 V, TA = WC, V'N = 6.0V - - 500 /LA 

ULN-2014A VCE = 50 V, TA = 70°C, VIN = 1.0 V - - 500 /LA 
Collector-Emitter V CE(SATI 2 All Ic =200 mA, IR = 350 p.A - 1.1 1.3 V 
Saturation Voltage Ic = 350 mA, 16 = 500/LA - 1.3 1.6 V 

Ic = 500 mA, Is = 600/LA - 1.7 1.9 V 
Input Current I'N(ONI 3 ULN-2012A V'N = 17 V - 0.82 1.25 mA 

ULN-2013A V'N = 3.85 V - 0.93 1.35 mA 
ULN-2014A VIN=5.0V ,'. - 0.35 0.5 mA 

V,. = 12 V - 1.0 1.45 mA 
ULN-2015A VIN = 3.0 V - 1.5 2.4 mA 

I'N(OFFI 4 All Ic = 500 /LA; TA = 70°C 50 65 - pA 
Input Voltage VIN(ONI 5 ULN-2012A VCE = 2.0 V, Ic = 500 mA - - 17 V 

ULN-2013A V" = 2.0 V, I, = 250 mA - - 2.7 V 
VCE = 2.0 V, Ie = 300 rnA - - 3.0 V 
VCE = 2.0 V, Ic = 500 mA - - 3.5 V 

ULN-2014A V" = 2.0 V, Ic = 275 mA - - 7.0 V 
VeE = 2.0 V, Ie = 350 mA - - 8.0 V 
VeE = 2.0 V, Ie = 500 rnA - - 9.5 V 

ULN-2015A VeE = 2.0 V, I = 500 mA - - 2.6 V 
D-C Forward Current hFE 2 ULN-2011A VeE = 2.0 V, Ic = 350 rnA 1000 - -

Transfer Ratio VeE = 2.0 V, Ic = 500 rnA 900 - -

Input Capacitance CIN - All - 15 25 .pF 
Turn-On Delay tPlH - All 0.5 Ein to 0.5 Eo~ - 0.25 1.0 /LS 
Turn-Off Delay tpHL - All 0.5 Ein to 0.5 Eout - 0.25 1,0 /LS . 

Clamp Diode IR 6 All VR = 50 V, T. = 25°C - - 50 pA 
Leakage Current VR = 50 V, T. = WC - - 100 /LA 
Clamp Diode Vf 7 All If = 350 mA - 1.7 2.0 V 
Forward Voltage If = 500 mA - 2.1 2.5 V 
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SERIES ULN-2000A 
HIGH-VOLTAGE, HIGH-CURRENT DARLINGTON ARRAYS 

SERIES ULN-2020A 

ELECTRICAL CHARACTERISTICS AT + 25°C (unless otherwise noted) 

Test Applicable Limits 
Characteristic Svmbol Fig. Devices Test Conditions Min. Typ. Max. Units 

Output Leakage Current ICEX IA All VeE = 95 V, TA = 25°C - - 50 /-LA 
VeE = 95 V, TA = 70°C - - 100 JLA 

IB ULN-2022A VeE = 95 V, TA = 70°C, Y'N = 6.0 V - - 500 /-LA 
ULN-2024A VeE = 95 V, TA = 70°C, Y'N = 1.0 V - - 500 /-LA 

Collector-Emitter VeEISAT) 2 All Ie = 100 rnA, la = 250 /-LA - 0.9 1.1 V 
Saturation Voltage Ie = 200 rnA, la = 350/-LA - 1.1 1.3 V 

Ie = 350 rnA, la = 500 JLA - 1.3 1.6 V 

Input Current I INION) 3 ULN-2022A VIN = 17V - 0.82 1.25 rnA 
UlN-2023A Y'N = 3.85 V - 0.93 1.35 rnA 
UlN-2024A Y'N = 5.0 V - 0.35 0.5 rnA 

V,N = 12V - 1.0 1,45 rnA 
ULN-2025A Y'N = 3.0 V - 1.5 2.4 rnA 

IINIO"I 4 All Ie = 500 /-LA, TA = 70°C 50 65 - /-LA 
Input Voltage V'NION) 5 ULN-2022A Ve, = 2.0 V, Ie = 300 rnA - - 13 V 

ULN-2023A VeE = 2.0 V, Ie = 200 rnA - - 2.4 V 

VeE = 2.0 V,le = 250 rnA - - 2.7 V 
VeE = 2.0 V, Ie = 300 rnA - - 3.0 V 

ULN-2024A VeE = 2.0 V, Ie = 125 rnA - - 5.0 V 

""" 

VeE = 2.0 V, Ie = 200 rnA - - 6.0 V 

V" = 2.0 V, I = 275 rnA - - 7.0 V 
VCE = 2.0 V. Ie = 350 rnA - - 8.0 V 

ULN-2025A V" = 2.0 V, I, = 350 rnA - - 2.4 V 
D-C Forward Current h'E 2 ULN-202IA VeE = 2.0 V, Ie = 350 rnA 1000 - -
Transfer Ratio 
Input Ca pacilance C'N - All - 15 25 pF 
Turn-On Delay tplH - All 0.5 Ein to 0.5 Eout - 0.25 1.0 /-Ls 
Turn-Off Delay tpHl - All 0.5 Ein to 0.5 Eout - 0.25 1.0 /-Ls 
Clamp Diode IR 6 All VR = 95 V. TA = 25°C - - 50 /-LA 
Leakage Current VR = 95 V, TA = 70°C - - 100 /-LA 
Clamp Diode V, 7 All I, = 350 rnA - 1.7 2.0 V 
Forward Voltage 

3-19 
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SERIES ULN·2000A 
HIGH·VOLTAGE, HIGH·CURRENT DARLINGTON ARRAYS 

OPEN VeE OPEN VeE 

TEST FIGURES 

FIGURE 1A FIGURE 1B 

OPEN OPEN OPEN VeE 

~---<'-----o OPEN 

OW6.IIO.A-9732 
D'IIG.ml, A-9733A 

Dwa. MO. A-9731 

FIGURE 2 FIGURE 3 FIGURE 4 

OPEN V. 

I, 

YIN 
OPEN 

(}1oIG. NO. A-9736 

DWG.NO.I>.-9735A 

1l'I«i. NO. A-973~A 

FIGURE 5 FIGURE 6 FIGURE 7 
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SERIES ULN-2000A 
HIGH~VOLTAGE, HIGH-CURRENT DARLINGTON ARRAYS 

PEAK COLLECTOR CURRENT 
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SERIES ULN-2000A 
fUGH-VOlTAGE, HIGH-CURRENT DARLINGTON· ARRAYS 

INPUT CURRENT 
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PMOS TO LOAD 

ULN-2002A 

BUFFER', FOR HIGH-CURRENT tOAD 

, ' SERIES ~N,~20QQA 
HIGH-VOLTAGE, HIGH-CURRE,NTDARLlNG1QM;AR~ Y$ 
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TTL 
QUTPUT 

TTL TO LOAD 

USE' OF PULL-uP 'RESISTORS 
TO INCREASE DRIVE CURRENT 
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ULN~2061 MTHROUGH ULN-2077B 
1.5 A· DARLINGTON SWITCHES 

ULN-2061 M THROUGH ULN-2077B 
1.SA DARLINGTON SWITCHES 

FEATURES 
• TTL, OTL, PMOS, CMOS Compatible Inputs 
• Transient-Protected Outputs 
• Loads to 480 Watts 
• Plastic Oualln-LinePackages 
• Heat-Sink Contact Tabs on Quad Arrays 

HIGH-VOLTAGE, HIGH-CURRENT Darling-
ton arrays ULN-2061M through ULN-2077B 

are designed as interfa~e between low-level logic 
and a variety of peripheral loads such as relays, so
lenoids, d-c and stepper motors, multiplexed LED 
and incandescent displays, heaters, and similar 
loads to 480 watts (1.5 A per output, 80 V, 26% duty 
cycle). 

The devices have a minimum output breakdown 
of 50 V and a minimum V CE(SUS) of 35 V measured at 
100 rnA, or a minimum output breakdown of 80 V 
and a minimum V CE(SUS) of 50 V. 

Dual-driver arrays ULN-206lM and ULN-2062M 

UlN-2064B 
UlN-2065B 
UlN-2066B 
UlN-2067B 

UlN-2061M 
UlN·2062M 

are used for common-emitter (externally con
nected), or emitter-follower applications. Both de
vices are supplied in miniature 8-pin dual in-line 
plastic packages. 

Quad drivers ULN-2064B, ULN-2065B, ULN-
2068B and ULN-2069B are intended for use with 
TTL, low-speed TTL, and 5 V MOS logic. Types 
ULN-2065B and ULN-2069B are selected for the 
80 V minimum output breakdown specification. 
Types ULN-2068B and ULN-2069B have pre
driver stages and are most suitable for applications 
requiring high gain (low input-current loading). 

0'I/G.HO.A-9766A 

UlN-2068B 
ULN-2069B 
UlN-2070B 
UlN-2071B 

UlN-2074B 
ULN-2075B 
UlN-2076B 
UlN-2077B 

3-24 



Types ULN-2066B, ULN-2061.Q, .,l1LN-2070B 
and ULN-2071B are similar to theprett!ding quad 
drivers except that they are designed for use with 
PMOS .and 12 V CMOS logic. The ULN~2070B and 
ULN-207lB both have a predriver stage and are best 
suited for use where input current is restricted by 
MOS output ratings. 

Isolatecl'Datllngt~n aIT~Ys VLN-2074B through 
ULN-2077B ,are identical to Types ULN-2064B 
through ULN-2067B except for the isolated Darling
ton pill-out ang 'the del~tion of suppression diodes. 
These switches are foremittei-follower or similar 
isolated-Darlingron application~'. 

All quad Darlington arrays (suffix "B" devices) 
are supplied ina 16-pin plastic dual in.linepackage 
with heat-sink contact tabs. A copper-alloy lead 
frame· provides maximum power dissipation using 
stalldard cooling methods. This lead configuration 
facilitates attachment of external heat sinks for in
creased power dissipation with standard Ie sockets 
and printed wiring boards., 

Part ··MAX. MIN. 
Number VCEX , VCE(sUsi' Application 

UlN~20611v1 'so V 
UlN;2062M •• BOV 

35 V 30V TTL; DTl; Schottky TIL, 
50V 60~, and SVCMOS " 

ULN-2064B 50V 
Ul:N:-2065B- , BOV 

35 V 15 V TIl;DTl, SchottkyTIr 
. SOV -I5V alld5VGMOS" 

UtN~2066B ' :50V 
UlN~2067B ~8~V 
UtN.2068B 50V 
UtN~2069B SPV 

r'~'_ ' 

UN.20YOS 50V'," 
UtN~2071B BOV 

,".'; 

35 V 30V '6loiS VCMl)S 
50V 30 V ' and PMOS / '. , ". 

35 V 15 V Tn., OJL, ~h~ttky TTl, 
50V ,15V and5VCMOS 
35 V 30 V 'S to IS V. CMOS, ' 
50 V ". 30V andPMOS?' 

on.~Z014B 50V 3SV 30V 
',UlNc2075B ,BOV 50V "SOV' 
'UlN-2076B .. 50V 35'1 30V 
UlN·20178 80V 'sOY GOV 

3-:-25 

lJl'N·2061MTHROUGH ULN-2077B 
,1.5 A' . DARLINGTON. SWIT!H.ES 

ABSOLUTE MAXIMUM RATINGS 
at'+25°( Free-Air Temperature 

for Any One Driver 
(unless otherwise noted) 

Output Voltage, VCEX •••••••••••• , ••••••••••• See Guide 
Output Sustaining VoltageiVcE(sUsI' .,. , ......... See Guide 
Output Current, lOUT (Note 1) ...... , ......... " ... 1.75 A 
InputVoltage" VI~ (Note 2) ........ , ........... See Guide 
Input Current, 18 (Note 3) ...•..... , •............ 25 mA 
Supply Voltage, Vs (UlN-2068/69B) .,.............. 10 V 

(VlN-2070I71B) .,.............. 20 V 
Total Package Power Dissipation., .. , . . . . . . . . .. See Graph 
Operating Temperature Rlmge, TA . . . . . . .. - 20°C to + 85°C 
Storage Temperature Range, Ts .... , .... - 55°C to -150°C 

NOTES: " . . 
1. Allowable ClImbinations of output current, number of outputs con

ducting, and duty cycle are shown on following pages. 
2. Input voltage is referenced to the substrate (no connection to other 

pins) for Type UlN-2061/62M and ULN-2074/75/76I77B; reference 
is ground for all other typ~s, 

3 .. Input current may be Um/ted by maximum allowable input voltage. 

"'At~O:WABLE"e9vtE,'~~S~!PATIPN 
ASA FUNCTfON OF nMPERAtURE· 

o 



ULN-2061M THROUGH ULN-2077B 
1.5A DARUNGTONSWITCHES 

ULN-2061M AND ULN-2062M 

PARTIAL SCHEMATIC 

350 ____ --+---oc 

* 
7.2K 

J.. 
SUB 

Owg. No. A-1O.352B 

ELECTRICAL CHARAOERISTICS at + 25°C (IInless otherwise noted) 

Test Applicable 
Characteristic Symbol Fig. Devices Test Conditions 
Output Leakage Current leEx 1 ULN-206lM VeE =50V 

VeE = 50 V, TA = 70°C 
ULN-2062M VeE =80V 

. VeE = 80 V, TA = 70°C 
Output Sustaining Voltage VeEISUS) 2 ULN-2061M Ie = 100 rnA, VIN = 0.4 V 

ULN-2062M Ie = 100 rnA, V,N = 0.4 V 
Collector-Emitter VeEISAn 3 Both Ie = 500 rnA, IB = 625 !LA 
Saturation Voltage Ie = 750 rnA, IB = 935 !LA 

Ie = 1.0 A, I. = 1.25. rnA 
Ie = 1.25 A*, lB. = 2.0 rnA 

ULN-2062M Ie = 1.5 A*, IB = 2.25 rnA 
Input Current IINION) 4 Both VIN = 2.4V 

VIN = 3.75 V 
Input Voltage VINION) 5 Both VeE = 2.0 V,le = 1.0 A 

ULN-2061M VeE = 2.0V, .Ie = 1.25 A* 
ULN-2062M Ve =2.0 V,le = 1.5 A* 

Turn-On Delay 
, 

1'"H - Both 0.5 Ein to 0.5 Eout 

Turn-Off Delay tPHl - Both 0.5 Ein to O.5E~ut 
Clamp Diode I, 6 ULN-2061M VR = 50 V 
leakage Current VR = 50 V,lA = 70°C . 

ULN-2062M VR = 80 V 
V, = 80 V,lA = 70°C 

Clamp Qiode V, 7 Both I, = 1.0 A 
ForWard Voltage I, = 1.5 A 
;. Pulse-Test 

, 

3-26 

DWIl. NO. A-IO,230A 

Limits 
Min. Max. Units 
- 100 !LA 
- 500 !LA 
- 100 !LA 
- 500 !LA 
35 - V 
50 - V 
- 1.1 V 
- 1.2 V 
- 1.3 V 
- 1.4 V 
- 1.5 V 
1.4 4.3 .. rnA 
3.3 9.6 rnA 
- 2.0 V 
- 2.5 V 
- 2.5 V 
- 1.0 !Ls 
- 1.5 '.' (J-s " 

- 50 !LA 
- 100 !LA 
- 50 !LA 
- 100 IJ.A 
- 1.75 V 
- 2.0 V 



ULN·2061 M THROUGHULN·2077B 
1.5 A DARLINGTON· SWITCHES 

ULN"2064B THROUGH ULN-2067B 

PARTIAL SCHEMATIC 

I 

i 
I 7.1K 
I 
I 
I 

rH 
Dwg. No. A-IO,353A 

~t~~~~~§H R'N = 350n 

UlN-2066.B} .R'N = 3 kn 
UlN-2067B 

(SIMILARJO UlN-2074B THROUGH ULN-2077B) 

ELECTRICALCHARACTERISTICS at + 25°C (unless otherwise noted) 

Test Applicable 
Characteristic Symbol Fig. Devices Test Conditions 
Output leakage Current IcEx 1 UlN-2064/66B VCE = 50 V 

. VCE =50 V, TA = 70°C 
UlNc2065/67B Vc,= 80V 

... VCE = 80 V, T = 70°C 
Output Sustaining Voltage VCEISUS) 2 UlN-2064/66B Ic = 100 rnA, Y'N = 0.4 V 

UlN-2065/67B Ic = 100 rnA, V, = 0.4V 
Collector-Emitter VCEISAI) 3 All Ic = 500 rnA, Ie = 625 f.LA 
Saturation Voltage Ic = 750 rnA, Ie = 935 f.LA 

Ic = 1.0 A, Ie = 1.25 rnA 
.. 

Ic = 1.25 A, Ie = 2.0 rnA 
. UlN-2065/67B Ic = 1.5 A, Ie = 2.25 rnA 

Input Current I'NION) 4 UlN~2064/65B Y'N = 2.4 V 
Y'N = 3.75 V 

UlN-2066/67B Y'N = 5.0 V 
V,N =12V 

Input Voltage V,NiON) 
... 

5 ULN-2064/65B VCE = 2.0V, Ic = LOA 
UlN-2064B VCE == 2.0 V,lc = 1.25 A 
UlN-2065B Vc~ = 2.0 V, Ic = 1.5 A 

UlN-2066/67B VeE = 2.0V, Ic = LOA 
ULN~2066B VCE = 2.0 V, Ic = 1.25 A 
UlN-2067B VeE = 2.0 V, Ic = 1.5 A 

TurncOnDelay tpllI - All 0.5 Ein to 0.5 Eout 

Turn-Off Delay tPH - All 0.5 Ein to 0.5 I out 

Clamp Diode lR 6 ULN-2064/66B VR = 50 V 
Leakage Current V~ = 50 V,TA = 70°C 

ULN-2065/67B VR = 80 V 
V. = 80 V, TA = 70°C 

Clamp Diode VF 7 All IF = 1.0 A 
forward Voltage IF = 1.5 A 

.. 
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Limits 
Min. Max. Units 
- 100 f.LA 
- 500 f.LA 
- 100 f.LA 
- 500 f.LA 
35 - V 
50 - V 
- 1.1 V 
- 1.2 V 
- 1.3 V 
- 1.4 V 
- 1.5 V 
1.4 4.3 rnA 
3.3 9.6 rnA 
0.6 1.8 rnA 
1.7 5.2 rnA 
- 2.0 V 
- 2.5 V 
- 2.5 V 
- 6.5 V 
- 10 V 
- 10 V 
- 1.0 f.LS 
- 1.5. f.LS 
- 50 f.LA 
- 100 f.LA 
- 50 f.LA 
- 100 f.LA 
- 1.75 V 
- 2.0 V 

o 



ULN.2061M THROUGHULN·2077B 
··1.5A DARUNGTON·SWITCHES 

ULN-2068B THROUGH ULN-2071 B 

PARTIAL SCHEMATIC 

Vs 
's 

"N 
, , 

ULN-2068B} 
ULN-2069B R'N = 2.5 k!l, Rs = 900!l 

t , 
J 

ULN-2070B } 1 6 R 3 k ULN-2071B R'N = 1 . k!l, s = .4 !l 

DWG.NO. A-1O,354B 

DWG. MO. A-(O.310 

ELEORICAL CHARAOERISTICS at + 25°C, Vs = 5.0 V (ULN-2068/69B) or Vs =12 V (ULN-2070/7) B) 
(unless otherwise noted» 

Test Applicable Limits 
Characteristic Symbol Fig. Devices Test Cond itions Min. Max. 
Output Leakage Current ICEX 1 ULN-2068/70B VeE =50V - 100 

VeE = 50 V, TA = 70°C - 500 
ULN-206917lB VeE =80V - 100 

Vc£= 80 V, TA = 70°C - 500 
Output Sustaining Voltage VeElsusl 2 ULNc2068170B I = 100 mA, V'N = 0.4 V 35 -

UlN-206917lB I = 100 mA, V'N = 0.4 V 50 -
COllector-Emitter. VerlSATI 3 ULN-2068/69B Ie = 500 mA, V'N = 2.75 V - 1.1 
Saturation Voltage Ie = .750 mA, V'N= 2.75 V - 1.2 

Ie = 1.0 A, V, = 2.75 V - 1.3 
Ie = 1.25 A, V'N = 2.75 V - 1.4 

ULN-2069B Ie = 1.5 A, V'N = 2.75 V - 1.5 
ULN-207017lB I = 500 mA, V'N = 5.0 V - 1.1 

ie = 750 mA, V'N = 5.0 V - 1.2 
Ie = 1.0 A, V, = 5.0V - 1.3 
Ie = .1.25 A, V'N = 5.0 V - 1.4 

ULN-2071B Ic- 1.5 A, V'N - 5.0V - 1.5 

Input Current I'N'ONI 4 ULN-2068/69B V'N = 2.75 V - 550 
V'N == 3.75 V - 1000 

ULN-207017lB V'N = 5.0 V - 400 
V'N = 12 V - 1250 

Input Voltage V'NIONI 5 ULN"2068B VeE = 2.0 V, Ie = 1.25 A - 2.75 
ULN-2069B VeE = 2.0 V, Ie = 1.5 A - 2.75 
ULN-2070B VeE = 2.0 V, Ie = l.25 A - 5.0 
ULN2071B VeE = 2.0 V, Ie = 1.5 A - 5.0 

Supply Current Is 8 ULN~2068/69B le= 500 mA, V'N= 2.75 V - 6.0 
. ULN-207017lB Ie = 500 mA, V'N= 5.0 V - 4.5 

Turn'On Delay tplH - All 0.5 Ein to 0.5 Eout - LO 
TurncOff Delay tPHI - All 0.5 Ein to O.5Eou" Ie = 1.25 A - 1.5 
Clamp Diode IR 6 ULN-2068!70B V. = 50 V - 50 

. Leakage Current VR = 50 V, T = lOoC - 100 
ULN-206917lB V. = 80V - 50 

V. = 80 V, TA = lOoC - 100 
Clamp Diode V, 7 All I, = 1.0 A - 1.75 
Forward Voltage I, = 1.5 A - 2.0 
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Units 
J.LA 
!LA 

-'l.A 
J-LA 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 

!LA 
!LA 
!LA 

. !LA 
V 
V 
V 
V 

mA 
mA 
!LS 
!LS 
!LA 
!LA 
!LA 
!LA 
V 
V 



ULN-2Q61MTHROUGH ULN-2071B 
1.5 A DARLINGTON SWITCHES 

ULN-2074B THROUGH ULN-2077B 

PARTIAL SCHEMATIC 

I 
I 

;t 
I 
I 
I 
I 

..J... 
SUB 

7.2K 

ULN-2074B} 
ULN-2075B 

ULN-2076B} 
ULN-2077B 

.,r--_..,_--oc 

3K 

0.9. No. A-IO.355A 

RIN = 3500 

R'N = 3kO 

(SIMILAR TO ULN-2064B THROUGH ULN-2067B) 

ELEaRICAL CHARAaERISTICS at + 25°C (unless otherwise noted) 

Test Applicable 
Characteristic Symbol Fig. Devices Test Conditions 
Output Leakage Current ICEX 1 ULN-2074176B VeE =50V 

VeE = 50 V. T. = 70°C 
ULN-2075177B VeE =80V 

VeE = 80 V, T. = 70°C 
Output Sustaining Voltage VeEISUS) 2 ULN-2074176B Ie = 100 mA, Y'N = 0.4 V 

ULN-2075177B Ie = 100 mA, V,N = 0.4 V 
Collector-Emitter VeEls.T) 3 All Ie = 500 mA, IB = 625 /.LA 
Saturation Voltage Ie = 750 mA, 18 = 935 /.LA 

Ie = 1.0 A, 18 = 1.25 mA 
Ie = 1.25 A, 18 = 2.0 mA 

ULN-2075177B Ie = 1.5 A, 18 = 2.25 mA 
Input Current I'NION) 4 ULN-2074/75B Y'N = 2.4 V 

Y'N = 3.75 V 
ULN-2076177B Y'N = 5.0 V' 

Y'N = 12 V 
Input Voltage V'NWNJ 5 ULN-2074175B VeE = 2:0 V, Ie = 1.0 A 

ULN-2074B VeE = 2.0 V, Ie = l.25A 
ULN-2075B VeE = 2.0 V, Ie = 1.5 A 

ULN-2076177B VeE = 2.0 V, Ie = 1.0 A 
ULN-2076B VeE = 2,0 V, Ie = 1.25 A 
ULN-2077B VeE = 2.0 V, Ie = 1.5 A 

Turn-On Delay tplH - All 0.5 Em to 0.5 Eoul 
Turn-Off Delay tpHl - All 0.5 E,o to 0.5 E " 

3-29 

Limits 
Min. Max. Units 
- 100 /.LA 
- 500 /.LA 
- 100 f.LA 
- 500 /.LA 
35 - V 
50 - V 
- 1.1 V 
- 1.2 V 
- 1.3 V 
- 1.4 V 
- 1.5 V 
1.4 4.3 mA 
3.3 9.6 mA 
0.6 1.8 mA 
1.7 5.2 mA 
- 2.0 V 
- 2.5 V 
- 2.5 V 
- 6.5 V 
- 10 V 
- 10 V 
- 1.0 /.LS 
- 1.5 /.LS 

D 



UlN·2061M THROUGH ULN'-2077B 
1.5 A DARLINGTON SWITCHES 

OPEN VeE 

Figure 1 

OPEN 

:>c-....... - .... OPEN 

OWG. NO •• '11732 

Figure 4 

Figure 7 

TEST FIGURES 
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Figure 2 
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Figure 5 
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OPEN 

OWG. 110. l~ 10, 3" 

Figure 3 

V, 

DWG. "0.4-9135,1, 

Figure 6 

Vs OPEN 

!lW6. NO. '-10.351 

Figure 8 
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ULN-2061M THROUGH ULN-2077B 
1.5 A DARLINGTON SWITCHES 

PEAK COLLECTOR CURRENT AS A FUNCTION OF DUTY CYCLE 

DJCE L1JT 
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ULN-2061 M THROUGH ULN-2077B 
1.5 A DARLINGTON SWITCHES 

PEAK COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE (Continued) 
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ULN-2061M THROUGH ULN-2077B 
1.S A DARLINGTON SWITCHES 

INPUT CURRENT AS A FUNCTION OF INPUT VOLTAGE AT +25°C 
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ULN·2061iMTHROUGH ULN·2077B 
1.5 A DARLfNGTON SWITCHES 

TYPICAL APPLICATION.S(Continued) 

ULN-2074j76B 

UlN~2061M 

COMMON·ANODE LED DRIVERS 
(Series UDN-2980A devices can be used in similar applications at currents of up 
to 500 mA) 

COMMON·CATHODE LED DRIVERS 
(Types ULN-2068/70B are also applicable) 
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UDN-2S41B/W AND UDN-2S42B/W 
QUAD NAND-GATE POWER DRIVERS 

UDN-25418/w AND UDN-25428/w 
QUAD NAND-GATE POWER DRIVERS 

FEATURES 
• TIL, CMOS, PMOS, NMOS Compatible 
• 1.5 A Continuous Output Current 
• Efficient Input/Output Pin Structure 
• Low Output Saturation Voltage 
• SN75437NE Equivalent 

COMBINING NAND LOGIC GATES and high
current bipolar outputs, the four power and 

relay drivers in this series can provide interface be
tween low-level signal-processing circuits and 
medium-power loads in extremely harsh environ
ments. Each of the four independent outputs of these 
devices can sink up to 1.5 A in the ON state. 

Type UDN-2541B/W and UDN-2542B/W inte
grated circuits differ only in output-voltage ratings 
and high-current saturation limits. Types UDN-
2541 Band UDN -2541 Ware rated at 60 V and 
1.25 A. Types UDN-2542B and UDN-2542W are 

o 

c 
~ Z I->- ::J ::> 0 ::> 

·0 
'" 

0 
.<!l 

~ ~ ~ 
Z U Z co u 

<C > 
i'5 

UDN-2541W 
UDN-2542W 

o 

~ 
c 

>-~ "" >-"" z 
Z z ::> ::> ::J 0 0 0 oc 

<!l 
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GROUND 

GROUND 

Dwg. No. A-11,561 

UDN-2541B 
UDN-2542B 

rated at 1.0 A with a breakdown voltage of greater 
than 80 V. All devices have a minimum output sus
tarning voltage of 35 V. Inputs are compatible with 
most TTL, DTL, LSTTL, and 5 V to 15 V CMOS 
and PMOS logic. 

Types UDN-2541B and UDN-2542B are supplied 
inl6-pin dual in-line packages with heat-sink con
tact tabs. This configuration enables easy attach
ment of an inexpensive heat sink and fits a standard 
integrated circuit socket or printed wiring board lay
out. The outputs include transient suppression 
diodes for inductive loads such as relays, solenoids, 
and d-c and stepping motors. 

Types UDN-2541W and UDN-2542W, with 
higher power-dissipation ratings, are in 12-pin single 
in-line power-tab packages that allow efficient at
tachment of external heat sinks for maximum allow
able package power dissipation,The tab is at ground 
potential and needs no insulation; These dev,ices are 
used to drive high-current 'incandescent· lamps, 
LEDs, heaters, and (with external transient sup
pression).high-voltage inductive loads. 

o 



UON~25.1B1W AND UDN-2542BIW 
QUAD'NAN.D;,GATEPOWERDRIVERS 
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ABSOLUTE MAXIMUM RATINGS 
at + 25°C Free-Air Temperature 

output Voltage, Ve,'·(UON-2541BiW) .. . .. : .................•......... 60 V 
(UDN-2542BjW);. ,7 ........... '," ................... SO V 

Output Current,loui ........... '. . ~ . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .. 1.5 A 
Supply Voltage, Vee. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. IS V 
Input Voltage, VIN . . . . • • • . . • . . • . . . . . . • • . . • • • • • . • . . . • • • • • . . . . . . • • .. IS V 
Power Oissipation, Po (Each Driver). . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2.5 W 

(Total Package) .............................. See Graph 
OperatiQg Temperature Range, TA . . . . . . . . . . . . . . . . . . . . . . . . . .. - 20°C to + S5°C 
Storage Temperature Range, Ts . . . . . . . . . . . . . . . . . . . . . . . . . .. - 55°C to + 150°C 

RECOMMENDED OPERATING CONDITIONS 
Supply Voltage Range, Vee. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 4.5 V to 7 V 
Input Voltage, VINIlI •• , , • , • , , •• , , , , , , , ••• , , , , , , , , , , , , •••••• , , ,. 2 V to 7 V 

VIN(OI ' , , , • , , , , •••• , , , , , •••• , , , , •• , '" , , , •• , , •• , • •• <O.S V 

'ALLOWABLE AVERAGE PACKAGE POWER DISSIPATION 
AS A FUNCTION OF TEMPEAATURE 
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UDN-2S41 B/W AND UDN-2S42B/W 
QUAD NAND-GATE POWER DRIVERS 

ELECTRICAL CHARACTERISTICS at Vee = 4.5 V to 5.5 V, TA = + 25°C (unless otherwise noted) 

Characteristic Symbol Test Conditions 

Output Leakage Current leEx VOUT = 60 y, ViN = 0.8 V, VENABLE = 2.0 V 
V;UT- 60 V, Y'N - 2.0 V, VENABlE- 0.8 V 
VOU! - ~U V, Y'N - U.H V, VENABlE - L.U V 
VOU! - 80 V, Y'N - 2.0 V, VENABlE - 0.8 V 

Output SustainingVoltage VeEISUS} louT - lUU mA, Y'N - VENABlE - U.~ V 
Output Saturation Voltage VCElSATI louT - 250 mA, Y'N - VENABlE - 2.0 V 

louT = 500 mA"VIN = VENABlE = 2.0 V 
louT = 750 mA, VIN = VENABlE = 2.0 V 
louT - 1.0 A, Y'N - VENABlE - L.U V 
lOUT - 1.25 A, Y'N - VENABLE - L.O V 

Input Voltage Logic 1 V'Nlli or VENABlEI!} 
Logic a V,NIO} or V ENABlEIO} 

Input Current Logic 1 V'NIlI or VENABlEIll = 2.0 V 
Logic a V,N 01 or VENABlEIO}- 0,8 V 

Input Clamp Voltage V" liN orlENABlE = -10 mA 
Total Supply Current Icc lOUT - 750 mA, V,: - VENABlE - 2.0 V 

lOUT - U5A, V'N* - VENABlE - 2.UV 
Outputs Open, V,: = VENABlE = 0.8 V 

Clamp Diode 
V, 

IF = 1.0 A 
Forward Volta get . IF = L5A 
Clamp Diode 

I, V, - 60 V, Y'N ~ VENABlE ~ 2.0V, D! + D, or D3 + D4 
Leakage Currentt V, - 80 V, Y'N - VENABlE - 2.0 V, D! + D, 0[D3+D4 

*Allinputs Simultaneously, all other tests are performed with each Input tested separately. 
tTest not applicable to SIP (suffix OW') devices. 

. TYPICAL APPLICATION 
UDN-2541 B Driving A Stepper Motor 

Input Waveforms 

SlIL.fl. 
LrLJLI" 

A --u-LflJ. 
B~ 

IJwg. No .. A-ll,I95 

+5V 

ENA BLE rI----'r.T1.I"'-' 
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limits 
UDN-2541BIW UDN-2542BIW 
Min. Max. Min. Max. Units 

100 - - fLA 
- 100 - - fLA 
- - - lUU fLA 
- - - 100 fLA 
35 - 50 - V 
- 350 - 350 mV 
- 500 - 500 mV 
- 800 - 750 mV 
- 1.1 - 1.U V 
- 1.4 - - V 
2.0 - 2.U - V 
- 0.8 - 0.8 V 
- 20 - 20 fLA 
- 10 - 10 p"A 
- -1.5 - -1.5 V 
- 75 - 75 mA 
- 125 - 125 mA 
- 5.0 - 5.0 mA 
- 1.6 - 1.6 V 
- 2.0 - 2.0 V 
- 50 - - fLA 
- - - JO fLA 

+28V 

D 



SERIES. UDN-2S80A· 8-CHANNEt SOURCE DRIVERS 

SERIES UDN-2510A 
I-CHANNEL SOURCE DRIVERS 

FEATURES 
• TIL, CMOS, PMOS, NMOS Compatible 

• High Output Current Ratings 

• Internal Transient Suppression 

• Efficient Input/Output Pin Structure 

THIS versatile family of integrated circuits, originally designed to 
link NMOS logic with high-current inductive loads, will work with 

many combinations of logic- and load-voltage levels, meeting inter
face requirements beyond the capabilities of standard logic buffers. 

SeriesUDN-2580A source drivers can drive incandescent, LED, or 
vacuum fluorescent displays. Internal transient-suppression diodes 
permit the drivers to be used with inductive loads. 

Type UDN-2580A is a high-current source driver used to switch the 
ground ends of loads that are directly connected to a negative supply. 
Typical loads are telephone relays, PIN diodes, and LEDs. 

Type UDN-2585A is a driver designed for applications requiring 
low output saturation voltages. Typical loads are low-voltage LEDs 
and incandescent displays. The eight non-Darlington outputs will 
simultaneously sustain continuous load currents of -120 rnA at am
bient temperatures to + 70°C. 

Type UDN-2588A, a high-current source driver similar to Type 
UDN-2580A, has separate logic and driver supply lines. Its eight 
drivers can serve as an interface between positive logic (TTL, CMOS, 
PMOS) or negative logic (NMOS) and either negative or split-load 
supplies. 

Types UDN-2580A and JJDN-2588A are rated for operation with 
output voltages of up to 50 V. Selected devices, carrying the suffix 
"-1" on the Sprague part number, have maximum ratings of 80 V. 

Types UDN-2580A and UDN-2585A are furnished in 18-pin dual 
ill-line plastic packages; Type UDN-2588A is supplied in a 20-pin 
dual in-line plastic package. All input connections are on one side of 
the packages, output pins on the other, to simplify printed wiring 
board layout. 
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SERIESUDN-2S80A 8-CHANNEL SOURCE DRIVERS 

ABSOLUTE MAXIMUM RATINGS 
at 25°C Free-Air Temperature 

for Any One Driver 
(unless otherwise noted) 

UDN-2580A UDN-2580A-l UDN-2588A UDN-2588A-l 

Output Voltage, VeE 50 V 80 V 25 V 50 V 80 V 
Supply Voltage, Vs (ref. sUb.) 50 V 80 V 25 V 50 V 80 V 
Supply Voltage, Vee (ref. sUb.) 50 V 80 V 
Input Voltage, VIN (ref. Vs) -30 V -30 V -20 V -30 V -30 V 
Total Current, Icc + Is -500 mA -500 mA -250 mA -500 mA -500 mA 
Substrate Current, ISUB 3.0 A 3.0 A 2.0 A 3.0 A 3.0 A 

Allowable Power Dissipation, .Po (single output) ......................................................... 1.0 W 
jtotal package) ................................................... \ .... 2.2 W* 

Operating Temperature Range, TA .......................................................... -20°C to +85°C 
Storage Temperature Range, Ts ........................................................... -55°C to + 150°C 

*Derate at the rate of 18 mwrc above 25°C 

For simplification, these devices are characterized on the following 
pages with specific voltages for inputs, logic supply (Vs), load supply 
(VEE)' and collector supply (Vee)' Typical use of the UDN-2S80A and 
UDN-2580A-l is with negative referenced logic. The more common appli
cation of theUDN"2585A, UDN-2588A, andUDN-2588A-l is with 
positive referenced logic supplies. In application,the devices are capable of 
operation over a wide range oflogic and supply voltage levels: 

TYPICAL OPERATING VOLTAGES 

Vs VIN(ON) VIN(OfFI Vee VEE(MAX) Device Type 
OV ~l5 V to -3.6 V -0.5 V to 0 V NA -25 V UDN-2585A 

-50V UDN-2580A 
-80V UDN-2580A-l 

+5 V o V to + 1.4 V +4.5Vto +5V NA -20V UDN-2585A 
.. -45 V UDN-2580A 

-75 V UDN-2580A-l 
s5 V -45V UDN-2588A 

-75 V UDN-2588A-l 
+12 V o V to +8.4 V . + 11.5 V to+ 12 V NA 713 V UDN-2585A 

738V UDN-2580A 
-68 V UDN-2580A-l 

s12 V -38 V UDN-2588A 
-68 V UDN-2588A-l 

+ 15 V o V to + 11.4 V +14.5Vlo +15V NA -LOY .UDN-2585A 
-35 II UDN-2580A 
-65 II UDN-2580A-l 

s15 II -35V UDN2588A 
-65V UDN-2588A-l 

... 

NOTE: The substrate must be tied to the most negative point ill the external circuit to 
maintain isolation between drivers am/. to provide for normal circuit.operation. 
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SERIES UDN·2580A 8-CHANNEL SOURCE DRIVERS 

7.2K 

PARTIAL SCHEMATIC 
10K 

UDN·2580A 
UDN·2580A·l 

+VS 

7.2K 

L------4>--oOUT 

SUB 

OWG.NO.A-ll,358 

ELECTRICAL CHARACTERISTICS at TA = +25°C. 
V 0 V V 45 V (unless otherwise noted) rs = , fEE = -

Applicable 
Characteristic Symbol Devices Test Conditions 

Output Leakage 1m UDN-2580A V, = -0.5 V, VOUI = VEE = -50 V 
Current Y'N = -0.4 V, VOUI = VEE = -50 V, TA = 10°C 

UDN-2580A-1 Y'N = -0.5 V, VOUI = VEE = -80 V 
Y'N = -0.4 V, VOUI = VEE = -80 V, 'TA = 10°C 

Output Sustaining VCE(SUS) UDN-2580A Y'N = -0.4 V, lOUT = -25 rnA, Note 1 
Voltage UDN-2580A-1 Y'N = -0.4 V, VEE = -15 V, lOUT = -25 rnA, Note 1 
Output Saturation VCE(SAI) Both V'N = -2.4 V, 101 '1 = -100 rnA 
Voltage Y'N = -3.0 V, 10UI = -225 rnA 

Y'N = -3.6 V, IOUI = -350 rnA 
Input Current I'N(ON) Both Y'N = -3.6 V, IOUI = -350 rnA 

Y'N = -15 V, 10UI = -350 rnA 
I'N(OFF) Both loUT = - 500 /LA, TA = 10°C,Note 3 

Input Voltage V'NION) Both lOUT = -100 rnA, VCE ,;1.8 V, Note 4 
loUT = -225 rnA, VCE ,;1.9 V, Note 4 
lOUT = -350 rnA, VCE ,;2.0 V, Note 4 

V'N(OFF) Both lOUT - -500 iJA,TA = 10°C 
Clamp Diode I, UDN-2580A V, - 50 V, TA - 10°C 
Leakage Current UDN-2580A-1 V, = 80V, TA = 10°C 
Clamp Diode VF Both IF = 350 rnA 
Forward Voltage 
Input Capacitance C'N Both 
Turn-On Delay tPlli· Both 0.5 E'N to 0.5 EOUT 
Turn-Off Delay tPlH Both 0.5 E'N to 0.5 Eoul 

NOTES: 1. Pulsed test, tp ,;300 /LS, duty cycle ,;2%. 
2. Negative current is defined as coming out of the specified device pin. 
3. The I'N(OFF) current limit guarantees against partial turn-on of the output. 
4. The V'NION) voltage limit guarantees a minimum output source current per the specified conditions. 
5. The substrate must always be tied to the most negative point and must be at least 4.0 V below Vs. 
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Limits 
Min. Max. Units 
- 50 iJA 
- 100 iJA 
- 50 /LA 
- 100 /LA 
35 - V 
50 - V 
- 1.8 V 
- 1.9 V 
- 2.0 V 
- -500 /LA 
- -2.1 rnA 
-50 - ,1A 

- -2.4 V 
- -3.0 V 
- -3.6 V 

-0.2 - V 
- 50 iJA 
- 50 iJA 
- 2.0 V 

- 25 pF 
- 5.0 /LS 
- 5.0 /LS 



SERtES UDN-2580A8-CHANNElSOURCE DRIVERS 

UDN-2saSA 

ELECTRICAL CHARACTERISTICS at TA = +25°C. 
, Vs == OV, VEE = -20V (unless otherwise noted) 

limits':: ' 

Characteristic Symbol Test Conditions Min. Max. 

Output lea!age Icix VIN = -0.5 V, Vour = VEE = -25 ~ - 50 
Current VIN = -0.4 V, VOIIT = VEE = -25 V, TA = 70°C - 100 

Output SUstaining VCEtSlls) VIN = -0.4 V, IOIlT = -25 mA, Note 1 15 -
Voltage -,'-

, 
Output Saturation VCEtSAD VIN = -4.6 V, IOIlT = -60 mA - 1.1 
Voltage VIN - -4.6 V, IOIlT = -120mA ", ; "";;;-- 1.2 

Input Current liNtON) VIN = -4.6V,loU! = -120,lnA - -c:1.6 
VIN = .--14.6 V, IOIlT = -120 rnA.. - -5.0 

In~ut, Voltag~ ViNtON) lour = -120 mA, VCE , ""1.2 V, Note 3 - -4.6 

VINtOff) lour = -100!lA. TA = lin -' .,-~, ,-0.4 -'" 

CI~(11pDiode IR Vii = 25 V.}A = 700
(} 

, - 50 
E~kage Current " 

- CI~~p Diode V( IF = -120 rnA - 2,0 
Forward Voltage 

" , " ,:" ,'-,' , 

Input Capacitance CIN ';', ',", ;, - 25 

Turn-On Delay fPHl 0.5 ElM tll~.5 EOIIT - 5.0 

Turn-Off Delay tltH 0:5 ,~IN to, O,~JOIIT - 5.0 

;, 

NOlES: 1. Pulsed test, tp ""300 fLS, duty cycle s2%. 
, 2. Negative current is defined as Goming out ilf the specified device pin. 

3. The VINtON) voltagelimitguararttees a minimum outp~t source current per the specifie~ conditions. 
4/The substrate must always be tied to the most negative point and musf be at least 4.0 V·below Vs. 

"'PARTIAL SCHEMATIC 

3-41 

Units 

pJ. 
pJ. 

V 

V 

V,':-; 

rQA", 
rnA, 
V 

IV 

!lA 

V 

", 
pF 

p,s 

p,s 
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SERIES 'UDN;'2580~8~(HANNEL SOURCE DRIVERS 

7.2K 

UDN·2588A 
UDN~258:8l·1 

Vee 

PARTIAL SCHEMATIC '0_"""" ....... -1 
10K 

1.2K 

L..--_+--OOT 

SUB 

ELECTRICAL t:HA~ACTERISTICS at TA = + 25°C, 
Vs = 5.0 V, Vee = 5.0 V, VIE = -40 V (unless otherwise noted). , 

Applicable 
Characteristic Symbol Devices Test Conditions 

Output leakage IcEX UDN-2588A VIN ;;:4.5 V, V01ff = VEE = -45 V 
Current VIN "'4.6 V, V01ff = VEE = -45 V, TA = 70°C 

UON-2588A-1 V'N "'4.5 V,V01ff = YEE = -,-75 V 
VIN "'4.6 V, yOU! = VEE = -75 V, TA = 70°C 

Output Sustaining " VCE(SUS) ~DN"2588A. VIN ;;:4.6 V, lOUT ,= ,.,..25 rnA, Note 1 
Voltage UDN-2588A-1 VIN "',4.6 V, VEE = -.70 V, lOUT = -25,mA, Note 1 

Output Saturation VCE(SAl) Both VIN = 2.6V,loUT = -100 rnA, Ref. Vcc 
Voltage VIN = 2.0 V, lou! = -225mA, Ref. Vcc 

VIII = 1.4 V, loUT = -350 rnA, Ref. Vcc 

Input Current IIN(ON) Both VIN , = 1.4 V, lOUT = ..,. 350 rnA 

" 
Vs = 15 V,VEE~= ,~9 V,VIN = 0 V, loUT =-350 rnA 

IIN(Om Both lOUT - -500 A, TA- 70°C. Note 3' , 

Input Voltage VIN(ON) Both loUT - -100 rnA, VCE "'1.8 V, Note 4 
10Ul = -225 mA, VeE "'1.9 V, Note 4 

lOUT = -350 mA, VCE "'2.0 V,Note 4 

VINIOFF) Both lOUT - -500 pA, TA - 70°C 

Cia mp Diode" ',' .' IR UDN-2588A VR = 50 V, TA = 70°C 
Leakage curren~ . . UDN-2588A-1 VR = 80 V, TA = Wc., 
Clamp Diod~; V, Both IF = 350 rnA 
Forward Volfage , 

Input Capa~~ance' '. CI~ , Both 

Turn-On Delay "[ tPl!~ Both 0.5 EIN to 0.5 EoUT : 
Turn-Off DelilY tPlH Both 0.5 E'N to O.SEOUl 

NOTES: 1.. Pulselnest, tp "'300 ILs, duty cycle "'2%. 
2. Negative 'current is defined as coming out of the specified device pin. 
3. The IIN(OFF) current limit guarantees against partial turn-on of the output. 
4. The VIN(ON) voltage limit guarantees a minimum output source current per the specified conditions. 
5. The substrate must always be tied to the most negative point and must beat least 4.0 V below Vs' 
6. Vcc must never be more positive than Vs' 
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Limits 
Min. Max. Units 

- 50 pA 
- 100 pA 

- 50 " pA 
- 100 pA 

35 - V 
50' - V 

- ' 1.8 V 
- 1.9 V 
- 2.0 V 

- -500 pA 
-2.1 rnA 

,,--50 - pA 

- 2.6 V 

- 2.0 V 

- 1.4 V 
4.8 - V 

- 50 pA 

- 50 pA 

- 2.0 V 

" 25 'pr' 
- 5.0 ILS 

- 5.0 p.S 



SERIES UDN-2SS0AS-CHANNEL SOURq DR.IVERS 

ALLOWABLE PEAK COLLECTOR CURRENT 
AT500C ASA FUNCTION OF, DUTV CYCLE 

50 0 

45 0 

0 

o RECOMMENDED MAXIMUM ,T,: \EN\ 

"- ~ 
o \~~"" I" ~ ~ 0 

,,~ ~ "' ...... 
........... 

-.....:. ......... ........... 0 
NUMBER OF OUTPUTS 

~, ~ :::::: CONDUCTING .......... SIMULTANEOUSLY 

-...... ...:::: 
O~ Vs = 15V I UDN-25IIOA 

I UDN-2588A 

0 

0 

.... 

10 20 30 
I 

40 SQ 60 70 80 90 100 

SOOc 

450 

400 

PER CENT DUTY CYCLE 
:Jwt;J.. No. A-ll.lU78 

ALLOWABLE PEAK COLLECTOR CURRENT 
AT 700 C AS A .~UNCTION OF DUTVCVCLE 

> 

.' 

~' 

'::. 

RECOMMENDEO MAXIMUM OUTPUT CURRENT 
350 .. 

\ \\ \ " ,,~ 

'" 30a 
. - \.\ ~ " " ~ 

3'.., "-. . .. , . 
250 

~ ~ ;y. ~ i'... 
200'1" 

" ~ ~ ~ ~ 
....... 

NUMBER OF OUTPUTS ~ i'...... 
150 CONDUCTJNG 

...... ~ ~ ~ 
SIMULTANEOUSLY 

100 

1 I --... Vs'" lSV 
UDN:25f1OA -

50: 
llDN-2588A 

0 
10 20 30 40 50 so ro so 90 100 

PER CENT DUTY CYCLE 
Dw9. No. A-ll.1088 
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;StRIE~ODN-2580A,8~CHANNEL SOURCE DRIVERS 

TYPICAL APPLICATIONS 

COMMON-CATHODE LED DRIVER 

UDN-2588A-l 

OWG.NO. A-ll,362 

TELECOMMUNICATIONS RELAY DRIVER 
(Po.ltlve Logic) 

SEGMENT 
SELECT 

DIGIT 
smq 

UDN-2588A 

UDN-258OA-i 

ClWG.NO.A·ll.35b 

TELECOMMUNICATIONS 

RELAY DRIVER 
(Negative Logic) 

J11 

OWG.NO. A-l1.363 

VACUUM FLUORESCENT DISPLAY DRIVER 
(Split Supp~y) 
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UDN-2S9SA 8-CHANNEL CURRENT-SINK DRIVER 

UDN-2595A 
a-CHANNEL CURRENT-SINK DRIVER 

FEATURES 
• 200 rnA Gurrent Rating 

• Low Saturation Voltage 

• TTL, CMOS, NMOS Compatible 

• Efficient Input/Output Pin Format 

• 18-Pin Dual In-Line Plastic Package 

DEVELOPED for use with low-voltage LED and 
incandescent displays requiring low output sat

uration voltage, Type UDN-2595A meets many 
other interface needs, including those exceeding the 
capabilities of standard logic buffers. 

The eight non-Darlington outputs of this driver 
can simultaneously sink load currents of 200 rnA at 
ambient temperatures of up to +85°C. 

The eight-channel driver's active low inputs can 
be linked directly to TTL, Schottky TTL, DTL, 5 to 
16 V CMOS, and NMOS logic. All input connec
tions are on one side ofthe package, output connec
tions on the other, for simplified layout of printed 
wiring boards. 

Type UDN-2595A is supplied in an 18-pin dual
in-line plastic package with a copper lead frame that 
maximizes the driver's power-handling capabilities. 
A hermetically sealed version of Type UDN-2595A, 
with reduced package power dissipation ratings, is 
available on special order. 

This device complements Sprague Type UDN-
2585A, an eight-channel source driver. 
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Dwg. No. A-l1.407 

ABSOLUTE MAXIMUM RATINGS 
at 25°C Free-Air Temperature 

for anyone driver 
(unless otherwise noted) 

Output Voltage, VeE ........................... 20 V 
Supply Voltage, Vs ............................ 20 V 
Input Voltage, VIN •••••••••••••••••.•..•••••••• 20 V 
Output Collec~or Current, Ie ................... 200 rnA 
Ground Terminal Current, IGNO .................... 1.6 A 
Allowable Power Dissipation, Po 

(single output) .......................... 1.0 W 
(total package) ......................... 2.2 W' 

Operating Temperature Range, TA ...... " -20°C to +85°C 
Storage Temperature Range, Ts ........ -55°C to + 150°C 

'Derate at the rate of 18 mW/oC above + 25°C. 

D 



UDN~2595A8·CHANNEL' CURRENT .:SINlfDRIVER 

ELECTRICAL CHARACTERISTICS at TA = + 25°C. Vs = 5.0 V (unless otherwise noted). 
Limits 

Characteristic Symbol Test Conditions Min. Max. Units 
Output Lea kage ICEI( VIN '" 4.5 V, VQiIT = 20 V, TA = 2SDC - 50 pA 
Current VIN '" 4.6 V; Volir'i'7, 2U V,'lA- ·lUoe - 100 !lA' 
uutput saturation " VC~$AW , ' VJN :- ,;I},4 V"lolJk:;-:,:5,O rnA ":", ':" - O.S V 
Voltage 

., , , VIN' - ' 0.4 V,IOOT='l'OO lilA ' . ,,' 0.6 V -
Input (;urrent IINIONI VIN - 0.4 V, lOUT - 100 rnA - -1.6 rnA 

VIN - 0.4 V, lOOT - 100 rnA, Vs - 15 V - -S.O mA 
Input voltage VINIONI lOOT - 100 mA, VOUT " 0.6 V, Vs - 5 V - 0.4 V 

. ,.'/, ,VINIOFFf' lOUT - 100 !lA, TA - lODC 4.6 - V 
Input Capacitance, CIN ' - 25 pf , 

Supply Current Iss VIN - 0.4 V, lOUT - 100 rnA - 6.0 mA' 
VIN - 0.4 V, loUT - 100 rnA, Vs - 15 V - 20 mA 

NOTES: 
1. Negative i:tti'rent is defined as coming out of the specified device pin. 
2. The VINIONI vllltagelimit guaran~s a minimum output sink current per the specified conditions. 
3. Iss is meaSjlred with anyone (If eight drivers turned ON. 

UDN·2595A 
ONE OF EIGHT DRIVERS 

Vs 

Dwg. No. A-ll,408 
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SERI£sUlN-2800A 
HK;H-VOlTAGE,HIGH-CURRENT DARLINGTON TRANSISTOR ARRAYS 

SERIES UlN .. 2800A 
HIGH.VOl TAGE,HIGH.CURREt4~ . 

DARLINGTON TRANSISTOR ARRAYS, 

IDE1\~r SUITED for interfaCing between low
levClLdigJtal logic circuitry and high-power peri ph

erallol!ds,.the Series ULN-2800A high-voltage, high
current. Darlington transistor arrays feature peak load 
curren,r fl!tings of 600 rnA (Series ULN-2800A and 
ULN-2820A) or 7S0 rnA (Series ULN-2810A) 'for 
each of tht': eight drivers in each device. Under the 
proper'conditions, high-power loads pf up to 4 A at 
SOV (200 W at 23% duty cycle) or 3.2 A at 9S V (304 W 
at 33% duty cycle) can be controlled. Typicalloads 
include relays, solenoids, stepping motors, multiplexed 
LED and incandescent displays, and heaters. All de
vices feature open collector outputs and integral dio
des for inductive load transient suppression. 

The Series ULN-280IA devices are gene';grpurpose 
arrays which may be used with standard bipolar digital 
Idgic 'using ext<rrnal current limiting, or with most 
PMOS or CMOS directly. All are pinnedwitlt out.~. 
puts opposite inputs to fac~litate ease Qf circuit board 
layout and are priced to compete directly with discrete 
transistor alternatives. :' 

The Series ULN-2802Awas specifically designed for 
use with 14 to'25 V PMOS devices. Each input has a 
Zener diode and resistor in series to limit theinpu't 
current to a safe value in that appliColltion. The Zener 
diode also means excellent noise immunity for these 
devices. 

The Series ULN-2803A has a 2.7 k!1 series base re
sistor to ell,*' Darljngtonpair, and thus allows opera
tion directly with TTL or CMOS operating at a sup
ply voltage on V. These devices wildiandle numer
ous interface needs - particularly those beyond the 
capabilities of standard logic buffers. 

The Series ULN-2804Afeat~res a 10.5 k!1 series 
input resistor to permit th6ir operation directly from 
CMOS or PMOS outputs utilizing supply voltages of 
6 to.15 V. The required input current is below that of 
the Series ULN-2803A while the required input volt
age is less than that required \)y the Series ULN-2802Al 

The Series ULN-280SA is especially designed for 
use with standard and Schottky TTL where higher 
output currents are required and. loading of the logic 
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output is not a concern. These devices will sink a 
minimum of 350 rnA' 'whi:n . driven from a "totem 
pole" logic .output. 

, " 
The Series.ULN-2800A isAhe Standard high-

voltage, high~current Darlington array. The output 
. transistors ate capable of sinldng, 500rilA and will 

withstand at least 50 V in the OFF state~ OUtputs may 
be paralleled for higher load current capability. The 
Series ULN-28IOA devices are similar except that 
they will sink 6OOmA. The Series ULN-2820A will 

".' withstand 9S V in the OFF statt":; 

. AlI Series ULN-2800A Darlington arrays are fur
nished in an 18-pin dual in-line plastic package. 

Device Type Number Designation 
VCE(MAX) = ·50V 50 V 95V 

IC(MAXI = ,500 mA 600 rnA 500mA 
.i T ; 

j' 

Type Number; 
.' 

General Purpose 
:ULtnSOlA ULN-2811A ULN-2821A PMOS, CMOS ,,' 

14 - 25 V 
'ULN-2802A ULN-2812A ULN-2822A PMOS 

5V ULN-2803A ULN-2813A ULN-2823A TTL, CMOS , ... , . ., 

6 - 15 V " 

CMOS, PMOS UUM804A I·ULN-2814A ULN-2824A 

High Output 
ULN-280SA ULN:2815A ULN-2825A. TTL 

o 



SERIES ULN-2800A 
HIGH-VOLTAGE,HIGfI-CURRENT DARLINGTON TRANSISTOR ARRAYS 

ABSOLUTE MAXIMUM RATINGS at 25°C Free-Air Temperature 
for llny one Darlington pair (unless otherwise noted) 

Output Voltage, VCE (Series ULN-2800, 28I0A)..... ...... .. .. . ... .. . ..... . ... .. . .. 50 V 
(SeriesULN-2820A).. . . . . . . . .. . . .. . . . .. . .. . . .. .. . . .. ... .. . . .. .95 V 

Input Voltage, Y'N (Series ULN-2802, 2803, 2804A).......... ........................................ . .30 V 
(Series ULN-2805A) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... 15 V 

Continuous Collector Current, Ic (Series ULN-2800, 2820A) ...................................................... 500 mA 
(Seri.es ULN-281OA) ............................................................ 600 mA 

Continuous Base Current, 18 .................................................................................. 25 mA 
Power Dissipation, PD (one Darlington pair) ...................................................................... 1.0 W 

(total package) .......................................................................... 2.25 W* 
Operating Ambient Temperature Range, TA......... . .. .... ...... .. . ...... ............. .... . .. ...... -20oe to +85°e 
Storage Temperature Range, T s ..................................................................... -55°C to + 150°C 

"Derate at the rate of 18.l8mW/oC abo,e 25°C. 

Under normal operating conditions, these de,ices will sustain 350 mA per output with VCE(SAn = 1.6 V at 50°C with a pulse width of 20 ms and a duty cycle of 40%. 

o 
o , , 

---' 

OW';;. "o. 4-9595 

Series ULN-2801 A 
(each driver) 

COM 

Series ULN-2804A 
(each driver) 

PARTIAL SCHEMATICS 

r-..r--<oCOM 

o 
o , 
o 

TV 10. 5K , 

t 
o 0 

o 
o I 
,. I 

~----------------I<iI---- ---, 

Series ULN-2802A 
(each driver) 

OWG. 11(1. .t.-98S!8A 
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()WIi. No. A.-!}6~O 

.---+1---<0 COM 

2.7K 

Series ULN-2803A 
(each driver) 

, 
o 

t 

r-*--<oCOM 

l. 05K , 
o 

t 
o 

I 
I 

---' 

'''G. NO. 4-10.228 

Series ULN-280SA 
(each driver) 



SERIES ULN-2800A 
HIGH-VOLTAGE, HIGH-CURRENT DARLINGTON TRANSISTOR ARRAYS 

SERIES ULN-2800A 

ELECTRICAL CHARACTERISTICS at 25°C (unless otherwise noted) 

Characteristic 

Output Leakage Current 

Collector-Emitter 
Saturation Voltage 

I n put CU rrent 

I nput Voltage 

D-C Forward Current 
Transfer Ratio 
I nputCapacitance 
Turn-On Delay 
Turn-Off Delay 
Clamp Diode 
Leakage Current 
Clamp Diode 
Forward Voltage 

, 

Test Applicable 
Symbol Fig. Devices Test Conditions 

IcEx IA All VCE = 50V, h = 25°C 
V CE = 50 V, T A = 70°C 

18 ULN'2802A VCE = 50 V, TA = 70°C, V'N = 6.0V 

ULN~2804A VCE = 50 V, TA = 70°C, V'N = 1.0 V 

VCEISAT! 2 Ie = 100 mA, I. = 25Q JJ.A 
All Ic = 200 mA, I. = 350 JJ.A 

Ic = 350 mA, I. = 500 JJ.A 

I'NION! 3 ULN-2802A V'N= 17V 
ULN-2803A V'N == 3.85 V 
ULN-2804A V'N= 5.0 V 

V'N ;= 12 V 
ULN-280SA V'N = 3.0V " 

I'NIOFF! 4 All Ie = 500 JJ.A, T A =70°C 

V'NION! 5 ULN·2802A VCE = 2.0 V, Ic = 300 mA 
VeE = 2.0 V, Ic = 200 mA 

ULN-2803A VCE =2.0V, Ic = 250 rnA 
VCE =2,0 V, Ic = 300 mA 
VCE = 2.0 V, Ic = 125 mA 

ULN-2804A VCE =2.0V,lc = 200mA 
VCE = 2.0 V, Ic = 275 mA 
VCE = 2.0 V, Ie = 350 mA 

ULN-280SA VCE = 2.0 V,le = 350 mA 
hFE 2 ULN-2801A VeE = 2.0 V, Ic = 350 mA 

C'N - All 
tON - All 0.5 Ein to 0.5 EoVl 

tOFF - All 0.5 I in to 0.5 Eo"t 
I. 6 All V.=50V,TA=25°C 

V. = 50 V, T A = 70°C 
VF 7 All IF = 350 mA 

Series ULN·2800A and ULN·281OA devices are also available (with 
reduced. package power capability). in industrial·grade hermetic 
packages. To order, change the last letter of the part number trom'A' 
to 'R'. Note that the high-voltage devices (BV CE ;:;,,95 V) are not 
presently available with this packaging option. 

3-49 

, 

Umits 
Min. Typ. Max. Units 

- - 50 JlA 
- - 100 JlA 
- - 500 JJ.A 
- - 500 JJ.A 
- 0.9 1.1 V 
- 1.1 1.3 V 
- 1.3 1.6 V 
- 0.82 1.25 mA 
- 0.93 1.35 mA 
- 0.35 0.5 mA 
- 1.0 1.45 mA 
- 1.5 2.4 mA 
50 65 - JJ.A 
- - 13 V 

- - 2.4 V 
- - 2.7 V 
- - 3.0 V 
- - 5.0 V 
- - 6.0 V 

- - 7.0 V 
- - 8.0 V 
- - 2.4 V 
1000 - -

, 

- 15 25,. pF 
- 0.25 1.0 JJ.S 
- 0.25 1.0 JJ.s 
- - 50 JJ.A 
- - 100 JJ.A 
-- 1.7 2.0 V 

o 



SERIES ULN-2800A 
HIGH-VOLTAGE, HIGH-CURRENT DARLINGTON TRANSISTOR ARRAYS 

SERIES ULN-2810A 

ELECTRICAL CHARACTERISTICS at 25°C (unless otherwise noted) 

Characteristic 

Output Leakage Current 

Collector -Emitter 
Saturation Voltage 

I nput Current 

Input Voltage 

D-C Forward Current 
Transfer Ratio 
I nput Capacitance 
Turn-On Delay 
Turn-Off Delay 
Clamp Diode 
Leakage Current 
Clamp Diode 
Forward Voltage 

Test Applicable 
Symbol Fig. Devices Test Conditions 

IcEx IA All VCE = 50V, TA = 25°C 
V CE = 50 V, T A = 70°C 

IB ULN-2812A V Cf = 50 V, T A = 70°C, Y'N = 6.0 V 

ULN-2814A V CE = 50 V, T A = 7Q°C, Y'N = 1.0 V 

VCEiSAT) 2 All Ic = 200 mA, I. - 350 ",A 
Ic = 350mA, I. = 500",A 
Ie = 500 mA, I, = 600 ",A 

I'NiON) 3 ULN-2812A Y'N = 17 V 
ULN-2813A Y'N = 3.85 V 
ULN-2814A Y'N = 5.0 V 

Y'N = 12 V 
ULN-2815A V,N = 3.0 V 

I'NiOFF) 4 All Ic = 500 ",A, T A = 70°C 

V'NiON) 5 ULN-2812A VCE = 2.0 V, Ic = 500 mA 

ULN-2813A VCE = 2.0 V, Ic = 250 mA 
VCE = 2.0 V, Ic = 300 mA 
VCE = 2.0 V, Ic = 500 mA 

ULN-2814A VCE = 2.0 V, Ic = 275 mA 
VCE = 2.0 V, Ie = 350 mA 
VeE = .2.0 V, Ie = 500 mA 

ULN-2815A VeE = 2.0 V, Ie = 500 mA 
hFE 2 ULN-2811A VCE = 2.0 V, Ie = 350 mA 

VeE = 2.0 V, Ie = 500 mA 
C'N - All 
tON - All 0.5 Ei, to 0.5 Eo" 
tOFF - All 0.5 Ei , to 0.5 Eo" 
IR 6 All VR = 50V, TA = 25°C 

VR = 50V, TA = 70°C 
VF 7 All IF = 350 mA 

IF = 500 mA 

Series ULN-2800A and ULN-2810A devices are also available (wilh 
reduced package power capability) in industrial-grade hermetic 
packages. To order. change Ihe lasl leller 01 Ihe parI nllmber from 'A'-
10 ·R·. Note Ihal the high-vollage devices (BV CE ;0,,: 95 V) are not 
presently available wilh Ihis packaging oplion. 
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Limits 
Min. Typ. Max. Units 

- - 50 ",A 
- - 100 ",A 
- .- 500 ",A 
- - 500 ",A 
- 1.1 1.3 V 
-_. 1.3 1.6 V 
- 1.7 1.9 V 
- 0.82 1.25 mA 
- 0.93 1.35 mA 
- 0.35 0.5 mA 
- 1.0 1.45 mA 
- 1.5 2.4 mA 
50 65 - ",A 
- -- 17 V 
- - 2.7 V 
- - 3.0 V 
- -- 3.5 V 
- - 7.0 V 
- -- 8.0 V 
- - 9.5 V 
- - 2.6 V 

1000 - -

900 - -

- 15 25 pF 
- 0.25 1.0 ",s 
- 0.25 1.0 ",s 
- - 50 ",A 
- - 100 ",A 
- 1.7 2.0 V 
- 2.1 2.5 V 



SERIE.S: UJ.N;.2800A 
HIGR.,VOLTAGE.HIGH-CURREfIITj).AR~INGTON,TRANSISTOR'ARIA¥S 

SERIES ULN-2820A 

ELECTRICAL CHARACTERISTICS at 25°C (unless otherwise noted) 

Test Applicable Limits 
C ha racteristic Symbol Fig, Devices Test Conditions Min, Typ. Max. Units 

Output Leakage CUNent ; 1C£1\ IA All VCE = 95V, TA = 25°C .. ' - 50 p:A 

VCE = 95V, TA = 70°C - - 100 p:A 
1B ULN·2822A VCE = 95V, TA = 70°C, VIN = 6.0V - ~ 

- 500 p:A 

ULN-2824A V CE = 95 V, T A = 70°C, VIN = 1.0 V - - 500 p:A 

Collector-Em itter VCEISAT) .2 All Ie = 100 rnA, 18 = 250 p:A - 0.9' 1.1 V 

Saturation Voltage Ic = 200 rnA, 18 = 350 p:A - 1.1 1.3 V 

.i; Ic = 350mA,.l8 = 500p:A - 1.3 1.6 V 
Input Current liNtoN) 3 ULN-2822A VIN = 17 V - 0.82 1.25 rnA 

" ULN-2823A VIN =3.85 V - 0.93 1.35 rnA 
UlN-2824A VIN = 5.0V ' .. - . 0.35 0.5; rnA 

VIN = 12 V - 1.0 1.45 rnA 
.. 

VlN-2825A VIN = 3.0 V - 1.5 2.4 rnA 

IINIOFF) 4 All Ic= 500 p:A, T A = 70°C 50 65 - p.A 
Input Voltage I:; > ';' ';'ViNION) 5 ULN-2822A VCE = 2.0 V, Ic = 300 rnA '. ",.~ ",- 13 V 

ULN-2823A VCE = 2.0V, Ic = 200 rnA - - 2.4 V 

VCE = 2.0 V, Ic = 250 rnA - - 2.7 V 

VCE = 2.0 V, Ic = 300 rnA .' - - 3.0 V 

ULN-2824A VCE = 2.0 V, Ic = 125 rnA - - 5.0 V 
VCE = 2.0 V, Ic=.200 rnA - - 6.0 V 

VCE = 2.0 V, Ic = 275 rnA - -' 7.0 V 

VCE = 2.0V, Ic = 350 rnA - - 8.0 V 

> tlLN-2825A VCE = 2.0 V, Ic = 350 rnA - -, 2.4 V 
D-C Forward'Curre'n\ .... hFE 2 ULN-2821A VCE "" 2.0 V, Ic = 350 rnA 1000. - -

Transfer RaU6 '. . .C . 

Input Capacitance. CIN - All - 15 25 pF 
Turn-On Delay .:: ARN - All 0.5 E1" to 0.5 EO'I -

~, ' 0.25 1.0 p:S 

Turn-Off Qelay tOFF - All 0:5 E1" to 0,5 EO~I - 0.25 1.0 p:S 
Clamp Diode ~/ I. 6 All V. = 95V, TA = 25°C - - 50 p:A 

Leakage Current V. = 95 V, T A = 70°C - - 100 p:A 
Clamp Diode '.'i' ' VF 7 All IF = 350 rnA - 1.7 2.0 V 
Forward V{)lt~ge : 

• )i. 

II 



SERIES ULN-2800A 
HIGH-VOLTAGE, HIGH-CURRENT DARLINGTON TRANSISTOR ARRAYS 

TEST FIGURES 
OPEN VeE OPEN VeE 

FIGURE 1A FIGURE 1B 

OPEN 
OPEN 

'>0----''---<> OPEN 

()WG. NO. A-i732 

OWG. 110. 

FIGURE 2 FIGURE 3 

OPEN VeE OPEN 

0""".110. A-.973"" 

FIGURE 4 FIGURE 5 

V, 

DWG. NO. A-9735' 

FIGURE 6 FIGURE 7. 
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COLLECTOR CURRENT 

SERIES ULN-2800A 
HIGH-VOLTAGE, HIGH-CURRENT DARLINGTON TRANSISTOR ARRAYS 

COLLECTOR CURRENT 
AS A FUNCTION OF SATURATION VOLTAGE AS A FUNCTION OF INPUT CURRENT 
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SERIES ULN-2800A 
HIGH~VOLTAGE, HIGH~CURRENT DARLINGtON TRANSISTOR ARRAYS 

PEAK COLLECTOR CURRENT. 
AS A FUNCTION OF DUTY CYCLE 
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SERIES ULN-2800A 
HIGH-VOLTAGE, HIGH-CURRENT DARLINGTON TRANSISTOR ARRAYS 

INPUT CURRENT 
AS A FUNCTION OF INPUT VOLTAGE 
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SERIES ULN-2802A 

INPUT VOLTAGE - YIN 
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SERIES ULN-2803A 
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INPUT VOLTAGE - VIN DW(l, NO. A-98~9A 

SERIES ULN-2804A 
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SERIES· ULN-2800A 
HIGH-VOLTAGE, HIGH-CURRENT DARLINGTON TRANSISTOR ARRAYS 

+Vss 

PMOS 
OUTPUT 

OFF VOLTAGE BIAS FOR 
HIGH-VOLTAGE LOADS 

BUFFER FOR HIGHER CURRENT LOADS 

+260Y 

3-56 

+Vcc 

TTL 
OUTPUT 

TTL 
OUTPUT 

Rp 

U LN-2803/05A 

DWG. HO. A-IO,382 

TTL TO LOAD 

ULN-2813A 

OWG. HO. A-IO.38\1. 

USE OF PULL-UP RESISTORS 
TO INCREASE DRIVE CURRENT 



SERIES ULN-2800A 
HIGH-VOLTAGE, HIGH-CURRENT DARLINGTON TRANSISTOR ARRAYS 

TYPICAL DISPLAY INTERFACE 

DIGIT DRIVER, 
1/2 ULN-206IM or 

1/4 ULN-2074j76B or 

1/8 UDN-2981/82A 

I I T I 
7-SEGMENT DISPLAY 

WITH DECIMAL POINT, 

COMMON-ANODE LED or 

HOT-WIREo READOUT 

SEGMENT DRIVER, 

SERIES U LN-2800A Or 

SERIES ULN-2810A 
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UDtI·n • .1BAND UDN·2845B 
QUAD DARLINGTON 1 is A DRIVERS 

UDN·2841B AND UDN·2845B 
QUAD DARLINGTON 1.5 A DRIVERS 

FEATURES 

• Inputs Compatible with OTL, TIL, LSTIL, CMOS 
• - 50 V Darlington Outputs 
• Current-Sink or Sink-and-Source Combination 
• I6-Pin Oualln-Line Plastic Package 

THIS PAIR OF QUAD DARLINGTON switches 
is designed for high-current, high-voltage 

peripheral driver applications. They provide solu
tions to interface problems involving electronic 
discharge printers, d-c motor drive (bipolar or uni
polar), telephone relays, PIN diodes, LEDs, and 
other high-current loads operating with negative 
voltage supplies. 

Type UDN-2841B is for current-sink applications 
in which the load is connected to ground. The out
puts switch the negative supply. The input PNP tran- • 
sistor in each driver serves as a level translator. The 
first NPN stage provides current gain to drive the 
Darlington-pair outputs. 

Type UDN-2845B is a current-sink, current
source combination in a single dual in-line plastic 
package. It can be used in bipolar switchiIlg appli
cations in which neither end of the load is at ground 
potential. 

Types UDN-2841 and UDN-2845B are intended 
for use with 5 V TTL, Schottky TTL, DTL, and 
CMOS logic. Both drivers reduce component count, 
lower system costs, and reduce circuit and board 
complexity. 

3-58 

DWG. NO. A-IO,323B 

Current Sink 

t)l 
-v 

Dwg,No. A-10,489 

Current Source 

~ 
-v 

Dwg.No. A-l0,490 



I 

~ 
SUB 

Type Number 

UDN-2841B 
UDN-2845B 

ABSOLUTE MAXIMUM RATINGS 
at +25°C Free-Air Temperature 

For Single Darlington Output 
(Unless Otherwise Noted) 

UDN·2841B AND UDN·2845B 
QUAD DARLINGTON 1.5 A DRIVERS 

Output Voltage, VCEWfF) ............................................ 50 V 
Output Sustaining Voltage, VeEISUS) .................................... 35 V 
Substrate Voltage, VSUB . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 50 V 
Continuous Output Current, louT' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . USA 
Supply Voltage, Vs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 10 V 
Input Voltage, V'N . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 10 V 
Power Dissipation, Po (one output) ................................ See Graph 
Operating Temperature Range, TA . . . . . . . . . . . . . . . . . . . . . . . . . .. - 20°C to + 85°C 
Storage Temperature Range, Ts ............................ - 55°C to + 150°C 

SCHEMATIC 
(Each Driver) 

DWG. NO. A-IO,483C 

Resistor Values in kG 

Amplifier 1 & 3 Amplifier 2 & 4 

R'N Rs R'N Rs 

3.3 15 3.3 15 
3.3 15 3.3 1 

v> 
l-
I-« 
~ 

~ 
co: 
w 
~ 
0 
Q.. 

W 
C> 
« 
'" u 
~ 
~ ., 
« 
~ 
....I 
....I 
« 

ALLOWABLE POWER DISSIPATION 
AS A FUNCTION OF TEMPERATURE 

5.0 r-_-r--...,-----y--.r--T"""--, 

4.0 

3.0 

2.0 

1.0 

NOTE: The substrate terminals must be tied to the most negative point in 
the external circuit to maintain isolation between transistors and to 
provide for normal device operation. 50 100 

TEMPERATURE IN °c 
DWG. NO. A-IO,488C 
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UDN:28418 AND UDN·284$B 
QUAD· DARLINGTON 1.$ A DRIVERS 

ELECTRICAL CHARACTERISTICS at TA = + 25°C (unless otherwise noted) 

Characteristic Symbol Tes! Conditions 

Output Leakage 1m VEE = -50V, VIN = 0.4V, TA = 25°C 
Current VEE = - 50V, VIN = 0.4 V, TA = 70°C 
Output Sustaining VCEISUS) VEE = - 50V, VIN = 0.4 V, louT = 100 mA 
Voltage 
Output Saturation VCEISAl) loUT = 500mA 
Voltage louT = LOA (Note 1) 

louT = 1.5A (Note 1) 
Input Current IINION) louT = 500 rnA, VIN = 2.4 V 
Input Voltage VINION) louT = 1.5A 
(Note 1) 

Supply Current Is louT = 500 rnA, UDN-2841B, UDN-2845B (Note 2) 
(Note 1) louT = 500 mA, UDN-2845B (Note 3) 
T urn-On Delay t,dlON) Rl = 30n, 0.5 VIN to 0.5 VOUT 
Turn-Off Delay t,dIOFF) Rl = 39n, 0.5 VIN to 0.5 VOUT 

NOTES: 
'1. Each driver tested separately. 
2. Drivers 1 & 3 (sink drivers) only, Vs = OV, VEE = - 40V. 
3: Drivers 2 & 4 (source driVers) only, Vs = 5V,VEE = -40V. 

TEST CIRCUITS 

UDN·2841B 

DWG. NO. A-10,487A 
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Limits 

Min. Typ. Max. Units 

- - 100 /-LA 

- - 500 /-LA 
35 50 - V 

- - 1.1 V 
- - 1.4 V 

- - 1.6 V 
- 300 500 /-LA 
- - 2.4 V 

- 2.5 3.75 mA 
- 3.3 7.5 mA 
- - 2.0 /-LS 
- - 5.0 /-Ls 

UDN·2845B 

DWG. NO. A-10,484A 
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ALLOWABLE OUTPUT CURRENT 
AS A FUNCTION OF DUTY CYCLE 

WITHOUT HEAT SINK 

UDN·2841B AND UDN·2845B 
QUAD DARLINGTON 1.5 A DRIYIRS 

1. 5,..----"T"'.,...-or---~..,._----...,...-~--_r_----...., 

1.0t------+-----"',..----P~----P"~---_I_----__I 
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PERCENT DUTY CYCLE 

:.!WG. NO. A-10,583 
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1.0 
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20 40 80 100 
PERCENT DUTY CYCLE 

DWG. NO. A-lO,584 
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UDN·28418 AND UDN·28458 
Q'UAD DARLINGTON 1.5 A DRIVERS 

IN 

IN 

OUTPUT·STAGE TRANSIENT PROTECTION 

When switching inductive loads, the output transistors of UDN-
2841B and UDN-284SB drivers should be protected by a suitable 
clamping technique. The simplest approach is to clamp each output 
with a discrete diode, as shown in Figures I and 2. 

v-
DWG. NO. A-ll.790A 

Figure 1 
UDN·2841B 

v-
OWG. NO. A-ll.787A 

Figure 3 
UDN·2841B 

IN A 

3-62 

v-

Figure 2 
UDN·2845B 

IN B 

DWG. NO. A-ll,792A 

For improved turnoff, a combination 
diode/Zener diode scheme can be used. The 
Zener diode in the clamp circuit of Figure 3 
allows the fiyback voltage to rise above the sup
ply voltage, speeding turnoff of the load. An ap
propriate resistor can be substituted for the 
Zener diode. With a 1 A load, substitution of a 
ISQ resistor results in operation similar to that 
of the Zener diode circuit. 



UDN .. 28418 AND UDN·28458 
QUAD DARLINGTON 1.5A DRIVERS 

TYPICAL APPLICATIONS 

BIPOLAR MOTOR DRIVER 

UDN·2845B 

1---+--oIN A 

IN Ao--+-.......... --+ I----+-~w, 

-30 V o--+-~~-L...::w--' 

1---+--oIN B 

INBo--+----~~--, 

_IA 
__ IB 

OWl;. NO. A-IO.586A 

ELECTROSENSITIVE PRINTER INTERFACE 

PRINT ELECTRODES 

UDN·284IB 

IN lO-----LOU l..!!H-t--t-ov, or GND 

l!!.H---t-o I N 3 

IN 2o----+-+-l..;U 

OWG. NO. A-10.585A 

-40V 
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UDN-2878W AND UDN-2879W 
QUAD HIGH-CURRENT DARLINGTON SWITCHES 

UDN-2878W AND UDN-2879W 
QUAD HIGH-CURRENT DARLINGTON SWITCHES 

FEATURES 

• Output Currents to 4 A 
• Output Voltages to 80 V 
• Loads to 1280 W 
• TIL, DTL, or CMOS Compatible Inputs 
• Internal Clamp Diodes 
• Plastic Single In-Line Package 
• Heat-Sink Tab 

THESE QUAD DARLINGTON ARRAYS are 
designed to serve as interface between low

level logic and peripheral power devices such as 
solenoids, motors, incandescent displays, heaters, 
and similar loads of up to 320 W per channel. Both 
integrated circuits include transient-suppression 
diodes that enable use with inductive loads. The 
input logic is compatible with most TTL, DTL, LS 
TTL, and 5 V CMOS logic. 

Type UDN-2878W and UDN-2879W 4 A arrays 
are identical except for output-voltage ratings. The 
former is rated for operation to 50 V (35 V sustain
ing), while the latter has a minimum output break
down rating of 80 V (50 V sustaining). The 

Output 
Device Voltage 

UDN-2878W 50 V 
UDN-2878W-2 50V 
UDN-2879W 80V 
UDN-28'79W-2 80V 

3-64 

o o 

OWG. NO. A·U,974 

economical Type UDN-2878W-2 and Type UDN-
2879W-2 are recommended for applications requir
ing load currents of3 A or less. These less expensive 
devices are identical to the basic parts except for the 
maximum allowable load-current rating. 

For maximum power-handling capability, all driv
ers are supplied in a 12-pin single in-line power-tab 
package. The tab is at ground potential and needs no 
insulation. External heat sinks are usually required 
for proper operation of these devices. 

Sustaining Output 
Voltage Current 

35 V 4A 
35 V 3A 
50V 4A 
50 V 3A 



lJ1)N~2a78W AND UDN.;2819W 
QUAD HIGH~CURRENT DARLINGTONSWITCHIS 

ABSOLUTE MAXIMUM RATINGS 
at + 25°( Free-Air, Temperature 

for any driver 
(unless otherwise' noted) 

Output Voltage, Vw, (UDN-2878W & UDN-2878W,2) ,;""" , , , , , , , , , , , , , '" 50 V 
(UDN·2879W & UDN-2879W-2l ' , , , , , , , , " , , . , , , , , . .. .. 80 V 

Output Currerit, IdUDN-2878W & UDN-2879Wl ' ... ,,;',' .c:, ' , . , , , , , , ... : . , 5.0 A 
(UDN-2878~c2 & UDN-2979W~2).::·" ""':," ..... , , , .... " 4.0 A 

Input Voltage, VIN •••• , ,;,;.,;""""'" ';", , •• ,""',.,"', •• "; 15V 
Input Current, liN' .' .. , .. ,~ •. , " ,', , , , :, •. , .... , , , . , . , , , , , . , , .. , , , .'25 mA 
SupplyVoltage,Vs , .. ".,,:. " .. ""." .... " .... , ...... ,.", ... lOY 
Total Package Power Dissipation'; PD ••• , •• ' ••• , ••••••••••• , , , •• , , •• , See Graph 

.~OperatingAmbientTemperaturellange, TA ••• " ••••• ", ••• "". -20°C to +85°C 
StorageTemperatureRange,Ts ,',", .. ','" i .•. ,C:,; ,.:: ••.... -55°C to + 150°C 

ALLQWABLE AVERAGE PACKAGE POWER DISSIPATION 

6 
"-
z" 
o 
i= 

"" "-
Vl 
Vl 

C 

AS A FUNCTION OF TEMPERATURl: 

50 75 100 125 
, TEMPERATURE IN °c 

Owg. No. A-ll,794 
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PARTIAl.; SCHEMATIC 
One of 4 Drivers" 

2.5 K 
.--.... --oK 

80-...... -MI'--I ..,..----+------oc 
I 
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I 
I 
I 
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DWG. NO. A-12,037 
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UDN~2878W AND UI)N~2879W 
QUAD"HIGH-CURRENJ. DARLINGTON .. SWITCHES 

ELECTRICAL CHARACTERISTICS at Vs = 5.0 V, TA = + 25°C (unless otherwise noted) 

Test Applicable 
Characteristic Symbol Fig. Devices. . .. Test Conditions 
Output Leakage Current ICEl< 1 UDN.-2878WIW-2 VeE = 50V 

VCE = 50 V, T, = + 70°C 
UDN.-2879WIWc2 VCE"" 80V 

VCE = 80V, T, = +10°C 
Output Sustaining VeElsusl 2 UDN.-2878WIW-2 Ic = .100 rnA, VIN = 0.4 V 
Voltage UDN.-2879WIW-2 Ie = 100 rnA, VIN = 0.4 V 
Collector-Emitter VCElSATI 2 All Ie = 500 rnA, VIN = 2.75 V 
Saturation Voltage Ie = 1.0 A, VIN = 2.75 V 

le= 2.0 A, VIN = 2.75 V 
Ie = 3.0 A, VIN = 2.75 V 

UDN.-2878/2879W Ic = 4.0 A, VIN = 2.75V 
Input Current liN 3 All VIN = 2.75 V 

VIN = 3.75 V 
Input Voltage VINIONI 4 All VCE = 2.2 V,lc ."" 3.0 A 

UDN.-287812879W VCE = 2.2 V, Ic = 4.0 A 
Supply Current per Driver Is 7 All Ic = 500 rnA, VIN =c 2.75 V 
Turn-On Delay tpLH - All 0.5 E;n to 0.5 E", 
Turn-Off Delay tpHL - All 0.5 E;n to 0.5 Eoub Ie = 3.0 A .' 
Clamp Diode r IR 5 All VR = 50 V 
Leakage Current VR = 50V, T, = + 70°C 

UDN.-2879WIW-2 VR = 80 V 
VR = 80 V, T, = + 70°C 

Clamp Diode Vf 6 All If = 3.0 A 
Forward Voltage UDN-287812879W If = 4.0A 

CA UTION: High-currentlests are pulse tests or require heat sinking. 

OPEN VeE 

TEST FIGURES 

Figure 1 
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limits 
Min. Max. Units 
- 100 fLA 
- 500 fLA 
- 100 fLA 
- 500 fLA 
35 - V 
50 - V 
- 1.1 V 
- 1.3 V 
- 1.5 V 
- 1.9 V 
- 2.2 V 
- 550 fLA 
- 1000 fLA 
- 2.75 V 
- 2.75 V 
- 6.0 rnA 
- 1.0 fLs 
- 1.5 fLS 
- 50 fLA 
- 100 fLA 
- 50 fLA 
- 100 fLA 
- 2.5 V 
- 3.0 V 

OPEN 

DWG.MO.10.350 

Figure 2 



UDN-2878W AND UDN-2879W 
QUAD HIGH-CURRENT DARLINGTON SWITCHES 

TEST FIGURES (Continued) 

OPEN 

.>0-------0 OPEN 

NO. ,\·>lnZ 

oW(;. MO. A-973~A 

Figure 3 Figure 4 

DWG.NO. A-9735A 

Figure 5 Figure 6 

OWG. MO. A-10,351 

Figure 7 
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UDN·2878W AND UDN·2879W 
QUAD HIGH·CURRENT DARLINGTON SWITCHES 

TYPICAL APPLICATIONS 

STEPPER·MOTOR DRIVER 

UDN-2878W 

o o 

x X +5V y 

+28V 

DWG. NO. A-l1,975 

INPUT WAVEFORMS 

x 

y 

Dwg. No. A-l1,795 
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UDN-2878W AND UDN .. 2879W 
QUAD HIGH-CURRENT DARLINGTON SWITCHES 

TYPICAL APPLICATIO~S (Continued) 

UDN-2879W 

o o 

PRINT-HAMMER DRIVER 

\ UDN-2879W 

"Diem DRIVER \ 
FOR MUbTIPLEXED INCANDESCENT LAMP DISPLAY 

i 

DIGIT 
10 

TO 
SEGMENT 
SELECT 

:'; , 

DIGIT 
2 
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UTN~2886B AND UTN-2888A 
.MONOUTHIC SCR ARRAYS 

UTN-28868 AND UTN-2888A 
MONOLITHIC SCR ARRAYS 

FEATURES 

• Low Input Current 
• TIL, LSTIL and CMOS Compatible 
• Momentary Inrush Current Capability to 2 A 
• Minimum Forward Blocking Voltage 35 V 
• Use with FUll-Wave or Half-Wave Sources 

INTENDED FOR USE with microprocessors that 
are strobing power loads, these monolithic SCR 

arrays will interface to high-current loads induding 
lamps, relays, and solenoids. The use of multiple 
SCRs in a single package reduces component count, 
insertion costs, assembly time, and circuit space, 
while improving overall circuit reliability. 

Each array contains multiple SCRs with integral 
current limiting and gate-to-cathode resistors. In all 
cases, the maximum allowable SCR current rating at 
+ 25°C is 800 rnA continuous or 2 amperes non
recurring peak. Outputs may be paralleled for higher 
load current capability within the limits of the allow
able package power dissipation rating. 

The UTN-2886B arI"ay contains four individual 
SCRs and two pairs of paralleled SCRs (pins 8 -9 and 
1-16). Each SCR is capable of continuous and simul
taneous operation at 250 mA(500.rnA at pins 9 and 
16) at an ambient temperature of +50°C. The 16-
lead package with heat-sink contact tabs allows 
maximum power dissipation with standard cooling 
methods. Further increases in power dissipation can 
be obtained by attaching an external heat sink to the 
webbed leads. 

The UTN-2888A SCR array contains eight iso-. 
lated devices, each capable of continuous and simul
taneous operation at 200 rnA at an ambient tempera
ture of +50°C. 

These SCR arrays operate from an unfiltered 
half-wave (50 or 60 Hz) or full-wave (100 or 
120 Hz) rectified source. They are not intended for 
use with a-c sources, and will not sustain commercial 
a-c line voltages (115 V AC). 

.. Two Paroll.l SCR, 
Dwg. No. A~11,092 

UTN·2886B 

Dwg. No. A-ll,093 

UTN·2888A 

3-70 



UTN.2886B AND UTN·2888A 
MONOLITHIC SCI ARRAYS 

ABSOLUTE MAXIMUM RATINGS 
for anyone iodi.vldual SGR* 

ALLOWABLE AVERAGE POWER DfSSIPATION 
AS A FUNCTION OF AMBIENT TEMPERATURE 

Forward Blocking Voltage (Input Open), V /oJ<. •• / ••••••• 35 V 
Reverse Blocking Voltage,VKA •••••••••••••••••• 300 mV 
Continuous Forward Current, IA ................. 800 rnA 
Peak Forward Surge Current, IA ................... 2.0 A 
Gate Input Power, PIN : ....................... 10 mW 
Peak Gate input Pow~r~ PIN ....... ,c .•••.•... : .. 50 .mW 
Gate Input Current, liN •........................ 50 inA 
Reverse Gate Input Voltage, VIN .... : .' ............ 5.0 V 
Total Package Power Dissipation, Po .. :., ••.... See -Grapll 
Operating Temperature Range, TA •....... -200e to +85°C, 
Storage Temperature Range, Ts ........ -55°C to +150°0 

O~--~~~~~--L---'l~OO'---~--~ 

AMBIENT TEMPERATURE IN °c 

i"·J.~~tPI~IC1LCHARACT,ERI$TlC,$lor anfoneindividual. SCR: .. ~ "- ' '~ '~. 
,'0.. '.0 • ,'. Test. . • ..•.. . lfnlits 

Characteristic' . '.. . SymbOl' I'" Tempi' Test Conditions Min. Max. 
Forward Blocking Current IA ' II"; +70°C VAK - 35 V, VIN - 100 mV 50 

Dwg. No. A-ll.090 

Units I' 
ILA 

I ua!~-to-ArtO(leJ' 1 '., .' 
Leakage CprJent. ; • tiN ':+70°C VAK = 0 V,:VIN = .. 5 .. 0.V . ~ '-'"- 250 ~A' 

,.' Ifol}'tarqo~.V~~tage vAKlON). +Z.!l"G I, - zt5'I!JA,V/N ,-<25 'I .1.2 V;~ 
';' ,. ..•• ~; ... " ••. ' " ..... ;. .+S5.~C. IA = 27SmA~ Vlli'~ 2.SV~ ;. ="-;',1.15 iV.;! 

_§ate Tngger Ourrent . IIN(ONP' .... +2SoC V". - 7.0 V; VIN ~ .. 2;S VI Kt.==.;5OO "'."",,:; ,300 ~A. 
Gate Trigger Voltage VINIONI +2Soo V AK - 1.7 V, !.t - 20 ILS, Rl - son .' '" 2,5· J.. ~'V..::... 

AnOde U~~ vOltage VAK(DfF) +S5°C VIN - 5.0 V, Rl - son 400 mV 

"IA• liN. and IKtest conditions and limits for the paralleled SCRs at pin 8-9 or pin 1-16 of the UlN-2886B are.twice the value shown . . 
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UIN-2886B ,AND UTN .. 28,88A 
MONOLITHICS€R ,AlWtn 

Dwg: No. A-ll.09l 

TYPICAL LAMP APPliCATiON 

-t I-~t" 20 ~s 

I 

D 
I 
I 
I 

f'L 
Dwg. No. A-ll,089 

TYPICAL WAVEFORMS 

APPLICATION NOTES 

1. These devices normally operate from an unfil.~ 
tered half-wave or full-wave rectified source. They' 
cannot be operated with a bidirectional (unrectified) 
a-c source. 

2; During operation, the SCR is turned ON by 
application of a positive voltage to the input. The 
SCR'Will remain ON, evell though the input voltage 
is removed or made slightly negative, until the 
anode-to-cathode voltage is reduced to below', the 
anode OFF voltage. ' 

3~ ~When using multiple SCRs and a common sup" 
ply, gate-to-anode leakage currents can hold Ahe 

3-72 

. supply voltage abovecthe'li!lode ()~voltage and 
preven.t proper tum-OFF: Toinsilre proper opera
tion,resistor R should be used as shown in the tYPical 
application. The maximum resistor value ,is deter
mined from: 

; VAK10m 
R = " --:-:-'-7--

(n-1) IGA 

4O(tmV 

. (n4) 250.fiA' 

wh~re n is the number of SCRslleini used in the 
system, Note that n =2 for pip 8-9. and pin 1-16 of 
the U1N-2886U,. ,. .' 

4, Vario~s combinationsof~number9f{~uts 
conducting, duty cycle, and amb~ellt tepiperature 
piust be held within the allowable package power 
dissipation limits shown. ' 



UDN.293$Z AND UDtf.l2950Z 
BIPOlARHALF·BRrDGEMOTOR DRIVERS 

UDN"2935Z AND UDN';'29$OZ 
BIPOLAR HALF-BRIDGE MOTOR DRIVERS 

FEATURES 
• 3.5 A Peak Output 
• 37 V Min. Output Breakdown 
• Output Transient Protection 
• T ri~State Outputs 
• TIl, CMOS, PMOS, NMOS Compatible Inputs 
• Internal Thermal Shutdown 
• High-Speed Chopper (to roo kHz) 
• UDN-2935Z Replaces SG3635P 
• UDN-2950Z Replaces UDN-2949Z, SN75605 
• 10-220 Style Packages 

BOTH Type UDN-2935Z and UDN-2950Z 
. integrated cin:uits are designed for servo
motor applications using pulse-width modulation. 
The~e two high-current, monoIitbichalf-bridge 
mot~r drivers combine a sink-an~-source drivel' 
with diode transient protection, inputgairt, leyel 
shifting, logic stages, a,~d a voltage tegulator for sin
gle-supplyoperation. 

The UDN-2935Z output goes high with an active 
low input at pin 2; it is especially deSirable in NMOS· 
microprocessor applications. The UDN-2950Z o~t., 
put goes high with an active high il,lput atpin 2; its 
inputs ca,n be deQ together for sin~e''Yire control. 
The input circuitry of both devices· is compatible 
with TTL and low"voltage CMOS, PMOS, and 
NMOS logic. Both ICs have logic lockout (tri-state 
output) that prevents source anQ sink drivers from 

.turning ON simultaneously. 

In typical applications, the chopper-drive mode is 
characterized by low power-dissipation levels, low 
saturation voltages~ andsqortchopper-storage 
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.UDN·2935Z UDN·29S0Z 

tinwsfor thes:inkdrivers; The motor drivers can be 
used in pairs for full-bridge operation, or as triplets 
in:tqree:-phasebrushless d-c motor-drive applica-
tio'ns.TIn:y can l:\lsobe teamed with the Sprague 
Electric UCN-4202A stepper motor translatorl 

. driver. for. bipolar d-c stepper motor control 

T6e motor. drivers' single-chip construction and 
power-tab TO-220 package enable cost-effective 
and reliable system designs supported by excellent 

. ppwer-dissipation ratings, minimum size; and ease 
·ofinstallation, !Jecause the package's heat tab is at 

gr?und p()tential, sey~ral devices can share a com
mon heal: .sink withouti~sulating hardware. 
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UDN-293SZ AND UDN~2950Z 
8JPOLAI HALfijBRIDGE,MO,IOR'DRfYIRS 

ABSOLUJE MAXIMUM RAJINGS 
Supply Voltag~ Range, ,Vs .............. , ',' .....•........•.. , ... 8.0 V to 35 V 
Output Voltage Range; VOUT .......... ; .. : .: .............. - 2:0 Vto Vs + 2.0 V 
InputVoltage~pnge, VI/<" "" "., .••. :,' ",' •••.......... -O)Vto +7.0V 
Peak Output Current (l'OOms, 10% d-cl,(op .. ': . . . . . . . . . . . . . . . . . . . . . . . . .± 3.5 A 
Continuous Output Current, loUT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 2.0 A 
Package Power Dissipation, Po ................................... See Graph 
Operating Temperature Range, TA ... : . . . . . . . . . . . . . . . . . . . . . .. - 20°C to + 85°C 
Storage Temperature Range, 1s . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 55°C to + 85°C 

Low 
Low 
High 
High 

>ALLOWABLE POWER DISSIPATION 
AS A FUNCTl9N OF AMBIENT TEMPERATURE 

" 

IRUTH TABLE 
Output, Pin 4 

UDN-2935Z UDN-2950Z ' 

Low 
High 
Low 
High 
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High 
High 
Low 

High Z 

Low 
High Z 
High 
High 



ueN4935Z AND UDN4950J 
BIPOLARHALF .... RIDGEMOTOR DRIVERS 

. FUNCTIONAL BLOCK ,.DIA,G;IIAMS 

, UDN-2935Z 

SOURCE 
INPUT (2}-..,--Io~+4--t-:"~.·· 

SINK ~*--+-i ,INPUT ~ 

Owg.NO. ~-12.1l3 

UDN-2950Z 

Dwg.No. A-12.112 
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UDN .. 29asz AND UDN..,29SOZ 
BIPOLAR HALF~BRtDGEtMOTOR DRIVERS 

ELECTRICAL CHARACTERISTICS at TA = + 25°C, TIAI = + 70°C, Vs = 35 V (unless otherwise noted) 
SOtirceDriverlnput, Pin2' '.' 

Characteristic UDN-2935Z UDN-2950Z 
Output Leakage Current 2.4 V 0.8 V 

2.4 V 0.8 V 
Output Sustaining Voltage 2.4 V 0.8 V 
Output Saturation Voltage 0.8 V 2.4 V 

2.4 V 0.8 V .' 

Output Source Current 0.8 V 2.4 V .... 

Output Sink Current 2.4 V 0.8 V 
Input Open-Circuit Voltage -250 f.lA -250 f.lA 
Input Current - 2.4 V 

2.4V -. 
0.8 V 0.8 V 

Propagation Delay 2.4 V 0.8 V 

0.8 to 2.4 V 2.4 to 0.8 V 
Clamp Diode Forward Voltage NC NC 
Supply Current 0.8 V 2.4 V 

NOTE: Positive (negative) current is defined as going into (coming outo!) the specified device pin. 

TEST FIGURE 1 

o 

Vs 

r 2 ,4V 

0.8 V.J • 

Dwg.No. A-12,117 
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Sink Driver 
Input, Pin 5 

2.4 V 

2.4 V 
0.8 to 2.4 V 

2.4 V 

0.8V 
2.4 V 
0.8 V 

-250f.lA 
2.4 V 

2.4 V 

0.8 V 
0.8 to 2.4 V 

2AV 
NC 
NC 

, 
Limits Output, 

Pin 4 Other Min. Max. 
OV - - -500 

35 V - - 500 
2.0A Fig. 1 35 -

-2.0A - 33 -
i 2.0A - - 2.0 

- - -2.0 -
- - 2.0 -
- - - 7.5 

. NC - - -700 

NC - - 10 

NC - - -1.6 
2.0A - - 750 

2.0A - - 2.0 
2.0A Fig. 2 - 2.2 

NC - - 35 

TEST FIGURE 2 

o 

+V 

Dwg.No. A-12,118 

Units 

f.lA 

f.lA 
V 
V 

V 
A 
A 
V 

f.lA 

f.lA 
mA 
ns 

f.ls 
V 

mA 



UDN.;293SZ AND UDN;.29501 
BIPOLAR HAtF~BRlDGE:MOTOR DRIVERS 

It should be note~tb.at an additiop.~:p(),w:eJ;:dissipa#on_\;omponent may 
arise from crossover currents flowing from supply to ground when current 
direction through the load is reversed, This is due to d~fferences in the 
switching speeds between the source and sink dri\!eI:s .. Although the inter
nallogic lockout protects'th~se devices:froni.,catastrophic;failure, the 
crossover po~er cowponent If,lln cause device'?l'eration at s~bstantially 
higher junttiQJ1 templrratures; 'i'f" .. 

If timing cpnditioJs are igIfi>red, th~ magliit~de~f this power can be: 
apptoximatedas: ~w",·.· . 'r • 

.. .. p!, = V~ x Ie X t 
where Vs = supply voltage 

I~ = crossover current (= 3 .5A max.)' 
t """crossovercurre'flt duratiQri ("'" 11:1!~').;., . 
f = frequency of direction change -:.- ,~..'" . ". . 

In some ~pplications (high switching sp~eds:O::high package.power dis- • 
sipation),.ids r~ommended that the inputs bedclvenseparate!yiand that 
the sink driver not .be turned ON for at least2,,,,,s (maximtim.~ource t pD) 

after the source driver input . is tumed-()FF: Tbesi.nk drive~ should be 
turned OFF at least 750 ns (maximum sjnk (PD) before the source driver is 
turned ON. 

RECOMMENDED TIMING CONDITIONS 
(UDN.2950Z shown) 

!--------![:; 
11->750 ns 

Dwg.No. A-12.U9 
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UDN-29SSl AND UDN-2950Z 
BIPOLAR HAlF;8R1DGE MOTOR DRIVERS 

TYPICAL APPLICATIONS 

3-PHASE BRUSH lESS D~C MOTOR DRIVE 

7400 

::;. ~ Bl :=J , 
SENSE , 

~ '-' 

-0 
...cD rm UGN-3030r i 

SENSE 
2 

I 

~~ UGN-3030T ;-
SENSE 

~£t 3 

?~~ 
7402 

SINGLE-WINDING D-C 
OR STEPPER MOTOR DRIVE 

UDN-2950Z 

+28V 

DIRECTION 0----"---' 
Dwg.No. A-12,114 

CJ ~ 
[' 

CJ~ 

e 
.~ ~ 
~ ,. 

~ ~ 

+14V 

...,.,. '5V 

.. 

+,5 V 
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UON - 2950Z UON-2950Z UON -2950Z 

.. ~ 0 ~ ~ 0 ~ ~ 0 [ 
.' 

~ I~ ~ ~~L 
lJ n,r lJ 

VS 

LA 
C 

PHASE 
A . PHASE B 

Owg. No. 8·1523 

FULL-BRIDGE D-C 
SERVO MOTOR DRIVE 

UDN-2935Z UDN-2950Z 

I Z 3 4 5 

+30V o-~~-+-+----l 

DIRECTION o--O---J.-J.------' 

SPEED 0-_-'---..... --------' 
(PWM) 

Dwg.No. A-12,1l5 
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UDN-2949Z 
HIGH·CURRENT BIPOLAR HALF-BRIDGE MOTOR DRIVER 

UDN-2949Z HIGH-CURRENTSIPOLAR 
HALF-BRIDGE MOTOR DRIVER 

FEATURES 

• 3.5 A Peak Output 
• 30 V Output Breakdown 
• Output Transient Suppression 
• TIL, CMOS, PMOS, NMOS Compatible Inputs 
• High-Speed Chopper (to 100 kHz) 
• Low Standby Current (10 rnA) 
• TO-220 Style Package 

THE UDN-2949Z is a monolithic half-bridge 
motor driver supplied in a power-tab TO·220 

style package. The circuit combines sink and 
source drivers with diode protection, gain and 
level shifting systems, and a voltage regulator 
for single-supply operation. The unit is specif
ically designed for servomotor drive applications 
using pulse-width modulation (chopping). 

The chopper drive mode is characterized by a 
minimum power dissipation requirement, low 
saturation voltages, and low chopper storage 
times for the NPN sink driver.·Predriver stages 
reduce input drive requirements while allowing 
the output to switch currents of 2 amperes. 

The PNP sourcing driver is turned ON by an 
active high inpvtwhile the NPN sinking driver is 
activated with a ·low input. These inputs are 
completely compatible with TTL, low-voltage 

. CMOS, PMOS, and NMOS. 

The UDN-2949Z may be used in pairs (fullc 
bridge) for doc stepper motor or brushless a-c 
motor drive applications. Such applications may 
require . an external ground clamp diode 
(lN4000) connected at the output of each device 
in order to minimize package power dissipation. 
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DWG. NO. A-ll,l77 

Single-chip construction arid the power-tab 
TO-220style package provide improved cost ef
fectiveness and reliability over discrete compo
nent motor drive systems with excellent power 
dissipation capability, minimum size, .easeof in
stallation, and heat sinking. 

The package heat tab is at ground potential. 
Multiple devices may share a common heat sink 
without insulating hardware. 

The UDN-2949Z Dower driver maybe used in 
stepper-motor bipolarbridgecdriver circuits, for 
example, with th¢ Sprague UCN·4Z02A Stepper 
Motor Translator/Driver. 

D 



UDtMfAU 
HIGH·(!UlliNT BIPO.LARHALF~BRIDGI MOTOR DRIVER 

.SuppJYN~It~ge Range, V~; .~ ..• , ... '.' '.' .. ,. 15 Vto 3QV ... 
InpufVoitageRange, VIN .' ....•.. : ... -0.3Vto +7.0V 
Peak Output Current (100 ms, 10% d.c.), lop •••.• :±; 3.5 A 
Continuous Output Current, loUT • • • • • • . • • . • • .• :±; 2.0 A 
Package Power Dissipation, Po ............. See Gr!lph 
Operating Temperature Range, TA . . . .. ~ 20°C to + 85°C 
Storage Temperature Range, Ts ..... - 55°C to + 150°C 

LOGIC TRUtH TABLE 

Source Driver Sink Driver Output, 
Input, V2 lriput, Vs V4 

low 'low low 
~ow Higb Open 
High High High, 
High low Disallowed 

UECTRICAL CHARACTERI$TlQIlf TA- 25°C, Vs - 24 V (,nl .... th.rwi •• noted). 
" 

Test Conditions 
Source DriYll' Sink Driver Output 

Charaeteristic ~' Input" Pin 2 , Input, Pin 5 Pin 4 . Other Min. 
Output leakage Current .' . ' •. 0.8 V 2.4 V . O.V Vs '"' 28V -

UV " 2.4 V ,28 V \lS-28V "" 

'Output Sustaining Voltage Q.8 V 0.8 to. 2.4 V 2:0 A Test Fig; 1 30 
Output Saturation Voltale" 2.4 V 2.4 V -2.0 A 22 

0.8 V 0.8 V 2.0 A , 

Output Source Current 2.4 V 2.4V - ....;2.0 
Output Sink Current ,:,-, ,' .•.. , { 

0.8 V O.BV - 2.0 
hiputOpen:.circuit Voltage "':250 ,.,A -250 pA - -
I nput Current 2.4 V 2.4V NC 

, -
0.8 V 0.8 V fie. 

, 

Propagation Delay 0.8 V 0.8 to 2.4 V NC 
0.8 to 2.4 V 2.4 V NC -

Clamp Diode Forward Voltage NC NC 2.0 A Test Fill. 2 -
Supply Current NC NC NC ..,. 

" " Note: Posilive (negative) current IS, defined as gomglnto (commg out o~ the speCified device pm, : 

" 

limits 
Max. 'Units 

-500 uA 
500 ,.,A 

- V 
- V 

' '2.0 'L V 
- A 

, 

-,," A 
i.s V 

-700 " "j,! 
, .,5J[ , inA 

750 ns 

5.iL .J.IS. 

n -'1. 
35 rnA 



lout__... 

'--~.-Jl .... o..fI,-f"Y3 .Y"S m'-'" 

, r~ .. 4V 

0.8,...J 

OUG. N(). A-l1.17S' 

TEST FIGURE, 

UDN~2949Z 

HIGH~CURRENT BIPOLAR HALF· BRIDGE MOTORORIVER 

+V 

1 2 3 • 5 

DWG. NO. A-ll.179-

TEST FIGURE 2 

'APPLICATION' NOTES 

1. The source and sink outputs should not 
be ON simultaneously (V2 High, VsEow). High 
"crossover" currents could degrade or destroy 
the device. 

2. Do not assume from the Logic Truth 
Table that both inputs can be connected(V4 
High or Low only). The sink driver is con· 
siderably faster than the source driver. An input 
shift from hi~·to·low levels could produce ,a 
condition where b'oth ddve~sare ON,and that 
condition could occur for as long as 5 ,.,s. 

3. It is recommended that the inputs be 
driven separately, and that the sink driver input 

notbepulledJow (turned ON) for at least 5 JAS 
.(max.sourcetpD) after the source driver input is 
pulled low (turned OFF). The sink driver should 
be allowed to go high (turned OFF) at least 750 
ns (max. sink tpD) before the source driver goes 
high (turned ON). 

SINK 
INPUT; Vs 

~ 5 ~s I- --I 1---750 ns 

L ___ J 
OWG.NO. A-ll.24Z 

TIming Condition. 

~I l r->750n5 

OWG.NO. A-U.241 
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UDN102949Z 
HICiH·CURltENl BIPOLAR HALF. BRIDGE MOTOR DRIVER 

0 

~ 

5 

.. -

PACKAGE POWER DISSIPATION 
AS A FUNCTION OF TEMPERATURE 

I I 
3°C!N HEAT SINK 

" .... 
r--...... 
~ JO°C/ly 

~~~ -.. 
30'CM 

HEAT SINK ---

' ..... 

~ .... ~ 

~-

0 30 40 50 60 70 s.o 
AMBIENT TEMPERATURE, TA' IN 'C 

DI'G. NO. A-ILIS3 

SINGLE·WINDING D·C OR STEPPER MOTOR FULL·BRIDGE D·C SERVO. MOTOR APPLICATION 

1 2 3 4 

+Z8V 
+ 24 V o--~-+--_+--f----=-------1 

C W 0--_-----' 

ccw~--________ ~ 
D I R ECT ION o-----.4-f:_-4-.+--------I.--l';,.....l 

Dwg. No. A-ll,18IA 
SP E ED o-------=-----____________ ~ __ 

(PWM) DWG. NO. A-ll,182 



UDN-2952B AND UDN-2952W 
FULL-BRIDGE'MOTOR DRIVERS 

UDN-2952B AND UDN-2952W 
FULL-BRIDGE MOTOR DRIVERS 

FEATURES 

• High Output Current 
• Adjustable Short-Circuit Protection 
• Thermal Protection 
• Internal Clamp Diodes 
• TTl, DTL, PMOS, CMOS Compatible 
• DIP or SIP Packaging 

PULL-BRIDGE MOTOR-DRIVER integrated 
, circuits, Types UDN-2952B,and UDN-2952W 

combine low-level logic circuitry and Darlington 
output power drivers for bidirectional control ofd-c ' 
motors or solenoids operating with continuous load 
currents of up to2Aand peak start-up currents as ' 
high as 35A. 

For applications requiring load currents of.I:Aior 
less (2A peak),the eco~omlcal Type UDN~2952B~i 

'and UDN-2952\Y, .. 2 ar~ recommended. The lowe!;" 

o o 

~'~- ~>'¥.. 
VI 0 > 

UDN·2952W 
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SUB 

SUB 

VA 

OWg.No. A-ll.368B 

UDN·2952B 

"costdevic,es are identical to the'basic parts;excepF 
"for the maximum allowable load-,current rating. 

These monolithic integrated circuiishave exten-
. ~ive<cir~uitpr6teciion. Bo~b drivers hClvethermai 
shutdown networks that disable motor drive if the 
package power dissipati~n ratings are exceeded. In
ternal diode transient suppressiun is, proVided on· 
chip., Output-current limiting is determilledby the 

" I!ser's selection of a sensing resistor. 

The Type UDN-2952B, full-bridge power driver is 
supplied in a 16~pindual in-line plasiicpllckage with 
coppert\eat-~ink contact tabs. The lead configura
tion eI!ables easy attachment ofaheat'sink~hile 
fitting a standan,l integrated circuit socket or printed 
wirirlg:board layout. Type UDN.2952W, for higher 
.poWe{.ieqtlirements, is in a 12'pin single in-line' 
,.pow~ t~b packa~e; The tab is. ~~ gr!lynd Potential 
,'and needs no insulation. For output currents above 
700 mAat normal ambient temper4tl1res,both driv-
~r~ require an external ~e~f sjnk: . . ' " , 

D 



UDN·2952B AND UDN·2952W 
FULL·BRIDGE MOTOR DRIVERS 

ABSOLUTE MAXIMUM RATINGS 
at TTAB = + 70°C 

Motor Supply Voltage Range, VBB ••••••••••••• 4.5 V to 40V 
Logic Supply Voltage Range, Voo .............. 4.5V to 15V ENABLE 

TRUTH TABLE 

PHASE Vss Voo OUT! 
Substrate Voltage Range, VSUB ............ " OV to - 20V 
Logic Input Voltage, VPHASE or VENABLE' . . . . . . . . . . . . . . .. 30V 
Output Current, lOUT (UDN-2952B and UDN-2952W) . . .. ± 3.5A 

High X X X Open 
Low High <0.8V >4.5V High 
Low Low <0.8V >4.5V Low 

(UDN-2952B-2 and UDN-2952W-2) ... ± 2A 
Package Power Dissipation, Po ................ See Graphs 
Operating Temperature Range, TA . . . . . . .. - 20°C to + 85°C 
Storage Temperature Range, Ts ......... - 55°C to + 150°C 

X X >0.9V >4.5V Open 
X X X OV Open 

X = Irrelevant. 

ELEaRICAL CHARACTERISTICS at TA = + 25°C, VBB = 40V, VDD = 5V, TTAB ::s + 70°C, 
Figure 1 (unless otherwise noted) 

Limits 

Characteristic Test Cond itions Min. Typ. Max. 

Output Drivers (OUT, or OUT,) 

Output Leakage Current IcEX VENABLE = 5V, VOUT = VBB, Note 1 - - 500 

VENABLE = 5V, VOUT = OV, Note 1 - - -500 
Output Saturation Voltage VCE(SATI VENABLE = OV, lOUT = lA, Notes 1 and 2 - l.2 l.5 

VENABLE = OV, lOUT = 2A, Notes 1 and 3 - l.5 2.0 
Output Sustaining Voltage VCE(SUSI louT = lA, Figure 2, Notes I and 2 40 - -

louT = 2A, Figure 2, Notes 1 and 3 40 - -
Motor Supply Current IBB(ONI VENABLE = 0.8 V, Outputs Open, Note 1 - 15 30 

IBB(Offl VENABLE = 2.4 V, Outputs Open, Note I - 3.0 5.0 
Clamp Diode Forward Voltage Vf If = lA, Note 2 - l.0 l.5 

If = 2A, Note 3 - l.8 2.2 

Control Logic (PHASE or ENABLE) 

Logic Open-Circuit Voltage VIN IpHASE or IENABLE = - 250 /-LA - - 7.5 
Logic Input Current IINIlI VPHASE or VENABLE = 2.4 V - -50 -100 

IIN(OI VPHASE or VENABLE = 0.8V - -l.0 -1.6 
Logic Input Voltage VINIlI 2.4 - -

VINIOI - - 0.8 
Logic Supply Current 100 - 15 30 
Sense Trigger Voltage Vss VENABLE = 0.8 V - 850 -
Turn-On Delay Time t,dO Source Drivers - 1.0 -

Sink Drivers - 0.5 -
Turn-Off Delay Time t,d! Source Drivers - 2.0 -

Si nk Drivers - l.0 -
Thermal Shutdown T) - 175 -

NOTES: 1. Test IS performed With VPHASE = a.BV and then repeated for VPHASE = 2.4 V. 
2. Output measurement at 1 A are applicable to the UDN-2952B, UDN-2952B-2, UDN-2952W, and UDN-2952W-2. 
3. Output measurements at 2A are applicable only to the UDN-2952B and UDN-2952W. 
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ALLOWABLE AVERAGE PACKAGE POWER DISSIPATION 
AS A FUNCTION OF TEMPERATURE 
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UDN·2952B' AND UDN·2952W 
FULL·BRIDGE: MOTOR DRIVERS 

PHASE 

ENABLE 

PHASE 

TEST FIGURES 

VBB=40V 

Vss=OV 

O=UDN-2952B 

D=uDN-2952w 

FIGURE 1 

VBB=40V 

O=UDN-2952B 

D=UDN-2952W 

FIGURE 2 
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L This is not a bipolar chopper application. 
2. Resistor Rs sets the maximum allowable output current for protection against crossoyer currents 

and short circuits. Rs = O.6/1uMrr• 
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UDN·29528 AND UDN·2952W 
fIJU~BRIDGE. MOTOR DRIVERS 

TYPICAL APPLICATIONS (Continued) 

FULL·BRIDGED·C SERVO MOTOR APPLICATION 

r-~--------------~-OVBB=36V 

~-----t--<> VOO = 5 V 
r-e:~----+---o 01 R EeTI ON 

t....t!1J---+--+--o() SPEE 0 (PWM) 

Dwg.No. A-ll,984 

DIRECTIOJ 

J 1->5/.15 

SPEED (PWM) 

lOUT 

I It<ZA ... 

~ 
DW9. No. A-II,983 
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UDN-29S6A AND UDN-29S7A 
HIGH-VOLTAGE. HIGH.CURRENT SOURCE,DRIVERS 

UDN-2956A AND UDN;'2957A 
HIGH-VOLTAGE, 'HIGH-CURRENT SOURCE DRIVERS 

COMPRISED of fivecoritmon collector NPN 
, "Dar1mgtpn output stages, the associated com

Won bas'e, PNP input stages, and a common, "ena
ble" stage,' the UDN-2956A and UPN-2957A 
high-voltage, high-current source drivers are used to 

, switch the ground end' of loads which are directly 
connected to a negative supply. Typical loads in
clude telep~onf: relays, PIN diodes, and LEDs., aoth 
devices will sustain output OFF voltages of ~80 V 
and will source currents to - 500 rnA per driver. 
Under normal operating conditions, these units will 

. sustal.h~oad currents of - 200 rnA on each of the five 
drivers siinultaneously at ambient temperatures up to 
+70"C .. 

The UDN ~2956A ,driver is intended for us,e, with' 
MOS'(PMOS Or CMOS) logic input levels OPerating 
with supply voltages from 6 V to 16 V. The UDN- . TO.116 (MO-OOIAA).,Hermetically-sealed ver-
2957 A driver has appropriate input current limiting sions of these devices (with reduced package power 
resistors foroperatiori from TTL, SchottkyITL, diSsipatiOn c,apability) are available. 
DTL, and 5 V CMOS. With either device,tpe input 
and enable tevels Ifiustboth be biased toward,s the 
positive supply to activate the output load; 

. Integral transient suppression diodes allowtliese 
devices to be usedwlth inductive loads without the 
need for discrete diodes, In order to maintain isola
tion between.9t1yeI'l!, the substrate ~houl<Fbe con~, 
neeted to the most negative supply Iipplied. 

Input connections are on one side of the dual 
in-line package, output connections on the other side 
to simplify pnntedwiffug board layout. 

Th~ UDN-2956Aand UDN-2957A,high~v:oltage, 
high-current drivers are supplied in 14-lead dual 
in~l~nepackages' conforming to,. JEDECoutlille 

,ABSOLUTE MAXIMUM RATINGS at 25°C 
Free-Air Temperature (reference pin 7) 

Supply V(}ltage; VEE .. ~ ~: ......... : ....... , .. ~&9V 
Input Voltage, VJN (U{)N-2956A) ................. + 20 V 

(U{)N~2957A) .' ......•......... +lOV 
Output Current,; lour .. ; .................... -stlO inA' 
Power Dissipation, PD (any one driver) ......... :1,. ,. urw 

(total pa~kage) ........... ; Z;llW~ 
Operating Temperature Range,.TA •• ' ••••• ~20°Cto + 85,oC, 
Storage Temperature·Range, Ts . :.: .. , . '-55°C to +150°C ,. 

',Derli~· at the rate of r6.6r~wrc :boge 25'C: 
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UDN.2956A AND UDN·2957A 
HIGH-YOltAGEl' HIGH-CURRENT SOURCE DRIVERS 

ELECTRICAL CHARACTERISTICS at TA = + 25°C, VEIABlE = VII (unless otherwise specified) 
Applicable 

Characteristic Symbol Devices Test Conditions limit 

Output Leakage Current 1CEJ( UDN-2.956A VIN = VENABLE = 0.4 V, Vour = -80 V, TA. = "lO"C -200/LA Max. 
VIN = MV, VENABLE' = 15'V, Your = -'SO'V,'TA= +70·C -200/LA Max. 

t : 
..•. ; .: Viii = IHo VENABlE = 0.4 V,. Vour = -SO V,TA;;, + WC ,.-200~ Max . 

UDN-2957A VIN - VENABLE - 0.4 V, Vour = -SO V, TA = +70·C "':200/LA Max. 
VIN = 0.4 V, VENABLE = 3.S5 V, VOUI = -SO V, T, = + 70ce -200/LA Max. 
VIN = 3.S5 V, VENABLE. = 0.4 V, Vour = -SO V, J, = 70·C -200 ILA Max. 

Collector-Emitter .. ' ;'VCEISAO .'. UDN-2956A VIN = 6.0 V, lour = -100 rnA ~ 1.20 V Max . 
Saturation Voltage VIN = 7.0 V, loul = -175 rnA -1.35 V Max. 

',. VIN = 10 V, lour = -350 mA -170V Max. 
UDN-2957A VIN - 2.4 V, loul - -100 rnA '- 1.20 V Max. 

VIN = 2.7 V, lour = -175 lilA - 1.35 V Max. 
VIN = 3.9 V, lour =-350 mA - .l.l0V Max. 

Input Current IIHiIl"1 UDN-2956A V~ = 6.0 V, VOUI = -2.0 V ... 650 /LA Max. 

VIN = 15 V, VOU! = -2.0 V 1.8'5 mA Max. 

) 
UDN-2957A VIN = 2.4 V, Voui = -2.0 V 675/LAMax. 

'. .•.. VIN = 3.S5 V, VOUI = -2.0 V . 1.40.mA Max. 

IINlorn ALL lour = -500/LA, TA = +70ce 50/LA Min. 

Output Source Current lour UDN-2956A V~ = 5.0.V, VOUI = -2.0 V :-125 mA Min. 
VIN = 6.0 V, VOUl = -2.0 V -200.mA Min. 
VIN = 7.0 V, VOUT = -2.0 V ':"250 mA Min . 
VIN = S.O V, Vour = -2.0 V .. ' . ~300 mA Min. 
VIN = 9.0 V, YOUT = -2.0 V -350 mA Mirt. 

UDN-2957A VIN - 2.4 V, VOUI - -2.0Y -125 mA Min. 
VIN = 2.7 V, VOU! = -2.0 V -'200 mA Min. 
VIN = 3.0 V, VOU! = -2.0 V -250 mA Min. 

I VIN = 3.3 V, VOU! == -2.0 V' -300 mA Min. 
I V~ = 3.6 V, VOU! = -2.0V . -350mA Min . 

.. 
Output Sustaining VCEISUSI UDN-29.56A VIN - 0.4 V, lour - -25 mAo 50 V Min. 
Voltage' UDN-?95ZA' VIN ":'0.4 V, lour = -25 mA 50 V Min. 

'. 

ClampOiode I. ALL . VR =: SOV 50/LAMax. 
Leakage Current .; , .. : 

ClarnpDlode VF ALL IF - 350 mA 2.0 V Max. 
FOrNaid Voltage .. . c, 

o. >1 '. .: 
Turn-On Delay tON ALL 0.5 E., to 0.5 E,,; RL = 400 n CI = 25 pF 4.0/LsMax. 
Turn-Off Delay tOFF ALL' 0.5 L, to 0.5 Eo". RL = 400 n CI = 25 pF 10/Ls Mllli. 
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UDN-2956A AND UDN-2957A 
HIGH-VOLTAGE, HIGH-CURRENT SOURCE DRIVERS 

INPUT CURRENT 
AS A FUNCTION OF INPUT VOLTAGE 
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U~N~29S6A AN~ UDN-~951A 
Ht~tt~ ,(gL l"GE':iHI~H-'URRENT : SOU~~;QRIVERS 

ALLOWABLE PEAK OUTPUT CURRENT 
AS A FUNCTION Of . DUTY CYCLE 
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: ,,! 

AS'SOLUJ MAXiMUM ~URRE~T 
..,., 

~ ~ f' ~ 
~ 

f' t:;::~ --r-~ 
NUMBER OF OUTPUTS' ,.1 ~ 

~ r::: CONDUCTI NGSI MULTI\NEOUSLY 

0 
10 20 40 50 60 70 80 90 100 

PER CENT DUTY CYCLE Dwg. No. A-ll,062 

>-
i!5 
il§ -5001~. --t--I-.... ~:T-'lollioIiiralOloof'-"'iiIi==-+-I""'t--i a 
~~ -400Ir-~---r--+-~~~~~~r-~~~~ 
~"" 
~ ~ -~~Ir-~---r~+-~~-r~~~~r-~~~~ « .« 
~ E 
~ ::': -200 
<0 
<[ 

~ -IOOlt--t---t---;--;---t----t---Ir--r--t-___ 

..: 

10 20 
PER CENT DUTY CYCLE D"9, "0. A-II:06] 

ONE OF FIVE DRIVERS 
-.' r - - - -.,----, 

I INPUT 1 

R ~ 10 .5kn..for UDN-2956A I : 
R = 2.5 In.. for UD Nc2957 A I 

1 , R 

ENABLE@--.Nv--:-.""'fJ'It--t 

GROUND 1)-----------+-----;--:--'r-~:---'f'"-'-----:--,---... 

··1 
1 ., 

SUBSTRATE 8)-----------t'"------'-----..... -----------r------.. L __________ ..J 
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Dwg.No. A-JO.241D 
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UDN-297SW AND UDN-2976W 
DUAL 4 A SOLENOID DRIVERS 

UDN-297SW AND UDN-2976W 
DUAL 4A SOLENOID DRIVERS 

FEATURES 

• 5 A Peak Output 
• nUPMOS/CMOS Compatible Inputs 
• Low Input Current 
• Output Voltage to 60 V 
• Single-Ended or Split Supply 
• Adjustable Short-Circuit Protection 
• Internal Clamp Diodes 
• Plastic SIP With Heat-Sink Tab 

CURRENT CONTROL for operation of a pair of 
print solenoids is provided by both Type UDN-

2975W and UDN-2976W. Each IC's dual driver sec
tions operate directly from the printer control line. 
The two devices differ only in output-voltage rat
ings. They can be used at currents of up to 4 A. 

Type UDN-2975W is rated at 50V. Type UDN-
2976W is rated at 60 V or ± 30 V. Inputs are compat
ible with most TTL, DTL, LSTTL, and 5 V to 
15 V CMOS and PMOS logic. 

Current is controlled by a current-sensing latch 
method that uses only one external sensing resistor 
for each driver. The load current is compared with 
the reference voltage and, at the level fixed by the 
system designer (V REFIlO = ILOAD x RSENsE), a latch 
is set, shutting OFF one of the output transistors. 
The internal flyback diode then maintains the flux 
without further input from the power supply, result
ing in maximum efficiency. The latch is reset by pull
ing the input high. 

For the maximum in power-handling capability, 
the integrated circuits are ;mpplied in 12-pin single 
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in-line power tab packages. For proper operation, 
an external heat sink is required. The tab is at VEE 
potential and must be insulated from ground when 
Type UDN -2976W is used with a split supply. 

ABSOLUTE MAXIMUM RATINGS 
at TTAB = + 700 ( 

Supply Voltage, Vee (Ref. VEE, UDN-2975W) . . . . . . . . . . .. 50 V 
(Ref. VEE, UDN-2976W). . . . . . . . . . .. 60 V 

VEE (Ref. GND, UDN-2975W) . . . . . . . . . . .. 0 V 
(Ref. GND, UDN-2976W) . . . . . . . .. - 30 V 

Peak Output Current, louT' . . . . . . . . . . . . . . . . . . . . . . .. 5 A 
Input Voltage, V,N • . . . . . . . . . . . . . . . . . . . . . • • . . • • •. 7 V 
Reference Voltage, VR" • • • • • • • • • • • • • • • • • • • • • • • • •• 5 V 
Package Power Dissipation, Po ................ See Graph 
Operating Temperature Range, TA • • • • • • •• - 20°C to + 85°C 
Storage Temperature Range, Ts ......... - 55°C to + 150°C 
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UDN·2975W AND UDN·2976W 
DUAL 4 A SOLENOID DRIVERS 

FUNCTIONAL BLOCK DIAGRAM 
(ONE OF TWO DRIVERS) 

Vee 
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"--+--.--0 - ) LOAD 
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, ..... _---,-t--o -, 

ALLOWABLE AVERAGE PACKAGE POWER DISSIPATION 
AS A FUNCTION OF TEMPERATURE 
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~ SENSE RESISTOR 
~ (TYPICALLY 0.1 S2) 

VEE_.J 

Owg, No. A-12,106A 

To maintain isolation between integrated circuit 
components and to provide for normal transistor op
eration, the substrate (pin 1) must be connected to 
the most negative point in the external circuit. 

TRUTH TABLE 
Source Sink 

VIN VS'NSE Driver Driver Function 

High NA Off Off Off 
Low <VREF/IO On On On 
Low >VREF/IO Off On Flyback 



UDN-2975W AND UDN-2976W 
DUAL 4 A SOLENO.ID DRIVERS 

mORI(AL (HARAOERISTI(S at TA = + 25°(, T'AB:5 + 70°(, Vee = 45 V (UDN-2975W) or 55V (UDN-2976W), 
VH = VSENSE = 0 V (unless otherwise noted) 

Characteristic Test Conditions 

Output Drivers 

Output Leakage Current IcEX UDN-2975W VIN = 2.4 V, Vcc = 50 V, VSOURCE = 0 V - 100 IJA 
VIN = 2.4 V, VSINK = VCC = 50 V - 100 (-LA 

UDN-2976W VIN = 2.4 V, VCC = 60 V, VSOURCE == 0 V - 100 (-LA 

VIN = 2.4 V, VSINK = Vcc = 60 V - 100 IJA 
Output Saturation Voltage VCE(SAn 

, 
Both Source Drivers, ILOAO = 4 A - 3.5 V 

Sink Drivers, ILOAO = 4 A - 2.5 V 

Output Sustaining Voltage VCE(su.) UDN-2975W ILOAO = 4A, L = 3.5 mH 50 - V 
(Source drivers only) UDN-2976W ILOAO = 4 A, t = 3.5 mH 60 - I V 

Clamp Diode Forward Voltage V, Both I, = 4A - 2.0 V 

Output Rise Time t, Both ILOAC = 4 A, 10% to 90%,Resistive Load .. - 2.0 (-Ls 

Output Fall Time tf .. Both ILOAC = 4 A,90% to 10%, Resistive Load - 2.0 (-LS 

Control Logic 

Logic I n put Voltage VIN(l) Both 2.0 - V 

VIN(O) Both See Notes - 0.5 V 

Logic Input Current IINIl) Both VIN =2.4 V - 20 (-LA 

I(N(o) Both VIN = 0.4 V - -20 (-LA 

IRE'Il) Both VRF., "" 6.0 V - 20 (-LA 

Reference/SenseRatio ; 
- Both V'E' = 2.0 to 5.0 V 9.5 10.5 -

Supply Current Icc Both Outputs Open - 25 rnA 

lEE Both Outputs Open - -20 rnA 

Propagation Delay Time t,d Both 50% Vln to 50% You"~ Resistive Load - 3.0 (-LS 

100% Vsen .. to 50% Vout, Resistive Load - 3.0 (-LS 

Minimum Reset Pulse Width tin Both - l.0 (-Ls 

'Where V~". =; V,EfIlO.5 
NOTES: Negative current is defined as coming out of (sourcing) the specific device pin. 

For improved noise immunity, hysteresis insures VIN(O) of 0.8 V max. after V,N is 0.5 Vor less. 
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SERIES UDN-2980A 
AIGH.VOLfAGE, HIGH~CURRENT SOURCE DRIVERS 

SERIES UDN·2980A 
HIGH.VOLTAGE,HIGH.CURRENT SOURCE DRIVERS 

FEATURES 
• TTl,DTl, PMOS, or. CMOS Compatible Inputs 

• 500 rnA Output Source Current Capability 

• Transient-Protected Outputs 

• Output Breakdown Voltage to 80 V 

R' . ECOMMENDED for applications requiring sep
,. arate logic and load grounds, load supply volt
age to +80 V,and load currents to 500 rnA, Series 
UDN-2980A source drivers are used as interfaces 
between standard low-power digitallogic,and relays. 
solenoids, stepping motors, and LEDs. 

Under normal operating conditions, these devices 
will sustain 120 rnA continuously for each of the 
eight outputs at an ambient temperature of +50°C 
and a supply of + 15 V. All devices in this series 
incorporate input current limiting resistors and out-. 
put transient suppression diodes. 

Type UDN-2981A and UDN-2983A drivers are 
for use with +5 V logic systems - TTL, Schottky 
TTL, DTL, and 5 V CMOS. Type UDN-2982A and 
UDN-2984A drivers are intended for MOS interface' 
(PMOS and CMOS) operating from supply voltages 

of 6 to 16 V.Types UDN-2981A and UDN-2982A 
will sustain a maximum output OFF voltage of 
+ 50 V, while Types UDN-2983A and UDN-2984A 
will sustain an output voltage of +80 V. In all cases, 
the output is switched ON by an active high input 
level. 

Series UDN-2980A high-voltage, high"current 
source drivers are supplied in 18-lead dual in-line 
packages. On special order, hermetically-sealed ver
sionsof these devices (with reduced package power 
dissipation capability) can also be furnished. 

- - -- ._-

ABSOLUTE MAXIMUM RATINGS 
at 25°C F~lIe-Air Temperature 

Output Voltage Range, VeE (UDN-2981A & UDN-2982A) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. + 5 V to + 50 V 
. (UDN-2983A & UDN-2984A) . , , ............ , .... ' . . .. . . . . . . .. + 35 Vta +80V 

Input Voltage, VIN (UDN-2981A & UDN-2983AJ ...................... ,...................... -tIS V 
(UDN-2982A & UDN-2984A) ................... , .. , ...... ,:.............. + 30 V 

Output Current, loUT .......•.... , ........................... ,.................... - 500 rnA 
Power DiSSipation, Po (anyone driver) , ............. , ............. , ........................ 1.1 W 

(total package) .. , ............. , .......... : ... , ..... , , ............ , .. 2.2 W* 
Operating Temperature Range, TA ••••••••••• , •••••••••••• , ••••••••••••••• , ••••• -20°C to +85°C 
Storage Temperature Range, Ts .......................... , ....... , ...... , ..... - 55°C to + 150°C 
'Derate at the rate of 18 mwrc abOve + 25°C. 
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ONE OF EIGHT DRIVERS 

v, 

2993/84 ONLY 

INPUT 3 K 

SERlES UDN-2980A 
HIGH-VOLTAGE, HIGH-CURRENT SOURCE DRIVERS 

POWER DISSIPATION 
AS A FUNCTION OF AMBIENlTEMPERA TURE 
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Dwg. No. A-11,l12A 

ELECTRICAL CHARACTERISTICS at TA = +25°C (unless otherwise specified) 
Applicable Test Limit 

Characteristic Symbol Devices Test Conditions Fig. Min. Typ. Max. Un.its 

Output Leakage Current IcEx UDN-2981!82A VjN = 0.4 V', Vs = 50V, TA = +70°C 1 - - 200 pA 
UDN-2983/84A VIN = 0.4V*, Vs = 80V, TA = +70°C 1 - - 200 p.,A 

Collector-Emitter VIN = 2.4 V, lOUT = -100 rnA 2 - 1.6 1.8 V 
Saturation Voltage VCEISATI All VIN = 2.4 V, lOUT = - 225 rnA 2 - 1.7 1.9 V 

VIN = 2.4 V, loUT = -350 rnA 2 - 1.8 2.0 V 

UDN-2981!83A VIN = 2.4 V 3 - 140 200 p.,A 
Input Current IINIONI VIN = 3.85 V 3 - 310 450 pA 

UDN-2982/84A VIN = 2.4 V 3 - 140 200 p.,A 

VIN - 12 V 3 - 1.25 1.93 rnA 

Output Source Current lOUT UDN-2981!83A VIN = 2.4 V, VCE = 2.0 V 2 -350 - - rnA 
UDN-2982/84A VIN = 2.4 V, VCE = 2.0 V 2 -350 - - rnA 

Supply Current Is UDN-2981!82A VIN = 2.4 V*, Vs = 50 V 4 - - 10 rnA 
(Outputs Open) U DN-2983/84A VIN = 2.4 V*, Vs = 80 V 4 - - 10 rnA 

Clamp Diode IR UDN-2981182A VR = 50 V, VIN = 0.4 V* 5 - -- 50 pA 
Leakage Current UDN-2983/84A VR = 80 V, VIN = 0.4 V* 5 - - 50 pA 

Clamp. Diode VF All IF = 350 rnA 6 - 1.5 2.0 V 
Forwa rd Voltage 

Turn-On Delay tON All 0.5 EIN to 0.5 EoUT, RL = lOon, - - 1.0 2.0 J1-S 
Vs = 35 V 

Turn-Off Delay tOFF All 0.5 EIN to 0.5 EOUT' RL = lOon, - - 5.0 10 p.,s 
Vs = 35 V 

*Allinputs Simultaneously 
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SERIES UDN-2980A 
HIGH-VOLTAGE, HIGH-CURRENT SOURCE DRIVERS 

TEST FIGURES 

DWG. NO.A-ll,083 DWG. NO. A-I 1,084 

Figure 1 Figure 2 

OPEN OPEN 

DWG. NO, A-lI,D85 DWG. NO. A-II ,086 

Figure 3 Figure 4 

OPEN 

OWG. NO. A-Il,OS7 DWG. NO. A-I1,08S 

Figure 5 Figure 6 
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SERIES UDN-2980A 
HIGH-VOLTAGE; HIGH-CURRENT SOURCE DRIVERS 

AtllOWABLE PEAK .. COLLECtOR CURRENT 
AS' A FUNCTION OF DUTY CYCLE, 

TYPE UDN-298~ Al82A 

20 30. 40 5d .,: '60 70 80 90, 100 
, PER CENT .D~TY C'tICLE 

Dwg. No. A·11.1078 

40 50' 00 ;"70 
P~fI,oi,,!T, PU:rv'!<:vCLE 

80 "'90100 

Dw9. No. A-l~l08B 
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SERIES UDN-2980A 
HIGH-VOLTAGE, HIGH-CURRENT SOURCE DRIVERS 
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SERIES UDN-2980A 
HIGH-VOLTAGE, HIGH-CURRENT SOURCE DRIVERS 

ALLOWABLE PEAK COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 

TYPES UDN-2983A184A 

RECOMMENDED MAXIMUM OUTPUT CURRENT 
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SERIES UDN~2980A 
HIGH-VOLTAGE, HIGH"CURRENT SOURCE DRIVERS 

2.5 

2.0 

11.5 , .. : 
ifi .. .. 
:::l 

:: 1.0 
:::l .. 
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0.5 

INPUT CURRENT 

AS A FUNCTION OF INPUT VOLTAGE 
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.. 
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~~ 

4 10 12 
INPUT VOLTAGE (VOLTS) 

Dwg.No. A-ll.115A 

TYPICAL ELECTROSENSITIVE PRINTER APPLICATION 

Dwg. 'No. 'A-11.1l3 

TYPICAL VALUES: Vs = 50 V 
lOUT = 200-300 mA 
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SERIES UDN·3600M 
DUAL 2·INPUT PERIPHERAL ANI) POWER DRIVERS 

SERIES UDN-3600M 
DUAL 2-INPUTPERIPHERAL AND POWER DRIVERS 

FEATURES 

• Four Logic Types 
• DTUTIUPMOS/CMOS Compatible Inputs 
• Low Input Current 
• 300 mA Continuous Output Current 
• Standoff Voltage of 80 V 
• Pin-far-Pin Replacement for Series LM3600N 
• Pin-far-Pin Replacement for SN75451BP through SN75454BP 

and 75461 through 75464 

Description 

THESE MINI-DIP dual2-input peripheral poWer drivers are bipolar mon-
olithic.integrated circuits with AND, NAND, OR, or NOR logic gates 

and high-current switching transistors on the same chip. The two output 
transistors are capable of simultaneously sinking 300 rnA continuously at 
ambient temperatures of up to + 70°C. In the OFF state, these drivers will 
withstand at least SOY. 

Applications 

Series UDN-3600M dual drivers are ideally suited for interface between 
low-level or high-level logic and high-current/highcvoltage loads. Typical 
applications include driving peripheral loads such as incandescent lamps, 
light-emitting diodes, memories, heaters, and other non-inductive loads of 
up to 600 rnA (both drivers in parallel). 

With appropriate external-diode transient-suppression, Series UDN-
3600M drivers can also be used with inductive loads such as relays, sole
noids, and stepping motors. 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage, Vee .............................................• 7.0 V 
Input Voltage, VIN •••••••••••••••••••••••••••••••••••••••••••••••• 30 V 
Output Off-State Voltage, VOFF ....................................... 80 V 
Output On-State Sink Current, ION .................................. 600 rnA 
Power Dissipation, Po ............................................ 1.5 W 

Each Driver ................................................... 0.8 W 
Derating Factor Above TA = 25°C ..................... , 12.5 rnwrc or 80°C/W 

Operating Free-Air Temperature Range, TA ..... " , , . , , , , ., ..... -200C to +85°C 
Storage Temperature Range, Ts "", ..... "., .... , ...... ,' - 55°C to + 150°C 
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SERIES UDN-3600M 
DUAL 2-INPUT PERIPHERAL AND POWER DRIVERS 

RECOMMENDED OPERATING CONDITIONS 

Supply Voltage (VsrJ· 
Operating Temperature Range 
Current into any output (ON state) 

Min. Nom. 
4 • .15 5.0 
0 +25 

INPUT PULSE CHARACTERISTICS 

V'olOI ~ ov 
V'oll) ~ 3.5V 

tf ~ 7ns 

t, ~ 14ns 

tp ~ II's 
PRR ~ 500kHz 

Max. 
5,25 
+85 
300 

ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted) 
Test Conditions limits 

Driven Other 
Characteristic Symbol Temp. Vcc Input Input Output Min. Typ. Max. Units 

"1" Input Voltage V'n(l) MIN 2.0 V 

"0" I nput Voltage V'o(O) MIN 0.8 V 
"0" Input Current 1'0(0) MAX 0.4 V 30 V 50 100 I'A 
"1" Input Current 1;0(1) MAX 30 V OV 10 p.A 

Input Clamp Voltage VI MIN -12 mA -1.5 V 

SWITCHING CHARACTERISTICS at Vee = 5.0 V, TA = 25°C 

limits 

Characteristic Symbol Test Conditions Min. Typ. Max. Units 

Turn-on Delay Time tpdo Vs ~ 70 V, R, ~ 465" (10 Watts) 
C, ~ 15 pF 

200 500 ns 

Turn-off Delay Time tpd! Vs ~ 70 V, R, ~ 46511 (10 Watts) 
C, ~ 15 pF 

300 750 ns 

NOTES: 
1.. Typical values are at Vcc ~ 5.0\1, T A ~ 25°C. 
2. Each input tested separately. 
3. Voltage values shown in the test circuit waveforms are with respect to network ground terminal. 
4. Capacitance values specified include probe and test fixture capacitance. 
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Units 
V 
T 
mA 

Notes 

2 

2 

Notes 

3 
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SERIES UDN-3600M 
DUAL 2-INPUT PERIPHERAL AND POWER DRIVERS 

Type UDN-3611M Dual AND Driver 

ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted) 
- - -- 0-

Test Conditions limits 
Dnven Other 

Characteristic Symbol Temp. Vee Input Input Output Min. Typ. Max. 

"I" Output Reverse Current loll MIN 2.0V 2.0V SOV 100 
OPEN 2.0V 2.0V SOV 100 

"0" Output Voltage Von MIN O.SV Vee l00mA 0.25 0.4 
MIN O.SV Vee 300mA 0.5 0.7 

"I" Level Supply Current leclll NOM MAX 5.0 V 5.0V 8.0 12 
"0" Level Supply Current lee(ol NOM MAX OV OV 35 49 

OUT-

PUTriV~ - - _, 

I Rl I 
I I INPUT 

I I '0% 
I I 
I I 
I 
I 
I 15pF 

i ENO,e3) 
: "': LOAD 
I CIRCUIT I 
~ ______ .J 

I I 
tpd' ~ i-----oi-.I-'pdO 

I Ir------.~ - - --Vou t(1) 

OUTPUT /SfFlo SfF~ L 
• Vou,(O) 

O"G. NO. A·7876D 
OWG,'Ko. A-7628C 

Type UDN-3612M Dual NAND Driver 

ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted) 

Test Conditions limits 

Characteristic Symbol 

"I" Output Reverse Current loll 

"0" Output Voltage Von 

"I" Level Supply Current I cell} 
v Level l>UPPIY ~urrem lee(o} 

OUT
PUT Vs 

JSpF I (Note 3) 

= LOAD 
CIRCUIT 

\._ .... ____ J 

Temp. 

NOM 
rlUM 

DIVa. 110. A-!J638 

NOTES: 

Vee 

MIN 
OPEN 
MIN 
MIN 
MAX 
MAil 

INPUT 

'pdO 

OUTPUT 

~nven 
Input 

O.SV 
0.8 V 
2.0V 
2.0V 
OV 
~.U V 

9ther 
Input Output Min. fyp. 

Vee 80 V 
Vee 80V 
2.0V 100mA 0.25 
2.0V 300mA 0.5 
OV 12 
~.U v . 'TO 

l:.!li:"-____ Vin(O) 

50% 

- - - - - - - Vout(O) 

D\rIG. NO. A-7900A 

I. Typical values are at Vee ~ 5.0 V, TA ~ 25°C. 
2. Per package. 
3. Capacitance values specified include probe and test fixture capacitance. 
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Max. 

100 
100 
0.4 
0.7 

14 
53 

Units Notes 

I'A 
I'.A 
V 
V 
mA 1,2 
mA T,Z 

Units Notes 

I'A 
I'A 
V 
V 
mA 1,2 
mA l,2 
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SERIES UDN-3600M 
DUAL 2-INPU1- PERIPHERAL AND POWER DRIVERS 

Type UDN-3613M Dual OR Driver 
ELECTRICAL CHARACTERISTICS over ope~ating temperature range (unless otherwise noted) 

TesiConditions limits 

Characteristic Symbol 

"1" Output Reverse Current loff 

"0" Output Voltage Von 

"1" Level Supply Current Ice(1) 
"0" Level Supply Current lee(o) 

OUT-
INPUT VCC=-5V PUT Vs 

RL : 

1 
1 
I 
1 

lSpF I 

INO'.3} : 
-= LOAD: 

CIRCUIT I L _____ J 

O'llG. 110. A~7877B 

Temp. 

NOM 
NOM 

Driven Other 
Vee Input Input Output Min. Typ. 

MIN 2.0V OV SO V 
~OPEN 2.0V OV _SOV 
MIN O.SV O.SV 100mA 0.25 
MIN O.SV 0.8 V 300 mA 0.5 
MAX 5.0V 5.0V 8.0 
MAX OV OV 36 

INPUT 

10% 1l""0"'%:...... ____ Vin(O) 

I 1 
'pd1 ~ I'"---'-tl-'pdo 

I 1,....-------.:- __ --Vout(l) 

OUTPUT 150% 50% L 
• Vou'IO} 

DWG. Mo. A-7628C 

Type UDN-3614M Dual NOR Driver 

Max. 

100 
100 . 
0.4 
0.7 

13 
50 

ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted) 

Test Conditions 
Driven Other 

Characteristic Symbol Temp. Vee InpuL Input Output Min. Typ. 

"1" Output Reverse Current lofl MIN O.SV O.SV SO V 
OPEN O.S V O.SV SOV 

"0" Output Voltage Von MIN 2.0V OV 100 rnA 0.25 
MIN 2.0 V OV 300 rnA 0.5 

"1" Level Supply Current lee(1) NOM MAX OV OV 12 
"0" Level Supply Current iceto) NOM MAX 5.0V 5.0V 40 

OUT-
INPUT Vcc=-5'v PUT Vs 

: Rl 

1 
1 I 
I I 
1 1 

i }~~:3) : 
I '= LOAD : 

I CIRCUIT I L _____ J 

OWG. NO. l-99~2 

NOTES: 

INPUT 

OUTPUT 

~"----- Vi 0(0) 

r---- Yout(l) 

50% 

'---~---- - -- - Yout(O) 

OWG. NO. A-1900A 

I. Typical values are at Vee ~ 5.0 V, TA ~ 25°C. 
2. Per package. 
3. Capacitance values specified include probe and test fixture capacitance. 
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limits 

Max. 

100 
100 
0.4 
0.7 

15 
50 

Units Notes 

p.A 
p.A 
V 
V 
mA 1,2 
mA 1,2 

Units Notes 

p.A 
p.A 
V 
V 
rnA 1,2 
rnA 1,2 



SERIES UDN-S700A 
QUAD 2-INPUT PERIPHERAL AND POWER DRIVERS 

SERIES UDN-S700A 
QUAD 2-INPUT PERIPHERAL AND POWER DRIVERS 

-Transient-Protected Outputs 

FEATURES: 

• Four logic Types 
• DTUTIUPMOS/CMOS Compatible Inputs 
• low Input Current 
• 300 mA Continuous Output Current 
• Standoff Voltage of 80 V 

Description 

THESE 16-LEAD QUAD 2-input peripheral and power drivers are bipolar 
monolithic.integrated circuits containing AND, NAND, OR, or NOR 

logic gates, high-current switching transistors, and transient-suppression 
diodes on the same chip. The four output transistors are capable of simul
taneously sinking 300 rnA continuously at ambient temperatures of up to 
+ 70°C. In the OFF state, these drivers will withstand at least 80 V. 

Applications 

Series UDN-5700A quad drivers are ideally suited for·interface between 
low-level or high-level logic and high-currentlhigh-voltage loads. Typical 
applications include driving peripheral loads such as incandescent lamps, 
light-emitting diodes, memories, and heaters. 

The integral transient-suppression diodes allow their use with inductive 
loads such as relays, solenoids, or stepping motors without the need of 
discrete diodes. For non-inductive loads, the diode-common bus can be 
used for a convenient lamp test. 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage, Vee .............................................. 7.0 V 
Input Voltage, VIN •••••••••••••••••••••••••••••••••••••••••••••••• 30 V 
Output Off-State Voltage, VOFF ....................................... 80 V 
Output On-State Sink Current, ION .................................. 600 mA 
Suppression Diode Off-State Voltage, VOFF ............................... 80 V 
Suppression Diode On-State Current, ION' ............................. 600 mA 
Power Dissipation, Po ............................................ 2.0 W 

Each Driver ................................................. 0.8 W 
Derating Factor Above 25°C ........•................ 16.7 mW/oC or 60°C/W 

Operating Free-Air Temperature Range, TA ..................... -20°C to +85°C 
Storage Temperature Range, Ts ........................... -55°C to + 150°C 
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SERIES UDN-S700A 
QUAD 2-INPUT· PERIPHERAL AND POWER DRIVERS 

RECOMMENDED OPERATING CONDITIONS 

Supply Voltage 0J ee): 
Operating Temperature Range 
Current into any output (ON state) 

Min. Nom. 
4.75 5.0 
o 

INPUT PULSE CHARACTERISTICS 

Vin(OI ~ OV 
Vin(1! ~ 3.5V 

tf ~ 7ns 

t, ~ 14ns 

tp ~ II'S 

PRR ~ 500kHz 

Max. 
5.25 
+85 
300 

ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted) 
Test Conditions Limits 

Driven Other 
Characteristic Symbol Temp. Vee Input Input Output Min. Typ. Max. Units 

"1" Input Voltage Vin(l) MIN 2.0 V 
"0" Input Voltage Vin(O) MIN 0.8 V 
"0" Input Current lin(O) MAX 0.4 V 30 V -50 -100 ,uA 

"1" Input Current 1;n(l) MAX 30 V OV 10 I'A 
I nput Clamp Voltage VI MIN -12mA -1.5 V 

SWITCHING CHARACTERISTICS at Vee = 5.0 V, TA = 25°C 
Limits 

Characteristic Symbol Test Conditions Min. Typ. Max. Units 

Turn-on Delay Time tpdo Vs ~ 70 V, Rl ;., 465 Q (10 Watts) 200 500 ns 
Cl ~ 15 pF 

Turn-off Delay Time tpdl Vs ~ 70 V, RL ~ 465 n (10 Watts) 300 750 ns 
Cl ~ 15 pF 

NOTES: 
1. Typical values are at Vee ~ 5.0V, TA ~ 25"C. 
2. Each input tested separately. 
3. Voltage·values shown in the test circuit waveforms are with. respect to networ.k ground terminal. 
4. Capacitance values specified include probe and test fixture capacitance. 
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Units 
V 
°C 
mA 

Notes 

2 

2 

Notes 

3 
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SERIES UDN-S700A 
QUAD 2-INPUT PERIPHERAL AND POWER DRIVERS 

Type UDN-S703A Quad OR Driver 
ELECTRICAL CHARACTERISTICS over operating temperature fange (unless otherwise noted) 

Test Conditions limits 
Driven Other 

Characteristic Symbol Temp. Vee Input Input Output Min. Typ. Max. 

"1" Output Reverse Current 'off MIN 2,OV OV 80V 100 
OPEN 2.0V OV 80V 100 

"0" Output Voltage V~n MIN 0.8V 0.8V 150 rnA 0.35 0.5 
MIN 0.8 V O.BV 300 rnA 0.5 0.7 

Diode Leakage Current ILK NOM NOM OV OV OPEN 200 
Diode Forward Voltage Drop Vo NOM NOM Vee Vee 1.5 1.75 
"1" Level Supply Current lee(l) NOM MAX S.OV 5.0V 16 25 
'.'0" .Level Supply Curre.nt lec(o) NOM MAX OV OV 72 100 

INPUT ~CC"5V OPEN OUTPUT 

.-------, 
RL : 

INPUT 

" 

D\IIG. Mo, A·7628C 

Type UDN-S706A Quad AND Driver 

ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted) 

Characteristic 

"1" Output Reverse Curren! 

"0" OutputVoltage 

Diod.e Leakage Current 
Diode Forward Voltage Drop 

"1" Level SupplyCurrent 

"0" Level Supply Current 
> ..• 

Symbol 

loff 

Von 

ILK 
Vo 

leelt) 
leelo) 

Temp. Vee 

MIN 

OPEN 

MIN 

MIN 

NOM NOM 
NOM NOM 

NOM MAX 

NOM MAX 

r ----, 
'L 

, , , , 
I 15pF 

:'~Note5) 
'1 : -=- LOAD 
I CIRCUIT I L _____ J 

DWG. 110. A-7676A 

NOTES: 

Test Conditions 

Driven Other 
Input Input Output 

2.0 V 2;0 V 80V 
2.11 V MV 80V 

0.8 V Vee 150 rnA 
0.8 V Vee 300 rnA 
OV OV OPEN 

Vee Vee 
5.0 V 5.0 V 
OV OV 

1. Typical values area! Vce = S:OV, TA = 25°C. 
2. Per package. 
3. Diode leakage current measu r~d arVl!.= Volflmin). 
4. Diode forward voltage droPl1leasured at If = 300 rnA. 

Limits 

Min. Typ. 

0.35 

0.5 

1.5 

16 

70 

D\II6. No., A-7628C 

5. Capacitance values specified include probe and test fixture capacitance. 
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Max. 

100 
100 

0.5 

0.7 
200 
1.75 

24 

98 

Units Notes 

p.A 

p.A 

V 
V 

p.A 3 
V 4 

rnA 1,2 
rnA 1,2 

Units Notes 

p.A 

I'A 
V 
V 

p.A 3 
V 4 
rnA 1,2 

rnA 1,2 
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SERIES UDN-S700A 
QUAD 2-INPUTPER1PHERAL AND POWER DRIVERS 

Type UDN-5707 A Quad NAND Driver 
ElECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted) 

Characteristic 

"I" Output Reverse Current 

"0" Output Voltage 

Diode Leakage Current 

Diode Forward Voltage Drop 

"I" Level Supply Current 

"0" Level Supply Current 

Symbol Temp. 

loll 

Von 

ILK NOM 

Vo NOM 

lee(1) NOM 

lee(o) 

, , , , 

NOM 

I \5pF 

i }Nole3) 

: -; LOAD 
I CIRCUIT L _____ J 

Test Conditions 
Driven Other 

Vee Input Input 

MiN O.S V Vee 
OPEN O.SV Vee 
MIN 2.0V 2.0 V 

MIN 2.0 V 2.0 V 
NOM Vee Vee 
NOM OV OV 
MAX OV OV 
MAX 5.0 V 5.0V 

INPUT 

OUTPUT 

Type UDN-5733A Quad NOR Driver 

Limits 

Output Min. Typ. Max. 

SO V 100 
SO V 100 
ISO mA 0.35 0.5 
300 mA 0.5 0.7 
OPEN 200 

1.5 1.75 
24 30 
SO 106 

",---Vout(l) 

'--_-.1._ - - - - - - Vout(O) 

OWG. KD. A-1900A 

ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted) 

Test Conditions Limits 

Driven Other 

Units 

"A 
!loA 
V 

V 

!loA 
V 

rnA 

mA 

Characteristic Symbol Temp. Vee Input Input Output Min. Typ. Max. Units 

"I" Output Reverse Current loll MIN O.S V O.S V SOV 100 
OPEN O.SV O.SV SOV 100 

"0" Output Voltage Von MIN 2.0V OV 150mA 0.35 0.5 

MIN 2.0V OV 300 mA 0.5 0.7 

Diode leakage Cu rrent ILK NOM NOM Vee Vee OPEN 200 

Diode Forward Voltage Drop Vo NOM NOM OV OV 1.5 1.75 

"I" Level Supply Current leC(1) NOM MAX OV OV 24 30 

"0" Level Supply Current leC(o) NOM MAX 5.0 V 5.0V 80 100 

INPUT V CC=-5V OPEN OUTPUT Vs 

- -- --. 
Rl : 

I 
I 

, 
15pF I I(Notes): 

-=-lOAD I 

~:!~O:I~ _J 
I)WG. NO. A-9i3SA 

NOTES: 

INPUT 

'pdO 

OUTPUT 

~~---- V;n(O) 

,..--- Vout(l) 

'-----'- - - "- - - - Vout(O) 

DWG. tlO. A-1900A 

1. Typical values are at Vee = 5.0 V, T" = 25°C. 
2. Per package. 
3. Diode leakage current measured at VR= VoII(mlnl. 
4. Diode forward voltage drop measured at II = 300 mAo 
5. Capacitance values speciijed include probe and test fixture capacitance. 
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!loA 
!loA 
V 

V 

!loA 
V 

mA 

mA 

Notes 
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SERIES UDN-S700M 
DUAL PERIPHERAL AND POWER DRIVERS 

SERIES UDN-5700M 
DUAL PERIPHERAL AND POWER DRIVERS 

-Transient-Protected Outputs 

FEATURES 

• Four Logic Types 
• DTLlTTUPMOS/CMOS Compatible Inputs 
• Low Input Current 
• 300 rnA Continuous Output Current 
• Sta ndoff Voltage of 80 V 

Description 

THESE MINI-DIP dual peripheral and power drivers are bipolar mono
lithic integrated circuits incorporating AND, NAND,OR, or NOR 

logic gates, high-current switching transistors, and transient-suppression 
diodes on the same chip. The two output transistors are capable of simul
taneously sinking 300 rnA continuously at ambient temperatures of up to 
+ 70°C. In the OFF state, these drivers will withstand at least 80 V. 

Applications 
Series UDN-5700M dual drivers are ideally suited for interface between 
low-level or high-level logic and high-currentihigh-voJtage loads. Typical 
applications include driving peripheral loads such as incandescent lamps, 
light-emitting diodes, memories, and heaters with a load current of up to 
600 rnA. 

The integral transientsuppression diodes allow the use of these drivers 
with inductive loads such as relays, solenoids, or stepping motors without 
the need for discrete diodes. When not required for transient suppression, 
the diode-common bus can be used for the "lamp test" function. 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage, Vee . .............................................. 7.0 V 
Input Voltage, V,N . • • • • . . • . . • . . . . . • • • . . . . • • . . . . . . . .• . . • • • • . . • • • • •• 30 V 
Output Off-State Voltage, VOFF ....................................... 80 V 
Output On-State Sink Current, ION' .................................. 600 rnA 
Suppression Diode Off-State Voltage, VOFF ............................... 80 V 
Suppression Diode On-State Current, ION . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 600 rnA 
Power Dissipation at TA = + 25°C, PD ••••••••••••••••••••••••••••••••• 1.5 W 

Each Driver ................................................ 0.8 W 
Derating Factor ................................. 12.5 mW;oC or 80°CIW 

Operating Free-Air Temperature Range, TA . . . . . . . . . . . . . . . . . . . .. - 20°C to + 85°C 
Storage Temperature Range, Ts ... , ........................ - 55°C to + 150°C 
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SERIES UDN-S700M 
DUAL PERIPHERAL AND POWER DRIVERS 

RECOMMENDED OPERATING CONDITIONS 

Supply Voltage (Vee): 
Operating Temperature Range 
Current Into any output CON state) 

Min. ···Nom. 
4.75 5.0 
0 +25 

INPUT PULSE CHARACTERISTICS 

V;oiol = OV 

V;oil! = 3.5V 

tf = 7ns 

t, = 14ns 

tp = II's 

PRR = 500kHz 

Max. 
5.25 
+85 
300 

ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted) 
Test Conditions Limits 

Driven Other 
Characteristic Symbol Temp. Vee Input Input Output Min. Typ. Max. Units 

"1" Input Voltage V;o(1) MIN 2.0 V 
"0" I nput Voltage V;oiO) MIN 0.8 V 
"0" Input Current at all Inputs 
except Strobe 1;010) MAX 0.4 V 30V -50 -100 I'A 
"0" Input Current at Strobe 1;010) MAX 0.4 V 30 V -100 -200 I'A 
"1" Input Current at al) Inputs 
except Strobe 1;011) MAX 30V OV 10 I'A 
"1" Input Current at Strobe 1;011) MAX 30V OV 20 I'A 
I nput Clamp Voltage V, MIN -12 rnA -1.5 V 

SWITCHING CHARACTERISTICS at Vee = 5.0 V, TA = 25°C 

Limits 

Characteristic Symbol Test Conditions Min. Typ. Max. Units 

Turn·on Delay Time tpdo Vs = 70 V, Rl = 465!1 (10 Watts) 200 500 ns 
Cl = 15 pF 

Turn·off Delay Time tpd' Vs = 70 V, Rl = 46511 (10 Watts) 
Cl = 15 pF 

300 750 ns 

NOTES: 
1. Typical values are at Vee = 5.0V, TA = 25'C. 
2. Each input tested separately. 
3. Voltage values shown in the test circuit waveforms are with respect to network ground terminal. 
4. Capacitance values specified include probe and test fixture capacitance. 
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SERIES UDN-S700M 
DUAL PERIPHERAL AND POWER DRIVERS 

Type UDN-S711M Dual AND Driver 
ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted) 

Test Conditions' Limits 
Driven Other 

Characteristic Symbol Temp. Vee Input Input Output Min. Typ. Max. 

"1" Output Reverse Current loff MIN 2.0V 2.0V .80 V 100 

OPEN . 2.0V 2.0V 80V 100 

"0" Output Voltage Von MIN 0.8V Vee 150 rnA 0.35 0.5 

MIN 0.8V Vee 300 rnA 0.5 0] 

Diode Leakage Current ILK NOM NOM OV OV OPEN 200 

Diode Forward Voltage Drop Vo NOM NOM Vee Vee ~5 1)5 

"1" Level Supply Current lee(11 NOM MAX 5.0V 5.0V 8.0 12 

"0" Level Supply Current lee(o) NOM MAX OV OV 35 49 

INPUT 2.4V VCC=5V OPEN o~;:: Vs 

, , , , 
I 15pf 

: INo,.S) 
: -= LOAD 
I CIRCUIT L. _____ J 

DwtI. ~O. A-7878A 

10% 

I , , 
'pdl ~ '1 'pdO 

, 'r----....,~- ---VO,'!') 

OUTPUT ISO% SO% L 
• Vo,,!O) 

DWG. No. A-7628C 

Type UDN-S712M Dual NAND Driver 
ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherWise noted) 

Test Conditions. Limits 

Driven Other 
Min. Charac\eristic Symbol Temp~ ·Vee (nput Input Output Typ. 

"1" Output Reverse Current loff MI.N 0.8V Vee 80V 

I'" ,OPEN 0.8 V Vee 80V 

"0" Output Voltage Von MIN 2.0 V 2.0 V 150mA 0.35 

MIN 2.liv 2.0 V 300 rnA 0.5 

Diode Leakage Current ILK NOM NOM Vee Vee OPEN 

Diode Forward Voltage Drop VD NOM NOM OV OV 1.5 

"1" Level Supply Current leeol NOM MAX OV OV 12 

"0" level Supply Current (ee(o) NOM MAX 5.0V 5.0V 40 
" 

INPUT 2.-4V VCC""5V 0 EN au;: Vs 

rr---- 1 
Rl INPUT 

, , , 
I 
I 15pF 

: INoteS) 
: -= LOAD 
I CIRCUIT I L. _____ J 

DWG. tiD. A-991+3 

NOTES: 

OUTPUT 

~"'----- VinlO) 

'--_---J._-:'_ ~ -- - Vout(O) 

DWG. NO. A-190QA 

1. Typical values are at Vee =5.0 V, TA = 25°C. 
2. Per package. 
3. Diode leakage current measured·at VR= Vol/(m;n). 
4. Diode forward voltage drop measured at If = 300 rnA 
5; Capacitance values specified include probe and test fixture capacitance. 
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SERIES UDN-S700M 
DUAL PERIPHERAL AND POWER DRIVERS 

Type UDN-S713M Dual OR Driver 
ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted) 

Test Conditions Limits 

Characteristic Symbol Temp. 

"1" Output Reverse Current loll 

"0" Output Voltage Von 

Diode Leakage Current ILK NOM 

Diode Forward Volt~ge Drop VD NOM 

"1" Level Supply Current leel1) NOM 

"0" Level Supply Current lee(o) NOM 

'NPUT Vee:5V OPEN OUTPUT Vs 

.--- ----I 
I Rl : 

.-A--..---,'i--4 I 
I 
I 
I 

Vee 

MIN 

OPEN 

MIN 

MIN 

NOM 

NOM 

MAX 

MAX 

INPUT 

Driven Other 
Inp~t Input Output Min. Typ. 

2.0V OV SOV 

2.0V OV $OV 
O.SV O.SV 150mA 0.35 
O.S V 0.8V 300mA 0.5 
OV OV OPEN 

Vee Vee 1.5 
5.0V 5.0V S.O 
OV OV 36 

10% ~'O;:.;%~ ____ Vin(O) 

I 
I I 

'pd I ---r----+I • I 'pdO 
. 15pF I 

1 ]No •• 5») 
I ,:,LOAD I 

L;:I~e~,~ .: 

I ,..-___ --.' 

OUTPUT l~~ 5~ L:::::~: 
O'lKi.1I0.A-9123A 

DWG. No. A-1628C 

Type UDN-S714M Dual NOR Driver 

Max. 

100 

100 

0.5 

0.7 
200 

1.75 
13 

50 

ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted) 

Test Conditions Limits 
Driven Other 

Characteristic Symbol Temp. Vee Input Input Output Min. Typ. 

"1" Output Reverse'Current loff MIN O.SV O.S V SOV 

OPEN 0.8 V 0.8V SOV 

"a" Output VDltage Von MIN 2.0V OV 150 mA 0.35 
MIN 2.0V OV 300 mA 0.5 

Diode Leakage Current ILK NOM NOM Vee Vee OPEN 
Diode Forward Voltage Drop VD NOM NOM OV OV 1.5 
"I" Level Supply Current IcC(]) NOM MAX OV OV 12 

"a" Level Supply Current leC(o) NOM MAX S.OV 5.0V 40 

INPUT VCC=5V OPEN OUTPUT Ys 

-- - - - "1 

Rl : , , 
. 

lSpF I I(Note5): 

INPllT 

OUTPUT 

'="'LOAO I 

_~~~I~_J 
'--_-J,_ - - - - - - v out(O) 

DWG. NO. A-7900A 
Dwe. NO. A-9135A 

NOTES: 
1. Typical values are at Vee = 5.0V, TA = 25°C. 
2. Per package. 
3. Diode leakage current measured al VR = Vofl(omn). 
4. Diode forward voltage drop measured al " = 300 mAo 
5.Capacitance values, specified inclucte probe and test fixlure capacilance. 
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Max. 

100 

100 

0.5 

0.7 

200 

1.75 
15 

50 

Units I'jotes 

p.A 

p.A 

V 

V 
p.A 3 
V 4 

mA 1,2 

mA 1,2 

Units Notes 

p.A 

p.A 

V 

V 
p.A 3 
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UDN-S722M 
DUAL PERIPHERAL AND POWER DRIVER 

UDN·5722M 
DUAL PERIPHERAL AND POWER DRIVER 

- Transient·Protected Outputs 

FEATURES 
• DTUTTUPMOS/CMOS Compatible Inputs 
• low Input Current 
• 350 mA Continuous Output Current 
• 70 V Output Standoff Voltage 
• low Supply-Current Requirement 
• Direct Replacement For SN75477 

THIS PERIPHERAL AND POWER DRIVER 
combines dual AND logic gates, high-current 

switching transistors, and transient-suppression di
odes in a bipolar monolithic integrated circuit that 
meets interface requirements beyond the capabilities 
of standard logic buffers. 

The two output transistors are capable of simulta
neously sinking 350mA continuously at ambient 
temperatures of up to +85°C. In the OFF state, the 
drivers will withstand at least 70 V. 

Type UDN-5722M is supplied in a miniature 
8-pin dual in-line plastic package with a copper lead 

STROBE 

Dwg. No. A-9790A 

frame for enhanced package power dissipation 
ratings. 

The dual driver is ideally suited for interface be
tween low-level logic and high-current inductive 
loads. Internal'transient-suppression diodes allow 
the us~ of this driver with stepping motors, relays, or 
solenoids. Additional non-inductive applications in
clude driving peripheral loads such as light-emitting 
diodes, memories, heaters, and incandescent lamps 
with peak load currents of up to 600 rnA. When not 
required for transient suppression, the diode com
mon bus can be used to perform the "lamp test" 
function. The outputs may be paralleled for higher 
load-current capability. 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage, Vee ............................................... 15 V 
Input Voltage, VIN ................................................ 30 V 
Output Off-State Voltage, VOFF ....................................... 70 V 
Output On-State Sink Current, ION .................................. 600 mA 
Suppression Diode Off-State Voltage, VOFF ............................... 70 V 
Suppression Diode On-State Current, ION' ............................. 600.mA 
Power Dissipation at TA = +25°C, Po ............................... 1.5 W' 
Operating Free-Air Temperature Range, TA ..................... -20°C to +85°C 
Storage Temperature Range, T s ........................... - 55°C to + 150°C 

'Derate at the rate of 12.5 mW/oC above TA = + 25°C 
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UDN-5722M 
DUAL.PERIPHERAL AND.POWER DRIVER 

RECOMMENDED OPERATING CONDITIONS 
Operating Condition 

. 
Min. Nom. Max. Units , Supply Voltage (V6e) 4.75 - 12.6 V 

Operating Temperature Range 0 +25 +85 °C 

Current into any output (ON state) - - ". 350 rnA 

ELECTRICAL CHARACTERISTICS over recommended operating temperature range (unless otherwise noted) 

Test Conditions limits 
Driven Other 

Characteristic Symbol Temp. Vee Input Input Output Min. Typ. Max. Units Notes 
"1" Input Voltage VIN(11 - Min. - - - 2.0 - - L V -
"0" Input Voltage VINIOI - Min. - - - - - 0.8 V -

"0" Input Current at All 
Inputs Except Strobe IINIOI - Max. 0.4 V 30 V - - -5.0 -10 /-LA 4 

"0" Input Current at Strobe IINIOI - Max. 0.4 V 30 V - - -10 -20 /-LA -

"1" Input Current atAll 
Inputs Except Strobe IINIlI - Max. 30 V OV - - 5.0 10 /-LA 4 

"1" Input Current at Strobe IINIlI - Max. 30 V OV - - 10 20 /-LA -

Input Clamp Voltage VClAMP - Min. -12 rnA - - - - -1.5 V -
"1" Output Reverse CUrrent IOFF - Min. 0.8 V Vcc 70 V - - 100 /-LA -

- Open 0.8 V Vec 70 V - - 100 /-LA -
"0" Output Voltage VON - Min. 2.0 V 2.0V 200 rnA - 0.4 0.6 V -

- Min. 2.0 V 2.0 V 350 rnA - 0.6 0.8 V -
Diode Leakage Current IR Nom. 5:0 Vee Vee Open - - 200 /-LA 2 
Diode Forward Voltage Drop VF Nom. 5.0 OV OV - - 1.5 1.75 V 3 
"1" Level Supply Current lecill Nom. 5.25 OV OV - - 1.0 3.0 rnA 1 

12.6 OV OV - - 2.6 5.0 rnA 1 
"0" level Supply Current IcclOl Nom. 5.25 5.0 V 5.0 V - - 11 17 rnA 1 

12.6 5.0 V 5.0 V - - 35 50 rnA 1 

NOTES: 
1. Per package. 
2. Diode leakage current measured at VR = VOFFIMi"I' 
3. Diode forward voltage drop measured at IF = 300 rnA. 
4. Each input tested separately. 
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UDN-S722M 
DUAL PERIPHERAL AND POWER DRIVER 

SWITCHING TEST CIRCUIT 

OUT-
INPUT 2.4V VCC OPEN PUT Vs 

I 
I 
I 
I 

-- --, 
RL 

I CL 

11 I 

:." LOAD I 
I CIRCUIT I L _____ .J 

Dwg. No. A-ll,746 

SWITCHING CHARACTERISTICS at TA = +25°C, Vee = 5.0 V 
Input-Pulse Characteristics 

Characteristic 

Turn-on Delay Time 

Turn-off Delay Time 

NOTES: 

VinlDI= 0 V 
Vinlll = 3.5 V 

t f = 7 ns 
t, = 14 ns 

Symbol Test Conditions 

t,dlDI Vs = 30 V, Rl = lOOn (10 W) 
Cl = 30 pF 

t,dlll Vs = 30 V, Rl = lOOn (10 W) 
Cl = 30 pF 

t, = IlLs 
PRR = 500kHz 

Min. 

-

-

1. Capacitance values specified include probe and test fixture capacitance. 

Limits 
Max. 

500 

750 

Units 

ns 

ns 

2. Voltage values shown in the test circuit waveforms are with respect to network ground terminal. 

INPUT/OUTPUT WAVEfORMS 

INPUT 

10% 

OUTPUT 

DWG. HO. A·1900A 
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UDN~57l2MAND UDN·5742M 
DUAL PERIPHERAL AND POWER DRIVERS 

FEATURES 

UDN-5732M AND UDN-5742M 
DUAL PERIPHERAL· AND POWER DRIVERS 

- Transient-Protec:ted Outputs 

• DDlfTTUPMOS/CMOS Compatible Inputs . 
• low Input Current 
• Continuous Output Current to 600 mA 
• 70 V Output Standoff Voltage 

INCORPORATING logic gates, high-current sat-
urated output transistors, and transient-suppres

sion diodes, Type UDN-5732M and UDN-5742M 
dual peripheral and power drivers meet interface re
quirements well beyond the capabilities of standard 
logic buffers. 

Dwg. No. A-9790A 

The output transistors can each sink 425 rnA con
tinuously at ambient temperatures of up to + 70°C. 
Reduced ambient temperatures or duty cycles per
mit increased load currents of up to 500 rnA (UDN-
5723M) or 600 rnA (UDN-5742M) with miminum sat
uration voltages. In the OFF state, the drivers will 
withstand at least 70 V. 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage, Vee ............................................... 7.0 V 
Input Voltage, V,. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 30 V 
Output OFF-State Voltage, VOFF . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 70 V 
Output ON-State Sink Current, ION (UDN-5732M) •.......•................ 600 mA 

(UDN-5742M) ......................... 700 mA 
Suppression Diode OFF-State Voltage, VOFF ............................. " 70 V 
Suppression Diode ON-State Current, ION (UDN-5732M) .................... 600 mA 

(UDN-5742M) .................... 700 mA 
Allowable Package Power Dissipation, Po ............................... 1.5 W* 
Operating Free-Air Temperature Range, TA . . . . . . . . . . . . . . . . . . . .. - 20°C to + 85°C 
Storage Temperature Range, Ts ... J ........................ - 55°C to + l50°C 
*Derate at the rate of 12.5 mW;oC above TA·~ + 25°C. 



UDN-5732M AND UDN-5742M 
DUAL PERIPHERAL AND POWER DRIVERS 

RECOMMENDED OPERATING CONDITIONS 
Operating Condition Min. Nom. Max. Units 

Supply Voltage, Vee 4.75 5.00 5.25 V 

Operating Temperature Range, TA 0 +25 +85 °C 

Output Sink Current, UDN-5732M - - 500 mA 

Output Sink Current, UDN-5742M - - 600 mA 

mORICAl CHARAOERISTICS over recommended operating temperature range (unless otherwise noted) 

Test Conditions Limits 

Driven Other 
Characteristic Symbol Temp. Vee Input Input Output Min. Typ. Max. Units Notes 

"1" Input Voltage V'NIlI - Min. - - - 2.0 - - V -
"0" Input Voltage V'N(O) - Min. - - - - 0.8 V -
"0" Input Current at All 

Inputs Except Strobe I'N(o) - Max. 0.4 V 30V - - -50 -100 ~ 4 

"0" Input Current at Strobe I'N(o) - Max. 0.4 V 30V - - -100 -200 J.LA -

"1" Input Current at All 
Input Except Strobe I,N(l) - Max. 30V OV - - 5.0 10 J.LA 4 

"1" Input Current at Strobe I'NIlI - Max. 30V OV - - 10 20 J.LA 
Input Clamp Voltage VeLAMP - Min. -.l2mA - - - - -1.5 V -

"1" Output Reverse CUrrent IOFF - Min. O.BV Vee 70V - - 100 J.LA -

- Open O.BV Vec lOV - - 100 J.LA -
"0" Output Voltage VON - Min. 2.0.V 2.0.V 300mA - 0.3 0.6 V -

- Min. 2.0V 2.0V 500 mA - 0.5 0.8 V -

- Min. 2.0V 2.0V 600 mA - 0.7 .. 1.0 V 5 

Diode leakage Current IR Nom. 5.0 Vcc Vee Open - - 100 ... !LA 2 

Diode Forward Voltage Drop VF Nom. 5.0 OV OV - - 1.5 2.0 V 3 

"1" level Supply Current leclll Nom. 5.25 OV OV - - 8.0 17 mA 1 

"0" level Supply Current Icc(o) Nom. 5.25 5.0V 5.0V - - 50 75 mA 1 

NOTES: 
1. Per package. 
2. Diode leakage current measured at V, = 70 V. 
3. Diode forward voltage drop measured at IF = 500 rnA (UDN-5732M) or 600 rnA (UDN-5742M). 
4. Each input tested separately. 
5. Type UDN-5742M only, 
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UDN~5732M ANDUDN-5742M 
·DUALPERIPHERAL AND POWER DRIVERS 

SWITCHING TEST CIRCUIT 

OUT-
INPUT 2.4V VCC OPEN PUT Vs 

I CL I 

"::' LOAD: 
1.. __ c:!R!:U2T J 

OW9. No. A-l1,746 

SWITCHING CHARAaERISTlCS at T, = + 25°C, Vee = 5.0V 

VlnlO) = OV 
Vln(l) = 3.5 V 

Input-Pulse Charaderistics 

tj = 7 ns tp = 11l'S I 
t, = 14 ns PRR = 500 kHz 

Limits 

Characteristic Symbol Test Conditions Min. Typ. Max. 

Turn-on Delay Time t,dlO) Vs = 30 V, Rl = lOOn (10 W) - 200 500 
Cl = 15 pF 

Turn-off Delay Time t,d(l) Vs= 30 V, Rl = lOon (10 W) - 300 750 
Cl = 15 pF 

NOTES. . 
1. Capacitance values specified include probe and testfixture capacitance. 
2. Voltage values shown in the test circuit waveforms are with respect to network ground terminal. 

INPUT/OUTPUTWAVEFORMS 

INPUT 

10% 

I I 
'pdQ -+1 ..... ----l.1 I" -I 'pdl 

---------,~ , jl Vau'!l) 

OUTPUT ~I...QO_YO __ '-I 1_50:0 ____ Vau,!O) 

DWG. NO. A~79{lOA 
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HIGH~CURRENTINTERfACEDRIVERS (Continued) 

SERIESULN·2000A 
DARLINGTON TRANSISTOR ARRAYS· 

'J: ' ' 

,~~scription and Application 

Inlr04ucH.n 

1'he"'ih~reased' use of eleetr9niccircuits 'in. systems 
formerlYbtiITt with mechanical,electro~mecha:ruCal, or 
.h~tal1liccotnPonertts has result~1n .. systems becom

,. ing mOl,'e, precise, .more reliabJe;'generally less ,expen
',,$ive;smaller, more efficient, and. faster. Although the 
drive capabilities of monolithic Integrated logic circuits 
are adequate for most information processing applica
tions, there now exists a large and rapidly growing 
number of' system applications where . the current
carrying and/or voltage-sustaining capability of the in
tegrated circuit logic is inadequate. Typically, these 
deficiencies arise when the logic must control such 
peripheral components as relays, solenoids, punches, 
stepping motors, and a variety of indicators (incandes
cent; LED; or gas. discharge' lamps and displays). 

A very ~on solution to thiS'flutput interface in
adequacy 'has been the addition of discrete power 

I transistors (or SeRs) andl,lSsociated 'Passive compo
nents to the logi,c outPutinorder to obtain the neces
sary purrentand/or voltage capability; '. 'Although thiS 
provides a' very satisfactory electrical solution; the 
large l1umberof discrete compOnents often required, " 
high assembly labor co~ts, and spa!Xl (packaging) lim
itations oftenmeail additionalpti)blems and cost. A 
simple, and less expensive s.c:dtftlon is the use of mono
lithicintegt'~~'j;irfuits~, 

The Series>utN1000A is comprised orrour differ
ent high:.~~i~thlgb~curreni interface 'circuits; They 
are ~pable'Ql'cant*olling resistive, inductive, or tung~ 
sten:liI,arm;,l1t1b~spfl1p tb~25 watts and arecomJlilti

'ble wiih~n" s.~~i!i digital 'I~gic faJ1lilies (DTL, TTL, 
PM0S, and. c:M:OS) without. .theneed for additional 
discrete OOnlpOnents. ' . . 

High-Voltage and HI9h-Curren'Capa';I'lfy 

A large number of' interface problems have been 
simplified by the Series ULN-2000A high-voltage, 
high-current Darlington transistor arrays. These de
vices are 'suitable for voltage, current, and gain levels 
beyond the . limits of other monolithic buffers and 
arrays. 

The four devicesintheULN-2000A series are all 
comprised of seven silicon·.NPN IDarliltgt<!npairs on 
a commonmolJ.oljtl:1ic substra,te. Allp,n,i~s feature 
open conector,outputs and;iJ;ltegral supptessip!1diodes 
for use wifllinductive; 10&Js,' . 

All ~Yi~lHly¢l'a~'JutP~t si~k~urtent capa1?1IityM 
500 m~ .. ~thousll ~,~ iprushcurrentst? 600'~ are 
permissible,making them ideal for .use with tungsten' 
filament lamps. All of the outputs will sustain "OFF" 
voitlges, of a~Jeli$t 50vol!S",~~)l iJ;ldividualDllrijng-, 
ton circuit maytheteforll swit<;h up tq.25w:atts(~PN 
at SOOmA),," ., 

A ddinlte asset Qf'monoliiliic device teehnotogyis', 
the verl'finentatclLbetwe\m adjacent outputs,wh-tn 
used in paralIel/ Applications tequiring'a sirikdUtrent 
beyond the capa61lityof'ii sitigle·outpU1'¢an be accOm.i 
modated by;paridleloulputS.ContlnuousoperatiOh 
of all.outputs at the max;mumrated'cilrl'ent is 'not ), 
allowed because' of power dissipation limitatiOns im
posed by the package. However, as illustrated in Fig~ , 

, ure I, 'under certain conditions, the Series ULN-2000A 
Darlingtonar~~ysare capable of switching 101l.48 t,07 .'. ' 
taUng morethlill' 12, watts alan ambient temperatW'e ' , ' 
of+70~C::. . ,... J;d···· j,,'< .... ,' .. ,' 

*ExanipleS>'lUfd dataiit.tHisappliclltion' note applies equally,to Series ULN-2800A Darllngtoll;c&rrays;. 
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HIGH-CUItRENTINTERFACE DRIVERS (Continued) 

Figure 1 

COLLECTOR CURRENT AS A FUNCTION OF 
DUTY CYCLE AND NUMBER OF OUTPUTS 

High-Power Capability 

A primary limitation of many interface circuits is 
the power dissipation of the device package. Until re
cently, very little concern was expressed for monolithic 
integrated circuit power dissipation. Improvements in 
silicon device technology have brought about a grow
ing number of monolithic circuits capable' of power 
considerably in excess of present package teChnology. 

The SeriesULN-200oA is supplied in a 16-pin dual' 
in-line plastic package with a copper lead frame. 
Shown in Figure 2 is a comparison of the allowable 
package power dissipation for the industry standard 
iron-nickel alloy (Kovar) lead frame and the Sprague 
copper lead frame used on these devices. As.shQwn, 
at an ambient. temperature of + 70°C, the Kovar lead 
frame allows only 0.64· watts while the copper lead 
frame allows I.3.3watts. At +25°C the copperJead 
frame perIl'its a package power dissipation of 2.0 
watts! 

Actual power dissipation in any applicati~n for the 
Series ULN-2000A devices is the sum of the individual 
driver ·power dissipations. In turn, the individual 
driver dissipation is the product of the collector
emitter saturation voltage, the collector current, and 
the duty cycle. The collector-emitter saturation volt
age is dependent on the collector current and, to a 
lesser extent, operating temperature; 
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PER CENT DUTY CYCl~ DWG. MO. A-9752A 
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The Basic Darlington Array 

The first, and basic array, in this series, is the Type 
ULN-2oo1A. This is agerteral'-purpose version with 
input current limiting normally accomplished via the 
use of an appropriate discrete resistor connected in 
series with each input. It is also possible to utilize 
the intrinsic current limiting of many, MOS outputs 
as shown in Figure 4; a typical P-channel character
istic. 

The use of TTL in such a manner is not recommend
ed due to the'higher ,currents and resultant high level 
of package power dissipation. Outputsofmost PMOS 
and CMOS circuits will not normally source currents 
of any significance due to their high source impedance. 
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Figure 3 
TYPE ULN-2001A SCHEMATIC 
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HIGH-CURRENT INTERFACE DRIVERS (Continued) 

14 to 25 Volts PMOS Applications 

The Type ULN-2oo2A Darlington array was spe
cifically designed for use with 14 to 25 volt PMOS de
vices. Each input has a 7 V Zener diode and a 10,500 
ohm resistor (nominal values) to limit the input cur
rent to within the capability of most PMOS of the 
type specified. The basic circuit diagram is shown in 
Figure 5 with a typical application. Note that there 
are no pull-down resistors or other external discrete 
components necessary. The incorporation of the Zen
er diode also results in excellent noise immunity for 
this array. 

nL aod CMOS INTERFACE 

The ULN-200IA and ULN-2oo2A allow only a 
limited number of input options. Shown in Figure 6 
is the basic circuit diagram of the Type ULN-2003A. 
This device has a series base input resistor to each 
Darlington pair, and thus allows operation directly 
with TTL or CMOS logic operating at a supply volt
age of 5 V (or 12 V CMOS using FET characteristics). 

A guarantee of 200 rnA output sink current capa
bility (saturated) is provided with the worse case TTL' 
logic lleveI of 2.4 volts. Low-power Schottky-clamp
ed TTL logic is generally specified to have a minimum 
Yourof 2.7 volts. The ULN-2003Ais guaranteed to 
sink 250 rnA under this input condition. With the 
more typicaf input of 3 volts, the ULN-2003A Darl
ington pair will' sink at least 300 rnA in the "ON" 
state. 
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/ 
I 

-2 

Figure 4 
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HIGH-CURRENTINTERFACE·DRIVERS·(Colitintied) 

ULN-2002A 

OWG. No. 0\-9650 t 
( eachdrivet) OUTPUT 

Figure 5 

TYPE ULN-2OO2A SCHEMATIC AND APPLICATION 

TTL totem pole outputs are not specified between 
the 400 p.A logic 1 fanout condition and the maximum 
output short-circuit current (20 to 55.mA for the 7400 
series). Between these rather wide limits lies the re
quired ULN_2003A input current. The maximum 
Type ULN-2Q03A input current level is specified at 
1.35 rnA at the extrapolated TTL. maximum logic 1 
level of 3.85 V. 

.---*-0 COM 

(each driver) 

, 
, 

i 
, , , 
I 

___ I 

DWG. No. A-96SI 

Figure 6 

The ULN-2003A Darlington' array will handle a 
great many interface needs - particularly those beyond 
the capabilities of TTL buffers. Also shown in Figure 
6, is a typical application of the ULN-2003A Darling
ton array. Of particular interest in this application is 
an unusual use of the transient-suppression diodes for 
a non-inductive load. The lamp test feature can of 
course be used wi th any of the devices in this series. 

TTL 
OUTPUT 

ULN-2003A 

TYPE ULN-2003A SCHEMATIC AND APPLICATION 
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The diodes are designed to handle the same current 
and voltages as the output transistors. Switching can 
be accomplished through an ordinary switch or an 
appropriate power transistor. With the standard 
+ 70°C ambient and the most widely used lamps (No. 
327 or No. 387 lamps) there is no problem with con
tinuous operation. 

6to 15 Volt CMOS or PMOS Applications 

The Type ULN-2004A Darlington array has an 
appropriate series input resistor (nominally 10.5 kfl) 
to allow its operation directly from CMOS or PMOS 
logic outputs utilizing supply voltagesofbetween 6 
and 15V. 

Shown in Figure 7 is a typical application of this 
array. Although the discrete. output buffer. could be 
used to increa,se the output capaQility of any of the 
devices in this series, this is most often done by par
alleling outputs as was described earlier; 

, 
I 
I 

: , 
I 

l ____ -- ----.-~---fooiI----

(each driver) 

.--+1---0 COM 

DWG. MO. A-S89SA 

FigureT '.. . 
Type ULN-20!l4A SCHEMATIC AND APPLICATION 
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HIGH-CURRENT INTERFACE DRIVERS (Continued) 

Input Current 

The Darlington collector current (outputinsatu
ration) at an ambient temperature of + 25°C, for any 
input current is the same for all. four devices in this 
series and is shown in the graph of.Figure 8. More 
accurately, the,maximum input current for any col
lector current is described by the equation: 

I'N(.A) = Ic(mA) + 140 JJ.A 

where lIN is the input current in microamperes, Ie is 
the collector curtent in milliamperes, and the figure 
140 represents the maximum shunt .current thi-ough 
the.emitter-base resistors. The typical input current 
can be described as: 

!,N(.Ai = 0.58 Ic(mA) + 110 JJ.A 

where the figure 0.58 is an adjustment for the typical 
Darlington current gain and the figure 110 represents 
the typical shunt current. 
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HJGH~CURRENT INTERFACE DRIVERS (Continued) 

The input current as a function of input voltage is 
shown in Figure 9 for the ULN~2oo2A, ULN-2003A, 
and the ULN-2oo4A. The Type ULN-2001 A Darl
ington array is not shown since input current is more 
a function of the external circuitry. Systems utilizing 
either CMOS or PMOS logic should be evaluated for 
intrinsic current limiting as was shown in Figure 4. 
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INPUT CURRENT AS A FUNCTION OF INPUT VOLTAGE 
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Low Available Drive (:urrent Operation 

Occasionally, applications featuring minimum avail
able input drive current and a high output load current 
have shown the Type ULN-2003A and ULN-2004A 
Darlington arrays to be inadequate for the particular 
requirement under worst case conditions. This usual
ly results from the restricted drive current available 
from a TTL or CMOS gate operating from a nominal 
supply of 5 volts. 

Under worst case conditions, with a low logic 1. volt
age (2.4 V), and a high input resistor value (3.51 ko), 
the available load current is.reduced to only 145 rnA. 
Compounding this problem would be the effect that a 
high drive current requirement would have on the 
logic output voltage since that is norni:ally specified at 
only 400 JiA. If the gate output is connected to addi
tional logic elements; a minimum logic 1 voltage of 
2.0 V must be maintained and at that level the worst 
case Darlington load current would be reduced to only 
3lmA! 

A simple solution to thi~ problem is through the 
use of inexpensive pull-up resistors as shown in Figure 
10. The minimum resistor value is determined by the 
maximum allowable sink current (16 rnA for TTL, 
360", A for CMOS), the minimum logic 0 output volt
age, and the maximum supply voltage as per the fol
lowing equation: 

R Vs - VOUTIO) 

p ~ lour 

For standardiTrL, the minimum value for Rp is 
about 316 0 with values between 3000 0 and 5000 0 
being used customal'ily. Multiple pull-up resistors in 
a single in-line package are shown in Sprague Engi
neering Bulletin No. 7041 ; resistors in a dual in-line 
package are shown in Bulletin No. 7042. 

Conclusion., 

Since the Series ULN-2000.A. high-voltage, high
current Darlington transistor arrays are quite conser
vatively designed, the basic product is fully capable of 
being ordered to higher voltages and/or higher currents 
than the standard specifications. Presently; parts are 
available to withstand up to 95 volts on the output. 
Parts with this higher voltage rating would create a 
potentialfor s.witchingloads far in eXceSS of 125 watts! 
Aside from the higher power handling capability, the 
higher voltage rating is required for driving plasma or 
gas-discharge displays. 
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OUTPUT 

ULNc2003A 

Figure 10 

USE OF PULl~UP .REsrsreRS h" 
TO INCREASE DRIVE CURRENT 
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HIGH~(URRENTINTERFACE ,DRIVERS .(Cont.mued) 

Although not intended for high power applica
tions, there is also available a Series ULS-2000H 
with hermetic sealing and an operating temperature 
range to + 12$~C. These pllrt$' are recommended for 
military and aerospace applications as. well as com
mercial and industrial control applications where 

i severe environments;maybeiencountered. 

Cer"DIP, industrial':grade hermetic devices: Se
'. nell ULQ-2000R, are mtedfOl'use'Ovel'thetenlilera
'turerange of -40'!CtO + 85?C., permitting:their,use 

in commercial'and.irldustrial applications1eqwringa 
moderate package,pqwer dissipation.{l Wat J'A = 
-I;85°Ch, . 

. All of th~iDarlington transistorarraysioffer a 3 
common solution to a great many interlace needs. 
The minimal component count and straightforward 
printed wiring board layout offer benefits in cost 

. reduction, simplicity of board layout, and savings in 
sp~c~. <;)!he! .bel!-~fits"lI!e a reduction in insertion 
cesfS;and lowet;nancnmg and inventory costs than 
other alternatives. Cost benefits from some of these 
factors are notvery tangible. However, fewer com
ponents, less complex boards, etc. usually result in 
lower,'system,manufacturing costs.' ,'n 



. HIGH.(URRENl.nfURFACEDRIVERS(Coritinued) 

INTERFACE I(MOTOR DRIVE APPLICATIONS 

THE ". INCORPORATION OF LOGIC 
systems. ~Ild.· power ·drivers . in~o a. monolithic 

1Il1egraredcircuitrequire$ ,sp~eial.skill and ex
periicrwe;; ;.Sprague. ·Electric Company has 
developeq such skill, and has. long been a . leader 
in sOlid-state interface technology and devices. 

Improyed' systems reliability and perfor
mance, lower component counts, space .savings 

and cost economy are some of the benefits to be 
. derived from the use of Sprague Interface k;s. 
An increasing number of these Sprague devices 
are especially designed 'for or are easily adapted 
to motor drive applications. The availability of. 
these devices is especially significant in view .of 
the increasing.pse of microprocessor-based con~ 
trois for servo and stepper motors. 

·.U(tf,4~.o~ASTEPPE. MOTOR TUNSLATORIDRIVER 

THE UCN4202A will drive permanent 
magnet (PM) stepper motors rated to 500 rnA 

and IS V with a minimum of external com
ponents required, or, the device may be used as a 
logic translator to drive discrete high-power 
transistors or the Sprague UDN-2949Z Half-
Bridge Motor Driver. . 

With the MONOST ABLE RC timing pin (Pin 
11) tiedto Vee (Pin 16) the circuit performs a 
fun-step (unction. States B and D are stationary 
states and a separate input pulse is required to 
move through each of four output states. 

The UCN-4202A internal step logic activates 
one of four output sink drivers to step the load 
from one position to the next. The logic is ac
tivated when the STEP INPUT (Pin 10) is pulled 
low for at least 1 /JS and then allowed to return 
high. The sequence of states is determined by the 
DIRECTION CONTROL (Pin 12), either A~B
Cop. or A-D-C-B. 

In the double·step mode states B and D are 
transition states with durations determhled by 
the MONOSTABLE RC timing.(Pin 11). Im
proved motor torque is obtained' at double the. 
nominal motorst~ angle, and motor stability is 
improved for high step rates. . 

RECOMMENDED· MAX. OPERATING CONDITIONS 

Output Voltage, VeE .......................... 13.5 V 
Output Current, lOUT ......................... 500 rnA 
Supply Voltage, Vee ........................... 5.5 V 
Supply Voltage, VK •••••••••••••••.•••••••.... 13.5 V 
Input Voltage, VIN •••••••••••••••.•••••••..... 5.5 V 

FULL-ST!:P MODE 

STEP I 
ENABLE ....:!! r 1 ~s MIN. ~~r 

Lf1S1.ILr STEP 
lNPUT 

DIRECTION ~ I l~ I I 1 
CONTROL ~ !--MI N. 

OUTPUT ~ 

:uw"' =t=U-+t 
~UTPUT I' I'. I' .1. I 
c~ gU,"~T 1 I I J 
TIME/OUT I II II 

. MONOSTABLE -1..,.....J '. L--' L 
I 

MONOSTABLE &:I 
RC ~ 

Owg.No. A-12.353 



HIGH-CURRENT INTERFACE DRIVERS (Co'htinued) 

L/R DRIVE CIRCUIT 
Used to Drive A 12-Volt 
500 mAUnipolar Stepper Motor 

,,(Double-StIlP Mode) 

OUTPUT ........ H-t+HTI-f>o--, Ip'wR ()Nr---/l1i1--.--<l +5 v ENABLE 

10K 

~o 
IOK~---;:lrr-'l"l 

R 

, ':::t'4-@--+----<> DIRECTJON 
'- CONTROl-

,~, ,~. 

':::::::i='-'lL<4fH10)--t---<>STEP INPUT 

I" '-+-'ill"--;---oSTEf:', ENABLE 

Dwg. No. A-1I,187 

+5V +5V 

:bpEED. 
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1- - - - - I 
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" '5,1 
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HIGH+:CURR&NT INllRFACEDRIVERS: (Continued) 

UDN·2949Z HIGH·CURRENT BIPOLAR HALF· BRIDGE MOTOR D~~YER 

THE UON-2949Z. is It mOilplithic half-bridge 
motor driver supplied ill Ii power tab TO-220 

style package. The Circuit· combines sink and 
source drivers with diode protection, gain and 
level shifting systems, and a voltage regulator 
for singie-supply operation. The unit is 
speCifically designed for servo motor drive 
applications using pulse width modulation 
(chopping). 

The chopper drive mode is characterized by a 
minimum power dissipation requirement while 
allowing the output to switch currents of 2 
amperes. Output d-c current accuracies of better· 
than 10070 at 100 kHz can be obtained. 

The UDN-2949Z may be used in pairs (full
bridge) for d-c stepper motor or brushless d-c 
motor drive applications. High load currents or 
step rates will usually require an external ground 
clamp diode (IN4000) connected at the output 
of each device. 

The UDN-2949Z power driver may be also be 
used in stepper motor bipolar bridge drive cir
cuits for example, with the Sprague UCN-4202A 
Stepper Motor Translator/Driver, as shown. 

. . 

RECO,MENDED MAX. OPEUTJNG CONDITIONS 
SupplyVhltage Range, Vs .... :; ........... 15 V to 28 V 
Input Voltage, VIN ............................ 5.5 V 
Continuous Output Current, lOUT .......... : •.... ±2.0 A 

1 2 3 • 5 

+24 V 0----+--+--+--+------' 

DIRECTION o---....... i/<>--+-j------4----1.;»-' 
SPEED o__---'--~ ______ -----' 
(PWM) DWG. NO. A-ll.182 

FULL·IRIDGE D·C SERVO MOTOR APPLICATION 

DIRECTIO~ ~l 
-I r->5\lS 

1 ~>150ns 
. SPEED IPWMI 

lOUT 

+Z8V 

CWo__ __ -'. 

CCW o__--__ ---' 

:,pWG.NQ, A-ll ,241 

SINGLE·WINDING D·C OR STEPPER MOTOR Timing Condition. 



HIGH-CURRENT INTERFACE DRIVERS (Continued) 

TYPICAL 3-PHASE BRUSH LESS D-C MOTOR DRIVE 

ULN-370lZ and ULN-3702Z HIGH-CURRENT DRIVERS 

THESE HIGH-CURRENT drivers are suitable 
for driving d-c motors rated to ± 2.5 A and 18 

V with minimum external components. Internal 
voltage, current, and temperature shut-down 
circuitry protect these devices under the most 
severe operating conditions. The ULN-3702Z 
does not include the high-voltage shutdown, 
allowing operation with supply voltages up to 28 
V. The high-gain, high-impedance operational 
amplifier configuration allows many specialized 
input, output, and feedback arrangements. 
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HI&Hl-(URRENTINTERFACE DRIVERS (Cith,tiriued) 

SERIES'ilN~2800ADARIINGTON IRRAYS and 
SERIES UDN·2980A HIGH·CURRENT SOURCE DRIVERS 

THECOMBINA TION of separate 8-channel 
sourC,eand sink driver ICs;provides asingle or 

twin fuoujr).drive: interface solution for 
"cross~yer" Currents whiCh may occur during 
switching'tfllnsitions .. No timing provisions are 
necessa~y provided the external resistance limits 
"crossover" currents to the maximum specified 
for the ICs (::I; 500 rnA). 

Flybackvoltage should not exceed the recom-· 
mended V s level (+ 35 V or + 50 V). With a 
UDN-2982A/ULN-2803A combination and a 
+ 24 V supply the flyback voltage should not ex
ceed + 35 V [Vs(max) + VZener(max) + 
Vclamp(max)< 35 V). 

Single motor drives may be accomodated by 
paralleling both inputs and outputs of each IC 

(max lOUT = ± 1.0 A; DIP rating allows::::: 350 
rnA max). ' 

Stepper motor bridge driver circuits using 
techniques such as that illustrated below should 
achieve greater reliability and space economy. 
cost redpction and improved performance. 

RECOMMENDED MAl. OPERATING CONDITIONS 
Supply Voltage, Vs 

UDN-2982A and ULN-2803A ............ i.. 35 V 
UDN-2984A and UlN':2823A ............... 50 V 

Peak Output (100 rns),lop.. . . . . . . . . . . . .. ± 350 rnA 
Continuous Output Current, louT 

Single Motor . . . . . . . . . . . . . . . . . . . . .. ± 300 rnA 
Independent Operation Twin Motors ...... ± 300 rnA 
Simultaneous Operation Twin Motors ..... ± 150 rnA 

UDN·2982A and ULN·2803A Twin Motor Combination 

UD.N-2982A 
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HIGH.CURRENTINTERFACE DRIVERS (Continued) 

UDN·2580A SOURCE DRIYER 

THE UDN-2580A SOURCE DRIVER serves as 
",a,djr~~t interface. from theCybemetic Micro 

Systetn'S"CY500 MotorContfOller, utilizihg 
paralleled inputs and outputs. IhiS!C is most 
use-ful with supplies of up to ~}~;'V. A selecte~ 
'version (UDN-2580A-l) is. availa;ble . for opera-
Jion to -SO V. . 

ASCII- DECIMAL DATA BUS 

RECOMMENDED MAX. OPERATING CONDITIONS 
.' .Outllllt Voltage .• VCE •...•••••. '" •••••• , •.• , •• ; ,35 .V* 
Output Current. lOUT ••• " ................. ; • .,...350 rnA 

<' .' ; , <, - ~, , 

"'Referenced to -V(+5V' and~30 V shown) \ . 

UDH:2580A Source Drlyerwitht,ber,netl~(~. 
-~ , c , n ,_ -lOY 

M. ,NO. A-ll.lH 

UDN·2845B and UDN·2846B QUAD DRIYERS 

THESE/QUAD DRIVERS are designed to RECOMMENDED MAX. OPERATING CONDITIONS 
handle high ,current loads operating from Output Voltage. VCE •......•..•..••..•...••... :-35 V 

negative supplies. The doc motor interface Output Curre"t. lour ......................... -1.5 A 
shown uses external diodes for clamping ang., Supply Voltage. Vs ..... , .... : ................. 5.0 V 
commutation. A 10 jAS interval between. inpufinput Volta~. VIN 
transistionsjs recommended to prevent "cross- UDN.2845B .. c ••.•. _ ...................... ; .• 5.0 V 
over" cll;rrent damage to the IC. UDN:28468 ................................. 12 V 

;~ 

CCW 
CW 

, pc MOTOR 'NTERFACE DWG. ~O. A.II.193 
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HIGH~ClJRRENTINTERFACE DRIVERS (Continued) 

UCN·4401A and UCN·4801A liMOS LATCH/DRIVERS 

THESE HIGH-VOLTAGE, high-current 
. latch/drivers are comprised of four or eight 

CMOS data latches, a Darlington transistor 
driver for each latch, and CMOS control cir
cuitry for the common CLEAR, STROBE, and 
DUTY CYCLE CONTROL functions. Data bits 
can be sent to the latch/ drivers at rates from 500 
kHz (Voo = 5 V) to I MHz (Voo = 12 V). 

Microprocessor power can \:>e utilized more ef
fe~tively in motor drive systems incorporating 
UCN-440IA or UCN-480IA latch/drivers. The 
appropriate motor windings can be activated 
(usually at millisecond rates) while the micro
processor spends nearly 100070 of its time per
forming other functions. 

A full-step drive scheme implemented with the 
4-latch UCN-440IA provides 350 rnA for each 
output. The 8-latch UCN-480IA may be used 
for systems operating more than one motor, 
with 300 rnA available for each output. 

DUTY CYCLE CONTROL 

MICROPROCESSOR 

RECOMMENDED .. MAX. OPERATING CONDITIONS· 
Output Voltage, VeE ............................ 35 V 
Output Current, lOUT ........................ 350 rnA 
Supply Voltage, Voo .................. , ......... 15 V 
Input Voltage, VIN· ............................. Voo 

ST~OBE 

~L-____________________ __ 

~~ ______ ~~L-____________ __ 

~,,~PU~,,~ ______ ~ ____________ ~ 

DUTY CYCLE CONTROL 

A. Miroimllm strobe pulu widlh ___________ • __ 300ns 
B. Miroimum delto pills. wic:lth _______________ lOOns 
C. Minimum dolo set-up time ______________ .l00ns 
D. Minim",m dala hold lime _______________ .l00ns 
E. Minimum duty e.~l. eontrol pulse width. ___ .300ns 

TImIng CondItIons (VDD = 5.0 V) 

+30V 

Dwg. No. A-l1,191A 
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HIGH·CURRENT INTERFACE DRIVERS (Continued, 

EXPANDING THE FRONTIERS OF IC INTERFACE 
FOR ELECTRONIC DISPLAY'S 

INTRODUCtION 

Th~ original monolithic high-voltage/higp..current 
power . <;irivers from spfligu~" ~ere., capable of 
sustaining i 00 V and sinking loaifcurrents of 250 rnA 
oll~bh of four outputs'. That 1970 peripheral driver 
capability haS since been expand,edand improved on 
to solve many of themostdit'ficult display interfaces. 
Our newest devices are rated for operation td:l30 V, 
soUtcirlg of sinking to L5 A, and as many as eight 
drivers per package (not all together) with iilputsfor 
TTL, Schottky TTL, DTL, CMOS, and PMOS. 

LAMP ,INCAIIlDlSCENT) INTERFACE, 

Utilizing marketing inpUts'that related to existing 
hybrldiritetface circuits" a8roup at SpragUe designed 
and Ihanufactutedmonolithic lCs whiCh initially 
were' largely, used for aircraft .indicator lamp inter
fa!;:e. Althoughcnot widely known. these quad. <;iriver 
units Were "develop,e<;i (quite in<;iepenqently (and 
simulta{1eously). t~ th~ub:iquitous ,n 75451.series~ of 
4igh-speed, 10~rv~ltage,pe~ipheral dr~vers,. A.con
C;:l!ntrat!on uPQqcircuit de~ignfactors, improv~ments 
in DIP packl\ging (c9Pper alloy lea<;iJrames), and 
,ti~te;', tougher'controi of diffusion-related 

\., ! , . , '/', , ' . "t. 

parameters has Iillowed' the manufacture of quad 
POwer drivers rather than the dual mini-DIPs offered 
byTI. 

An increased awareness for improvements, ill 
reliability and space and power reductions provided a 
rather successful" military market for 'Sprague lamp' 
and reray interface; early success' waS' evident in 
military aircraft indicator lamp interface, a tough 
application for TTL , type ICs due to <severe inrush 
currents resulting ·in secondary breakdown during 
"turn ,on". The increase<;! current ,sinking capability; 
of the Sprague lCs offers a solution to lamp interface, 
that usually ,obviates tlie, need for "warming" 
resistors (ac[~sstl)eoutput) which slightly warm the 
lamp filament'and"th,us minimize problems 
associated with cold lamp filaments. 

~ t/; "~', .. >., • 

The relay ,drive.r, types of ,Sprague IC drivers 
(and Qt/ler similar ;t.t:ansienH)fQtected ICs) are 
somewh.at mor~ ,use!uL!ban the so-called general 
purpQ~~ o/Pes. since the djQ4e common terminal may 
be swi,~che.~' for a syste~'1iPnp t~t., . As shown in' 
Figure); ~nly 'a; ~iii$le~ ~pniu:<;tiQn to each DIP is 
required.; . " ' , ,~ .. .,. ' ,. 

TTL 
OUTPUT 

Figure 1 

----------~------.-~.---. 



,HIGH~CURRENT INTERFACE DRIVERS\{Gontinued) 

The high current-sinking capability ofthe Sprague 
ICs allow such loads as the #327 or #387 lamps to 
be driven without difficulty of secondary break
down. The d~vicc beta will usuatIy n9~ allow sinking 
of the 10 to 13 times (nominal value) inrush current 
of cold lamps; but the lamp rapidlYreac~es a current 
level withiri the device output limitations (Figure 2 
shows current as a function of time for a single #327 
lamp). Sustaining this instantaneous inrush current 
and its pea,k pqwer has been a key element in the 
success of many 1amp interface circuits: 

GAS DISCHARGEDISPLA y tCs 

Early in 1972, ~~e successfully produced its 
first high-voltage Ie desi~ned for gas siischarge dis
plays-a five channel, 130 V unit for cathode (seg~ 
ment) interface.· Subsequently, other circuits, both 
cathQdeandanode'Urivers, wereproouced; most of 
which were used in calculator applicatibns with the ' 
Burroughs Paiiaplex® IL In Figure 3 issh.oWri a dis
play interface systemuti'liiing tli'e'UHP-481 arid 
UHP-491 display drive~s, associ~ted thick-film netc 

w.orks, and discretes.' This was a Jtep forward, but 
still required external discrete c(imponenis. 

Through a collaborative effort begun ,late in 1973 
between Sprague Eleettic and'Burroughs Corp. a 
newer, m.ore efficient ·interface scheme evolved. 
Featured in "Electronic flisplays '75," this serieso( 
monolithic It interfacedevidek fotihe high-v&ftag{' 
gas discharge panels has been one 6fthe trililblazers 
in the world .of display interface ICs. Intended for 
use in multiplexed display systems, these ICs pres
ent one .of the easiest and least expensive solutions 
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Figure 2 

to a difficult interface problem. A combinati.on of 
high-voltage bipolar techniques with thin-film 
resistor technol.ogy (circuit resist.ors sputtered .over 
theIC dielectric) hasprovidedboth digit (anode) 
and segment (ca~P.ode) interface. 

To facilitate a minimum component interface, a 
split supply (± 100 V) is employed to allow doc level
shifting (rather than capacitors or >200 V transis
tors) and both digit and segment drivers incorporate 
all pull-up, pull-down; current limiting, off-bias ref
erence, etc. which were formerly required in dis
crete and/or hybrid systems. With the combhiation 
of the digit 81ld segment drivers (each capable of 
withstanding 120 V,), the ~plit power supply ap
proach affords PN ~liode IC techn.ology suitable for 
driving a display usually requiring a 180V minimum 
ionizati.on v.oltage (equivalent to ±90 V in tl:).e split 
system). 

The use of the Series UDN-610017100A gas dis
charge display drivers shows tl:).e need for only two 
monolithic les for displays of up t.o eight digits and 
eight segments as sh.own in Figure 4. Systems re
quiring digit .or segment counts greater than eight 

. employ additi.onal driver ICs, and with the exception 
of the Type UDN-7180A segment driver; the seg
mimt les all have outputs with internal current-lim
iting resistors for the display segments. The UDN-
7180A device, for reasons .of package power dissi
pation and/or dissimilarseginent currents (certain 14 
ori6 segment alphanumJi'ic pa.nels) can als.o be 
used, but must have external, discrete current-lim
iting resistors. 
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HIGH-CURRENT INTERFACE DRIVERS (Continued) 
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Higher current applications are difficult for both 
programmable current and switchillg type display 
drivers. Segment currents beyond 2.5 or 3 rnA 
present package power dissipation limitations to 
mOl)t dual in-line packages. By using external 
resistors, the Type UDN-7IS0A driver allows 
segment currents of up to 14 rnA. 

The transistor switch with current-limiting resistor 
scheme used in Sprague gas discharge display drivers 
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also minimizes problems associated with gas panel 
arcing which can destroy programmable current cir
cuits. Some of the gas display manufacturers 
recommend the use of series resistors in each segment 
line to prevent destruction to the semiconductor in
terface circuit should such a panel arc occur. 
Without these series resistors (internal thin-film 
resistors in Sprague devices) the Ie can be destroyed 
by the high voltage and resulting high current should 
the panel voltage drop to a very-low level during an 
arc. 

D 



HIGH· CURRENT INTERFACE DRIVERS (Continued) 

LED INTERFACE 

With the obvious abundance and variety of LED 
interface integrated circuits it would seem unlikely 
that there are still systems in search of an Ie hard
ware solution to further minimize cost, component 
count, space, etc.; but this is definitely the case. 
The deficiencies are chiefly related to the limited 
number of current-sourcing circuits and/or high
current drivers. 

The efficiency of LED displays has improved, but 
with the larger digits, (up to I" presently) most of the 
IC drivers are unable to switch the higher currents 
required iii multiplexed systems. The rule-of-thumb 
generally applied uses the suggested doc current -
multiplied by the number of digits in the display. 
For example, a multiplexed display of 160 rnA peak 
current will give approximately the same light inten
sity, output as a steady 20 rnA in each of eight digits. 
Of particular difficulty is the switching of currents 
associated with the lower efficiency yellow and green 
LEDs. Sprague has provided monolithic integrated 
circuit solutions to applications requiring segment 
currents of 350 rnA and digit currents of up to 1.5 
amperes! 

L -f- ---------

FIgureS 
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Many of the Sprague ICs used in high-current LED 
applications were originally designed for use with 
electro-mechanical loads (relays, solenoids, motors, 
etc.) although the high-voltage ratings of the drivers 
are obviously not a concern. A combination of high
current, high-voltage Darlington drivers is shown in 
Figure 5. 

The ULN-2074B source driver is utilized as a 
modified emitter-follower. Through the use of 
discrete diodes in the common collector line, 
allowing the base to be switched to a potential higher 
than the collector, it is then possible to obtain a 
saturated output. This prevents the usual emitter
follower problems associated with gain, the MOS 
output impedance, and power. It is also possible to 
now better define the voltage at the emitter output 
and to then provide suitable segment current-limiting 
resistors for the LEDs. 

The ULN-2002A sink driver is a high-current 
Darlington array with the capability of switching 
multiplexed LEDs with an available limit of 155 rnA 
for each of the seven drivers when used at a 1001170 
duty cycle. Even the more inefficient yellow or green 
LEDs can be driven with higher output currents at 
lower duty cycles (400 rnA at a 28% duty cycle). 

1/2 ULN-2074A 
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A new eight-channel'source driver is shown as a 
digit switch for common anode; LEOs in Figure 6. 
The Series UON-2980A drivers, will handle output 
currents to a maximum of 500 mAo Two basic ver
sions of the driver will allow interface from TTL, 
Schottky TTL, OTL, PMOS. and CMOS levels. 
Other versions of the' ULN-2003A driver are. also 
available for use with the various' logic levels. 

Of the three sink drivers shown. the ULN-2003A is 
probably the better cltoiFC from astandpoint of both. 
pinout and comp6nentcoqnt~.Italso has straight
forward in-out piiming.··The ULN-2031A and ULN-
208lA devices offer lower cost. They are also inter
changeable from a pinning aspect although the out
put ON voltage will be dissimilar •. 

A common-cathode LEO configuration is shown 
in Figure 7 for .currents of up to I.S A per digit! 
A series UON-2980A sourCe driver is used to switch 
the segment side, the ULN-2064B or UL'N-2074B to ' 
switch the digit side .. As has been shown with Figure 
S, the I€ package power dissipation must be con
sidered with high-current applications. 

Plgu ... ' 
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The three examples that have been shown for LEO 
interface represent only a. very~small portion of the 
total applications area: The high~current capabilities 
and high gain of the Sprague drivers represent poten
tial solutions to many difficult LED display systems -
alphanumeric, seven-segment, 'Dr matrix; common
cathode or common-anode; continuous or 
multiplexed. 

A-C PLASMA D,SPLA Y INTERFACE 

Plasma displays,. such as those manufactured by 
National Electronics/NCR (USA) and NEC or Fujit
su (Japan). all have one common element with their 
gas discharge cousin - both types use a neon gas mix
ture. The plasma panels emit an orange glow when 
switched ai-rliherhigh frequencies. and light ouiput 
intensity is a function of frequency •. The a-c term for 
the plasma display is something of a misnomer since 
these panels actually operate from a toggled doc sup-

. ply (usually in the area of 20 kHz). 

The. panel is basically a neon-filled capacitor, and 
has plates (electrodes) which are covered with the 
dielectric - between which is the neon mixture. 
Switching this cl:!,pacitive load presents a problem 

II 



HJGH-GURRENT'lNTERFACE DRIVERS· (Continued) 

with high peak currents in addition to the older 
problem of the high voltages which are associated 
with gas displays. Drive circuits use supply voltages 
of 150 to 260 V (depending on unipolar or bipolar 
drive). and the semiconductors used must switch in
stantaneous currents in the order of several hUJ;ldreq 
milliamperes for the larger displays. 

. . 

Several high-voltage, high-current arrays made at" . 
Sprague Electric can provide an answer to one side of 
the a-c plasma display interface. The Series ULN-
2020;\ Darlingtons ar,e rated at 95 V while the Series 
UHP-500 power drivers are rated at lOOV. ,They are 
both able to handle the application shown in Figure 8 
(a basic d-c, non-multiplexed clock interface rather 
than a more complex multiplexed system). The· 
ULN-2022A is specifically designed for 14 to 25 V 

PMOS logic levels while the UHP-506 is intended for 
use with TTL. 

The high-current diodes that are internal to the 
Sprague arrays are utilized in the unipolar drive 
scheme connected to a suitable OFF reference. 
In one POS application, a set of 14 ULN-2023A 
Darlington drivers replaced more than 400 discrete 
components. The cost and space savings in such a 
machine are considerable, and a very complex prin
ted wiring board was greatly simplified. 

Further improvements in interface and plasma 
displays will no. doubt evolve,· and thus benefit all 
concerned - display and interface vendor along with 
the end user." Plasma displays are well-suited to 
custom panels (particularly those with various sizes 
of characters) and with improvements in Ie break
down voltages some further simplification of inter
face should evolve. 
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FLUORESCENT DISPLAY INTERFACE 

Although the vast majority of fluorescent displays 
are directly driven from MOS logic (handheld and 
low-cost desk calculators), there is an emerging need 
for interface integrated circuits for use with the larger 
characters (higher currents) and. the higher voltages 
corning into use. These blue-green display panels 
originated in Japan, and the manufacturers are quite 
aggressively pursuing markets such as POS systems, 
clocks, cash registers, appliances, automotive 
displays,etc. Largerand/or more complex styles are 
being made, including displays with alphanumeric 
capability (a starburst 14 or 16-segment pattern). 

Modest voltage capability (60 or 70 volts) is all that 
is required of a semiconductor device to drive these 
panels, and the currents are in 20 to 30 rnA region. 
These electrical requirements are well within the 
capability of many gas discharge digit drivers. 
In Fig~re 9, the UHP-491 is shown used with pull
dowrt.resistors connected to each output. When both 
the segment (eq~ivalertt to a vacuum tube anode) and 
thedjglt (controlled by the grid) are. switched suf
ficiently positive with respect to the cathode 
(filament),.the appropriate display digit/segment are 
energized. 

Figure. 
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Another. multiplexed configuration is shown in 
Figure 10; the difference being that a push-pull type 
ofMOStmtput is in use, and the pull-down rail does 
not allow the UHP-491 substrate, VOO, and output 
potentials to be the same. The substrate and output 
are tied to the most-negative rail, while the VOO 
terminal connects to the -12 Y line for the MOS. 

Since these solutions using the older gas discharge 
digit· driver circuits require the use of appropriate 
pull-down resistors, either in discrete or thick-film 
network form, a more suitable solution employs the 
.circuit shown in Figute 11. The UON-6118128A 
devices are designed specifically for use with 
fluorescent displays and include internal pull-down 
resistors so that up to eight segments and eight digits 
will require only two packages and a greatly. sim
plified power supply. The Type UDN-6118A driver 
is compatible with TTL, Schottky .T'I'L. DTL, and S 
volt CMOS. The Type UON-6128A driver is tor use 
with 6to.lS volt PMOS or CMOS logic. ..... .. 

The ~~ture. of fluorescent displays looks rather 
strmlg,.p~rticularly if competition further reduces 
prices. For the moment at least, thesedispl~yswill 
not seriously tax the capability of IC interfacee~ept, 
perhaps, from a price/cost standpOint. 

o 
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HOT WIR. READOUTS 

Although hot wire readouts could easily be placed 
in the incandescent category, their application in 
multidigit,multiplexed display syste1fis· Qlore closely 
resembles LED circuit operation. .Sin~ehot wire 
displays will conduct current in eitherdirection,·iso
lation diodes· are required to prevent sneak paths 

Flgur.' 
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from partially turning ON unaddressed segments. 
Compare the. typical hot wire display of Figure 12 
with the LED display of Figure 6. The availability of 
a suitable, inexpensive diode array would be of con
siderable asset in multiplexed hot wire. systems. 
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The hot wire readouts are available in both seven
segment and alphanumeric (16-segment) versions and 
are quite well-suited to high ambient light ap
plications. They do not wash out in sunlight, 
although their reliability diminishes with the higher 

Flgur.12 
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currents required in brightly lighted applications. 
As described, multiplexed schemes can be cumber
some because of the great number of discrete diodes 
required. One avionics system using a 16-character, 
16-segment alphanumeric panel required 256 discrete 
diodes. 
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Figure 13 

GLOW TRANSFER • BAR GRAPH & MATRIX PANELS 

Neon-based display technology has shifted into 
many new market areas. The Burroughs Self-Scan® 
is a solution to many alphanumeric applications; 
the newer bar graph is a solid state replacement for 
analog instrumentation. Both use the glow transfer 
principle of the dot matrix Self-Scan display. 

The nominal voltage for this type of panel is 250 V. 
High-voltage gas discharge drivers (Series UHP-480) 
or Darlington arrays (Series ULN-2020A) afford a 
cathode interface to the glow transfer panel. With a 
typical display current of 3 to 5 rnA, the gas 
discharge drivers are perfectly adequate. For higher 
current applications, the Darlington arrays are a 
solution. 

SUMMARY 

As illustrated in Figure 13, the bar graph cathode is 
easily driven with a Series UHP-480 driver. Signal 
level shifting is inexpensively accomplished with 
capacitors; the OFF reference, pull-up, and pull-· 
down is done with a few discretes. The anodes are 
driven with two discrete transistors (BV CES~120 V). 
By utilizing a negative supply, the level shifting is 
easily done in the cathode side. If a positive supply 
were used, relatively complex doc level shifting would 
be required in the anode side. The few discretes 
necessary in the circuit shown are generally a viable 
solution when faced with cost and space parameters 
for the system. 

The phenomenal growth in display technology has largely come as a 
result of the electronic calculator, and electronic displays will pervade all 
our lives in an ever-increasing number of products. The use of diSital 
displays in appliances, gasoline pumps, electronic games (even pinball 
machines), etc., etc., etc., will also require that a continuing evolution of in
terface integrated circuits meet the challenges of higher brightness, in
creased currents, improved reliability, and lower system costs. 

Both the display and semiconductor industries have demonstrated that 
they will meet the challenges of today, and these challenges then become 
routine with tomorrow. 
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HIGH-CURRENT INTERFACE DRIVERS (Continued) 

INTEGRATED CIRCUITS FOR 
CURRENT-SOURCING APPLICATIONS 

DURING RECENT YEARS, the appearance of 
. many new low-power monolithic devices (LSI 

and microprocessors) has created an increasedneed 
of peripheral power driver integrated circuits. Inter
face drivers are typically categorized in terms oftheir 
output-drive functions. When current flows out of 
the driver output terminal and into the load; the 
device is said to "source' 'current. Conversely, cur
rent flows from aload into a "sink" driver. 

Sprague integrated source drivers usually consist 
of high-voltage PNP devices and. high-power NPN 
Darlington outputs (which provide PNP-type ac
tion), with input-level shifting. These power ICs are 
useful for interfacing low-lev,<llogic (TTL, CMOS, 
NMOS, PMOS) .and high-current or high-voltage 
relays ,solenoids ,lamps (incandescent, LED, neon), 
motors, and displays (gas."discharge, LED, 

FLOATING LOGIC-GROUND LEVEL 
(Sink Driver) 

+5V 

LOGIC 
INPUT 

CONDITIONING 

+V 

LOAD 
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+5V 

vacuum-fluorescent). They can also be. used to 
provide multi"channel buffers for" discrete· power 
semiconductors. 

The advantages of source drivers for display inter
face are quite evident. The X-Yaddressing of most 
readouts requires both source and sink functions to 
minimize pin count, interconnections, and package 
count. 

A more subtle advantage of source drivers is re
lated to their use with inductive loads or incandescent 
lamps. Both types ofload generate troublesome tran
sients and noise currents on common logic Iload 
ground lines. In additkm,high ground currents can 
shift the ground rail, affectipg logic input levels, 
thresholds, and noise immunity. The use of source 
drivers can minimize many lof these concerns by 
separating the logic and power returns. 

SEPARATE GROUND RETURNS 
(Source Driver) 

+V 

HIGH 
CURRENT 

LOGIC INPUT 
CONDITIONING 

LOAD ! 
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HIGH·CURRENlJMTERFACE . DRIVERS.(Ccmtitiued) 

RELAY-DRIVER APPLICATIONS 

SERIES UON-2580A, eight-channel source driv
ers, and Types UON~2956A and UON-2957A, 

five-channel source drivers, provide current/voltage 
translation from TTL, positive CMOS, or negative 
CMOS logic to -48 V telecommunication relays 
requiring less tha,n 350m..:\.. All devices have inter
nal .inductive. load transient~s uppression . diodes. 

Type UON ~2580A-l is best driven from 
negative-referenceGMOS cir NMOS logic ('-5 Vor 
.:c..:'12 V swing)in 'order;to provide a -48 V swing at 
the outPU1: The active-low input Type UON-
2588A-l can be driven' from positive logic TTL 

TELECOMMUNICATIONS 
RELAY'DRIVER 
(Positive togic) 

,uDN-25~.-\ 

-48V 

DWG. NO.A-ll.524 

( + 5 V s~ing) of CMOS (+ 12 V swing) levels. The 
active-hi~h input TypeUON-2956A is similar to 
Type UON-2588A-l, but it also has a chip-enable 
function that requires a minimum number of drive 
lines to control outputs from several packages in a 
simple ·multiplex scheme. 

RECOMMENDED MAX. OPERATING CONDITIONS 

Supply Voltage, VEE ..... , ....... , , , ......... : -50 V 
Continuous Output Current, lOUT (per output) .. _,' ,. -350 rnA 

TELECOMMUNICATIONS 
RELAY DRIVER. 

(Negative Logic) 

-48V 

DWG.NO. A-ll.538 

MULTIPLEXED RELAY ,DRIVEl 
,+5V 

TTL 
OUTPUT 

TO OTHER 
DRIVERS 

ENABLE 

-48V 
nWG. NO. A-ll.525 
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HtGH-CURRENTINTERFACE DRIVERS (Continued) 

PRINTER APPLICATIONS 

SPRAGUE SOURCE DRIVERS have been used 
extensively in electrosensitive, thermal; and im

pact. printer applications .. Multi-channel devices in 
the Series UDN:'2580A and UDN-2980A reduce 
parts count and provide up to 350 rnA per output at 
voltages up to 75 V (resistive load). Copper lead 
frames make these devices capable of simultane
ously delivering up to 125 rnA continuously from all 
eight channels at an ambient temperature of +50°C. 

THERMAL PRINTER APPLICATION 

U DN-2588-1 

-50V 

OWG.NO. A-ll,530 
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RECOMMENDED MAX. OPERATING CONDITIONS 

Supply Voltage Range, Vs 
UDNc2588A-1 ............................ to 75 V 
UDN-2981A and UDN-2982A .............. 5 V to 45 V 
UDN-2983A and UDN-2984A ............. 35 V to 75 V 

Logic Voltage, VIN . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 12 V 
Continuous Output Current, loUT (per output) ...... -350 rnA 
Peak Output Current, lop . . . . . . . . . . . . . . . . . . .. - 500 rnA 

ELECTROSENSITIVE PRINTER APPLICATION 

o 



HIGH-CURRENT. INTERFACE DRIVERS (Continued) 

ELECTRO-MECHANICAL DISPLAY APPLICATIONS 

SOURCE DRIVERS in the Series UDN-2580A 
and UDN·2980A, when combined with the 

Type utN-2804A sink driver, provide a simple in
terface between 12 V CMOS logic and a multiplexe<,L 
electro-mechanical display. As shown, the need for 
additional inverter packages .is eliminated since Type 
UDN-2580A is activated by a l(}w input level and 
Type UDN-2982A is turned ON by a high input 

input level. All drivers have internal inductive-load 
transient"suppression diodes and copper lead frames. 
for improved package power dissipation capability. 

RECOMMENDED MAX. OPERATING CONDITIONS 

Supply Voltage, Vs ...... ,., •..............•.... 35 V 
Continuous Output Current, lour (per output) ...... :-350 rnA 

MULTIPLEXED ELECTRO-MECHANICAL DISPLAY DRIVERS 
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HIGH-CURRENT INTERFACE DRIVERS (Continued) 

VACUUM-FLUORESCENT/GAS-DISCHARGE DISPLAY APPLICATIONS 

SPRAGUE SERIES UON-6100A and UON-
2580A source drivers provide solutions to prob

lems encountered in driving higher-voltage vacuum
fluorescent and planar gas-discharge displays. Both 
series of parts provide TTL, CMOS, and NMOS 
input-logic compatibility. Series UON-6IOOA de
vices are active high (non-inverting) drivers. Series 
UON-2580A drivers are active low (inverting) de
vices. 

At minimum cost, Series UON-6100A-2 devices 
offer 60 V output breakdowns for vacuum
fluorescent displays typically utilizing less than 32 
characters. Featuring a minimum 80 V output 
breakdown voltage, standard Series UON-6100A 
drivers (no additional suffix) guarantee 25 rnA per 
output. Suffix - I devices provide for a 110 V break
down, recommending them for 40 to 80-digit or 
dot-matrix V -F applications or gas-discharge 
anode-drive applications requiring the higher output 
voltage. All of these drivers include internal pull-

MAXIMUM OPERATING VOLTAGES 

Vs VBB V,N ON V,NOFF Vee VHf MAX) Deviee Type 
+5 <1.4 >4.5 0 45 UDN-2588A 

-75 UDN-2588A-I 
+12 <8.4 >1l.5 0 45 . UDN-2588A 

-75 UDN-2588A-I 
+30 2.4 <0.4 NA -30 UDN-6138A-2 

4.0 <0.4 NA -30 UDN-6148A-2 
+40 2.4 <0.4 NA 40 UDN-6138A 

4.0 <0.4 NA 40 UDN-6148A 
+60 TIl or CMOS NA 0 Series UDN-6100A-2 
+80 TIl or CMOS NA 0 Series UDN-6100A 

+110 TIl or CMOS NA 0 Series UDN-6100A-I 

down resistors and provide operation from single
ended positive supplies. 

Operation from a split-supply allows the user to 
bias the V -F filament at ground potential or to utilize 
a system-supply voltage above ground (±40 V in
stead of +80 V). Either Type UON-6138A or Type 
UON-6148A source drivers are recommended. 

For vacuum-fluorescent display applications re
quiring a higher current capability (operating several 
displays with common drive circuitry), Type UON-
2588A can be used with appropriate external output ,II 
pull-down resistors to provide up to 350 rnA per 
output. 

GAS-DISCHARGE DISPLAY DRIVERS 

MULTIPLEXED VACUUM-FLUORESCENT DISPLAY DRIVERS 
+36V 

UDN-61IB/2BA-2 

~~~~------~--------------~------~ 

OWG. NO. A~1l,522 
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HIGH-CURRENT INTERFACE DRIVERS (Continued) 

VACUUM-FLUORESCENT /GAS-DISCHARGE DISPLAY APPLICATIONS 
(Continued) 

DIGIT 
SELECT 

VACUUM-FLUORESCENT DISPLAY DRIVERS 
(Split Supply) 

+5V 
Y 

-24V 

DWG. NO. A-ll,·526 
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HIGH-CURRENT INTERFACE DRIVERS (Continued) 

INCANDESCENT LAMP DRIVER APPLICATIONS 

DRIVING MULTIPLEXED incandescent lamps 
.at voltages up to 75 V with peak currents ap

proaching 500 rnA per segment, Series UDN-2980A 
eight-channel source drivers, when combined with 
Type ULN-2069B sink drivers, provide for a very 
cost-effective approach. Multiplexed lamps PlUSt 
typically be operated at a voltage jN (N = the 
number of digits) times the nominal doc voltage, to 
obtain sufficient brightness. For example, a four
digit, 28 V display requires 56 V to operate satisfac
torily. In addition, care must be taken to select a 
proper driver to withstand the substantial inrush cur
rents created by cold filaments. Peak currents of up 

to ten times the nominal operating currents have been 
observed. Multiplexed lamps must also incorporate 
diodes to prevent series/parallel paths to unad
dressed elements. 

RECOMMENDED MAX. OPERATING CONDITIONS 

Supply Voltage Range, Vs 
UDN-2981A and UON-2982A .............. 5 V to 45 V 
UDN-2983A and UDN-2984A ............. 35 V to 75 V 

Continuous Output Current, lOUT (per outputl ...... -350 rnA 
Peak Output Current, lop .................... -500 rnA 

MULTIPLEXED LAMP DRIVER, TTL- OR MOS-COMPATIBLE 

SEGMENT SELECT 
UDN-2983/84A 

3-151 

DIGIT SELECT 
ULN-206917lB 
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HIGH-CURRENT INTERFACE DRIVERS (Continued) 

LIGHT ·EMlnING DIODE APPLICATIONS 

SERIES UDN-2580A and Series UDN-2980A 
8-channel source drivers provide monolithic sol

utions to problems associated with driving multi
plexed LED displays in common-cathode or 
common-anode configurations. 

Type UDN-2585A is a non-Darlington inverting 
(input low = output high) source driver that is fre
quently used as a segment or dot driver in a 
common-cathode LED display where multiplexed 
segment or dot currents do not exceed 120 rnA. This 
device features input logic-level compatibility with 
open-collector TTL, standard TTL, CMOS, and 
NMOS, as well as low output saturation voltages. 

For common-cathode applications requiring 
higher segment currents, or for common-anode digit 
drive applications, Series UDN-2980A is recom
mended. This non-inverting (input high = output 
high) series features 350 rnA per output continuous 
current ratings with peak currents reaching 500 rnA 

per output. Outputs may be paralleled for higher 
current capability. Type UDN-2982A is logic
compatible with 2.4 V output levels of TTL and 
CMOS. Similar high output current ratings, for use 
in inverting applications, are offered by the Type 
UDN-2580A driver. 

Combining Sprague source drivers with multi
channel, high-current sink drivers (such as Type 
ULN-2068B, UDN-2595A, or ULN-2814A) 
provides simple, compact, and economical solutions 
to driving high-current multiplexed LED displays. 

RECOMMENDED MAX. OPERATING CONDITIONS 
Supply Voltage, Vs 

UDN-2585A ............................... 15 V 
UDN-2982A ............................... 45 V 

Continuous Output Current, loUT (per output) 
UDN-2585A ........................... -120 rnA 
UDN-2982A ........................... -350 rnA 

Input Voltage, V1N ••••••••••••••••••••••••••••• 15 V 

COMMON-CATHODE LED DISPLAY 

SEGMENT 
SELECT 

.~ 
1 

TO OTHER 
SEGMENTS 

rr-<'+5V 

~IGIT 
SELECT 

COMMON-CATHODE LED 01 SPLAY 
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HIGH-CURRENT INTERFACE DRIVERS (Continued) 

LIGHT-EMITTING DIODE APPLICATIONS 
(Continued) 

COMMON-CATHODE LED DISPLAY COMMON-ANODE LED DISPLAY 

UDN-2585A 

UlN-2814A 

TO OTHER 
SEGMENTS 

,----" 

TO 
OTHER 
DIGITS 
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HIGH-CURRENT INTERFACE DRIVERS (Continued) 

MULTI·CHANNEL INTERFACE TOHIGH·POWER LOADS 

SPRAGUE SOURCE DRIVERS can be employed 
as multi-channel pre-drivers for discrete high

current or high-voltage semiconductors, thus reduc
ing the need for many discrete components. For 
instance, a UDN-2580A 8-channel source driver can 
provide up to 350 rnA of pre-drive current into the 
base of power NPN devices, making 5 A load cur
rents readily available. Higher loadcurrents can be 

obtained by using power NPN Darlington devices. 

For a-c loads, it is possible to use any of the 
Sprague source drivers to provide gate current (with 
appropriate current-limiting) to a power SCR or 
triac. This scheme can provide an economical solu
tion to many applications such as driving incandes
cent lamps or a-c motors at up to 20 A. 

DRIVER FOR HIGH-POWER DISCRETE DEVICES 

r-----------, 
+5V +-=-...... __ ------, I 

1 

-l 

-l 

I 
I UDN-2585A L __________ _ 

DWG. NO. A-Il, 533 

D-C 
LOAD 
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HIGH-CURRENT INTERFACE DRIVERS (Continued) 

NEW POWER-INTERFACE ICs 

Introduction 

In a continuing effort to maintain industry leadership as a producer of 
innovative power-interface chips, Sprague Electric Company ,recently in
troduced four new monolithic interface integrated circuits intended for 
medium-power switching applications. These power ICs provide inte
grated multi-channel interface between low-level TTL, CMOS, NMOS, 
and PMOS logic falJ1ilies, or microprocessor output ports, and medium
power peripheral loads such as relays, solenoids, displays, and motors at 
currents of up to 1.5 A and at voltages of up to 140 V. 1 

The four new integrated circuits are: 

UDN-2585AOctal Source Driver (20 V, 120 mAper channel) 
Primarily used as a segment/dot driver in common-cathode multi
plexed LED display applications. 

UDN-2595A Octal Sink Driver (20 V, JOO mA per channel) 
Primarily a segment/dot driver in common-anode multiplexed LED 
display applications or as a medium-power buffer circuit to provide 
interface between various logic families and loads (voltage step-up, 
voltage step-down, current step-up). 

UDN-6514A Octal Source Driver (140 V, 25 mA per channel) 
Primarily for use in high-voltage display applications such as driving 
the grids or anodes of the newer large matrix vacuum-fluorescent 
display panels used for graphics. 

UDN-2541B Quad NAND Sink Driver (60 V, 1.5 Aper channel) 
Primarily a general-purpose high-current, high-voltage interface be
tween TTL, CMOS, PMOS, and NMOS logic and stepper motors, 
incandescent lamps, or relays. 

All of these drivers add a level of system integra-
tion that offers these benefits: 

Parts-Count Reduction 
Printed Wiring Board Area Reduction 
Insertion-Cost Reduction 
System-Reliability Improvement 
Performance Improvement 
Overall System-Cost Reduction 

The success of devices such as those described in 
:his paper reaffirms customer needs to simplify de
;igns, reduce costs, and improve overall system peF
'armance and reliability through the use of power 
ntegrated circuits. 

Simultaneous operation at these voltage and current limits is not 
Ivailable with a single device. 

3-155 

UDN-2585A 
Octal Source Driver 

The UDN-2585A evolved from a need to drive 
segments/dots of multiplexed (common-cathode) 
LED displays. Typical mUltiplexed LED segment/ 
dot currents range from 50 rnA to 100 rnA, depend
ing on LED digit size, number of multiplexed digits, 
and required display brightness. Frequently, these 
displays must operate with 5 V supplies. Moderate 
output-current requirements, combined with a need 
for low output-saturation voltage, suggest that a 
non-Darlington approach would provide an ade
quate solution for this application. It should be noted 
here that source functions are inherently more diffi
cult to integrate. 

II 



HIGH-CURRENT INTERFACE DRIVERS (Continued) 

A schematic for one of the eight UDN-2585A 
channels is shown in Figure I. This source driver is 
an active-low, inverting device with input-drive re
quirements consistent with TTL, CMOS, and open
drain NMOS levels. The PNP input requires only 1 .. 6 
rnA at 0.4 V ( + 5 V logic system; V s= 5 V) to switch 
the output fully to the 120 rnA output-current level. 
Input-limiting resistors as well as pull-up resistors 
are internal to the device. 

+VS 

7.2K 

IN o--Jw------1 
4.8K 

...... ---t-ooOUT 

SUB 

DWG.NO. A-ll.360 

Figure 1 
UDN-2585A PARTIAL SCHEMATIC 

In the multiplexed mode, the supply voltage ( + 5 
V) can be broken down into four components; 

1. Source Driver Output ON voltage 
2. Sink Driver Output ON Voltage 
3. LED Forward Voltage 
4. Current-Limiting Resistor Voltage Drop 

A red LED running in saturation (for uniform dis
play brightness) should be driven at approximately 
2.0 V with the remaining voltage divided between 
the other three elements. Operating from a 5.0 V 
supply dictates that driver voltage drops be kept to a 
minimum so that adequate display brightness can be 
achieved and sufficient "headroom" voltage re
mains for the required current-limiting resistors. 

A 4-digit, 7-segment plus decimal point LED dis
play drive is shown in Figure 2 and requires only two 
IC drivers. Typical segment currents might be as 
high as 120 rnA, with peak digit currents approach
ing 1 A (7-segment plus dp x 120 rnA). The UDN-
2585A source driver features a guaranteed 1.2 V 
maximum saturation voltage at 120 rnA; the ULN-
2068B sink driver has a guaranteed 1.3 V maximum 
at 1 A (see Sprague Electric Engineering Bulletins 
29316 and 29305, respectively). With the LED oper
ating at 2.0 V, this leaves 0.5 V across the 4.3!1 cur
rent-limiting resistor. 

~IGIT 
StlICT 

Dwg. No. 8-1514 

~igure2 
COMMON-CATHODE LED DRIVER 
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R _ Vs - VSAI(Sou,eE) - VSAI(SINK) - VfIOIOOE) 

LIMIT - IflOIOOE) 

If source-sink drivers with higher saturation volt
ages are used, display brightness and uniformity will 
be somewhat reduced. The UDN-2585A is supplied 
in a plastic dual in-line package with copper lead 
frame that permits all eight output drivers to be ON 
simultaneously and continuously at 120 rnA and a 
+ 70°C ambient. 

This device can also be used to drive discrete 
semiconductors such as a power NPN or SCR (Fig
ure 3). With a current-sourcing capability of 120 rnA, 
load currents up to approximately 2.5 A can be han
dled with a vanilla-grade NPN and up to 20 A using 
a power SCR. These schemes provide economical 
solutions to many peripheral-power applications 
such as driving incandescent lamps or a-c motors, at 
20 A or greater, with Darlingtons and sensitive-gate 
SCRs. 

The UDN-2585A can be defined as an evolution
ary device rather than revolutionary product. Al
though the device does not break any technological 
barriers (in terms of semiconductor processing or 
eiectrical capabilities), it does have merit in many 
applications where an economical current-source 
function is needed. 

r-----------, 
+5V +--!-_--_-----, 

-) 

: UDN-2585A ~I _-,--...:......J 
L _______ -' ___ .... 

DWG.NO. A-ll,533 

D-C 
LOAD 

Figure 3 

HIGH-CURRENT INTERFACE DRIVERS (Continued) 

UDN-2595A 
Octal Sink Driver 

As with the UDN-2585A source driver, the UDN-· 
2595A current-sink driver is intended for use as 
a segment/dot driver in multiplexed (common
cathode) LED display applications. A two-chip ap
proach for driving an 8-digit, 8-segment red LED 
display is shown in Figure 4. Combining the UDN-

. 2595A sink driver with the UDN-2982A source 
driver provides an interface between 5 V TTL, 
CMOS, or NMOS, and a 50 rnA/segment, 400 mA/ 
digit LED display. The UDN-2595A sink driver fea- II 
tures a guaranteed 0.5 V saturation voltage at 50 
rnA; the UDN-2982A source driver has an approxi-
mate 2.0 V saturation rating at 400 rnA (see Sprague 
Electric Engineering Bulletins 29320 and 29310, re-
spectively). The 80 current-limiting resistor's value 
is determined from the same equation as used for the 
previous application. 

Currents of up to 120 rnA per segment or 1 A per 
digit can be obtained by paralleling outputs. 

In addition to its LED display applications, the 
UDN-2595A can also be used as a logic translator 
(NMOS/CMOS, CMOS/TTL, or NMOS/TTL) or 
low-level current booster. These applications are 
shown in Figure 5. 

r--------:---, 
+5V~-.--~~------~ 

1~ , 
I 
I UDN-2585A "- ___________ ..1 

Owg. No. A-12,064 

DRIVER FOR HIGH-POWER APPLICATION.S 
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HIGH-CURRENT ·INTERFACE DRIVERS (Continued) 

TTL 
OUTPUT 

'5V 

UDN-2'l82A 

UDN-2595A 

II II II II II II /I " 

'-- 8" EACH 

Dwg. No. 8-1S1S 

Figure 4 
COMMON-ANODE LED DRIVER 
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I 
I 
I 
I 
I 
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12V 

CMOS 

Dwg. No. A-12.045 

Figure 5 
UDN-2595A LOGIC TRANSLATOR 

OR CURRENT BOOSTER 
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Combining the UDN-2595A sink driver with the 
UDN-2585A source driver can also provide a low
voltage (15 V, maximum) bipolar stepper-motor 
drive circuit as shown in Figure 6. Paralleling the 
outputs of each device provides 200 rnA to 400 rnA 
of drive capability. The non-Darlington outputs of 
both devices enable low-voltage operation and 
maintain low power dissipation at reasonable cur
rent levels. For inductive load transient protection, 
external flyback diodes must be used for the UDN-
2595A. Clamp diodes are internal to the UDN-
2585A. 

Input-drive requirements for the UDN-2595A are 
consistent with TTL, CMOS, and NMOS logic fam
ilies. Only 1.6 rnA (at 0.4 V) of logic sink current is 
required to turn the UDN-2595A output ON at the 
100 rnA level (Vs = 5 V). A schematic for one of the 
UDN-2595A sink-driver channels is shown in Figure 
7. The UDN-2595A is supplied in a plastic dual in
line package with a copper lead frame providing 
package. power dissipation capability of up to 2.2 W 
at + 2SOt. All eight output drivers are allowed ON 
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HIGH·CURRENT INTERfACE DRIVERS (Continued) 

Ys 

IN O-JVIII,....+---1 ___ --GOUT 
UK 

Owg. No. A-ll.408 

Figure 7 'lEW 
UDN·2595A PARTIAL SCHEMATIC ~ 

continuously and simultaneously with load currents 
of 200 rnA at ambient temperatures up to + 85°C. 

The UDN-2595A octal sink driver provides a 
basic "nuts and bolts" building-block function for 
a variety of applications requiring the advantages of 
system integration. 

• 
-

..- 15V 

Dwg.Ho.B-1511 

Figure 6 
STEPPER-MOTOR DRIVER 
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HIGH-CURRENT INTERFACE DRIVERS (Continued) 

UDN-6514A 
Octal High-Voltage Source Driver 

The UDN-6514A is an 8-channel non-inverting, 
active-high, current-source driver capable of 
switching 140 V supplies with output currents of up 
to 40 rnA. Standard bipolar technology produces 
output-voltage breakdowns greater than 140 V in a 
monolithic integrated design while maintaining costs 
well below that of dielectric ally-isolated devices. 
Typical applications for this device include driving 
anodes or grids of large vacuum-fluorescent matrix 
display panels (Figure 8). Note that external pull
down resistors must be included to provide the full 
140 V output-voltage swing. In addition to VF dis
play applications, the UDN-6514A has been used in 
ink-jet printer applications. 

A simplified schematic for the UDN-6514A octal 
high-voltage source driver is shown in Figure 9. 
Input-drive requirements are compatible with TTL 
or CM OS operating at 5 V. A 10 kG input impedence 
ensures that the input current will not exceed 225 
.... A with 2.4 V applied. Complete electrical specifi
cations are given in Sprague Electric Engineering 
Bulletin 29313.3. 

UDN-6514A 

Vl 

~ --L-"-r-------. >---~ 
u 

~ ~-'_"_~--j >----Il~ 

+ 140V 

Dwg. No. A-ll,659 

Figure 8 
MULTIPLEXED DOT-MATRIX 

VACUUM-FLUORESCENT DISPLAY DRIVER 
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10K 
I NPUTO---.AN-_~""""" 

L-4._-,<> OUTPUT 

30K 

GND~--~-+-~ 

Figure 9 
UDN-6514 PARTIAL SCHEMATIC 

As with all Sprag~e Electric plastic dual in-line 
packaged power integrated circuits, this device is 
supplied with a copper lead frame. This allows the 
maximum possible package power dissipation while 
ensuring the lowest possible junction temperature 
for maximum reliability. All eight outputs are al
lowed to source 25 rnA continuously and simulta
neously with ambient temperatures up to + 64°C . 

Sprague Electric Company has manufactured 
high-voltage, low-current, sink drivers since 1973. 
The 140V, medium-current, UDN-6514A source 
driver represents another step forward in the ongo
ing pursuit of high-voltage capability in monolithic 
integrated designs. With the availability of high
voltage monolithic integrated circuits such as the 
UDN-65l4A, many designs thought to be "discrete 
only" can now be made simpler and less expensive 
through integration. 

UDN-2541B 
Quad NAND High-Current Sink Driver 

The UDN-254IB quad NAND high-current sink 
driver is a 60 V, 1.5 A per output device with non
Darlington saturated outputs. This driver is primar
ily intended as a general-purpose, high-power, four
channel driver for incandescent lamps, relays, and 
stepper motors. Its most important features are a 
non-Darlington saturated output driven by a varia
ble current source operating from the logic-supply 
voltage. This provides a much more efficient ap
proach to handling load-inrush currents associated 
with incandescent and inductive loads, and mini
mizes drive-current/power requirements. 



The typical Darlington driver, with a constant
current first stage, although capable of high output 
currents, tends to have high output-saturation volt
age levels. It also usually requires approximately 
6 rnA of first 'stage drive supply current, regardless 
of output-current level. 

The non-Darlington constant-current drive 
method features a relatively low output-saturation 
voltage, but requires approximately20mA of first 
stage drive supply current, regardless of Qutput
current level. 

The UDN-2541B uses a non-Darlington output 
and a variable-output base-drivecuirent that isa . 
function of output current. Therefore, operating at 
low output current requires minimum base-drive 
current (approximately I rnA to 2 mAl; At high out
put currents, the base-drive current will rise only to 
the level required to keep the output driver in satu
ration (less than 19 rnA drive for 750 rnA output). 
Complete specifications are given in Sprague Elec
tric Engineering Bulletin 29317. This technique com
bines the high-current capability of a Darlington 
output with the low saturation voltage,of a·non
Darlington, and reduces the circuit power dissipa
tion by limiting the base-drive current to what is re
quired to drive the output into saturation. 

Vee 

Figure 10 
UDN-2541B PARTIAL SCHEMATIC 
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HIGH .. CURRENTINTERFACE' DRIVERS (Continued) 

The output structure of the DDN-2541B sjnk 
driver is illustrated in Figure 10. Current source II 
supplies drive . current to a Darlington drive circuit, 
QI and Q2, which drives output transistor Q4. With 

Jhe c()llector voltage of Q4 equal to or less than 0.7 
V;',transistor Q3is partially ON. Transistor Q3 by
passes a portion of the II current source from the 
first stag.e Darlington and steers it through Q4 to 
ground. Should the Q4 collector rise above approxi
mately 0.7 V (indicating the need for more base 

.' drive), Q3 begins to turn OFF and a greater portion 
of the n: curient is driven through Ql and Q2 and 
amplified to ptovide more base drive to output tran- m 
sistor Q4. 'Thus, supply current isoptim:ized to the 
amount Of base drive required to keep Q4 in satura- '. . 

, •.• tio~ ..• , 
".",~ ~ 

'fnptK·'drive requirements for the DDN-2541B are 
well below TTL, CMOS, PMOS, or NMOS drive 
capabilities (20 Il-A source at 2.0 V, lOll-A sink at 
0.8 V). The modified bat-wing package allows all 
four drivers to be operated simultaneously and con
tiiniously at 750 rnA output current at + 25°C with a 

.; ~upJ,lh'voItage of 5 V. Higher package power dissi
pation can be achieved through the use of a heat sink 
attached to the center webbed leads of the package. 
Typical applications for this device include driving 
incandescent lamps and d-c stepper motors. Incan
descent lamps with steady-state current ratings up 
to 125 mA can be driven with no current-limiting or 
warming resistors (assume~ 1:5 A peatinrush). The 
internal diodes can be used to perform a '''lamp test" 

"function as shown in Figure II ~,Bifilar (unipolar) 
.. stepper motors running at up to 35 V, 1.5 A per 
phase, can be driven directly with the UDN-254IB 
device. Internal transient-suppression diodes pn:- .. 
vent damage to the output tr&nsistor from' positive 
high"voltage inductive spikes as.the output switches 
OFF. Figure 12 depicts a typical drive circuit with 
inp",t waveforms to control a 35 V, 1.5 A per phase 
unipolar stepper motor using the ENABL,E pin of 
the UDN-2541B as'a simple STOP/GO function. 

The UDN-2541B quad NAND-gate power driver 
represents a continued effort to improye the perfor
mance of power interface integrated circuits by 
developing techniques to deal with problems asso~ 

.... C.if!.OOdwith device and packaging power limitations. 
Ai the same time, these new techniques do not sig
nificantly add to overall device cost. The user is. 
therefore, offered a proposition not frequently en
countered in t,oday's marketplace: The opportunity 
to get more for less. 



HIGH-CURIlENTi'nnERFACE DRIVERS" '(Continued) 
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INl o--+-d~~~~~~[]----~~-J 
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ENABLE r\-_.J""O:icu ........... 
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INP\JT WAVEFO~S 
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Figure 11 
INCANDESCENT LAMP DRIV~R 

+5V 

Figure 12 
STE'PPER-MOTOR DRIVER 
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BiMOS AND COMPLEX ARRAY INTERFACE DRIVERS 





SECTlO,N 4':':'" BiMOS AND COMPLEX ARRAY INTERFACE DRIVERS 

UCN·.4202A anQ 42Q3AStepper·Motor Translator/Drivers ....... 4·2 
UCN·4204A 1.25A, 2·Phase Stepper Motor Translator/Driver. . . . . * 
UCN·44QlA a~~ 480lA BiMOS Latch/Drivers .•............. H 
UCN·4805A BiMOS latched Decoder/Driver •.. : .. ; ,;" '" ..... 4·12 
UCN·4807A and UCNc4808A Addressable latched. Drivers •.•.... 4·16 
UCN·48l0A lO;.ait,Serial·ln, latched Driver ............ , .... 4.22.· 
UCN·48J5A BiMqS li:ltch/Source Driver ..... : .... ;f; .. '0 0.' :H5 
UCN.482lA fllrtiugh 4823A 8·Bit Serial-In, latched Drivers '" .. 4;28 
·UCN~5800·thrbUgh 5895A BiMOS II High·SpeedDrivers· .....•..... B2 
UCN-5810A 1O-Bit BiMOS " Serial/Parallel Source Driver ..... " •.. '* 
UCN·58l2A 20·Bit BiMOS II Serial/Parallel Source Driver~. .,. 
UCN·58l8A 32·Bit BiMOS II Serial/Parallel SourCe Driver •. :(,.'. * 
UCN·5832A 32~Bit BiMOS II Serial/Parallel Sink Driver ........ * 

Application Note: 
SpragUe)iMOS,'M,uscle for the Micropf(}cessor. .. . .. . .. .4~~3 

'SeeAjs~: . '. . ......•. 
BiMosPower Drivers to Mll·STD·883 . . . . . . . .. . . . . . . . . .. 5~90 

"New Product. Contact factory for detailed information. ,. 
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UCN-4202A AND UCN-4203A 
STEPPER-MOTOR TRANSLATORS AND DRIVERS 

UCN-4202A AND UCN-4203A 
STEPPER-MOTOR TRANSLATORS AND DRIVERS 

FEATURES 
• 600 mA Output Current 
• Full-Step or Double-Step Operation 
• Single-Input Direction Control 
• Power-On Reset 
• Internal Transient Suppression 
• Schmitt Trigger Inputs 

DESIGNED TO DRIVE permanent-magnet step-
per motors with current ratings of up to 

500 rnA, these integrated circuits employ a full-step, 
double-pulse drive scheme that allows use of up to 90 
percent of available motor torque. The two devices 
differ only in output-voltage ratings: Type UCN-
4202A has a 20 V breakdown-voltage rating and a 
15 V sustaining voltage rating; Type UCN-4203A 
has a 50 V breakdown-voltage rating and a 35 V 
sustaining voltage rating. 

Both drivers are bipolar PL designs containing 
approximately 100 logic gates, TTL-compatible 
input/output circuitry, and 600 rnA outputs with 
internal transient suppressors. The devices operate 
with a minimum of external components. 

The four-phase stepper-motor load is controlled by 
step-logic functions: To step the load from one posi
tion tlil the next, STEP INPUT is pulled down to a 
10gic1owfor at least IIJ-s, then allowed to return to a 
logic high. The step logic is activated on the 
positive-going edge, which in tum activates one of 
the four current-sink outputs. DIRECTION CON
TROL determines the sequence of states (A-B-C-D 
or A-D-C-B). 

In the full-step mode, the MONOS TABLE RC 
timing pin is tied to Vee, making states Band D 
stationary. A separate input pulse is required to move 
through each of the four output states. 

In the double-step mode, states Band D are transi
tion states with duration determined by MONOST
ABLE RC timing. Improved motor torque is ob-

4-2 

OUTPUT 
ENABLE i 1 1/- 1 

OUTPUT C 

OUTPUT 0 

GROUND STEP 
ENABLE 

DWG. NO. A-ll,184 

tained at double the nominal motor step angle, and 
motor stability is improved for high step rates. 

Higher current ratings, or bipolar operation, can 
be obtained by using Type UCN-4202A or UCN-
4203A as a logic translator to drive integrated motor 
drivers (Sprague Type UDN-2949Z or UDN-
2952B /W) or discrete high-power transistors. 

ABSOLUTE MAXIMUM RATINGS 
at TA = +25°C 

Supply Voltage, Vee ........................... 7.0 V 
V K (UCN-4202A) .................. 20 V 

(UCN-4203A) .................. 50 V 
Output Voltage, VOUT (UCN-4202A) ................. 20 V 

(UCN-4203A) ................. 50 V 
Input Voltage, Y'N ............................ 7.0 V 
Output Sink Current, loUT ..................... 600 mA 
Power Dissipation, Po (One Driver) ................ 0.8 W 

(Total Package) ............ 2.0 W· 
Operating Temperature Range, T, ........ -20°C to +85°C 
Storage Temperature Range, Ts ........ -55°C to + 1500C 

Derate at the rate of 16.6 mW/oC above +25°C. 



UCN·4202A ANDUCN·4203A 
STEPPER· MOTOR TRANSlATORS AND DRIVERS 

RECOMMENDED OPERATING CONDITIONS 
UCN-4202A UCN-4203A 

Characteristic Min. Typ. Max. Min. Typ. .. Max . 
Supply Voltage, Vcc 4.5 5.0 5.5 4.5 5.0 5.5 

VK - 12 13.5 - 30 35 
output Voltage, VCE - - 13.5 - - 35 
Output Sink Current, lOUT - - 500 - - 500 
Operating Temperature, TA 0 25 70 0 25 70 

MAXIMUM COLLECTOR CURRENT 
ASA FUNCTION OF MOTOR TIME CONSTANT 

.... z 
~300r-~~--r-~r---~~~~r-~~~r-~r-~ 
:::> 
'-' 
.... 
~200r---~~r---r---~~r-~r-~--~~~~--1 .... 
:::> 
o 

~ 100r---r-

~ 
...J 

;;i 0 0.5 2.0 2.5 3.0 3.5 4:0 4.5 5.0 

MOTOR TIME CONSTANT LlR IN ms 
OWG. NO. A-ll,185 

Notes: 1. Values shown take into account static.d-c losses (VSATlolIT·and Vcclcc) as weUas 
switchingJosses induced by inductive f1yback through the clamp diodes at VK = 
12 V. Maximum package power dissipation is assUmed to be 1.33 Wat +70°C. 
Higher package power dissipation may be obtained at lower operetingtempera
tures. 

2. Use of external discrete flyback diodes will eliminate power dissipation resulting 
from switching losses and will allow the full 500 mA output capability (OutputA, B; 
C, or D and the Driver Output) under all conditions. 
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Units 
V 
V 
V 

mA 
°C 

II 



UCN-4202A AND UCN-420lA 
STEPPER-MOTOR TRANSLATORS AND .DRIVERS 

ELECTRICAL CHARACTERISTICS at TA = +25°C, Vee = :+5.0 V (unless otherwise noted) 

Applicable 
Characteristic Symbol Devices Test Conditions 

Supply Current Icc All 2 Drivers ON 

TTL Inputs (PinS 1, 9, and 15), TTL Outputs (PinS 13 and 14) 
Input Voltage VINIlI All Vee = 4.5 V 

vlNiO) AI! Vee - 5.5 V 
Input l;urrent IINIII All Vee - 5.5 V, VIN - 2.4 V 

IINIOI All Vee - 5.5 V, VI - 0.4 V 
Input l;lamp Voltage VIK All liN - -12 mA 
Output Voltage VOUTIlI All Vee = 4.5 V, loUT - 80 /LA 

VOUTIOI Ul;IH2uzA Vee - 4.5 V, loUT - 3.2 mA 
ul;N-42u3A Vee - 4.5 V, !out - 1.'l mA 

uutput Current 10lilisel All Vee - 5.5 V, VOUT - 0 
Second-Step Monostable He Input (Pin 11) 

Time Constant tRe All 
Reset Voltage VMR All R - 200 kn, liN - 25 p.A 

I Keset l;u rrent IMR All VIN - 2.0 V 
Schmitt Trigger Inputs (PinS 10 and 12) 

Threshold Voltage VT+ All 

-'!.J- ~ 
Hysteresis flVT All 
Input Current IJN(1} All Vee - 4.5 V, VIN - 2.4 V, TA - 25°C 

All Vee - 4.5 V, VIN - 2.4 V, TA - 70°C 
}~(IIJ All Vee -~ V,.'IJN -Jl.4 V 

[Input Clamp vOltage VIK All liN - 12 mA 

Open Collector Outputs (Pins 2, 3, 4, 5, and 6) 
Output Leakage Current 1m UCN-4202A Vee = 5.5 V, K = Open, VOIiT = 20 V 

UCN-4203A Vee - 5.5 V, K - Open, VOUT - 50 V 
I Output Saturation Voltage VeElSATI UCN-4202A Vee = 4.5 V, loUT = 300 mA 

Vee - 4.5 V, loUT - 400 mA 
Vee - 4.5 V, lOUT - 500 mA 

UCN-4203A Vee - 4.5 V, loUT - 300 mA 
Vee - 4.5 V, lOUT - 400 mA 
Vee - 4.5 V, 10liT - 500 mA 

, uutput :iustamlng vOltage veElSlisl UCN-4202A loUT -30 mA, t D S 300 p.s, Duty Cycles 2% 
" UCN-4203A 10liT - 30mA, tll s 300/Ls, Duty Cycle ;,; 2% 

Turn-On Delay tod~ All 0.5 Ein (pin 10) to 0,5 Eout 

Turn-Off Delay tJ&1 All 0.5 Ein (Pin IOHo 0.5 Eout 

Clamp Diode Leakage Current IR UCN-4202A VR - 20 V 
UCNc4203A VR - 50 V 

Clamp Diode Forward Voltage Vf All If - 500mA ,'. 
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Limits 
Min. Max . .l Units 
- 85, I mA 

2.0 - V 
- 0.8 V 
- 40 /LA 
- -1.6 mA 
- -1.5 V 
2.4 - V 
- 0.4 V 
- 0.4 V 
- 38 mA 

0.95 1.3 siRC 
- 50 mV 
40 - /LA 

1.3 2.1 V 
0.6 1.1 V 
0.2 - V 
- 5.0 /LA 
- 40 /LA 
- 1.6 mA 
- 1.5 V 

- 500 /LA 
- 500 /LA 
- 500 mV 
- 750 mV 
- 900 mV 
- 850 mV 
- 1100 mV 
- 1350 mV 
15 - V 
35 - V 
- 10 /Ls 
- 10 ~ 
- 50 /LA 
- 50 ~A 
- 3.0 V 



Power-On Reset 

An internal'RSflip-flop s~.tlJ;e OuJpiif A' "OW' 
with the initial'applicationofpower:;/Jllis state oc" 
curs approximately 30 p.s afterth~logi~ supply volt
age reaches .:{ V with supply' ds'e times of up ~o 
10 ms N. Once reset, the circuit f"mctions according 
to the logic inpuLconditions. f"" " ,. 

Step Enable 

Pin 9 (STEP ENABLE) must.be held high to 
enable the step pl,llses for advancing the motor to 
reach the translator logic clock circuits. Pulling this. 
pin low inhibits tile translator logic .. , ' 

Step Input I 

Pin 10 (S'fEPINPUT) is normally high. The logic \ 
will advance one position on the positive transition 
after the input has been pulled low for atleast iiLs: 
The STEP INPUT current specification is compati
ble with NMOS and CMOS. 

Direction Control 

The direction of output rotation i~ del~ihlned~ 
the logic level at pin 12. If the input is held high the 
rotation is A-D-C-B; if pulled low the rotation is 
A-B-C-D. This input is also NMOS and CMOS 
compatible. 

STEP 
ENABLE 

STEP " 
INPUT 

01 RECTI ON 
CONTROL 

OUTPlH 
A 

OUTPQf' 
B 

OUTPUT' 
C . 

OUTPUT 
o 

TI ME/OUT 
MONOSTABLE _~--' 

I 
MONOSTABLE ~ 
RC ~ 

,FUI"L-STEP MODE 

UCN.420M AND JlCN.:4203A 
STEPPEIJ-MOTOR1RANSIA101S:'AWD··D'RIVERS 

""c .. ii 0utpufEnable 
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,. OUq)Uts Athrougli DareiIihibite<f lall outputs 
. OFF) when pin 1 {OUTPUTBN~BJ:;B~ is at high 

level. This .condition creates a P9tential, for wired
OR device' outputS, or other 'potential control 
functiqns s~ch as ch~pping or bi-level drive. 

Transient, Suppression 

All five power outputs are diode protected against 
inductive transients. Zener diode Or resistor 

. "fIyback', trimsiellt sUPPre&sioIlis'dften used, 
provided. We peak output voltageqoesmoi exceed the 
Sllstainw.gJVoltage rating oftlle,a.evic~ (15 V for g. 
Typ,eU<JN-4202A or 35 V for1'yp'# BcN-4203A). • 

FuII-SteplDouble-Step 

Full-step operation. is the most commonly used 
drive technique. The devices are capable of unipolar 

1 driv~\Yi:tIa?ut!~temal active devices, either in a 
full~~tePmbde (pin 11, Monostable RC, tied high), 
or in a double:.step mode (pin 11 connected to RC 
timing). Th~d0.l!bmrs,tep roode p,tovidesimproved 
torque charact,eristics._ Wpije. tb~specified angular 
increment is d9Ubl~~~t,· 

Dwg. No. A-ll,844 



UCN4202j\ AND UCN·4203A 
STEPPER·M&TORITRANSlATORS AND DRIVERS 

STEPPER MOTORS 
(Representative List) 

Manufacturer Model L/R Typ. Ratings Step 

Eastern Air LA23ACK-2 1.4 ms 440 mA, 12 V 1.8° 
Devices LA23ACK-3 1.25 ms 220 mA, 24 V 1.8° 

LA23ACY-l 1.2 ms 440 mA, 12 V 7.5° 
LA34ADK-6 2.6 ms 530 mA, 14 V 1.8° 

IMC S-114 1.6 ms 340 mA, 12 V 7.5° 
Hanson S-115 1.9 ms 130 mA, 12 V 7.5" 

S-382 1.6 ms 171 mA, 24 V 7.5° 
S-406 4.3 ms 280 mA, 24 V 15° 
S-451 3.9 ms 280 mA, 24 V 7.5" 

North American K82701-P2 1.5 ms 330 mA,.12 V 7.5" 
Phillips K8370I-P2 1.5 ms 330 mA, 12 V 15" 
Septor S-0912A 1.5 ms 340 mA, 12 V 9° 

Superior M06I-FD-3 0 1 0.8 ms 440 mA, 12 V 1.8° 
Electric M061-FD-311 1.5 ms 220 mA, 20 V 1.8° 

TYPICAL APPLICATIONS 

18-20V 

CHOPPER DRIVEC/RCUIT 
Used to Drive a 12 V, 500mA 

Unipolar Stepper Motor 

rll--'l---4-1-~-+-4-If------<J +12V 

~-+-++++...[fr-i>-, fPi¥R-ON]--iiID--.._--o +5 V 

10K 

~~_'lI..:IiIfiliI--- STEP INPUT 

-=::m--~--o STEP ENABLE 
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DISC DRIVE 
APPLICATIONS 

These steppercmotor translator / 
drivers provide additional special
purpose logic for use in disc drive 
applications.Pin 14 (STATE A) is 
high with OUTPUT A activated and 
is used with other drivelogic in de
termining Track 0 Position on the 
disc. Pin 13 (TIME/OUT 
MONOSTABLE) in disc drive ap
plications.is called ON TRACK and 
is low with either OUTPUT A or 
OUTPUT C activated.ltis used as a 
WRITE ENABLE condition with 
other drive logic. 

An independent driver (pins 2 
and 15) is used to control the head 
load solenoid. 
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UCN-4202A AND UCN-4203A 
STEPPER-MOTOR TRANSLATORS AND DRIVERS 

TYPICAL APPLICATIONS (Continued) 

BIPOLAR DRIVE CIRCUIT 
Used to Drive a 500 rnA Stepper Motor 

UON-2580A 

+28V o-r1~~~~~~LJ 

OUTPUT 
ENABLE +5V 

LLAJiOL-L-..-. DIRE CTI ON 

'~T1!'U'"--V STEP INPUT 

STEP ENABLE 

UON-2952W UDN-2952W 

0 0 0 0 TWO-PHASE BIPOLAR DRIVE CIR 
Used to Drive a 2A Stepper Motor 

CUlT 

s:-V~ :~ >-V~ ~ 
pi pi 1 

2,Mfln ~ ~n ~ n 111 n ,Mr-,6~ ~ r-,r-, ~ n 7 8 7 8 • 

,t-J J. }-1 
-==- -: 

+5 v +36V 
+36V 

+5V 
+5V 

Rs ~ 

-+- ~ > 
), 

I*~ 
Rs: O.6110UTIMAX.I ) 

-< I-I 

;lJ 
4 

[5 

L6 

[ 

( :J r s 
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UCN-4202A 

- ~ PWR-ON 

~ lB$D , 
~~ 'A 'DI~l:t.-.-u-~ 
~ STEP ~ 
~~ SLOGle ~-'*' e e iP" r f:*-o!- 0 eLK r=r 
~I~ ~ ----;; ,~J~bT '-- jl 
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10K 
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01 RECTI ON 

STEP INPUT 

STEP ENABLE 
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UCN-4202A AND UCN-4203A 
STEPPER-MOTOR TRANSLATORS AND DRIVERS 

10K 

+sv 

TYPICAL APPLICATIONS (Continued) 

A-C MOTOR DRIVE CIRCUIT 
Used to Drive a 2 A Synchronous Motor 

+sv 

UCN-4202A 

+sv 

~O 

n 

If I 

II I 

+12V IUCN-4202A) 
+30V (UCN-4203A) 

( 

Dwg. No, &-1447 

UNIPOLAR lWO-PHASE DRIVE CIRCUIT 
Used to Drive a 500 rnA 

0: 
3 

, 
5 

6 

7 

-rB 

.r' 
'------l3 
'. , 

5 

6 

7 

1 ...[B 

U'lSt Mt mpo ar epper o or 

-vo- ~ ~ ~ RESET 
"V 

")o~~f 10K .. STEP 3 

.. : BLOGIC -«li- :2 

.. C C ~ 

~D tL 
~,o ~ 

SECOND 1 Ii'" 
,~J~bT ~p 

~I~ r ~ RESET 

~ ~~~n; 
~~ STEP 

"'"t;to BLOGIC 
'*' C C~ f 

t;to D CLKKb f ~D STEP 
~ l-SHOT 

Dwg. No. 8-1499 
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UCN-4401A AND UCN-4801A 
BiMOS LATCH/DRIVERS 

FEATURES 
• High-Voltage, High-Current Outputs 
• Output Transient Protection 
• CMOS, PMOS, NMOS, TTL Compatible Inputs 
• I nternal Pull-Down Resistors 
• Low-Power CMOS Latches 

THESE high-voltage, . high-current latch/drivers 
are comprised of four or eight CMOS data 

latches, a bipolar Darlington transistor driver for 
each latch, and CMOS control circuitry for the 
common CLEAR, STROBE, and OUTPUT ENA
BLE functions. The bipolar /MOS combination pro
videsan extremely low-power latch with maximum 
interface flexibility. The UCN-4401A contains four 
latch Idrivers. while the UCN-480 1Acontains eight 
latch Idrivers. 

The CMOS inputs are compatible with standard 
CMOS, PMOS, and NMOS circuits. TTL or DTL 
circuits may require the use of appropriate pull-up 
resistors. The bipolar outputs are suitable for use 
with relays, solenoids, stepping motors, LED or 
incandescent displays, and other high-power loads. 

Both units. feature open-collector outputs and in
tegral diodes for inductive load transient suppres
sion. The output transistors are capable of sinking 
500 rnA and will sustain at least 50 V in the OFF 
state. Because of limitations on package power dis
sipation, the simultaneous operation of all drivers at 
maximum rated current can only be accomplished by 
a reduction in duty cycle. Outputs maybe paralleled 
for higher load current capability. 

TheUCN-4401A 4-latch device is furnished in a 
standard 14-pin dual in-line plastiC package. The 
UCN-4801A 8-latch device is furnished in a 22-pin 
dual in-line plastic package with lead centers on 
0.400"(10.16 mm) spacing. All outputs are pinned 
opposite their respective inputs to simplify circuit 
board layout. 
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UCN·4401A ANDUCN·4801A BiMOS LATCH/DRIVERS 
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UCN-4401A AND UCN-4801A BiMOS LATCH/DRIVERS 

ABSOLUTE MAXIMUM RATINGS 

Output Voltage, V CE' . . • . • • • • . . . . • • • • • • • • • • • . . . . . . . . . . • • • • • • • • • • • •• 50 V 
Supply Voltage, Voo. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 18 V 
Input Voltage Range, VIN ............................... - 0.3 V to Voo + 0.3 V 
Continuous Collector Current, Ic ................. 'c.' .1. • . . . . . . . . . 500 rnA 
Package Power Dissipation, Po (UCN-4401A) ........................... 1.67 W* 

(UCN-4801A) ............ , .......... :" .'2.0W** 
,Operating Am bientTem perature Range, TA. . . . . . . . . . . . . . . . . . . .. - 20°C to + 85°C 
Storage Temperature Range, Ts ............................ - 55°C to + 125°C 

*Derate at the rateo! 16) mW;oC above T, = 25°C. 
**Derate at the rate of 20 mWrC above TA = 25°C. 

maRICAl CHARACTERISTICS alTA = + 25°C, VDD = 5 V, Vss = 0 V (unless otherwise specified) 
".- Limits 

Characteristic Symbol Test Conditions Min. Typ. .··Max. Units 
Output Leakage Current ". ICEx VCE = 50 V, TA = + 25°C - - 50 !LA 

.. VCE = 50 V, TA = + lOoC - - 100 !LA 
Collector-Emitter VCElSAD Ic = 100 mA - 0.9 1.1 V 
Saturation Voltage Ic = 200 rnA - 1:1 1.3 V 

Ic = 350 mA, Voo = 7.0 V - 1.3 1.6 V 
Input Voltage VIN 0 

'J 
.' - - 1.0 '. V 

VINIlI Voo = 15 V 13.5 - - V 
Voo = 10 V 8.5 - - V 

.... Voo = 5.0 V (see note) 3.5 - - V 
Input Resistance RIN Voo = 15 V 50 200 - i; kfl 

Voo = 10 V 50 300 - kfl 
Voo = 5.0 V 50 600 - . kG 

Supply Current 10010N) Voo = 15 V - 1.0 2.0 mA 
(Each stage) Voo = 10 V - 0.9 1.7 mA 

Voo = 5.0 V - 0.7 1.0 mA 

100lOFFJ Voo = 5.0 V, All Drivers OFF, All Inputs = 0 V - 50 100 !LA 
Voo = 15 V, All Drivers OFF, All Inputs = 0 V - - 200 !LA 

Clamp Diode IR VR = 50 V, TA = + 25°C - - 50 !LA 
Leakage Current VR = 50 V, TA = + 70°C - - 100 !LA 
Clamp Diode V, I, = 350 mA - 1.7 2.0 V 
Forward Voltage 

'Note: Operalion of these deVices With standard TTL or DTL may require the use of appropriate pull-up resistors to Insure the minimum logiC "I". 

TRUTH TABLE 

INN STROBE CLEAR 

0 1 0 
1 1 0 
X X 1 
X X X 
X 0 0 
X 0 0 

X = irrelevant 
t -1 = previous output state 
t = present output state 

OUTPUT 
ENABLE 

0 
0 
X 
1 
0 
0 

OUTN 
t-l t 

X OFF 
X ON 
X OFF 
X OFF 
ON ON 
OFr OFF 

4--10 

Information present at an input is transferred to its 
latch when the STROBE is high. A high' CLEAR 
input will set all latches to the output OF:Fcondition 
regardlessoUhe data or STROBE input levels. A 
high OUTPUT ENABLE will set all outpU!l;to the 
OFF conditi~nregardless of any other input .condi
tions. When the OUTPUT. ENABLE is. low, the 
outputs depend on the state. of their respectiye 
latches. 

, 



UCN-4401A AND UCN-4801ABiMOS LATCH/DRIVERS 
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STROBE 

OUTPUT 
ENABLE 

INN 

OUTN 

TIMING CONDITIONS 
(logic levels are VDD and Vss) 

DWG.NO. A-Hl.895A 

A. Minimum data active time before strobe enabled (data set-up time) ..............•... 100 ns 
B. Minimum data active time ~fter strobe disabled (data hold time) .................... 100 ns 
C. Minimum strobe pulse width ................................................ 300 ns 
D. '. Typical time between strobe activation and output on to off transition ................ 500 ns 
L Typical time between strobe activation and output off to on transitioll ................ 500 ns 
F. Minimum clear pulSe width. . . ....................................... 300 ns 
G. Minimum data pulse width ................................................. 500 ns 
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DWU.IIO. l-IO.'4Sb 

CA UTION: Sprague CMOS devices feature input static protection but are still susceptible to damage when ex
posed to extremely high static electrical charges. 
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UCNW480SAi ,BiMf)S.~1iA1CH£Q.,·DECODERlDRI"ER 

UCN-480SA BiMOS LATCHED DECODER/DRIVER 

FEATURES 
• High-Voltage Source OutputS! 
• CMOS, PMOS, NMOS, mCornpatible Inputs 
• low-Power CMOS latche.S 
• Hexadecimal Decoding 
• Internal Pull-UpIPull;,Down Resistors 
• Wide Supply Voltage Range .' 

D ESIGNED for ~tisein high-voltage vactiuni 
fluorescent display driver applications, the 

UCN -480SA latche'li decoder/driver combines 
CMOS logic with bipolar source outputs. The device 
consists of eight high-voltage bipolar sourcing out
puts, with internal pull-down resistors and CMOS 
input latches, hexadecimal decoder, and control cir
cuitry (strobe and blanking). 

Type UCN-480SA is intended to serve as the seg
ment driver with standard 7 -segment displays incor
porating a colon or decimal point. The integrated 
circuit useli hexadecimal deco4ing t() display 0-9, A, . 
b, C,;d, E, andF. . ' ..' 
. This :SiMOS latched~d~coaer/dri=Verhas'suffident 

speed to permit opei~tiQJi'wIthlli~~i~inicropr~ces
soj/LSI-basedsystems. Th~ ,eMOSinput latches 
provide operation over the supply v,oltage range of,S 
to lSVwith minimum logic loading: Internid butptit 
piin-tlown resistors eliminate the needfore:iC:ternaJ 
compo~ents ~suaJIy ,reqarred forfl.uores¢ent ifisplay 
~pplications:' When used ~ith S~dard'f1:Lqr 10w
speed.TTL logic, the device may;requir.eemploy
pieRt of input pull-up resistorii~to ,insure a proper 

. jnputlogic high; , ' 

4-12 

Dwg,No. A-IO,984A 

UCN-480SA 

ABSOLUTE MAXIMUM RATINGhl + 25°( 
Free-Air T ",perature aqd V 55 ,::::; 0 V 

Output Voltage, Voor ' . . . • . . . . . . . . . . . . .. . . . . . . .. 60 V 
logic Suppry Voltage Range, VDD .............. 4.5 V to 18 V 
Driver Supply Voltage Range, V88 .......... : .. 5.0 Vto 60 V 
loputVriltage Range; V;~ ... ',' . ' .. , ... - 0.3 V tOVDD + 0.3 V 
Continuous Output Current,JOUT •• : • • • • • • • •• • ••• - 40 rnA 
Package Power Dissipation;PD .', ........•....... 1..82 W" 
Operating Temperature Range, TA • • • • • • •• - 20°C to + 85°C 
Storage Temperat~reRange, Ts .••••.... - we to + 125°0 

, "Derate atthe rate of 1~:l8 mWfCa,bove T, ='25~C. 



UCN-480SA . BiMOS LATCHED DECODER/DRIVER 

ELECTRICAL CHARACTERISTICS at Ta = 25°C, VBB =60 V, Voo = 4.75 V to 15.75 V, Vss = 0 V 
(unless otherwise noted) 

Characteristic Symbol Test Conditions 
Output OFF Voltage VOUT 
Output ON Voltage louT = - 25 rnA 
Output Pull-Down Current loUT VOUT = Vaa 
Output Leakage Current TA = 70°C 
Input Voltage V'N(l1 Voo = 5.0 V 

Vod = 15 V 
V,NiOl 

Input Current I'N(l1 Voo = 5.0 V 
Voo = 15 V 

Input Impedance liN Voo=S.OV 
Supply Current laa Display "8" 

All outputs OFF 

100 Voo = I/O = STROBE = 5.0 V, All other inputs - 0 V 
Voo = I/O = STROBE = 15 V, All other inputs = 0 V 

Voo = STROBE = BLANK = 5.0 V, Data. latched, 
Display "8" 

Voo = STROBE = BLANK = 15 V, Data latched, 
Display "8" 

NOTE: Positive (negative) current is defined as going into (coming out of) the specified device pin. 
Caution, Sprague CMOS devices feature input static protection but are still 
susceptible to damage when exposed to extremely high static electrical charges. 

MAXIMUM ALLOWABLE DUTY CYCLE 

Number of 
Outputs ON 

(lOUT = - 25 rnA) 

8 
7 
6 
1 

Max. Allowable Duty Cycle 
at Ambient Temperature of 
50°C 60°C 70°C 

100% 92% 78% 

t 100% 89% 
~ 100% 

100% 100% 100% 

4-13 

limits 
Min. Max. Units 

- 1.0 V 
57.5 - V 
400 850 JJ1 
- -15 JJ1 
3.5 5.3 V 
13.5 15.3 V 
-0.3 +0.8 V 
- 100 JJ1 
- 300 JJ1 
50 - kO 

- 9.1 rnA 
- 100 JJ1 
- 200 JJ1 
- 500 JJ1 

- 7.0 rnA 

- 21 rnA 

II 



I:JCN~4805 .. SiMOS . LATCHED DECODER/DRIVER 

UCN·48.05A TRUTH TABLE 
Inputs Outputs 

D C B A dp BL ST Character a b c d e f g dp 

0 0 0 0 0 1 0 Zero 1 1 1 1 1 1 0 0 
0 0 0 1 0 1 0 One 0 1 1 0 0 0 0 0 
0 0 1 0 0 1 0 Two 1 1 0 1 1 0 1 0 
0 0 1 1 0 1 0 Three 1 1 1 1 0 0 1 0 
0 1 0 0 0 1 0 Four 0 1 1 0 0 1 1 0 
0 1 0 1 0 1 0 Five 1 0 1 1 0 1 1 0 
0 1 1 0 0 1 0 Six 1 0 1 1 1 1 1 0 
0 1 1 1 0 1 0 Seven 1 1 1 0 0 0 0 0 
1 0 0 0 0 1 0 Eight 1 1 1 1 1 1 1 0 
1 0 0 1 0 1 0 Nine 1 1 1 0 0 1 1 0 
1 0 1 0 0 1 0 A 1 1 1 0 1 1 1 0 
1 0 1 1 0 1 0 b 0 0 1 1 1 1 1 0 
1 1 0 0 0 1 0 C 1 0 0 1 1 1 0 0 
1 1 0 1 0 1 0 d 0 1 1 1 1 0 1 0 a 
1 1 1 0 0 1 0 E 1 0 0 1 1 1 1 0 II Ib 1 1 1 1 0 1 0 F 1 0 0 0 1 1 1 0 9 
X X X X 1 1 0 dp X X X X X X X 1 

el=l:dP 
X X X X X 0 X blank 0 0 0 0 0 0 0 0 

x = irrelevant d 
O'f/{j. ~o. A-IO.98~ 

TYPICAL INPUT CIRCUITS TYPICAL OUTPUT DRIVER 
VDD 

lOOKt ~ 
~ 8l., Sf 

0119, No. A-1O.979A 

~ 
lOOK~ V 

VSS A, B, C, D, dp Dwg. No. A-1O,9Bl 

Dwg. No. A-lO. 980 
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UCN-480SA BiMOS LATCHED DECODER/DRIVER 

TIMING CONDITIONS 
(Logic Levels are VDO and Vss) 

~--~-+-----+----------r+--------, 

Dwg.No. A-10.982A 

A. Minimum Data· Active Time Before Strobe Enabled 
(Data Set-Up Time) ....................... 100 ns 

B.Minimum Data Active Time After Strobe Disabled 
(Data Hold Time) ........................ 100 ns 

C. Minimum Strobe Pulse Width ................ 300 ns 
D. Typical Time Between Strobe Activation and Output 

On to Off Transition ................ ; ..... l.OlLs 
E. Typical Time Between Strobe Activation and Output 

Off to On Transition .................. ; ... l.0 JLS 
F. Minimum Data Pulse Width ................. 500 ns 

Information present at an input is transferred to its latch when the 
STROBE (sf) is low. The latches will continue to accept new data asiong 
as the STROBE is held low. Applications where the latches.are bypassed 
(STROBE tied low) ordinarily require that the BLANKING input below 
between digit selection because of possible non-synchronous decoding. 

When the BLANKING (BL) input is low, all of the output buffers are 
disabled (OFF) without affecting the informati9n storedin the latches. 
With the BLANKING input high, the outputs are controlled by the latch/ 
decoder circuitry. 
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UCN-4S07A AND UCN-4S0SA 
BiMOSADDRESSABLE LATCHED DRIVERS 

UCN-4807A AND UCN-4808A 
BiMOS ADDRESSABLE LATCHED DRIVERS 

FEATURES 
• Addressable Data Entry 
• 50 V Current-Sink Outputs 
• CMOS, PMOS, NMOS, TIL Compatible 
• Low-Power CMOS Logic and Latches 
• Wide Supply-Voltage Range 

THESE S-BIT, ADDRESSABLE, latched drivers 
are used in a wide variety of power demulti

plexer applications. They can drive all types of 
common peripheral power loads, including lamps, 
relays, solenoids, LEDs, printer heads, heaters, and 
stepper motors. They can also be used as DMUX 
drivers for higher power loads requiring discrete 
power semiconductors. 

Type UCN-4S07A and UCN-480SA drivers are 
identical except for output current ratings. The 
former is rated for a maximum of 200 rnA per output 
while the latter is capable of sinking up to 600 rnA 
per output. The 50 V outputs are bipolar NPN satu
rated switches with first stage driver currents op
timized for each version. 

Each MSI array is comprised of a 3-bit to S-line 
decoder, S type D latches, S open-collector output 
drivers, and MaS control circuitry for CHIP 
SELECT, CLEAR, and OUTPUT ENABLE 
functions. Any of the eight power loads can be ad
dressed individually and can be turned ON or OFF 
independently of the other loads. 

UCN-4808A DERATING 
Number of Max. Duty Cycle (with V DO = 5 V) 
Outputs ON at Ambient Temperature of 

(lOUT = 500 mAl 30°C' 40°C 50°C 60°C 70°C 

8 33% 29% 25% 21% 17% 
7 37% 33% 29% 24% 20% 
6 44% 39% 33% 28% 23% 
5 52% 46% 40% 34% 28% 
4 65% 58% 50% 42% 35% 
3 87% 77% 67% 57% 46% 
2 100% 100% 100% 85% 70% 
1 100% 100% 100% 100% 100% 

OIIT. ---J, 

OUTo 

DRI VER DATA IN 
SUPPLY 
OUTPUT 

AIN ENABLE 

BIN 

CHIP 
SELECT 

CIN 

LOGIC 
SUPPLY 

Dwg. No. A-ll,783 

Under normal operating conditions, all outputs of 
Type UCN-4S07A can sustain 150 rnA over the 
operating temperature range without derating. Type 
UCN-4S0SA will sustain 500 rnA per output at 30°C 
and a duty cycle of 33%. Other combinations of 
number of outputs conducting and duty cycle are 
shown in the specifications. 

These devices are supplied in IS-pin dual in-line 
plastic packages for operation over the temperature 
range of - 20°C to +S5°C. They are also available in 
industrial-grade ceramic packages (UCQ-4S07R and 
UCQ-4S0SR) or in side-brazed, hermetically sealed 
packages to MIL-STD-SS3, Class B (UCS-4S07H 
and UCS-4S0SH). 

ABSOLUTE MAXIMUM RATINGS 
at 25°C Free-Air Temperature 

Output Voltage,Voul . .. ......... .. 50 V 
Logic Supply Voltage Range, Voo. . . . . 4.5 V to 18 V 
Driver Supply Voltage Range, Vs . . . . 4.5 V to 5.5 V 
Input Voltage Range, VIN . . . . . . . . . . - 0.3 V to VDO + 0.3 V 
Continuous Output Current, lOUT (UCN-4807 A) 200 mA 

(UCN-4808A) ...... 600 mA 
Package Power Dissipation, PD •••.• 

Operating Temperature Range, TA ••• 

Storage Temperature Range, Ts .. 

. . . . .. 1.82 W* 
- 20°C to + 85°C 

- 55°C to + l25°C 

*Derate at the rate of 18.18 mW;oC above TA = + 25°C. 



TYPICAL INPUT CIRCUITS 

CIN 

BIN 

AIN 

DATA 

CHI P SELECT 

CLEAR 

OUTPUT ENABLE 

VDD 

UNUSED I NPUTS SHOULD 
BE TIED TO V DD OR GROUND 

Terminal Designation 

ADDRESS 

CHIP SELECT 

DATA INPUT 

OUTPUT ENABLE 

OUTPUTS 

DRIVER SUPPLY 

LOGIC SUPPLY 

UCN-4S07A AND UCN-4S0SA 
BiMOS ADDRESSABLE LATCHED DRIVERS 

FUNCTIONAL BLOCK DIAGRAM 

Dwg. No.· A-l1.913 

Function 

6 1 

m DATA 
'ffiIU IN 

LOGIC 
SUPPLY 

@ 
VOD 

4 

_ OUTPUT 
ENABLE 

DRIVER 
SUPPl.Y 

+V s ---@ OUT4 

---(!)OUTS 

Dwg. No. k-ll,784 

A 3-bit binary address on these pins defines which one of the 8 latches is to receive the data. 
C'N is the most-significant bit; A'N is least significant. 

, When this input is low, the addressed output latch will accept data. When CHIPSELECTis high, 
the latches will retain their existing state, regardless of ADDRESS or DATA input conditions. 
This input should be he,ld high while ADDRESS is being changed. CHIP SELECT also allows an 
additional level of address decoding. 

When CHIP SELECT is low, the data bit present here is transferred to the addressed latch and 
output such that (when OUTPUT ENABLE is high) "1" turns the output ON and "0" turns the 
output OFF. 

When CLEAR goes from high to low, all latches are reset and outputs are turned OFF. 

When this input is high, the outputs are controlled by their respective latches. When OUTPUT 
ENABLE is low, all outputs are OFF. 

These are the 8 open-collector NPN outputs. ,. 

This is the supply voltage for the first stage of the bipolar output drivers. The nominal.supply is 
5.0 V. 

This is the CMOS logic supply voltage input. Typically it is between 4.75 V and 15.75 V. 
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UCN,4f107A AND UCN-480SA 
BiMOSADQRlSSABLELATCHED DRIVERS 

ELECTRICAL CHARACTERISTICS atTA = + 25°C, Voo = 5 V (unless otherwise specified) 

UCN-4B07A 
Characteristic Symbol Test Conditions Min. Max. 

Output Leakage Cwent ICE, VOUT = 50 V - 50 
Collector-Emitter VCElSAII lOUT - 50 rnA - 0.2 
Saturation Voltage lOUT = 100 rnA - 0.3 

lOUT - 150 rnA - 0.4 
loUT - 200 rnA - -
lOUT - 350 rnA - '-
10VT- SOD rnA - -

Input Voltage V'NIO) - O.B 
V,NIl) VOD - 15 V 13.5 -

VOD - 5 V 3.5 -
Input Current 1"(1) Y'N - VDD - 15 V i - 300 

V,. - VDO .- 5 V - 100 
Input Resistance R'N 50 -
Supply Current IDOIDN) One Driver ON, VDO - 15 V - 5.0 

One Driver ON, V DD '=5 V - 1.0 
IDDIOfF) CLEAR ~ OV, SELECT - VDD - 15 V - 300 

CLEAR = a V, SELECT = V DD = 5 V - 100 
ISION) One Driver ON, Vs - 5 V - 5.5 

All Drivers ON, Vs = 5 V - 45 
IslofF) ENABLE = 0 V, Vs= 5 V - 0.1 

. 

UCN-4BOBA 
Min. Max. Units 
- 50 fLA 
- - V 
- - V 
- - V 
- 0.5 V 
- 0.7 V 
- 1.0 V 
- O.B V--

13.5 - V 
3.5 - V 
- 300 fLA 
- 100 fLA 
50 - kll 
- 5.0 rnA 
- 1.0 rnA 
- 300 fLA 
- 100 fLA 
- 50 rnA 
- 160 rnA 
- 35 rnA 

Note: Operation of these devices with standard TIL or DTL may require the use of appropriate pull-up resistors to insure the minimum logic "I". 

CAUTION: Sprague CMOS devices have input static protection but 
are still susceptible to damage when exposed to extremely high static 
electrical charges. 

TRUTH TABLE 

S~T C'N B'N A'N OUTPUT OUT, OUT6 OUTs OUT4 OUT, OUl2 OUT, OUTo 
CLEAR DATA ENABLE 

X X X X X X H H H H H H H H Clear 

H H X X X X H R R R R R R R R Memory 

L H D L L L H R R R R R R R D Addresslatch 0 
L H D l L H H R R R R R R ii R Address Latch 1 
L H D l H L H R R R R R ii R R Address latch 2 
l H D l H H H R R R R 1)' R R R Address latch 3 
L H D H l L H R. R R 1)' R R R R Address Latch 4 
l H 0 H l H H R R 1)' R R R R R Address latch 5 
L H D H H l H R 1)' R R R R R R Address Latch 6 
L H D H H H H 'Ii R R R R R R R Address Latch 7 

X X X X X X l H H H H H H H H Blanking 
X X X X X X H R R R R R R R R 

L = Low Logic Level 
H = High Logic Level 
D = Data (High or Low) 
X = Irrelevant 
R = Previous State 



UCN·4801A AND UCN'4808A 
BiMOS ADDRESSABLE LATCHED DRIVERS 

I/O WAVEFORMS 

L 
CHIP SELECT ~D~~I ~ . .~ 
OUTPUTE::~I,I~ .~ 

1111, 'n'" 
CIN ~II'JI n)J;,~ 
BIN .ll.·'F,.· .• "I·.·.·.I.·.···.·~ ..... J •. "~. '.' I' . 

ArN .. I···~'···~ 
'. I I I 

OUTo' ----:1:--------,1 I 1 r 

OPERATION 

I I I 
t I I r 

---;""1_ ........... _-
r-

V'lz 
0:: ~C,!) « 
LU 0:: """ 
--' C Z 
U c 

« 

-0 ..... 
V'l Vl VlZ 

~:: ~:g, 0::0 cZ c--' c c « « 

0 

V'lz 

.. ::;l.~ .a::-
c Z 
c « 

t; 
:::I 
LUZ 
V'lC,!) 

c.. -_z 
Z 
u 

'7I-~_l 
:~r--- ... ~.~ . 

. Allowable :.: .. 
Transition Time i 

"TIMING CONOITIQHS 
(Logic'CLevels are Voo andGrQund).: 

A, Minimum Ci:E)iRPulse Width """",'"", '" .. '., , i ,.' , , , , , , , , , , , , , , , , , , " , • , ••••• , • , • , •• , , ,. 300 ns 
B. Minimum CHIP SELECT Pulse Width" , , , , , , : , , ;'" , ,:, , . , , .. , .. , ... , , , , , , , , , . , , , , , ... , , .... : .. , ... 500 ns 
C. Typical OUTPUTENABLE(Blanking) Pulse Width ., ."" , ...... , ,.,',""', ...... ,""""""",', ... 5.0 Jl.S 
D. Minimum DATA or ADDRESS Setup Time .. , , , . , , " . , , ..... , , , , , , , , , , , , , , , , , , , . , , , , , ..... , . , .. , . . . .. 100 ns 
E. Minimum DATA or ADDRESS Hold Time. . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . .. 100 ns 
F. Minimum DATA or ADDRESS Pulse Width ........... : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . .. 700 ns ' 

'" 
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YC:N,;4801A 'AND UCN-480SA 
BiMOS·:ADDRES.SABLE LAtCHED DRIVERS 

TYPICAL APPLICATIONS 

A typical applicatigh'for Type UCN-480SA, driving .. a common-cathode 
'LED display ,is,&llown below. Many multi~c:haracter LED displays can 
. tpake use. of the high-current capability 'of this device. With the DATA 

.• ipput held high,th~proper address code may be furnished by a 3-bit 
counter. NQJe that wi~h DATA held:constantand theADDRElSS sequenced 
j:i}rol.lghlhe.tiin,ary cOde, .setup and hold times associatea .with CHIP 

"SELECT may'15e ignored. . 

'Th~ sec()nd' application illustrates the use of Type UCN-4S07 A or 
UCN-480SAasa multiplexed power driver. A wide variety of peripheral 
loa.dsincludiIiglamps ,relays, solenoids, LEDs, and stepper {Dotors can be 

... accommodatedi' Inductive loads require external transient suppression. 

'Thesedevldlssafl also. be emplqyed as lIluIti-channeldrivers fcirdiscrete 
. high-curren{oi: high-voltage semiconductdrs.· . 

Common-Cathode lED Disp!ay Driver 

+5V +5V 

~- - - UCN-4808A 

CLEAR O-----[D---' 
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UCN-4807A AND UCN..:4808A 
BiMOS ADDRESSABLE LATCHED DRIVERS 

TYPICAL APPLICATIONS (Continued) 

Multiplexed Power D;iver 

UCN-4807/08A 

+24V +24V 

LOAD SELECT 
(BINARY ADDRESS; 

,[R)~---o+5V 

'--.,------r[}-'-.....:....;. '- - - - - - -

+24V 

I Dwg. No. 8-1495 'L _______ _ 

Multichannel Driver ' 
.' .. for Discrete Power Semiconductors,. 

,,-,~,:..--:..., 

I 
I 

UCN-4807A 
OR 

VC~~4808A 

I 
I 
I 
I 
I 
I 
I 
I' 
I 

______ ...1 
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1I ... 4810A:; 
BIMOS;10·BlT .:SERIAL·INPUT~ . LATCHID'DRIVER 

/'. .. UCN-4810A 

BiMOS 10-BIT SERIAL-IN;pUT, .. LATCHED DRIVER 

FEATURES 
• High-Voltage Source Outputs 
• CMOS, PMOS, NMOS, TTl Compatible Inputs 
• low-Power CMOS logic and latches 
• Internal Pull-Down Resistors 
• Wide Supply-Voltage Rang~ 

COMBINING low-power CMqS logic with bi,' 
polar source driver:s, the TypeUCN~4810A in~. 

tegrated circuit simplifies many display systems;: 
This BiMOS lO-bit serial-input~latched dr.iver is prft 
marily designed for use with ~acuum-fliiorescenf 
displays, but can also be used with LED and incanl: 
descent displays within its output limitations of 60Y 
and 40 rnA per driver. 

Selected devices (UCN~4810A-l) have maximurri~' 
output ratings of 80 V and 40 rnA per driver. In all 
other respects, Type UCN-4810A-l is identical to 
Type UCN-48IOA. 

The CMOS 10-bit shift register and associated 
latches are designed for operation over a supply
voltage range of 5 V to 15 V. They cause minimal 
loading· and are compatible with standard CMOS, 
PMOS, and NMOS logic. When used with standard 
TTL or low-speed TTL, appropriate pull-up resis
tors may be required to ensure an input-logic l1igh. 
A CMOS serial data output allows cascading these 
devices in multiple drive, line applications required 
by many dot matrix, alphanumeric, and bar graph 
displays. 

, I '. 

The 10 bipolar outputs are used as segment or digit 
drivers in vacuum-fluorescent displays. Under nor
mal operating conditions, the devices will source 25 
rnA per output at + 50°C and a duty cycle of 85%. 
Other combinations of number of outputs conduct
ing and duty cycle are shown in the specificat~n~. 
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SERIAL DATA OUT 

SERIAL DATA IN 

BLANKING 

Dwg. No. A-IO,9SB 

ABSOLUTE MAXIMUM RATINGS 
at + 25°( Fre,·Air Temperature and V 55 = 0 V 

Output Voltage, VouT (UCN-4810A) ................. 60 V 
(UCN-4810A-l) ................ 80 V 

logic Supply Voltage Range, Voo ........... ; .. 4.5 V to 18 V 
Driver Supply Voltage Range, VBB 

(UCN-4810A) ............ 5.0 V to 60 V 
(UCN-4810A-l) ........... 5.0 V to 80 V 

Input Voltage Range, VIN . . . . . . . . . . .. - 0.3 V to Voo + 0.3 V 
Continuous Output Current, lOUT . . . . . . . . . . . . . . .. - 40 rnA 

,Package Power Dissipation, Po .................. 1.82 W* 
Operating Temperature Range, T. . . . . . . .. - 20°C to + 85°C 
Storage Temperature Range, Ts ......... - 55°C to + 125°C 

*Derate at the rate of 18.18 mWrC above T. = + 25°C. 

Number of 
. Outputs ON 
(lour = - 25 rnA) 

10 
9 
8 
7 
6 
1 

Max. Allowable Duty Cycle 
at Ambient Temperature of 

+ 25°C + 40°C + 50°C + 60°C + 70°C 
100% 97% 85% 73% 62% 
100% 100% 94% 82% 69% 
100% 100% 100% 92% 78% 
100% 100% 100% 100% 89% 
100% 100% 100% 100% 100% 
100% 100% 100% 100% 100% 

Caution: Sprpgue~le.ctric CMOS devices have input static protection but are 
susceptible to damage when exposed to extremely high static electrical charges. 



UCN-4810A 
BiMOS 10-BIT SERIAL-INPUT, LATCHED DRIVER 

mORICAL CHARAOERISTICS atTA = + 25°C, VBB = 60 V, Voo = 4.75 V to 15.75 V, Vss = 0 V 
(unless otherwise noted) 

Characteristic Symbol Test Conditions Min. 
Output OFF Voltage VOUT -

Output ON Voltage VOUT louT = - 25 mA, Vss = 60 V 57.5 

louT = - 25 mA, Vs. = 80 V, UCN-4810A-l only 77.5 

Output Pull-Down Current lOUT yOU! = Vss 400 

VOUT = 80 V, UCN-481OA-l only 550 

Output Leakage Current lOUT T, = + 70°C -
Input Voltage VI'Il) Voo = 5.0V 3.5 

Voo = 15 V 13.5 

VIN/O) -0.3 

Input Current 11N1l) Voo = VIN = 5.0 V -

Voo=VIN=15V -

Input Impedance liN Voo = 5.0V 50 

Serial Data Output Resistance ROUT Voo = 5.0 V -

Voo=15V -

Supply Current Iss All outputs ON, All outputs open -

All outputs OFF, All outputs open -

100 Voo =5.0,Y,AII outputs OFF, All inputs = OV . -
Voo = 15 V, One output ON, All inputs = 0 V. -
Voo= 5.0 V, One output ON, All inputs = 0 V _. 

Voo = 15 V, One output ON, All inputs = 0 V -

NOTE: Positive (negallve) current IS defined as gOing Into (coming out of) the specified deVice Pin. 

TYPICAL INPUT CIRCUIT 

~ 
looK~ V 

vss 

Dwg. No. A-IO,9SO 

TYPICAL OUTPUT DRIVER 

vBB 

27K 15K 
lOOK 

VSS 
Dwg. No. A-lO,981 

FUNCTIONAL BLOCK DIAGRAM 

SERIAL 4 
DATA IN 

STROBE 7 

OUTs OUT9 OUTIO 
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Limits 

Max. Units 
1.0 V 

- V 
- V 

850 IJ.-A 
1150 IJ.-A 
-15 IJ.-A 
5.3 V 

15.3 V 

+0.8 V 

100 IJ.-A 
300 IJ.-A 
- k!1 

20 k!1 

6.0 . k!1 

13 mA 

200 IJ.-A 
100 IJ.-A 
200 IJ.-A 
LO mA 

3.0 mA 

Owg. No. A-10,989 

D 



UCN;.4&10A 
liMOS 1 0-81T SERIAl-INPUT,LATCHED DRIVER 

CLOCK I .... , ______ _ ----:-... :"":"":-:-~.---

"" IN ~-~-E-I--
STROBE I .... 1 _________________ _ 

I 

~F-l 
OUTN __________ ~I ------.L.....,-_-lr-. 

Owg. No. A-IO.990A 

TIMING CONDITIONS 
(Logic Levels are Voo and Vss) 

Voo = 5.0 V Voo= 15 V 

A. Minimum Data Active Time Before Clock Pulse (Data Set-Up Time) ......................... . 250 ns 
500 ns 
600 ns 
1.0 fLS 
500 ns 
1.0 fLS 

150 ns 
300 ns 
250ns 
400 ns 
300 ns 
1.0fLs 

B. Minimum Data Pulse Width ................................. , .................. . 
C. Minimum Clock Pulse Width ................................. ; .................. . 
D. Minimum Time Between Clock Activation and Strobe ................................... . 
E. Minimum Strobe Pulse Width ................................................... . 
F. Typical Time Between Strobe Activation and Output Transition ............................ . 

SERIAL DATA present at the input is transferred 
to the shift register on the logic "0" to logic ,. I" 
transition of the CLOCK input pulse. On succeeding 
CLOCK pulses, the registers shift data information 
towards the SERIAL DATA OUTPUT. The SE
RIAL DATA must appear at the input prior to the 
rising edge of the CLOCK input waveform. 

Information present at any register is transferred 
to its respective latch when the STROBE is high 
(serial-to-parallel conversion). The latches will con-

tinue to accept new data as long as the STROBE is 
held high. Applications where the latches are by
passed (STROBE tied high) will require that the 
BLANKING input be high during serial data entry. 

When the BLANKING input is high, all of the out
put buffers are disabled (OfF) without affecting the 
information stored in the latches or shift register. 
With the BLANKING input low, the outputs are 
controlled by the state ofthe latches. 

UCN-4810A TRUTH TABLE 

Serial 
Data Clock 
Input Input 

H --..J 

L --..J 

X L-

L = Low LogiC level 
H = High Logic Level 
X = Irrelevant 
P = Present State 
R = Previous State 

Shift Register Contents Serial 
Data 

11 12 13 ..... Ig 19 110 Output 

H Rl R2 ... R) Rg R9 R9 
L RI Rz ... R) RgR9 R9 
Rl R2 R3 .. Rg Rg RIO RIO 
XXX ....... XXX X 

PI P2P3·· PgP9P1O PID 

Latch Contents Output Contents 
Strobe Blanking 
Input 1112 13 ..... lg1911O Input II 12 13 ..... Ig 19 110 

L RI R2 R3 .. Rg R9 RIO 
H PI P2 P, .. Pg P9 PID L PI P2 P3· . Pg P9 PID 

XXX ...... XXX H LLL ..... LLL 
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UCN-481SA 
BiMOS LATCH/SOURCE DRIVER 

UCN·4815A 

BiMOS LATCH/SOURCE DRIVER 

FEATURES 
• High-Voltage Source Outputs 
• CMOS, PMOS, NMOS, TTl Compatible Inputs 
• low-Power CMOS latches 
• Internal Pull-Down· ResistorS 
• Wide Suppl~Voltage Range 

DESIGNED primarily f()r use with high-voltage 
vacuum fluorescent displays, the UCN-4815A 

BiMOS latch/source driver consists of eight NPN 
Darlington source drivers with pull-down resistors, 
a CMOS latch for each driver, and common strobe, 
blanking, and enable functions. 

The CMOS inputs provide for minimum loading 
and are compatible with standard CMOS, PMOS, 
and NMOS logic commonly found in microproces
sor designs. The use of CMOS latches also allows 
operation over a supply voltage range of 5 V to 
15 V. When employed with either standard TTL or 
low speed TTL logic, the UCN-481SA may require 
the use of appropriate pull-up resistors. 

The bipolar .outputs may be used as segment, dot 
(matrix), bar, or digit drivers in vacuum fluorescent 
displays. All eight outputs can be activated simul
taneously at ambient temperatures up to 60°C. To 
simplify circuit board layout,all outputs are pinned 
opposite their respective inputs. 

A minimum component display subsystem, re
quiring few or no discrete components, may be 
realized by using the UCN-481SA BiMOS Latch/ 
Source Driver with either a UCN-480SA or UCN-
4806A latched hexadecimal decoder/drivers or a 
UCN-481OA serial-to-parallel latch/driver. 
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ABSOLUTE MAXIMUM RATINGS at 25°C 
Free-Air Temperature and Vss = 0 V 

Output Voltage, VOUT ........................... 60 V 
logic Supply Voltage Range, Voo ............ 4.5 V to 18 V 
Driver Supply Voltage Range, VBB ••••••••••• 5.0 V to 60 V 
Input Voltage Range, VIN ... ; . . . .. . .-.0.3 V to Voo + 0.3 V 
Continuous Output Current, loUT ................ -40 mA 
Package Power Dissipation, Po .................. 2.0 W' 
Operating Temperature Range, TA •• , ••••• -20°C to +85°C 
Storage Temperature Range, Ts .: ...... -55°C to +125°C 
'Derate at the rate of 20 mW/oC above TA = 25°C. 

Number of 
Outputs ON 

(lOUT = - 25 mAl 

8 
7 
6 

Max. Allowable Duty Cycle 
at Am.bient Temperature of 

SO°C GO°C 70°C 

100% 

1 
100.% 

1 
86% 
98% 

100% 

WO% 

Caution: Sprague CMOS devices feature input static protection but are still 
susceptible to damage when exposed to extremely high static electrical charges. 



UCN·4815A 
DiMOS LATCH/SOURCE DRIVER 

ELECTRICAL CHARACTERISTICS at TA = 25°C, VBB =60 V. Voo = 4.75 V to 15.75 V. Vss = 0 V 
(unless otherwise noted) . '. 

j "C 

limits 
Characteristic Symbol Test Conditions Min. Max. 
Output. OFF Voltage VOU! - 1.0 
Output ON Voltage e.,e lOUT = - 25 rnA 57.5 -
Output Pull, Down Current IoU! ,YOU) = VBB 400 850 
Output Leakage Current TI = 70·C - -15 
Input Voltage VIN(lI Voo = 5.0 V 3.5 5.3 

Voo = 15 V 13.5 15.3 

VI' WI -0.3 +0.8 
Input Current IINIlI Voo - VIN -5.0 V - 100 

Voo - VIN - 15 V - 3uO 
Input Impedance liN Voo = 5.0 V 50 -
Supply Current IBB All outputs ON, All outputs open - 10.5 

All outputs OFF - 100 

100 Voo = 5.0 V, All outputs OFF, All inputs = 0 V - 100 
Voo = 15 V, All outputs OFF, All inputs = 0 V - 200 
Von = 5.0 V, One output ON, All inputs = 0 V - 1.0 
Voo = 15 V, One output ON, All inputs = 0 V - 3.0 , 

. . . . 
NOTE: Positive (negative) current IS defined as gOing Into (coming out of) the! specified device Pin . 

UCN,481SA TRUTH TABLE 

o 
1 
X 
X 
X 
X 
X 

Inputs 
STROBE ENABLE 

1 1 
1 1 
X X 
o X 
o X 
X 0 
X 0 

x = irrelevant 
T-1 = previous output state 

T = present output state 

BLANK 
o 
o 
1 
o 
o 
o 
o 

T-l T 
X 0 
X 1 
X 0 
1 1 
o 0 
1 1 
o 0 

~ 
lOOK~ V .' 

Vss 

Dwg. No. A-1O,'980 

TYPICAL INPUT CIRCUIT 

27K 15K 
lOOK 

TYPICAL OUTPUT DRIVER 
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Units 
V 
V 

JlA 
JlA 
V 
V 
V 

JlA 
JlA 
kO 
rnA 

JlA 
JlA 
JlA 
rnA 
rnA 



UCN-4815A 
BiMOS LATCH/SOURCE DRIVER 

TIMING CONDITIONS 
(Logic Levels are Voo and Vss) 

ENABLE ---.J 

,mo", -----to +L-j' "-° ~ 

"~"::: =U~~r-~+-IE-r----~~ 
OUTN I r-I -----.L-J .... -----

Owg. No. A-10,991 

A. Minimum Data Active Time Before Strobe Enabled (Data Set-Up Time) ................ ; ................... , 100 ns 
B. Minimum Data Active Time After Strobe Disabled (Data Hold Time) ..................................... , 100 ns 
C. Typical Strobe Pulse Width For Power-Up Clear Disable ...................................•........... 500 ns 

Minimum Strobe Pulse Width After Power-Up Clear Disabled ............................................ 300 liS 

D. Typical Time Between Strobe Activation and Output On to Off Transition ........... , ..........•........... 1.0 JLS 
E. Typical Time Between Strobe Activation and Output Off to On Transition ...................... ; ........... 1.0 JLS 
F. Minimum Data Pulse Width .................................................................. 500 ns 

Information present at an input is transferred to its 
latch when the STROBE and ENABLE are high. 
The latches will continue to accept new data as long 
is both STROBE and ENABLE are held high. With 
~ither STROBE or .ENABLE in the low state, no 
.nformation can be loaded into the latches. 

When the BLANKING input is high, all of the 
)utput buffers are disabled (OFF) without affecting 
.he information stored in the latches. With .the 
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BLANKING input low, the outputs are controlled 
by the state of the latches. 

On first applying V DO to the device, all latch 
outputs assume a low state (Power-Up Clear) result
ing in all outputs being OFF. The latches will remain 
in the low condition until the Clear is disabled by a 
STROBE high input. Data may be entered into the 
latches during Power-Up Clear disable if the ENA
BLE input is also high. 



SERIES UCN·4820A 
BiMOS 8·BI1SERIAL·INPUT LATCHED DRIVERS 

SERIESUCN-4820A 
BiMOS 8-BIT SERIAL-INPUT, LATCHED DRIVERS 

FEATURES 

• High-Voltage Current-Sink Outputs 

• CMOS, PMOS, NMOS, TIL Compatible 

• low-Power CMOS logic and latches 

• Internal Pull-Up/Pull-Down Resistors 

• 16-Pin Dual In-line Plastic Packages 

A COMBINATION of bipolar and MOS technol
ogy gives Sprague's Series UCN-4820A an 

interface flexibility beyond the reach of standard 
logic buffers and power driver arrays. 

The three devices in this series each have eight 
bipolar current-sink Darlington drivers, a CMOS 
data latch for each of the eight open-collector out
puts, an eight-bit CMOS shift register and CMOS 
control circuitry. Except for maximum driver voltage 
ratings, Types UCN-4821A, UCN-4822A and 
UCN-4823A are identical. 

The bipolar outputs can drive multiplexed LED 
displays, incandescent lamps, thermal print heads, 
and (with appropriate clamping techniques) relays, 
solenoids and other high-power inductive loads. 

The CMOS shift register and latches, which 
operate over a 5- to I5-volt supply range, minimize 
loading and are compatible with CMOS, PMOS 
and NMOS logic. Use of the drivers with TTL and 
DTL may require a pull-up resistor to ensure an 
input logic high .. By using the serial data output, the 
drivers can be cascadedJor interface applications 
requiring additional drive lines. 

These devices are also available in industrial
grade ceramic packages (Series UCQ-4820R) and in 
military side-brazed, hermetically sealed packages 
(Series UCS-4820H). 
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SERIAL DATA IN 2 

SERIAL DATA OUT 5 

OUTPUT ENABLE 7 

Dwg. No. A-I1,388 

ABSOLUTE MAXIMUM RATINGS 
at 25°C Free-Air Temperature 

and Vss = 0 V 

OUT, 

OUT, 

OUT, 

OUT~ 

OUTS 

Output Voltage, VOIJT (UCN-4821A) . . . . . . . . . . . . . . .. so V 
(UCN-4822A) .. ', . . . . . . .. . . . .. 80 V 
(UCN-4823Al ................ 100 V 

logic Supply Voltage,Voo ........................ 18 V 
Input Voltage Range, VIN ..••••••.•. ~O.3 V to Voo +0.3 V 
Continuous Output Current, IOUi ........ , ......... SOO rnA 
Package Power Dissipation, Po ................. 1.67 W' 
Operating Temperature Range, TA •••••••• - 20°C to +8SoC 
Storage Temperature Range, Ts ........ -SsoC to + 1.2SoC 

'Derate at the rate of 16.7 mW/oC above TA = +25°C 



SERIES UCN-4820A 
BiMOS 8-BIT SERIAl"INPUT LAT(HED DRIVERS 

maRICAl CHARACTERISTICS at TA = + 25°(, VDD = 5 V, Vss = 0 V (unless otherwise specified) 

Characteristic 
Output Leakage Current 

Collector-Emitter 
Saturation Voltage 

I n put Voltage 

Input Resistance 

Supply Current 

Symbol 
1m 

VCE,SATI 

V,NfOl 

V'NIlI 

R'N 

100I0NI 

100i0fF) 

Applicable 
Devices 

UCN-4812A 

UCN-4822A 

UCN-4823A 

ALL 

All 
All 

All 

All 

All 

Number of 
Outputs ON 

(lOUT = 200 rnA) 

8 
7 
6 
5 
4 
3 
2 
1 100% 

Test Conditions 
VOUT == 50 V 
VOUT = 50 V, TA = + 70°C 
VOUT = 80 V 
VOUT = 80 V, TA = + 70°C 
VOUT = 100 V 
VOUT = lOOV, TA = + 70°C 
lOUT = 100 rnA 
lOUT = 200 rnA 
lOUT = 350 rnA, Voo = 7.0 V 

Voo = 15Y 
Voo = lOY 
Voo = 5.0 V 
Voo=15V 
Voo=10VV 
Voo = 5.0 V 
One Driver ON, Voo = 15 V 
One DriverON, Voo ' = 10 V 
One Driver ON, Voo = 5.0 V 
Voo = 5.O:V,AII Drivers OFF,V'N =0 V 
Voo = 15V, All Drivers OFF, V'N =0 V 

Max. Allowable Duty Cycle 
at Ambient Temperature of 

56% 
64% 
74% 
89% 

1fO% 

100% 

50% 
57% 
66% 
80% T% 

100% 

43% 
49% 
57% 
69% 
75% 
1~O% 

100% 

36% 
4.1% 
48% 
58% 
72% 
95% 

100% 
100% 

Caution, Sprague CMOS devices have input static protection but are still suscepti
ble to damage when exposed to extremely high, static electrical charges. 
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Limits 

Min. Max. Units 
- 50 IJ.A 
- 100 IJ.A 
- 50 IJ.A 
- 100 IJ.A 
- 50 IJ.A 
- 100 IJ.A 
- 1.1 V 
- 1.3 V 
- 1.6 V 
- - V 
13.5 - V 
8.5 - V 
3.5 - V 
50 - kO 
50 - kO 
50 - kO 

- 2.0 rnA 
- 1.7 rnA 
- 1.0 rnA 

- 100 'pA " 

- 200 IJ.A' 

D 



SERIESUt~-4820A 

BiMOSB-Bll~ERIAL"INPUT LATCHED DRIVERS 

CLOCK I. ~I __________________ _ 

thC-l 
DATAIN~bf-D-I--E-I-. -----

STROBE I· .... 1-'--___ _ 

I 

~F---1 
OUTN -----------...., 

Dwg. No. A-IO.9908 

TIMING CONDITIONS 
(Logic Levels are Voo and Vss) Voo = 5.0 V VOD = 15 V 

A. Minimum Data Active Time Before Clock Pulse (Data Set-Up Time) ......................... . 250 ns 150 os 
B. Minimum Data Pulse Width ..................................................... . 500 ns 300 ns 
C. Minimum Clock Pulse Width ............................. , ....................... . 1.0 J.Ls 250 ns 
D. Minimum Time Between Clock Activation and Strobe ................................... . 1.0 J.Ls 400 ns 
E. Minimum Strobe Pulse Width ..................................................... . 500 ns 300 ns 
F. Typical Time Between Strobe Activation and Output Transition ............................. . 1.0 J.Ls 1.0 JLS 

SERIAL DATA present at the input is transferred 
to the shift register on the logic "0" to logic "1" 
transition of the CLOCK input pulse. On succeeding 
CLOCK pulses, the registers shift data information 
towards the SERIAL DATA OUTPUT. The SER
IAL DATA must appear at the input prior to the 
rising edge of the CLOCK input waveform. 

Information present at any register is transferred to 
its respective fatch when the STROBE is high 
(serial-to-parallel conversion). The latChes will con-

tinue to accept new.data as long as the STROBE is 
held high. Applications where the latches are by
passed (STROBE tied high) will require that the 
ENABLE input be high during serial data entry. 

When the ENABLE input is high, all of the output 
buffers are disabled (OFF) without affecting the in
formation stored in the latches or shift register. With 
the ENABLE input low, the outputs are controlled 
by the stateof the latches. 

SERIES UCN-4820A TRUTH TABLE 

Serial 
Data Clock 
Input Input 

L J 
H .r 
X 1 

L = Low LogiC Level 
H = High Logic Level 
X = Irrelevant 
P = Present State 
R = Previous State 

Shift Register Contents 

II 12 13 ......... Is 
H HI R2 ..... : . RI 
L R, R2 ....... RI 
R, R2 R3 ...... Rs 
X X X ......... X 
PI P2 P3 ....... Ps 

Serial Latch Contents OU!E..ut Contents 
Data Strobe Output 

Output Input II 12 13 ......... Is Enable II 12 13 ......... Is 
RI 
RI 
Rs 
X L R R2 R3 ...... Rs 
Ps H PI P2 P3 ....... Ps L PI P2 P3 ....... Ps 

xx X ......... ~ H H H H ......... H 

4-30 



CLOCK I 

SERIAL 
DATA IN 

TYPICAL INPUT CIRCUITS 

Voo 

400K STROBE MOS. ". . 

~~Ys~~ ...... " 

CLOCK 
SERIAL DATA 

IN 
~ 

~100K V . 

Dwg. No. A-ll,389 

SERIES UCN-4820A 
BiMOS 8-BIT SERIAL-INPUT LATCHED DRIVERS 

FUNCTIONAL BLOCK DIAGRAM . 
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BIPOLAR 

SERIAL 
DATA OUT 

7 OUTPUT ENABLE 

o GROUND 

Dwg, No. A .• 11.391B 

TYPICAL OUTPUT DRIVER 

GROUND 

Owg. No. A-I1.390 

D 



SPRAGUE BiMOS.(Continued) 

GROUP UCN-5800 BiMOS II 
HIGH-SPEED INTERFACE DRIVERS 

SPRAGUE UCN-4400 and UCN-4800 BiMOS interface inte
grated circuits have evolved into new and improved designs. 

The CMOS sections of the original BiMOS devices have been re
duced in size, resulting in faster switching speeds. Second-genera
tio~ BiMOS devices also provide new and improved functions, as 
shown in the table below. 

BiMOSIl 
Type Nurnber 

UCN-5800A 
UCN-5801A 
UCN-5810A 
UCN-5810A-l 
UCN-5812A 
UCN-5812A-l 
UCN-58l3B 
UCN-58l4B 
UCN-58l5A 
UCN-5815A-l 
UCN-58l8A 
UCN-58l8A-l 
UCN-582lA 
UCN-5822A 
UCN-5823A 
UCN-5825A 
UCN-582GA 
UCN-5832A 
UCN-5890A 
UCN-5895A 

Description* 

Quad Latch, 350 rnAl50 V Sink Driver 
8-Bit Latch, 350 rnAl50 V Sink Driver 
lO-Bit Serial/Parallel, -25 rnAlGO V Source Driver 
lO-BitSerial/Parallel, - 25 rnA/80 V Source Driver 
20-Bit Serial/Parallel, - 25 rnAlGO V Source Driver 
20-Bit Serial/Parallel, - 25 rnAl80 V Source Driver 
Quad Latch, 1.5 Al50 V Sink Driver 
Quad Latch, 1.5 Al50 V Sink Driver 
8-Bit Latch, - 25 rnAlGO V Source Driver 
8-Bit Latch, - 25 rnAl80 V Source Driver 
32-Bit Serial/Parallel, - 25 rnAlGO V Source Driver 
32-Bit Serial Parallel, - 25 rnAl80 V Source Driver 
8-Bit Serial/Parallel, 350 rnAl50 V Sink Driver 
8-Bit Serial/Parallel, 350 rnAl80 V Sink Driver 
8-Bit Serial/Parallel, 350 rnAllOO V Sink Driver 
4-Bit Serial/Parallel, l.5 Al50 V Driver 
4-Bit Serial/Parallel, l.5 AlGO V Driver 
32-Bit Serial/Parallel, 100 rnAl40 V Sink Driver 
8-Bit Serial/Parallel, - 350 rnAl50 V Source Driver 
8-Bit Serial/Parallel, - 150 rnAl50 V Source Driver 

Original BiMOS 
Type Nurnber 

UCN-440lA 
UCN-480lA 
UCN-48l0A 
UCN-48 lOA-l 

None 
None 
None 
None 

UCN-48l5A 
UCN-48l5A-l 

None 
None 

UCN-48l2A 
UCN-4822A 
UCN-4823A 

None 
None 
None 
None 
None 

'Current ratings are maximum tested condition, voltage ratings are absolute maximum allowable. 

These are new products. Detailed information, applications engineering 
assistance, samples, price, and delivery can be obtained directly from the 
factory in Worcester, Mass., Tel. (617) 853-5000. 
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SPRAGUE BiMOS (Continued) 

SPRAGUE BiMOS -
MUSCLE FOR THE MICROPROCESSOR 

Sprague Electric offers solutions to users' inter
face problems through a fusion of bipolar and CMOS 
technologies in BiMOS to create innovative interface 
devices. 

The company's ability to shape technology to 
meet the specific heeds of users is based on a com
mitment to provide versatile and practical interface 
products for systems design. 

Sprague BiMO.S devices are available with: 
- Output breakdown voltage ratings of up to 

100 V; 
- Output current ratings as high as 600 rnA; 
- A logic voltage-supply range of 5 V to 15 V 

(±5%); 
- Logic switching speeds of up to I MHz at 5 V 

and up to 2 MHz at 12 V; 
- And up to 10 channels per dual in-line pack

age. 

Among advantages of BiMOS technology are 
microprocessor compatibility, low-power logic, a 
wide logic-supply range, component-count reduc
tion, bipolar outputcapability, CMOS noise immu
nity, and space-saving integration. 

APPLICATIONS 

The following pages make up a sampler of appli
cations for Sprague BiMOS interface devices. Per
formance specifications, truth tables and timing 
charts for these integrated circuits appear on previous 
pages. Additiohaiapplications are described in the 
Sprague brochure WR-j85, "Interface ICs for 
Motor Drive Applications," and in Sprague en
gineering bulletins covering these BiMOS devices. 
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UCN-4401A and UCN-4B01A 

These four- and eight-bit BiMOS latch Idrivers are 
the first Sprague IC's to incorporate CMOS logic 
(data latches) and bipolar drivers (NPN Darlington
pair outputs). Functionally, the eight-bit device is the 
equivalent of an octal latch and an octal NPN Dar
lington array. 

Figure I depicts the use of the eight-bit latch I ~ 
driver as an interface between a microprocessor and Ii.IIIIII 
incandescent lamps. The device can also link a mi
croprocessor with LEDs, high-power discrete 
semiconductors, relays or small stepper motors. Ap-
plications with inductive loads require connection of 
the internal transient-suppression diodes to the 
load's voltage supply, or use of discrete diodes. 
Inductive load applications should be limited to out-
put voltages of +35 V. 

Figure 2 shows use of Type UCN-440IA as an 
interface between a microprocessor and a stepper 
motor. Input signals to the four-bit device, for both 
unipolar wave drive and unipolar two-phase drive, 
are shown in Figures 3 and 4. 

Type UCN-440IA can also be used to control 
discrete PNP transistors providing a high-power 
motor interface (Figure 5). Use of either single
ended or split supplies is possible with this approach. 

The four-bit device can be paired with a quad PNP 
DIP to implement full-bridge drive for a stepper 
motor (Figure 6). 
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SPRAGUE BiMOS (Continued) 
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SPRAGUE. BiMOS· (Continued) 

TYPE UCN-4401A 

UCN-4810A 

This integrated circuit functionally replaces a 
lO-bit serial-in, parallel-out shift register, a lO-bit 
data latch, and 10 high-voltage buffers (including 
output pull-down resistors). It is designed for use 
with vacuum fluorescent displays, but has been put 
to many other uses, including control of thermal 
print heads. 

Connecting a data-out line from one . device to a 
data-in pin of a second device minimizes then umber 
of input/output lines required for a system. A 20-
character 5 x 7 vacuum fluorescent dot matrix dis
play, for instance, requires only six Type UCN-
4810s (two as grid drivers and four as ddtdrivers). 
An example of cascaded. data·· control is; given in 
Figure 7. The arrangement cascades two devices for 
grid selection and four as dot drivers. 

Data sent to the four dot drivers can be loaded in 
less than 80 p-s using this configuration. The shift
rate limit of the dot drivers is 500 kHz at V DO = 5 V. 

The two units that function as grid drivers are 
loaded with a single "1" during each scan cycle. 
The minimum recommended scan frequency is 
100 Hz per character (a clock frequency of 2 kHz for 
a 20-character display). 

Figure 6 
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+v 

TPQ 2906 

DWG.NO. A-ll,449 

Since blanking (20 p-s minimum) is required be
tween characters, and since the minimum ON time 
for each digiror character is 100 p-s, the maximum 
number of characters in a display is 80 (8 kHz clock, 
125 p-s ON and blanking time per character). 

The typical ON time for vacuum fluorescent 
characters is 200 p-s (40-character panel) to 500 p-s 
(20-character display). Failure·. to provide proper 
blanking time can cause· ghosting or flicker. 

A faster method of loading matrix data, shown in 
Figure 8, requires more I /0 lines. This technique 
loads shift registers. during a blanking period 
(greater than 20 p-s). Each dot driver has a separate 
data-input line, but uses common clock, strobe and 
blanking lines. A second clock is used with the grid 
drivers. 

A typical data-input timing chart for this config
uration is shown in Figure 9. With a 20-character 
vacuum fluorescent display having a 2 kHz scan 
frequency, 10 bits of data are loaded during the first 
blanking period; succeeding lO-bit data blocks are 
loaded during blanking periods at 400 p-s intervals. 

A more unusual application of Type UCN-481OA 
is shown in Figure 10: The device is used with a 
thermal printer. In production, the drivers (in chi{: 
form) were built into a hybrid assembly. 
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SPRAGUE BiMOS (Continued) 
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UCN-4815 

Type UCN-4815A provides an eight-bit parallel
in, parallel-out interface for vacuum fluorescent dis
plays. A typical application appears in Figurell. A 
pair of Type ICN-4810As are used for grid control. 
The two Type UCN-4815As drive a 16-segment al
phanumeric display. 

UCN-480SA 

Type UCN-4805A has eight high-voltage source 
outputs, latched inputs, and both the hexadecimal 
decoding and speed capabilities for microprocessor
based designs. The device is used to decode and 
drive seven-segment displays. Its eighth source out
put is used to generate a colon or decimal point. 

A typical application with a 20-character vacuum 
fluorescent display is shown in Figure 12. Type 
UCN-4805A is used as a seven-segment decoder! 
driver. A pair of Type UCN-481OAs is used for grid
select. 

STROBE 

Figure 12 
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UCN-4810A 

DIGITS 11-20 

OWG.NO. A-ll.455 

SERIES UCN-4820A 

The drivers in this series were designed for use 
in printers. Each integrated circuit has an eight-bit 
serial-input shift register, an eight-bit data latch, 
and eight NPN Darlington-pair outputs. The data 
entry rate for this series is 500 kHz (minimum) at 
Voo = 5V. 

A typical application appears in Figure 13; al
though the drawing depicts use with an electrosen
sitive printer, the device can also control inductive 
loads such as print hammers and solenoids, or ther
mal print heads. 

Use of Types ICN-4823A and UCN-4810A-l is 
combined in the planar gas-discharge display appli
cation shown in Figure 14. Type UCN-481OA-l sig
nal inputs are level-shifted (floated to the V BB supply 
level). The application requires external segment 
limiting and pull-up resistors and use of Zener 
diodes. 

II 
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SERIES 400, 400-1, AND SOO 
HERMETICALLY SEALED POWER AND RELAY DRIVERS 

SERIES 400, 400-1, AND 500 
HERMETICALLY SEALED POWER AND RELAY DRIVERS 

FEATURES 
• 500mA Output Sink Current Capability 
• DTl/TTL Compatible Inputs 
• Transient Protected Outputs on Relay Drivers 
• High Voltage Output - 100V Series 500, 70V Series 400-1. and 40V Series 400 
• Hermetically Sealed Packages to MIL-M-38510 
• High-Reliability Screening to MIL-STD-883, Class B 

Supply Voltage (Vee) 

Description 

These Series 400, 400-1, and SOO hermetically seal~d power and relay 
drivers are bipolar monolithic circuits incorporating both logic gates and 
high-current switching transistors on the same chip. Each device contains 
four drivers capable of sinking SOOmA in the ON state. In the OFF state, 
Series 400 devices will sustain 40V, Series 400-1 devices will sustain 70V, 
and Series 500 devices will sustain 1 OOV . 

All devices are available in either a 14-pin hermetic flat-pack package 
(Types UHC-) or a 14-pin hermetic dual in-line package (Types UHD-). 
These packages conform to the dimensional requirements of Military 
Specification MIL-M-38S10 and meet all of the processing and environ
mental requirements of Military Standard MIlrSTD-883, Method SOO4 
and SOOS. These devices are also furnished in a plastic 14-pin dual in-line 
package (Types UHP-) for operation over a limited temperature range. 

Applications 

The UHC- and UHD- Series 400,400-1, and SOO power and relay drivers 
are ideally suited for driving incandescent laffips, relays, solenoids, and 
other interface devices with up to 1A output current per package. Hermetic 
sealing and an operating temperature range of - SsoC to+ 12SoC recom
mend them for military and aerospace applications as well as commercial 
and industrial control applications where severe environments may be 
encountered. 

RECOMMENDED OPERATING CONDITIONS 

Min. Nom. Max. 
4.5 5.0 5.5 

Operating Temperature Range -55 +25 + 125 
Current into any output (ON state) 250 
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Units 
V 

mA 



SERIES 400, 400-1, AND 500 
HERMETICALLY SEALED POWER AND RELAY DRIVERS 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage, Vee. 
Input Voltage, v;": . 
Output Off -state Voltage, Voff : 

Series UHC-400 and UHD-400 .. 
Series UHC-400-1 and UHD-400-1 .. 
Series UHC·500 and UHD-SOO. 

Output On-State Sink Current, 100" . 
Suppression Diode Off-State Voltage, Volf ' 

Series UHC-400 and UHD-400 ..... . 
Series UHC-400-1 and UHD·400-1 .. 
Series UHC-500 and UHD-SOO . 

Suppression Diode On-State Current, 100-' 
Operating Free-Air Temperature Range, TA .. 

Storage Temperature Range, Ts . 

. .. 7V 
. .... S.SV 

. .40V 
70V 

.IOOV 
. .SOOmA 

.40V 
..70V 
.IOOV 

.SOOmA 
. ........................... -S5°C to +12SoC 

. .. -6SoC to + 150°C 

ELECTRICAL CHARACTERISTICS over operatin~ temperature range (unless otherwise noted) 

Test Conditions Limits 
Driven other 

Characteristic Symbol Temp. Vcc Input Input Output Min. Typ. Max. Units Notes 

"1" Input Voltage V;n(1) MIN 2.0 V 
"0" Input Voltage V;"(O) MIN 0.8 V 
"0" Input Current at all Inputs 

except Strobe /;"(0) MAX O.4V 4.5V -0.55 -0.8 mA 1,2 
"0" Input Current at Strobe 1;"(01 MAX 0.4V 4.5V -1.1 -1.6 mA 2 
"1" Input Current at all Inputs 1;"(1) MAX 2AV OV 40 ",A 1 

except Strobe MAX 5.5V OV 1 mA 1 
"1" Input Current at Strobe 1;"(11 MAX 2.4V OV 100 ",A 

MAX 5.5V OV 1 mA 
''I'' Output Reverse Cu rrent 
Series 400 loff MIN 40V 100 ",A 6 
Series 400-1 MIN 70V 100 ",A 6 
Series 500 MIN 100V 100 ",A 6 

"0" Output Voltage YO" NOM MIN 150mA 0.5 V 6 
NOM MIN 250mA 0) V 6 
MAX MIN 150mA 0.6 V 6 
MAX MIN 250mA 0.8 V 6 

Diode Leakage Current ILK NOM NOM OPEN 200 ",A 3 
Diode Forward Voltage Drop Vo NOM NOM 1.5 1.75 V 2,4 
"1" Level Supply Current icClll NOM MAX 7.5 mA 5,6 
"0" Level Supply Current leClo) NOM MAX 26.5 mA 5,6 

NOTES: 
1. Each input. 
2. Typical values are at Vee = 5.0V, TA = 25°C. 
3. Measured at VR = Voll(m;nl' 
4. Measured at If = 200mA. 
5. Each gate. 
6. Input test conditions are listed in Table IV. 
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SERIES 400, 400-1, AND 500 
HERMETICALLY SEALED POWER AND RELAY DRIVERS 

Table IV 
INPUT CONDITIONS FOR OUTPUT CHARACTERISTIC MEASUREMENTS 

"1" Output Reverse "0" Output Voltage 
Current (1011) (Von) 

Driven other Driven other 
Type UHC- or UHD- Input Input Input Input 

400,400-1,500 2.0V 2.0V O.BV Vee 
402,402-1,502 2.0V 2.0V O.8V O.BV 
403, 403-1, 503 2.0V OV O.BV O.BV 
406, 406-1, 506 2.0V 2.0V O.BV Vee 
407,407-1,507 O.BV Vee 2.0V 2.0V 
40B, 40B-1, 50B O.BV Vee 2.0V 2.0V 
432,432-1,532 O.BV O.BV 2.0V OV 
433, 433-1, 533 O.BV O.BV 2.0V OV 

SWITCHING CHARACTERISTICS at Vee = 5.0V, TA = 25°C 

Characteristic Symbol Test Conditions 

Turn-on Delay Time tpdO 
Series 400 Vs = 40V, Rl = 265 n (6 Watts) 
Series 400-1 Vs = 70V, Rl = 465 n (10 Watts) 
Series 500 Vs = 100V, Rl = 670 n (15 Watts) 

Turn-off Delay Ti me tpdl 
Series 400 Vs = 40V, Rl = 265 n (6 Watts) 
Series 400-1 Vs = 70V, Rl = 465 n (10 Watts) 
Series 500 Vs = lOOV, Rl = 670 n (15 Watts) 

Typical Switching Test Circuit 

INPUT 2.4V VCC'5V a EN au;: Vs 

r~----l 

, 
I I 

: 'I 

II 15pf 
: I (Note 3) I 

I I 
; ':" LOAD I 
I CIRCUIT I L _____ J 

OWG. KO. A-78!l9A 

INPUT 

'pdQ 

OUTPUT 

INPUT PULSE CHARACTERISTICS 

Ip 1,.. 

"1" Level Supply 
Current (I CClll ) 

Driven Other 
Input Input 

5.0V S.OV 
5.0V S.OV 
5.0V 5.0V 
5.0V 5.0V 
OV OV 
OV OV 
OV OV 
OV OV 

Limits 
Min. Typ. Max. 

750 
750 
750 

500 
500 
500 

~2..-___ V'n(O) 

------- Vout(O) 

DWG. <MO. A-1900" 

V'n(O) - OV 

V, 1 = 3.5V 

If - 7. n. 

tr = 14 nl PRR = 500kHz 
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"0" Level Supply 
Current (Icc. ,) 

Driven other 
Input Input 

OV OV 
OV OV 
OV OV 
OV OV 
5.0V 5.0V 
5.0V 5.0V 
5.0V 5.0V 
5.0V S.OV 

Units 

ns 
ns 
ns 

ns 
ns 
ns 



Device Pinning 

UHC·403 
UHC·403·1 
UHC·503 

UHC·408 
UHC·408-1 
UHC·508 

SERIES 400, 400-1, AND SOO 
HERMETICALLY SEALED POWER AND RELAY DRIVERS 

UHC·400 
UHC·400·1 
UHC·500 

. UHC:406 
UHC-406·1 
UHC·506 

UHC·432 
UHC·432·1 
UHC·532 

!>-5 

UHC·402 
UHC·402·1 
UHC-502 

UHC·407 
UHC·407·1 
UHC·507 

UHC·433 
UHC·433·1 
UHC·533 

o 



SERIES 400, 400-1 i AND 500 
HERMETICALLY SEALED POWER AND RELAY DRIVERS 

Device Pinning 
(Continued) 

UHD·403 
UHD·403·1 
UHD·503 

UHD·4Q8 
UHD·4Q8·1 
UHD·5Q8 

UHD·400 
UHD·4QO·l 
UHD·500 

UHD·406 
UHD·406·1 
UHD·506 

UHD·432 
UHD·432·1 
UHD·532 
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UHD·402 
UHD·402·1 
UHD·502· 

UHD·407 
UHD·407·1 
UHD·507 

UHD·433 
UHD·433·1 
UHD·533 



SERIES ULS~2000H AND ULS-2QQOR 
HIGH-VOLTAGE, HIGH~CURRENT,"DARLINGTON TRANSJSTOR;ARRAYS 

SERIES ULS ... 2000H',AND;ULS-2000R 
HIG.,..-VOLTAGE, HI'GH~CURRENT 

DARLINGTON TRANSISTOR'ARRAYS 

'FEATURES 

• TTL, OTl, PMOS, or CMOS Compatible Inputs 
• Peak Output Current to 600 rnA 
• Transient Protected Outputs' 
• Side-Brazed Hermetic Package, or 
• Cer-DiP Package 
• High-Reliability Screenin~ Available 
• Wide Operating Temperature Ranges 

COMPRISED of seven silicon NPN Darlington 
power drivers on a common monolithic sub

strate, the Series ULS"2000H and ULS~2000R ar
rays are. ideally suited for driving relays, solenoids, 
lamps;' and other devices with up to 3.0A output 
clHTentper package. Both hermetically sealed pack
age styles are rated fOl: operation over the tempera- . 
ture range of - 55°C to ;l- 175°C, recommending 
them for military and aerospace applications odn 
commercial and industrial applications where 
severe environments may be encountered. 

The 25 integrated circuits permit the circuit de
signer to select the optimum device for any appli
cation. There are two packages, five input 
characteristics, two output voltages, and two output 
currents covered oy . .ttie, listings. The appropriate 
part for use in specific applications can be deter
mined from the Device Type Number Designation 
chart. Note that the high-voltage devices (BV CE ;;:: 

. 95 V) are available in the Series ULS-2000H only. 
All units feature open cOIl,ectoroutputs and integral 
diodes for inductive'load transient suppression. 

::1"",. 
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D~,'G. NO. A-9591f 

All series ULS-2000H arrays ar~ furnished in a 16-
pin side-brazed dual in-line hermetic package that, 
conforn:i.S to the dimensional requirements of Mil~ 
tary.Specification MIL-M~3851o al).d meets the pro
cessing and environmental requirements of Military 
Standard MIL-STD.-883, Metiods 5<)04 and 5005. 

Device Type Number DesignatiQ11 

VCE(MAX) = 50 V 50 V 95 V 
'c(MAXl = 500 mA 600 mA 500 mA 

Type Number 
General-Purpose UlS-2001R ULS-2011R 

PMOS, CMOS UlS-2001H UlS-2001H UlS-2021H 
14·25 V UlS-2002R UlS-20l2R 
PMOS UlS-2002H tilS-2012H UlS-2022H 

5.V UlS-2003R . UlS-2013R 
TTL, CMOS UlS-2003H UlS-2013H UlS-2023H 

6·l5V UlS-2004R UlS-2014R 
CMOS,PMOS, ULS-2004H UlS-2014H UlS-2024H 
High-Output ULS-2005R ULS-2015R 

TTL ULS-200SH ULS-2015H ULS-2025H 

o 



SERIES ULS-2000H AND ULS-2000R 
HIGH-VOLTAGE, HIGH-CURRENT DARLINGTON TRANSISTOR ARRAYS 

ABSOLUTE MAXIMUM RATINGS 
Output Voltage, VCE (Series 2000*, 2010*) .......................... , . . .. 50 V 

(SeriesULS-2020H) ............................ ,... 95 V 
Input Voltage, VIN (Series 2002*, 2003*,2004*) ........................... 30 V 

(Series2005*) ..................................... 15 V 
Peak Output Current, lOUT (Series 2000*, ULS-2020H) ..................... 500 mA 

(Series 2010*) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 600 mA 
Ground Terminal Current, iGNo ' ....................................... 3.0 A 
Continuous Input Current, liN ....................................... 25 mA 
Power Dissipation, Po (one Darlington pair) .............................. 1.0 W 

(total package) .............................. See Graphs 
Operating Temperature Range, TA ........................... - WC to + 125°C 
Storage Temperature Range, Ts ............................ - 65°C to + 150°C 

Series 2001' 
(each driver) 

..... >1--...0 COM 

Series 2004' 
(each driver) 

PARTIAL SCHEMATICS 

7V 10.5K 

Series 2002' 
(each driver) 

r----I~-o COM 

, , 
I 
I ___ I 

DWG.llo. A-9650 

2.7K 

Series 2003' 
(each driver) 

Series 2005' 
(each driver) 

~~-oCOM 

, 
, 

i 
, , 
I 
I ___ I 

0'116. No. A-965 I 

r----I~-o COM ~~_oCOM 

, 
I 
I 
I , 
I , 

1O.5K , 

i 
I , 

~- -- --- ----------~----
I 
I 

0'1110. HO. A-98SSA G. NO .. j. 10. 22~ 

'Complete part number includes a prefix to indicate temperature range and a suffix to indicate package style. See 
following part number description. 
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SERIES ULS-2000H AND ULS-2000R 
HIGH-VOLTAGE, HIGH-CURRENT DARLtNGTON TRANSISTOR ARRAYS 

SERIES ULS-2000H AND ULS-2000R 
ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted) 

Applicable 
I Temp. 

Test Conditions 
Characteristic Symbol Devices Fig. 

Output Leakage Current leEX All VeE -50V IA 
2002- VeE = 50V, V'N = 6V IB 
2004- VeE = 50. V, V'N - I V IB 

I;ollector-Emitter VeEISAT) All Min. Ie - 350mA, Ie - 850 pA 2 
Saturation Voltage I = 200 mA, Ie =550 pA 2 

Ie = 100 mA, Ie = 350 pA 2 
Ie = 350 rnA, Ie = 500 pA 2 

+25°C Ie = 200 mA, Ie = 350 pA 2 
Ie = 100 mA, Ie - 250 pA 2 

Max. Ie = 350mA, Ie = 500 pA 2 
Ie - 200 mA, Ie - 350 pA 2 
Ie - 100 mA, I, - 250 JAA 2 

Input Current I~IONI 2002- V'N = 17 V 3 
2003* V, = 3.85 V 3 
2004- V'N = 5V 3 

v~ - 12 V ~ 

2005' VIN -3 V 3 
I'NlOFF All Max. Ie = 500pA 4 

Input Voltage V'NlONI 2002* Min. VeE = 2V,Ie -~O~ 5 
Max. VCE - 2V,Ie - 30UmA 5 

20u3* Min. VeE - 2 V, Ie - 200 mA 5 
V E = 2V, I = 250mA 5 
VeE - 2V, Ie - 300mA 5 

Max. VeE = 2V,Ie = 200mA 5 
VeE = 2 V, Ie ;;=. 250 mA 5 
VeE - 2 V, Ic - 300 mA 5 

2004* Min. VCE = 2 V, Ie = 125 mA-- r-S 
VCE = 2 V, Ic = 200 mA 
VCE - 2 V, Ic - 275 mA 
VCE = 2V,Ie = 350mA 

Max. VCE = 2 V, Ie=: 125 mA 
V CE - 2 V, Ic - 200 mA 
VCE =2 V, Ie = 275 rnA 
VeE = 2V,Ic = 350mA 

2005' Min. V CE - 2 V, Ie - 350 mA 
Max. V CE = 2 V, Ie ;= 350 mA 

. U-I; torward Current hfE 2001" Min. V CE ..: 2 V, Ic - 350 mA 
T ran sfer Ratio +25°C VeE = 2 V, Ie := 350 mA 
Input Capacitance CIN All +25°C 
I urn-On Uelay t •• All +25°C 0.5 E to 0.5 E_ 
Turn-Off Delay tPlt All +25°C 0.5 Ei• to 0.5 E", 
Clamp Diode Leakage IR All VR = 50 V 
Current . 
Clamp Diode Forward VF All IF = 350 mA 
Voltage 

·Oomplete part number includes a prefix to indicate temperature range and a suffix to indicate package style. See . 
following part number description. 

Note I: All limits stated apply to the complete Darlington series except as specified for a single device type. 
Note 2: The I'NIOf~ current limit guarantees against partial turn-on of the output. 
Note 3: The VINIONI voRage limit guarantees a minimum output sink current per the specified test conditions. 

~9 

5 
5 
5 
5 
5 
5 
.5 
5 
5 
2 
2 

-
-
.-

6 

7 

limits 
Min. Typ. 
- -
- -
- -
- 1.6 
- 1.3 
- 1.1 
- 1.25 
- 1.1 
- 0.9 
- 1.6 
- 1.3 
- 1.1 
480 850 
650 930 
240 350 
650 lUUU 

1180 1500 . 
25 50 

- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
500 -

1000 -
- 15 
- 250 
- 250 
- -

- 1.7 

Max. Units 
100 pA 
500 pA. 
500 JJA_ 
1.8 V 
1.5 V 
L3 V 
1.6 V 
1.3 V 
1.1 V 
1.8 V 
1.5 V 
1.3 V 

1300 pA 
1350 pA 
500 pA 

1450 pA 
2400 JAA 
- pA 
18 V 
13 V 
~.3 V 
3.6 V 
3.9 V 
2.4 V 
2.7 V 
3.0 V 
6.0 V 
8.0 V 
10 V 
12 V 
5.0 V 
6.0 V 
7.0 V 
8.0 V 
3.0 V 
2.4 V 
- -
- -
25 pF 

1000 os 
1000 ns 
50 pA 

2.0 V 

o 



SERlE"$: ~ I1LS-2000H fAfilD··ULS-.2000R 
HIGH~VOLIAGE/"HIGH .. CURREN:r~DARLIfilGfOfil IRAfilSISTOR ,ARRAYS 

ELECTRICALCHARACTERISTICS over operating temperature range (unless o.therwisenoted) 

< .B'· 

. Characteristic SYmbol 
Outp~! leakjjgeCurrent~ leEx 

Coliector~Emitter 
Saturation Voltage 

Input Current 

VeE(SAT) 
i. 

~pplicable 
Devices 
.: All 

20,14* 
All 

'. 

Typ. 
Limits Test Conditions 

I Temo .. ' , Fig. Min. Max. . ",ij!lits 
,;,'Vei ",:SOV 1A - - 100 p.A 
',':V,-, ",:,SO V, V,. "': 6 V 1B - - SOO p.A 

Vci"':SOV, VIN ",: IV 1B - - 500'> ,,LA; 
Min. .' It -, 500 mA, 18 - HOO p.A 2 - 1.8 Z.t , "V 

,Ie"': 350 mA, I "': .850p.A 2 - 1.6 1.8 V .. 

" Ie - SOO mA, 1&= 600 p.A 2 - 1.7 1.9 V 
+25~b It == 350 mA, la = 500 p.A 2 - 1.25 1.6 V 

"Ie '" 200/llA;1'B= 350p.A 2 - 1.1 1.3 V 
Max .. ' Ie - 500 rnA, 18 - 600 p.A 2 - 1.8 2.1 V 

0, .~ •• _~:'Ic '" 3S0 mA, la - SOO p.A 2 - 1.6 1.8 V 
Ie - 200mA, I - 350jJ,A 2 - 1.3 1.5 V 

2012* ;V,N - 17 V 3 480 8S0 1300 p.A 
20U' ., V - 3.85 V 3 6S0 .930 13S0 ILA 

V .. =S V 3 240 350 SOO p.A 
. VIN ...,. 12 V 3 650 1000 1450 p.A 

.. " ........ ~---+......,::2~OJ:;.:5_· ...,.--1-......... -+' ·--;V:!I-.. = ... 3;;.,V;.-: .-~_----,-+-.... 3 -+1:.::,18;,;.10_-"=1..:,!501;.,..0_..:.24,;.:0~0+--=p...,Ar-i 
i l"OFf] . " All Max. Ie - 500 p.A 4 25 50 - p.A 
Input Voltage VOOON) 2012' Min. VeE -:-2 V, Ie - 500 mA 5 - - 23.5 V 

tH .Forward Current 
Tralisfer Ratio 
InplltCapacitance 
rum-On Delav 
Tum-Off Delay 
Clamp Diode Leakage 
Current 
:Cilmp DiQde forward 
Voltage 

, 

h .~ 
.ft, 

CIN 

t ... 

Max. VeE - 2 V, le- 500 mA 5 - - 11 V 
2013' :1 Min, VeE = 2V, Ie = 2S0mA S - - 3.6 V 

VeE - 2 V, Ie .c.. sao mA S - - 6.0 V 
VeE = 2 V, Ie - 300 mA 5 - - 3.9 V 

',I. 

;,j Max. VeE = 2 Y" Ie = 250mA S - - 2.7 V 
VeE = 2 V, Ie - 300 mA S - ' - 3.0 V 

, '. Vet - 2 V, Ie - 500 mA j - - ;i.:lV 

,20l4* .', Min. VeE = 2 V, Ie - 27S mA S - - 10 V 
VCE - 2 V, Ie - 350 mA 5 - - 12 V 

. " VeE - ~ V, Ie - 500 rnA 5 - - 17 V 
':.: Ma~.' VCE 0;= 2 V, Ie - 27S mA S - - 7.0 V 

, ,," J>VeE -2V, Ie - 3S0mA S - - !I.U V 
" VeE =2V, Ie = SOOmA S - - 9.S V 

201S* r. ~in. Vct = 2 V, It - 350 mA, S - - 3.0 V 
',. VeE -'2V,le -500mA')':'5 - - 3.~ V 

".~., Yec=..2 V" Ie "",:~&O mA 5,' - - 2.4 V 
0, t, V" .c..·l V, le= ~uu mA ~ 2.6, "'V : 

~qll':' ·.)lIin,;VeE =,)y,lc~,",500 rnA 2,4S0 - .;.,...,-' 
+25°C VCE = 2 'I,lc '=SOO mA ' 2 900 

All IS 25.' pf 
All i_ . z5u lOuu" ns. 
All 250.: "1000 ,: ns 

.6 5Q .. ~.' #L~'. I " 

",'. '';'':, . 
ALL. .... VR - 50. y. 

. " 

I, - 350PlA.~ 
, If "':,SQO mA -,2 .. S V 

·Complete part number includes a prefix to indicate temperature range and a suffix to indicate package style. See 
following part number description, 

'·r. ,-, 

Note 1: All limits stated apply to the complete Oa~ington series,~CIlPt.aS .specified for a.:sint!ie device type. 
Note 2: The 1"(OFf) current limit guarantees against partial tum-on of the output. 
Note 3: The V'N(ON) voltage limit guarantees a minimum output sink current per the specified test conditions, 
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SERIESU1S~2800H AND Ul$-2000R 
HIGH~VOL 'fAGE;HIGH-CUHEkFDARUNGTONTRANSISrORARRAYS 

SERIESlJLS·2020H 

ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted) 

Applicable 
~ 

Test Conditio~s 
Characteristic Symboi Devices 

Output leakage Current "eEx Atl VeE - 95 V 
ULS-2D22H VeE -95V, Vn - 6 V 
ULS-20z4H VeE - 9~ V, V,N - 1 V 

Collector-Emitter VC€ISAT) All Min. Ie - 350 mA, la - 850 pA 
Saturation Voltage Ie - 200 mA, la .:. .550 pA 

I;;'· Ie - 100mA,lL "'3~pA 
Ie - 350 mA, It - 500 pA 

+25°C Ie - 200 mA, la - 350 p.A 
Ie - 100 mA, la - 250 pA 

Max. Ie - 350 rnA, la - ~uu pA 
k. - ~OO mA, la - 3~0 pA 

I '" 100 mA. I - 250 (JA 
Input Current IIIIION) ULS-2022H Y'N -17V 

ULS-2023H V .. -3.85V 
ULS-2024H '-'.t-5V 

I;' VII '" 12 V 
ULS-2025H VIN _;:IV 

lIN/oFF All Max. Ie -500 pA 
I Input Voltage VlNlOrD ULli-ZUZZH Mm. VeE - ZV, Ie -_;:IOU mA 

Max. Vcr. - 2V, Ie - ;:IuumA 
ULS-2023H Min. VeE - 2 V, Ie - 200 mA 

VeE - 2 V, Ie - 250mA 
VeE -2 V, Ie '" 300 mA 

Max. VeE - 2V, Ie - 200.mA 
~ - 2 V, Ie '" 250 mA 
VeE - 2 V, Ie - 300 mA 

ULS-2024H Min. Vcr.";' 2 V, Ie - 125 mA 
-.!eE - 2V, Ie - ~mA 

VeE = 2 V, Ie - 275 mA 
Vcr. - 2V, Ie - 350 mA 

'~r Max. Vcr. - 2. V, Ie - 125 mA 
VeE - 2 V,le - 200 mA 
~ - 2V,k - 275mA 

.: Vc£ '" 2 V, Ie = 350 mA .. 

ULS-2025H Min. Vc£ = 2V, Ie = 3S0mA . , 
Max. Vr., - 2 V Ir. - 350 mA 

D-C Forward Current ; fifE , " ULS-2021H Min. V c£ = 2 V; Ie = 350 mA 
Transfer Ratio +25°C VeE =2V,1 = 350mA 
Input Capacitance CIN All +2SoC 
ITurn-On Delay tPIJI ' All +zS°1,; U.~ t,. to U.~ t", 
Turn-Off Delay tPltl All +2SoC O.S E,. to 0.5 E"" 
Clamp Diode Leakage: 1ft All VR - 95 V 
Current " 11 -, 

Clamp Diode FOrWard; , 'V, All I, = 3S0 mA 
Voltage ; 

Note I: All limits stated, apply to the complete Darlington series except as specified for a single device type, 
Note 2: The IINlom eurient limit guarantees against partial turn-on of the output. 
Note 3: The VINION) voltag:e lim~ guarantees a. minimum output sink current per the specified test conditions, 
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Umits 
Fig. Min. Typ. 
lA - -
18 - -
Ill' - -
2 I.:!. 
2 - 1.3 
2 - 1.1 
2 - 1.25 
2 - 1.1 
2 - 0.9 
z - 1.6 
Z - 1.3 
2 - 1.1 
3 480 850 
3 650 930 

.! 240 350 
3 650·, 1000 
;:I 1180 1500 
4 25 50 
~ - -
5 - -
5 - -
5 -1 2 ,;.~:~ 

5 
5 - -
5 - -
5 -
5 - -
5 ---=-:;. -
5 -! -
5 - -
S -
S -
5 - -
5 ' . '- -
S - -
5 - -
2 500 -
2 1000 -

- - 15 
- - 2S0 
- - 2S0 
ti 

7 --'- 1.7 

;, 

: Max~ Units 
~O ~ 
500 p.A 
500 ~ 
1.11 V 
1.5 V 
1.3 V 
1.6 V 
L3 V 
1.1 V 
l-! .'i 
1.5 V 
1.3 V 

1300 ~ 
1350 pA 
500 ~ 

1450 ~ 
240u jJll 
- ~ 
~ ..'i 
l~ V 
3.3 V 
3.6 V 
3.9 V 
2.4 V 
2.7 V 
3.0 V' 
6.0 V 
8.0 V 
10 V 
12 , V 
5.0 '.' V 
6.0 V 
7.0 V 
8.0 V 
3.0 V 
2.4 V 
- -
- -
25 .tF 

1000 ns 
1000 ns 
~u pA 

2.0 V 

; 

o 



SERIES UI.S-2000HAND ULS-2000R 
llIGH·VOLTAGE, HIGH-CURRENT DARLINGTON TRANSISTOR ARRAYS 

TEST FIGURES 
OPEN VeE OPEN VeE 

OWl;, 110. ~-9730' 

FIGURE 1A FIGURE 1B 

OPEN 
OPEN 

.;-----6-_-0 OPEN 

DWG. 110. A-9731 

FIGURE 2 FIGURE 3 

OPEN VeE OPEN 

0'Ifti.1IO. -'"9733'" 

m«l. MIl. A--9731l.t, 

FIGURE 4 FIGURE 5 

v, 

FIGURE 6 FIGURE 7 
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NUMBER OF OUTPUTS 
CONDUCTING 

o SIMULTANEOUSLY 
o 20 

NUMBER OF OUTPUTS 
~ CONDUCTING 

o SIMULTANEOUSLY 
20 

40 60 
PER CENT DUTY CYCLE 

40 60 
PE'R CENT DUTY CYCLE 

SERIES ULS-2000H AND ULS-2000R 
HIGH-VOLTAGE, HIGH-CURRENTDARUNGTON TRANSISTOR ARRAYS 

SERIES ULS·2000H 

PEAK COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 

W0r---~--~--'---'---'---'---'----r---r--, 

80 100 

!JWll, MO. A.-IO,197A 

80 100 

D'I/G.HQ. A-IO,200A 
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NUMBER OF OUTPUTS 
CONDUCTING 

o SIMULTANEOUSLY 
o 20 40 . 60 80 laO 

PER CENT DUTY CYCLE 

PER CENT DUTY CYCLE 
O'I'G. 1i0. 4-IO.20IA 

D 



SERIES UlS .. 2000HANDULS-2000R 
HIGH~VOLTAGEiHIGH-CURRENT:',DARtiNGTON TRANSISTOR ARRAYS 

AT +50"C 

SERIES ULS-2000R 

"PEAK COLLECTOR .CURRENT 
AS A FUNCTION OF DUTY CYCLE 

AT +75°C 

600 r--,r----,----,----,-~---r-_,_--.---r-----'-., 

, NUMBER OF OUTPUTS 
CONDUCTING 

o SIMULTANEOUSLY 
o 20 60 80 100 

PER CENT DUTY CYCLE 
Dwg. No. A-10.B83A 

NUMBER OF -OUTPUTS 
CONDUCTING 

o SIMULTANEOUSLY 
o 20 

ALLOWABLE PACKAGE POWER DISSIPATION 
SERIES ULS-2000H AND ULS-2000R 

~ 
"" 
~0.5r---r--~r--~--4~~+---~ 
~ 

~ 
« 

50 100 150 
AMBIENT TEMPERATURE, TA IN °c 

Dwg.No. A-1O,884A 

~14 

60 80 100 
PER CENT DUTY CYCLE 

Dwg. No. A-IO.Ba711 



COLLECTOR CURRENT 

SERIESU~S-2000HAND ULS-200QR 
HIGH,"VOLJAGE, HIGH-CURREN1DARLINGTON TRAN$ISTOR<ARRkYS 

COLLECTOR CURRENT 
AS A FUNCTION OF INPUT CURRENT AS A FUNCTION OF SATURATION VOLTAGE 

600 

.Y , 
'" '400 
~ 

Z 
~ 
" u 

Ci 206 
ti ,g 
u 

o 
o 

600 

,,' ~ 1 
1 

1 

~ 
.f,1 / 

.Y 

" E " I V ., 
'J'., '::'; '/ 

~ 
.~ 40 

Z 
i!! a 

0 

I ~F'''-'i" , . , ,,~ 

,,' ~!Vi" ",'" 

~ "" / / 
V' 

1 , 
V' i / 

/ V'\.. MAXIMUM REQUIRED 

1/ INI'UT CURRENT 

200 600, 

Ci 
.W.200 
~ o 
u 

'0' 

0 

, """ 
"'. 

.,.' 

~4 ~ ~O I' ~~ 
" i';''<" I/-: 

,;. 
''''~ 

r 

INPUT"C!J.RRENT IN\tJA -I'N 

DWG.llu.J>..IO.87J:A 

0.5, ,1.0 ", , 1.5 

sATURArIOt:/, YOLTAGE - Y(!t'IS"'l} 
DMi,NO:'4-:975 .. S 

SER~.Sf~~~~~OOOH AND ULS-2000R 
PART NUMBERING SYSTEM 

UL S .. 20 1 3 H - MIL , I T "m_~ , , MIL == MILITARY GRADEf,WlTfl 'SeREENING TO 
MIL-STD-883, CLASS B 

'" ' PACKAGEOESI6NATION. 
C '" UN PACKAGED CHIP 
H 'i= GLASS/METAL HERMETIC, DUAL IN~LlNE 
A ~ PLAsm:; DUALlN-'LlNE " ; , 
R == CERAMlefGLAS~ HERMETIC, : DUAL IN-LINE 

:\'p-,£~<:,~ ~ .. , 

DEVICE INPUT CHAllACJ~RISTICS ",: ' """~ 
1 = GENERAt PURPOSfPMOS1€MQS;, 
2 = 14-25 VPMOS';c' 
3 = 5 V -TTL/CMOS 
4 = 6-15 V CMOS/PMOS 
5 = HIGH-OUTPUT m, 

a.-,.....;.._ DEVICE OUTPUT CHARACTERISTICS " 
o = 50 V AND 500 rnA MAXIMUM 
1 = 50 V AND 600 rnA MAXIMUM 
2 = 95 V AND 500 rnA MAXIMUM (PACKAGE HOR A ONLY) 

L..----OEVICE TYPE NUMBER (4 DIGITS IN 2000 SERIES) 

'----'--OPERATING AMBIENT TEMPERATURE RANGE. 

FAMILY. 

N = COMMERCIAL (~20°C TO + 85°C) 
Q = EXTENDED (-40°C TO + 85°C) 
S = FULL MILITARY (-55°C TO + mac) 

5-15 

... 
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SERIES ULS-2000H AND ULS-2000R 
HIGH-VOLTAGE,HIGH-CURRENT DARLINGTON TRANSIST()R ARRAYS 

INPUT CURRENT AS A FUNCTION OF INPUT VOLTAGE 

SERIES 2002* SERIES 2003* 

2.S 

2.0 

-~ 
.:: I.S 

• 
~ 

Z 

= 
1.0 

a 
~ 
:!: 

O.S 

0~12~--~14~--~1~6-----±1.----~2~0~--~2~2--~~--~ 

2. 

Z I. 5 

.0 

• 5~ .. -...... --
0 

INPUT VOLTAGE - VIN WG. 110. A-IO.225 

~ 
... 

0 
2.0 2.S 3.0 3.S S.O 

INPUT VOLTAGE - Y,N 

SERIES 2005' 
SERIES 2004" 

3.5 r---r---~---Y----r"7"-' 

3.0 I----I---+---+---,N~-f 

1. 2.5 ~--+---+----iiI!~~~-I 

~ ~ 
~ -~ 

~ ............. ... --~~~. -... --- ---- t<\1\'I • 

, 
~ 
~ 2.01_-+_-+~~PtW~ 

~ 1.51----+---:ttf~t'II/~~IjI'"'-I ii2 a 
~ 1.0 ~---:~~~~9-"'-+---I 

0.5~~",:"",,+-_S 

10 II 12 1.5 2.0 2.5 3.0 3.5 4.0 

INPUT VOLTAGE - VIN OWG.fIO.A-JO.Z26 INPUT VOLTAGE - VIN 
D\II6.NO.A-IO,B7ij 

'Complete part number includes a prefix to indicate temperature range and a suffix to indicate package style. See 
previous part number description. 
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ULS-2064H THROUGH ULS-2077H 
] .25 A QUAD DARLINGTON SWITCHES 

ULS-2064H THROUGH ULS-2077H 
1.25 A QUAD DARLINGTON SWITCHES 

FEATURES 
• TIl, DTl, PMOS, or CMOS Compatible Inputs 
• Transient-Protected Outputs 
• Hermetically Sealed Package to Mll-M-38510 
• High-Reliability Screening to Mll:STD-883, Class B 

INTENDED FOR MILITARY, aerospace, and related applications, 
ULS-2064H through ULS-2077Hhigh-voltage high-current integrated 

circuit switches will interface from low-level logic to a variety ofperipheral 
loads such as relays, solenoids, doc and stepping motors, multiplexed LED 
and incandescent displays, heaters, and similar loads up to 400 W (1.25 A 
per output, 80 V, 12.5% duty cycle, +50°C). 

The devices are specified with a minimum output breakdown of 50 volts, 
and V CE(SUS) minimum of 35 volts measured at 100 rnA, or a minimum output 
breakdown of 80 volts, V CE(SUS) minimum of 50 volts, and an output current 
specification of 1.25 A (saturated). 

Types ULS-2064H, ULS-2065H, ULS-2068H and ULS-2069H are 
designed for use with TTL, DTL, Schottky TTL, and 5 V CMOS logic. 

Types ULS-2066H, ULS-2067H, ULS-2070H and. ULS-2071H are 
intended for use with 6 V to 15 V CMOS and PMOS input circuits. 

All eight of these devices include integral transient suppression diodes 
for use with inductive loads. 

Types ULS-2068H and ULS-2069H incorporate a pre-driver stage re
quiring a 5 V supply rail. Types ULS-2070H and ULS-2071H include an 
added gain stage requiring a 12 V (nominal) supply rail. The input drive 
requirements for these devices are reduced, while the output can switch 
currents up to 1.5 A, 

Types ULS:2074H through ULS-2017H are intended for use in emitter
follower or. similar isolated Darlington applications where common-emitter 
versions cannot be used. These circuits are identical with the ULS-2064H 
through ULS-2067H types except for the isolated Darlington pin-out and 
the omission of the suppression diodes. 

All twelve Quad Darlington Switches are supplied in 16-pin hermetic 
dual-in-liile packages. They meet the processing and environmental re
quirements of MIL~STD-883 Methods 5004 and 5005, and the dimensional 
requirements of MIL-M-38510. 
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Dwg. No. A-ll.025 

ULS-2064H 
THROUGH ULS-2067H 

ULS-2068H 
THROUGH ULS.-2071 H 

Owg, No. A-ll.027 

ULS-2074H 
THROUGHULS-2077H 



ULS-2064HTHROUGH ULS-2077H 
1.25· A.QUAD DARLINGTON SWITCHES 

Type Number 
ULS-2064H 
ULS-2065H 
ULS-2066H 
ULS-2067H 
ULS-206SH 
ULS-2069H 
ULS-2070H 
ULS-2071H 
ULS-2074H 
ULS-2075H 
ULS-2076H 
ULS-2077H 

Notes: 

ABSOLUTE MAXIMUM RATINGS 
at 25°C Free-Air Temperature 

for anyone driver 
(unless otherwise noted) 

Out put Voltage, V CEX . . . . . . . . . . . . . . . . . . . . . . . See Below 
Output Sustaining Voltage, VCEISUS} ............. See Below 
Output Current, loUT (Note 1) .................... 1.5 A 
Input Voltage, VIN (Note 2) .................. See Below 
input Current, IB (Note 3) ...................... 25 rnA 
Supply Voltage, Vs (UlS-2068/69H) ................ 10 V 

(UlS-2070I71H) ................ 20 V 
Total Package Power Dissipation .............. See Graph 
Power Dissipation, PoIOutput .................... 2.2 W 
Operating Ambient Temperature Range, TA -55°C to + 125°C 
Storage Temperature Range, Ts ........ -65°C to + 150°C 

o 

Vm (max.) 
50V 
so V 
50V 
80 V 
50V 
SOV 
50 V 
SOV 
50 V 
SO V 
50 V 
80V 

PACKAGE POWER DISSIPATION 
AS A FUNCTION OF TEMPERATURE 

~,J ~~ 

" (. 

C' '\'00 

~ 
I I' 

NORMAL i'.. 
SYSTEM LIMIT 

"'" ~NTTEMPERAruRE {, I : 
OJA"9O"C DEVIC~ .. , LIMIT ""1Ilio , ~----" 

25 50 75 100 125 150 

TEMPERATURE IN °c 
OWil.NO ..... IO.I98.1, 

VCE/SUIlI (min.) VII! (max.) 
35 V 15 V 
50 V 15 V 
35 V 30V 
50 V 30V 
35 V 15 V 
50 V 15V 
35V 30 V 
50 V 30V 
35 V 30 V 
50 V GOV 
35 V 30V 
50V GOV 

I. For allowable combinations. of output current, number of outputs conducting, and duty cycle, see graphs following. 

. Application 

m, DTL, Schottky m, 
and 5 V CMOS 
6 to 15 V CMOS 
and PMOS 
TIL, DTL,' Schottky TIL, 
and 5 V CMOS 
G to 15 V CMOS 
and PMOS 
General Purpose 

6 to 15 V CMOS 
and PMOS 

2. Input voltage is with reference to the substrate (no connection to any other pins)forthe ULS-2074/7S/76/77H, reference is ground fo(all other types. 
3. Input current may be limited by maximum allowable input voltage. 
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ULS-2064H THROUGH ULS-2077H 
1.25 A QUAD DARLINGTON SWITCHES 

ULS-2064H THROUGH ULS-2067H 

PARTIAL SCHEMATIC 

I 
I 

i 
I 7.2K 
I 
I 
I 

AT 
DWG. NO. i-IO,353 

ULS-2064H R 3 0 n 
ULS-2065H IN = 5 ~. 
ULS-2066H I,n 
ULS-2067H RIN = 3 •• 1£ 

ULS-2068H THROUGH ULS-2071 H 

PARTIAL SCHEMATIC 

ULS-2068H 
ULS-2069H RIN = 2.5 kfl, Rs = 900 !l 

ULS-2070H 's ULS-2071H RIN = 11.6 k.O., Rs =.3.4 k.O. 

, 
i 

I 
I 
I 
I 
I 

J, 

./"""--....,..+---oc 

owe;. 110. '-10,3514 

ULS-2074H THROUGH ULS-2077H 
PARTIAL SCHEMATIC 

I , 
i 

I 
I 
I 
I 

...L 
SUB 

7.2K 

ULS-2074H R 350 n 
ULS-2075H IN = .. 

ULS-2076H R 3 I,n 
ULS-2077H IN = ... 
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ULS·2064H THROUGH ULS-2077H 
. L 25A. QUAD DARLINGTON· SWITCHES 

U.LS-2064H THROUGH ULS-2067H 

ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted) 

Applicable Umits 
CharacteriStic Symbol Devices Temp. Test Conditions Fig. Min. Max. Units 

Output Leakage Current ,ICE!(' lA.S-2064/66H VCE = 50 V I - 500 /LA 
ULS-2065/67H VeE - 80 V I - 500 /LA 

UUlput liustammg vOltage. ve~SIJS) _lJL~-ZUb4/bb" Ie IUU 1lII\, Vw U.4 V -"- ~ .'!..-
ULS-2065/6/H Ie 100 rnA, V~ 0.4 V 2 50 V 

Collector-Emitter .'. ,.'C ..... VCaSA1) Ie - 500 rnA, la - 1.1 rnA 3 1.35 V 
Saturation Voltage -55"C J.e - ~O rnA, la - 1.7 rnA 3 1.55 V 

Ie - I.U A, la - 2.25 rnA 3 - 1.75 V 
Ie - 1.25 A, la - 3.75 rnA 3 - 1.95 V 

:1···· '.,'" Ie ' 500 mil, la .' b.Z~ /LII J 1.20 V 
All +25"C .!c.. - 750 rnA, I - 935/LA 3 -' 1.35 V 

Ie -1.0 A, la - 1.25 rnA 3 - 1.55 V 
Ie 1.25 A, la 2.0 rnA 3 1.75 V 

.!c.. - 500 rnA, la - 625 /LA 3 1.35 V 
+125° Ie - 750 rnA, I - 935/LA 3 - 1.55 V 

Ie - 1.0 A, la - 1.25 rnA 3 - 1.75 V 
Ie - 1.25 A, la - 2.0 rnA 3 - 1.95 V 

Input Current IIIiIQIO V. 2.4 V 4 4.3 rnA 
UlS-2064/65H VIR 3.75 V 4 9.b rnA 

I ULS-2066/67H V. = 5.0V 4 I.~ rnA 
. ) V. - 12 V 4 5.2 rnA 

Input Voltage V!lflQIO. 55"C VCE - 2.0 V, Ie = 1.0 A 5 - 3.1 V 
UlS-2064/65H +~"C VCE 2.0 V, Ie 1.0 A 5 2.0 V 
ULS-2066/67H 55"C VCE 2.0 V, Ie 1.0 A 5 U.5 .!.. , +25"C VeE"': 2.0 V, Ie - 1.0 A 5 - 6.5 V 

Tum-On Delay . ~ . tot. All ~ 5!-i, tOJl.~ t ... ~ /LS 
Tum-Off Delay 10 .. All 0.5 Ei to 0.5 E ... 1.5 ~s 
Clamp Diode leakage IR UlS-2064/66H VR - 50 V 6 100 /LA 
Current ULS-2065/67H vR ' HUV ~ ~ ~ 
Clamp Diode Jt, ... All ;; I, - 1.25A 7 - 2.1 V ,,' 
Forward Voltage 
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ULS-2064H THROUGH ULS-2077H 
1.25 A QUAD DARLINGTON SWITCHES 

ULS-2068H THROUGH ULS-2071 H 

ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted), 
Vs = 5.0 V (ULS-2068/69H) or Vs = 12 V (ULS-2070I71Hl 

. ' ... 
Applicable limits 

Characteristic Symbol Devices Temp. ' .. Test Conditions Fig. Min. 

Output leakage Current leu ULS-2Q68/7QH V,,=5QV I -
ULS-2Q69J71H VeE-SUV, I -

.output Sustaining Voltage V"'SUSl UlS-2Q68/7QH Ie - 10.0 mAo VII - .0.4 V 2 35 
UlS-2069171H Ic- lOOmA.V .. -c-' 0.4 V 2 50 

Collector-Emitter V"'SAn Ie - 500 mAo VII - 3.2 V 3 -
Saturation Voltage Ie - 750 mAo VII - 3.2 V 3 -

-55°C Ie - 1..0 A. V" - 3.2 V 3 -
Ie -c- 1.25 A. VII - 3.2 V 3 -
le.,-- 5.00 mAo V" - 2.9 V 3 -
I, ~ I~U mAo VII - l.~ V ;j -

.UlS-2Q68/69H .+25OC I = 1..0 A. V,. - 2.9 V 3 -
I = 1.25 A. VII = 2.9 V 3 -
I '= 5.00 mAo VII = 2.8 V 3 -
I = 75.0 mAo VI. = 2.8 V 3 -

.... + 1250C I '-.1..0 A. V" - 2.8 V 3 -
I - 1.25 A V. - 2.8 V 3 -
I = 5.0.0 mAo V. = 5.5 V 3 -
I - 7S0mA. V,,- 5.5 V 3 -

-55°C I ,-1.0 A •. V" -, 5.5 V 3 -
I - 1.25A.V,• -5.5 V 3 -
Ie '" 5.00 mA,VI' - 5.1 V 3 -
I ;" 75.0 mAo VI. = 5:1 V 3 -

ULS-2Q7Q/7IH +25°C I =;1.0A. V",=5.lV: 3 -
Ie = 1.25A. V,. = 5.1 V 3 -
Ie - 5.0.0 mAo V,,- .5 . .0 V 3 -
Ic = 75.0 mA. V" = S.OV 3 -

+ 125°C Ie .,.. I.QA. V .. - 5 . .0 V 3 -
I - 1.25A. VIN - 5 . .0 V 3 -

Input Current 1"10') -55OC V" - 3.2V 4 -
UlS-2Q68/69H +25OC V,. - 2.75 V 4 -

+l25OC V" - 2.75 V 4 -
VIN - 3.75 V 4 -

UlS-2Q7Q/71H VIN - 5.QV 4 -
V" - 12 V 4 -

Input Voltage VIN(ON) UlS-2Q68/69H -55°C VCE = 2 . .0 V. Ic - 1..0 A 5 -
+2~o(; VCE - Z.UV, It - I.U A ~ -

ULS-2Q7Q/71H -55OC V CE = 2 . .0 V. Ie = 1..0 A 5 -
+2~O(; V" -.2. IV. I, -.1. I A . ~ 

Supply Current Is ULS-2Q68f69H 1= 50.0 mAo V .. = 3.2 V 8 -
ULS-2Q7Q/71H I = 5.0.0 mA V" = 5 . .0 V 8 -

Turn-On Delay t All .0.5 Ein to .0.5 Eo~ - -
Turn-Off Delay t All .0.5 E to .0.5 E - -
Clamp Diode I. ULS-2Q68I7OH YL = 5QV 6 -
leakue Current ULS-2Q69/71H V = SQV 6 -
Clamp Diode V, All I, = 1.25A 7 -
Forward Volta2e 
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Max. Units 

5.0.0 /LA 
~UU /LA_ 
- V 
- V 
1.35 V 
1.55 ! 
1.75 V 
1.95 V 
1.20 V 
1.3~ V 
1.55 V 
1.75 V 
1.35 V 
1.55 V 
1.75 V 
1.95 V 
.1.35 V 
1.55 V 
1.75 V 
l.95 V 
1.2.0 .V 
1.35 V 
1.55 V 
1.75 V 
1.35 V 
1.55 V 
1.15 V 
1.95 V 
60.0 /LA 
55.0 /LA 
85.0 /LA 
1.0.0.0 /LA 
4.0.0 /LA 
125.0 /LA 
3.2 V 
V~ V 
5 . .0 V 
).0 V 
6 . .0 mA 
4.5 mA 
1..0 ~s 

1.5 /.LS 

10.0 /.LA 
1.0.0 /.LA 
2.1 V 

D 



UlS"2064H THROUGHULS·2077H 
1;25 A QUAD DARLINGTON SWITCHES 

ULS-2074H THROUGH ULS-2077H 

ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted) 

I Applicable J.im.iU. 
Characteristic Symbol Devices lemp. lest Conditions"· Fig. Min. Max. 

Output leakage Current ICE' UlS-2074/76H Vcr = 50 V I - 500 
UlS~2075/77H VCE=80V I - 500 

Output Sustaining Voltag.e VCE(SIJ~ UlS-2074/76H 10 ~ 100 mA, V .. - 0.4 V 2 35 -
UlS-2075/77H I = 100 mA, V. = 0.4 V 2 50 -

Collector-Emitter Vet(SAn I - 500 mA, I - I.J mA 3 - 1.35 
Saturation VoRage I - 750 mA, I - 1.7 mA 3 - 1.55 

-'55°C I - 1.0 A,~ - 2.25 mA 3 - 1.75 
I - 1.25 A I - 3.75 mA 3 - 1.95 

... 
I -500mAI = 625/LA 3 - 1.20 

10 - 7.50 mA, 1'- 935 j£A 3 - 1.35 
All +25°C I - 1.0 A, I = 1.25mA 3 - 1.55 

I = 1.25 A I = 2.0 mA 3 - 1.75 
10 = 500 rnA, I = 625j£A 3 - 1.35 
10 = 750 mA, I = 935j£A 3 - 1.55 

+125OC Ie = 1.0 A, I, = 1.25 mA 3 - 1.75 
Ie - 1.25 A, I, - 2.0 mA 3 - 1.95 

IRput Current I,,(ON' UlS-2074/75H Ym. - 2.4 V 4 - 4.3 
Viii - 3.75 V 4 - 9.6 

UlS-2076177H V" - 5.0 V 4 - 1.8 
y" - 12 V 4 - 5.2 

Input Voltage V'~ON' OlS-2074/75H -SSOC V" = 2.0 V I = 1.0 A 5 - 3.1 
+25OC V" - 2.0 V, I - 1.0 A 5 - 2.0 

ULS-2076!77H -55OC YsJ. = 2.0 V, I = 1.0 A 5 - 1l.5 
, ' +25OC V = 2.0V I = 1.0 A 5 - 6.5 

Turn-On Delay lo~ All 0.5 Ein to 0,5 E - - 1.0 
Turri-Off Delay kr All '.' 0.5 k to 0.5 E - - 1.5 

5-22 

Unifs 

A 
j£A 

V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 

mA 
mA 
mA 
rnA 
V 
V 
V 
V 

j£S 

j£S 



TEST FIGURES 

I 
". 

Figurel' Flgu..e2 

OPEN 

.::» _____ '--_ OPEN 

OWG. 110, A ~132 

Figure" 

FigureS 

Figure 1 ' 

NOTE:Diodes not applicable to Type ULS-2074H through ULS-2077H. 
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ULS.,2064H THROUGH UL5-2077H 
1.25 A QUAD DARLINGTON SWITCHES 

'OPEN 

DWG. NO. A-t735A 

Figure' 

Vs OPEN 

-.NO. "-10. lSI 

Flgur •• 

D 



ULS-2064H THROUGH ULS-2077H 
1.2S A QUAD DARLINGTON SWITCHES 

INPUT CURRENT AS A FUNCTION OF INPUT VOLTAGE 

" 

UL5-2066167H 
UL5-2076177H 

~ 

V 
V 

./ 

~ 
.""", 

./ 
." 

'/ ~V,c.~ .. .,. 

./ 
...... 

3,0 3.5 

INPUT VOLTAGE - YIN 

.... 
~ ~ .... --

-----.. ;...... ........ -
..... 

5.0 

[iv,lf, NO. A-ll,03S 

INPUT VOLTAGE - VIN 

COLLECTOR CURRENT AS A FUNCTION 
OF INPUT CURRENT 

UL5-2064H thru ULS-2067H 
UL5-2074Hthru UL5-2077H 

I.SI----_J----_I----__+-_---I-----J 

ffi 
~ "1.0 I-----I--,,...----+-'t!:----l------l-----j 
;, 

g O.51---,~_,~---_J----_I----__+-__4 
i;j 

8 
I , 

I , 
I , 

I , 
1.0 2.0 4.0 

INPUT CURRENT IN MILLIAMPERES - liN Dwg. No. A-ll.030 
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ULS·2064H THROUGH ULS·2077H 
1.2S A QUAD DARLINGTON SWITCHES 

ALLOWABLE PEAK COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 

AT +50°C 

1.25f_--_+-\--++-~_1--+-."..C:_~_+--+~-f_'-_+~____1 

10 20 40 
PER CENT DUTY CYCLE 

Dwq flo. ~-Jl.031 

AT +75°C 

~ 1.5 f-.., ...... ""r-+--~ 

.~ 1.25f_-\f~~rr--_1-~rr--+---_+--+--f_-_+-____1 
~ 
~ 

~ 1.0 

a g 0.15 

~ o 
v O.50i---+--+---I-"' ...... F .... _±---+=-.... =-1i--+---i 
~ 

~ I -~~~~~~~~4---t==~~~~~=+::~~~ ~ O.25~ 

~ 
J.5 0 

~ 
:; 

~ l.1 5 

~ 

10 20 30 

AT +lOoaC 

40 50 60 
PER. CENT DUTY CYCLE 
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SERIES ULS-2300H AND ULS~2300R 
HIGH-V~LTAGEIHIGH·CURRENT DARLINGTON TRANSISTOR ARRAYS 

SERIES ULS-2800H AND ULS-2800R 
HIGH-VOLTAGE, HIGH-CURRENT 

DARLINGTON TRANSISTOR ARRAYS 

FEATURES 

• TIL, DTL, PMOS, or CMOS Compatible Inpufs 
• Peak Output Current to 600 mA 
• Transient Protected Outputs 
• Side-Brazed Hermetic Package, or 
• Cer-DIP Package 
• High-Reliability Screening Available 
• Wide Operating Temperature Ranges 

DESIGNED for interfacing between low-level 
logic circuitry and high-power loads, the Series 

ULS-2800H and ULS-2800R arrays consist of eight 
silicon NPN Darlington power drivers on a common 
monolithic substrate. The choice offive input char~ 
acteristics, two output voltage ratings (50 or 95 V), 
two output current ratings (500 or. 600 inA), and two 
package styles (suffix 'H' or 'R') allow the circuit 
designer to select the optimum device for any spe
cific application. 

Both hermetically sealed package styles are rated 
for operation over the temperature range of- 55°C 
to + 125°C, recommending them for military and 
aerospace applications or commercial and industrial 
applications where severe environmental conditions 
may be encountered. 

The appropriate specific part number for use in 
standard logic applications can be determined from 
the Device Type Number Designation chart. Note 
that the high-voltage devices (BV CE 2:: 95 V) are 
available in the Series ULS-2800H only. All units 
feature open collector outputs and integral diodes 
for inductive load transient suppression. 

5-26 

All Series ULS-2800H Darlington power drivers 
are furnished in an 18-pin side-brazed dual in-line 
hermetic package that meets the processing and en
vironmental requirements of Military Standard 
MIL-STD-883, Methods 5004 and 5005. 

Device Type Number Designation 
VCE(MAX) = 50 V 50 V 95 V 

IC(MAX) = SOO mA 600 mA SOO mA 
Type Number 

General-Purpose ULS-2801R ULS-2811R 
PMOS, CMOS ULS-2801H ULS-2811H ULS-2821H 

14-2S V UlS-2802R ULS-2812R 
PMOS ULS-2802H ULS-2812H ULS-2822H 

SV ULS-2803R ULS-2813R 
TTL, CMOS ULS-2803H ULS-2813H ULS-2823H 

6-15 V. ULS-2804R ULS-2814R 
CMOS,PMOS ULS-2804H ULS-2814H ULS-2824H 
High-Output ULS-280SR ULS-281SR 

TTL ULS-280SH ULS-2815H ULS-2825H 



SERIESULS-2800H AND UlS-2800R 
HIGH-VOLTAGE, HIGH-CURRENT DARLINGTON TRANSISTOR ARRAYS 

Series 2801" 
(eac;b driver) 

ABSOLUTE MAXIMUM RATINGS 
Output Voltage,VcdSeries 2800*, 2810*) ..•.... '" .......•..•.•.... '" .. 50 V 

(Series ULS-2020H). . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . .. 95 V 
Input Voltage, V'N (Series 2802*, 2803*, 2804*) .......•.................... 30 V 

(Series 2805*) ............... ... . . . . . . . . . .. . . . . . . ... 15 V 
Peak Output Current, 10;T (Series 2800*, ULS-2820H) ............... '." .. " 500 rnA 

. (Series 2810*) ..... .. . . . . . . . . . . . . . . . . . . . . . . .. 600 rnA 
Ground Terminal Current, IGNO .......................•.......•......... 3.0 A 
Continuous Input Current, I'N' .... '.' .................................. 25 rnA 
Power Dissipation, Po (one Darliilgtonpair) ........................•...... l.OW 

(totailYackage) ...... " ... " .................. See Graphs 
Operating Temperature Range, T •............................ - 55°C to + 125°C 
Storage Temperature Range, Ts ..............•....... ; ....... -65°C to + 150°C 

PARTIAL SCHEMATICS 

SlIries 2802' 
(eac;h driver) . 

Series 2803' 
(eac;h driver) 

r-i~- COM r---*---oCOM 

, , 
I 
I ;,.-_. 

Series 2804" 
(eac;h driver) 

2.7K 

Series 2805' 
(eac;h driver) 

r--*---oCOM 

, 
I 
I 

-~-, 

DWIj. Mo. A·USI 

...--+-i---OCOM ...--""'--0 COM 

10.5K. 1. 05K 

'Complete part number includes a prefix to indicate temperature range and a suffix to indicate package style. See 
following part number description. 
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SERIES ULS .. 2800H AND ULS.2800R 
HIGH·VOnAGE; HJGH·CURRENT· DARLINGTON TRANSISTOR ARRAYS 

SERIES ULS-2800H AND ULS-2800R 

ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted) 

Applicable Test Conditions 
Characteristic Symbol Devices Temp 

Output Leakage Current 1m All VeE -50V 
2802' VeE = 50V, V, = 6V 
2804' V CE - 50 V, VIN - 1 V 

Collector-Emitter VeEISATI All Min. Ie - 350 rnA, I. - 850 pA 
Saturation Voltage I, - 200 mA,i. - 550 JJA 

Ic - 100 mA,I.- 350 JJA 
+25°C Ie - 350 mA, I. - 500JJA 

Ie - 200 mA, I. - 350 pA , 
Ie - IOU mA, I. - ZoU }JA 

Max. Ic - 350 mA, I. - 500 pA 
Ic - 200 mA, I. - 350 pA 
Ie - 100 mA, I. - 250 JJA 

Input Current I'NION) ZHUZ' V'N - 1/ V 
2803' V, - 3.85 V 
2804' V'N = 5 V .. 

V'N = 12 V 
2805' V'N-3V. 

I'NIOFf) All Max. Ie = 500 JJA 
Input VOltage .. . V'NION) ZI!UZ' Min . VeE - Z V, Jc _. jUU mA 

Max. VeE - 2 V, Ie- 300 mA 
2803' Min. VeE - 2 V, Ic - 200 mA 

Vc - 2V, Ic -250mA 
VCE - 2 V, Ie - 300 mA 

Max. Ve-: - 2 V, Ie - 200 rnA 
VJ;L - 2 V, Ie - 250 mA 
Vr.L -2 V, Ie - 300 mA 

2804' Min. VeE - 2V, Ic - 125 rnA 
VeE - 2 V, Ic - 200 mA 
VeE - Z V, I, - US mA 
VCE -2V,le - 350mA 

Max. VCE = 2 V, Ic = 125 rnA 
VeE - 2 V, Ic - 200 mA 
VeE - 2 V, Ic - 275 mA 
VeE - 2 V, Ie - 350 mA 

2805' Min. V CE - Z V, I - 350 mA 
Max. VeE = 2 V, Ie = 350 mA 

D-C Forward Current hFE 2801' Min. VCE = 2V, Ie = 350mA 
Transfer Ratio +25°C Ves - Z V, Ie - 350 mA 

. InJ)\lt Capacitance C'N All +25°C 
Turn-On Delay tPlH All +25°C 0.5 E'n to 0.5 Eout 

Turn-Off Delay tPlfl All +25°C 0.5 E'nto 0.5 Eout 

Clamp Diode leakage IR All VR - 5u V 
Current 
Clamp Diode Forward VF All IF = 350 mA 
Voltage .. 

'Complete part number includes a prefix to indicate temperature range and a suffix to indicate package style. See 
following part number description. 

Note 1.: All limits stated apply to the complete Darlington series except as specified for a single device .type. 
Note 2: The IINIOFF) current limit guarantees against partial turn-on of the output. 
Note 3: The V'NION) voltage limit guarantees. minimum output sink current per the specified test conditions. 

5-28 

.... 
Limits 

Fig. Min. Typ. 
1A - -
1B - -
IB - -
2 '- 1.0 
2 - L:I 
2 - 1.1 
2 - 1.25 
2 - 1.1 
Z - U.9 
2 - 1.0 
2 - 1.3 
2 - 1.1 
j 4HO HoU 
3 650 930 
3 240 350 
3 650 1000 
3 1180 1500 
4 25 50 
5 - -
5 - -
5 -
5 - -
5 - -
5 - -
5 - -
5 - -
5 - -
5 - -
'J - -
5 - -
5 - -
5 - -
5 - -
5 - -
5 - -
5 - -
2 500 -
2 1000 -
- - 15 
- - 250 
- - 250 
0 - -

7 - 1.7 

Max. Units 
100 !lA 
500 JJA 
500 pA 
I.H V 
D V 
1.3 V 
1.6 V 
1.3 V 
!.l V 
I.H V 
1.5 V 
1.3 V 

J;:lUU !lA 
1350 pA 
500 pA 

1450 JJA 
2400 !lA 
.- pA 

lIS V 
13 V 
3.3 V 
3.6 V 
3.9 V 
2.4 V 
u V 
3.0 V 
0.0 V 
8.Q V 
10 V 
12 V 
5.0 V 
6.0 V 
7.0 V 
8.0 V 
3.0 V 
2.4 V 
- -
- -
25 pF 

1000 ns 
100U ns 

50 JJA 

2.0 V 



" 

SEJtIES ULS-2800lfANP· ULS-2800R 
HIGHNOLTAGE, HIc:;H-CURRENT DARLINGTON TRANSISTOR ARRAYS 

SERIES ULS-2810HAND ULS-281OR 

ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted) 
C' '. 

Applicable Test Conditions limits 
Characteristic Symbol Devices Temp Fig, Min, Typ., Max. Units 

Outpuf Leakage, Current . leEX .', All VeE =50 V lA - - ,100.' . • ii:A'. 
t ' 2812· VeE = 50 V, V'N '- 6 V JB - - 500 p.A 

'. 2814- V" - 50VV,,- 1 V 1B - - 500 p.A 
Collector-Emitter' VeE(SAT) All Min. 'Ie = 500mA,ls C' tHlO p.A 2 - L8 . '2:1 " V .. 

Saturation Voltage " Ie = 350 rnA, Is - 850 p.A 2 - 1.6 l,8 V 
" ,I, - 200 rnA, I. - 550IJ.A 2 - 1.3 1.5 V 

-+25"(; 10= 500 mA,/ - 600 p.A 2 - 1.7 1.9 V 
"Je = 350 rnA, Is - 500p.A 2 - 1.25 1.6 V 
, Ie:- 200 rnA; I. - 350IJ.A 2 - 1.1 1.3 V 

,Max:' Ie,," 500 rnA,'1 =600p.A 2 - 1.8 2.1 V 
.:,' I .== 350 rnA 'I. = 500IJ.A 2 - 1.6 1.8 V 

,'" ,I, .=:200 mAl. = 350IJ.A 2 - 1.3 1.5 V 
Input Current IIft(ON) 2812'\' v,.= 17 V 3 480 850 1300 f.l,A 

2813- V" '" 3.85 V :r 650 930 1350 J.l,A 
2814- ,V,.·o;= 5 V: 3. 240 350 500 p.A 

" ,,' . V'N' - 12 V, 3 650 1000 1450' IJ.A 
2815' Vi. '"" 3 V 3 1180 1500 2400 p.A 

C I'NiofFl All Max.' •. It= 500p.A 4 25 5,0 - p._A 
Inp~t Voltage 'YIN(ON) 2812' Min.' Y,,-2 V, I = 500 rnA 5 <>~ -,'-" 23.5' , V 

.. Max . ,V",, ==2 V 1,= ~OO rnA 5 - -' 17 V 
, ..... 2813" I' Min., V c£ - 2 V,le=250 rnA 5' - -- ; 3.6 V 

Vcr'= 2 V, Ie = 300 rnA 5 - - 3.9 V 
V",=2Y,Ir.= 500mA 5 - 6.0 V 

,'" 

Ma~. ¥eE'='2V, It = 250 rnA 5 --0 - 2.7 V 
VC[,=2V,Ie - 300 rnA 5 - - 3.0 V 
V~,F2 V,le = 500 rnA 5 - - 3.5 V 

" 2814' Min. VCE .;'2V;lc = 275 rnA '-5 -,'- - 10 V 
" V" '= 2 V, Ie = 350 rnA 5 - - 12 V 

'ICE = 2 V,le = 500 rnA 5 - - 17 V 
Max.' VeE ":"2 V; .Ie = 275 rnA 5 - - 7.0 V 

Vr.,""' 2'1,1- 350 rnA 5 - - 8.0 V 
VeE = 2 v;.Je = 500 rnA 5 - - 9.5 V 

2815" Min. 'Ie, -,tV 1,'= 350 rnA 5 - - 3.0 V 
V" =2 Viole'~ 500 rnA 5 -, - 3.5 V 

.<Max: 'ICE .-= .2 V,lt =3S0,rnA 5 - - 2.4 V 
: " V" - 2 V; le"'SOO rnA ,5 - - 2.6 V 

D-C Forward' Current 'h'E 2811' ',Min. Vc, =2 V,le =500 rnA 2 450' .. oo:.;,-;- - -
Transfer Ratio .' 4-25OC VeE":' 2V,kc- 500 rnA. 2 9ot! - - -
Input Capacitance ., Ci~ All +2S"C - 'OO ~l~'" 15 25 pF, 
Tum-OnDelay"c. ;; tl'l." ,All +25"(; '0:5 E".tocO,5 ~;~ - co 

:.:...:...;; 250 1000 ns 
Tum~Off Delay: ;.t"" All 4-25°C '05 E" to()5 £~'t· - .:..:---;~ , 250 .. 1000 ns 
Clamp,Diode leakage IR All V~ ~50 ~,,' 6 . . ~ - ,', .5Q p.A 
Current . " 

Clamp Diode Forward VF All IF ='~50mA , 7, . - 1.7 2.0 V 
Voltage IF = 500 iliA 7 - - 2.5 V 

" .. ", 

·Complete part number includes a pretix to indicate temperature range and a suffix to indicate package style. See 
following .part number description. , 

Note 1: All limits statedappiy to the complete Darliniton series ~eepl as sP~~ified)'1fa:Si~~rf4eviceJYpe. 
Note 2: The 1,"(oFFJ currentlimil guarantees against partial turn-oil' of the omput: " , '.', , 
Note 3: The VINION) voltage limit gu~rantees a mjnimum output sink current per the specified test conditions. 
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SERIES ULS-2800lfAND ULS-2800R 
HIGH-VOLTAGE, HIGH-CURREN1DARLINGTON TRANSISTOit AR!tAYS 

SERIES ULS·2820H 

ELECTRICAL CHAMCTERISTICS over operating temperature range (unless otherwise noted) 

Applicable Test Cond itions 
Characteristic Symbol Devices Temp ---

Output Leakage Current 1m All VeE -.: 95 V 
2822H VeE = 95 V, VIN = 6 V 
2824H VeE - 95 V, V'N - 1 V 

I Collector-Emitter VeElSA" All Min. Ie - 35u rnA, Ie - H50 pA 
Saturation Voltage Ie - 200 rnA; Ie - 55Q pA 

Ie - 100 rnA, Ie - 350 pA 
+25°C le- 350 rnA, Ie - 500 p.A 

Ie = 200 rnA, Ie = 350 pA 
Ie - 100 rnA, Ie - 250 pA 

Max. Ie - j~U rnA, Ie - ~OU p.A 
Ie - 200 rnA, Ie - 350 pA 
Ie - 100 rnA, Ie - 250 p.A 

I input Current IINIQN} 2822H VIN - 17 V 
2823H VIN - 3.85 V 
2824H V'N - 5 V 

V'N - 12 V 
2825H V'N = 3 V 

I'Nom All Max. Ie - 500 pA 
Input Voltage V'NION} 2822H Min. VeE = 2 V, Ie = 300 rnA 

Max. VeE - 2 V, Ie = 300 rnA 
2823H Min. VeE - 2 V, Ie - 200 rnA 

.'iCE - _ Z V, Ic - Z~U rnA 
VCE - 2 V, Ic -300mA 

Max. VCE - 2 V, Ic- 200 rnA 
VCE ...: 2 V, Ic- 250 rnA 

--- VCE = 2 V, Ic = 300 rnA 
2824H Min. VCE - 2 V, Ie - 125 rnA 

VCE - 2 V, Ic = 200 rnA 
V CE - 2 V, Ic - 275 rnA 
V CE - 2 V, Ic - 350 rnA 

Max. VCE = 2V, Ic = 125 rnA 
VCE = 2 V, Ic = 200 rnA 
VCE - 2 V, Ic - 275 rnA 
VeE = 2 V, le= 350 rnA 

2825H Min. VCE - 2V, Ic - 350 rnA 
Max. V CE - 2 V, Ie - 350 rnA 

0-(; Forward Current hfE 2821H Min. VCE - 2 V, Ie = 350 rnA 
Transfer Ratio +25°C VeE - 2 V, Ie - 350 rnA 
Input Capacitance C'N All + 2 SOC 
Turn-On Delay tPtH All +25°C 0,5 E," to 0.5 E,,} 
Turn-Off Delay . t pHl , All +25°C 0.5 E," to 0.5 E", 
I Clamp Diode Leakage I, All V; -.: 95V 
Current 
Clamp Diode Forward Vf All If - 350 rnA 
Voltage 

Note 1: All limits stated apply to the complete Darlington series except as specified for a single device type. 
Note 2: The 11N(OfF} current limit guarantees against partial turn-on of the output. 
Note 3: The V'N(ON} voltage limit guarantees a minimum output sink current per the specified test eonditi,ons, 
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Limits 
Fig. Min. Typ. 
IA - -
IB - -
IB - -
2 - 1.6 
2 - 1.3 
2 - l.l 
2 - 1.25 
2 - l.l 
2 - 0.9 
Z - I.ij 
2 - 1.3 
2 - l.l 
3 480 850 
3 650 930 
3 240 350 
j 650 1000 
3 1180 1500 
4 25 50 
5 - -
5 - -
5 - -
5 - -
5 - -
5 - -
5 - -
5 - -
5 - -
5 - -
5 - -
5 - -
5 - -
5 - -
5 - -
5 - -
5 - -
5 - -
2 500 -
2 1000 -
- - 15 
- - 250 
- - 250 
6 - -

7 - 1.7 

Max, Units 
100 pA 
500 pA 
500 pA 
1.8 V 
1.5 V 
1.3 V 
1.6 V 
1.3 V 
l.l V 
I.H V 
1.5 V 
1.3 V 

1300 p.A 
1350 pA 
500 pA 

1450 pA 
2400 pA 
'- pA 

18 V 
13 V 
3.3 V 
3.6 V 
3.9 V 
2.4 V 
2.7 V 
3.0 V 
6.0 V 
8.0 V 
10 V 
12 V 
5,0 V 
6.0 V 
7.0 V 
80 V 
3.0 V 
2.4 V 
- -
- -
25 pF 

1000 ns 
1000 ns 

50 pA 

2.0 V 



OPEN VeE 

OPEN 

DWG. MO. A-9729A 

FIGURE lA 

OPEN 

IlW3. NO. 1-9731 

FIGURE 2 

OPEN VeE 

FIGURE 4 

v, 

0lIG. 110. "'-9735A 

FIGURE 6 

SERIES ULS-2800H AND ULS-2800R 
HIGH-VOLTAGE, HIGH-CURRENT DARLINGTON TRANSISTOR ARRAYS 

TEST FIGURES 
OPEN VeE 

FIGURE 1B 

OPEN 

;;»~'----O OPEN 

\lWG. MO • .4-9732 

FIGURE 3 

OPEN 

0'I«l.1I0.·A.-9731U. 

FIGURE 5 

FIGURE 7 
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SERIES ULS-2800HAND ULS-2800R 
HIGH-VOLTAGE, HIGH-CURRENT DARUNGTON TRANSISTOR ARRAYS 

SERIES ULS·2800H 

PEAK COLLECTOR CURRENT AS A FUNCTION OF DUTY CYCLE 

« 

NUMBER OF OUTPUTS 
CONOUCTING 

o SIMULTANEOUSLY 
20 

AT +50°C 

40 eo 100 
PER CENT DUTY CYCLE 

ll'IIG.IIO.4-10.675 

AT + 1000C 

2 200 I--t--+----""~"""'~"""'.!? ..... =4"""-1"""=-1----1 
~ o 
U 
lo:::: NUMBER OF OUTPUTS 
~ CONDUCTING 

o SIMULTANEOUSLY 

PER CENT DUTY CYCLE 
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~ 
::; 
:0 
u 

AT +75°C 

8200[:::1:::J::::~::~~:t:::t~~~~~~~~~ u 
~ o 
U NUMBER OF OUTPUTS 
~ CONDUCTING 
_ 0 SIMULTANEOUSLY 

o 20 40 80 10C 
PER CENT DUTY CYCLE 

AT +125°C 

o~ 600 

~ ~~ir~~--t~-+--~r---t---t----r---t---, 

~2'!ll.H_ 

~ 
a 
« 

g 2001---~~~~~~~~~pa~~---+---4----r-~ 
~ o 
u 

" ~ 
40 60 80 

PER CENT DUTY CYCLE !lWIl.MO. A-10.878 



SERIES ULS·2800H,ANJ) , ULS·2800R 
HIGH';'VOLTAGE, HIGH-CURRENT OARtlNGTONTRANSISTORARRAlS 

SERIES ULS-2800R 
. . . - . 

, PE;AK ;COllECTOR C;URlENT AS A FUNCTION OF I?lIiv CYC,lE ..... . 

AT +500C AT +75"C 

PER !=ENT DUTY O:S:Lf 

AllOWA'IoE;PACKAGE POWER DISSIPATION 
. ·~SERtES UlS~2800H AND UlS~28001t 

. ~ 2 !O'Ir~""""'"+';;"""'-+--+----1f----I 

~ 
~ 

100'. ; 

A/oI~IE."T TEI.\PfRA1l!U, TI\ 1'1·C 

',':' ,", DWg.,"O~,A~io"a;9A. 
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SERIES ULS-2BOOH' AND ULS-2800R 
HiGH~VOIlTAG~~HIGH-CURRENT.DARLINGTON 'TRANSISTOR ARRAYS 

COLLECTOR CURRENT COLLECTOR CURRENT 
AS A FUNCTION OF INPUT CURRENT AS A FUNCTION OF SATURATION VOLTAGE 

600 , 

o 
o 

/ 
7, 

I 
~I 

~.."." \" /: ... # 

/ 
/: 
~ 

1 " V-
I ,/ .. ' 7 

l / 

, , ,,' ~ 
,~ 

V ' . "",' " '# 
;-

I. ~ 
lv~ ~ 7? i ~ ,~ ~ 

1 ' ft"! 
j'.' A- ''''AXIMUM''~EQUI~ED\ .,:,/ " 1~}vtCJJRRENT " 

,r , 
,..-' o 

, 200 400 600 o 0.5 1.0 1.5 2.0 

~~"PUT"7UR~ENT 1N _A>'IIN 
1JIoG. In1 ..... 10.872A 

SATURATION VOLTAGE - VeE (SAT) 

DIiIG.JIO.""975"B 

SERIES ULS-2800H AND ULS"·2800R 
PART NUMBERING SYSTEM 

UL 5 - 28 1 3 H - MIL l L'INSTRUCTIONS. ' 
, . " 'Mll'= MILITARY GRADE WITH SCREENING TO 

, " '" MIL-STD~883, CLASS B 

.. PACKAGE OESI.G,OTION. 
C = UNPACKAGED CHIP 
H= GLASS/METAL HERMETIC, DUAL IN-LINE 
A = PLASTIC, DUAL IN-LINE 
R = CERAMIC/GLASS HERMETIC, DUAL IN-LINE 

- DEVICE INPUT CHARACTERISTICS 
1 = GENERAL PURPOSE pMOS/CMOS 
2 = 14-25 V PMOS 
3 = 5vm/CMOS 
4 =: 6-15 V CMOS/PMOS 

, 5 = HIGH-OUTPuf III 
- DEVICE OUTPUT CHARACTERISTICS 

o = 50. V AND 500 mA MAXIMUM 
1 = 50VAND 600 mA MAXIMUM 
2·=: 95 V AND 500 mA MAXIMUM (PACIIAGE H OR A ONLY) 

'---- DEVICE TYPE NUMBER (4 DIGIT$ ,IN 280DSERIES) 

FAMILY. 

OPERATING;.AMBIENT TEMPERATURE RANGE. 
N = COMMERCIALf-20°C TO +85°C) 
a = EXTENDED (-40°C TO +85°C) 
S = FUll MILITARY (-55°C TO + 125°C) . 
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SERIES ULS-2800HANDULS-2800R 
HIGH-VOLTAGE, HIGH-CURRENT DARLINGTON TRANSISTOR ARRAYS 

INPUT CURRENT AS A FUNCTION OF INPUT VOLTAGE 

SERIES 2802* 

2."r--,---,---.... --y------r-----,..----, 

SERIES 2804* 

INPUT VOLTAGE - VIN 

SERIES 2803* 

2.5 ,--....,---,----,---.... --..,.---,----r-----, 

2.0 J-----t---+__:___:_-+--,-+--+--t;..e--t--__i 

1.5 J-----t--,--+-.--+---t::.~"'-+__:_-+-_.:_;; .... F--__i 

z 
~ l.0J-----t_--t~~~~~~.~-+. ~~+-~-+_---i 

~ 
~ 

°2~.0~~2~.5~-~3~.0--~3.75--~--~-~5.~0~-~5~.5--6~.O· 
INPUT VOLTAGE - VIN 

SERIES 2805* 

INPUT VOLTAGE - VIN 

OWG. NO. A-IO.87~ 

'Complete part number includes a prefix to indicate temperature range and a suffix to indicate package 
style. See previous part number description. 
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UDQ-2956R ANDUDQ-2957R 
HIGH-VOLTAGE, HIGH"CURRENT SOURCE DRIVERS 

UDQ-2956R AND UDQ-2957R 
HIGH-VOLTAGE, HIGH-CURRENT SOURCE DRIVERS 

EACH OF THESE SOURCE-DRIVER 
arrays has five NPN Darlington-pair outputs 

and five PNP common-base inputs controlled by 
a single ENABLE stage. 

Types UDQ-2956R· and UDQ-2957R are 
typically used to switch the ground ends of loads 
such as telephone relays, PIN diodes, LEDsand 
similar devices directly connected to negative 
supplies. Internal transient-suppression diodes 
allow use of the drivers with inductive loads. 

Each output stage of both integrated circuits 
will withstand output OFF voltages of - 80 V 
and load currents as high as - 500 rnA. Under 
normal operating conditions, the five drivers will 
simultaneously handle load currents of - 170 
rnA at ambient temperatures of up to + 70°C. 

Type UDQ-2956R is designed for use with 
PMOS or CMOS logic input levels operating 
with supply voltages of 6 V to 16 V. Type UDQ-
2957R has input current-limiting resistors that 
permit its operation with TTL, Schottky TTL, 
DTL and 5 V CMOS. 

Both devices are supplied in industrial-grade, 
hermetically sealed 14-pin dual in-line ceramic 
packages rated for use over the temperature 
range of - 40°C to + 85°C Input connections 
are on one side of the packages,output connec
tions on the other, to simplify applications 
designs. 

The substrate of Type UDQ-2956R and Type 
UDQ-2957R should be tied to the most negative 
supply available in order to maintain isolation 
between drivers. 

ABSOLUTE MAXIMUM RATINGS 
at 25°C Free-Air Temperature 

(reference pin 7) 

Supply Voltage, VEE ......................... .,..80 V 
Input Voltage, V1N (UDQ-2956R) ................ + 20 V 

(UDQ-2957R) • . ............... + 10 V 
Output Current, lOUT ....................... - 500 mA 
Power Dissipation, PD (anyone driver) ............. 1.0 W 

(total package) ........... 1.67 W· 
Operating Temperature Range, TA ....... -40°C to +85°C 
Storage Temperature Range, Ts ........ -65°C to + 150°C 

*Derate at the rate of 13.3 mW/oC. above +25°C. 

These devices can be ordered with an extended temperature range 
of - 5SOC to + 125°C by changing the prefix from 'UDQ' to 'UDS'. 

5-36 



UDQ-2956RAND UDQ-2957R 
HIGH-VOLTAGE, HIGH-CURRENT SOURCE DRIVERS 

ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted) 

Applicable 
Characteristic Symbol Devices Temp. Test Conditions limit 

Output Leakage' Current leu UDQ-Z956R VIN - VENABLE - 0.4 V, VOUT - -80 V -ZOO /LA Max. 
vlN - O.4V, V£NABlE - 15v, VOUT - 80 V ~~x. 
VIN - 15 V, VENABlE - 0.4 V, VOUT - 80 V ZOOJ:l-A Max. 

UDQ-Z957R VIN - VENABLE - 0.4V, VOUT - 80V -200/LA Max. 
. VIN - 0.4 V, VENABLE - 3~5 V, VOUT - -80 V - 200 /LA Max . 
VIN - 3,85 V, VENABlE - 0.4 V, VOOT - 80V 200/LA Max. 

Collector-Emitter VCE(SAT) UDQ-2956R -4QoC VIN ~ 6.0 V, lOUT ~ -100 mA -1.40 V Max. 
Saturation Voltage .'!..!N - I.U v, lOUT - ~~ 1.55 V Max . 

vlN - IOV, IOUL - 35u mA -1.90 V Max. 
+25°C VIN - 6.0.V, louT - 100 mA -1.20 V Max. 

vlN - I.U V, louT li5 mA 1.35 V Max. 
VI' - !.lJ.V, 1n. - ~mA 1.70 V Max. 

+85°C VI' - 6.0 V, lOUT - 100 mA 1.40 V Max. 
VIN - 7.0 V, loUT - 175 mA -1.55 V Max. 
VIN - Iu V, lOOT - 350 mA -1.90 V Max. 

UDQ-2957R -40°C VIN - .2.4 V, loUT - 100 mA -1.40 V Max. 
VIN - 2.7 V, loUT - -175mA -1.55 V Max. 
VIN - 3.9 V, loUT - . -;j~U mA 1.90 V Max. 

+25°C VIN - z.4 V, lOUT - 100 mA 1.20 V Max. 
VIN -27 Vi loUT - ::.!.!.5 mA -1.35 V Max. 
VI' - 3.~ V,louT - -35u mA -1.70 V Max. 

+H5°C VIN ~ 2.4 V, lOOT - -100 mA -1.40 V Max. 
VIN - 2.7 V,louT - -.175 mA -1.55 V Max. 
VI' - 3.9 V, lOUT - 350 mA 1.90 V Max. 

Input Current II'(ONI UD0-2956R VIN =6.0 V, VOUT = -2.0 V 0.8 mA Max. 
VIN - IS V, VOUT - -2.0 V 2.25 mA Max. 

UDU-2~o/H ... VI' - Z.4 V, VOUT - -2.0 V 1.0 mA-,~u 
VIN ~ ;j.~O v,...!mu. ~ 2.um" Max. 

'1N(0ff) ALL loUT = -500/LA 50/LA Min. 

Output Source Current lOUT UDQ-Z956R -40°C VIN = 5.0 V, VOUT = -2.0 V -75mA Min. 
V" - 6.0 V, VOUT - 2.0V 125 mA Min. 
VI' - 7.0 V, VOUT - 2.0V 175 rnA Min. 
VI' - 8.0 V, VOUT - -2.0 V -250 rnA Min. 

. '>'j, ~ 9.0 V, VOUT - 2.0V =-,,00 mA Min . 
+85°C VIN - S.OV, V~- -2.0V -125 rnA Min. 

VIN = 6.0 V, VOUT - -Z.O V -200 rnA Min. 

_"IN -1~ VOU! - 2.0V ~mA~In. 
VIN . 8.0 V, VOUT 2.0 V 3Ul mA Min. 
VI' - 9.0 V, V.QJH. - -2.0 V -350 mA Min. 

UDQ-2957R -40°C VIN - 2.4 V, 'v'M -- -2.0 V -50 mA Min. 
YI' - 2,7 V, VOUT .,- 2.0V ...:::. . 125 rnA Min. 

.li, ~~OUT -' ~ ~~In . 
V,N - 3.3V, VOUJ - ~ - ZOU rnA. Min. 
VIN - 3.6 V, yOU! - -2.0 V -300mA Min. 

+85°C VI' - 2.4 V, VOUL~ - 2.0 V -125 rnA Min. 
VI' - 2.1 V, VOUT 'z.u V ~L~rn-".MJO. 
Viii -3.U V, VOUT - . 2.u V -z5umAMIn . .. 

.'!..!' -~ VOU! ~V ~~n . 
VI' - 3.b V, VOUT - -Z.O V -;j~U rnA .Mln. 

Clamp Diode IR ALL V. - 80 V 5u /LA Max. 
Leakage Current 
Clarnp Diode V, ALL I, - 350 mA 2.0 V Max. 
Forward Voltage 
Turn-On Delay tON ALL -,!:5 EIN to..!!:.5 EOUT..!:L -~ - 25 pF 'I.U /LS Max., 
I urn-urr Delay tOFf ALL 0.5 EI, to 0.5 EouT. H, - 4UU n (;T - 25 pF .Iu../LS Max, 
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UDQ·29§6R AND UDQ·2957R 
HIGH-VOLTAGE, HIGH-CURRENT SOURCE DRIVERS 

PARTIAL SCHEMATIC 

ENABLE 

R = 10.5 k.n. for UDQ-2956R 
R = 2.5 k.n. for UDQ-2957R 

r--------, 
I INpUT I 

I I 
I I 

I 

OUTPUT 

SUISTRATE U.I)-----"t----!-~----_i---

« 
E 

~ 
.... 

2.0 

1.5 

~ 1.0 
'" '" a 
.... 
::0 
0-
Z o. s 

/ 
./ " 

0.2 sV 
5 6 

iij ~ 

L __________ oJ 

SUI Dwg. No. A-11.047A 

ALLOWABLE PEAK OUTPUT CURRENT 
AS A FUNCTION OF DUTY CYCLE 

< -IOO~-+--r-+-~--r--+--~-+--r-~ 
~ 
< 

BO 90 100 

Owg. No. A-ll ,04& 

INPUT CURRENT AS A FUNCTION OF INPUT VOLTAGE 
at TA = +250 C 

1.5 

./ I 

.... './ IUDQ-2957RI 

« 1.0 

I UDQ-2956R I J~ V ~ l/ V E 

~ 

~ 
, 
~ 
~ 

V ~ V 
, 

V '" 

,/' V MAX., ~ 

iTYP JIll' 
".,-

.... 
~ 
'" '" ::0 
U o. S .... 
::0 
0-
~ 

o 
7 8 9 10 II 12 1 .4 1 2.0 2.5 3.0 

./ " 
/ " 

V JIll' 

,-

3.5 4.1 
INPUT VOLTAGE IN VOLTS Dwg. No. A-l1,044A I NPUT VOLTAGE I N VOLTS Dwq. t~o. A-ll,04SA 
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SERIES UDS-2980H 
HIGH-VOLTAGE, HIGH-CURRENT; SOURCE~ DRIVERS 

SERIES UDS-2980H 
HIGH-VOLTAGE; HIGH-CURRENT SOURCE DRIVERS 

- Hermetically Sealed 

FEATURES: 
• m, OTL, PMOS or CMOS Compatible Inputs 
• -500 mA Output Source Current Capability 
• Transient-Protected Outputs . . 
• High-Reliability Screening to MIL-STD-883, Class B 
• Operating Temperature -55°C to + 1250C 

S E:i!~ED U~~i~;8~~ers~;~~!!~~~;e! 
standard low~l>0werdigilal logic; and "relays, so
lenoids, steppin~Plotors,LEQs; laJ:llPS, etc., in ap- . 
pli~~ti,?nsl'~ir\rigseparate logic and load grounds, 
loa(bupply voltages to . .+80V, and/orloadcurrents . 
tQ~mA; .' 

: Und~r;nonnal,;f)pefating~onditions' the$edevices ! 
yvill $~~nSO rti'AeontinUQlfsly on eaCh of the eight .. 
outPuisJa~an ambient tempe.rature of+ 8~?(J.~'witha 
supply of +1S; V, AU four devices incorpoiateInput 
current limiting resistorsalld ,output suppressionru. 
odes: ',";'.' '., 

UOS-298lHand UDS-29.83H drivers are in· 
iend~ for use. with +5V wgic systems (T'fi., 
Scho~y, 'tIL, DTt: and 5, V CMOS): Ul)S-2982H 
and UDS,2984H .drivers. are intended for MOS 
inlerface.(pMQS .. anltCMOS) operating from supply 
volfilges.offrom .+6 to + 16 V. '.' 

"uPS~29.8J~;andUl)S-2982H drivers willsustam'" 
amaXimwn output OFF. voltage. of +SO V;UDS.~ 
29S31HiDdtJ1)S~2984H drivers aJnaximuiti~Qutpilt,' 
PFF'vo,ltageofj-~O V.'· .. ', 

··.·l.!lall c~e,s .t1\!>, output is switched ONby i!J!.,a¢tiY~ 
highitiptltJ~v~C. ..; ~c", 

Noi'e llll:itJlt~ina:i.imum .. current rating may.1IOt be 
obtained 'at ' .-: 55OC. be(;a.use of beta fall-'!Jjf. .or .at 
+ 12~oC,becBks.e.,of package PQw~ limitiIDQns. ..... ';: 
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Series UDS-2980H drivers are furnished in 
18"pin ~ennetic dltlal·in-line packages, and are 
processed· to the requirements of MIL-STD-883, 
Methods 5004 and S005. 

ABSOLUTE MAX'IMUM RATINGS 
at Ta= +,25~C ' , 

)Qut~ut Voltage Rang~" VCE • 

(UDS-2981H &UOS-2982H) ..... ,c ••••••• +5 to +50V 
(UOS-29831t &UOS-2~84H) .....•...... +35 to +80 V 

InptitVoltage, V~ (UDS-~981H &, 1I0S-2983Hl ....... + 15 V. 
• '. ..(UDS~2982H& \)OS-2984H) ....... +30 V 
!()utput Curre,ni, ~ur;" •. • . .. ". ,u. . -500,rnA 
,FowkOissipation, PD (a~y one driVer) ............. 1:1 W . 

. . .' . (total.package) ...... ~ ..•........ alW· 
~Ollerating Temp~rature ,~ange, TA •.. ; : .. -55°C to + 125°C 
. Stor~geTemperature Range, Ts .... : .•. ~~5°G to +l50°C 
• Derate .- 13.3 I1IW/"C abQ~ •. 25°C. 

II 



SERIES UDS-2980H 
HIGH-VOLTAGE, HIGH-CURRENT SOURCE DRIVERS 

v, 

ONE OF EIGHT DRIVERS 

2983/2984 ONLY 

INPUT 3K 

OUTPUT 

DWG.NO. A-ll,130B 

ELECTRICAL CHARACTERISTICS from -55°C to + 125°C (unless otherwise specified) 

Applicable 
Characteristic Symbol Devices Temp. Test Conditions Fig. Limit 

Output Leakage ' "lcEX UDS-2981/82H VIN = 0.25 V*, Vs = 50 V 1 200}£A Max. 
Current UDS-2983/84H 'YIN - 0.25V*, Vs - 80V 1 200 /LA Max. 

Collector-Emitter VCE(SAO UDS-2981/83H -55OC VIN = 2.4 V, louT = -100 rnA 2 2.0 V Max. 
Saturation Voltage VIN - 2.4 V, lOUT - -ZOU rnA Z Z.1 V Max. 

+Z5°(; VIN - 2.4 V, lOUT - -350 rnA 2 2.0 V Max. 
+125"C VIN - 2.4 V, lOUT - -100 rnA 2 1.8 V Max. 

VIN - 2.4 V, loUT .:. 200 mAO" 2 1.~ v Max. 

UDS-2982/84H -55OC VIN = 5.0 V, lOUT = -100 rnA 2 2.o.V Max. 
VIN - 5.0 V, 10UT~ -200 rnA 2 2.1 V Max. 

+25OC VIN - 5.0 V, loUT - -350 rnA 2 2.0 V Max. 
+125°C VIN = 5.0 V, loUT = -100 rnA 2 l.8. V Max. 

VIN - 5.0 V, loUT - -200 mA** Z l.~ V Max. 

Input Current IIN(oN) UOS-2981/83H VIN = 2.4V 3 575/LA Max. 
VIN = 3.85 V 3 1.26 rnA Max. 

UDS-2982/84H VIN = 5.0V 3 640 /LA Max. 
YiN = 12 V 3 1.8 rnA Max. 

IIN(OfF) UDS-2981/82H VIN = a V, Vs = 50 V 3 10/LA Max. 
UOS-2983/84H VIN - a V, Vs - 80 V 3 10 /LA Max. 

Output Sou rce loUT UOS-2981/83H . VIN = 2.4 V, VCE = 2.2 V 2 -200 mA Min. 
Current UOS-2982/84H VIN - 5.0 V, VCE - 2.2V 2 -ZOO rnA Min 

Supply Current Is UOS-2981H VIN = 2.4 V*, V = 50 V 4 10 rnA Max. 
(Outputs Open) UOS-2982H +25°C VIN = 5.0V*, Vs = 50V 4 10 rnA Max. 

UDS-2983H VI - 2.4V*,Vs - 80V 4 10 mA Max. 
UDS-2984H VIN = 5.0 V*, Vs =0 80 V 4 10 rnA Max. 

Clamp Diode IR UDS-2981/82H Vs - 50 V (All Inputs VIN - 0.25 V) 5 50/LA Max. 
Leakage Current UDS-2983/84H Vs - ISU V (All Inputs VIN - 0.25 V) 5 50/LA Max. 

Clamp Diode Vf ALL If = 200 rnA 6 1.75 V Max. 
Forward Voltage 

'All inputs simultaneously. 
"Pulsed test. 

5-40 



£?YI'G. NO.A-lI,Q83 

DWG. NO"A-I'I,085 
> , ~, 

" 

DWG. NO;A/{i;oS;, 
, yV;/ 

'~'"'~P'c J, • 

SERIES UDS-298OH 
HIGH-VOLTAGE; HIGH-CURRENT SOURCE DRIVERS 

TEST FIGURES 

Figur .. 2 

OPEN 

, 01'1(;,. NO. A-Il,oee 

Figufe 6 
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SERIES UDS-2980H 
HIGH·VOLTAGE, HIGH-CURRENT SOURCE DRIVERS 

ALLOWABLE PEAK COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 

UDS·2981/82H 

~~O~~--~~~~~T-~--~--~~~ 

!:300t_-+-+-"""''""'':-1\:--1It--t----''''t"-t--r---1 
!Z I 
~. 250 Vs = 15V 1--r~rl'III,......,.r--;oo..--+-- =>'""01;;:;---1 
a TA = soOc 
~200~~-~~r-~~~~~~~~-t~ t3 
~150t_-+-+---Ir-~-~~~~~~~~ 
8 
~100 

~ 50r--r-+--;--r-t--t-~~r--r--4 
< 

~ °o~~~~~.-~-.~~:--~~~~~ ::::l 70 80 '10 100 
< 

PER CENT DUTY CYCLE 
DWG. NO. A-l1.078 

ALL DEVICES 

~50J--+-;--r--r-+--;--r-t--+

~ 0:;--7,;-=--:;;~7n-*""-7.;--~--;~~~ 
< 0 

PER CENT DUTY CYCLE 
DWG. NO. A-ll.079 

UDS·2983!84H 

OWG. NO. A-H.077 
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UDS·2981!82H 

~350~~"~~~~--T-~--~--T-~~ 
z 
-3001--+~~~~-+~+--;~~-r--t~ 
i§ 
~ 

a250r--+-~~~~.-~~--r-4~~--1 

~200r--+-;-~~~~~~~~.-t--t--1 
t; 

~ 150 o 
u 

~ 100 r-1~t~~t~iir:~~§§~§~ 
~ 50 
< 

~ 0~~-~~~~-~-7.;--~--;~~~ 
< 0 

D~jG. NO. A-ll,076 

ALL DEVICES 

DWG. NO. A-ll.OSO 

UDS·2983!84H 

~ 350~~~~~~~--~~--~--~rT--' z 

§~t--+~~~~~-+-~~~-t--+---1 

'" a250t--+~~~----"~~~-t-~..--t--r---1 

PER CENT DUTY CYCLE 
DWG. NO. A-11,OBl 



INPUT CURRENT AS A FUNCTION 

SERIES UDS-2980H 
HIGH-VOLTAGE, HIGH-CURRENT SOURCE DRIVERS 

INPUT CURRENT AS A FUNCTION 
OF INPUT VOLTAGE FOR TYPE UDS-2981/83H OF INPUT VOLTAGE FOR TYPE UDS-2982/84H 

;;: 
§ 

1. 25 

1.00 

z 0. 75 

§ 
"" ~ 0.50 
u 
..... 
=> 
0-
Z 

0.25 

o 
o 

/ 
U DS-2981183H II ;;: 

§ 

z 

2. 5 

2. 

1. V 
/~V UDS-2982/84H 

~ 
/' V 
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/ 

2.0 3.0 4.0 
I NPUT VOLTAGE (VOLTS) 

5.0 6.0 

DWG. NO. A·1l,074 

..... z 
~ 1. 
a 
..... 
=> 
0-
Z .5 

ALLOWABLE AVERAGE PACKAGE POWER DISSIPATION 
AS A FUNCTION OF TEMPERATURE 

25 75 

TEMPERATURE IN etc 
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DWG. NO. A-ll,082 
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SERIES UDS-3600H 
DUAL2"INPUTPERIPHERAL AND POWER DRIVERS 

SERIES UDS-3600H DUAL 2-INPUT 
PERIPHERAL AND POWER DRIVERS 

- Hermetically Sealed 

FEATURES 

• Four Logic Types 
• DTUTTUPMOS/CMOS Compatible Inputs 
• Low Input Current 
• Sustaining Voltage of 80 V 
• Hermetically Sealed Package 
• High-Reliability Screening to MIL-STD-883, Class B 

Description 

These "mini-DIP" dual 2-input peripheral and power drivers are 
bi-polar monolithic integrated circuits incorporating AND, NAND, OR, 
or NOR logic gates, and high-current switching transistors on the same 
chip. The two output transistors are capable of simultaneously sinking 
250 rnA continuously at an ambient temperature of + 75°C. In the OFF 
state, these drivers will sustain at least 80 V. 

Applications 

The Series UDS-3600H dual drivers are ideally suited for interface 
between low-level or high-level logic and high-curreptlhigh-voltage 
loads. Typical applications include driving peripheral loads such as 
incandescent lamps, light-emitting diodes, memories, and heaters. 

With appropriate external diode transient suppression, the Series 
UDS-3600H drivers can also be used with inductive loads such as relays, 
solenoids, and stepping motors. 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage, Vee ............................................. 7.0 V 
Input Voltage, V;n ............................................... 30 V 
Output Off-State Voltage, Voff •••••••••••••••••••••••••••••••••••.•• 80 V 
Output On-State Sink Current, Ion ................................. 600 mA 
Power Dissipation, PD (one output) .................................. 1.0 W 

(total package) ............................ See Graph 
Ambient Temperature Range (operating), TA ................. -55°C to + 125°C 
Storage Temperature Range, Ts .......................... -65°C to + 150°C 
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UDS-3611H 

UDS·3612H 

OWG. NO. A--9795 

UDS·3613H 

UDS·3614H 



. SERIES UDS-3600H 
DUAL 2-INPUT PERIPHERAL AND POWER DRIVERS 

i: .. 
~ 
:;';3 
Z 
o 
;::: 
: 
ill 

PACKAGE POWER DISSIPATION 
AS A FUNCTION OF TEMPERATURE 

~ 2 f---+--~"" 

~ 
~ 
" ~'i .-__ """" 
.~ 

~ 

~ 
<02~5------~----~75--~--'~OO------L-~~~ 

TEMPERATURE IN °c 
rlWG,IIO.A-IO.978 

RECOMMENDED OPERATING CONDITIONS 

Supply Voltage (V cc) 
Operating Temperature Range 
Current into any output (ON state) 

Min. 

4.5 
-55 

Nom. 

5.0 
+25 

Max. 

5.5 
+125 
300 

ELECTRICAL .CHARACTERISTICS over operating temperature "range (unless otherwise noted) 
Test Conditions Limits 

Driven Other 
Characteristic Symbol Temp. Vcc Input Input Output Min. Typ. Max. Units 

"1"lnput Voltage V;n(l) MIN 2.0 V 
"0" Input Voltage V;nCO) MIN . 0.] V 
"0" Input Current l;nIO) MAX 0.4 V 30V 50 100 /LA 
"I" Input Current l;n(1) MAX 30 V OV. 10 /LA 
Input Clamp VoltagE V, MIN -12mA -1.5 V 

SWITCHING CHARACTERISTICS at Vee = 5.DV. TA = 25°C 
Limits 

Characteristic Symbol Test Conditions Min. Typ. Max. Units 
Turn-on Delay Ti me tpdO Vs =.70 V, Rl = 465 n (10 Watts) 

Cl = 15 pF 
- 200 500 ns 

Turn-off Delay TIme tpd1 Vs = 70 V, Rl = 465 n (10 Watts) - 300 750 ns 
Cl = 15 pF 

NOTES, INPUT PULSE CHARACTERISTICS 

Units 

V 
°C 
mA 

Notes 

2 
2 

Notes 
3 

3 

1. Typical values are at Vcc = 5.0V, TA = 25'0. 
2. Each input tested separately. VinlO) - OV It - 7ns tp - IJLs 
3. Voltage values shown in the test circuit waveforms are wah respect to network ground terminal. V;n(l) = 3.5V t, = 140s PRR = 500k~z 
4. Capacitance values specified include probe and test fixture capacitance. --"=--------'-----------------'-
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SERIES UDS-3600H 
DUAL 2-INPUT PERIPHERAL AND POWER DRIVERS 

Type UDS-3611 H Dual AND Driver 

ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted) 

Test Conditions Limits 

Driven Other 
Characteristic Symbol Temp. Vee Input Input Output Min. Typ. Max. Units Notes 

"1" Output Reverse Current loff MIN 2.0V 2.0 V 8QV 100 ",A 
OPEN 2.0 V 2.0 V 80V 100 ",A 

"0" Output Voitage Von MIN O.8V Vee 150 mA 0.4, 0.5 V 
MIN 0.8V Vee 300 mA 0.6 0.8 V 

"1" level Supply Current leC(l) NOM MAX 5,0 V 5.0 V 8.0 12 mA 1, 2 

"0" level Supply Current leelO) NOM MAX OV OV 35 49 mA 1, 2 

OUT-
INPUT 2.4V VCC=5V PUT Vs 

i-r-R~ --: 
1 ~ 1 
1 I 

INPUT 

F;.;:;..----V;nIO) 
1 I 
I· ) 
1 1 
1 1 
I 15pF t 

: INote 3) I 
1 1 
1 1 
I ":" LOAD I 
I CIRCUIT I 

, I 
'gd 1 -r-----+I • i 'pdO 

...,OU_T_PU_T __ '_..JjrsO%-----s-O%-,c:::::: 
'---- ---~ 
0"'(1. NO. A-78760 

oWG. Mo. A-7628C 

Type UDS-3612H Dual NAND Driver 
ELECTRICAL CHARACTERISTICS over operatingJemperature range (unless otherwise noted) 

Characteristic Symbol Temp. 
"1" Output Reverse Current loff 

"0" Output Vo~age Von 

''I'' Level Supply Current leelll NOM 
"0" Level Supply Current IcC(O) NOM 

INPUT 2.4V 

Test Conditions 
Driven 

Vee Input 
MIN 0.8V 
OPEN 0.8V 
MIN 2.0V 
MIN 2.0V 
MAX OV 
MAX 5.0V 

r ----1 
RL I , 

I 
I , ) 

1 I 
I , 
I., .15pF _ I : I (Note 3) I 
1 1 
1 1 
,=lOADI 
I CIRCUIT I 

Other 
Input 

Vee 
Vee 

,2.0V 
2.0 V 
OV 
5.0V 

\._ .... ____ .J 

D"IG. Mo. A-9638 

NOTES: 
L Typical values are at Vec = 5.0 V, TA = 25"e. 
2. Per package. 
3. Capacitance values specified include probe and test fixture capacitance. 

S-46 

Output Min. Typ. 
SOV 
80V 
150 rnA 0.4 
300 rnA 0.6 

12 
40 

INPLn" 

OUTPUT 

Limits 

Max. Units Notes 
100 /LA 
100 ",A 
0.5 V 
0.8 V 
15 rnA 1, 2 
53 mA 1, 2 

~ ..... ---- V;n(O) 

~-~.- - - - - - - -\(out(O) 

OWG. 'M-a. -A-1900A 



SERIES UDS·3600H 
DUAL 2-INPUT PERIPHERAL AND POWER DRIVERS 

Type UDS-3613H Dual OR Driver 

ELECTRICAL CHARACTERISnCS over operating temperature range (unless otherwise noted) 
Test Conditions limits 
Driven Other 

Characteristic Symbol Temp. Vee Input Input Output Min. Typ. Max. Units 
"I" Output Reverse Current 'off MIN 2.0 V OV 80V 100 /LA 

OPEN 2.0 V OV 80V 100 /LA 
"0" Output Voltage Von MIN 0.8 V 0.8 V ISO rnA 0.4 0.5 V 

MIN 0.8 V 0.8 V 300 rnA 0.6 0.8 V 
"I" Level Supply Current 'ee(l) NOM MAX 5.0V 5.0 V 8.0 13 rnA 
"0" Level Supply Current lee(OI NOM MAX OV OV 36 50 rnA 

OUT-
INPUT VCC=5V PUT Vs 

r ----, 
RL : 

INPUT 

~Io%~ ____ Vln(O) 10% 

I I 

I 
I 
I 
I 'pdl -,---1 r----of·I-'pdO 

15pF I 

INo,e3) : 
.". LOAD: 

CIRCUIT I L ____ ..J 

OWG.MO. A-7a778 

OUTPUT 

Type UDS-3614H Dual NOR Driver 

\ 1'"50%----5-0%""'\. c::::~: 
!lWG.No. A-7628C 

ELECTR.ICAL CHARACTERISTICS over operating temperature range (unless otherwise noted) 

Characteristic Symbol Temp. Vec 
"1 ' Output Reverse Current loff MIN 

OPEN 
"0" Output Voltage Von MIN 

MIN 
"I" Level Supply .Current lec(l) NOM MAX 
"0" Level Supply Current Icc(ol NOM MAX 

OUT-
INPUT VCC",5V PUT Vs 

NOTES: 

Rl : 

I 
I 

I I 
I I 

i T~~:3) i 
I ':" LOAD I 
I CIRCUIT I L _____ ..J 

011'6. NO. A-9n2 

I. Typical values are at Vcc = 5.0 V, TA = 25°C. 
2. Per package. 

Test Conditions 
Driven Other 
Input Input 
0.8 V 0.8 V 
0.8V 0,8 V 
2.0V OV 
2.0 V OV 
OV OV 
5.0V 5.0 V 

3. Capacitance values specified include probe and test fixture capacitance. 
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Limits 

Output Min. Typ. Max. Units 
80 V 100 /LA 
80V 100 /LA 
150 rnA 0.4 0.5 V 
300 rnA 0.6 0.8 V 

12 15 rnA 
40 50 rnA 

. 

INPUT 

"U\j~---- VlntO) 

'pdO 

OUTPUT 

DWG.MO. A·1900A 

Notes 

!, 2 
I, 2 

Notes 

I, 2 
1,2 

DI 



UCS·4401 HANDUCS·4801 H 
HERMETIC.BiMOSLATCH£D DRIVERS 

FEATURES 

UCS-4401 HAND UCS-4801 H 
BiMOS LATCHED DRIVERS 

- Hermetically Sealed 

• High-Voltage, High-Current Outputs 
• Output Transient Protection 
• CMOS, PMOS, NMOS, TIL Compatible 
• Internal Pull-Down Resistors 
• low-Power CMOS latches 

HIGH-VOLTAGE, HIGH-CURRENT interface 

OUTPUT 
ENABLE 

OUT, 

OUT, 

DWG.NO. A-IO.499A 

for military, aerospace and related applications 
is supplied by these latched drivers. Type UCS-
4401H contains four pairs of latches and drivers; 
Type UCS-480lH has eight pairs of latches and 
drivers. 

UCS-4401H 

The integrated circuits' CMOS inputs work with 
standard CMOS, PMOS and NMOS logic levels and 
(with appropriate pull-up resistors) with TTL or DTL 
circuits. The bipolar open-collector outputs can be 
used with relays, solenoids, motors, LED or incan
descent displays, and other high-power loads. 

The output transistors can sink 500 rnA and will 
withstand a V CE of 50 V in the OFF state. Outputs 
can be paralleled for higher current capability.Be
cause of limitations on package power dissipation, 
simultaneous operation of all drivers at maximum 
rated current can only be accomplished with a reduc
tion of duty cycle. 

Type UCS-4401H, the four-latch device, is fur
nished in a standard 14-pin side-brazed hermetic 
package. Type UCS-480lH, the eight-latch device, 
is furnished in a 22-pin side-brazed hermetic pack
age with row centers 0.400-inch (10.16 mm) apart. 

Both devices meet all processing and environmen
tal requirements of Military Standard MIL-STD-
883, Methods 5004 and 5005. 
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OUTPUT 
ENABLE 

OUT, 

OUT, 

OUT, 

OUT, 

OUT, 

OUT, 

OUT, 

OUT, 

~ .................. r-COMMON 

DWG.NO. A-IO,498A 

UCS-4801H 



ABSOLUTE MAXIMUM RATINGS 

UCS-4401H AND UCS-4801H 
HERMETIC BiMOS LATCHED DRIVERS 

Output Voltage, VCl ............................................... 50 V 
Supply Voltage, Voo ............................................... 18 V 
Input Voltage Range, V,N ••.••.••••••.••••••.•••••••••• -0.3 V to Voo +0.3 V 
Continuous Collector Current, Ic ................................... 500 rnA 
Package Power Dissipation, Po .................................. See Graph 
Operating Ambient Temperature Range, TA ................... - 55°C to + 125°C 
Storage Temperature Range, Ts ........................... -65°C to + 1500C 

CAUTION: Sprague CMOS devices have input static protection but are still 
susceptible to damage when exposed to extremely high static electrical charges. 

OUTPUT 
ENABLE 

FUNCTIONAL BLOCK DIAGRAM 

J,. COMMON MOS 
CONTROL 

TYPICAL MOS LATCH 
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GROUND 

TYPICAL BIPOLAR DRIVER 

DWG.NO. A-1O,495A 

o 



UCS-4401HAND UCS.4801 H 
HERMfTlC BiMOSLATCHEDDRIVERS 

ALLOWABLE AVERAGE 
PACKAGE POWER DISSIPATION 

AS A FUNCTION OF TEMPERATURE 
7 . 

• 

5 ...... . , 
~I t('" 

4 
"'('0' 

I~ '1'(' 
16&(' 

~ 3 
C/Jj. ,.,;: 

2 
~ 

~ NORMAL~ BIENT rEMi'E SYSTEM liMIT 

............ RAruRE Ie I 
11--- JAI :::6S0CtW) 

A'rENr rEMPER ~ ~ l ArURE IS -I 'A' 901 CIWI I 

0 
i 14 LEADs 

25 50 75 100 125 

TEMPERATURE IN O( 

150 

DW<;j. No. A-ll,464 

ELECTRICAL CHARACTERISTICS at TA = + 25°C, VDD = 5 V (unless otherwise specified) 
Limits 

Characteristic Symbol Test Conditions Min. Typ. 
Output Leakage Current IcEx VCE = 50 V - -
Collector-Emitter VCEISAT) . Ic = 100 rnA - 0.9 
Saturation Voltage Ic = 200 rnA - 1.1 

Ic = 350 rnA, Voo = 7.0 V - 1.3 
Input Voltage V,NIO) - -

V,NIl) Voo=15V 13.5 -
Voo=10V 8.5 -
Voo = 5.0 V (See note) 3.5 -

Input Resistance R'N Voo = 15 V 50 200 

Voo=IOV 50 300 
Voo = 5.0 V 50 600 

Supply Current 10010N) VDO = 15 V, Outputs open - 1.0 
(Each Stage) Voo = 10 V, Outputs open - 0.9 

Voo =5.0 V, Outputs open - 0.7 

10010Ff) Voo = 5.0 V, All drivers OFF, All inputs = 0 V - 50 
Voo = 15 V, All drivers OFF, All inputs = 0 V - -

Clamp Diode I, V, = 50 V - -

Leakage Current 
Clamp Diode V, I, = 350 rnA - 1.7 
Forward Voltage 

Max. Units 
50 fLA 
1.1 V 
1.3 V 
1.6 V 
1.0 V 
- V 
- V 
- V 
- kfl 
- kfl 
- kfl 
2.0 rnA 
1.7 rnA 
1.0 rnA 
100 fLA 
200 fLA 

50 fLA 

2.0 V 

Note: Operation of these devices with standard TIL or DTL may require the use of appropriate pull-up resistors to ensure the minimum 
logic "I". 
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UCS-4401 HAND UCS-4801H 
HERMETIC BiMOS LATCHED DRIVERS 

ELECTRICAL CHARAOERISTI(S at TA = - 55°(, VDD = 5 V (unless otherwise specified) --

limits 

Characteristic Symbol Test Conditions Min. Typ. Max. Units 
Output Leakage Current IcEx VCE = 50 V - - 50 f.tA 
Collector-Emitter VCElSATl Ic = 100 rnA - - 1.3 V 
Saturation Voltage Ic = 200 rnA - - 1.5 V 

Ic = 350 rnA, Voo = 7.0 V - - 1.8 V 
Input Voltage V'NIO) .. ' - - 1.0 V 

V,NIl) Voo = 15 V 14 - - V 
Voo = 10 V 9.0 - - V 
Voo = 5.0 V (See note) 3.6 - - V 

Input Resistance R'N Voo=15V 35 - - kfl 
Voo=10V 35 - - kfl 
Voo = 5.0 V 35 - - kfl 

Supply Current 10010N) Voo = 15 V, Ouputs open - 1.0 2.5 rnA 
(Each Stage) Voo = 10 V, Outputs open - 0.9 1.7 rnA 

Voo = 5.0 V, Outputs open - OJ 1.0 rnA 
10010,,) Voo = 5.0 V, All drivers OFF, All inputs = a V '. - 50 100 f.tA 

VDO = 15 V, All drivers OFF, All inputs =0 V - - 200 f.tA 
Clamp Diode IR VR = 50 V - - 50 f,tA 
Leakage Current .' ", 

Clamp Diode V, I, = 350 rnA - - 2.1 V 
Forward Voltage 

ELECTRICAL CHARACTERISTICS at TA = + 125°C, Voo = 5 V (unless otherwise specified) 
limits 

Characteristic Symbol Test Conditions Min. Typ. Max. Units 
Output Leakage Current ICEl< VCE = sa V - - 500 f.tA 
Collector-Emitter VCElSAT) Ic = 100 mA* - - 1.3 V 
Saturation Voltage Ic = 200 mA* - - 1.5 V 

Ic = 350 rnA, Voo = 7.0 V* - - 1.8 V 
Input Voltage V'NIO) - - 1.0 V 

V,NII) Voo=15V 13.5 - - V 
Voo=10V , 8.5 - - V 
Voo = 5.0 V (Sile note) 3.5 - - V 

Input Resistance R'N Voo = 15 V '. 50 - - kfl 
Voo = 10V '" 50 - - kfl 
Voo =5.0V 50 - - kfl 

Supply Current 10010N) Voo = 15 V, Outputs open - 1.0 2.2 rnA 
(Each Stage) Vo~. = 10 V, Outputs open - 0.9 1.9 rnA 

Voo =; 5.0 V, Outputs open OJ 1.2 rnA 

looloff) Voo= .5.0 V, All drivers OFF, All inputs =; 0 V - 50 100 f,tA 
Voo = 15 V, All drivers OFF, All inputs = OV - - 200 f.tA 

Clamp Diode IR VR = 50 V 
" - - 500 f.tA 

Leakage Current 
Clamp Diode V, I, = 350 mA* - - 2.0 V 
Forward Voltage 

Note: Operation oUhese devices with standard TTL or DTL may require the use of appropriate pull-up resistors to ensure the minimum 
logic "I". 

*Pulsed test. 
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·UCS-4401HAND UCS-4801H 
HERMETIC BiMOS LATCHED DRIVERS 

TIMING CONDITIONS 
TA = + 25°C; Logic Levels are Voo and Vss 

DWG.NO. A-IO,895A 

A. Minimum data active time before strobe enabled (data set-up time) ............. 100 ns 
B. Minimum data active time after strobe disabled (data hold time) ............... 100 ns 
C. Minimum strobe pulse width ............................ " ............ 300 ns 
D. Typical time between strobe activation and output on to off transition ............ 500 ns 
E. Typical time between strobe activation and output off to on transition ............ 500 ns 
F. Minimum clear pulse width ........................................... 300 ns 
G. Minimum data pulse width ........................................... 500 ns 

Information present at an input is transferred to its latch when the STROBE 
is high. A high CLEAR input will set all latches to the output OFF 
condition regardless of the data or STROBE input levels. A high OUTPUT 
ENABLE will set all outputs to the OFF condition regardless of any other 
input conditions. When the OUTPUT ENABLE is low, the outputs depend 
on the state of their respective latches. 

TRUTH TABLE 

INN STROBE CLEAR 

0 1 0 
1 1 0 
X X 1 
X X X 
X 0 0 
X 0 0 

X = irrelevant 
t-l = previous output state 
t = present output state 
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OUTPUT 
ENABLE 

0 
0 
X 
1 
0 
0 

OUTN 
t-l t 

X OFF 
X ON 
X OFF 
X OFF 

ON ON 
OFF OFF 



UCS;,4401HAND UCS-4801H 
HERMETIC BiMOSI:ATCHED DRIVERS 

UCS-4810H 
BiMOS 10-BIT, SERIAL-INPUT, LATCHED DRIVER 

Hermetically Sealed 

FEATURES 
• High-Voltage Source Outputs 
• CMOS, PMOS, NMOS, TTL Compatible Inputs 
• Low-Power CMOS Logic and Latches 
• Internal Pull-Down Resistors 
• Wide Supply-Voltage Range 
• High-Reliability Screening to MIL-STD-883, Class B 

• Operating Temperature -55°Cto +125°C 

COMBINING low-power CMOS logic with bipo
lar source drivers, Type UCS-4810H will 

simplify many display-system designs. Primarily in
tended for use with vacuum-fluorescent displays, 
this BiMOS lO-bit serial-input, latched driver can 
also be used with LEDindincandescent displays 
witJ;lin its output limitations of 60 V and 40 rnA per 
dnver. 

The CMOS IO-bit shift register and associated 
latches are designed for operation over a 5 V to 15 V 
supply-voltage range. They cause minimal loading 
of data lines and· are compatible with standard 
CMOS, PMOS, and NMOS logic. When used with 
standard TTL or low-speed TTL logic, appropriate 
pull-up resistors maybe required to ensure an input
logic high. A CMOS serial-data output allows cas
cading these devices for interface applications re
iuiring many drive lines (dot matrix, alphanumeric, 
bargraph). 

The 10 bipolar outputs are used as segment or digit 
irivers in vacuum-fluorescent displays. Under nor
mal operating conditions, these devices will sustain 
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QUTIO 

SERIAL DATA OUT 

VBB 

SERIAL DATA IN 

BLANKING 

QUTl 

, Dwg. No. A-IO,98B 

25 rnA per output at 50°C at a duty cycle of 61 %. 
Other combinations of number of conducting outputs 
and duty cycle are shown in the specifications in this 
bulletin. 

Type UCSA8IOH, when combined with Type 
UCS-4815H,an 8-bit latched source driver, com
prises a minimum component display subsystem re
quiring few, if any, discrete components. 

Type UCS-48IOH is furnished in an 18-pin her
metic dual-in-line package and is processed to the 
requirements of MlL-STD-883, Methods 5004 and 
5005. 

The same circuit is also available, with increased 
allowable package powerdisSipation, in plastic or 
glass Iceramic (cer-DIP) hermeticpackages for op
eration over the. extended temperature range of 
-40°C to +859C(Type UCQ-48IOA or UCQ-
4810R, respectively). Devices for use over a 
commercial/industrial temperature range are desig
nated Type UCN-48IOA or UCN-48IOR, respec
tively. 

II 



UCS-481 OH· HERMETIC BiMOS 
10-BIT, SERIAL-INPUT; LATCHED DRIVER 

ABSOLUTE MAXIMUM RATINGS 
at + 25°C Free-Air Temperature 

and Vss = 0 V 
Output Voltage, VOUT ............... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60 V 
Logic Supply Voltage Range, Voo ................•.............. 4.5 V to 18 V 
Driver Supply Voltage Range, Vss ............................... 5.0 V to 60 V 
Input Voltage Range, VIN •••••••••••••••••••••••••••••• -0.3 V to Voo +0.3 V 
Continuous Output Current, loUT' .................................. -40 mA 
Package Power Dissipation, Po ..................................... 1.4 W* 
Operating Temperature Range, TA .......................... -55°C to + 125°C 
Storage Temperature Range, Ts ........................... -65°C to + 150°C 

*Derate at 13.3 mwrc above +25°C. 

Number of 
Outputs ON 

(lOUT =-25 mAl 

10 
9 
8 
7 
6 
5 
4 
3 

Maximum Allowable Duty Cycle 
at Vnp = 5 V and TA of: 

+25"C +50°C +85"C 

81% 
90% 
98% 

100% 

61% 
68% 
76% 
87% 
97% 

100% 

34% 
38% 
43% 
49% 
57% 
69% 
86% 

100% 

Caution: Sprague CMOS devices have input-static protection but are 
susceptible to damage when exposed to extremely high static electrical 
charges. 

FUNCTIONAL BLOCK DIAGRAM 

CD voo 

STROBE 7 

BLANKING 3 

OUT 1 OUTZ OUT3 OUT4 OUTS OUTq OUTIO 
Dwg. No. A-10.989 
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TYPICAL INPUT CIRCUIT 

~ 
looK~ V 

vss 

Dwg. No. A-IO,980 

TYPICAL OUTPUT DRIVER 

27K 15K 
lOOK 

o 

Dwg. No. A-IO,98l 

r-... 

UCS-4810H HERMETIC BiMOS 
10-BIT, SERIAL-INPUT, LATCHED DRIVER 

ALLOWABLE AVERAGE PACKAGE POWER DISSIPATION 
AS A FUNCTION OF TEMPERATURE 

" ~ It4tA 

~ ;-u~ 
'( f(j 

"'<'~ ~~ 
'-

NORMA,~ 
r---!MBIENT TEM . SYSTEM LIMIT i'... ~ERATUIl • 

E %A 150CIWI rrtr--r--~, 
25 50 75 100 125 150 

,TEMPERATIJRE IN·OC Dwg. No, A-ll.622 

ELECTRICA~ CHARACTERISTICS at TA = .+25°C, Vaa = 60 V, Vou = 4.75 V to 15.75 V, Vss = 0 V 
(unless otherwise noted) 

. Limits 
Characteristic Symbol Test Conditions . Min. Max. Units 
Output OFF Voltage VOUT - 1.0 V 
Output ON Voltage loUT = -25 rnA 57.5 - V 
Output Pull-Down Current loUT Your = V88 400 .850 p,A 

Output Leakage Current - -15 J.tA 
Input Voltage VINIlI Voo = 5.0 V 3.5 - V 

Voo - 15 V 13.5 - V 

VIN(OI -0.3 +0.8 V 
In put Current IINUI Voo = VIN = S.OV - 100 J.tA 

Voo = VIN = 15 V - 300 J.tA 
Input Impedance ZIN Voo = 5.0 V 50 - kil 
Serial Data Output Resistance RoUT Voo =5.0V - 20 k!l 

Voo = 15 V - 6.0 k!l 
SU pply Current 188 All outputs ON, Outputs open - 13 rnA 

All outputs OFF, Outputs open 
. - 100 p,A 

100 Voo = 5.0 V, All outputs OFF, All inputs = a v . - HlO J.tA 
Voo = 15 V, All outputs OFF, All inputs = 0 V - 200 J.tA 
Voo = 5,0 V,One output ON, All inputs = 0 V - 1.0 rnA 

Voo = 15 V, One output ON, All inputs - 0 V - 3.0 mA 

NOTES: Positive (negative) current is defined as gOing into (coming out of) the specified device pin. 
Operation of this device with standard TTl or OTL may require the use of appropriate pull-up resistors to ensure an input-logic high. 
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UCS-4810HHERMETlC' BiMOS 
1 O~BtT, SERIAL-INPUT, LATCHED DRIVER 

ELECTRICAL CHARACTERISTICS at TA = -55°C, Vaa = 60 V, Voo = 4.75 V to 15.75 V, Vss = 0 V 
(unless otherwise noted) 

Limits 
Characteristic Symbol Test Conditions Min. Max. 
Output OFF Voltage VOIIT - 1.0 
Output ON Voltage lOUT = -25 rnA 57 -

Output Pull-Down Current 101IT Vom = Vaa 300 850 
Output Leakage Current - -15 
Input Voltage VINIII Voo =5.0V 3.6 -

Voo = 15 V 14 -

VIN(oI -0.3 +0.8 
Input Current IIN(11 Voo = VIN = 5.0 V - 145 

Voo = VIN = 15 V - 430 
Input Impedance liN Voo = 5.0 V 35 -
Serial Data Output Resistance Rom Voo = 5.0 V - 20 

Voo = 15 V - 6.0 
Supply Current laB All outputs ON, Outputs open - 13 

All outputs OFF, Outputs open - 100 

100 Voo = 5.0 V, All outputs OFF, All inputs = 0 V - 100 
Voo= 15 V, All outputs OFF, All inputs = 0 V - 200 
Voo - 5.0 V, One output ON, All inputs = 0 V - 1.0 
Voo - 15 V, One output ON, All inputs:'" 0 V - 3.0 

ELECTRICAL CHARACTERISTICS at TA = + 125°C, Vaa = 60 V, Voo = 4.75 V to 15.75 V, Vss = 0 V 
(unless otherwise noted) 

Limits 
Characteristic Symbol Test Conditions Min. Max. 
Output OFF Voltage VOUT - 1.0 
Output ON Voltage 10m = -25 rnA 57 -
Output Pull-Down Current 10m Vom - VaB 400 1400 
Output Leakage Current - -30 
Input Voltage VINIII Voo= 5.0V 3.5 -

Voo = 15 V 13.5 -

VIN(oI -0.3 +0.8 
In put Current IINIlI Voo = VIN = 5.0V - roo 

Voo = VIN = 15 V - 300 
Input Impedance liN Voo=5.0V 50 -
Serial Data Output Resistance Rom Voo - 5.0 V - 27 

Voo = 15 V - 8.0 
Supply Current IBa All outputs ON, Outputs open - 15 

All outputs OFF, Outputs open - 100 

100 Voo = 5.0 V, All outputs OFF, All inputs = 0 V - 100 
Voo - 15 V, All outputs OFF, All inputs = 0 V - 200 
Voo = 5.0 V, One output ON, All inputs = 0 V - 1.5 
Voo = 15 V, One output ON, All inputs = 0 V - 4.5 

NOTES: Positive (negative) current is defined as going into (coming out of) the specified device pin. 

Units 
V 
V 

/-LA 
/-LA 
V 
V 
V 

/-LA 
/-LA 
kG 
kG 
kG 
rnA 

/-LA 
/-LA 
/-LA 
rnA 
rnA 

Units 
V 
V 

~ 

~ 
V 
V 
V 

/-LA 

~ 
kG 
kG 
kG 
rnA 

/-LA 
/-LA 
/-LA 
rnA 
rnA 

Operation of this device with standard TTL or OTL may require the use of appropriate pull-up resistors to ensure an input-logic high. 
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UCS-4810H HERMETIC BiMOS 
10-BIT, SERIAL:INPUT, LATCHED DRIVER 

CLOCK I ~I ______ _ 

""" {ti~.~~·'-I~--'---.;i.'--'.;i.------
STROBE I ' .... 1 _~ __ _ 

BLANKING I 
F=F-1 

OUTN li--~---....._~r-, 
Dwg. No. A-lO~ 990 

TIMING CONDITIONS 
TA == +25"C; Logic Levels are Vooand Vss 

Voo =5.0 V 'Voo = 15 V 

A. Minimum Data Active lime Before Clock Pulse (Data Set-Up Time) .... . . . . . .. . . . . . . . . . . . . . .. 250 ns 150 ns 
B. Mmimum Data Pulse Width ...................................................... 500 ns 300 ns 
C. Minimum Clock Pulse Width ...................................................... 1.0 f,LS 250 ns 
D. Minimum Time Between Clock Activation and Strobe ............ , ... , .............. :. .... 1.0 f,LS 400 ns 
E. Minimum$trobe Pulse. Width .....•.............................• _ . .. . .. . . . . .. .. . .. 500 ns 300 ns 
F. Typical Time Between Strobe Activation and Output Transition ........• ; .....•..... _ • . . . . .. 1.0f,LS 1.0 f,LS 

SERIAL DATA present at the input is transferreci 
to the shift register on the logic "0" tq logic "1" 
transition of the CLOCK input pulse .. On succeeding 
CLOCK pulses, the registers shift data information 
towards the SERIAL DATA OUTPUT. The SER
IALDATAmust appear at the input prior to the 
rising edge of the CLOCK input waveform. 

Information present at any registeris transferred to 
its respective latch when the STROBE is high 
(serial-to-parallel conversion). The latches will cone 

tinue to accept new data as long as the STROBE is 
held high. Applications 'Yherethe latcbesare bye 
passed <&TRO.l3E tiedqigb)will require that the 
BLANKING input be J:ligh during serial data entry .• 

When the BLANKING· input is high; all of the 
output buffers are. disabled.(OFF) without affecting 
the information stored.inthelatches or shift register. 
With the BLANKING input low, the outputs are 
controlled by the state, of the latches. 

UCS4810H TRUTH TABLES 
Serial 
Data Clock 
Input ." Input 

H I 
l ...r 
X 1. 

L = Low Logic Level 
H = High Logic Level 
X = Irrelevant 
P = Present State 
R = Previous State 

Shift Register Contents 

II 12,13 ; •• ,. Is Ig 110 
H RI R1 •. '. R7 Rs R 
l RI R2 ... R7 Rs Rg 
RI R2 R3 .. Rs Rg RID 
XXX ...... XXX 
1'11'21'3 .. 1'8 Pg 1'10 

Serial Latch Contents I Output Contents 
Data Strobe Blanking 

Output Input II 12 13 ..... Is Ig 110 Input II 12 13 ..... Is Ig 110 
Rg 
Rs 
RIO 
X l Rr R2 R3 .. Rs Rg RIO 
PIO H PI P2 P3 .. Ps Pg PIO l PI P2 P3 .. Ps Pg PIO 

XXX ...... XXX H lll ....... lll 
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UC~4815H 

HERMETIC BiM.OS. LA TCHISOURCE DRIVER 

UCS-4815H 
BiMOSLATCH/SOURCE DRIVER 

-Hermetic:ally Sealed 

FEATURES 

• High-Voltage Source Output~ 
• CMOS, PMOS, NMOS, TIL Compatible Inputs 
• low-Power CMOS latches 
• Internal Pull-Down Resistors 
• Wide Supply-Voltage Range 
• High-Reliability Screening to Mll-STO-883, Class B 
• Operating Temperature -55°C to + 125°C 

DESIGNED primarily for use with high-voltage 
vacuum-fluorescent displays, the Type UCS-

4815H BiMOS integrated circuit has eight NPN Dar
lington source drivers with pull-down resistors, a 
CMOS latch for each driver, and common strobe, 
blanking, and enable functions. 

The CMOS inputs cause minimum loading and are 
compatible with standard CMOS, PMQS, and 
NMOS ·logic commonly found in microprocessor 
designs. The use of CMOS latches also allows opera
tion over a supply-voltage range of 5 V to 15 V. 
When employed with. either. standard TTL or low
speed TTL, Type UCS-4815Hmay require the use of 
appropriate pull-up resistors, 

The bipolar outputs may be used as segment, dot 
(matrix), bar, or digit drivers in vacuum-fluorescent 
displays. Under normal operating conditions, these 
deviceswill sustain 25 rnA per outputat 50°C and a 
duty cycle of 89%. Other combinations of nU.!pbers 
of conducting outputs and dllty cycle are shown in 
the specifications in this bulle6n. 

A minimum component display subsystem, re
quiring few or no discrete components, may be as-
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Dwg. No. A-10.9Bl 

sembled by using a Type UCS-4815H BiMOS 
latch/source driver with a Type UCS-481OH serial
to-parallel latch Idriver. 

Type UCS-4815H is furnished in .22-pin hermetic 
dual- in-line packages, and is progessed to the re
quirements of MIL-STD-883, Methods 5004 and 
5005. To simplify printed wiring board layout, out
put pins on the package are opposite respective input 
pins. 

The same circuit is also available, with increased 
allowable package power dissipation, in plastic or 
glass Iceramic (cer-DIP) hermetic packages for op
eration over the extended temperature range of 
-40°C to +85°C(Type UCQ-4815A or UCQ-
4815R, respectively). Devices for use over a 
commercial lindustrial temperature range are desig
nated Type UCN.-4815A or UCN-4815R, respec
tively. 
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UCS·481SH 
HERMETIC BiMOS LATCH/SOURCE DRIVER 

ABSOLUTE MAXIMUM RATINGS 
at + 25°C Free-Air Temperature 

and Vss = 0 V 
Output Voltage, Vour .............................................. 60 V 
Logic Supply Voltage Range, Voo ............................... 4.5 V to 18 V 
Driver Supply Voltage Range, Vee ............................... 5.0 V to 60 V 
Input Voltage Range, VIN .............................. -0.3 V to Voo +0.3 V 
Con tin uous Output Current, lour .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -40 rnA 
Package Power Dissipation, Po ..................................... 1.6 W*: 
Operating Temperature Range, TA .......................... -55°C to + 125°C 
Storage Temperature Range, Ts ........................... -65°C to + 150°C 
'Derate at 15.4 mW;oC above +25°C. 

Number of 
Outputs ON 

(lour = - 25 rnA) 

8 
7 
6 
5 
4 

Maximum Allowable Duty Cycle 
at Voo = 5 V and TA of: 

100% 89% 
98% 

100% 

56% 
57% 
66% 
80% 

100% 

Caution: Sprague CMOS devices have input-static protection but ,are 
susceptible to damage when. exposed to extremely high static electrical 
charge~. 

ALLOWABLE AVERAGE PACKAGE POWER DISSIPATION 
AS A FUNCTION OF TEMPERATURE 

;: 6 
z 
z 
o 
~ 5 
c.. 
Vl 
Vl 

o 

'" "-
~ l'1t; 

4?Pl',£ 

~l' ~ 
~ '<do. 

'~ 
AMB/ NORMAL~ 

-......:.::::.~fRAruRf . . SYSTEM LIMIT "-~ (~ > 650C1W) I 

n r----25 50 75 100 
TEMPERATURE IN °c 
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UCS~4815N 

HERMmCBiMOS .LATCH/SOURCE DRIVER 

TYPICAL INPUT CIRCUIT TYPICAL OUTPUT DRIVER 

27K 15K 

Dwg. No. A-1O,980 
lOOK 

DW9. No. A-IO.9Rl 

ELECTRICAL CHARACTERISTICS at Ta = +25°C, Vaa = 60 V, Voo = 4.75 V to 15.75 V, Vss = 0 V 
(unless otherwise noted) . . 

Limits 
Characteristic Symbol Test Conditions Min. Max. Units 
Output OFF Voltal!e 1.0 v 
Output ON Voltage 57.5 V 
Output Pull-Down Current lour Your '", Vss 400 850 
Output Leakage Curr~nt -15 
Input Voltage Voo =5.0V 3.5 5.3 V 

Voo =,5V 13.5 15.3 V 
-0.3 +0.8 V 

Input Current Vno=VIN=5.0V 100 
Voo = VIN = 15 V 300 

Input Impedance lIN Voo =5.0V 50 
Supply Current All outputs ON,Outputs open 10.5 rnA 

, All outputs OFF, Outputs open 100 
Voo= S.OV, AlioutputsPFF Alr'inputs = a V 100 
Voo = 15 V, AU outputs,.QfF, All inputs =0 V 200 

, Voo = 5.0 V, One output ON, All inputs = ,a V 1.0 rnA 
Voo = 15 V,One.output PN, All inputs = OV 3.0 rnA 

.<'0 

NOTES: Positive (negative) current IS defined as going mto (coming out of) the specified device pm, " ", 
Operation of this device with standard mor DTlmay require·the Use of a,PPfopriate pilll~up res,istors to' ensure an input-logic high. 
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UCS-4815H 
HERMETIC BiMOS LATCH/SOURCE DRIVER 

ELECTRICAL CHARACTERISTICS at TA = -55°C, Vaa = 60 V, Voo = 4.75 V to 15.75 V, Vss = 0 V 
(unless otherwise noted) 

Characteristic Symbol Test Conditions Min. 
Output OFF Voltage Vour -

Output ON Voltage lour = -25 mA 57 
Output Pull-Down Current lour Vour = VBB 300 
Output Leakage Current -

Input Voltage V'NIl) Voo - 5.0 V 3.6 

Voo = 15 V 14 

V'NID) -OJ 
Input Current I 'Nil) Voo - Y'N - 5.0V -

Voo = V'N = 15 V -

Input Impedance l'N Voo = 5.0V 35 
Supply Current IBB All outputs ON, Outputs open -

All outputs OFF, Outputs open -

100 Voo = 5.0 V, All outputs OFF, All inputs = 0 V -
Voo = 15 V, All outputs OFF, All inputs = 0 V . -

Voo = 5.0 V, One output ON, All inputs = 0 V -
Voo = 15 V, One output ON, All inputs = a V -

Limits 
Max. 
1.0 
-

850 
-15 
-
-

+0.8 
145 
430 
-

10.5 
100 
100 
200 
1.0 
3.0 

ELECTRICAL CHARACTERISTICS at TA = + 125°C, Vaa = 60 V, Vou = 4.75 V to 15.75 V, Vss = 0 V 
(unless otherwise noted) 

Limits 
Characteristic Symbol Test Conditions Min. Max. 
Output OFF Voltage Vour - 1.0 
Output ON Voltage lOUT = -25 mA 57 -
Output Pull-Down Current loUT Vour = VBB 400 1400 
Output Leakage Current - -30 
In put Voltage V,NIl) Voo = 5.0 V 3.5 -

Voo = 15 V 13.5 -

V'N(O) -0.3 +0.8 
In put Current I'NIlI Voo = V'N = 5.0 V - 100 

Voo = V'N = 15V - 300 
Input Impedance lIN Voo= 5.0V 50 -
Supply Current IBB All outputs ON, Outputs open - 12 

All outputs OFF, Outputs open - 100 

100 Voo = 5.0 V, All outputs OFF, All inputs = 0 V - 100 
Voo = 15 V, All outputs OFF, All inputs = 0 V - 200 
Voo = 5.0 V, One output ON, All inputs = 0 V - 1.5 
Voo = 15 V, One output ON, All inputs = 0 V - 4.5 

NOTES: Positive (negative) current is defined as going into (coming out of) the specified device pin. 

Units 
V 
V 

f,LA 
p,A 
V 
V 
V 

p,A 
f,LA 
k!l 
rnA 
p,A 
f,LA 
f,LA 

mA 
mA 

Units 
V 
V 

f,LA 
p,A 
V 
V 
V 

f,LA 
f,LA 
k!l 
mA 
f,LA 
p,A 
f,LA 
mA 
mA 

Operation of this device with standard TIL or DTL may require the use of appropriate pull-up resistors to ensure an input-logic high. 
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UCS~481SH 

H~RMETIC BiMOS. LA TCHISOURCE DRIVER 

ENABLE --.J -----~ 

------~ 

____ -+~----~------~------~r--l~---------
-----~ 

Owg. No. A-I0,991 

TIMING CONDITIONS 
TA = +25°C; Logic Levels are VDD and Vss 

A. Minimum Data Active Time Before Strobe Enabled (Data Set-Up Time) .... : ......... ; ...................... 100 ns 
B. Minimum Data Active Time After Strobe Disabled (Data Hold Time) ....................................... 100 ns 
C. Typical Strobe Pulse Width For PowercUp Clear Disable ................................................ 500 ns 

Minimum Strobe Pulse Width AfterPower-Up Clear Disabled ............................................ 300 ns 
D. Typical Time Between Strobe Activation and Output On to Off Transition .................................... 1.0/L,S 
E. Typical Time Between Strobe Activation and Output Off to On Transition ................................... 1.0 /LS 
F. Minimum Data Pulse Width .................................................................... 500 ns 

Infonnation present at an input is transferred to its 
latch when the STROBE and ENABLE are high. The 
latches will continue to accept new data as long as 
both STROBE and ENABLE are held high. With 
either STROBE or ENABLE in the low state, no 
infonnation can be loaded into the latches. 

When the BLANKING input is high, all of the 
output buffers are disabled (OFF) without affecting 
the infonnation stored .in . .the latches.. With the 

BLANKING input low, the. outputs are controlled by 
the state of the latches. 

On first applying VDD to the device, all latch out
puts assume a low state (Power-Up Clear) resulting 
in all outputs being OFF. The latches will remain in 
the low condition until the Clear is· disabled by a 
STROBE high input. Data may be entered into the 
latches during Power-Up Clear disable ·if the ENA
BLE input is also high. 

UCS-4815H TRUTH TABLE 
In~uts OUT, 

IN, STROBE ENABLE BLANK T.l T 
1 1 0 X 0 
1 1 0 X 1 
X X 1 X 0 
0 X 0 1 1 
0 X 0 0 0 
X 0 0 1 1 
X 0 0 0 0 

X = irrelevant 
T-J = previous output state 

T = present output state 



SERIES UCS·4820H HERMETIC BiMOS 
8·BIT, SERIAL~INPUT, LATCHEDDRrVERS 

SERIES UCS-4820H 
BiMOS a-BIT, SERIAL-INPUT, LATCHED DRIVERS 

- Hermetically Sealed 

FEATURES 
• High-Voltage Current-Sink Outputs 
• CMOS, PMOS, NMOS, TIL Compatible 
• low-Power CMOS logic and latches ' 
• Internal Puil-Up/Puil-Down Resistors 
• Hermetically Sealed Packages to Mll-M-38S10 
• High-Reliability Screening to Mll-STD-883, Class B 

INTENDED FOR MIUTARY, aerospace, and re-
lated applications, Series UCS-4820H 8-bit, 

serial-input, latched drivers combine bipolar Dar
lington drivers with MOS logic circuitry (BiMOS) to 
provide an interface flexibility beyond the reach of 
standard logic buffers and power driver arrays. Ex
cept for the maximum allowable driver output
voltage ratings, Types UCS-4821H (50 V), UCS-
4822H (80 V), and UCS-4823H (100 V) are identi
cal. 

Each driver contains a CMOS shift register .and 
associated latches designed for operation over a 5 V 
to 15 V supply-voltage range. High-impedance in
puts cause minimal loading of data lines and are 
compatible with standard CMOS, PMOS, and 
NMOS logic. When used with standard TTL or 
Schottky TTL, appropriate pull-up resistors may be 
required to ensure an input-logic high. The CMOS 
serial-data output allows cascading these devices for 
interface applications requiring additional drive 
lines. 

The eight high-current bipolar outputs can drive 
multiplexed LED displays! incandescent lamps, 
thermal print heads, and (with appropriate clamping 
techniques) relays, solenoids and other high-power 
inductive loads. Under normal operating conditions, 
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CLOCK 1 OUT, 

SERIAL DATA IN 2 OUT, 

OUT) 

OUT~ 

SERIAL DATA OUT 5 OUTS 

OUTPUT ENABLE 7 

DWG.NO. A-l1,388A 

and without heat sinking, these devices can sustain 
200 rnA per output at 50°C at a 42% duty cycle. 
Other combinations of number of conducting out
puts, temperature, and duty 'cycle are shown on the 
following page. 

Series UCS-4820H is furnished in 16-pin side
brazed dual in-line hermetic packages that meet the 

. processing and environmental requirements of Mili
tary Standard MIL-STD-883, Methods 5004 and 
5005. 

These same circuits are also available, with in
creased allowable package power dissipation, in 
glass Iceramic «(;er-DIP) hermetic packages or plas
tic packages for operation over the extended temper
ature range of -40°C to +85°C (Series UCQ-4820R 
or UCQ-4820A, respectively). Devices for use over a 
commercial/industrial temperature range are desig
nated Series UCN-4820R or UCN-4820A, respec
tively. 

o 



SERIES UCS-4820H HERMETIC Bi.MOS 
8-~IT, SERlAL-INPUT,LATCHED DRIVERS 

CLOCK I 

SERIAL 
DATA IN 

ABSOLUTE MAXIMUM RATINGS 
at +25"CFree-Air Temperature 

and Vss = 0 V 
Output Voltage, VOIII (UCS·4821H) .................................... so V 

(UCS·4822H) ........ ,: ............ , ............. 80 V 
(UCS·4823H) ................................... 100 V 

Logic Supply Voltage, V DO •••••••••••••••••••••••••••••••••••••••••• 18 V 
Input Voltage Range, V~ .............................. -0.3 V to VOD +0.3 V 
Continuous Output Current, 10111 •••••••••••••••••••••••••••••••••••• 500 mA 
Package Power Dissipation, Po .................................. See Graph 
Operating Temperature Range, TA .......................... -SsoC to + 12SOC 
Storage Temperature Range, Ts ........................... -6SoC to + lS0°C 

Number of Maximum Allowable Duty Cycle 
Outputs ON at Voo = S V and TA of: 

(louT =200 mAl +ZsoC +SOOC +8SOC 

8 SO% 42% 18% 
7 63% 48% 21% 
6 74% 56% 25% 
5 88% 67% 30% 
4 100% 84% 37% 
3 100% 50% 
2 75% 
1 100% 

Caution: Sprague CMOS. devices have input·static protection but are 
susceptible to damage when exposed to extremely high static electrical 
charges. 

FUNCTIONAL BLOCK DIAGRAM 

SERIAL 
DATA OUT 

7 OUTPUT ENABLE 

MOS 
BIPOLAR 

® GROUND 

Dwg. No. A-ll,391B 
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TYPICAL INPUT CIRCUITS 

Voo 

400K STROBE S 
OUTPUT ENABLE MO 

CLOCK 
SERIAL DATA 

IN o--r--B>-
~100KV 
Vss 

TYPICAL OUTPUT DRIVER 

GROUND 

Dwg. No. A-ll.390 

;-..... 

SERIES UCS-4820H HERMETIC 8iMOS 
8-8IT, SERIAL-INPUT, LATCHED DRIVERS 

ALLOWABLE AVERAGE PACKAGE POWER .DISSIPATION 
AS A FUNCTION OF TEMPERATURE 

.......... c 

~ >('A,: 
:.4~)jI..f 

~ (s 

~ o. 
c/~J 

~ 
NORMAL~ 

SYSTEM LIMIT 

- I 
1 """'SIE"NT 

~ 

o 
15 

T TTERATuRE~- I 1 ,.. 90j CIWI l r--I---
50 75 100 

TEMPERATURE IN °C 

", 125 150 

DWG. NO. A-ll.677 

ELECTRICAL CHARACTERISTICS atTA ::: + 25°C Voo = 5 V Vss = 0 V (unless otherwise specified} , , 

Applicable limits 

Characteristtc Symbol Devices Test Conditions Min. Max. Units 
Output Leakage ICEX UCS-4821H VOUT=50V - 50 tJA 
Current UCS-4822H VOUT=80V. - 50 fLA 

UC$-4823H VOUT = 100 V - 50 fLA 
Collector-Emitter VCE(SAT) ALL lOUT = 100 mA - 1.1 V 
Saturation Voltage lOUT = 200 mA - 1.3 V 

lOUT = 35.0 mA, VDD = 7.0 V - 1.6 V 
Input Voltage V'N(D) ALL - 0.8 V 

VIN(l) ALL VDD = 15 V 13.5 - V 
VDD = 10 V 8.5 - V 
VDD = 5.0 V (See note) 3.5 - V 

Input Resistance R'N ALL VDD=.15V 50 - kll 
VDO = lOY 50 - kll 
VDo=5.0V 50 - kll 

Supply Current 10D(oN) ALL One driverQN, VDD = 15 V - 2.0 mA 
One driver ON, VDD = 10 V - 1.7 mA 
One driver ON, VOo = 5.0 V - 1.0 mA 

IDD(om ALL VDD = 5.0 V, All drivers OFF, All inputs = .0 V - 100 fLA 
VDD = 15 V, All drivers OFF, All inputs = 0 V - 200 fLA 

Note: Operati(}n of these devices with standard TTL or DTL may require the use of appropriate pull-up resistors to ensure an input-logic high. 
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S.ERIES UCS-4820H'HERMETIC BiMOS 
8-BIT, SERIAL-INPUT, LATCHED DRIVERS 

ELECTRICAL CHARACTERISTICS at TA = - 55°C, Voo = 5 V, Vss = 0 V (unless otherwise specified) 

Applicable 
Characteristic Symbol Devices Test Conditions Min. 
Output leakage IcEX UCS-4821H VOUT = 50 V -
Current UCS-4822H VOUT = 80V -

UCS-4823H VOUT = 100 V -

Collector-Emitter VCEiSAll ALL lOUT = 100 rnA -
Saturation Voltage lOUT = 200 rnA -

loUT = 350 rnA, Voo = 7.0 V -
In put Voltage V,NIO) ALL -

V,•Il) ALL Voo = 15 V 14 
Voo = 10 V 9.0 
Voo = 5.0 V (See note) 3.6 

Input Resistance R'N All Voo = 15 V 35 
Voo=10V 35 
Voo = 5.0V 35 

Supply Current 10010N) ALL One driver ON, Voo = 15 V -
One driver ON, Voo = 10 V -

One driver ON, Voo = 5.0 V -

10010FF) All Voo = 5.0 V, All drivers OFF, All inputs = 0 V -

Voo = 5.0 V, All drivers OFF, All inputs = 0 V -

Limits 

Max. 
50 
50 
50 
1.3 
1.5 
1.8 
0.8 
-

-

-

-

-
-
2.5 
1.9 
1.2 
100 
200 

ELECTRICAL CHARACTERISTICS at TA = + 125°C, Vou = 5 V, Vss = 0 V (unless otherwise specified) 

Applicable Limits 

Characteristic Symbol Devices Test Conditions Min. Max. 
Output Leakage IcEX UCS-4821H VOUT = 50 V - 500 
Current UCS-4822H VouT =80V - 500 

UCS-4823H VOUT = 100 V -' 500 
Collector-Emitter VCElSAl) All lOUT = 100 mA* - 1.3 
Saturation Voltage lOUT = 200 rnA * - 1.5 

lOUT = 350 mA*, Voo = 7.0 V - 1.8 
Input Voltage V,NIO) ALL - 0.8 

V,NIll ALL Voo=15V 13.5 -
Voo=10V 8.5 -

. Voo = 5.0 V (See note) 3.5 -
Input Resistance R'N ALL Voo = 15 V 50 -

Voo = 10 V 50 -

Voo = 5.0 V 50 -

Supply Current 100{oN) ALL One driver ON, Voo = 15 V - 2.0 
One driver ON, Voo = 10 V - 1.7 
One driver ON, Voo = 5.0 V - 1.0 

looiOm ALL Voo = 5.0 V, All drivers OFF, All inputs = 0 V - 100 
Voo = 5.0 V, All drivers OFF, All inputs = 0 V - 200 

Units 
fLA 
fLV 
fLV 
V 
V 
V 
V 
V 
V 
V 

kG 
kG 
kG 
rnA 
rnA 
rnA 

fLA 
fLA 

Units 
fLA 
fLV 
fLV 
V 
V 
V 
V 
V 
V 
V 

kG 
kG 
kG 
rnA 
rnA 
rnA 

fLA 
fLA 

Note: Operation of these devices with standard TTL or OTt may require the use of appropriate pull-up resistors to ensure an input-logic high. 
*Pulsed test. 
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SERIES UCS-4820H HERMETIC BiMOS 
8-BIT, SERIAL-INPUT, LATCHED DRIVERS 

Dwg. No. A-lO,990A 

TIMING CONDITIONS 
TA = +25°C; Logic Levels are Voo and Vss 

Voo = 5.0 V Voo = 15 V 
----

A. Minimum Data Active Time Before Clock Pulse (Data Set-Up Time) .............................. . 250 ns 150 ns 
B. Minimum Data Pulse Width .......................................................... . 500 ns 300 ns 
C. Minimum Clock Pulse Width ....................................................... "." .. 1.0 JLs 250 ns 
D. Minimum Time Between Clock Activation and. Strobe ...................................... ' .. . 1.0 JLs 400 ns 
E. Minimum Strobe Pulse Width .........................•............. ; ....... , ......... . 500 ns 300 ns 
F. Typical Time Between Strobe Activation and Output Transition ................................. . 1.0 JLS 1.0 JLS 

SERIAL DATA present at the input is transferred 
to the shift register on the logic "0" to logic "1" 
transition of the CLOCK input pUlse. On succeeding 
CLOCK pulses, the registers shift data information 
towards' the SERIAL DATA OUTPUT. The SER
IAL DATA must appear at the input prior to the 
rising edge of the CLOCK input waveform. 

Information present at any register is transferred to 
its respective latch when the STROBE is high 
(serial-to-parallel conversion). The latches will con-

tinue to accept new data as long as the STROBE is 
held high. Applications where the latches are by
passed (STROBE tied high) will require that the 
ENABLE input pe high during serial entry. 

When the ENABLE input is high, all of the output 
buffers are disabled (OFF) without affecting the in
formation stored in the latches or shift register. With 
the ENABLE inpllct low, the outputs are controlled 
by the state of the latches. 

SERIES UCS-482Off TRUTH TABLE 
Serial Sh itt Register Contents 
Data Clock 
Input Input 11 1213 .•.•..••.• Is 

L I H KI K1 .......• 1<) 
H I L RI R2 ........ R) 
X "'l.. RI R2 R3 ........ Rs 

xxx .......... x 
p[ P2 P3 ....... 'Ps 

l = low logic level 
H = High logic level 
X = Irrelevant 
P = Present State 
R = Previous State 

Serial 
Data 

Output 
1<) 
R) 
Rs 
X 
Ps 

Latch Contents Output Contents 
Strobe Output 
Input 1[12 13 •••••••••• Is Enable 11 1213 ••••••••.• Is 

L RI R2 R3 ........ Rg 
H PI P2 P3 ....... ; Ps L I"i P2 P3 ........ P8 

xxx .... ; ..... X H H H H .......... H 
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·I~ I:IJ)S~,.5'OOH·' 
QUADl-tt4~~lPERIPH~RAL ANI> POWER DRIVERS 

SERIES UQS-5700H 
QUAD 2-INPUT PERIPHERAL AND POWER DRIVERS 

.. , - Hermetically Sealed 

FEATURES 
eFourTogic Types 
e01LITTUPMOSlCMOS Compatible Inputs 
eLow Input Current 
eSustaining Voltage of 80 V 
• Hermetically Sealed Package to MIL'M-38510 
e High-Reliability Screening to MIL-STD-883, Class B 

Description 

These, 16-Lead quad 2-input peripheral and power drivers are bi-polar 
monolithic integrated circuits incorporating AND" NAND, OR, and NOR 
logic gates, high-current switching transistors, and transient suppression 
diodes on the same chip. The four output transistors are capable of 
simultaneously sinking ISO mA continuously at an ambient temperature of 
+?O~C~, . In tpe OFF state, these drivers will sust~n at least.80 V~, 

Applicatlo'11 

The Seri~s'lJDS~S70<>H 'quad (lrivers are ideally suited for interface betWeen 
iow-level:t>r high-level logic and high-currenUhigh-voitage loads. TYpical 
applications include driving peripheral loads such, as incandescent lamps, 
lighhe,mitting diodes; memories, and heaters. ' ,', , 

"Th~i~te~iai trillisient suppression diodes, allow thei~ USe with inductive, 
loads suCl\ ,jas telllY~; solen.oids, or stepping motors without the need for' 
disCi-ete'oiodes,: 'For non-itllluCtive loads, the diode common bus can be 
used asiconvenient lamp test:' ,,' , 

ABSOlUIE'MMIMUM i RATINGS 
Supply Voltage, Vee .........• ;. ; ,' .. : .................. , .. ,' .... " ... 7.0 V 
Input Voltage, Nin.: ...... : ...... : ......................... , ......... 30 V 
OutputOff'State'Voltage, Volt ..... , .......•.. " , ...... : .. ," ....... ",' . 80 V 
Output bn~State shik Current, Ion ........ , . , ...• '.' ',' " ....... , ......... 600 rnA 
Suppression Diode Off-State Voltage, Volt ..... , . , .. ',' .,' ..... , .........• " .. 80 V 
Suppression Diode;On:State Current, ,Ion. .... • ... . .. . • . . ........... 600mA 
PowerDissipation,' PO-,.,' .. ; . " ... , •• : "', . ,', ..•......•.. ' .. , .. , ........ 1.0 W 
p'~c1iagep.olYer D'SSipa,t!on, PO:': " " ',""'" .. ; .... . .•... ",.'" See Graph 
Ambient Temperatlire Range,(operating), TA ...................... -55°Ct(}+125~ 
SforageTemperafure Range, Ts ... -.................. :': ....... -65"C to +150°C 



NOTES: 

SERIES UDS-S700H 
QUAD 2-INPUTPERIPHERAL AND POWER DRIVERS 

POWER DISSIPATION 
AS A FUNCTION OF TEMPERATURE 

OWG.IIO.A-IO.19SA 

RECOMMENDED OPERATING CONDITIONS 

Supply Voltage (VCe) 
Operating Temperature Range 
Current into any output (ON state) 

Min. 
4.5 
-55 

Nom. 
5.0 
+25 

Max. 
5.5 
+125 
300 

ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted) 
Test Conditions limits 

Driven Other 
Characteristic Symbol Temp. Vee Input Input Output Min. Typ. Max. Units 

"I" Input Voltage Vin(1) MIN 2.0 V 
"0" Input Voltage VinlO) MIN 0.7 V 
"0" Input Current ionlO) MAX 0.4 V 30 V - 50 -100 I'A 
"I" Input Current I;nll) MAX 30 V OV 10 I'A 
I nput Clamp Voltage VI MIN -12 rnA -1.5 V 

SWITCHING CHARACTERISTICS at Vee = 5.0V, TA = 25°C 
> limits 

Characteristic Symbol Test Conditions Min. Typ. Max. Units 

Turn-on Delay Time tpdO Vs = 70 V, Rl = 465 II (10 Watts) 200 500 ns 
Cl = 15 pF 

Turn-off Delay Time tpdl Vs = 70 V, Rl = 465 \l (10 Watts) 300 750 ns 
Cl = 15 pF 

Units 
V 
°c 
rnA 

Notes 

2 

2 

Notes 

3 

3 

INPUT PULSE CHARACTERISTICS 
1. Typical values are at Vee = 5.0V, T A = 25'C. 
2. Each input tested separately. VinlOI = OV Ii = 7ns t. = II'S 
3. Voltage values shown in the test circuit waveforms are with, respect to network'ground terminal. Vin(l! = 3.5V t, = 14ns PRR = 500kHz 
4. Capacitance values specified include probe and test fixture capaCItance, L...;;:::..c. ____ .-,; ________ ---' 
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SERIES UDS-S700H 
QUAD 2-tNPUT PERIPHERAL AND POWER DRIVERS 

Type UDS·5703H Quad OR Driver 
ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted) 

Characteristic 

"I" Output Reverse Current 

"0" Output Voltage 

Diode leakage Current 

Diode Forward Voltage Drop 

"I" level Supply Current 
"0" level Supply Current 

Test Conditions 

Driven Other 
Symbol Temp, Vee Input Input Output Min. 

loH MIN 2.0V OV BOV 
OPEN l.OV OV BOV 

Von MIN O.B V O.BV I!iOmA 
MIN O.B V O.B V 300 rnA 

ILK NOM NOM OV OV OPEN 

VD NOM NOM Vee Vee 
lee(1) NOM MAX 5.0 V 5.0 V 
lee(o) NOM .MAX OV OV 

INPUT Vee = 5V OPEN OUTPUT 

-i t-tr -i foe-- If 

INPUT to;:":\ ----- -- -- V,"'I) 

1~ tot----- I" --i 10% Vjn({)} 

, I 
, , I 

'pel1 -r---I r------;-'lpdO 

'1- , .. L:::::: OUTPUT 

NOTES: 

j-- ----I 
I 'l : 

/--''--+' --1 I 
I 
I 
I 

. lSpF I 

I ]Note5)1 
I ",LOAD I 

UI~C~I:"_: 
DWG. NO • .I..~9123A 

.1. Typical values are at Vee = 5.0 V, TA = 25"C. 
2. Per package. 
3. Diode leakage current measured at VR = Vofl(m;n). 
4. Diode forward voltage drop measured at II ;= 300 rnA. 

Limits 

Typ. 

0.4 
0.6 

1.5 

16 
72 

5. Capacitance values specified include probe and test fixture capacitance. 
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Max. 

100 

100 

0.5 
0.8 

200 

1.75 

25 
100 

Units Notes 

pA 
pA 

V 
V 
pA 3 
V 4 
rnA 1,2 
rnA 1,2 



SEltES ODS·5700H 
QOAD2.0INPU1'>'ERIPHERAl AND POWIR DRIVERS 

Type UDS·5706H Quad AND Drhntr 
ELECTRICAL CHARA~T£R.I&tlC,~.Qye, ,operating temperatqre rang~(unless otherwise noted) 

\".., ,~ . ;~. " 

," ;' 
I" 

t Characteristic \" 

"I" Outp~rReverse .cufrent 

\ . ... 
"0" OutpulVOllage 

Diode Leakage'Current 
, . Diode Forward Vollage 'Drop 

'''1'' Level. SU{lply Current 
"0" Level SUPP.IY Current 

, 

.. 
Test Conditions limitS ... 
';'Yn~~n, . . other 

Symbol .Temp. Ycc ('nput Output Mill. .T~Jl. 

loff 
,. MIN 2.0 V ·.:2:O'V .110\1 

.. , .. 

QPEN tov 2.0Y ,.80V 

I/on .. MIN 0.8 V Vc!= ISOmA .•.. ~.4 

... MIN 0.8 V 
iLK NOM '.NOM o V· 

.\1D NOM NOM Vee 
I-<:C(l) NQM MAX 5.0 V 

'IcClO) NOM MAX OV 

INPUT 

NOTES: 

Vee .. 300 mA 
011 OPEN . ' . 
Vcc .' . -"- '. 
S.Ii.V . , 
OV 

I . 
. : .• j. 

":: .• }l5PF: .: 
'" (Note'S} I 
jt , 

"I ""2' LOAD I 
, CIRCUIT.I L _____ J 

OWG. ~O. ,,-"787U 

1. Typical values are at'lIce ,;,,5.0 V, T A; ... 25·C. 
2. Per package. 
3. Diode leakage currentmell§urejjat lIR·..= V.ff{ .. ,;,) ..•• ,-

0.6 

j' 1;5 

16 
70 

4. Diode !orwar4vollage-drop'measu,red l'tl.f =300 I!)A.. . ,. . 
? .~. ,C~JIl:i.lance,values specified include 'probe and test fixtute!:llpaCitance. 
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Max. .. ,Units 

loa ··;'A· 
100 ,.A 

0.5 V· 

0.8 V 
200 pA . 
1.}5 V 
24 :rnA. 
98 mAo 

. 

. Notes 

1"3 

4. 
1,2 
1,2 



SfRlfS UDS:'S70OH 
QUAD 2~Itf'Ul PfRll'HERAL ANDr'OMR DR~VERS 

Type UDS-5707H Quad NAND Driver 
EUCTRICAL CHARACTERls'ncs over operating temperatlirerange (unlessothe~ise; noted) 

Ch~racteristi~ , 

"1" Output Reverse·Cur.rent 
,. .' 

"0" Output Voltage 

" 
Diode Leakage:Cu rrent 
Diode Forward Voltage.·Drop 
"1" Level Supply Current 
"0" Level Supply Current 

Symbol Temp. Vee 

loff MIN 
OPEN 

V .... MIN 
MIN 

ILK NOM NOM 

VD NQM NOM 

leell) NOM MAX 
lee(o) . NOM .MAX 

Test Condit.ions 
. Driven 
Input 

MV 
0 .. 8 V 
2.0V 
2.0V 

Vee 
OV 
OV 
5.0 V 

Other 
Inp~t Output Min. 

Vee SOV 

Vee 80V 
2.0V 150 rnA 
2.0 V 300 rnA 

Vee OPEN 
ov 
OV 
5.0 V 

N 0\);: Vs 

rl'----' 
: RL 
I 
, 
I 
I 
I '11SPF I , 
I (NoteS) 
I 

: LoAD 
I CIRCUIT L. _____ J 

OW. 110. "'78!)91 

• ';" I 

tr --*'-I.' .....-tf . y:: . : ~ t. - - - - - - - - -.. - Vlm1) 
INPUT. 'l _.: so.f,\ 
_ _ ;.......::19'!10 ......... 10-- t -":10% V'n( , 

I . p" . I 0, 

~p<Il ~ ; .... l·---t-, 
I ", VooIl(1) 

OWl. 10. '4900" 

NOTES: 
1. Typical valuesareatVec'~ 5.0 V, T" _ 2S·C. 
2. Per package. 
3. Diode leakage current measuredatV. ~ Voff( .. ;.;~ "" 

Limits 

Typ. 

0.4 
0.6 

I.S 
24 
80 

4. Diode forwa(l! voltage drop measured at h=300 ritA:' 
5. capacitance values specified include probe and teSlfixturecfpacitanee. 
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til_x, 
100 

100 
0.5 
0.8 
200 
1.75 
30 

106 

j 

Units Notes. I' 
v.A 

"A 
V 
V 
,.A 3 
V 4 
rnA 1,2 
rnA 1,2 



SERIES UDS"S100fi 
QUAD 2-INPUTPERtPHERAL AND POWERl>RIVERS 

Type UDS·5733H Quad NOR DriY~r 
ELECTRICAL tHA.RACTERISTICS ov~operati{lg tempe~ature range (unless olher~se noted) 

; 

Characteristic Symbol 

"I" Output Reverse Current loff 
'., 

"0" Output V~ltage . Von 

Diode Leakage Current ILK 
Diode Forward Voltage Drop VD 
"I" Level Supply Current lee(1) 
"0" Level Supply Current lee(o) 

'.' 

INPur 

10 

ourpur 

Temp. 

NOM 
NOM 
NOM 
NOM 

NOTES: 

Test Conditions 
Drivelf "Oll1er ", 

Vee Input Inpul Output 

MIN O.S V O.SV SOV 
OPEN 0.8 V 0.8 V SOV 
MIN 2.0 V OV 150mA 
MIN 2.0V OV 300 mA 
NOM Vee Vee OPEN 
NOM OV OV 
MAX OV OV 
MAX 5.0 V 5.0 V 

'--_..1.- - - - - - - VOlJt(O) 

DIWG. NO. A-1900Jo 

t:Typ~1 valuesare at Vee = 5.0 V, TA = 25°C. 
2. ,P~r, package. ,., , 
3, Dlode'leakage current measured at VR = Voff(mlft) •. 

" 

Limits 
'. 

Min. Typ. Max. 

100 
100 

0.4 0.5 
0.6 0.8 

200' 
1.5 1.75 
24 3Q: 
SO 100 

...... ,.. ..... 

4. Diode foiward Voltage drop measured at " = 300 rnA. 
5. Capacitance values specified include probe and test fixture capacitance. 
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Units 

/loA 
p.A 

V 
V 

p.A' 

V. 

' rnA 
rnA 

Notes 

'" 

1."3' ' 

4 : ~ 
" 1,2 

1,2 

o 



SERIES UQ$-SUQH 
DUAL,pERt.tti£RALAND'OWER'DRIVERS" ' 

SERIES UDS-5710H 
DUALPERfPHERAt'AND POVlER'fJRIVERS 

HermeticaUySecded . ,. . .. ., 

FEATURES 
• Four logic types ... 
• DTllTIl/PMOS/CMOS Compatible Inputs 
• low Input Current 
• Sustaining Voltage of 80 V 
• Transient-Protected' Outputs·' 
• High-Reliability Screening to Mll-STD-883, Class 8 

Delcrlptfon 
These dual peripheral and power drivers are bipolar monolithic integrated 
circuits incorporating AND, NAND, OR, or NOR logic gates, high
current switching transistors, and transIent suppression diodes'on the same 
chip. The two output transistors are capable of simultaneously sinking 
200 rnA continuously at ambient temperatUres of up to +, 85°C, In the OFF 
state, these drivers will sustain at least 80 V. Units are supplied in8-pin 
hermetically sealed mini-DIP packages. 

Appllcatlonl 

The Series UDS-S710H dual drivers are ideally suited for interface between 
low-level or high-level logic andhigh-current/high-voltage loads. Typical 
applications include driving peripheral loads such as incandescent lamps, 
light-emitting diodes, mllmories, and heaters with a load current of up to a 
SOO rnA peak value. 

The integral transient suppression diodes allow the use of these drivers 
with inductive loads~uclfas ri~lays; solenoids, or stepping motors without' 
the need for discrete4iodes. Whatnot required for transientsuppressi!)n, 
the diode common t;qs can be used to perform the "lamp test" functiop. 

~. '. 
L> 

AaSoLUTEMAlIMUM UTINGS 

Supply Voltage, Vee .... .. ... : .... I ..... , .................. ~: ....... 7.0 V 
Input Voltage, Vin ......: ,;.; .................................... 30 V 
Output Off-State Voltage, voii .. .. . . . . . . . . . . . . .. ........................... 80 V 
Output On·State Sink Current, Ion ......................................... 500 mA 
Suppression Diode Off-State Voltage, Vo" ..................................... 80 V 
Suppression Diode On-State Current, Ion .................................... 500 mA 
Power Dissipation, Po (one output) ......................................... 1..O,W· 

(total package) ........... ::'. ' ..•....... : . ;c •••.• , .: •• ~, •. See Graph 
Ambient Temperature Range (operating), TA ........... :. " ... ','.' ". " 7~5°CtQ':*,125°C 
Storage Temperature Range, Ts ........ ; •.......... , ..... , .. ,,::.:.:.:':';"650Cto+150°C 
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DlIJi. 110. '-919f< •. ~ 

Type UDS.5illH 
Dual· AND Drive" . './"',: 

Type UDS.5712H 
Dual NAND Driver 

Type UDS·5713H 
Dual OR Driver 

M.IIO.A-1711 

Type UDS·571 .. H 
Dual NOR Driver 



POWER DISSIPATION 
AS A FUNCTION OF TEMPERATURE 

SERIES UDS-S710H 
DUAL PERIPHERAL AND POWER DRIVERS 

TEMPERATURE IN °c 
"WI>. ~o. A· 10.378 

RECOMMENDED OPERATING CONDITIONS 

Supply Voltage (Vee) 
Operating Temperature Range 
Current into any output (ON state) 

Mm. 
4.5 
-55 

Nom. 
5.0 
+25 

Max. 

5.5 
+125 
300 

Units 

V 
°C 
rnA 

ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted) 
Test Conditions Limits 

Driven Other 
Characteristic Symbol Temp. Vee Input Input Output Min. Typ. Max. Units Notes 

"1" Input Voltage Vin(ll MIN 2.0 V 
"0" Input Voltage V;"O) MIN 0.8 V 
"0" Input Current at all Inputs 
except Strobe 1;0(0) MAX 0.4 V 30 V -50 -100 I'A 2 
"0" Input Current at Strobe 1;0(0) MAX 0.4 V 30 V -100 -200 I'A 
"1" Input Current at all Inputs 
except Strobe 1;0(1) MAX 30 V OV 10 I'A 2 
'T' Input Current at Strobe 1;0(1) MAX 30 V OV 20 I'A 2 
Input Clamp Voltage VI MIN -12 mA -1.5 V 

SWITCHING CHARACTERISTICS at Vee = 5.0V, TA = 25°C 
limits 

Characteristic Symbol Test Conditions Min. Typ. Max. Units Notes 

Turn-on Delay Time t,dO Vs = 70 V, Rl = 465 n (10 Watts) 200 500 ns 3 
Cl = 15 pF 

Turn-off Delay Time T,dl Vs - 70 V, Rl - 465 n (10 Watts) 300 750 ns 3 
Cl = 15 pF 

NOTES, 
I. Typical values are at Vee = 5.0V. TA ~ 251:. 
2. Each input tested separately. 
3. Voltage values shown in the test circuit waveforms are with respect to network ground terminal. V"IOI = OV 

INPUT PULSE CHARACTERISTICS 

tf = 7ns t, = II'S 
4. Capacitance values specified include probe and test fixture capacitance. V"ilI = 3.5V t, = 14ns PRR = 500kHz 

~------------------------~ 
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SERIES UDS-S71QH 
DUAL PERIPHERAL AND POWER DRIVERS 

UDS·5711 H Dual AND Driver 
ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted) 

Characteristic 

"1" Output Reverse Current 

"0" Output Voltage 

Diode Leakage Current 

Diode Forward Voltage Drop 

"1" Level Supply Current 

"0" Level Supply Current 

INPUT 

Test Conditions 

Driven Other 
Symbol Temp. Vee Input Input Output 

loll MIN 2.0 V 2.0 V BO V 
OPEN 2.0 V 2.0 V BOV 

Von MIN O.B V Vee 150 rnA 
MIN 0.8 V Vee 300 rnA 

ILK NOM NOM OV OV OPEN 
VD NOM NOM Vee Vee 
leelll NOM MAX 5.0 V 5.0 V 

leelol NOM MAX OV OV 

INPUT 2.4V VCC=SV 0 EN au;: Vs 

1I)Ok ..:",,1.;;,;00/,;;"0 ____ Vin(O) 

, , 
tpd' ---r-----I 1""---+1'1- tpdO 

r ----, 
Rl 

, , , , 
I lSpF 

i llNGtes) 

: -; LOAD 
I 'CIRCUIT I '- _____ .J 

DWG. ;,0. A-7S78A 

, 'r-...----...,: ----Vout(l) 

_OU_T_PU_T ___ --'/SIY'lo 50% L VM(O) 

OWG. Mo. A-7628C 

NOTES: 
1. Typical values areal Vee = 5.0 V, TA = 25°C. 
2. Per package. 
3. Diode leakage current measured at VR = Volllm'ni. 
4. Diode forward voltage drop measured at If = 300 rnA. 

Limits 

Min. Typ. 

0.4 
0.6 

1.5 
B.O 

35 

S. Capacitance values specified include probe and test fixture capacitance. 

5-7.6 

Max. 

100 

100 

0.5 
0.8 

200 

1.75 
12 

49 

Units Notes 

I'A 

I'A 
V 

V 

I'A 3 
V 4 
rnA 1,2 
rnA 1,2 



SERIES UDS-S710H 
DUAL PERIPHERAL AND POWER DRIVERS 

UDS·5712H Dual NAND Driver 
ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted) 

Characteristic 

"I" Output Reverse Current 

'.'0" Ootput Voltage 

Diode Leakage Cu rrent 

Diode forwardVoltage Drop 

"1" Le.vel Supply Current 

"0" Level Supply Current 

INPUT 

OUTPUT 

Test Conditions 

Driven Other 
Symbol Temp. Vee Input Input Output 

I off MIN 0.8 V Vee 80 V 
OPEN 0.8 V Vee 80 V 

YO" MIN 2.0 V 2.0 V 150 mA 
MIN 2.0 V 2.0 V 300 mA 

:ILK NOM NOM Vee Vee OPEN 

VD NOM NOM OV OV 

icePI NOM MAX OV OV 

leelol NOM MAX 5.0 V 5.0 V 

INPUT 2.4V VCC=5V 0 EN ou;: Vs 

rl----, 

~ __ .J_ - '- - ..:. - - v out(O) 

DWG. 110. 4-19004 

NOTES: 

I 
I 
I 

'L 

I 15pF 

i TNot.SI 
: ":: LOAD 
I CIRCUIT I 
L ___ ~ _ J 

1. TYPical values are at Vee ~ 5.0 V,l A' ~ 25°C. 
2. Per package. . 
3. Diode leakage current measlJred at VR 0::: 'voff(mil'l). 

4. Diode forward voltage drop measured at I, ~ 300 mAo 

Limits 

Min. Typ. 

0.4 
0.6 

1.5 

12 
40 

5. Capacrtance values specified Include probe and test fIXture capacitance. 
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Max. 

100 
100 
0.5 
0.8 
200 

1.75 
15 

53 

Units Notes 

IJA 

IJA 
V 

V 

IJA 3 
V 4 
mA 1,2 
mA 1,2 

o 



SERIES UDS·5710H . 
DUALPERIPHERAtANDPOWERDRIVERS 

UDS·5713H Dual OR Driver 
ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted) 

Characteristic 

"1" Output Reverse Current 

"0" Output Voltage 

Di.ode Leakage Current 

Diode Forward Voltage Drop 

"1" Level. Supply Current 

"0" Level Supply Current 

Symbol Temp. 

loff 

V~n 

ILK NOM 

Vo NOM 

leelll NOM 

leelol NOM 

Ipdl~

_O"..."PU...".....,....,.....,...,J/~ 

Test Conditions 

Driven Other 
Vee Input Input Output Min. 

MIN 2.0 V OV SO V 
OPEN ,2.0 V OV SOV 

MIN O.S V o.sv 150 mA 

MIN O.S V O.S V 300mA 

NOM OV OV OPEN 

NOM Vee Vee 
MAX 5.0 V 5.0V 

MAX OV OV 

INPUT Vee 5V OPEN OUTPUT 

, ' 
r-----;'pdO 

'"'c:::::: 

----I 

'L : 
...J-~-+-4 I 

I 
I 

15pF I 
I ]Note 5)1 
I -= LOAD I 
1 CIRCUIT I L _____ I 

Dwt;. MO. 4-9113A 

Limits 

Typ. 

0.4 
0.6 

1.5 

8.0 

36 

DWG.IIO, l-9789 

NOTES: 
1. Typical values are at Vee = 5.0 V, TA = 25"C. 
2. Per package. 
1 Diode leakage currenl measuredal V. = Vofllmlnl. 
4. Diode lorward voltage drop measured al I, = 300 mAo 
5. Capacllance values speclliedlnclude probe and lest IlXture capacitance. 
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Max. 

100 

100 

0.5 
0.8 

200 

1.75 

13 

50 

Units Notes 

/loA 

/loA 
V 

V 

/loA 3 

V 4 
mA 1,2 

mA 1,2 



sE~IEs UDs-S710H 
DUAt, PERIPHERAL AND POWER DRIVERS 

UDS·5714H Dual NOR Driver 
ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted) 

Test Conditions 

Driven Other 
Characteristic Symbol Temp. Vee Input Input Output Min. 

"I" Output Reverse Current 'off MIN O.S V O.S V SOV ", , 

OPEN O.S V O.S V SO V 
"0" Output Voltage Von MIN 2.0 V OV 150 mA 

MIN 2.0 V OV 300 mA 

Diode Leakage Current ILK NOM NOM Vee Vee OPEN 

Diode Forward Voltage Drop Vo NOM NOM OV OV 

"I" Level Supply Current 

"0" Level Supply Current 
leen) NOM MAX OV OV 

IcelO) NOM MAX 5.0 V 5.0 V 

INPUT VCC=5V OPEN OUTPUT Vs 

INPUT 

__ ",,10.,.,%;r\.- t 
I "p 

w:"-____ Vin(O) 

, I 
tpdO,~ ,_ _\ tpdl 

-~--~_ : : Vovt(1) 

OUT PUT 50% 50% 

, --- - -- - Vovt(O) 

(I~, NO. A-7900' 

NOTES: 
1. Typical values are at Vee ~ 5.0 V, TA ~ 25·C. 
2. Per package. 

, 
15pF I 

I(~o,te5): 

-=-lOAD. I 

_~'::~I~ _J 
jlo'\>, HO'; A." I J~A 

3. Diode leakage current measured at V, ~ V.Hlm;"). 
4. Diode forward voltage drop measured at I, ~ 300 mA, 

Limits 

TyP. 
,0, 

0.4 

0.6 

1.5 

12 
40 

5. Capacitance values specified Include, probe and test fixture capacitance. 

5-79 

Max. 

100 
100 
0.5 

0.8 
200 
1.75 

15 
50 

Units Notes 

p.A 

p.A 

V 

V 
p.A 3 
V 4 

mA 1,2 
mA 1,2 

~==~=.-'--------' .. '--

II 



UDS~519rH QUAD PIN DIODE POWER DRIVER 

UDS-5791H 
QUAD PIN DIODE POWER DRIVER 

FEATURES 

• Low Input Current 
• TIL, DTL, MOS Com pati ble 
• Wide Operating Range 
• High Output Breakdown Voltage 

CONSISTING of four high-voltage NPN output 
stages and associated logic and level shifting, 

the Type UDS-579IH monolithic integrated circuit 
offers an easy solution to many problems associated 
with driving PIN diodes. 

The UDS-5791H quad power driver is designed to 
replace discrete or hybrid PIN diode drivers. It pro
vides significant reductions in cost and space with 
improved reliability. The driver uses a common
emitter input stage for inverting operation, It is 
capable of sustaining OFF voltages of 120 V and 
will switch currents to 500 rnA. 

The input buffer circuitry has been designed to 
utilize external discrete resistors .. The one resistor 
per driver effectively reduces total package power 
dissipation and junction temperature while allowing 
user selection of output base driveculJ'ent,power 
supply voltages, and Dutputcurrent. 

DWG. 110. 1.-10, ~78 

UDS-57'lH 

The device is rated for operation over an extended 
temperature range of - 55°C to + 12SOC. It is cus
tomarily supplied in 16-pin hermetic dual in-line 
package. The unit is subjected to the 100% produc
tion screen tests specified in MIL-STD-883, Method 
5004, Class B paragraphs 3.1.1 through 3.1.6. On 
special order, 160 hours of burn-in to Method 1015, 
Condition A, can also be performed. 



UDS·S791H QUAD PIN DIODE POWER DRIVER 

ABSOLUTE MAXIMUM RATINGS 
over free-air operating temperature range 

Supply Voltage, Vee ......•...................................... + 6.0 V 
Supply Voltage, VEE' ............................................ - 6.0 V 
Input Voltage, VIN ••••••••••••••••••••••••••••••••••••••••••••••••• Vee 
Output OFF-State Voltage, VOFF (ref. VEE)' .............................. + 120 V 
Output ON-State Current, ION ............................. , . . . .. . .. 500 mA 
Package Power Dissipation; Po. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. See Graph 
Operating Ambient Temperature Range, TA ..................... - 55°C to + 125°C 
Storage Temperature Range, Ts ....................... " ... - 65°C to + 150°C 

PARTIAL SCHEMATIC 

Vee 

9 

+-!!----, 
... 
! 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I , --. 

4~· 
I 
I 
I 

* RL I , 
~ IN 

tEE .. 

ONE OF FOUR DRIVERS 
UDS-S791H 

RECOMMENDED OPERATION CONDITIONS 
Min. Nom. 

Supply Voltage, Vee ..................... , ..... 4.5 5.0 
Supply Voltage, VEE' .......................... -1.5 -3.0 
Output ON-State Current, ION .................... 
Operating Ambient Temperature Range, TA ........... -55 . +85 
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Max. 

5.5 
-5.5 
300 

+ 125 

Units 

V 
V 

mA 
°C 

o 



UDS!"579UIQUAI) PIN DIODE POWER DRIVEg 

POWER DISSIPATION 
AS A FUNCTION OF TEMPERATURE 

~J 
~lU~l' 

" C '\=100 

R 
I: "-

NORMAL "-SYSTEM LIMIT 

"'" ~'ENT TEMPERATURE I : 

~ - DEV'C~ .. 
LIMIT "", --r---_ .. 

25 50 75 100 125 ISO 

,: TEMPERATURE IN °c 
D'I/Ij.MO. ,l,..IO.19SA 

ELECTRICAL CHARAaERISTlCS over operating temperature range (unless otherwise noted) 

Temp. Vee VEE V'N VOFF or ION Rx limits 

Characteristic Symbol (OC) (+V) (-V) (+V) (+V) (mA) (0) Min. Max. Units 

"1" Input Voltage V'N(I) 4;5 2.0 4.0 V 

"0" Input Voltage V'N(O) 4.5 - 0.8 V 

"1" Input Current I'N(I) 5.5 3.0 5.0 - 50 fLA 
"0" Input Current I'N(o) 5.5 3,0 0.4 - 1.0 mA 

OFF-State 10FF +25 4.5 3:0 0.4 115 - 50 fLA 
Reverse Current + 125 4.5 3.0 0.4 115 - 100 fLA 
ON~State VON -5S 4.5 1.5 2.4 150 720 - 400 mV 
Output Voltage 300 360 - 600 mV 
(ref. VEE) 

+85 4.5 1.5 2.4 150 720 400 mV (See Note) -

300 360 - 700 mV 

+ 125 4.5 1.5 2.4 150 720 - 500 mV 

300 360 - 850 mV 

Predriver Vx 4.5 1.5 2.4 150 720 - 1.3 V 
Collector Voltage 300 360 
(ref. VEE) (See Note) 

- 1.5 V 

Output Short-Circuit los 4.S 3.0 0.4 -2.3 510 20 50 mA 
Current (See Note) 

OFF-State Icc S.5 S.S 0.4 - 4.1 mA 
Supply Current 

ON-State Icc S.5 5.5 2.4 - 3.4 mA 
Supply Current 

Turn-On Delay t.n - 5.0 3.0 - - - SIO ,,- sao ns 

Storage Delay ts - S.O 3.0 - - - 510 - 5.0 fLS 
Fall Time tf - 5.0 3.0 - - - SIO - 100 ns 

NOTE: Each output tested separately. 
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where 

UDS-S791H QUAD PIN DIODE POWER DRIVER 

SWITCHING TEST CIRCUIT 
AND WAVEFORMS 

+5V Vee VOUT +IDDV 

;'2.4VFL v 50% I 
IN I I 

"O.4V I I 

I 
""'f\>nloo- -I', l-

I I 
.. 10OV I.. I . 
v~I .... 1 

OUI 150% I . 

,,-2.3V- :'0% 10% 

I I 
-fIr-

DIIG. 1I(l. A-10.655 

GENERAL DESIGN NOTES 

B= 30, the minimum output current gain over the operating temperature range 
Vx = 1.5, the maximum predriver voltage 

It is recommended that a minimum overdrive of 25% to be used (1.25 IRX or 0.8RX)' 
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MILITARY AND AEROSPACE DEVICES (Continued) 

QUALITY ASSURANCE FLOW CHART 

CHEMICALS, GASES, HARDWARE 
WAFERS -RAW MATERIALS 
MASKS 

NEW PRODUCT DESIGNS 
AND CURRENT DESIGNS, -NEW·CURRENT PROCESSES, 
NEW MATERIALS 

DOCUMENTATION OF: 
CHEMICALS, HARDWARE ~ GASES, MASKS 

PROCESSES, DESIGNS, ETC. 

QUALITY ASSURANCE 
PROCUREMENT REVIEW 

VENDOR CONTROL 
INCOMING INSP. 

RElIABILITY ENGINEERING 
DESIGN INTRODUCTION 
(SEM) EVALUATION, 
QUALIFICATION 

PRODUCT ASSURANCE 
DOCUMENTATION CENTER 

PRODUCT·PROCESS 
AND PROCUREMENT SPECS. 

MIL·STD·883 
METHOD 5004 

OR CUSTOMER REQ. 

... QA I N·PROCESS 
AUDIT 

I 

WAFER 
FABRICATION 

-
HERMETIC PKG. 

QA AUDIT 

SHIP 
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QA IN·PROCESS 
AUDIT 

S.E.M. INSPECTION 

I 

~ METALLIZATION 

TEMP. CYCLE 
CENTRIFUGE 

GROSS LEAK, FINE LEAK 

QUALIFICATION 
OF CONFORMANCE 

M IL·STD·883 
METHOD 5005 OR 
CUSTOMERS REQ. 

€ TOLLGATE 
INSP. 

STOCK 



PROBE 

100% VISUAL 
INSPECTION 

SCRIBE 
SORT 

MILITARY AND AEROSPACE DEVICES (Continued) 

QA I N PROCESS 
AUDIT 

DIE AITACH 
WIRE BOND 

DWG. NO. 8·1474 
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100% VISUAL 
PRE·CAP 

INSP. 



MILITARY AND AEROSPACE DEVICES (Continued) 

THE SPRAGUE ELECTRIC 
'DOUBLE·DEUCE1 BURN·IN PROGRAM 

FOR INTEGRATED CIRCUITS 

THE EXPENSE OF DEVICE FAILURE is 
more .than the time and money spent 

locating and replacing a defective in
tegrated circuit. The total cost can include 
the price of assembly rework, system 
downtime, service calls, warranty claims 
and lost customer goodwill. 

Costs of $25 for each in-house failure 
and $250 for each field failure are not un
common. At a relatively low cost, Sprague 

Electric Company's "Double-Deuce" 
screening program removes marginal 
devices before shipment. Improved 
customer satisfaction with performance 
and reliability is an immeasurable but cer
tain bonus of the program. 

"Double-Deuce" screening is done dur
ing the last stage of production. Because 
Sprague does the screening, only qualified 
devices are received by the user. 

QUALITY AND RELIABILITY 

Quality and reliability are terms that are 
often used interchangeably. Quality im
plies reliability, but a product's merit 
should always be defined by both. 

Quality is the extent to which a device 
conforms to specifications when it is shiP: 
ped to the user. Quality is verified by 
testing. Inspections at every step of pro
duction of Sprague integrated circuits en
sure the devices meet demanding stan
dards for workmanship and materials. 

Inspections of integrated circuits under 
the "Double-Deuce" program have been 
made even more stringent to secure a 
higher level of quality. 

Reliability is the measure of an in
tegrated circuit's ability to meet specifica
tions over time. Reliability is a product of 
design and process contro\. Accelerated
life tests provide the manufacturer and 
user with an indication of the reliability of a 
device. Normally, a small number of in
tegrated circuits exhibit signs of early 
failure or infant mortality. This statistic, 
taken from the steepest part of the IC 
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lifetime probability curve, is often used to 
project time-to-failure for integrated cir
cuits. Because the "Double-Deuce" pro
gram eliminates early failures, Sprague in
tegrated circuits delivered after the screen
ing process have a higher degree of 
reliability. 

PROBABILITY OF FAILURE 

AS A FUNCTION OF TIME 

DOUBLE-DEUC~· • 

WEAR 
OUT ------

RANDOM FAI LURES 

TIME 
Dwg. No. A-ll.417 



MILITARY AND AEROSPACE DEVICES (Continued) 

OUTLINE OF THE 'DOUBLE.DEUCE' PROCESS 

The "Double-Deuce" burn-in program 
uses high stress levels to accelerate the 
failure mechanisms associated with infant 
mortality. These normally occur within the 
first few hours of user application. 
Although typically less than 1 per cent of a 
lot will be rejected, user confidence in lot 
integrity is greatly improved. The screening 
program is designed to eliminate the 
following failure modes: 

Stress Failure Mode 
High-Temp. Bake Contamination 
Temp. Cycling PaCkage-Related 
Burn-In Process-Related 
High-Temp. Testing Electrical Degradation 

The majority of early integrated circuit 
failures (infant mortality or ionic con
tamination) can be attributed to manufac
turing defects, package or .assembly 
defects, or finaitest escapel'? The "Double
Deuce" program is designed to eliminate 
weaker parts, reduce or eliminate user. 
shipment inspection, assembly rework, 
system checkout, and warranty returns. 

L..C=1==::::" MlliTAR'i' pRODUCT 
PROCESSING. 

SHIP SHIP 

DWG.NO. A-ll.41BA 

TEST PROCEDURES 

The "Double-Deuce" burn-in program in
~Iudes five test procedures: 

1. High·Temperature Bake 
This is a process designed to stabilize 

~Iectrical drift and to accelerate chemical 
jegradationsuch as surface contamina· 
ion. It is a .four·hour bake at + 175·C 
yithouLelectrical stress (similar to MIL· 
;TD-883, Method 1008). 

2. Temperature Cycling 
This is a screening process designed to 

nechanically stress the integrated circuit 
ty alternately heating and cooling it. 

5-87 

Potential failures are seal or bond failure, 
cracked pac~aQes or chips. 

The process has 10 cycle$ with 10 
minutes of dwell at -65·C and 10 minutes 
of dwell at4'150·C (air to air),'Atithamax· 

. imum transfer time of five minutes (MIL' 
STD-883, Method 1010, Condition C): At 
Sprague's option, this process may be 
changed to thermal shock (liquid to liquid) 
for 10 cycles, five minutes at 0 ·Cand five 
minutes at + 100·C with a transfer time of 
10 seconds (MIL-STD-883, Method 1011, 
Condition A). 

II 



MILlTARY.AND AEROSPACE DEVICES (Continued) 

TEST PROCEDURES 

3. Burn·ln 
The burn-in, or accelerated-life test, is 

performed to screen out marginal devices, 
those with inherent ~defects, or defects 
resulting from manufacturing deviations 
that can cause time-dependent or stress
dependent failures. Without this condition
ing, marginal circuits that initially meet all 
specifications could exhibit early lifetime 
failures under normal operating condi
tions. The test is conducted for 96 hours at 
a junction temperature of + 150 0 e under 
electrical stress conditions (similar to MIL
STO-883, Method 1015) such as: 

Type of· Device 
Bipolar Interface 
Linear Devices 
12l and MOS logic 

Electrical Stress 
Steady·State Reverse Bias 
Steady·State Forward Bias 
Clocked 

The burn-in conditions (96 hours at TJ 
= + 150°C) are equivalent to 525 hours at 

T J = + 125°C for ion ic contam i nation (EA 
= 1.0eV)orfor192hoursatTJ = +125°e 
for infant mortality defects (EA = 0.4 eV). 

4. High.Temperature Test 
Every device is subjected to complete 

electrical tests at + 70 0 e for function and 
doc parameters (similar to MIL-STD-883, 
Methods 3001 through 3014 and 4001 
through 4007, as applicable). Relaxed 
+25°e limits or published high
temperature limits, are used to remove 
devices with circuit anomalies such as 
beta mismatch, high leakage current, and 
intermittent bonds, which may only affect 
the circuit at higher temperatures. 

5. Outgoing Quality Control Inspection 
All "Double-Deuce" product is inspected 

to an outgoing sampling plan which 
guarantees that the product will meet an 
acceptable quality level of 0.25%. 

HOW TO ORDER 

All standard Sprague integrated circuits 
are branded with the Sprague registered 
trademark, ® . 

Integrated circuits screened to the 
added requirements of the "Double-Deuce" 
program are marked: 

®® 
The double "circle-deuce" identifies a 
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part subjected to the screening program 
for extra reliabHity. 

Devices processed in the "Double
Deuce" burn-in program are specified by 
adding the suffix "BU" to the end of the 
part number. For example, to order ULN-
2023A with this processing,specify ULN-
2023ABU; to orderUON-6116R-2,specify 
UON-6116R-2BU. 



INTERFACE DRIVERS WITH MIL-STD·883 . - , - . '. ~ , ,. .. 

HIGH~RELIABILITYSCREE~UNG 
, 

Interface drivers with high~teliabmty screening can be ordered by adding the suffix "MIL" to the'part IlUmberi fOr, 
example, ULS-2064H"MIL. If matkirig with the customers part number is necessllty.in place of the,Spraglle Ek:.ctric 
part IlUmber, thi~ .. must bestatedpn the purchase order with the marking desired) 

Tabie 1- 100%. Production Screen Tests (All Hermetic Parts) 
Mll~STD-883, Method 5004. Class B. Paragraphs 3.1,1 th{oogh 3.1.6 

Screen 

'Internal Visual 
Staoilfiation Bake 

• Thermal Shock 
.>Constant Acceleration, 

Fine Seal 
Gross .Seal 

. Electrical 
Marking 

. MIl-STD-883 
Test Method 

2010, Condo 'B 
1008. Conen 
1011, Conti> A 
2001. Condo E 
.l OH, Cond .. A 
1014. Condo C 

Conditions, . 

, . 150°C. 24 H~urs 
l}tolOO°C. 15 Cycles,. 
30.000 G's; ,n, Pillne 
5 ~,W at,m-cmUs Maximum 

.. Per SpeCi,ticatillll .~'", .• '., . • 
'Sptagueor custo"ier'palt number, date code. 

.' " " ' " .. ' ,'.., ,lo~,i~e,~t~J~~~~.jn,45:f~int ' ." 
Table II - 100% High~Reliability Screening ("Mil" Suffix Parts Only) 

Mll·STO-883~ 'Mettroo500~i Class S, ParagraphsJJ.9 througJ; :5:1:15·&3:.1:18 
MIL;STD-883 . ' 

Screen Tesi'M~thod' 
Interim Electrical. 5005. Gp A. Subgp. 1 
Bum-In 1015. Condo A 
SJ~ticElectrj£al 5005. ,Gp A. Subgp.l 

S005. Gp A, SUbgp. 2 & 3 
Dynamic & Functional Electrical 5005, Gp ASubgp.4. 7 & 9 

. Fine Seal . ,1014. Condo A 
Gross Seal .' ..IUl4. Condo C 

Conditloh~ 

25°C per Specifi~tiorr "" 
'12,5°CA661iours .• j,' 
25·C p'er S-pecifieatiolt' 
- 55°C & + 125°C per Specification,. 
25°C per SpeCification 
5 x W-1 atm-cm3ts Maximum 

E_xt_e_m_al_V_isu_a_I ______ ' 2-,,-,.0_0-,--~~. _~ ______ '--'--'-'-,--''''-"-' ",,-~",-,,;,-,-.,~., ",--,---,--~-,-~-,-,-~ .. v. 

Table III -High-Reliability Qua'litication and -Quality Contormancevinspection 
Mll-STD-883, Method 5004, Class B. Paragraph 3.1:17 

Test 

Group A Subgp. 1-4. 7 & 9 
Group B 
Group C 
Group 0 

Z., 

Mtl-STD-883 >" ' 

Test Method Descriptio~ 

5005. Table {, '.;, ,~, 
~ ,5005,lableJI 

, '. 5005, Jablellt;. 
5005. Table tV 

Each. production lot 
Each production lot 
End 'points. ~p; A.Subgp. 1. every 90 days 
End points. Gp. A, Subgp. 1. every 6 months 

'. ,- " .' '.>, '.' . .1,. 
me of this material has been taken frorirM~itary Specification MIL:M·38510EandMilitary Standard Mll-sTD-883B, Methods 1008.2, 1011.4, 1014.5, 1015.4, 
1Ol.2, 2009.4, 2010.7,5004.6, and ~O,Q~.,8;· " " ... ' ,. .... " . 
e abOve conditions may not comply with MII:cM-385IOF and MIJ:-STIJ.o883C. 

1~ 
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liMOS POWER DRIVERS TO MIL·STD·883 
.. CONTINUING iri itsi~adef~hiprol~in lnt~~i 

. . face. integrated circui~s.,;S,rag~eElect:tic· 
Company has added hermetlCBi~1OS' power 
drivers to . .itsJonglist of innovations.:' 

These high~currentartd high~voltage drivers 
with MIL-STO-883 screening provide' a new 
level of interface flexibility and versatility for 
military, aerospace, avionics, and ,other applica;" 
tions requiring high reliability; They are supplied 
in either glass/metal, side-brazed hermetic 
packages (sufflx letter 'H') or ceramic/glass cer
DIP hermetic packages (suffix letter 'R'). 

BiMOS monolithic devices combine CMOS 
logic and control functions' with fQUr, ,~even, 
eight, or ten bipolar output;' power-interface 
buffers. Reliable, single"chip solutions are now 
available for a wide variety of peripheral power 
interface· problems. No longer are two '()r three 

d~ViJes requirciJ tdlirlk<loW-fevel (TTL, CMOS, 
NMOS, PMQ~)'LSI or microprocessor func

" Uons "with power loads such as relays, LEOs, 
solenoids, Japtps; ;gas.,discharge or vacuum
fluorescent displays, and,ntotors. 

In additiontb'providing space-saVing 'single
chip solutions to. many peripheral power inter-

, fa.ce problems, Sprague BiMOS devices with an 
extended temperllturerarige also improve system 
reliability and lower both component count and 
system cost .• '.' 

Detailed engineering bulletins for, the 
hermetic, extended temperature, BiMoS in
tegrated circuits described here are· available 
from Sprague. district sales offices,or from 
Technical Literature Service, Sprague Electric 
Company, Marshall Street, North Adams, 
Mass. 01247. 

8-BIT SERIAL;.INPOT!PARALLEL-OUTPUT LATCHED ·DRIVERS 
" 

, . / '.' "; 

SERIES UCS~4820H BiMOS 8~Bit Serial-In/ 
Parallel~Out Latched Drivers augment th~ origi

nal Type UCS-4401H and UCS-4801H devices. All 
of the devices in this series contain an octal shift 
register, octal latch, and octal high-current, open
collector Darlington ou~uts. They improve systems 
designs through a reduced package.count anda re
duction in I /0 line requirements. By using the serial 
data{)U~ut. the drivers can be cascaded for interface 
applications requiring more,than'eightdrive lines. 

The three devices in this series are functionally 
identical, but differ in the maximum allowable out
put voltage ratings. The ,bipolar outputs are suitable" 

for avari~~ ofperipheraUoads • .including incandes
cendamps, LEOs, thermal or electrosensitive print
ers, and (with appropriate clamping techniques)re
lays, solenoids, and other high-power inductive 
loads. 

RECOMMENDED MAX. OPERATING' CONDITIONS 

outp'ut Voltage (UCS-4821H) ... , ................ 45 V 
!,,. (UCS-4822H) ..... , ............. , 75 ~ 

(UCS-4823H) .. , ............. :.,. 95 ~ 
Logic Supply Voltage ................ , ...... ". '12 \ 
Continuous Output Cl!{rent .. : " . , .. , ........... 350 ml 

ELECTROSENSITIVE PRINTER APPLICATION 

UCS-4B22H +60V 

r------, CU:lCK . 
t--"7::";;"';;';"""'--.,.,.~....---I 

Sr;:RIAL DATA Ill-! 

,,+5Y, 
SERIAL 
DATA OUT 

STROBE 

Dwg. No. A-ll,742 
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MILITARY AND AEROSPACE DEVICES (Continued) 

10-BIT SERIAL-INPUT/PARALLEL-OUTPUT LATCHED SOURCE DRIVER 

THE TYPE UCS-481OH BiMOS lO-Bit Serial
. In IParallel-Out Latched Source Driver 'is 
primarily designed as interface between logic Cir
cuitry and vacuum-fluorescent displays but may .also 
be used with LED displays or thermal printers within 
its output limitations of 60 V and -40 rnA per 
driver. A selected version, Type UCS-481OH-l, has 
a maximum operating-yoltage rating of 80 V. 

The CMOS shift register and latches will operate 
over a wide supply-voltage range and are compatible 
with standard MOS logic families. When used with 
TTL or low-speed TTL, pull-up resistors may be 
needed to ensure an input-logic high. 

The 10 high-voltage outputs are used to switch the 

+5V 

"OC"'~~ 

PLANAR 
GAS-DISCHARGE 
DISPLAY DRIVER 

+5V 

CLOCK 

SERIAL DATA IN 

SERIAL DATA OUT ~--a:}, 

STROBE o--rn 
ENABLE "'--"" 

anodes (segments or dots) and lor grids (character or 
digit) of typical vacuum-fluorescent panels. The 
high-voltage version . is often used with larger and 
more complex alphanumeric or graphics pane1s,pr 
gas-discharge displays. With suitablesignal-leve1 
shifting, it may also be used as an anode driver for 
planar gas-discharge applications. 

RECOMMENDED MAX. OPERATING CONDITIONS 

Output Voltage (UCS-4810H) .................. ' .. 55 V 
(QCS~4810H-l) ................... 75 V 

Logic Supply Voltage Range ............... 5.0 V to 12 V 
Continuous Output Current. . .. . .. . . . . . . . . . . .. -25mA 

UCS-4S10H-l 
ANODE 
DRIVER 

t----..,....,--~ SERIAL DATA OUT 

+5V 

Dw9. No. {>127! 
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MILITARY AND AEROSPACE DEVICES (Continued) 

8·BIT LATCHED SOURCe DRIVER 

THE TYPE UCS-4815H BiMOS 8-Bit Latched 
. Source Driver is designedprimarilyforuse with 
high-voltage vacuum-fluorescent displays. It con
tains an 8~bit type 0 latch and eight source outputs 
with pull-down resistors,a common strobe, blank
irig, and enable functions. The standard output volt
age rating is 60 V, with a selected version (Type 
UCS-4815H-l) available for operationto 80 V. 

The eight high-voltage outputs are generally used 
to drive the segments, dots (matrix panel), bars, or 

digits of vacuum-fluorescent displays. The high
voltage Version is often used with larger and more 
c()mplex gas-discharge alphanumeric or graphics 
panels. . 

RECOMMENDED MAX. OPERATING CONDITIONS 

Output Voltage (UCS-4815H) ..................... 55V 
(UCS-4815H-l) ................... 75 V 

Logic Supply Voltage Range ............... 5.0 V to 12 V 
Continuous Output Current ................... -25 rnA 

ENABLE <>-?--cl~~~~~-----------, 
STROBE o-t...,......-I:l;lhiU 

UCS-4815H 
SEGMENT 
DRIVERS 

ALPHANUMERIC 
VACUUM-FLUORESCENT 

DISPLAY DRIVERS 

W--------4.U+Jm..-~~~~~!n-k BLANKING 

+5 V 

,pL_--jj1"l1mttr +50 V 

+5V~T-----~Tr~ 

STROBE o-4-------ttiTr-a.: 

UCS-481OH 
CHARACTER 

DRIVERS 

IID----o~-C BLANKING 

Dwg. No. C-1272 
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MILfTARYAHD AEROSP"C! :DEVICES {Cdntiriued} 

4· AND 8·BIT LATCHED DRIVERS 

TYPES ueS-440lH and uc:~:j80ik are the Olig-
inal BiMOS integrated circuits. They are used 

succes'Sfully ill, '!Dany appllcatiorts;these high
voltage, high~cui'rent latched drivershllVe' four or 
eight i\10S data, latches, a bipoillf driver for t;ach 
latch; and MOStontrQI Circui\ty fot'the common 
CLEAR'; STROBE, 'and'Qt1TPUTENABLE 
funccl6ni{. Type ueS~440nf '~ontains four latched 
drivers while TypeUCSAgOfiji cQn'tains eight 
'latched drivers . ' ",' " , , 

, EaCh of the operi-boliectofDitrliiigton outputs' can 
sink up to 500 rnA and will sustain at least 50 V in 
the 0F:F stilte. Internal diode~suppress<transients 
and allow these devices to be used with inductive 
loads. Package power limitations normally disallow 

UNIPOLAR 
BIFILAR 
MOTOR 

DRIVE 

/1P 
IN, 

IN. 

IN. 

IN, 

IN. 

IN7 

IN. 

UCS-4801H 

LJw<l.'jO. A-ll./43 
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simuitaneous and continuous operation of all outputs 
at the rated m~mum current, ~d usually ,d!ctat,e 
either a reduction in, output current or a suitable 
combination of ~My cyCle and nlunber'df.active 
outputs.', "" ',l,,;,:,', ' 

., ., "t~._, • L ..• " , 

, Type Ues-44ouqs,suppUedin a"staIldatd,:'l!1:' 
Itlad side"pra2;eli,ller,metic, package. Type ues~ 
480 IH is ,furnished ill a ~~-h:ad slde~braz~'llennetic 
package with)ead cente~ ,on O.400:inch lIpaQng. 

, v ,'!. ': '. -. ,< " ,_ 

RECOMMENDED:MAX;OPERATINGCONDITIONS ,i, 

output Voltage : . >; ..... :' ...... , .... ' ....... 45 V 
logic Supply Voltage ...................... ; ': .. 12 V 
Contin,UQusOutp~ Clln:ent •. , ........ : ..... i ',' 350 rnA 

INCANDESCENT LAMP 
DRIVER 

II 



8·BIT ADDRESSABLE LATCHED DRIVERS 
'1 i 

TYPElJcS-4807H and UCS-4808fI8-:8it 'Ad~ 
. dres~al:>i~ ,i'!ltctied Drivers life ideriti~l,il except 

for output current ratings. Typel1CS-4807fI is rl!ted 
for a maximum of 200 rnA per output while Type 
UCSc4868H is capable of sinking up to 600. rnA per 
output. The'outputs are NPNsatunitedswitches; th¢ 
drive currents are optimized .for each version. 

Both devices ar~ \..~mpris~ oU' 3-bit to 8·line 
decod\lf; .¢jgh,t;type D;ll,itches; eigHt open-collector 
NPN output drivers, and MOS control circuitry for 
CLEAR, input, output, and CHIP SELECT 
functions. 

Both 8-bit addressable latched drivers are useful as 
demultiplexers. They are capable of driving a wide 
assortment of peripheral loads including lamps, re
lays, solenoids, LEDs, stepper motors, or may be 

used as DMU~/p'J,'edrivers for higher p~w~r loads 
requiri~ discrete power semicondu,ctq-s. ,. . 

A typical ~ppIic~tion forTyp~UCS-48b8H,-4nv
ing a common-cathode ,LED display, i~;'shown. 
Many of today's multi.-character LED display~can 
make use of thehighccurrent capability of this d~ 
vice. With the DATA input held high,the,.pr:oper 
address code m~ ~ ~ t1Irnished by a 3-bit C?lln~er . 

RECOMMENDED MAX, OPERATING CONDmONS 

Output Voltage. . ....•.... ' ............... , ••. , 45 V 
Logic Supply Voltage Range ............... 5.0 V to 12 V 
Continuous Output Current (UCS-4807H) . . . . . . . . .. 150 rnA 

(UCS-4808H) . .. .. .. .. . 350 rnA 

MULTIPLEXED COMMON·CATHODE LED DISPLAY DRIVER 

+5V +5V t5V 

BLANKI NG o----l~J-., 

CLEAR O-----UJ---' 

I L ___ _ 

5-94 



MULTIPLEXED 
"POWER DRIVER' 

AL~~~~TDS o----D'J-+.....I 
(OFF) 

I 

MILITARY ;AND' AEROSPACE DEVICESi(Centinued) 

L __ ",:, __ ,,-..."" ,.:.:~ 

". ' ~ 

MULTI-CHANNEL INTERfACI TO HIGH-POWER LOADS· 

SPRAGUE BiMOSpower . Qrivers, can. be em-
. 'ployed;asmulfubharinel pre-'driversfor discrete 
ligh~current orfh'igJi..voltage semiconductors, thus 
'educingtheneedfOi"IfuiilY discrete components: ...• , 
"or'insumce, anyoftheiBiMOS siUkdri,vers (Types ,. 
JC~-440 1 /4$tH 14808/4821 /48~~ 74823H) can 
)rovide enough,curre~t to. the bases of discrete PNP 
lower transistors to make 5 A load currents possible. 
Iigher 1 gad currents elm be obtained by using power 
)arlington devices,~iMOS source drivers (Types 
J CS-481 0 /4815:B:~ wi11r~~up-e di$crete Darlington 

power drivers fot anysigDwicant load currents; :but 
. have the added advantage of aUchving rather ~de 
Idal1:voltage ;swings. ' . 

" For a-c loads, it is possible to use,a source driver to 
provide gate current (With apptoptiate cuiTelirIilpit
ing) . to a power SC~ or triac: This scheme ~ 
proVIde an economical solution to fnimy applicatibns 
such as driving incandescent lamps or, a~C IllQtors 
with current levels of up to 20 A., 

DISCRETE POWER DR1VE~ 'FC)R' HIGfI-POWERLOAOs 

SINK 
DRIVER 

~Vs 

PNP 
POWER 

D-C 
LOAD 
TO 
5A 

Dwg. No. A-11.744 

. .. . t 
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MIUTARYA.ND AEROSPACE DEVICES (Continued) 

SiMOS POWER DRIVERS TO MIL-STD-883, 
METHOD 5004 

THE QUALITY ASSURANCE and Relia-
bility department of Sprague Electric Com

pany strives to assure that products delivered to 
customers are of the highest possible quality and 
reliability level and consistent with customer re
quirements. During product processing, there 
are several independent visual and electrical 
inspections performed by Quality Assurance 
personnel. 

All full-temperature hermetic products are 
processed to stringent production screen inspec-

WAFER C.ONSTANT 

FABRICATION r- ACCELERATION 
METHOD 2001 

~ 1 
100% FINE & GROSS 

PROBE SEAL 
METHOD 1014 

~ • SCRIBE 100% 
& ELECTRICAL 

SORT PER SPECIFICATION 

+ 
VISUAL 

MARKING INSPECTION 

• DIE ATTACH QUALIFICATION 
AND OF CONFORMANCE 

WIRE BOND METHOD 5005 

• INTERNAL EXTERNAL 
VISUAL VISUAL 

METHOD 2010 METHOD 2009 

• STABILIZATION 
BAKE PACK 

METHOD 1008 

• THERMAL 
SHOCK 

METHOD 1011 
f-- SHIP 
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tions and tests in accordance with MIL
STD-883, Method 5004, paragraphs 3.1.1 
through 3.1.6. BiMOS power drivers subjected 
to burn-in and additional high-reliability screen
ing (Method 5004, Class B) can be ordered by 
adding the suffix "-MIL" to the part number, 
for example UCS-4815H-MIL! (side-brazed 
hermetic) or UCS-4815R-MIL (cer-DIP 
hermetic). This additional processing incor
porates paragraphs 3.1.9 through 3.1.15, and 
3.1.18 of the military standard. 

LJ 

11 

,----------I "-MIL" HIGH-RELlABILIT 

I SCREENING 

I 
I BURN-IN 

I METHOD 1015 

I 1 I 
I 100% 
I ELECTRICAL 
I 
I 1 
I FINE & GROSS 
~ SEAL 
I METHOD 1014 
I 

v 1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I L ________ _J 

Dwg. No. B- 1492 



RADIO/COMMUNICATIONS INTEGRATED CIRCUITS 





SECTION 6-RADIO/COMMUNICATIONS INTEGRATED CIRCUITS 

Selection Guide ....................................................... 6-2 

UlN-21llA F-M, I-F Amplifier/limiter and Detector ............................... 6-3 
ULN-2204A A-M/F-M Radio System .......................................... 6-8 
UlN-2240A A-M/F-M Signal Processing System with Tuning Error and level Muting ......... 6-15 
ULN-2241A A-M/F-M Signal Processing System ................................. 6-21 
UlN-2242A (TDAI090) A-M/F-M Signal Processing System with level Muting ............. 6-27 
UlN-2243A Mixer/I-F for F-M Radios ......................................... 6-34 
UlN-2249A A-M Radio System ............................................. 6-38 
UlX-3803A low-Voltage A-M/F-M/Shortwave Signal Processor ......................... * 
UlN-3804A A-M/F-M Signal Processor. . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 6-42 
UlN-3809A Low-Voltage Phase-locked loop Stereo Decoder ........................ , 6-47 
UlN-381OA Phase-locked loop Stereo Decoder. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .. 6-50 
ULN-3812A Phase-locked loop Stereo Decoder .................................. 6-52 

(I 
UlN-3838A A-M Radio System . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . ... 6-55 
UlN-3840A A,M/F-M Signal Processing System ................................. 6~61 
ULN-3859A Low-Power, Narrow-Band, F-M I-F ................................ .. 6-68 

Application Notes: 
UlN-2204A Applications and Operation ..................................... 6-71 
A-M/F-M Radio Design Using the UlN-2240/41142A ............................ 6-81 
A Complete A-M/F-M Signal Processing System ............................... 6-92 
The Development of High-Quality Receivers for A-M Stereo ........................ 6-100 

*New Product ... Contact factory for detailed information. 
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RADIO/COMMUNICATIONS INTEGRATED CIRCUITS 

SELECTION GUIDE TO RADIO/cOMMUNICATIONS INTEGRATED CIRCUITS 
Device F-M R-F F-M F-M Mute/ .if Stereo A-M Audio 
Type Mixer I-F Del. Squelch Mute Decoder Radio Amp 

ULN-2111A X X 
ULN-2204A X X X X 
ULN-2240A X X X X X 
ULN-2241A X X X 
ULN-2242A X X X X 
ULN-2243A X X 
ULN-2249A X 
ULX-3803A* X X X 
ULN-3804A X X X 
ULN-3809A X 
ULN-3810A X 
ULN-3812A X 
ULN-3838A X X 
ULN-3840A X X X X X 
ULN-3859A X X X X 

NOTE: Additional devices for use as F-M radios can be found in Section 7, audio amplifiers appear in Section 8. 
*New device. Contact factory for information. 
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ULN·2111A 
F-M I-F AMPLIFIER/LIMITER AND QUADRATURE DETECTOR 

ULN-2111A F-M I-F AMPLIFIER/LIMITER 
AND QUADRATURE DETECTOR 

FEATURES 
• GOod Sensitivity 
• Excellent A-M Rejection 
• low Harmonic Distortion 
• Single-Adjustment Tuning 
• High Gain to 50 MHz 
• 500 mV RecQvered Audio at 10.7 MHz 
•• Wide Operating Voltage Range 
• Direct Replacement for UL~-2113A, MC1357, SN76643 
• 'lHin Dualln-UnePlastic Package 

pROYIDING a multistage wi~ebandamp~ifier/ 
, limiter, an F-M quadrature 'detector, imd an " 

emitter-follow.er.audio output stage,the Type 
ULN~2111A isdesign~d.fQr use in F-M receivers 
odn the sound I-F ofTVrect<ivers.", 

The Type ULN~2111A amplifierllimiter and quad
rature detector 'is aSpraguecoriginated design. This 
circuitvvas the ·original monolithic integrated circuit 
F-M detector and was the firs~ integrated circuit to 
be used iii entertainment electronics. Its outstanding 
feature is that only a single low~c()st tuned circuit is 
required iIlstead of the previmfstriple-winding 
transformer. 

FUNCTIONAL 

BLOCK DIAGRAM 

f " 

I-F , 
DEcOUrl.E 

ABSOLUTE MAXlMUMIATIt$S\ 
Supply Voltage, Vee' , ••......•. ::';;; .• ; 15 V 
Package Power Dissipation, Po .... , , .. , ': ... 670 mW* 

/Operating Temperature Range, TA •••• , • •• .", 20°C to +85°C 
, Storage Temperature Range, Ts ......... -65°C to +150°C 

*Derateat the rate'of 8,3mWfe above T. """ +' 70oe. 

NO 
C;ONNEcnON 

® 

~ 

DETECT'OR 
'OUT 

PHAs:E!5HIFT, ", TEST 'DE-EMPHASIS GND 

POINe ".",' 
lIIIi. lID. "'IO,I86A 
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ULN~2U,lA 
f-M. H·' AMPLIFIER/LIMITER cANDQUADRATURBDETECTOR 

STATIC ELEORICAtCHARAOERISTICS OtTA = + 25°C, Vee = + 12 V 

Test' Limits 
Characteristic Pin Test Conditions Min .. Typ. Max. 
Supply Curtent ", 13 12 17 27 
TerminalVoltage 1 4.3 5.7 7.2 

2 3.65 
6 1.45 
9 150 

10 1.45 
1 200 
4 5.0 

10 60 
12 70 
14 6.0 9.0 12 
4 11 

12 2.7 
-if" 

/;.iX 

DYNAMIC ElECrRICliCHARA(nRISnCS at TA = + 25°C, V « = + 12 V, f. =10.7 MHz, 
f = 400 Hij.,'&f = + lSklh;Peakteparotlon = 550 kHz ' , , . .. . '._, 

Test Test limits· 
Characteristic Symbol Pin Figure Test Conditions Min. Typ. Max: . Units Notes 
Amplifier Voltage Gain A, 10 1 Vi S 300 IJ.Vrms - 53 - dB 
Amplifier Output Voltage V"" 10 1 V" == 10 mV,~s ,~ 1.45 - .V" 
In put Li rn ifilfg' Thr~shilrd'? ' .. 

V" 4 2 - 400 800 jJ.V,ms 1,3 
Recovered Audio Output V"" 1 2 V12 == 60 mVrm• - 500 - mVrm• ' 3 
Output Distortion THO 1 2 100% F-M Modulation - 1.0 - % ; '3 

~-M R~ection AMR' 1 ;1, 3 V" == 10 mV,m. - 40 - dB 2 
NOTES: 

1. The input limiting threshold is the F-M input voltage for a recovered audio output which is 3 dB less than the recovered audio output for an F-M input 
voltage of 200 mV ~,. 

2. The amplitude modulation rejectioni~ determinedby:AMRdb == 20 log ~: f::r ~ooo: :: :':' 
3, See also, General Design Note-No.9. , 

COMPONENT CHART 
: , 

Component Value 
TV (4.5 MHz) F-M (10.7 MHz) 

l-Inductance 7.0 - 14 f1H 1.5 - 3:0 f1H 
Unloaded Q 50 50 
,PeC Resistance •. <500." - • <500," 
Type , Miller #9052 ; Miller #9050 

Cr--:-Capacitance .,~~gr. 120 pF 
TCC "NPO' , 

C2...,..Capacitan~e. 3.0 pF 4.7 pF 

. ,R';'Resistance • ,20 k,O : 3.9kO 
loaded NetworkQ 30 .. 20 

&---.4 



ULN-2111A 
F-M I-F AMPLIFIER/LIMITER AND QUADRATURE DETECTOR 

DIIIQ. MO. ~ o\.-7006C 

TEST FIGURE 1 

TEST FIGURE 2 

r-A----r~:O"F~~~~ 
~ - f" .,. 
r-----, 

T~ST FIGURE 3 
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ULN-2111A 
F-M I-F AMPLIFIER/LlNI.lTER AND QUADRATURE DETECTOR 

AUDIO 
OUT 

I-F 
IN 

TYPICAL APPLICATION 

+12V 

C 

R 

T 
+ 

o-,-f 

D'IIG.NO .... 63860 

TRANSFER CHARACTERISTICS 

LINEAR DETECTION MODE (VI' < SOrtlY,m.1 ----

SWITCHING DETECTION MODE (V, • .. SOOmV,m.l - - - - -

OIl>.l.MO.A·l0,180 

6-6 



ULN-2111A 
F-M I-F AMPLIFIER/LIMITER AND QUADRATURE DETECTOR 

GENERAL DESIGN NOTES 

1. Phase shift network is, aligned by applying F-Msignal through 
decoupling,networktopin4(V4 = 5mVrms)' Tune for maximum 
recovered audio at pin 1 or maximum 1-F voltage at pin 11. 

2. A d-c path of less than 100 n must be provided between pins 
2 and 12. No other biasing provisions are required . 

.3. Ad-c path of less than 300 n must be provided between pins 
4 and 6. No other biasing provisions are required. 

4. ThemaximuIl1a-c load current can be increased by adding an 
external resistor between pin 1 and ground. The minimum value 
for'this resistor is 800 n, giving a maximum load current of 
fI,lnArms ' 

5. All decg.opling capacitors shQul(bePtthe ceramic type, with minimum 
inductance at the operating frequency. 

to the preser~ation of the tuned circuit bandwidth and better rejec
tion of Gaussian noise. The combination of coupling capacitor (C2) 
and I-F amplifier output (pin 9) was chosen for optimum quietin~. 
The bandwidth of the phase shift netwo* (peak separation) is PrI
marily defined by the Damping resistor (R). A higher value resistor 
will decrease bandwidth, increase the recovered audio output, reduce 
the capture ratio, and increase harmonic distortion. 

6. Decouplingcapacitor leads at pins 2, 5, and 6 should>~e as short as 
possible. 

7. Keep appropriate distance between theinpul (pin 4 and the input 
network) and the phase shift network (pins 9, 10, and 12, and the 
phase shift inductor). 

8. If a high impedance power supply is used (voltage dropping resistor), 
decouple pin 13 for the lowest audio frequency. 

9. The linear detection mode (low signal level at pin 12), as shown, is 
preferred for comniunicationsand other commercial applications, due 

10. The switching detection mode (high signal level at pin 12) features a 
greater linear range, increased insensitivity to amplitude variations, 
and is recommended for AFC applications or where side responses 
must be avoided. Limiting in the quadrature detector will produce 
slightly more audio output, but will increase the noise bandwidth and 
degrade quieting. 

I.oF AMPLIFIER GAIN,' 

70 

~60 

"'!;" 

z 50 
< 
'" 
~ 40 .. 
!:i 
o 
> 30 
0: 

'" ;;: 
~ 20 
:Ii .. 
! 10 

t:: 

o 
IK 

AS A FUNCTION OF FREQUENCY 

::: -..... ...,. 

SEE TEST FIGURE, I 

Vln • IO.oJLV,~. 

Vcc .. 12 V 

10K lOOK 1M 

FREQUENCY IN Hz 

&---7 

111111 
Ic TA ° O'C 

TA =+25°C 

~TA o+10'C 

....... """;f::: 
r-...... ....... 

10M 100M 

DWG.-HO •• -10.181 
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ULN-2204A A,M/F,MRADIO SYSTEM 

U. LN-2204A A-M/F-MRADIO SYSTE.M . .. 

FEATURES 
• Low Harmonic Distortion 

• Wide Operating Voltage Range 

• Low Power Drain 
• D-C A-M/F-M Switching 
• 30 !-IV Limiting Threshold 
•. Excellent A-M Rejection 

• Interchangeable With HA12402, 
TA7613, TDAI083, U417B 

pROVIDING ALL radio functions except VHF 
tuning, Type ULN-2204A A-M/F-M radio 

system excels in low-cost applications requiring a 
minimal parts count and high performance. 

In the A-M mode of operation, the device is a 
complete single-conversion superheterodyne 
broadcast or shortwave receiver with AGCand 
peak envelope detection. In the F-Mmode, Type 
ULN-2204A operates as a high-gain I-F 
amplifier/limiter and phase-shift detector. A 
simple doc switch is used to change mode of 
operation. 

A single external capacitor at pin l().provides 
the A-M AGC time constant, theF-M APC time 
constant, and R-Fdecoupling.ksingle resistor 
at the same pin will adjust the A-M gain for op
timal system performance. 

The audio power amplifier will work into any 
speaker load of 8Q or greater. Class Boperation 
of the audio power amplifier yields high efficien
cy at rated output with very low quiescent power 
drain. The amplifier exhibits little crossover 
distortion. Its output impedance is significantly 
less than one ohm. 

6-8 

Type ULN-2204A will work with awide range 
of supply voltages, and is suitable for use in a-c 
powered table radios and in battery-powered (6 
or 9 V) portable radios. 

This system will operate at supply voltages as 
low as 2 V at reduced volume without significant 
increase in distortion. Brown-outs or weak bat
teri~sneed·no longer be a major concern. 

Type ULN-2204A is housed in a 16-pin dual 
in-line plastic package with a copper lead frame 
that eliminates many decoupling problems and 
allows maximum power dissipation. 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage, Vee ...... (Note I) 
Zener Current, IREG . . ................... 60 rnA 
Package PQwer Dissipation, Po (Note 2) ............ 1.0 W 
Operating Temperature Range, TA ....... -20oe to +85°e 
Storage Temperature Range, Ts ........ -65°e to +150°C 

NOTES: 

L Dependent on value of external current limiting resistor, 13 V at OQ. 
2. Derate at the rate of 15 mW/oC above TA = +70°C. 



ELEUIICAL CHAIACTEIISTla at TA = +25°C, 
Vee' 6.0 V, Is = 00,116 = 1.2 kQ (unleliotIlINi.e noted) 

limitS 
Characteristic Test Condj~joo&'., Typ. . Max. 

F·M MODE: '0 =10.7 MHZAm =''''00 HZ/'d ::: +t&.kHz. P.ak~Paratlon = 550 fd.h - '.' ,<-; 

Input limiting Threshold V th ! .j.:." .± - 30, 60 ,..V 
Detector Recovered Audio Va "". ',.;l.. '. l c'. .. ' ~ .... ' - @ ; - mV .' 

Detector Output Disto.rtiou THDD .. 11'''io = lO:~Vrms' '., . .. , < ...• :. - to - % 
A·M Rejection . AMR .Yin'" IOrliVrms, 30% ·A·~ •. ';1 .. . ,<;" 

. ., 

f •. ~ = 4QIii Hz • .'. 1. 35.' 50' - dB 
I·F Input Impedance Z2 ., ' ..... ~, '0 40.\,' - kQ 
I-F Input Capacitance C2 .' "., .. ." '4.0, - pF . 
Quiescent Terminal Voltage VI 'f, ',t" ' - 2:1: - V 

Va T" 1.7 - V 
Quiescent Supply Current Icc ! ;Vcc'= 6;0 V ';."',' -;-- 14 20 mA 

I Vee - 9.0 V 18 - mA 

A·M MODE: '0 = I MHz. 'If = "'55 kHz. 'm = "'00 Hz. 30% A·M 

Sensitivity Vou~a) = 20mVims .:.;.,." - 5.0 10 ,..V 
Detector Recovered Aud io Va - 150 - mV 
Overload Distortion 80% A-M, also see "UlN-2204A - 10 - mV 

• Variations" 
Usable Sensitivity 20 dB S+N/N - 25 35 ,..V 
Mixer Input Impedance Zs See Note - 4.5 - kQ 
Mixer Input Capacitance Cs .,c;t.,',· ';':.";""", r ',',",", ""c .. ; I",' - 5.5 - pF 
Mixer Output Impedance Z4 """,, - 25 - kQ 
Mixer Output Capacitance C4 i - 3.0 - pF 
I·F Input Impedance Z2 - 100 - kQ 
I-F Input Capacitance C2 - 3.0 - pF 
Quiescent Terminal Voltage VI - L3 - V 

f' .. 
'Va ."'< ,,' ,,~ .. 

'I.7 -".; V -
Quiescent Supply Cuneot l Icc ',', . Vcc- 6:0 V .;.:' - 16,,;· , ..-' \ mA 

.:: "I' Vcc= 9.0'V .' ':; ./,. '.1" ',,' < ..... 13 '- ..!. mA 
~ 

, ' .:c~ .~=, AUDIO AMPLIftER: fo "'.Hz. Rt eQ ,~, " .... , .... 
Audio Gain '.?i··o '0. Ae ::-..~ , ," . 36 .. 40'" . .44 dB 

Output Power Po Vcc - 3.0 V, 10% THO ; :'f 50 mW 
.. : ":~';'I""" ·~"~:~~·Ycc~·""'="""6:'O"".''''':v'""', ·""'lO""%""'T""H"'O',.-· ·,... .... ·=,,· .. ·:,··:· .. ···,,::"±,...··-::Zp:":O,...·,,"":, ,.".~".~.~::::~=1L':':'"e:::'.j ,~"'-~..,..,I---m':'::W:-I 

; " !' 't<" .. ' ,'. Vee =JO y, 10% THD.500 650~ mW 



ULN-'2204A A~MIF-M RADIO SYSTEM 

TEST ,CIRCUIT 

A-M 

F-M IN 

A-M INo-I~---"~I----,_-16 1-1'·'>< 1 

22K 

·See "ULN·2204A Variations" 

COIL WINDING INFORMATION 

Tl A-M Firstl-F Qu = 120 General Instrument Toko Part No. 
455 kHz Nl:N2:N3 = 15.5:2.8:1 Part No. EX 27835 RMC-2A7641A 

Ct = 180 pF 

T2 A-M Second I-F Qu = 70 General Instrument Toko Part No. 
455 kHz NU'{2= 2:1 Part No. EX 27836 RlE-4A7642GO 

Ct = 430 pF 

T3 F-M Detector Qu = 50 General Instrument Toko Part No. 
10.7 MHz Ct = 100 pF Part No. EX 27640 BKAC-K3651HM 

T4 F-M Detector Qu =50 General Instrument . Toko Part No. 
10.7 MHz Ct =0100 pF Part No. EX 27640 BKAC-K3651HM 

II A-M Oscillator Qu = 50 General Instrument Toko Part No. 
1455 kHz Nl:N3 = 10.7:1 Part No. EX 27641 RWO-6A7640BM 

Ct = 39 pF 

6-10 



ULN·2204A A·M/F·M RADIO SYSTEM 

FUNCTIONAL BLOCK DIAGRAM 

A-M 
I-F I-F A-M GAIN ADJ. 

OSc. OUT IN AGC/AFC 

IN ~ .. 12.~~~ 
II ~l ' .. 

R~F LOW-LEVEl I-F I-F DETECTOR DETECTOR HIGH-LEVEL A-F A-F 
DECOUPLE GND DECOUPLE OUT IN OUT GND IN DECOUPLE 

DWG. NO. A-IO.12£ 

PIN 16 OUTPUT VOLTAGE. V16 

A-M Complete Part Number Including Suffix 
Operation F-M Operation 

2.20-2.65 V 2.55-3.05 V 2.95-3.40 V 
1.40-1.75 V UlN-2204A-II UlN-2204A-21 UlN-2204A-31 
1.65-2.00 V UlN-2204A-12 UlN-2204A-22 UlN-2204A-32 
1.90-2.25 V UlN-2204A-13 UlN-2204A-23 UlN-2204A-33 

TYPICAL QUIESCENT SUPPLY CURRENT TYPICAL AUDIO POWER OUTPUT 

24 

20 

... : 
ZI 

~ a 
2 

~ 8 

5l 

,/ , 
" , , 

/ 
(§)'i.. / / 
~ / ..,.. , ~ 

V t? 1>"'" 

/ 
V-

10 12 
SUPPLY VOLTAGE, Vee. IN VOLTS 

~"'6. MO. A-fG,HSA 

1.2 

THD=tO% L 
VL 

8 

~V. V 
6 Jrt 4 

2 / V 
~ 

y 

1.0 

o o 4 6 8 10 12 
SUPPLY VOLTAGE. Vee. IN VOLTS 
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ULN-2204A VARIATIONS 
FOR OPTIMAI.SY'STEM PERFORMANCE 

The receiver system's performance can be 
kept within tighter performance limits by match
ing bias groupings and appropriate external 
resistors (Rs and RI6)' With proper matching of 
parts and lots, consistent device performance 
can be obtained. Bias groups for Type ULN~ 
2204A are shown in the table below, There are 
three selections for each mode of operation and 
nine possible combinations. 

Sprague Electric Company recommends that 
customers do not specify particular selections 
except in unusual circumstances. All parts 
manufactured with Sprague part numbers are 
branded with appropriate part-number suffixes. 
Any shipment to a customer will consist of parts 
from a single selection (single suffix). 

The first digit of the suffix (the "3" in ULN-
2204A-31) refers to F-Mperforrnance. It ifF 
dicates F-M gain and pin 16 output voltage as 
functions of the pin 16 load resistance. (See' 
graph on next page.) . . 

F-M circuit stability is imrersely.related to.gain 
or sensitivity and is affectect by source and load 
impedances, decoupling,iliid piinted wiring 
board layout. After an optimal F-M I-F gain is 
determined for a particular circuit design, that 
gain can be attained by matching the part
number suffix.andJh.~pjn l610<;id. 

In addition, some system designs derive the 
F-M.tuner supply, tuner bias, or AFC voltage 
from pin 16 output of Type ULN-2204A. For 
example, if the tuner design requires 2.4 V at 2.0 
rnA (an equivalent R16 of 1 200Q) , the graph 
oel()w indicates a Type ULN-2204A-lX is re
quired. A -2X or -3X device could also lJe used 
by paralleling the equivalent l200Q tuner load 
with a fixed resistance for an 830Q load or a 
520Q load,respectively. For AFC applications, 
note that as frequency increases, V 16 voltage 
decreases. The amount of change is a factor of 
load impedance, detector coil characteristics, 
and part grouping. 

In A-M operation, stability is seldom a pro
blem. However, large-signal overload can be op-

..timized (to typically 30 mY) by matching the 
particular part group with an appropriate load 
resistor at pin 8. The A-M grouping of a device 
is identified by the second digit of the part
number suffix (the "I" in ULN-2204A-3l). 

F()r -XI, Rs should be 00. 

For -X2, Rs should be 47 kQ. 
.For -X3, Rs sh()uld be 33 kQ. 

Additional loading may raise the overload 
point slightly, but AGC and sensitivity will be 
compromised. For any fixed value of Rs, -X3 
parts will exhibit slightly higher A-M gain, while 
-Xl parts will have slightly lower A-M gain. 

TYPICAL F·M I·F GAIN CHARACTERISTIC 
F·M GAIN (dB) 

3.2 73 

3,0 72 

2.8 71 

70 

~ 

/ ./. V 
I" 

1/········ /' --, 

~ ~r ~ ~~" ~~ 
# ~Z~,"~ , 

, 7J~ 57 $' $'j .:.)'v • 

2.2 67 

2.0 64 

. II I V' 

/ v I 
J . 

100 200 300 500 800 1K 1.2K 2K 3K 5K 

R16 IN OHMS DWG. NO. A-II, 354-



ULN,,2204A A-M/F-M RAD10SYSTEM 

TYPICAL APPLICATION 

An A-M/F-M radio using the ULN-2204A 
receiver system, designed for a usable F-M sen
sitivity of about 4 lAY and an A-M sensitivity of 
350 lAY 1m, appears on the next page. 

radiating R-F noise in the A-M spectrum. 

The tuning indicator below may be added to 
the radio circuit to provide an LED indication 
when the received signal strength exceeds 7 lAY in 
the F-M mode or 700 lAY 1m in the A-M mode. 
The tuning indicator cir-cuit reduces the I-F gain 
by about 2 dB. The sensitiYitymay be adjusted 
by changing the value of Cl or C2. 

The two-stage F-M tuner is operated at about 
4 Y. Reducing the pin 16 voltage to 1.8 Y (by 
changing R16) reduces interstation noise and the 
F-M I-F gain. An inductor at pin 12 (L6) 
prevents the wide-band audio amplifier from 

L1 

l2 

l3 

l4 

l5 

l6 

l7 

Tl 

T2 

T3 
T4 

T5 

T6 

TUNING INDICATOR 

,..----------,.......--..---0'6 V 
lK 

0\,'(j.NO.A-11.3S5 

COIL AND TRANSFORMER INFORMATION 
FOR TYPICAL APPLICATION 

F-M Antenna Coil 

F-M R-F Coil 

F-M I-F Trap 

F-M Oscillator Coil 

F-M Detector Coi I 

Audio Choke 

A-M Antenna Coil 

F-M I-F Transformer 

F-M I-F Transformer 

A-M Detector Coil 

F-M Detector Coil 
A-M Oscillator 

A-M I-F Transformer 

4% turns, #20 AWG (0.8 mm), 0:216" (5.5 mm) 0 

3% turns, #20 AWG (0.8 mm), OJ 77" (4.5 mm) 0 

16% turns, #24 AWG (0.5 mm), 0.177" (4.5 mm) 0 

2V2 turns, #20 AWG (0.8 mm), OJ 77" (4.5 mm) 0 

15 JlH, Qu = 120 @ 2.52 MHz 

10 JlH, Qu = 2 @ 2.52 MHz; 
3 turns through ferrite bead 

Qu = 250, 110:10 turns ratio: 
Q2B core, 3.5" (90 mm) x 0.394" (10 mm) 0 

82 pF, Qu = 90 @ 10.7 MHz, 11:3 turns ratio 

390 pF, Qu = 75 @ 10.7 MHz, 5:2 turns ratio 

390 pF, Qu = 130 @ 455 kHz, 100 turns center-tapped 
150 pF, Qu = 90 @ 10.7 MHz 

460 JlH, Qu = 120 @ 796 kHz, 11 0: 11 turns ratio 

180 pF, Qu = 145 @ 455 kHz, 155:10 turns ratio; 
primary tapped at 127 turns 
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r -..,. 

I F-M ANT. 

4~7 . . . 47 ED-1502 BIC 

11 

30 

330 

I 
I 
I 
1 
1 

I 
I 
I 
I 
I 
I 

/ 
I 

/""'-.. nil 

/ 
/ 

.... , 
2.2 
K 

A-M ANT. I 
I 

I .ijJ"L7 I : 
l.. I . :; 

.......- I II 
-../ . 
" " , 

'- '- f 
'- f 

, I , / 
'/ 

*Required only for Vcc"2.9V. 

ED-1S02 BIC 

'·I·F gain-dependent: See "ULN-2204A Variations". 
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ULN-2240A A-MlF-M SIGNAL PROCESSOR 

ULN-2240A A-M/F-M SIGNAL PROCESSOR 

FEATURES 

• 12 /LV Limiting Threshold 

• Tuning-Error and Signal-Level Muting 

• Zero-Tune Meter Drive 

• Balanced A-M Mixer 

• 5 /LV A-M Sensitivity 

• D-C Mode Switching 

• Internal Voltage Regulator 

• Meets Dolby® Noise Requirements 

• 20-Pin Dual In-Line Plastic Package 

pREMIUM PERFORMANCE features such as de-
layed AGC for the R-F stage, an AFC drive 

circuit, interstation (signal level) muting, and off
channel (tuning error) muting, are offered by Type 
ULN-2240A. 

®Registered Trademark. Dolby Laboratories, Inc. 

The signal processor combines F-M I-F receiver 
functions and all A-M radio functions in a single 
monolithic integrated circuit. The system's audio 
output stage uses low-noise biasing that meets 
Dolby® receiver noise requirements. 

I-F 
BIAS 

I-F DETECT MUTE ADJ. 

OUT IN ~ 

DELAYED 
AGe 

I-F IN 

LOW-LEVEL (is) 
GROUND l 

A-M MIXER 
MIXER BIAS/Ave 

OUT 

AFC/ 
METER 

~ 
SUB. 

FUNCTIONAL BLOCK DIAGRAM 
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Vee 

A-M 
DECOLIPLE 

AllDtO 

OUT 

HIGH-LEVEL 
GROUND 

OWG.MO. A-I0796 
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ULN-2240A A-M/F-M SIGNAL PROCESSOR 

The A-M mixer is a balanced low-current analog 
multiplier with veryiow local oscillator feed~ 
through, high I-F rejection and freedom from spuri
ous responses. I~.can be used in the long, medium, 
and shortwaVe bands. 

A balanced four-stage differential I-F amplifier is 
used in bothA-M and F-M modes. It gives maximum 
gain without common-mode interference and noise. 
The delayed AGC output (pin 15) can be used for a 
discrete R-F stage or for stereo switching logic. 

In the F-M mode of operation, the detector is a 
high-level, fOl\r-quadnrn( analog multiplier. In the 
A-M mode, the det~tor is operated as a balanced 
peak detector. -

The low-level audio output is common to both 
operating modes and can be used to drive an audio 

power amplifier (ULN-3701Z) or stereo decoder 
(ULN -381 OA). 

A-M gain is controlled with A VC to the I-F and 
delayed A VC to the mixer. Switching between 
modes is done with a single-pole doc switch. 

Type ULN-2240A signal processor excels in 
signal-seeking or scanning applications. False trig
gers on adjacent channels or strong mistuned signals 
are eliminated since off-tune mute voltage changes 
are more pronounced than the usual signal-level volt
age changes. In standard F-M radio applications, 
tuning-error muting eliminates the low-frequency 
"thump" and noise-tail associated with tuning 
through a strong signal. 

Internal voltage regulators assure consistent per
formance with wide variations in supply voltage (8.5 
to 16 V) and temperature. 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage, Vee .............................................................................. 18 V 
Mute Input Voltage, Vg ••.••••......•....•...•••.....••.•....•.•..•..•••..•..••....•..•••......... 5.0 V 
Regulator Current, IREG .......................................................................... 5.0 rnA 
Package Power Dissipation, Po (see note) ........................................................... 750 mW 
Operating Temperature Range, TA .......................................................... -20°C to +85°C 
Storage Temperature Range, Ts ........................................................... -65°C to + 150°C 
Note: Po is derated at the rate of 9.4 mW/oC above TA = + 7DoC. 

F-M R-F 

F-M 
OSC. 

TYPICAL A-M/F-M STEREO RECEIVER 
FOR AUTOMOTIVE APPLICATIONS 

A-I/, TUNI NG 
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ULN-2240A A-M/F-M SIGNAL PROCESSOR 

ELECTRICAL CHARACTERISTICS at TA = + 25°C, Vee = 12.8 V 

Test Limits 
Characteristic Symbol Pin Test Conditions Min. Typ. Max. Units 

Operating Voltage Range Vr.r. 10 8.5 12.8 16. V 
Audio Output Voltage V 6 No Signal - 5.8 - V 
Regulator Output Voltage V;EG 13 NoSignal - 6.4 - V 
Avail. Reg. Output Current IREG 13 .. 2.0 - - rnA 

- - - .. 
F-M MODE: fo - 10.7 MHz, fm = 400 Hz, fd - ±75 kHz, Vln - 10 mVrms,Non-Muted (unless otherwise specified) 
Input Limiting Threshold V" 2 - 12 •. ·25 ILV 
Recovered Audio Vo", 6 350 425 600 mV 
Output Distortion THO 6 - 0.3 ··O} % 
OutDut Noise S + NIN 6 74 80 - dB 
A-M Reiection ... AMR 6 See Note .. 40 > 55 - dB 
Mute I1Vou, 6 Vi' = 100 ILV, max. mute ... - - -1.0 dB 

Yin = 5.0 fJ-V, max. mute -45 - - dB 
Mute Bandwidth I1f 6 Max. mute - 100 - kHz 
I-Flnput Voltage V, 2 No Signal - 3.5 - V 
Mute Output Voltage V 14 No Signal 3.6 4.2 - V 
AGC O~tput Voltage VI5 15 No Signal 4.2 4.8 5.5 V 

..... V,,=lO mVrms - - 0.5 V 
Mute Output Current I" 14 No Signal 0.5 - - rnA 
Avail.AGC Output Current 115 15 ... No Signal 1.0 - - rnA 
Supply Current Icc No Signal· - 26 40 rnA 
A-M MODE· f - 1 MHz f - 455 kHz f - 400 Hz 30% A-M V-I 0 mVrms (unless otherwise specified) 0 - , if- , m - , , in -

Sensitivity V 18 Vo", = 50 mVrms - 5.0 8.5 fJ-V 
Usable Sensitivity ... I i8 20 dB S+N/N - 6.0 - fJ-V 
Recovered Audio Veo" 

6 80%A-M 250 325 600 mV 
Input Overload Vi' i. 18 80% A-M, THD - 10% 25 50 - mV 
A-M Decouplinl! Voltage V 1 No Signal - 1.0 - V 
J-Flnput Voltal!e V 2 .No Sil!nal - 3.7 - V 
Mute Output Voltage ··V 14 .• No Signal - - 0.5 V 
AGC Output Vpltal!e V .. 15 No Sil!nal - - 0.5 V 
A-M Bias Voltage V 17 No Signal 1.6 1.8 2.1 V 
Supply. Current Icc No Signal - 16 30 rnA 

.. . 
Note,. . .. . V u for 100% F-M Vin 

Amplitude Modulation Rejeclion is specified as 20 log,:"o,,-;' tC-;:-;:::-:-;-;-;-;C"::: 
Vou' or 30% A-M Vin 

COIL WINDtNGINFnRMATION 

T1 A-M 1-F au = 45 General Instrument Tako Part No. 
455 kHz Ct = 1000 pF Part No. EX 27765 RXNc6A6909HM 

T2 F-M Detector au = 60 General I nstru ment Taka Part No. 
10.7 MHz Ct = 82 pF Part No. EX 27975 TKAC-17044Z 

L1 A-M Oscillator au = 50 General Instrument Taka Part No. 
1455 kHz N1:N2 = 1hl Part No. EX 27641 RWO-6A7640BM 

elf. I] [-:-
L~T 

Ji""':;. ~O. A-IO. '128 

Ct = 39 .. pF 

L2 F-M Detector L = 18 fJ-H Coilcraft Type V 10.7 MHz au = 55 
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UlN-224OA A-M/F-M SIGNAL PROCESSOR 

SMALL-SIGNAL A-C CHARACTERISTICS at TA = +25°C 

Characteristic Symbol 
I-F Input Capacitance C2 

I-F Output Resistance 
I-F Output Capacitance 
Audio Output Impedance. 

F-M MODE t, = 107 MHz 
I-F Input Resistance R2 
I-F Iransconductance gm 
Detector Input ResistanceR ll 

uetector Input (';apacltance (,;ll 

A-M MODE: t, = 1 MHz, lif = 455 kHz 
A-M Input Resistance RIB 
A-M Input Capacitance (,;18 

Mixer Transconductance gm 
Mixer Output Resistance R19 

Mixer Output Capacitance C19 

I-F Input Resistance R2 
I-F Transconductance gm 
Detector Input Resistance Rll 

I·· Detector Input Capacitance ClI 

Test 
Pin 

2 
12 
12 

2-12 
11 

.11 

18 
1~ 

1~-19 

19 
19 
2 

2-12 
11 
11 

Limits 
Test Conditions Min. Typ. Max. Units 

6.0 pF 
250 kD 
2.5 pF 
6.2 

10 kD 
mho* 

100 
1.5 

- 5.0 - kD 
- 20 - pF 
- 15 - mmho* 
- 500 - kD 
- 5.0 - pF 
- 15 - kD 
- 160 - mmho* 
- 250 - kD 
- 1.0 - pF 

'The International Electrotechnlcal Commission recommends the use of Sfemens (S) as the standard mternatlonal unit of conductance, admittance and 
susceptance. 

TEST CIRCUIT 

FcM IN 

AUDIO OUT O--+-------<i--y'f'v-c-l 

AFC I ME65~ 0--1----.---.-----"1 

100ll 

SOOK 

MUTE 

COLLEC':' rjf-P.'!:'':.SO!![[-- -7--0lJ-- ~;iO--'~Cfr~~'-- iNC 
cq2 I 1,- 8jllASE 

I I I I 

Nell : : 9181AS 1.... ______ l.iI ______ L§ _______ .J 

-=- -=- U" "0.'-'0.'9 
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L1 

0.47 
1..!,Q.J-1'~ r-----r-{) A - MIN 

J------t---I---Q AGe OUT 

OWG. NO. A-IO.796 

Filter Assembly: 
Toko Part No. CFU455C-82BR 
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ULN-2240A A"MlF-M SIGNAL PROCESSOR 

A-M CHARACTERISTICS 
AS FUNCTIONS OF INPUT VOLTAGE 

II I I 1111111 

RECOVERED AUDIO, Vou• 
f-' 

.....--

I 
/ 

~ .....--,/ 
THO 

'\ to- --" I 
; 

A-M MODE 

o dB or 325mV 

S+N 

II I .~ 
r-

10 100 IK 10K lOOK 
INPUT VOLTAGE, Vin IN IAV 

F-M CHARACTERISTICS 
AS FUNCTIONS OF INPUT VOLTAGE 

RECOVERED AUDIO, Vou• 

-101 itiitrftt-HilttitlllttttttritiitHtt:=J::::j:jj±tjt1 
F-M MODE 

o dB • 425 mV 

-30V 

INPUT VOLTAGE. V;n IN ~V 
DIIG. MD. B-J3~BA 
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ULN,;2~OA A .. M/F·M SIGNAL PR.OCESSOR 

A-M CONTROL VOLTAGES 
AS FUNCTIONS·Of INPUT VOLTAGE 

2.0 

TU!'NJ WEIJ IIVOLTA~E.I JT~'~ ...... -
". "'-

/ -r- Ave VOLTAGE, Vl7 

o V H V 
I 10 100 IK. 10K lOOK 

, ~o.s 
INPUT VOlTAGE, Vin• INIoIV 

F-M CONTROL VOLTAGES 
AS FUNCTIONS OF'INP'UT VOLTAGE 

II II 

\ 
F-M MODE 

,or-I--. 

\10 
" tJ 0 

~ \ '" 
1) ~ \~ .. 

\~ 0::. ~ "-

0 
\~ " -t 

~ ~ 
0 

10 100 IK 10K lOOK 

INPUT VOLTAGE, VIn• IN IiV 

F-M TUNING-ERROR DETECTOR RESPONSE 

6.0,...-__ ~--,-____ -. ____ .-___ --, 

~ 
> 4.01------+.....,,...---+---.,......,+'-'---""'--"-1 
0; 

,; 

~ 
~ 2 •. 'i-'-----t--'--\-'---+---I---+..;..;;;-=~-_l 
5 

~ 

-200 0, +'00 

CHANGE IN ·FREQUENCY, .6;1,., IN kHz 
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ULN~2Z41 AA~MfF;'M SIGNAL PROOESSINGSYSTEM 

l. 

ULN-2241A ,',' " " 
A-M/f .. M ~$IGNAL PROCESSING SYSTEM 

FEATURES 

,.·Low External Parts Count 
• D-C A-M/F·MSwitching 
• 12 ",V Limiting Threshold 
.5 ",V A-M Sensitivity 
• Low Harmonic Distortion 
• Balanced:A-,M, ~ ix~r 
• InternaLRegJJlatoI" , ' 
.; 16·Pin Duall~·Li~ePlastic Package . ;,.' , 

Tilf!~.SIdN~tp,~OCES~I~? SYSTEM,)Ya.s 
"designed wIth careful attentIon to the, tqtal 

system costs and performance requirements' or 
modern automotive and high-quality home 
entertaimnent broadcast receivers. All F~M I-F 
functions and all A-M functions are proYJ~~,:~Y 
Sprague Type ULN-2241A with a minimal eXlt!i'
nar parts count. 

FUNCTIONAL 

BLOCK 

DIAGRAM 

LOW-LEVel @ 
GRQUND ;t, 

I-F 
IN 

'-F 
BIAS 

T1i~ use of an ~nalog multipli~r a:~ a balanced' 
low-current mixer results in freedom from 
spurious responses and gives the system high 

'," t\Ve~t rejectioo.low feedthrough (I-F rejection), 
'and lowh<iisc; as well as very low local oscillator 

feedthrough. 

~ 
HIGH-LEVEL A-M Dwg. No. A-10.719 

GROUND ,DECOUplE 
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UlN-2241AA-Mlf-MSIGNAL PROCESSING SYSTEM 

Although primarily intended for use in A-M 
broadcast reception, the A-M mixer is also 
suitable for use at long-wave or shortwave fre
quencies. Delayed AGC is available for use with 
an optional discrete R-Fstage. 

A fully-balanced, four stage differential I-F 
amplifier gives maximum gain with freedom 
from interference and noise. It is used in both 
the A-M and F-M modes of operation with ap
proximately 82 dB gain in theF-Mmod.e and 
controlled AGC gain of26 dB in the A-M mode. 

The detector in the F-M mode is a four
quadrant analog mul~iplier operating in the 
high-level injection mode. Again, in,terference 
and noise are rejected through the use of balanc
ed current-mfrroroutputs. 

The delayed AGC output provides a doc 
voltage for control of signal level-related func-

tions. The detector is biased to a no-signal value 
of 4.7 V, that approaches 0 V with increasing 
signal input. 

IntheA-M mode of operation, the detector is 
configured as a balanced peak detector resulting 
in low audio distortion. A-M gain control is 
achieved with A VC applied to the I-F and with 
delayed A VC applied to the mixer. 

Switching between modes can be accom
plished with a simple single-pole doc switch. The 
common low-level audio output cart be used to 
drive any suitable audio power amplifier or 
stereo decoder (e.g. Sprague Types ULN-3701Z 
and ULN-381OA, respectively). 

Internal voltage regulators and bias supplies 
assure premium performance despite variations 
in external supply voltage (8.5 to 16 V) or 
temperature (- 20°C to + 85°C). Separate 
ground leads minimize possible decoupling 
problems. 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage, Vee .... 
Regulator Current, IREG . 

. .18 V 
. .. 5.0 mA 

.640 mW Package Power Dissipation, P D (see note) 
Operating Temperature Range, TA . 
Storage Temperature Range, Ts. 

. . . . . . . . . . . ................. .,..20°C to +85°C 

NOTE: P D is derated at the rate of 8.0 mW/oC above TA = +70°C. 

TYPICAL .APPLICATION 

(High-Performance Table Radio) 
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ULN·2241A A,M/F·M SIGNAL PROCESSING SYSTEM 

ELECTRICAL CHARACTERISTICS at TA - +25°C, Vee - 12.8 V 

Test limits 
Characteristic Symbol Pin Test Cond itions Min. Typ. Max. Units 

Operating Voltage Range Vcc 6 10 12.8 16 V 

Differential Audio Output Vout 5 See Note I - - ±3.0 dB 

Audio Ouput Voltage Vs 5 No Signal - 5.8 - V 

Avail. Reg. Output Voltage VREG 9 No Signal - 6.4 - V 

Avail. Reg. Output Current IREG 9 2.0 - - rnA 

F·M MODE: f, = 10.7 MHz, fm = 400 Hz, fd = ±75 kHz,Vin = 10 mV,ml' Non·Muted (unless otherwise specified) 

Input limiting Threshold VTH I - 12 25 

Recovered Aud io Vout 5 350 425 600 

Output Distortion THD 5 - 0.3 0.7 

A·M Rejection AMR 5 See Note 2 40 >55 -

I-F Input Voltage VI I No Signal - 3.5 -

AGC Output Voltage VIO 10 No Signal 4.2 4.8 5.5 
VIC = 10 mV,ms - - 0.5 

Avail. AGC Output Current 110 10 No Signal 10 - -
Supply Current Icc No Signal - 23 35 . . . A·M MODE: f, - I MHz, fij - 455 kHz, fm - 400 Hz, 30 % A·M, Vi. - 1.0 mV,ml (unless Citherwlse specified) 

Sensitivity Vin 13 Vout = 50 mV rms 
Useable Sensitivity 13 20 dB S + N/N 

Recovered Audio Vout 5 80% A-M 

I nput Overload Vin 13 80% A-M, THD = 10% 

A-M Decoupling Voltage VI6 16 No Signal 

I-F Input Voltage VI I No Signal 

AGC Outpu· Voltage VIO !O No Signal 

A-M Input Voltage V12 , 12 No Signal 

Supply Current Icc No Signal 

V for 10 mV F-M V 
Notes: I. Differential·Audio Output is specified as 20 log out '.' . In 

VOllt for 1.0 mV A-M Vin 

V for 100% F-M V 
2. Amplitude Modulation Rejection is specified as 20 log out. In 

Vout for 30% A-M Vin 

COil WINDING IN}:ORMATION 
TI A-M I-F Qu = 45 General Instrument Toko Part No, 

455 kHz Ct = 1000 pF Part No. EX 27765 RXN-6A6909HM 

T2 F-M Detector Qu =60 General Instrument Toko Part No. 
10.7 MHz Ct = 82 pF Part No. EX 27975 TKAC-17044Z 

11 A-M Oscillator Qu = 50 General Instrument Toko Part No. 
1455 kHz NI:N2 = 11:1 Part No. EX 27641 RWO-6A7640BM 

Ct = 39 pF 

L2 F-M Detector L = 27 flH General Instrument Toko Part No. 
IO.7MHz Qu = 55 @ 2.5 MHz Part No. EX 27764 154AO-7A6115HM 

6-23 
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UlN-2241A A-MlF-M SIGNAL PROCESSING· SYSTEM 

SMALL-SIGNAL A-C CHARACTERISTICS at TA - +25°C 
Test Limits 

Characteristic Symbol Pin Test Conditions Min. Typ. Max. Units 

I·F Input Capacitance Cl 1 - 6.0 - pF 

I·F Output Resistance Rs 8 - 250 - kQ 

I·F Output Capacitance Cs 8 - 2.5 - pF 

Audio Output Impedance Zs 5 - 860 - Q 

F·M MODE: f - 10.7 MHz , 
I·F Input Resistance Rl 1 - 10 - kQ 

I·F Transconductance gm 1·8 - 8.0 mho' 

Detector Input Resistance R7 7 - 100 - kQ 

Detector Input Capacitance C7 7 - 1.5 - pF 

A·M MODE: f, = 1 MHz, fN = 455 kHz 

A·M Input Resistance R!3 13 - 5.0 - kQ 

A·M Input Capacitance Cl3 13 - 20 - pF 

Mixer Transconductance gm 13·14 - 15 - mmho' 

Mixer Output Resistance RI4 14 ... - 500 - kQ 

Mixer Output Capacitance Cl4 14 - 5.0 - pF 

I·F Input Resistance Rl 1 - 15 - kQ 

I·F Transconductance gm 1·8 - 160 - mmho' 

Detector I nput Resistance R7 7 - 250 - kQ 

Detector Input Capacitance C, 7 - 1.0 - pF . The International Electrotechnlcal Commission recommends the use of siemens (S) as the standard international Unit of conductance, admittance and 
susceptance. 

TEST CIRCUIT 

Filter Assembly: 

Fl·;: V--"""t""1 t--~-o 

A~~?o--7-----,,---...;yV'-t--l 

vcco--~------~-iJUI~~ 

470 

~::-~1;-~---~1------------~~ 0.05 

VI'G. Ii:!. A-10318 

I I II 
I I I I 

Toko Part No. CFU455C-82BR 

COlLECTOR ... ri;B-.. P:.....'N<-... C.~.'[J--. -' .. -.'15 -.. _ .-.~ .... -.. 01]--UIIO .. - .. - S.0
C
a:-" "2R~ -.~ NC 

veel 2 ,I I ' _ 81 SASE 

I '. '. : : . I 

NC:..'. ______ J ______ ~ _______ ~"AS 
-=- ':" D-"';. ~O. l-IO. ~29 



ULN~2241A A-MlF-M SIGNAL PROCESSING SYSTEM 

F-M CHARACTERISTICS 
AS, FUNCTIONS OF INPUT VOLTAGE 

o 

v~ RECOV!REO AUDIO •. V ... llu -10 
l 

F-M MODE 
0"1 Ii '42SlftY 

-20 

V 
II 

V 
OUTPUT NOI ;~ " 0 

: -30 

~ 
~ -4 

i 1\ 

-5 0 

" V 
;; ,!!JECT7N 

0 

\ I--i'o..,. 
-6 

0 1 
~ TO -eOd 

10 100 tK 10K 100 
-7 

INPUT VOlTAGE. V",. IN flV 

A-M CHARACTERIST1CS 
o 

AS FUNCTIONS OF INPUT VOltAGE 

0 

II REcolERlD Il~,ll.11 V .. , 

0 

k-
-I 

~ t, 

0 

II 
0 1 

1'\[' 
0 ~ 

0- V 
./ 

THD 
0 

'\ f--
1'1" A-M NODE 

0 o dB •. 12' .... V 

-4 

li!! . 
II II ~ --6 0 

I 10 100 ,IK '" 10K 100 K 
INPUT VOlTAGE. Viti. IN IAV 
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ULN~2241A A-MlF-M SIGNAL PROCESSING SYSTEM 

5.0 

4.0 

3.0 

2.0 

1.0 

2. 0 

I. 5 

I. 0 

o. 5 

0 

-0, 5 

10 

AGC OUTPUT VOLTAGE 
AS A FUNCTION OF INPUT VOLTAGE 

1\ 

100 lK 

INPUT VOLTAGE, Vi"' IN ~V 

AVC VOLTAGE 

, 
.,. 
Q 

" 2-
~ 
<: 
0 
<::. 

~ 
t 

~ 

AS A FUNCTION OF INPUT VOLTAGE 

~ 

l' I"-h 

'" r-. 
........ -

10 100 lK 

INPUT VOLTAGE, Vi"' IN ~V 
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ULN~2242A1TDA1090 

A~M/F·MSIGNAlPROCESSING SYSTEM 

ULN-2242A1TDA 1090 
A-M/F-M SIGNAL PROCESSING SYSTEM 

FEATURES 
• Low External Parts Count 
• D-C A~M/F-M Switching 
• 12fJ-V Limiting Threshold 
• 5 fJ-V A-M Sensitivity 
• Low.Harmonic Distortion 
• Balanced A-M Mixer. 
• Meter Ori ve 
• Internal Regulator 
• Self-Contained Muting (Squelch} 

SUBSTANtiAL . snAI'L~FlCArI()N oJ 
. A-M/F-M.re.:;eiver designispossihle with Type 

ULN-2242K sigllalpro.:;essing . system with im: 
proved system pertormance !\II,4 .a minimal external. 
parts count. All F-M I-FfUnction~ and a1r A~M 
funciionsllrtip;£ovided bytbis monolithic integraied 
circuit;' . , .' . . . . 

A-M 
osc. 

LOW-UVEL (16). 

GROUND l 
A-M 

MIXER 
OUT 

MIXER 
BIAS 

Th;e useoLail \lll~()g l1lultiplier as a balanced 
low.qment mixer ~es!Jlts jnfreedO,tp, from spuriou~ 
r~sppnseS.hightweet i;eje~tion. ,low {eedtlJr0um 
(I-P rejection), and lOw noise, as well as very lovy, 6 
local. oscillator radiation. . 

HIGH-LEVEL 
GROU'ID 

A-M 
DECOUPLE 

...... IJ7(I 

FUNCTIONAL BLOCK DIAGRAM· 
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UtN· 2·242A!TDA 1090 
A·Mlf.M SICiNAL PRO~ESSINCi SYStEM 

Although primarily intended for use in A-M 
broadcast reception, the A-Mmixer is also suitable 
for use atlon~-waveOJ1~llhOJ(t.wave.'fr~£l~encies. De
layed AG<:: is av~ilabk for" use ",itIt llIl optional, 
discrete R~F stage; :(, . 

',,', l. 

A fully-balal1c€(d,:.fouNtage differential I-F 
amplifier gives maXimum gain withJreedom from 
common-mode signals. lOs usedil1.b~th~he A-M 
and F-M modes. ofoi5¢ratiort with ,~pro:ximately 
82 dB gain.in theF~Mmode and,~o~iNll!!d AGC 
gain of 26 to 82 dB.inthe A-M !nOde;':' . 

The detector in the F-M mode is a four-quadrant 
analog multiplier operating in the high-level injec
tion mode. Interference and noise are rejected. AFC 
and meter-drive signals (pin 7)'are generated for use 
with any reference voltage betWeen Vee and ground, 
with AFCgain detenniiied by the choice of l()ad 
resistor. " 

The mute and delayed AGC outputs provide d-c 
voltages for control of signal-level-related functions. 
Both detectors are biased to a no-signal value of 

4.7 V and approach zero with increasing signal in
put. 

In the A-M mode of operation, the detectoEis 
configured as a balanced peak detector for 1():w:au4io 
distortion. A-M gain control is achieved with A VC 
applied to the I-F and delayed AVe applied to. the 
mixer. 

Switching between modes can be accomplished 
with a simple single-pole d-c switch. The common 
low-level audio output can be used to drive any 
suitable audio power amplifier or stereo decoder 
(Sprague Type ULN-3703Z and ULN-381OA, re
spectivel y). 

Internal voltage regulators and bias supplies as
sure premium performance despite variations in ex
ternal supply voltage (8.5 to 16 V) or temperature 
(-20°C to +85°C). Separate ground leads minimize 
possible decoupling problerriS. . 

Type ULN-2242A A-M/F-M signal processing 
system IS housed in a 20-pin dual in-line plastic 
package. Parts are marked with the Sprague Electric 
part number (ULN-2242A) unless the Pro-Electron 
marking (TDAI090) is requested. 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage, Vee ............................................... 18 V 
Mute Input Voltage,,va ..... :,. ' ....•... ~ .......... : ................. 5.0 V 
Package Power Dissipation"PD (see note) .:; ........ , .........•...... , 750 mW 
Operating Temperature Range, fA ... I. ,'.' , •• ,c'.; .............. -20°C to +85°C 
Storage Temperature Range, Ts .... "", .................. .,..65°C to + 150°C 
Note: PD is derated at the rate Df 9.4 mW/'C above TA :"7: 70'C. 



ELECTRICAL CHARACTERISTICS at TA = +25°C, Vee = 12.8 V 

Test 
Characteristic Symbol Pin Test Conditions 

Operating Voltage Range Vcc 10 
Audio Output Voltage V6 6 No Signal 
Regulator Output Voltage VREG 13 No Signal 
Regulator Output Current IREG 13 

ULN-2242A1TDA 1090 
A-M/F-M SIGNAL PROCESSING SYSTEM 

Limits 
Min. Typ. Max. Units 
8.5 12.8 16 V 
- 5.8 - V 
- 6.4 - V 
2.0 - - rnA 

F-M MODE: f, = 10.7 MHz, fm = 400 Hz, fd = ±75 kHz, VI. = 10 mVrms, Non-Muted (unless otherwise specified) 

Input Limiting Threshold VTH 2 - 12 
Recovered Aud io VOU! 6 350 425 
Output Distortion THD 6 - 0.3 
A- M Rejection AMR 6 See Note 40 >55 
Mute IJ.Vout 6 Yin = 100 !-'V, max. mute - -

Yin = 5!-'V, max. mute -45 -
AFC Output Voltage Vate 7 220 -
I-F Input Voltage Vz 2 No Signal - 3.5 
Mute Output Voltage V14 14 No Signal 3.6 4.2 
AGC Output Voltage V15 15 No Signal 4.2 4.8 

Yin = 10 mVrms - -
Mute Output Current 114 14 No Signal 0.5 -
AGC Output Current 115 15 No Signal 1.0 -
Supply Current Icc No Signal - 23 

A-M MODE: f. = 1MHz, fit == 455 kHz, fm = 400 Hz, 30% A-M, VI. = 1.0 mVrms (unless otherwise specified) 

Sensitivity V 18 V,," = 50 mVrms 
Usable Sensitivity 18 20 dB S+N/N 
Recovered Audio VOU! 6 80% A-M 
Input Overload Yin 18 80% A-M, THD - 10% 
A-M Decoupling Voltage VI 1 No Signal 
I-F Input Voltage Vz 2 No Signal 
Mute Output Voltage V14 14 No Signal 
AGC Output Voltage VI 15 No Signal 
A-M Input Voltage VI 17 No Signal 
Supply Current Icc No Signal 

Note: Vou Vo for 100% F-M Vin Amplitude Modulation Rejection is specified as 20 log =-! .:::'!~~:-c:--'" 
VOU! for 30% A-M Vin 
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- 5.0 
- 6.0 
250 325 
25 50 
- 1.0 
- 3.7 
- -
- -
1.6 1.8 
- 16 

25 !-'V 
600 mV 
0.7 % 
- dB 

-1.0 dB 
- dB 
600 mV 
- V 
- V 
5.5 V 
0.5 V 
- rnA 
- rnA 
35 rnA 
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600 mV 
- mV 
- V 
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0.5 V 
0.5 V 
2.1 V 
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ULN-2242A1TOA1090 
A-M/f~M 'SIGNALPROCESSING SYSTEM 

SMALL-SIGftAL A-C CHARACTERISTICS at TA = +25°C 
Test limits 

. ~ Characteristic.. Symbol Pin Test Conditions Min. .. ' Typ. Max . Units 
I-f Input CapaCllllnce '. c~, Z 6.0 - pF 
I-F Output Resistance R12 12 -. 250 - kn 
I-f. OUfput Capacitance 'C1Z 12 - 2.5 - pF 
Audio uutput Impedance l6 6 - 860 - n 
F-M MBOE: , ,=10.7 MHz " 

leF Input Resistance • ~C" Rz .,. l - 10 - kn 
. I~F TransconductanceJ~;i'·\ 'gm 2-12 - 18 - mho' 
~etector Input Keslstai\.ile' Rll 11 - IuD - kn 
u~tector Inpitt (;apacltance Cll 11 - . 1.5 - pF 

A-M MODE:', = 1 MHz. 'If = 455 kHz 
A,M Input Resistance ·R IB 18 - 5.0 - k!l 
A-M Input'capacitance CI 18 - 20 - pF 
Mixer Transconductance gm 18-19 - 15 - mmho· 
Mixer Qutput Resistance .R19 19 - !lUU ~ kn 
Mixer uutput Capacitance CI9 19 .. 5.0 pF 

.I-F Input ReSistance Rz 2 " .. - 15 - kU 

I-F Transconductance gm l"ll - 300 - mmho· 
UefeCtor Input Resistance ·R ll 11 - 250 - kn 
Detector Input Capacitance 'C II 11 - 1.0 - pF 

.The Intemational Electrotechnical Commi~sion recommends the use of siemens (S) asthe standard international unit of conductance, admittance and 
·susceptance. 
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TEST CIRCUIT 

ULN 2242A 

F-M IN 

ULN-2242A/TDA1090 
A-M/F-M SIGNAL PROCESSING SYSTEM 

~, ~:~: 

LI 

U!ll---'-..-~ 1---+--0 A - M IN 

AUDIO OUT o--t---c----4~I/V---I ~.J---__ --+--+-O AGe OUT 

T1 

T2 

II 

l2 

A-M I-F 
455 kHz 

loon 
0.015 

500K 

MUTE 

5K 

COil WINDING INFORMATION 

L)'I!Il, hO. A-IO.'QJ8 

au = 45 General Instrument 
Ct = 1000 pF Part No. EX 27765 

Dwg. No. A-IO,427A 

Toko Part No. 
RXN-6A6909HM 

F-M Detector au =60 General Instrument Toko Part No. 
10} MHz Ct = 82 pF Part No. EX 27975 TKAC-17044Z 

A-M Oscillator au = 50 General Instrument Toko Part No. 
1455 kHz Nl:N2 = 11:1 Part No. EX 27641 RWO-6A7640BM 

Ct = 39 pF 

F-M Detector L= 18 JLH Coilcraft 
10.7 MHz au =55 Type V 

Filter Assembly: 
Toko Part No. CFU455C'82BR 

'"'~:' ~ :TIcr-~ -4 .. r .. --... 01]-.. - TI .. :'.ili .. -... ~.B-'-.n-: i" cq2 _ I _ I - 81 BASE 

I I . I. I 
I .. . I . I. . . . .. I 

NC~~ _____ ul ______ -~ ______ .;... ~BIAS 
-=- -=- OMl. ~O .• -IO.~19 
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tJ1N·2242~T9A 1090 
A1'NF·MSIGNAIi PROCESSING SYSTEM 
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ULN-2242AVTDA1090 
A-MlF-M SIGNAL PROCESSING SYSTEM 

A-M .CONTROL VOLTAGES 
AS FUNCTIONS OF INPUT VOLTAGE 
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ULN-224lA;MIXERfI-F FOR F-M RADIO APPLICATIONS 

ULN-2243A 

MIXER/I-F FOR F-M RADIO APPLICATIONS 

FEATURES 

• Doubly-Balanced Linear Mixer 

• Very-High I-F Rejection 

• 32 mmho (millisiemens) Conversion Gain at 100 MHz 

• 330 Q I-FlnputlOutput Impedance 

• 46 dB I-F Gain at 10.7 MHz 

• AGC Detector for MDSFET R-F Stage 

• low External Component Count 

• 16-Pin Dual In-Line Plastic Package 

pROVIDING AN IMPORTANT basic building 
block for use in F-M radio applications, the ULN-

2243A mixer/I-F minimizes spurious responses from 
strong off-channel signals while providing an ex
cellent noise figure, maximum desired signal gain and 
very-high I-F rejection_ 

The linear fully-balanced mixer is an analog 
multiplier which will outperform discrete mixers_ The 
low local oscillator and received frequency feed
through greatly reduces the outband rejection re
quirements_ 

I-F gain is furnished by a 2-stageamplifier.with the 

gain set at typically 46 dB. Input and output im
pedances are 330Q to allow the use of inexpensive 
ceramic filter coupling. 

Both bias and AGe voltages, for use with a dual
gate MOSFET R-F stage, are provided by the wide
band AGe detector. An inhibit connection (pin 14) 
allows for maximum wide-band R-F gain up to the 
signal level at which the AGe action of the following 
narrow-band I-F amplifier/limiter and detector 
(ULN-3840A or ULN-3889A) starts operating. For 
strong on-channel signal levels, the wide-band R-F 
gain is determined by the strongest in-band signal. 

MIXER 
Vee 

AGC/R-F BIAS 
OUT AGe 

INHIBIT 

I-F 
Vee 

@ 

I-F I-F I-F 
GROUND DECOUPLE IN 

Dw.... liD. A-IO. 79~ 

FUNCTIONAL BLOCK DIAGRAM 
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ULN-2243A MIXERII-F FOR F-M RADIO APPLICATIONS 

ELECTRICAL CHARACTERISTICS at TA = + 25°C 
Test Test limits 

Cha racteristic Symbol Fig. Pin Test Conditions Min. !Yl!: Max. Units 
Quiescent Supply Current Icc 5 + 6 Vee = + 12 V 5.0 - 11 mA 

12 + 15 Vee = +8 V 18 - 38 mA 
I!lIXER: fi' = 100 MHz, VOSt = 200 mV, fost = 110.7 MHz, flUt = 10.7 MHz 
Input Impedance Z" 1 9 or 10 V - 25 mV - 525 - n 
Input Capacitance Cm 1 9 or 10 Vi' - 25mV - 9.0 - JlJ 
Osc. Impedance Zose 1 7 or 8 Vi' = 0 - 170 - n 
Osc. Capacitance Cose 1 7 or 8 Vi' - 0 - 10 - pF 
Output Impedance Zout 2 5 or 6 Vi' - 0 - 120 - kn 
Output Capacitance Cout ' 2 5 or 6 Vi' - 0 - 3.2 - pF 
Conversion Gain gm 3 Vi' - 1.0 mV - 32 - mmho 
I-F AMPLIFIER: Vi' - .100 fJ-V, fi,- ,10.7 MHz 
Input Resistance R'N 1 - 330 - n 
Output Resistance ROUT 16 - 280 - n 
I-F Gain A 16 - 46 - dB 
AGC DETECTOR: fi' =10.7 MHz, Vi' = Pin4, V,N = Pin 14 
Detector Threshold V, 4 V,N - 3.5 V - 150 - mV 
Inhibit Threshold Y'N 14 Vi' = 350 mY, VOU! = 2.0 V 0.8 - 2.0 V 
Quiescent Output Voltage VOUT 13 Vi' - 0 and/or Y'N - 0 - 7.7 - V 
Output Voltage VDUT 13 Vi' = 350 mV, V,N - 3.5 V - 0.7 - V 

·12V '8V >2V .8V 

FIgur.1 Flgur.2 

+12V .8V 

Flgur.3 
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UlN·2243AMIXERlI·F FORF-M RADIO APPLICATIONS 

APPLICATION INFORMATION 
The ULN-2243A mixer/I-F performs a variety of 

functions especially suitable for automobile radios 
and other receivers required to handle an extremely 
wide range of input signal levels. It has been de
signed to use some of the inherent advantages of an 
integrated circuit to improve F-M front end designs 
instead of simply attempting to replace discrete de
vices with.integrated ones. This allows the tuner de
signer to select an R-F amplifier and oscillator circuit 
best-suited to the particular application. 

The double-balanced mixer is internally biased so 
that all inputs can be capacitively coupled. This 
mixer possesses several advantages over discrete 
devices: 

1. High inherentI-F rejection, 
2. Good I-F/2 rejection, 
3. Less oscillator drive required than with FET 

mixers, 
4. Low oscillator feed through, 
5. Les~ oscillator modulation with large signals, 

and 
6. Balallced inputs eliminate ground loops which 

can cause stray coupling paths in discrete 
mixers. 

Note that the oscillator input can be to either pin 
7 or pin 8, the R-Finput to either pin 9 or pin 10, to 
suit the circuit board layout. 

The I-F transformer used with the ULN-2243A 
has been made to utilize both outputs of the mixer 
and was wound on a bobbin type coil form (Toko 
Type 10EZ) to maintain close couplings between 
windings. This eliminates the high cost of a bifilar
wound transformer. A conventional tuner with two 
R-F tuned circuits will typically have an I-FI2 rejec
tion of at least 100 dB and a low noise figure. A sin
gle-ended output from either pin 5 or 6 could have 
been used (with degradation in rejection and noise 
figure) with the remaining output connected directly 
to Vee. 

The limiting amplifier has about 46 dB of gain at 
10.7 MHz. The input and output impedances are 
3300 for easy ceramic filter connection. The differ
ential input again avoids the low-impedance ground 
loops associated with discrete common emitter I-F 
input stages. This makes the construction of a stable 
amplifier much easier. Since the I-F amplifier is an 
independent element, various combinations of fil
ters before and after the amplifier are possible. 

The relatively high gain of the ULN-2243A I-F 
amplifier allows the circuit designer to use surface 
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wave or cascaded ceramic filters between it and the 
amplifier/detector integrated circuit. The resistive 
matching pad between ceramic filter elements pre
vents interactions which can cause undesirable 
group delay variations. 

The AGC detector between pins 4, 13, and 14 has 
some unique properties which can be used in dif
ferent ways. If the R-F amplifier is a dual-gate 
MOSFET (Figure 4), only the minimum in external 
discrete components is required. 

The AGC detector input (pin 4) is connected 
through a small coupling capacitor to the mixer out
put. Internally is an R-F peak detector and d-c am
plifier. If the AGC inhibit voltage (pin 14) is greater 
than approximately 1 volt, the AGC output voltage 
(pin 13) will change from typically 7.7 V with no ap
plied .signal to O.5V if an R-F signal of more than 
150 m V is present at the input. This allows the tuner 
designer several design possibilities: 

1. Connecting the AGC inhibit to the meter drive 
output of the limiter/detector (pin 15, ULN-
3840A), the R-F stage will be AGC'd when tuned. 
to a strong signal or when tuned to a weak signal 
with a strong adjacent channel signal, or 

2. Pin 14 can be connected to a fixed bias voltage 
(typically + 5 V). The R-F stage would then be 
AGC'd by any signal falling within the mixer coil 
bandpass, or 

3. Combinations of fixed bias and signal-dependent 
levels (AFC, deviation mute, or delayed AGC) 
will then allow almost an unlimited number of 
AGC possibilities. 

The AGC .characteristics of the ULN-2243A 
mixerlI-F can be used with many other types ofR-F 
amplifier. By adding a discrete transistor amplifier 
at pin 13, the AGC signal can be inverted and/or 
amplified to drive a bipolar R-F stage into forward 
AGC or to drive a PIN diode attenuator. A simplified 
graphical illustration of the most common AGC 
characteristic is shown in Figure 5. 

A typical application of .the ULN-2243A mixer/ 
I-F in an F-M tuner was shown in Figure 4. Note that 
an output from the high-frequency oscillator has 
been provided with no increase in cost. This is one 
advantage to having the oscillator external to the 
integrated circuit. Also, by not including the R-F 
amplifier within the device, a wide variety of R-F 
amplifiers can be used depending on the wishes 
of the designer or the particular constraints of the 
application. 
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ULN-2243A MIXER/I-F FOR F-M RADIO APPLICATIONS 
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TYPICAL APPLICATION 
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CHANNEL SIGNAL WI TH 
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Dwg. No. A-ll,039 

Figure 5 
AGC CHARACTERISTICS 
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ULN-2249A A-M RADIO SYSTEM 
FOR AUTOMOTIVE APPLICATIONS 

ULN-2249A A-M RADIO SYSTEM 
FOR AUTOMOTIVE APPLICATIONS 

FEATURES 
• Low External Parts Count 
• Internal Bias Regulator 
• High AGC Ratio 
• Low Distortion 
• Good Sensitivity 
• Direct Replacement for HA1199 

SPECIFICALL Y DESIGNED for automotive 
A-M radio applications, the ULN-2249A A-M 

radio system consists of an R-F amplifier, converter, 
I-F amplifier, A-M detector, AGC amplifier, and 
bias voltage regulator. The low-level audio output 
can be used to drive a standard audio power 
amplifier, such as the Sprague Type ULNc3701Z. 

Of particular significance in automotive applica
tions is the ability of this integrated circuit to perform 

satisfactorily under wide variations in signal level. A 
typical AGC ratio of 63 dB, a usable sensitivity of 
approximately 8 /.LV, and an overload point in ex
cess of 3 V, all contribute to the excellent perfor
mance of these devices under real conditions. 
Moreover, the ULN-2249A A-M radio system is 
rated for operation over the broad supply voltage 
range of 10.8 V to 15.6 V although the self
contained local oscillator will continue to function at 
much lower voltages. 

FUNCTIONAL BLOCK DIAGRAM 

oJ 

"' >0 
",z 
oJ:;;> 
'0 
• It: 
0" 
oJ 
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ULN-2:8A A-M RADIO SYSTEM 
FOR AU1BMOTIVE APPLICATIONS 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage, Vee ............................................... 1B V 
Package Power Dissipation, PD ••••••••••••••••••••••••••••••••••• 670 mW* 
Operating Temperature Range, TA ........................... -20°C to +B5°C 
Storage Temperature Range, Ts ........................... -65°C to + 150°C 
'Derate at the rate of 8.3 mW/oC above TA = + 70°C. 

ELECTRICAL CHARACTERISTICS at TA = +25°C, Vee = 13.5 V, fo = 1 MHz, fif = 262.5 kHz, 
fm = 400 Hz, 30% A-M, Figure. 2 (unless otherwise noted) 

Limits 
Characteristic Symbol Test Conditions Min. Typ. 

Quiescent Supply Current Icc Figure 1 - 15 
Sensitivity Yin Vout = 20 mV - 3.0 
Detector Output Voltage V8 Yin - 5.0 mV 50 -
Output Distortion THO Yin - 500 mV - 0.4 
Signal-ta-Noise Ratio S+N/N Yin = 50/J-V 26 30 
AGC Ratio' Yin = 20 mV 60 63 

'>AGe Ratio is defined as the. ratio of the input voltages for a reduction in output voltage of 10 dB with the high level input as specified. 

Max. 

-
6.0 
-
5.0 
-
-

SMALL-SIGNAL A-C CHARACTERISTICS at TA = + 25°C, Vee = 13.5 V, to = 1 MHz, fif = 262.5 kHz, 
fm = 400 Hz, 30% A-M, Vin oS 27 mVrms 

Limits 
Characteristic Symbol Test Conditions Min. Typ. Max. 

R-F Input Impedance ZI Also, see note - 6.0 -
R-F Output Impedance Zl6 - 100 -
R-F Transconductance gm - 16 -

_{;any. Input Impedance ZI4 - 12 -
Osc. Input Impedance ZI3 f osc = l.262 MHZ - 3.6 -
Cony. Output Impedance ZI2 - 100 -
Cony. Transconductance gm Pin 14-12, V 13 = 300 mVrms - 0.2 -

Pin 13-12, V I ~ 27 mVrms - l.4 -
Osc. Input Voltage V\3 For optimum cony. performance 300 - -
I-F Input Impedance ZID - 2.B -
I-F Output Impedance Zs - 50 -
I-F Gain Ae - 24 -
De!. Input Impedance Z6 - 310 -
Det. Output Impedance Z8 - 100 -
Det. Gain Ae - 25 -

NOTE, For optimum noise match, source impedance should be 1.2 kil. 
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Units 

rnA 
/J-V 
mV 
% 
dB 
dB 

Units 

kO 
kO 

mmho 
kO 
kO 
kO 

mmho 
mmho 
mVrms 

kO 
0 
dB 
0 
0 
dB 



ULN-2249A A-M RADIO .SYSTEM 
FOR AUTOMOTIVE APPLICATIONS 

TEST CIRCUITS 

120n 

D'tIB.NO. A-IO.'I39 

FIGURE 1 

TUNE: 

I 
I 

'\ I 
DUMMY '\ I 
ANTENNA " I 

, I 1000 

'in~30~'\, 5"H T Iqo'O~ 
5Q,c I IK 

~~ 

COIL WINDING. INFORMATION 

c,LTIJ. L ..... ~ .. N'~. c, 
LL3LllJ 

FIGURE 2 

()'f'fU. MO. A-IO. "~2 

T1 First I-F Gup = 80, Gus = 75 Toko Part No. 
262.5 kHz Nt:Np:Ns = 13:2.3: 1 B124FCS-I013PYGI 

Ct = 150 pF B124FCS-I014STB 

T2 Se.cond I-F Gup = 80, Gus = 75 Toko Part No. 
262.5 kHz Nt:Np:Ns = 13:5.6:1 B124FCS-60001PYGI 

Ct = 150 pF B124FCS-I014STB 

6-40 

0.033 



+10 

0 
In 
-' 
ILl 
II) »> 

c:; 
-10 ILl 

" 
!!: 
-' -20 uJ 
> 
'" -' 

uJ 

ULN-2249A A-M RADIO SYSTEM 
FOR AUTOMOTIVE APPLICATIONS 

RECOVERED AUDIO, NOISE, AND DISTORTION 
AS FUNCTIONS OF SIGNAL INPUT 
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ULN-3804A A-M/F-M SIGNAL. PROCESSOR 

ULN-3804A 
A-M/F-M SIGNAL PROCESSOR 

FEATURES 

• Good Sensitivity 
• low Harmonic Distortion 
• Wide Operating Voltage Range 
• Excellent A-M Rejection 
• low Power Drain 
• D-C A-M/F-M Switching 
• 30 fl-V limiting Threshold 
• 16-Pin Dualln-Une Plastic Package 

DESIGNED for use in batterycpowered.portable 
radios or line-driven table radios. Type ULN-

3804A works well in low-cost applications requiring 
high performance with few external parts. An entire 
A-M/F-M stereo receiver can be built with a Type 
ULN-3804A, a Type ULN-3809A stereo decoder, 
and two Type ULN-2283B audio amplifiers, for op
eration over a supply range of 4.5 to 12 V. 

The signal processor includes the A-M oscillator 
and mixer and the A-M/F-M I-F amplifier and detec
tor from the popular radio system, Sprague Type 
ULN-2204A. Radio designs using Type ULN-2204A 
can be revised for greater power output or for stereo 
operation (without reworking the printed wiring 
board layout) by replacement of Type ULN-2204A 
with Type ULN<t804Aand addition of appropriate 
stereo decoders and audio power amplifiers. 

In the A-M mode of operation, Type ULN-3804A 
provides all high-frequency circuitry, including 
AGe and envelope peak detection, for a single-con
version superheterodyne broadcast or shortwave re
ceiver. In the F-M mode, the signal processor 
operates as a high-gain amplifier/limiter and phase
shift detector. A d-c switch is used to change modes. 

A single external capacitor at pin 16 provides the 
A-M AGe time constant, the F-M AFe time con
stant, and R-F decoupling. 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage, Vee. . . . . . . . . . . . . . . . . . . . . . . . . . .. 16 V 
Package Power Dissipation, PD' ................ 640 mW* 
Operating Temperature Range,TA• • • • • • •• - 20°C to + 85°C 
Storage Temperature Range, Is ......... - 65°C to + 150°C 
*Derate at the rate of 8.0 mwre above T, = . + 70oe. 

FUNCTIONAL BLOCK DIAGRAM 

R-F LOW-LEVEL I-F I-F DETECTOR DETECTOR HIGH-LEVEL 
DECOUPLE GND DECOUp·LE OUT I N OUT (ROU ND 

OW9. No. A-ll,068 
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ULN-3804A A-M/F-M SIGNAL PROCESSOR 

ELECTRICAL CHARACTERISTICS at TA = + 25°C 
Vee = 6.0 V, Ra = 00, RI6 = 1.2 kG (unless otherwise noted) 

Limits 

Characteristic Test Conditions Min. Typ. Max. 

F-M MODE: fo = 10.7 MHz, fm = 400 Hz; fd = ± 75 kHz, Peak Separation = 550 kHz 

Input limiting Threshold V,h - 30 60 /LV 
Detector Recovered Audio Vo - 250 - mV 

Detector Output Distortion THD Yin = 10 mV,ms - 1.0 - % 
A-M Rejection AMR Yin = 10 mV,ms> 30% A-M, 

tam == 400 Hz 35 50 - dB 

I-F Input Impedance Z, - 40 - kfl 
I-F Input Capacitance C, - 4.0 - pF 

Quiescent Terminal Voltage Vj - 2.1 - V 

VB - 1.7 - V 

Quiescent Supply Current Icc - 10 15 mA 

A-M MODE: fo = 1 MHz, fif = 455 kHz, fm = 400 Hz, 30% A-M 

Sensitivity Maximum Volume - 5.0 10 /LV 
Detector Recovered Audio Vo - 150 - mV 

Overload Distortion 80% A-M - 10 - mV 

Usable Sensitivity - 25 35 /LV 
Mixer Input Impedence Z6 See Note - 4.5 - kfl 
Mixer Input Capacitance C6 - 5.5 - pF 

Mixer Output Impedance Z, - 25 - kfl 
Mixer Output Capacitance C, - 3.0 - pF 

I-F Input Impedance Z, - 100 - kfl 
I-F Input Capacitance C, - 3.0 - pF 

Quiescent Terminal Voltage Vj - 1.3 - V 

VB - 1.7 - V 

Quiescent Supply Current Icc - 3.8 - mA 
NOTE: For optimum nOise match, source impedance should be 2.5 kil. 
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ULN-3804A A-M/f-M SIGNAL PROCESSOR 

TEST CIRCUIT 

A-M 

F_M IN 

L£f--~r------~-~i--<> Vee 

'-M IN o--f-,--------1\-----.-----l 

COIL WINDING INFORMATION 

1>."" MO. A-IO no 

Tl A-M First I-F Qu = 120 General Instrument Toko Park No. 
455 kHz Nl:N2:N3 = 15.5:2.8:1 Part No. EX 27835 RMC-2A7641A 

Ct = 180 pF 

T2 A-M Second I-F Qu = 70 General Instrument Toko Part No. 
455 kHz N1:N2 = 2:1 Part No. EX 27836 RLE-4A7642GO 

Ct = 430 pF 

13 F-M Detector Qu = 50 General Instrument Toko Part No. 
10.7 MHz Ct = 100 pF Part No. EX 27640 BKAC-K3651HM 

T 4 F-M Detector Qu = 50 General Instrument Toko Part No. 
10.7 MHz Ct = 100 pF Part No. EX 27640 BKAC-K3651HM 

L1 A-M Oscillator Qu = 50 General Instrument Toko Part No. 
1455 kHz Nl:N3 = 10.7:1 Part No. EX 27641 RWO-6A7640BM 

Ct = 39 pF 
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ULN.3804AA-M/F·M SIGNAL PROnSSOR 

Device Classification 
and Design Considerations 

The A-M/F-M receiver system's operation can be kept within tighter 
performance limits by matching bias groupings and appropri!lte external 
resistors (R8 and RI6). With proper matching of parts and lots, consistent 
device performance can be obtained. The groupings, shown in the table 
below, are based on A-M and F-M operation. There are three selections 
for each mode and nine possible combinations: 

PIN 16 OUTPUT VOLTAGE, VI6 

Complete Part Numberlncluding Suffix 

A-M F-M Operation 
Operiltion 2.20-2.65 V 2.55-3.05 V 2.95-3.40 V 

1.40-1.75 V ULN,3804A,11 ULN-3804A-21 ULN-3804A-31 
1.65-2.00 V ULN-3804A-12 ULN-3804A-22 ULN-3804A-32 
1.90-2.25 V ULN-3804A-13 ULN-3804A-23 ULN-3804A-33 

.. 

Sprague recommends that· customers. not specify particular selections 
except in unusual circumstances. Allparts manufactured with the Sprague 
part number will be marked with the complete number, including the ap
propriate suffix. In addition, anyone shipment to a customer will consist 
of a single selection (single suffix). 

The first digit of the suffix (such as the "3" in "- 31") applies to F-M 
performance. It indicates the F-M gain and pin16 output voltage as func
tions ofthe pin 16 load resistance, as shown in the graph on the next page. 

F.M circuit stability is inversely related to gain or sensitivity and is also 
affected.by source and loan imPedances, decoupling, and printed. wiring 
board layout. After an optimal F-M I-F gain is determined for a particular 
circuit design, the gain can be controlled with proper matching of the suffix 
and the pin 16 load. 
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ULN-3804AA-M/F-M SIGNAL PROCESSOR 

Design Considerations (Continued) 

In addition, certain system designs derive the F-M tuner supply, tuner 
bias, or AFe voltage at pin 16 of Type ULN-3S04A. As an example, if the 
tuner design requires 2.4 Vat 2.0 rnA (an equivalent R16 of 1200 il), Type 
ULN-3S04A-IX is required. A - 2X or - 3X device can also be used by 
paralleling the equivalent 1200 il tuner load with a fixed resistor to present 
an S30 il load or a 520 il load. 

For AFe applications, note that as the frequency is increased, the V16 

voltage will decrease. The amount of change is a function of load imped
ance, detector coil characteristics, and part grouping. 

TYPICAL F-M I-F GAIN CHARACTERISTICS 

F-M GAIN (dB) 

3.2 73 

3.0 72 

2.8 71 

~ 
0 2.6 70 > 
;:; 
~ 

24 :> 69 

2.2 -67 

2.0 64 

II / V 
~vy / 
~ :fJ i/ ri cor}'~ ';;)'Io,."?-

~ "r-",'!l 
, ~:; ~ }J 0. ;,S 

lL V V 

/ V V 
100 200 300 500 800 lK UK 2K 3K 5K 

RI6 IN OHMS 
Dwg. No. A-l1,4S:l 

Stability is seldom a problem with A-M operation. However, large
signal overload can be held to typically 30 m V by matching the particular 
part group with an appropriate loadresistor at pin S. The A-Mgrouping is 
identified by the second digit ofthe part number suffix (such as the "2" in 
" - 32"). 

For - XI, RS should be an open circuit; 
for - X2, RS should be 47 kil; 
for - X3, RS should be 33 kil. 

Additional loading may raise the overload point slightly, but AGe and 
sensitivity will be compromised. For any fixed value ofRS, the - X3 parts 
will exhibit slightly higher A-M gain, the - Xl parts slightly lower A-M 
gain. 
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ULN-3809A PHASE-LOCKED LOOP STEREO DECODER 

ULN-3809A PHASE-LOCKED LOOP STEREO DECODER 

FEATURES 
• Unity Voltage Gain 
.12L and Ion Implant Technology 

• Wide Dynamic Range 
• Low Distortion 
• Excellent Channel Separation 

• No Tuning Coils 
• Automatic Stereo/Mono Switching 
• Stereo Indicator Lamp Driver 
• Direct Replacement for MC1309 
• 14-Pin Dual In-Line Plastic Package 

SPRAGUE Type ULN-3809A phase-locked loop 
decoder demodulates standard composite F-M 

stereo input signals within the range oLO.25 to 1.7 
Vpp without the use of tuning coils. 

Integrated circuit design allows. tuning with a 
single resistive adjustment. The decoder automati
cally switches between stereo and monaural opera
tion by detection and evaluation of the 19-kHz pilot 
carrier signal. 

FUNCTIONAL 

BLOCK DIAGRAM 

,-,(--: 

Type ULN-3809A exhibits 35 dB suppression of 
the 19-kHz pilot and 45 dB rejection of the regener
ated 38-kHz subcarrier at demodulator output termi
nals. Stereo channel separation is typically 47 dB. 
With a composite input signal of 850 m V, total har
monic distortion for the unit is typically 0.06%. 

Type ULNc3809A is designed to work within a 
range of supply voltages from 4.5 to 16 V. 

,-----Ih LOOP 

~---1(---~ FILTER 

38kHz 
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ULN-3809APHASE-LOCKED LOOP STEREO DECODER 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage, Vee ............................................... 16 V 
Nominal Lamp Current, ILAMP ' •••••••••••••••••••••••••••.•••••••••• SO rnA 
Package Power Dissipation, Po .................................... 670 mW· 
Operating Temperature Range, TA ........................... - 20°C to +8SoC 
Storage, Temperature Range, Ts ........................... -6SoC to + lS0°C 

'Derate at the rate of 8.3 mWIC above TA = + 70'C. 

ELECTRICAL CHARACTERISTICS at TA = +25°C, Vee = 9.0 V, 
Vin = 1.7 Vpp, fm = 1.0 kHz (L or R only), Pilot Level = 10% unless otherwise specified 

Limits 
Characteristic Test Conditions Min. Typ. Max. Units 
Max. Standard Composite Input Signal Vee = 6.0 V, O.S% THO 0.85 1.7 - Vpp 

Vee = 9.0 V, 0.5% THO 1.7 2.1 - Vpp 
Max. Monaural Input Signal Vee = 6.0 V, 1.0% THO 0.85 1.7 - Vpp 

Vee = 9.0 V, 1.0% THO 1.7 2.2 - Vpp 
Input Impedance 15 30 - kO 
Stereo Channel Separation f = 100 Hz - 45 - dB 

f = 1.0 kHz 30 47 - dB 
f = 10 kHz - 40 - dB 

Monaural Gain 0.6 0.9 - VN 
Channel Balance - 0 1.0 dB 
Total Harmonic Distortion Stereo, Vin = 850 mVpp - 0.06 - % 

Mono, Yin = 850 mVpp - 0.08 - % 
Ultrasonic Frequency Rejection 19 kHz - 35 - dB 

38 kHz - 45 - dB 
SeA Rejection - 75 - dB 
Stereo Switch Level Lamp ON - 9.0 12 mV 

Lamp OFF 2.0 .... 4.5 - mV 
Mono/Stereo Switch Transient No Lamp .. ~ 0 - mV 
Capture Range Pilot = 60 mVrms - 7.0 - % 
Su pply Cu rrent - 11 - rnA 

NOTE: THO and channel separation are measured after a bandpass fiHer (200 Hz to 10 kHz). 
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ULN-3809A PHASE· LOCKED LOOP STEREO DECODER 

APPLICATIONS INFORMATION 

COMPOSITE 
INPUT 

RIGHT 
OUTPUTOc'-f~= 

0.05 

TEST CIRCUIT AND TYPICAL APPLICATION 

1. If relaxed performance is acceptable, the external 
circuit can be simplified by decreasing the value 
of C1(reduces separation at low frequencies), 
decreasing the values ofC. and R3 while eliminat-

MINIMUM-COST APPLICATION 

IN A·MlF"M STEREO RADIO. 
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ing C5 , and decreasing the value of C6 while 
increasing the values of R. and R5 (increases 
capture-range and beat-note distortion). 

2. Typical I -F amplifier frequency response restricts 
channel separation to about 32 dB. This restric
tion can be counteracted by the network shown 
below. Exact circuit values will be determined by 
the I-F amplifier design. 

FROM 
DEMODULATOR 

<10K 

~
~~ 

. . .. _ 0,001 ..... 
27K 

lIWG. MO. A-IO.656 

3. To manually disable ~e sterep decoder, ground 
pin 8 and connect pin 14 to ground through a 
resistance of 3.3 kil. . 

4. Capacitor C6 should be temperature-stable 
(NPO). 

II 



ULN-3810A. PHASE-LOCKED LOOP STEREO DECODER 

ULN·3810A 

PHASE.LOCKED LOOP STEREO DECODER 

FEATURES 
• No Tuning Coils Required 
• 12l and Ion Implant Technology 
• Single-Adjustment Tuning 
• Automatic Stereo/Mono Switching 
• Stereo Indicator lamp Driver 
• Excellent SCA Rejection 
• Direct Replacement for TA7157, KB4409, CA1310, 

XR1310, lM1310, SN76115, MCl3l0 & UlN-2110A 
• 14-Pin Dual In-line Plastic Package 

RECOVERY of left- and right-channel audio from 
the standard F-M composite signal by this 

phase-locked loop decoder yields stereo channel 
separation of 40 dB and total harmonic distortion of 
less than 0.3%. 

Type ULN-381OA is designed to operate over a 
supply voltage range of 6 to 16 V. 

FUNCTIONAL 

. BLOCK DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS 
Supply Voltage, Vee ........................... 16 V 
Nominal lamp Current,l lAMP • • . • • • • . .•.•.•... 75 rnA 
Package Power Dissipation, PD' .. . ........... 670 mW* 
Operating Temperature Range, TA .. . . -20°C to +85°C 
Storage, Temperature Range, Ts' ........ -65°C to + 150°C 

'Derate at the rate of 8.3 mW/C above TA= +70°C. 

,-----1(-: LOOP 

t---iC- __ -+ FILTER 

38kHt 



ULN-3810A PHASE-LOCKED LOOP STEREO DECODER 

ELECTRICAL CHARACTERISTICS at TA == +25°C, VCC = +12V, 
Yin = 560mVrms (2.8Vpp),fm = 1.0 kHz (L or R only), 
Pilot Level = 100 mVrms (10 %) unless otherwise specified 

limits 

Characteristic Test Cond itions Min. Typ. . Max. Units 

Max. Standard Composite Input Signal 11HO= 0.5% 2.8 - - Vpp 
Max. Monaural Input Signal . __ THD'= 1.0% 2.8 - - Vpp 
Input Impedance Pin2 20 25 - kQ 
Stereo Channel Separation 30 40 - dB 
Audio Qutput Voltage '-.'-. Desired Channel - 485 - mVrms 
Monaul"al Channel Balance .. Pilot level = 0 V - - 1.5 dB 
Total Harmonic Distortion - <0.3 - % 
Ultrasonic Freqency 19 kHz - 34.4 - dB 
Rejection 38 kHz - 45 - dB 
SCA Rejection 67 kHz, No Modulation, Measure 9 kHz Beat - 75 - dB 
Stereo Switch level Pilot Only, lamp ON - 18 25 mVrms 

Pilot Only, lamp OFF 5.0 9.0 - mVrms 
Capture Range Permissible Tuning Error - 3.5 - % 
Supply _ Current lamp OFF - 12 22 mA 

APPLICATION INFORMATION 

005 
R4 
16K 

0..5 
C4 

f---f--4----' 

TEST CIRCUIT AND TYPICAL APPLICATION 

1. If relaxed performance is acceptable, the 
external circuit can be simplified by 
decreasing the value of C, (reduces separa
tion at low frequencies), decreasing the 
values of C4 arid R3 while elirninating Cs, 

and decreasing the value of C6 while in
creasing the values of R4 and Rs (increases 
capture-range and beat-note distortion). 

2. Typical I-F amplifier frequency response 
restricts channel separation to about 34 dB. 
This restriction can be counteracted by the 
network shown below. Exact circuit values 
will be determined by the I-F amplifier 
design. 

FROM 
DEMODULATOR 

<10K 

~
~~ 

- - 0.001 

27K 

lJWG. MO. ~-IO.656 

3. To manually disable the stereo decoder, 
groundpin 8 and connect pin 14 to grQund 
through a resistance of 3.3 kQ. 

4. Capacitor C6 should be temperature stable 
(NPO). 



ULN-3812A PHASE-LOCKED LOOP STEREO DECODER 

ULN·3812A PHASE·LOCKED LOOP STEREO DECODER 

FEATURES 
• Internal Temperature Compensation 
• Single-Adjustment Tuning 
• Automatic Stereo/Mono Switching 
• Stereo Indicator Lamp Driver 
• 70 dB SCA Rejection 
• Operating Voltage - 9 to 16 V 
• Low Harmonic Distortion 
• Replaces UlN-2245A, CA3145, UlN-2244A, p,A758, 

LM1800, and MCI311 
• 16-Pin Dual In-Line Plastic Package 

REQUIRING only a single, non-critical resistive 
tuning adjustment, the Type ULN-3812A inte

grated circuit derives left and right audio channels 
from the standard composite stereo signal. This 
phase-locked loop stereo decoder can also be used in 
a number of subscription TV decoder schemes or in 
various proposed TV stereo systems. 

Using phase-lock techniques, the sub carrier (38 
kHz for F-M stereo) is regenerated in phase with and 
at exactly twice the frequency of the transmitted pilot 
signal. Switching between monaural and stereo op-

COMPOSITE: 
INf'UT 

FUNCTIONAL 
BLOCK DIAGRAM 
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eration is accomplished automatical1y by the pres
ence of the pilot signal. 

Low-impedance emitter-follower outputs and an 
internal voltage regulator for increased stability 
make Type ULN-3812A suitable for both line
operated and autemotive applications. It is designed 
to operate over a wide supply-voltage range and will 
function with supplies as low as 9 V. 

Type ULN-3812A is functionally and pin compat
ible with theType ULN-2245A decoder and, except 
for areduced audio-output impedance:-is also inter
changeable with Type ULN-2244A. 



ULN-3812A PHASE-LOCKED LOOP STEREO DECODER 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage, Vee (Continuous) ................................... + 16 V 

( <15s) ....................................... +22 V 
Lamp Supply Voltage, VllJI.P ........................................ +22 V 
La mp Current, ILAMP ............................................ 150 mA 
Output Current, 14 or 15 ..........................................• 10 mA 
Package Power Dissipation, PD ••••••••••••••••••••••••••••••••••• 670 mW' 
Operating Temperature Range, TA ........................... -200(; to +85°C 
Storage Temperature Range, Ts ................ ' ........... -65°C to +150°C 

"Derate at the rate of 8.3 mWrC above TA = + 70°C. 

ELECTRICAL CHARACTERISTICS at TA = + 25"C, Vee = +12V,Composite Input =300 mVrms (L = R, Pilot OFF), 
Pilot Level = 30 mVrms, fm = 400 Hz or 1kHz, unless otherwise specified. 

Limits 
Cha racteristic Test Conditians Min. Typ. Max. Units Notes 

Input Impedance Pin 2 20 35 - k11 
Output Impedance Pin 4 or 5 - 50 - 11 
Audio Voltage Gain Desired Channel 0.7 1.0 1.4 VIV 
Stereo Channel Separation tm ~ 100 Hz - 30 - dB 

tm - 400Hz 30 40 - dB 3 
tm =10 kHz - 30 - dB 

Monaural Channel Balance Pilot Level - 0 V - 0.1 1.5 dB 
Total Harmonic Distortion Multiplex Level - 600 mV - 0.4 1.5 % 3 
Ultra sonic Frequency Rejection 19. kHz ! 25 35 . - dB 

. 3.8 kHz . ' 25 40 - dB .. 
SCA Rejection 67 kHz - 70 . - dB 1 
Stereo Switch Level Pilot Only, Lamp ON . - 14 25 mVrms 

Pilot Only, Lamp OFF . 2.0 7.0 - IliVrms 
VCO Tuning Resistance Pin 15 20 23 26 k11 2 
VCO Frequency.Drift -200(; <T <+25°C '- ±0.5 ±2.0 % 

+25°C <TA <+70°C - ±0.5 ±Z.O % 
Stereo La mp Hysteresis lamp OFF to lamp ON 3.0 6.0 - dB 
Capture Range Permissable Tuning Error - 4.0 - % 
Output Voltage Shift Stereo to Mono Operation - ±30 - mV 
lamp Output Current Short Circuit, lamp ON 50 100 - mA 

Lamp OFF '.' - 1.0 100 /J-A 
Lamp Driver Terminal Voltage IlNlIP = 50 mA - 1.3 2.0 V 
Su pply Current lamp OFF - 20 40 mA 
Power Supply Rejection 200 Hz, 200 m Vrms - 40 - dB 

NOTES: I. Measured with a stereo composite signal of 80%sterro, 10% pilot, and 10% SCA. 
2. Total resistance from pin 15 to ground, to set reference frequency at pin 11 to 19 kHz ±10 Hz. 
3. Measured with Toko 208BLR-3152N filter, or equivalent. 
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tJI:N-3812A'PHASE-LOCKED' LOOP SnREO' DECODER 

LEFT 
OUTPUT 

RIGHT 
OUTPUT 

APPLICATION INFORMATION 

.12Vo-_-~---------------, 

0.1 

MULTIPLEX 

INPUTo-_+-_--+-l 

0.068 

R4 
21K 

veo 
TUNE 

!+-t-fiiil-------o 19 kH" 

*± a'Tolerance in Test Circuit 
± 5% Tolerance in Typical Applic,ation 
t In Typical Application, may be omitted 

for peak outputs of less. thafl 1 mAo 

TEST CIRCUIT AND TYPICAL APPLICATION 

TEST 

Dwg. NO. A-ll.781 

1. If relaxed performanceis ac~eptable, the external 
,circuit can be simplified by decreasing the value 
of C, (reduces separation at low frequencies), 
decreasing the values of C4 and R3 while elinihlat
ing es• and dedeaSing the value, of C 6 • Whlle: 
increasing the values of R4 and Rs·(in,creases 
'captu,re-range and be:at~note distorti9n). 

tion cart he countered by the network shown be
low; Exact circuit values will be determined by 
theI~Famplifier de.Sign.' . , 

3~ '11le netWork at pin 15 should be temperature 
stabJe,(NPO). 

2. 'Typical I-F amplifier frequency response restricts 
,channel separation to about 32 dB .. This restric, 

4. To manually d~sable the stereo decoder, ground 
, pin 9 and conriect pin 15 to ground through a 
'resistance of 3.3 kil.. ' 

FROM 
DEMODULATOR 

.. . ,<10K , . , 

~ 
..... ,,~~ 
,," " '" ". ',' 

" '« 

", .. ' ", D.OO! .' ..•..• '.' 
.' ,:. )7K' 

> ~, ,'.. .', ~ , , 

, ",'I;)WG. MO. "-.10.656 
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ULN~3838A A~MRADI() SYSTEM 

ULN·3838A A·M RADIO SYSTEM 

FEATURES 
e3,6, or 9 V Operation 
e low· Power Ora in 
e low Harmonic Distortion 
e IS-Pin Dual In-line Plastic Package 

OUTSTANI?ING f~r~sl: in low-cost applications 
that· requITe a mInImUm parts· CO\ll1t and high 

performance, the Type ULN-3838A integrated cir
ctiitprovidesall standard A-M radio functions. It is a 
complete single-conversion superheterodyne broad
castor shortwave receiver with AGCahdpeak en-
velope detection. . . '. 

Its ability to operate with a wide range of supply 
'voltagesmakes the Type ULN-3838Areceiver sys
tem suitable for uSl';,inbatterycpoweredportable 
radios and in a-ctableradios. This system will oper
ate at supply voltages. as low as 2 Vat reduced 
volume without significant increase in distortion. 
Weak batteries need no longer· bea major design 
concl';rn. , 

, . 

A single external capacitor at pin 16 provides the 
AqC time. constant andR-F dl:coupling.AsingIl: 
resIstor .. t thl: same pin will adjust the A-M gain for 
optimum performance. :>:. . 

ClassB operation of the audio power amplifier 
yields high efficiency at rated 01.ltput power with very 

low quiescentcurrent drain,Theamplifierexhibits 
Httll';,croSsQVl:r distortion. Its output impedance is 
significailtly less than one ohm, allowing itto be 
used with a wide variety of speaker and headphone 
impedances. . 

. TypillLN-3838AA-M radio system is supplied 
ina 16·pin dual in-line plasticpackage with a copper 
lead frame that eliminates many decouplingprob
lems and ~ives the package an enhanced power dissi
pationrating. 

ABSOLUTE. MAXIMUM RATINGS 
Supply Voltage, Vee ... , ........................ 10 V 
Package Power Dissipation, PD (Note) .............. 1.0 W 
Operating Tem~erature ~ange, TA ........ ~20oG to +S5°C 
Storage Temperature Range, 1s ; ....... -65°C to+ 150°C 

NOTE: Derate at the rate of 15 mW;oC above TA = +70°C. 

FUNCTIONAL BLOCK DIAGRAM 

A-M 
I-F 

OSC. OUT 

Q ' ",. liI·~ .. ~.~. 
LOW-lEvEl I-F I-F DETECTOR DETECTO~ HIGH-lEVEL A-F A-F . 
:;\GND DECOUPLE OUT IN out GND IN DECOUPLE 

o 



Ul'N~3838A' AAMtRADIO, SYSTEM 

ElECTRICAL CHARACTERISJI,CS,at TA =,;:,+~f~.A 
Vee = 6.0 V. R. = ao (unless otherwise n,oted) 

. gharaCte~stii::'''·.· . SYl\lliof' Test Conditions 

. 1'· .•. "1', .: .. '" .. .' 

'. "r; Vour(S) "" 20 mV,ms 
Detect~r RecpYe . yo; ~: 

80% A-M, also see 

~"~ •..... 
Overlii\'d'cDI .' . ,....... ' .. ..' .. : .. 

f,~·· '" ';;$: .• ... :::; "Optimizing SYStem Performance" 
Usable 'SensitiVitr\;'·~.;' " . " .i'",' 20dB S+NIN 
Mixer. lnp~ Impe,(lan~,- . . '~6:i:> See Note 
Mixer 1~"jJirt Callacitilllce' C6' 

Mixer Output Iml!8~ance Z4 , 

, MiXer Output Capacitance .' ;'. C, " 

I.-F Inp~t Impedance' , Z2 
I"F Input CapacitanC! : C2 ' 
Quiescent Terminal Voltage VI 

',' 

:;' .. , Va ' 
:Qu iescent Su pply Current . Icc Vee "" 3.0 V 

". Vee'" 6.0 V 
" Vee = 9,.OV 

AUDIO AMPLIFIER: f. = 400 Hz, RL = 80 
Audio Gaip .' .. :'. ~,:!i 

Output Power P, Vee = 3.0 V, 10% THD 

" 
' Vee =6.0 V, 10% THD 

, 

,; " Vee'" 9.0 V, 10% THD 
Output Distortion .. . THD Po' "" 50mW , 
A-F Input Impedance Zg . , 
Quiescent Terminal Voltage VIO 

VI2 
NOTE, For optimum noise ,match"source impedance shcluldbe Z.H'l 

Limits 
Min . Typ. Max. 

- 5.0, 10 ,p.V 

- 150 - mV 

- 10 - mV 

- 18 30 /l-V 

- ,4.5 - kO 

- 5.5 '. - pF 
,~ 25 ~~. kO 

3.0 
. , 

pF - -'-

- 100 - kO 

- 3.0 - pF 

- . 1.3, .• -... V 
- 1,7 ,.' - V 

- 8.0 - rnA 
- 10 17 mA 

- 13 - mA 

36 40 'l4 dB 
-, 50 - mW 
250 350 : ,'.,....,.., . ' mW 
500 650·', 4. mW 
.- ~.O, - % 

,......:." 250 - kO 
- 1.1 - V 

- 2.6 - V 

Device ClassificatiC)n and Design ~on~lderatlons 

Type ULN-3838Aintegrated circuits are sorted ' 
into three groups definec}by the pin 16 voltage in: the 
following test circuit. ApplicaQons information for 
this grouping is given in the text entitled "'Optimi1;~" ,'f 
ing System Perfonnance.';' . . . 
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; 
VIS ' ,~~ , 

1.40" L]fi V , 
1.65 - 2,00 V:: 
1.90 c 2.25 yo"~ 

" 

Complete Part Number; 
ULN-3838A-l , 
ULN-3838A-2 .::, 
ULN-3838A-3 ; 



ULN-3838A A-M RADIO SYSTEM 

TEST CIRCUIT 

i)wg. No. A-ll.521 

'See "Optimizing System Performance." 

D 
COIL WINDING INFORMATION 

T1 A-M First I-F au = 120 Genera I Instrument Toko Part No. 
.... 455 kHz Nl:N2:N3 = 15.5:2.8:1 Part No. EX 27835 RMC-2A7641A ". 

Ct = 180 pF 

T2A-MSecond I-F au. =. 70 General Instrument Toko Part No. 
455 kHz Nl:N2 = 2:1 Part No. EX 27836 RLE-4A7642GO 

........ Ct = 430 pF 

Ll A-M Osci Uator au == 50 General Instrument Toko Part No. 
1455 kHz Nl:N3 = 10.7: 1 Part No. EX 27641 RWO-6A7640BM 

Ct = 39 pF 
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ULN-3838A A-M RADIO SYSTEM 

OPTIMIZING SYSTEM PERFORMANCE 

Type ULN-3S3SA receiver system's performance 
can be kept within tighter limits by matching the bias 
group with an appropriate external resistor (RS) . 

. With proper matching, .consistent device perfor
mance between parts and lots can be obtained. The 
bias groups, shown in the table are based on A-M 
operation; three selections are possible. 

V16 Complete Part Number 
1.40 - 1.75 V ULN-3838A-l 
1.65 - 2.00 V ULN-3838A-2 
1.90 - 2.25 V ULN-3838A-3 

Sprague recommends that customers not specify 
particular selections except in unusual circum
stances. All parts manufactured with Sprague part 
number marking will be branded with the appro-

TYPICAL QUIESCENT SUPPLY CURRENT 
AS A FUNCTION OF SUPPLY VOLTAGE 

u 
.Y 

20 

.... - 12 

~ 
:::> 
u 

~ 8 

~ 

4 

o o 

/ , , 

v 
~ 

V 
~ 

6 8 10 
SUPPLY VOLTAGE, Vee, IN VOLTS 

12 

Owg. No., A~11;517 
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priate suffix. Anyone customer shipment will con
sist of a single selection (single suffix). 

In A-M operation, large-signal overload can be 
optimized (to typically 30 mY) by matching the par
ticular part group with an appropriate load resistor at 
pin S. The group is identified by the part number 
suffix (ULN-3S3SA-l). . 

For -1, RS should be 00; 
for "2, R8 should be 47 kfl; 
for -3, RS should be 33 kfl. 

Additional loading may rflise the overload point 
slightly, but AGe and sensitivity will be com
promised. For any fixed value ofRS, the -3 parts will 
exhibit slightly higher A-M gain, while the -1 parts 
will have slightly lower A-M gain. 

2.0 

~ 1.6 
j:: 
-< 
~ 

~ 

n? 1.2 

~ 
0-
:::> 0.8 0 

'" 3< 
2 

0.4 

TYPICAL AUDIO POWER OUTPUT 
AS A FUNCTION OF SUPPLY VOLTAGE 

THD = 10% 
f=400Hz 

SUPPLY VOLTAGE,Vee, IN VOLTS 

Owg. No. A-ll, 518 
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ULN-3838A·A~MRADIOSYS'EM 

TYPICAL APPLICATION 
150K 

+6V 

.021 
140 

/ . / m:: L2 1K 
/ A-M ANT :: r---t------' 

L __________ -../ ":". :: '-,---+---'->----+ OWG. NO. 8-1471 

"Required only for Vee = 9 V. 
"'I-F gain-dependent; see 

"Optimizing System Performance." 

NOTE: Dress speaker wires as far as possible from antenna. Ll and 0.04 /LF speaker bypass capacitor may be 
deleted, depending on speaker location. 

COIL AND TRANSFORMER INFORMATION 

Ll Audio Choke 10 jLH, Qu=.2 @ 2.52 MHz, 
3 turns through ferrite bead 

l2 AcM Antenna Coil . au = 250, 110:10 turns ratio, .. 
Q2B core, 3:5"!99m.m1. X '0.394" (10 mm) tf> 

T1 A-M Detector Coil 390 pF, Qu = 130 @ 455 kHz, 100 turns, center-tapped 

T2 A-M Oscillator 460 jLH, Qu = 120 @ 796 kHz, 110: 11 turns ratio 

T3 A-M I-F Transformer 180 pF, Qu = 145 @ 455 kHz, 155:10 turns ratio, 

/. primary tapped at 127 turns 
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(JLN~3840A 
HIGH~P£R'ORMANCE ~M1F~M SIGNAL PROCESStNGSY$TENI 

~L~-3840A HIGH-PERFORMANCE 
A-M/F-MSIG'NAL PROCESSING SYSTEM 

FEATURES 
• 12 f.LV Limiting Threshold 
• Tuning-Error/Level Muting 
• Meter Drive 
• Balan~ed A-M Mixer 
• 5 f.LV A-M Sensitivity 
• D-C Mode Switching 
• Internal Voltage Regulator 
• Meets Dolby8 Noise Requirements 
• 20-Pin Dualln-Une Plastic Package 

IDEALLY SUITED FOR TOP·NOTCH A·MIl',:M 
radios, Type ULN-3840A provides sophl~ticat~d 

operating'features highly desiredo)tthe modern con
sumer ata price that allows it to be used in budget 
receivers. 

A combination of inter-station: (signal:~evel) mut· 
ing and off-channel (tuning"ert-or) muting is useful in 
signal-seeking or scanning applications. The circuit 
design eliminates annoying low-frequency thump. 
and noise tail when the system is manually tuned .' 
through a strong signal. 

Outputs are available ·.for directly. driving a pea/{ 
reading meter and a zero-tune meter. The peak 
meter o\ltput also is useful in controlling external 
system fimctions, such as blending multipiexers, , 
stereo decoders, noise blankers, or in proyiwngpos- I' 

itive-going AGC for the tuner. i 

All standard F-M I -F functions and all A-M fun<.:
Hons are provided by this single monolithic inte
grated circuit. The low-level audio output stages 
have bee~ designed to meet stringent DolbylD nOise 
requirements; ; 

"Registered Trademark, Dolby Laboratories, Inc. 
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. TheA-M mixer is a balanced low~current analog 
multiplier with very low local oscillator feed
through, hH~hl-Fiejection,and freedom from 
spurious responses. This mixer can be u~ed in the n 
long-wave,mediuro-wave, and shortwave bands. g 

A fully-balanced, four-stage differential J-F ampli
fier gives maximqm gain with. frecrdom from com
mon-mode signals'. it isusedin both the A~M and F
M modes bf oPeration With approximately 82 dB of 
gain in the F-M mode and controlled AGC gain of 
26 dB in t@A~M mode: 

The detector in the F-M mod~ is a: four.quadrant 
analog multiplier operating in the high-level injec
tion mode. Common-mode signals are rejected 
through the use ofbaiMced current-mirror outputs. 

In the A-M mode 'of operation, the detector is con
figured as a balanced peak detector for low audio 
distortion. A-M gain c(introl is achieved with A VC 
applied to the I-F and delayed AVC applJed to the 
miXer., ":'*-t ~, 

(Continued next page) 
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Switching between modes can be accomplished 
with a simple single-pole doc switch. The common 
low-level audio output catlpeu~ed tQdrive an aUdio ,,; 
power amplifier (Type UtN-3703Z)'6t$te~eb \le~Y" 
coder (Type ULN-3,.3~""~";"'" , 

Internal voltage regulators and bias supplies as
sure premium performance despite variations in ex
t~mal,sul>plyvolt~~&.5,to 16V) or temperature 
t-,,- 20°C to +'8SOC).>S'~fiatlite ground leads miIiimize 
~ecojl~Iillgpr()bl~nls~ .I: . 

ABSOLUTE MAXIMUM RATINGS 
. 

• ~iJ(J'ruy Noflllge, Vee' ... '.'; . : .... ',~ • . • . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .. 18 V 
~~1e. !,;{riut Voft~g.~;V.·;.~.: ............................. , .......... 5.0 V 
Regu:tatorCurrent,IR~G :" ......•. , ............................... 5.0 rnA 
Package 'Power Dissipatij)n, P~ ...•................................ 750 rnW* 
Operating Temperature Range, TA . . . . . . . . . ... . . .. . . . . . . . . . .. - 20"<: to + 85°C. 
StoragllTemperatureRange;Ts .. , ...•. : ..................... -65°C·to 150°C 

*Oerated at 9.4 mWI"C above T, = + 70oe. 

JUNCTIONAL BLOCK DIAGRAM .. , 

,OWG.NO. A-11.261 
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ULN-3840A 
HIGH-PERFORMANCE A~M/F~M SIGNAL PROCESSING SYSTEM . 

mORICAl CHARAOERISTICS at TA = + 25°C Vee = 12.8 V , 
Test limits 

Characteristic Symbol Pin Test Conditions Min. Typ. Max. 
. Operating Voltage Range Vee 10 8,5 12.8 16 
Audio Output Voltage Vs 6 No Signal - 5.S -
Regulator Outpot Voltage VriEG 13 No Signal - 6:4 -

. Avail. Reg. Output Current IREG 13 2.0 - -
F-M MODE· fa = 10 7 MHz' = 400Hz 'd = + 75 kHz Vin = 10 mVrms Non-Muted (unless otherwIse speCIfied) , m , - , , 
Input Limiting Threshold Vrn 2 - 12 
Recovered Audio VoUr 6 350 425 
Output Distortion THO 6 - 0.3 
Output Noise S + N/N 6 / 74 SO 

'.' 

A-M Rejection AMR 12 See Note 40 >55 
Mute AVOU! 6 Vi, = 100 IJ.V, Max. Mute - -

Vin = 5.0 fJ.V, Max. Mute ":"45 -
AFC Output Voltage Vare 7 220 -'., 

I-F Input Voltage V2 2 No Signal - 3.5 
Mute Output Voltage V14 . 14 No Signal 3.6 4.2 
Mute Output Current hI 14 No Signal 0.5 -
SuppiyCurrent Icc No Signal - 23 
A-M MOOE: '0 = 1 MHz; 'H = 455 kHz, fm = 400 Hz, 30% A-M. Vln = 1.0 mVrms (unless otherwIse specIfied) . 
Sensitivity Vi' IS Vou! =50 mVrms 
Usabl~'SensltiVity 18 20 dS S+NIN 
Recovered Audio VOU! 6 SO%A-M 
Input Overload Vi' IS SO% A-M, THD = 10% 
A-M Decoupling Voltage VI [ '( .' 'No Signal : " 

I-F Input Voltage V2 2 No Signal 
Mute Output Voltage VI4 14 No Signal 
Peak Meter VI5 15 No Signal 

:". Vin = 10mV 
A-M Input Voltage VI7 1.7 No Signal 
Supply Current . Icc No Signal, 

N A ,. d M d' . R' .. 'f' d 20'1 Voot for 100% F-M V;, 
ote: mp ItU e 0 U alion ejection IS speci Ie as. :.;o,g Vo• lor.30% A-M V" 
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:UJ.Ni.3840A 
'HtGt:I~PERFORMANCE A~MfF-M "SIGNAl PROCESSING. SYSTEM 

SMALL-SIGNAL A-C CHARACTERISTICS at TA = . + 25°C 

Test Limits 

Characteristic Symbol Pin Test Conditions Min. Typ. Max. Units 
I-F Input Capacitance C2 2 - 6.0 - 'pF . 

I-F Output Resistance RI2 12 - 250 - kG. 
I-F Output Capacitance CI2 12 - 2.5 - - pF 

. Audio Output Impedance Zs 6 . - 350 - kG 
F-M MODE· '0 = 1I17 MHz 
I-F Input Resistance . 

R2 2 :. - 10 - kG 
H Transconductance gm 2-12 - 8.0 - mho* 
DeteCtor Input ~esistance Rn 11 - 100 - kG 
Detector Input Capacita~ce Cn 11 - 1.5 - pF 

A·M MODE: '0 = 1 MHz, fN = 455 kHz 
A-M Input Resistance RI8 18 - 5.0 - kG 
A~M Input Capacitance CI8 18 - 20 - pF 

Mixer Transconductance gm -18-19 - 15 - mmho* 
MixerOutput Resistance RI9 19 - 500 - kG 
MixerOutput Capacitance Cl9 19 - 5.0 - pF 
I-F Input Resistance R2 2 - 15 - kG 
I-F Transconductance gm 2-12 - 160 - mmho* 
Detector Input Resistance R .n 11 - 250 - kG 
Detector Input Capacitance Cn 11 - 1.0 - pF 
*The International Electrotechnical Cllmmission recommends the lise of siemens (S) as the standard international unit of conductance, admittance 
and susceptance. . . . 

F-M TUNING-ERROR DETECTOR RESPONSE 

6. 0 

"""""" 
~ 

\ I 
\ -- I 
\ I F-M MODE I 

0 

\ J , 
I 0 \ 

-200 -100 

CHANGE IN FREQUENCY. AI". IN kHz ()V';'>.hll,A-1079/ 
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. F-M IN 

ULN·3840A 
HIGH".PERFORMANCE. fl..;M/F-M' SIGNAL PAOCESSING'SYSTEM 

TEST CIRCUIT 

WlJ--_._--!I---+-o A-M IN 

AUO 10 OUT <>-+---'---+--'VV"::-I~I--+ 

AFC~~~TER 0--+-0---;---__ --1 

A-M/F-M 
~J--+-+--II--O LEVEL DET. 

OUT 

100.[1 

MUTE 

{)wg. No. A-ll.262 

*In application, R = 0 n, C = 0:008 J.l.F for 50 J.l.sde-emphasis (Eu(ope) or O.012J.l.F for 751+S de-emphasis (U.S.A.) 

Filter Assembly: 
Toko Part No.CFU455C·82BR 

COIL WINDING INFORMATION 

,l~T.']· ; [JL, ..•. ' Ct "NI· N2 

LkT 
.. 

: 
T1 A-M I-F Q)'p= 45 . Generaflnstrument Toko Part No. 
. 455kHz Ct = 1000 pF . Pa~No, EX.27765 RXN-eA6909HM 

• T2F-M Detector Qu = 60 General Instrument TokoPartNo. 
'i, ·1 

10.7 MHz Ct = 82pF Part No. EX 27975 TKAC-17044Z 
-"!, .• ...,-

i ' 
'U A-M Oscillator Qu = 50 . General.lnstrument TokoPart No . 

1455kHz Nl:N2 =; 11:1 Part No. EX 27641 i RWO"6A7640BM 
. _Ct = 39pf >"~',~.·.1· -

L2 F-M Detector L=18fLH Ceilcraft 
10.7 MHz Qu = 55 @ 2.5 MHz TYpe V 
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ULN-3840A 
HIGH.;PERFORMANCE A-M/F-M SIGNAL PROCESSING SYSTEM 

A-M CONTROL VOLTAGES AS FUNCTIONS OF INPUT SIGNAL 
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Dwg. No. B~ 1465 

F-M CONTROL VOLTAGES AS FUNCTIONS OF INPUT SIGNAL 

6. 0 

I Vee - 12.8V r--1"1"'0 T A' +250 C I 
0 5. 
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V'4 OUT, Vl5 

/ 
V~ 

0 2. 

~~ 
'. 

0 \ j., ;t' '. 

1 ", 

.... fo"~ 
0, 

'0 1 00 'K 10K 100 

INPUT VOLTAGE. V;,. IN ~V Dwg.No. A-ll,263A 
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ULN-3840A 
HIGH-PERFORMANCE A-M/F-M SIGNAL PROCESSING SYSTEM 

A-M CHARACTERISTICS AS FUNCTIONS OF INPUT SIGNAL 

I I 1111111 
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ULN·3859A F-M COMMUNICATIONS I-F SYSTEM 

ULN-3859A 
F-M COMMUNICATIONS I-F SYSTEM 

FEATURES 

• Dual Conversion 
• Low Current Drain 
• Wide Operating Voltage Range 
• High Sensitivi~ 
• Replaces MC3359P 
• 18-Pin Dual In-Line Plastic Package 

THIS low-power, narrow-band F-M I-F system 
provides the second converter, second I-F, 

demodulator and squelch circuitry for com
munications and scanning receivers. 

Type ULN-3859A's double-balanced mixer 
permits low-noise operation while eliminating 
spurious responses, effectively rejecting tweet 
and I-F feedthrough, and reducing local 
oscillator radiation. The mixer's high input im
pedance matches popular 10.7 MHz crystal 
filters while its output impedance matches most 
455 kHz ceramic filters. Although designed for 
use with a 10.7 MHz first I-F and a 455 kHz 
second I-F, the mixer operates at other R-F or 
I-F input frequencies through 30 MHz. 

A multi-stage 1 MHz differential amplifier/ 
limiter following the second I-F filter operates as 

6-68 

a high gain stage with excellent common-mode 
rejection. 

Audio is recovered by a quadrature F-M 
detector that requires only a single low-cost 
tuned circuit. 

Type ULN-3859A has both a low-impedance 
emitter-follower audio output and an AFe out
put. Few external components are needed for 
operation with noise· activated or tone squelch. 

This communications I-F system meets the 
stability requirements of many automotive ap
plications, and also meets the low-power 
demands of portable radio design. Internal 
voltage regulators and bias supplies ensure stable 
performance despite variations in external 
supply voltage (4 to 9 V) or temperature (-20°C 
to +85°C). 



ULN-3859A F-M COMMUNICATIONS I-F SYSTEM 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage, Vee. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 12 V 
Mixer Terminal Voltage, Vin •••••••••••••••••••••••••••••••••••••• 1.0 Vrms 
Mute Terminal Voltage Range, V16 ••••••••••••••.....•..•••..• - 0.5 V to + 12 V 
Operating Temperature Range, TA • • • • • • • • • • • • • • • • • • • • • • • • • •• - 20°C to + 85°C 
Storage Temperature Range, Ts ............................ - 65°C to + 150°C 

ELECTRICAL CHARACTERISTIO at TA = + 25°C, Vee = 8.0 V, 
fo = 10.7 MHz, fm = 1.0 kHz, fd = ±3.0 kHz~unless otherwise noted) 

Test limits 
Characteristic Pin Test Conditions Min. Typ. Max. 

Operating Voltage Range 4 4.0 8.0 9.0 
Quiescent Supply Current 4 VI4 = 0, Mute OFF - 3.0 6.0 

VI4~0.7 V, Mute ON - 4.0 7.0 
Input limiting Ihreshold 1H 3 d Ii limiting - 2.0 6.0 
Mixer Conversion Gain 3 See Note 1, Next Page - 24 -
Mixer Input Resistance 18 - 3.6 -
Mixer Input Capacitance 18 See Note 2, Next Page - 2.2 -
Mixer Output Impedance 3 - 1.8 -
limiter Input Impedance 5 - 1.8 -
Quiescent O-C Output Voltage 10 Yin = 0 2.4 3.6 4.4 
Audio Output Impedance 10 - 500 -
Recovered Audio Output 10 Yin = 3.0 mV 450 700 -
Amplifier Gain 13 f = 4.0 kHz, Yin = 5.0 mV 40 53 -
Quiescent D-C Output Voltage 13 Yin = 0 - 1.7 -
Mute Switch Resistance 16 116= 2.5 rnA, VI4>0.7 V - 4.0 10 
Scan Source Current 15 V14 = Vl5 = 0, Mute OFF 2.0 4.0 -
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Units 

V 
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Jl.V 
dB 
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ULN-3859A F-M COMMUNICATIONS I-F SYSTEM 

TEST CIRCUIT 

100K 

1--+--0 I-F INPUT 

1-------0 MUTE 

1-------0 SCAN CONTROL 

}-----o SQUELCH INPUT 

I-~----o AMPLIFIER OUTPUT 

---r12I-~----o AMPLIFIER INPUT 

1---._--0 AFC OUTPUT 

r---t----o AUDIO OUTPUT 

100K 

Dwg. No. A-ll,372 

APPLICATION INFORMATION 

1. In a typical application, with a 3.6 kQ crystal filter source, 
Type ULN-3859A will give 23 dB conversion gain. 

2. Because crystal filters are extremely sensitive to reactive 
loading, radio designers frequently have added a coil and/or 
capacitor at pin 18 to cancel the input reactance component. This 
practice is not required with Type ULN-3859A,since its input is 
designed to match typical 10.7 MHz crystal filters. However, if an 
external reactive component is used, it is important to adjust it for 
optimal passband shape and not simply to peak it for maximum 
sensitivity. 

3. Pin 11 provides AFC. If AFC is not required, pin 11 should be 
grounded, or tied to pin 9 to double the available recovered audio. 

4. Pin 10 may require an external resistor (2 kQ minimum) to 
ground to prevent audio rectification with some capacitive loads. 
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RADIO/COMMUNICATIONS INTEGRATED CIRCUITS (Continued) 

ULN-2204A A-M/F-M RECEIVER SYSTEM 
-TYPICAL APPLICATIONS AND OPERATION 

Introduction 

Through the relatively short history of bipolar 
monolithic circuits, several revolutionary new cir
cuits have been developed for a-m/f-m receiver de
sign. A. Bilotti· pioneered the original monolithic 
f-m quadrature detector/I-F gainblock in the form 
of the Sprague ULN-211IA. 

Subsequent devices have included gain-control 
stages, output drivers, and voltage regulators. Dur
ing this same period a-m integrated circuitry showed 
far less inspiration. Numerous a-m circuits were de
veloped which in essence attempted to combine the 
active elements of a discrete bipolar a-m receiver in 
a monolithic circuit. To no surprise, the resulting 
chips were at best capable of performance no better 
than the parent discrete design, and with the uneco
nomical displacement of three discrete transistors 
with one integrated circuit. In addition to the a-m
only circuits and f-m-only circuits, a-m/f-m circuits 
were also attempted using the same design ap
proaches used for the a-m only circuit, that of com
bining an existing discrete receiver circuitry in a 
monolithic device. The results were much like the 
a-m only efforts, a bewildering collection ofeconom
ically unattractive circuits of modest performance. 

To achieve useful cost and performance objec
tives, the ULN-2204A was designed with careful at
tention to the cost and performance objectives of 
the modern portable and table model broadcast 
receiver. Concern for low external component 
count, low power consumption, wide supply voltage 
range, and versatility remained foremost as design 
objectives. 

Power Amplifier 

To achieve the desired performance objectives of 
high power output and efficiency from a 2 to 12 V 
supply requires that the power amplifier be capable 
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of peak-to-peak voltage swings approaching the 
available supply. To meet these performance objec
tives a new power amplifier design was required hav
ing no more than one V BE of swing restriction. 

As shown in Figure 1, the output stage is com" 
prised of 2· NPN transistors (Q42 and Q49) plus a 
phase inverter (Q54). Quiescent operating current is 
set up by the current source (I). 

DWG. 110 .... 10,628 

Figure 1 

Assuming VOq = Vcc12 then the collector current 
of Q54 == I, ignoring base currents, and if Q54 is 
matched to Q49 as is possible in a monolithic Circuit, 
then the collector current ofQ49 equals the collector 
current of Q54. The circuit in Figure!· achieves an 
excellent voltage swing capability oev cc - V Be-'--

2V CE(SAT)'· This totally NPN configuration also has 
good freedom from the high-frequency problems 
that often occur with quasi-complementary compos
ite NPN ~PNP configurations. 

o 



RADIO/COMMUNICATIONS INTEGRATED CIRCUITS (Continued) 

Although the circuit in Figure 1 has been incor
porated in production monolithic circuits in essen-
tially the form shown, in practice it has unaccept
able design restrictions. Since I is also the base drive 
current for Q42, the ratio >of available base drive 
current I to idling current is proportional to the ratio 
of the emitter areas of Q49 to Q54. For practical 
values of IQ54/IQ49, i.e. one, the circuit has a 
serious implementation problem; it requires three 
output transistors (Q42, Q49, and Q54). 

To reduce the size of Q54, an additional transistor 
(Q48) is added to the circuit as shown in Figure 2. 
TransistofQ48 divides I by its beta + 1 allowing Q54 
to be reduced in area by a similar value. In the prac
tical realization of the ULN-2204A, Q54 is chosen as 
115 the emitter area of Q49 with a typical beta for 
Q480f6. 

DWu.IriO. A--IO.€2'l 

Flgur.2 

Figure 3 illustrates other refinements in the prac
tical realization of the output circuit. The drive and 
idling current I is derived from a V CC dependent 
source allowing maximum drive under maximum 
supply conditions while affording reduced drive and 
associated current conservation under minimum 
supply conditions. In addition, the Q48 divider.cir
cuit is refined to reduce PNP beta dependence. 
Finally with the addition of an input emitter follower 
(Q53) and a local negative feedback loop (R36), the 
output is completed as it appears in the ULN-2204A. 

The input stage of the power amplifier (Figure 4) is 
comprised of a PNP differential pair (Q44 and Q45) 
preceded by a PN" Amitter follower (Q43) which 
allows d-c referencinl; _ .he source signal to ground. 
This eliminates the need for an input coupling 
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Flgur.3 

capacitor. Overall negative feedback; set by the ratio 
of R33 to R32, is applied to the inverting input Q45 
through an NPN emitter follower (Q46) which also 
provides d-c level shifting. 

25 
R32 

7K 
R41 

t-+-+--+-VVl/'-t-- F(~~~ ~~I 
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R33 
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The V CCI2 output tracking is achieved by sum
ming the current flow through R33 and R32, with the 
current through R41 "reflected> off of ground". 
Thus V CC/2 tracking is maintained by the voltage 
drop across 2 resistors. This allows the current from 
R41 to be bypassed at Pin 10, thereby combining the 
ripple bypass capacitor with the audio feedback 
capacitor. 
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1.2 

1.0 

Figure 5 illustrates the complete power amplifier as 
realized in the ULN-2204A, including the external 
components. The remarkably-low external com
ponent count, (only two capacitors including the 
output coupling) reflects concern for simplicity in 
implementation, yet the device achieves excellent per
formance. Typical output power can be as high as 
850 mW from a 9 volt supply and useful output 
power at supply voltages of as low as 2 volts, with 
minimum of distortion as the curves in Figure 6 
illustrate. 
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Receiver 

The a-m signal is processed from the anteima to 
the detector output via the traditional blocks of 
mixer, I-F, and detector enclosed in a reverse A-G-C 
loop. However, closer examination reveals certain 
very important advantages that can be afforded only 
by the monolithic design. 

The a-m mixer is a fully-balanced mixer based on a 
four-quadrant mUltiplier as shown in Figure 7. This 
affords rejection of both the oscillator and input 
signal as observed at the output. In addition, an 
analog multiplier is (as the name implies) a true linear 
device. Balanced operation of the mixer provides 
typically 25 dB of I-F rejection at the input, with a 
similar rejection of the associated noise passband. 
Also, the linear operation of the circuit affords good 
freedom from intermodulation product responses. 

I-F gain is provided for both a-m and f-m by a 
common I-F amplifier (Figure 8) using "stacked" 
selectivity. In f-m operation the gain of stages 1, 2, 
3, and 4 (Ql thru Q8) is set at typically 76 dB 
providing a typical. limiting threshold of 40 flV. 

For a-m the gain is lowered by reducing stage 
current. This is accomplished by reducing the 
current applied to the I-F amplifier by the current 
source Q17. The fifth I-F stage (Q9 and QlO) is 
operated at maximum gain and current to provide 
full signal to the a-m and f-m detector. 

A.M/F·M Detector 

The detector is also a combination circuit. It 
recovers a-m audio by peak detection and f-m audio 
by phase discrimination. 

The a-m signal from the I-F output appears at Pin 
15 across T2 as shown in Figure 9. The signal is ap
plied to the base of Q18 and after phase inversion by 
T2 is applied also to the base of Q19. Full wave 
detection occurs at the emitter of Q18 and Q19, 
utilizing the on-chip junction capacity for in
tegration. This requires only that the stage current be 
chosen at a low value (typically 1 flA) to produce the 
desired integration. 

The f-m detection process relies on the 
phase/frequency relationship of a tuned external cir
cuit for demodulation. The device converts phase 

v ccoC)-"1~r--Tl------1r-----' 

A-M 
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GROUND 
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variation, as observed across the tuned network, to a 
proportional voltage. The basic phase detection 
process combines the positive-going portions of the 
quadrature and reference signals (Pin 14 and 15, 
respectively), and evaluating the duty cycle of the 
resulting waveform as shown in Figure 10. The com
bining action occurs at the emitters of Q18 and Q19 
resulting in the. waveform shown. Subsequent proc
essing involves squaring up the signal in a limiter, 
comprised ofQ24 and Q27, resulting in the 
constant-amplitude plus train which is also shown. 
This pulse train is then applied to a PNP gain stage 
which, owing to the PNP's low fT of typically 
I MHz, integrates the pulse train into an average d"c 

Figure 9 

Figure 8 
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voltage which appears at Pin 8, the detector audio 
output. Figure 11 illustrates the complete a-m/f-m 
detector of the ULN-2204A, including the external 
components. 

To complete the circuit, the a-m stages also re
quire A-G-C. This is implemented in the ULN-
2204A by internally setting the I-F supply voltage 
(Pin 16) equal to the voltage at the detector audio 
output. As carrier appears, a corresponding reduc
tion in the d-c voltage occurs at the audio output 
terminal and at Pin 16, where an external bypass 
capacitor removes audio from the A-G-C line and 
sets the time constant. 

15 '-F 13 v CC/VREG. 
OUT 

50 400 

IK 

DM,. MO. 8-1376 

Figure 10 
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FROM A-M 190 

PIN 1 

Application 

The primary application, but certainly not the only 
application, for the ULN-2204A is the broadcast 
band a-m/f-m table or portable radio as illustrated in 
Figure 12. 

Power Amplifier 

Selection of power supply voltage and speaker im
pedance allow the designer to choose audio power 
levels up to almost 1 watt as the curves in Figure 6 
illustrated. No unique precautions are necessary 
when designing with the .ULN-2204A power am
plifier. The device is stable·. and short-circuit im
mune. 

External component choice for the power am
plifier involves only two capacitors; one for the 
speaker coupling and one for the feedback and.ripple 
by-passing. The coupling capacitor value should be 

Figure 11 
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selected to provide the desired lowe frequency cutoff 
with the chosen speaker impedance. The feedback 
and ripple bypass capacitor at Pin 10 should be 
chosen for both low-frequency audio rolloff and 
supply ripple rejection. 

Ripple rejection is not practical to calculate due to 
. the large number of mechanisms involved. The 220 

iAF capacitor indicated in Figure 12 achieves typically 
35 dB rejection. 

The high gain of typically 43 dB and the high input 
impedance (2QOkQ) of the power amplifier allow 
utilization of this stage for other applications such as 
ceramic cartridge phono amplifiers. 

Typical ceramic phono cartridges develop ap
proximately 400 m V. However, the recommended 
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load impedance for the most economical cartridges is 
usually 1 MQ. This poses no problem with the 
200 kQ input impedance of the ULN-2204A since the 
cartridge manufacturer specifies the load impedance 
for full low-frequency response to less than 40 Hz. 
Decreasing the load impedance produces an in
creased low end cutoff frequency. 

In a ULN-2204A based application employing a 
cost and space conscious loudspeaker, 40 Hz 
program material capability is flot only unnecessary 
but undesirable, and therefore a mismatch of the car
tridge to increase the lower cutoff frequency to a 
value more in keeping with the other components of 
the system is recommended. 

The ULN-2204A audio amplifier stage has other 
input considerations to be taken into account for best 
results. The input is referenced to ground for inter
nal biasing and must be provided with a d-c path to 
ground. A current of typically 0.1 j.tA flows from Pin 
9 through the volume control producing an IR drop 
which is multiplied by the closed loop d-c gain of the 
amplifier (1), and appears as an error in output cen
tering at Pin 12. This recommends a value of 200 kQ 
or less for the volume control, with values of less 
than 100 kQ preferred. 

The selection of power amplifier load impedance 
involves more consideration than just the desired 
power output. Ideally an 8Q speaker impedance 
would produce the highest power outputs for anyone 
supply voltage as the curves in Figure 6 illustrated; 
However, operation with a 16Q load can produce as 
much power as with an 8Q load as is also shown in 
Figure 6. The higher impedance load will also fur
nish a significant reduction in harmonic distortion 
and improvement in overall repeatability in power 
output capacity. In applications which allow the 
selection of the power supply voltage it is therefore 
recommended that a 16Q load impedance be utilized 
in applications up to 0.75 watt. For applications 
having fixed power supply values, ie.batteries, 
device selections can be had that produce the 
maximum power leveUnt08Q. 

Receiver Section - F-M 

The fern intermediate frequency input transformer, 
comprised of T Sand T 6, provides both selectivity 
and coupling. TS should present a source impedance 
to the device of approximately SOOQ for optimal 
stability. T 6, the primary, is governed primarily by 
the characteristics of the tuner head feeding it, and 
should be selected for those considerations. T5 and 
T 6 comprise a double tuned section which for 
monaural f-m should have a bandwidth of 150 kHz. 
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The ULN-2204A also provides a regulated and 
decoupled d-c bias voltage to be used as the V CC 
supply for the tuner head. This bias voltage is ob
tained at Pin 16 and provides typically 2.5 rnA. 
The current drain loads Pin 16significantly and must 
appear for Pin 16 to operate at the correct voltage of 
2.2 V. The voltage at Pin 16 determines the gain of 
the f-m intermediate frequency with higher values 
producing increased gain. The voltage at Pin 16 also 
varies with the voltage at Pin 8 (the detector output 
voltage), and therefore applies some A-F-C to the 
tuner head through the oscillators' V CC supply. 

As described earlier, the f-m detector is a phase 
detector which detects the phase shift of an external 
network appearing between Pin 14 and Pin IS. The 
preferred network is a double-tuned transformer as 
shown in Figure 10. This network is selected to 
provide the correct recovered audio and minimum 
distortion by choosing the loaded and coupled 
"Q"s. In Figure 12, T3 (the primary) and T4 (the 
secondary) are loaded by resistors of 2.2 kO and 
4.7 kO, respectively, and top coupled by a 4.7 pF 
capacitor. giving an S curve peak to peak separation 

. of400 kHz. Coupling factor (Qk) is slightly greater 
than 1 to improve harmonic distortion. The 
bandwidth has been selected to place the carrier of an II 
adjacent channel interfering station (standard f-m 
broadcasting) on the peaks of the S curve, thereby • 
improving selectivity. Using the circuitry shown, a 
typical recovered audio value of 250 millivolts at Pin 
8 and total harmonic distortion value .of 0.7 percent 
are achieved with 75 kHz deviation. It should be 
noted that the network, particularly the coupling 
capacitor value, is affected by layout and may re-
quire .optimization for a particular application.Ex
tremely high values of. coupling factor should be 
avoided as this produces an undesirable voltage gain 
from Pin 15 to Pin 14 which manifests itself as S 
curve inbalance at low signal levels. 

The f-m. de-emphasis is formed by the 0.01 ,.w 
capacitor connected at Pin 8 with an internal 7.5 kQ 
resistor. 

Receiver Section ~ A-M 

The a-m section requires two external coils for I-F 
matching and selectivity, plus the local oscillator coil. 
The a-m detector transformer (T2) and mixer load 
coil (T 1) are stacked with the corresponding f-m 
components to form the composite. The selection of 
bandwidth for the two-coil system shown in Figure 
12 is restricted primarily by the practical coil Qs 
available. The unloaded Q of the first transformer 
(Tl) being selected as 120 and loaded to ap-
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proximately 90 in the circuit, and the second trans
former T2 as 70 with virtually no load presented by 
the circuit. Impedances are selected based on two 
constraints: a-m gain and overload:. One additional 
point to consider is the behavior of the a"mCOln
ponent when the receiver is in the f-m mode. 

The available I-F current at Pin 15 is 200 J.lApe.ak, 
100 M at its quiescent point. (See Figure 9), 'Max
imum permissable swing at Pins 14 and IS is limited 
to 0.5 volt positive with respect to Pin 13. 'Ihis 
restricts peak voltage swing at Pin 15 to 1 Vpp,con
sidering the inverting action of T2' This restricts the 
impedance of T2, as seen by the I-F output, to values 
greater than 15 kQ to permit maximum dynamic 

. range. Including all worst case conditions, a value of 
18kQ is chosen for T2 in the example. Considered 
were temperature variations and internal device 
tolerances. In addition, a 470 pF capacitor has been 
added to assure an adequate a-c return for the f-m 
coil. 

Transformer T I (Figure 7) is chosen for the correct 
overload characteristics of the mixer. It also features 
a 100 M quiescent state and a 0.5 volt peak swing. 
restriction for primary impedance considerations, 
and the secondary winding chosen as the lowest prac
tical impedancefor. desired system gain. Unlike T2 
which is not loaded to anY degree by the circuit, TI is 
loaded by both the mixer output impedance of ap
proximately 50kS2and the I-F input impedance of 
approximately 30 kQ. Both must be taken into con
sideration in calculating the loadedQ of the trans
former. In addition, the effect of the a-m com
ponents on the f-m I-F stability must be considered 
- the device must be stable at both the intermediate 
frequencies in both modes of operation. Although no 
practical method exists for evaluating stability 
criteria for an integrated circuit as is commonly done 
for discrete circuits, the practical ground rules are 
much the same - mismatching of the input at the 
first transformer to achieve stability.· 

The oscillator coil (LI) has a secondary impedance 
selected to be approximately 800Q at resonance. This 
provides typically 150 millivolts of injection voltage 
to the mixer driving the. upper differentialpa.irs of the 
four-quadrant multiplier into hard limiting. The 
oscillator is also restricted to a. 1 Vpp swing and 
operates with a quiescent current of 0.5 rnA. 

Printed Wiring Board Layout and Special· Consider
ations 

Special on-chip considerations for minimizing ten
dencies towards instabilities of all types were taken in 
the design of the ULN-2204A.However, like all 
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complex high-gain circuits, considerable care and 
forethought should still be given to a printed wiring 
board layout to avoid undesirable effects. Inputs 
and outputs should be well separated and should 
avoid common mode impedances wherever possible. 
Much of the signal-processing circuitry is referenced 
off of the supply line, and this should avoid being in 
a common mode loop caused by current drain of the 
power amplifier through Pin 13. Reference points 
for the local oscillator, a-m mixer, and the detector 
coils should be connected to Pin 13 very close to the 
device and. away from the V CC connection to the 
power supply bypass capacitor. 

The Pin 13 common mode resistance will also in
terfere with device operation in a socket. In the f-m 
mode of operation, current drawn by the power am
plifier will cause the Pin 13 voltage to drop slightly 
with respect to the reference for Pin 14 and IS. This 
will cause a .variation ingain of the f-p detector. 
The effect also causesan apparent increaseiil distor
tion w~en the power amplifier is loaded,~ith distor
tion figures approaching several percent· under worst 
case conditions. The effect is negligible, however, 
when the device is. soldered into a printed wiring 
board. 

Connections between Pins 14, 15, and transfor
mers T2. T3. and T4 should be kept as short as 
possible as should connections for Pins 1 and 2. those 
associated with the transformers. The ground return 
for the audio bypass at Pin 10 should be kept 
reasonably close to the volume control ground as Pin 
9 and 10 represent the. inverting and non-inverting 
inputs to the amplifier and enjoy about 40 dB of 
common mode rejection. 

Other Applications ~ TVsol,lnd Chonnel 

Beyond the obvious applications ofihe ULN-
2204A as an a~m/fcm receivedt has much to offer as 
a sound system for television. The device offers ex
ceptionally-dow current consumption and a wide 
operating supply voltage range. Its higha~m rejec
tion and low externab;omponent count will make it 
practical for use Tn many power conscious ap. 
plications. Mostof the comments which apply tothe 
f-m appli·cationOf the ULN-2204A also apply to its 
application at 405 .Maz or 5.5 MHz with suitable 
adaptations of the . external·. selectivity components. 
(See Figure 13) 

Multiba.,d Receiver 

The ULN-2204A A-Mcircuitry is not restricted to 
conventional broadcast band applications. The 

o 
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ULN-2204A mixer and oscillator are both capable of 
operation from the very-long wave band to well 
above the medium wave bands. Only the antenna 
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for use at other frequencies. The useful limits of the 
mixer-oscillator combination extend to approx
imately SO MHz with excellent performance up 
through and including the citizens' band at 28 MHz. 
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A-M/F-M RECEIVER DESIGNS USING 
ULN-2240A, ULN-2241A, and ULN-2242A 

INTEGRATED CIRCUITS 

THREE MONOLITHIC INTEGRATED 
circuits, Types ULN-2240A, ULN-2241A and 

ULN-2242A, each contain all the active circuit 
elements required for the A-M tuner, F-M I-F 
amplifier and detector funl;tions. Only an F-M 
tuner, filter elements, and a minimum of addi
tional external components are necessary for a 
complete A-M/F-M receiver. 

This Application Note discusses several cir
cuits and options for a number of A-M/F-M 
receiver applications. Each of the three Sprague 
integrated circuits used provides performance 
characteristics equivalent to or better than 
systems using discrete components for A-M and 
F-M functions. 

The circuits are ideal for special receivers such 
as scanners which must be able to detect A-M 
and F~M signals at one I-F frequency. Also, the 
three devices lend themselves to shortwave 
receiver designs because of the simplicity of their 
A-M oscillator systems. 

The various receiver designs covered here in
clude an A-M tuner using a ferrite antenna, and 
a permeability-tuned automobile radio. En
hanced sensitivity and overload performance is 
obtained with the addition of an R-F amplifier, 
easily accomplished using the AGC voltage for 
the A-M mixer to control an R-F amplifier stage. 
The discussion covers a table model receiver 
with a ferrite antenna and R-F stage, and an R-F 
stage for an automobile receiver. The concept is 
extended to varactor-tuned automobile radios 
with the addition of an FET-bipolar cascode R-F 
stage and art AGC driver. 
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General Performance Considerations 

Internal voltage regulators and bias supplies 
assure consistent performance despite variations 
in external supply voltage (8.5 to 16 V) or 
operating temperature (- 40°C to + 85°C). 
Separate ground leads minimize decoupling 
problems. 

The A-M sections of all three devices are the 
same. Use of an analog multiplier as a balanced 
low-current mixer results in freedom from 
spurious responses, high tweet. rejection, low 
feed through , and low noise and very low local 
oscillator feedthrough. A fully-balanced four
stage differential amplifier gives maximum gain 
with freedom from common-mode interference 

and noise. A-M gain control is achieved with 
AVC applied to the I-F and delayed AVC ap
plied to the mixer. 

The differences in these three circuits are 
found in the F-M sections, with packaging varia
tions to accomodate the different features. Type 
ULN-224IA is supplied in a 16-pin plastic dual 
in-line package. This circuit has no mute, and no 
AFC/tuning meter output (the aUdio output can 
be used for AFC). Type ULN-2242A, in a 20-pin 
package, incorporates the F-M mute and 
AFC/tuning meter output. Type ULN-2240A, 
also ih a 20-pin package, adds tuning-error 
mute, and higher F-M SIN. 

Input-Filter Coupling 

The common A-M and F-M I·P inputs for all 
three devices are basically the same. Note that 
terminals I, 2 and 3 for Type ULN-224IA cor
respond to terminals 2, 3 and 4 respectively for 
Types ULN-2240A and ULN-2242A. 

The method of arranging the I-F filters 

Figure 1 

2 

ULN-2240A 
4 UlN-2242A 

Dwg. No. A-l1,319 
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depends entirely on the type of filters used. For 
example, coils placed in series may be used for 
A-M and F-M connected as shown in Figure I. 

A ceramic filter may be used for F-M with an 
A-M filter incorporating a tuned coil in its out
put. This arrangement is illustrated in Figure 2. 

Dwg. No. A-ll.320 

Flgur.2 
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The I-F input impedance is very high (10 kQ 
@ 10.7 MHz; 15 kQ at 455 kHz) and can be 
ignored when selecting loading resistors for dif
ferent types of I-F filters. Additionally, the in
put stage bias currents are very low, therefore a 
relatively high-value resistor can be connected 
between pins 1 and 3 of Type ULN-2241A, or 
pins 2 and 4 of Type ULN-2240A or ULN-
2242A, without significantly affecting the limiter 
balance. 

These characteristics simplify the input filter 
coupling to accomodate ceramic filters used for 
both A-M and F-M I-Fs as shown in Figure 3. 

Most 455 kHz filters are terminated by a 1 to 3 
kQ resistor in parallel with a capacitor of less 

10.7 MH, 

Dwg. No. A-l1.321 

Flgur.3 

than 50 pF. The 10.7 MHz filter requires a 330 Q 
termination. If the capacitance of the 455 kHz 
filter is high at 10.7 MHz, the circuit will work 
properly as shown. However, if the capacitance 
of the 455 kHz filter is low, it would be advan
tageous to add an inductance in series with the 
330 Q resistor to form a series resonant circuit 
with the output capacitance of the 455 kHz 
filter. Such a modification is shown in Figure 4. 

If the inductance required is very small, it 
might be possible to incorporate it as an integral 
part of the printed wiring board. 

10,7 '4-- < 50 pF 

M~! a 455 kHz 

- 33a.... 

Dwg. No. A-ll,322 

Flgur ... 

A-M Detector Considerations 

Passive diode detectors are still used in many 
low-cost receiver designs. The A-M detector 
functions of Types ULN-2240A, ULN-2241A 
and ULN-2242A, however, are entirely. self
~ontained. Several drawbacks to the passive 
:liode detector design are overcome; the load 
presented to the detector coil does .not change 
with signal level, the detected output is not 
:iistorted at low signal levels, and the detector 
:oil is not loaded down, so .overall receiver selec
:ivity is unaffected. 

The self-contained detector design produces 
:xcellent A-M performance without external 
'iltering elements. There is virtually no 910 kHz 
md 1365 kHz tweet. Distortion at 30% modula-
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tion is only 0.3070, and at 80% modulation the 
distortion is still under 1%. 

The design of the detector colI is strictly 
dependent on the type of receiver desired. The 
detector input impedance is about 250 kQ. For 
optimum detector operation, the coil should pre
sent an .impedance of 4.7 kQ. An inexpensive 
detector coil can be loaded with an external 
resistor or tapped to obtain' the 4.7 kQ 
impedance. 

It should be noted that the A-M detector 
works very well at 4~5 kHz and also at 10.7 
MHz. Switching from A-M to F-M is as simple 
as grounding one pin of the integrated circuit. 
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F·M Detector Options 

Th~F-Md~tector functions in these three in
tegratedcircuits are very similar to those of Type 
ULN"3889A and the same type of circuit ar
rangements may be used. For low-cost receivers 
where distortion up to 0.4070 at 100% modula
tion can be tolerated, the single-tuned coil detec
tor illustrated.in Figure 5 is most appropriate. 

10,7 

L_---.f!l-Ir--~'-'-+=-+--!.J MH. 

Figure 5 

Note that terminals 7, 8 and 9 of Type ULN-
2241A correspond respectively to terminals 11, 
12 and 13 for both Type ULN-2240A and Type 
ULN-2242A. 

Types ULN-2240A and ULN-2242A require 
165 mV injection level at pin 11 to insure proper 
mute detector operation. 

Lower interstation noise levels can be ob
tained in applications using Type ULN-2241A 
by using a lower value resistor than the 220 QJ-F 
load resistor shown (typically 82 Q) and thus 
reducing the injection level. 

The double-tuned detector shown in Figure 6 
provides signal distortion levels as low as 0.1 % . 
In addition, the double"tuned detector 
minimizes distortion as a function of tuning, 
wh~n the receiver is tuned away from a strong 
signal. 

Owg. No. A~1l,324 

Figure 6 

Usually the primary coil is adjusted for the 
maximum audio output while the secondary coil 
is adjusted for minimum distortion.· Perfect 
detector balance at minimum distortion is 
desirable; however, a signal lag caused by excess 
parasitic capacitance from the I-F output to 
ground could prevent this. 

The parasitic capacitance of the A-M detector 
coil may effectively compensate for this signal 
lag or it can be eliminated by placing a small in
ductance (0.1 to 1.0 ilH) in series with the 220 Q 
load resistor. 

Any of the three signal processing systems can 
be used as phase-locked F-M detectors. An ex
ternal, voltage-controlled oscillator signal must 
be applied to the F-M detector. If the audio out
put is used, the phase detector constant Kn = 
4.8 volts/radian. If the AFC output is used, 
then: 

KD = 785 X 10- 6 x. RL . 

RL is the· value of the resistor connected to 
VREO• 

The AFC output is preferred because the 
audio can then still be muted without affecting 
the loop operation. More detailed information 
can be found in a paper published by Jon P. 
GrosJ ean. See Reference 2. . 
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High-Performance A·M/F·M Tuner 

A high-performance A-M/F-M tuner il
lustrated in Figure 7 uses an R-F stage controlled 
by the mixer bias on pin 17. This is 1.7 V with no 

input signal and 0.6 V with large input signals. 
The circuit also includes mute, a tuning meter, 
and an AFC output to the F-M tuner. 

100 

Dwg. No, 8-1451 

Figure 7 

PARTS LIST FOR FIGURE 1 

FI SFEIO.7MA, F-M I-F Filter 
F2 . CFZ45SC, A-M I-F Filter 
QI MPS3563, F-M Converter 
Q2 MPSH-04, A-M R-F Amplifier 
T1 Ferrite Loop, 571 Jdi, Qu = 150, 17:1 turns ratio 
T2 RWO-6A7640BM, A-M Osc., Qu = 50, 11:1 turns ratio 
T3 RLCS-4A7893GO, A-M Det., 256 Jdi, Qu = 75, 5.4:1 turns ratio 
T4 BKAC-K365IHM, F-M Det., Qu = 65 
T5 BKACS-K455IAO, F-M Input, Qu = 90, 7:1 turns ratio 
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Low-Cost Receiver Design 

.A simplified receiver design illustr.ated in 
Figure 8 can produce . ~xcellent performance .. at 
very low cost using Type ULN-2241A. This sim
ple A-M/F-M system uses a Type ULN-2283B 
audio amplifier and. a Toko CY2-22124 PT· 
Polyvaricon type of tuning capacitor. 

The A-M section tunes from 540 to 1610 kHz. 
The ferrite antenna T1 has an inductance of 571 
IAH, and 6 turns on the secondary. Twenty dB 
quieting sensitivity is 180 IAV/m and the max
imum signal is about 1.0 V 1m. The A-M 
oscillator is a negative resistance type needing 
only an impedance greater than 1.5 kQ acrosS 
pins 9 and 15 to oscillate. The oscillator coil T2 
has been designed for a secondary impedance of 
about 5 kQ. 

In order to obtain good A-M selectivity, a 
low-cost ceramic I-F filterF2 and a relatively 
high-Q detector coil T3 are used. The tap im
pedance T3 is 4.7 kQ. 

The CFZ455C filter F2 contains a tuned cir
cuit and ceramic resonator and has sufficient 
input impedance for a good mixer gain. It must 
be loaded with 2 kQ. The output capacitance of 
250 pF at 10.7 MHz is large enough to terminate 
the F-M I-F filter Flthrough 330 Q. A slightly 
better termination for FI can be produced using 
a small inductance (0.88 IAH) placed in series 

wgh the output ofF2,the 455 kHz filter; At 10.7 
MHz, this inductance will form a series resonant 
circuit with the F2 output capacitance. 

The single-tuned detector· coil T4 is easily 
aligned by simply tuning for maximum audio 
output. Note that AFC has been included even 
though .Type ULN-2241A has no AFC output 
pin. It is only necessary to filter the audio output 
at pin 5w;ith a 1 MQ resistor and a 0.05 !-'f 
capacitor for AFC. 

The F~M tuner design is relatively straight
forward, except: the autodyne converter is 
designed so that the F-M oscillator signal does 
not appear across the primary of the mixer coil 
T5, and the oscillator coil is grounded. This cir
cuit configuration prevents the F-M oscillator 
signal from coupling across T5 through Fl into 
the ULN-2241A (pin 1). Excessive oscillator in
put would cause the limiters to be driven by the 
oscillator producing undesirable offsets with 
weak signals. 

Note the AGC output of Type ULN-2241A is 
used to drive theR-F amplifier Q1. This 
eliminates any problems with large signals over
driving the converter Q2. Consequently, the 
oscillator frequency in this tuner will not change 
even when the input voltage rises as high as 
300,000 IAV. . .. 

LOW·COST TUNER PERFORM"NCE CHARACTERISTICS 
(Figure 8) 

F-M 20 dB,(5 + N)/N;= 5 ",V 
fo + I-F 12 ==64 dB 
Image ;= 27 dB 
I dB Limitil\ll = 10 ",V. .. . 
Interstation Noise = 20 dB below 30';0 

AcM 20 dB (5 + N)/N = 180 ",V 1m 
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Figure 8 

PARTS LIST FOR FIGURE 8 

01 Siemens TA314, F·M Varactor Diode 
FI SFEIO.7MA, F·M I·F Filter 
F2 CFZ455C, A·M I·F Filter 
QI MPS3563, F-M R·F Amplifier 
Q2 MPS3563, F-M Converter 
T1 Ferrite Loop, 571 Io'H, Qu = 150, 17:1 turns ratio 

A·M 
ANTENNA 
.540-1610 

kH. 

50< 

Dwg. No. 8~1449 

T2 RWO·6A7640BM, A-M Osc., Qu = 50, 11:1 turns ratio 
T3 RLCS-4A7893GO, A-M Det., 256 Io'H, Qu = 75, 5.4:1 turns ratio 
T4 BKAC·K3651HM, F·M Det., Qu = 65 
T5 BKACS·K455IAO, F-M Input, Qu = 90, 7:1 turns ratio 
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RADIO/COMMUNICATIONS INTEGRATED CIRCUITS (Continued) 

Low-Cost Automobile Radio 

Automobile radios usually have two tuned 
R-F circuits in addition to the local oscillator. In 
this case Type ULN-2242A can be used in an 
A-M/F-M . automobile radio without an A-M 
R-F amplifier. The R-F circuit can be double
tuned with minimal loss in sensitivity. The 
inductive tuning circuit is easily connected to the 
mixer of Type ULN-2242A as shown in Figure 9. 

Note that L51 and L53 are not tapped and 
only the oscillator coil L55 needs a secondary 
winding. The 150 fAH coil L54 forms an inductive 
tap with L53 to provide a desired sensitivity and 

F-M AGe 

overload level. The A-M sensitivity of the tuner 
with the 30 pF 130 pF dummy antenna shown is 
10 fAY for 10 dB (8 + N)/N, and the maximum 
input at 8011,10 modulation is 300 mY. 

The I-F uses a ceramic filter and a single
tuned high-Q detector coil. The I-F collector 
load resistor of 150 Q on pin 13 has been reduced 
from the usual 220 Q (pin 9, Figure 8) to reduce 
the interstation noise and to increase the limiting 
level for better tuning feel. An F-M tuner of the 
designer's choice can be added to this circuit to 
form a complete A-M/F-M tuner. 

rt.-.,....~--+-~'Nv--~-~-"""'---.".AFC 

A-M 
ANTENNA 

11 

HH--'----t---t--t12 
'------J>NV--+-1~-+_f13 

15 

4.7K 

ULN-2242A 
16 

2.7 

,-·--+---_f17 

~-.-./V~-t-__+~--1f------I18 
4700 
.-+----119 

20 611
, 

-IlD T 1t : 18 

, 1t:1: 17 

_ ~~I 1'47 
ALTE.RNATE - -=- ~. 30t-r 

INPUT 1 501 30 I 
DUMMY ANTENNA 

Figure 9 
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PARTS LIST FOR FIGURE 9 

Fl SFEIO.7MA, F-M I-F Filter 
F2 CFZ455C, A-M I-F Filter 
T1 RWO-6A7640BM, A-M Ose., Qu = 50, 11:1 turns ratio 
T2 RLCS-4A7893GO, A-M De!., 256 ¢f, Qu = 75, 5.4:1 turns ratio 
T3 BKAC-K365IHM, F-M Det., Qu = 6S 

... 

LOW·COST AUTO RADIO PERFORMANCE CHARACTERISTICS 
(Figure 9) 

A-M 10 dB (S + N)/N = 10 jJ.V with 30070 modulation 
Maximum Signal = 300 mV with 80%modulation 

Automobile Tuner With A·M. R·F Stage . 

Improved sensitivity and excellent overload 
performance with. the radio tuner illustrated in 
Figure 9 may be. obtained by adding theR-F 
stage of Figure 10: A secondary winding has 
been added to L53 to couple it to the mixer of 
Type ULN-2241A. The emitter of the R-F stage 
is biased up to 0.5 V when it is turned OFF to im-

prove the overload. This condition causes the 
R-Fstage to be turned OFF at a lower R"F IeNel. 
Large signals arenotrectified in the R-Fstage. 

This circuit will.handle input signals to 1 volt 
into the 30 pF /30 pF dummy antenna. 

+ 12V 

4JK MIX BIAS 
17 

Fo..:!.!.',----l--l18 

A-M 
I NPU'r 

Dwg., .Nq. A-ll.325 

Flgu ... l0 
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Varactor· Tuned Automobile Radio 

The tuner in Figure 11 was specifically design
ed for a digital synthesized A-M/F-M 
automobile radio. A large area, low-noise JFET, 
Ql, provides a reasonable broad-band match to 
the antenna. Tuning the antenna with a varactor 
diode would require a capacitance change of 9 
times the total of antenna, input cable, 
minimum diode and stray capacitance. Because 
Ql has about 5 pF feedback capacitance, Q3 is 
added to form a cascode input. 

Q2 provides the interface between the AGCof 
Type ULN-2242A and Ql, reducing the gm of 
Ql by dropping the drain current as the signal 
level increases. This arrangement produces ex
cellent large-signal and cross-modulation 
characteristics. L1 and Rl provide a static cur
rent discharge path for the antenna while L2 
reduces interference from VHF signals. 

Tl, T2 and L4 form a double-tuned R-F cir
cuit, an arrangement with several advantages 
over single-tuned circuits. The bandwidth is 
greater, especially at the low end of the band, so 
that receiver bandwidth is not determined by the 
R-F stages and image rejection is maintained. 
Mistracking caused by the . matched tuning 
diodes is much less of a problem with the wider 
R-Fbandwidth. The primary voltage of TUn
creases as the receiver is tuned off a station, pro
ducing better local AGC action. 

As the receiver is tuned off a strong station, 
the AGC supplied by Q2 is normally removed 
from the R-F stage Q1. Large signals applied to 
the diodes will cause oscillations heard as 
whistles when the receiver is tuned in and out of 
a strong station. Local AGC is therefore re
quired, and is provided by Q4 and associated 
components. 

Q4 is coupled to Tl by C2 and C3 so 
minimum additional capacitance is added to Tl. 
The output of Q4 is rectified by a voltage 
doubler and filtered to remove audio frequencies 
produced by the voltage doubleL This arrange
ment coupled with the very good AGC 
characteristics of Type ULN-2242A, results in a 
receiver with large-signal capabilities better than 
most conventional automobile radios. 

An A-M oscillator signal of about 200 mV at 
pin 20 can be used to drive a synthesizer if 
desired. Most synthesized radios mute the audio 
when changing stations. Since A-M and F-M are 
common in Type ULN-2242A, the mute works 
for both. A 3 to 4-volt signal applied to pin 8 will 
mute either A-M or F-M. 

The A-M AGC and F-M mute signals applied 
to Q5provide.a stop signal for use with signal
seeking receivers. The collector of Q5 goes high 
when a signal is reached and is limited to 6.5 V to 
interface. with 5 V digital logic circuits. 
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Figure 11 

PARTS LIST FOR FIGURE 11 

01-3 Toko KVI215 or Sanyo svc:n I A-M Varactor Diode (3) 
D4-7 IN9140t IN4148 General Purpose Diode (4) 
FI SFJIO.7MA, FcM J-F Filter 
F2 CFU45SC, A-M I-F Filter 
T1 RWOS-6A7894AO, A-M R-F, 178!ili, Qu = 120, 10:1 turns ratio 
T2 RWOS-6A7894AO, A-M R-F,178!ili, Qu = 120, 10:1 turns ratio 
T3 RWOS-6A7892AO, A-M Osc., Qu= 120,QI = 80,5:1 turns ratio 
T4 RLCS-4A7893GO, A-M Det., 256 "H, Qu= 75,5.4:1 turns ratio 
T5 BKAC-K365IHM, F-M Det., QU = 65 
QI MPF820 A-M R-F Amplifier 
Q2-5 2N4124 General Purpose Amplifier 
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THE ULN-2242A, 
A COMPLETE AM/FM 

SIGNAL PROCESSING SYSTEM 

Introduction 

This paper describes a monolithic integrated circuit 
which makes possible substantial simplification of 
AM/FM receiver design, while at the same time im
proving system performance. 

Prior attempts at monolithic implementation 
started with the quadrature detector IIF gain block 
which was first described by A. Bilotti in 1967. 1 

Other devices were developed for AM circuits which 
in essence attempted to combine the active elements 
of a descrete bipolar AM receiver. The resulting 
monolithic devices were capable of performance no 
better than the original discrete design, and with the 
very uneconomical displacement of three discrete 
transistors with one integrated circuit. 

To achieve useful cost and performance objectives, 
a new monolithic AM/FM signal processing system2 

was designed with careful attention to the total 
system costs and performance objectives of modern 

AM· 
ANTENNA 

r 
Figure 1 

automotive and high quality home entertainment 
broadcast receivers. In addition to providing state
of-the-art receiver performance, this "one-chip" 
receiver also provides for meter drive, interstation 
muting, delayed AGe (for control of external AM 
and FM RFstages), and simple AM/FM switching. 

Circuit Description-AM Mixer 
An analog multiplier is used for the AM mixer. 

It substantially outperforms discrete mixers in the 
areas of noise and spurious response rejection. As an 
AM mixer this circuit provides both local oscillator 
and received frequency rejection. The local oscillator 
is suppressed by approximately 40 dB and the inter
mediate frequency feedthrough is down by 26 dB. 
Spurious response suppression is important as a 
receiver performance objective, and also the 
receiver's ability to reject undesired noise pass
bands. The mixer's freedom from oscillator signal in 

NOTE: This paper was originally presented at the IEEE Fafl Conference' on Broadcast and Television Receivers in Chicago, December 1977. 
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the IF also reduces the outband rejection requirement 
for the IF selectivity elements, simplifying the use of 
low-cost ceramic filters. The mixer current is chosen 
to provide 20 mmho of gain with an acceptable out
put overload capability. 

The AM Detector 

The AM signal is peak detected, recovering audio 
and a d-c voltage to control AGC. Low audio distor
tion of 1010 is achieved by maintaining a relatively 
constant current and resistance load, presented by 
the emitter-base junction of Q82 as shown in Figure 
2. The recov.ered audio is taken off in a balanced 
configuration and summed at a node to cancel stage 
current. 

AM AGC 

AM gain control is achieved by reverse AGC of the 
first IF by cutting off stage current to the first IF 
stage. AGC to the mixer is by the same method, but 
with a 14 dB delay to optimize gain distribution for 
noise considerations, and allow a better match to the 
input to the mixer. Gain reduction as a function of 
signal level is shown in the graph of Figure 3; 

Combined AM/FM IF 

Stacking of the. AM and FM selectivity com
ponents allows the use of a common IF amplifier. 

The IF (Figure 5) is a fully-balanced amplifier 
having each stage differentially coupled to the suc
ceeding stage. In addition to providing a 6 dB per 
stage increase in gain over single-ended coupling, 
this maintains constant stage and emitter follower 
currents to prevent signal current from appearing in 
on-chip grounds or supplies. Attendant signals or 
noise appearing on ground or supplies will be rejec
ted as common mode by the balanced stages. 

The differential coupling approach also balances 
capacitive effects to minimize phase delay 
modulation with various signal levels. To further 
control AC effects and reduce device input 
capacitance, the first IF stage is a cascode con
figuration to reduce Miller effect. 

In the FM configuration, the IF stages are 
operated as limiters and provide 76 dB of gain with a 
corner frequency of 36 MHz. Coupled with the 
detector section, the combination achieves a 3 dB 
limiting threshold of 15 J.N. 

r-----~------~------~----~----~vcc 

AM 

1-' 

Figure 2 
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AM ~ 
OSC.~ 

AM 
IN 

AM operation utilizes the same IF section as used for 
FM with a gain reduction and redistribution. To ac
complish this, stage current is reduced in the second, 
third, and fourth IF stages. This puts 20 dB of gain 
in the first, and only 6 dB total in the remaining three 
stages, and also maintains a reasonably low input 
impedance to the IF. 

The FM Detector 

The FM detector (Figure 6) is an analog multiplier 
operating in the high-level injection mode. In this 
mode, a multiplier provides high recovered audio 
with low audio distortion. Like the IF, the detector is 
also driven differentially. In addition, the inphase 
and quadrature signals are passed through the same 
number of stages. This assures good freedom from 
a-c offset, i.e. detector d-c offset caused by unequal 
phase delay in the two applied signals. 

Figure S 
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Recovered audio is processed through the same 
current mirrors, summing resistor, and output pin as 
was used for AM. AFC and meter information is 
provided open collector for use with an external load. 
This allows the AFC to be used with any reference 
voltage between V + and ground, and also permits 
adjustment of AFC gain by the choice of load 
resistor value. 

FM Mute and AGe Detectors 

The mute and AGC provide d-c voltages for con
trol of signal level related functions. The basic detec
tor (Figure 7) is biased as a triple Darlington current 
source, with a quiescent state value of 10 j.iA. Detec
tor operation is accomplished by applying an a-c 
signal to C3 which forms a voltage doubler with the 
emitter-base junctions of Q61 and Q62 plus the 
smoothing Miller capacitors of convenient size for 
integration. 
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RADIO/COMMUNICATIONS INTEGRATED CIRCUITS (Continued) 

Signal for the mute detector is taken out of the 
quadrature coil to limit bandwidth and allow mute 
detector operation at the approximate limiting 
threshold of the device. The mute attenuation is ob
tained by cutting off the current mirrors to the 
audio. This achieves greater than 60 dB of at
tenuation with a minimum disturbance in d-c levels. 

The AGe detector is basically the same as the mute 
detector, with the exception of the source of the a-c 
signal. This detector responds with a 2 mV signal in
put. Both detectors are biased to a no-signal value of 
4.7 volts, and approach zero with increasing signal 
input as shown in Figure 8. 

Typical Application 

Figure 9 illustrates a typical home entertainment 
receiver application for this new AM/FM signal 
processing system. 

Sufficient FM IF gain is provided by the device to 
eliminate the need for any additional external gain 
besides that of the tuner. A 3 dB limiting sensitivity 
of about 2 J.iV is easily achieved. 
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All AM signal processing is performed within the 
device. The gain AGe and noise performance of the 
device in the AM mode is sufficient to achieve a 
useable sensitivity of 150 J.iV 1m while featuring an 
overload capability of 2 V 1m with a 15 cm ferrite 
antenna. 

Conclusion 

Much of the original design for this new device was 
to define its operation as a system rather than as a 
simple component. To achieve the same 
revolutionary impact in AM/FM radio receivers as 
the design by A. Bilotti did for FM only, the new 
device required more than simple assembly of 
discrete components into an integrated circuit. Des
pite the integrated circuit's limitations on pin count 
and component values, the monolithic process with 
ion implantation is capable of fabricating superior 
circuit implementations such as fully-balanced 
mixers, multi-rate AGe systems, linear AM detec
tors, etc. at costs comparable to inferior circuits con
structed with discrete components. 
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The device is most often specified in a standardized 
test fixture, eliminating as many variables as possible 
including AM antenna and FM tuner characteristics. 
Typical overall performance in such a fixture is 
illustrated in the following curves. 

This new monolithic AM/FM signal processing 
system which has been described, provides the radio 
designer with a modern cost-effective approach to 

. FM AM MPX,OSC • 
DEFEAT 

Figure 9 
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the "one-chip" radio receiver without the perform
ance tradeoffs so common with previous AM/FM 
integrated circuits. 

(1) A. Bilotti and R. S. Pepper, A Monolithic 
Limiter and Balanced Discriminator jor FM 
AND TV Receivers, National Electronics 
Conference, October (1967). 

(2) Sprague Electric part number ULN-2242A. 
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RADIO/COMMUNICATIONS INTEGRATED CIRCUITS (Continued) 

DEVELOPMENT OF HIGH-QUALITY RECEIVERS 
FOR A-M STEREO 

Introduction 

Almost all current designs for A-M receivers or 
tuners use a ferrite antenna and lor a tuned R-F stage 
with one or two separate tuned R-F circuits. These 
are basically just slight modifications of the old five
tube radio. Because of this, almost all literature 
written on the subject of A-M receiver design was 
written w hen large tube-type receivers were popular. 

When a receiver must have an audio-frequency 
response greater than about 4 kHz, this arrangement 
is not satisfactory and a new approach is required. 
This does not, however, necessitate the design of 
new integrated circuits for the R-F and I-F portions 
of high-quality A-M stereo tuners. Presently avail
able integrated circuits can be used (with minor cir
cuit variations) to produce A-M tuners with perfor
mance that compete with that of the receiver's F-M 
section. 

Design Parameters 

A-M stereo testing of many different types of A-M 
receivers indicates that receivers performing well 
with monophonic signals also perform well with 
stereophonic signals. A good criterion appears to be 
total harmonic distortion and audio frequency re
sponse. In addition to the usual requirements of good 
sensitivity, selectivity, image rejection, and the abil
ity to handle large signals, distortion, signal-to-noise 
ratio, and audio fidelity are important parameters 
when designing A-M receivers for stereo or mono. 
Fortunately, if the I-F filter response can be kept 
symmetrical, current A-M integrated circuits will 
give very low distortion for a hrrge range of signal 
levels. In addition, most of them have also had their 
gains apportioned properly so that under AGC condi
tions, signal-to-noise ratios are not degraded and 
high ultimate S + N IN ratios can be reached. This 
eliminates some problems for the designer, but does 
not solve all of the possible problems. 

As a guide, the following receiver parameters have 
been chosen: (The modulation is 30% at 1 kHz un
less otherwise noted.) 

1. 20 dB S+N IN oS 200 /-LV 1M 
2. Adjacent Channel Attenuation'" 35 dB 
3. Image Rejection '" 50 dB 
4. Maximum Input Signal 1 V 1M 
5. THD < 0.5% and 1 % at 80% Modulation 
6. Maximum SIN", 50 dB 
7. Audio Response: 20 Hz - 15 kHz 

Unfortunately, items 2 and 7 are incompatible 
with channel spacings of 10 kHz, so either a dUal
bandwidth I-F or poorer frequency response must be 
accepted. 

I-F Filters 

The audio distortion and receiver selectivity are 
essentially determined by the I-F filter of a receiver. 
(Some other factors degrading the audio frequency 
response will be discussed under R-F circuits.) The 
traditional approach of using LC networks in a good 
quality receiver becomes very difficult because of Q 
limitations. 

As an example, consider a transitional filter with a 
40 dB bandwidth of 20 kHz and center frequency of 
455 kHz. 

Number of 
Sections 

3 
4 
5 
6 
7 
8 

Max. 
3 dB BW 

3.2 kHz 
5.0 kHz 
6.7 kHz 
8.0 kHz 
9.1 kHz 

10.5 kHz 

Min. 
Coil Q 

211 
180 
238 
322 
411 
483 

Copyright © 1980 IEEE. Reprinted by permission. This paper was originally presented at'the IEEE Fall Conference on Consumer Electronics Chicago III 
November 1980. ' ," 
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RADIO/COMMUNICATIONS INTEGRA TED CIRCUITS (Continued) 

The maximum available poil Q is only about 140, 
so it is almost imperative that the I-F filter be a 
ceramic filter designed specifically for that purpose. 
Suitable communications ceramic filters are avail
able, but at a cost 3 to 10 times greater than that of 
standard I -F transformers. There is, however, a good 
compromise available. Reasonably priced ceramic 
ladder filters with zeros in their transfer function are 
available with the following response (Figure 1): 

DWG.NO. A-ll,510 

Figure 1 

The zeros can be selected to fall at ±1O kHz for 
narrow-band I-Fs, and at ±20 kHz for wide-band 
I-Fs. The minimum attenuation beyond the zeros of 
only 27 dB is too small, but this falls within a range 
where supplemental inductive filters can be used. 
This requires buffers between the coil and ceramic 
filters, but, as we shall seelater, some integrated 
circuit designs easily accommodate this arrange
ment. 

It has been found by experiment that a full 20 kHz 
or even 15 kHz audio response is not necessarily 
desirable in .a high quality A-M tuner, and might 
even be undesirable. So much background noise and 
interference from other stations is present even dur
ing local daytime listening that a narrower 
bandwidth is more acceptable. A good compromise 
appears to be about 20 kHz for 3 dB bandwidth. 
This is degraded by other filtering in the set plus the 
necessary 10 kHz notch filter in the audio output to 
give an overall audio frequency response of about 7 
to 8 kHz. In the narrow bandwidth mode for night
time listening, the ± 10kHz attenuation must be 
greater than 40 dB, restricting the audio response to 
about 4 kHz. It should be noted that this is consider
ably better than the 1 .6 kHz to 3 kHz audio response 
of current receivers. 

R-F Circuits 

The R-F circuits of a high-quality A-M tuner pre
sent difficult challenges. The first occurs because the 
R-F stage bandwidth should not degrade the audio 

frequency response. A few calculations will demon
strate the problem: 

If the R-F circuit loaded Q is 60: 

1400 kHz - 3 dB BW = 23 kHz, Audio = 
12 kHz 

At 600 kHz-3 dB BW = 10 kHz, Audio = 5 kHz 
600 kHz Image rejection = 48 dB 

If the Q of the ferrite antenna or R -F tuned circuit 
is reduced to improve the audio response, the image 
rejection suffers. In the case of the ferrite antenna, 
the sensitivity also suffers: 

v = QEg 

V Voltage Across Antenna Circuit 
n Number of Turns 
IL = Antenna Permeability 
A = Antenna Cross Sectional Area 
f = Received Frequency 
Q Antenna Q 
E Electric Field Strength 
Eg Induced Voltage 

This situation can be imprOVed by using a large 
loop of a few turns of wire. In this case, the formula 
is the same with IL being replaced with ILo. This 
antenna must, however, be very large in cross
sectional area (typically 1 m 2) before,it is effective. 
It is also directional. 

The only other alternative is the old-fashioned 
wire antenna which turns out to be much better in 
terms of signal reception. For this type: 

e 
Eg=ZE 

e = Antenna Length 

V = QEg 

Now, the received signal can be increased to offset 
reduced Q simply by making the wire longer. 

This still leaves the problem of how to deal with 
the loss i.n image rejection when the R-F circuit Q is 
reduced. The most obvious solution is to use a 
double-tuned R-F circuit. This can be manipulated to 
have constant bandwidth with different center fre
quencies so almost any desired result (without severe 
loss in image rejection) can be obtained. 
Additionally, the wider R-F bandwidth reduces 
tracking problems which are not usually serious for 
A-M mono signals, but which will cause problems 
with A-M stereo signals because of the group delay 
variations they produce. 
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RADIO/COMMUNICATIONS INTEGRATED CIRCUITS (Continued) 

This leaves two possibilities for antenna input 
circuits: 

1. Couple the antenna directly to the double-tuned 
circuit and suffer a 6 dB insertion loss. 

2. Use an untuned FET input and put the double
tuned circuit between the FET and the mixer. 

Option 2 also eliminates the need for an antenna 
trimming capacitor. This can be a significant cost 
savings in automobile receivers. In both cases, how
ever, the Q of the antenna circuit will be quite low at 
the low end of the A-M band, and the receiver will 
have somewhat poor I-F rejection. This can easily be 
solved by using an integrated circuit with a double
balanced mixer. 

Receiver Designs 

Illustrations of two high quality A-M tuned de
signs which use currently available parts are shown 
in Figures 2 and 3. 

Both achieve the following performance levels. 
S+N 

20 dB ~- 100/LV/m 

(depends on antenna length) 
Image Rejection = 55 dB 
- 3 dB audio frequency response from 550 to 

1600 kHz: 
wide -7.5 kHz 
narrow - 4 kHz 

THD < 0.5% at 30% modulation 
Maximum signal level > 1 V 1m 
Max signal-to-noise at 30% modulation = 47 to 

50 dB 

The first design shown in Figure 2 uses a combina
tion A-M/F-M integrated circuit (1) with a balanced 
mixer for A-M. A junction FET must be used for the 
R-F stage to obtain a reasonable sensitivity 
(MOSFETs are very noisy at these low frequencies), 
but since it has a high feedback capacitance, a tran
sistor is also used to form a cascode stage. AGC is 
derived from the IC and is used to reduce the current 
of the R-F stage. Since the IC has enough gain, the 
R-F stage gain can be kept low to reduce overload
ing. The ceramic filters in the IF stage are separated 
by low-cost buffer transistor stages which also per
form the bandwidth switching.'Added to the ceramic 
filters, are double-tuned input (pin 14) and output 
coifs (pin 1) to suppress the spurious responses of the 
filters. 

6-102 

The audio output terminal (pin 4) includes a 
10kHz notch filter and a 15 kHz low-pass filter to 
reduce unwanted noise in wideband operation. Note 
the simplicity of the double-tuned R -F filter. The two 
coils are identical and a mutual coupling capacitor is 
used to give greater coupling at low frequencies. 

The second tuner shown in Figure 3 uses a very 
popular A-M-only integrated circuit (2). This IC, 
while not having a balanced mixer, has a separate I-F 
stage perfectly suited to driving the ceramic I-F fil
ter. The R-F stage is slightly different here but re
tains the double-tuned interstage filter. The required 
R -F gain is higher because of the lower overall gain 
of the IC. 

Instead of two double-tuned I-F filters, a 3-section 
filter is used and transistors are again used for 
bandwidth switching. The lowpass and notch filters 
are also retained in the audio output. 

Conclusion 

It has been shown that high-quality A-M tuners 
using existing monolithic integrated circuits can be 
designed and their cost is reasonable. They are suita
ble for driving A-M stereo decoders and should 
produce very good A-M mono or stereo results. In 
the case of the first tuner, the 455 kHz signal to the 
decoder can be taken from the last I-F collector, or 
from a secondary winding on the detector coil. A 
455 kHz signal of high-enough level is somewhat 
harder to obtain from the second tuner. The easiest 
approach appears to be to amplify the approximately 
5 m V detector input signal. The internal detector 
then serves to generate AGC signals. 

The advent of A-M stereo may hopefully serve as a 
catalyst for the re-development of good A-M tuners 
which died out when the "all-American" five-tube 
table radio was first introduced. 

Referenc~s 

(1) Sprague Type ULN2240,41,42A, or TDA-
1090. 

(2) Sprague Type ULN2249A or HA1l99 
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VIDEO AND TELEVISION INTEGRATED CIRCUITS 

SELECTION GUIDE TO VIDEO AND TELEVISION INTEGRATED CIRCUITS 

Device Type Chroma Luma Sound Sync Defl. 

ULN-2260A - X 
ULN-22708/Q X 
ULN-22908/Q X 
ULN-3702Z* X X 

NOTE: Additional devices for use as sound channels may be found in Section 6. Audio amplifiers are 
described in Section 8. 

*See page 8-22 ... 
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ULN-2260A AGC CONTROLj 
SYNC SEPARATOR, AND SCAN PROCESSOR 

ULN-2260A AGC CONTROL, 
SYNC SEPARATOR~AND SCAN PROCESSOR 

FEATURES 
• Excellent AGe Noise Immunity 
• High Output Sync Level 
• Balanced Phase Detector 
• Stable Master Oscillator 
• i6-Pin Dual-In-Line Plastic Package 

TELEVISION-CIRCUIT SIMPLIFICA nON 
and .high performance are primary advantages 

of designs using Type ULN-2260A. NTSC or 
PAL television receivers, color or monochrome, 
with· countdown or conventional synchroniza
tion, can be flexibly and efficiently partitioned 
through use of this device. 

The AGC detector of Type ULN-2260A 
employs a coincidence gate approach that 
minimizes noise effects. The circuit maintains 
constant AGCI~els de~pite temporary losses of 
synchronization:' and temporary horizontal 
timing disturban~es. ,The AGe-synchronization 
loop)hasboth thehiih gain andhighJCslew rate 
needed .... for. . fast channel-to-ch~nnel gain 
equalization and, reduction of aiiplane flutter. 
Both forward and reyersedelayed AGC currents 
are devel()J)ed.· 

7-:"3 

The sync separator usesaneXiternal passive 
network. The designer chooses the sampling 
level and time constants. The 10 Vpp output is 
short-circuit limited at approximately 25 rnA. 

The phase detector of Type ULN-2260A com- 7 
pares the sync separator's putput to the in-
tegrated horizontal flyback pulse. Its output is a 
voltage proportional to the phasing error; Static 
phase error attributable to detector imbalance is 
minimized. .... . . 

The designer is able to define the free-running 
frequency, control sensitivity lind tempeniture 
compensation of the integrated circuit.'s 
oscillator. A wide range of frequencies can be 
generated, accomodating any of several TV or 
video display terminal· deflection . systems. 



ULN-2260A AGCCONTROL, 
SYNC SEPARATOR, AND SCAN PROCESSOR 

TYPICAL 4PPLlC.TION 
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ULN~2270B AND ULN·2270Q/TDA 1170 
VERTICAL DEFLECTION SYSTEMS 

ULN-2270B AND ULN-2270Q/TDA 1170 
VERTICAL DEFLECTION SYSTEMS 

FEATURES 

• Internal Reference 
• Positive or Negative Sync Input 
• Vertical Ramp Generator 
• Vertical Driver 
• Flyback Generator 
• Single-Supply Operation 

A S A SINGLE DEVICE containing a vertical os-
cillator, a flyback generator and a power 

amplifier, this vertical deflection system can greatly 
simplify design of black-and-white and small-screen 
color television receivers. 

The oscillator of Types ULN-2270B and ULN-
2270Q is directly synchronized by positive or nega
tive sync pulses. A current feedback loop makes 
yoke current independent of yoke resistance changes 
caused by operating temperature variations. The 
flyback generator develops the high voltage required 
by the yoke for short flyback time and high effi
ciency. 

Type ULN-2270B is supplied in a 16-pin dunl 
in-line plastic package with heat sink contact tabs. Its 
copper alloy lead frame gives enhanced power dissi
pation ratings with standard cooling methods. 
Greater package power dissipation is available with 
attachment of an external heat sink to the webbed 
center leads of the device. The lead configuration 
makes possible easy attachment ofa heat sink and 

use of a standard integrated circuit socket or printed 
wiring board layout. 

Type ULN-2270QfrDA1170 is supplied in a 
16-pin quad in-line plastic package. It uses the 
printed wiring board On which it is mounted as a heat 
sink. Small heat sinks can also be attached to the 
center tabs of the device. The device carries the 
Sprague Electric Company part number (ULN-
2270Q) unless the Pro-Electron marking (TDAl170) 
is requested. 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage, Vee ........................... 27 V 
Peak Flyback Voltage, VS-V7 •....•.••....•.••...• 58 V 
Sync Input Voltage, VIO ; •••••••••••••••••••••• ±12 V 
Amp. Input Voltage Range,V14 ••••..•••. -0.5 V to + 10 V 
Peak Output Current, Is (50Hz, "'10 jLs) ............ 2.5 A 

(50 Hz, .> 10 jLs) .,", ... ,',' 1.5 A 
(non-repetitive. 2 ms) , , , . , . , , , 2,0 A 

Package Power Dissipation, Po """',.;"'" See Graph 
Junction Temperature Range, TJ • , • ,', , , ,'-40°C to + 150°C 

..... 

For increased power-handling capability, thesedevices can 
be ordered in a 12-lead single in-line power-tab package by 
changing the part-number suffix from 'B' or 'Q' to 'W'. 
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ULN-2270BAND ULN-2270Q/TDAl170 
VERTICAL DEFLECTION SYSTEMS 

ELECTRICAL CHARACTERISTICS at TA = 25°C, Vee = 25 V, f. = 50 Hz (unless otherwise specified) 

Test Test 

Cha racteristic Pin Fig. Test Conditions 

Operating Supply Voltage Range 2 

Sync Input Voltage 10 3 Positive or. negative _. 
Sync Input Resistance .. ..... 10 3 VlO= 1.0V 

Osci lIator Bias Cu rrent 11 1 

Oscillator Voltage 11 3 

Oscillator Pull-In Range 10-11 3 Below 50 Hz 

Oscillator Frequency Drift 11 3 Vee = 10 V to 27 V 
TTAB = 40°C to 120°C 

Ramp. Generator Bias Current 16 1 

Amplifier Input Current 14 2 

Quiescent Output Voltage 6 1 Vee = 10 V, R2 = 10kf! 
Vee = 25 V, R2 = 30 kf! 

Flyback Voltage 3 IYOKE = 1.0 A 

Flyback Time 3 IYOKE = 1.0 A 

Yoke Current 3 

Regulator Voltage 8 or 9 2 

Line Regulation 8 or 9 2 Vee = lOV to 27V 

Supply Current IYOKE = 1.0 A 

NOTE: Pin numbering shown is in accordance with U.S. (JEDEC) practice where all 
positions are numbered (1 thru 16). European (Pro-Electron) practice is to skip 
the tab positions. 

JEDEC 2 
Pro-Electron 1 2 

4 5 6 
TAB TAB 4 

8 9 10 11 12 13 14 1516 
6 7 8 9 TAB TAB 10 11 12 

Limits 

Min. Typ. Max. Units 

10 - 27 V 

1.0 - - Vp 

- 3.5 - kf! 

- 0.2 1.0 !lA 
- 2.4 - Vpp 

- 7.0 - Hz 

- 0.01 - Hz/V 

- 0.015 - Hz/"C 

- 50 500 nA 

- 0.15 1.0 !lA 
4.0 4.4 U V 
8.0 8.8 9.6 V 

- 51 - V 

- 0.6 0.8 ms 

- - 1.6 App 

6.0 6.5 7.0 V 

- 1.5 - mV/V 

- 140 - rnA 
--

4~~--~--+---4---~---r---+--~ 

ALLOWABLE POWER DISSIPATION 
AS A FUNCTION OF 

AMBIENT TEMPERATURE 

7~7 

~~-'2~~--~~o'-~n'--"IO~O--<12~~--~--~ 
AMBIENT TEMPERATURE IN ·C Dwg.No. A-lO,4318 

o 



ULN"22~08;A~P U'-N~2270QLTDA 1170 
VERTI.CAL J)JfLECnON .SYSTEMS 

~g. No, A-1O.992 

Figure 1 

TEST FIGURES 

220K '100 i< I 
I 

3.30 HOLD 2OK' 

I 
0.1 

:=- ~ 

'TOkER~NCE ±2% 

Figure 3 

LINEARITY 

47K 47~ 

Dwg. No. A-IO.999 

Dwg. No. A-IO.993 

Figure 2 



ULN-2270B ANDULN-221OQlTDA 1170 
VERllCALDEfLEGTION SYSTEMS 

TYPICAL APPLICATION IN 
LARGE-SCREEN. BLACK~AND.VYHITE TV 

/ 

Supply Current, Icc ......................... : ......... 140 rnA 
Flyback TIme ...................................... ; 0)5 ms 
Yoke Current, IYOKE ••••••••••••••••••••••••••••••••••• ~ :1.2 App 

Operating Supply Voltage Range, Vee ......... , .....• ; .. , 20 V to 24 V 
Package Power Dissipation, PD •••••••••••••••••••••••••••• 2.2 W 

+?1'J1 
LINEARITY 

47 K 47 K =:=r-

. 1501< 100 K I 

rO.1 
Dwg. No. A-10,99B 

'TOLERANCE ±5% 

FlybackTime "" 2 LyoKE IYOKE 
. 3 Vee 

Where: 
Flyback TiIJIe is in seconds; 
LYOKE is in henties; . 
I YOKE is the.pc::ak-tq-peak .current in amperes; 
V cc and V6 .j1re in volts; 
Icc is in amperes; "Co 
V 14 is approx;jm\itely, 2.0 V. 
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ULN-2270BAND ULN-2270QITDA 1170 
VERTICAL DEFLECTION SYSTEMS 

TYPICAL APPLICATION IN 
SMALL-SCREEN BLACK-AND-WHITE TV 

Supply Current, Icc ................................... 150mA 
Flyback Time ........................................ OJ ms 
Yoke Current, IYOKE ••••••••••••••••••••••••••••••••••• ·1.15 App 

Package Power Dissipation, PD •••••••••••••••••••••••••••• 1.3 W 

+10.8V 

3.3n 
I 

HOLD 

'TOLERANCE ±5% 

+ 
4. 7iJF I 
lOV 

Flyback Time = 2 LYOKE IYOKE 

3 Vee 

lee = IY~KE + 0.02 

Dwg. No. A-ll,OOO 

Where: 
Flyback Time is in seconds; 
LYOKE is in henries; 
IYOKE is the peak-to-peak current in amperes; 
Vee and V6 are in volts; 
lee is in amperes; 
V I4 is approximately 2.0V. 
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CIRCUIT SCHEMATIC 

ULN-2270B AND ULN-2270Q/TDA 1170 
VERTICAL DEFLECTION SYSTEMS 

FUNCTIONAL BLOCK DIAGRAM 

r---~------- -f------<> V CC 

{~~~~--------I 

.p 
! ,---1 ~---~ 
2 3 7 

+---11 
..J... .,.. 
~ 

SYNC 
INPUT 

15 - t ~YOKE 
-'- ' 

(~) 9 16 1 14 ~---~ 
1 ~ HEI GHT :-...!... i: ~-.L 
: r ~ T---+---~--\Nv--" T 
I..J... I I I I 

'" -=- - LINEARITY I_--\Nv--i---l .LI ....L..' 
-=- -=- .,.. 

*".*" Owg .. No. ~-10.997 
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ULN-2290B AND ULN-2290Q TV SOUND CHANNELS 

ULN-2290B AND ULN-2290Q 
(TDA3190AND TDA1190Z) 

4-WATT TV SOUND CHANNELS 

FEATURES 

• High Sensitivity 
• High A-M Rejection 
• D-C Volume Control 
• High Power Output 
• Low Distortion 
• Wide Operating Voltage Range (9 to 28 V) 
• Low Quiescent Current Drain 

CAPABLE OF CARRYING OUT all of the func
tions of a TV sound channel, the ULN-2290 

silicon monolithic integrated circuit consists of a 
six-stage I-F amplifier !limiter, low-pass filter,diffe
rential peak detector, doc volume control, regulated 
power supply, audio preamplifier and output stage. 

The audio power amplifier will d~liver 4 W of 
low-distortion audio to a 16f! load with a supply of 
24 V. When used with a 12 V supply, such as is 
found in many portable TV sets, these ICs will fur
nish 1.5 W to an Sf! loud speaker. 

This TV sound channel is available in either of two 
package configurations. Type ULN-2290Q is 
supplied in a quad in-line plastic package with a 
copper lead frame. This device is designed to use the 
printed wiring board on which it is mounted for heat 
dissipation and is identical to European Type 
TDA1l90Z. It is marked with its Pro-Electron re
gistration unless otherwise specified on production 
orders. 

FUNCTIONAL BLOCK DIAGRAM 

I-F IN Il---~ 

DECOUPLE C!.}-..... ~'VV\~-~ 

@"l 
GROUND 

Type ULN-2290B is furnished in an improved 
16-lead plastic dual in-line package with heat-sink 
contact tabs. The webbed lead configuration, origi
nated by Sprague Electric, allows an inexpensive 
heat sink to be easily attached for increased power 
dissipation capability and yet permits the use of a 
standard IC socket or printed wiring board hole lay
out. This device is identical to European Type 
TDA3190. 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage, Vee ............................... +28V 
Repetitive Peak Output Current, lOUT ............. 1.5 A 
Package Power Dissipation, Po .... 
Junction Temperature Range, TJ .. 

IH:-EMP. DECOUPLE 

l.-
~ 

8 

. ....... See Graph 
... -40°C to + 150°C 

PHASE D-C FEEDBACK COMPENSATION 
SHIFT VOLUME 

D1IIG.IIO. A-IO.'133 
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ULN"2290BAND ULN·2290Q TV SOUND CHANNELS 

ELECTRICAL CHARACTERISTICS at TA= 25°C, fo = 4.5 MHz, fm = 400 Hz, fd = ±7.5 kHz, 
Vee = 12 V, Rl = So', Vin = 1 mV (unless otherwise specified) 

Test 
Characteristic Symbol Pin Test Conditions Min. Typ. 

UUlescent uutput VOltage vour 11 Vi - U 0.1 b.U 
UUlescent ~upply Gurrent Icc 14 K, - 'L.'L ko., Vi' ~ U - 19 
Input limiting IhreShold vrH 1 K, - 0 , - 40 
A-M Rejection AMR ." t, - ±25 kHz, m - 0.3 40 55 
Signal-to-Noise Ratio S+N/N Pour = 0.5 W, fd = ±25 kHz 50 65 
Recovered Aud io VOU! 16 R -0 - 120 
uutput Distortion IHU 11 POUT - 50mW .... - 1.0 
Output Power POUT 11 THO - 2%, fd -±25 kHz .•. - 1.4 

THO = 10%, fd =±Z5 kHz - 1.5 
Power Supply Rejection PSR f - 120 Hz, R - 22 ko., R - 40. - 46 
Input Resistance . Ri, 1 - 30 
Input Gapacltance Gi, 1 .... - O.U 

limits 
Max. Units 
b.~ V 
33 rnA 

100 /LV 
- dB 
- dB 
- mV 
- % 
- W 
- W 
-
- ko. 
- p~ 

ELECTRICAL CHARACTERISTICS atTA = 25°C, fo = 4.5 MHz, fm = 400 Hz, fd = ±7.5 kHz, Vee = 24 V,Rl = 160" 
Vin = 1 mV (unless otherwise specified), Heat Sinking is Required 

Test limits 
Characteristic Symbol Pin Test Conditions Min; Typ. Max. Units 

Quiescent Output Voltage VOUT 11 Vi' = 0 11 12 13 V 
Quiescent Supply Current I" 14 R, - 22 ko., Vi' - 0 11 22 35 rnA 
Input limitiNg Threshold V,. 1 R, - 0 - 40 100 /LV 
A-M Rejection AMR fd - +25 kHz, m - 0.3 40 55 - dB 
Signal-to-Noise Ratio S+N/N Pour - 1.0 W, fd - ±25 kHz 50 65 - dB 
ReCOVered Audio VOU! 16 R, = 0 - 120 - mV 
Output Distortion THO 11 Pmrr - 50 mW - 0.75 - % 
Output Power POUT 11 THO - 2%, fd -±2S kHz - 3.5 - W 

THO = 10%, fd = ±25 kHz - 4.2 - W 
Power Supply Rejection PSR f= 120 Hz, R = 22 ko., R = 40. -' 46 - dB 
Input Resistance R 1 , - 30 - ko. 
Input Capacitance Ci, 1 - 5,0 '- pF 

". 

50:t 1 
+ "" 

illJi-------t 

TEST CIRCUIT 

DWG,ftO.4-IO.6119 
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ULN-2290B AND ULN-2290Q TV SOUND CHANNELS 

TYPICAL APPLICATION 
(Heat Sink Required) 

owe. MO. "'10,"32 

NOTE: Pin numbering shown is in accordance with U.S. UEDEC) practice where all positions are 
numbered (1 thru 16). European (Pro-Electron) practice is to skip the tab positions. 

JEDEC 1 
Pro-Electron 1 

Applications 
Information 

345 6 
3 TAB TAB 4 

1. Types UlN-2290B and ULN-2290Qhave high input imped
ances, allowing them 10 be used with a ceramic filter or tuned 
circuit to provide the necessary input selectivity. 

2. The electrical characteristi.csof these devices will remain 
relatively constant over the I-F frequency range of 4.5 MHz to 
6 MHz .. They can therefore be used with.all common television 
standards. 

3. The a-c gain of the audio amplifier is determined by the 
resistor ratio at pin 9. The gain should be defined in relation to the 
frequency deviation at which the output stage of the audio 
amplifier begins clipping. 

4. The resistor between pins 9 and 11 can be replaced with 
various combinations of resistance and capacitance to provide 
bass boost or treble attenuation. 

5. De-emphasis is determined by the capacitor connected at 
pin 16 and an internal 10 kn resistor. This pin can also be used to 
provide a treble-cut type of tone control. 

6. The high-frequency audio cutoff is determined by the capac
itors connected at pin 10. To increase the audio bandwidth, reduce 
the values of these capacitors,keeping their ratio constant. 

7-14 
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10 11 12 13 14 15 16 
8 9 TAB TAB 10 11 12 

ALLOWABLE POWER DISSIPATION 
AS A FUNCTION OF AMBIENT TEMPERATURE 

o.5r----t---t----t---,--t--"O;;:-f'I~~r__-"""1 

~~-"2~5--.5~O--.7~5-~IO~O.---12~5-~~-~ 
AMBIENT TEMPERATURE IN ·C Dwg.No. A-IO,4JIB 
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ULN-2290B AND ULN-2290Q TV SOUND CHANNELS 

TYPICAL CHARACTERISTICS 
at TA = 25°C, fo = 4.5 MHz, fm = 400 Hz, fd = ±25 kHz, Vin = 1 mV 

(unless otherwise shown) 

AUDIO OUTPUT and NOISE A·M REJECTION 
AS A FUNCTION OF INPUT VOLTAGE AS A FUNCTION OF INPUT VOLtAGE 

I 
RECOVERED AUDIO, VOtJT 

~ 

L",ClO ... 

~" S+ N/N 
'.' 

III 

20 

z -2{) 
o 
t 
~, -40 

-80 

' .... 

1Rj7.:o I' 
.~r-

I 
l'Ov Jail JOOj:.. loot< 1.0", 3,0 m 10m 30m 100m '0,. 30,. "'0,. 300,. ,_,," 3_,," '''" 30m 100m 

llII6.IIO.A-IO,650 
INfll.,JT VOtTA.GE, Vin)N VOLTS 

SOUND CHANNEL OUTPUT A·M REJEctiON 
AS A FUNCTION OF MODULATING FREQUENCY AS A FUNCTION (1f TUNING'!RROR 

Rl ",:- J m = 0.3 -r-. l' 
r"--- I'-- ~ V '- ., " 

t=J~ 

r\ 
, 

500 IK 2K 5K 10K 20K 

FREQUE~CV • fm lIN Hz 

2 
30 20 10 20 30 

DElUN1NG, 'fo IN kHz 
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ULN·2290B AND ULN·22.90Q TV.SOUND CHANNELS 

TYPICAL CHARACTERISTICS (Continued) 

~ -2 
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W ~4 

~ 
,~ -6 
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::> -8 o 

20 

a 

AUDIO AMPLIFIER OUTPUT 
AS A FUNCTION OF FREQUENCY 

IIII 
.,/ 

i--'" I'" r-.'" 
cc· ". 

~lR~!s2A 
VCC-24V~ 
RL·I6..- I\. 
Rf " 47.1\. 

\ 
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DISTORTION 
AS A FUNCTION OF TUNING ERROR 
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ATTENUATION 
AS FUNCTION OF RESISTANCE 

....... 
....... ~ 

"r-.. 

"" 3K 4K 5K 7K 10K 

RESISTANCE, Rx IN OHMS 

DISTORTION AS A FUNCTION 
OF FREQUENCY DEVIATION 

RL "'16.A 

POUT" 250 mW 

:tl0 ±20 

DEVIATION, Af IN kHz 

-

~ 
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ULN~2290B AND ULN-2290Q TV SOUND CHANNELS 

TYPICAL CHARACTERISTICS (Continued) 

DISTORTION 
AS A FUNCTION OF OUTPUT POWER 

12 " Vee - 12 Vee"" 24V 

I 

'\ ~ s.". - Rl'" I&.. 

Rf "82-,,- Rf " 47 ..... 

10 

/ 
,/ 

---0.1 0.2 0.5 I,D 2.0 5.0 10 
OUTPUT POWER, POUT IN WATTS 

aWG. ~o_ A-IO.CS3 

OUTPUT POWER 
AS A FUNCTION OF SUPPLY VOLTAGE 
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~. 2f----+-
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5 

30 

SUPPLY VOLTAGE; Vee IN VOLTS 
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DISSIPATION and EFFICIENCY 
AS FUNCTIONS OF OUTPUT POWER 
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DISSIPATION 
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VIDEO ANDTELEYISION INTEGRATED CIRCUITS (Continued) 

THE ULN-2260A 
SIGNAL, SYNC, AND SCAN PROCESSOR 

Introduction 

The monolithic integrated circuit provides high 
performance by careful selection of circuit tech
niques, and efficient partitioning of the AGe, sync 
separator, and master-scan phase-locked loop. 

This grouping of circuit functions is particularly 
efficient. Since the video input is common to both 
AGe and sync separator, the separated sync can be 
internally coupled to the phase detector of the scan 
phase-locked loop; the flyback waveform is required 
for AGe gating and the phase detector. 

VIDEO IN 

SYNC. SEP. 

VERT. SYNC. 

SAWTOOTH 

GROUND 

OSC.IN 

OSC. IN 

OIC. OUT 

DWG.NO, A-ll,484 

Figure 1 
RECEIVER PARTITIONING 

FLY BACK IN 

AGC PRI. FILTER 

I-F GAIN CLAMP 

I-F AGe 

TNR REV. AGC 

TNR FWD. AGC 

APC FILTER 

DWG.NO. A-ll.485 

Figure 2 

7-19 

AGC 

When the scan is synchronized, current is supplied 
to the AGe detector (comparator) during the sepa
rated sync. The negative-going sync video waveform 
at pin I is compared with a 4.0 V level during this 
time. As a result of the AGe loop, the tip of the sync 
is clamped to 4.0 V. 

,/'y'1 
vIDEO 

+ + 

SYNC III FLYBACK 'C---------'C---- COINCIDENCE * * GATING 

Figure 3 
AGC DETECTOR 

DWG.NO. A-ll,486 

The AGe detector is a high gain comparator with 
an asymetrical active load (Figures 3 and 4). The 
active load provides approximately 3.2 rnA of pri
mary filter capacitor charge current and 1.0 rnA of 
discharge current. 

+32mA 

40V 

-lInA 

DWG.NO. A-ll,487 

Figure 4 
AGe DETECTOR CHARACTERISTICS 
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VIDEO AND TELEVISION INTEGRATED CIRCUITS (Continued) 

The high AGC-Ioop gain provides the high slew 
rate necessary for fast channel-to-channelgain 
equalization and response to airplane flutter vari'
ations. 

The AGC detector is gated ON by a pulse defined 
by coincidence of horizontal flyback and sync. 
Coincidence-gating provides improved AGC noise 
immunity over systems only are flyback-gated. 
Coincidence-gating. maintains AGC levels in the 
event of temporary loss of horizontal sync or disturb
ance of horizontal timing. 

Coincidence-gating demands the use of two 
additional internal circuits to compensate for two 
extremes of video input level at pin 1. The first is a 
sync recovery system (Figure 5). 

A-l1.488 

Figure 5 
SYNC RECOVERY SYSTEM 

Extremes occur in the transition from a strong to a 
weak signal. The AGC loop requires time to respond 
to new signal level. In the meantime, system gain is 
too low, and the video amplitude at pin 1 is too low 
for the sync separator to provide sync pulses for 
coincidence-gating. The resultingconditi()n would 
be lockout of the signal. However; a threshold detec
tor composed of Q35 and Q36 sen'ses sync-separator 
(pin 2) voltages less than 3.8 V. When this occurs, 
the AGC detector is gated by flyback only, allowing 
the AGC system to respond to the new signal level. 
As the video amplitude at pin 1 increases to .its 
nominal value, the AGC detector returns to the 
coincidence-gating mode. 

The second extreme of video input level occurs in 
the transition from a weakto a strong signal. In the 
transition, the I-F amplifier overloads, resulting in a 
low d-c level at pin 1, Figure 6. The sync separator at 
pin 2 charges to a higher d-c level, and no sync pulses 
are generated for coincidence-gating. Lockout of the 
signal is again possible, being dependent on both 
AGC-Ioop response and sync-separator time con
stants. 

Figure 6 
I-F OVERLOAD DETECTOR 

OWG.NO. A-ll,489 

The threshold detector, Q6 and Q4, senses when 
the d-c level at pin 1 is below 3.4 V. When this 
occurs, the AGC detector is gated by flyback only, 
allowing the AGC system to respond to the new 
signal level. As the video level at pin 1 decreases to 
its nominal value, the AGC detector returns to the 
coincidence-gating mode. 

The AGC primary filter at pin 15 integrates the 
AGC-detector output into a d-c voltage, which drives 
the AGC control circuit. A low d-c level at pin 15 
corresponds to a low received-signal level. Con
versely, a high d-c level at pin 15 corresponds to a 
high received-signal level. 

Figure 7 is a simplification of the 1-F portion ofthe 
AGC control circuit. As is common practice, the I-F 
amplifier is gain-reduced prior to the tuner under 
increasing signal levels. 

7-20 

Figure 7 

V·~f.· r-......... . VX~ 

V~IN 15 

MAX.H" GAIN 
REDUCTION 

DWG. NO. A-ll ,490 

I-F AGC CONTROL CIRCUIT 



The maximum-gain voltage of the AGC primary 
filter is defined by the circuit desigl,ler as 

V'4 - 0.7 V 

since this level is internally clamped by Q'8' Under 
gain reduction, Q'6 andQI7 force the voltage at pin 14 
to follow 1.4 V below the primary filter voltage. 

Produced by a series of emitter-followers, the I-F 
AGC output has a gain of 1, referenced to the AGC 
primary filter. 

Choice ofthe external voltage-dividerlevel, V x' at 
pin 13 (I-F AGe output) defines the maximum I-F 
gain-reduction level, or AGC delay point, at which 
the tuner is called upon for further gain reduction. As 
there is a finite dead zone in the cross-over between 
I-F AGC and tuner AGC, a capacitor between pin 14 
(a buffered primary AGC filter a-c voltage source) 
and pin 13 will decrease AGC recovery time in the 
transition between I-F and tuner AGC. 

At the maximumI-F AGC level, Vx, the values of 
resistors R27 and R30 are such that the voltage at the 
base ofQ27 is 1.4 V (Figure 8). This defines the point 
at which tuner AGC action is initiated. The collector 
current of Q27 is mirrored to provide forward~tuner 
AGC with a trans-conductance gain of 2.1 mAN, 
referenced to the AGC primary filter. The emitter 
current of Q27 is mirrored to provide reverse-tuner 
AGC with a gain of 3.1 mAN. 

Figure 8 

IplN 11 

121~ / 
Lt-VIFAGC 
TUNER fWO. AGC. 

TUNER REV AGC. 

~VIFAGC 

131~ \ 
IPiN 12 

DWG.NO. A-l1.491 

TUNER CONTROL CIRCUIT 

Sync Separator 

Since Q4' (Figure 6), clamps the video waveform 
to 0.5 V below the level bfthe sync tip, noise ac
companying the incoming video, is prevented from 
severely altering the sampling level of the sync 
separator. 

The negative-going sync video waveform at pin 1 
is inverted and amplified by 6 dB. This waveform is 

VIDEO AND TELEVISION INTEGRATED CIRCUITS (Continued) 

buffered and applied to the base of Q33' which has as 
its emitter load a dual time-constant sync~separator 
network (Figure 9). Since this network is external to 
the device, the circuit designer has freedom to 
choose the sampling level and sync-separator time 
constants. 

POSITIVE SYNC 
VIDEO 

/\./ 

+ 

1 
Figure 9 

r 

SEPARATED 
SYNC 

I...J 

DWG,NO. A-ll,492 

SINGLE PIN SYNC SEPARAT0R 

The separated sync-voltage waveform at the col
lector of Q33 is clamped to 7.3 V by Q3S' and is 
amplified by approximately 20 dB (Figure 10). 
Complementary emitter-followers buffering the 
sync waveform have an, amplitude of to V pp'. The 
sync outPut is provided at pin 3, protected by short
circuit current-limiting of approximately 25 mAo It 
is internally coupled to the scan-phase detector. In 
addition to protecting the device against accidental D 
shorts, grounding pin 3 also provides a convenient 
method of adjusting the oscillatm's free-run fre-
quency. 

SEPARATED 
~J __ r--w>~~ 

Figure 10 
SYNC OUTPUT CIRCUIT 

Scan Processing 

JL 
SYNC 

OUTPUT 
IOVpp 

OWG.NO. A-ll,493 

The scan-phase detector consists of a differential 
amplifier that is gated ON by separated sync. An 
integrated flyback waveform is applied to the input 
of the differential amplifier (Figure 11). The differ
ential amplifier has an active, load, providing single
ended output of the phase-detector currents. 



VIDEO AND TELEVISION INTEGRATED CIRCUITS (Continued) 

n SYNC OUTPI,)T -to r,- 10Vpp 

3 -- + --~o --v'} 
t t t 
1PIN 10 

CONTROL 
\QLTAGE 
TO Veo 

4 DWG.NO. A-ll,494 

]FLYBACK 

Figure 11 
PHASE DETECTOR CIRCUIT 

The positive and negative-output currents 
(500 /LA) of the phase detector are internally bal
anced to within approximately 5% of the absolute 
value of these currents. This limits the static phase
error attributable to phase-detector imbalance, Since 
the phase-detector output filter is external to the 
device, pullcincharacteristics can be defined by the 
choice of external filter components at pin 10. 

A simplification of the master-scan VCO of Type 
ULN-2260A is shown in Figure 12. The VCO is 
designed to minimize the effects of device parameter 
variations on free-run frequency and VCO charac
teristics. Components defining phase-shift and filter 

I 
CONTROL 
IIOLTAGE 

+ 

Figure 12 
MASTER SCAN VCO 

DWG.NO. A-ll.495 

functions are external to the device. This provides the 
circuit designer with freedom to define the charac
teristics of the oscillator: Free-run frequency, control 
sensitivity and temperature compensation. Control 
of free-run frequency allows operation of the circuit 
in both countdown-synchronized and conventionally 
synchronized receivers. 

The oscillator is controlled by weighted summing 
of quadrature components of feedback-signal cur
rent. The quadrature is inherently defined by the 
external resistor and capacitor of the tank circuit at 
the input of each of the two differential amplifiers. 
These external components are series connected. 
Therefore, the capacitor voltage waveform lags that 
of the resistor by 90°. VCO characteristics for a 
503.5-KHz L-Coscillator, vertical countdown re
ceiver, are shown in Figure 13. 

535 

525 

515 

505 

495 

485 

5.0. 6.0. 

~. 25kHz/V 
/:;. 

VPlN 10 

--., 
I 

7.0. 

OWG. NO. A-ll.496 

Figure 13 
VCO CHARACTERISTICS 

Because it is a low-impedance source-point, pin 8 
is internally short-circuit current-limited to approx
imately 70 mAo 

Conclusions 

The device presented above was designed to 
provide, with as much flexibility as possible, effi
cient partitioning of AGC, sync, and scan-control 
functions. Coincidence AGC-gating was utilized to 
improve AGC noise immunity. The circuit provides 
a high-level separated-sync output for sync inte
grators. The scan-phase ~tector is accurately bal
anced internally. The scan veo was chosen to 
minimize the effects of device-parameter variations 
on oscillator characteristics, arid is adaptable to both 
countdown-synchronized and conventionally syn
chronized receivers. 
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SECTION a-AUDIO POWER AMPLIFIERS 

Selection.Guide ...... ; ..•............................ ' ....... '.' .... 8-2 

ULN-2280B 2.5-Watt Audio Power Amplifier •.....•............•. : ........ 8"3 
ULN-2283B Low-Power Audio Amplifier ................................. 8-9 
ULN-3701Z (TDA2002) 5 to lO-WaUAudio Power Amplifier. ................... 8-17 
ULN-3702Z (TDA2008) 12-Watt Audio Power Amplifier .................•..... 8-22 
ULN~3703Z (TDA2003) lO-Watt AudioPower Amplifier .....................•. 8-26 
ULN-3705M Low-Voltage Audio Power Amplifier ........................... 8-28 
ULN-3783M DlialLow-Voltage Audio Power Amplifier. .......................... * 
ULN-3784B4-Watt Audio Power Amplifier .......•....................... 8-35 
ULN~3793W 20-Watt Audio Power Amplifier .•........................•...... * 

"New product. Contact factory for detailed information. 
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AUDIO INTEGRATED CIRCUITS 

SELECTION GUIDE TO AUDIO POWER AMPLIFIERS 

Device Type Monophonic Stereo POUT Vee 
ULN-2280B X 2.5W 8.0-26 V 
ULN-2283B X 1.2W 3.0-18 V 
ULN-3701Z X lOW 8.0-1aV 
ULN-3702Z X 12W 8.0-26 V 
ULN-3703Z X lOW 8.0-18 V 
ULN-3705M X 600mW 1.8-9.0 V 
ULN-3783M* X 520 mW 2.4-9.0 V 
ULN-3784B X 4.0W 9.0-28 V 
ULN-3793W* X 20W 8.0-18 V 
*New product. Consult factory for information. 
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ULN-2280B AUDIO POWER AMPLIFIER 

ULN·2280B AUDIO POWER AMPLIFIER 

FEATURES 

• Low Distortion 
• Low Quiescent Cu{(ent 
• A-C Short-Circuit Protection 

• 34 dB Internally Fixed Gain 
• High Input Impedance 
• Thermal Overload Protection 

• Replaces lM380N 

FEW SUPPLEMENTAL discrete components are 
needed to use Sprague Type ULN-22S0B audio 

power amplifier in automotive, communication and 
consumer designs.' 

With an IS V supply, the amplifier delivers 2.5 W 
of low-distortion .audio into an SD load. Output 
power with a 24 V supply is 2 .. 5 W into a 16D load. 

The audio amplifier is supplied in an improved 
14-pin dual in-line plastic package with heat sink 
contact tabs. The webbed lead configuration,origi-

. nated by Sprague Electric, permits attachment of an 
inexpensive heat sink for increased power .dissipa
tion capability and use, ofa standard integrated cir
cuit socket Or printed wiring board layout. 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage, V cc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . 26 V 
Peak Output Current, lotIT .•••...•.•••... ; .•.•....•.....•••.•.••...• 1.2 A 
Package Power Dissipation, Po .................................. See Graph 
Operating Temperature Range, TA ........................... -20°C to +85°C 
Storage Temperature Range, Ts ........................... -65°C to + 150°C 

.Dwg. No, A-9777A 
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UlN-2280B AUDIO POWER AMPLIFIER 

ELECTRICAL CHARACTERISTICS at TA = +25°C, 
Vee = 18 V, Rl = 80, fin = 1 kHz (unless otherwise noted) 

Characte(istic Symbol Test Conditions 
Supply Voltage Range Vee 
Quiescent Supply Current lee Vin = OV 
Quiescent Output Voltage Voo Vin = 0 V, See Note 1 
Output Voltage Swing Vout Pout = 2W 
Voltage Gain Av Pout = OW 
Total Harmonic Distortion THO Pout = 50 mW, Rl ~ 80, Vee = 18 V 

" Pout = 50 mW, Rl = 160, Vee = 24 V 
Pout = 2 W, RL = 80, Vee = 18 V 

Audio Power Output Pout Rl - 8 0, Vee - 18 V, THO - 2% 
Rl = 160, Vee = 24 V, THO = 2% 

Input lmpedance lin Each Input 
Power Supply Rejection PSRR Pout = 0 W, f = 120 Hz 
Equiv.lnput Noise f = 20 Hz to 20 kHz 
Bandwidth (-3 dB) BW Pout = 1 W, See Note 2 

NOTES: 1. The quiescent output voltage typically equals V2 the supply voltage. 
2. Unity gain typically occurs between 10 MHz and 100 MHz. 

0,1 
0--11---11----1 

INPUT 

TEST CIRCUIT 

Dwg. No. A~1l.396A 

8-4 

Limits 
Min. Typ. Max. Units 
8.0 18 26 V 

- 15 - rnA 

- 9:0 - V 
- 12 - Vpp 
31 34 37 dB 
- <0.2 1.0 % 
- - 0.5 % 
- <1.0 2.0 % 
2.0 2.5 - W 
2.0 2.5 - W 
140 170 - kO 
- 35 - dB 
- 60 - p.Vrms 
- 100 - kHz 

OUTPUT 
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ULN-2280B AUDIO POWER .AMPLIFIER 

TYPICAL CHARACTERISTICS 

DISTORTION AS A FUNCTION 
OF OUTPUT POWER 
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ULN-2280B AUDIO POWER AMPLIFIER 
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THERMAL FACTORS 

AND ULN·2280B OPERATION 

Thermal factors must be considered in achieving reliable operation of 
Type ULN-22S0B. Guidelines given here provide the circuit design en
gineer with information on maintaining Ie junction temperature below safe 
limits when the audio power amplifier is operated at maximum ambient 
temperature and power dissipation. 

The graphs below show package power dissipation as a function of 
output power over a wide range of supply voltage with a load resistance of 
Sil or 16il. Lines indicating 3% distortion and 10% distortion are shown as 
guides to trade-offs between supply voltages, package power dissipation 
and upper-limit distortion. 

As the power supply voltage increases for any OUtput power require
ment, distortion decreases and package power dissipation increases. Pack
age power dissipation figures must be taken from the highest point on the 
supply voltage curve. 

DISSIPATION AS A FUNCTION 
OF OUTPUT POWER (S'o' LOAD) 

DISSIPATION AS A FUNCTION 
OF OUTPUT POWER (16,0, LOAD) 

veel", 24V 

J.....o-- ~ 
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" ~ 
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OUTPUT POWER, POUT. IN WAD'S OUTPUT POWER, POUT, IN WATTS 
tW'l .~, , 

8-6 



ULN-2280B AUDIO POWER AMPLIFIER 

CIRCUIT DESIGN 

If design values of audio output power, distortion and maximum ambient 
temperature have been selected, optimal speaker impedance and supply 
voltage, as well as heat-sink requirements, can be determined from curves 
below and on page 4. 

For an output of 2.5 W with 3'7c distortion and a maximum ambient 
temperature of + 50°C: 

R 8f1 16D 
THD 3% 3% 
POUT 2.5 W 2.5 W 

V" 16.7 V 22 V 
Pn (max) 1.9 W 1.75 W 
Pn + PnliT 4.4 W 4.25 W 
Icc 263 rnA 193 rnA 

The preceding appears to indicate the best choice is an output impedance 
of 16D with a 22 V supply. However, if an unregulated supply is used, the 
designer may prefer an SD load with a 16 V supply, since the absolute 
maximum Vee rating of Type ULN-22S0B is 26 V and since maximum 
package dissipation must be calculated using the no-load voltage level. 

The graph below (left) shows that the Staver V -S heat sink would be just 
adequate for design conditions outlined above at an ambient temperature of 
50°C. The Staver V -7 heat sink would provide a wider margin of safety. 

ALLOWABLE POWER DISSIPATIoN 
AS A FUNCTION OF AMBIENT TEMPERATURE 

20 

SUPPLY CURRENT AS A FUNCTION 
OF SUPPLY VOLTAGE 

/' 
V 

5 

/ 
/' 

,,/ 
V 

Yin = 0 

10--" 

~~5----5~O~--+'75----~lOO~--~--~ o o 10 15 20 
TEMPERATURE IN °c SUPPLY VOLTAGE •. Vee. IN V 

Dwg. No. A-tl,7~3A 
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ULN-2280B AUDIO POWER AMPLIFIER 

TYPICAL APPLICATIONS 

1M 0.002 220K 

INPUT 
4 J----..----o Vee 

3M 

0.1 

+ 
AMPLIFIER WITH COMPLETE TONE CONTROLS rYl~F 

O.IJ f 
Dwg. No. A-ll,403B 

1M 

1----..---0 Vee 

LOW-COST PHONOGRAPH 

Dwg. No. A-ll,404B 

0.1 

AMPLIFIER WITH BASS BOOST NETWORK 

82pF 4.7M 

Dwg. No. A-l1.40SB 
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ULN-2283B LOW POWER AUDIO AMPLIFIER 

ULN-2283B LOW POWER AUDIO AMPLIFIER 

FEATURES 
-Wide Operating Voltage Range (3 to 18 V} 
-Low Quiescent Current Drain 
-A-C Short Circuit Protected 
-Low External Parts Count 
-Low Distortion 
-42 dB Voltage Gain 

DESIGNED primarily for use in low-cost 
phonographs and radio receivers, the ULN-

2283B audio power. amplifier is well-suited for 
use in battery-operated portable equipment. It 
will function with supply voltages as low as 2 
volts (at reduced volume) without any signifi
cant increase in distortion. Weak batteries need 
no longer be a major concern for users in sets 
with this device. The class AB audio amplifier 
also features low quiescent current drain for 
maximum battery life. 

The ULN-2283B is rated for operation over 
the supply voltage range of 3.0 to 15 volts. 
Selected devices, for operation with supply 
voltages of up to 18 volts, are available as ULN-
2283B-1. Except for the maximum allowable 
supply voltage specification, the ULN-2283B 
and the ULN-2283B-l are identical. 

The ULN-2283B audio power amplifier is sup
plied in an improved 8-lead dual in-line plastic
package with two webbed tabs. A copper alloy 
lead frame results in maximum power dissipa
tion without need for an external heat sink. Lead 
configuration. is compatible with standard Ie 
sockets or printed wiring board hole layouts. 

DWG.hO.A-IO,ltn 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage, Vee (ULN-2283B) ................. 15 V 

(ULN-2283B~ 1) ................ 18 V 
Package Power Dissipation, PD .••••.•••.••••• See Graph 
Operating Temperature Range, TA ....... - 20°C to + 85"C 
Storage Temperat~re Range, Ts ......... -65°C to +·150°C 
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ULN-2283BLOW POWER AUDIO AMPLIFIER 

.. 
" ~ 

ELECTRICAL CHARACTERISTICS at Ta = +25°C, fin = 400 Hz 

Characteristic 
Supply Voltage Range 

Quiescent Supply Current 

Voltage Gain 
Audio Power Output 

Input Resistance 
Power Supply Rejection ". 

INPUT o-"./V~ 
lOOK 

VOLUME 

TEST CIRCUIT 

Symbol 
Vee 

lee 

A. 
POUT 

RIN 
PSRR 

Vee 

Limits 
Test Conditions Min. Typ. Max. Units 

ULN-2283B 3.0 - 15 V 
ULN-2283B-l 3.0 - II V -
Vee = 6.0 V - 12 16 mA 
Vee = 12V - 24 28 mA 
POUT=OW 39 42 46 dB 
Vc> = 6.0V, R. = 8n, THO = 10% 0.25 0.35 - W 
Vee = 9.0 V, Rl = 8 n, THO = 10% 0.80 1.1 - W 
Vee = 12 V, Rl - 16 n, THO -10% 0.80 l.2. - W 
Pin 8 - 250 - kO 
Co = 500 J.LF, friPPI. = 120 Hz 28 34 - dB 

ALLOWABLE PACKAGE POWER DISSIPATION 
Printed Wiring Board Copper 

COUT 
+ 500 p.F 

is 2oz./ft2 , 2.5 sq. in. 
(610 g/m2, 16.1 cm2) 

~ 
,,~ 

z. 
" "' 

f\ 
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\ \~ 

\'" fa '" "1l '".. '6 
'"i, 

'& " ~ .. 
\ ·0 

TYPICAL FREQUENCY RESPONSE 
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~ a 
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FREQUENCY, fin IN HERTZ 

o 
2; 

,,~\' 

75 125 
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ULN-2283B LOW POWER AUDIO AMPLIFIER 

TYPICAL CHARACTERISTICS 

QUIESCENT SUPPLY CURRENT 
AS A FUNCTION OF SUPPLY VOLTAGE 

OUTPUT POWER 
AS A FUNCTION OF SUPPLY VOLTAGE 

POWER SUPPLY REJECTION 
'S A FUNCTION OF FREQUENCY 
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ULN-2283B LOW POWER AUDIO AMPLIFIER 

PACKAGE POWER DISSIPATION 
AS A FUNCTION OF OUTPUT POWER 
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ULN-2283B LOW POWER AUDIO AMPLIFIER 

TOTAL HARMONIC DISTORTION 
AS A FUNCTION OF OUTPUT POWER 
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ULN-2283B LOW POWER AUDIO AMPLIFIER 

CIRCUIT DESCRIPTION 

To achieve the desired perfonnanc.e objectives of 
high power output and efficiency from a 2 to 18 V 
supply requires that the amplifier be capable of 
peak-to-peak voltage swings approaching the avail
able supply. To meet these perfonnance objectives, 
a power amplifier design is required having no more 
than one VBE of swing restriction. 

As shown in Figure 1, the output stage is com
prised of 2 NPN transistors (Q17 and Q18) plus a 
phase inverter (Q 15). Quiescent operating current is 
set up by the current source (I). 

Assuming VOq = Vee/2 thenthe collector current 
of Q15 = I, ignoring base currents, and if Q15 is 
matched to Q18 as is possible in a monolithic circuit, 
then the collector current of Q 18 equals the collector 
current of Q15. 

The circuit in Figure 1 achieves an excellent volt
age swing capability of Vee - V BE - 2VeE(SAT)' This 
totally NPN configuration also has good freedom 
from the high-frequency problems that often occur 
with quasi-complementary composite NPN-PNP 
configurations. 

-0---'f-~ 

~ O'd\l.II{I.A-IO.89ti 

'Igur.' 

Although the circuit in Figure 1 has been incorpo
rated in production monolithic circuits in essentially 
the fonn shown, in practice it has unacceptable 
design restrictions. Since I is also the base drive 
current for Q17, the ratio of available base drive 
current I to idling current is proportional to the ratio 
of the emitter areas of Q18 to Q15. For practical 
values of lois/lois, i.e. one, the circuit has a serious 
implementation problem; it requires three output 
transistors (QI5, Q17, and QI8). 

8-14 

'lgur.2 

To reduce the size ofQl5, an additional transistor 
(QI6) is added to the circuit as shown in Figure 2. 
Transistor Q16 divides I by its beta + 1 allowing 
Q15 to be reduced in area by a similar value. In the 
practical realization ofthe ULN-2283B, Q15 is cho
sen as 1/5 the emitter area of Q18 with a typical beta 
for Q16 of 6. 

Vee 

43 

L-._+Nv---j---"'--+--+{4 -tj 1:---. 

Q 
,Igur.a 

, , 

Figure 3 illustrates other refinements in the prac
tical realization of the output circuit. The drive and 
idling current I is derived from a Vee dependent 
source allowing maximum drive under maximum 
supply conditions while affording reduced drive and 
associated current conservation under minimum 
supply conditions. In addition, the Q16 divider cir
cuit is refined to reduce PNP beta dependence. 
Finally with the addition of an input emitter follower 
(Qll) and a local negative feedback loop (R8), the 
output is completed as it appears in the ULN-2283B. 
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Figure 4 

The input stage ofthe power amplifier (Figure 4) 
is comprised of a PNP differential pair (Q2 and Q3) 
preceded by a PNP emitter follower (Ql) which 
allow~ d-c referencing of the source signal to 
ground. This eliminates the need for an input coupl
ing capacitor. Overall negative feedback, set by the 
ratio ofR4 to R5, is applied to the inverting input Q3 
through an NPN emitter follower (Q7) which also 
provides d-c level shifting, 

ULN-2283B LOW POWER AUDIO AMPLIFIER 

The V ce/2 output tracking is achieved by sum
ming the current flow through R4 and R5, with the 
current through R13 "reflected off of ground." 
Thus V ee/2 tracking is maintained by the voltage 
drop across 2 resistors. This allows the current from 
R13 to be bypassed at Pin I, thereby combining the 
ripple bypass capacitor with the audio feedback ca
pacitor. 

Figure 5 illustrates the complete power amplifier 
as realized in the ULN-2283B, including the exter
nal components. The remarkably-low external com
ponent count, (only two capacitors including the 
output coupling) reflects concern for simplicity in 
implementation, yet the device achieves excellent 
performance. Typical output power can be as high as 
2.1 W from a 12 volt supply and useful output power 
at supply voltages of as low as 2 volts. 

APPLICATIONS 

Selection of power supply voltage and speaker im
pedance allow the designer to choose audio power 
levels. No unique precautions are necessary when 
!iesigning with the ULN-2283B power amplifier. The 
device is stable and a-c short-circuit immune. 

~---~-----4r----~--~--------~~5 
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ULN-2283B LOW POWER AUDIO AMPLIFIER 

External component choice for the power 
amplifier involves only two capacitors; one for the 
speaker coupling and one for the feedback and rip
ple by-passing. The coupling capacitor value should 
be selected to provide the desired low-frequency 
cutoff with the chosen speaker impedance. The 
feedback and ripple bypass capacitor at Pin I should 
be chosen for both low-frequency audio roll off and 
supply ripple rejection. 

Ripple rejection is not practical to calculate due to 
the large number of mechanisms involved. A 
500 JLF capacitor at Pin 1 achieves typically 34 dB 
rejection. 

The high gain of typically 42 dB and the high 
input impedance (250 kG) of the power amplifier 
allow utilization of this device for applications such 
as ceramic cartridge phono amplifiers. 

Typical ceramic phono cartridges develop ap
proximately 400 mY. However, the recommended 
load impedance for the most economical cartridges 
is usually 1 MD. This poses no problem with the 
250 k!l input impedance of the ULN-2283B since 
the cartridge manufacturer specifies the load impe
dance for full low-frequency response to less than 
40 Hz. Decreasing the load impedance produces an 
increased low end cutoff frequency. 

In a ULN-2283B based application employing a 
cost and space conscious loudspeaker, 40 Hz pro
gram material capability is not only unnecessary but 
undesirable, and therefore a mismatch of the car
tridge to increase the lower cutoff frequency to a 
value more in keeping with the other components of 
the system is recommended. 

The ULN-2283B audio amplifier stage has other 
input considerations to be taken into account for best 
results. The input is referenced to ground for inter
nal biasing and must be provided with a d-c path to 
ground. A current oftypically 0.1 JLA flows from 
Pin 8 through the volume control producing an IR 
drop which is multiplied by the closed loop d-c gain 
oftheamplifier (1), and appears as an error in output 
centering at Pin 4. This recommends a value of 
200 kG or less for the volume control, with values 
of less than 100 kG preferred. 

8-16 

The selection· of amplifier load impedance in
volves more consideration than just the desired 
power output. Ideally a low speaker impedance 
would produce the highest power outputs for any 
one supply voltage as the curves illustrated. How
ever, operation with a 16il load can produce as 
much power as with an sn load. The higher impe
dance load will also furnish a significant reduction in 
harmonic distortion and improvement in overall re
peatability in power output capacity. In applications 
which allow the selection of the power supply volt
age it is therefore recommended that a 16il load 
impedance be utilized in applications up to 1.2 watt. 

PRINTED WIRING BOARD LAYOUT 
& SPECIAL CONSIDERATIONS 

Special on-chip considerations for minimizing 
tendencies towards instabilities of all types were 
taken in the design of the ULN-2283B. However, 
like all high-gain circuits, care and forethought 
should still be given to a printed wiring board layout 
to avoid undesirable effects. Input and output should 
be well separated and should avoid common mode 
impedances wherever possible. The ground return 
for the audio bypass at Pin 1 should be kept reason
ably close to the volume control ground as Pins 1 and 
8 represent the inverting and non-inverting inputs to 
the amplifier and enjoy about 40 dB of common 
mode rejection. 

Device dissipation vs. output power and supply 
voltage for 4, 8, and 16 ohm loads is shown in the 
curves on page 4. With no heat sinking (free air), the 
ULN-2283B audio power amplifier will withstand 
the worst case conditions (4 nat 9 V) for ambient 
temperatures to +42. 5°C. For conditions not shown, 
for higher ambient temperatures, or for improved 
device reliaoility, a minimum heat sink is recom
mended. As illustrated in the allowable package 
power dissipation curves, with the heat sink tabs 
(Pins 2, 3, 6, and 7) soldered into a 2.5 square inch 
(16.13 cm2) copper area of a printed circuit board, 
adequate heat sinking is easily obtained. 



ULN-3701l1TDA2002 AUDIO POWER AMPLIFIER 

ULN-3701Z I TDA2002 
5 TO lO-WATT AUDIO POWER AMPLIFIER 

FEATURES 

• Low External Parts Count 
• Low Distortion 
• Class B Operation 
• Short-Circuit Protected 
• Thermal Overload Protected 
• Low Noise 
• High Output-Voltage Swing 
• TO-220 Style Package 
• Direct Replacement for LM383 and CA2002 

D ESIGNED specifically to drive low-impedance 
loads down to J.6ft the Type ULN-3701Z I 

TDA2002 audio power amplifier is idealfor automo
tive radio, tape player, and CB applications. 

It can deliver 5W to 10 W of audio in the single
ended mode. Operating in the extremely harsh au-

o 

v ,,; 

I- !; 0 l-=> Z =>' >u 0. 0. => 0.' ;;:: ;;:: 0 I-
0: ::> 

'" '" '" 0 z ;;:: 
;= I-
0: 0: 
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0 Dwq. No. A-1O,4bil 
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tomotive environment, this device is capable of 
withstanding high ambient temperatures, output 
overloads, and repeated power supply transient 
voltages without damage. 

The Type ULN-3701 Z/TDA2002 amplifier is rated 
for continuous operation with supply voltages of up 
to 18 V. WitJi the application of increased voltages 
(to 28 V, maximum), a high-voltage protective cir
cuit becomes operative, disabling the device. De
vices without this internal high-voltage shutdown 
are available as Type ULN-3702ZITDA2008 and are 
recommended for use,where more than 10 W of 
audio power is required with higher impedance loads 
and supply voltages to 28 V. In all other respects, 
Types ULN-3701Zand ULN-3702Z are identical. 

Type ULN-3701Z/TDA2002 is supplied in a mod
ified 5-lead JEDEC Style TO-220 plastic package. 
The heat-sink tab is at ground potential; no insula
tion is required. 

Leadcoilfigurations for vertical mounting (ULN-
3701 V) and for horizontal mounting (ULN-3701H) 
are available. Parts are branded with a partial 
Sprague Electric part number (ULN370l) and the 
basic Pro-Electron marking (TDA2002) 



ULN~3701ZlTDA2002 AUDIO· POWER AMPLIFIER 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage, Vee ............................................ " 28 V* 
Peak Supply Voltage (50 ms) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 40 V* 
Peak Output Current, louT' .......................................... 3.5 A 
Non-Repetitive Peak Output Current ................................... 4.5 A 
PaQkagePower DisSipation, Po ................................... See Graph 
Operating Temperature Range, TA . . . . . . . . . . . . . . . . . . . . . . . . . .. - 20°C to + 85°C 
Storage Temperature Range, Ts . . . . . . . . . . . . . . . . . . . . . . . . . .. - 40°C to + 150°C 
'Internal high-vollageshutdown above 18 V. 
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ALLOWABLE POWER DISSIPATION 
AS A.FUNCTION OF AMBIENT TEMPERATURE 
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ULN-3701Z1TDA2002 AUDIO POWER AMPLIFIER 

ELEORICAL CHARAOERISTICS at TA = + 25°C, Vee = 14.4 V, RL = 4 n, f = 1 kHz, Rib = 00 

(unless otherwise noted) . 

Characteristic 
Supply Voltage Range 
Quiescent Supply Current 
Quiescent Output Voltage 
Open loop Gain 
Closed loop Gain 
Total Harmonic ~istortion 

Audio Power Output 

Efficiency 

Input Impedance 
Power Supply Rejection 
Equiv. Jnput Noise Voltage 
Equiv. Input Noise Current 
Input Sensitivity 

Input Saturation Voltage 
Frequency Response (- 3 dB) 
Thermal Resistance 

Symbol Test Conditions 

Vec 
Icc No signal applied 
V. No signal applied 

Av \ 
Av 
THO POUT = 0.05 to 3.5W 

POUT = 0.05 to 5.0W, RL = 2n 
POUT THO = 10% 

THO = 10%, RL = 2n 
THO = 10%, Vcc = 16V 
THO = 10%, RL = 20, Vee = 16V 

'TJ POUT = 5.2W 
POUT = 8.0W, RL = 20 

Z, 
PSR t,;"I' = 120 Hz, V,;"I' = 0.5 V 
VN t = 40Hz to 15kHz 

iN t = 40Hzto 15kHz 
Vin POUT'=' 0.5W 

POUT = 0.5W, RL = 20 
POUT = 5.2W 
POUT = 8.0W, RL = 20 

Vin 

C'b = 0.039 f.lF, R'b = 390 
Ren. 

o 
TEST CIRCUIT 

All Capacitor 
Values in f.lF 

INPUT 

8-19 

Min. Typ. 
8.0 14.4 
- 45 
6.4 7.2 

.. - 80 
39.5 40 
- 0.2 
- 0.2 
4.8 5,2 
7.0 8.0 
- 6.5 
- 10 
- 68 
- 58 
70 150 
30 35 
- 4.0 
- 60 
- 15 
- 11 
- 55 
- 50 
- 600 
40 -
- -

Dwg, No. A-lO,465A 

Limits 
Max. Units 
18 V 
80 mA 
8.0 V 
- dB 
40.5 dB 
- % 
- % 
- W 
- W 
- W 

- W 
- % 
- % 
- k!l 
- dB 
- y.,V 
- pA 
- mV 
- mV 
- mV 
- mV 
- mV 
15k Hz 
4.0 °CIW 



UlN·370lZ ITDA2002 AUDIO POWER AMPLIFIER 

APPLICATIONS INFORMATION 

AUDIO()-{i IN 
10K --; + 

CI 
= 10 

All capacitor values 
are in JlF. 

Rl 
l.ln 

FIGURE 1 

+ C5A 11000 

CIII 
0.1 

6Q 

Dw9. No. A-ll,997 

A typical application using Type ULN-370IZ I 
TDA2002 is shown in Figure 1, Component values 
other than those shown will affect circuit perfor
mance as follows: 

C,-The value of the input capacitor may be reduced 
with the lower limit determined by the device's input 
impedance and the required low-frequency perfor
mance, For a 20 Hz low-frequency cutoff, and a min
imum input impedance of 70 kO, the minimum 
recommended value is 0.1 fl-F. This capacitor's 
value is normally very large so that transients (turn~ 
on, turn-off) are inaudible. Common 1 f.i,F to 2 fl-F 
electrolytic capacitors will work quite well. 

C2- The negative feedback capacitor affects the 
power supply rejection ratio; the capacitive value is 
therefore usually very large. If the powersllPply has 
low ripple, the feedback capacitor value dm be re
duced. Increasing the value of this capacitor above 
the recommended 470 fl-F will not have a large effect 
on PSRR, due to the terminating impedance of the 
output resistive divider. 

C4- The output capacitor is chosen to provide the 
desired low-frequency cutoff with the lower:limit de-: 
termined by the load impedance. The values shown 
provide for a 20 Hz cutoff. 

8-20 

C,-The large electrolytic can be considered to be 
part of the power supply and may be reduced in ca
pacitive value or eliminated, depending on the par
ticular supply. The low-value capacitor is usually a 
monolithic ceramic capacitor. It provides for high
frequency bypass and should have a low series resis
tance and a high self-resonant frequency. 

R" R 4- The output resistive divider sets the closed
loop gain of the amplifier according to Av = (R, + 
R4)/R,. The values shown provide for a gain of 100 
and a typical PSRR of35 dB. Connecting this divider 
to the d-c side of the output capacitor increases 
the supply current drain (by 32 rnA for a supply of 
14.4 V and R, + R4 = 222!l) but will reduce any 
tendency towani crossover distortion. 

R fu , Cfu-High-frequency roll-off can be controlled 
with the addition of this series RC combination. Val
ues are. approximately Rfu = 20 X Ri and Cfu = 11 
(21TR4fH)' 

R", CIl-This network is chosen to suppress spu
rious oscillation. The values shown should work for 
loads between 20 and 160. Some changes may be 
required depending on factors such as 'circuit layout, 
load reactances, and lead length. A factor of 2 x 
should be worst-case variation. 

CIRCUIT MUTING 

A simple muting circuit is shown in Figure 2. In 
this circuit, the a-c input signal is attenuated without 
affectingal)Y d-c levels. The 47 fl-F capacitor and the 
18 kO resistor can be eliminated if signal-level ramp
ing is not desired. 

<I 
10K IOIJF TO 

-""""v---,--1 f;-- PIN 1 

FIGURE 2 
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ULN-370lZ I TDA2002 AUDIO POWER AMPLIFIER 

TYPICAL OUTPUT POWER 
AS A FUNCTION OF SUPPLY VOLTAGE 

/ 
TA :; +2S~C V f = -1 kHz 

~ THD- = 10% 

./ 
/ ~?/ 

V 
/' 

~ 
V" 

/" ~ 
V V--~ --- V-- I-"" 

9 10 II 12 13 14 15 16 17 

SUPPLY VOLTAGE, Vee, IN VOLTS 
Dwg. No. A~10.463 

TYPICAL OUTPUT DISTORTION 
AS A FUNCTION OF OUTPUT POWER 

I '. ; +25°C I I I • = I kHz 
Vee = 14.4 V 

Q ... / 
/ 1 ... 

/ / 
'I 

./ ./ 
2 3 4 5 6 8 10 

OUTPUT POWER, POUT, IN WATTS 
Dwg. No. A-ll.782 
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ULN-3702Z/TDA2008 
12-WATT AUDIO POWER AMPLIFIER 

ULN-3702Z1TDA2008 
12-WATT AUDIO POWER AMPLIFIER 

FEATURES 

• low External Parts Count 
• low Distortion 
• Class B Operation 
• Short-Circuit Protected 
• Thermal Overload Protected 
• low Noise 

• TO-220 Style Package 

THE ABILITY TO DRIVE high-power loads in 
consumer and industrial electronics expands 

the field of application for Type ULN-3702ZI 
TDA2008. 

The high-gain power amplifier can be used as a 
vertical output driver in television receivers and 
video terminals or as a linear d-c motor driver. Its 
operational-amplifier configuration, with high input 
impedance and low output impedance, makes it 
adaptable to many input, output andfeedback ar
rangements. 

One modification sets this audio power amplifier 
apart from Sprague Type ULN-370IZ/TDA2002: 
The integrated circuit's internal high-voltage shut
down has been disabled. The change allows contin
uous operation with supply voltages of up to 26 V. 
With a d-c load current rating of 2.5 A, Type ULN-
3702ZITDA2008 can handle up to 60 watts of power 
with an appropriate heat sink. It is able to withstand 
high ambient temperatures, output overloads, and 
repeated power supply transients without damage. 

The amplifier is supplied in a modified five-lead 
JEDEC Style TO-220 plastic package. The heat sink 
tab is at ground potential; no insulation is required. 

Lead configurations for vertical mounting (ULN-
3702V) and for horizontal mounting (ULN-3702ZH) 
are available. Parts are branded. with a partial 
Sprague Electric part number (ULN3702) and the 
basic Pro-Electron marking (TDA2008). 
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ABSOLUTE MAXIMUM RATINGS 
Supply Voltage, Vee ........................... 28 V 
Peak Supply Voltage (50 ms) ..................... 40 V 
Peak Output Current, lOUT ....................... 3.5 A 
Non-Repetitive peak Output Current ............... 4.5 A 
Package Power DisSipation, Po .................. 15 W' 
Storage Temperature Range, Ts ........ -40°C to + 150°C 
'Oerate at the rate of 0.25 W/oC above TTAB ~ 90°C 



ELECTRICAL CHARACTERISTICS at TA = +25°C, 
Vee = +24 V, RL = 80, f =1 kHz (unlesSotlttrWise noted) 

,'-,,,' , 

i 

Characteristic Symbol Test Conditions 
Supply Voltage Range Vee 

, Quiescent Supply Outrent Ide No signal applied 
Quiescent, Output Voltage V4 No signal alllllied 
upen LOOp ijam A, ,-
(;Iosea loop Ga i n A, 
Total Harmonic Distortion THO Pour - 0.05lo 3.5 W R - 80 

Pour .,- 0.05 to 5.0 W, R - 40 
Audio Power Output "-

Pour THO = 10% R = 80 
., THO"" ,10% R = 40 

Input Impedance • Z 
Power Supply Rejecfion 'PSRR f,i .. l. - 120 Hz, V,n",... 0:5 V' 
Equlv, Input Noise Voltage e~ f ':"40 Hz, to 15 kHz "" 

Equiv. Input Noise~ Current iN f = 40 Hz to 15kHz , 

Input Sensitivity ~ -ein PJlU1 = 0.5W,R = ill ~ 
Pour - 0.5 W, R - 80 
Pour - 8.0 W, R~ - 40 

Input saturatton vOlta.gL ei. 
Frequency Response ( 3 dB} ~ - 0.03M, !k"-:- 390 
Therma I Resistance RaJT " ," } "', 

ULN~3702Z{JDA2008 
12-WATT AUDIO\:POWER AMPUFIEil 

~ 
Min. Typ. Max. Units 
8.0 24 26 V 
- 80 120 mA 
- 12 - V 
- " 80 - dB 

39.5 40 40.5 dB 
- 0;2 - ':{ 

- 0.2 , - % 
- 8;0 - W 
10 12 " - W 
70 150 3 - kO 
30 '3S - dB 
- 4iO - .MV 
- 60 .. - DA 
\'~ 15: - mV 
,- "'",2'1 - mV 
- ' '" 71 - mV 
400 600 -"-- mV 
40 - 15k Hz 
- - 4.0 ·C/W 

TYPICAL LOW·COST APPLICATION 

o o 

INPUT 

Dwg. No. A-lO,465A 



ULN-3702ZITDA2008 
12-WATT AUDIO POWER AMPLIFIER 

OUTPUT POWER 
AS A FUNCTION OF SUPPLY VOLTAGE 

15r----,-----.-----,-----r----,-----,-----,----, 

12~--~----~-----+----~----4-----+---~~--~ 

~ 
TA=250C 
f=lkHz 

THO =100;. 
! 9 ~ ~--~----~-----+----~----~~--+-----r-~~ 

5 
IL 

OL-__ ~ ____ ~ ____ ~ ____ ~----~----~--~~--~ 
10 12 14 16 18 20 22 24 26 

C 
II.. 

10 

o o 

SUPPLY VOLTAGE, Vee, IN VOLTS 

Dwg. No. A-ll.409 

POWER DISSIPATION 
AS A FUNCTION OF OUTPUT POWER 

Rl ; 4S? 

../' ~ ---r-

/ 
V 

- ~ ./ 
~ -....... 

~ 
TA=25OC 
f=lkHz 

Vcc=24V 

4 6 8 10 12 14 16 
OUTPUT POWER. POUT. IN WATTS 

Dwg. No., A-ll,410 
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ULN-3702Z/TDA2008 
12-WATT AUDIO POWER AMPLIFIER 

TYPICAL D-( MOTOR DRIVE APPLICATIONS 

o 
w 
w 
0... 
</) 

0:: o o 
~ 

+ 
lO-:j.JFr - +24 V 

+ 
10 IJF.I. - +24 V 

+12 V 
10 k~I o. ~Ol" 

l.S kA" 
- ". -#-ReQuired for 3.-C stability -=- with some loads 

Dwg. No-. A-ll,334A 

TYPICAL MOTOR CONTROL CURVE 

INPUT VOLTAGE, VIN 

Dwg. No. A-ll,411 
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ULN~3703Z/TDA2003 AUDIO POWER AMPLIFIER 

ULN"3703Z / TDA2003 
1 O-WATT AUDIO POWER AMPLIFIER 

FEATURES 
• Low Extemal Parts Count 
• Low Distortion 
• Class B Operation 
• Short-Circuit Protected 
• Thermal Overload Protected 
• Low Noise 
• High Output-Voltage Swing 
• TO-220 Style Package 

DESIGNED to drive low-impedance loads down 
to 1.6 fl, Type ULN -3703Z/TDA2003 audio 

power amplifier is ideal for automotive radio, tape 
player, and CB applications and can deliver 15 W of 
audio in the bridge configuration or 5 W to 10 W 
single-ended. 

Operating in the harsh automotive environment, 
this device is capable of withstanding high ambient 
temperatures, output overloads, and repeated 
power supply transient voltages without damage. It 
is protected against a-c/d-c short-circuits, polarity 
inversions, or open grounds. 

Type ULN-3703Z/TDA2003 is supplied in a mod
ified five-lead JEDEC Style TO-220 plastic package. 
The heat sink tab is at ground potential; no insulation 
is required. Lead forming for either vertical or hori
zontal mounting (suffix letter "V" or "R," respec
tively) is standard. 

Parts are branded with both a partial Sprague 
Electric part number (ULN3703) and the basic Pro
Electron marking (TDA2003). 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage, Vee ........................... 28 V 
Peak Supply Voltage (50 ms) .................... 40 V 
Peak Output Current, lOUT ....................... 3.5 A 
Non-Repetitive Peak Output Current ............... 4.5 A 
Package Power Dissipation, Po .................. 20 W* 
Storage Temperature Range, Ts ........ -40°C to + 150°C 
'Derate at the rate of 0.33 W/oC above TTAB = + 90°C 

o 

- C\I '¢ 10 

Dwg. NQ. A~1O.464 

8-26 



ULN·3703Z/TDA2003 AUDIO POWER AMPLIFIER 

ELECTRICAL CHARACTERISTICS at TA = +25°C, Vee = + 14.4 V, RL = 40, f = 1 kHz 
(unless otherwise noted) 

Cha racteristic 
Supply Voltage Range 
Quiescent Supply Current 
Quiescent Output Voltage 
Open Loop Gain 
Closed Logp Gain 
Total Harmonic Distortion 

Audio Power Output 

Efficiency 

Input Impedance 
Power Supply Rejection 
Equiv. Input Noise Voltage 
Equiv. Input Noise Current 
Input Sensitivity , 

Input Saturation Voltage 
Frequency Response (-3 dB) 

, 

Thermal Resistance 

Symbol 

Vec 
Icc 
V4 

A, 
A. 
THO 

POUT 

'YJ 

" 
ZI 
PSR 
eN 
iN 
ein 

e;" 

RSJ! 

TEST CIRCUIT 
AND 

TYPICAL 
APPLICATION 

Test Conditions Min. 
8.0 

No signal applied -
No signal applied 6.1 

-
39.5 

POUT = 0.05 to 4.5 W -
POUT = 0.05 to 7.0 W, Rl = 20 -
THO = 10% 5.5 
THO = 10%, Rl = 3.20 -
THD = 10%, Rl = 20 8.0 
THO = 10%, Rl = 1.60 -
POUT - 6.0 W -
POUT - lOW, Rl - 20 -

70 
f riDDle = 120 Hz, VriDDle = 0.5 V 30 
f - 22 Hz to 22 kHz -
f = 22 Hz to 22 kHz -
POUT - 0.5 W -
POUT = 0.5 W, Rl = 20 -
POUT = 6.0 W -
POT - lOW, Rl - 20 -

300 
Cfb = 0.039/LF, Rfb = 390, 

POUT = 1.0 W 40 
-

o 

INPUT 

Dwg. No. A-IO,465A 
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Limits 
Typ. Max. Units 
- 18 V 
44 - mA 
6.9 7.7 V 
80 - dB 
40 40.5 dB 

0.15 - % 
0.15 - % 
6.0 - W 
7.5 - W 
10 - W 
12 -' W 
69 - % 
65 - % 
150 - k!l 
36 - dB 
1.0 5.0 /LV 
60 200 pA 
14 - mV 
10 - mV 
55 - mV 
50 - mV 
- - mV 

- 15 k Hz 
- 3.0 o,C/W 

II 



ULN-370SM 
LOW-VOLTAGE AUDIO POWER AMPLIFIER 

ULN-370SM 
LOW-VOLTAGE AUDIO POWER AMPLIFIER 

FEATURES 
• Wide Operating Voltage Range 
• Low Quiescent Current 
• A-C Short-Circuit Protection 
• Low External Parts Count 
• Low Distortion 
• 42 dB Voltage Gain 
• Low Noise 

pROVIDING a low-cost, compact alternative to 
discrete transistor amplifiers, the Type ULN-

3705M integrated circuit is ideal for application as a 
headphone driver in portable radios, tape players, 
and other battery-operated equipment. The low
power audio amplifier's wide frequency response 
and low noise ensure premium performance. 

The amplifier will operate (at reduced volume) 
with supply voltages as low as 1.8 V without a 
significant increase in distortion. This feature allows 
operation with a 3 V battery supply and minimizes 
concern about weak batteries. The class AB audio 
amplifier has low quiescent current drain for 
maximum battery life. 

This device is rated for operation with supply 
voltages up to 12 V. Similar devices for operation up 
to 18 V (ULN-2283B) are described in Sprague En
gineering Bulletin 27117.21. 

The Type l,JLN-3705M audio amplifier is 
supplied in an 8-pin mini-DIP plastic package. A 
copper alloy lead frame gives the amplifier enhanced 
power dissipation ratings. 

8-28 

DECOUPLE 1 

POWER GROUND 2 

SIGNAL GROUND 3 

Dwg. No. A-ll,715 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage, Vee ........................... 12 V 
Package Power Dissipation, PD ••••••••••••••• See Graph 
Operating Temperature Range, TA ........ -20"C to +85"C 
Storage Temperature Range, Ts ........ -65"C to +150"C 



ULN';;37~sM; 
LOW'"vtlTAGI AUDIO POWER AMnIftlR' 

, "( 

ELECTRICAL CHARACTERISTICS at TA = +25'1:, 
Vee ~ 6 V, RL d: 320, fin ~ 400 Hz (unless otherwise noted) 

" >,.~: 
, Characteristic ~mbjlr Test Conditions 

Supply Voltage Range V'·' ,te ! 

Quiescent Supply Current I .. /Iee Vce- 4.5V 
, ! 

, 

k~6.0V .:..:..:. 
c-

,,,c/' Vee - 9.0 V 
Voltage Gain ! ),Av 
Audio Power Output POUT R - 80, k - 4.5V, THO - 10% 

, R ...., 80, k ~ 6.ovlHO - 10% 
'> 

R -; ISO, k - A.5 V, THO - 10% 
" 

0, R = ISO, k =S.O V; THO = 10% 
i R -, 160, k -9.0 (THO - 10% 

L ,', R - 3m, k - 14.5 V, THO - 10% 
, , I"'" R ....,"320, Vee =6.0 V THO - 10% 

~~ &. - 320, k = 9.0 V, THO = 10% 
Distortion THO ~ = 50mW, R = 320 

~ - 50mW, R -160 
Output.Noise "f "t! '," " ''''YOU! < . "JftjluH;hOfted~'BW ",,' 80 kHz 
Input Resistanc~ RIN Pin 8 
Power Supply: Reie~tion i PSRRi •.. , 'Cofeihi l); = 500 p.F, f - 120 Hz ""! ,/' ' , 

" ... ,," , ,,' c' ... 

INPUT 

, u.TESl.,CIRCUfT;. 
AN'D TYPICAL APPLICATION 

Limits 
Min, Typ. Max. 
1.8 6.0 9.0 

,:"",,: 6.0' "-
"- 7:0' 'm. 

- 10 '20' 
- 42 -
- 220 -

250 430 -
- 125 -
150 240 -

- 600 -
- 60 -

85 110 -
- 310 -
- 0.4 1.0 
- 0.5 -
- 225 -

- 250 -

- 34 -

Vee 

POWER 
I-'+"~~::--'-o soflp'(.Y 

GROUND 
Dwg. No. A-H.716A 

Units 
V 

mA 
mA 
mA 
dB 
mW 
mW 
mW 
mW 
mW 
mW 
mW 
mW 
% 
% 
/LV 
kO 
dB 

II 



U~" .. 3705'" 
LOW"YOLTAC;E·AU!>IOPOWER AMPLIFIER 

ALLOWABLE AVERAGE 
PACKAGE POWER DISSIPATION 

AS A FUNCTION OF TEMPERATURE 

TYPICAL OUTPUT POWER 
AS A FUNCTION OF SUPPLY VOLTAGE 

TYPICAL FREQUENCY RESPONSE 

~ 2.0~----~~------~------~--~--'-------~ 

~ 
:!: 

~ 
0.. 

V> 
V> 

'" '" 1. ol------'~+---......;~ 

~ 
0.. 

~ 
~ 
'-' 
~ 0,51-------+-----+---+....::!11~......:l~----_1 

0~25~----5~0-----~75~--~100---~12~5------~· 

TEMPERATU RE I N DC 

2. 0 r----,---,.---.,r---;...,--"'T'""-~r-----. 

~ 1. 61----+_1 

~ 
~ 

§1.2r--~--~--_t---_t-~_t---r--_i 
o 

0.. 

ol 
'" ~ 
0.. 
..... 
:::> 
0.. ..... 
:::> 
0 

0.8 

0.4 

0 

~ -30 
~ o 

0 6 10 12 14 

SUPPLY VOLTAGE, Vee- IN VOLTS 

Dwg. No:, A-ll.720A 

fil---+---+--I V CC = 3 to 9 V 
RL = 8n 
Co = 100 to 250 Ilf 

>-40~ __ ~ __ ~~ __ ~~ __ ~ __ ~~ __ ~ __ ~~ __ ~ 
o 30 100 300 30K lOOK 

FREQUENCY, fin' IN Hz 

Dwg. No. A-11.?17 
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. ULN-:-37OSft' 
lOW;YOLTAGEAUDIO POWEilAMPLIFIER 

'"PleAt CHARACTERISTICS 

TbTAL HARMONIC DISTORTION 
ATSn LOAD .' 

TOTAL HARMONIC J)ISTORTIO~ 
. AT 160 LOAD . 

T9TALHARMONIC DiSTORTION 
". AT'32a ~qAD 

/,~ 

10 

I 

I RL - SA ~ I 
lin '= '400 Hl 

~ 

"' .... 
~ , 
'" u 

rC-'1 
u 

J 
.... ../ j 

o 
10 20 50 100 200 500 

OUTPUT POWER. POUT' IN mW 
Dwg. No. A-ll.7IS 
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'" S' 

RL = ~A I 
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Owg'. No: A-ll.990 
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UlN-370S'-' 
LOW-VOLTA(jEA~DIO. ~WE~AMPLIFIER 

TYPICAL CHARACTERISTICS (Continued) 

PACKAGE POWER DISSIPATION 
ATsn LOAD 

PACKAGE POWER DISSIPATION 
AT 16nlOAD 

PACKAGE POWER DISSIP~TION 
AT 320 LOAD 

'i< 
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• 
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Owg. No. A-ll,721 
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Dwg. No. A-ll.722A 
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Dwg. No. A-12.025A 



· ULN .. 3705M' 
LOW~VOLTAGE ;AUDIO POWER ;AMPLIFIER 

QUIESCENT SUPPLY CURRENT 
AS A FUNCTION OF SUPPLY VOLTAGE 

20 

I 

SUN'L Y VOLTAGE, V CC; I N VO~TS 

POWER SUPPLY REJECTION RATIO 
AS A FUNCTION OF FREQUENCY 

50 100 200 500 1K· 
FREQUENCY IN HERJZ 

9W9. No. A-IO.B3B 

u'i 
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UlN~3705M, 
LOW4Y01TAGE ,AUDIO POWER :AMPLIftER' 

APPLICATIONS INFORMATION 

Selection of power-supply voltage and, speaker 
impedance allows a designer to choose,audio power '. 
levels within the allowable package power dissipa
tion rating for any maximum operating temperature. 
No unique precautions are necessary when designing 
with this device. It is; stable and a-c short-circuit 
immune. 

External component'selection for tl)is low-power 
amplifier involves only two capacitors - one for 
output coupling and one for feedback and ripple 
decoupling. The coupling capacitor value should be 
selected to provide the desired low-frequency cutoff 
with the chosen load impedan~e. The decoupling 
capacitor should be chpsen for poth low-frequency 
audio rolloff and supply-rippkrejection. 

Ripple rejection is not practical to calculate due to 
the large number of mechanisms involved. A 
500 (.LF capacitor achieves typically 34 dB rejection 
at 120 Hz. 

The high gain and the high input impedance of the 
power amplifier recommend use of this device in 
many diverse applications. However, theinputstage 
does have other characteristics that should be taken 
into account for best results. The input is referenced 
to ground for internal biasing and must be provided 
with a d-c path to ground. A current of typically 
1 (.LA flows from the input through the volume con-

8.,2-34 

trol. ·This produces an IR drop that is multiplied by 
the ~losed loop d-c gain of the amplifier and appears 
as an error in output centering. This recommends a 
value of 200 kfl or less for the volume control; 
values of less tl)anlOO kfl are preferred. 

Th.e selection of amplifier load impedance in
volves more than just consideration of the desired 

. power output. A low load impedance will produce 
the highest power output for any given supply volt
age. Higher impedances will furnish significant re
duction in harmonic distortion and improvement in 
overall repeatability in power output capacity. 

Special steps toward minimizing tendencies to
wards instabilities of !Ill types were taken in the 
design of this device. However, as with all high-gain 
circui ts , care should be given to printed wiring board 
layout to avoid undesif1ible effects. Inputs and out
puts should be well separated and should avoid 
common-mode impedances wherever possible. For 
best performance, connect low-level input-signal 
ground terminals and the decoupling capacitor 
ground terminal together at pin 3 (signal ground); 
connect the high-level speaker ground terminal and 
the power supply ground terminal together at pin 2 
(power ground). The signal ground and the power 
ground should be interconnected at only one point. 



UlN·3784B AUDIO POWER AMPLIFIER 

ULN-3784B 
4-WATT AUDIO POWER AMPLIFIER 

FEATURES 

• Low External Parts Count 
• Wide Supply-Voltage Range (To 32 V) 
• Single Power Supply 
• 34 dB Internally Fixed Gain 
• High Input Impedance 
• Bandwidth Limited 
• A-C S~ort-Circuit Protection 
• Thermal Overload Protection 
• Directly Replaces LM384N 

A MINIMUM of external components is needed 
to obtain high-quality audio from the Type 

ULN-3784B integrated circuit in communications, 
automotive, and consumer applications. 

The audio power amplifierIs ~upplied in a 14-pin 
dual in-line plastic package with heat-sink contact 
tabs. The lead configuration enables attachment of 
an inexpensive heat sink for increased power dissi
pation capability, and use ofa standard integrated 
circuit socket or printed wiring board layout. 

With a 24V supply, Type ULN-3784B delivers a 
minimum of 4 W of audio into an 80 load. Output 
power with a 28 V supply is typically 4.8 W of low
distortion audio into a 16!110ad. 

Type ULN-3784B is pin-compatible with, and 
significantly. improves ,upon, several older. designs. 
Its higher supply-voltage rating allows it to replace 

the LM380N, LM384N, and Sprague Types ULN-
2280B and ULN-2281B with a wider margin of 
protection against supply transients. Internal band
width limiting provides a significant immunity to r-f 
not found in many other integrated amplifiers. 

Dwg.NO. A-ll.681A 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage, Vee ......... , ......... . 
Peak Output Current, lOUT .............. . 
Package Power Dissipation, Po ........... . 
Operating Temperature Range, T; .. 
Storage Temperature Range, T5 ....... . 

. . 32 V 
1.2 A 

. .. See Graph 
-20°C to +SSOC 

. ..... -WCto+150°C 

o 



ULN~3784B AUDIO POWER AMPLIFIER 

ELECTRICAL CHARAOERISTICS at TA = + 25°C, Vee = 24 V, RL = an, fin = 1 kHz 
(unless otherwise noted) 

Characteristic Symbol Test Conditions 
Supply Voltage Range Vee 
Quiescent Supply Current lee Vin = OV 
Quiescent Output Voltage Voo Vin = 0 V, See Note 1 
Voltage Gain ' ....... A, Pout = 0 W 
Total H.armonic Distortion THD Pout = 50 mW, R, = 8.0, Vee = 24 V 

.•... Pout = 50 mW, R, = 16.0, Vee = 28 V 

.'. Pout = 4 W, R, = 8.0, Vee = 24 V 
Audio Output Power Pout R, = 8.0, Vee = 24 V, THD = 5% 

.> R, = 16.0, Vee = 28 V, THD = 5% 
Input Impedance ,.Zin .' Each Input 
PowerSupply Rejection '.' . PSRR Pout = 0 W, f = 120 Hz 
Equiv.lnpufNoiseVoltage f = 20 Hz to 20 kHz 
Bandwidth ( - 3 dB) BW Pout = 1 W, See Note 2 

NOTES: 1. The qUiescent output voltage tYPically equals y, the supply voltage. 
2. Unity gain typically occurs between 10 MHz and 100 MHz. 

Min. 
9.0 
-
-
31 
-
-
-
4.0 
4.0 
140 
-
-
-

Limits 

Typ. Max. Units 
24 28 V 
20 - mA 
12 - V 
34 37 dB 
0.2 - % 

<0.2 - % 
<0.3 5.0 % 
5.0 - W 
4.8 - W 
170 - kn 
30 - dB 
60 - fLVrms 

100 - kHz 

ALLOWABLE POWER DISSIPATION 

TEST CIRCUIT V> 
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ULN-3784B AUDIO POWER AMPLIFIER 

TYPICAL CHARACTERISTICS 

fin 

DISTORTION AS A FUNCTION 

OF OUTPUT POWER 

1kHz 

Rl 0 8~ 

, 

Vee 0 14V 

I WITH STAVER V-I HEAT SINK 

I J 
0.1 0.5 l.0 1.0 5.0 

OUTPUT POWER, POUT' I N WATTS 
10 
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Ut:N·37848~UDIO POWER AMPUFIEIt 

1£ 
~ 
~ 

THEIlMAL FACTOIlS 
AND ULN-3784B OPERATION 

Thermal factors must be considered in achieving reljable operation of 
Type ULN-3784ltGuidelines given nere provide the qircuitcdesign engi
neer with information on maintaining Ie junction temperature below safe 
limits. 

The graphs below show package power dissipation as a fun~tionof out
put power over a wide range of supply voltage with a load resistance of 80 
or 16(1. Lines indicating 3% distortion and 5% distortion ar.e shown as 
guides to trade-otIs between supply voltages, package power dissipation, 
and upper-limit distortion. As the po.wer supply voltage increases for any 
output power requirement, distortion decreases and package power dissi
pation increases. 

Package power dissipation figures must be taken from the highest point 
on the supply voltage curve. Note that although supply voltage is normally 
specified at the ra~ed audio-output power, it will usually increase for re
duced audio:output levels. ',. 

Vcr. • 24V -/' vde • 22V 

~ vee +iov 

fl"vcs..... 18V ",/ 
vcs..... 16V ./ -~ 

-~~;p 
./ --

./ 
f-...,. 

r-

V 

r-.... 

POWER DISSIPATION AS A FUNCTION 
OF OUTPUT POWER (an LOAD) 

V~'14V ~ 

I RL • 8 A ,I 
'in' 1kHz 

~ 

I 2 4 
OUTPUT POWER, POUT. IN WAnS 

POWER DISSIPATION,AS A fVNCTION 
OF OUTPUT POWER (160 LOAD) 

5 6 

1Ng. No. A-1Z.016 

OUTPUT POWER. POUT, IN WATIS 
Owg.No.I\-12,015 



ULN-3784B AUDIO POWER AMPLIFIER 

CIRCUIT DESIGN 

If design values of audio output power, distortion, and maximum am
bient temperature have been selected, optimal speaker impedance, supply 
voltage, as well as heat-sink requirements can be determined from the 
curves below and on the previous page. 

For an output of 4.5 W at 5% distortion and a maximum ambient temper
ature of + 50°C: 

Rl 8n l6n Specified 

Vee 22.5 V 26.5 V From Graph 

PD(max) 3.2W 2.6W From Graph (determines heat sink) 
PD I 3.1 W 2.2W From Graph at Vee and POUT 

PD + POUT 7.6W 6.7 W Calculated 

Icc 338 mA 253 mA Calculated (determines supply current) 

The Allowable Package Power Dissipation graph shows that the Staver 
V -7 heat sink is required for the sn, 22.5 V design, while the smaller Staver 
V-S heat sink is just adequate for the 16n, 26.5 V design. 

The preceding appears to indicate that the. best choice is an output 
impedance of 16n with its higher efficiency and smaller heat sink requirec 

ments. If lower distortion is required, the higher impedence load with the 
nigher supply voltage becomes even better. However, if an unregulated 
supply is used, the designer may prefer the sn load, since the absolute 
maximum supply voltage rating is 32 V. 

QUIESCENT SUPPLY CURRENT 
AS A FUNCTION OF SUPPLY VOLTAGE 

50 

« 40 
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Ulf:.l~3784B AUDIO POWfR AMPLIFIER 

1M 

1M 

INPUT 

0.002 

TYPICAL APPLICATIONS 

AMPLIFIER WITH COMPLETE TONE CONTROLS 

LOW-COST PHONOGRAPH 01J 

0.1 

........ _----0 Vee Owg. No. A-ll.403B 

01+ 

Dwg. No. A-11.404B 

AMPLIFIER WITH BASS-BOOST NETWORK 
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:t 0.1 "::" 
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UGN/UGS-3020T/U Low-Cost Digital Switch •........................... ,. 9-7 
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HALL EFFECT DEVICES 

Device Type 

UGN-3013T/U 
UGNlUGS-3019T/U 
UGNlUGS-3020T IU 
UGNlUGS-3030T/U 
UGN-3035U 
UGN-3040T IU 
UGNlUGS-3075T/U 
UGNlUGS-3076T/U 
UGN-3201M 
UGN-3203M 
UGN-3220S 

UGN-3501M 
UGN-3501TlU 

'. UGN-3503U 
UGN-3604M 
UGN-3605M 

SELECTION GUIDE TO HALL EFFECT DEVICES 

Switch Points (Gauss) 

225 300 
300 420 
'165 '220,> 
110 160 

- 25 + 25 
100 150 

...,.100 + 100 
-100+100 . 

300 450' 
100 235 

.160 220 

Linear 
Linear 
Linear 
Linear 
Linear 

.. , 

Additional information on all . 
Hall Effect devices is available from: 

Sprague Electric Company 
Hall Effect IC Marketing 

70 Pembroke Road 
Concord, New Hampshire 03301 

(603) 224-1961 

Outputs 

1 
1 
1 
1 
1 
1 
r 
1 
2 
2 
2 

Push-Pull ' 
1 . 
1 

Push-Pull 
Push-Pull 



UGN-lOllT HALL EFFECT DIGITAL SWITCH 

UGN-3013TSOLID-STATE 
LOW-COST HALL EFFECT DIGITAL SWITCH 

FEATURES 
• Operate from 4.5 V to 16 V D-CPower Source 
• Activates With Small, Commercially Available 

Permanent Magnets 
• Solid-State Reliability - No Moving Parts 
• Small Size 
• Constant Amplitude Output 
• Output Compatible With All Digital Logic Families 

THE SPRAGUE TYPE UGN-3013T is a low-cost 
· magnetically-activated electronic switch. Each 

device consists of a voltage regulator, a Hall voltage 
generator,amplifier, Schmitt trigger, and an open 
collector output stage integrated in a single 
monolithic silicon chip. 

The on~board regulator permits operation over a 
wide variation of supply voltages. The circuit output 
can be interfaced directly with bipolar or MOS logic 
circuits. 

UGN-3013T integrated circuits are packaged in 
the miniature 3-pin single output plastic "T" pack. 

Dwg. NO. A-ll.OOl 

FUNCTIONAL BLOCK DIAGRAM 

ABSOLUTE MAXIMUM RATINGS 

Power Supply, Vee ....... : . . . . . . . . . . . . . . . . . . . .. 17 V 
Magnetic Flux Density, B ..................... Unlimited 
Output OFF Voltage, VOUI(OFFI . . . . . . . . . . . . . . . . . . . .. . 17 V 
Output ON Current, ISINK •••••••••••••••••••••••• 25 mA 
Operating Temperature Range, TA ••••••••••• DoC to + 7Q°C 
Storage Temperature Range,Ts ......... - 65°C to + 150°C 

ELECTRICAL CHARACTERISTICS at Vee = 4.5 V to 16 VDC, TA = +25°C 

Limits 

Characteristic Symbol Test Conditions Min. Typ. Max. Units 
Operate Point Bop - 300 450 Gauss 
Release Point BRP 25 225 - Gauss 
Hysteresis BH 30 75 - Gauss 
Output Saturation Voltage VSAT B ;::, 450 Gauss, ISINK = 15 mA - 120 400 mV 
Output Leakage Current 10fF B :5 25 Gauss, VOUT = 16 V - 0.1 20 f.l.A 
Supply Current lee Vee = 5 V,Outpufopen - 7.0 9.0 mA 

Vee = 12 V, Output open - 12 16 mA 
Output Rise Time t, Vee = 12 V, Rl = 820 n, - 15 - ns 

Cl = 20 pF 
Output Fall Time tf Vee = 12V, Rl = 820 n, - 100 - ns 

Cl = 20 pF .. 

9-3 



UGN~3013THALL EFFECT DIGITAL SWITCH 

OPERATION 

The output transistor is normally "off" when the 
magnetic field perpendicular to the surface of the 
chip is below the threshold or "operate point." 
When the field exceeds the "operate point," the 
output transistor switches "on" and is capable of 
sinking 25 rnA of current. 

The output transistor switches "off" when the 
magnetic field is reduced below the' 'release point" 
which is less than the "operate point." This is 
il~ustrated graphically in the transfer characteristics 
Cl,lrve. The hysteresis characteristic provides for un. 
ambiguous or non-oscillatory switching. 

The magnetic flux density is indicated for the most 
sensitive area of the device. This area is centrally 
located and 0.032" ±0.OO2" (0.81 ±0.05 mm) 
below the branded surface of the T package and 
0.012" ±0.002" (0.30 ±0.05 mm) below the 
branded surface of the Upackage. 

For reference purposes, both an Alnico VIII mag
net, 0.212" .(5.38. mm) in diameter and 0.187" 
(4.75 mm) long and a samarium cobalt magnet, 
0.100" (2.54 mm) square and 0.040" (1.02 mm) 
thick, are approximately 1200 gauss at its surface. 

The flux density decays at a high rate as the 
distance from a pole increases. 

As an example, using the Alnico VIII magnet 
referenced above in good alignment and the pole 
surface in contact with the branded surface of the 
package, the flux density at the active Hall sensing 
area of the device would be approximately 850 
gauss. 

The flux density would drop to approximately 600 
gauss with an air-gap between the package and the 
magnet of 0.031" (0.79 mm). 

TRANSFER CHARACTERISTICS SHOWING HYSTERESIS 

12t---.:::::,,-:-~--, 
: o. P. 1300 
: : 
: I 

OFF il Ii 
I I 
1 I 
I I 
I I 
I 1 
1 I 
1 1 
1 1 
1 1 
1 I 

:1 liON 
1 I 

'I I 
225 IR. P·I 

%~-7.100~-'2~00~~3~00~.==;400~.===5~OO~~OOO 
MAGNETIC FLUX DENSITY IN GAUSS 

Dwg • .No. A-ll.D03 

These Hall effect devices are also available in a miniature 3 -pin plastic 
"U" package. The "T" package is. 0.080" (2.03 mm) thick; the "U" 
package is 0.061" (1.54 mm) thick. All other dimensions are identical. 

9--4 



UGN-3019T/U AND UGS-3019T/U 
LOW-COST HALL EFFECT DIGITAL SWITCHES 

FEATURES 

UGN-3019T/U AND UGS-3019T/U 
LOW-COST HALL EFFECT DIGITAL SWITCHES 

• D-C Operation/rom 4.5 V to 24 V 
• Operable with a Small Permanent Magnet 
• High Reliability - No Moving Parts 
• Small Size 
• Constant Amplitude Output 
• Output Compatible with All Digital Logic Families 

THESE low-cost, magnetically-activated elec
tronic switches use the Hall Effect to sense a 

magnetic· field. Each circuit consists. of a voltage 
regulator, HalLcell, signal amplifier, Schmitt trig
ger, and current-sinking output stage on a monolithic 
silicon chip . 

Dwg. NO. A-\1,OO2 

FUNCTIONAL BLOCK DIAGRAM 

The switches 'outputs· can be used directly with 
bipolar or MOS logic circuits. Theon-board regu~ 
lator ensures stable operation over a wide range of 
supply voltages. Operation over an extended temper
ature range is made possible by catefullymatching 
integrated circuit components. 

Type UGN-3019T!U . and UGS-3019T!U digital 
switches are available.in two three-pin single-output 
plastic packages: The "T" package is 80 mils (2.03 
rum) thick; the "U" package is 60.5 mils (1.54 mm) 
thick. 

ABSOLUTE MAXIMUM RATINGS 
Power Supply, Vee ......................................... : ...... 25 V 
Magnetic Flux Density, B ....................................... Unlimited 
Output OFF Voltage, VOUT . .. . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 V 
Output ON Current, IS~K •••••••••••••.••••..•••••••••••••••••••••• 25 mA 
Storage Temperature Range, Ts ........................... -6.5OC to + IS00C 
Operating Temperature Range, TA 

UGS-3019T/U ...................................... -SSOCto + 1500C 
UGN-3019T/U .. ; .................................... -20°C to +85OC 

ELECTRICAL CHARACTERISTICS at Vee = 4.5 V to 24 V, TA = +25°C (unless otherwise noted) 
Limits 

Characteristic Symbol Test Conditions Min. Typ. Max. Units 

Operate Point· Bop - 420 500 Gauss 

Release Point" BRP 125 300 - Gauss 

Hysteresis BH 50 120 - Gauss 

Output Saturation Voltage VSAT B '" 500 Gauss, ISINK = 20 mA - 100 400 mV 

Output Leakage Current 10FF B '" 125 Gauss, VOUT = 24 V - 0.1 1.0 /J-A 

Supply Current Icc Vee = 4.5 V, Output Open 
_ .. 2.5 5.0 ... mA 

.... Vee =24 V, Output Open - 3.5 7.0 mA 

Output Rise Time t, Vee = 12 V, RL = 820n, - 100 - ns 
CL = 20 pF 

Output Fall Time tf Vee =± 12 V, Rl = 820n, - 500 - ns 
. Cl = 20 pF 

'Magnetic flux density is measured at most, sensitive area of device, located 0.032" ±0.002 (0.81 ±0.05 mm) below the branded face of the "T" package and 
0.012" ±0.002" (0.305 ±O.05 mm) below the branded face of the "U" package. 
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UGN-3019T/U AND UGS-3019T/lI 
LOW-COST HALL EFFECT DIGITAL SWITCHES 

OPERATION 

The output transistor is normally OFF when the 
magnetic field perpendicular to the surface of the 
chip is below the threshold or Operate Point. When 
the field exceeds the Operate Point, the output tran
sistor switches ON and is capable of sinking 25 rnA 
of current. Selections to 30 rnA are available. 

The output transistor switches OFF when the 
magnetic field is reduced below the Release Point 
(which is less than the Operate Point). This is illus
trated in the transfer characteristics graph. The hys
teresis characteristic provides for unambiguous or 
non-oscillatory switching. 

The simplest form of magnet that will operate the 
Hall Effect digital switch is a bar magnet as shown. 
Other methods are possible. 

In the illustration, the magnet's axis is on the 
centerline of the packaged device and the magnet is 
moved toward and away from the device. Also, note 
the orientation of the magnet's south pole in relation 
to the branded surface of the package. 

The magnetic flux density is indicated for the most 
sensitive area of the device. This area is 0.032" 
±0.002" (0.81 ±0.05 mm) below the branded sur
face of the "T" package, 0.012" ±0.002" (0.305 
±0.05 mm) below the branded surface of the "U" 
package. 

For reference purposes, both an Alnico VIII mag
net, 0.212" (5.38 mm) in diameter and 0.187" 
(4.75 mm) long and a samarium cobalt magnet, 
0.100" (2.54 mm) square and 0.040" (1.02 mm) 
thick, are approximately 1200 gauss at their sur
faces. 

The flux density decays at a high rate as the dis
tance from a pole increases. As an example, using 
the Alnico VIII magnet referenced above in good 
alignment and with the pole surface in contact with 
the branded surface of the package, the flux density 

BASIC 'HEAD-ON' MODE OF OPERATION 

TRANSFER CHARACTERISTICS SHOWING HYSTERESIS 

121---:====----,----,0 .•. 
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+12V 

MAGNETIC FLUX DENSITY IN GAUSS 
Owg. No. A:9015C 

at the active Hall-sensing area of the device would be 
approximately 850 gauss (0.032" (0.81 mm) below 
the package surface). 

The flux density would drop to approximately 600 
gauss with an air gap between the package and the 
magnet of 0.031" (0.79 mm). 

Switching-point variations with temperature 
should be considered in applications covering a wide 
temperature range. 

SWITCHING POINT VARIATION WITH TEMPERATURE 
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Guide to Installation 

-
Vq; i 4.5V 

+100 +125 +150 

Dwg. No. A-ll.004 

I. All Hall Effect integrated circuits are susceptible to mechanical stress 
effects. Caution should be exercised to minimize the application of stress to 
the leads or the epoxy package. 

D~'G. NO. A-9762 

2. To prevent permanent damage to the Hall cell integrated circuit, 
heat-sink the leads during hand-soldering. For wave soldering, the part 
should not experience more than 260°C for more than five seconds. S.older 
flow should be no closer than 0.12.5" (3.18 mm) to the epoxy package. 
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UGN-3020T AND UGS-3020T 
HALL EFFECT DIGITAL SWITCHES 

UGN-3020T AND UGS-3020T 
LOW-COST HALL EFFECT DIGITAL SWITCHES 

FEATURES 
• Operate from 4.5 V to 24 V D-C Power Source 
• Operable With a Small Permanent Magnet 
• High Reliability- Eliminates Contact Wear, Contact Bounce 
• No Moving Parts 
• Small Size 
• Constant Amplitude Output 
• Output Compatible With All logic Families 

THE TYPE UGN-3020T and UGS-3020T are low-
cost magnetically-activated electronic switches 

utilizing the Hall effect for sensing a magnetic field. 
Each circuit consists of a voltage regulator, Hall c.ell, 
signal amplifier, Schmitt trigger, and current sinking 
output stage integrated in a single monolithic silicon 
chip. 

The on-board regulator permits stable operation 
over a wide variation of supply voltages. Operation 
over an extended temperature range is made possible 
by the careful matching of components which can be 
done ec~>nomically only on a monolithic circuit. 

Both devices will typically operate up to a 100 kHz 
repetition rate. 

The circuit output can be interfaced directly with 
bipolar or MOS logic circuits. 

Vee 

Dwo. NO. A-Il.002 

FUNCTIONAL BLOCK DIAGRAM 

These devices are packaged in the 3-pin single out
pu~ plastic "T" pack. 

These devices were originally introduced with ULN 
and ULS prefIXes. 

ABSOLUTE MAXIMUM RATINGS 
Power Supply, Vee ............................. 25 V 
Magnetic Flux Density, B .•................... Unlimited 
Output OFF Voltage, VOUTIOFFI . . . . . . . . . . . . . . . . . . . . .. 25 V 
Output ONCumint,.lsINK ' ••••••••••••••••••••••• 25 mA 
Operating Temperature Range, TA 

UGS-3020T ..................... - 40°C to + l25°C 
UGN-3020T . . . . . . . . . . . . . . . . . . . . . . .. O°C to + 70°C 

Storage Temperature, Range, Ts ......... - 65°C to + 150°C 

ELECTRICAL CHARACTERISTICS at Vee = 4.5 V to 24 VDC, TA = + 25°C 
limits 

Characteristic Symbol Test Conditions Min. Typ. Max. Units 
Operate Point Bop - .220 350 Gauss 
Release Point BRP 50 165 - Gauss 
Hysteresis BH 20 55 - Gauss 
Output Saturation Voltage VSAT B2': 350 Gauss, ISINK = 15 mA - 85 400 mV 
Output leakage Current IOFF B~ 50 Gauss, VOUT = 24 V - 0.1 20 /LA 
Supply Current Icc Vee = 4.5 V, Output open - 5.0 9.0 mA 

Vee = 24 V, Output open - 6.0 14 mA 
Output Rise Time ,t, Vee = 12 V, Rl = 820 n, - 15 - ns 

Cl = 20 pF . 
Output Fall Time tf Vee = 12 V, Rl = 820 n, - 100 - ns 

Cl = 20 pF 
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UGN~3020TAND UGS·3020T 
. HALL EFFECT DIGITAL SWITCHES 

OPERATION 

The output transistor is nonnally "off" when the 
magnetic. field petpendicular to the surface of the 
chip is below the threshold or "operate point." 
When the field exceeds the "operate point, " the 
output transistor switches "on" and is capable of 
sinking 25 rnA of current. Selections to 50 mA are 
available. 

The output transistor switches "off" when the 
magnetic field is reduced below the "release point" 
.which is less than the "operate point." This is 
. illustrated graphically in the transfer characteristics 
curve. The hysteresis characteristic provides for un
ambiguous or non-oscillatory switching. 

The magnetic flux density is indicated for the most 
sensitive area of the device. This area is centrally 
located and 0.032" ±0.002" (0.81 ±0.05 mm) 
below the branded surface of the T package and 
0.012" ±0.002" (0.30 ±0.05mm) below the 
branded surface of the U package. 

For reference putposes, both an Alnico VIII mag
net, 0.212" (5.38 mm) in diameter and 0.187" 

SWITCHING POINT VARIATION WITH TEMPERATURE 

600 

500 

Vi 
~ 400 
<3 
~300 
Vi z 
~ 200 
x 
3 
'""100 

o 

-
.".. 
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~ 
PICAl RELEIISE POINl 

~ J ...• 
I VCC=4.5V 

~ 
25. o +25 +50 +75 +100 +125 +150 

TEMPERATU RE IN °c 

(4.75 mm) long and a samarium cobalt magnet, 
0.100" (2.54 mm) square and 0.040" (1.02 mm) 
thick, are approximately 1200 gauss at the pole 
surfaces. 

The flux density decays at a high rate as the 
distance from a pole increases. ' 

As an example, using the Alnico VIIllllagnet 
referenced above in good alignment and the pole 
surface in contact with the branded surface of the 
package, the flux density at the active Hall sensing 
area of the device would be approximately 850 
gauss. 

The flux density would drop to approximately 600 
gauss with an air-gap between the package and the 
magnet of 0.031" (0.79 mm). 

Note: Switching point variations with tempera
ture should be considered in applications covering a 
wide temperature range. 

TRANSFER CHARACTERISTICS SHOWING HYSTERESIS 

12 I---=::--;r--, 
IO.P. 

:1 
:ON 
I 
I 
I , 
I 
I 
I 
I 
I 
I 

OFF, I 
1: : 

+12V 

~ 
R. P4 I 

O~~=Z~~~~~ 
o 100 200 300 400 500 600 

MAGNETIC FLUX DENSITY IN GAUSS 
Dwg. No. A":11 .. 010 

These Hall effect devices are also available in a miniature 3 -pin plastic 
"U" package. The "T" package is 0:080" (2.03 mm) thick; the "U" 
package is 0.061" (1.54 mm) thick. All other dimensions are identical. 
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UGN-3030T/U AND UGS-3030TIU 
BIPOLAR HAI.L EfFECT DIGITAL SWITCHES 

FEATURES 

UGN-3030T/U ANDUGS-3030T/U 
BIPOLAR HALL EFFECT DIGITAL SWITCHES 

• Operable with Inexpensive Multipole. Ring Magnets 
• High Reliability - No Moving Parts 
• Small Size 
• Compatible with All Digital logic Families 

THESE LOW-COST HALL EFFECT switches are 
designed for use with inexpensive multipole 

ring magnets. Both devices operate with supply volt
ages of 4.5 V to 24 V. 

Type UGN-3030T IU operates over the tempera
ture range of -20oe to +S5°e. Type UGS-3030T / 
U, intended for use in more severe automotive envi
ronments, operates over the temperature range of 
- ssoe to + 12Soe. 

Dwg. No. A-l1.002A 

FUNCTIONAL BLOCK DIAGRAM 

Circuit output of both· Hall Effect Ies can be 
directly linked to bipolar or MOS logic circuitry. The 
switches provide a constant amplitude output at 
switching frequencies of up to 100 kHz. 

Types UGN-3030T and UGS-3030T are supplied 
in a three-pin plastic package SO mils (2.03 mm) 
thick. Types UGN-3030U and UGS-3030U are fur
nished in a magnetically optimized60.S-mil (1.54 
mm) plastic3-pinpackage, 

ABSOLUTE MAXIMUM RATINGS 

Power Supp~, Vcc ................................................ 25 V 
Magnetic Flux Density, B ........................................ Unlimited 
output OFF Voltage, VOUT ........................................... 25 V 
Output ON Current, ISINK .......................................... 25 mA 
Storage Temperature Range, Ts ................... , ....... -65°C to + lSO"C 
Operating Temperature Range, TA 

UGS-3030T/U ..................................... -S5°C to + 12SoC 
UGN-3030T/U ....................................... -20°C to +SSOC 

ELECTRICAL CHARACTERISTICS at Vee = 45 V to 24 V, Ta r +25°C (unless otherwise noted) 
limits 

Characteristic Symbol Test Conditions Min. Typ. . Max. Units 

Operate Poi nt * Bop - 160 2S0 Gauss 

Release Point* BRP -2S0 llO - Gauss 

Hysteresis BH 20 SO - Gauss 

Output Saturation Voltage VSAT B '" 2S0 Gauss, I~NK = 20 mA - 100 400 mV 

Output Leakage Current IOff B $-2S0 Gauss, VOUT = 24 V - 0.1 1.0 /LA 

Supply Current Icc Vcc '" 4.5 V,Output Open - 2.S 5.0 rnA 

Vcc = 24 V, Output Open - 3.5 7.0 mA 

Output Rise Time t, Vcc = 12 V, R, = 820 n, - 100 - ns 
Cl = 20 pF 

Output Fall Time tl Vcc = 12 V, Rl = 820n, - 500 - ns 
Cl = 20 pF ,. 

'Magnetic flux density is measured at most sensitive area of device, located 0.032" ±0.002 (0.81 ±0.05 mm) below the branded face of the 'T' package and 
0.012" ±O.002" (0.305 ±0.05 mm) below the branded face of the "U"package. 
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UGN·3030T/U AND UGS·3030T!U 
BIPOlAK HAlt EFFECT DIGITAL SWITCHES 

OPERATION 

The output transistor" is normally OFF when the 
magnetic field perpendicular to the surface of the 
chip is below the threshold or Operate Point. When 
the field exceeds the Operate Point, the output tran
sistor switches ON and is capable of current-sinking 
25 rnA. 

The output transistor switches OFF when the 
magnetic field is reduced below the "release point" 
which is less than the "operate point. " This is illuse 
trated graphically in the transfer characteristics 
curve. The hysteresis characteristic provides for un
ambiguous or non-oscillatory switching. 

SENSOR·CENTER lOCATION 

NOTE, 
PACKAGE OUTLI Nt 

0.178 x 0.178 
4.5iX4."52 

INCH 
MM 

fMg.No. A-ll,9FA 

The magnetic flux density is indicated for the most 
sensitive area of the device. This area is centrally 
located and 0.032" ±0.002" (0.81 ±0.05 mm) 
below the branded surface of the "T" package, 
0.012" ±0.002" (0.305 ±0.05 mm) below the 
branded surface of the "U" package. 

The magnetic circuit must provide a +250 gauss 
to - 250 gauss magnetic flux density range at this 
point for all conditions to ensure reliable operation; 
+ gauss indicates a South pole is toward the branded 
face of the package; - gauss indicates a North poleis 
toward the branded package face. 

The simplest form of magnet that will operate the 
Hall Effect bipolar digital s~itch is a multipole ring 
magnet as shown. Such magnets are commercially 
available and inexpensive. 

SWITCH ACTIVATION 
WITH MUL TIPOLE RING MAGNET 

Dwg.No.A-ll.899 

GUIDE TO INSTALLATION 
TRANSFER CHARACTERISTICS SHOWING HYSTERESIS 1. All Hall Effect integrated cir

cuits are susceptible to mechanical 
stress effects. Caution should be 
exercised to minimize th.e applica
tion of stress to the leads or the 
epoxy package. 

I 
MAX. 12V 

V> I --- ,O.P. 
=:; I I 
0 I > 
z I 

+12V OFF I 
l:!i I e>: e>: 

~ 
; <>i d 

': ' '0", 

0 .... ' .... I > 5 "'" .... u ION 
=> I 0:: 0:: 0-

~ >-.... I .... => 
0 MIN.I 

R.p.L 

-300 -200 -100 0 +100 +200 +300 
H NORTH POLE GAUSS SOUTH POLE (+) 

MAGNETI C FLUX DENSITY Dwg. No. A-ll,040 

2. To prevent permanent dam
age to the Hall cell integrated cir
cuit, heat-sink the leads during 
hand-soldering. For wave solder
ing, the part should not experience 
more than 260°C for more than five 
seconds. Solder flow should be no 
closer than 0.125" (3.18 mm) to the 
epoxy package. 
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UGN~3040T 

ULTRA-SENSITIVE HALL EFFEClOIGITAl SWtTCH 

UGN-3040T 
ULTRA-SENSITIVE HALL EF.FECT DIGitAL SWITCH 

FEAlURES 
• Operate from 4.5 V to 24 V D-C POwer Source 
• Operable With Small PennanentMagnets . 
• Solid-State Reliability - No Moving Parts 
• Small Size 
• Constant Amplitude Output 
• Output Compatible With All Digital Logic Families 

THE SPRAGUE TYPE ~G~-3040T is a 
magnetically-activated electronlc SWitch ;.with 

extreme sensitivity for use with small,. inexpen
sive magnets, or with relatively.·laI:gcHp.~net-toc 

Dwg. NO. A-H.C02 

switch distances. i···· ..... 

Each circuit consists of a v01ia~'l'CguJ!ltor, 
Hall voltage generator, signal ;pil~lifiJ:r,;~~Dlitt; 
trigger circuit, and an open: coJ!ectot.:6utput 
driver integrated in a singlesiIlc.o.n chip. 

, f~NCTIONAL BLOCK DIAGRAM 

The on-board regulator P~fnlit~ 'opel!atlon 
over a wide ra."lge of supply voltages! Circuit 
output can be interfaced directly,witli bipolar or' 
MOS logic circuits, and will typically operate up 
to a 100 kHz repetition rate. 

l 
:····:USO~UTE MAXIMUM HTINGS 

Power Supply; Vee ............................. 25 V 
Magnetic Flux Density, B .................... Unlimited 
Output "OFF" Voltage, VOUT(OFf) .................. 25 V 

The UGN.3040T~s:pickaged irti'nUniatutec . 
3-pin single-output plastlc"f';··pack.'· . 

"",,";-',,",': '- " ,,';'" 

Output "ON" Current; ISINK .• :: ....•........... 25 mA 
'Storage Temperature Range,'Ts ........ -65°C to + 150°C 

Op~rating Jim perature Rallge, TA .......... O°C to +70°C 
;\' >f 

ELECTRICAL CHARACTERISTICS at Vcc = 4.5 V to 24 VDC, TA = + 25°C 
Limits 

Characteristic Symbol " Te~LCo~pitiqllS Min. Typ. Max. Units 
Operate Point BQP . " - 150 200 Gauss 
Release Point BRP 50 100 - Gauss 
Hysteresis BH :, 

" '20 '.' 5Q ;." ~' . 'Gauss 
Output Saturation Voltage' VSAT B ~ 200 Gauss, ISINK = 201111\' .''10'' ':::::'i·~;; ... :8t ''400' mV';' , 

Output leakage Current . JofF B :S 50 Gauss, Vour = 24 V 
, .. 

"-.-:;" 0".'1 .', 20 ~"''' ." 

Supply Currerit ':":.'; . i:; ';,Iee Vee = 4.5 V, Output open " ". 'i ';:. ':":;';)'; '5.'0' ;s:rr, ;:rliT( . 

.':: > Vee = 24 V; Output open:' ii' 'J:'" I; '-:"'::;f:';'(f~o; ;.,', 1f ;:LmAi:i:;, ,. 

gutpu~ ;~is~ Ii!l!e dr, .... ,~e = 12 V, Rl = 820ft,;; I' .:':. :~;tT5'·i'U;;:!.:.!; :.: 115" 
"L = 20 pF . ; "'" ' .. J:\' ";i>;!:: "; f! . ',/<' 'e' 

Output Fall Time ~ Vee = 12 V, Rl = 820 fir ' ' ...:!i':V JOO ei:;,; ;,i':i; ? ~s,;·; .' 
Cl = 20 pF ......... {,.,,;; :.~,; :c i. c· 
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.UGM-304OT 
,ULTRA-SENSITlVE'HALL EFFECT "DIGITAL SWITCH 

Guide to Installation 

1. All H~I;I~ffectintegrated cir~its are susceptipl~ to mechanical stress 
effects; Caution should be exercised to minimize theapplicatioriofstress to 
the leads or the epoxy package. 

2. To prevent permanent damage to the Hall cell integrated circuit, 
heat~sink the leads during hand-soldering. For wave soldering, the part 
should not experience more than 260°C for more than five seconds. Solder 
flow should be no closer thall O.12~/I (3.18 mm) to the epoxy package: 

250 
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i2Gl 
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1125 .. 
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11 50 

25 

SWITCt;lING POINT 
AS A FUNCTION OF TEMPERATURE . . 
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--i-~ -It'll .r" 

~ --.ri ,;".. --~ .... i--' """'" 
lJll\l ~ ,.",. 

..",. ~ ~ 

~ 
25 50 70 

1£MPERATURE IN·C , 

TheseE/all ~.ffe~t devic~s are also available in a miniatur~~,-pin plastic 
"U"p~(:kage.The "T"pqCkage is 0.080" (2.03 mmJt~ick;,the "U" 
packtlge is 0.061" (1.54 nun) thick. All other dimensions are identical. 

OPERATION 

The simplest forlJlOf' magnet which will 
. operate the Hall Effect· digital sensor isa .b~ 
magnet as shpwn. Other methods are possibie •.. 

, • .. _'"c' ,. 

In the illustration, the magnet's axis is on the 
center line of 'the packaged device and the, 
magnet is moved' toward and\away from the . 
device. Also," note "the orientation of the 
magnet's south p()le :m relation to the branded 
face of the package. . , 

.' ~12 

Ow". No. A-I 1-,200 

BASIC 'HEAD·ON' MODE OF OPERATION 



SENSOR CENTER LOCATION 

NOlE: 
PACKAG:EOUTlI~ 

D.118Xo.178 
4.Sl X 4,52 

INCH ..-

UGN-3040T 
ULTRA-SENSITIVE HALL EFFECT DIGITAL SWITCH 

TRANSFER CHARACTERISTICS SHOWING HYSTERESIS 
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MAGNETIC FLUX DENSITY IN GAUSS 
Dwg. No. A-lI,l99 

OPERATION (Continued) 

The output transistor is normally "off" when 
the magnetic field perpendicular to the surface 
of the chip is below the threshold or "operate 
point." When the field exceeds the "operate 
point," the output transistor switches "on" and 
is capable of sinking 25 rnA of current. A 50 rnA 
unit is available upon special order. 

The output transistor switches "off" when 
the magnetic field is reduced below the "release 
point" which is less than the "operate point." 
This is illustrated graphically in the transfer 
characteristics curve. The hysteresis 
characteristic provides for unambiguous or non
oscillatory· switching. 

The magnetic flux density is indicated for the 
most sensitive area of the device. This area is 
centrally located 0.032" ± 0.005" (0.81 
± 0.127mm) . below the branded surface of the 
T package and 0.012±0.005" (0.30 ±0.127 mm) 
below the branded surface of the U package. 

A variety ()f magnets are commercially 
available, each exhibitirig unique field 
characteristics. The curves presented below are 
flux density values for the magnets measured for 
switch activation. in a head-on mode (alortg the 
magnet axis). The curves are also pertinent for 
peak flux density for a given clearance in the 
slide-by mode of actuation. 

FLUX DENSITY AS A FUNCTION OF AIR GAP 

~.------.~r-~-----'r--,-----.---------r--------'---------' 
(1).250': CUBE, RUBBER 
(2).1" x .1" x .125", SAMARIUM COBALT 
(3) • 212"D x • 187" L, ALNI CO 8 
(4) • 240" D x .400" L,CERAMI C 

V> (5).188" CUBE, SAMARIUM COBALT 
Vl (6).250" CUBE, SAMARIUM COBALT 
~200~------~~~~~-1----~--~'---~~~~~~~~~~--~ 
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~ 
Vi 
z ..... 
o 

~100~------~r---~.-~~.-~~-+~~-----r~~----;---------4 
~ 
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~ 
'" ~ 

o~------~~------~~------~~------~--------~------~ 0.1 0.2 0.3 0.4 0.5 0.6 
AIR GAP IN INCHES Owg, No. 8-1446 
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UGN-307ST/U AND UGS-307ST/U 
BIPOlARHAttEFFEC'J' DIGITAL LATCHES 

UGN-3075T/U AND UGS-3075T/U 
BIPOLAR HALL EFFECT DIGITAL LATCHES 

FEATURES 
• Operable with Inexpensive MultipoleRing Magnets 
• High Reliability - No Moving Parts 
• Small Size 
• Output Compatible with All Digital Logic Families 
• Symmetrical Output 
• High Hysteresis Level Mini mizes Stray-Field Problems 

THESE MAGNETICALLY-ACTIVATED, 
solid-state latches are designed for use with in

expensivemultipole ring magnets and brushless d-c 
rnotors. They provide effective, reliable interface 
between clectromechanical equipment and bipolar or 
MOS logic circuits at SWitching frequencies of up to 
100.kHz. 

The bipolar output of these devices saturates when 
the Hall cell is exposed to a magnetic flux density 
greater than the ON threshold (100 Gtypical, 250 G 
maximum). The output transistor remains in the ON 
state until magnetic field reversal exposes the Hall 
cell to a magnetic flux den~ity below the OFF 
threshold (-100 Gtypical, -250 G minimum). 
Because the operating state switches only with 
magnetic field reversal, aM not merely with a 
change in its strength, these integrated circuits qualc 

ify as true Hall Effect latches. 

Dwg. No. A-ll,D02A 

FUNCTIONAL BLOCK DIAGRAM 

Type UGN-307ST /U is rated for operation over 
the temperature range of -20°C to +S5°C. For ap
plications in more severe environments, Type 
UGSc3075T /U has an operating temperature range 
of - 55°C to + 125°C. Both types wOFk with supply 
voltages of 4.5 to 24 V. 

Both Hall Effect latches are supplied in: either the 
SO-mil (2.03 mm) three-pin plastic "T" package or 
the magnetically optimized 60.5-mil (1.54 mm) 
three-pin plastic "U" package. 

ABSOLUTE MAXIMUM RATINGS 
Power Supply,Vee ................................... : ............ 25 V 
Magnetic Flux Density, B ....................................... Unlimited 
Output OFF Voltage .................... . ... , .... , .........•..... 25 V 
Output ON Current, IS~K' ......... c ••••.•••••••. ',' .; ••.. , ..•• : .•• " 50 mA 
Operating Temperature Range, TA 

UGS.-3075T/U· ........ '" ......••............. , ; ...c:.SSOC to + 1250C 
UGN-3075T1U .......................... ,: . . . :, .... ,. -20OC to +85°C 

Storage Temperature Range, Ts .. '.' , ..... '.' • . . . . . ... '" -65OC to + 1500C 
'Selected devices' are available with a maximum TA ratin.g'(lf.."H50"C. 



UG N . 3075 T 

UGN·3075TIU AND UGS·3075T/U 
BIPOLAR HALL EFFECT DIGITAL LATCHES 

Catalog Numbering System 

L=.. . ... . T... . PACKAGE STYLE. T = PLASTIC 3-LEAD SIP 0.080'.' (2.03 mm) T. HI.CK 
U = PLASTIC 3-LEADSIP 0.061" 0.54 mm) THICK 

DEVICE NUMBER. 3000 - 3199 = DIGITAL, SINGLE OUTPUT 

L--___ OPERATING TEMPERATURE RANGE. 
N = -20"C to +85°C 
S = -55"Cto +IWC 

"""""',...-,--SEMICONDUCTOR FAMILY. UG = HALL EFFECT DEVICES 

ELECTRICAL CHARACTERISTICS at TA = +25°C, Vee = 4.5 V to 24 V (unless otherwise noted) 

Characteristic Symbol Test Conditions Min. Typ. Max. Units 
Operate Point" Bop 50 100 250 Gauss 
Release Point' BRP -2.50 -100 -50 Gauss 
Hysteresis * BH 100 ... 200 - Gauss 
Output Saturation Voltage VSAT B '" 250 Gauss, ISINK = 20 rnA - 85 400 mV 
Output Leakage Current 10FF B '" -250 Gauss, VOUT = 24 V . ~ 0.2 1.0 f.LA 
Supply Current. ..• Icc B '" -250 Gauss, Vee = 24 V, Output Open - 3.0 7.0 rnA 
Output Rise Time tl Vee - 12 V, Rl - 820n, Cl - 20 pF - 100 - ns 
Output Fa" Ti me tf Vee = 12 V, Rl = 820n, Cl = 20 pF - 200 - ns 

.. 
*Magl1jitlc flux dens tty IS measured at most sensitive area of deVice located 0.032" ±0.002" (0.81 mm ±0.05 mm) below the branded face of the 'T 
package and 0.012" ±Q.O02" (0.31 mm ±0.05 mm) below the branded face of the 'U' package. 

SENSOR-CENTER LOCATION 

DWG. NO. A-ll.896 
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GUIDE TO INSTALLATION 

1. All Hall Effect integrated cir
cuitsare susceptible to mechanical 
stress effects. Caution should be 
exercised to minimize the appIica" 
tion of stress to the leads or the 
epoxy package. 

2. To prevent permanent dam
age to the Hall cell, heat sink the 
leads dllringhand soldering. For 
wave soldering, the part should not 
experience more than 260°C for 
more than five seconds. Solder flow 
should be no closer than 0.125" 
(3.18 mm) to the epoxy package. 



UGN·307ST/U AND UGS·307ST/U 
BIPOLAR HALL EFFECT DIGITAL LATCHES 

OPERATION 

The output transistor is normally OFF when the 
strength of the magnetic field perpendicular to the 
surface of the chip is below threshold or the Operate 
Point. When the field strength exceeds the Operate 
Point, the output transistor switches ON and is capa
ble of current sinking 50 rnA of current. 

The output transistor switches OFF when magnet
ic field reversal results in a magnetic flux density 
below the OFF threshold. This is illustrated in the 
transfer characteristics graph. 

The simplest form of magnet that will operate 
Types UGN-3075T IU and UGS-3075T IU is a ring 
magnet, as shown in Figure I. Other methods of 
operation are possible. 

Il\;g. No. A_ll,899 

Figure 1 

Note that the device latches; that is, a south pole of 
sufficient strength will tum the device ON. Removal 
of the south pole will leave the device ON. The 
presence of a north pole of sufficient strength is 
required to tum the device OFF. 

ACTIVE AREA DEPTH (AADl 

The magnetic flux density is indicated in the 
operating-points graph for the active area of the de
vice, which is located 0.032" (0.81 mm) below the 
branded surface of the "T" package and 0.012" 
(0.31 rom) below the branded surface of the "U" 
package. Note that, as shown in the plot of magnetic 
flux density as a function of total effective air gap, 
the "U" package offers a significant advantage in 
marginal flux density conditions for certain magnetic 
configurations. 
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MAGNETIC FLUX DENSITY IN GAUSS 

Dwg.No. A-ll,739 

PEAK FLUX DENSITY AS A FUNCTION 
OF TOTAL EFFECTIVE AIR GAP 
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UGN-3076T/U AND UGS-3076T/U 
BIPOLAR HALL EFFECT DIGITAL LATCHES 

FEATURES 

UGN-3076T/U AND UGS-3076T/U 
BIPOLAR HALL EFFECT DIGITAL LATCHES 

• Operable with Inexpensive Multipole Ring Magnets 
• High Reliability - No Moving Parts 
• Small Size 
• Output Compatible with All Digital Logic Families 
• Symmetrical Output 
• High Hysteresis Level Minimizes Stray-Field Problems 

0Wq. No. A-11.002A 

THESE SOLID-STATE, magnetically-activated 
latches, designed for use with brushless d-c 

motors and in!!xpensive multipole ring magnets, op
,erate as effective, reliable interface between elec
tromechanical equipment and bipolar or MaS logic 
circuits at switching frequencies of up to 100 kHz. 

FUNCTIONAL BLOCK DIAGRAM 

The bipolar output of these devices saturates when 
the Hall cell is exposed to a magnetic flux density 
greater than the ON threshold (100 G typical, 350 G 
maximum). The output transistor remains in the ON 
stafe until magnetic field reversal exposes the Hall 
cell to a magnetic flux density below the OFF 
threshold (-100 G typical, - 350 G minimum). 
Because the operating state switches only with 
magnetic field reversal, and not merely with a 
change in its strength, these integrated circuits qual
ify as true Hall Effect latches. 

Type UGN-3076T IU is rated for operation over 
the temperature range of -20oe to +85°C. For ap
plications in more severe environments, Type 
UGS-3076T IV has an operating temperature range 
of -55°e to + 125°C. Both types work with supply 

. voltages of 4.5 to 24 V. 

Both Hall Effectlatches are supplied in either the 
SO-mil (2.03 mm) three-pin plastic "T" package or 
the magnetically optimized 60.S-mil (1.54 mm) 
three-pin plastic "U" package. 

ABSOLUTE MAXIMUM RATINGS 
Power Supply, Vce ................................................ 25 V 
Magnetic Flux Density, B ....................................... Unlimited 
Output OFF Voltage .............................................. 25 V 
Output ON Current, ISINK .......................................... 50. mA 
Operating Temperature Range, TA 

UGS-3076T/U· ..................................... -SSOC to +125°C 
UGN-3076T/U ....................................... -20°C to +85°C 

Storage Temperature Range, Ts ........................... -65OC to + 150°C 

·Selected devices are available with a maximum TA rating of + 150°C. 

Additional information on all 
Hall Effect devices is available from: 

Sprague Electric Company 
Hall Effect IC Marketing 

70 Pembroke Road 
Concord, New Hampshire 03301 

(603) 224-1961 
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UGN-3076T/UAND UGS-3076T/U 
BIPOLAR HALL EFFECT DIGITAL LATCHES 

Catalog Numbering System 

G 

tL. ______ PACKAGE STYLE. T = PLASTIC HEAD SIP 0.080" (2.03 mm) THICK 
U = PLASTIC HEAD SIP 0.061" (1.54 mm) THICK 

'------ DEVICE NUMBER. 3000 - 3199 = DIGITAL, SINGLE OUTPUT 

1-. ___ OPERATING TEMPERATURE RANGE. N = -20°C to +85°C 
S = -55OC to + 1250C 

L--__ SEMICONDUCTOR FAMILY. UG = HALL EFFECT DEVICES 

ELECTRICAL CHARACTERISTICS at TA = +25°C, Vee = 4.5 V to 24 V (unless otherwise noted) 

Characteristic Symbol Test Conditions Min. Typ. Max. Units 

Operate Point" Bop 50 100 350 Gauss 

Release Paint" BRP -350 -100 -50 Gauss 

Hysteresis" BH 100 200 - Gauss 

Output. Saturation Voltage VSAT B '" 350 Gauss, I~NK = 20 rnA - 85 400 mV 

Output Leakage Current IOff B '" -350 Gauss, VOUT = 24 V ~ 0.2 1.0 /LA 
Supply Current lee Vee = 24 V, Output Open, B '" -350 Gauss - 3.0 7.0 rnA 
Output Rise Time t, Vee = 12 V, Rl = B20n, Cl = 20 pF - 100 - ns 
Output Fall Time tf Vee = 12 V, Rl = 820n, Cl = 20 pF - 200 - ns 

'Magnetic flux density is measured at most sensitive area of device located 0.032" ±0.002" (0.81 mm ±0.05 mm) below the branded face of the T 
package and 0.012" ±0.002" (0.31 mm ±0.05 mm) below the branded face of the 'U' package. 

SENSOR-CENTER LOCATION 

DWG. NO. A_1I,896 

9-18 

GUIDE TO INSTALLATION 

1. All Hall Effect integrated cir
cuits are susceptible to mechaniciil 
stress effects. Caution should be 
exercised to minimize the applica
tion of stress to the leads or the 
epoxy package. 

2. To prevent permanent dam
age to the Hall cell, heat sink the 
leads during hand soldering. For 
wave soldering, the part should not 
experience more than 260°C for 
more than five seconds. Solder flow 
should be no closer than 0.125" 
(3.18 mm) to the epoxy package. 



OPERATION 
The output transistor is normally OFF when the 

strength of the magnetic field perpendicular to the 
surface of the chip is below threshold oithe Operate 
Point. When.the.field strength exceeds the Operate 
Point, the output transistor switches ON and is capa
ble of sinking 50 rnA of current. 

The output transistor switches OFF when magnet
ic . field reversal results ina magnetic flux density 
below the OFF Threshold. This is illustrated in the 
transfer characteristics graph. 

The simplest form of magnet that will operate 
Types UGN-3076T IU and UGS-3076T IU is a ring 
magnet, as shown in Figure 1. Other methods of 
operation are possible. 

Figure 1 

Note that the device latches; that is, a south pole of 
sufficient strength will tum the device ON. Removal 
of the south pole will leave the device ON. The 
presence of a north pole of sufficient strength is 
required to tum the device OFF. 

ACTIVE AREA DEPTH (AAD) 

The magnetic flux density is indicated in the 
operating-points graph for the active area of the de
vice, which is located 0.032" (O.S! mm) below the 
branded surface of the"T" package and 0.012" 
(0.31 rum) below the bl"anded surface of the "U" 
package. Note that, as shown in the plot of magnetic 
flux density as a function of total effective air gap, 
the "U"package offers a significant advantage in 
marginal flux density conditions for certain magnetic 
configurations. 
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UGN-3076T/U AND UGS-3076T/U 
BIPOLAR HALL EFFECT DIGITAL LATCHES 

TYPICAL TRANSFER CHARACTERISTICS 
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UGN-3201M AND UGN-3203M 
.DUAL OUTPUT HALL EFFECT DIGITAL SWITCHES 

UGN-3201M AND UGN-3203M 
DUAL OUTPUT HALL EFFECT DIGITAL SWITCHES 

FEATURES 
• Operate from 5 V to 16 V D-C Power Supply 
• Operate With a Small Permanent Magnet 
• High Reliability - No Contact Wear or Bounce 
• Small Size - 8-Pin DIP 
• Constant Amplitude Output 
• Dual Open-Collector Outputs 

INTENDED for use in position sensing and contact
less switching applications, the Types UON-

3201M and UON-3203M switches utilize the Hall 
Effect for detecting a magnetic field. 

Both devices feature identical electrical and en
vironmental characteristics. However, the UON-
3201M has a typical Operate Point of 450 gauss and 
Release Point of 300 gaUss; the UON-3203M is 
more sensitive, with a typical Operate Point of 235 
gauss and Release Point of 100 gauss. The UON-
3203M may be activated by smaller magnets, or at a 
greater magnet-device spacing. 

The UON-3201M and UON-3203M Hall Effect 
digital switches are supplied in 8-pin dual in-line 
plastic packages. These switches were originally 
introduced as device numbers ULN-3006M and 
ULN-3OO7M, respectively. 

ELECTRICAL CHARACTERISTICS at Vee = 12 VDC, TA = + 25°C 

ilwg. No. A-ll.013 

FUNCTIONAL BLOCK DIAGRAM 

ABSOLUTE MAXIMUM RATINGS 
Power Supply, Vcc. . . . . . . . . . . . . . . . . . . . . . . . . . . .. 20 V 
Magnetic Flux Density, B ..................... Unlimited 
Output OFF Voltage, VOUHOFFI . . . . . . . . . . . . . . . . . . . . .. 20 V 
Output ON Current, ISINK ' ....................... 25 rnA 
Operating Temperature Range, TA ••••••••••• O°C to + 70°C 
Storage Temperature Range, Ts ......... - 65°C to + 150°C 

limits 
Characteristic Symbol Test Conditions Min. Typ. Max. Units 
Operate Point Bop UGN-320IM - 450 750 Gauss 

UGN-3203M - 235 350 Gauss 
Release Point BRP UGN-3201M 100 300 - Gauss 

UGN-3203M 25 100 - Gauss 
Hysteresis BH UGN-3201M - 150 - Gauss 

UGN-3203M - 135 - Gauss 
Output Saturation Voltage VSAT B 2: 350 Gauss, ISINK = 2U rnA - - 400 mV 
Output Leakage Current IOFF B :5 25 Gauss, VOUT = 12 V - - 100 tJA 
Supply Current Icc(1) B :5 25 Gauss, Outputs open - 20 25 rnA 

Icc(O) B 2: 350 Gauss, Outputs open - 20 25 rnA 



UGN-3201 M AND UGN-3203M 
DUAL OUTPUT HALL EFFECT DIGITAL SWITCHES 

Guide to Installation 

1. All Hall Effect integrated circuits are susceptible to mechanical stress 
effects . Caution should be exercised to minimize the application of stress to 
the leads or the epoxy package. 

2. To preventpermanent damage to the HaIl cell integrated circuit, 
heat-sink the leads during hand-soldering. For wave soldering, the part 
should not experience more than 260°C for more than five seconds. Solder 
flow should be no closer thlm 0.125" (3.18 mm) to the epoxy package. 

'M' PACKAGE 

DIMENSIONS IN INCHES DIMENSIONS IN MILLIMETRES 
Based on 1 in. = 25.4 mm 

INDEX (PINU5NO. J) .. 

4 3 2 1 

--v-
0.256 c I 
~'~ -

5 '6 7 8 

O. 125 ~UJ--(}-{Hl"-'L-
MAXO.~5- 1-.=1· 

MIN 

0.375 
0.325 

I 
-l-~-=lSi~.L_ .L 

INDEX (P1.N.U5NO ..•. ') 4 :3 2 1 

--v-
6.50 't~.-

~ 
5' 6 f 7 8' 

1t ,·,6 
±O.13 t-JtJT 7.111 9.53 

7.37 - 8.26 

.1.-__ __1. 
0.38 
0.20 

!oI)-{]-IlH"'-.i--SEATING PLANE 

MIN 
0.58 

0.100 :to,OIO NON- CUMULATIVE 
0.300 :to.OlO ' SEATING PLANE 

0.38 
2.54 ±, 0.25 NON-CUMULATIVE 
7.62::1: 0.25 @' SEATING P~ANE 

DWG.MO,,l.~Al" 

Additional information on all 
Hall Effect devices is available from: 

Sprague Electric Company 
Hall Effect IC Marketing 

70 Pembroke Road 
Concord, New Hampshire 03301 

(603) 224-1961 
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UGN-3201MAND UGN-3203M 
DUAL OUTPUT HALL EFFECT DIGITAL SWITCHES 

OPERATION 

The output transistors are nonnally "off" when 
the magnetic field perpendicular to the surface of the 
chip is below the threshold or "operate point." 
When the field exceeds the "operate point," the 
output transistors switch "on" and wiII each typi
cally sink 20mA. 

The output transistors switch "off" when the 
magnetic field is reduced below the' 'release point" 
which is less than the "operate point." This is 
illustrated graphically in the transfer characteristic 
curves. The hysteresis characteristic provides for 
unambiguous or non-oscillatory switching regard
less of the rate of change of the magnetic field. 

The magnetic flux density is indicated for the 
most sensitive area of the device. This area is cen
trally located and 0.037" ±0.001" (0.94 ±0.05 
mm) below the top surface of the package. 

TYPICAL TRANSFER CHARACTERISTICS SHOWING HYSTERESIS 

~ TYPE UGN-3201M ~ 
TYPE UGNc3203M ... ~12' +12V ~12 IO.P. > -: O.P. 
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For reference purposes, both an Alnico VIII mag
net, 0.212" (5.38mm) in diameter and 0.187" 
(4.75 mm) long and a samarium cobalt magnet, 

.0.100" (2.54mm) square and 0.040" (1.02 mm) 
thick, are approximately 1200 gauss at its surface. 

The flux density decays at a high rate as the 
distance from a pole increases. 

As an example, using the Alnico VIII magnet 
referenced above in good alignment and the pole 
surface in contact with the branded surface of the 
package, the flux density at the active Hall sensing 
area of the device would be approximately 850 
gauss (0.032" below the package surface). 

The flux density would drop to approximately 600 
gauss with an air-gap between the package and the 
magnet of 0.031" (0.79 mm). 

BASIC 'HEAD-ON' MODE OF OPERATION 

z 

-~: 
, 

OWG.IIO.4-IO.308 



UGN~3220S 

·LOW-COST DUAL OUTPUT HALL EFFECT DIGITAL SWITCH 

UGN-3220S 
LOW-COST DUAL OUTPUT HALL EFFECT DIGITAL SWITCH 

FEATURES 
• Operate from 4.5 V to 16 V D-C Power Source 
• Operable With a Small Permanent Magnet 
• High Reliability- Eliminates Contact Wear, Contact Bounce 
• No Moving Parts 
• Small Size 
• Outputs Compatible With All Logic Families 
• Operation to 100 kHz 
• Dual Output Transistors Can Drive. Independent Loads 

TYPE UGN-3220S INTEGRATED CIRCUITS. 
are low-cost magnetically-activated electronic 

switches which utilize the Hall Effect for sensing a 
magnetic field. 

Each circuit consists of a voltage regulator, Hall 
sensor, signal amplifier, Schmitt trigger,' and current 
sinking output stage, integrated onto a single, 
monolithic silicon chip. 

The on-board regulator permits operation over a 
wide variation of supply voltages. Operation over an 
extended temperature range is made possible by the 
careful matching of circuit components - some
thing which can be done economically only on a 
monolithic circuit. 

The circuit output can be interfaced directly with 
bipolar or MOS logic circuits. 

Dwg. No. A-ll.007 

FUNCTIONAL BLOCK DIAGRAM 

These devices are supplied in a 4-pin single in
line molded package. 

ABSOLUTE MAXIMUM RATINGS 
Power Supply, Vee ............................. 17 V 
Magnetic Flux Density, B ..................... Unlimited 
Output OFF Voltage, VOUTiOFf) . . . . . . . . . . . . . . . . . . . . .. 17 V 
Output ON Current, ISINK ' ....................... 25 rnA 
Operating Temperature Range, TA ••••••••••• ODC to + 70DC 
Storage Temperature Range, Ts ......... - 65DC to + 125DC 

ELECTRICAL CHARACTERISTICS at Vee = 4.5 V to 16 VDC, TA = + 25°C 
Limits 

Characteristic Symbol Test Conditions Min. Typ. Max. Units 
Operate Point Bop - 220 350 Gauss 
Release Point BRP 50 160 - Gauss 
Hysteresis BH 20 60 - Gauss 
Output Saturation Voltage VSAT B 2::: 350 Gauss, ISINK = 15 rnA - 110 400 mV 
Output Leakage Current IOFF B :::; 50 Gauss, VOUT = 16 V - 0.1 20 IJ-A 
Supply Current lee Vee = 5 V, B :::; 50 Gauss - 3.5 9.0 rnA 



UGN.3220S 
LOW·COSTDUAL ,OUTPUT HALL EFFECT DIGITAL SWITCH 

OPERATION 

The output transistors are nonnally "off" when 
the magnetic field perpendicular to the surface of the 
chip is below the threshold or "operate point." 
When the field exceeds the "operate point," each 
output transistor switches "on" and is capable of 
sinking 25 rnA of current. Selections to 30 rnA are 
available. 

The output transistors switch "off" when the 
magnetic field is reduced below the' 'release point" 
(which is less than the "operate point"). This is 
illustrated graphically in the transfer characteristics 
curve. The hysteresis characteristic provides for un
ambiguous or non-oscillatory switching. 

The magnetic flux density is indicated for the 
most sensitive area of the device. This area is cen
trally located and 0.032" ±0.002" (0.81 ±0.05 
mrn) below the branded surface of the package. 

TRANSFER CHARACTERISTICS SHOWING HYSTERESIS 
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For reference purposes, both an Alnico VIII mag
net, 0.212" (5.38 mm) in diameter and 0.187" 
(4,75 mm) long and a samarium cobalt magnet, 
0.100" (2.54 mrn) squiU"e and 0.040" (1.02 mm) 
thick, are approximately 1200 gauss at its surface. 

The flux density decays at a high rate as the 
distance from a pole increases. 

As an example, using the Alnico VIII magnet 
referenced above in good alignment. and the pole 
surface in contact with the branded surface of the 
package, the flux density at the active Hall sensing 
area of the device would be approximately 850 
gauss (0.032" below the package surface). 

The flux density would drop to approximately 600 
gauss with an air-gap between the package and the 
magnet of 0.031" (0.79 mm). 

BASIC 'HEAD-ON' MODE OF OPERATION 

Owg. No. A-ll,OOS 

Additional information onail 
Hall Effect devices is available from: 

Sprague Electric Company 
Hall Effect IC Marketing 

70 Pembroke Road 
Concord, New Hampshire 033() 1 

(603) 224-1961 



UGN-3SplM 
SOLID-STATE LINEAR HALL EFFECT SENSOR 

UGN-3501M 
SOLID-STATE LINEAR OUTPUT HALL EFFECT SENSOR 

FEATURES 
• Ekcellent Sensitivity 
• Jlat Response to 25 kHz (tyJ}.) 
• Internal Voltage Regulation 
• Excellent Temperature Stability 

)~ 

UTILIZING THE HALL EFFECl' for sensing 
a magnetic field, Type UGN-3S0IMICs provide a 
linear differential output which' is a function of 
magnetic field intensity. 

'Tliesedevices are intended for applications 
requiring accurate 'mea~urement' and/or control of 
position, weight, thic'kness, velocity, etc. 

The Type UGN-350IM Hail Effect IC includes a 
monolithic Hail ,.cC!\l;lhwar;dif{(lrential amplifier, 
differeIl!jal~itter, (oIJp;lftl.t; outnut,<i\Il9 II yoltage 
regulator. Integrating the Hall cell and the amplifier 
into one monolithic device minimizes problems 
relat~dto the handling ofmillivoit analog signals} 

FUNCTIONAL' BLOCK DIAGRAM 

ABSOLUTE MAXIMUM RATINGS 
Pro~isi~$are included for output ~ffs~.t nUll. 

This sensorissl;!pplied as a S':pin dl!aI incline pl,stic 
package and is niled,for continuous operation over. 
the telnperaturer~ng~;of O°C to + 70PC and a 
voltage range of S to 16 Vol~sd~c. ' 

SUjlpIY.Voltage'y~ ..... ; , .. :. , .. : .... , ......... i + 16 V 
Output Current,loirr .... ;, ,: ............ ' ...... I .2 mA 
Ma,gnetic Flux Density, B . ,. :.', ,; .' .... , , "" ... Unlimited 

'OperatingTemperatQre'Range, TA • " •••• ", •• O~Cto+ 70"C 
. Storage TempetatureRange; Ts ',: .... - 65°C to +150"C 

~' , . 
,,- ~I '" 

ELECTRICAL CHARA&TERISTfCSatVc.c==12 VDC T, = + 25°C (unless-otherWise specified) . 
.-~ ~ t . ~ , -, < ..::""~, 

limits 
Syrnb~~li 

, -"" , 
Characteristic 

, 
Test Condjtions Min. ',' Typ. "Max.} ;;'UnttS: 

Operating Voltage V~ ,,'\:. , 8.0 - 16 I'~~V: 

Supply Current . Icc ' . "Vee·? 16 V ,', -
" 

10 18 rnA 
Output Offset Voltage 

" 
VoFr B = 0 Gauss, R-5-6-7 = 0 n, Note 1 - 100 400 mV 

Output Common Mode Voltage VCM B = 0 Gauss, Note 1 - 3.6 - V 
Sensitivity AVolrr " B = 1000 Gauss, R5c6-7 = 0 n, 700 1400 - - mV 

N9tesl,2" . 
Sensitivity AVolJI :,B ==1000 Ga~ss,R5-6 = 15 n,:" ' 

Notes 1,2 " " 
, 650 1300 - mV 

Frequency Response BW R5+7 = 0 n, fH - f1 at - 3 dB - 25 - kHz 
Broadband Output Noise en f,~ 10 Hztp.10 kHz, - 0.15 - mV 

R5-~~T=OQ 

Output Offset Voltage AVr:#AT R5-6~7 =' 0 n. - 0.20 - mVI"C 
vs. Temperature ' 'I.',,'·' ',' " 

" 

NOTE I. All output voRage m~surements are made with a voltmeter having an input impedance 0110 kG or greater and a common-mode rejection ratio greater than 60 dB. 
2. Magnetic flux densityiS'rneasured at the most sensitive areaofthe device, which isorrthe\ofl center, 0.037:!: 0.001" (0.94 :!: 0.03mm) below the surface. 

. 
; 



UGH-l501M 
'S()I:II)~STATE LINEAR HALL EFFECT SENSOR 

NORMALIZED SENSITIVITY 
AS A FUNCTION OF VCC 

NORMALIZED SENSITIVITY 
AS A FUNCTION OF TEMPERATURE 
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Additional information.orl all 
Hall Effect devices IS availabl~ from: 

Sprague Electric Company 
Hall Effect It~afketiIlg 

70 Pembroke Road. 
Concord, New Hampshire 03301 

(603X224-1961 ' 
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UGN-3501M 
SOLID-SlATE LINEAR HALL EFFECT SENSOR 

OUTPUT VOLTAGE NOISE SPECTRAL DENSITY 
AS A FUNCTION OF AIR GAP 
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Guide to Installation 
1. All Hall Effect integrated circuits are susceptible to mechanical streSs 

effects. Caution should be exercised to minimize the application of stress to 
the leads or the epoxy package. 

2, To prevent permanent damage to the Hall cell integrated circuit, 
heat-sink the leads during hand-soldering. For wave soldering, the part 
should not experience more than 260°C for more than five seconds. Solder 
flow should be no closer than 0.125" (3.18 mm) to the epoxy package. 

1.8K 

1000 

3. If a zeroing potentiometer is used, minimize 
lead lengths from it and isolate these leads from out
put leads if possible. In some cases, it may be more 
practical to limit the frequency response with an out
put RC network to prevent oscillation. 

1 O----VW-:t_----oo 
1.8 K :r: 1000 pF V OUT 
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DIMENSIONS IN INCHES 
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DIMENSIONS IN MILLIMETRES 
Based 'on 1 in. = 25.4 mm 
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UGN-350H 
SOUD-STATE<UNEAR OUTPUT HALL EFFECT SENSOR 

UGN-3501T 
SOLID-STATE LINEAR OUTPUT HALL EFFECT SENSOR 

FEATURES 
• Excellent Sensitivity 
• Flat Response to 25 kHz (typ.) 
• Internal Voltage Regulation 
• Excellent Temperature Stability 

UTILIZING THE HALL EFFECT for sensing 
a magnetic field, Type UGNc3501 T integrated cir
cuits provide a linear single-ended output which is a 
function of magnetic field intensity. 

These devices are .used principally to sense 
relatively small changes in a magnetic field -
changes which are too small to operate a Hall effect 
switching device. They are customarily capacitively 
coupled to an amplifier, which boosts the output to a 
higher level. 

The Type UGN-3501 T Hall Effect IC includes a 
monolithic Hall cell, linear amplifier, emitter 
follower output, and a voltage regulator. Integrating 
the Hall cell and the amplifier into one monolithic 
device minimizes problems related to the handling of 
millivolt analog signals. 

This sensor is supplied a a 3-pin plastic package 
and is rated for continuous operation over the tem
perature range of O°C to + 70°C and a voltage range 
of 8 to 12 volts d-c. 

ELECTRICAL CHARACTERISTICS at Yee = 12 YDC, TA = + 25°C 

FUNCTIONAL BLOCK DIAGRAM 

ABSOWTE MAXIMUM RATINGS 
Supply Voltage; vee. . . . . . . . . . . . . . . . . . . . . . . . .. + 16 V 
Output Current, louT ........................... 4 mA 
Magnetic Flux Density, B ..................... Unlimited 
Operating Temperature Range, TA ••••••••••• O°C to + 70°C 
Storage Temperature Range, Ts ......... - 65°C to + 150°C 

These Hall effect devices are also .available in a 
miniature 3 ~pin plastic "U" package. The "T" 
package is 0.080" (2.03 mm) thick; the "U" pack
age is 0.061 "(1.54 mm) thick. All other dimensions 
are identical. 

Limits 

Characteristic Symbol Test Conditions Min. Typ. Max. Units 
Operating Voltage Vee 8.0 - 12 V 
Supply Current Icc Vcc = 12 V - 10 20 mA 
Quiescent Output Voltage YOUT B = 0 Gauss, Note 1 2.5 3.6 5.0 V 
Sensitivity I1VOUT B = 1000 Gauss, Notes I, 2 350 700 - mV 
Frequency Response BW fH - f, at - 3 dB - 25 • - kHi 
Broadband Output Noise en f = 10 Hz to 10 kHz - OJ - mV 
Output Resistance Ro - 100 - n 

NOTE 1. All output voltage measurements are made with a voltmeter having an input impedance of 10 kO or greater. 
NOTE 2. Magnetic flux density is measured at the most sensitive area of the device. which is centered on the branded side ofthe T package, 0.042 ± 0.001" (1.07 ± 0.03mm) 
below the surface and 0.022" ± 0.001" (0.56 ± 0.03mm) below the branded side of the U package. 
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NORMALIZED SENSInVITY AS A FUNCTION OF VCC 
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UGN.3S0lT 
SOLlD·STATE . LINEAR OUTPUT HAll EFFECT SENSOR 

Typical Applications 
of Hall Effect Linear Sensors 

SENSITIVE PROXIMITY DETECTOR FERROUS METAL SENSOR 

FERROUS 

~ nr AVo~lO mV 
D = 0.250' 

LOBE OR COG SENSOR NOTCH OR HOLE SENSOR 

{-rNS. 

For reference only - an Alnico VIII permanent magnet, 0.212" 
(5.38 mm) in diameter and 0.l87" (4.75 mm) long is approx· 
imately 800 gauss at the surface. A samarium cobalt perma-

nent magnet, 0.l00" (2.54 mm) square and 0.040" (l.02 mm) 
thick is approximately 1200 gauss at its surface. 

Guide to Installation 

1. All Hall Effectintegtateq/.circuits are susceptible to mechanical stress 
effects. Caution should be exerciseato minimize the application of stress to 
theleadll or the epoxy package. 

2. To prevent permanent damage to the Hall cell integrated circuit, 
heat-sink the leads during hand-soldering. For wave soldering, the part 
should not experience more than 260°C for more than five seconds. Solder 
flow should.benocloser than 0.125" (3.18 mm) to the epoxy package . 
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UGN·3604M AND UGN·360SM 
HALL EFFECT SENSORS 

UGN-3604M AND UGN-360SM 
HALL EFFECT SENSORS 

THE MOST BASIC Hall Effect magnetic field 
sensors are the Type UGN-3604M and UGN-

360SM. The differential output of the devices is a 
function of the magnetic flux density present at the 
sensof'. Sensitivity is a function of the control cur
rent: sensitivity increases as the control current in
creases. 

The UGN~3604M and UGN-360SM are most 
often used for magnetic circuit design, analysis, 
testing and alignment, and for calibrating magnetic 
sensing devices. 

The UGN-3604M is supplied in an 8-pin DIP 
package, with a calibration chart. The UGN-360SM 
is the same device without the calibration chart. 

Each Type UGN-3604M Hall Effect sensor is 
individually calibrated at a temperature of + 2YC 
using a supply voltage of S-volts. The calibration 
chart supplied indicates differential output values 
for a magnetic flux density range from 0 gauss to 
1000 gauss. Sensitivity at this supply voltage level is 
typically 40 mV per 1000 gauss. 

Since the differential output voltage is a linear 
function of the magnetic flux density, other readings 
are easily interpolated. 

ELECTRICAL CHARACTERISTICS at TA = + 25°C 

Characteristic Symbol 
Control Current Icc 
Control Resistance RI _, 

Control Resistance vs. Temperature ~RI_,/~T 

Differential Output Resistance R2-4 

Output Offset Voltage VOFF 
Output Offset Voltage vs. Temperature ~VOFF/~T 

Sensitivity ~Vourl~B 

Sensitivity vs. Temperature ~Voui~B 

aT 
Product Sensitivity VIA x kG 

Gnd. DWG. ~O. A-901"8 

The UGN-360SM is intended to be used primarily 
as a sensing device. When operated from a constant 
current source of 3 rnA the device provides a typical 
sensitivity of 60 mV per 1000 gauss. This is the 
preferred biasing method, to achieve the most stable 
output voltage vs. temperature. 

ABSOLUTE MAXIMUM RATING 
Supply Voltage, Vcc. . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Supply Current, Icc. . . . . . . . . . . . . . . . . . . . . . . . . .. 10 rnA 
Magnetic Flux Density, B ..................... Unlimited 
Operating Temperature Range, TA ••••••••••• ODC to + 70DC 
Storage Temperature Range, Ts ......... - 6.5DC to + 150DC 

Limits 

Test Conditions Min. Typ. Max. Units 
Notes 1, 2 - 3.0 7.0 rnA 

- 1.0 2.2 4.5 kO 

- - +0.8 - %;oC 
- 2.0 4.4 9.0 kO 

B = 0 Gauss - 5.0 - mV 
B = 0 Gauss - 30 - jl-V/DC 

Note 1 .. - 0.06 - mV/G 

Icc = 1.5 rnA - +0.1 - %;oC 

Note 1 - 20 - -

L icc is limited to a maximum value which produces a 7 V drop across the control resistance, Rn 
2. Terminal I must always be positive in relation to terminal 3. 
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UGN·3604M AND UGN·360SM 
HALL EFFECT SENSORS 

Guide to Installation 

1. All Hall Effect integrated circuits are susceptible to mechanical stress 
effects. Caution should be exercised to minimize the application of stress to 
the leads or the epoxy package. 

2. To prevent permanent damage to the Hall cell integrated circuit, 
heat-sink the leads during hand-soldering. For wave soldering, the part 
should not experience more than 260°C for more than five seconds. Solder 
flow should be no closer than 0.125" (3.18 mm) to the epoxy package. 

3. The magnetic flux density is indicated for the 
most sensitive area of the device. This area is cent
rally located and 0.037"±0.001" (0.94 ±0.03 mm) 
below the top surface of the' package. 

(4.75 mm) long or a samarium cobalt magnet, 
0.100" (2.54 mm) square and 0.040" (1.02 mm) 
thick, is approximately 1200 gauss at its surface. 

Note that the flux density decays at a high rate as 
the Jiistance from a pole increases. In most cases, 
this is a relatively linear decrease in the region of 
interest, and it may range from 5 to 20 gauss/mil. 

4. For reference purposes, an Alnico VIII mag
net, 0.212" (5.38 mm) in diameter and 0.187" 

DIMENSIONS IN INCHES DIMENSIONS IN MILLIMETRES 
Based on 1 in. = 25.4 mm 
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Additional information on all 
Hall Effect devices is available from: 

Sprague Electric Company 
Hall Effect IC Marketing 

70 Pembroke Road 
Concord, New Hampshire 03301 

(603) 224-1961 
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HALL EFFECT DEVICES (Continued) 

Hall Effect Ie Application Guide 

SPRAGUE ELECTRIC uses the latest linear inte
grated circuit technology in combination with 

the 100+ year old Hall Effect to produce Hall Effect 
ICs. These are magnetically activated switches and 
sensors with the potential to simplify and improve 
systems designed for switch and sensor applications. 

Simplified Switching At Low Cost 

Simplified switching is a Hall switch feature. 
Sprague Hall Effect ICs combine Hall voltage 
generators, signal amplifiers, Schmitt trigger cir
cuits and transistor output circuits on an IC chip. 
Output is clean, fast, and switched with no bounce, 
an inherent problem in mechanical contact switches. 
A Sprague Hall Effect IC switch costs less than many 
common electromechanical switches. 

Efficient, Effective Low-Cost Sensors 

A Hall Effect sensor detects the motion, position, 
or change in field strength of an electromagnet, a 
permanent magnet, or a ferromagnetic material with 
an applied magnetic bias. Output is linear and tem
perature stable. Energy consumption is significantly 
low. Response is independeht of the velocity of the 
field being sensed. 

A Sprague Hall Effect IC sensor can be more 
efficient and effective than inductive or opto
electronic sensors and at lower cost. 

Sensitive Circuits For Rugged Service 

The Hall Effect IC is virtually immune to en
vironmental contaminants, is particularly rugged, 
and is suitable for use under severe service condi
tions. These circuits are very sensitive, providing 
reliable, repetitive operations in close tolerance ap
plications. The Hall Effect IC can "see" precisely 
through dirt and darkness. 

Sprague Hall Effect IC switches and sensing sys
tems cost less than most optoelectronic switch and 
sensor circuits. 
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HALL EFFECT DEVICES (Continued) 

HISTORY AND THE HALL EFFECT 

E. H. Hall, at Johns Hopkins University in 1879, 
first noted the effect that bears;his name. A magnetic 
field applied to a conductor carrying current pro
duces a voltage across the conductor as shown in 
Figure 6. 

The effect is caused bye1ectr<)D deflection within 
the solid; concentrating th(:fnegative charges~toone 
side or the other depending otlthe influence of the 
magnetic lines· of force. Thedifference in potential i~ 
called the Hall voltage. ~ 

The ratio Vt/IHis theM!\ll~Coefficient.(V is the' 
Hall voltage, t the material thickness, I the primary 
current flow, andH.the m'agnetic field. )This ratio is 
a constalltfor a given ma~erial:. 

H. A. Lorentz and Paur.pruqe developed theories 
of conduction which appdrently accounted for the 
Hall Effect early in this ceirtury. Subsequently the 
Hall Effect was widely used to study conductivity of 
materials, with a Hall Coefficient assigned as a 
means of classification. 

Attenipts to classify some specific materials such 
as lead sulphieJeand silicon proquced baffling, con
tradictory data. The introduction of quantum 
mechanics in '1926 provided a means for clarification 
of these problems and other difficulties associated 
with semiconductor materials; 

A proper understanding of semiconductor theory , 
impurity conduction, junction theory and the funda
mental approaches to semiconductor device design 
did evolve out of studies using the Hall Effect. 

The Hall voltage is proportional to the cross
product I x H (Current x Field). A device that ex
hibits the Hall Effect is a multiplier: if current flow is 
constant, the Hall voltage will be proportional to the 
magnetic field applied; if the magnetic field is con
stant, the Hall voltage will be proportional to the 
current flow. 

Early Hall Effect devices found limited applica
tion as wattmeters or gaussmeters. Such devices 
were complex, expensive, and susceptible to noise 
and temperature variations. It was difficult to 
achieve useful Hall voltage levels. 

Production of Hall Effect integrated ~circuits have 
eliminated the problems associated with discrete 
component circuit designs. The Hall Effect ICs are 
simple, inexpensive, virtually immune to noise, and 
are temperature stable. Amplifier circuits integral to 
the devices produce useful electrical output levels. 
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A MAGNETIC FIELD IS APPLIED TO THE CONDUCTQR 
CARRYING CURRENT. THE NEGATIVE CHARGES ARE 
DEFLECTED BY THE MAGNETIC FIELD PRODUCING A 
DIFFERENCE IN POTENTIAL CALLED THE HALL VOLT
AGE (VHAlJ. THIS PRINCIPLE IS APPLIED IN HALL EF
FECT Ie'S TO PRODUCE MAGNETICALLY ACTIVATED 
SWITCHES AND SENSORS. 



SOME CURRENT HALL EFFECT IC 
APPLICATIONS -

Ignition Systems 
Speed Controls 
Speedometer Pickups 
Security Systems 
Alignment Controls 

Mechanical Limit Switches 
(computers) 
(printers) 
(floppy discs) 
(sewing machines) 
(record players) 
(machine toofs) 

Current Sensors 
Current Limit Switches 
Linear Potentiometers 
Position Detectors 
Keyboard/Keyswitch 
Selector Switches 
Pushbutton Switches 
Micrometers 

HALL EFFECT DEVICES (Continued) 

HALL EFFECT SWITCH and SENSOR 
APPLICATIONS AREAS -

Appliances 
Automotive OEM 
Automotive Aftermarket 
Business Machines 
Communications 
ComputersiPeripherals 
Controls 
Entertainment Products 
Industrial and Commercial Switches 
Instrumentation 
Keyboard IKeyswitch 
Machinery 
Machine Tools 
Military Systems and Equipment 
Power Supplies 
Test Equipment 

TYPICAL APPLICATIONS 

~D:~ ~:0 ~ c= 
I~j ' . 
lj: "" 

VANE INTERRUPTER LIMIT SWITCH ANGLE SENSING 
(ignition sWitch, etc) (pressure monitor, etc) (tilt switch, etc) 

What Does A Hall Effect Switch Do? 

Switch designers have obtained hIgh performance 
switching characteristics with the use of photoelec
tric switching, capacitive circuits, mercury wetting 
switches, proximity devices and magnetic pickup 
techniques. Such designs have unique characteristics 
suitable for one or more specific applications. In 
general these designs are usually more complex and 
more expensive than Hall Effect IC switc;hes per
forming similar functions. 

Snap-action· or reed switches have been used 
wherever the switch life, speed and reliability per-

0-

~\:~1 (C~1 
! 

If:lD W 
FJ:RROUS METAL 

CHANGE IN FLUX PATH SENSOR ANGLE OF ROTATION 
(notch sensor, etc) (pinball detector, etc) (antenna POSition, etc) 

mitted, prim.atily because of their low cost. Some 
applications require performance standards not 
available in electro'-mechanical switches. 

Sprague Electric Hall Effect IC switches provide 
high-performance switching characteristics at costs 
comparable with snap-action or reed switches. 

The devices are very small. The 3-lead "T" pack 
units are 0.18" x 0.18" x 0.08". The cost is as low 
as the devices are small. 
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HALL EFFECTDEVI'ES (Continued) 

Whatever Turns Them On ••• 

The application of Hall Effect switches is not very 
different from other switching methods. A means for 
mounting and making electrical connections must be 
provided. Supply voltage, load, environment and 
ambient temperature range must fall within limits 
specified in the applicable engineering bulletin. 

Hall Effect switches. incorporate a voltage regu
lator, a Hall voltage generator, a signal amplifier, 
trigger circuits and output drivers on a single silicon 
chip. 

FUNCTIONAL BLOCK DIAGRAM 

Dwg.No •. A-ll,007 

Switching is dependent on the proximity of an 
external magnet whose field passes perpendicularly 
through the Hall voltage generator on .the chip face. 
The Hall generator produces an analog voltage 
amplified and converted by the trigger circuit to a 
digital output. . 

Hall Effect Ie switches feature such characteris
tics as high-speed response and very high cycle rates. 
Typical rise time (turn-on) is 15 nanoseconds, fall 
time (tum-off) 100 nanoseconds. These units have 
the capability for cycling. at 100,000 Hz (cycles-
per-second). . 

Hall Effect Ie switches feature constant amplitude 
output without the bounce characteristics of elec
tromechanical switches. Hall Effect les also feature 
low power consumption: 7 rnA is typical. 

9-36 

The magnetic characteristics of the Hall Effect 
switch are specified in terms of magnetic flux density 
(in gauss). Typical, maximum, and minimum oper
ate and release· points and hysteresis factors are 
specified. 

A built-in hysteresis feature insures that stray 
magnetic fields from transformers, solenoids, or 
other associated circuitry will not cause unwanted 
switch operation. The graph below shows typical 
hysteresis characteristi<;:s for the UGN-3019T 
switch. 
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The maximum operate point for the UGN-3019T 
switch is specified at 500 gauss and the minimum 
release point.at.l00 gauss. The maximum hysteresis 
factor forthis switch, however, is 275 gauss. Should 
the operate point fall near the maxilllum, the release 
point wilLmove up as well. Similarly. if the release 
point falls near the minimum, the operate point will 
have a correspondingly lower value,. The hysteresis 
factor will remain close, to a typical value. 

Basic fixed element switch designs will take the 
maximum and minimum operate and release points 
into accqunt. However, a configuration which per
mits adjustment of switch and magnet elements .in 
assembly or operation can take advantage of the 
closer tolerance hysteresis limits to achieve even 
more precise switching characteristics. 



Head-On Mode of Operation 

The simplest form of magnet which will operate 
the Hall Effect switch is a rod or bar. The curves 
below illustrate typical flux density (in gauss) as a 
function of air gap distance for two rod magnets. 

In each case, the magnet is oriented with its axis 
perpendicular to, and on the center line of, a Hall 
Effect IC switch. Flux density and air gap distance 
are measured along the magnet axis and switch cen
terline. 

)1'3.1I0.h-iQ.970 

The magnet is moved toward the switch to activate 
it and away to release it. This method of operation is 
commonly referred to as the head-on mode. 

HALL EFFECT DEVICES (Continued) 

The switch used is the Sprague UGN-3019T. The 
typical operate and typical release points are 420 and 
300 gauss, respectively. 

An ALNICO V rod magnet 0.25" in diameter by 
1.25" in length must be 0.18" or less from the 
switch to insure operation at the 420 gauss typical 
operate point. The magnet must be moved to a dis
tance 0.25" from the switch to insure release, an 
"operate-release" distance of 1/16". 

The UGN-3019T can be switched with a larger or 
stronger magnet over greater distances. Or, the de
vice can be switched with a smaller or weaker mag
net provided the air gap between the magnet and the 
switch is properly decreased. 

An ALNICO VIII rod magnet 0.212" in diameter 
by 0.187" in length must be 0:05'( or less from the 
switch to insure operation at the 420 gauss typical 
operate point. The magnet must be moved to a dis
tance 0.085" from the switch to insure release at the 
300 gauss typical release point. 

Use of the smaller ALNICO VIII rod magnet 
reduced the on-to-off motion from approx. 1/16 " to 
1/32". 

MAGNETIC FLUX DENSITY AS A FUNCTION OF AIR GAP 
Head~On Mode of Operation 
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HALL EFFECT DEVICES (Continued) 

Slide-By Mode of Operation 

Hall.Effect switches are often activated by means 
of a slide-by movement of the magnet past the switch 
as illustrated below. 

The axis of the magnet remains perpendicular to 
the face of the switch, the air gap remains constant, 
and the magnet passes close enough to the switch to 
activate it. The maximum flux density is obtained 
when the magnet axis is on the switch centerline. 

The graph at bottom left shows slide-by charac
teristics for the same magnet used in the previous 
head-on mode example. The air gap is 0.01". Flux 
density at the switch is a function of the distance 
between the magnet axis and the switch centerline. 

Movement from the operate point to the release 
point covers only 0.018". Movement continuing 
past the switch covers an "operate-release" distance 
of 0.24", but no change in direction is required. 
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Slide-By With Actuator 

Magnetic fields may be distorted, interrupted, 
squeezed, squashed, or focused by various fer
romagnetic concentrators, shunts, vanes, flux re
turns, and actuators. The magnetic circuit improves 
the efficiency of the magnet by concentrating the 
magnetic field. 

The extent of field distortion can be seen in a 
comparison of flux density at the switch for a magnet 
with and without the actuator. Flux density is plotted 
in a slide-by mode, with a 0.05" air gap for an 
ALNICO VIII rod magnet 0.188" in diameter by 
0.938" in length. 

Without the actuator, the flux density across the 
0.05" air gap is not sufficient to activate a UGN-
3019T, as illustrated in the graph at bottom right. 
With the actuator, the 420 gauss operate point is 
obtained with the magnet axis 0.15" from the switch 
centerline. 

OWG. NO.1!' 117-A 

MAGNETIC FLUX DENSITY AS A FUNCtiON OF MAGNET AXIS-TO-CENTERLINE DISTANCE 
Slide-By Mode of Operation 
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Vane Activation 

A ferromagnetic plate or vane moved between the 
magnet and switch will shunt the field, shielding the 
switch from the magnet. A movable vane, as shown 
below, is a most practical device for switching a Hall 
Effect Ie. 

Vane activation is often accomplished in a fixed 
assembly incorporating a magnetic conductor to 
concentrate and focus the magnetic field through the 
switch. A ferrous vane is used to shunt the flux, 
turning the switch off. The' magnet, switch and 
magnetic conductor may be molded in place, 
eliminating alignment problems, and often produc
ing an extremely rugged completed switch. 

A fixed assembly designed fot vane activation 
lends itselfto a wide variety of possible switch con
figurations. 

Note the curve at bottom left is ali approximation. 
Several factors influence the switching characteris
tics of a vane activated Hall Effect switch. The rela
tive position of the vane leading and trailing edges 
and the strength of the magnet used are of primary 
importance. 

The flux density, vane dimensions" and material 

r-::11 ~ __ HOII Effect L!:!...lJ Switch UGN-3019T 
Magnet .... 
Alnico VIII Ferromagnetic 
0.1880 a I /Vane 
O.93!3l e/" 

Owg. No. A-IO.955 

HALL EFFECT DEVICES (Continued) 

all affect the slope of the flux density curve. A 
steeper curve will minimize the effect of switching 
point tolerance and temperature and voltage varia
tion. A stronger magnet reduces the vane travel re
quired to switch the Hall Effect switch. 

Switch designers have utilized strong magnets 
with efficient magnetic circuit design in a fixedele
ment molded assembly to provide a very high flux 
density and'a steep curve. This approach minimizes 
operate-release point variations with changes in 
temperature. 

A different design approach has used an adjustable 
air gap, permitting use of a smaller magnet in the 
magnetic circuit design. This design approach pro
duces a shallow flux density curve, and places severe 
operate-release point restrictions on the Hall switch 
reqllired. Vane material is typically greater than 
l1a2" thick to result in a minimum flux density. This 
leaves little clearance. 

Generally, the physical position of the vane lead
ing and trailing edges, (which determine switch 
points), the switch characteristics, and the magnet 
specifications should all be considered as part of an 
overall switch design. Independent selection of any 
element can severely restrict the possibilities for 
designing an effective switch. 

The graph at bottom right is a generalization of the 
principle involved in reducing switching distances 
and tolerances for vane activated switches. A 
stronger magnet produces a higher initial flux den
sity and a steeper curve. Note that a steep slope 
minimizes the effect of temperature changes on the 
operate point. 

FLUX DENSITY AS A FUNCTION OF VANE POSITION 
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HALL EFFECT DEVICES (Continued) 

Ring Magnets and Bipolar Switches 

Multiplecpole ring magnets and Hall Effect bi
polar switches are used to monitor or measure rotary 
motion and are especially useful in high-speed appli
cations: speedometer pickups, rpm indicators, angle 
indicators, etc. 

Rugged inexpensive ceramic or plastic ring mag
nets incorporate up to 20 magnetic pole pairs per inch 
of ring diameter. The useful field strength available 
in this type of magnet construction is approximately 
250 gauss.to 1000 gauss. 

Sprague UGN-3030T and UGS-3030T bipolar 
digital switches operate in the magnetic field range 
of 250 gauss (South) to - 250 gauss (North) and are 
intended specifically for operation with multiple
pole ring magnets. 

Note below that exposure to a single pair ofoppo
site magnetic poles accomplishes a single switching 
cycle. 

A SINGLE SWITCHING CYCLE FOR A MULTIPLE POLE 
RING MAGNET USING A UGN-3030T SWITCH 

2 
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o -200 
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The curves shown are approximations. Actual 
magnetic field exposure at the switch depends on the 
field strength available and the magnet-to-switch 
spacing. 

Ring magnets are available with radially-oriented 
poles or with axially-oriented poles. 

The output voltage wave form will be determined 
by the specific distribution of the operate and release 
points within the switching range. As with other Hall 
Effect switches, both points move together within 
the switching range so that the hysteresis factor re
mains close to the typical value in all cases, as 
illustrated in the graph at bottom. 

RADIAL OR AXIAL ORIENTED POLES FOR 
SWITCH ACTUATION WITH A RING MAGNET 

TRANSFER CHARACTERISTICS SHOWING HYSTERESIS 
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MODEL OF A MAGNET 

An inexpensive· commercially available standard 
ALNICO VIII magnet* is shown in the scale draw
ing. The solid . lines are maximum . operate and 
minimum release points for a Sprague UGN-3019T 
switch. The field strength levels indicated by dotted 
lines are maximum operate and minimum release 
points for other Sprague Hall EffectIC switches. 

The field is unique to this magnet, and is a func
tion of the material used and the geometry and di
mensions of the magnet. Increasing the diameter 
would tend to spread the field. Extending the length 
of the magnet would strengthen the field. 

A variety of magnet materials are· commercially 
available, each exhibiting unique field. characteris
tics. A samarium-cobalt magnet only 0.085" square 
by 0.04" long will produce up to 1200 gauss at its 
pole surface,· more than adequate fidel. strength to 
operate all Sprague Hall Effect IC switches. The 
strongest known field available in a permanent mag" 
net is that generated by an ALNICO V magnet 
capped with a samarium-cobalt rare earth magnet. 

The curves below left are flux density values for 
the magnet measured for switch activation in a 
head-on mode (along the magnet axis), arid· for 
slide-by modes with air gaps of 0.01" and 0.025". 
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HALL EFFECT DEVICES (Continued) 

MAGNETIC FIELD MODEL OF AN ALNICO VIII 
SINTEREDROD MAGNET 
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The slide-by curves cross each other, reflecting the 
fact that the field strength contours are not concentric 
circles. 

The magnetic flux density is indicated for the most 
sensitive area of the device. This area is centrally 
located and 0.032" ±0.OO2" below the branded 
surface of the Tpackage and 0.012" ±0.002" below 
the branded face of the U package. 

Note that Sprague Hall Effect ICsar¢designedto 
be activated by the field generated by a magnetic 
South pole, applied to the face or branded side of the 
switch package. The Hall Effect switches will oper. 
ate with a magnetic North pole of sufficient strength 
applied to the back of the switch. 

A magnetic South pole at the face, and a magnetic 
North pole at the back of the switch at the same time 
produce a concentrated field through the switch. A 
magnetic South pole applied to the reverse side of the 
switch will. offset the effects of a South pole applied 
to the switch face. Conversely, a North pole may be 
applied to the backside of the switch so the device is 
normally on, and a North pole approaching the 
switch face will turn it off. 
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HALL EFFECT' DEVICES· (Continued) 

LOW·COST HALL EFFECT DIGITAL SWITCHES 

Sprague offers 10 different Hall Effect switches 
from its automated high-volume production, pack
aging and test facilities in Concord, N.H. These 
rugged solid-state switches operate with small low
cost commercially available permanent magnets. 

The devices feature "no-bounce" contactless 
switching to 100,000 Hz, circuit operation over a 
wide range of specified supply voltages (4.5 to 
25 V), and constant amplitude output. Output stages 
are easily interfaced with a variety of output loads. 

Each Hall Effect switch is a plastic-packaged 
monolithic integrated circuie a voltage regulator, 

FUNCTIONAL BLOCK DIAGRAM 
TYPE UGN-3013, UGN-3019, UGN-3020, and 

UGN-3030 "T" Pack 

ELECTRICAL CHARACTERISTICS 
UGN-3019T fU 

Characteristics UGN-3013T/U UGS-3019T/U UGN-3201M UGN-3203M 

Vcc Max. '. 
Vour Max. 17V 25V 20V 
(Logical 1) 

ISINK Max. 
(logical 0) 25 rnA 2(25) rnA" 

Operate Max. 450 500 750 
Point in 
Gauss Typ. 300 420 450 

Release Typ. 225 300 300 
Point in 
Gauss Min. 25 100 100 

Package 3-Pin "T" or "U" Pack 8-Pin DIP 

TA Max. Operating Temperature for UGN prefix devices is DOC to + 70°C. 
TA Max. Operating Temperature for UGS prefix devices is -40°C to + 125°C. 

"Dual Outputs 

. 

350 

235 

100 

25 
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Hall voltage generator, . signal amplifier, trigger cir
cuit and output transistors on a single silicon chip. 

Output transistors are normally OFF until a 
magnetic activating field exceeds a specified operate 
point. Switched ON the transistors will sink up to 
25 mAo See Electrical Characteristics below. 

The output transistors switch OFF when the ac
tivating field drops below a specified release point 
that is a lower value than the operate point. This 
switching hysteresis characteristic insures unam
biguous, non-oscillatory switching. 

FUNCTIONAL BLOCK DIAGRAM 
TYPE UGN-3201 and UGN-3203 8-Pin DIP and 

UGN-3220 "S" Pack 

I)\','G.HO. A-IO,89B 

UGN-3020T/U UGN-3030T/U 
UGS-3020T/U UGS-3030T/U UGN-3040T/U UGN-3220S 

25V 17V 

25 rnA 2(25) mAO 

350 250 200 350 

220 160 150 220 

165 110 100 160 

50 -250 59 50 

3-Pin "T" or "U" Pack 4-Pin "S" Pack 



HALL EFFECT DEVICES' {Continued) 

SUGGESTED OUTPUT LOADS FOR HALL EFFE(:T SWITCHES 

The output of each Sprague Hall Effect switch is a 
grounded-emitter, open"collector structure. In the 
absence of a magnetic field the output transistor is 
OFF and. switches ON when the proper field is . 
applied to the associated Hall voltage generator. ' 

y Vee 
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'"l 
~ -- --+----,---' , 

Wjtha=s.imple external:resistornetwofk the output 
can be interfaced with transistors, ttiacs, SCRs or 
common DTL"rJ'l-,. RTL' and MOS! logic circuits .. 
Any typeoJload withinspecified currenhfud voltage 
limitatidns!s possible. Transienesupprt~sion may be 
required "on allinductiveloads. 

Output is specified in. the engineering bulletins in 
tenus of positive logic: low or ON voltage level = 0; 
high or OFFNoitage level = 1. In the logic "1" state, 
the output is guaranteed to suStain a specified voltage 
level. The UGN-3019T is capable of sinking up to 
15 mA with a voltage drop of less than 400,ln y. 
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The graph at bottom left illustrates the typical output 
ON voltage le\o:el as. a· function oftemperature for the 
UGN-3019T. 

Below are some suggested' interfaCing a:p
proaches. Many- techniques, can be used ,and are 
discussed in the following pages. 

DWG. NO. A-ll,lO, 

Specific device· type numbers are refe'rencedlh 
this section iii discussion of appllications, loads and 
interfacing'teohniques; However,;tU,SpragueHall 
Effectswit'dii!s· maY be used.itl the~a:me way pro
vided the total sink current and maximum-oFF volt
a~~· !pv,els d? no! .. exceed, values .speeifi"d for each 
d~yi¢e,c " 

II 



,AALL,EHE(:l I)EVICES (Continued) 

Switching Common Loads With TkidJGN-3020T 

The UGN-302OT is supplied in a 3-pin plastic 
"T" Pack.' 'fhebranded side of the package is the 
face; Tenninals are, from left-to-l'ight facmg the 
package, the input (Vee) tenninal,comitiongrouird 
and o~lPul ~rJll~s. 

Supply voltage' is~ any value between +4:5 and 
+24 volts applied between the Vccterminal and 
common ground. The absolute maximum output 
terminal sink current is 25 mA. Voltage drop at 
25 mA is typically 0.2 volts. 

Note that the voltage on the output terminal must 
always be positive (+). 

The South pole of the magnet shown below wiil 
activate the UGN-3020T in a head-on mode, at a 
typical distance of 0.'12" from the sWitch face (typi
cal operate point is 220 gauss). The switch is turned 
OFF by removing the magnet to a distance of 0.16" 
from the switch (typical release point is 165 gauss). 

Light-Emitting-Diode 

Let's connect a load, a light-emitting-diode.We 
have a + 12 volt supply . We must conhect a current
limiting resistor in s~es with the diode to keep the 
ON current under 50 mA maximum, as. illustrated 
below. 

If the LED drops .104 volt, we need a resistor of 
~ = 212 ohms. The closest standard value is 

.05 A 

2200hm:s. 

22a". 
/ The branded side. 

/" f or foce. toNards -fit rio~.~' 

40669 Triac \; 

The RCA 4066~Uriac is often used to control a.c 
loads up to 8 amperes nns maximum;; We nlust,add a 
current gain stage between theUGN-3020Tand the 
40669 triac. 

When the Hall switch is turned on', if supplieS' 
9 mA of base current to the 2N5811 which turns on' 
and supplies 80 mA of drive to the triac. Note that 

9'--44 

the + 12 volt supply common ground is connected to 
the low side of the a-c line .. Be careful; If the high'and 
low are mixed up the Hall SWitch could be .hot! 

D-C Load 4 Amperes 

When the UGN-303OT is activated, base drive is 
pulled away from the 2N5812. Collector current then 
flows t6 the base of the 2N3055. A 4 ampere load can 
be activated. 

+12V 

TTL/bTL 

~elf~UlarTTL .74()O serieS. ill quit~ simple to 
driveSheUON-302OT, switched ON; will sink the 
1.6 .mAmaximum tooperate.~the7400 .. 

+5V 

...... -_--_ TO TTI/OTL 
INPUT 



Isolating The Switch From The A-C Line 

It is desirable to isolate the Hall Effect switch from 
the a-c line for many control applications driving 
line-operated loads. A Fairchild MC-232 photo
isolator may be used to accomplish this design. 

The activated UGN-3020T will draw current 
through the LED. The current must be limited to 
50 rnA. A 5-volt supply is used. The calculation is 

+5V MC-232 

HALL EFFECT DEVICES (Continued) 

Vee - VF(LED) 
R=-----

5V-l.4V 

.05 A 
= 72 ohms. 

The resistor selected is the closest standard value-
68 ohms. The LED drives the detector which 
supplies 70 rnA to drive the triac. Note that the 10 
volt power supply, consisting of the 6.3-volt trans
former, diode and capacitor, can supply detector bias 
for several of these control circuits. 

r-----------------~---UAC 
High 

+lDV 

- flF 

~~ ____ ~ __________ ~--~AC 
Low 

DWG. NO. A-IO. GGI 

Types UGN-3013T, UGN-3019T, UGS-3019T, UGN-3020T, UGS-
3020T, UGN-3030T, UGS-3030T, UGN-3040T, and UGN-3501T are 
supplied in 3-pin plastic "T' packages 0.080" (2.03 mm) thick. These 
Hall effect devices are also available in 3-pin plastic "U" packages 
0.061" (1.54 mm) thick. The "U" package is specified by replacing the 
"T" suffix tothe part number with a "U" (UGN-3013U). 
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HALL EFFECT DEVICES (Continued) 

LINEAR OUTPUT HALL EFFECT SENSORS 

TYPE UGN-3S0lT 

Utilizing the Hall Effect for sensing a magnetic 
field, Type UGN-350 1 Tintegratedcircuits provide a 
linear single-ended output which is a function of 
magnetic field intensity. Integrating the Hall cell and 
the amplifier into one monolithic device minimizes 
problems related to the handling of millivolt analog 
signals. 

This sensor, supplied in a 3-pin plastic package, is 
rated for continuous operation over the temperature 
range ofO"C to +70°C and a voltage range of8 to 12 
volts doc. 

The functional block diagram for the UGN-350lT 
is shown below. 

FUNCTIONAL BLOCK DIAGRAM 

TYPEUGN-3S01 M 

The Type UGN-3501M Hall Effect IC includes a 
monolithic Hall cell,'linear differential aJllplifier, 
differential emitter follower output, and a voltage 
regulator. 

Provisions are included for output offset null. This 
sensor is supplied in .an 8-pin dual in-line plastic 
package and is rated for continuous operation over 
the temperature range of O°C to + 70°C and a voltage 
range of 8 to 16 volts doc. 

The figure below shows the functional block dia
gram for the UGN-3501M Hall Effect Sensor. 

FUNCTIONAL BLOCK DIAGRAM 

GND Dwg. No. 11-11,119 

OUTPUT VOLTAGE AS A FUNCTION OF AIR GAP FOR HEAD-ON MODE OF OPERAT'ON 
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HALL EFFECT DEVICES (Continued) 

APPLICATIONS FOR TYPE UGN-350lT SENSORS 

These devices are used principally to sense rela
tively small changes in a magnetic field- changes 
which are too small to operate a 'Hall Effect' switch
ing device. They are customarily capacitively 
coupled to an amplifier, which boosts the output to a 
higher level. 

OUTPUT VOLTAGE AS A FUNCTION OF MAGNETIC 
FLUX DENSITY 

+5.6 r---r---r----..,..,---.----'-.... --..., 

+4.6 The UGN-3501T is a single output linear device 
having a sensitivity of 700 nlY /lOOOgauss, and out
put offset which is typically +3.6 volts, at a Vee of 
+ 12 volts. ~ +3.6 f---t----+----::oIfC---+,..,...-+----i 

o 
G 

g The device will respond to magnetic North and 
South poles directed to the face or reverse side of the 
3-pin "T"package, as illustrated below. . 

a +2.6 f---t---:;tIA~+-_:_-+-'--.;.."':_-I--=-+----i 

FiElD INCREASE 
PRODUCES 
VOLTAGE 
DECREASE 

BRANDED FACE 

Magnet ~rn 
Nc=JS-~-

~ 
BRANDED FACE 

FIELD INCREASE ~ ~~ 
PRODUCES - - SL--...J N- -
VOLTAGE 
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Magnet 

Nc=:::J 5 

~ 
SL--...l N 

I.l'tiG. NO. A-IO.971 

> 

3000 

TA =,250 C 

R'l'= 10 k..... 

2000 1 000 1 000 2000 3000 
SOUTH POLE NORTH POLE 

MAGNETIC FLUX DENSITY (GAUSS) DII:G.,1I0. 'A~ 1'0',523 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage, VCC . . . . . . . . . . . . . . ... +I6V 
Output Current, lOUT. . . . ........... 4mA 
Magnetic Flux Density, B ...................... No Limit 
Operating Temperature Range, TA ............ DoC to +70°C 
Storage Temperature Range, TS. .. ·65°e to + 150°C 

ELECTRICAL CHARACTERISTICS at Vee = 12 VDC, TA = +25°C 

Characteristic Symbol Test Conditions Min. Typ. Max. Units Notes 

Operating Voltage Vee 8.0 - 12 V -
Supply Current ICC Vee - 12V - 10 20 rnA -
Quiescent Output Voltage VOUT B = 0 Gauss 2.5 3.6 5.0 V 1 
Sensitivity AVOUT B = 1000 Gauss 350 700 - mV 1,2 

Frequency Response f(·3dB) - 25 - kHz -
BrQadband Output Noise en 3dB B.W. 10 Hz to 10 kHz - O.lQ ,.... mV -
Output Resistance RO - 100 '""""; Q -

NOTE I. All output voltage measurements are ~ade with a voltmeter having an input impedance of 10 kOor greater. 
NOTE 2:· Magnetic flux density is measured at the most senSITive area olthe device, which is centered on the branded side of the package. 0.042 :.00.001" (1.07 ±O,03 mm) 
below the surface of the T package or 0,022" ±o.D01'! (0,5fr ±0.03 mm) below the surface of the U package. . . 
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HALL EFFECT DEVICES (Continued) 

Ferrous Metal Detector 

Two similar detector designs are illustrated be
low. One senses the presence of a ferrous metal, the 
other senses an absence of the metal. The two sens
ing modes are accomplished simply by. reversing the 
magnet poles relative to the UGN-350lT. The pole 
of the magnet is fixed in contact with the reverse side 
of the UGN-3501T in both cases. 

Frequency response characteristics of this circuit 
are easily controlled by changing the input decou
pling capacitor value. for the low-frequency break
point. If high-frequency attenuation is desired a ca
pacitor may be used to shunt the feedback resistor. 

1-----.,-. ----- ------.., 
I MAGNET Rf +V I 1" STEEL BALL 

0-
350lTr-=1 

METAL 
SENSOR 

Metal Sensor 

GJ 

1 ~ 
470kA. I 

350lT Rr LOAD I 
I 22~F I 
I +12V 

I -=- 10k.n. 1 
I I 
I-=--=- 1 L _______________ J 

The North pole of the magnet is fixed to the 
reverse side of the UGN-3501T. The sensor is in 
contact with the bottom of a 3/32 " epoxy board. A 
20 m V peak output change (decrease) is produced as 

the I" steel ball rolls over the sensor. This signal is 
amplified by the itA 741C to drive the 2N8512 ON to 
carry a 0.5 A collector current. 

1--- -;;A~ET-- - - ------
+V 

NOTCH 
SENSOR 

350lT 

OD I MAGNET 

I ~ R
f 1 470kA. 

: :~::T 1 ~F Rr 
1-=-IOk.n. ">--+----IV'V'-I 

LOAD 

I 
1 
1 __ . ____ _ 

Notch Sensor 

The South pole ~f. the magnet is fixed to the 
reverse side of the UGN"3501T. The sensor is 1/32 " 

from the edge of the steel rotor. AI /16" wide by 'k" 
deep slot in the rotor edge passing the sensor causes a 
10m V peak output change (decrease). This signal is 
amplified by the itA 741C to drive the 2N5812 ON, 

carrying a 0.5 A collector current. 
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Note that in both examples the branded side of the 
UGN-3501T faces the material (or lack of material) 
to be sensed. In both cases the presence (or absence) 
of the ferrous metal changes the flux density at the 
Hall Effect sensor so as to produce a negative going 
output pulse. This pulse is inverted by the amplifier 
to drive the transistor ON. 



Printer Application Far The UGN·3501T 

The application below is for a sensor that will 
sense lobes on the character drum, Lobes are spaced 

A UGN·~50lT Hall Effect linear ICsensor was 
used with an Indiana General Magnet Products Co .. 
SR8522 magnet. The North pole is fixedJo the 
reverse side of the ''T'' pack. A flux concentrat6ris 
fixed to the branded face of the ''T'' pack. Though it 
does not provide a flux return path, a concentrator 
will "focus" the magnetic field through the switch. 

The concentrator' 'blade" at right is aligned with 
the drum lobe at an air gap distance of 0.01". The 
output change is 10 mV peak, amplified as shown to 
develop a+3 volt outputfrom.the operational 
amplifier, driving the transistor ON. 

Sensitivity is so great in this configuration the 
UGNc350l T output signal base line tracked the ec
centricities in the drum quite closely. This affected 
the lobe resolution, but the lobe position may still be 
measured. 

+15V 
3501 fIJ. 

0---" 
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HALL EFFECT DEVICES (Continued) 

= 3 /16" apart around the circumference, are = 14" 
long and rise 10 to 15 mils from the surface of the 
drum. 

lMn. 

J\. FLUX 
UCONCENTRATOR 

~OITD 

MAGNET 

OW". NO. A-II072 

-11-°.031 

CiE25 
~ Q 0.062 

f 
A_ " ,071 

+15V 

OWG. tlO. A- I 1073 

II 



HALL EFFECT DEVICES (Continued) 

APPLICATIONS FOR TYPE UGN·3501M SENSORS 

Type UGN-350lM sensors are well-suited for ac
curate measurement and/or control of position, 
weight, thickness, velocity, current, etc. The device 
provides a linear differential output which is a func
tion of magnetic field intensity, with.a typical sen
sitivity of 1.4 volts/lOOO gauss. 

Either magnetic pole can be used. Pinsl and 8 are 
sinking and sourcing terminals for the differential 
output. Changing poles inverts the output. Connec
tions may be reversed to account for thlsl:hange. 

The figure below shows a 20n trimmer poten
tiometer being used for output offset nulling. Pins 5, 
6, and 7 may be shorted if an output offset voltage of 
up to ±400 m V can be tolerated. 

DWu. no. A-IO.972 

OUTPUT VOLTAGE 
AS A FUNCTION OF MAGNETIC FLUX DENSITY 

2.50r--,--,---r---,,--,--,---:::;;oo,.,o!,., 
Vee = 12V 

TA <= 25°C 

2.00 Rl = 101u..-t--+---I--.,If-~"----f--+--:-I 

1.5°1-_+-_-I-_-+~Y 

1.001--+----h,..-+--7'I"'--~-+--+---1 

O.501--''-::;;JI''F---+--t--~-+--+--I 

800 1200 1600 2000 2400 2800 3200 

flUX DENSITY (GAUSS) 
lWIU. NO. A·IO.528 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage, VCC ........................... +16V 
Output Current, lOUT ........................... 2mA 
Magnetic Flux Density, B ...................... No Limit 
Operating Temperature Range, TA ............ 0°Cto +70°C 
Storage Temperature Range, TS ............ -65°C to + 150°C 

ELECTRICAL CHARACTERISTICS at Vee = 12 VDC. TA = +25°C (unless otherwise specified) 

Characteristic Symbol Test Conditions Min. Typ. Max. Units Notes 

Operating Voltage VCC 8.0 - 16 V -
Supply Current ICC VCC - 16V - 10 18 rnA 
Output Offset Voltage VOFF B - 0 Gauss, R-5-6-7 - OQ - 100 400 mV 1 
Output Common Mode 
Voltage VCM B = 0 Gauss - 3.6 - V 1 
Sensitivity AVOUT B = 1 00lJGauss,R5-6-7 = OQ 700 1400 - mV 1,2 
Sensitivity AVOUT B = 1000 Gauss, R5-6 = 15Q 650 1300 - mV 1,2 
Frequency Response f(-3dB) R5-6.7 - OQ - 25 kHz 
Broadband Output Noise en 3dB BoW. 10 Hz to 10kHz - 0.15 - mV 

R5-6-7 = OQ 
Output Offset Voltage AVOFF/AT R5-6-7 = OQ - 0.2 - mV/oC -
vs T (OC) .' 

NOTE 1. All output voltage measurements are made with a ,oltmeter ha,ing an input impedance of 10 kQ or greater and a common mode rejection ratio greater than 60 dB. 
2. Magnetic flu, density is measured at the most sensiti,e area of the de,ice. which is on the top center, 0.037 ±0.001" (0.94 ±0.03mm) below the surface. 
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Motion Measurement With Permanent Magnets 

The UGN~3501M, propedybiased, will produce 
the output voltage values shown below when acti
vated in a head"onmode of'operation. 

Note the output voltage curve is almost linear over 
the first 0.04" .Qf travel. The change rate here is 10 
mV/O;OOI" air gap change. 

ALNlei ~ZIIlRL MAGLT 
vc~ o I~V 
TA o 25"c 

I. 'r-'- 0.212" Diarn .... RS_6 o Ih-
O.IB7"· L.~tn 

RL ~ :: IOkn. 

-.l ..:1 

~ 4:r£' '" 
. -

-·.0 .-~~C'~_ 

f' UGN-3501M 

1.2 

1.0 

,80 

60 

....... ........ . 40 

~ ........ 
~ .20 -

0 
02 .04 .06 .08 10 .12 .1' .1. 18 ;20 

AfR GAP 0, (INCHES) D'riG.NO. A-lO,S31B 

O!l 

1200 

["'0. 

"" 00 11 

1000 
~. 

~ ~ ... , 
00 

r"- i""iI. !\ 
; . ;. 

~~ ~'3 .. VIO.ool" 
.00 .. 1 

I 
, 

I ~ 

00 J ~mv/o.ool" 
~ 

r- ~1!!Io. ~ 00 
2 mVjO.OOlu "'" ~ III!.. 00 

C., ~ 
,I 0( 

. 

0 

HALL EFFECT DEVICES ('Continued) 

The same magnet used in a '~slide-by" mode'of 
operation will produce the three curves presented at 
bottom. 

Movement measurements would generare.J the 
largest outputs and most accurate readings· where 
they are centered on the steepest portion of each 
curve, and are'confined to the linear segment of that 
curve. This is the case fllr the head-on and the slide
by curves. 

For example, in a slide-by mode of operation with 
an 0.03" air gap, movementto be measured could be 
centered at a "zero" of 0.1/1 from the centerline. 
The voltage rate oLchange would be, linear at 5 
m V /0.00 I" movement, for a movement distance of 
±0.02" . 

The rate of change is, of course; a function of the 
flux density gradient across the magnetic field for the 
particuIar'magnetused.'A samariUm~cobalt magnet, 
with its relatively compact field, canprOduce vpltage' 
cpange rates to 30 mV '9 .. 001." ~ov~e~t.;. '. 

;·~~·nin~ 
'::>oV' . I±I/ 

" -- f:--" r uJLJ ~' I It 

~ ..L I 
T 

0 

~ AirGcip 

'"' -0.0.100" 

'" :"0 • 0.030;' 
. . 

: ~O.O.OOO;' . 
.02 .04 .06 .08 .. 10 .12 .14 .16 .18 .20, 

. 'M'AGNETS AXISiR6M CENTE~tINE DISTANCE IN INCH6· 

DW!I.NO_A-IO,958 
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HALL EFFECT DEVICES (Continued) 

UGN·3501M Output Circuit Design 

The output current handling capability of the 
UGN·3501M is 0.5 mAo In the differential connec· 
tion one output pin sources load current, the other 
must sink it. A simple method for increasing drive 
capability is illustrated below. 

0"11. M0. ~IO.~59 

A 4.3 kfl resistor is connected from each output 
pin to ground. The quiescent bias current of the 
output stage is increased, and the sinking capability 
is increased to 1 rnA. 

If even higher current drive capability is required, 
the simplest solution is the addition of a pair of 
emitter-followers: 

Up to 30 mA of load current can be sourced by the
circuit as shown, and this can be increased consider
ably by using Darlington power transistors and lower 
resistance in the emitter circuits. 
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Note that the emitter· followers have no voltage 
gain. The output voltage differential is essentially 
the same as that of the UGN·3501M. 

An operational· amplifier will supply a voltage 
gain and a current gain, and transform the differen
tial output of the UGN-3501M to a single-ended 
output. (The circuit will drive a load which has one 
side grounded.) 

+8to+16V 

" +8to+16V 

'0 k.. 

'. 

O"iG.MO.1>-10.950 

The LM-324 quad operational amplifier will oper
ate from a single power supply if the output does not 
swing in the negative direction. Pin 1 of the UGN-
3501M does swing negative when a magnetic South 
pole approaches the device surface. Pin 1, therefore, 
is connected to the negative or inverting input of the 
LM·324, and its output swings in the positive direc
tion. Reversing connections to pins 1 and 8 allows 
the output to respond to a magnetic North pole. If the 
application requires the output be capable of swing 
both negative and positive, then a dual ± power 
supply would have to be used. 

R2 
Voltage amplification = -

Rl 
with 

Rl = R3 
R2 = R4 

The LM-324 can source 40 mAo Other opera
tional amplifiers suitable for single supply operation 
are MC-3403P, MC-3458Pl, CA-3160E. 



Current Sensing Applications 

The UGN-3501M is ideally suited for current 
measurement applications. Typical applications are 
overload detectors for electric motors, current limit
ers for high-current power supplies, clamp-on cur
rent probes for high-current d-cloads, etc. 

The standard .toroid is typical of small 
commercially-available electromagnetic devices 
which can be used with the UGN-350lM: 

1" 0.0.,5/8" 1.0. 

1/4" H., 0.08" GAP 

~.IIO.A·IO.9'i>IA 

UGN3501M 

With this toroid, the UGN-350lM, fixed in the 
gap, would "see" 5.6 gauss per ampere-turn. To 
"read" from zero to 20 amperes, 9 turns would 
:levelop 9 x 20 x 5.6 = 1008 gauss. The UGN-
350lM would have a 1.4 volt output with a 20 
iIIIlpere activating current. 

:;aussmeter Applications 

A typical UGN-350lM has a differential output of 
1400 mV in a 1000 gauss field. Using a 100 }LA 
movement, with a series calibrating trimmer poten
tiometer, a simple gaussmeter suitable for many ap
I>lications can be easily produced: 

Voltmeter 
10 k..ty'V Min. 

"CA,L" 

+8to+16V 

flWG.NO ..... 10,952. 

The UGN-3501M is quite linear to = 1000 gauss. 
ihe input differential stage gain must be reduced to 
naintain linearity beyond this range. I 

HAll EFFECT DEVICES (Continued) 

A 470 ±5% resistor in series with pins 5 and 6 
extends the useful linear range to 3000 gauss: 

Voltmeter 
lQ ""IV 

Mln. 

Calibrating The UGN-3501 M Gaussmeter 

Where applications require the differential output 
voltage at pins 1 and 8 be calibrated, dual precision 
100 ohm variable resistors may be used: 

VOLTMETER 
1Ok../V 
Min, 

j)WU.HO ..... IO.:l1l9 +Vcc 

lOOt.. PRECISION 
CONCENTRIC 

A calibration field can be constructed using 
standard Stancor C-2709 filter chokes, with the pole 
pieces removed and the center magnetic path com
pleted with a section of the pole piece removed. 
Brass stock 1/16" x %" x4%" was used for mechan
ical support, 2 pieces in the front and 2 pieces in the 
rear, plus 4l4" x I" No. 6-32 threaded standoffs. 
The air gap was set at %" as depicted below. 

I 1 I 

N S 

1 1-3/8" 1-1 
AIR-GAP 

BASE 

I 

I 

B RASS STOCK 

I 
THREADED 

~STANOOFFS 

I 
;)\·!3. MO ..... IO.~18 
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HAlUFFECl DEVICES (Continued) 

The chokes are wired in series opposing, and are 
driven from a constant current source. Initial cali
brationmay be accomplished with a UGN-3600 Hall 
generator supplied with a calibration curve. The cur
rent is fixed at the value which produces 1000 gauss. 

The UGN-3501M to be calibrated is "zeroed" 
and placed in the 1000 gauss field. The dual preci
sion variable resistor is adjusted until the output is 1 
volt. The UGN-3501M cifcuit is re-zeroed out of the 
field and the calibration rechecked. 

1.05 

1.0 ° 

NORMALIZED SENSITIVITY AS A FUNCTION 
OF TEMPERATURE 

VCC=12V 

1"""'0 .... 
B .. 1000 GAUSS 

~ 
R5~6=,15.1\. 

..... Rl"""> 10'l<.n.. 

......... 
r--.. 

1-0.... ...... ""-
The value of the precision variable resistor is then 0.9 5 r--... 

measured. Two 1 % resistors bf the closest standard 
value replace these iIi the final circuit configuration. 

Check Oscillation Problems 

The UGN-3501M has a relatively wide band 
width. Oscillation is the most common problem en
countered in applications for the device, caused by 
excessive lead lengths (2/ /) on the. zero control, and 
coupling between the zero control leads. and the 
output leads from pins 1 and 8. (If moving your hand 
near the zero control changes the output voltage -
there are oscillation problems.) 

Solutions to oscillation problems are: 1) cut the 
zero control lead lengths; 2) separate the zero control 
and output leads; and 3) (in extreme cases) use a 
low-pass filter on the output: 

DWiJ. ~O. 4-IQ.9117 

Sensitivity Variations 

Note that the UGN-3501M is specified with a 
typical sensitivity of 104 mY/gauss and a minimum 
sensitivity of.7 mY/gauss. Unless aspecial "sort" 
is ordered, plan on this variation. 

Note also that the "0" output varies typically 
1 mV/"C, a major factor in determining a minimum 
detectable long term signal. 

The sensitivity varies with temperature and V CR' 

The output voltage is a function of the load resist
ance. These factors are illustrated in the graphs at 
right. 

0.90 

° 25 
TEMPERATURE i"e) 

50 

~~ 

75 

DW\" NO. ~-IO.!'>30 

NORMALIZED SENSITIVITY AS A FUNCTION OF Vee 

! 
1.00 

",.,.. 10"-.---
./ 

V 
0,95 

/ 
J B:= 1000 GAUSS 

V 
TA :: 2S0C :.-

R 5-6-7 == 0 

0,90 

0.85 

Rl =rOkl -
6 10 12 14 

Vee (VOLTS) UWG. HO • .\-10.529 

RELATIVE OUTPUT VOLTAGE AS A FUNCTION 
OF LOAD RESISTANCE 

~ 
~ 1.0 

~ 0,8 

§ 
~ 0.6 
Z 

~ 
tt: OA 
15 
~ 
~ 0.2 

° 
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Vee '" 12V 

8 := 1000 GAUSS 

T A := 25°C 

RS_6 - 15.0. 

~ """'"/' 1-' " 
~loo' V @' '" 1, 

f-~lternoti~e Output ~ 
Circuit For low 
Impedance LOodV 

b" V 
..... ~~ ./ II@ I 

::::-.. ~ II 
100 200. 500 lK 2K 5K 

LOAD RESISTANCE (OHMS) 1)'I'ij.HO . .1,-10.011 

16 

I' 
If)K 



Type UGN-3604M/UGN-360SM Hall Cells 

The UGN-3604M is a basic Hall voltage generator 
in an 8-pin DIP package, supplied with a calibration 
chart. Intended for use as a design or production test 
aid, the UGN-3604M permits accurate measurement 
of magnetic field inlensity as a means of aligning 
magnet/Hall switch positions, and for calibrating 
Hall Effect sensor circuits. 

A UGN-3605M is the same Hall voltage generator 
without a calibration chart. Supply voltage for these 
units is 5 volts. Below is the terminal pinning dia
gram for UGN-3605M. 

Dwg. No. A-ll,122 

Applications at Sprague Electric Co. 
(We use them ... and love them) 

Hall Effect ICs are designed into Sprague's own 
production and test equipment. Position-sensing dig
ital switches control and monitor high-speed automa
tic machine operations. Hall Effect sWitch output 
provides direct input to a microprocessor-based con
trol unit. 

Data is compiled continuously from critical points 
in the production process. The control informs the 
machine operator, makes automatic adjustments, in
dicates manual adjustments which may be necessary, 
and reports on production. 

Hall Effect ICs perform simultaneous control and 
reporting functions. Extremely reliable precise re
)etitive operation of these switches helps to achieve 
md maintain very high levels of process control and 
)roduct qUality. 
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HALL EFFECT DEVICES (Continued) 

PACKAGE INFORMATION 

Sprague's Hall Effect IC's are packaged in a spe
cial epoxy material formulated to handle severe serv
ice environments. It is impervious to all commer
cially available consumer and industrial solvents and 
degreasing compounds, oils and alkaline chemicals. 
It is susceptible only to hot (+ 1500 q concentrated 
fuming red nitric acid applied under pressure. 

The material has a continuous thermal rating of 
+ 150°C, and a hot-spot rating (100 hours) of 
+ 170°C. It is classed by Underwriters' 
Laboratories, Inc. as a self-extinguishing material. 
Its resistivity is 1015 ohms. Thermal coefficient of 
expansion (Ta) is 30 x 1O-<ppm/oC. 

Device leads will meet solderability requirements 
of Military Standard MIL-STD-202 (95% or better 
solder-wetting without special preparation). 

Catalog Numbering System 

UG N - 3501 M 

L Package Style 
e = Chip 
H =to Hermetic DIP 
M = Plastic DIP 
S = Plastic 4-Pin SIP 
T = Plastic 3-Pin SIP 
U = Plastic 3-Pin SIP 

'------ Device Number 

'-------- Temperature Range 
N = ooe to + 70°C 
S = ~ 40°C to + 125°C 

'---------- Semiconductor Family 
UG = Hall Effect Device 



HALL EfFECT . DEVICES (Continued) 

3-Pin "T" Pack or "U" Pack* 

TERMINAL LEAD DESIGNATION 

.A. 
-"-fT -

3 

l ). 

uUu 
1- Vee 
2- GND 
3- YOUT 

UGN·3013T/U 
UGN·3019T/U 
UGS·3019T/U 
UGN·3020T/U 
UGS·3020T/U 
UGN·303DT/U 
UGS·303DT/U 
UGN·35D1T/U 
UGN·3D75T/U 
UGS·3D75T/U 
UGN·3D76T/U 
UGS·3D76T/U 

LOCATION OF SENSOR CIRCUIT 

"
'841 ill . 

~ "005 
If.TI" 

ilJ!f!! 
1.52 

INCH -..-

·The "T' packap Is 0.080" (2.03 mm) thick; the "U" packalle is 0.061" (1.54 mm) thick; All other 
dimensions are identical. 

TERMINAL LEAD DESIGNATION 

I 

,l 
---+-t~, --

'-'r" 
1 2 i 3 4 

I 
Dwg. No, A-ll.105 

I .. GND 
2 = YOUTI 
3 .. YOUT2 
4=VCC 

4~Pin "S" Pack 

LOCATION OF SENSOR CIRCUIT 

UGN·32~OS 

IN 
MM 

Owg. No. A-ll.009 
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HALL EFFECT DEVICES (Continued) 

8-Pin "M" Package 

TERMINAL LEAD DESIGNATION 

UGN-3201M 
UGN-3203M 

Dwg. No. A-ll.120 

7 CURRENT 
SOURCE 

UGN-3501M 

Dwg. No. A-ll.121 

Magnet Marketplace 

A strong field of magnetic components manufactur-, 
ers can supply parts suitable for use in virtually any 
conceivable Hall Effect IC application. Comprehen
sive listings of these suppliers are presented in refer
ence documents such as the Thomas Register. 

Many of these firms are familiar with Hall Effect ICs 
application. 

Magnetic components available from these manufac
turers include ALNICO, rare-earth, ceramic, and 
plastic permanent magnets in a variety of form fac
tors such as rods, bars, rings, sheets,etc. Ferro
magnetic components for use as electro-magnets, 
concentrators, actuators, etc. are also available. 

Additional information on all 
Hall Effect devices is available from: 

Sprague Electric Company 
Hall Effect IC Marketing 

70 Pembroke Road 
Concord, New Hampshire 03301 

(603) 224-1961 
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SENSOR CIRCUIT LOCATION 

I NDEX(P I N NO. 11 

!l 

SENSOR CENTER 

A representative listing; 

IN 
MM 

Indiana General Magnet Products Co. 
405 Elm St. 
Valparaiso, Indiana 46383 
(219) 462-3131 

Hitachi Magnetics Corporation 
Edmore, Michigan 48829 
(517) 427-5151 

Xolox Corporation 
3111 Covington Rd. 
Ft. Wayne, Indiana 46804 
(219) 432-4532 

The Electrodyne Company, Inc. 
4188 Taylor Rd. 
Ontavia, Ohio 45103 
(513) 732-2822 

Stackpole Carbon Company 
Magnet Division 
Kane, Pennsylvania 16735 
(814) 837-7000 

Spectra-Flux, Inc. 
124 Monfre Rd. 
Watsonville, California 95076 
(408) 722-8133 

The Arnold Engineering Co. 
Railroad Ave. & West, Box G 
Marengo, Illinois 60152 
(815) 568-2000 





TRANSISTOR ARRAYS AND MISCELLANEOUS DEVICES 





SECTION IO-TRANSISTOR ARRAYS AND MISCELLANEOUS DEVICES 

UlN-2031A NPN 7-Darlington Array .................................. 10-2 
UlN-2032A PNP 7,Darlington Array .................................. 10-2 
UlN-2033A PNP 7-Darlington Array .......... , ....................... 10-2 
UlS-2045H Hermetic NPN Transistor Array ............................ : . 10-4 
UlN-2046A NPN Transistor Array .................................... 10-4 
UlN-2046A-1 NPN Transistor Array ................................... 10-6 
UlN-2047A Triple Differential Amplifier Array ............................ 10-7 
UlN-2054A Dual Differential Amplifier Array ............................ 10-8 
UlN-2081A NPN Common-Emitter 7-Transistor Array ...................... 10-11 
UlN-2082A NPN Common-Collector 7-Transistor Array ..................... 10-11 
UlN-2083A Independent NPN 5-Transistor Array .......................... 10-12 
UlN-2083A-1Independent NPN 5-Transistor Array ........................ 10-14 
UlS-2083H Hermetic Independent NPN Transistor Array .................... 10-12 
UlN-2086A NPN 5-Transistor Array. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 10-15 
UlN-2140A Quad Current Switch .................................... 10-16 
UlS-2140H Hermetic Quad Current Switch ............................. 10-16 
UlN-2401A lamp Monitor ......................................... 10-18 
UlN-2429A Fluid Detector ......................................... 10-20 
UlN-2430M Timer ..................................... , ........ 10-23 
UtN"2435A Automotive lamp Monitor ................................. 10-26 
ULN-2445A Automotive lamp Monitor ........................•........ 10-26 
ULN-2450A Precision Power Timer/Oscillator ........................... , .... * 
UlN-2455A General-Purpose Quad Comparator ............. , ............ 10-26 
UlN-3310D and UlN-331OT Precision light Sensors .........•.............. 10-.32 
UlN-3330D, UlN-3330T, and UlN-3330Y Optoelectronic Switches ............. 10-38 
ULX-8125A Switched-Mode Power Supply Controller ..............•............ * 
UlN-8126A Switched-Mode Power Supply Controller ...•.......•...... ; ... , 10-41 
UlN-8126R (SG3526J) Switched-Mode Power Supply Controller ............ , .. 10041 
UlQ-8126A Switched-Mode Power Supply Controller ............... , ....... 10-41 
UlQ-8126R (SG2526J) Hermetic Switched-Mode Power Supply Controller ... , .. , .. 10-41 
ULS-8126R (SGl526J) Hermetic Switched-Mode. Power Supply Controller ......... 10-41 
ULX-8127A Switched-Mode Power Supply Controller ........................... * 
UlN-8160A (NE5560N) Switched-Mode Power Supply Controller . . . . . . . . . . . . . .. 10~46 
ULN-8160R (NE5560F) Hermetic Switched-Mode Power Supply Controller ......... 10-46 
UlS-8160R (SE5560F) Hermetic Switched-Mode Power Supply Controller ......... 10-46 
UlN-8161M (NE5561N) Switched-Mode Power Supply Controller .............. , 10-49 
ULX-8163A Switched-Mode Power Supply Controller ........................... * 
ULXc8194A Switched-Mode Power Supply Controller ..• : ....................... * 
UlX-8195A Switched-Mode Power Supply Controller ........................... * 
UlN~8564A (NE564N) High-Frequency Phase-locked loop ....................... * 
UlN~8564R (NE564F) High-Frequency Phase-locked loop ....................... * 
UlS-8564R (SE564F) Hermetic High-Frequency Phase-locked loop ................. * 
TPP-Series of Medium-Power Darlington Arrays ......................... 10-51 
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ULN·2031A, ULN·2032A, AND ULN·2033A 
HIGH·CURRENT DARLINGTON TRANSISTOR ARRAYS 

ULN-2031A, ULN-2032A, AND ULN-2033A 
HIGH-CURRENT DARLINGTON TRANSISTORS ARRAYS 

SPRAGUE TYPE ULN-2031A, ULN-2032A, and 
ULN-2033A High-Current Darlington Transis

tor Arrays are comprised of seven silicon Darling
ton pairs on a common monolithic substrate. The 
Type ULN-2031A consists of 14 NPN transistors 
connected to form seven Darlington pairs with NPN 
action. The Type ULN-2032A (hFE = 500 min.) and 
the Type ULN-2033A (hFE = 50 min.) consist of 
seven NPN and seven PNP transistors connected to 
form seven Darlington pairs with PNP action. All 
devices featme a common emitter configuration. 

These devices are especially suited for interfacing 
between MOS, TTL, or DTL outputs and 7-segment 
LED or tungsten filament indicators. Peak inrush 
currents to lOOmA are allowable. They are also 
ideal for a variety of other driver applications such 
as relay control and thyristor firing. 

Type ULN-2031A, ULN-2032A, and ULN-2033A . 
transistor arrays are housed in 16-lead DIP plastic 
packages which include a separate substrate connect
ion for maximum circuit design flexibility. 
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ULN-2031A, ULN-2032A, AND ULN-2033A 
HIGH-CURRENT DARLINGTON TRANSISTOR ARRAYS 

ABSOLUTE MAXIMUM RATINGS 
at +25°C Free-Air Temperature 

(unless otherwise noted) 

Power Dissipation (anyone Darlington pair) .............................................................. 500mW 
(total package). . . . . . . . . . . .......................................................... 750mW 

Derating Factor Above +25°C......... .................................... ....... . 6.67mWrC 
Ambient Temperature Range (operating), h. . ...... -20°C to +85°C 
Storage Temperature Range, Ts. . .. .......... ... ... .... . ... -55°C to + 125°C 
Individual Darlington Pair Ratings: 

Collector-to-Emitter Voltage, Vcw .... 
Collector-to-Base Voltage, Vcso.. . ........ . 
Collector-to-Substrate Voltage, VCIO. 
Emitter-to-Base Voltage, VESO 

. ....................... 16V 
...................... . ....................... 40V 

. ........................................ 40V 

Type ULN-203IA. . . . . . . . . . . . . . . . . ...................................................... 5V 
TYPe'UkN-2032A and ULN-2033A.. . .................................................. 40V 

Continuous Collector Current, Ic. . . . . . . . . . . . . ............................................. BOmA 
Continuous Base Current, 19 .............................................•..••........•....•............. 5mA 

NOTE: 
The substrate must be mnnected to a voltage which is more negaiive than any collector or base voltage so as to maintain isolation between 

transistors, and to provide normal transistor action. 

ELECTRICAL CHARACTERISTICS at TA = +25°C 

Limits 
Characteristic Symbol Test Conditions Min. Typ. Max. Units 

Collector-Base Breakdown Voltage BVcBo Ie =500,uA 40 - - V 
Collector-Substrate Breakdown Voltage BVclo Ic = 500,uA 40 - - V 
Collector-Emitter Breakdown Voltage BVcEo Ic = ImA 16 - - V 
Emitter-Base Breakdown Voltage BVEBo IE = 500,uA 

Type ULN -2031A 5 - - V 
Type ULN-2032A and ULN-2033A 40 - - V 

D-C Forward Current Transfer Ratio hFE VCE = 2V, Ic = 20mA 
Type ULN-203IA and ULN-2032A 500 - -

Type ULN-2033A 50 - 500 -
Base-Emitter _s.aturation Voltage VSE(SATJ Ic = 20mA, Is = 500,uA 

Type ULN-203IA - - 2 V 
Type ULN-2032A and ULN-2033A - - I V 

Collector-Emitter Saturation Voltage VCE(SATI 
V Type ULN-2G3IA and ULN-2032A Ie = 20mA, Is = 40,uA - - 1.2 

Ic = BOmA, Is = ImA - - 1.5 V 
TypeULN-2033A Ic = 20mA, Is = 400,uA - - 1.2 V 

Ic = BOmA, Is = 2mA - - 1.5 V 
Collector Cutoff Current ICEO VCE = BV - - 100 /iA 

Icso VCB = IOV - - 10 ,uA 
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ULS-204SH ANDULN .. 2046A TRANSISTOR ARRAYS 

ULS-2045H AND ULN-2046A TRANSISTOR ARRAYS 
(Three Isolated Transistors 

and One DiHerential Amplifier) 

THE ULS-2045H and ULN-2046A are general-pur-
pose transistor arrays each consisting of five sili

con N-P-N ·transistors on a single monolithic chip. 
Two transistors are internally connected to form a dif
ferential pair. Integrated circuit construction pro
vides close electrical and thermal matching between 
each transistor. 

These arrays are well-suited for a wide range of ap
plications such as: DC to VHF signal processing 
systems; temperature-compensated amplifiers; custom 
designed differential amplifiers and discrete transistors 
in "conventional circuits . 

. Two package configurations are available. Type 
ULS-2045H is supplied in a hermetic 14-lead dual in
line c.eramic package and is rated for operation over 
the military temperature range of -55°C to +125°C. 

Type ULN-2046A is electrically identical to the ULS-
2045H but is supplied in a dual in-line plastic package 
rated for -20°C to +85°C ambients. 

ABSOLUTE MAXIMUM RATINGS 
at +25°C Free-Air Temperature 

(unless otherwise noted) 

ULS-2045H ULN-2046A 
EACH TOTAL EACH TOTAL 

Power Dissipation: TRANSISTOR PACKAGE TRANSISTOR PACKAGE UNITS 

~~+~~"" .. """ ........... . 300 750 mW 
~~+~~ ......................... . 300 750 - - mW 

Derating Factor: 

TA >+55°C ....................•...... - - - 6.67 mW;oC 

~>+~~ ......................... . - 8 - - mW;oC 

Collector-Base Voltage, V(BR)CBO ................................................................... 30V 
Collector-Emitter Voltage, V(BR)CEO . . . . . . . . . . . . . . . . . . . . . . . . . . . ................................ 20V 

Collector-Substrate Voltage, V(BR)CIO (See note 2) ......................................•............. 20V 
Emitter-Base Voltage, V(BR)EBO . . .. . . . . . . . . . . . . . . ............................... '.' .6V 
Collector Current, Ie . . . . . . . . . . . . . . . . . . . . . . . . . .................................. 50mA 

Operating Temperature Range, TA: 
Type ULS-2045H. . . . . . ....... . ........................... -55°C to + 125°C 
Type ULN-2046A. . ....... . . . . . . . . . . . . . . . . . ........ -20°C to +85°C 

Storage Temperature Range, Ts:. . ........ " ..... -65°C to + 150°C 

Notes: 
1. The maximum ratings ore limiting absolute values above which the serviceability may be impaired from the viewpoint of life or satisfactory per

formance. The breakdown voltages may be far above the maximum voltage ratings. To avoid permanent damage to the transistor, do not 
attempt to measure these characteristics above the maximum ratings. 

2. Pin 13 is connected to the substrate. This terminal must be tied to the most negative point in the external circuit to maintain isolation between 
transistors and to provide for normol transistor action. 
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ULS-2045H AND 2046A TRANSISTO.R ARRAYS 

STATIC ELECTRICAL CHARACTERISTICS at TA = +25°C 

Limits 
Characteristic Symbol Test Conditions Min. Typ. Max. Units 

Collector-Base Breakdown Voltage VaRlcBo Ic - 101olA, IE ~ 0 20 60 V 
Collector-Emitter Breakdown Voltage VaRlCEO Ic = ImA, la = a 15 24 V 
Collector-Substrate Breakdown Voltage V aR elo Ic - 101oIA, lei -0 2U 60 V 
Emitter-Base Breakdown Voltage ViaRlE80 IE - 101AA, Ic - 0 5 7 V 
Collector Cutoff Current Ica VC8 - lOV, IE - U 4U n~ 

leEO VCE - 10V, 18 - a 0.5 lolA 
Static Forward Current hFE Ie - 101oIA, V c. - 3V 54 -
Transfer Ratio 10. = 1mA, ~CL - 3V 40 100 -

I = lamA, VCE = 3V 100 -
Collector-Emitter Satu ration VCEISATJ Ic = 10mA, la = 1mA 0.23 V 
Voltage 
Base-Emitter Voltage VaE I. - 1mA, VeE - 3V 0.715 V 

IE = 10mA, VCE - 3V 0.800 V 
Input Offset Current ·for 1101-1 102 Ie - 1mA, VeE - 3V 0.3 2 lolA 
Matched Pair 0 and O2 

Magnitude of Input Offset VSEI-V8E2 Ie - 1mA, VeE - 3V 0.45 5 mV 
Voltage for Differential Pair 
Magnitude of Input Offset V8E3-V8E4 Ie = 1mA, VeE = 3V 0.45 5 mV 
Voltage for Isolated Transistors VBE4-V8E, Ie - 1mA, Ve - 3V 0.45 !l mV 

Vm-V8E3 Ic - 1mA, VCE - 3V 0.45 5 mV 
Temperature Coefficient of AV8E Ic = 1mA, VCE - 3V -1.9 mV;oC 
Base-Emitter Voltage "Er 
Temperature Coefficient AV IO Ic - 1mA, VCE - 3V 1.1 JLVloC 
Magnitude of Input-Offset Voltage "Er 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = + 25°C 

limits 
Characteristic Symbol Test Conditions Min. Typ. Max. Units 

Small-Signal Common-Emitter hr, Ie - 1mA, VCE - 3V, f - 1 kHz 11U -
Forward Current Transfer Ratio 
Small-Signal CommOficEmitter hie Ie =' 1mA, VCE = 3V, f = 1 kHz 3.5 kO 
Short-Circuit Input Impedance 
Small-Signal Common-Emitter hoe Ic - 1mA, VCE ':" 3V, f - 1 kHz 15.6 JLmho 
Open-Circuit Output Impedance 
Small-Signal Common-Emitter h~ Ie = 1mA, VCE = 3V, f = 1 kHz 1.8 x 10-' -
Open-Circuit Reverse 
Voltage-Transfer Ratio 
Gain-Bandwidth Product fT Ic - 3mA, VCE - 3V 300 550 MHz 
Emitter-to-Base Capacitance CEa VEa - 3V; IE - 0, t - IMHz U.li p~ 

Collector-to-Base CapaCitance Ccs Vca - 3V, Ie - 0, f '" 1MHz 0.6 pF 
Collector-to-Substrate Cel Vcs - 3V, Ic - 0, f - 1MHz 2.8 pF 
Ca pacitance 
Noise Figure N.F. Ic - 1001olA, VCE - 3V, Rg - 1kO 3.25 dB 

f - 1 kHz BW - 15.7 kHz 

NOTE: 
.Characteristics apply for each transistor unless otherwise specified. 
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ULN-2046A-l TRANSISTOR ARRAY 

ULN·2046A·l 

TRANSISTOR ARRAY 

TYPE ULN-2046A-l general-purpose transistor 
. array consists of five silicon NPN transistors, 

two of which are connected as a differential 
amplifier. The monolithic construction provides 
close electrical and thermal matching between all 
trarisistors. 

Except as shown in the following electrical 
characteristics, Type ULN-2046A-l transistor array 
is identical to Type ULN-2046A. 

ELECTRICAL CHARACTERISTICS at TA = +25°C 

Characteristic Symbol 
Collector-Base Breakdown Voltage BVcBO 
Collector-Emitter Breakdown Voltage BVcEO 
Collector-Substrate Breakdown Voltage BVclO 
Collector Cutoff Current Icao 

IcEO 
Static Forward Current hF£ 
Transfer Ratio 

NOTE: 

Test Conditions 
Ic'- 10 pA, 1£ - 0 
Ic - 1 rnA, IB - 0 
Ic - 10 pA, ICI - 0 
Vca=10V,I£=0 
Vc£ - 10 V, la - 0 
Ic :..- 1 rnA, Vc£ - 3 V 

Pin 13 is connected to the substrate. This terminal must be tied to the most negative point in the 
external circuit to maintain isolation between transistors and to provide for normal transistor action. 
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Limits 
Min. Typ. Max. Units 
40 60 - V 
30 - - V 
40 60 - V 
- - 100 nA 
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UlN..:2047ATRANSISTORARRAY 

'ULN~2047A TRANSISIORARRAY" 
(Three Differential Amplifiers) 

TYPE ULN -204 7A is a 'Silicon NPN~ultiple tran
. sistor array cOnlprlsmg tAree ijldependent dif
ferential amplifiers(Jt is specifiCiUly intended for use 
in switching app\ications such as electronic organ 
keyboards. All ba!!eleads are bro!l~hl out on one side 
of the 16-1ead plasti~;uual in-lineIiac~age to simplify 
printed wiring board layout .. A:,separate substrate 
connection permits maXimlillf~'design flexibil
ity. 

Type ULN-2047Ais supplied W a 16~pin dual 
in-line plastic package. c, ' '~. . 

ABSOLUTE MAXIMUM RATINGS 
a,t25°C Frtl~~Air Temperature 

;\;- • ;:,' ,', .~;,' ,:,' ': ," ", > • • ., , 1:' , 

OJr, .. :<"> . :" 
Power Dissipation, PI> (any. one transistor)., .......... , ...........•..... 300 mW 

. . (tobi! trackage) ...... ;' ..... : .. : ............... 750 mW* 
Operatmg Temperature Range, TA ••••••••••••••••••••••••••• -20oe to +85°e 
Storage Temperature Range, Ts ............... , ............ -55°Cto;.+150°C 
• Derate at the.rate of 6.67 mw/°C above ~oC. 

£LECTRICAL CHARACTERISTICS at 25°C Free-Air Temperature', 
Collector-Emitter Breakdown VOltage, BVcEO(note 1) 

at Ic=5 mA ........................................................ 30V Min. 
Emitter Cutoff Current, Iso (note 2) , 

at VES = 5V ; ........... , ..................................... , .100 nA Max. 
Col.lector Cutoff Current, ICES (note 1) " ,," 
. at VCE = 25 V ............................................. .' .. ,·;.100 nA Max. 

D-C Forward Current Transfer Ratio, hFE(note 1) 
.,atVc.~,""'.,2V,lc.~ OJ mA., ...........•... '; ......... :: .. : ',' .. ': ....... 30M!n .. ' . 

• . ' .'. lttVCE = 2V,.lc = ~OmA ............. :........ • ... ; .......... .}5Mm .. 
Differentiallhptit Offset Voltage;;V,~(note 1) " . .' . 

atVce'!" 2V,Ici = 10 ",1 mA ....................... ;:. 
---

NOTES: 
1. All other pins common to emitter of transistor under test. 
2~ Base and collector of associated transistor connected to emitter, all other pins common to base of transistor under test. 
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ULN,2054A TRANSISTOR ARRAY 

ULN-2054A TRANSISTOR ARRAY 
(Dua I Independent Differential Ampl ifiers) 

THE ULN-20S4A is a transistor array consisting of 
six silicon NPN transistors on a single monolithic 

chip. The transistors are internally interconnected to 
form two independent di~erentiat Ilmplifiers. 

The ULN-2054A is intended for a wide range of ap
plications requiririgextremely close electrical and ther
mal matching characteristics. Some applications are: 
cascade limiter circuits ; balanced mixer circuits; bal
anced quadrature/synchronous detector circuits; bal
anced (push-pull) cascade/sense/IF amplifier circuits; 
or in almost any multifunction system requiring RF/ 
Mixer/Oscillator, converter/IF functions. 

Available in a 14-lead dual in-line plastic package 
the ULN-20S4A is rated for operation over a -20°C 
to +8SoC ambient temperature range. 

Other features are: 

• Input Offset Voltage - SmV max. 

• Input Offset Current - 2 p,A max. 

• Voltage gain (single-stage double ended output) 
- 32 dB typo 

• Common-Mode Rejection Ratio (each amplifier) 
- 100 dB typo 

ABSOLUTE MAXIMUM RATINGS 
at +25°C Free-Air Temperature 

(unless otherwise noted) 

Power Dissipation TA to +SsoC: 
Each Transistor ....... ' .....................................................•............ 300mW 
Total Package ..............................................................•........... 7S0mW 

Derating Factor, Total Package, TA<!:SSoC ................................................... 6.67mW rC 
Collector-Base Voltage, V(BRICBO ................................................................... 20V 
Collector-Substrate Voltage, V(BRICIO (See note 2) ......................•.............................. 20V 
Collector-Emitter Voltage, V(BRICEO ................................................................... 1SV 
Emitter-Base Voltage, V(BRIEBO ..................................................................... SV 
Collector Current, Ic ........................................................................... SOmA 
Base Current Is ................................................................................ SmA 
Operating Temperature Range, TA ........................................•...•.•......... -20°c to + 85°C 
Storage Temperature Range, Ts ..............................................•.•..... -6SOC to + lS0°C 

Notes: 
1. The maximum ratings,are limiting absolute values above which the serviceability may be impaired from,the viewpoint of life or satisfactory 

performance. The breakdown voltages may be far above the maximum voltage ratings. To avoid perman,e~t ,~Qmage to the transistor, do 
not attempt to measure these characteristics above the maximum ratings. 

2. Pin 5'is connected to the substrate. This terminal must be tied to the most negative point in the external circuit to maintaIn isolation between 
transistors and to provide for normal transistor action. 
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ULN-20S4A TRANSISTOR ARRAY 

STATIC ELECTRICAL CHARACTERISTICS at TA = +25°C 
limits 

Characteristic Symbol Test Conditions Min. Typ. Max. Units 
Collector-Base Breakdown Voltage VIBRICBO Ic = 10 pA, I, = 0 20 60 V 
Collector-Substrate Breakdown Voltage VIBRICIO Ic = 10 pA, ICI = 0 20 60 V 
Collector-Emitter Breakdown Voltage V(BR1Cm l-lmA,IB-O 15 24 V 
Emitter-Base Breakdown Voltage VIBRI'BO I, - 10 pA, Ic - 0 5 7 V 
Collector Cutoff Current ICBO VcB -I0V,I,-0 100 nA 
Base-Emitter Voltage VB' Ic - 50 pA, VCB - 3 V 0.630 0.700 V 

I - 1 rnA, VCB - 3 V 0.715 0.800 V 
Ic - 3 rnA, V CB - 3 V 0.750 0.850 V 
Ic - lOrnA, VCB - 3V 0.800 0.900 V 

Temperature Coefficient of Base-Emitter tJ..vBE Ic - 1 rnA, VCB - J V 1.9 mv!"\; 
Voltage '"lI 
Input Offset Voltage Vo 1'03 - IE/041 - 2 rnA, VCB - 3 V 0.45 5 mV 
Input Offset Current 010 1'1031 - 1'1041 - 2 rnA, VCB - 3 V 0.3 2 pA 
Input Bias Current II 1'1031 - 1'1041 - 2 rnA, VCB - 3 V 10 24 pA 
Quiescent Operating Current Ratio i=- 1'1031 = 2 rnA, VCB = 3 V 0.98-1.02 -

ICIOSI 1'(041 - 2 rnA, VCB - 3 V 0.98-1.02 -
iCllt6l 

Temperature Coefficient /1V lO 1'(031 = 1'(041 = 2 rnA, VCB - 3 V 1.1 jJ-vrc 
Magnitude of Input-Offset Voltage TT 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = + 25°C 
limits 

Characteristic Symbol Test Conditions Min. Typ. Max. Units 
Common-Mode Rejection Ratio CMR Vcc - 12 V, VEE - -6 V, Vx - 3.3 V, 100 dB 
For Each Amplifier f = 1kHz (See figure 1) 
AGG Range, One Stage AGC Vcc - 12 V, VEE - 6 V, Vx - 3.3 V, 75 dB 

f = 1kHz (See figure 2) 
Voltage Gain,Single Stage A, Vcc = 12 V, VEE = -6 V, Vx = 3.3 V, 32 dB 
Double-Ended Output f = 1kHz (See figure 2) 
AGC Range, Two Stage AGC Vcc = 12 V, VEE = -6 V, Vx = 3.3V, 105 dB 

f = 1kHz (See figure 3) 
. Voltage Gain, Two Stage A, Vcc = 12 V, VEE = -6 V, Vx = 3.3 V, 60 dB 
Double-Ended Output f = 1kHz (See figure 3) 
Small-Signal Common-Emitter hje Ic = 1 rnA, Vc, - 3 V, f - 1kHz 110 -
Forward Current Transfer Ratio 
Small-Signal Common-Emitter 
Short-Circuit Input Impedance 

hie Ic = 1 rnA, Vc, = 3 V, f = 1kHz 3.5 kO 

Small-Signal Common-Emitter hoe Ic - 1 rnA, Vc, - 3 V, f - 1kHz 15.6 /Lmho 
Open-Circuit Output Impedance 
Small-Signal Common-Emitter hIe Ic = 1 rnA, Vc, = 3 V, f - 1kHz 1.8 x 10-' -
Open-Circuit Reverse 
Voltage-Transfer Ratio 
Gain-Bandwidth Product fT Ic - 3 rnA, Vc, - 3 V 550 MHz 
(for Single Transistor) 
Noise Rgure (for Single Transistor) NJ. Vc, = 3 V, f - 1kHz, Ic - 100 pA, 3.25 dB 

R. = lkO, BW = 15.7 kHz 
Noise Figure (for each Amplifier) N.F. f - 100 MHz l:! dB 

NOTE: 
Characteristics apply for each transistor unless otherwise specified. 
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ULN-20S4A TRANS1STOR ARRAY 

AMPLIFIER TEST CIRCUITS 
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ULN-20S1A AND ULN-20S2A 
GENERAL-PURPOSE HIGH-CURRENT TRANSISTOR ARRAYS 

UI.N~2081 AANDULN-2082A 
GENERAL-PURPOSE HIGH-CURRENT TRANSISTOR ARRAYS 

SPRAGUE TYPE ULN-20SIA and ULN-20S2A 
Transistor Arrays are comprised of seven high

current silicon NPN transistors ona common mono
lithic substrate. The Type ULN-20SIA is connected 
in a common-emitter configuration and the Type 
ULN-20S2A is connected in a common-collector con
figuration. 

Both arrays are capable of directly driving seven 
segment displays and LED displays. They are ideal 
for a variety of other driver applications such as relay 
control and thytistor firing. 

Type ULN-208IA and ULN-20S2A are housed in 
16-lead DIP plastic packag~s which include a sepa
rate substrate connection for maximum circuit design 
flexibility. 

Power Dissipation (anyone transistor) .... 
(total package) .. 

Ambient Temperature Range (operating) . 
Individual Transistor Ratings: 

Collector-to-Emitter Voltage, VCEO 
Collector-to-Base Voltage, VeBo 

ABSOLUTE MAXIMUM RATINGS 

DWG. NO. A-S01436 

ULN-20S2A 

. ......... 500mW 
_ ........ .750mW 
-20°C to -f:8SoC 

... l6V 
.... 20V 

. .............. 20V Collector -to-Substrate Voltage, V CIO ..... 
Emitter-to-Base Voltage, V EBO .... _ .. . ... ............ . ...................... SV 
Collector Current, Ic . ............................ 200mA 
Base Current, Is ..... _ .. _ ..... . .................................... _ .............................. 20mA 

NOTE: 
The collector of each transistor in the Type ULN·2081A and ULN·2082A is isolated from the substrate by an integral diode. The substrate must be 

connected to a voltage which is more negative than any collector voltage so as to maintain isolation between transistors, and to provide normal trans· 
istor action. Undesired coupling between transistors is avoided by maintaining the substrate terminal (5) at either d·c or signal (a-c) ground. An ap· 
prupriate bypass-capacitor can be us.ed to establish a signal ground. 

ELECTRICAL CHARACTERISTICS at TA == + 25°C 

Limits 
Characteristic Symbol Test Conditions Min. Typ. Max. Units 

Collector -Emitter Breakdown Voltage BVcEs Ic = 500!-,A 20 80 V 
Collector-Substrate Breakdown Voltage BVCIE ICI = 500!-,A 20 80 V 
Collector-Emitter Breakdown Voltage BVcEo Ic = lmA 16 40 V 
Emitter- Base Breakdown Voltage BVEso Ic = SOO!-,A 5 7 V 
Forward Current Transfer Ratio hfE VCE = O.SV, Ic=30mA 30 80 

VCE = 0.8V, Ic= SOmA 40 85 
Base-Emitter Saturation Voltage VBE1SJ..TI Ie = 30mA 0.75 1 V 
Collector-Emitter Saturation Voltage VCEISATI Ic = 30mA 0.13 0.5 V 

Ic = SOmA 0.2 0.7 V 
Collector Cutoff Current I CEO VCE = lOV 10 !-'A 

IcBo Vcs= lOY 1 !-'A 
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UlN~2083AAND UlS-2083H TRANSISTOR ARRAYS 

ULN-2083A AND ULS-2083H TRANSISTOR ARRAYS 
(Five Independent NPN Transistors) 

D ES1QNEQ for use in general purpose, medium 
'current (to 100 mAl switching and differential 

amplifier applications, the ULN-2083A and ULS-
2083H transistor arrays each consist of five NPN 
transistors on a single monolithic chip. Two tninsis
tors are matched at low currents (I mAl making them 
ideaL for use in balanced mixer circuits, push-pull 
amplifiers, and other circuit functions requiring close 
thermal and offset matching. 

A separate substrate connection permits maximum 
circuit design flexibility. In order to maintain isola
tion between transistors and provide normal transis
tor action, the substrate must be connected to a volt
age which is more negative than any collector voltage. 
The substrate terminal (pin 5) should therefore be 
maintained at either doc ground or suitably bypassed 
to a-c ground to avoid undesired coupling between 
transistors. 

Two package configurations are available. The 
Type ULN-2083A is supplied in a 16-lead dual in-line 
plastic package for operation over the temperature 
range of -20°C to +85°C. This package is similar to 

OWG.1I0.A-IO.232. 

JEDEC style MO-OOIAC. The Type ULS-2083H is 
electrically identical to theULN-2083A but is supplied 
in a hermetic dual in-line package for operation over 
the temperature range of _55°C to +125°C. This 
paclsage conforms to the dimensional requirements of 
Military Specification MIL-M-38510 and can meet 
all of the applicable environmental requirements of 
Military Standard MIL-STDo883. 

ABSOLUTE MAXIMUM RATINGS 
at +25°C Free-Air Temperature 

Power Dissipation, PD (anyone transistor), , , ................................. , ..... , ......................... 500 mW 
.(total package) .................................... , ................ , .................. 750 mW* 

Operating Temperature Range, TA (ULN-2083A) ....................................................... -20°C to +85°C 
(ULS-2083H) ...................................................... -55°C to +125°C 

Storage Temperature Range, T5 ..................................................................... -55°C to +150°C 
"Derate at the rate of 6.67 mWrC above 25°C. 

ELECTRICAL CHARACTERISTICS at + 25°C Free-Air Temperature 

Limits 
Characteristic Symbol Test Conditions Min. Typ. Max. Units 

Collector-Base Breakdown Voltage BVcBo Ic = 100!,A 20 60 - V 
Collector-Emitter Breakdown Voltage BVcEO Ic - 1 rnA 15 24 - V 
Collector -Substrate Breakdown Voltage llVclo ICI = 100!,A 20 60 - V 
Emitter-Base Breakdown Voltage BVEBo IE=500!,A 5.0 6.9 - V 
Collector Cutoff Current I CEO VCE = lOY - - 10 _!,A-

IcBO Vca=10V - - 1.0 !'A 
Base-Emitter Voltage VaE VCE - 3V, Ic = lOrnA 650 740 850 mV 
Collector-Emitter Saturation Voltage VCE(5AT) Ie = 5U mAo la = 5 mA - 400 700 mV 
D-C Forward Current Transfer Ratio hFE VCE = 3V, Ic = 10mA 40 76 -

VCE = 3V, Ic = SOmA 40 75 -
Differential I nput Offset Voltage* VIO VCE = 3V, Ic = ImA - 1.2 5.0 mV 
Differential Input Offset Current* 110 VCE - jV, Ie -I mA - OJ 2.5 !'A . Applies only to transistors Ql and Q, when connected as a differential pair. 

10-12 



D-C FORWARD CURRENT TRANSFER RATIO 
AS A FUNCTION OF COLLECTOR CURRENT 
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ULN-2083A AND ULS-2083H TRANSISTOR ARRAYS 

COLLECTOR-EMITTER SATURATION VOLTAGE 
AS A FUNCTION OF COLLECTOR CURRENT 
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ULN-2083A~lTRANSISTOR ARRAY 

ULN-2083A-l TRANSISTOR ARRAY 

This device is a general-purpose transistor array 
for use in medium-current switching and differential 
amplifier applications. With the exception of the 
increased breakdown voltages shown below, Type 
ULN-2083A-l is identic.al to Type ULN-2083A 
transistor array. 

ELECTRICAL CHARACTERISTICS at +25°C Free-Air Temperature 

Characteristic Symbol Test Conditions 
Collector-Base Breakdown Voltage BVcBo Ie = 100 iJA 
Collector-Emiller Breakdown Voltage BVcEO Ic = 1 rnA 

0Ml. NO. A-IO,Z32 

Limits 
Min. Typ. Max. 
40 60 -
30 - -

Units 
-V 

V 



ULN-2086A TRANSISTOR ARRAY 

ULN·2086A TRANSISTOR ARRAY 

Type ULN-2086A general-purpose transistor 
array consists of five silicon NPN transistors, two of 
which are connected as a differential amplifier. The 
monolithic construction provides close electrical and 
thermal matching between all transistors. 

With the exception of the collector cutoff current 
specifications listed· below and the omission of 
guaranteed limits on input offset voltage and input 
offset current, Type ULN-2086A is identical to Type 
ULN-2046A transistor array .. 

ELECTRICAL CHARACTERISTICS atTA = +25°C 

Characteristic Svmbol Test Conditions 
Collector Cutoff Current leBO VeB = 10 V, IE =0 

IcEO . V£E = 10 V, IB = 0 

Min. 
-
-

. Limits 
I- Tvo. Max. Units 

- 100 nA 
- 5.0 pA 

NOTE: The substrate terminal must be tied to the most negative point in the external circuit to maintain isolation between transistors and to provide for 
normal transistor action. 
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SERIES 2140 
HIGH·PERFORMANCE QUAD CURRENT SWITCHES 

SERIES 2140 
HIGH·PERFORMANCE QUAD CURRENT SWITCHES 

FEATURES 
• Variable Reference: -3 to -10 Volts 
• Low Temperature Coefficient: 5 ppmfOC 
• Fast Settling: 300 ns to 0.01% 
• nUCMOS Compatible Inputs 

SERIES 2140 quad current switches are high precision monolithic integ
rated circuits for use in digital-to-analog converters. Each device contains 
four logic-controlled current switches and a reference transistor. Continu
ously running current sources and superior thermal layout, maximize speed 
and accuracy by reducing transitional anomalies. Series 2140 switches 
accept a wide range of d-c references or an a-c reference for two-quadrant 
mutiplying D fA applications. Inputs may be driven from TTL, or similar 
sources and are independent of reference voltage level. 

Type ULN-2140A switches are rated for operation over the temperature 
range of -20°C to +85°C; the 'A' suffix indicates a 14-pin dual in-line 
plastic package. Type ULS-2140H switches are rated for operation over the 
extended temperature range of - 55°C to + 125°C; the 'H' suffix indicates a 
dual in-line hermetic package to Military Specification MIL-M-3851O. 
Devices in unpackaged, chip form, for use in hybrid circuit applications, 
are designated by changing the suffix letter from A or H to C. 

On special order, hermetically sealed quad current switches with high
reliability screening to MIL-STD-883 are available by adding the suffix 
'MIL' to the part number, for example, ULS-2140H -MIL. Also, on special 
order, devices with improved linearity and drift can be supplied. 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage, Vee .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. + 18 V 
VEE .•••••....•••••..••••••....••••....•••.....•• -18 V 

Input Voltage, VIN ••••••••••••••••••••••••••••••••••••••••••••••• +6 V 
Reference Voltage Range, VREF •••••••••••••••••••••••••••••••••• -3 V to VEE 
Operating Temperature Range, TA (ULN-2140A) ................. -20°C to +85°C 

(ULS-2140H) ................ -55°C to + 125°C 
Storage Temperature Range, Ts ........................... -65°C to + 150a C 
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SERIES 2140 
HIGH-PERFORMANCE QUAD CURRENT SWITCHES 

ELECTRICAL CHARACTERISTICS atTA = +25°C, Vee = +5 to + 15 V, VEE = -15 V, IMsB = 1 mA, 
Operational Amplifier Summing Junction Load (unless otherwise noted) 

, 

Characteristic Symbol Test Conditions 
"0" Input Voltage V,N,m 
"1" Inout Voltalle VINUL 

"0" Input Current "N{O VIN= 0.8 V 
"1" InputCurrent IINII VIN = 2.4 V 
Output Voltage VOUT R=1 kO 
Output ,Voltage Swing AVoUT R = 1 kO logic = 0000 to 1111 
OutplItCurrent 1M" 

logic "- olll 
IBII 2 llJiic = 10 11 / 

'.' 

IBIT 3 Logii:~ 1101 
'" Iiss Logic - lllO 

Settling Time : RI ~ l.kO,Jo 0.01%, Logic - 1000 to Olll 
Output Leakage Current lOUT logic - 1111 
Ref. Transistor Static hF[ " Ie = 125 pA 
Forward Current Gain 
Non-linearity " . Over Operating Temperature Range 
\Got,Non-Unearity ,.' noc to+70°C(ULN-2140 Devices) 

-5S·C to +125°C (ULS-2140 Devices) 
Sea Ie Factor Drift Over QR,eratinlTel11Jl.erature Range 
Supply Current Icc Vee = +15 V 

lEE 
. . 

Note: Output voltage With a reslstlVB load Will ,be a negative voltage . 

TYPICAL APPLICATION 

15K 

LOGIC INPUTS 

IK 

", 
, 

Min. 
-
2.0 
-
-

-2.0 
2.0 
1.0 
0.5 
0.25 
-
-
100 

-
-
-
-
-
-

limits 
~ Max. 

- 0.8 
- -
- -1.0 
- 10 

See Note 
- -
1.0 -
0.5 -
0.25 -
0.125 -
300 
-
-

-
-
-
5.0 
8.0 

~8.0 

5K 

-
10 
-

0.5 
20 
10 
-
-
-

ANALOG 
OUTPUT 
VOLTAGE 

'--......... -+--i--,.-+---+-f----+-+---+--+--i>--......... --o-15V 

75K 
01«>. MO. A.-IO,805 

+'10Y D--"VVIr---..JV1."--'i--i 
REFERENCE 

• CONTACT FACTORY 

lQ-:.17 

Units 
V 
V 
JJA 
JJA 

~ 

V 
mA 
mA 
mA 
mA 
ns 
p.A 
-

% 
..Hm/oC 
..Hm/oC 
..Hf1!L"C 
mA 
mA 



tJtN.2~lA,AUTOMOTIVE LAMP MONITOR 

~ULN.2401A. ,AUTOMOTIVE LAMP MO"ITOR 

FEATURES 
• No Stand by. p.ower , 
• Completely Integral to Wiring Assembly 
• Monitor 1 th8Lamps per Channel 
• Fail-Safe . 
• Reverse Voltage Protected 
• 14-Pin Dual In-Une Plastic Package 

OFFERING SEVERAL ADVANTAGES for a 
'.' lamp monitoring system,' the ULN-240IA 

monolithic integrated circuit is-versatile, easily con
nected,and does not affect norinallamp operation. 
I::.ittle· ag,ditional wiring is required for installation. 
since'thesystem is completely integral to the wiring' 
asserfibly. . ' 

The ULN-240IA electronic lamp monitor was 
specifically designed for ~applicafion in the severe 
automotive environment. Lateral PNP transistors 
provide high-frequency noise immunity and differ
ential transient voltage protection. Reverse voltage 
protection, internal voltage regulators, and tempera
ture compensation are all incorporated in the design. 
A failure within the device will not affect lamp 
operation. As a quad comparator, the ULN-240IA. 
can also be used to monitor multiple low~voltage 
power supplies or, with appropriate sensors; indus-
trial processes. . '. 

This lamp monitoroperates'by sensing the volt~ge 
drop in the wiring (50 to l()()·.nWnot each lamp 
circuit. If any of the four compa,atorssees a differen
tial input voltage of greater tlian 26 m V, a failu~ 

"lamp is turned on. Lamp and wiring tolerances caus
ing differential input voltages of up to 
7 mV are permitted. Each comparator is ca:pable'of 

. monitoring a mixture of one to .eightsimilar lamps. 
No standby power is required because the operating 
voltage is obtained from the sense leads and is e~er
gized only when the lamps are turned on. 

ABSOLUTE MAXIMUM 'RATINGS 
Supply Voltage, Vee .................... : ...... 16 V 
Peak ReilerseVoltage (30 s) ......•...........•. 6.0 V 

. (0.1 s) ................. : .. 30 V 
Output Current, loUl .....•........... . . . . . . .. 500 rnA 
Operating Temperature Range, TA ........ -35°C to +70OC 
Storage Temperature Range, Ts ........ -65OC to + 150°C 

EQUIVALENT LOGIC CIRCUITRY 

0Ifl.110. A-IO.712 
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ULN-2401A AUTOMOTIVE LAMP MONITOR 

ELECTRICAL CHARACTERISTICS at T - 25°C A - ... 

Limits 
Characteristic Symbol Test Conditions Min. Iyp. Max. Units 
Operating Voltage Range Vee 10 13 16 V 

... Vee - 10 V, ilV1N - 26 mV - - 2.2 V 
Output Saturatioll Voltage VOUT£ONI Vee = 13 V, ilV1N = 26 mV - - 2.4 V 

Vee - 16 V, ilV1N - 26 mV - - 2.6 V 

Vee - 16 V. ilV1N = 0 mV - - 6.0 rnA 
Output Leakage Current louTiom Vee = 16 V, ilV1N = 7 mV - - 10 rnA 

Vee = 16 V, ilV1N = 0 mV (all inputs) - - 15 rnA 

NOTE: ElectriCal characteristics (unless otherwise specified) apply to anyone pair of comparator inputs (pins I & 2. or 9 & 10,or 11 & 12) with all remaining 
comparator inputs (includingpins3& 4) open-circuited. To testthe comparator at pins 3 & 4, pins 9. 10. 11 & 12 must be connected to Vee. In application. 
pins 10 and II must both be at or near Vee for the comparator atpins 3 & 4 to be operative. 

TEST CIRCUIT 

SCHEMATIC 

r---------------------------~--~ 

50 mV 
APPROX. 

10--":"19 
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ULN~2429A FLUID DETECTOR' 

ULN.2429A FLUID DETECTOR 

FEATURES 
• High Output Current 
• A-C or D-C Output ' 

• Single-Wire Probe 
• Low External Parts Count 
• Internal Voltage Regulator 
• Reverse Voltage Protection 
• 14-Pin Dual In-Une Plastic Package 

pRIMARILY DESIGNED for use as an auto-
motive low coolant detector, the ULN-2429A 

monolithic bipolar integrated circuit is ideal for 
detecting tlfe presence or absence of many dif
ferent types of liquids in automotive, home, or 
industrial applictions. Especially useful in harsh 
environments, reverse voltage protection, inter
mu voltage regUlation, temperature compen
sation, and high-frequency noise immunity are 
all incorporated in the design. 

A simple probe, immersed in the fluid being 
monitored, is driven with an a-c signal to 
prevent plating problems. The presence, ab
sence, or condition of the fluid is determined by 
comparing the loaded probe resistance with an 
internal (pin 8) or external (pin 6) resistance. 
Typical conductive fluids which can be sensed 
are tap water, sea water, weak acids and bases, 
wet soil, wine, beer, and coffee. Non-conduc
tive fluids include most petroleum products, 
distilled water, dry soil, and vodka. The probe 
can be replaced with any variable-resistance 
element such as a photodiode, or photoconduc
tive cell, rotary or linear position sensor, or 
thermistor for detecting solids, non-conducting 
liquids, gases, etc. ' 

The high-current output is typically a square 
wave signal for use with an LED, incandescent 
lamp, or loudspeaker. A capacitor can be con
nected (pin 12) to provide a d-c output for use 
with inductive loads such as relays and 
solenoids. 

10-20 

The ULN-2429A is rated for operation with a 
load voltage of up to 30 volts. Selected devices, 
for operation up to SO V are available as the 
ULN-2429A-1. In all other respects, the 
ULN-2429A and the ULN-2429A-1 fluid detec
tors are identical. 

These devices are furnished in an improved 
14-lead dual in-line plastic package with a cop
per alloy lead frame for superior thermal 
characteristics. However, in order to realize the 
maximum current-handling capability of these 
devices, both of the output pins (1 and 14) and 
both ground pins (3 and 4) should be used. 

OSCILLATOI 

7 

NC 

@ 

DlCOUPLING .......... 
FUNCTIONAL BLOCK DIAGRAM 



ABSOLUTE MAXIMUM RATINGS 
Supply Voltage, Vee (continuous) ............... +16 V, -SO V 

(1 hr. at +2S°C) .................. +24 V 
(10 j.ls) ...... , .................. +SO V 

Output Voltage, Your (ULN·2429A) .................... +30 V 
(ULN·2429A·l) .................. +SO V 

Output Current, lour (continuous) ........... , ....... 700 mA 
(1 hr. at +2S°C) .................. 1.0 A 

Package Power Dissipation, Po ...................... 1.33 W" 
Operating Temperature Range, TA ••••....••.. -40°C to +S5°C 
Storage Temperature Range, Ts ............ -65°C to +150°C 

·Derate at the rate of 16.67 mW/OC above TA =!' +70oC. 

ELECTRICAL CHARACTERISTICS at TA,= -25°C, Vee ~ Vour = +12V 
(unless otherwise specified) 

Test 
Characteristic Symbol Pin Test Cond itioils Min. 

Supply Voltage Range Vee 13 - 10 
Supply Current lee 13 Vee == +16V -
Oscillator Outputvoltage Vose: 6 RL .. IS kQ -
Output ON Voltage Your 1,14 RL .2:30 kQ,lour - 500 mA -
Output OFF Current lour 1,14 RL !i 10 kQ,Vour - VoU1{max) -
Oscillator Frequency fose: 6 RL - 18 kQ -

TEST CIRCUIT 

SOn. 

ll\IG. MO. ,",10.707 
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ULN-2429A FLUID DETECTOR 

Limits 

Typ. Max. Units 

- 16 V 
- 10 mA 
3.0 - Vpp 
0.9 1.5 V 

- 100 j.tA 
2.4 - kHz 



ULN-2429A FLUID DETECTOR 

CIRCUIT SCHEMATIC 

Vcc 
13 

47a... 

OSCILLATOR 

4.7 K 

TYPICAL APPLICATIONS 

lo-I6V 

r--,.'. r - -- - fi.. ~~~I~~~~OR 
¥O~F 

•. 110. A-IO.108 

HIGH-RESISTANCE (AIR) 
TURNS OUTPUT LAMP ON. 
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NC 

<V 

HIGH-RESISTANCE (AIR) 
TURNS OUTPUT LAMP OFF • 

IO-16V 

____ OPTIONAL FOR 
'!:1.P-c OUTPUT 

:J?0~F 

18K 

0'I«l. MO. A-IO.711 



ULN-2430M 'IMER 

ULN-2430M TIMER 

FEATURES 
• Microsllconds to Minutes 
• Temperature COf1lllensated 
• 400. mA. Output 
• a-Pin Dual In-Une Plastic Package 

PROYI})ING .. time delays from several mi
croseconds to approximately 10 minutes, the 

ULN-2430M timer was originally designed for use 
as a rear window heater timer in automotive applica
tiQns. In typical system designs, this device will· 
meet all of the stringent automotive environmental 
and transient requirements, includillg "load dump" . 
The rugged. design, the high output current rating, 
and anintemal voltl!.ge regulator and reference allow 
the ULN-2430M timer to be used in many industrial 
application!i;. 

62K 

GROUND 

ABSOLUTE MAXIMUM RATINGS 
Regulator Current, \EG ........................ 15 mA 
latch Current, 14 ....•...•••••..•...•......... 3 rnA 
Output Current, lour ......................... 400 mA 
Pacillige Power Dissipation, Po ...............• 330 mW· 
operating Temperature Range, TA ......... -40°C to +85°C 
Storage Temperature Range, Ts .. , ..... -65°C to + 150°C . 

*De.{lIte at tbe rate of 4.~ mW/OC a bove T~= + we. 
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ULN-2430M TIMER 

ELECTRICAL CHARACTERISTICS at TA = +25°C (unless otherwise noted), Fig. 1 
Test ... 

Limits 
Characteristic Pin Test Conditions Min. Typ. Max. Units 

Operating Voltage Range 10 - IS V 
Regulator Voltage 5 8.4 9.0 10.1 V 
OutputBreakdo\'inVoltage ..... 2 IlEAK = 100,JA 30 - - V 
Output Saturation· vOltage '. z lour - 4UU rnA - - 2.5 V 

IOIIT = 250 rnA - - 1.3 V 
latch Voltage . . 4 Over Op. Temp. Range 5.5 7.0 8.0 V 
Trigger Threshold .... : . 7 V/Vs O.SO 0.S3 0.S7 
Reference .. $ VJVs 0.58 0.S3 0.S8 
Temp. Coeff. of 7 -2.0 - -4.0 mV/oC 
Trigger Threshold 
Trigger Input Current 7 - 20 200 nA 
Capacitor Discharge Time 7 C[ = 220 JLF, ±10% - - 2.0 s 
Supply Current 5 Vee = ISV - - 10 mA 

CIRCUIT OPERATION 

The basic system shown in Figure 1 provides 
power for the timer after the momentary closure of 
the "rear window heater switch" St. Momentary 
closure provides an input to.pin 4 which turns ON the 
output driver, energizes the relay, and (through the 
relay contacts) provides power to the timer and the 
heater element. Waveforms are shown in Figure '2. 

The output remains ON, supplying power to the 
heater until V7 = 62% Vs, which occurs at time t ~ 
R[ X C,. The time delay can be adjusted from several 
microseconds to approximately 10 minutes by the 
choice of R, and C,. When t = R[ X C" the com
parator changes state and the relay de-energizes, 
returning. the circuit to the quiescent condition. 

Timing accuracy is primarily a function of capac" 
itor leakage for long time delays. Hard switching of 

the comparator necessitates low input bias currents 
on the comparator and low capacitor leakage cur
rent. The worst case comparator input is 200 nA and 
the charge current at V7 = 62% Vs is approximately 
1.7 p,Afor R, = 2 MO. For these reasons, it is 
recommended that R[ not exceed 2 MO and C[ leak
age be less than 500 nA. 

Diode D[ and the circuitry associated with pin 4 
provide start-stop capabilityfor the timer. When the 
voltage at pin 4 is larger than 8 V timing is .initiated. 
When less than 5.5 Y, timing is stopped. Transient 
protection against load dump and other automotive 
environmental hazards is provided by the integrated 
circuit design and discrete components Z[. C2 , R3, 

R •• and D l . 



TYPICAL APPliCATION 
(Figure'l) 
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ULN~2435" ULN-2445A, ULN-2455A AUTOMOTIVE LAMP MONITORS 

ULN-2435A, ULN-2445A, AND ULN-2455A 
AUTOMOTIVE LAMP MONITORS 

FEATURES 
• No Standby Power 
• Integral to Wiring Assembly 
• Fail-Safe 
• Reverse Voltage Protected 
• Internal Transient Protection 
• Dual In-Line Plastic Packages 

CAPABLE of monitoring all types of automotive 
lamps, Type ULN-2435A, ULN-2445A., and 

ULN-2455A lamp monitors provide multiple LED 
outputs to pirtpoint the area in which a tamp has 
failed. Types ULN-2435A and ULN-2445A feature 
an additional output that triggers an alarm if any of 
the comparators detects a lamp failure. This output 
can be used to drive an audible signaling device or 
centrally located warning indicator. 

The Type ULN-2435A lamp monitor has intercon
nected comparator ouputs and logic to monitor the 
ignition circuit and fuses, making it uniquely appli
cable to automotive applications. Type ULN-2445A 
is similar, but has no interconnected comparators. 
Type ULN -2455A is a general-purpose quad com
parator that can be used to monitor automotive 
lamps, multiple low-voltage power supplies, or, with 
appropriate sensors, industrial processbs. 

Installation and operation of these quad lamp 
monitors has no effect on normal lamp operation. 
Comparators sense the normal voltage drop in the 
lamp wiring (approximately 20 mY,) for each of the 
monitored lamp circuits. Little additional wiring is 
necessary for installation because the, system can" 
be completely integral to the wiring assembly. No 
standby power is required: The operating voltage is 
obtained from the sense leads; the system is ener
gized only when the lamps are turned O~ . 
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All three integrated circuits are designed for use 
in the severe automotive environment. Lateral PNP 
transistors provide high-frequency noise immunity 
and differential transient-voltage protection. Re
verse voltage protection, internal regulators, artd 
temperature compensation are all embodied in the 
circuit design. A failure within the device will not 
affect lamp operation. 

'Types ULN-2435A and ULN-2445A are supplied 
in I8-pin dual in-line plastic packages. The Type 
ULN-2455A lamp monitor is supplied in a 14-pin 
dual j1l,~line,plastic package. 

ABSOLUTE MAXIMUM RATINGS 
at + 25°( Free-Air Temperature 

Supply Voltage, Vee .... , .... , . '.. . . .. . . . . . . .. .. 30 V 
Peak Supply Voltage, Vee (OJs) , , , ................ 80 V 
Peak Reverse Voltage, VR •• ~."" .... " •••• " •• ,. 30V 
Output Current,lour ......... " .... , ...... ,'" 35 rnA 
Package Power Dissipation, Po (ULN-2435/45A) " ...• 2.3 W* 

(UlN-2455A) "" •... 2.0 W** 
Operating Te(nperature Range, T.. . . . . . .. - 40DC to + 85°C 
Storage Temp,erature Range, Ts ., ...... : - 65°C to + 150°C 

"Derate at the rate of 18.18 rnW/oC above T, = + 25°C. 
**Derate at the rate of 16.67 rnwrc above T, = + 25°C. 



ULN-2435A, ULN-2445A, ULN-2455A AUTOMOTIVE LAMP MONITORS 

PRINCIPLE OF OPERATION 
Operation of these lamp monitors is similar to that of a simple bridge 

circuit in which the top two legs of the bridge are formed by the wiring 
assembly resistance or discrete low-value resistors. The bottom legs ofthe 
bridge are the monitored lamps. Four differential amplifier circuits sense 
the voltage drops in the wiring assemblies (approximately 20 m V) for each 
of the lamp circuits. When the system detects a difference in voltage due 
to an open filament, the appropriate output driver is turned ON. 

Sprague Electric Technical Paper TP 81-7 discusses the requirements of 
automotive lamp monitoring systems and presents amore detailed descrip
tion of the operation of these differential sense amplifiers (page 10-56). 

BASIC BRIDGE MONITORING SYSTEM 
FEEO 

TYPICAL SWITCH CHARACTERISTICS 

SIGNAL 
OUTPUT 

30 v 

0 

Vee ---, 
I 
I 

I I I 

~ I ~ 
§ I § 
II) I 

II) 

z I x 
i « 

I l: , 
' ... _- VeE (SATI 

7.0mV 20 mV 

DIFFERENTIAL SWITCH VOLTAGE, AVIN 
Dwg. No. A·12.187 

ELEORICAl CHARAaERISTI(SatT, = + 25°C, Vee = VIN = 10 to 16 V (unless otherwise shown) 
TestPins Limits 

Characteristic ULN-2435/45A ULN-2455A Test Conditions Min. Typ. Max. Units 
Output leakage Current 1, 7, 10, 1,4,8,11 VOUT = 80 V, 6. V1N < 7 mV - - 100 tJA 

13, 15, 16 < 
Output Saturation Voltage 1,7,10, 1,4,8,11 lOUT = 5 rnA, 6. V1N > 20 mV - 0.8 1.0 V 

13, 15, 16 lOUT = 30 rnA, 6. V1N >20 mV - 1.4 2.0 «« V 

Differential Switch Voltage 2-3,8-9, 2-3,5-6, Absolute Value V(2) - V(3) 7.0 13 20 mV 
11-12,17-18 9-10, 12-13 

Input Current 4 NA V1N = Vee = 16 V - - 500 J.i.A 
5 NA V1N = Vee == 16 V - - 15 rnA 
6 NA V1N =; OV, Vee = 16V - - -1.0 rnA 
2,8, 11, 17 2,5,9,12 6. Vjd = V(2) - V(31 = t 30mV 150 300 800 J.i.A 
3,9, 12, 18 3,6,10,13 6. V1N = V(2)<- V(3) = -30 mV 1.0 2.5 4.0 rnA 
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ULN;;243Sl, ;ULN-2445l,.ULN .. 245SA AUTOMOTIVE lAMP.;MONITORS 

ULN-2435A 
FUNCTIONAL BLOCK DIA~RAM 

;.,,) 

. IGNITION 

L. PARK 

L. TAIL 

L. STOP 

R. STOP 

.R. TAIL 

R. PARK 

MASTER 

L. STOP 
L. TAIL 

.~. STOP 
R. TAIL 

R. PARK 

MARKERS 

GROUND 

.... Ie. A-lI.031A 

ULN~243SA and ULN-244SA TRUTH TABLES 
OUTPUT PINS 

INPUT PINS 

CONDITIONS .\ '21'J ·8/9; '. li/1~ WI8 '6 4·£ 5' r 
Norma!. = = = = 0 H X H 

.. l. Park lamp FailUfe > = = = 0 H X . L 
L. Tail Lamp Failure < = = ~ 0 H X . H 
Mar~er Lamp Failure = > = = 0 H X 
Marker Lamp Failure = . < = . = 0 H )( 

R. Stop Lamp Failure 1= = > = 0 H X 
LStilp L!Jmp Failure ... - = < ~ 0 H X 

.' R. Park La'mp Failure = = = > 0 H X 
R.· TaillJ}mp Failure "" - "" '< 0 ' •. H Xl 

: Slop Lamp Fuse Failure = = = == O' ·t H· 
fndicator Lamp Test X X X X L ~ .. H 

\ 

= ~Less than 7mVoifset between a PlIirot-input ~ins' .. 
\ > ...,-Gteater than + 20inv dilferentialbetweefi a pair 01 Inpui pins tvl2l - V,~l 
:\ '< - Greaterthan -20mV differential between a pair 01 i/lpu! pins IVI2l - V".] 

H - V';' .. . ...... . 

L - VSAY (outputs) or GROUND (inputs) 
0- Open orVcc 
X ~ Irrelevant 
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Ulf{"}435A, UlN·2445A,. UlN.2455AAUTOMOIIVE lAMP ,MONaORS 

ULN·2445A, FUNCTIONAL BLOCK DIAGRAM 

IGNITION 

IN'DICATOR 
TEST 

L. PARK 

L. TAIL 

L. STOP 

R •. STOP 

R. TAIL 

R. PARK' 

MARKERS 

MARKE;RS 

ULN·2455A 
FUjl,JCTIQNAL BLOCK DIAGRAM 

IN'A:~' .... . ... @NC. 

'd ••• _ .' •• ' ••••• IOUT, 

IN'a: " . 

MASTER 

I L. PARK 

L. STOP 

R.STOP 

R. PA~K 

7 MARKERS 

GROUND 

7 GROUND·· 

"",. No. '-12,03lA 



ULN.:243SA, ULN"244SA, ULN-24SSA AUTOM01WE LAMP MONITORS 

"-g 
II) 

..i 

TYPICAL APPLICATIONS 
AUTOMOTIVE LAMP MONITOR 

r-----'--,-----.----------------~<) BATTERY 

R 

"- "" g 0: ..J 

~ ~ II) 

.: ..i ..i 

Vee 

R R R R 

"" 
0: 

..J 0: W 

~ "" ~ 0: « 
.: .: ~ 

IGNITION 

ULN-2445A 
r-~---------------~ 

R~ Q&!Q 
ILAM' 

QUAD LAMP MONITOR 

Vee 

ULN-2455A 

MASTER 

330 ~ 

L. PARK 

L.STOP 

330 ~ 

330 ~. STOP 

R. PARK 

330 ~ 

MARKERS 

o.g ..... -l5l3A 

IK IK IK IK 

Dwg. No. A-12.035A 
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ULN-2435A, ULN.2445A,ULN .. 2455A AUTOMOTIVE LAMP MONITORS 

TYPICAL APPLICATIONS (Continued) 

POWER SUPPLY SUPERVISORY CIRCUIT 

VOLTAGE FOl.LOWER.SUPPLIES 
DETECTOR OP.ERATING CURRENT 
VOFFSE;T« VSWITCH 

VSWIT1;H(RIH R2)(R1+R2) OUT 

RS' (l>VINoR2)-VSWITCH( Rl + R2) I 

IF VREF = 10V 

VIN =15 V 
R2 = 15 kQ 

THEN Rl = 7.5k~ 

1A ULN-2455A . I 
----------- 7.J 

IF LWIN = 250 mV 

VSWITCH = 13. mV 

THEN Rs = 423 Q 

SIMPLIFIED SCHEMATIC 
(One of 4 differential 

sense amplifiers) 
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ULN·3310D AND ULN·3310T PRECISION LIGHT S.ENSORS 

ULN-3310D AND ULN-3310T 
PRECISION LIGHT SENSORS 

FEATURES 
• Two-Terminal Operation 
• Linear Over a Wide Range 
• Precalibrated 
• Wide Operating-Voltage Range 
• High Output 

DIRECT REPLACEMENTS for photocells and 
. phototransistors, Type ULN-331ODand ULN-

3310T Preci.sion Light Sensors are two-terminal 
monolithic integrated circuits that linearly convert 
light level into electrical current. The light-con
trolled current sources are linear over a wide range 
of supply voltages and light levels and require no 
external calibration. 

Each Precision Light Sensor (PLS) consists of a 
photodiode and a calibrated current amplifier. The 
design of the amplifier allows derivation of its supply 
current from the same terminal as the photodiode 
cathode and the amplifier output. Since this supply 
current is a linear function of the photodiode cur
rent, it acts as part of the signal current. Each PLS 
is calibrated during manufacture for an output cur
rent of 40 ""A at 100 ""W/cm2 at 880nm. 

FUNCTIONAL BLOCK DIAGRAM 

Type ULN-331OD is furnished in a hermetically 
sealed metal package with glass end cap conforming 
to JEDEC outline TO-52 (TO-206AC). Type ULN-
3310T is supplied in an inexpensive clear plastic 
package. Both devices are rated for operation over 
the temperature range of - 40°C to + 70°C. 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage .............................. 24 V 
Operating Temperature Range. . . . . . . . .. - 400e to + 700e 
Storage Temperature Range 

(ULN-3310D) ............ - 55°e to + 15Qoe 
(ULN-3310T) ............ - 55°e to + 1100 e 

Dwg. No. A-l1,991 



UlN·3310D AND UlN·3310T PRECISION LIGHT SENSORS 

APPLICATIONS INFORMATION 

Type ULN-3310D and ULN-33lOT precision light sensors can be used 
to replace several types of light sensors: 

Photocells exhibit a change in resistance proportional to light intensity. 
However, they are highly inaccurate. They exhibit light memory, which 
makes their response dependent on the previous light level. 

Phototransistors exhibit no light memory, but show as much as 50% 
variation in sensitivity among parts of the same type due to process and 
beta variations. Output current as a function of light level is linear only 
over a very small range. 

Photodiodes have an output current that is a linear function of illumina
tion, but the output is very small. The output current is typically in the 
range of tens of narioamperes. These devices also show wide unit-to-unit 
sensitivity variations. 

Sprague Electric precision light sensors are two-terminal replacements 
for photocells, phototransistors, and photodiodes. They are internally cal
ibrated, have relatively high output currents, and are linear over a very 
wide range oflight levels. Low-level amplifiers and adjustable controls can 
be eliminated. The ULN-33IODIT Precision Light Sensors are also ideal 
for use in arrays where matched characteristics are often required. Un
packaged chips are available on special order. 

Both the hermetically sealed Type ULN-33IOD sensor, and the low-cost 
Type ULN-3310T plastic-encapsulated sensor, are cost-effectivesolu
tions to precise light-sensing or light-measurement applications. 

mORICAl CHARAOERISTICS atT A = + 25°C, Vee = 12 V 
Limits 

Characteristic Min. Typ. Max. Units 
Initial Accuracy at 100 J.LW/cm2 - - ±S.O % 
Sensitivity. 380 400 420 nAlJ.LW/cm2 

Operating Voltage Range 2.7 12 24 V 
Output Linearity, 10 to 10k J.LW/cm2 - - ±5.0 % 
Dark Current - - 100 nA 
Power Supply Rejection, (~IJlo)/ A:V 40 50 - dB 
Temperature Coefficient of Sensitivity - 3500 - ppMfOC 

NOTE: Light source is an infrared LED with a peak output wavelength of 880 nm. 
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ULN·3310D AND ULN~33,1 OT.PRECISIONLIGHT SENSORS' 

TYPICAL CHARACTERISTICS 

RELATIVE SPECTRAL RESPONSE 
AS A FUNCTION OF WAVELENGTH OF LIGHT 
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OUTPUT CURRENT 
AS A FUNCTION OF ILLUMINANCE 

10 

3.0 

1.0 

<i 

E O. 
~ 

!z 
w 
~ 0 
a 

3 

.1 

~ 6 0.0 3 

0.0 'V 
0.00 3 

0.00 1 
10 

A "660~m / TA=+25°C 

V 
V 

V 
V 

30 100 300 lK 3K 10K 
LIGHT LEVEL IN ~W/cm' 

Dwg. No. A-12,ll6A 

OUTPUT q.lRRENT 
AS A FUNCTION OF SUPPLY VOLTAGE 
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ULpt;331GD AND ULN-J.31 OTI 'RECISION ,LIGHT ,SENSORS 

TYPICAL APPLICATIONS 

Figure I shows a Type ULN-3310Dbr ULN-33IOT integrated;circuit 
replacing a photocell or phototransistor for the precise detection of a light 
level. Use of the precision light sensor eliminates the need. for external 
calibration because it is calibrated to an jnjti~lacouracy ofbetter-t.an 5% 
during manufacture. 

DWG. NO. A-ll,808 

Figure lA 
LIGHT-LEVEL DETECTOR 

REQUIRING EXTERNAL CALIBRATION. 
, " ,,,".;>, 

= 

ULN-331OD 
OR 

ULN-3310T 

llWG. NO. A-l1,8{)9 

Figur" 1B 
LlqIiT:LEVEL DETECTO~ USING PLS 

In Figure 2, two ~re'eisionlight sensors lire usea in a differentiil config
urationto detect the edge of an object. When the light level on: the ~rst 
sens6r is half of that! on thesec9nd, the circuit switches. This(circuit 
operates over a wide~ra,nge of ambient Iight,levels: No external caIlbr<ltion 
is required.' . . , ..... 



ULN;;3310D ANDUlN·331QT PRECISION LIGHT 'SENSORS 

Vee 

130K, '15K 

400, 

I!lOK lOOK 10K 

Dwg. No. A-l1.995 

Figure 2 
DIFFERENTIAL EDGE DETECTOR 

SCHEMATIC 

Vee 

2 

GROUND 
Dwg. No. A-II.996 
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ULN·3310D AND ULN·3310T PRECISION LIGHT SENSORS 

ULN-3310D 
SENSOR-CENTER LOCATION 

Dwg. No. A-ll.993A 

ULN-3310T 

RELATIVE RESPONSE 
AS A FUNCTION OF THE ANGLE OF INCIDENCE 
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SENSOR-CENTER LOCATION 

PHOTO-SENSITIVE AREA, 
0,041" Dia. 11.04mm) 

n---+--+--n 
I .--
I 

Cent.r on PIN 2 within 
to.Ol0"10.254mm} 

-,-
0.130" 13,30mm} 
0,110"12.79mm} 

~~l 
z 

Dwg. No. A,ll ,9948 IIiI 



ULN·3330D, ULN·3330T, ULN·3330Y 
OPTOELEORONIC SWITCHES 

ULN-3330D, ULN-3330T,AND ULN-3330Y 
OPTOELECTRONIC SWITCHES 

FEATURES 
• Photodiode with: 

On-Chip Amplifier 
On-Chip Level Detector 
On-Chip Power Driver 
On-Chip Regul~tor 

• Operation to 30 kHz 
• Plastic or Hermetic Package 

pROVIDING complete light detection and low-
level signal-processing circuitry in a single 3-

lead package, Type ULN-3330D, ULN-3330T, and 
ULN-3330Y optoelectronic switches are monolithic 
integrated circuits containing a photodiode, low
level amplifier, level detector, output power driver, 
and voltage regulator. The three devices are cost
effective solutions to light-sensing consumer or 
industrial applications. They require no external 
components for operation. 

The optoelectronic switches typically turn ON as 
illumination of the photodiode falls below 55 fLW/ 
cm2 at 880 nm. An internal latch provides hysteresis: 
The output will not turn OFF until the illumina-

FUNCTIONAL BLOCK DIAGRAM 

tion increases by approximately 12%. Typical loads 
include an incandescent lamp, LED, sensitive relay, 
or d-c motor. For applications requiring interface to 
TTL or CMOS, Series ULN-3360 integrated circuits 
are similar devices that include an internal pull-up 
resistor. 

Type ULN-3330D is furnished in a hermetically 
sealed metal package with a glass end cap. The 'D' 
package conforms to JEDEC outline TO-52 (TO-
206AC). The miniature Type ULN-3330T is sup
plied in a clear plastic package only 0.080" (2.0 mm) 
thick. Type ULN-3330Y is furnished in an inexpen
sive clear plastic package meeting the JEDEC 
TO-92 (TO-226AA) outline. 

Dwg. No. A-ll,l27A 



ULN-3330D, ULN-3330T, ULN·3330Y 
OPTOELECTRONIC SWITCHES 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage, Vee. . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . .. 15 V 
Output Voltage, VOUT ............................................. , 15 V 
Output Current, louT ............................................. 50 rnA 
Package Power Dissipation, Po ................................... See Graph 
Operating Temperature Range, T, . . . . . . . . . . . . . . . . . . . . . . . . . .. - 40°C to + lO°C 
Storage Temperature Range, Ts 

ULN-3330D .......................... _ ......... - 55°C to + 150°C 
ULN-3330T .................................... - 55°C to + 110°C 
ULN-3330Y .... _ ............................... - 55°C to + 11 O°C 

.... 
:J 
o 
> 
w 
~ 

~ o 
> 
..... 
;:) 
0.. ..... 
5 

TYPICAL TRANSFER CHAAACTERlsTICs 

ILLUMINATION, E 

Owg. No. -A-ll,12S 

mORICAL CHARAOERISTICS af TA = + 25°C, Vee = 6.0 V, A. = 880 nm 

Limits 

Characteristic Symbol Test Conditions Min. Typ. Max. 

Supply Voltage Range . Vee 4.0 6.0 15 

Supply Current Icc - 4.0 8.0 

Light Threshold Level EON Output ON 45 55 65 

EOff Output OFF - 62 -
Hysteresis aE (EoFf - Eo.l/Eo'f 10 12 14 

Output ON Voltage VOUT louT = 15 mA - 300 500 

loUT = 25 mA - 500 800 

Output OFF Current louT VOUT == 15V - - 1.0 

Output Fall Time tf 90% to 10% - 200 500 

Output Rise Time t, i 10% to 90% - 200 500 
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Units 
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ULN~3330D, ULN·3330T, ULN"3330Y 
OPTOELEORONIC SWITCHES 

RELATIVE SPECTRAL RESPONSE 
AS A FUNCTION OF WAVELENGTH OF LIGHT 
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SERIES. 8126 
SWITCHED"MODEPOWER SUPPLY CONTROL CIRCUITS 

SERIES 8126 
(SG3526J, SG2526J AND SG 1526J) 

SWITCHED.MODE POWER SUPPLY CONTROL CIRCUITS 

FEATURES 
• 8 V to 35 V Operation 
• Dual 100 mASoufce/Sink Outputs 
• Intemal Regulator 
• Current Li mifing 
• Temperature-Compensated 

Reference Source 
• Sawtooth Generator 
• Low Supply-Voltage Protection 
• External Synchronization 
• Double-Pulse Suppression 
• Programmable Dead-Time 
• Programmable Soft-Start 

THESE INTEGRATED CONTROLLERS 
of fixed-frequency switching regulators and 

similar power devices Can be used with 
transformerless or transformer-coupled supplies 
with single-ended or push-pull,positive or 
negative output. 

Types ULN-SI26A/R,ULQ-SI26A/R, and 
ULS-SI26R have a temperature-compensated 
voltage reference, a sawtooth waveform 
generator, an error amplifier, a pulse-width 
modulator, pulse metering and steering logic 
and two 100 rnA source/sink drivers. The 
devices perform housekeeping functions such as 
soft-start, low-voltage lockout, digital current 
limiting and double-pulse suppression. Other 
features include a data latch for single pulse 
metering, adjustable dead time and provision 
for symmetry correction. 

(Continued on next page) 

. UlN·S126A 
ULQ,8126A 

ULN·8126RISG3526J 
ULQ·8126RISG2526J 
ULS-8126RISG1526J 

ABSOLUTE MAXIMUM· RATINGS 
at TA .. +25°( 

Supply Voltage, V s ... '" ... , ................... 40 V 
Collector Supply Voltage, Vc' ..................... 40 V 
Logic Input Voltage Range, VIN .......... -0.3 V to +5.5 V 
Analog Input Voltage Range, VIN ............ -0.3 V to Vs 
Output Current, 10 ......................... ±200 mA 
Reference Load Current, .IREF •....••.••.•.•••.•.. 50 mA 

. Logic Sink Current, 'iN ........................ 15 mA 
Package Power Dissipation, Po (PlasticDlP) ....... 2.3 W'" 

(Cer·DIP) .......... 1.9 W'" 
Operating Temperature Range, TA ....... See Ordering Data 
Storage Temperature Range, Ts .... , ... -65°C to +150°C 

·Derate linearly to 0 watts at TA = +150°C. 
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SER1£S812'6 
SWITCHED. MODE POWER SUPPLY CONTROL CIRCUITS 

All digital inputs are TTL and CMOS com
patible. Active-low logic allows 4se of wired-OR 
connections. 

Type ULS-8126R is supplied in an 18-pin 
glass/ ceramic hermetically sealed (cer-DIP) 
package. It is rated for operation over a 
temperature range that recommends its use in 
military and aerospace applications (- 55°C to 
+ 125°C). 

Types ULQ-8126A and ULQ-8126R operate 
over an extended temperature range of -40°C 
to + 85°C that meets the demands of many in
dustrial applications. 

Low-cost Types ULN-8126A and ULN-8126R 
are rated for continuous operation over a 
temperature range that recommends them for 
commercial use. (0.0 C to + 7o.o,C). 

Control circuits with commercial and ex
tended temperature ranges are available in both 
the hermetically sealed cer-DIP package (suffix 
"R") and a dual in-line plastic package (suffix 
"A") with a copper alloy lead frame that gives 
them enhanced power dissipation ratings. 

Cer-DIP packaged parts normally are marked 
with original source part numbers shown below. 
Sprague part numbers appear on plastic 
packages. Sprague part numbers should be used 
on orders and correspondence concerning all 
Series 8126 devices. 

ORDERING INFORMATION 
Operating Original Source Sprague 

Temperature Range Package Part Numbe.r Part Number 

Commercial Cer-DIP SG3526J ULN-8126R 
O°C to +70dC Plastic - ULN-8126A 

Extended . Cer-DIP SG2526J ULQ-8126R 
-40°C to +85°C Plastic - ULQ-8126A 

Full 
-55°C to + 125°C Cer-DIP SG1526J ULS-8126R 
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SERIES 8126 
SWITCHED-MODE POWER SUPPLY CONTROL CIRCUITS 

RECOMMENDED OPERATING CONDITIONS 
logic Supply Voltage,Vs ' .. ' ... , .... , ..... , . , ..... , ........... ,8 V to 35 V 
Col/ector Voltage, Vc ... . .. , . , , ... , ... ' . , . , ....... , ..... ,4.5 V to 35 V 
Output load Current, 10 ..................................... 0 to ±100 rnA 
Reference Load Current, 'l ..................................... 0 to 20 rnA 
Oscillator Frequency, f. .................................... 1 Hz to 400 kHz 
Oscil/ator Timing Resistance, RT ............................. 2 kQ to 150 kQ 
Oscillator Timing Capacitance, CT' .......................... 0.001 JAF to 20 JAF 
Programmed Deadtime ........................................ 3% to 50% 
Operating Temperature Range, TA ........................... See Ordering Data 

CSOFT_START 4~~--, 

FEEDBACK 
VOLTAGE 

CURRENT 
SENSE 

FUNOIONAL BLOCK· DIAGRAM 

Vc 

0Wg. No. A-ll.427 

10-43 



SERIES 8126 
SWIJCHED .. MODE POWER SUPPLY CONTROL CIRCUITS 

ELECTRICAL CHARACTERISTICS over operating temperature range, Vs = 15 V 
(unless otherwise noted) 

Limits 
Extended & Full Commercial Temperature 

Test Temperature Devices' Devices' 
Characteristic Pins Test Conditions Min. Typ. Max. Min. Typ. Max. 

REFERENCE SECTION (IL == 0 mAl 

Reference Voltage 18 T = +25°C 4.95 5.00 5.05 4.90 5.00 5.10 
Over recommended conditions 4.90 5.00 5.10 4.85 5.00 5.15 

Reference Voltage 18 Vs = 8 to 35 V - 10 20 - 10 30 
Regulation Il - 0 to 20 rnA - 10 30 - 10 50 

Over operating temperature range - IS 50 - 15 50 

Short Circuit Current 18 VREF = 0 V 25 50 100 25 50 100 

Standby Current 17 Vs = 35 V, RT = 4.22 kQ, VB = 0.4 V - 18 - - 18 -

OSCILLATOR SECTION (f = 40 kHz, Rr = 4.22 kQ, " = 0.01 ~F, RD = OQ) 

Oscillator Frequency 9,10 Rj = 150kQ, Cr = 20 ~F - - 1.0 - - 1.0 
Rj = 2 kQ, CT = 0.001 ~F 400 - - 400 - -

Initial Oscillator 
Accuracy 9,10 TA = +25°C - 3.0 - - 3.0 -

Oscillator Stability 9,10 Vs = 8 to 35 V - 0.5 - - 0.5 -
Over operating temperature range - 1.0 - - 1.0 -
Over recommended conditions - 2.0 - - 2.0 -

Sawtooth Peak 
Voltage 10 Vs = 35 V - 3.0 3.5 - 3.0 3.5 

Sawtooth Valley 
Voltage 10 Vs = 8.0 V 0.5 1.0 - 0.5 1.0 -

Sync Pulse Width 12 Cl = 15 pF - 500 - - 500 -

HOUSEKEEPING FUNCTIONS 

logic Voltage levels 5,8,12 logic HIGH, ISOURCE = -40 ~A 2.4 4.0 - 2.4 4.0 -
logIC LOW, ISINK - j.b rnA 0.2 0.4 0.2 0.4 

Input Current 5,8,12 VIN = 2.4 V - -125 -200 - -125 -200 

VIN - U.4 V - -ZZ~ -jbU - -ZZ~ -jbU 

Shutdown Delay 8-13, 
16 100 mV step, 5mv overdrive, Rs = 50Q - 300 - - 300 -

NOTES: Negative current is defined as coming out of (sourcing) the specified device pin. 

·Commercial. extended. and full temperature-range devices are defined in preceding text and "Ordering Information" table. 
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V 
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ELECTRICAL CHARACTERISTICS (Continued) 

Test 
Characteristic Pins Test Cond itions 

ERROR AMPLIFIER (VCM = 0 to 5.2 V) 

Input Offset Voltage 1,2 Rs = 2 kQ 

I nput Bias Current 1,2 

Input Offset Current 1,2 

Error Amplilier Gain 1-3 Open loop, R[ = 10 MQ 

Small Signal 
Bandwidth 1-3 C[ = 30 pF 

Output Voltage Swing 3 Positive limit, RL'" 50 kQ 
Negative limit, R[ - 50 kQ 

Comrnon Mode Range 1,2 Vs =8.0 V 

Common Mode 
Rejection 1,2 Rs=lOkQ 

Error Amplilier 
V s Rejection 3. I = 120 Hz, Il Vs = 1.0 V,ms 

CURRENT LIMITING 

Common Mode Range 6,7 Vs = 18 V 

Sense Voltage 6,7 VCM = 0 to 15 V 

Input Current 6,7 VCM = 0 to 15 V 

Voltage Gain 7-8 18 = 360 ,..A 

SOFT·START SECTION 

Error Clamp Voltage - Vs = 0.4 V 

Cs Charging Current 4. V5= 2.4 V 

OUTPUT DRIVERS (V C = IS V) 

Output Voltage 13,16 lOUT = -20 rnA 
lOUT - -100 mA 
lOUT - 20 mA 
lOUT - 100 rnA 

leakage Current 13,16 Vc = 40 V 

Rise Time 13,16 C[ = 1000 pF 

Fall Time 13.16 C[ = 1000 pF 

SERIES 8126 
SWITCHED~MODE POWER SUPPLY CONTROL CIRCUITS 

limits 
,E~tended & Full '; ;cComm~rcial Temperature 

Ternperature Devices~ Devices* 
Min. Typ. Max. Min. Typ. Max. Units 

- 2.0 5.0 - 2.0 5.0 mV 

- -350 -1000 - -350 -2000 nA 

- 35 100 - 35 200 nA 

64 72 - 60 7.2 - dB 

0.7 1.0 - OJ 1.0 - MHz 

3.6 4.2 - 3.6 4.2 - V 
- 0.2 0.4 - 0.2 0.4 V 

0 - 5.2 0 - 5_2 V 

70 94 - 70 94 - dB 

66 80 - 66 80 - dB 

0 - 15 0 - 15 V 

- 100 - - 100 - mV 

- -3.0 - - -3.0 - J.LA 

- 68 - - 68 - dB 

- 100 400 - 100 400 mV 

- 100 - - 100 - ,..A 

12.5 13.5 - 12.5 13.5 - V 
- 13 - - 13 V 
- 0.2 0.3 - 0.2 0.3 V 
- 1.2 - - 1.2 V 

- 0.1 100 - 0.1 100 jJA 
- 300 - - 300 - ns 

- 200 - - 200 - ns 

OTES: Negative current is defined as coming out of (sourcing) the specified device pin. 

·Commercial, extended, and full temperature-range devices are defined in preceding text and "Ordering Information" table. 
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SERIES 8160 
SWlTCHED-MODE POWER SUPPLY CONTROL CIRCUlTS 

SERIES 8160 
(NE5560N, NE5560F AND SE5560F) 

SWITCHED-MODE POWER, SUPPLY CONTROL CIRCUITS 

FEATURES 

• Internal Voltage Regulator 
• Current Limiting 
• Temperature-Compensated 

Reference Source 
• Sawtooth Generator 
• Pulse-Width Modulator 
• Remote ON/OFF Switching 
• Low Supply-Voltage Protection 
• Loop-Fault Protection 
• Demagnetization/High-Voltage 

Protection 
• Maximum Duty-Cycle Adjustment 
• Feed-Forward Control 
• External Synchronization 

COMPREHENSIVE CONTROL of state-of·the
art power supplies is offered by Sprague Type 

ULN-S160A, ULN-S160R, and ULS-S160R inte
grated circuits. Each control circuit has its own tem
perature-compensated reference source, an internal 
error amplifier, a sawtooth waveform generator, a 
pulse-width modulator, an output driver, and a vari
ety of protection circuitry. 

Type ULN-Sl60A is supplied in a 16-pin dual in
line plastic package with a copper lead frame that 
gives the device enhanced power dissipation ratings. 
It is rated for operation over a temperature range of 
O°C to + 70°C. 

FEED- SYNC DEMAGNETIZATION, 
HIGH-VOLTAGE PROTECTION FORWARD R C INPUT 

GROUND 
Dwg.No.II-14631\ 

FUNCTIONAL BLOCK DIAGRAM 
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Types ULN-8160R and ULS-S160R are furnished 
in 16-pin hermetically sealed glass/ceramic pack
ages. These devices will withstand severe environ
mental contamination. 

In addition, the extended temperature range of 
Type ULS-S160R (- 55°C to + 125°C) recommends 
it fOf use in military and aerospace applications. 

These devices are normally branded with both the 
original source part number and the Sprague part 
numbers; however, the Sprague part number should 
be used on orders and in correspondence. 



SERIES 8160 
SWITCHED-MODE POWER SUPPLY CONTROL CIRCUITS 

ABSOLUTE MAXIMUM RATINGS 
ATTA = +25°C 

Supply Voltage, Vs ........................................... (See Note) 
Supply Current, IREG .............................................. 30 mA 
Output Current, 10 .............................................. 40 mA 
Package Power Dissipation, Po (UlN-8160A) ............................ 2.1 W* 

(UlN-8160R/UlS-8160R) .................... 1.7 W* 
Operating Temperature Range, TA (UlN-8160AlR) .... , .. , ........... O°C to + 70°C 

(UlS-8160R) ................. - WC to + 125°C 
Storage Temperature Range, Ts ............................ -65°C to + 150°C 

'Derate linearly to 0 W at T, = + 150°C. 
Note: Maximum allowable supply voltage is dependent on value of external current limiting resistor; 
18V@On. 

ORDERING INFORMATION 
Original Source* Sprague Operating 

Part Number Part Number Temperature Range Package 

NE5560N UlN-8160A O°C to + 70°C Plastic 

NE5560F UlN-8160R O°C to + 70°C Cer-DIP 

SE5560F UlS-8160R - 55°C to + 125°C Cer-DIP 

*These devices are manufactured under a cross-license withSignetics Corp. (a subsidiary of U.S. Philips Corp.) 

ELEaRICAL CHARACTERISTICS at TA = + 25°C, Vs = 12 V (unless otherwise noted) 

limits 

Test UlSc8160R UlN-8160A/R 

Characteristic Pin Test Conditions Min. Typ. Max. Min. Typ. Max: 

Supply Clamp Voltage 1 Is = 10 mA 20 - 23 19 - 24 

Is = 30 mA 20 - 30 20 - 30 

Supply Current I Vs= 12 V, Iz = 0 - - 10 - - 10 

REFERENCE SECTIONS 

Internal Reference, VREf - TA = + 25°C 3.69 3.72 3.81 3.57 3.72 3.95 

Over operating temperature range 3.65 - 3.85 3.53 - 4.00 

Temperature Coefficient - - ± 100 - - ± 100 -
Df VR£f 
lener Reference, Vz 2 12 = -7.0 mA 7.8 8.4 9.0 7.8 8.4 9.0 

Temperature Coefficient 2 - -200 - - -200 -
lfVz 

)SCILLATOR SECTION 

)scillator Frequency Range 7, 8 50 - lOOk 50 - lOOk 

nitial Oscillator Accuracy 7,8 R7 = 5 kO - 5.0 - - 5.0 -
luty-Cycle Range 7,8 fo = 20 kHz 0 - 98 0 - 98 

~ODULATOR 

~odulator Input Current I Vs=1.0V 0.2 20 0.2 20 
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SERIES 8160 
SWITCHED-MOM POWER SUPPLY CONTROL CIRCUITS 

ELEaRICAl CHARACTERISTICS (Continued) 
limits 

Test ULS-SI60R I ULN-SI60AlR I 
Characteristic Pin Test Conditions Min. Typ. Max. I Min. Typ. Max. I Units 

HOUSEKEEPING FUNCTIONS 
Duty-Cycle Control 6 V6 = 0.41 Vz 40 50 60 40 50 60 % I 
Duty-Cycle Control Current 6 Over operating temperature range - 0.2 20 - 0.2 20 j.1A I 
Protection Thresholds 1 Low supply-voltage protection 8.0 9.0 10.5 8.0 9.0 10.5 V I 

3 Feedback-loop protection ON 400 600 720 400 600 720 mV 

13 Demagnetization/high-voltage protection 470 600 720 470 600 720 mV 
Sense-Input Current 3 Over operating temperature range -7.0 -15 -35 -7.0 -15 -35 j.1A 
Input Current 13 TA = +25°C - -3.0 -20 - -3.0 -20 j.1A 

Over operating temperature range - - -40 - - -40 j.1A 
Duty-Cycle Control 16 VI6 = 2Vz, Percent of original duty cycle 30 40 50 30 40 50 % 
Input Current 16 TA = +25°C - 0.2 5.0 - 0.2 5.0 j.1A 

Over operating temperature range - - 10 - - 10 j.1A 

EXTERNAL SYNCHRONIZATION 
.. 

Sync Input OFF Voltage 9 0 - O.S 0 - O.S V 
Sync Input ON Voltage 9 2.0 - Vz 2.0 - Vz V 
Sync Input Current 9 V9=OV,TA= +25°C - -65 -100 - -65 -125 j.1A 

V9 = 0 V, over operating temp. range - - -125 - - -125 j.1A 

REMOTE 
Remote OFF Voltage 10 0 - O.S 0 - 0.8 V 

Remote ON Voltage 10 2.0 - Vz 2.0 - Vz V 

Remote Input Current 10 TA = +25°C - -S5 -100 - -S5 -125 j.1A 
Over operating temperature range - - -125 - - -125 j.1A 

CURRENT LIMITING 
Input Current 11 Vu = 250 mY, TA = + 25°C - -6.0 -40 - -6.0 -40 j.1A 

Vu = 250 mV, Over operating temp. range - - -SO - - -SO j.1A 

Inhibit Delay 11 One pulse, 20% overdrive @ 10 = 40 rnA - 700 SOO - 700 SOO ns 

Trip Levels 11 Shutdown/slow start 560 600 700 560 600 700 mV 

Current limit 400 4S0 560 400 4S0 560 mV 

ERROR AMPLIFIER 
Error-Amplifier Gain 3-4 Open loop 54 60 - 54 60 - dB 
Error-Amplifier Feedback 4 10 - - 10 - - k!l 
Resistance 

Small-Signal Bandwidth 3-4 - 3.0 - - 3.0 - MHz 

Output-Voltage Swing 4 Positive limits 6.2 - 9.5 6.2 - 9.5 V 

Negative limits - - 0.7 - - 0.7 V 
OUTPUT STAGE 
Output Current 15 40 - - 40 - .. - rnA 

Output-Saturation Voltage 15 VeElSATI @ Ie = 40 mA - - 500 - - 500 mV 

Output Voltage 14 .. 5.0 6.0 - 5.0 6.0 - V 

NOTE: Negative curr~nt is defined as coming out of (sourcing) the specified device pin. 
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ULN-8161M 
SWITCHED-MODE POWER SUPPLY CONTROL CIRCUIT 

ULN-8161M (NE5561 N) 
SWITCHED-MODE POWER SUPPLY CONTROL CIRCUIT 

FEATURES 
• Stabilized Power Supply 
• Current Limiting 
• Temperature-Compensated 

Reference Source 
• Sawtooth Generator 
• Pulse-Width Modulator 
• Double-Pulse Protection 
• Applications in 
-Switched-Mode Power Supplies 
-Motor Controller-Inverters 
-D-C/D-C Converters 

DESIGNED AS A CONTROLLER for low-cost 
switched-mode power supplies, Sprague Type 

ULN-8161M excels in applications requiring only 
limited housekeeping functions. 

The integrated circuit has its own temperature
compensated reference source, an internal Zener 
reference, a sawtooth waveform generator, an error 
amplifier, pulse-width modulator, output driver, 
current-sensing and low-voltage protection. 

Type ULN-8161M is. supplied in an 8-pin dual in
line plastic package with a copper lead frame that 
gives it enhanced power dissipation ratings. It is 
rated for continuous operation over the temperature 
range of O°C to + 70°C. Similar devices are available 
for operation over extended temperature ranges. 

ULN-8161M/NE5561N 

This device is normally branded with both the 
original source part number and the Sprague part 
number; however, the Sprague part number should 
be. used on orders and in correspondence. 

ABSOLUTE MAXIMUM RATINGS 
atTA = +25°( 

Supply Voltage, Vs (Voltage Sourced) ............... 18 V 
Output Current, 10 .•...........•.•••.••.••.•• 40 mA 
Output Duty Cycle ............................ 98% 
Package Power Dissipation, Po ................... 1.5 W* 
Operating Temperature Range, TA ••••••••••• O°C to + 70°C 
Storage Temperature Range, Ts ......... - 65°C to + 150°C 

'Derate at the rate of 12.5 mW;oC above TA = + 25°C. 

ORDERING INFORMATION 

Original Source* Sprague Operating 
Part Number Part Number Temperature Range Package 

NE5561N ULN-8161M O°C to + 70°C Plastic 

'This device is manufactured in accordance with a cross-license with Signetics Corp. (a subsidary of U.S. Philips Corp.) 
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ULN~8161M 

SW~TCHED.-M0DE POWER SUPPLY CONTROL CIRCUIT 

ELECTRICAL CHARACTERISTICS at TA - + 25°C, Vs - 12 V (unless otherwise noted) 

Test Limits 
Characteristic Pin Test Conditfons Min. Typ. Max. Units .. 
Supply Voltage Range I Is = 10 mA, current-fed 19 - 24 V 

Internal Reference, VREF - Over operating temperature range 3.55 - 3.98 V 
TA - +25DC 3.57 3.76 3.96 V 

Temperature Coefficient of VREF - - ±IOO - ppml?C 

Zener Reference, Vz 2 12 = -7.0 mA 7.8 8.4 9.0 V 

Temperature Coefficient of Vz 2 - ±150 - ppm/DC 

Oscillator Frequency Range 5 Over operating temperature range 50 - lOOk Hz 

Initial Oscillator Accuracy 5 - 5.0 - % 

Duty-Cycle Range 5. fa = 20 kHz 0 - 98 % 
Protection Threshold I Low supply-voltage protection 8.5 9.1 10.5 V 

Input Current 6 Vs = 250 mY, over operating temperature range - - -20 .,A 
Vs - Z~U mV, IA - +z~D~ - -loU -lU )JA 

Inhibit Delay 6 Single pulse, 20% overdrive at 10 = 20 mA - 700 800 ns 

Trip Level 6 Current limit 400 520 600 mV 

Error Amplifier Gain 3-4 Open loop - 60 - dB 

Error Amplifier Feedback Resistance 4 10 - - kQ 

Small-Signal Bandwidth 3-4 - 3.0 - MHz 

Output-Voltage Swing 4 Positive limit 6.2 - - V 
Negative limit - - 0.6 V 

Output Current 7 Over operating temperature range 20 - - mA 

Output Saturation Yoltage 7 VC£(SAl) @ Ie = 20 mA - - 0.5 V 
Supply Current I Iz = 0, over operating temp. range, voltage-fed - - 15 mA 

Iz ~ 0, TA - +Z5°C, voltage-fed - - 9.0 mA 

FUNCTIONAL BLOCK DIAGRAM 

GAl N 4}--'----*":-t. 

Vs 

Dwg. No. A~n,424 
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SERIES TPP MEDIUM-POWER DARLINGTON ARRAYS 

SERIES TPP 
MEDIUM-POWER DARLINGTON ARRAYS 

TPP~1000 TPP-2000 

THESE SPRAGUE MEDIUM-POWER arrays 
. consist of one, two, three" or four Darlington

pairs in a single 14-pin dual in-linepJastic package. 

Features of Series TPP, whichcomplemerits the 
Sprague TPQSeries of quad transistor arrays, in
cludes a colle~toHurrent rating of4 A, a minimum 
hFE of2,OOO,anda 2 W package power dissipation 
rating. 

The standard molded dual iri-line package forSe
ries TPP is identical to the type used for many inte-

ELECTRICAL CHARACTERISTICS at TA ~ +25°C 

I 

Characteristic Symbol Test Conditions 

Cofiector~Emitter 
" !'.' 

Breakdown Voltage BVcES Ic = 100/-LA 

Collector-Base 
" Breakdown Voltage BVcBo Ic= 100/-LA 

Emitter-Base 
Breakdown Voltage BVEBo IE = 100/-LA 

Collector-
Cutoff Cu rrent ICBO VCB = 30 V 

Emitter-Cutoff 
.. 

Current lEBO VEB=lOV 

Collector-Emitter. 

TPP-3000 TPP-4000 

grated circuits.Jtoffers superior mechanical protec
tion for circuit elements during automatic insertion 
into printed wiring boards. 

ABSOLUTE MAXIMUM RATINGS 

Collector Current, Ic ........................... 4.0 A 
Power Dissipation, Po (total package) ......... ' ..... 2 W· 
Operating Temperature Range, TA ....... -55°C to +150°C 
Storage Temperature Range, Ts ........ -65°C to + 150°C 
'Derate at the'rate 1l!16mWI'Cabove TA ='+25'C' 

Limits 

Min. Typ. Max. Units 

40 50 - V 

50 60 - V 

12 14 - V 
... 

- 10 100 nA 

- 10 100 nA 

Saturation Voltage VCElsatl Ie = 1.0 rnA, Ic;"l.O A - , 1.0 1·.5 V 

Base-Emitter 
Saturation Voltage VBE Isatl IB= 1.0 mA, Ie = 1.0 A - 1.6 2.0 V 

Static Forward hFE VeE = 5:0V, Ie = 500 mA 2000 - - -
Current-Transfer VCE = 5.0 V, Ic = 1.0 A 2000 - - -
Ratio VeE = 5,O'V, Ie = 2.0 A 20'00 - - -

10....,...51 



SERIES TPQ QUAD TRANSISTOR ARRAYS 

SERIES TPQ 

QUAD TRANSISTOR ARRAYS 

SPRAGUE SERIES TPQ quad transistor arrays 
are general-purpose silicon transistor arrays 

consisting of four independent devices. Shown are 
12 NPN types, 12 PNP types, and nine NPNIPNP 
complementary pairs. 

All of these devices are furnished in a 14-pin dual 
in-line plastic package. The molded pac}cage is iden
tical to that used in most consumer integrated cir
cuits and offers superior mechanical protection 
during insertion into printed wiring boards. 

ABSOLUTE MAXIUMUM RATINGS 

Power DisSipation, PD (Each Transistor), , , , , , , , , , , , 500 mW 
(Total Package) .. , . , , , , , , , , , , 2,0 W* 

Operating Temperature Range, TA , , • , • , , , - 55°C to + 150°C 
Storage Temperature Range, Ts ' , , , , , .. , - 65°C to + 150°C 

"Derate at the rate of 16 mW/oC above TA = + 25°C 

Dw1i"flO. A-l0,OSOA 

TPQ222 I 
TPQ2222 
TPQ2483 
TPQ2484 
TPQ3724 
TPQ3725 

TPQ3725A 
TPQ3904 
TPQ5550 
TPQ5551 
TPQA05 
TPQA06 

DWG. NO. A-l0,052A 

TPQ6001 
TPQ6002 
TPQ6100 
TPQ6100A 

Additional information on 
TPP and TPQ Transistor arrays is available from: 

Sprague Electric Company 
Discrete Semiconductor Operation 

70 Pembroke .Road 
Concord, New Hampshire 03301 

(603) 224-1961 
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DWG. NO. A-l0,051A, 

TPQ2906 TP04258 
TPQ2907 TP04354 
TPQ2907A TPQ5400 
TPQ3798 TPQ5401 
TPQ3799 TPQA55 
TPQ3906 TPQA56 

DWG. NO. A-l0,053A 

TPQ6501 
TPQ6502 
TPQ6600 
TPQ6600A 
TPQ6700 



SERIES TPQ QUAD TRANSISTOR ARRAYS 

ELEORICAL CHARAOERISTICS at TA = + 250( 
D-C Current Gain Saturation Voltage 

Min. Min. Min. lceo Conditions Max. Max. fr Max. Similar 
Part BVcso BVCEO BVESO Max. @Vce Min. Ic Va. VCE VSE @Ic Min. @Ic Call Discrete 
Number: (V) (V) (V) (nA) (V) hFE (rnA) (V) (V) (V) (rnA) (MHz) (rnA) (pF) Devices 

Four MPM Devices 
TPQ2221 ,60 40 5;0 50 50 35 10 10 0.40 1.30 150 200 20 8.0 2N2221 ' 

40 150 10 1.60 2.60 300 '\ 

20 300 10 
TPQ2222 60 50 5.0 50 50 75 10 ' 10 0.40 1.30 150 200 20 :8.0 2N2222 

100 150 10 1.60 2.60 300 i, 
30 300 10 

TPQ2483 60 40 6.0 20 45 100 0.1 5.0 0.35 0.70 1.0 50 0.5 6.0 • 2N2483 
150 1.0 5.0 0.50 0.80 10 
150 10' 5.0 (See Note 1) 

TPQ2484 60 40 6.0 20 45 200 0.1 5.0 0.35 0.70 1.0 50 0.5 6.0 . 2N2484 
I 

300 1.0 5.0 0.50 0.80 10 
300 10 5.0 (See Note 1) 

TPQ3724 60 30 5.0 5~ 40 35 100 1.0 0,45 1.00 500 250 50' 10 2N3724 
(Note 25 500' 2.0 

2) 
TPQ3725 60, 40 5.0 500 40 35 100 . 1.0 0.4,5 1.00 500 250 50 10 2N3725 

'. 25 ' 500 2.0 " " 
TPQ3725A 70 50 5.0 500 40 40 100 1.0 0.45. 1.00 500 200 50 :10 2N3725A 

(Note 30 500 2.0 
'2) , 

'-

TPQ3~04 60 40 6.0 50 40 30 0.1 " 1.0 0.20 0.85 10 250 10 4.0 2N3904 
50 1.0 1.0 

v 

75 10 1.0 
TPQ5550 160 140 6.0 100 ioo 60 1.0 5.0 0.15 ' 1.00 10 100 10 6.0 . 2N5550 

60 10 5.0 0.25 ' 1.20 50 . ~ 20' 50 5.0 
TPQ5551 180 160 6.0 50 120 80 1.0 5.0 0.15 LOO 10 100 10 6.0 2N5551 

80 10 5.0 0.25 1.20 50 
--':'; 30 50 5.0 / 

TPQA05 . 60 60 4.0 100 (Note 3) 50 10 1.0 0.25 - 100 - - 10 MPSA05 
50 100 2.0 

TPQA06 80 80 4.0 100 (Note 4) 50 10 1.0 0.25 - 100 ~ - 10 MPSA06 
50 100 2.0 

lOTES: 
r Base-emitter,voltage shown is VBE(OH) at indicated Ie, V" = 5.0 V" 
2. BVe" 
3. l",atV" = 50 V, V" = O. 
4. l",atVCE = 50 V, V" = o. 
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SERIES TPQ QUAD TRANSISTOR ARRAYS 

ELEORICAL CHARACTERISTICS at TA = + 25°C 
D-C Current Gain Saturation Voltage 

Min. Min. Min. ICBo Conditions Max. Max. fT Max. Similar 
Part BVCBO BVCEO BVEBO Max. @VCB Min. Ic VCE VCE VBE @Ic Min. @Ic Cob Discrete 
Number (V) (V) (V) (nA) (V) hfE (rnA) (V) (V) (V) (rnA) (MHz) (rnA) (pF) Devices 

Four PNP Devices 

TPQ2906 -60 -40 -5.0 50 -30 35 10 -10 -0.40 -1.30 150 200 50 8.0 2N2906 
40 -150 ,-10 -1.60 - 2.60 300 
30 300 -10 

TPQ2907 -60 -40 -5.0 50 -30 75 10 -10 - 0.40 -1.30 150 200 50 8.0 2N2907 
100 150 -10 -1.60 - 2.60 300 

50 300 -10 

TPQ2907A -60 -60 -5.0 50 -30 75 10 -10 -0.40-1.30 150 200 50 8.0 2N2907A 
100 150 -10 -1.60 - 2.60 300 
50 300 -10 

TPQ3798 -60 -40 -5.0 10 -50 100 0.01 -5.0 - 0.20 - 0.70 0.1 60 1.0 4.0 2N3798 
150 0.1 -5.0 -0.25 -0.80 1.0 
150 0.5 -5.0 
125 10 -5.0 

TPQ3799 -60 -60 -5.0 10 -50 225 0.01 -5.0 - 0.20 - 0.70 0.1 60 1.0 4.0 2N3799 
300 0.1 -5.0 -0.25 -0.80 1.0 
300 0.5 -5.0 
250 10 -5.0 

TPQ3906 -40 -40 -5.0 50 -30 40 0.1 -1.0 -0.25 -0.85 10 200 10 4.5 2N3906 
60 1.0 -1.0 
75 10 -1.0 

TPQ4258 -12 -12 -4.5 10 -6.0 30 10 -3.0 - 0.15 - 0.95 10 700 10 3.0 2N4258 

TPQ4354 -60 -60 -5.0 50 -50 25 0.1 -10 - 0.15 - 0.90 150 100 50 30 2N4354 
40 1.0 -10 (Note 
50 10 -10 1) 
40 100 -10 

TPQ5400 -130 -120 -5.0 100 (Note 2) 30 1.0 -5.0 -0.20 -1.00 10 100 10 6.0 2N5400 
40 10 -5.0 - 0.50 -1.00 50 
40 50 -5.0 

TPQ5401 -160 -150 -5.0 100 (Note 3) 50 1.0 -5.0 -0.20 1.00 10 100 10 6.0 2N5401 
60 10 -5.0 -0,50 1.00 50 
50 50 -5.0 

TP0A55 -60 -60 -4.0 100 (Note 4) 50 10 .,-1.0 -0,25 - 100 - - 15 MPSA55 
50 100 -2.0 

TPQA56 -80 -80 -4.0 100 (Note 5) 50 10 -1.0 -0.25 - 100 - - 15 MPSA56 
50 100 -2.0 

NOTES: 
1. COb 
2. ICES at V" = 100 V, V" = O. 
3. IcES at V" = 120 V, V" =0. 
4. IcES at V" = 50 V, V" = O. 
5. IcES at VCE = 60 V, V" = O. 
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SERIES TPQQUAD TRANSISTOR ARRAYS 

ELECTRICAL CHARAOERISTICS af TA = + 25°C 
" 

D-C Current Gain Saturation Voltage 

Part Min. Min. Min. ICBo Conditions Max. Max. fT Max. Similar 
Number BVCBO BVCEO BVEBO Max. @VCB Min. Ic VCE VCE VBE @Ic Min. @Ic COb Discrete 
(See Note) (V) (V) (V) (nA) (V) hfE (rnA) (V) (V) (V) (rnA) (MHz) (rnA) (pF) Devices 

Two NPNlTwo PNP Devices 

TPQ6001 60 30 5.0 30 50 25 1.0 10 0.40 1.30 150 200 50 8.0 2N2221 
35 10 10 1.40 2,00 300 and 
40 150 10 2N2906 
20 300 10 

TPQ6002 60 30 5.0 30 50 50 1.0 10 0.40 1.30 150 200 50 8.0 2N2222 
(Note 1) 75 10 10 1.40 2.00 300 i,' and 

100 150 10 2N2907 
30 300 10 . 

TPQ6100 60 40 5.0 10 50 50 0.1 5.0 0.25 0.80 1.0 100 0.5 4.0 2N2483 
75 0.5 5.0 and 
75 1.0 5.0 2N3798 
60 10 5.0 

TPQ6100A 60 45 5.0 10 50 100 0.1 5.0 0.25 0.80 1.0 100 ,,' 0.5 4.0 2N2484 
. 150 0.5 5.0 and .. 

150 1.0 5.0 2N3799 
60 10 5.0 

TPQ6501 60 30 5.0 30 50 25 1.0 10 0.40 1.30 150 200 50 8.0 2N2221 
35 10 10 1.40 ' 2.00 300 I. and 
40 150 10 2N2906 
20 300 10 ',' 

TPQ6502 60 30 5.0 30 50 50 1.0 10 0.40 1.30 150 200 50 8.0 2N2222 
75 10 10 1.40 2.00 300 and 

100 150 10 2N2907 
30 300 10 

TPQ6600 60 40 5.0 10 50 50 0.1 5.0 0.25 0.80 to 100 0.5 4.0 2N2483 
75 0.5 5.0 and 
75 1.0 5.0 2N3798 
60 10 5.0 

TPQ6600A 60 45 5.0 10 50 100 OJ 5.0· 1°·25 0,80 1.0 100 0.5 4.0 2N2484 
" ',,150 0,5 ,'5.0 I' and 

" '150 1.0 5.0 2N3799 
60 10 5.0 

TPQ6700 40 40 5.0 50 30 30 0.1 1.0 0.25 0.90 10 200 10 4.5 2N3904 
50 1.0 1.0 and 
70 10 1.0 2N3906 

NOTE: 
NPN/PNP complementary pairs. Polarity shown is for NPN devices. 
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TRANSISTOR ARRAYS 
AND MISC£LLANEOUSDEVIC£S (Continued) 

AN ELECTRONIC LAMP MONITOR 

REQUIREMENTS 

There are several requirements for a lamp monitor
ing system. The system should be able to monitor all 
types of exterior lamps on the automobile; the 
number of lamps must not be critical to the design. 
The system must be easy to assemble; it should be 
simpkin design so that it can be repaired in the field 
with minimal training of personnel; it must be reli
able and must be able to withstand the electrical and 
environmental conditions to which the vehicle is 
subjected. There should be minimal change from one 
car line to another, and from one. model year to 
another. Most importantly, the unit cost should be 
reasonable. 

LAMP MONITORING METHODS 

Several methods of detecting lamp failure have 
been examined by the automotive industry. In one, 
reed relays mounted close to the wiring harness are 
closed by the electromagnetic force produced by the 
lamp current. If a lamp fails, the relay opens, result
ing in an indication on the dashboard. The system 
has inherent problems, including a lack of uni
formity of the relays, tight tolerances on the prox
imity of the relays to the wiring assemblies, and the 
effects of vibration in the automobile. 

Another method of monitoring lamps involves the 
use of photo transistors (Figure 1). These light
sensitive solid-state devices detect the presence of 
light at each monitored lamp. The signals from each 

LAMP FEED 

ctr_ DwgS.IGNAL OUT 

'1 '. DI\ No. A-ll,471 

Figure 1 
PHOTOTRANSISTOR SYSTEM 

lamp are brought to a common switch, which con
trols the operation of an indicator on the dash. This 
monitoring system is unattractive to the user because 
of cost, difficulty in placement of the sensing de
vices, inability to detect a single. failure in a dual 
filamentlamp, and the need for calibration of devices 
for various types of lamps. 

One of the more frequently used systems employs 
fiber optics (Figure 2). The fiber-optic system lIses a 
plastic or glass fiber that transmits light and gives a 
positive-function indication for each of the lamps 
monitored. However, this system is used only in 
applications requiring the monitoring oLa small 
number of lamps, since the cost of materials and of 
routing fiber optics is prohibitively expensive. 

TO DASHBOARD 

FIBER OPT I C 

LAMP 

Figure 2 
FIBER· OPTIC SYSTEM 
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SOLUTION 

The Sprague Type ULN-2435A electronic lamp 
monitor overcomes technical problems discussed 
above while taking advantage of the low cost of 
integrated circuits .. This integrated circuit monitors 
all types of exterior lamps and proVides five outputs 
capable of driving light-emitting diodes that indicate 
the location of automotive Jamp failure. 

FEED 

DIFFERENTIAL 
----INPUT SIGNAL -----

SIGNAL 
OUTPUT 

Figure 3 

Dwg. No. A-1I,473 

BRIDGE MONITORING SYSTEM 

The principle of operation is that of a· simple 
bridge circuit (Figure 3) in which the top two legs of 
the bridge are the. wiring-assembly resistance or dis
crete resistors. The bottom legs of the bridge circuit 
are the monitored lamps: F()ur differential amplifiers 
sense the voltage drops in the wiring assemblies 
(approximately 20 m V) for each of the various lamp 
circuits. When the system detects a difference in 
voltage due to an open filament, the appropriate 
output driver is turned ON. 

A sixth output driver gives an indication if any of 
the monitored lamps fail. This output can be used to 
drive an audible signaling device or a centrally
located warning lamp. 

CIRCUIT DESCRIPTION 

A simplified detector is shown in Figure 4. Q I and 
Q2 form a differential amplifier. The amplified dif
ferential signal is applied at Point A -B to threshold 
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TRANSISTOR . ARRAYS 
AND MISCELLANEOUS DEVICES (Colttinuea) 

... ---INPUT SI.GNAL ---_n 

TO LED 
DRI VERS 

Dwg. No. A-1I,474 

Figure" 
SIMPLIFIED DETECTOR 

D2 

detectors Q3 and 04, whic!) drive the LEO driver 
transistors. 01 and 02 perform the dual function of 

level-shifting the input signal and establishing re
quired bias currents forQI and Q2.Since the supply 
current is derived from the lamp lines, standby cur
rent is reducedto zero when the lamps are turned off. 

The use of PNPs . in the detectors· reduces the 
system's susceptibility to high-frequency noise. 
Figure 5 shows a comparison of frequency response 
for a monolithic NPN transistor and a monolithic 

. PNPtransistor. 

O+-----~--------~--__ 

-3 ~ 
-6 

-9 -+-----,..----,..---....,----'>-r----.,..-----,..I
lK 10K lOOK 1M 10M 100M lOOOM 

FREQUENCY (Hz) 
Dwg. No. A-ll,475 

Figure 5 
FREQUENCY RESPONSE 



TRANSISTOR ARRAYS 
.·AND MISCElLANEOUS DEVICES (Continued) 

A block diagram of a typical application of Type 
ULN~2435A is depicted in Figure 6. In this applica
tion, eight lamps and three fuses are monitored. The 
stop-lamp fuse (A) is monitored by the circuitry at 
Pin 4. If the fuse blows, the LEOs connected to pins 
10 and 13 turn ON. By using separate fuses for the 
park lamps and tail /marker-Iamp circuits, detectors 
I and 2 can .double as fuse monitors. If, for example, 
fuse B blows, detectors 1 and 2 turn on the LEOs 
connected to pins 1 and 16. An additional input, pin 
6, is used to test the LEOs and the master indicator 
during cranking; 

The simplistic design of this system enables easy 
installation in an automobile. No external compo
nents are required, other than the LED indicators and 
the voltage-dropping resistors, to complete the sys
tem. The integrated circuit may be mounted on a 
printed wiring board. Depending on lamp current, 
the copper runs of a printed wiring board might be 

BATT 

a:: a:: 
~ ~t--,--.,,-IL+----1/ 
a:: a:: 

~ ~ 

used as the top legs of the bridge circuit. A failure 
within the integrated circuit. will not affect lamp 
operation or other automotive functions, 

TRANSIENT PROTECTION 

In laying out the integrated circuit, careful consid
eration was given to providing on-chip voltage" 
transient protection. The LED driver transistorS,for 
example, were designed to withstand an 80-volt 
load-dump transient. The detector inputs are also 
designed to withstand 80 volts. In addition, the in
puts to the detectors are essentially groundedthrough 
the low-resistance lamps being monitored, which 
further protects the integrated circuit from transients. 
Reverse-battery protection is included on the chip. In 
the event of a battery reversal, the PNPs provide 
inherent protection, while the dielectrically-isolated 
resistors provide additional safeguards. 

BATT 

VI 51 BLE OR 
.-_-+1~5-, AUDI BlE ALARM 

BATT 

Dwg.No. A-ll,477 

Figure 6 

TYPICAL APPLICATION 
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ULN-2350C AND ULN-2351C 

ULN-2350C AND ULN-2351 C 
TUFF CHlp® SEMI-CUSTOM INTEGRATED CIRCUITS 

FEATURES 

• BVCES = 80 V Min. 
• 250 mA Outputs 
• 500 Volt Resistors 
• High-Gain PNP Transistors 
• 80 pF Capacitors 
• Time and Cost Savings 

TUFF CHIP SEMI-CUSTOM integrated circuits 
offer substantial time and cost savings for cus

tom circuit applications requiring from 2,000 to 
100,000 pieces. This is an area that previously was 
met by hybrid circuits and, in some cases, by printed 
wiring boards. 

The TUFF CHIP semi-custom approach utilizes a 
standard array of components fabricated on a single 
silicon chip: the ULN-2350C contains 460 separate 
elements; the ULN-2351C provides 261. Besides the 
traditional complement of NPN and lateral PNP 
transistors, high-gain vertical PNP transistors are 
included. 

The user lays out the interconnecting circuit, sim
ilar to a printed wiring board layout, on sheets pro
vided by Sprague Electric. The artwork is checked 
by Sprague engineers, and used to generate the cus
tomer's proprietary metal mask. Finished circuits 
are electrically probed and visually inspected. Chips 
are tray-packed for hybrid circuit manufacturers or 
are mounted in plastic, ceramic, or hermetic dual in
line packages with from eight to 28 pins. 

TUFF CHIP components are optimized for a min
imum BV CES of 80 volts. Two or four 250 rnA power 
transistors are provided, and these may be paral
leled for high current requirements. On-chip 
transient protection of sensitive circuit com
ponents utilizes deposited film resistors with break
down voltages higher than 500 volts. On-chip 
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89 x 104 mils 
2.26 x 2.64 mm 

ULN·2351C 

104 x 150 mils 
2.64 x 3.81 mm 

ULN·2350C 

capacitors may be used for noise suppression or 
filtering. 

Circuit users can expect prototypes six to 10 
weeks after submitting initial artwork; production 
quantities can be shipped eight to 10 weeks after 
prototype approval. 



ULN-23S0C AND ULN-23S1C 

maRICAL CHARAOERISTICS at TJ = + 25°C COMPONENT LIST 
limits Number of Devices 

Characteristic Min. Typ. Max. Units Component UlN-235.oC UlN-2351C 

Small-Signal NPN Transistors Small-Signal 

hfE at Ie = 1..0 inA 5.0 15.0 2.0.0 - NPN Transistors 70 38 

Matching of hFE - 10 2.0 ±% 

BVeEO at Ie = 1.0.0 IJ.A 3.0 4.0 - V 

NPN Power 
Transistors 4 2 

lateral 
BVeES at Ie = 1.0.0 IJ.A 8.0 10.0 - V PNP.Transistors 27 14 
BV ESO at IE = 10.0 IJ.A 6.9 - 7.7 V Vertical 
RSAT at 18 = 1.0.0 jJ.A PNP Transistors 10 ! 7 

(with plug) - 3.0.0 - n 5.8V 
Cutoff Frequency - 5.0.0 - MHz Zener Diodes 5 2 

Useful Current Range .0.1 - 1.ok IJ.A Base Resistors: 

NPN Power Transistors 2.0.00 10 5 

hFE at Ie = 2.0.0 mA 5.0 15.0 2.0.0 - 45.0.0 2.0 12 

BVeEO at Ie = 1.0.0 jJ.A . 3.0 4.0 - V 9.0.0.0 2.0 12 

BVCES at Ie = 1.0.0 IJ.A 80 1.0.0 - V 1.8 kn 2.0 12 

VeE(SAn at Ie == 25.0 mA - - 1.4 V 3.Skn 2.0 12 

Useful Current Range 2 . .0 - 25.0 mA 

Lateral PNP Transistors 

Deposited Film 
Resistors: 

2;.okn IS 8 
hfE at Ie = 1.00 IJ.A 15 3.0 - - 4.5kU 58 33 
BVeEO atle = 1.0 jJ.A 60 8.0 - V 9 . .okn 48 28 
Cutoff Frequency -" 3 . .0 - MHz 18kn 5.0 29 

.. Vertical PNP Transistors 3Skn 72 42 
hFE at Ie = 1.0.0 jJ.A 3.0 6.0 - - 8.0 pF 
BVeEO at Ie = 1.0 IJ.A 5.0 - - V Capacitors 1.0 5 

Passive Components Bonding Pads 28 19 

Resistor Tolerance - - 3.0 ±% 

Resistor Matching 
(1:1) Tol. - 1..0 3 . .0 ±% 

BV-Base Resistor to 
Substrate - 8.0 - V 

BV-Oeposited Film 
Resistor to Substrate 5.0.0 - - V 

Capacitance Tolerance - 4.0 - ±% 

BV-Capacitors 12 - - V 

m 
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CUSTOM DEV.IC£S (Continued) 

HIGH·VOLTAGE, SEMI·CUSTOM COMPONENT ARRAYS 

INTRODUCTION 

Semi-custom integrated 
circuits have been produced for 
several years for the low-volume 
integrated circuit market. 

The semi-custom approach uses 
wafers that are completely 
fabricated except for the 
interconnecting metal. The user 
des ig ns the interconnect i ng 
metal mask to convert the 
uncommitted circuit components 
into a unique integrated 
circuit based on his original 
pattern. 

Traditionally, component 
arrays have been limited in 
voltage-handling capability to 
less than 30 volts. The 
ULN-2350C and ULN-2351C compo
nent arrays overcome this 
limitation, and provide features 
not found in other arrays. 

CHIP FEATURES 

One of the goals of laying 
out the arrays was to enable the 
user to design a semi-custom 
integrated circuit without 
concern over how to protect the 
circuit from destructive trans
ient voltages. For example, the 
arrays' power transistors were 
designed to meet present 
automotive "load dump" require
ments without the usual Zener 
clamp diode. Design rules for 
layout and the manufacturing 
process were developed for a 
BVCES of greater than 80 
volts. 

Copyright © 1981, IEEE. Reprinted by permission. 
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Dielectrically isolated 
thin-film polysilicon resistors 
were chosen for the major 
portion of the resistive 
element, along with a complement 
of diffused resistors. Among 
advantages of thin-film resis
tors are an inherent abil ity to 
withstand voltage transients 
of up to 500 volts, and high 
resistance per unit area. These 
two properties can be utilized 
to protect sensitive circuit 
elements from damage by limiting 
the peak transient current. 

Since thin-film resistors do 
not form a PN junction during 
their manufacture and are not 
polarity-sensitive, protec
tion from inadvertant power 
supply reversal is achieved 
without external components. 

The total available resis
t ance for the ULN-2 3 5 OC is 
4 Mn Previous component 
arrays of similar chip size, 
using only diffused resistors, 
offered a total resistance of 
approximately 400 kn • 

The availability of high
value resistors is important in 
applications requiring low 
standby current and/or low power 
dissipation. 

Capacitors formed by buried
layer and isolation diffusions, 
with typical values of 80 pF, 
were included in the arrays for 
applications requiring noise 
suppression and stabilization. 
The capacitors in the ULN-2350C 
and ULN-2351C may be paralleled 
for totals of up to 800 pF and 
400 pF, respectively. 



In addition to the standard 
complement of NPN and lateral 
PNP transistors, vertical PNP 
transistors were buH t into the 
arrays to take advantage 
of their characteristically high 
current gain, which can be two 
to three times greater than that 
of standard late~al PNP tran
sistors; 

F.igure 1 shows an example of 
th.e utilizat.ion .of a vertical 
PNP in a current mirror to 
decrease the error introduced by 
base current from 20% to 
less than 1%. 

+v +v 

- (1",102) 10.1 ... --~-

Figure 1 

Figure 2 Shows application of 
vertical PNP. in a differential 
amplifier to decrease base drive 
current requirements. 

+v 

Figure 2 

As an aid in designing 
voltage regulators, emitter
isolation Zener diodes with a 
nominal breakdown voltage 
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of 5. 8V are incorporated in the 
arrays. They are particul arly 
useful with low supply voltage 
circuits. 

APPLICATION 

Figure 3 depicts a hypo
thetical automotive application 
of a low-voltage integrated 
cir.cuit that turns on an 
indicator if the ignition is 
turned on and the al ternator 
vol t age is below some pre
determined value. 

BATTERY 

05 
aGNI110N --'Wr--1 

04 
ALTERNATOR'--'~>-i 

Figure 3 

External components protect 
this circuit from damage by 
transient voltages encountered 
in the automotive environment. 

AUTOMOTIVE TRANSIEN'rs 

SOURCE SOURCE 
IMPEDANCE AMPLITUDE DURATION 

Air-
Conditioninq 
Compressor/ 
Clutch 
Coil 2500 ~ 250 V 1 .0 J.ls 

Service 
Motors 600 ~ 32 V 40 J.ls 

Anti-
D iese 1 inq 
Solenoid 20QO ~ 450 V 22 il S 

Alternator 
Load 
Disconnect 
"Load .Dump" 0.10 80 V 200 ms 

To protect the supply pin, a 
low-value resistor (Rl'::;500n 
to 1kn), and a large value 
capacitor (C1 1 pF to 500 
flF) are used to supress the 

m 



CUSTOM DEVICES {Contiilu4!d) 

trans ients. The power tran'" 
sist6rdrivingRL is normally 
protected with a Zener diode. 
Pins 4 andS are protected from 
transients by current-limiting 
~esistors R4 and R5. In 
addition, the sense input, pin 
4, requires a capacitor, C4, 
to form a low-pass filter to 
ensure rejecti6h of noise 
pulses. 

JGNITION 

ALTERNATOR 

BATTERY 

Figure 4 

Figure 4 shows the high
vol tage array performing the 
same function; all external 
protection components have 
been eliminated. 

The actual circuit, shown in 
Figure 5, demonstrates the 
design's self-protective prop
erties. 

Resistors Rl - R6 limit 
the current through transistors 
Ql - Q5 during a transient. 
T his pro t e c t i on can not be 
achieved with diffused resis
tors because of their low 
breakdown voltage ratings. 

The o~tput d~iver Q7, Qa, 
wi th a BVCES of greater than 
80 volts, is capable of with
standing the load dump transient. 
Vol tag'e "transients of greater 
magni tude are usually accom
panied by high source impedance 
that limits the current. 

The load connected to pin 2 
limits the current in the event 
of battery reversal. 

capacitor C, supresses 
noise at pin 4 that could cause 
the lamp, such as RL of Figure 
4, to turn on erroneously. 

CONCLUSION 

Although an automotive 
appl icat ion is presented above, 
the arrays' high-voltage capa
bilities can be used in other 
no i syenv i ronme'n ts and in 
interface circuits such as motor 
drivers 'and display drivers. 

BATTERY IGNITION 

GROUND 

Figure 5 
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CUSTOM DEVICES (Contfnued) 

CUSTOM BIPOLAR INTEGRATED CIRCUITS 

FOR AUTOMOTIVE APPLICATION 

Here is a manager's overview of how to use bipolar integrated 6ircuits 
(ICs) for a custom approach to an automotive system application. After 
selecting the IC technology and establishing the application specifications, 
the project will follow a basic development cycle. The schedule of events 
that take place is basic to all custom bipolar ICs for automotive applica
tions. The cycle starts with selection of semiconductor supplier and ends 
with a reliable cost effective, custom bipolar IC in production several 
months later. Reaching a successful conclusion requires considerable 
positive interaction between systems manager and semiconductor supplier. 

The first step is to 
determine that customizing a 
system is cost effective 
versus using standard "off-the
shelf" components. In conjunc
tion with this, the manager ~ill 
determine the extent of system 
integration desired, the type of 
interconnect needed and, to a 
broad exterit, the semicondtictor 
packaging. 

The reliability level that 
must be met should be estab
lished at the beginning of the 
program. The reliabili,ty 
specificat:i,ons have a direct 
effect on the cost of a device. 
This must be taken into consid
eration at the very beginning of 
the design. The phrase "relia
bility is des.igned in -- not 
tested in" is as true in the 
semiconductor as the vehicle 
brake system. 

From a system point of 
view, is there any advantage to 
having one "large" custom 
device, versus having two 
or more "building block" devices 
which could be used in other or 
future systems? . The "building 
block" approach will usually 
cost more (on stand alone 

Copyright © 1979 SOciety of Automotive Engineers, Inc. Repr'ioted by permission. 
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basis) at the system level. 
Application in other systems has 
the added advantage of lower 
overall tooling costs, develop
ment times, and economics of 
higher run rates. 

The manager .needs ~o 
determine the amount of lead 
time his project has available. 
The development of a custom 
IC t~kes.1 to.9 months, an~ 
another 3 months to achieve 
production buildup. This lead 
time alone may force the 
project to use available stand
ard circuits. 

Other questions which must 
be addressed are how many 
sources will be required and, 
wi th this·, what is the risk of 
the parts not being interchange
able? Interchangeability can be 
a problem, especially with 
custom circuits where differing 
semiconductoi technologies 
provide substantially different 
performance characteristics. 
Linear cj,r6uits, even ~hen the m 
technologies are "ident.ical", 
can behave entirely different in 
an application. It is highly 
desirable to stay with "iden-
t i ca I" technologies for all 



CUSTOM. DEVICES'(Continued} 

CMOS PMOS BIMOS BIPOLAR 

Pow er per Gate luW-10mW 200uW-10mW 1uW-10mW 2.5uW';'10mW O.5uW-2.5mW 

Output Drive 5 mA 10.mA 1A 1A ~4A 1A - 4A 

Timing Accuracy Fair Poor Fair Excellent Excellent 

DC N.aisli' Immunity Excellent Fair-Good Excellent 

Device Diversity Fair Poor Excellent Excellent Excellent 

Supply (Max. Typ) 20.V 30V Logic 15V 35V - 100V Logic 10 V 
Output 85 V Output 85 V 

Logic Density Med-High High Medium Medium High 

Process Complexity 6 Masks 4 Masks 11-12 Masks 6-8 Masks 6-7 Masks 

* = Design dependent, normally excellent but requires additional circuitry 

Figure 1 

TECHNOLOGY COMPARISONS FOR AUTOMOTIVE ELECTRONIC SYSTEMS 

suppliers of a given circuit. 
Almost all suppl iers have 
their own process variation 
within a given techn910gy so the 
term "identical U must be used 
with caution. Concentrate 
on defining the s'¥stem's-elec= 
trical, environmental, and 
mechanrc~~rrrnIts~and-estahllSh 
a broad specification to achieve 
this end. 

Once the deci!;;ion has bee~ 
made to customize, the next 
problem i.s getting the .desired 
function withinan~cceptable 
schedule. At this stage the 
systems manager loses some 
control over the program IS 

success, sin c e there is a 
"new member" in the design and 
development team - the' semi
conductor supplier •. ' The sup
pI ier can be another depi;l.rtment 
or division within a Vertically 
integrated company, however, 
most of the time this will be an 
"outside~ supplier. . 

The larger or old~r semi
conductor companies doing.custom 
work will have several semicon
ductor technologies in produc
tionjthe medium sized companies, 
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two or morej and the smaller 
suppl iers generally concentrate 
on one technology. Today there 
are two popular technolog ies 
available (each having wide 
variations) - MOS and bipolar. 
MOS is suited for digital only 
applications (see Fig. 1), 
and b i pol a r for dig ita 1 or 
analog (linear) amplification, 
I.2 L (a n a log / dig i t al ) and 
power handling capability. 
MOS usually requires external 
(to the package) buffers and 
drivers. Bipolar devices 
normally interface directly with 
lamps, solenO.ids, motors, relays 
etc., and will h~v~the drivers 
"on chip" requiring fewer 
external components. An 
al ternate choice for' certain 
appl ications is BiMOS which is 
the combination of MOS and 
bipolar on the same chip. 

The biggest feature of MOS 
is its ability to perform many 
functions using a very small 
device. One of the main advant
ages to using a b~polar tech
nology (without sacrificing 
performance) is its power 



handling capabil i ty and high 
val tage tolerance. In real i ty, 
future vehicl~s will probably 
have both technologies on board 
since most microprocessors under 
consideration use aMOS terih
nology with the interfaces to 
the microprocessor being bipolar. 

Circuits can be designed to 
handle all present transient 
condi t ions, load dump, reverse 
bat tery, etc ~ However, most 
"off-the-shelf" standard ICs 
were not designed to handle 
these conditions, and require 
ad d ed dis c ret e (d i 0 d e and 
resist.or) protection. Fortunate..., 
ly there are bipolar circuits, 
des ~ g ned sp e c i f i call y for 
automotive use, that have the 
required "bullet proof process". 
Th~se devices have established a 
be.ncll mark from which future 
design and reliabilitylev.els 
can be accurately predicted. 

Ideally anew project will 
be one of a series of previous 
custom circuits with the selec
ted supplier(s). If the custom 
project is the first, then 
it will be ~ecessary to seek out 
and establish a positive working 
relationship with a supplier(s) 
having the required expertise. 
The emphasis is on a positive 
relationship.-.for the semicon
ductorsupplier is, as mentioned 
previously, a member of the 
design team.The success of the 
project is directly .. related .to 
the relationship .of the two 
org an i za tions. Each team member 
kn.ows their own disciplines 
best, and when ·br.ought together 
always require tradeoffs and 
comprom i s·e in .order to ge.t 
the best possible circuit design 
at the lowest poss.iblecost. 
System cost effectiveness will 
be determined by the pr.oduci
bility of the IC, long term 
reliability, and system design. 
The unit cost for any custom IC 
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can, at best, only be estimated 
at the beginning .of a project. 
This cost is based on the 
system requirements specified at 
the start .of the project. 
Tightening of limits, addition 
(or deletion) of functions,and 
changes in electrical or 
mechanical specifications will 
have a very direct bearing on 
uni t cost. The entire design 
team (systems manager and 
semiconductor supplier) must try 
t() make all system trade-offs 
during the system design phase, 
and minimize any changes 
to the IC once started. If 
changes must be made,they 
Should be during the IC design 
phase, for once beyond tbi s 
the rei s a he a v y pe n a 1 t y. to 
schedule (and. cost) • This will 
be discussed to a greater extent 
later. 

If the systems manager has 
selected an IC supplier from 
previous projects, then some Of 
the unknowns will be eliminated. 
Also, previous program successes 
will give a guide Ast.o how 
long the project realistically 
will take •. In any event, several 
key steps will take place in the 

MONTHS 
10 11 

Figure 2 
TYPICAL BIPOLAR Ie DEVELOPMENT CYCLE 

m 



CUSTOM DEVICES (Continued) 

develapment af the custam 
bipalar Ie, each with its awn 
cycle andprablems. 

CUSTOM BIPOLAR IC DEVELOPMENT 
(See Fig. 2) 

All af the fallawing 
develapment steps wauld apply to. 
MOS technalagy with variatians 
anly in device character
istics. 

1. Selectian af Semicanductar 
Supplier 

will be per farmed an many 
variables, . and is beyand the 
scape af this paper. Hawever, 
previaus camments an warking 
reLatianship and supplier 
expertise in automative circuits 
should be key elements in the 
selection process. Same 
ather paints that need to. be 
determined af any potential 
supplier; 

a. Stability - Financial and 
Work farce 

b. Volume Capability - for 
Present and Anticipated 
Quantities 

c. Basic Packaging Capability -
IC, Module, etc. 

d. Test Capability - IC 
Module, etc. 

A full and complete review af 
system, electrical and mechan
ical specificatians alang with 
quality requirements should 
be perfarmed by both parties 
before cant.ract f inalizatian. 

An IC supplier unfamiliar 
with automative requirements may 
unknowingly accept a cantract 
that has "hidden" costs which 
could result in the develop
ment of an unprofitable part. 
The prudent systems manager will 
make certain the IC supplier 
fully understands the system and 
cantract requirements. 
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3. fiE£~i!_£~~i~~ will 
ultimately determine the perfar
mance af the IC, the cost and 
long-term reI iabil i ty. It is 
during this phase of the devel
opmentthat the greatest inter
actian shauld take place. When 
this stage is reached, the 
system (custam IC) specificatian 
should be "frozen". Once the IC 
des ign is final ized and com
mi tted to. "lay-out" (step 6) 
only minor changes can be made 
without impacting the entire 
schedule and cast. 

Trade-affs may be required 
in the system due to findings 
during the IC design. They will 
be verified during the simu
lation or breadbaard phase. 
Mast automative electronic 
systems can be "breadboarded" 
(step 4) with discrete semi
conductars ("kit parts" from the 
bipolar process to be used on 
final circuits). If majar 
trade-offs are required they 
must be made here. 

The systems manager could 
breadboard his own IC with the 
same discretes (supplied by 
supplier to. do. final design 
analysis - do. nat use another 
supplier's breadboard campanents 
as the process can be different). 
This breadboarding can be 
very useful during system 
definitian and development. The 
systems manager can optimize the 
system priar to committing 
the praject. Here again is an 
example af having a positive 
working relatianship with the 
selected supplier(s), as 
these companents are nat com
mercially.available. A review 
of the IC design shauld be made 
at this paint, and any system af 
IC madificatian implemented. 



4. Breadboard layout is 
actually - perforrried- during, and 
in conjunction with the IC 
design (step 3). Somesuppliers 
may use computer simulation 
from component models in con
junction with CAD (Computer 
Aided Design). If the CAD method 
is used, it is more difficult 
for the systems manager to 
review the customized design. 
The cell (component models) 
library is useful only when 
using the same CAD. In addition, 
(unl ike some MOS technolog ies) 
the cells will be designed for 
the supplier's bipolar process, 
and therefore possibly propri
etary to the semiconductor 
supplier. 

A good breadboard is a very 
powerful tool and has often 
brought out unknown system 
problems during circuit design 
evaluation. 

5. Design Review is the 
last convenientPoint in the 
design process to make modifi
cations. At this step the 
desi~n is reviewed in detail. 
The performance of the circuit 
is compared, via the breadboard, 
to the design bbjectives. The 
systems manager should make it a 
point to attend this session. 

The circuit designer will 
have sel ect ed a part i c ul ar 
bipolar process to best meet the 
system requirement. The 
i n t er f ace (i n put or 0 u t put) 
component from transients, 
accidental groundihg, load dump, 
etc. Because of these re
quirements the designer will 
configure the component layout 
to handle these conditions. Few 
standard bipolar parts can meet 
all of these conditions, and 
~ill require external discrete 
protective circuitry. 
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Therefore, the systems 
manager, should determine the 
semiconductor suppliers' capa
bilities in this area during 
supplier selection. The inherent 
reliability of the system is 
improved with the fewest pos
sible discrete components per 
system. 

Most standard "off-the
she If" I C s have breakdown 
voltages in the 20V DC range, 
while a bullet-proof automotive 
IC should be at least 50V DC. 
Note that this applies to the 
interface components within the 
IC. The signal processing 
section of the IC need not have 
high breakdown capability. This 
allows the most efficient use of 
area o~ the layout as high
voltage breakdown components and 
output drivers tend to be very 
large in comparison. 

Design reviews are normally 
attended by engineers from all 
key facets of the semiconductor 
operation~ production, mask 
making, wafer processing, 
packag ing, test, reI iabi l.ity, 
etc. The design engineer(s) 
responsible for the custom IC(s) 
present the design to a critical 
review by all of these depart
ments. Each of these departments 
must agree that the design is 
sound, does not violate any 
rules,and is manufacturable. 
At this point the designer will 
commit the custom design to 
layout. 

6. .£ir.£~.!.!_~~Ou! can be 
performed by either hand 
drafting or through the Use of 
computer aided design. The use 
of either method generates ID 
"artwork" (every designer 
considers his work a master-
piece), which is a composite 
drawing of each "mask level". 
The layout artwork will be drawn 
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at several hundred times 
(typically 254X or 508X) the 
final IC's size. The actual 
magnification is dependent on 
the "die" size (once produced, 
the u'n pac k age d i nd i v i d u a 1 
circuit is referred to as a die 
or chip) or capability of photo 
reduction equipment. The CAD 
circuit layout method closely 
parallels the manual method but 
is usually completed faster. 

In order to efficiently use 
CAD there first must be a 
library of devices (transistors, 
diodes, etc.) compatible 
with the bullet-proof process. 
This library can have standard 
"cells" of differing functions 
such as; drivers, gates, flip 
flops, etc. These will be 
used, as needed, by the CAD 
operator to integrate the 
required function. A CAD 
circuit design is better suited 
for dig i tal than linear, espe
ciallywhere both are part of 
the circuit. 

Caution: If a cell library 
is not already established, it 
must be created and this is very 
time consuming • If done proper
ly, the ceJ,ls will have been 
life tested (usually in IC 
form), and will have been 
interconnected previously to 
make c e r t a in t.ha t they are 
compatible. If the cells do not 
already exist, use the more 
familiar hand layout method. If 
used properly, CAD can be a 
very powerful tool, or a very 
expensive draftsperson. 

7. Layout Review is attended 
by basically the same group as 
Design Review. At this juncture 
the layout is subjected to a 
care~ul examination of layout 
rules, component placement, test 
points (for wafer probe and 
evaluation prior to packaging) 
and conformity to the circuit 
design. 
@Rubylith is a registered trademark of 

tne ULANO Companies. 
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The application of ICs to 
the automotive electrical system 
dictates special test require
ments. Therefore, spedial wafer 
and package test require
ments will be "finalized" at 
this point.This will mean 
building and fixturing the 
specialized interface hardware 
for the automatic testers. 
Since most of the general IC 
testers do not have high-voltage 
capability, special interface 
boxes must be created to do the 
required tests. This can 
cause incoming inspection 
problems for systems managers, 
as it is highly unlikely that 
the test systems will be 
exactly the same. For this 
reason the special interface 
boxes created by the IC supplier 
will not be usable by the 
systems manager. Therefore, it 
is vital that there be a "good" 
specification established so 
that differing test equipments 
will be able to do the same 
tests and obtain correlatable 
results. 

8. Mask Making is performed 
next through one of several 
methods. If a CAD system was 
used, then the mask levels will 
be generated directly or by 
cutting Rubylith.@ (same as 
doing a printed circuit board), 
which will be peeled by hand. 
These systems are fast, compared 
to hand cutting, but are 
~ot always available to the 
designer (especially. if the. CAD 
was not used). A common 
approach is. to use a digitizer, 
wi th hand-drawn artwork, .which 
normally feeds an X-Y plotter 
t.h at cut s the Rub Y lit h • 
The Rubyl ito is then peeled by 
hand. In addition, the digiti~ed 
artwork can be feq to a "reti
cle" generator which eliminates 
the Rubylith and required 
photo-reduction steps. A reticle 
is the mask (one level master 



and is 10X the finished die 
size)~ The reticle will be 
"step-and-repeated" on the final 
working "plates" for the indi
vidual wafer masking Ateps. 

9. Pilot Wafer Run will be 
made following the mask-making 
operation. The systems manager 
should follow this run with 
tempered enthusIasm. 

The first run is actually a 
circuit "debug" step. For. when 
it is cheeked out there are 
usually changes or error 
corrections to be made in the 
circuit, masks, and/or process. 
Therefore a second wafer run 
will be made following any 
changes. This second run is 
very important, since it will 
provide .. working parts for both 
the systems manager and semi
conductor partner. The supplier 
will get the first "hard" yi~ld 
information against the targ.et 
speciq.cation •. Up to this 1?oint 
the supplier has used exper1enCe 
to project yields. which deter
mine cost (this will b.e covered 
in later sections). 

The final pilot run will be 
packageCi, usually on an engine
ering assembly line, and sub
mi tted to initial electrical 
evaluation. Depending on the 
relationship between the part
ners, advance parts may be 
obtained by the systems manager. 
The semiconductor supplier will 
want to perform .acomplete 
de~ice (IC) evaluation. and will 
be reluctant to provide parts 
until the. evaluation and charac
terization is compl.ete. 

10. Device Ch~racterizatlon 
will be performed·· to ensure t;he 
custom bipolar IC meets tbe 
initial target specification. 
Depending on the circuit 
complexity, the chat:'acterization 
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can be very time consuming. 
However, it is essential to both 
the systems manager and semi
conductor partner for slightly 
different reasons. 

The semiconductor manufac...,. 
turer is looking to make certain 
the customIC meets the target 
specification, or to what extent 
it does not meet the sp.eci
fication.--In the first case, 
the overall yeild can be pro
jected with a much higher degree 
of accuracy. In the second case 
(.some parameter is out of 
specification) corrective action. 
is required. This may entail a 
simple mask or .. process change, 
or amaj or redes i9n • However, 
before this is initiated the 
partners should get together to 
determine if the part will work 
sat i s f act 0 ri 1 y wit h i nth e 
system. If it. will meet system 
objectives, .the specifications 
may be relaxed (step 11), then 
it's ppssible to derive the 
needed yiel.d information. 

The systems manager is 
concerned with the custom IC' s 
performance wi thin the system. 
Th ere fo rei tis esse n t i a 1 
that the customIC be evaluated 
wi thin the system during the 
system char~cterization. 
Differences may appear between 
the breadboard's operation and 
the "equivalent" IC due to 
capaci tance, layout, and dis
crete versus integrated . compon
ents (parasitics). If a careful 
system evaluation and design was 
performed at the start of the 
program, few surprises will 
develop. 

Following system and IC OJ 
charactertization it is essen-
tial to review and finalize any 
differences in specifications 
and parametrics. Remember that 
this is a partnership with a 
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common objective of selling 
systems, so approach the next 
phase ~ith compromise ih 
mind. 

11. Specification Review 
takes place following successful 
pilotrun( s) and product char
acterization. It is very 
importan;t that the systems 
manager approach this as an 
opportunity to improve perfor
m a n c.e ,m a nu, f act u r a b iIi t Y , 
reliability, and yield. As with 
any system the ultimate in 
performance and cost is a result 
of a series of tradeoffs.This 
s.tage in the system's devel
opment is no different. 

The te characterization 
provided a baseline with respect 
to the pa.rametric distribution. 
Hopefully the IC comes into the 
center of the specification 
limits so that 100% of the 
product will be usable. In 
reality this seldom happens. 
There are so many variables in 
process that any given lot 
of parts will have a slightly 
different distribution. This 
results in throwing" away product 
that does not meet the desired 
specification (yield loss), and 
shipping that which meets the 
limits '(shippable yield). 

At the beginning of the 
progtam the systems manager 
selected a partner who projected 
a. satisfactory unit based 
on a specification and antic
ipated shippable yields. A 
product was dev~loped and 
resul ted in an'.xC that has a 
certain charact,er. The semi
conductor manufacturer will be 
able to make recommendations, 
based. on the characterization 
data, for ways to improve 
performance. 'and yield. Every 
percentage point of yield. lOSS 
affedts Shipments and cost. 
Therefore, it is definitely to 
the systems manager's benefit to 
work towards the highest prac
tical shippable yield. 
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Every engineer uses guard 
bands. Realistic guard bands are 
prudent and necessary to take 
care of a product's' manufac
turing ·variation. However, every 
guard band affects yield and is 
reelected in ,unit and system 
cost. 

It is not possible to give 
exact comparisons of the inter
relationship of parameters to 
y i e 1 d • Ho we v e r, i tis t 0 

the systems manager's benefit to 
be flexible on "non-critical" 
parameters as the final IC will 
likely differ from the target 
specification following charac
terization. This happens 
because of the layout and 
interaction of active and 
passive components on the custom 
IC. It is not possible to 
predict with 100% confidence the 
behavior of an integrated 
system versus the discrete 
version. This is where the 
systems manager must rely 
on the semiconductor partner's 
experience and recommendations. 

12. Life Test is essential 
for any new IC to determine 
circuit integrity and e::;tablish 
failure rates, etc. Normal 
accelerated life test procedures 
are adequate ,for bipolar rcs. 
The testing should be run only 
on parts produced. with produc
tion tooling and assembly 
lines. Test samples should come 
from the' s.ameassembly line as 
will be used for the volume 
produc~ion, and the parts should 
be as representative of future 
produ~tion as is possible. If a 
commOn fail ute analysis should 
b e per f 0 r'!n edt 0 d e t e r min e 
cause. Corrective action will be 
determinedfol1owing the analy
sis. 

Ii a major change is made 
(as a result of the life test) 
to the mask set, the part should 
be put through a new operating 
life test. Changes in test 



procedures or limits will not 
normally require a new life 
test. The systems manager must 
keep in m indthat a normal 
life test is 1000 hours, and 
takes six weeks of oven time 
with two weeks on each end to 
take data. This time should 
be factored into the development 
schedule as a normal part of any 
custom program. 

Historical data on the 
bipolar process used for the 
custom IC i.s very useful in 
predicting long-term failure 
rates.. This also will provide 
guidance in supplier selection. 
An establ ished supplier of 
automotive Ies will have a 
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history on similar devices which 
can be u&ed to predict syst~m 
life. 

13. Release to Production of 
the customIC can be achieved 
following, or even prior to 
complet ion ( dot ted area Fig. 2) 
of successful. 1 i f e.·tes t ing .• 
H ow e v e.r , . r e.1 e a s e p rio r to 
comple~ion of life testing ~s 
very risky .before 500· hours. 
Once released, it will take 
about sixteen weeks to aChieve 
full production. Since the 
production cycle is so long, the 
system manager sho'uld consider 
that any change to the IC may 
affect a considerable quantity 
of product. Therefore, such' 
changes can be ver~ costly. 

1. S~lection of Semiconductor 
Supplier 

2. coiltract Definition and N~-
gotiation .. 

3~ 'Circuit Design 
4. Breadboard 
5. Design Review 
6. Circuit Layout 
7. Layou.t Review 
8. Mask Making 
9. Pilot Wafer Run . 

10. bevice Characterization 
11. Specification Review 
12. Life Test 
13. Release to Production 

SUMMARY 

An overview of how to use 
a custom bipolar approach to a 
system requirement. The systems 
manager needs to determine when 
it is cost effective to either 
customize or use standard 
"off-the shelf" components. ";rhe 
manager needs to decide how much 
of the system to integrate. 
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Should it be in one package, or 
broken up into several packages? 
What lead time is available 
and when will the electrical, 
environmental, and mechanical m 
specification limits have to be 
frozen? How many sources will 
be required, and what is 
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the risk that parts will not be 
interchangeable? The preceding 
is a partial list of questions 
that. have to be answered for any 
tentative "custom"project. The 
answers will affect the. choice 
of technoiogy,device development 
time, system development time, 
etc., . all of which affect cost 
and have a direct bearing on 
reliability and program success. 

Once the decision has been 
made to go "custom" the next 
problem is getting the desired 
function, within an acceptable 
schedule. At this stage the 
systems manager loses some 
control over. his program's 
succeSSi because at this 
point of the program there is a 
"new" member in his design 
team - the semiconductor sup
plier. 

Ideally the program will be 
one of a series of customiza
t ions, and will have had a 
positive relationship with 
one or more of the suppl iers 
that have the required exper
tise. Previous program successes 
will give a guide as to how 
long the project will take. In 
any event, the following major 
steps will take place, each with 
its own cycle and problems: 
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CONCLUSION 

As previously indicated, 
the semiconductor supplier 
should b~ considered as a member 
of the project team. As such it 
is highly desirable to work 
closely with him on an open and 
frank basis. Remember, the 
circuit is a result of the 
designer's interpretation 
of the specification's basic 
system needs. 

Assuming the systems 
manager has chosen the correct 
supplier; defined and brought to 
production a system that 
the final customer will buy; 
overcome all the major and minor 
problems during the development 
period; the systems manager may 
find it cannot be made for 
the desired price (because of 
low yield) and in the required 
quantities. Therefore, temper 
enthusiasm for all the latest 
technologies. Determine at the 
outset which approach is the 
best - a custom IC or "discrete" 
off-the-shelf design, and be 
flexible on specifications that 
affect yields. The adver
tising department will be able 
to liv~ with either, because 
after all, it is SOLID STATE 
ELECTRONICS! ! 
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CUSTOM CIRCUIT DESIGNS 

Sprague is active in the design of standard and 
custom high-volume integrated circuits and subas
semblies for both linear and digital applications. A 
wide range of semiconductor technologies is avail
able to optimize cost and performance. Often, new 
processes or innovative circuit designs are involved. 

Generally, the first concern of a designer of a cus
tom device is one of cost, though performance, reli
ability, size, atldprocess are.also important 
considerations. Costi:'> determined by the following 
factors: 

Prod"ction Vol"l11e: U~it cost isdepen~ent on 
quantity. A minimum volume of $250,000 per year is 
required after theJnitia).design and development. 

Chip Size: U!lltcostls directly affecteq by chip 
size, whichis.relatectto circuit cgtnplexity, output
current and output-voltage ratings. 

Test Req"irements: Logic, d-c, and static measure
ments are simple,fast, and inexpensive to peiform, 
while linear measurements such as those for distor
tion, phase, arid noise, may affect production rates 
and increase cost. 

Typical C"stom Design Sched"le 
Task Time in Weeks 

Define Specifications 
Circuit Design 2 to 20 
Breadboard Construction and Analysis 4 to 12 
Circuit Layout and Maskmaking 4to 12 
Prototype Processing 3.to 10 
Prototype Evaluation 4to 8 
Production Pilot Run 8 to 16 
Production Volume 12 to 20 

Total 37 to 98 weeks at an engineering cost of between $20,000 
and $100,000, not including special test hardwate·orassembly 

Package: Plastic packages are the least expensive. 
Cer-DIP packages are less expensive than side
brazed hermetic packages, which are the most 
costly. Cost also increases with.pincount. 

Specifications: Well-defined specifications can ex
pedite circuit design. Excessive or arbitrarily tight 
specifications will reduce yields and increase cost. 

Integrated Component Capc.bility 

fransistors: NPN~Beta to 300, BVeEs to 200 V, fr to 500 MHz 
PNP-~etat060, BVeEs to 150 V, frto 5 MHz 
CMOS-'-Vr~0.8fo 2.5 Vi BVDs to 18 V 

Resistors: Diffused-Sfl/o. to 100fl,.tolOO V 
175(!fO, to 100kfl, to100V 

Ion Implant"---l k(!fD to 4kfl/Dto 1 Mfl, 20 V 
T~in Film-2 k(!fo. to 2 Mfl,250V 
Aluminum-O,02S(!fo. to l.Ofl, 150 V 

Capacitors: Junctio",,--O.lpF/mil2, to 30 pF, 100 V 
. 0.3 pF/mil2, to 100 pF, 12 V 

0.9 pF/mil2, to 300 pF, 6 V 
MOS-O.lpF/miF, to 30 pF,50 V 

Diodes: 

Other: 

0.2 pF/miF. to 50Pf, 20 V 

Zener-5.7or 7.0 V, ± 0.3 V 
Photo-O.5 AIW or >300 nAlfc at 800 nm 
Schottky-OJ to 0.4 V at I ).LA, 0.3 to 0.6 V at 
1 rnA 
Small Signal-BV = 7.0 V 

SCRs-to 1 A, to 60 V 
PUTs----to 1 A, to 60 V 
FL-Propogation delay typically 100 ns 
BiMOS,,-High"power bipolar plus low-power MOS 
Hall Cells"-35 mV/kG 

tooling. 
Application Areas of Sprague Expertise 

Interface-Display drivers, motorlrelay/solenoid 
drivers, Hall cells, opto-sensors 

Comp"ter-Peripheral power interface to 200 V or 
5 A, video display drivers, SMPS 

Radio-A-M, F-M, F-M stereo, communications, 
A-M stereo 

. A"dio-250 m W to 20 W, mono and stereo 

Control-Timers,. Hall cells, opto-sensors, switching 
regulators, motor drivers, PWM 

Military-Communications, fuze, interface 

Camera-Light integrators, timers, controls 

Telecomm"nications-SLIC, electronic telephones, 
wireless telephones 

A"tomotive-Controls, monitoring, safety, radio 

Transistor Arrays-Small-signal, high-current, SCR, 
control 

General-Sound generators and amplifiers, timers, 
controls 
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OPTIONAL PACKAGE CAPABILITIES 

Standard integrated circuits from Sprague Electric Company are most 
oftel1 fumishedinpackages meeting industry ormilitary standards (JEDEC 
TO-87,TO~91; TO-99, TO-lOO, or TO-116 , orMIL-M-3851O). However, 
on special order, other packages or assemblies of packaged devices can also 
be .supplie.d .. A JeW. special order devices are illustrated above, including 
specialheatsirtk tabs, subminiature plastic packages, printed wiring boards, . 
flexible circuits, and complex assemblies. Devices with photodiodes are 
furnished in clear plastic cases. 
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PACKAGE INFORMATION 

Package Thermal Characteristics 

Package Frame RelAt Relet 
Designator Package Type Material (OC/W) (OC/W) 

A 14-Lead Plastic DIP Copper 60 38 
A 16-Lead Plastic DIP Copper 60 38 
A 18-Lead Plastic DIP Copper 55 25 
A 20-Lead Plastic DIP Copper 55 25 
A 22-Lead Plastic DIP Copper 50 21 
A 28-Lead Plastic DIP Copper 40 16 
B 8-Lead Semi-Tab Plastic DIP Copper 75 13* 
B 14-Lead Semi-Tab Plastic DIP Copper 45 13* 
B 16-Lead S~mi-Tab Plastic DIP Copper 45 13* 
D 3-Lead Transistor Kovar 300 150 
H 8-Lead Hermetic DIP Kovar 120 40 
H 14-Lead Hermetic DIP Kovar 90 20 
H 16-Lead Hermetic DIP Kovar 90 20 
H 18-Lead Hermetic DIP Kovar 75 20 
J 14-Lead Flat Pack Kovar 140 80 
M 8-Lead Mini DIP Copper 80 55 
Q 16-Lead. Quad In-Line Copper 45 13* 
R 14-Lead CerDiP Kovar 75 
R 16-Lead CerDiP Kovar 75 
R 1S-Lead CerDiP Kovar 65 
W 12-Lead Power Tab SIP Copper 24 3.0* 
y 3~Lead Transistor Copper 310 170 
Z 5-Lead Power Tab SIP Copper 40 4.5* 

The data given is intended as a general reference only and is based on certain simplifications such as constant chip size, standard bonding methods, and 
an allowable + 150°C junction temperature. Where differences exist, the detail specification takes precedence. 
tGe~ = lIR8~ and G8)C = lIR8)C 
'R8n 

12-2 



PACKAGE INFORMATtON{C~ntiii""d) 

THERMAL DESIOi'll FOR'., . 
PLASTIC INTEGRATED""C1R~UITS 

PROPER THERMAL DESIGN is essential for re
liable operation of many electronic circuits. 

Under severe thermal stress, leakage currents in
crease, materials decompose, and components drift 
in value or fail. Present-day linear integrated circuits 
are capable of delivering 5 to 10 watts of continuous 
power ,Previously, such power levels came only 
with discrete metal can power transistors. It was 
relatively. easy to determine the thermal resistance of 
these devices and attach a massive heatsink;··f1(J\V" 
ever, in many markets , economic factofsDow dlctate 
the use of molded dual in~line· plasti~ .. packaged 
monolithic circuits. The guidelines to be discussed 
will provide the circuit design engineer with infof,IWl'
tion on maintaining junction· temperature below. a 
safe limit under worst case.conditions. 

Design Considerations. 

Four factors must be considered before the re-
quired heat-sinking can be determined. These are: 

1. Maximum ambient temperature 
2. Maximum allowable bhip tel!lperature 
3. Junction-to-ambient thermal resistance 
4. Continuous chip powetdissipation 

Maximum ainbient temperature for the integrated 
circuit is normally between + 70°C and + 85°C and is 
usually dependent on the case}naterial; IiI most 
applications, however, the liltfitIng factor isthe .. as..., 
sociated discrete components and a -limit of about 

; .. "".--' 
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+ 50°C is specified; .The maximum allowable chip 
temperature is usually + 150°C for silicon. 

Thermal resistance is the all-important design fac
tor. It is composed of' several individual elements, 
some of which are determined by the integrated 
circuits manufacturer, and some by the user. 

.,." Chip Power Dissipation 

. The'Clrlp power dissipation should be obtainable 
fr6mthelnlUlUfacturer's specifications. In most ap

_ .. pljcatioi!s.Jt'isa variable and determined by the user 
when·ht;,~pe¢H~s the c:ircuit variables. 

·1\:·tY{1i(:hlex~ple is a dual 2-watt audio power 
amplifier. "Power ~ssipation is determined by the 

'load.linpedapc'e,·Oie required peak output power, 
tlte.l;l;cc.~!abi"&'a.~fint of total harmonic distortion 

. ·'(THD), and the ~u,pply voltage (V cd. This is illus-
. trafed tn Figures }-3. Note that for a given supply. 

voltage, the chip dissipation may be greatest at some 
point below the peak output powerrating and must 
be considered. 

. As shown in the figures, a peak output IJower of 2 
'Watts per channel with 3% maximum THD would 
mean a chip power dissipation of about 2 .7 W and a 
Vee of 15 Y with a load impedance of 40, or 1.1f W 
and 15 Vat 80, or 1.4 W and 19 V at 160. In 
get}~al, the highest load impedance for a given out-

.. .J?utpower is the most desirable (within the output 
voltage capability of the device). 

, '.,.' 
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Heat Dissipation 

In any circuit involving power, a major design 
objective is' to reduce the temperature, of the compo
,nents in order to improve reliability,. reduce cost, or 
improve operation. The logical place to start is with 
the heat~prbduc~n~ componentitself,:First, keep the 
amountofhea~enerated to a minimum. Second, get 
rid of the heat that must be generated. 

, . Hel!t gen~(a4on c~be'minimi~yd~furough proper 
circuit de~ign.Heat dissipation is ,a f\1nctipn of ther
mal re~i~allce. 

,With tlfe typical discretecoII1ponent; heat dissipa
tion can be accomplished by fastening it directly to 
the chassis. Dual in-line plastic packaged integrated 
circliits; however, are quiteiibit tlifferellt. Their 
shape is not conducive to faStenin.g drrectly to the 
chassis, they aie'h6finally installed'iIi: a pl,llstic sock
et or on a printed wiring board, arid the heat prOduc
ing chip is not readily accessible. 

Spme users specify unjlslialJlackages siLas to get 
the heat sink as¢lose as Possi~J(tQthechipand lor 
provide an attachinentp9int for anel\:ternalheat sink. 
'A common factor in .many of these special designs is 
that tIlelead fr;uDeisan integral part of the heat sink. 

S,jnce the plasti9; pact:agem~y ~ay~a .~ermal 
resIstance of between 50imdWO°CIW IUidthe lead 
frame· a thermal resistanpeof only 10 to 20°C IW, 
,this would seem like ihe'hestro1,l.te to go. 

Standard Pac!<ages 

'The most common lead frame material has been 
Kovar (an iron-nickel~cob~t alloy). Its coefficient of 
expansion is close to that of silicon thereby minimiz
ing mechanical stresses. However, Kovar has a rela
tively high thermal resistance and consequently is 
not suitable for standard lead frames in high power 
dissipation circuits. :For these applications ;,copper or 
copper-alloy lead frames should be used. 
Additionally; some type Of added heat sinking may 
be necessarY; Thus lead framl;! configurations are 
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. being altered ,from the standard 14-pin or, 16-pin 
designs. 

Rapidly becoming'an industry standard is the 
"bat-wing" package. This package is the same size 
as a 14~pin dual in-line package, but the center p0l'
tion of the frame, is left aHoos, meastiringabout 1,4! I 

Square. 'These. tabs' can 'be soldered,' welded\'~dr 
bolted toa,heat sink; of inserted diFectlyinto \Some 
sockets ;·!fhe\vorst casC"thermaI resistance ofvariOliIs 
lead frames (8d is given O'elow. 

lead Frame 

14-pin Kovar 
14-pin copper 
"Bat-wing" 

Thermal Resistance 

Which Heat Sink? 

47°C/W 
19°ClW 
ll"C/W ' 

If the integrated circuit manufacturer has done his 
job ,~ell, the chip-to-ambient thermal resistance will 
be minimized for maximum chip power di~sipation. 
It would appear that even the K:ovar lead frame would 
be adequat~ fo,r most· ~pp'li"cations. Howeyer, the 
total thermal resistance',(e;A)is alio dependent ona 
stagnant layerofair at the lead frame-ambient inter
face whid~l}~wmsupport a tel]lperaturegradient. The 
totalAh~resiStance of a non-heat sinked dual, 
in-11ne'plilstic package is therefore much higher. 
Since. air is a natural thermal insulator, maximum 
heattnmsfer is through 99Pvection and the total 
thermal resistance will decrease some at high power 
levels. 

lead Frame 

14-Pin Kovar 
14-Pin Copper 
!'Bat-Wing" 

Total 
Thermal 

Resistance 

120°C/W 
72°C/W 
50°CIW 

Max. Power Diss. (W) 
at 50°C TA• 150°C TJ 

0.83 
l.39' 
2.0 , 

, . . .' . ; , '-

Ignoring any safety margin and devicedperfor
mance, even the "bllt'~witig'; is how only barely 
adequate for most applications. The obvious solution 
is the use of an external heat sink. .,.' 
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Referring to Figures 4 and 5, the thermal resist
ance requirement of the· heat sink 'is found at the 
junction of the specified chip power dissipation and 
maximum ambient temperature. These curves are 
typical of those furnished in many monolithic inte
grated circuit data sheets. Actual performance in a 
specific situation depends on factors such as the 
proximity of objects interfering with alrflow, heat 
radiated or convected. from other components, at
mospheric pressure,and humidity. A good safety 
factor is therefore in order .. 

i'l 

121---+--+-+-4--1--1---1---1 

10,1---+--+-+-4--1--1---1---1 
14~P'N COP'PER LEAD FRANE 

EiJC = lqGCIW 

~ 6,......-"", __ ,", 

:l; 
Q 

~4~~~~~~~~~--4--~-+-~ 

160 
AM81ENT TE~PERATURE. ,IN DC 

OwgNo. A-ll.432 
Figure 4 

Owg No. A-II,433 

Figure 5 
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Heat sinks for plastic dual in-line packages can be 
of almost unlimited variety in design, material, and 
finish. Economics will normally playa. very impor
tant role in the selection of any heat sink. 

The least expensive and easiest to fabricate heat 
sink is the plain copper sheet. It is also very effective 
in reducing the total thermal resistance. The neces
sary dimensions can be o.btamed.from Figure 6. 
These heat sinks are square In geometry, 0:015 inch
es thick, mounted vertically on each side of the lead 
frame, and with a dull or painted surface (Figure 7). 
The heat sinks should be soldered directly to the lead 
frame (approximately _ O.3°e /W interface thermal 
resistance) . 

The plain copper sheet heat sink is also available 
commercially and may be less expensive than in
house manufacture. Two standard types are the 
Staver V7 and V8. 

10 ....---~. 

I ~ 

I 
I 

eCA in °C PER WATT 
10 100 

Owg No. A-ll.434 

Figure 6 

CASE 0 - 50 -IOO'CIW 

...----N~CTlON 

L-J 
SILICON. e. 0.l50C 

OlE BOND e • O. 001 'CIW 
'-- LIM fRA~ e \0 - 46"cIW I--

SOLDER a 1:::0. )QCIW 

HEAT SINK e iMRfAiL£ 
AMBIENT 

Owg No. "'11,435 

Figure 7 



Heat Sink Finishes 

Although plain copper is an effective heat sink, it 
is sometimes desirable to have something that is 
more· appealing to the eye. For this reason, and 
others, . many heat sinks are either painted or 
anodized. 

The most common finish is probably black anodiz
ing. It is economical and offers a good appearance. 
The black finish will also increase the performance 
of the heat sink, due to radiation, by as much as 25 %. 
However, since anodizing is an electrical and ther
mal insulator, the heat sink should have an area free 
of anodize where the heat~generating device is at
tached. 

Other popular finishes for heat sinks are irridite 
and chromic acid dips. They are economical and 
have negligible thermal and electrical resistances. 
These finishes, however, do not enjoy the 25% in
creaSe in performance that a dull black finish has. 

Forced Air Cooling 

The performance of many heat sinks can be in
creased by as much as 100% by forcing air over the 
fins. Where space is a problem, the costof a small 
fan can often be justified. If a fan is required for other 
purposes, it is advantageous to place the semicon
ductor heat source in the airflow. A rule-of-thumb is 
that semiconductor failure rate is halved for each 
lOoe reduction in junction operating temperature. 

Chip Design 

Proper thermal design by the integrated circuit 
user can reduce the operating temperature of the 
semiconductor junction. However, the minimum 
chip teJnperature at any power level is determined 
solely by the device manufacturer. For this reason, 
care must be taken in choosing the mallUfacturer. 
"Exact equivalent" integrated circuits are not neces
sarily identical. Electrically and mechanically they 
may be the same, but thermal differences can mean 
that "identical" audio power amplifiers will not put 
out the same power without exceeding the rated 
junction temperature. 
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The circuit manufacturer must optimize his chip 
design so that component drift is minimized and lor 
equalized so that rated performance can actually be 
obtained under maximum thermal stress. 

Note in Figures 8 and 9 that the Darlington input 
differential pairs are cross-connected so as to mini
mize differences in gain as a function of output 
transistor power dissipation. Transistor Q4, being 
closest to the output power transistors, is naturally 
the hottest; Q3 is a degree or two cooler; Q, and Q2 
are about equal and midway between Q, and Q4. The 

. gain of the Q,-Q2 Darlington pair is about equal to 
the gain of Q3-Q. at all output power levels because 
of careful thermal design. 

Figure 8 

Figure 9 
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In certain specialized applications, thermal cou
pling can be used to a distinct advantage. Experimen
tally, thermal coupling has been used to provide a 
low-pass feedback network which otherwise could 
be obtained only, with very large values of capaci
tance. 

The foregoing discussion has covered the average 
thermal characteristics oftoday's dual in-line plastic 
integrated circuits. The specific devices will vary 
with the different packages and bonding techniques 
employed, but the concepts will remain the same. 

APPENDIX 

The following is intended to review terminology 
and compare thermal circuits with the more familiar 
electrical quantities. 

The first law of thermodynamics states that energy 
cannot be created or destroyed but can be converted 
from one form to another. The second law of ther
modynamics states that energy transfer will occur 
only in the direction of lower energy. In the 
semiconductor junction, the electrical energy is con
verted to thermal energy. Since no heat will be stored 
at the junction, the heat will flow to a lower tempera
ture medium, air. The rate of heat flow is dependent 
on the resistance to that flow and the temperature 
difference between the source and the sink. 

ELECTRI CAL 
CI RCUIT 

If (VOLTS) 

I 
(AMPERES) (OHMS) 

(VOLIS) E2 

El-E2o IR 

Figure 10 

THERMAL 
CI RCUIT 

(WA~TS) 1 t :',~:, 
T2 (oC) 

Tl-T2'QB 

OwINo,A-ll,437 

This thermal electrical analogy is convenientonly 
for conduction probleIIls where heat flow and tem
perature obey. linear equations. The analogy be
comes much more complex for situations involving 
heat flow by convection and radiation. Where these 
two modes are not negligible, they can be approxi
mated by an equivalent thermal resistance. If ig
nored, the error introduced will only improve the 
device reliability. 

A simplified thermal flow diagram of a molded 
dual in-line package and heat sink is shown. The 
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thermal resistance of the lead frame-heat sink
ambient is shown as a variable resistor, because this 
is under the control of the user and may be varied 
over a considerable range. 

r------
I 

THERMAL RESI STANCE ! 
Of PLASTIC CASE ~ j--

I I 
I I 

THERMAL RESI STANCE: ~ 
Of ~RINTED WIRING BOARI - ~ 
BOARD Of SOCKET I I 

I I 
I I 
1.. ___ "' __ 

,-- Q ° THERMAL POWER I N WAITS • 

ELECTRI CAL POWER I N WAITS 

TJ - JUNCTION.TEMPERATURE 

'JC - THERMAL RESISTANCE 

JUNCTION - LEAD fRAME 

'CS, THERMAL RESI STANCE 

LEAD fRAME - HEAT SINK 

'SA, THERMAL RESI STANCE 

HEAT SINK- AMBIENT 

TA ° AMBIENT TEMPERATURE 

TJzTA + Q (OJC + Oes +,OSA) 

Material 

Silver 
Copper, Annealed 
Gold 
BeryliiaCeramic 
Aluminum 
Brass (66 Cu, 34 Zn) 
Silicon 
Germanium 
Steel, SAE 1045 
Solder (60 Sn, 40 Pb) 
Alumina Ceramic 
Kovar (54 Fe,29 Ni, 17 Co) 
Glass 
Epoxy 
Mica 
Teflon PTFE 
Air 

Figure 11 

Owg No. A-ll.438 

Thermal Resistance in °C/W 
for Unit Area/Unit Length 

0.09 
0.10 
0.12 
0.20 
0.20 
0.40 
0_50 
0.70 
(1.80 
1.5 
2,0 
3,0 

40 
40 
50 

200 
2000 
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Computing IC Temperature Rise 

Reprinted by permission from the June 9, 1977 
issue of MACHINE DESIGN, Copyright © 1977 by 
Penton/lPC Inc., Cleveland, Ohio. 

EXCESSIVE heat shortens the 
life of an IC and reduces its 
operating capability. Until re
cently, ICs were capable of 
operating only in low-power ap
plications requiring perhaps a 
few milliwatts of power. But 
now, new ICs handle several 
hundred milliamperes and 
drive devices such as relays, 
solenoids, stepping motors, and 
incandescent lamps. These high 
power levels may increase IC 
temperatures substantially and 
are capable of destroying de
vices unless appropriate pre
cautions are taken, 

Thermal Characteristics 

The thermal characteristics 
of any IC are determined by four 
parameters. Maximum allowa
ble IC chip junction temperature 
Tj and thermal resistance Ro 
are specified by the IC manufac
turer. Ambient,temperature TA 
and the power dissipation Pv 
are determined by the user. 
Equation 1 expresses the rela· 

Heat is the enemy of integrated circuits-particular
ly power devices. Here's how to use thermal ratings 
to determine safe Ie operation. 

Why Ie Temperatures Rise 

IC temperature TJ is determined 
by ambient temperature T" 
heat dissipated pi), and total 
thermal resistance RB. This 
total thermal resistance is 
comprisedof three individual 
component resistances: 
chip Re , lead frame RI.> 
and heat sink Rs. 

tion of these parameters. 

(1) 

Junction temperature T J 

usually is limited to 150°C for 
silicon ICs. Devices may operate 
momentarily at slightly higher 
temperatures, but device life 
expectancy decreases exponen
tially for extended high
temperature operation. Usu
ally, the lower the junction 
operating temperature, the 
greater the anticipated life of 
the IC. 

Ambient temperature T, is 
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traditionally limited either to 
70°C or 85°C for plastic dual in
line packages (DIPs) or 125°C for 
hermetic devices. Again, the ob
jective is to operate at as Iowa 
junction temperature as practi
cal. 

Thermal resistance R. is the 
basic thermal characteristic for 
ICs. It is usually expressed in 
terms of °C/W and represents 
the rise injunction temperature 
with a unit of power applied in 
still air, (The reciprocal of 
thermal resistance is thermal 
conductance, or derating factor, 
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G. expressed as W/oC.) Thermal 
resistance of an IC consists of 
several distinct components, 
the sum of which is the specified 
thermal resistance. For a typi
cal IC, these components of 
thermal resistance are 0.5°C/W 
per unit thickness of the silicon 
chip, 0.1 to 3°C/W per unit 
length of the lead frame, and up 
to 2,000°C/W per unit thickness 
of still air surrounding the IC. 
DIPs are used more than any 
other type of packaging for 
ICs and newer copper-alloy 
lead frames provide a superior 
thermal rating over the stand
ard iron-nickel-cobalt alloy 
(Kovar) lead frames. However, 
power ICs are also available 
in other packages such as flat
packs and To-type cans. 

The power PDtha.t an IC can 
safely dissipate usually de
pends on the size of the IC chip 
and the type of packaging. Most 
common copper-frame DIPs can 
dissipate about 1.5 W, although 
some special-purpose types 
have ratings as high as 5 W. 

of PI andPo • 

PI = n (VeeleC> 

Po oc: n(VCE(stT)le) 

(2) 

(3) 

Total IC power to be dissi
pated depends on input current, 
output current, voltage drop, 

and duty cycle. Thus, for many 
industrial digital-control ICs, 
logic-gate power PI (typically 
less than 0.1 W) and output 
powerPo must be determined to 
find the total power to be dissi
pated. Total power dissipation 
for these logic devices is the sum 

where Vee = logic-gate supply 
voltage, Icc = logic-gate ON 
current, VCEISAT) = output sat
uration voltage, Ie = output 

Measuring Ie Temperature 
Sometimes IC junction temperature cannot be calculated 
readily and instead must be measured. Measurement should 
be made when there is 'insufficient data with which to 
calculate, when the effects of external variables such as 
forced-air cooling or enclosure size must be determined, or as 
a check on the manufacturer's specifications regarding 
package thermal resistance. 

T.he most popular technique for measuring IC temperature 
uses the characteristic of a diode to reduce its forward voltage 
with temperature, Many IC chips have some sort of accessible 
diode-parasitic, input protection, base-emitter junction, or 
output clamp, With this technique, a "sense" diode is 
calibrated sothat forward voltage is a direct indicator of diode 
junction temperature. Then, current is applied to some other 
component on the chip to simulate operating conditions ,and 
to produce a temperature rise. Since the thermal resistance of 
the silicon chip is low, the temperature of the sense diode is 
assumed to be the sal)'le as the rest of the monolithic chip. 

The sense diode should be calibrated over at least the 
expected junction operating temperature chamber. Apply an 
accurately measured, low current of about 1 mA through the 

sense diode and measure the forward voltage in 25°C 
increments after stabilization at each temperature. This 
calibration provides enough data for at least six points to 
consUuct a diode-forward-voltage versus 
junction-temperature graph at the specified forward current. 
A typical 25°C forward voltage is between 600 and 750mV and 
decreases 1.6 to 2.0 mV/oC. 

For pOwer levels above2W,it may be necessary to use more 
than a Single transistor if only the. device saturation voltage 
and sink current are used. When higher power isdesired, keep 
the output out of saturation. 

Measuring the sense-diode forward voltage may require a 
considerable waiting period (1 Oto 15 minutes)fOr thermal 
equilibrium. In any event, at the instanto! measu-rement, the 
heating power may have to be, disconnected since erroneous 
readings may result from IR drop in circuit common leads. 
Variouscircuitconnections (such asfour-point Kelvin) may be 
arranged to reduce or eliminate this source of error. 

The IC junction temperature can be determined by 
comparing the voltage measurement.with the internal power 
source against the voltage measurement with the temperature 
chamber. 
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industrial power driver are Vee = 5.25 V, 
Ice = 25 rnA, and VeE,sm =0. 7V, and I, = 
250 rnA. From Equations 2 and 3, worst 
case logic and output power 
dissipation are 

Pj == 4(S.25 V X 25 rnA) 
= 525mW 

p. "" 4 (~.1 VX 250 IlIA> 
,.., 700'rnW 

load current, and n = number of 
logic gates. Manufacturers 
usually list typical and maxi
mum values for these voltages 
and currents. For thermal con
siderations it is best to use the 

Po for this Ie is 

150°C - 8S·C 
Pn '" 

lOO·C;W 
"" O.6~W 

maximum values so that 
worst-case power dissipation is 
determined. 

If the duty cycle of the device 
is longer than 0.5sec, the peak 
power dissipation is the sum of 
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the logic-gate power PI and out
put power Po for the logic ON 
state alone. If the ON time is 
less than 0.5 sec, however, av
erage power dissipation must be 
calculated from instantaneous 

Setting Up the Circuit Calibrating the Sense Diode 

Resistors control 
output transistor 
power dissipation 

Ie device 

Constant current 
source of about 1 rnA 

I 
:;
.s 
:> 
<Ii 600 

'" 2 
(5 

Voltmeter measures > 
___ --+---.I:--t--J forward voltage "E 

across sense diode ~ 500 

Transient 
suppression 
diode used 
as s~nse diode 

,f 

'" -g 
is 

400 

~O~ __ ~ __ ~ ________ ~ __ ~ __ ~ 

Input power is negligible compared to output 
power and is therefore not measured. 
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What the Curves Show 
The junction temperature of an IC depends on several factors, including the thermal resistance of the IC and the 
operating duty cycle. Graphs showing the relationship of these factors are often useful in specifying anlC. 

Thermal Ratings 
3.0 r-,..-------..--~~-_:_----~'--__, Typical thermal-resistance ratings for ICs in still air range 

from60'C/W to 140'C/W. The slope of each curve on this 
graph is equal to the derating factor G8, which is the 
reciprocal of thermal resistance R8. For an ambient 
temperature of 50'C, a typical 14-lead flatpack with an R8 of 
140'C/W can dissipate about 0 .. 7 W. A typical DIP, however, 
with 14 copper-alloy leads can dissipate almost 1.7 W at 
50'C . 

14-lead DIP, copperle<lds,60"CIW 

c: 
.2 
~ 2.0 
. ~ 

is 

~ 
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The highest·allowable package power dissipation shown 
here is 2.5 W. Other special-purpose DIP packages are 
available with power dissipation ratings as high as 3.3 W at 
O'C (R8 = 45'C/W). If not for package limitations, IC chip 
dissipation might be. greater than 9 W at an ambient 
temperature of up to 70'C. 

-75 -50 -25 +25 +50 +75 +100 +125 +150 

Although the curve for plastic DIPs goes all the way to 
150'C, they ordinarily are not used in·ambients .above 85'C 
because of traditional package limitations. Hermetic DIPs 
are specified to temperatures of 125'C, and at 150'C the 
device should be derated to 0 W. The higher 
specification limits for hermetic devices is the result of 
their design for use in rigorous, high-reliability military 
applications. Ambient Temperature, T, (0G) 

Duty Cycle 
<400r---~------,.-----~~-------' 

.s 

40 

ON and OFF power P ON and 

POFF from 
PD. == DPON + (1 - D)PoFl!' (4) 

Corrective Actions 

Ifthejunctiontemperature or 
the required power dissipation 

Duty cycle is important in calculating IC junction 
temperature because average power-not instantaneous 
power-is responsible for heating the IC. To convert from 
peak power to average power, multiply the peak power 
dissipation by the duty cycle. The average-power rating is 
then used with the thermal-resistance rating to calculate 
the IC junction temperature. Thus, short duty cycles allow 
peak power to be high without exceeding the 150°C 
junction-temperature limit. However, this consideration 
applies only to ON times of less than 0.5 sec. 

100 

of the Ie is calculated to be 
greater than the maximum 
values specified by the man
ufacturer, device reliability and 
operating characteristics possi
bly will be reduced. Possible 
solutions are:.l. Modify or parti
tion the circuit design so the Ie 
is not required to dissipate as 
much power. 2. Reduce the 
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thermal resistance of the Ie by 
using a heat sink or forced-air 
cooling. 3. Reduce the ambient 
temperature by moving heat
producing components such as 
transformers and resistors 
away from the Ie. 4. Specify a 
different Ie with improved 
thermal or electrical charac
teristics (if available), 
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THERMAL RESISTANCE-
A RELIABILITY CONSIDERATION 

. More and more the semiconductor component 
supplier and the ultimate system user are becoming 
aware of the need for reliable components. Most fail
ure mechanisms responsible for reliability failures 
are temperature dependent and the kinetics of the 
failure reaction are normally described by an Ar
rhenius function. This dependence, therefore, de
mands the capability of measuring the mean 
temperature which an integrated circuit die will at
tain during operation to realistically assess the reli
ability of the part. 

The problem addressed by this paper is the incon
sistency of the measurement techniques and.the re
sults used by manufacturers and users to determine 
the thermal characteristics of packaged semicon
ductor components. Our objective is to provide in
sight into the considerations which must be applied 
when evaluating these thermal properties of the 
packaged component. These considerations are ma
terials, geometry and environment. 

Furthermore, we wish to instill uniformity in the 
method of determining thermal properties of pack
aged semiconductors through understanding of the 
variables involved which can lead to a useable indus
try standard. 

Reliability-The Temperature Function 

The recognition of the problems one encounters 
in measuring the mean temperature of a die has been 
directly related to our experiences at the Sprague 
Electric Co. in our Reliability Assurance Programs. 
The large number of device types manufactured 
require an equally large number of burn-in boards 
having different functions and geometry for the 
individual reliability studies. The variations in board 
density and thermal environment for a device under 
test have provided considerable junction tempera
ture data from which we conclude that a "thermal 
resistance" measlued ill one oven with its set of con
ditions is not transferable to another oven with dif
ferent boards, loading, etc. when the reference 
temperature for the measurement is the oven control 
temperature. Furthermore, it has become obvious 
that these same problems in measuring a mean die 
temperature exist in a system environment. 
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Most reactions which can cause a failure in an 
electrical parameter of an integrated circuit are 
chemical in nature and are influenced by tempera
ture. The temperature dependence of these reac
tions has been described very well by S. Arrhenius 
in his treatment of reaction kinetics.! In his treat
ment, the reaction velocity or rate is given by the 
equation. 

dlnV,/dT = E/RT2 

here V, is the specific reaction rate, T is the absolute 
temperature, R is the MolarGas Constant, and E is 
the energy difference between a mole of active mol
ecules and a mole of normal molecules. 

This equation integrates to 

InV, = E/RT + A 

where A is a constant which is the value of In V, at 
lIT = 0, (In V,). A more familiar expression is 

InV, = InV~ - ElkT 

or 

V, = V~e - e/kT 

where Ii is the activation energy per molecule 
(= E/N), N = Avagado's number and k is the gas 
constant per molecule (= RlN), which is generally 
known as the Boltzmann constant. It has the value 
8.6 x 1O-5 eV;oK. 

V E, the ti~e rate of change of the electrical param
eter is proportional to Veo i.e., VE = BV,. The 
amount of change in the electrical parameter neces
sary to cause a normal device to fail, ~Pr, is V Etr 
where tris the time offailure. 

Recalling that V E = BV" then 

~Pr = BVrtr 

For a given device ~PF is a constant, therefore, 

tr =~PrB-IIV, 

but 

V, = V~ee/kT 

therefore 
tr = (B-1 ~P,IV~e .JkT = I)e .IkT 

where 

I) = B-I~PrlV~ 
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The acceleration factor (AF) between any two tem
peratures is derived from this equation, when. the 
activation energy for the failure reaction is known: 

AF = tr/42 = e<ik(l!fl - IITzl 

Activation energies of most reactions responsible 
for random failures in a normal operating period (be
yond infant mortality) are nominally 

(0.4 - 1.0) eV. 

The importance of accurately determining the die 
temperature is now clear if one considers a not un
realistic situation where a device is thought to be 
operating with a die temperature of 120° and the ac
tual temperature is 150°C. If the failure reaction has 
an activation energy of 0.7 e V, then the acceleration 
factor is 4.3 which means the device would fail in 
less than one quarter of the time it would have taken 
if the device actually operated at 120°C. 

Thermal Resistance - 6JA 

Quite frequently applications engineers have 
made attempts to identify the temperature attained 
by a die when a steady state rate of heat is being 
generated by the die by applying the term called 
"Thermal Resistance." This "constant," desig
nated R6JA or simply 6JA, relates the temperature rise 
of a packaged integrated circuit die above an am
bient temperature when a known constant power is 
generated in the die. This term is normally defined 
as 

6JA = (TJ - TA)/Pn 

where TJ is the mean junction or die temperature, TA 
is an ambient temperature, and Pn is the power gen
erated within the die which must be conducted from 
the die to the ambient. This is occasionally desig
nated QT, the time rate of heat generation in the die. 
Thermal resistance data supplied by manufacturers 
may be referenced to a cubic foot offree or still air, 
flowing air at some velocity, or simply no reference. 
These are some of the definitions of "ambient" from 
which one must determine where to measure T A' 

Thermal resistance as defined by 6JA is not con
stant. It is made up of a constant term (or terms) in 
series with a number of variable terms. The constant 
terms relate to the package materials and geometry , 
which we will designate 6Jc, and the variable terms 
relate to the heat paths from the package boundary 
to some isothermal envelope in the system which 
has the temperature TA. Even if the system for mea
suring 6JA is defined, it is virtually impossible to re-
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produce that system in an application since the 
external thermal paths are determined by the 
method of mounting, the printed wiring board if 
used, other heat generating components on the 
board or in the vicinity, air flow patterns, etc. These 
are all variable for each application. We have mea
sured values of 6JA for the same device which vary 
by a factor of two when the mounting and environ
mental conditions are changed. The values in the 
6JA column in Tables 2 and 3 are indicative of the 
variation. 

One is tempted to partition 6JA into two thermal 
terms, 

6lA = 6JC + 6CA 

where 6JC is defined as the thermal resistance from 
the source of power at TJ to the boundary of the 
package not including the external legs, and 6CA is 
the thermal resistance from the package boundary 
to that isothermal envelope at TA. However, when 
one examines the thermal profile along the surface 
of a plastic dual-in-line package such as shown in 
Figure 1, it is immediately obvious that a definition 
of6JC 

cannot be applied because Tc varies with position. 
Similarly, the term 6CA defined by 

6CA = (Tc - TA)lPn 

suffers from the same variability in Tc. This being 
the case it is invalid to partition 6JA when operating 
on the total power to be dissipated, Pn. 

~I ~ _PIN ~ - CASE 

~ T,t--i=-=------'-.~-.:::·=--'T,-
I 
I 
I 

: I 

. y7,,~~:~_?~---=PJ ~_~~, 
~ :~:~-~=V ISOTHERM 

7ft 
Figure 1 



The Thermal Model 
When one examines a plastic package supplied by 

an individual manufacturer it is found that the ge
ometry of the lead frame, its position within the 
package boundary, its composition, the composition 
of the plastic and its filler, the internal wire bonding 
are very carefully controlled and constant in time. 
This being the case one can readily build a model of 
the package which can be as invariant as the package 
material properties. If one considers all possible 
heat flows, a very complex model emerges. How
ever, if the thermal conductivities of the package 
materials and the orders of magnitude difference in 
the values of these conductivities are considered, a 
simplified workable model can be generated by ne
glecting heat paths where heat flows are minimal. 
The simplified model shown in Figure 2 has ignored 
the heat flow between leads and assumes that the 
large difference between the thermal conductivity of 
the loaded plastic and the metals inthe package de
fine the specified heat paths. For example, the heat 
flow between leads would be a shunting resistor be
tween heat paths in the model. Thethermalconduc
tivity of most plastics range between 1.5 and 3 x 
10-3 calories/cm - °C while copper based materials 
range between 0.5 and 0.82 calories/cm - °C and 
nickel based alloys are aboufO.03 calories/cm - DC. 

, 
I 9JC 
I 6 

, Q6:f" 

8C6.o, T6 

Figure 2 

The heat paths defined by aJCj , where i refers to a 
particular path, radiate from the chip to an area on 
the package periphery defined by the projected chip 
or pad area as well as the mean cross-sectional area 
of each of the leads within the plastic package 
boundary (see Figure I). Because of package sym" 
metry, a 16 lead isolated pad package may have 
seven different heat paths which can be character
ized. The thermal resistance, aJCi , can be calculated 
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for each path from the geometry and material prop
erties. For example aJCI is the resistance from the 
top of the chip to the projected area on the package 
surface. The value of SJCI is given by 

aJC, = (TJ - TCi)/ql = LlKpA 

where L is the length of the heat path (thickness of 
the plastic above the die), A is the cross-sectional 
area of the heat path (are of the die or the pad), Kp is 
the thermal conductivity of the loaded plastic and ql 
is the heat/second flowing in the path defined by A 
andL. 

SJC, is the thermal resistance from the top of the 
die through the silicon, through the pad and through 
the plastic to the bottom surface. The value of aJC, is 
given by 

aJC, = (TJ - Tc,)lq, = 

[I/A] L Ln/Kn 

n 0= Si, Metal, Plastic 

Similar expressions can be derived for each of the 
leads and they have the form 

aJCi = (TJ - T~yqi = 

[lit] [(LlKpWp) + (IIKM) L LnIWnl 

n =-1,2 ..... . 

where t is the thickness of the lead frame, Kp is the 
thermal conductivity of the loaded plastic, KM is the 
thermal conductivity of the frame metal, Ln is the 
mean length of each connected portion of a leg seg
ment having a mean width, Wn. In accord with the 
model, each internal path characterized by a thermal 
resistance, aJc., is in series with an external thermal 
resistance, SCi~' which completes the path to T A' The 
value of aCiA can be calculated from the amount of 
heat, qi' flowing through the internal package path 
and the temperature difference, (Tc - TJ, with the , 
equation 

aCiA = (Tci - TA) / q,. 

Values of aCiA are variable and depend upon the spe
cific environment. 

We at Sprague Electric Company identify the heat 
paths in our calculations and data as follows: a) 
when i = 1 the path is from die to case surface di
rectly above, b) when i = 2 the path is from die to 
the case surface directly below and c) when i = 3,4, 
5 ... the path is from die through an identified 
metal lead to the intersection with the plastic 
surface. 
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Verification of Model 

From the model one can derive the minimum ther" 
mal resistance which is characteristic of the pack
age. This can be calculated for the condition when 
all case temperatures are equal and at T A • This is 
equivalent to shorting all external thermal resis
tances so that Tc. = TA • When allTc. are equal, the 
reciprocal of the 'sum of the reciproc~ls of all O'Ci is 
the minimum thermal resistance for the package. 
This is realized experim.entally by placing the unit in 
an infinite heat sink such as a rapidly stirred, low
viscosity controlled temperature bath. The case 
temperature is now forced to be the same over all 
surfaces and by definition it is T A- O,c is the minimum 
limit of O'A- Table 1 shows the agreement between 
the values of O,c calculated from the model when the 
case temperatures are shorted together and the val
ues experimentally measured in a controlled temper
ature liquid bath. The agreement between calculated 
and experimental values for packages constructed 
from different materials enhance the validity of the 
model. 

Applying The Model To Measure TJ 
Having verified the model, anyone of the identi

fied heat paths, which has a constant therm.al resis
tance, OJCi' can now be used to determine quite 
accurately the die temperature, TJ. If one chooses to 
measure the case temperature directly above the 
die,the difference between die temperature and case 
temperature is related to the heat flow, qi' through 
that path by the thermal conductivity equation: 

qi = KpA(TJ - TcYL,. 

Rearranging this equation to 

(TJ - Tc)/q, = L/kpA[ = OJC I 

Then 

TABLE 1 

If the fraction of total heat, Po generated by the die 
which passes through path 1 is defined as k, then 

ql= k[ Po 

Substituting into the previous equation, TJ is now 
referenced to T c[ by 

TJ = Tc[ + k,9Jc[Po 

where TJ, Tc[, and Po are experimentally measure
able quantities. Values of k[OJc, ca.n be determined. 
This term can be used to determine T, in any envi
ronment by measuring TCl and the total heat generc 
ated by the die. This equation applies for any path, 
i., i, e. 

TJ .= Tc[ + kiOJciPO 

Experimental results are presented in Table 2 
which establish that ki8Jci is a constant, the magni
tude of which is determined by the heat path chosen. 

In our no~ation, k40Jc4 is the thermal resistance of 
the path determined by measuring the temperature 
of pin 4 at the point of intersection with the case 
body. Further data are presented in Table 3 for a 
copper tab package where the pad on which the die 
is mounted extends to the outside of the package. 
The values of ksOJcs remain constant over a large 
change in environment. When i = 5, the heat path is 
from the die through the heat tab to the intersection 
with the case surface. 

Figure 3 shows the outline of the frame in the 16 
pin isolated pad package. which is designated the 
"A" package. The "B" package or tab package 
frame outline is also shown. 

Measurement of kiOJCi 

Although the derived equations indicate that k;O,c; 
are determined by two temperature measurements 
at one power level, the values are more accurately 
determined from temperature versus power plots. 

COMPARISON OF CALCULATED AND EXPERIMENTAL VALUES 
OF {OJd Te. = TA 

(All measurement's in °C/Wl 

Package Frame 
Type Material 

[OJclTc =TA 
Experimental .'" Calculated 

16 pin, isolated copper 41 ± 3 43 
pad, Epoxy I 

16 pin, isolated Kovar 100 ± 4 93 
pad, Epoxy I 

16 Pin Tab copper 8.6 ± .7 
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Device 

ULN-2003A 
16-Pin Copper 
Frame. "A" 
Package 

ULN-2003A 
16-Pin Copper 
Frame. "A" 
Package 

ULN-2003A 
16-Pin Copper 
Frame. "A" 
Package 

ULN-2003A 
16-Pin Copper 
Frame. "A" 
Package 

PACKAGE INFORMATION (Continued) 

TABLE 2 
THERMAL RESISTANCE VALUES-ISOLATED PAD-EPOXY PACKAGE 

(All measurements in °CIW) 

Condition of 
Measurement 

I ft.3 still air, 
socket mou nt 

Oven # I pO CFM, 60.0 
pin connectors 

AAVID E type 50.4 
SOlO heat sink 
Oven # I 60 CFM 

Fluorocarbon 41.3 
8ath, pin 
connectors 

17.0 25.2 34.8 42.3 

1l.4 15.2 35.2 39 

3.3 2.9 38.4 38 

If one considers anyone path, i, in the model, that 
path is described by: 

TJ - TA =qi (!lJCi + !leiA) 

Here again if ki is the fraction of the total heat (Po) 
which traverses path i then the previous equation 
can be written 

"A" PACKAGE "6" PACKAGE 

Figure 3 
Plastic Package Frame Geometry 

TABLE 3 

TJ - TA = kiPo(!lrci + !lC,A) 

or rearranging terms 

(TJ - TA)/Po = ki!lJC; + ki!lCiA 

THERMAL RESISTANCE VALUES-TAB PAD-.,-EPOXY PACKAGE 
(All measurements in °CIW) 

Condition of 
Device Measurement !lJA K5!1C5A K5JC5 

Test Chip oven # 1, TA = 500 , 32.8 25.0 7.8 
"8" Package 60 CFM 

ULN-2068 oven # 1, TA = 500 , 34.9 26.4 8.5 
"8" Package 60 CFM 

ULN-2068 Socket mount, 23.2 13.5 9.7 
"8" Package FC-40 .Bath 

ULN-2068 Socket mounted on 26.8 17.4 9.4 
"8" Package board, FC-40 8ath 
Test Die oven # I, soldered on 3l.2 22.8 8.4 
"8'!Package test board, 

60 CFM 

Test Die oven # 1, soldered 22.3 14.2 8.1 
"8" Package in test board w/Staver 

heat sink 
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By definition (TJ - TA)/PD = 6JA, therefore by sub
stitution and rearrangement 

ki6Jc, = 6JA - k,6ciA 
where experimentally 6JA is the slope of a plot of TJ 

versus PD and Ki6ctA is the slope of the plot of T c" 
versus PD' Figures 4, 5, and 6 are representative of 
the experimental plots for evaluation ofki6Jci . 

80 

70 

\6 PIN DIP - COPPER FRAME - ISOLATED PAD 
I CUBIC FOOT STILL AIR 

2003 - 3 

o ~ ~ ~ M M M W M M ~ 

POWER(WATT$) 

110 

100 

Figure 4 

16 PIN DIP - COPPER FRAME - ISOLATED PAD 
OVEN #1, 60 CFM 

2003 - 2 WITH AAV!O "E" TYPE SERIES 5010 HEAT 
SINK ATTACHEO TO CASE 

k l8JC1 = 8"A -' klC1A • 35,Z e C/W 

kI38,/C I3 '" 8JA - k l3C1lA '" 39.0·C/W 

0,1 0.2 0.3 0.4 -0.5 d.6 0.7 0.8 b.9 1.0 
POWER (WATTS) 

Figure 5 

16 PIN DIP - COPPER FRAME - ISOLATED PAD 
FLUOROCARBON 40 BATH 

ItO 2003 - 3 IN SOCKET 

100 

" !II 90 

" !;; 
II: 80 
~ 

~ 70 

60 

klBJC1 s BJA - ktCtA • 38.4·C/W 

kl38JCt3 a BJA - k 13C13A. 38.0·C/W 

- ~A' 41.3*C/W 

0,1 02 03 04 0-5 06 0.7 08 0.9 1.0 
POWER (WATTS) 

Figure 6 
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Tc, Measurement 

The numerical values of k,6Jc, which we have 
shown experimentally to be constant over a large 
variation in environmental conditions are functions 
of the measuring system for determining the case or 
leg temperature, T Ci' This can be shown by consider
ing heat path 1 in the Model shown in Figure 2. In 
this case q, = (TJ - T A)/(6Jc , + 6C,A)' 6Jc, is defined 
as L/kpAt where At is determined by the die area. 
When a thermocouple is attached to the surface di
rectly over the die it also functions as a heat sink. 
This changes the effective area A ofthe internal heat 
path and also changes the external thermal resis
tance, 6C,A' The changes are functions of the ther
mocouple composition and size. The value of 6Jc, is 
now determined by the effective area of contact of 
the thermocouple and its value remains constant 
when the attached thermocouple's size is held con
stant. k" (= qt/Q,), also changes because q, is deter
mined by the sum of 6Jc, and 6C,A' The term (TJ -
TA) is essentially constant within experimental error 
because ql is small compared to Q, and the variations 
in q, do not measureably change the die tempera
ture. 

6CtA decreases as the wire size of a copper-con
stantan thermocouple increases and it increases as 
the composition is changed from copper-constantan 
to iron constantan. The thermal conductivities of 
copper, iron, and constantan are respectively 0.9, 
0.16, and 0.054 cal/oC-cm. 

Data in Table 4 confirm the direction and change 
in k,6Jc , with change in measuring system. Data were 
taken in the same oven ambient. 

When the phySical system for Tc measurement 
and the conditions for measurement are specified 

'and held constant, values for k,6JC , are constants. 

TI Measurement For k;8Ic; Determination 

An accurate measurement of the value of ki6JCi 
requires a method of measuring the mean tempera
ture of the die, TJ. Techniques to make this measure
ment have been discussed elsewhere. (See Ref. 2, 3, 
4) They involve measurement ofa temperature sen
sitive parameter of an element on the die. The for
ward voltage drop across a diode measured at 
constant current is a commonly used parameter. 
One must observe caution when applying the cali-
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TABLE 4 
VARIATIONS IN k,9Jc1 WITH MEASUREMENT SYSTEM 

(All measurements in °CIW) 

Device 

Test device 

Test device 

2l25-linear 
TV Circuit 

Condition of 
Measurement 

.005" Type "j" 

thermocouple 

.012" Type "j" 

thermocouple 

.005" Type "T" 
thermocouple 

bration data for an element in an unpowered die to 
the measured values of that element when the die is 
powered. It is rather unique if a parasitic voltage or 
current from the powered portion of the die does not 
interact with the temperature measuring element. 
This interaction leads to an inaccurate indication of 
the true temperature. 

A test chip with a number oftemperature sensitive 
elements is valuable. Figure 7 is a photo micrograph 
of a test chip designed by personnel at the Sprague 
Electric Company to evaluate thermal resistance 
values for various packages as well as package
surface interactions. The die contains 3 heat gener
ators, and 6 primary temperature sensors, which are 
either diodes or special resistors. Parasitics nor
mally interact differently with different elements be
cause oflocation or structure variations. Agreement 
in the value of temperatures measured simulta
neously for different elements on the chip normally 
indicates a correct measurement. 

Figure 7 

Figure 8 illustrates errors which can be introduced 
when making static steady state measurements of 
temperature during power application. Observe the 
plots of Tj (from Veb calibration) versus Pn for three 
different diodes on the chip. Although the slopes of 
the plots after initial power agree within 10%, the 
initial portion of the curve indicates a negative ther-
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127.6 

123.5 31.5 92.0 

123.3 75.0 48.3 

mal resistance and th'e offsets ofthe curves indicate 
a varying interaction at different power levels. Al
though calculation of thermal resistance by the slope 
method would introduce a similar error for all three 
diodes, the single power point method for calculat
ing ki6Jc;, where ki6JCi = (TJ - Tc)lPn, would intro
duce considerable and different levels of error in the 
calculated values for each diode measurement. 

80 

~70 
w 

'" => .... 
~ 65 

~ 
.... 60 

55 

!c-----;=---;;-M""',------O"".O~9 
POWER (WATTS} 

ttl PIN DIP - KOVAR FRAME 
ISOLATED PAD - OVEN-I, GOCFM 

TEST CHIP 

POWER (WATTS) 

FigureS 

For example, if temperature measurements were 
made at a power level of 0.22 Watts, one would cal
culate a value of 44.6°C/W for k[6Jc[ using TJ from 
diode 7-15. 57.1°C/W using TJ from diode 7-5, and 
63.8°C/W using TJ from diode 7-6. The true value 
which was verified by pulsed measurements was 
97°C/W. 

To eliminate interactions between the powered 
portion of a circuit and the temperature sensing ele
ment during measurement, the circuit shown in Fig
ure 9 was developed. This circuit was designed for 
thermal evaluation of packages in which the function 
could be a linear circuit, a digital circuit, or the stan
dard test chip which has a number of different power 
sources and temperature sensing elements. 



PACKAGE INFORMATION (Continued) 

+ v +IOV 

In operation, the circuit applies power at a mea
sured level to the device under test for approxi
mately one second, interrupts power for 40 
microseconds, and continues this cycle throughout 
the test period. At the beginning of the 40~micro
second power off interval, a 10-microsecond delay 
allows circuit transients to decay before the diode 
current is activated. A 6-microsecond delay allows 
the current to settle before a sample and hold circuit 

R~ Cc: TIMING CONSTANT 

Td = TIME DELAY 

IC-I- SE555 

lC- 2· 74121 

IC-3'UON2983 

Figure 9 
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samples the diode voltage to determine the chip tem
perature. This sequence allows the package under 
test to come to thermal equilibrium with the environ
ment which approaches that for continuous power 
input. The power down sequence and temperature 
measuremellt interval are short enough to insure 
that the actual temperature drop when power is re
moved is less than the sensitivity of the temperature 
sensitive element; 



The case temperature measurements, Tei , can be 
made by thermocouple or by infra-red measure
ments. 4 In theory the infra-red measurements would 
be preferred since a conducti-ve' contact is not made 
to the surface which is to be measured. In practice a 
number of difficulties . with I.R. measurements are 
encountered. The emissivity of the surface to be 
measured must be controlled to give accurate mea
surements. This normally requires painting the sur
face with a "proprietary" film. When the emissivity 
is mastered, two larger difficulties must be over
come; a) physically placing the infra"n:d measuring 
instrument into the system to view a package surface 
when the unit may be buried in· a· maze of printed 
wiring boards arid circuitry and b) the cost of avail
able instrumentation. 

The thermocouple technique to measure case 
temperature is a practical and reliable method when 
the composition· of the thermocouples,· its physical 
size, its location on the package, and themethod of 
its attachment are defined. The method of measure-
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PACKAGE INFORMATION (Continued) 

ment can be standardized and provides an accurate, 
inexpensive method for the applications engineer or 
the reliability engineer to determine a reference tem
perature to which the temperature rise across the 
package path, (kier<;)PD , can be applied in order to 
determine a true TJ • 

REFERENCES 
1. S. Glasstone, Textbook of Physical Chemistry, 

2nd Edition, D. Van Nostrand Co.Inc., New 
York, 1946 

2. P. E. Roughan, ThermalResistanceof Inte
grated Circuit Packages, Technical Paper TP72~ 
7, Sprague Electric Co., 1972 

3. F. R. Dewey andP. R. Emerald, ComputingIC 
Temperature Rise, Mac~ineDe.sign, pp 98-101, 
June 1977 

4. C. A. Lidback, Scanning I. R. Microscopy Tech
niques for Semiconductor Thermal Analysis. 
17th Annual Proceedings Reliability Physics .1979 
IEEE Catalog No. 79CH1425-8 Phy. 



PACKAGE INFORMATION (Continued) 

Operating and Handling Practices 
for MOS Integrated Circuits 

Handling Practices· Packaged Devices 

Sprague Electric incorporates input. protection 
diodes in all of its MOS/CMOS devices. Because of 
the very high input resistance in MOS devices, the 
following practices should be observed for protection 
against high static e!ectricalcharges: . 

1. Device leads should be in contact with a con
ductive material except when being tested or in 
actual operation. 

2. Conductive parts of tools, fixtures, soldering 
irons and handling equipment should be 
grounded. . . 

3. Devices should not be inserted into or removed 
from test stations unless the power is off. 

4. Neither should signals be applied to the inputs 
while the device power supply is in an off con
dition. 

5. Unused input leads should be committed to 
either VSS or VDD. 

Handling Practices - Ole 

A conductive carrier should be used in order to 
avoid differences in voltage potential. 

Automatic Handling Equipment 

Grounding alone may not be sufficient and feed 
mechanisms should be insuillted from the devices un
der test at the point where the devices are connected 
to the test equipment. Ionized air blowers can be of 
aide here and are available commercially. This 
method is very effective in eliminating static elec
tricity problems. 

Ambient Conditions 

Dry weather with accompanying low humidity 
tends to intensify the accumulation of static charges 
on any surface. In this atmosphere, proper handling 
procedures take on added importance. If necessary, 
steam injectors can be procured commercially. 

Alert Failure Model 

The common failure modes that appear when 
static energy exists and when proper handling prac
tices are not used are: 

1. Shorted input protection diodes. 

2. Shorted or 'blown' open gates. 

3. Open metal runs. 

Simple diagnostic checks with curve tracers or 
similar equipment readily identifies the above failure 
modes. 



PACKAGE INFORMATION· (Continued) 

'A' PACKAGE: 14-Pin Plastic Dual In-Line 

DIMENSIONS IN INCHES 

0.014 
0.008 

'4 13 12 II 10 9 8 ~ . 

INDE~£:: :::) ~UL-Lo 
I II 2 '3 4 5 6 7 0,07,5 REF. '---,-.0" 

-0.065' I- 0.785 ~ 0. IDa:l: 0,010 J 
0.035 0.735 NOTE 1 

0.200 MAX 

#i-. 
0.020 - + 

MIN. ---lL 0.023 0,100 MIN. 
lr--O,Q15 

Dwg. No. A-5496G in 

DIMENSIONS IN MILLlMETRES 
Based on 1" = 25.4 mm 

0.35 
0.21 

--rr{ 787 
737 " \ 

~ --~150 
L90REF. j. 0 0 

2.54:1: 025 . 
O:89'-';!...!:'-----~'C!;---='---'_'"I NOTE 1. . , 

5.08 MAX 

~""~ "'" 
05IMINWfA¥r+ 

--I La 58 
liQ,39 

2.54 MIN 

Owg. No. A·5496G mm 

'A' PACKAGE: 16-Pin Plastic Dual In-Line 

DIMENSIONS IN .INCHES 

0.200 MAX 

DIMENSIONS IN MILLlMETRES 
Based on 1" = 25.4 mm 

~~~--i~ 0.35 
0.21 

16 15 14 13 12 11 10 9 -rrt_J 7.87 15" 
737 0° 

~ -~ 
6~ 254±O.25 ~ 

f--------'"''':'------I NOTE 1 / 

5.08 MAX 

0.., .. SEATING PLANE 

If=b-tt"Vffi~ 0.100 MIN. Dwg. No. A,6402C in 

O~I~O JL 0.023 J U:025 REF 

0., SEATING PLANE 

If=b-~iiWffl?-54 MIN. Dwg .. Nn. A,6402C mm 

0.51 MIN lH:;~ -1 f..54 REF II ooo15ll--o. 

NOTES: 
1. Lead spacing tolerance is non-cumulative. 
2, Exact body and lead configuration at vendor's option within limits shown. 
3. leads missing from their designated positions shallalsQ be counted when numbering leads. 
4. Terminal lead. standoffs may be omitted and replaceg by body standoffs. 
5. lead gauge plane is 0.030"(0)6 mm) max. below seating plane. 
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PACKAGE INFORMATION (Continued) 

'A' PACKAGE: l8-Pin Plastic Dual In-Line 

DIMENSIONS IN INCHES 

.Q..Q.a 
0.008 

DIMENSIONS IN MILLIMETRES 
Based on 1" = 25.4 mm 

0.35 
0.21 

:£L 
"'..J=-_~'7.;-_-=='--...Jq--254 • O .. 25 --, 

18 17 16 1. 1413 12 11 10 rn+ 
lNOE~j:w ::::::: :~II. E.~~ LiL==----t .. 

I~ I 4 IS 6 7 e 9 --, 00 

18 17 16 15 14 13 12 10 

~~~~ ~::~55 ~ ~6~~ z,o 010 / r- 22.48 NOTE 1 / 

0.200 MAX. 5.08 MAX. 

+-+:EAT1NG PLANE. ¥ 0.100 

~~~~ 
Owg. No. A-9649 in #tISEAT1NG PLANE 

~ 
MIN 

0.51 MIN. ~1.27 
-lio.39 --I REF. 

Owg. No, A-9649 mm 

'A' PACKAGE: 20-Pin Plastic Dual In-Line 

DIMENSIONS IN INCHES DIMENSIONS IN MILLIMETRES 
Based on 1" = 25.4 mm 

0.014 0.35 
0.008 0.21 

20 19 18 17 16 15 14 13 12 11 rn+ 20 19 18 17 16 15 14 1; 12 II ~ 

~::::::::) ~~15. ~::::::::) IlLL-
\lOEX AREA:WII 2. 3 4 5 6 ~ e 9 IO~O.060REF -, 00 INDEX AREA \1 2 3 4 5 6 7 8 9 10 1.52 REF, __ 

0.065 _ I- O. 990 ~ _ 0.100 it 0,010 1.65 I-- 25.15 ~ 2N540TE' 10 .. 25 J 
0.035 1.040 NOTE 1 0.89 26.42 

0,200 MAX. 
5.08 MAX 

#£"'~~ 
0'020~+ 

MIN. ---.JL 0.023 0.100 MIN 

Owg. No. A-10.430 in 1ttt'"" ec~, 
051M1N~+ 

"lIO.cIS --lLo 58 254 MIN 
--liQ,39 

NOTES: 
1. Lead spacing tolerance is non-cumulative. 
2. Exact body and lead configuration at vendor's option within limits shown. 
3. Leads missing from their designated positions shaW also be counted when numbering leads. 
4. Terminal lead standoffs may be omitted and replaced by body standoffs. 
5. Lead gauge plane is 0.030" (0.76 mm) max. below seating plane. 
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PACKAGE INFORMATION (Continued) 

'A' PACKAGE: 22-Pin Plastic Dualln-Line 

DIMENSIONS IN INCHES 

0.014 

TI(0.008_ 
o 390 o~no 
0300 0390 

L ~ -'1,5" 
INDEX ARE ~I 2 3 4 5 6 7 8 9 10 1~050REF /-0" 

0065 ~ 1120 ~ 0100+0010 
o 035 1.050 NOT-E-l 

0.200 MAX. 

~SEATING PLANE 

0020~+ 
MIN. II - 0.023 0.100 MIN. -H .... --. O.015 

0"'9. No, A~ 10, 5366 IN 

DIMENSIONS IN MILLIMETRES 
Based on 1" = 25.4 m m 

0.35 

¥t:::::::::11 [L.< 
INDEX AREA~l~ 3 4 5 6 7, 8 9 10 1~.27REF.' ~ 0 0 

d:g~ ~:::; -~ ~bt~ ~.25 / 

5.08 MAX. 

~EATING PLANE 

0.51 . wwvwww+ 
MIN. -11-- g .. ~ 2.54 MIN. 

Owg. ~o .. 11-10,5368 HM 

'A' PACKAGE: 2a-Pin Plastic Dual In-Line 

DIMENSIONS IN INCHES 

0.014 

DIMENSIONS IN MILLIMETRES 
Based on 1" = 25.4 mm 

0.36 
0.20 

. ""gEl:::::::::]1 ~[' I.,· 
NO ~I~ :5 4 5 6 7 e 9 10 II 12 13 1~.075 REF. -----,...00 

:f "::::::::::::Ji I( \ .. '-' .1-'~ ........ " .. · ij".'" ---,. 
0:035 ::;~g -! - ~6~~fO.010 / 

O.200MAK 

~SEATING PLANE . . 

O.o20~+ 
--11 g .. ~~: Q,IODMIN. 

1.65 37.08 -I 2.S4±O.Z5 / 
0.89 35.05 NOTE I 

5.08 MAX 

~SEATING PLANE 

0.51 mmwmw+ -11 g:~: 2.54 MIN. 

0..9'· No. A_12.1031~ 
Dwg.I!c,A_12.103MM 

NOTES: 
1. lead spacing tolerance is non-cumulative. 
2: Exact body and. lead configuration at vendor's option within limits shown, 
3. leads missing from their designated positions shall also be counted when numbering leads. 
4. Terminal lead standoffs may be ornittedand replaced by body standoffs. 
5. lead gauge plane is 0.030" (0.76 mm) max, below seating plane. 
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PACKAGE INFORMATION (Continued) 

'B' PACKAGE: 8-Pin Plastic Dual In-Line 

DIMENSIONS IN INCHES DIMENSIONS IN MILLIMETRES 

02toD87 6 5 

0240 

INDEX ~ --_. 

'l2....j3 4 0065 
0.035 

0.014 
0.008 

-:rr{ \ 0.290 

~ 15· 

~
O. 

0.040 REf 
0.100 t 0.010 ' 
NOTE I 

0.200 MAX 

~EATING PLANE 

0.020 WI 
MIN. 0.100 DWG.ND. A-IO,474A IN 

--I LO.023 MIN. 
-W 0.015 

(Based on 1 in. = 25.4 m'm) 

0.35 
0.21 

8765 t .- --- ,--r 
6.60 7.87 

6.10 7.37. * .= i .. O ---L' w 
I L2 3 4 1.02 REf ----. o· 

165 ...j 2.54 '0.25 I 
089 9.91 NOTE I 

5.08 MAX 
~SEATING PLANE 

0.51 TIWI 
MIN --lH 2.54 MIN. 

.58 
0.39 

OWG.NO. A-IO,474A MM 

'B' PACKAGE: 14-Pin Plastic Dual In-Line 

DIMENSIONS IN INCHES DIMENSIONS IN MILLIMETRES 
(Based on 1 in. = 25.4 mm) 

0.014 
O.OOB 

141312111098 L 
;;;:;: ~ 
0.240 0.290 

L-'f¥.,=rni"'==;=n=;=~;'J ~ 15' 
7 0.075 REF. -----r 0° 

F'-'=...!~~"":::::!......!"1 ~·6~~tlO.OIO / 

0.200 MAX. 

~"""'~' 
0.020 ¥t¥Nff+ 
MIN. -.JLO,.023 0.100 

11---- 0 015 MIN. OWG.NO. A-9843C IN 

NOTES: 
1. Lead spacing tolerance is non-cu mulative. 

5.08 MAX. 

~:EATING PLANE 

¥wrrhf: 
0.51 MIN. 4 

.-JL ____ O.58 2.54 MIN. 
---11 0 .39 

2. Exact body and lead configuration at vendor's option within limits shown. 
3. Leads missing from their designated positions shall also be counted when numbering leads. 
4. Terminal lead standoffs may be omitted and replaced by body standoffs. 
5. Lead gauge plane is 0.030" (0.76 mm) max. below seating plane. 
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PACKAGE INFORMATION (Continued) 

'B' PACKAGE: 16-Pin Plastic Oualln-Line 

DIMENSIONS IN INCHES 

0,044 II 0,014 
0.028 ~ I 0.008 

16 15 14 13 12 11 10 9 t 
INDEx:~~:::~;t I:r 

0.065 ~2~ 4 5 6 78 0100=0010 -r 
0.035 ~ ~:~~ I NOTE 1 / 

0.200 MAX 

0rSEATING PLANE 
If=b-~AifAArl 0.100 MIN 

0~,2NO JL._ 0.023 J ~025 REF --II 0.015 l f-O. 

Dwg. No. A-1O.311B IN 

NOTES: 
1. Lead spacing tolerance is non-cumulative. 

DIMENSIONS IN MILLIMETRES 
Based on 1" = 25.4 mm 

.~:~~~ ~ g:~~ 
16 15 14 13 _~2 11 10 9 t 
~~ ~ 15

0 

6.10 I 7.37 0° 

INDEXAREAT~ -- ~. ~ ~ 
1.65 ~21 3 4 5 ~ 2.54tO.25 ---r 
0.89 _ r- 19.93 _ NOTE 1 / 

18.67 

5,08 MAX 

0rSEATING PLANE If=b-¥fAf¥JW ~54 MIN. 
0.51 MIN IT=: 1r-~'.~~ -1 f- 0.64 REF. 

Owg. No. A~lO,311B MM 

2. Exact body and lead configuration at vendor's option within limits shown. 
3. Leads missing from their designated positions shall also be counted when numbering leads. 
4. Terminal lead standoffs may be omitted and replaced by body standoffs. 
5. Lead gauge plane is 0.030" (0.76 mm) max. below seating plane. 

'0' PACKAGE: 3-Pin Metal TO-52/TO-206AC 

DIMENSIONS IN INCHES DIMENSIONS IN MILLIMETRES 
Based on 1" = 25.4 mm 

JO.230f 0:209 
0.195 
o.i78 

0.150 
0Ti5 ~0.,a:~ 

T T 
0.500 
MIN. 

~ 
~~ 0.016 

\~~~~ 
4e" . 

0.046 Z'> 0.036 
QQ1!. MEASUREQ FROM MAX CIA 
0028 OF ACTUAL DEVICE 

Dwg.NO.A-389JBIII 

\ 
450 

12.70 
MIN. 

~ 
~~ 0.41 

0.92 1.16 Z~ 
ill MEASURED FROM MAX. OIA. 
0.12 OF ACTUAL DEVICE 

[lwg. No. A-3893BMM 

NOTE: Lead diameter is controlled in the zone between 0.050" (0.13 mm) and 0.250" (6.35 mm) from the seating plane. Between 0.250" 
(6.35 mm) and 0.500" (12.7 mm) from the seating plane, a maximum lead diameter of 0.021" (0.53 mm) is specified. Outside of 
these zones the lead diameter is not controlled. 
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PACKAGE INFORMATION (Continued) 

'H' PACKAGE: 8-Pin Hermetic Dual In-Line 

DIMENSIONS IN INCHES DIMENSIONS IN MILLIMETRES 
Based on 1" = 25,4 mm 

0 5 

~ . 
0.220 

-----L-
INDEX AREAJ 11 2 3 41 

0.070 ~ I.-..I--!-. O. 100±0.01O 
0.030 0.52S' I NOTE 1 

MAX 

_ 0.200~AX 14- 0.005 -;------r I MIN 

o:J- ~ 
0.015 -jl. 0.023 ~ 

0.014 0.125 

0=-----.-
0.320 

1 0.290 -'-__ 1-

~ 
0.008 

Dwg. rtl. A-IO,313A in 

~ 
5.59 

-----L-

0 5 

INDEX AREAJ II 2 3 4 1 

1.78 ~ I--+-!- 2.54 ± 0.25 
0.76 13.41 NOTE I 

MAX 

5.08~ MX I--- 0.13 F:; I MIN 

lmL ~ 
0.38 -j~ ~ 

0.36 3.18 

'H' PACKAGE: 14-Pin Hermetic Dualln~line 

rr= -------.-
B.13 

..L 7.37 __ 1-

k 
0.20 

Owg. No. A-IO,3l3A mm 

DIMENSIONS IN INCHES DIMENSIONS IN MILLIMETRES 
Based on 1" = 25.4 mm 

14 13 12 11 \0 9 8 

~~[~~~J] 
INDEX..! III : ".~ 4 5 6 7 I 
AREA ~ ~o K+-0.100±O.010 

0.030 0.785 NOTE 1 

[L-----.-
0.320 t 0.290 __ L.. 

0.015 
0.008 

MAX MAX D200 MAX "1 r- ~~~5 

0.06:-~-L 
0.015 II. 0.023 ~ 

+i 0.014 0.125 
Owg. No. A-9767B in 

DOS MAX "1 r- ~:~ 

1.52L~-L 
0.38 -j~ ~ 

0.36 3,18 

NOTES: 
1. Lead spacing tolerance is non-cumulative. 
2. Exact body and lead configuration at vendor's option within limits shown. 

[L------.-
8.13 

t 7.37 
...1.. __ ..L.. 

k 
0,20 

Dwg. No. A-9767B mm 

3. Leads missing from their designated positions shall also be counted when numbering leads, 
4. Terminal, lea~ standoffs may be omitted and replaced by body standoffs. 
5. Lead gauge plane is 0.030" (0.76 mm) max. below seating plane. 

12-28 



PACKAGE INFORMATION (Continued) 

'H' PACKAGE: l6-Pin Hermetic Dual In-Line 

DIMENSIONS IN INCHES 

~~: : : : r ~I [[=E~~~-
/~' 1213.5 ~7 e I~~~~ ...j.~0_007300 J O.IOO±O.QIO 0.015 

• NOTE I 0.008 
0.840 MA 

~11+-0.005MIN' I LEADS I, B, 9, 

~ AND 16 AT 
!.i.- VENDOR'S OPTION 

0.060 

0.015 .fl.~~~! ~~ 
Dwg No A-I0210B In 

DIMENSIONS IN MILLIMETRES 
Based on 1" = 25.4 mm 

.[~[:~D [[4-I 
INDEx/I: 121..",7: 5 ~B-e ~ 
AREA .j ~76 ~. 2.54± O.2~ 0:20 

21',34 MAX NOTE I 

~
.oe MAX. 1r O.13MIN 

~ Oil ~~ArP~6'·~f9. 
52 L 1 VENDOR'S OPTION 

0.38 --l~ T;:~e8 
Dwg."No.A-lO,211Bmm 

'H' PACKAGE: l8-Pin Hermetic Dual In-Line 

DIMENSIONS IN INCHES DIMENSIONS IN MILLIMETRES 
Based on. I" = 25.4 mm 

iE':r:::J~:1 
INDEX/ III ,,2 ,,} 4 5 6 7 8 9 [ 

AREA -1 ~o H+O.lOO±O.OlO 
0.030 ~~~ .1 NOTE 1 

n= .. ~ .. 20. ~ 0.290 

la.0:5 
0,008 

~':r:::J~:1 
/ 1'1 " '03 4 5 6 7 8 9 [ 

INDEX .J ~ H+ 2.54 ± 0.25 
AREA 0.76 23.55 . NOTE 1 

[[--. 
8.13 

.i.I 
k 

0.20 

MAX 

,..-0.200 MAX --j r- 0•005 

~~;'N 
0.0'5 '\ 0.023· ~OO 

~ 0.014 0.125 pwg. No. A.-10,312A in 

~ 5.08 MAX -j r-

hr=-~-L 
0.38.-j~ ~ 

0,36 3,18 Dwg. No. A-IO,312A mm 

NOTES; 
I. Lead spacing tolerance is non-cumulative. 
2. Exact body and lead configuration at vendor's option within limits shown. 
3. Leads missing from their designated positions shall also be counted when numbering leads. 
4. Terminal lead standoffs may be omitted and replaced by body standoffs. 
5. Lead gauge plane is 0.030" (0.76 mm) max. below seating plane. 
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PACKAGE INFORMATION (Continued) 

'J' PACKAGE: 14-Pin Hermetic Flat-Pack 

DIMENSIONS IN INCHES 

-;;-~ __ ~ __ r=======~0.OO6TYp I ?040 
0.085 r:::=::::::f.~====:::1 c=_== O·~LO.010 
0.030 ~ ~ 

--',r-----I~ 0.280 MAX -I + 
I-- NOTE 4 ---I 

Dwg. No. A-IO.252B IN 

NOTES: 
1. Lead spacing tolerance is non-cumulative. 

2.16 
0.76 

DIMENSIONS IN MILLIMETRES 
Based on 1" = 25.4 mm 

O.15 TYP 1.02 

='~= ___ " c. ____ ~Lo·25 
1-' 7.11 MAX -I f 
~ NOTE 4 --I 

Dwg. No. A-IO,25~B MM 

2. Exact body and lead configuration at vendor's option within limits shown. 
3. leads missing from their designated positions shall also be counted when numbering leads. 
4. Includes off-center lid, meniscus, and glass overrun. 
5. All leads weldable and solderable. 

'M' PACKAGE: 8-Pin Plastic Dual In-Line 

DIMENSIONS IN INCHES 

0.014 
0.008 

8765 t -.-- Tf 
0.260 0.310 
0.240 0.290 ,~. =1~~~-'~ /\,~: 0.035 ......-I 0100 i: 0.010 

o NOTE 1 

0.200 MAX 

~EATING PLANE 

O~020 YiW I if 
MIN. 0.100 

--l LO,023. MIN. 
ll~0.Q15 

NOTES: 

LEADS 1 J 4, 5, 
AND 8 AT 
VENDOR'S OPTION 

Dwg.No. A-584ZD IN 

1. lead spacing tolerance is non-cumulative. 

DIMENSIONS IN MILLIMETRES 
Based on 1" = 25.4 mm 

0.35 
0.21 

8765 , t ,--. tI 
6.60 7.87 
6.10 7:37 

INOEX 1O£.:I01~· \ 15· 'L2 3 4 1.02 REF ----.0" 
1.65 ~ 2.54 :to.25 f 
0.89 9.91 NOTE 1 

5.08 MAX. 
~SEATING PLANE 

051 ~I' MIN,' -:~ 2.54 MIN. 

--IU5.8 --lio.39 

LEADS 1, 4, 5, 
AND 8 AT 
VENDOR'S OPTION 

Dwg:No. A~58420 foV'1 

2. Exact body and lead configuration at vendor's option within limits shown. 
3. leads missing from their designated positions shall also be counted when numbering leads. 
4. Terminal lead standoffs may be omitted and replaced by body standoffs. 
5. lead gauge plane is 0.030" (0.76 mm) max. below seating plane. 
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PACKAGE INFORMATION (Continued) 

'Q' PACKAGE: 16-Pin Plastic Quad In-Line 

DIMENSIONS IN INCHES 

~OOI2 
I ~.~~2:1:J I 

INDEX AREA ~ 2 3 £. ~8 ~ 0.617=-.! 

--10.2471<-
0.770 MAX 

0.232 MAX. 

+-t£SEATING PLANE 

¥.WBm£O .. MIN 

MIN. II I I O.IOO:!: 0.010 -1r O.026 H- NOTE I Dwg. No. A-1O,434 in 

DIMENSIONS IN MILLIMETRES 
Based on 1" = 25.4 mm 

~r;!!!~~~!!!;, 
6,60 
MAX. 

INDEX ~::-LJ2 3 __ • _ ,6 J8 
-to! 6.27 I-

19.!H5 MAX. 

r!5.90 MAX. 

~ -h.SEATING PLANE 

r~~,2.'0.'N 

~O"O 
~-.joo.~1.-1 
~IO.16~ 

11.20 -

"0 .~ ¥ ~t=j~¥~I 
MIN. --11--0.65 I.-.l~ 2.54 ± 0.25 

NOTE I 
Owg. No. A-1O.434 mm 

'R' PACKAGE: 14-Pin Ceramic D·uaf In-Line 

DIMENSIONS IN INCHES 

NOTES: 
1. Lead spacing tolerance is non-cumulative. 

DIMENSIONS IN MILLIMETRES 
Based on 1" = 25.4 mm 

0.35 
0.21 

14J3 1211 109 8 ~, '-Ii::J Ti 7.11 7.87 
6,10 7.37 

-*-- ~. 15° 

INDEX Ari~Vl 19.93 5 6~~5~~o.25 -,0° 
18,67 NOTE 1 

5.08 MAX. 

~EATING PLANE 

0.5JMIN.mm.+ 
--.JL 0,58 2.54 MIN. 

~II~ 0.39 Dwg. No. A-7894B mm 

2. Exact body and lead configuration at vendor's option within limits shown. 
3. leads missing from their designated positions shall also be counted when numbering leads. 
4. Terminal lead standoffs may be omitted and replaced by body standoffs. 
5. Lead gauge plane is 0.030" (0.76 mm) max. below seating plane. 
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PACKAGE INFORMATION (Continued) 

'R' PACKAGE: l6-Pin Ceramic Dual In-Line 

DIMENSIONS IN INCHES 

0.200 MAX 

-he," SEATING PLANE 

1f=b-~0"00 MIN, 

0.020 ~ 
MIN. 0023 1r-0:015 .' -1 0,025 REF. Dwg. No. A-IO,549 in 

5.08 MAX 

DIMENSIONS IN MILLIMETRES 
Based on I" = 25.4 mm 

±¢!""'"" e~' 
0.51 MIN --1L -1 

-II ~ .. ;~ 0.64 REF. Dwg. No. A-IO,549 mm 

'R' PACKAGE: l8-Pin Ceramic Dual In-Line 

DIMENSIONS IN INCHES 

2.2!± 

INDE~~'8 ::::::::4-',' , E." L,. 
112~4!56189 ;0" 

0.065 ~ 0.915 -i 0100 t: 0010 
0,035 0.885 NOTE 1 

0.2.00 MAX 

-+--+~EATING PLANE 

¥~~II~O 

O~,~O -11-- -l ~R~5FO Owg. No, A·IO,548 in 

NOTES: 
1. Lead spacing tolerance is non-cumulative. 

DIMENSIONS IN MILLIMETRES 
Based on I" = 25.4 mm 

%if

-,---~O r-rtn4= ' 
Hb- tit ~ 
..L.-{I~"tT"t:rl:T.".:r4r.·rcr7 '-I"'. '~~ '.04~. --, '~ 

22.48 ~NOTE 1. / 

5.08 MAX #tJSEATING PLANE 

~ 
_ MIN 

0.5! MIN 

,--lL!W.- ' 'I 1.27, 
-Ir 0.39 --i REF. Owg. No. A·JO,548 mm 

2. Exact body and lead configuration at vendo(soption withinlimits shown. 
3. Leads missing from their designated positionsshali also be counted when numbering leads. 
4. Terininal lead standoffs may be omitted and replaced by bodxstandoffs. 
5. Lead gauge plane is 0.030" (0.76 mm) max. below seating plane. 
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PACKAGE INFORMATION (Continued) 

'5' PACKAGE: 4-Pin Molded Single In-Line 

DIMENSIONS IN INCHES 

I 0.410 J 0 085 ±o 005---+-1 
ro~w~ ., 1 I~ 

INDEX~' .0606 336 ~O 256 
(PIN NO.1) 0 ~N 0:296 , 0:236 

O~;~ ¢SEATING PLANE T 

I, 2 3~~ 0120MIN Jl 
I 0.100 ±O,OlO 0015 

O~300 ±OoOlO N~N-CUMULATIVE 0:008 
(; SEATI NG PLANE 

Owg. No, A-9002C in 

NOTES: 
1. lead spacing tolerance is non-cumulative 

DIMENSIONS IN MILLIMETRES 
Based on 1/1 = 25.4 mm 

I ',0.4 J 2 UO, l-f--j 

INDEx;gr 9.7~~ ..~ I' I+., 
(PIN NO. I) 0 jN 7:' 6.0 

0.76 , ~SEATING'PLANE T 
. TYP. I 2 3 4 Jl 

I I 3.0 MIN 

2.5 :1::0.3 " 0 4 
7.6 ±O.3 i I....L- NON-CUMU LATIVE •• O· 2 

@SEATING PLANE~ , • 

Dwg. No. A-9002C mm 

2. Exact body and lead configuration at vendor's option within limits shown. 
3. leads missing from their designated positions shall also be counted when numbering leads. 
4. Terminal lead standoffs may be omitted and replaced by body standoffs. 
5. lead gauge plane is 0.030/1 (0.76 mm) max. below seating plane. 

'T' PACKAGE: 3-Pin Plastic Single In-Line 

DIMENSIONS IN INCHES DIMENSIONS IN MILLIMETRES 
Based on 1/1 = 25.4 mm 

I" "1 0
.
,83 0.178 

~.l!'~ t 
0.022 
0.016 

0.105 
0.095 

0.025 REF. 

0.500 MIN. 

Dwg.NQ. A-1Z,139JN. 

4.52 I" ~14.65 

.~" f:: PlANE-

12.7 MIN. 

0.55 
Q.4T' 

iii 
2.66 I I I 

2.42 -, I r-o.40 

0.64REF~, . ,0,',36 ',' I 2 '3 
C co 2.0e 

T ' 1.98 

{)wg.No.A-12.139MM 

NOTE: lead diameter is controlled in the zone between 0.050" (013 mm) and 0.250" (6.35mm) from the seating plane. Between 0.250" 
(6.35 mm) and 0.500" (12.7 mm) from the seating plane, a maximum lead diameter of 0.021" (0.53 mm)is specified. Outside of 
these zones the lead diameter is not controlled. 
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PACKAGE INFORMATION (Continued) 

'U' PACKAGE: .3·Pin Plastic Single.ln~Line 

DIMENSIONS IN INCHES 

~ O. -178 ~o.OO!i--l 
I I· (000 I/O.OIOR 

0.011 ~. "Or j • -r-J ~-' " ... °t!ooo. 

5' \.-- '~ TYP. l.- 0 I 
I .162 

I 
0.178 ~g:ggg 

k 
,+, 

--+ +~- f-
',t,1 

, 

1- 1-0.01 , 
I I 

2' 

f 

2' 

f=-
0.500MIN. 

-- -om 6 

,iNOTE I 

'~""EF. 
~ 

I-O.O~I 

-..0-0.014 
i--f-O.O 50 

~O.IOO· 

12.70 MIN. 

DIMENSIONS IN MILLIMETRES 
Based on 1" = 25.4 mm 

i 
/t ..... \ 

c+ +-i--
' ..... + / 

-

, 

1-01 1-0.4 , 
I I 

-- -0.4 

--..0--0.36 ----1.27 
~2.54_ 

Dwg. No. A-Il,901 MM 

NOTE: Lead diameter is controlled in the zone between 0.050" (0.13 mm) and 0.250" (6.35 mm) from the seating plane. Between 0.250" 
(6.35 mm) and 0.500" (12.7 mm) from the seati~g plane, a maximum lead diameter of 0.021" (0.53 mm) is specified. Outside of 
these zones the lead diameter is not controlled. 

'W' PACKAGE: 12·Pin Plastic Single In-Line 

DIMENSIONS IN INCHES 

Owg.No. A-ll.13BB IN 

NOTES: 
1. Lead spacing tolerance is non-cumulative. 

DIMENSIONS IN MILLIMETRES 
Based on 1" = 25.4 mm 

I NDEX )I;;~TFT'Ff'j=n=TFTTTiPPFTFi~J'-'-.1 
AREA 

2 J 4 5W ,~_ ~o~ 1~12 
~~ ~.~ 254 ± 025 

Dwg,No. A-ll,138B MM 

2. Exact body and lead configuration at vendor's option within limits shown. 
3. Leads missing from their designated positions shall also be counted when numbering leads. 
4. Terminal lead standoffs may be omitted and replaced by body standoffs. 
5. Lead gauge plane is 0.030" (0.76 mm) max. below seating plane. 
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PACKAGE ·INFORMA nON· (Continued) 

'Y' PACKAGE: 3-Pin TO-92!T0 - 226AA 

DIMENSIONS IN INCHES 

~ 
III 

0.105 I t I 

"O:01i5I I r- 0.016 
0.014 

Q 105 
0.080 

0.165 
0.125 

Dwg. No. A~10,852A IN 

DIMENSIONS IN MILLIMETRES 
Based on 1" = 25.4 mm 

5.20 

~ 
IAI 

SEATING 1 
PLANE - 1 

5.33 
t"i2 

0.55 12.7 MIN. 

Q41" ~ 
, 
I 

~.~ 

2.66 
2.04 ..1...--"_"--L. 

Dwg. No. A-1O,852A MM 

NOTE: lead diameter is controlled in the zonebelween 0.050" (0.l3 mm) and 0.250" (6.35 mrn) from the seating plane. Between 0.250" 
(6.35 mm) and 0.500" (12.7 mm) from the seatiQg plane, amaximum lead diameter of 0.021" (0.53 mm) is specified. Outside of 
these zones the lead diameter is not controlled. 

DIMENSIONS IN INCHES 

0.420 
0.380 

0·6eo 

'Z' PACKAGE: 5-Lead TO-220 
DIMENSIONS IN MILLIMETRES 

Based on 1" = 25.4 mm 

4'82~ 3·e6 

...J 1.39 
-I 0.51 

f-I..rrrr-rtrrnr- 0.115 
0.080 

IB.51 
14.23 

t-~i~ 2.92 
2.04 

0.580 
0.500' 

1 
0.134f,:' 2~4~b 

0.020 

0.268 

NOTES: 

0.045 
0.012 

Owg. No. A-l0,460 in 

1. lead spacing tolerance is non-cumulative. 

12.70 I 

1 I 

5~0~~lut 

2. Exact body and lead configuration at vendor's option within limits shown. 
3. leads missing from their designated positions shall also be counted when numbering leads. 
4. Terminal lead standoffs may be omitted and replaced by body standoffs. 
5. Lead gauge plane is 0.030" (0.76 mm) max. below seating plane. 
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PACKAGE INFORMATION (Continued) 

0.650 
0.560 

i 

0.650 
0.560 

i 

'ZH' PACKAGE: 5-Lead TO-220 
(Horizontal Mount) 

DIMENSIONS IN INCHES DIMENSIONS IN MILLIMETRES 
Based on 1" = 25.4 mm 

~:~! ~~:~~. ~~:~~~ 
I -.!~ 

--'.------':---03--'.4"2 I 0.51 

6.85 T2 .54 - + -l1 -
~I------I 

~!:~~ i 

* 

Owg. No. A-IO.462B IN Owg. No. A-IO.462B MM 

'ZV' PACKAGE: 5-Lead TO-220 
(Vertical Mount) 

DIMENSIONS IN INCHES DIMENSIONS IN MILLIMETRES 
Based on 1" = 25.4 mm 

1
°'190~ 0.140 

_ I 0.055 
.., 0.020 

-ITiT-- -
III r 

N ~ " • 

"! 0 0 1 2 

16.51 
14.23 

i 

4.08 

1
4'82~ 3.56 

-.1 6:;; -mr-- -
<0 ~ 

3.54 

0- N • U"} 

~ ~ ~ I 1 2 3 

-0!Lhf 10.045 

o 134~1 o.o!- -.l0.f9 0.012 
. ~ 

~Lh 11.14 

3.40JUlkt -.14.9 L·31 

~.8~ 8.6 ~ 0.268 0.34 

Dwg. No. A-IO,461B IN Owg. No. A-IO.4618 MM 

NOTES: 
1. Lead spacing tolerance is non-cumulative. 
2. Exact body and lead configuration at vendor's option within limits shown. 
3. Leads missing from their designated positions shall also be counted when numbering leads. 
4. Terminal lead standoffs may be omitted and replaced by body standoffs. 
5. Lead gauge plane is 0.030" (0.76 mm) max. below seating plane. 
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NOTES 



In the construction of the components described, the full 
intent of the specification will be met. The Sprague Electric 
Company, however, reserves the right to make, from time to 
time, such departures froin the detail specifications as may be 
required to permit !mprovements in the d~sign of its products. 
Components made under military approvals will be in accord
ance with the approval requirements. 

The information included herein is believed to be accurate 
and reliable. However, the Sprague Electric Company assumes 
no responsibility for its use; nor for any infringements of patents 
or other rights of third parties which may result from its use. 
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