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GENERAL INFORMATION

Sprague Part Numbering Systems

INSTRUCTIONS.
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.
= PLASTIC, 14- THROUGH 40-PIN DUAL IN-LINE

B = PLASTIC, 8- THROUGH 22-PIN DUAL IN-LINE SEMI-TAB

C = UNPACKAGED CHIP

CW = PROBED WAFER

D = METAL CAN, 3-LEAD (T0-52)
= LEADLESS CHIP CARRIER (CONTACT FACTORY)
GLASS/METAL HERMETIC, 8- THROUGH 40-PIN DUAL IN-LINE
GLASS/METAL HERMETIC, 14-LEAD FLAT PACK
PLASTIC SOIC (CONTACT FACTORY)
PLASTIC, 8-PIN DUAL IN-LINE
DIRECTLY REPLACED BY B PACKAGE
PLASTIC, 16-PIN QUAD IN-LINE
CERAMIC/GLASS HERMETIC, 14- THROUGH 40-PIN DUAL IN-LINE
PLASTIC, 4-LEAD SINGLE IN-LINE
PLASTIC, 3-LEAD SINGLE IN-LINE
PLASTIC, 3-LEAD THIN SINGLE IN-LINE
METAL FLANGE MOUNT, 11-LEAD (T0-3)
PLASTIC, 12-LEAD SINGLE IN-LINE POWER TAB
PLASTIC, 3-LEAD (T0-92)
PLASTIC, 5-LEAD SINGLE IN-LINE POWER TAB (T0-220)
= 7 PACKAGE WITH FORMED LEADS FOR HORIZONTAL MOUNT
= Z PACKAGE WITH FORMED LEADS FOR VERTICAL MOUNT

sE<cHwvwoov=Er-—Im
I T A T TR O T

NNN<
<=

DEVICE TYPE (FOUR DIGITS).

OPERATING AMBIENT TEMPERATURE RANGE.
N = COMMERCIAL/INDUSTRIAL, SEE DETAIL SPECIFICATIONS
= EXTENDED (—40°CT0 +85°C)
S = FULL MILITARY (—55°C TO + 125°C)
X = SPECIAL SIGNIFIER FOR PRE-PRODUCTION DEVICES

L ramiy (uc, up, g, UL, OR UT).



GENERAL INFORMATION

UH D - 400 -1

B T T

Sprague Part Numbering Systems

INSTRUCTIONS.

1 = SELECTED VERSION, SEE DETAIL SPECIFICATIONS
MIL = MILITARY GRADE WITH SCREENING TO MIL-STD-883,
CLASS B (PACKAGES C AND D ONLY)

DEVICE TYPE (THREE DIGITS).

PACKAGE DESIGNATION.
C = GLASS/METAL HERMETIC, 14-PIN FLAT PACK
D = GLASS/METAL HERMETIC, 14-PIN DUAL IN-LINE
K = UNPACKAGED CHIP OR PROBED WAFER
= PLASTIC, 14-PIN DUAL IN-LINE
= CERAMIC/GLASS HERMETIC, 14-PIN DUAL IN-LINE

X U

=

PP - 1000

FAMILY (UH ONLY).

DEVICE TYPE (FOUR DIGITS OR FOUR DIGITS AND LETTER).

FAMILY.
TPP = DARLINGTON ARRAY
TPQ = QUAD TRANSISTOR ARRAY

1—3



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.
Manufacturers’ Abbreviations: Competitive Suggested

Part Sprague

AMI  American Microsystems Number Manufacturer Replacement
CS Cherry Semiconductor AD741CH ULN-2151D*
DI Dionics, Inc. AD741CN ULN-2151m*
EXR  Exar Integrated Systems
FER  Ferranti Limited AN206 MAT ULN-2165A*
FSC  Fairchild Semiconductor
FUl  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*
(m [TT Semiconductors CA741CT RCA ULN-2151D*
MAL PR, Mallory* CAT58E RCA ULN-3812A
MAT  Matsushita CA1190E RCA ULN-22908
MIT  Mitsubishi Electric Corp. CA1190Q RCA ULN-2290Q
MOT  Motorola Semiconductor CAI310F RCA ULN-3810A
NEC  Nippon Electric Co. CAI391E RCA ULN-2291M*
NS National Semiconductor CA1394E RCA ULN-2294M*
0Kl Oki Semiconductor CA1398E RCA ULN-2298A*
PE Pro-Electront CA1724G RCA TPQ-3724
PLS  Plessey Semiconductor CAL725G 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 S?g.neti'cs Corp. CA2136AE RCA ULN-2136A*
SIL- Siliconix CA3045 RCA ULS-2045H
SGS  SGA/ATES
SPC  Sprague Products Co.*
SPR Sprague Electric Co. tEuropean registration; manufactured by various companies including
SYL  Sylvania ITT, Philips, SGS/ATES, Siemens, Thomson-CSF, AEG-Telefunken, and
THM  Thomson-CSF Jalvo. .
T Texas Instruments No longer manufactured. Listed for reference only.
TLF AEG-Telefunken
TOKO  RCL Toko
TOS  Toshiba Corp.
UNI Unitrode




Competitive Suggested
Part Sprague
Number Manufacturer Replacement
CA3045F RCA ULS-2045R
CA3045L RCA ULS-2045H
CA3046 RCA ULN-2046A
CA3054 RCA ULN-2054A
CA3064E RCA ULN-2264A*
CA3065 RCA ULN-2165A*
CA3066 RCA ULN-2266A*
CA3067 RCA ULN-2267A*
‘CA3070 RCA ULN-2124A*
CA3071 RCA ULN-2127A*
CA3072 RCA ULN-2228A*
CA3075 RCA ULN-2129A*
CA3081E RCA ULN-2081A
CA3082E RCA ULN-2082A
CA3083E RCA ULN-2083A
CA3086 RCA ULN-2986A
CA3089E RCA ULN-2289A*
CA3120E RCA ULN-2125A*
CA3121E RCA ULN-2269A*
CA3123E RCA ULN-2137A*
CA3126Q RCA ULN-2262A*
CA3135G RCA ULN-2261A*
CA3146E RCA ULN-2046A-1
CA3153G RCA ULN-2297A*
CA3170E RCA ULN-2268A*
CA3172G RCA ULN-2229A*
CA3183AE RCA ULN-2083A-1
CA3183E RCA ULN-2083A-1
CA3189E RCA ULN-3889A*
CA3195 RCA ULN-3812A*
CA3209E RCA ULX-3888A*
CA3217E RCA ULN-3914A
CA3219E RCA UDN-2541B
CA3724G RCA TPQ-3724
CA3725G RCA TPQ-3725
CA10806A RCA ULN-3914A
CS102 CS ULN-3304M*
CS122 CS ULN-3306M*
CS166 CS ULN-2492A

GENERAL INFORMATION
S

Competitive Suggested

Part Sprague
Number Manufacturer Replacement
DH3724CN NS TPQ-3724 n
DH3725CN NS TPQ-3725
DI302 DI UDN-7183A
DI502 DI UDN-6144A*t
DI507 DI UDN-6116A-19
DI509 DI UDN-6116A-29
DI510 DI UDN-6510A
DI512 DI UDN-6514A
DI514 DI UDN-6118A-29
DM3724CN NS TPQ-3724
DM3725CN NS TPQ-3725
DS3611N NS UDN-3611M
DS3612N NS UDN-3612M
DS3613N NS UDN-3613M
DS3614N NS UDN-3614M
DVR-01 UHP-480*
FPQ2222 FSC TPQ-2222
FPQ2907 FSC TPQ-2907
FPQ3724 FSC TPQ-3724
FPQ3725 FSC TPQ-3725
FSA2619P FSC TND-908
FSA2719P FSC TND-903
GEL2113 GE ULN-2111A
HAL137W HIT ULN-2289A*
HA1156W HIT ULN-3810A-1
HA1199 HIT ULN-2249A
HA1364 HIT ULN-2290Q
HA1377A HIT ULX-3777W*
HA1388 HIT ULX-3788W*
HA12402 HIT ULN-2204A
[TT512 ITT UHP-491*
ITT552 ITT ULN-2001A

fSprague device includes internal pull-down resistors.

*No longer manufactured. Listed for reference only.
tSome differences in specified switching speed with the Sprague device being superior for use with

inductive loads.




GENERAL INFORMATION

Competitive Suggested Competitive Suggested
Part Sprague Part Sprague
Number Manufacturer Replacement Number Manufacturer Replacement
ITT554 ITT ULN-2002A LM124N NS ULN-4336A*
[TT556 I ULN-2003A LM148N NS ULN-4336A*
ITT652 I ULN-2001A LM224N NS ULN-4336A*
ITT654 ) ULN-2002A LM324N NS ULN-4336A*
ITT656 I ULN-2003A LM377N NS ULN-2274B*
[TT3064 I ULN-2264A* LM378N - NS ULN-2278B-1*
ITT3065 I ULN-2165A* LM380N NS ULN-2280B
LM383AT NS ULN-3702Z
KB4402 TOKO ULN-2289A* LM383T NS ULN-37012
KB4409 TOKO ULN-3810A LM384N NS ULN-3784B
LM741CH NS ULN-2151D*
L119 SGS ULX-3908Q* LM741CN NS ULN-2151M*
L180 SGS ULX-3801Q* LM746N NS ULN-2228A*
1201 SGS ULN-2001A LM1304 NS ULN-2120A*
1202 SGS ULN-2002A LM1305 NS ULN-2122A*
1203 SGS ULN-2003A LM1307N NS ULN-2128A*
L1204 SGS ULN-2004A LM1310N NS ULN-3810A-1
1601 SGS ULN-2821A LM139IN NS ULN-2291M*
1602 SGS ULN-2822A LM1394N NS ULN-2294M*
1603 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*
LA1160 SANY ULN-2243A LM1829N NS ULN-2262A*
LA1230 SANY ULN-2289A* LM1841N NS ULN-2136A*
LA1364 SANY ULN-2264A* LM1848N NS ULN-2229A*
LA1368 SANY ULN-2298A* LM1877N NS ULN-2274B*
LA1369 SANY ULN-2224A* Lm20021 NS ULN-3701Z
LA3045 SANY ULS-2045H LM2002AT NS ULN-3702Z
LA3046 SANY ULN-2046A LM211IN NS ULN-2111A
LA3086 SANY ULN-2086A LM2113N NS ULN-2111A
LA3089 SANY ULN-2289A* LM3045D NS ULS-2045H
LA3301 SANY ULN-3810A-1 LM3046N NS ULN-2046A
LA3350 SANY ULN-3810A LM3053N NS ULN-2209M*
1B1231 SANY ULN-2001A LM3054N NS ULN-2054A
LB1232 SANY ULN-2002A LM3064N NS ULN-2264A%
LB1233 SANY ULN-2003A 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.




Competitive Suggested
Part Sprague
Number Manufacturer Replacement
LM3070N NS ULN-2124A%
LM3071N NS ULN-2127A*
LM3072N NS ULN-2228A*
LM3075N NS ULN-2129A%
LM3086N NS ULN-2086A
LM3089N NS ULN-2289A*
LM3611N NS UDN-3611M
LM3612N NS UDN-3612M
LM3613N NS UDN-3613M
LM3614N NS UDN-3614M
M54523 mIT ULN-2003A
M54524P MIT ULN-2001A
M54525P mIT ULN-2002A
M54526P MIT ULN-2004A
M54532pP miT ULN-2064B
M54562P miT UDN-2982A
M5463P MIT UDN-2981A
MB3759C Fu ULQ-8194R$
MB3759P FUJ ULQ-8194A8
MB3760C FUJ ULQ-8195R$
MB3760P FuJ ULQ-8195A8
MC1304 MoT ULN-2120A*
MC1305 moT ULN-2122A*
MC1307P MOT ULN-2128A*
MC1309 MoT ULN-3809A
MC1310EP MOT ULN-3810A
MC1310pP MOT ULN-3810A
MC1311P MOT ULN-3812A
MC1320P MoT ULN-2137A*
MC1324P MoT ULN-2224A*
MC1326P MoT ULX-2226A*
MC1327pP MOT ULN-2217A*
MC1328P MoT ULN-2228A*
MC1329P MoT ULN-2229A%
MC1339P MOT ULN-2126A*
MC1344P Mot ULN-3812A

GENERAL INFORMATION

Competitive Suggested
Part Sprague
Number Manufacturer Replacement
MC1356P MOT ULN-2136A*
MC1357P MoT ULN-2111A
MC1358P moT ULN-2165A*
MC1364P MOT ULN-2264A*
MC1370pP MOT ULN-2124A*
MC1371P MOT ULN-2127A*
MC1375P MOT ULN-2129A*
MC1389P MOT ULN-2289A*
MC1391P MOT ULN-2291M*
MC1394pP mMoT ULN-2294M*
MC1398P MOT ULN-2298A*
MC1411L MOT ULN-2001R
MC1411P MOT ULN-2001A
mcl412L MOT ULN-2002R
MC1412pP MOT ULN-2002A
MC1413L MOT ULN-2003R
MC1413pP moT ULN-2003A
MC1413TP MOT ULQ-2003A
MC1416L MOT ULN-2004R
MC1416pP MOT ULN-2004A
MC1417pP MOT UDN-2580A
MC1439G MOT ULN-2139G*
MC1439P1 MOT ULN-2139M*
MC1471P1 MOT UDN-5711M
MC1472pP1 MOT UDN-5712M
MC1473P1 mMoT UDN-5713M
MC1474P1 MOT UDN-5714M
MC1741CG mot ULN-2151D*
MC1741CP1 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

*No longer manufactured. Listed for reference only.

§Sprague engineering bulletin in preparation.
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Competitive Suggested Competitive Suggested
Part Sprague Part Sprague
Number Manufacturer Replacement Number Manufacturer Replacement
MPQ2221 - MOT TPQ-2221 NE594F SIG UDN-6118R-2
MPQ2222 MOT TPQ-2222 NE594N SIG UDN-6118A-2
MPQ2369 Mot TPQ-2369 NE5501N SIG ULN-2021A
MPQ2483 MOT TPQ-2483 NE5502N SIG ULN-2022A
MPQ2434 MOT TPQ-2484 NE5503N SIG ULN-2023A
MPQ2906 MOT TPQ-2906 NE5504N SIG ULN-2024A
MPQ2907 MOT TPQ-2907 NE5560F SIG ULN-8160R
MPQ3724 MOT TPQ-3724 NE5560N SIG ULN-8160A
MPQ3725 MOT TPQ-3725 NE5561N SIG ULN-8161M
MPQ3725A MOT TPQ-3725A NE5562F SIG ULN-8162R§
MPQ3798 MOT TPQ-3798 NE5562N SiG ULN-8162A8§
MPQ3799 MOT TPQ-3799 NE5563F SIG ULN-8163R§
MPQ3904 MOT TPQ-3904 NE5563N SIG ULN-8163A8§
MPQ3906 MOT TPQ-3906 NE5601N SIG ULN-2001A
MPQ6001 MOoT TPQ-6001 NE5602N SIG ULN-2002A
MPQ6002 MOT TPQ-6002 NE5603N SIG ULN-2003A
MPQ6100 MOT TPQ-6100 NE5604N SIG ULN-2004A
MPQ6100A MOT TPQ-6100A
MPQ6501 MOT TPQ-6501 PA239 GE ULN-2126A*
MPQ6502 MOT TPQ-6502
MPQ6600 MOT TPQ-6600 PBD352301) RFA ULN-2001R
MPQ6600A MOT TPQ-6600A PBD352301N RFA ULN-2001A
MPQ6700 MOT TPQ-6700 PBD352302) RFA ULN-2004R
PBD352302N RFA ULN-2004A
MSL912R OKI UDN-6118A-2 PBD352303) RFA ULN-2003R
PBD352303N RFA ULN-2003A
N2211A si6 ULN-2211B* PBD352304) RFA 1JLN-2002R
. PBD352304N RFA ULN-2002A
N2212A SIG ULN-2212B
p N PBD352311IN RFA ULN-2021A
N5065A SIG ULN-2165A
" PBD352312N RFA ULN-2024A
N5070B SIG ULN-2124A
N PBD352313N RFA ULN-2023A
N5071A SIG ULN-2127A
N PBD352314N RFA ULN-2022A
N5072A SIG ULN-2228A
PBD353801) RFA ULN-2801R
N5111A SIG ULN-2111A
N PBD353802) RFA ULN-2804R
N57417 SIG ULN-2151D RFA 9
NS741V SIG ULN-21510* PBD353803) ULN-2803R
PBD353804) RFA ULN-2802R
NA3086 ULN-2086A PWM25BK SIL ULQ-8125R§
PWM25CK SIL ULN-8125R§
NE564F SIG ULN-8564R§ PWM27BK SIL ULQ-8127R§
NE564N SIG ULN-8564A8§ PWM27CK SIL ULN-8127R§

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




Competitive Suggested
Part Sprague
Number Manufacturer Replacement
Q212222 Tl TPQ-2222
Q213725 T TPQ-3725
RC741DN RAY ULN-2151M*
RC741TE RAY ULN-2151D*
RC4136DP RAY ULN-4136A*
RC4236DP RAY ULN-4236A*
RC4336DP RAY ULN-4336A*
RC4436DP RAY ULN-4436A*
54534 AMI UCN-4810A
54535 AMI UCN-5818A
SA594N SIG UDQ-6118A-2§
SE5560F SIG ULS-8160R
SE5560N SIG ULS-8160A
SE5561N SIG ULS-8161M
SE5562F SIG ULS-8162R§
SE5562N SIG ULS-8162A8§
SE5563F SIG ULS-8163R§
SE5563N SIG ULS-8163A§
SFC2046E THM ULN-2046A
SFC2054EC THM ULN-2054A
SFC2086E THM ULN-2086A
SG741CT SG ULN-2151D*
SG741CM SG ULN-2151M*
SG1524BJ SG ULS-8124R$
SG1524F SIG ULS-8124R§
SG1525A) SG ULS-8125R§
SG1526) SG ULS-8162R
SG1527A) SG ULS-8127R§
SG2001J SG ULS-2001R
SG2001N SG ULN-2001A
SG2002) SG ULS-2002R

GENERAL INFORMATION
L

Competitive Suggested
Part Sprague
Number Manufacturer Replacement
SG2002N SG ULN-2002A
SG2003) SG ULS-2003R
SG2003N SG ULN-2003A
SG2004) SG ULS-2004R
SG2004N SG ULN-2004A
SG2524B) SG ULQ-8124R§
SG2524BN SG ULQ-8124A§
SG2524F SIG ULQ-8124R§
SG2524N SIG ULQ-8124A§
SG2525A) SG ULQ-8125R§
SG2525AN SG ULQ-8125A§
SG2526) SG ULQ-8126R
SG2526N SG ULQ-8126A
SG2527A) SG ULQ-8127R§
SG2527AN SG ULQ-8127A§
SG2841N SG UDN-2841B
SG308IN SG ULN-2081A
SG3082N SG ULN-2082A
SG3083N SG ULN-2083A
SG3086N SG ULN-2086A
SG3146N SG ULN-2046A-1
SG3183N SG ULN-2083A-1
$G3524B) SG ULN-8124R§
SG3524BN SG ULN-8124A%
SG3524N SIG ULN-8124A%
SG3525A) SG ULN-8125R§
SG3525AN SG ULN-8125A§
SG3526) SG ULN-8126R
SG3526N SG ULN-8126A
SG3527A) SG ULN-8127R§
SG3527AN SG ULN-8127A§
SG3635P SG UDN-2935Z
SG3821) SG ULS-2045H
SG3821IN SG ULN-2046A
SG3822N SG ULN-2054A

*No longer manufactured. Listed for reference only.

§Sprague engineering bulletin in preparation.




GENERAL INFORMATION

s e _
Competitive Suggested Competitive i Suggested
Part Sprague Part Sprague
Number Manufacturer Replacement Number Manufacturer Replacement
SG3851) SG ULS-2011R SN75469) Tl ULN-2024R
- SG385IN SG ULN-2011A SN75469N Tl ULN-2024A
3G3852) SG ULS-2012R SN75471P T UDN-3611M7
SG3852N SG ULN-2012A SN75472pP Tl UDN-3612M7
5G3853) SG ULS-2013R SN75473P Tl UDN-3613M7
SG3853N SG ULN-2013A SN75474P Tl UDN-3614M7
SG3854) SG ULS-2014R SN75475P Tl UDN-5712M+
SG3854N SG ULN-2014A SN75476P Tl UDN-5711M7
SG3886N SG ULN-2086A SN75477P T UDN-5722M+
SG6118N SG UDN-6118A SN75478P T UDN-5713M+
$L3045¢ PLS ULS 20458 o i oo
SL3046C PLS ULN-2046A . §
SN75605 T UDN-29507
SL3054 PLS ULN-2054A .
SN76104N Tl ULN-2120A
SL3081D PLS ULN-2081A .
; SN76105N Tl ULN-2122A
SL3082D PLS ULN-2082A M
o SN76110N Tl ULN-2128A
SL3083E PLS ULN-2083A .
SN76111IN Tl . ULN-2121A
SL3086 PLS ULN-2086A .
SN76113N Tl ULN-2128A
SL3145E PLS ULS-2045H
SN76115N Tl ULN-3810A
SL3146E PLS ULN-2046A-1
SL3183E PLS ULN-2083A-1 SN76116N Il ULN-3812A
; SN76130N T ULN-2126A*
SN72741L T ULN-2151D* SN76177ND T ULN-2278B*
SN72741P T ULN-2151M* SN76226N Tl ULN-2216A*
SN75064NE Tl ULN-2064B SN76227N Tl ULN-2217A*
SN75065NE Tl ULN-20658 SN76228N Tl ULN-2218A*
SN75066NE Tl ULN-2066B SN76242N Tl ULN-2124A%
SN75067NE T ULN-2067B SN76243AN Tl ULN-2127A*
SN75068NE Ti ULN-2068B SN76246N T ULN-2228A*
SN75069NE Tl ULN-20698 SN76266N T ULN-2266A*
SN75074NE T ULN-2074B SN76267N Tl ULN-2267A*
SN75075NE Tl ULN-2075B SN76298N Tl ULN-2298A*
SN75407P Tl UDN-5732M SN76564N T ULN-2264A*
SN75437ND Tl UDN-2541B SN76565N Tl ULN-2264A*
SN75466) Tl ULN-2021R SN76591P T ULN-2291M*
SN75466N Tl ULN-2021A SN76594P Tl ULN-2294M*
SN75467) T ULN-2022R SN76635N Tl ULN-2137A*
SN75467N Tl ULN-2022A SN76642N Tl ULN-2111A
SN75468) Tl ULN-2023R SN76643N Tl ULN-2111A
SN75468N Tl ULN-2023A SN76665N Tl ULN-2165A*

*No longer manufactured. Listed for reference only.

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

§Sprague engineering bulletin in preparation.
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Competitive Suggested
Part Sprague
Number Manufacturer Replacement
SN76669N Tl ULN-2136A*
SN76675N Tl ULN-2129A*
SN76678P Tl ULN-2209M*
SN76688ND Tl ULN-2211B*
SN76689N Tl ULN-2289A*
SN76883N Tl ULX-2230A*
SP3724QD Tl TPQ-3724
SP3725QD Tl TPQ-3725
TA7070P T0S ULN-2264A%
TA7103P T0S ULN-2224A*
TA7141AP T0S ULN-2217A*
TA7157P T0S ULN-3810A
TA7613P T0S ULN-2204A
TAA930 ULN-2111A
TBA395 ULN-2218A*
TBA396 ULN-2219A*
TCA3089 PE% ULN-2289A*
TCA3189 PE} ULN-3889A*
TD62001AP T0S ULN-2001A
TD62001P T0S ULN-2001A
TD62002AP T0S ULN-2002A
TD62002P T0S ULN-2002A
TD62003AP T0S ULN-2003A
TD62003P T0S ULN-2003A
TD62004AP T0S ULN-2004A
TD62004P T0S ULN-2004A
TD62064AP T0S ULN-2064B
TD62064P T0S ULN-2064B
TD62074AP T0S ULN-2074B
TD62074P T0S ULN-2074B
TD62081AP T0S ULN-2801A
TD62082AP T0S ULN-2802A
TD62083 T0S ULN-2803A
TD62084AP T0S ULN-2804A
TD62101P T0S ULN-2001A
TD62103P T0S ULN-2003A

GENERAL INFORMATION
S

Competitive Suggested
Part Sprague
Number Manufacturer Replacement
TD62104P T0S ULN-2004A
TD62479P T0S UDN-5714M
TD62703P T0S UHP-495*
TD62705P T0S UHP-491*
TD62781AP T0S UDN-6118A-2
TD62782AP T0S UDN-6128A-2
TDA1060 PE% ULN-8160A
TDA1083 PEL ULN-2204A
TDA1090 PEt ULN-2242A
TDA1170 PE% ULN-2270Q
TDA1190 PE% ULX-3908Q*
TDA1190P PE% ULN-2290B
TDA1190Z PEt ULN-2290Q
TDA1200 PE% ULN-2289A*
TDA1230 PEt ULX-3801Q*
TDA1327 PEL ULN-2217A*
TDA2002 PEL ULN-3701Z
TDA2002A PEX ULN-3702Z
TDA2002H PEL ULN-3701ZH
TDA2002V PEL ULN-37012V
TDA2003H PE% ULN-3703ZH
TDA2003V PEL ULN-3703ZV
TDA2008V PEL ULN-3702ZV
TDA3189 PE% ULN-3889A*
TDA3190 PEL ULN-2290B
TDA3190P PE% ULN-2290B
TDA3950A PE% ULN-2220A*
TID121 Tl TND-933
TID122 Tl TND-940
TID123 Tl TND-938
TID124 Tl TND-939
TL494C) Tl ULN-8194R§
TL494CN Tl ULN-8194A%
TL4941) Tl ULQ-8194R§
TL494IN T ULQ-8194A8
TL49AM) Tl ULS-8194R§
TL495C) Tl ULN-8195R§
TL495CN Tl ULN-8195A%

tEuropean registration; manufactured by various companies including ITT, Philips, SGS/ATES, 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 Suggested Competitive Suggested
Part Sprague Part Sprague
Number Manufacturer Replacement Number Manufacturer Replacement
TLA95I) Tl ULQ-8195R§ TVCM-27 SPC ULN-2298A*
TL495IN T ULQ-8195A8§ TVCM-28 SPC ULN-2211B*
TL594C) Tl ULN-8194R§ TVCM-29 SPC ULN-3812A -
TL594CN Tl ULN-8194A8§ TVCM-30 SPC ULN-2264A*
TL5941) Tl ULQ-8194R§ TVCM-33 SPC ULN-2267A*
TL594IN T ULQ-8194A8 TVCM-34 SPC ULN-2269A*
TL594M) Tl ULS-8194R§ TVCM-35 SPC ULN-2280B
TL595C) Tl ULN-8195R$ TVCM-36 SPC ULN-3784B
TL595CN T ULN-8195A§ TVCM-37 SPC ULN-2285A*
TL5951) Tl ULQ-8195R§ TVCM-38 SPC ULN-2285P*
TL595IN Tl ULQ-8195A8 TVCM-39 SPC ULN-2289A*
TL595M) Tl ULS-8195R§ TVCM-40 SPC ULN-2298A*
TVCM-62 SPC ULN-3812A
TVCM-1 SPC ULN-2114W* TVCM-65 SPC ULN-2278B*
TVCM-2 SPC ULN-2114A* TVCM-66 SPC ULN-2G46A
TVCM-3 SPC ULN-2114K* TVCM-67 SPC ULN-2054A
TVCM-4 SPC ULN-2111A TVCM-68 SPC ULN-2208M*
TVCM-5 SPC ULN-2111A TVCM-73 SPC ULN-3810A
TVCM-6 SPC ULN-2120A*
TVCM-7 SPC ULN-2122A* U5E737394 FSC ULN-2114W*
TVCM-8 SPC ULN-2124A* USE7746394 FSC ULN-2114W*
TVCM-9 SPC ULN-2127A* U6A758394 FSC ULN-3812A
TVCM-10 SPC ULN-2128A* U6A7704394 FSC ULN-2211B*
TVCM-11 SPC ULN-2165A* U6A7720394 FSC ULN-2137A*
TVCM-12 SPC ULN-2121A* U6A7729394 FSC ULN-2122A*
TVCM-13 SPC ULN-2126A* U6A7732394 FSC ULN-2120A*
TVCM-14 SPC ULN-2131M* U6A7746394 FSC ULN-2114A*
TVCM-15 SPC ULN-2125A* U6A7767394 FSC ULN-2128A*
TVCM-16 SPC ULN-2129A* UBA7781394 FSC ULN-2127A*
TVCM-17 SPC ULN-2135E* U6B7780394 FSC ULN-2124A*
TVCM-18 SPC ULN-2136A* U6E7729394 FSC ULN-2122A*
TVCM-19 SPC ULN-2137A* U7F7064394 FSC ULN-2264A%
TVCM-20 SPC ULN-2209M* U7F7065354 FSC ULN-2165A*
TVCM-21 SPC ULN-2224A* U7F7065394 FSC ULN-2165A*
TVCM-22 SPC ULN-2228A* U7F7075394 FSC ULN-2129A*
TVCM-23 SPC ULN-2274B* UTF7729394 FSC ULN-2122A*
TVCM-24 SPC ULN-2276P* U7F7732394 FSC ULN-2120A*
TVCM-25 SPC ULN-2278B* U7F7746394 FSC ULN-2114A*
TVCM-26 SPC ULN-2278B* U7F7767394 FSC ULN-2128A*

*No longer manufactured. Listed for reference only.
§Sprague engineering bulletin in preparation.
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Competitive Suggested
Part Sprague
Number Manufacturer Replacement
U7F7780394 FSC ULN-2124A%
U7F7781394 FSC ULN-2127A*
UBF7746394 FSC ULN-2114W*
U9A7746394 FSC ULN-2114A*
U9A7781394 FSC ULN-2127A*
U9B7780394 FSC ULN-2124A*
U9C7065354 FSC ULN-2165A*
U417B TLF ULN-2204A
UA704PC FSC ULN-2211B*
UA705PC FSC ULN-3812A
UA720PC FSC ULN-2137A*
UA729PC FSC ULN-2122A*
UA732PC FSC ULN-2120A*
UA737EC FSC ULN-2114K*
UA739PC FSC ULN-2126A*
UA741CT FSC ULN-2151D*
UA741CV FSC ULN-2151M*
UA746PC FSC ULN-2228A*
UA753TC FSC ULN-2209M*
UA758PC FSC ULN-3812A
UA767PC FSC ULN-2128A*
UA780PC FSC ULN-2124A*
UA781PC FSC ULN-2127A*
UA787PC FSC ULN-2162A*
UA1391TC FSC ULN-2191M*
UA1394TC FSC ULN-2294M*
UA2136PC FSC ULN-2136A*
UA3045DM FSC ULS-2045H
UA3046PC FSC ULN-2046A
UA3054PC FSC ULN-2054A
UA3064PC FSC ULN-2264A%
UA3065PC FSC ULN-2165A*
UA3067PC FSC ULN-2267A*
UA3075PC FSC ULN-2129A*
UA3066PC FSC ULN-2266A*
UA3067PC FSC ULN-2267A*
UA3086PC FSC ULN-2086A*

GENERAL INFORMATION

Competitive Suggested
Part Sprague
Number Manufacturer Replacement
UA3089PC FSC ULN-2289A*
UA7327 FSC ULN-22708
UC1524A) UNI ULS-8124R§
UC1525A) UNI ULS-8125R§
UC1526J UNI ULS-8126R
UC1527MN UNI ULS-8127R§
UC2524M UNI ULQ-8124R§
UC2524AN UNI ULQ-8124A%
UC2525A) UNI ULQ-8125R§
UC2525AN UNI ULQ-8125A8
UC2526) UNI ULQ-8126R
UC2526N UNI ULQ-8126A
UC2527A) UNI ULQ-8127R§
UC2527AN UNI ULQ-8127A§
UC3524MN UNI ULN-8124R§
UC3524AN UNI ULN-8124A§
UC3525A) UNI ULN-8125R§
UC3525AN UNI ULN-8125A§
UC3526) UNI ULN-8126R
UC3526N UNI ULN-8126A
UC3527A UNI ULN-8127R§
UC3527AN UNI ULN-8127A%
UCA494AC) UNI ULN-8194R§
UC494ACN UNI ULN-8194A§
UC494A) UNI ULS-8194R§
UC495AC) UNI ULN-8195R§
UC495ACN UNI ULN-8195A%
UC495A) UNI ULS-8195R§
UCN4810N Tl UCN-4810A
UDN2841NE Tl UDN-2841B
UDN2845NE il UDN-2845B
UDN5711IN Tl UDN-5711M
UDN5712N Tl UDN-5712M
UDN5713N Tl UDN-5713M
UDN5714N Tl UDN-5714M
UDN-6164A SPR UDN-6116A-1

*No longer manufactured. Listed for reference only.

§Sprague engineering bulletin in preparation.




GENERAL INFORMATION
L ]

Competitive Suggested Competitive Suggested
Part Sprague Part Sprague
Number Manufacturer Replacement Number Manufacturer Replacement
UDN-6184A SPR UDN-6118A-1 ULN-2114A SPR ULN-2228A*
ULN2001AJ Tl ULN-2001R ULN-2209vV ULN-2209M*
ULN2001AN Tl ULN-2001A
ULN2002AJ Tl ULN-2002R ULN-2210A SPR ULN-3810A
ULN2002AN Tl ULN-2002A ULN-2225P SPR ULN-2211B*
ULN2003AJ Tl ULN-2003R ULN-2226A SPR ULN-2224A*
ULN2003AN T ULN-2003A ULN-2244A SPR ULN-3812A
ULN2004A) T ULN-2004R ULN-2245A SPR ULN-3812A
ULN2004AN Tl ULN-2004A ULN-2275P SPR ULN-2274B*
ULN2005A) T ULN-2005R ULN-2277P SPR ULN-2278B*
ULN2005AN Tl ULN-2005A ULN-2281B SPR ULN-3784B
ULN-2287A SPR ULN-2289A*
ULN2064NE Tl ULN-2064B ULN-2301M SPR ULN-2300M*
ULN2065NE Tl ULN-2065B
ULN2066NE T ULN-2066B ULN-3006M SPR UGN-3201M
ULN2067NE Tl ULN-2067B ULN-3006T SPR UGN-3019T
ULN-3007M SPR UGN-3203M
ULN2068 MOT ULN-2068B ULN-3008M SPR UGN-3501M
ULN-3008T SPR UCN-3501T
ULN2068NE Tl ULN-2068B ULN-3100M SPR UGN-3600M
ULN2069NE Tl ULN-2069B ULN-3101M SPR UGN-3601M
ULN2074NE Tl ULN-2074B ULN-3330Y-2 SPR ULN-3330Y
ULN2075NE Ti ULN-2075B ULN-3905A 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
o

Competitive Suggested Competitive Suggested
Part Sprague Part Sprague
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-3810A ZN1060 FER ULN-8160A
XR1800P EXR ULN-3812A

512 T UHP-491*
XR2001CN EXR ULN-2001R 552 Imr ULN-2001A
XR2001P EXR ULQ-2001A 554 [T ULN-2002A
XR2002CN EXR ULN-2002R 556 T ULN-2003A
XR2002pP EXR ULQ-2002A 652 I ULN-2001A
XR2003CN EXR ULN-2003R 654 I ULN-2002A
XR2003P EXR ULQ-2003A 656 I ULN-2003A
XR2004CN EXR ULN-2004R
XR2004P EXR ULQ-2004A 9665DC FSC ULN-2001R
XR2011CN EXR ULN-2011R 96650M FSC ULS-2001R
XR2011CP EXR ULN-2011A 9665PC FSC ULN-2001A
XR2012CN EXR ULN-2012R 9666DC FSC ULN-2002R
XR2012CP EXR ULN-2012A 96660M 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 96680M 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

O PLACE AN ORDER, obtain price

and delivery, orrequest additional technical

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

From U.S.A. Sprague Electric Co.
Marshall Street
North Adams, MA 01247
(413) 664-4411
Telex: 710-369-1360

From Asia Sorague World Trade Corp.
Eastern Branch
G.P.O. Box 4289
Hong Kong
3-7440010

Telex: 78043395

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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GENERAL INFORMATION

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

INTEGRATED CIRCUIT OPERATIONS, Worcester, Massachusetts

Semiconductor Operations

The integrated circuit operation of the Sprague
Electric Semiconductor Division is located in a mod-
ern 115,000 square-foot plant in Worcester, Mass.
Discrete components, such as transistors and
diodes, and Hall Effect integrated circuits are man-
ufactured at the division’s Concord, N.H., plant,
which occupies 30,000 square feet.

1—17

services integral to its support. Volume assembly
operations are located both in Worcester and in Ma-
nila, Republic of the Philippines. Sales offices and
sales representatives are located throughout the
United States'and Canada, Latin America, Europe,
Japan, Africa, and the Far East.

Sprague Electric is a leading manufacturer of vol-
ume integrated circuits serving the consumer, indus-
trial controls, and peripherals markets. Production
process technologies include complementary metal-
gate MOS, high-voltage and high-current bipolar,
and high-performance bipolar linear. This breadth of
process technology enables Sprague Electric to
manufacture optimal cost-performance integrated
circuits.




GENERAL INFORMATION

TRANSISTOR OPERATIONS, Concord, New Hampshire

How Integrated Circuits are Shipped

Integrated circuits are shipped in one of these
carriers:

A-Channel Anti-Static Plastic 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

1—18

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. requirements. 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 from 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.



ENGINEERING BULLETINS

GENERAL INFORMATION

The information in this data book is equivalent to the Sprague Engineer-
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’ revision letter. If revisions beyond what appear here are later
incorporated, the bulletin would then bear a ‘B’ revision letter.

Part Number Bulletin Number Part Number Bulletin Number
UHC/UHD-400 through 433-1 29300.1 3P ULN-2249A 27121.10
UHP-400 through 433-1 293008 2P ULN-2260A 27119.2
UHC/UHD-500 through 533 29300.1 3p ULN-22708 and 2270Q 27124.10
UHP-500 through 533 293008 2 ULN-2280B 27117.11A
TPP-1000 and 2000 29714A ULN-2283B and 2283B-1 ai2a o
SG 1526) 27466.10 ULN-22908 and 22900 2711032 2P
ULN-2001A through 2015A 29304C ULN-2350C and 2351C 27405

ULS-2001H through 2015H 29304.18 ULN-2401A 27460

ULS-2001R through 2015R 29034.1B 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 TPQ-2483 and 2484 29711A
ULN-2046A 29707 2p SG 2526 27466.10
ULN-2046A-1 — UDN-2541B/W and UDN-2542B/W 29317
ULN-2047A 29712 2p UDN-2580A through 2588A 29316
ULN-2054A 29708A 2p UDN-2595A 29320
ULN-2061M and 2062M 29305C ULN-2810A through 2815A 2930430 2P
ULN-2064B throiugh 20778 29305C ULS-2801H through 2815H 29304.4A
ULS-2064H through 2077H 29305.1 ULS-2801R through 2815R 29304.4A
ULN-2081A and 2082A 29709 ULN-2821A through 2825A 2930434 2P
ULN-2083A 29713 2p ULS-2821H through 2825H 29304.4A
ULN-2083A-1 — UDN-2841B and 28458 29314A
ULS-2083H 29713 2p UDN-2878W and 2879W 29305.10
ULN-2086A — UTN-2886B and 2888A 29401 2
ULN-2111A 27102€ 2p TPQ-2906 and 2907 29711A
ULN-2140A 29015.210A 2P UDN-29357 29318.3
ULS-2140H 29015.210A 2P UDN-29497 29318A
ULN-2204A 27121.50A UDN-2950Z 29318.3
TPQ-2221 and 2222 29711A UDN-2952B and 2952W 29319
ULN-2240A 27121.62 UDN-2956A and 2957A 29309A 2p
ULN-2241A 27121 61A UDQ-2956R and 2957R 29309.1A
ULN-2242A 27121.60A 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.
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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 276038 UCS-4801H 26180.1
UGN/UGS-3019T/U 27601B UCN-4805A ) 26181A
UGN/UGS-3020T 27602A UCN-4807A and 4808A 26186
UGN/UGS-3030T/U 27606A UCN-4810A 26182A
UGN-3040T 27607 UCS-4810H 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-4821A through 4823A 26185 2P
UGN-32208 27605 UCS-4821H through 4823H 26185.1
ULN-3310D/T 27481 NE/SE 5560F and 5560N 27466A
ULN-3330D/T/Y 27480B - NE 5561F 27466.1
UGN-3501M 27500.1 2P UDN-5703A through 5707A 29306 2P
UGN-3501T 27500 2P UDS-5703H through 5707H 29306.1 2P
SG3526) . - 27466.10 UDN-5711M through 5714M 29307A 2P
UGN-3600M and 3601M 271208 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-3702¢ 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 29711A 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 29313B 2P
TPQ-6501 and 6502 29711A
ﬁt,’:ggggﬁ g;%gé??z UDN-6510A/R and 6514A/R 29313.3
ULN-3838A 2712153 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 29711A 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 . ............ ... ..l

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

See Also:

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

Application Notes:

A Monolithic IC Series for Gas-Discharge Displays.........
Trends in IC Interface for Electronic Displays ............
Reliability of Series UDN-6100A . ....................




HIGH-VOLTAGE INTERFACE DRIVERS

SELECTION GUIDE TO HIGH-VOLTAGE INTERFACE DRIVERS

Absolute Maximum Ratings

Device Type lowr Vour Qutputs
UHP-500 through 533 500 mA 100V Sink 4

UCN-4823A 500 mA 100V Sink 8

UDN-6116A/R —40 mA 85V Source 6
UDN-6116A-1 —40 mA 115V Source 6
UDN-6116A/R-2 —40 mA 65V Source 6
UDN-6118A/R —40mA 85V Source 8
UDN-6118A-1 —40 mA 115V Source 8
UDN-6118A/R-2 —40 mA 65V Source 8
UDN-6126A/R —40 mA 85V Source 6
UDN-6126A-1 —40 mA 115V Source 6
UDN-6126A/R-2 —40 mA 65V Source 6
UDN-6128A/R —40 mA 85V Source 8
UDN-6128A-1 —40 mA 115V Source 8
UDN-6128A/R-2 —40 mA 65V Source 8
UDN-6138A —40 mA +40V Source 8
UDN-6138A-2 —40 mA +30V Source 8
UDN-6148A —40 mA +40V Source 8
UDN-6148A-2 —40 mA +30V Source 8
UDN-6510A/R —40 mA 200V Source 8
UDN-6514A/R —40 mA 140V Source 8
UDN-7180A 20 mA —115V Sink 8

UDN-7180A 20 mA —115V Sink 8

UDN-7183A 3.25mA —115V Sink 8

UDN-7184A 2.0 mA —115V Sink 8

UDN-7186A 1.0 mA —115V Sink 8




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

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

FEATURES
®Digit or Segment Drivers
elow Input Current
|ntegral Output Pull-Down Resistors
ohigh Output Breakdown Voltage
oSingle 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-1) 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 —20°C to +85°C.

*Always specify complete part number, such as:
W o N-ene A -2
T "L__insTRUCTIONS:  SELECTED VERSION. SEE
TYPE NUMBER DESIGNATION, NEXT PAGE.
PACKAGE: A = PLASTIC DIP
R = CERAMIC DIP

DEVICE TYPE.

FAMILY. UD = DIGITAL DRIVERS

OPERATING TEMPERATURE RANGE. N = —20°C to +85°C

Dwg. No. A-9643A

UDN-6116*
UDN-6126*

e
S
| N o

=]

=)
®

Dwg. No. A-9641A

UDN-6118*
UDN-6128*

DWG. NO. A-11,222

UDN-6138*
UDN-6148*



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

DEVICE TYPE NUMBER DESIGNATION

No. of No. of Type Number
Input Compatibility Drivers Vour Pins Plastic DIP Ceramic DIP
60 V 16 UDN-6116A-2 | UDN-6116R-2
6 80 v 16 UDN-6116A UDN-6116R

110 V 16 UDN-6116A-1 | —

60V 18 UDN-6118A-2 | UDN-6118R-2
80V 18 UDN-6118A UDN-6118R
8 110V 18 UDN-6118A-1 | —

+30V 20 UDN-6138A-2 | —

+40 V 20 UDN-6138A —

60 vV 16 UDN-6126A-2 | UDN-6126R-2
6 80V 16 UDN-6126A UDN-6126R
110V 16 UDN-6126A-1 | —

60 V 18 UDN-6128A-2 | UDN-6128R-2
80V 18 UDN-6128A UDN-6128R
8 1oV 18 UDN-6128A-1 | —

+30 V 20 UDN-6148A-2 | —

+40 V 20 UDN-6148A -

5V TIL, CMOS

6—15V CMOS, PMOS

2.5
ABSOLUTE MAXIMUM RATINGS at Ty = +25°C \
(Voltages are with reference to ground unless otherwise shown) \
Supply Voltage, Vgg (all devices, suffix AorR).......................... 85V E 2.0 AV
(UDN-6138/48Aor R, ref. V). . ... 8V =
(all devices, suffix A-1)........................... 115V -
(all devices, suffixA-20rR-2)....................... 65V =
(UDN-6138/48A-2 or R-2,ref. Vgp) .. ................. 65V 3
Supply Voltage, Vg (UDN-6138/48 all suffixes) .. ..................... —40V E L5
Input Voltage, Vi (all devices) ........... .. ... ... ..., 20V @
(UDN-6138/48 all suffixes, ref. Vgg) . .................. 55V =
Output Current, loyr. . ... —40 mA g
Allowable Package Power Dissipation, Pp .. ....................... See Graph S
Operating Temperature Range, Ty ..................... ... —20°C to +85°C w LO
Storage Temperature Range, Tg .. ........................ ~55°C to +150°C g
=
g 2
Sos *”;‘\i’ AN
< ) ~ A\
ONIRN
sg‘ Q\i‘f\
s\:‘
0 b |
0 50 100 150

AMBIENT TEMPERATURE, T, IN°C

DWG. NO. A-11,224



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

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

Suffixes A R A-1 | A2 R-2
| Vps = 80 80 110 60 60 Volts
Ve = 0 0 NA 0 0 Volts
*UDN-6138 and UDN-6148
Applicable Devices | Limits
Characteristic Symbol| Basic Part No. Suffix Test Conditions Min. Typ. Max. | Units
Output Leakage Current loyr All Al Vy=04V - - 15 pA
Output OFF Voltage Vour All All Viy =04V — — 1.0 v
Output Pull-Down Current lour All Aor R Input Open, 450 650 1100 uA
Al Vour = Vi 600 900 1500 uA
A-2 or R-2 350 500 775 uA
Output ON Voltage Voor | UDN-6116/18/38 AorR Viy =24V, 71 78 - v
Al loyr = —25 mA 107 108 — v
A-2 or R-2 57 58 - v
UDN-6126/28/48 AorR V=40V, 71 78 — v
Al loyr = —25 mA 107 108 — v
A-2 or R-2 57 58 - v
Input ON Current I UDN-6116/18/38 All Viy =24V — 120 225 uA
V=50V — 375 650 pA
UDN-6126/28/48 Al V=40V — 130 250 uA
[V, =15V — 675 1150 uA
Supply Current lgs All All All Inputs Open - 10 100 pA
[~ UDN-6116 Aor R All Tnputs = 2.4 V — 5.0 7.5 mA
Al Two Inputs = 2.4 V — 2.5 45 mA
A2 orR-2] Al Inputs =24V — 4.0 6.0 mA
UDN-118738 AorR All Inputs = 24 V — 6.0 9.0 mA
Al Two Inputs = 2.4 V — 2.5 4.5 mA
A2orR2 ] Al lnputs =24V — 5.5 8.0 mA
UDN-6126 AorR_| Al Inputs =40V — 5.0 15 mA
Al Two Inputs = 4.0 V — 2.5 45 | mA
A2 orR2 | Al Inputs=4.0V — 4.0 6.0 mA
UDN-6128/48 Aor R Al Inputs = 4.0 V — 6.0 9.0 mA
Al Two Inputs = 4.0 V — 2.5 4.5 mA
A2 orR2 | Al Inputs=4.0V - 5.5 8.0 mA
RECOMMENDED OPERATING CONDITIONS
Supply Voltage Ves UDN-6116/18/ Ao R 5.0 - 70 v
26/28 Al 5.0 = 100 ]
A-2 or R-2 5.0 — 50 v
UDN-6138/48 A 5.0 - 40 v
A2 5.0 — 30 v
Vee UDN-6138/48 A 0 — —40 v
A2 0 — —30 v
Input ON Voltage Vin UDN-6116/18/38 All 2.4 — 15 v
UDN-6126/28/48 All 4.0 - 15 v
Output ON Current lour All Al - - —25 mA

NOTE: Positive (negative) current is defined as going into (coming out of) the specified device pin.



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

PARTIAL SCHEMATIC

One Driver
(All Types)

p———o OUTPUT
125K

(UDN-6138/48* ONLY)
Vee

DWG.NO. A-10,592C

TYPICAL MULTIPLEXED FLUORESCENT DISPLAY

ﬂpe (Il Suffixes) Rin Rg
UDN-6116/18/38 10 kQ 30 kQ
UDN-6126/28/48 20 kQ 20 kQ
Vs
SEGMENT SELECT
UDN-6118/28A T

b 1 18

p—: :

J1¢ 3 =

d 5 17}

p— -

DIGIT SELECT
UDN-6118/28A

>

VBiAs

DWG. NO. A-10,2618



UDN-6510A/R AND UDN-6514A/R
HIGH- VOLTAGE SOURCE DRIVERS

UDN-6510A/R AND UDN-6514A/R
HIGH-VOLTAGE SOURCE DRIVERS

FEATURES

® TTL/MOS-Compatible Inputs

o High Output-Breakdown Voltage

@ 40 mA Qutput-Current Capability
® Low Power Dissipation

® Reliable Monolithic Construction

ASY, EFFECTIVE INTERFACE for low-level
TTL or MOS circuitry and high-voltage loads is
available with Sprague UDN-6510A /R and UDN-
6514A /R 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-6510A and UDN-6510R supply an
output-voltage swing of up to 100 V with a
maximum Vg, 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

g
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Vg

Dwg. No. A-9641A

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

Types UDN-6510R 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 are supplied 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°Cto +85°C.

ABSOLUTE MAXIMUM RATINGS

at T, = +25°C

(Veee = GROUND unless otherwise specified)
Supply Voltage, Vgs (UDN-6510A/R) ... ... ... ... ... ... .......... 200 Vv

(UDN-6514A/R) .. oot 140 V
Output OFF Voltage (Veg = Vgg), Vour (UDN-B5I0AR) ........ ... ... ... —100 V
Input Voltage, Viy oo 20V
Output Current, Joyr - o oo —40 mA
Package Power Dissipation, Py . ....... ... ... .. See Graph
Operating Temperature Range, Tp .......................... —20°C to +85°C
Storage Temperature Range, Ts .......................... —55°C to +150°C



UDN-6510A/R AND UDN-6514AR

HIGH-VOLTAGE SOURCE DRIVERS

PARTIAL SCHEMATIC
One Driver (All Types)

—O
Vs

+———oOUTPUT

Dwg. No. A-11,657

PACKAGE POWER DISSIPATION

'AS A FUNCTION OF TEMPERATURE

\
N\

0.5

ALLOWABLE PACKAGE POWER DISSIPATION, Pp, IN WATTS

25 50

AMBIENT TEMPERATURE, Tp, IN °C

7

100

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.

Owg. No. A-11,658

ELECTRICAL CHARACTERISTICS at T, = +25°C, Vgg = 200 V (UDN-6510A/R) 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| |y UDN-6510A/R | Vo = 100V, Vyy = 04 V, T, = +70°C| — — 15 A
UDN-6514AR | Voyy = 0V, Vy = 04 V, T, = +70°C | — — 15 HA
Output ON Voltage Vour UDN-6510A/R [ Vyy = 24V, loy = =25 mA 195 197 — v
UDN-65I4AR | Vyy = 24V, Ipy; = —25 mA 135 137 — V
Input ON Current [ All Vy = 24V — 120 25| wA
Vo = 50V — 375 650 | wA
Supply Current lgg All All inputs open — 10 100 [ wA
One input = 3.5V — —_ 500 | wA
RECOMMENDED OPERATING CONDITIONS
Supply Voltage Vis UDN-6510A/R 55 — 180 v
UDN-6514A/R 55 — 130 v
Output OFF Voltage Vour UDN-6510A/R | Reference Vgg — — =80} V
Input ON Voltage Vin All 24 — 15 v
Output ON Current lowr All — — =25 mR

NOTE: Negative current is defined as coming out of the specified device pin.

2—38



UDN-6510A/R AND UDN-6514A/R
HIGH-VOLTAGE SOURCE DRIVERS

TYPICAL PLASMA GAS-DISCHARGE DISPLAY APPLICATION EQUIVALENT CIRCUIT

TIL/CMOS DIGIT SELECT +180V

DIGIT
YY'Y Y ubn-6510a /swncu

O1] %

A
+180V TNV LIV +110V

P.
<
<

)

F—MA——0 +80V 80V
AV
= 3
NC
25230 it
TTL/ICMOS SEGMENT SELECT Dug. No. A-11,656

Dwg. No. A-11,655

MULTIPLEXED DOT-MATRIX VACUUM-FLUORESCENT DISPLAY APPLICATION

UDN-6514A

TTL/CMOS INPUTS

VYVYVVVVV

+140V

Dwg. No. A-11.659



SERIES UDN-7180A

GAS-DISCHARGE DISPLAY SEGMENT DRIVERS

GAS DISCHARGE DISPLAY SEGMENT DRIVERS

FEATURES

© Reliable Monolithic Construction
o High Output Breakdown Voltage

® Low Power

o TTL/MOS Compatible Inputs

SERIES UDN-7180A

g

Dwg. No. A-9640A

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
limiting and is intended for higher-current applications or where individual
outputs are operated at different current levels (i.e. with alpha-numeric
displays). All inputs have pull-down resistors 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 of low-
level to high-voltage applications utilizing gas discharge displays such as
those found in calculators, clocks, point-of-sale terminals, and instru-
ments. Their high reliability combined with minimum size, ease of installa-
tion, and the cost advantages of a complete monolithic interface make them
the ideal choice in many applications. A typical application showing the
use of these devices, and their counterpart anode drivers, is shown.

2—10
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SERIES UDN-7180A
GAS-DISCHARGE DISPLAY SEGMENT DRIVERS

e —

ABSOLUTE MAXIMUM RATINGS at + 25°C

Supply Voltage, Vi - - .« v et —115V
Input Voltage, Viy . ..o +20V
Output Current, loy: UDN-7180A . ... .. ... ... .. i, 20 mA
UDN-7183A ... 3.25mA
UDN-7I88A .. . 2.0 mA
UDN-7186A ..o 1.0mA
Power Dissipation, Py ........ ... ... ... ... ., LI3W*
Operating Temperature Range, T, ........................... —20°C to +85°C
Storage Temperature Range, Tg ........................... —65°C to +150°C

*Derate at the rate of 9.1 mW/°C 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 T, = +25°C, Vi, = 110V (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. | Units
Output ON Voltage Voo | Allinputsat2.4V 1 |—100 —104 — | —-98 —102 — | —97 —100 — Vv
UDN-7183/84/86A Al inputs at 2.4V, Vi = —70V 1 | — —66 — | — -6 — | — —63 — |V
Output ON Voltage Voo | Allinputsat2.4V, -105-108 — | — — — | — — — )
UDN-7180A low = 14 mA ) :
Output OFF Voltage| Ve | Allinoutsat 0.4V,

Reference Vi 2 76 84 — 76 84 — 76 84 — v
Output Current o Allinputs at 2.4V, Vi, = —110V, UDN-7183A only
(lunan) Test output held at —60V 3A | 1475 1850 2450 | 910 1140 1520 | 440 550 725| pA
Output Current lox Allinputs at 0.4V, Vi, = —110V,
(Isense) Test output held at —66 V B |—95 —120 —155/—65 —85 —115{—50 —65 —90 | pA
Input High Current [ Test input at 2.4V,

Other inputs at 0 V 4 — 100 200 — 100 200 — 100 200 pA
Input Low Current I Test input at 0.4 V, One input

at 2.4V, Other inputs at 0.4V 5 — 1 10 | — 1 10 | — 1 10 | pA
Supply Current ™ All inputs at 0 V 6 — —125 -175| — —125 =175 — —125 —175] pA
NOTES:

1. All voltage measurements are referenced to pin 9 unless otherwise specified.

2. All voltage measurements made with 10MC2 DVM or VIVM.

3. Recommended Vi, operating range: —85to —110 V.

4. Positive (negative) current is defined as going into (coming out of) the specified device pin.

2—11



SERIES UDN-7180A
GAS-DISCHARGE DISPLAY SEGMENT DRIVERS

TEST CIRCUITS

Von T T
45V -60v
15V o
DHG. NO. A-9737A°
VKK -tiov -11ov

DuG. NO. A-97388 DWG. NO. A-97398

FIGURE 1 FIGURE 2 FIGURE 3A

I“—!

DWG. NO. A-9741A

DWG. NO. A-97408

FIGURE 3B FIGURE 4

: OPEN

o OPEN

he
o)
DWG. NO. A-9742B

-lov -IW

OW6. NO. A-9743

FIGURE 5 FIGURE 6
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SERIES UDN-7180A

GAS-DISCHARGE DISPLAY SEGMENT DRIVERS

PARTIAL SCHEMATIC
Ry R2
Q) | (kQ)
;::: ::: ;5 Ceur outeur |
7184 | 480 | 40 @
7186 | 620 | 80 8K
GND

TYPICAL APPLICATION

®

200K

700K

Vkk

©®

—_)— —_ — e —_ e —_ — - — b - —_——

Dwg.No. A-9644C

Vss

<
o
o

MOS
LOGIC

T__l'—‘l l

DIGIT DRIVER
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HIGH-VOLTAGE INTERFACE DRIVERS (Continued)

A MONOLITHIC IC SERIES |
FOR GAS-DISCHARGE DISPLAY INTERFACE

Introduction

The switching of the high voltages necessary for
display panels such as the Burroughs Panaplex® 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 LEDs. 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

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 d-c 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.
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HIGH-VOLTAGE INTERFACE DRIVERS (Continued)

Basic Scheme

Replacing discrete components through incorpo-
rating their function into this IC series results in the
block diagram of Figure 1 with its basic requirement
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 18-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 of a 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-7180, UDN-7183, 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.

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 Vc),
CMOS, PMOS, etc. Input current-limiting and one-
half of the pull-down for open drain PMOS is the
function of Rs; R¢ adds the second half of the pull-
down to the ground bus. The protective value of R,
and R, must be noted; a junction 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 Q, is a high voltage inverter and
sinks the base current of PNP Q,. A positive input
(4.5 t0 20 V) will turn on Q, and this base current (65
1A typ.) for PNO Q; will turn on the output Darling-
ton (Q, and Q,) and source digit current.

ELECTRICAL CHARACTERISTICS: T, = +25°C, V,x = 110V (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. | Units
Qutput ON Voltage Voo | Allinputsat2.4V 1 |[—-100 —104 — | —98 —102 — | —-97 —100 — )
UDN-7183/84/86A Al inputs at 2.4V, Ve = —70V 1 [ — -6 — [ — —65 — | — -6 — | v
Output ON Voltage Voo | Allinputsat2.4V, -105-108 — | — — — | — — — v
UDN-7180A lw = 14 mA
Output OFF Voltage| Vo | Allinputs at 0.4V,

Reference Vi 2 76 84 — 76 84 — 76 84 — v
OQutput Current lox Allinputs at 2.4V, Vi = — 110V, UDN-7183A only
(lyne) Test output held at — 60V 3A | 1475 1850 2450 | 910 1140 1520 | 440 550 725| A
Output Current lon Allinputs at 0.4V, Vi, = — 110V,
(lsense) Test output held at — 66 V 3B |—95 —120 —155|—65 —85 —115{—-50 —65 —90 | pA
Input High Current Iy Testinput at 2.4V,

QOther inputs at 0V 4 — 100 200 — 100 200 — 100 200| A
Input Low Current I Test input at 0.4 V, One input

at 2.4V, Other inputs at 0.4 V 5 — 1 10 | — 1 10 | — 1 10 wA
Supply Current ™ All inputs at 0 V 6 — =125 -175| — 125 =175] — —125 —175| pA
NOTES:

1. All voltage measurements are referenced to pin 9 unless otherwise specified.
2. Al voltage measurements made with 10MQ DVM or VIVM.
3. Recommended Vi operating range: —85t0 —110V.

A. 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 SCHEMATIC
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GROUND O
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>
Rl %
—O outPuT

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
are well taken care of with this series of ICs.

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

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

The input PNP (Q,) serves as a level translator and
provides d-c level shifting to the output Darlington
(Q; and Q3). Emitter resistor (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
R;.

The basic switching function is the combination of
PNP Q,, Darlington Q, and Q3, and the associated
resistors R, R,, and R;. Address polarity is again
active high. The input may be raised a maximum of
20 volts above ground and will function with input
levels obtained from CMOS and open collector TTL
@.5V).



HIGH-VOLTAGE INTERFACE DRIVERS (Continued)

PARTIAL SCHEMATIC

TYPICAL APPLICATION
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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 of R, to the total of R, and R;. As
in the digit driver, the value of output bias is ~%; the
voltage across Vg 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 Qs 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-1 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—Ilargely
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 have been impacted
to some degree by the lack of an available and inex-
pensive, totally monolithic interface. The move
toward IC 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 ICs
should open up new areas as well as satisfying
existing systems.

HIGH-VOLTAGE INTERFACE DRIVERS (Continued)

The intent from the inception of this program has
been to produce and provide a standard, inexpensive
and easy to use interface for gas discharge displays.
A great many potential applications exist for these
circuits in consumer and commercial products. From
the calculator and digital clock areas this product
also will 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-
art interface ICs.
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HIGH-VOLTAGE INTERFACE DRIVERS (Continued)

TRENDS IN IC INTERFACE
FOR ELECTRONIC DISPLAYS

Introduction

Display technology was truly set into 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 with 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-current /high-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 of 18-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 1/O 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 (gas-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)

COMMON ANODE LED

Figure 3
8-DIGIT/8-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.

In Figure 4 is a pinout 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 UCN-
4801A is a parallel-in /parallel-out unit composed of eight ‘D’ latches and eight 350 mA /50 V
bipolar Darlington outputs.
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HIGH-VOLTAGE INTERFACE DRIVERS (Continued)
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More recently, Sprague has designed a serial-in /parallel-out BiMOS interface IC expressly
for use with vacuum fluorescent displays. Figure 5 shows the UCN-4810A 10-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 18-lead DIP. It makes possible both fewer IC packages and
simpler PC board wiring, although it is slower than a parallel data approach. It uses only a
single pin of the I/O ports.



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-clear is internally incorporated.
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1 22
2 21
3 20
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8 1
9 14
10 13
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PIN 21-Vpp
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Figure 6
UCN-4815A PARALLEL 8-BIT VF INTERFACE



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 I'L, BiMOS, CMOS /DMOS, 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 /control circuitry to a low level. Cost, chip
size and package power dissipation will restrict this circuitry largely to versatile, simple
buffers.

L

Anticipated to increase significantly is the use of 'L for systems of low to modest voltages
(LEDs through VF). The present limits of I ’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 or30 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.



HIGH-VOLTAGE INTERFACE DRIVERS (Continved)
L

BiMOS

BiMOS, a combination of CMOS and bipolar for interface ICs, seems to fit a technology
niche of higher breakdown voltages than I'L, especially where logic power and supply voltage
range (5 to 15 V) is important. BiMOS or BiFET ICs, 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.

CMOS/DMOS

Chiefly being carried on by Texas Instruments, CMOS /DMOS display interface appears to
be intended for much of the same display market as BiMOS. Product information now
available indicates 60 to 100 V breakdown (DMOS outputs), CMOS logic, low to modest
output currents ( = 25 mA), 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 +10% (may be done to provide maximum speed).

2. Output drive current is insufficient for high-current displays (without 100 mA, 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 mA 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-isolation wall
PN junction, considerable improvement in collector-to-base and collector-to-emitter voltage is
possible. Additionally, transistor sizes are considerably smaller than their PN-isolated coun-
terparts. The dielectrically 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 dielectrically isolated ICs. 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.

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

Improved plastic DIP resistance to moisture and corrosive environments.
Lower package manufacturing costs.

. Smaller module or display subassemblies.
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HIGH-VOLTAGE INTERFACE DRIVERS (Continued)
L

Power dissipation difficulties (strobed high currents) are most associated with LEDs. Use of n
very low duty-cycle and bright LEDs (particularly alphanumeric and matrix) dictates a need for
multiplexing with peak currents as high as 3 A. Nothing currently on the market exceeds
1.75 A per output, and DIP ratings preclude d-c 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 I1/O lines, the 24-, 28-, and 40-lead DIPs are standard. Since
package size and cost increase together, it may be desirable to constrain many newer ICs 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 increasingly 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 DIP 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 increase 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 and a-c plasma,
LEDs (already being done to a degree), DCEL, ACEL, LCD, and VF. Panel technologies
using thick 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.
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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, rL,
CMOS /DMOS, 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

LOGIC

Supply Primary Display

Technology Breakdown V Output 1 Speed Complexity Range Power Suitability
(max)
Linear Process 10 to <170V <10mAto2A <1 MHz N 5V High LEDs, GD, VF, ACP,
Bipolar DCEL, EM
IZL 20to ~60V <10 mAto 2A 3-6 MHz LSl 5V Low-Modest  LED, VF, EM
BiMOS 50 to ~150V <10 MA to 500 mA 2-5 MHz LSt 5t 15V Low LED, GD, VF, ACP,
DCEL, EM
CMOS/DMOS 60 to ~100V ~25 mA 2-4 MHz LS 12V Low GD, VF, ACP, LCD
DI ~200 to ~300V <10 mA to 100 mA (est) 1MHz (est) [UN] 5V High GD, VF, ACP, DCEL
Code: GD = D-C Gas-Discharge & Glow Transfer DCEL = D-C Electroluminescent
ACP = A-C Plasma EM = Electromagnetic

VF = Vacuum Fluorescent
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RELIABILITY OF SERIES UDN-6100A
HIGH-VOLTAGE DISPLAY DRIVERS

THIS REPORT SUMMARIZES accelerated-life tests that have been
performed on Series UDN-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 process at Sprague Electric Company.
Ongoing life tests, environmental tests, and stress
tests are performed to establish failure rates and
monitor established process-control procedures.
Failures are analyzed to determine design changes or
process improvements that can be implemented to
improve device reliability.

The reliability of integrated circuits can be meas-
ured by qualification tests, accelerated tests, and
burn-in:

1) Qualification testing is performed at +125°C
for 1000 hours with an LTPD = 5 in accord-
ance with MIL-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 generate accurate
failure rates in a reasonable period of time.

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

3) Burn-in is intended to remove infant-
mortality rejects and is conducted at +150°C
for 96 hours or at +125°C for 168 hours. An
analysis of test results from Sprague Elec-
tric’s Double-Deuce™ burn-in program found
1.27% failures in more than 325,000 pieces
tested in a recent time period. Most failures
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were due to slight parametric shifts. Cata-
strophic failures, which would cause user- °
equipment failure, were less than 0.1%.

ACCELERATED-LIFE TESTS

Sprague Electric performs accelerated-life tests on
integrated circuits at junction temperatures  of
+150°C or +175°C at the recommended operating
voltages. The internal power dissipation on some
high-power circuits requires the ambient tempera-
ture to be lower than +150°C to keep the junction
temperature between +150°C and +175°C.

In these tests, failures are produced so that the
statistical life distribution may be established. The
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 mechanisms
all temperatures in these tests are identical. Tempera-
tures above +175°C are not generally used for the
following reasons:

a) Industry-standard molding compounds de-
grade and release contaminants (halides) at
approximately +200°C.

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 currents may
increase the power dissipation and device
temperature to an indeterminant level.
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Table I contains Series UDN-6100A data
produced by life tests that were conducted at
+150°C. The data includes the number of 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 5X 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 success, the probability of
failure (P;) 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

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 lifefime 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.? When the median life
has been found at the elevated temperature, it can be
converted to the lower temperature 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, — Vroe-e/kT
where V,” = a constant
€ = 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?

TABLE |
TEST RESULTS AT T, = +150°C
HOURS ON TEST
TEST BIAS 90 150 300 600 1200 1800 2000 5000 6000
NUMBER VOLTS QY. NUMBER OF FAILURES

1 80 24 0 0 2 — — — — — —

2 80 24 0 0 0 0 0 0 1 0 —

3 80 12 0 0 0 0 0 — — — —

4 80 12 0 0 0 0 2 1 1 0 0

5 110 24 0 0 0 0 0 0 1 — —

6 80 12 0 0 0 — — — — — —

TOTAL ON TEST 108 108 108 72 72 58 57 31 8

TOTAL FAILURES 0 0 2 0 2 1 3 0 0

TOTAL GOOD 108 108 106 72 70 57 54 31 8
P, 1.00 100 0981 1.00 0972 0983 0947  1.00 1.00
Cumulative P, 1.00 1.00 0981 0981 095 0938 0.888 0.883 0.888
Pp=1-P 0 0 0.019 0.019 0046 0.062 0112 0112 0.112
% Failures 0 0 1.9 19 46 6.2 11.2 11.2 11.2
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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 € = 1.0 eV.

Although 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
ambient temperature. The temperature rise at the
junction due to internal power dissipation must be
taken into account using the formula:

T, = P,0O,, + T,
or
T, = PO, + T¢

The median lifetime, or 50% fail-point, as deter-

mined in Figure 2, is approximately 100 years at

+125°C or 1,000 years at +90°C junction tempera-
ture.

The approximate failure rate (FR) may be deter-
mined from FR = 1/Median 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.* However, this approxima-
tion is very close. At + 100°C the failure rate would
be:

FR = 1/(4 x 10° hours)
= 0.025% /1000 hours

Other failure rate values have been calculated in
Table II.

TABLE 11
SERIES UDN-6100A FAILURE RATES

T, Median Life Failure Rate
(°C) (h) (%/1000 h)
125 6 x 10° 0.167
100 4 x 108 0.025

75 4 x 107 0.0025
50 5x 108 0.0002
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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-point in 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 INTERFACE DRIVERS
Selection Guide . ........ ... . . . .

UHP-400 through 433-1 Quad Power and Relay Drivers . ....................
UHP-500 through 533 Quad Power and Relay Drivers ......................
ULN-2001A through 2025A 7-Channel Darlington Drivers ...................
ULN-2061M and 2062M Dual 1.5 A Darlington Switches ....................
ULN-2064B through 2077B Quad 1.5 A Darlington Switches . . . ...............
UDN-2541B and 2541W Quad NAND Drivers. ...............cooveiea. ...
UDN-2542B and 2542W Quad NAND Drivers. . ............coovieiiioo....
UDN-2580A through 2588A 8-Channel Source Drivers . .....................
UDN-2595A 8-Channel Sink Driver .. ........... ... .. ... ... ... .. ...,
ULN-2801A through 2825A 8-Channel Darlington Drivers . ..................
UDN-2841B and 28458 Quad 1.5 A Darlington Drivers .....................
UDN-2878W and 2879W Quad 4 A Darlington Switches .....................
UTN-2886B SCRAMAY. . . ... e
UTN-2888ASCRAIMAY . . . ... i
UDN-2933B and UDN-2934B 3-Channel Half-Bridge Motor Drivers .. ...........
UDN-2935Z Bipolar Half-Bridge Motor Driver . . . .........................
UDN-2949Z Half-Bridge 2AMotor Driver . . .. ......... ... .. .o iiii..
UDN-2950Z Bipolar Half-Bridge Motor Driver . .. .........................
UDN-2952B and 2952W Full-Bridge Motor Drivers . .......................
UDN-2956A and 2957A Negative Supply, 5-Channel Source Drivers. ............
UDN-2975W and 2976W Dual 4 A Solenoid Drivers . .......................
UDN-2981A through 2984A 8-Channel Source Drivers . . ... .................
UDN-3611M through 3614M Dual Peripheral and Power Drivers ...............
UDN-5703A through 5707A Quad Peripheral and Power Drivers ...............
UDN-5711M through 5714M Dual Peripheral and Power Drivers . ..............
UDN-5722M Dual Peripheral and Power Driver . ..........................
UDN-5732M Dual Peripheral and Power Driver . .................... . .....
UDN-5733A Quad Peripheral and Power Driver ... ................. ... ....
UDN-5742M Dual Peripheral and Power Driver . ........... ... ... ... ....

Application Notes:
Series ULN-2000A Darlington Arrays . ... ........ .. ..o
Interface Integrated Circuits for Motor Drive Applications .................
Expanding The Frontiers of Integrated Circuit Interface . .. ................
Interface ICs for Current-Sourcing Applications .. ................... ...
New Power-Interface ICs . .. ... . i

*New product. Contact factory for detailed information.




HIGH-CURRENT INTERFACE DRIVERS
S,

SELECTION GUIDE TO HIGH-CURRENT INTERFACE DRIVERS
Absolute Maximum Ratings

Device Type lour Vour Outputs
UHP-400 through 433 500 mA av Sink 4
UHP-400 through 433-1 500 mA 70V Sink 4
UHP-500 through 533 500 mA 100V Sink 4
ULN-2001 through 2005A 500 mA 50V Sink 7
ULN-2011 through 2015A 600 mA 50V Sink 7
ULN-2021 through 2025A 500 mA 9%V Sink 7
ULN-2061M 1.75A 50V Source/Sink 2
ULN-2062M 1.75A 80V Source/Sink 2
ULN-2064/66/68/70B L75A 50V Sink 4
ULN-2065/67/69/71B L.75A } 80V Sink 4
ULN-2074/76B 1L.75A 50V Source/Sink 4
ULN-2075/77B 1.75A 80V Source/Sink 4
UDN-2541B/W 1.5A 60V Sink 4
UDN-2542B/W 1.5A 80V Sink 4
UDN-2580A —500 mA 50V Source 8
UDN-2580A-1 —500 mA 80V Source 8
UDN-2585A —250 mA 20V Source 8
UDN-2588A —500 mA 50V Source 8
UDN-2588A-1 —500 mA 80V Source 8
UDN-2595A 200 mA 20V Sink 8
ULN-2801 through 2805A 500 mA 50V Sink 8
ULN-2811 through 2815A 600 mA 50V Sink 8
ULN-2821 through 2825A 500 mA 95V Sink 8
UDN-2841B L.75A —-50V Sink 4
UDN-2845B 1.75A —50V Source/Sink 4
UDN-2878W 5.0A 50V Sink 4
UDN-2879W 5.0A 80V Sink 4
UTN-2886B 800/1600 mA 35V Sink4 + 2
UTN-2888A 800 mA 35V Sink 8
UDN-2933/34B +800 mA 30V 3 Half-Bridge
UDN-29352 +2.0A 35V Half-Bridge
UDN-2949Z +2.0A 30V Half-Bridge
UDN-2950Z +2.0A 35V Half-Bridge
UDN-2952B/W +3.5A 40V Full Bridge
UDN-2956/57A —500 mA -8V Source 5
UDN-2975W 50A 50V Source/Sink 2
UDN-2976W 5.0A 60V Source/Sink 2
UDN-2981/82A —500 mA 50V Source 8
UDN-2983/84A —500 mA 80V Source 8
UDN-3611 through 3614M 600 mA 80V Sink 2
UDN-5703 through 5707A 600 mA 80V Sink 4
UDN-5711 through 5714M 600 mA 80V Sink 2
UDN-5722M 600 mA jo0v Sink 2
UDN-5732M 600 mA 70V Sink 2
UDN-5733A 600 mA 80V Sink 4
UDN-5742M 700 mA 0V Sink 2




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

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

FEATURES

@ Inputs Compatible with DTL/TTL

@ 500mA Output Sink Current Capability

e Pinning Compatible with 54/74 Logic Series
o Transient Protected Qutputs on Relay Drivers

@ High Voltage Output - 100V Series UHP-500, 70V Series
UHP-400-1, 40V Series UHP-400

Description

These power and relay drivers are bi-polar monolithic circuits and incorpor-
ate logic gates and high-current switching transistors on the 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 sustain 70V, and Series UHP-500 devices will sustain 100V.

Applications

The UHP-400, UHP-400-1, and UHP-500 Series Power Drivers are ideally
suited for driving incandescent lamps, relays, solenoids, and other interface
devices with up to 1A output current per package.

] O]
S e

UHP-403/403-1/503
Quad OR

UHP-406/406-1/506
Quad AND

UHP-402/402-1/502
Quad 2 OR

UHP-400/400-1/500
Quad 2 AND

IR

DT
D]

UHP-407/407-1/507
Quad NAND

UHP-408/408-1/508
Quad 2 NAND

UHP-432/432-1/532
Quad 2 NOR

UHP-433/433-1/533
Quad NOR




SERIES UHP-400, UHP-400-1 AND UHP-500
POWER AND RELAY DRIVERS
S A S

ABSOLUTE MAXIMUM RATINGS

SUPPIY VORAZE, Vi o oo A%
INPUE VOHABE, Vin oo 5.5V
Output Off-state Voltage, Voq

Series UHP-A00 . . .. o a0v

Series UHP-A00-1. .o 70v

Series UHP-000 . . ..o 100V
Output On-State Sink CUITENt, Loy ... oo e 500mA
Suppression Diode Off-State Voltage, V ¢

Series UHP-A00 . . ... 40v

Series UHP-A00-1. .. . 70V

Series UHP-000 . . .. o 100V
Suppression Diode On-State Current, 1o, ... ..o 500mA
Operating Free-Air Temperature Range, Ta . .......o oo e —20°C to +85°C
Storage Temperature Range, Ts. .. ... ... . i —65°C to 4-150°C

RECOMMENDED OPERATING CONDITIONS

Min. Nom. Max. Units
Supply Voltage (Vec) 4.75 5.0 5.25 v
Operating Temperature Range 0 +25 +85° °C
Current into any output (ON state) 250 mA

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

capability. *
Thermal Resistance:
JUNCHON 10 CASE, Bie- - v e e vvvv ettt ettt e e e 40°C/W
Junction t0 St AT, di. .. oo 60°C/W

* ;btiaaoi 680;06/W %grn;its operation of four outputs continuously and simultaneously at 250mA with a junction temperature which will not exceed +150°C (4
ampient. 2

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-1, 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.




SERIES UHP-400, UHP-400-1 AND UHP-500
POWER AND RELAY DRIVERS
L

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 Vinl1) MIN 20 s
0" Input Voltage Vin(o) MIN 0.8 \
“0" Input Current at all Inputs
except Strobe lin(o) MAX 04V 4.5V —055 —08 ] mA 2
“0" Input Current at Strobe lin(0) MAX 0.4V 45V —1.1 —1.6 mA
“1" Input Current at all Inputs tin(1) MAX 2.4V o 40 uA 2
except Strobe MAX 5.5V o 1 mA
“1" Input Current at Strobe lin(1) MAX 2.4V oV 100 uA 2

MAX 55V - | OV 1 mA

SWITCHING CHARACTERISTICS at Vo= 5.0V, Ty = 25°C

Limits
Characteristic Symbol Test Conditions Min. Typ. Max. Units Notes
Turn-on Delay Time tpdo CL=15pF
Series UHP-400 Vs = 40V, Ry = 265 (6 Watts)
Series UHP-400-1 Vs = 70V, R = 4650 (10 Watts) 200 500 ns 3
Series UHP-500 Vs = 100V, Ry = 6702 (15 Watts)
Turn-off Delay Time tpd1 CL=15pF
Series UHP-400 Vs = 40V, R, = 2650 (6 Watts)
Series UHP-400-1 Vs = 70V, R = 4650 (10 Watts) 300 750 ns 3
Series UHP-500 Vs = 100V, R, = 6700 (15 Watts)
NOTES:
L. Typical values are at Vcc = 5.0V, To = 25°C.
2. Each input tested separately. X
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
Vinlo) = OV te= Tns tp = lus
Vin(1) = 3.5V t, = ldns PRR = 500kHz




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

Type UHP-400, UHP-400-1, and UHP-500
Quad 2-Input AND Power Drivers

owG. yo. A.7608

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
Type UHP-400 lott MIN 2.0V 2.0V 40v 50 .
“1" Output Reverse Current
Type UHP-400-1 lot MIN 2.0V 2.0V 70V 50 uA
“1" Qutput Reverse Current
Type UHP-500 lott MIN 2.0V 2.0V 100v 50 uA
“0" Output Voltage Von MIN 0.8V Vee 150mA 0.5 \
MIN 0.8V Vee 250mA 0.7 v
“1" Level Supply Current lccn) NOM MAX 5.0V 5.0V 4 6 mA 1,2
“0" Level Supply Current leclo) NOM MAX ov ov 17.5 245 mA 1,2
NOTES:
1. Typical values are at Vcc = 5.0V, Ta = 25°C.
2. Each gate.

3. Capacitance values specified include probe and test fixture capacitance.

r1-----

Ry

15pF
(Note 3)

= LOAD

CIRCUIT
______ o

0G. NO. A-7876D

tpd0
= = ==Vout(l)

! B
ouTPuUT %50% 50% \
Vout(0)

OWG. Mo. A-7628C




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

Type UHP-402, UHP-402-1, and UHP-502
Quad 2-Input OR Power Drivers

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
Type UHP-402 Lot MIN 2.0V o | 4dov 50 uA
“1"" Output Reverse Current
Type UHP-402-1 logt MIN 2.0v ov 70V 50 pA
“1" Output Reverse Current
Type UHP-502 lot MIN 2.0V o 100V 50 uh
“0" Qutput Voltage Von MIN 0.8V 0.8V 150mA 0.5 v
MIN 0.8V 0.8V 250mA 0.7 v
“1" Level Supply Current lccn) NOM MAX 5.0V 5.0V 41 6.3 mA 1,2
“0" Level Supply Current lce(o) NOM MAX o o 18 25 mA 1,2
NOTES:
1. Typical values are at Vcc = 5.0V, Ta = 25°C.
2. Each gate.

3. Capacitance values specified include probe and test fixture capacitance.

out-
INPUT  VeessV  PUT Vg

! |
i | ; Vin@©
PULSE ! | — in@®
GENERATOR ! ! ! ! |
: 1 *pdl ‘ ! ™ -{ tpd0
=~ ! - = = == Vour(l)
1| (Note 3) 1
1 outeuT 50% 50%
= == T = | = LOAD : v
L CIRCUIT § out(0)

————— OWG. No. A-7628C
DWG. NO. A-7877B



SERIES UHP-400, UHP-400-1 AND. UHP-500
POWER AND RELAY DRIVERS

Type UHP-403, UHP-403-1, and UHP-503 p— L
Quad OR Relay Drivers - ] ;

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
Type UHP-403 loft MIN 2.0V oV 40v 100 uA
“1" Qutput Reverse Current
Type UHP-403-1 loff ' MIN 2.0V ov 0V 100 uh
“1" Output Reverse Current
Type UHP-503 lofi MIN 2.0V o 100v 100 uA
“0" Output Voltage Von MIN 0.8V 0.8V 150mA 0.5 v

MIN 0.8V 0.8v 250mA 0.7 v
Diode Leakage Current Ik NOM NOM o o OPEN 200 uA 3
Diode Forward Voltage Drop Vo NOM NOM Vee Vee 1.5 1.75 ) 4
“1" Level Supply Current lecqn) NOM MAX 5.0V 5.0V . 41 6.3 mA 1,2
“0" Level Supply Current lecto) NOM MAX o o 18 25 mA 1,2

NOTES:
1. Typical values are at Vcc = 5.0V, Ta = 25°C.

2. Each gate.

3. Diode leakage current measured at VR = Voff(min)-

4. Diode forward voltage drop measured at I¢ = 200mA.

5. Capacitance values specified include probe and test fixture capacitance.

todl  —fe— | nem——— T
I

\ i~ — == Vout(l)
ouTRUT %50%‘ 50% x
Vout(0)
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SERIES UHP-400, UHP-400-1 AND UHP-500
POWER AND RELAY DRIVERS

Type UHP-406, UHP-406-1, and UHP-506
Quad AND Relay Drivers

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
Type UHP-406 loft MIN 2.0V 2.0V 40v 100 .
“1” Qutput Reverse Current
Type UHP-406-1 lotf MIN 2.0V 2.0V 70V 100 uA
“1” Output Reverse Current
Type UHP-506 lotf MIN 2.0V 2.0V 100V 100 .
“0" Qutput Voltage Von MIN 0.8V Vee 150mA 0.5 \

MIN 0.8V Vee 250mA 0.7 v
Diode Leakage Current lik NOM NOM o ov OPEN 200 . 3
Diode Forward Voltage Drop Vb NOM NOM Vee Vee 1.5 175 1 4
1" Level Supply Current lecn) NOM MAX 5.0V 5.0V 4 6 mA 1,2
“0" Level Supply Current leelo) NOM MAX oV ov 175 245 mA 1,2
NOTES:
1. Typical values are at Vee = 5.0, Ta = 25°C.

2. Each gate.

3. Diode leakage current measured at VR = Vof(min)-

4. Diode forward voltage drop measured at I¢ = 200mA.

5. Capacitance values specified include probe and test fixture capacitance.

15pF
(Note 5)

I ! \ i~ = =~ Vout(l)
= = = = = LOAD | ouTPUT 50% 50%
CIRCUIT I
[ d Vout(0)
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SERIES UHP-400, UHP-400-1 AND UHP-500
POWER AND RELAY DRIVERS

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

Quad NAND Relay Drivers

o¥G. NO. A.7973

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" Qutput Reverse Current
Type UHP-407 lott MIN 0.8V Vee 4ov 100 uh
“1” Output Reverse Current;
Type UHP-407-1 loti MIN 0.8V Vee 70V 100 pA
“1" Output Reverse Current .
Type UHP-507 loft MIN 0.8V Vee 100V 100 .
“0" Output Voltage Von MIN 2.0V 2.0V 150mA 0.5 v

MIN 2.0V 20V 250mA 0.7 \
Diode Leakage Current lix NOM NOM Vee Vee OPEN 200 uA 4
Diode Forward Voltage Drop Vp NOM NOM o oV 1.5 1.75 v 5
“1"" Level Supply Current lcetn) NOM MAX o o 6 15 mA 1,2
“0"" Level Supply Current lccio) NOM MAX 5V 5V 20 26.5 mA 1,2

NOTES:
Typical values are at Ve = 5.0V, Ta = 25°C.

L
2
3
4
5,

Each gate.

Capacitance values specified include probe and test fixture capacitance.

DWg.

. Diode leakage current measured at VR = Vost(min).
. Diode forward voltage drop measured at Is = 200mA.

15pF

(Note 3)

= LOAD |

CIRCUIT |
4

NO. A-7899A
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SERIES UHP-400, UHP-400-1 AND UHP-500
POWER AND RELAY DRIVERS

Type UHP-408, UHP-408-1, and UHP-508
Quad 2-Input NAND Power Drivers

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
Type UHP-408 [ MIN 08V | Vec | 40v 50 uh
“1"" Output Reverse Current
Type UHP-408-1 ot MIN 0.8V Vee 70V 50 uh
“1" Output Reverse Current
Type UHP-508 loff MIN 0.8V Vee 100v 50 pA
“0" Output Voltage Von MIN 2.0V 2.0V 150mA 0.5 \
MIN 2.0V 2.0v 250mA 0.7 v
“1" Level Supply Current leci NOM MAX (0% oV 6 75 mA 1,2
“0" Level Supply Current lecqo) NOM MAX 5.0V 5.0v 20 26.5 mA 1,2
NOTES:
1. Typical values are at Vec = 5.0V, Ta = 25°C.
2. Each gate.
3. Capacitance values specified include probe and test fixture capacitance.
ouT-
INPUT 2,4V Vce=5V PUT Vs Vo
o o o 0 ° N "
reoT | T Vin()
PSR | INPUT 1 !
' ' 1F50% 509 X,
| h |
: i e sy, oy W22 Vin(0)
PULSE
il P S R S——
==L | | Vout(1)
H (Note 3) | il
! ' ourput 0% 0%
) ) ) T -c:'k%ﬁ?T e Vout(0)
| \PUREPRR

04G. No. A-9638

DWG. NO. A-79004
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SERIES UHP-400, UHP-400-1 AND UHP-500
POWER AND RELAY DRIVERS

Type UHP-432, UHP-432-1, and UHP-532
Quad 2-Input NOR Power Drivers

W

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
Type UHP-432 lotf MIN 0.8V 0.8V 40v 50 uh
“1" Qutput Reverse Current
Type UHP-432-1 loft MIN 0.8V 0.8V 0v 50 uA
“1" Output Reverse Current
Type UHP-532 loft MIN 0.8V 0.8V 100v 50 uA
“0"" Output Voltage Von MIN 2.0V o 150mA 0.5 v

MIN 2.0V oV 250mA 0.7 v .

0"’ Level Supply Current leco) NOM MAX 5.0V 5.0V 20 25 mA 1,2
“1" Level Supply Current lcem) NOM MAX ov ov 6 15 mA 1,2

NOTES:

1. Typical values are at Vec = 5.0V, Ta = 25°C.

2. Each gate.

3. Capacitance values specified include probe and test fixture capacitance.

ouT-

INPUT  Vees5Y  PUT Vg

15pF
:[(Note 3)
= LOAD

CIRCUIT
J

DWG. NO. A-7902A
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SERIES UHP-400, UHP-400-1 AND UHP-500
POWER AND RELAY DRIVERS

Type UHP-433, UHP-433-1, and UHP-533
Quad NOR Relay Drivers

ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted)

'
15pF 1 tpd0 el p——-:—tpd)

f
I(Norei): i ' Vour(1)
1
3 e — e — :
= = = = = ! Zioap outpuT 0% 0%
, ClrReurr !
- = —— = Vou®)

DKWG. NO. A-9135A

Test Conditions Limits
Driven | Other
Characteristic Symbol Temp. Vee Input Input | Output | Min.  Typ. Max. | Units Notes
“1" Output Reverse Current
Type UHP-433 lott MIN 0.8V 0.8V A0V 100 uA
“1" Qutput Reverse Current
Type UHP-433-1 lott MIN 0.8V 0.8V 70V 100 wA
“1" Output Reverse Current
Type UHP-533 loff MIN 0.8V 0.8V 100V 100 uA
“0" Output Voltage Von MIN 2.0V oV 150mA 0.5 v
MIN 2.0V o 250mA 0.7 v
Diode Leakage Current lik NOM NOM Vee Vee OPEN 200 uA 3
Diode Forward Voltage Drop Vb NOM NOM o o 15 1.75 v 4
“1" Level Supply Current lccn) NOM MAX o ov 6 15 mA 1,2
“0" Level Supply Current Kec(oy NOM MAX 5V 5V 20 25 mA 1,2
NOTES:
1. Typical values are at Vec = 5.0, Ta = 25°C.
2. Each gate.
3. Diode leakage current measured at Vr = Vof(min).
4. Diode forward voltage drop measured at l¢ = 200mA.
5. Capacitance values specified include probe and test fixture capacitance.
INPUT Veessv OPEN ouTRUT Vg
0 o o I N \ L
R | Fommmmm e = Vin
t . INPUT 1 % SO\ 1 o
\ 1 ! -50% 50% Ky
: 10% !'_ 'P — 1 Vin(o)
L

OWG. NO. A-7900A
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SERIES ULN-2000A

HIGH-VOLTAGE, HIGH-CURRENT DARLINGTON ARRAYS

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

HESE 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-
s10n.

Peak inrush currents to 600 mA (Series ULN-
2000A and ULN-2020A) or 750 mA (Series ULN-
2010A) are permissible, making them ideal for driv-
ing tungsten filament lamps.

Series ULN-2001A 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 k€ 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 k() 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

DFG. NO. A-3594

output is not a concern. These devices will sink a
minimum of 350 mA 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 mA and will sustain at

Device Number Designation

Vo 50V 50V 95V
oo 500mA | 600mA | 500 mA
Logic Type Number

General Purpose

cheral Pome® [ UiN-2001A | ULN-2011A | ULN-2021A
1825V
s ULN-2002A | ULN-20128 | ULN-2022A

5V

MCwos | ULN2003A | ULN-2013A | ULN-2023A
6-15V

CMoS pos | ULN-2004A | ULN-2014A | ULN-20244

High-QUtPUt | yiN-2005A | ULN-2015A | ULN-2025A




SERIES ULN-2000A
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-2010A devices are similar, except that they
will sink 600 mA. 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, V; (Series ULN-2000, 2010A)

(Series ULN-2020A)

Input Voltage, V,, (Series ULN-2002, 2003, 2004A)

(Series ULN-2005A)

Continuous Collector Current, |, (Series ULN-2000, 2020A)
(Series ULN-2010A)
Continuous Input Current, Ly . ... .o

Power Dissipation, P, (one Darlington pair)

(total package)
Operating Ambient Temperature Range,
Storage Temperature Range, T

Ty

*Derate at the rate of 16.67 mW/°C above +25°C.

20w
—20°C to +85°C
—55°C to +150°C

Under normal operating conditions, these devices will sustain 350 mA per output with Vogigary = 1.6 Vat +70°C
with a pulse width of 20 ms and a duty cycle of 34%.

ALLOWABLE AVERAGE POWER DISSIPATION
AS A FUNCTION OF AMBIENT TEMPERATURE

2.0 - -
“\ DEVICE LIMIT
wvy
E \
<
3 \
Z s
z
o
[
=
a
wv
E .
s 1.0 \\
: \
§ (N
v, S,
Q pX
a \_é
w 0.5 \Z
-
= Y
g N
Z \
2 N
< \‘
o \
0 50 100 150

AMBIENT TEMPERATURE IN °C
Dwg. No. A-9753C



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

Series ULN-2001A
(each driver)

PARTIAL SCHEMATICS o oM

y——o———O

x

Series ULN-2002A Series ULN-2003A
(each driver) (each driver)

—P—oCOM
V105K SN
x

Series ULN-2004A Series ULN-2005A

(each driver) (each driver)

—P—oCOM

OWG. NO. A-9898A 6. NO. A-0.228
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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 Conditions Min. Typ. Max. | Units
Output Leakage Current leex 1A Al Ve = 50V, T, = 25°C — — 50 | wA
Vee = 50V, T, = 70°C — — 100 | uA
1B ULN-2002A | Ve = 50V, T, = 70°C, V,, = 6.0V — — 500 | mA
ULN-2004A | Ve = 50V, T, = 70°C, V,y = 1.0V — — 500 [ mA
Collector-Emitter Veesan 2 Ic = 100 mA, |y = 250 uA — 09 11 )
Saturation Voltage All lc = 200 mA, I; = 350 uA — 11 13 v
lo = 350 mA, |y = 500 nA — 13 16 v
Input Current Inon 3 ULN-2002A | Vy, = 17V — 082 125 mA
ULN-2003A | V), = 3.85V — 093 135| mA
ULN-2004A | V), = 5.0V — 035 05 [ mA
Vy = 12V — 1.0 145[ mA
ULN-2005A | Vyy = 3.0V — 15 24 | mA
Iinorpy 4 Al lc = 500 uA, T, = 70°C 5 65 — | uA
Input Voltage Vivow 5 ULN-2002A | Ve = 2.0V, I; = 300 mA — — 13 v
Ve = 2.0V, 1. = 200 mA — — 24 Vv
ULN-2003A | Ve = 2.0V, I, = 250 mA — — 2] v
Vee = 2.0V, Ic = 300 mA — — 30 v
Ve = 2.0V, I, = 125mA — — 50 Vv
ULN-2004A | Ve = 2.0V, I, = 200 mA — — 6.0 V
Ve = 2.0V, 1. = 275mA — — 10 v
Ve = 2.0V, I, = 350 mA — — 80 Vv
ULN-2005A | Ve = 2.0V, I, = 350 mA — — 24 v
D-C Forward Current hee 2 ULN-2001A | Ve = 2.0V, I, = 350 mA 1000 — —
| Transfer Ratio
Input Capacitance Ci — All — 15 25 pF
Turn-On Delay tow — All 0.5 E;, to 0.5 E, — 025 10 us
Turn-Off Delay tou — All 0.5 E, to 0.5 E, — 025 1.0 | wms
Clamp Diode I 6 Al Ve =50V, T, = 25°C — — 50 | wmA
Leakage Current Ve =50V, T, = 70°C — — 100 | uA
Clamp Diode Ve 7 Al I = 350 mA — 17 20 )
Forward Voltage




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

SERIES ULN-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 loex 1A Al Vee = 50V, T, = 25°C — — 50 | uA
Vee = 50V, T, = 70°C — — 100 | A
1B ULN-2012A | Ve = 50V, T, = 70°C, V,y = 6.0V — — 500 | wA
ULN-2014A | Ve = 50V, T, = 70°C, V,, = 1.0V — — 500 | pA
Collector-Emitter Veean 2 Al Ic = 200 mA, I; = 350 uA — 11 13 Vv
Saturation Voltage I; = 350 mA, I; = 500 nA — 13 16 v
lc = 500mA, I; = 600 uA — 17 19 v
Input Current Incow 3 ULN-2012A | Vyy = 17V — 082 125]| mA
ULN-2013A | V,y = 3.85V — 093 135] mA
ULN-2014A | Viy = 5.0V — 035 05 | mA
Vy = 12V — 10 145| mA
ULN-2015A | V,y = 3.0V — 15 24 | mA
ey 4 Al lc = 500 uA, T, = 70°C 50 65 — | wmA
Input Voltage Vivow 5 ULN-2012A | Ve = 2.0V, I; = 500 mA — — 1 v
ULN-2013A | Ve = 2.0V, I = 250 mA —  — 2] v
Ve = 2.0V, 1 = 300 mA — — 30 Vv
Vee = 2.0V, I; = 500 mA — — 35 v
ULN-2014A | Ve = 2.0V, 1. = 275 mA — — 10 v
Vee = 2.0V, 1. = 350 mA — — 80 v
Vee = 2.0V, 1, = 500 mA — — 95 v
ULN-2015A | Ve = 2.0V, I, = 500 mA — — 26 v
D-C Forward Current hee 2 ULN-2011A | Ve = 2.0V, I, = 350 mA 1000 — —
Transfer Ratio Ve = 2.0V, |, = 500 mA 900 — —
Input Capacitance Cy — All — 15 25 | pfF
Turn-On Delay [ — All 0.5E,to O.SEE, — 025 1.0 | ms
Turn-Off Delay tou — Al 0.5 E,t0 0.5 Eyy — 025 1.0 | ms
Clamp Diode Ig 6 All Ve =50V, T, = 25°C — — 50 | nA
Leakage Current Ve =50V, T, = 70°C — — 100 | wA
Clamp Diode Ve 7 Al 1. = 350 mA — 17 20 v
Forward Voltage Iy = 500 mA — 21 25 v
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SERIES ULN-2020A

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

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

Test Applicable Limits
Characteristic Symbol Fig. Devices Test Conditions Min.  Typ. Max. | Units
Output Leakage Current leex 1A Al Ve = 95V, T, = 25°C — — 50| uA
Vee = 95V, T, = 70°C — — 100 | umA
1B ULN-2022A | Ve = 95V, T, = 70°C, V,y = 6.0V — — 500 | uA
ULN-2024A | Ve = 95V, T, = 70°C, V,y = 1.0V — — 500 | mA
Collector-Emitter Veesan 2 All lo = 100 mA, I, = 250 A — 09 11 Vv
Saturation Voltage I; = 200 mA, |y = 350 nA — 11 13 v
I; = 350 mA, I; = 500 uA — 13 16 v
Input Current Iniony 3 ULN-2022A | Vyy = 17V — 08 1.25| mA
ULN-2023A | V,<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>