


INTRODUCTION 

Silicon General is the only semiconductor manufacturer 
committed totally to one discipline - linear IC's. Our entire 
organization is dedicated to this one area of specialization and 
has been since inception in 1969. During this time we have 
assembled one of the industry's oroadest product lines. Most 
industry-standard linears are available from stock through our 
worldwide distributor network, and we have achieved an 
excellent reputation as an alternate source for all types of 
industrial, military and Hi-Rei requirements. 

Silicon General has also made significant innovative 
contributions, particularly in the design of new proprietary 
voltage regulating and power control devices. ,The 
SG1524/2524/3524 Regulating Pulse Width Modulator has 
rapidly captured the attention of power supply designers who 
have utilized this device to acbieve much greater efficiency and 
lower costs in switching supplies. Silicon General will soon 
introduce other new, highly advanced and original power control 
devices and we will continue to provide an alternate source for 
significant new linear devices. 

This new catalog provides all the essential information you 
need to specify Silicon General devices. Please note that these 
devices are available in chip form and in a wide range of standard 
packages. All devices are manufactured to the strict 
requirements of MIL-STD-883, Level B and a complete range of 
screening and testing capabilities to higher levels is available. 

For additional information, please contact our local 
representative or distributor in your area, or one of our factory 
applications engineers will be glad to assist you. 



PRODUCT SELECTOR GUIDE 

REGULATORS High Voltage, Page No. Memory Driven Page No. 
Compensated 55325175325 

Positive Adj~.table Page No. 153611436/1436C 52 
High C~"ent 100/2001300 10 Dual, Cqmpensated O~tp~t Driver. 

105/205/305/305A 10 7471747C 49 1627/3627 60 117/217/317 13 155811458 49 
7231723C 19 Switch Drivers 

1532/253213532 27 High Performance 1629/3629 62 
1556/1456/1456C 52 

NegaUve Adjustable 108/208/308 46 TRANSISTOR ARRAYS 10412041304 11 108A1208A/308A 46 
1511/3511 22 111812118/3118 46 Transistor Arrays 
D~al Tracking 1118A/2118A/3118A 46 2001/2002/2003 69 
1501A/2501A/3501A 20 Mlcropower/Progtammable 3018/3018A 70 
1568/1468 31 1250/2250/3250 51 

3045/3046/3146 70 
4194/4194C 32 4250/4250C 51 3081/3082 71 
4501 20 3083/3183/3183A 72 

Voltage Followers 3086 70 D~al Tracking Adjustable 102/2021302 44 3821/382213823 70 1502/2502/3502 21 110/210/310 44 3851/385213853 73 
Positive Fixed Voltage High Slew Rate 
109/209/309 12 741 S/741 SC 48 
1231223/323 18 

Q~ad OTHER CIRCUITS 
780517805C (140/340-05) 33 

1241224/324 47 780617806C (140/340-06) 33 Wldeband Amplifier. Page No. 
780817808C (140/340-08) 33 7331733C 77 
781217812C (140/340-12) 33 INTERFACE CIRCUITS 1401/2401/3401 78 
781517815C (140/340-15) 33 

Se'nse Amplifiers. Page No. 1402/240213402 79 
781817818C (140/340-18) 33 

5520'/7520 64 3001 82 
782417824C (140/340-24) 33 

5521'/7521 64 M~ltIpliers 
7805A17805AC 36 

5522'/7522 64 1595/1495 80 
7806A/780SAC 36 

5523'/7523 64 Moc:tulators 7808A/7808AC 36 
5524'/7524 64 1596/1496 81 7812A17812AC 36 
5525'/7525 64 'Zero Voltage Switches 7815A17815AC 36 
5527'17527 64 

7818A17818AC 36 305813059/3079 83 
5528'/7528 64 

7824A17824AC 36 
5529'/7529 64 Timers 

Negative Fixed Voltage 5534'/7534 64 555/555C 75 
120/220/320-05 15 5535'17535 64 556/556C 76 
120/220/320-5,,2 15 5538'17538 64 
120/220/320-08 15 5539'/7539 64 APPLICATIONS NOTES 
120/220/320-12 15 

Line Driver Applications Notes Page No. 120/220/320-15 15 
7905/7905C 39 

1488 58 SGI17 Voltage Regualtor 14 

7905.217905.2C 39 Line Receivers SG1401 Video Amplifier 85 

790817908C 39 1489/1489A 59 SG1402 Wideband Amplifierl 

791217912C 39 55154175154 66 .. ' Multiplier 87 

791517915C 39 8us Transceivers SG1501A Dual Tracking 

55138/75138 65 Regulator 91 
Regulating Pulse 

SG1524 Regulating Pulse 
Width Modulators Comparators 

Width Modulator 95 
1524/2524/3524 23 1111211/311 55 

7iO/710C 57 

OPERATIONAL .I11/711C 57 OTHER INFORMATION 
AMPLIFIERS i Quad Comparators Other Information 

139/239/339 56 Ordering Information 3 
General Purpose, 139A/239A1339A 56 Product Quality Assurance 6 
Compensated 3302 56 Cross Reference Guide 4 
1071207/307 45 Dual Peripheral Drivers Package Outlines 110 
7411741C 45 55450131754508 67 Package Cross 
1760 53 5545181754518 Reference Guide 112 
1217/3217 45 5545281754528 Distributors 113 
General Purpose, Page No. 554538/754538 Representatives 114 
Uncompensated 554548/754548 

, 

101/201 43 55460175460 67 ·Contact factory for data. 
101A1201A1301A 43 55461/75461 
748/748C 50 55462/75462 
777/777C 50 55463175463 Data subject to change without notice. 
1660 53 55464175464 tice. 

SGl5431254313543. - P-
1 

SGI503I2503I3503. 
Power Supply Output Supervisory Circuit. Precision 2.5 Volt. 
Refer to page 116. Refer to page 119. 
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ORDERING INFORMATION 

Inquiries may be directed to the nearest distributor, representa
tive or the factory. Headquarters' offices are located at 11651 
Mqnarch Street, Garden Grove, California 92641. Telephone: 
(714) 892-5531, TWX: 910-596-1804. Telex. 69-2411. 

MIL-STD-883 Program - Parts tested and processed to 883 Level 
A, B or C are marked with the appropriate level immediately after 
the part no., Le., SG101AT/883A, SG101AT/883B, SG101AT/ 
883C. 

Integrated Circuit Marking and Product Coda Explanation -
Where Silicon General is sea;'lld:-sourcing an existing device, the 

Specify: 

WHEN ORDERING 
STANDARD PRODUCT 

• Generic part number (Includes designation for both electrical 
grade and temperature range) 

• Package type Isee Table A, below) 

Example: 

~~~ 
11) (2) (3) 

(1) = Silicon General manufacture 
(2) = Generic part type 
(3) = Ceramic dual-in-line package 

WHEN ORDERING 
MIL-STD-883 SCREENED PRODUCT 

Specify: 

• Generic part number (prime electrical and -550C to +1250C 
temperature range is standard) 

• Package type (sae Table A below) 

• Class of 883 screening 

Example: 

~~~ ~~ 
(1) (2) (3) (4) (5) 

(1) = Silicon General manufacture 
(2) = Generic part type 
(3) = Ceramic dual-in-line package 
(4) = Full screening to M I L-STD-883A 
(5) = Class B screening level 

company will use the number assigned by the company which 
introduCed the circuit, adding only an SG prefix. 

Part number may include suffix letter "A" indicating an improved 
electrical specification (SG 1 01 AT). Suffix letter "C" indicates 
Commercial temperature range (SG741 CT). 

Federal Supply Code Number - Silicon General's Federal Manu
facturer's Supply Code Number is 34333. 

WHEN ORDERING CHIPS 

Refer to appropriate technical data sheet for schematic dia
grams, electrical characteristics and other data. Order by SG 
type numbers. All chips are 100% electrically tested @250C to 
minimum specifications on all key parameters. All chip lots are 
visually inspected per MIL-STD-883.Method 2010,Condition B 
minimum. Unless otherwise requested. visual characteristics are 
guaranteed to a 10% L TPD. 

All chip lots contein units which will meet both OOC to +700C 
and -550 C to +1250 C temperature ranges. Chips can be 
guaranteed to military temperature range (-550C to +1250 C 
specifications) upon special request. Ch ips can also be guar· 
anteed to meet special parameter limits. Consult factory for 
details. 

All chips are available with gold backing. Please specify at time 
of order if back metelizatlon .Is required. Electrically tested, 
inked wafers (scribed and unscribed) are also available (20% 
LTPD). 

Chips are shipped in 100-unit trays. Minimum order: $250.00 
for standard device. Contect factory for additional pricing and 
delivery. 

TABLE B 

Lead Finish Descripticin 

Hot Solder Dip 
Acid Tin Plate 
Gold Plate 

38510 Designator 

A 
B 
C 

TABLE A 

Silicon General MIL-M-3B510 Silicon General MIL-M-3B510 
Package Description Package .. Package Package Description Package Package 

DeSignation Designation -D8s;gn8tion Designation 

2 Pin Metal Can TO-3 K Y 16 Pin 1/4" x 7/8" Plastic Dip N -
2 Pin Metal Can TO-66 R - 8 Pin 1/4" x 3/B" Ceramic Minidip y -
3 Pin Metal Can TO-5 or TO-39 T X 14 Pin 1/4" x 3/4" Ceramic Dip J C 
3 Pin 3/S" x 3/8" Plastic TO-220 P - 16 Pin 1/4" x 7/8" Ceramic Dip J E 
8 Pin Metal Can TO-99 T G 14 Pin 1/4" x 3/4" Metal/Glass Dip D C 
9 Pin Metal Can TO-66 R - 16 Pin 1/4" x 3/4" Metal/Glass Dip D E 

10 Pin Metal Can TO-l00 & TO-96 T I 10 Pin 1/4" x 1/4" Metal Flat Pack F H 
12 Pin Metal Can TO~ 101 T - 14 Pin 1/4" x 1/4" Metel Flat Pack F A 
8 Pin 1/4" x 3/8" Plastic Minidip M - 16 Pin 1/4" x 3/8" Metel Flat Pack F F 

14 Pin 1 4" x 3/4" Plastic Dip N 

·s •• page 113 for details of pecka~e outlines. 
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CAOSSAEFEAENCE 

PACKAGE 
SUFFIXES 

~ 
RAYTHEON 

SG Direct SG Direct SG Direct SG Direct \ ~,. , ,~ Ravtheon Replacement RaY,theon Replacement Raytheon Replacement Raytheon Replacement 

"? ~ ..... '\~ ~~. 
~ ~;! ~ t;. Of! . ~,~ 

Package ?~ "6 ,.~~ Q..o ~ \ $~. 
~ ~ .... ~ ~ ~ q" ~' ~ 

RM101D SG1010 
, 

Re1QST SG305T RC7230 SG723CO RC1458T SG1458T 
RM101Q SG101F RC105AT SG305AT RM723T SG723T RC1488D SG1488J 
RM10n SG10n RC1070 .5G3070 RC723T SG723CT RCl489D SG1489J 
RM101AD SG101AD Re107a SG301F RC7230P SG723CN RC1489AJ SG1489AJ 

3,8,10 Pin Metal Can T H 1! L G T T T 
RM101AQ SG101AF RC107DN SG307M RM7330 SG733D RC1566T SG1458AT 
RM101AT SG101AT RC107DP SG307N RC733D SG733CD RC1558T SG1458T 
RM1DSO SG105F AC107T SG307T 

"" 
RM733T SG733T RM1556AT SG1556AT 

8 Pin Plastic DIL ,,/ M N T P PI E N V RM105T SG105T Re10aD SG3080 RC733T SG733CT RM1S56T SG1S56T 
RM107D SG107D RC108Q SG300F RC7330P SG733CN RC155BT SG1558T 

14,16 Pin Plastic DIL N N P N P E CH· N DB 

RM107Q SG107F RC108T SG300T RM7410 SG741 0 RM4194L SG4194J 
RM107T SG107T RC108AD SG3OOAO RC7410 SG741CD RC4194L SG4194CJ 

14,16 Pin Ceramic DIL J J D J L F DC F DD 

RM108D SG1080 RC108AT SG308AT RM741Q SG741F RM4194TK SG4194R 
RM108Q SG108F RC109H SG300T RC741Q SG741CF RC4194TK SG4194CR 
RM108T SG108T RClOOL SG309K RM741T SG741T RC7520M SG7520J 

3 Pin TO-3 Power K K K - K - LK DA 
RM108AO SG108AO RMS55T SG555T RC741T SG741CT RC7520MP SG7520N 
RM108AQ SG108AF RC555T SG555CT RC741ON SG741CM RC7521M SG7521J 
RM108AT SG108AT RC555N SG555CM RC741DP SG741CN RC7521MP SG7521N 

8 Pin Ceramic DI L V - - - U - - I RM109H SG109T RM710T SG710T RM747D SG7470 RC7522M SG7522J 
RM109L SG109K. RM710AT SG710AT RM747T SG747T RC7522MP SG7522N 

3 Pin TO-220 Plastic P T U K T - V -
RM101T SG301T RC710T SG710CT RC7470F SG747CO RC7623M SG7523J 
RC101AO SG301AO RC7100P SG710CN RC747T SG747CT RC7523MP SG7523N 
RC101AQ SG301AF RM711T SG711T RM748T SG748T RC7524M SG7524J 

3,9 Pin T0-66 Power R - J - R - TK DF RC1010N SG301AM RC711T SG711CT RC748T SG748CT RC7524MP SG7524N 
RC101DP SG301AN RC711DP SG711CN RC7480P SG748N RC7525M SG7525J 

See page 112 for addition of package Information RC101AT SG301AT RM7230 SG7230 RC1458N SG1458M RC7525MP SG7525N 
RC,050P SG305N 

FAIRCHILD 
SG Direct 

Fairchifd 
SG Direct SG Direct 

Fairchild Replacement Replacement Fairchild Replacement MOTOROLA 
710F SGnDF 7470C i SG747CO 7815HM SG7815T 
710H SG710T 747AHM SG747AT 7815HC SG7815CT 

SG Direct SG Direct SG Direct 
Motorola Replacement Motorola Replacement Motorola Replacement 

710HC SG710CT 747AOM SG747AJ 7815KM SG7815K MC1436G SG1436T MC17l1CF SG711CF MC7B06CG SG7806CT 
7100 SG71DO 747EHC SG747ET 7815KC SG7815CK MC1436CG SG1436CT MC17l1CG SG711CT MC7806K SG7806K 
7100C SG710CO 747EDC SG747EJ 7818HM SG7818T MC1455CG SG555CT MC1711CL SG711CD MC7806CK SG7806CK 
711F SG711 F 748F SG748F 7818HC SG7818CT MC1455CP 1 SG555CM- MCl711F DG711F MC7808G SG7808T 
711H SG711T 748H SG748T 7818KM SG7818K MC1456CG SG1456CT MC1711G SG711T MC7808CG SG7808CT 
7110 SG711 0 748HC SG748CT 7818KC SG7818CK MC1456G SG1456T MC1711l SG711D MC7808K SG7808K 
7110C SG711CO 7480 SG7480 7824HM SG7824T MC1458P 1 SG1458M MCl723CG SG723CT MC7808CK SG7800CK 
723H SG723T 7480C SG748CO 7824HC SG7824CT MC1458G SG1458T MCl723G SG723T MC7812G SG7812T 

723HC SG723CT 776H SG1250T' 7824KM SG7824K MC146BG SG1468T MC1723CL SG723CD MC7812CG SG7812CT 

7230 SG7230 776HC SG3250T' 7824KC SG7824CK MCl468L SG1468J MCl723L SG723D MC7812K SG7812K 

7230C SG723CO 777H SG777T 96650 SG2001J 
733F SG733F 777HC SG777CT 96660 SG2002J 

MC1468P SG146BN MC1741CF SG741CF MC7812CK SG7812C,K 

MCl488L SG1488J MC1741CG SG741CT MC7815G SG7815T 

733.H SG733T 777CT SG777CM 96670 SG2003J 
733HC SG733CT 7805HM SG7805T 78M05HM 5G7805T* 
7330 SG7330 7805HC SG7805CT 78M06HM SG7806P 
7330C SG733CO 7805KM SG7805K 78M08HM SG7808T' 
741F SG741F 7805KC SG7805CK 78M12HM 5G7812T* 
741H SG741T 7806HM SG7806T 78M15HM SG7815P 
741HC SG741CT 7806HC SG7806CT 78M24HM SG7824T' 
7410 SG741 0 7806KM SG7806K 78M05HC SG7805CT' 
7410C SG741CD 7806KC 5G7806CK 78M06HC SG7806CP 
741CT SG741CM 7808HM 8G780B1: 7BMOBHC SG7808CT* 
741AHM SG741AT 7800HC SG7808CT 78M12HC 5G7812CT* 
741AOM SG741AJ 7808KM SG7808K 78M15HC SG7815CT' 

MC1489L SGl489J MC1741CL SG741CO MC7815CG SG7815CT 

MC1489AL SG1489AJ MC1741CP-1 SG741CM MC7815K SG18l5K 

MC1495l SG14950 MC1741CP~2 SG741CN MC7815CK SG7815CK 

MC1496G SG1496T MC1741F SG741 F MC78l8G SG7818T 

MC1536G SG1536T MC1741G SG741T MC7818CG SG7818CT 

MC1555G SG555T MC174tl SG741 0 MC7818K SG7818K 

MC1556G SG1556T MC1741SG SG741ST MC7818CK SG781aCK 

MC1558G SG1558T MC1741SCG SG74tSCT MC7824G SG7824T 

MC1568G 5G1568T MC1741SCP-1 OG741 SCM MC7824CG SG7824CT 

MC1568L SG1568J MC1748G SG748T MC7824K SG7824K 

MC1595L SG15950 MC1748CG G748CT MC7824CK SG7824CK 

MC1596G SG1596T MC3302P-1 SG3302N MC1905CK SG320K-G5 
MCl710CF SG7l0CF MC3302L SG3302l MC7912CK SG320K-12 

741EHC 5G741 ET 7808KC SG7800CK 78M24HC SG7824CT' MC1710CG SG710CT MC7805G SG7805T MC7915CK SG320K-15 
741EOC 5G741 EJ 7812HM 8G7812T 75450AN SG754508N MC17l0Cl SG7l0CD MC7805CG ~G7805CT MC7952CK SG320K-5.2 
747H SG747T 7812HC SG7812CT 75450AJ SG75450BJ 
747HC $G747CT 7812KM SG7812K 75460AJ SG75460J 
7~70 5G7470 7812KC SG7812CK 75460AN SG75460N 

MC1710F SG710F MC7805K ~7805K MC75450P SG75450BN 

MC1710G SG710T MC7805CK ~G7805CK MC75450L SG75450BJ 

MC17tOl SG7100 MC7806G SG7806T 

·Similar, not identical 4 



SICNETICS 

iUIDE 
SG Direct 

SlgnetiCi ~epl8QMnen 

LM1001AF SG101AD PA;111CA SG711CN 
LM101AK SG101AT IJ.A,111CK SG711CT 

NATIONAL 
so Df,", so Direct SG DirKt SGDirec:t 

National 
Rep __ ment 

National RepllM*Mflt Nlltional Replacement NatioM! R~lacerMnt 

LM101F SG101D IJJA723L SG723T 
LM101Q SGl01F J.lA723CL SG723CT 
LM101K SG10IT JJA723CA SG723CN 
LM107K SGl07T JJA733K 5G733T 
LM109DB SG109T ~A7331 SG733J 
LM'09DA~ SG109K>~. -JJA733CA 5G733CN 

LM100H SG100T LM140K-1a SGI40K-18 LM309H SG309T LM723CH SG723CT 
LM1Q10 Sa1010 lM140H-24 SGI40T-24 LM309K SG309K LM723CN SG723CN 
LM101F SG101F LM140K-24 SG14lOK-24 LM310H SG310T LM741f SG741F 
LM101H SG101T LM200H SG200T LM311H SG311T LM741H SG741T 
LM101AO SG101AO lM201H SG201T LM312H SG3118AT LM741CH SG741CT 
LM101AF SG101Af LM201AH SG201AT LM317T SG317T LM741CN SG741CM 
LM101AH SG10tAT LM202H SG202T LM317K SG317K LM741AD SG741AJ 
LM102H SGl02T LM204H SG204T LM320H-<J5 SG320T-<J5 LM741AH SG741AT 
LM104H SG104T LM205H SG206T LM320K~5 SG320K-Q5 LM747D SG747D 
LM105F SG105F LM207H SG207T LM320H-5.2 SG320T·5.2 LM747CO SG747CO 
lM105H SG105T LM208H SG208T LM320K-5.2 SG320K-S.2 LM747F SG747F 
LM1070 5G1070 LM209H SG209T LM320H-12 SG320T-12 LM747H SG747T 
lM107F SG101F LM210H SG210T LM320K-12 SG320K-12 LM147CH SG141CT 
LM107H SG101T LM211H SG211T LM320H-15 SG320T -15 LM147CN SG141CN 
LM10SD 5Gl08D LM212H SG21t'SAT LM320K-15 SG320K-15 LM741AO SG747AJ 
LM108F SG108F LM211T 5G211T LMJ23K SG323K LM141AH SG147AT 
LM108H SG10BT LM211K SG211K LM324D DG324J LM14SH 5G748T 
LM108AD 5Gl08AD LM220H-OS SG220T-OS LM324N SG324N LM148CH SG148CT 
LM108AF SG108AF LM220K-()5 SG220K-Q5 LM339D 5G339J LM14SCN SG748CM 
LM10SAH SG108AT LM220H-5.2 SG220T -5.2 LM339AD 5G339AJ LM145SN SG1458M 
LM109H 5Gl09T LM220K-5.2 SG220K-S.2 LM339N SG339N LM145SH SG1458T 
LM109K SG109K. LM220H-12 5G220T-12 LM339AN SG339AN LM1496N SG1496N 
LM110H SG110T LM220K-12 SG220K-12 LM340H-Q5 SG340T-05 LM1496H SG1496T 
LM111H 5Gl11T LM220H-15 5G220T-15 LM34QK-()5 5G34QK-Q5 LM1558H 5G1558T 
LM1,2H 5G1118AT LM22QK-15 SG220K-15 LM340H-()6 5G340T -06 LM1596H SG1596T 
LM117T 5G117T LM223K SG223K LM340K-()6 5G340K-06 LM3302D 5G3302J 
LMl17K 5Gl17K LM224D SG224J LM340H-()S SG340T-08 LM3302N SG33D2N 
LM120H-()5 5Gl20T-05 LM239D SG239J LM340K-08 SG340K-08 LM4250H 5G4250T 
LM120K-Q5 5G120K-05 LM239AO SG239AJ LM340H-12 5G340T-12 LM425DCH 5G4250CT 
LM120H-5.2 SG120T-5.2 LM239N 5G239N LM340K-12 SG340K-12 LM4250CN SG4250CM 

LM201AF SG201 AD JLA,733CK 5G733cr 
lM201AK SG201 AT JJA733CI SG133CJ 
LM2010F SG2010 JLA,741T SG741~ 
LM201K SG20IT JJA741CA SG741CN 
LM201AN-14 SG201AN JJA741CT SG741CT 
LM201Y SG201M J,LA141CV 5G741CM 
LM2010 SG201F JJA747T SG747T 
LM207K SG207T JJA747CA SG747CN 
LM207Y SG207M J.LA,747CK sG747CT 
LM2090B 5G209T J,LA748T 5G748T 
LM209KDA SG209K JJA748CA SG748CN 
LM301AF SG301AO JJA748CT SG748CT 
LM301AH SG301AT JJA748CV SG748CM 
LM301AN-14 SG301AN S5556K SGI556T 
LM301AN SG301AM N5556K SG1456T 
LM307K SG307T N5556V 5G1456M 
LM301A SG307M S55SK SG1558T 
LM309DB SG300T N5558K 5G1458T 
LM309K SG309K N5558V SG1458M 
SE555K SG556C1 S5696K SG1596T 
NE555F SG555CT N5596A SG1496N 
NE555Y SG555CM N5596K SG1496T 
SE556K 5G556T SN7520A SG7520N 
NE556K SG556CT SN7521A SG7621N 
AA710Q SG71 OF SN7522A SG7522N 
MA710K SG71Qr SN7523A SG7523N 
AA710CA SG710CN SN7524A SG7524N 
.uA710CK SG710CT SN7525A SG7525N 
J.lA7110 SG711F SN75450A SG75450BN 
IJ.A711H SG711T 

LM120K-5.2 SG120K-5.2 LM239AN SG239AN LM340H-15 LM340T-15 LM7520D SG7520J 
LM120H-12 5G120T-12 LM300H 5G300T LM340K-15 lM340K-15 LM1520N 5G1520N RCA 
LM120K-12 5G120K-12 LM301AH SG301AT LM340H-18 LM340T-18 LM7521D SG1521J 
LMl20H-15 5G120T-15 LM301AD SG301AD LM340K-18 LM340K-18 LM7521N SG7521N 
LM120K-15 SGl20K-15 LM301AF SG301AF LM340H-24 LM340T-24 LM7522D SG1522J 

SG Direct 
RCA ReptaCitment 

LM123K SG123K LM3Q1AN S·1301AM LM340K-24 LM340K-24 LM7522N SG7522N 
LM124D SG124J LM302H SG302T LM367N SG30SM LM7523D SG7523J 

CA3001 SG3091 CAJ083E SG3083N 
CA3018T . SG3018T CA3083F SG3083J 

LM139D SG139J LM304H SG304T LM555H 5G555T LM1523N SG1523N CA3018AT SG3018AT CA3086E SG3086N 
LM139AD SG139AJ LM305H SG3Q5T LM555C SG555CT LM7524D 5G7524J CA3026T SG3822T CA3086F SG3086J 
LM140H-05 5G140T -05 LM305AH SG3Q5AT LM555N SG555CM LM7524N SG7524N CA3D45F SG3821J CA3146E SG3146N 
LM140K-05 SG140K-05 LM301D SG307D LM7l0H SG110T lM7525D SG7525J 
LM140H-06 SG140T-06 LM307F SG307F LM710AH SG710AT LM7525N SG752SN 
LM140K-06 SG140K-06 LM307H SG307T LM710CH SG710CT LM7528D, SG7528J 
LM140H~8 5G140T-08 i LM307N SG308M LM710CN SG710CN LM7528N SG7528N 
LM140K-08 SG140K-Q8 LM308D SG308D LM711H SG711T LM7529D SG7529J 
LMl40H-12 SG140T-12 LM308F SG308F LM711CH SG711CT LM7529N SG7529N 
LM140K-12 5G140K-12 LM308H SG308T LM711CN SG711CN LM75450N 5G75450BN 
LM140H-15 SG140T-15 LM308AD 5G308AO LM723D SG723D 
LM140K-15 SG140K-15 LM308AF SG308AF LM723CD SG723CD 
LMl40H-18 5G140T -18 LM308AH SG308AT LM723H SG723T 

CA3046E SG3B21N CA3183E SG3183N 
CA3054E SG3822N CA3183AE SG3183AN 
CA3055T SG300T CA3741T SG3741T 
CA30S8F SG3058J CA3741CT SG741CT 
CA3069FIE SG3059J/N CA3747CT SG747CT 
CA3079E SG3079N CA3747E SG747N 
CA3081E 5G3081N CA3747T 5G147T 
CA3081F SG3081J CA3748CT SG148CT 
CA3082E SG3082N CA3748T SG748T 
CA3082F SG3082J 

TEXAS INSTRUMENTS 
Texas SG Direct Texas sa Direct Texas SG Direct Texas SG Direct Texas SG Direct Texas SG Direct 

Instruments Replacement Instruments Replacement Instruments Replacement Instruments Replacement Instrumenu. Replacement Instruments Replacement 

ULN200lJ SG20'01J SN52108L SGl08T SN55450BJ SG55450BJ SN72308J SG308D SN7520J SG7520J SN75138J SG75138J 
UlN2002J SG2002J SN52108AF SG108AF SN55451J SG55451J SN72308L SG30BT SN7520N SG7520N SN7513BN SG75138N 
ULN2003J SG2003J SN52108AJ SG108AD SN55452J SG55452J SN72308AZ SG30BAF SN7521J SG7521J SG75154J SG75154J 
SN5520J SG5520J SN5210BAL SG108AT SN55453J SG55453J SN72308J SG308D SN7521N SG7521N SG75325J SG75325J 
SN5521J SG5521J SN52555L SG555T SN55454J SG55454J SN72308L SG308T SN7522J SG7522J SN75325N SG75325N 
SN5522J SG5522J SN52710J SG710D SN55460J SG55460J SN72555l SG555CT SN7522N SG7522N SN75450BN SG75450BN 
SN5523J SG5523J SN52710l SG710T SN55461J SG55461J SN72555P SG555CM SN7523J SG7523J SN75450BJ SG75450BJ 
SN5524J SG5524J SN52710S SG710F SN55462J SG55462J SN7271OJ SG710CD SG7523N 5G7523N SN75451J SG75451J 
SN5525J SG5525J SN52711J SG711D SN55463J SG55463J SN72710L SG71 OCT SN7524J SG7524J SN75452J SG75452J 
SN5526J SG5526J SN52711L SG711T SN55464J SG55464J SN72711J SG711CD SN7524N SG7524N SN75453J SG75453J 
SN5527J SG5527J SN52711Z SG711F SN55471J SG55471J SN72711L SG711CT SN7525J SG7525J SN75454J SG75454J 
SN5528J SG5528J SN52733L SG733T SN55472J SG55472J SN72733L SG733CT SN7525N SG7525N SN75460N SG7546JN 
SN5529J SG5529J SN52733N SG733N SN55473J SG55473J SN72733N SG733CD SN7528J SG7528J SN75460J SG75460J 
SN5534J SG5534J SN52741F SG741 F SN55474J SG55474J SN72741Z SG741CF SN7528N SG7528N SN75461J SG75461J 
SN5535J SG5535J SN52741J SG741D SN7230IJ SG101D SN72741J SG741CD SN7529J SG7529J SN75462J SG75462J 
SN5536J SG5536J SN52741l SG741T SN72301 L SG2Q1T SN72741 L SG741CT SN7529N SG7529N SN75463J SG75463J 
SN5537J SG5537J SN52747J SG747D SN72301Z SG201F SN72741P SG741CM SN7534J SG7534J SN75464J SG75464J 
SN5538J SG5538J SN52747L SG747T SN72301AJ SG301AD SN72741N SG741CN SN7534N SG7534N SN75471J SG75471J 
SN5539J SG5539J SN52748F SG748F SN72301AL SG301AT SN72747J SG747CD SN7535J SG7535J SN75472J SG75472J 
SN52107J SG107D SN52748J SG748D SN72301AZ SG301AF SN72747l SG747CT SN7535N SG7535N SN75473J SG75473J 
SN52107L SG107T SN52748L SG748T SN72307J SG307D SN72747M SG747CN SN7538J SG7538J 5N75474J SG75474J 
SN52107Z SG107F SN55138J SG55138J SN72307L SG307T SN72748F SG74BCF SN7538N SG7538N 5G1524 5G1524 
SN52108F SG108F SN55154J SG55154J SN72307Z SG307F SN72748J SG748CD SN7539J SG7539J SG2524 SG2524 
SN52108J SG108D SN55325J SG55325J SN72308Z SG308F SN72748L SG748CT SN7539N SG7539N SG3524 SG3524 
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PRODUCT QUALITY ASSURANCE 

Silicon General is totally committed to the manufacture of high
reliability integrated circuits •. This commitment extends through
out the organization from initial product design to final shipment. 

Silicon General integrated circuits are manufactured and exam
ined to meet or exCeed the requirements of MI L-STO-883., and, 
in addition, the Company has implemented the capability for 

Processing and Assembly Flo"""" The outline below describes the 
standard production processing procedures used exclusively at 
Silicon General to insure thilt all products are manufactured in 
full conformance to the requirements of MIL-Q-9858A and 
MIL-ST0-883 Condition B as a minimum. 

Post-Assembly Screening Procedures - The company's unique 
flexibility allows ready accommodations to special customer 
requirements, including post assembly screening procedures in 
compliance to MI L-M-38510 and MIL~STO-883, Method 5004. 

STANDARD QUALITY ASSURANCE PROCEDURE 

BASIC RAW MATERIALS - Silicon, Chemical, Masks, 
Headers, Wire, etc. 

QC SAMPLE INSPECTION - Each arriving ship· 
ment is assigned a lot code identification to assure 
traceability and is then sample-processed through 
mechanical, visual, electrical, and functional lot 
acceptance testing prior to stocking. 

WAFER FABRICATION 

100% ac INSPECTION - At each photomasking 
step, examining· for:. 
• Mask alignment and resolution 
• Oxide and diffusion quality 
• I n-process electrical evaluation 

100% ELECTRICAL PROBE OF COMPLETED WAFER -
Complete product performance testi ng on Teradyne J273 
automatic test equipment to data sheet or customer 
specified limits . 

QC SAMPLE INSPECTION OF PROBING -
Performed on continuous sampling basis for 
evidence of adequate probe contact, correct 
inking, lind freedom from probe point damage. 

MANUFACTURING WAFER INVENTORY 

WAFER SCRIBE AND BREAK 

100% DIE SORT AT 100X MAGNIFICATION 

QC SAMPLE INSPI:CTION (each lotI - Per 
MIL-ST0-883, Method 2010, Condition B 
minimum magnification of l00X. 

DIE ATTACH 

QC CONTINUOUS SAMPLING INSPECTION -
Per MIL-ST0-883A, Method 2010 ,Condition B 
minimum; Including die shear strength testing per 
Method 2019. 
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complete screening and testing to the requirements of 
MIL-M-38510. 

Silicon General's manufacturing flow and standard quality assur
ance procedures· are outlined below. If more complete informa
tion is required, the Silicon General Quality and Reliability 
Manual is available on request. 

• Additional screens available on special request include: Scanning 
Electron Microscope, Method 2018; Moisture Resistance, Method 
1004; Variable Frequency Vibration, Method 2007 and Salt 
Atmosphere, Method 1009. 

MIL-M-38510 Qualification and Quality Conformance· 
Inspection - Group B, C and D tests are performed on a periodic 
basis or when specified tiy the customer. This testing IS in com
pliance to MIL-M-38510 as detailed in MIL-STD-883, Method 
5005. 

LEAD BOND 

QC CONTINUOUS SAMPLING INSPECTION -
Per MI L-STO-883, Method 2010, Condition B 
minimum; including bond pull testing per 
Method 2011 , Condition D. 

100% PRESEAL OPTICAL INSPECTION OF COM
PLETED DEVICE - Per MI L-STD-883, Method 2010 
Condition B minimum. 

QC SAMPLE INSPECTION - MIL-STD-883 
Method 2010, Condition B minimum, magnifi
cation of 40X and l00X. 

FINAL SEAL - Hermetically sealed in a controlled, dry
nitrogen environment. 

QC LOT INSPECTION SAMPLING AND 
ACCEPTANCE - Post cap visual inspection per 
M I L-STD-883, Method 2010, Condition B; 
including Bond Pull Strength testing per 
Method 2011, Condition D, and Die Shear 
Strength testing per Method 2019. 

MANUFACTURING POST -ASSEMBL Y SCREENING 

100% ELECTRICAL TEST AND CLASSIFICATION -
Complete performance testing of all specified parameters 
to either data sheet or customer specified limits. 

MARKING - To customer specified or Silicon General 
identification plus date code traceable to seal or lot 
acceptance date. 

PRESHIP PACKING 

SHIP 

QUALITY ASSURANCE -'- Group A Preship 
Electrical Test and Final Visual Inspection per 
MIL-STO-883, Method 2009. 



Post Assembly Screening Procedures 

Silicon General manufactures products to the three standard levels of quality assurance processing outlined 
below. In addition, the company's unique flexibility allows ready accommodations to special customer 
requirements. The following screening procedures are in compliance to M I L-M-3851 0 and all methods are as 
detailed in MIL-STO-883, Method 5004. 

MIL-STD-883, CLASS A MIL-STD-883, CLASSB STANDARD PRODUCT 

SCREEN METHOD REQM'T METHOD REQM'T METHOD REQM'T 

Internal Visual 2010, Condition A 100% 2010, Condition B 100% 2010, Condition B 100% 
Pre or Post Cap 

Stabilization 1008, Condition C 100% 1008, Condition C 100% 1008, Condition C 100% 
Bake 24 Hours @ 1500 C 24 Hours @ 1500 C 24 Hours @ 1500 C 

Temperature 1010, Condition C 100% 1010, Condition C 100% 1010, Condition C 100% 
Cycling 10 Cycles, 10 Cycles, 10 Cycles 

-650 C to +1500 C -650 C to +1500 C -650 C to +1500 C 
Constant 2001, Condition E 100% 2001, Condition E 100% 
Acceleration 30,000 g Y 2 then Y 1 30,000 g, Y 1 Plane 

Hermeticity 1014, Condition A 100% 1014, Condition A 100% 1014, Condition A 5% 
a) Fine Helium, 10-8 , Helium 5 X 10-8, Helium 10-7, LTPD 

atm/cc/sec atm/cc/sec atm/cc/sec 
bl Gross 1014, Condition C2 100% 1014, Condition C2 100% 1014, Condition C2 5% 

Fluorocarbon Fluorocarbon Fluorocarbon LTPD 

Pre-Bum-in Per Applicable 100% Per Appl icable 100% 
Electrical Procurement Procurement 
Test Document Document 

Burn-in Test 1015, Condition A 100% 1015, Condition A 100% Per Applicable 
240 Hours @ 1250 C or F Procurement 

168 Hours @ 1250 C Document 

Final Electrical Per Applicable Per Applicable Per Applicable 
Test Procurement Procurement Procurement 

Document Document Document 

a) DC@ 250 C 100% 100% 100% 

b) DC@Max 100% 100% 
and Min 
Rated 
Temperature 

c) Dynamic 100% 100% 
@250 C 

d) Functional 100% 100% 100% 
@250C 

Radiographic Method 2012 100% 

Qualification Method 5005 Per Method 5005 Per DC Electrical 5% 
and Quality Applicable Applicable @250 C LTPD 
Conformance Document Document 
Testing 

External Method 2009 100% Method 2009 100% Method 2009 100% 
Visual 

NOTE: 

Additional Screens Available on Special Request -

• Scanning Electron Micrqscope, Method 2018 • Variable Frequency Vibration, Method 2007 

• Moisture Resistance, Method 1004 • Salt Atmosphere, Method 1009 
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VOLTAGE REGULATORS 
Positive Adjustable Regulators 

Negative Adjustable Regulators 

3-Terminal, Adjustable Regulators 

3-Terminal, Fixed Positive Regulators 

3-Terminal, Fixed Negative Regulators 

3-Terminal, 3-Amp, 5V Regulators 

Precision Negative Regulator 

Dual Polarity Tracking Regulators 

Adjustable Dual Polarity Regulators 

SWitching Regulators 
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Positive Voltage Regulators 

SG100/200/300 SG10S/20S/30S/30SA 
This circuit is a positive voltage regulator designed for both linear and 

switching applications. With an input voltage rating of up to 40V, this 
device will provide 20mA of load current by itself and more than 5 amps 
with the aid of external trensistors. Additional features include' low 
standby power dissipation, fast transient response, and freedom from 
oscillations. 

This circuit is a positive voltage regulator designed for both linear and 
switching applications. Inherent cOmPonent tracking of the monolithic 

c integrated circuit process provides a high degree of stability and accuracy 
in addition to fast response to both line and load transients. With an input 
voltage rating of up to 50V, this device will deliver load currents of 20mA 
(45mA with 305A).Adding external transistors will increase the current 
capability to greater than 10 amps and further improve regulation. 

• Output voltage adjustable from 2 to· 30V • Output voltege adjustable from 4.S to 40V 
• Load regulation better than O.05%1mA • Load regulation better than O.Ol%1mA 
• Line regulation better than 0.20%lIl • Line regulation better than O.05%1V 
• 1.0% maximum temperatura variation • Rippla rejection of 0.01%iV 

• 1.0% maximum temperature variation 

PARAMETERS' 100 200 300 lOS I 205 I 305 

Operating Temperature Range -55 to +125 o to +70 o to +70 -55 to+125 I -25 to +85 o to +70 

Package Tvpes T,J, Y T,J,Y,M,N T,J, Y J T,J, Y,M,N 

Input Voltage Range 8.5 to 40 8.0 to 30 8.5 to 50 

Output Voltage Range 2.0 to 30 2.0 to 20 4.5 to 40 

Input/Output Differential 3.0 to 30 3.0 to 20 3.0 to 30 

Load Regulation 0.5 1,2 0.1 2,3 

Line Regulation Yin - Vout " SV 0.2 

Yin - Vout > SV 0.1 

Ripple Feed thru Crel ~ 10,,1, f =120Hz - - 0.01 

Temperature Stability 1.0 2.0 1.0 

Output Noise Voltage 
0.005 (typ) 0.005 (typ) 0.005 (typ) 

(10 Hz .. I .. 10 KHz, Cref = 0) 

Feedback Sense Voltage 1.8 (typ) 1.8 (typ) 1.7 (typ) 

Standby Current Drain 3.0 3.0 2.0 

Minimum Load Current 3.0 3.0 0 

Long Term Stability 1.0 1.0 1.0 

"Parameters apply at jUnction temperatures equal to or less than operating temperature range. and for a divider 
Impedance seen bY' the feedback terminal of 2Vn. unless otherwise specified. 

I'L < 12mA. Rsc = On. Output current and load regUlation can be improved with external tranSistors. 
Improvement factors will be approx. equal to the composite current gain of added transistors. 

2 Applies for constant- junction temperature. Temperature drift effects must be taken into account-separately when 
the unit is 9perattng under ccmdl~ions of high dissipation. 

3same .as Note I, except Rsc = Ion. 

CONNECTION DIAGRAMS 

Regulator Connected for 2·Amp Output Basic Regulator Circuit 

8.0 to 40 

4.5 to 30 

3.0 to 30 
0.1 2,3 

0.06 

0.03 

0.01 

1.0 

0.005 (typ) 

1.7 (typ) 

2.0 

0 

1.0 

305A 

o to 70 

T 

8.5 to 50 

4.5 to 40 

3.0 to 30 
2.02,3 

0.003 (typ) 

1.0 

0.005 (typ) 

1.55 to 1.85 

2.0 

0 

1.0 

UNITS 

°C 

-
V 

V 

V 

% 

%IV 

%IV 

% 

% 

V 

mA 

mA 

% 

SG100/2OOI3OO Chip (See T· 
Package diagram for pad funclions) 

GND & CASE 
801051205/305 Chip (See T· 
Package diagram for pad functions) 

REFERENCE 
BYPASS CD 0 CD U~:::~lAT[D 

FEEDBACK @ :~-::.w @ ~~~~~R 

CDMP CD <D G) CURRENT 
llMLT 

REGULATED 
OUTPUT 

iO 

COMPENSATLDN 

REGULATED 
OUTPUT 

CURRENT 
liMIT 

" 
NC 

TOP VIEW 
JorN 

Package 



Negative Voltage Regulators 

SG104/204/304 

This circuit is a negative voltage regulator dasigned for both linear and 
switching applications. It is a complement ofthe SG 100/200/300. SG 105/ 
205/305 and SG723/723C intended for systems requiring regulated 
negative voltages having a common ground with the unregulated supply. 
With an input voltage rating of up to 50V. this davice will deliver load 
currents to 25mA. Adding external transistors will increase the current 
capability to greater than 10 amps and further improve regulation. 

• Output voltage adjustable from 15mV to 40V 
• 1 mV regulation no load to full load 
• O.Ol%1V Ii ... regulation 
• 1% maximum temperature variation 

PARAMETERS· 104 I 204 
Operating Ternparature Range -55 to +125 I -25 to +85 
Package Typas T 

Input Voltage Range -50 to-8 

Output Voltage Range -40 to -0.015 
Input/Output Differential 10 = 20 rnA 1 2.0 to 50 

Load Ragulation' 0 .. 10 " 20 rnA, Rsc = 1511 5rnV 

Line Raguletion 3 
Vout .. -5V 

0.1 
"'"Vin = 0.1 Yin 

Ripple Fead thru C'9 - 10"f, f = 120Hz, -7V" Vin" -15V 1.0 
Output Voltage Scale Factor R23 = 2.4kll 1.8 to 2.2 

TamparatureStability Vo" -IV 1.0 

Output Noise Voltage C'9 = O"F aw - 10Hz to 10KHz Vo" -5V 0.007 (typ) 

Standby Current Drain V 0 = 0, I L = 5 rnA 2.5 
Long Term Stability Vo .. -IV, 1.0 

304 UNITS 

o to +70 DC 

I -40to-8 V 

I -30 to -0.035 V 

2.0 to 40 V 

-
% 

1.0 mVIV 
1.a to 2.2 V/krl 

1.0 % 
0.007 (typ) % 

2.5 rnA 

1.0 % . Parameters apPly at Junction temperatures equal to or less than operating temperature range unless otherwise speCified. The line and 
load regUlation specifications are for constant junction temperature. Temperature drift effects must be taken Into aecou,nt 
separately when the unit Is operating under conditions of high dissipation. 

·Wlth 10 = 5 rnA, min differential is O.5V. With external transistors differential Is increaSed, in the worst case. by approx. 1 v. 
20utput current and load regulation can be improved with external transistors. Improvement factor will be approx. equal to the 

composite current gain of added transistors. 

3With zero output. the de line regulation is determined from the ripple rejection. Hence. with output Yoltages between 0 yolts 
and -5 Yolts, a de output yarlation, determined from the riPPle rejection, must be added to find the worst-case line regUlation. 

SG104/204/304 Chip (See T-package 
diagram for pad functions) 

CONNECTION DIAGRAM 
UNREGULATED 

CURRENT INPUT 
LIMIT CD COMP 

CD 0 REFERENCE 
g~~ru~R CD lro,~~W CD SUPPLY 

REGULATED CD l·'_... CD REFERENCE 

OUTPUT C~)'I CD 
GNO ~_ ADJUST 

Ne 

Basic Negative Regulator Circuit 
____ ~--~----~--~--_ •• D 

., 
UK 
I> 

v,. --__ ~----~-----'-' 

" .t.' .,F 

VOUT" III 
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High Curr __ t AegulMOr 
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5 Volt Fixed Voltage Regulators 

SG109/209/309 
The SG109 series is a completely self-contained 5V regulator_ Designed 

to provide local regulation at currents up to 1 amp for digitliliogic cards. 
this devica is available in two commonly used transistor packages - the 
solid header TO-5 and the TO-3 power package_ . . 

A major featura of the SGt09's design is its built-in protactive features 
which make it _!'!tially blowout proof_ These consist of both current 
limiting to control the peak currents and thermal shutdown to protact 
against excessive power dissipation_ With the only added component being 
the possible need for an input bypass capacitor, this regulator becomes 
extremely easy to apply. 

PARAMETERS' 

Operating Temperature Range 

Package Typas 

Output Voltage 

Line Ragulation 7V .. Vin .. 25V 
Load Regulation 5mA .. lout" 0.5A (1.5A lor TO-31 

Totel Output Voltage Tolerance2 

Quiescent Current Yin .. 25V 

Ripple Rejection 10 Hz .. ,< 10kHz 

Output Noise Voltage 10Hz .. I .. 100kHz 

Output Impedance 10Hz .. I .. 10kHz 

Long Term Stability 

1.unless'otherwISJupeclfled. Tj =: 25°C. Vln = 10 Volts, and lout = O.IA. 

109 

.' Fully compatible with TTL and DTL 
• Output current in excess of 1 amp 
• Internal thermal overload protection 
•. No additional e><t~nal components 

I -
209 309 

-55 to +150 J -25 to +150 o to +125' 

T,K T, K. 

4.9 to 5.1 4.8 to 5.2 .. 

50 

TO-5: 50; TO-3: 100 

4.75 to 5.25 .' 

10 
75 (typl· 

40 (typ) 

0.1 (typl 

10 

27V " Vln .. 2SV, SmA .. lout" 1.OA (O_2A for TO-SI, P" 20W (2W for TO-SI, AT] max. 

T]max = -SSoC to +lSOoC foHhe SGI09 

-2So C to +lSOoC for'the 5G209 
= OOC to +1250 C for the 5G309 

UNITS 

°C 

-
V 

mV 

mV 

V 

mA 

dB 

"Vrm. ". 
n 
mV 

CONNECTION DIAGRAMS 

Adjustable 9otP,:,~ "Regulator 

INPUT OUTPUT 

Fixed 5V Regulator 

INPUT OUTPUT 
5V 

e2' 

• REQUIRED IF REGULATOR IS AN 
APPRECIABLE DISTANCE FROM 
POWER SUPPL V FILTER. 

t ALTHOUGH NO OUTPUT CAPACITOR 
IS NEEDED FOR STABILITV, It DOES 
IMPROVE TRANSIENT RESPONSE. 

Current Reouletor 

IN:~T -r1 SGI09 h 
0.22 II F I "---3 rl---J~ J ., . OUTPUT 

• DETERMINES OUTPUT CURRENT 

SG10912091309 Chip 

12 

GROUND 

(3-__ 
TO .. 

ICASE IS INTERNALLY' 
~ECTE~:TO GROUNDI 

~
Tabo p.:= 

Front 
. View 

• 1 - Input 
2 - Output 
3 - Ground 

1 . 2 T.b- G ...... 

3 

@ .. 
OUTPU~ . .... .... INPUT . 1 

GROONp 

. 0 



Three Terminal Adjustable Voltage Regulator 

SGll7 I SG2l7 I SG317 

Description 

This monolithic integrated circuit is an adjustable 3-terminal positive 
voltage regulator designed to supply more than 1.5 amps of load current 
with an output voltage adjustable over a 1.2 to 37volt range. Although ease 
of setting the output voltage to any desired value with only two. external 
resistors is a major feature of this circuit, exceptional line and load 
regulation are also offered. In addition, fOil overload protection consisting 
of current limiting. thermal shutdown and safe-area control are included in 
this device which is packaged in proven-r~.iability steel TO-3, TO-66 and 
solid-based TO-39 packages. The SG117 is rated foroperation from -55°C 
to +150o e, the SG217 from -25°e to +150o e and the SG317 from OOeto 
+125°e. 

Absolute Maximum Ratings 

Power Dissipation 
OUTPUT(CASE) 

Input-Output Voltage Differential 

Storage Temperature 

Operating junction Temperature Range 

SG117 

SG217 
SG317 

EIOC1,icll Cha'octo,isties (See Note) 

PARAMETER 

J nternally limited 

40V 

-65°C to +150oC 

-550C 10 +1500C 
- 25°C 10 + 15QOC 

ooe to +1250 C 

CONDITIONS 

Line Regulation TA' 250C, 3V .. (VIN -. Va) .. 40V 

Loed Regulation 

Adjustment Pin Current 

Adjustment Pin Current Change 

Reference Voltage 

TA=250C, Vo" 5V 

10mA <; 10 ~ 'MAX Va ~ 5V 

2.5V .. (VIN - yO) .. 40V. 

10mA :r;;;; 10 '" IMAX 

(3~ 
INPUT 

MIN 

T·Package 
TO-31l 

S0117/217 

TV' MAX 

0.01 0.02 

15 

0.1 0.3 

50 100 

0.2 

MIN 

Features 
• Output adjustable between 1.2 and 37 volt, 
• Output current In exce .. of 1.5 amps 
• Ftoatlng operation for high yoltagel 
• 0.1 % line and load regulation 
• Full overload protection 
• High-reliability. hermetlcallY-Iealed package 
• SG317 available In TO-220 

CONNECTION DIAGRAMS 

IN'"'9' AO'UST 

CASE IS 
OUTPUT 0 

•.. 
S0317 

ffi 
TO-220 Package 

Front 
TV. MAX UNITS View 

1- Adjust 
0.01 0.04 %/V ,- I" •• \ 

3- Output 

25 mV ( Tab- Output 

0.1 0.5 % 
1 \ 1 , 

50 100 IJA 

0.2 IJA 

V 
3V" (VIN - Va).;; 40V 

1.20 1.25 1.30 1.20 1.25 1.30 

Line Regulation 

Load Regulation 

Temperature Stability 

Minimum Load Current 

Current limit 

OutPUt Noise, RMS 

Ripple Rejection 

long Term Stabilitv 

Thermal Resistance, Junction 
to Case 

10 rnA ~ 10 ~ IMAX, p", PMAX 

3V';; IVIN - Yo) .. 40V 

TA '" 250C, 

f '" 120Hz CADJ '" 10 mfd 

(V IN - VOl :s;;;; 15V 

(V 1N - VOl'" 40V 

TA = 250C,10 Hz '" f, 10 kHz 

0.02 0.05 

20 50 

0.3 1.0 

1.0 

3.5 5.0 

1.5 2.2 

0.4 

0,003 

65 TA=250 C, 

f "120Hz CAOJ - 10 mfd 66 so 
0.3 

K Package 2.3 

T Package 12 15 

0.02 0.07 %/V 

20 70 mV 

0.3 1.5 % 

1.0 % 

3.5 10 mA 

l.S 2.2 A 

0.4 A 

0.003 % 

65 db 

66 so db 

0.3 %/khr 

2.3 OCNV 

12 15 OCNV 

NOTE: Unless otherwise noted, the above specifications apply over the following conditions 

SGI17: 

SG217: 

SG317: 

K-Package: 

T ~Package: 

-55°C. .. T j" 1500C 

-25°C .. Tj" 150°C 

OoC';; Tj" 1250C 

(VIN - VOl = 5V. 10 = O.5A. (MAX = 1.5A 

(VIN - VOl = 5V. (0 = P.1A. (MAX = O.5A 

All regulation specifications are measured at constant junction temperatures using low duty-cycle pulse testing. 
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Three Terminal Adjustable Voltage Regulator 

Typicll Performonce Choracte,istics 

Current Limiting , 

i 
I 

F= f\. • 
""-~, .. 

, IA'~~ ~ ~~ 
~ ~- ~,.,~,. 

. ~ ~ . " n " .. 
'Iff'UT.oUTf'UTDIFF(REII'IAllVI 

Temperature Stability 
, .... 

V i-""'" ........ 

'" I'\. 
'\ 

I--I-- --_. - -- --- ,----

,.'" ·K ... ." . " 50 " ,to u • '"~ 
JUNCTIOlf TlM'EIiATUlllf !OCI 

APPLICATION OAT A 

The SG 117 adjustable 3-terminal regulator is actually designed 
to provide a fix~d '.213 volt reference voltage between the out· 
put and adjustment terminals. This voltage is converted to a 
programming current by the action of A 1 as shown in Figure 1 
and this constant current then flows through R2 to ground. 
The output voltage of the regulator is then: 

VOUT = VReF ~ + ~) +. IADJ R2 

Since 'AOJ is controlled to less than 100 p.A. the error asso· 
ciated with this term is negligible. It shou'ld be noted that the 
methOd of keeping IAOJ small is to return all the reg~lator 
quiescent current to the output terminal. This imposes the 
requirement for a minimum load' current. If the load is less 
than this minimum. the output will rise. 

Since the SGll1 ,is ,a floating regulator. it is only the input
output voltage differential which' is important to regulator 
p~rfo~mance,-:and'-O'peration at high voltages with respect to 
ground are possible. 

Go'oct load' regulation can be achieved with the SG1'17 even 
witho\J:t remote 'sensing. since the case is the output terminal 
9f the' -regUlator which can be '8 very low impedance point. 
For best performance. the progra~ming resistor {RT)._should, 
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FIGURE 1. Sasic Adjultable R.'atof Circuit 
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be connected- as close to the regulator as possible; perhaps even 
with a ,separate ,connection to the case. The ground end of R2 
can be used as a remote sense lead and should be connected as 
close to the Ipad as possible. 

No external capacitors are required with the SG117. but in 
'some applications, performance may be improved'with added 
capacitance as follows: 

1. An input capacitor at 0.1 mfd wilt protect against 
problems when high line impedance is present. The 
device can be more sensitive to input impedance when 
output or adjustment capacitors are used. 

2, Bypas.sing the adjustment terminal to ground with a 
10 mfd capacitor will improve the ripple rejection by 
about 15 dB, 

3, A 1 mfd tantalum cap_acitor on the output will improve 
transient response and keep the regulator from ringing 
due to light capacitive loading, 

In addition to external capaCitors. it is sometimes good prac· 
tice to add protection ,diodes as shown in Figure 2' if there is a 
chance that a capacitor may discharge through the regulator IC. 

0' 

lN4002 

INPUT OUTPUT 

14 

C3 

FIGUflE 2. Diode Dt protects against C3 with an input shorr. 
DiOde 02 protects against C2 with an output short. 



Three Terminal Negative Regulator Series 

SG120/220 /320 

• Output voltage set Internany to ±3% The SG120 series of negative regulators offer self-contained fixed
voltage capability up to 1.S amps of load current. With four factory set 
output voltages (-SV, -S.2V, -12V and -1SV) and four package options, 
this regulator series is an optimum complement to the SG7800/140 line 
of three terminal positive regulators. 

• One volt minimum Input-output dlHerenUal 

Since these regulators require only a single output capacitor for 
satisfactory performance, and are protected from Qverload conditions 
by internal current limiting and thermal shutdown protection, ease of 
application is assured. 
Although designed as fixed-voltage regulators, the output voltage can 
be increased through the use of a simple voltage divider. The low 
quiescent drain current of the device insures good regulation when this 
method is used. Product is available in hermetically sealed TO-39, 
TO-66 and TO-3 power packages and commercial product is also 
available in TO-220. 

Tab 

.INPUT (case) 

(30~M 
GROUND 

PACKAGES 

p.PKIc8ge 
TO-Z20 

FRONT VIEW 

1 - Ground 
2 - Output 
3 _. Input 

Tab Input 

T ·p.ckage K-Peck.ge 
TO'" TO-3 

TOP VIEWS 

R·Package 
TO-48 

• Excellent line and load regulation 
• Short circuit currant limited 
• Thermal overload protection 

ABSOLUTE MAXIMUM RATINGS 

Device Output Volup 
5.0 volts 

Input Vol_ 
-25V 

·5.2 volts 
8.0 volts 
12 volts 
15 volts 

Power diaiPltion 
Operating junction temperature range 

SGI20..,;8. 
SG220_ies 
S032O .. ,i" 

Storage t ......... tUf. range 
LAId temperature (soldering, 10 sec) 

-25V 
-35V 
-35V 
-40V 

APPLICATIONS 

Fixed OUtput Regulatol' 
Dual Polarity. Trimmed Supply 

Input-output 
Differential 

25V 
25V 
30V 
lOV 
30V' 

Internally Limited 

-550 C to +1500C 
-25oC to +1500C 

OOC to +1250 C 
-650C to +1500C 

3000(: 

,,-----,2 
~~Mp~UT---,-I--~ ro:~'5 r---~r---~----~1----~.~'5~.~~ 

NOTE 1, C 1 ,~reQturM only If regulafOf I~ separated from rectifier filter 
'2 Both C, and C2 should be low E S.R. types such as solid tantalum. It aluMinum 

electroh"esare used, at leaU 10 times values shown shOuld be selected 
3 II large out out capatl,.es are us&d. the regulators must be protected 'rom momen 

larv ,nput shorts. A h'!lh curren! diode from output 10 ,nput Will sufflcl! 

Circuit for Increasing Output Voltage 

C, 
1.(ljJF 

r-~o--""'_OUTPUT 

NOTE C3 optional for Improved tranSIent 
response and rIpple relection 

VOUT " V(REGULATORI -Fi]:2~L 

WHERE R2" 3000. FOR SG1:zo.5 AND 5Gl20-5.2 
R2" 750H FOR SGl20·12 
R2 " 1000!l FOR SGl20·15 

).. •. 22mld 

; 2.2mfd 

NEG. 
INPUT 3 

5'. 
+---'VV'","",,~ 20k 

5' 

5' 

~N'720 

510 .. 

+--"""",,'r--+-'~2" '2~ = 
lN4720 

SG120·15 

O.1mfd 

COMMON 

1.0 mid 

·lS.OV 

NOTE: This circuit will allow each output to be adjusted approximately =_, volt around i_ts ~ominal 
value. While there is some interaction in the adjustments, it is typically less than 10%. The linearity 
of the adjustment is a function of the potentiomewr resistance with lower values increasing the 
linearity at the expense of power dissipation. The diodes protect the regulators from output polarity 
reversal due to inadvertent overloads or variations in input voltage sequencing. 

This same technique may be used with other voltageS and/or regulators in the series by merely 
adjusting the circuit values. 
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'" 

120/220 ELECTRICAL CHARACTERISTICS (See Notes 1 & 2) 

DEVICE TYPE (Note 5) 120/220 -5 1201220 -5.2 120/220 -.8 120/220 -12 120/220 -15 Units 

NOMINAL OUTPUT VOLTAGE -5 -5.2 -8 -12 -15 Volts 

INPUT VOLTAGE (Unless Otherwise Noted) -10 -10 -13 -17 -20 Volts 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Output Voltage Tj = 250C, 10 = 5 mA -4.9 -5.1 -5.1 -5.3 -7.80 -8.20 -11.7 -12.3 -14.7 -15.3 Volts 

Line Regulation Tj = 250C, 10 = 5 mA 5 25 6 25 10 25 4 10 5 10 mV 

(Note 4) .1VIN Range 
(-7V ";;V'N ";;-25V) (-8V ";;V'N <o;"25V) (-10.5V ";;V'N ";;-25V) (-14V ";;V'N ";;-32V)' (-17V'''';;V'N <::-35V) 

Line Regulation Tj = 250C, 10 = 5 mA '- 3 J 15 I 6 J 15 I 8 1 15 I 8 ! 5 I 8 ! 5 mV 
(-8V ";;V'N ";;-12V) (-9V ";;V,N ";;-12V) (-IIV ";;V'N ";;-17V) (-16V ";;V,N ";;-22V) (-lOV ";;VIN ";;-26V) 

Load Regulation Tj = 250 C 
P, R, K-Package 5 mA ..;; '0";; 1.5A 15 50 20 ,-60 24 80 28 80 30 80 mV 

T -Package (Note 3) 5 rnA ~IO:S;;;500 rnA 5 40 6 50 7 25 8 25 10 25 mV 

load Regulatiort Tj = 250 C 
15 25 20 30 50 40 28 40 30 40 mV p. R, K-Package 250 mA ";;10 ";;750 mA 

T -Package (Note 3) 100 rnA ~IO ~250 rnA 5 20 6 25 7 15 8 15 10 15 mV 

Total Output 
6.10 Range (-7.5V ";;V'N ";;-25VI 

Voltage Tolerance 
(-7.7V ";;V'N ";;-25V) (-10.5V ";;V,N <o;"25V) (-14.5V ";;V,N <o;"32VI (-17.5V ";;V'N <::-35V) 

K-Package 5 rnA ~IO ~1.0A. P ~20W 
T -Package 5 mA ";;10 ";;200 mA, P..;;ZW -4.B -5.2 -5.0 -5.4 -7.65 -B.35 -11.5 -12.5 -14.5 -'15.5 Volts 
R, P-Package 5mA~lo~1.0A. P~15W 

Quiescent Current Tj = 250C 1 2 1 2 1 2 1.5 4 1.5 4 mA 

Quiescent Current Line ~VIN Range 1.3 1.3 1.0 1.0 1.0 mA 
Change Load AIO Range .5 .5 .5 .5 .5 mA 

Long Term Stability lOcO hours at Tj = 1250C 20 24 32 48 60 mV 

Temperature Coefficient '0 =5mA -0.5 -0.5 -0.6 -O.B -1.0 mV/oC 

Ripple Rejection ,= 120 Hz, AVIN = 10V 54 60 54 60 54 60 54 60 54 60 dB 

Output Noise Voltage Tj = 250C, 10 Hz";;''';; 100 kHz 40 45 52 75 90 J.1.Vrms 

Dropout Voltage Tj = 250C. 10 = LOA (Note 3) 2.0 2.0 2.0 2.0 2.0 Volts 

Short Circuit Current Tj = 250 C (Note 6) 2.1 2.0 1.8 1.5 1.3 Amps 

Peak Output Current Tj = 250C (Note 3) 2.5 2.5 2.5 2.5 2.2 Amps 

Thermal Shutdown 10 = 5 mA (Not. 31 175 175 175 175 175 oC 

1. Tj "" -550C to +150oC, lOUT"" 500 mA for R, P and K-Package and 100 mA for T -Package, unless otherwise noted. 4. 6.VIN min.@-550 Cmustmaintainan input/output differential of 2.5V. 
.5. P-Package available only in SG220. 2. All regulation tests are made at constant junction temperature with low duty-cycle pulse testing. 

3. Specifications at operating currents above 500 mA do not apply to T -Package. 6. Short circuit protection is only assured over &VIN range. 



320 ELECTRICAL CHARACTERISTICS (See Notes 1 & 2) 

DEY ICE TVPE 320-5 320 -5.2 320-8 320 -12 320-15 Units 

NOMINAL OUTPUT VOLTAGE -S -S.2 -8 -12 -15 Volts 

INPUT VOLTAGE (Unless Otherwise Noted) -10 -10 -13 -17 -20 Volts 

PARAMETER CONDITIONS MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX 

Output Voltage TI" 2SoC, 10" 5mA -4.8 -5.2 -5.0 -5.4 -7.7 -8.3 -11.6 -12.4 -14.6 -IS.4 Volts 

Line Regulation Tj - 2S0 C,I0 = SmA 
5 40 6 40 15 40 4 20 15 20 mV 

~VIN Aange 
(-7V ';;VIN <;;-25V) (-8V ';;VIN <;;-2SV) (-10.5V ';;VIN <;;-25VI (-14V ';;VIN ';;-32VI (-17V ';;VIN <;;-35V) 

line Regulation Tj = 2SoC,I0 = 5 mA 
I 5 j 25 I 6 I 25 1 8 1 40 1 121 60 I 15 I 75 mV 

(-8V ';;VIN ';;-12VI (-9V ';;VIN ';;-12VI (-l1V ';;VIN <;;-17VI (-16V ';;VIN ';;-22VI (-li.sV ';;VIN <;;-30VI 

load Regulation Tj = 250 C 
P, A, K-Peckage SmA';;lo';;I.SA 15 100 20 100 12 100 28 80 30 80 mV 
T -Package (Nota 31 SmA ';;10 ';;500 mA 5 50 6 50 4 40 8 40 10 40 mV 

Load Regulation Tj = 2SoC 

P, A, K-Package 250 mA ';;10 ';;750 mA 15 SO 20 50 50 50 28 40 30 40 mV 

T -Package (Note 31 100mA ';;10 ';;250 mA 5 25 6 25 7 2S 8 20 10 20 mV 

::;j Total Output (-7.SV ';;VIN <;;-25VI (-7.7V ';;VIN <;;-25V) (-10.5V ';;VIN <;;-2SVI (-14.5V ';;VIN <;;-32vl H7.SV ';;VIN <;;-35vl 
Voltage Tolerance 

K-Package SmA ';;10 ';;1.0A, P ~OW 
T-Peckage 5 mA ';;10 ~OO mA, P ~ -4.7S -S.25 -4.95 -5.45 -7.6 -8.4 -11.4 -12.6 -14.4 -15.6 Volts 
A, P-Package 5mA';;10';;1.0A,P';;15W 

Quiescent Current Tj = 250 C 1 2 1 2 1 2 I.S 4 1.5 4 mA 

Quiescent Current Line "VIN Range 1.3 1.3 1.0 1.0 1.0 mA 
Change Load ~IO Aange .5 .5 .S .5 .5 mA 

Long Term Stabilitv 1000 hours at Tj = 1250 C 20 24 32 48 60 mV 

Temperature Coefficient 10-5mA -0.5 -0.5 -0.6 -0.8 -1.0 mVJOC 

Ripple Rejection 1·120 Hz, ~VIN = 10V 54 60 54 60 54 60 54 60 54 60 dB 

Output Noise Voltage Tj. 250C,10 Hz';;f';;l00 kHz 40 45 52 75 90 jI.V rms 

Dropout Voltage TI = 250 C, 10 - LOA (Note 31 2.0 2.0 2.0 2.0 2.0 Volts 

Short Circuit Current Tj • 250 C (Nota 41 2.1 2.0 1.8 I.S 1.3 Amps 

Peak ·Output Current Tj = 250 C (Nota 31 2.5 2.S 2.5 2.5 2.2 Amps 

Thermal Shutdown 10 " 5 mA (Note 3) 175 175 175 175 175 oC 

1. Tj = OOC to +1250C, lOUT" 500 mA for A, P and K-Package and 100 mA lor T -Package, unle .. otherwise noted. 
2. All regulation tests are made at constant junction temperature with low dutv~cle pulse testing. 
3. Specifications at operating currents above 500 mA do not apply to T -Package. 
4. Short circuit protection is only aaured over 6VIN range. 



3 Amp, 5 Volt Positive Regulator 

SG123/SG223/SG323 
Description 
The 5G123 is a three terminal, three amp, five volt 
regulator similar to the LM 123 but with a special low 
voltage zener instead of the band gap reference. The 5G123 
has superior load regulation, lower input·output differential 
minimums, lower quiescent current, and better temperature 
coefficient. The circuit is specified identically to the 
LM123 and is pin for pin compatible with that device. 
The 5G123 uses special processing techniques to achieve 
reliable operation at high temperatures and high current 
levels for extended periods of time. 

The 5G123 has been designed for ease of operation as well 
as performance. It is completely internally phase 
compensated. and requires no external capacitors unless 
used with long lead lengths or high speed transients. 
The device is protected by thermal shutdown, standard 
current limiting, and an instantaneous power limiting 
circuit sensitive to high input voltages. In addition, the 
power transistor is an upgrade of previous three terminal 
designs and is unusually rugged. 

Operation is guaranteed over the junction temperature 
range of -55°Cto +150°C. TheSG223 isa similar 
device guaranteed to operate from - 25°C to + 150°C. 
The SG323 is guaranteed over the junction temperature 
range of OOC to + 125°C. 

CONNECTION DIAGRAM 

TOP VIEW 
K-l'ackage 

TO-3 

CHIP LAYOUT 

Electrical Characteristics (Note 1) 

PARAMETER CONDITIONS 

Output Voltage 
T = 25°C 
V = 7.5V, 1= 0 

Output Voltage 
7.5V < V < 15V 
o ~ I~ 3A-;-P ~ 30W 

Line Regulation (Note 2) 
T -- 25°C 
7.5V ~ V ~ 15V 

LO'ad Regulation (Note 2) 
T - 25°C, V -- 7.5V 
o ~ I ~ 3A 

Quiescent Current 
7.5V < V < 15V, 
0< 1-< 3A 

T = 25°C 
Short Circuit Current Limit V = 15V 

V =7.5V 

Long Term Stability 

The,mal Resistance Junction 
to Case (Note 3) .. 

Features 

• 3A Output Currents 
• Full Internal Protection 
• 7.0 V Minimum Input Voltage, Typical 
• Zener Reference for Top Performance 

SCHEMATIC 

Absolute Maximum Ratings 

Input Voltage 20V 
Power Dissipation Internally Limited 
Operating Junction Temperature Range 

SG123 - 55°C to + 150°C 
SG223 - 25°C to .;. 150°C 
SG323 O°C to + 125°C 

Storage Temperature Range - 65°C to + 150°C 
Lead Temperature (Soldering, 10 sec) 300°C 

SG123/SG223 SG323 
UNITS 

MIN TYP MAX MIN TYP MAX 

4.7 5 5.3 4.8 5 5.2 V 

4.6 5,4 4.75 5.25 V 

5 25 5 25 mV 

25 100 25 100 mV 

12 20 12 20 mA 

3 4.5 3 4.5 A 
4 5 4 5 A 

35 35 mV 

2 2 °C/W 

Note 1: Unless otherwise noted, specifications apply for -·55 c C < T < + 150°C for the SG123, -.25°C < T < -j 150°C 
for the SG223, and 0° <: T < -t 125'C for the SG323. Specifications apply for P < 30W. - -

Note 2: Load and line regulation are specified with high speed tests in order to separate their effects from te'l1perature 
coefficient. Pulse testing is required with a pulse width < 1 ms and a duty cycle < 5%. 

Note 3: The junction to ambient thermal reSistance of the TO·3 package is about 35°CiW. 

18 



General-Purpose Positive Regulator 

SG723/723C 

This regulator is designed for use with either positive or negative 
supplies as a series, shunt, switching, or floating regulator with currents 
up to 150mA. Higher current requirements may be accommodated 
through the use of external NPN or PNP power transistors. 

• Positive or negative supply operation 
• 0.03% line and load regulation 
• Output "adjustable from 2 to :f1V 
• Low standby current drain 
• 0.OO2%1"C average temperature variation 

PARAMETERS 7231 723CI UNITS 

Operating Temperature Range -55 to +125 o to +70 oC 

Package Types T*, J T*,J, N -
Input Voltage Range 9.5 to 50 9.5 to 50 V 

Output Voltage Range 2.0 to 37 2.0 to 37 V 

Inout/Output Differential 3.0 to 38 3.0 to 38 V 

Load Regulation2 •3 0.15 0.2 %Vout 

Line Regulation Vin - 12 to 40V 0.2 0.5 %Vout 

Ripple Rejection Cref = 5,..F; f = 50Hz to 10KHz 86 (Wp) 86 (typ) dB 

Reference Voltage 6.95-7.35 6.80-7.50 V 

Temperature Stabil ity 0.Q15 0.015 %/oC 

Output Noise Voltage Cref = 0; BW = 100Hz to 10KHz 20 (typ) 20 (Wp) ,..V rms 

Standby Current Drain 3.5 4.0 rnA 

Minimum Load Current 0 0 rnA 

Long Term Stability 0.1 (typ) 0.1 (typ) %/khr 

1 Parameters apply at l' A = +250C, except temperature stability is over temperature ranges. 

2 Applies for· constant junction temperature. Temperature drift effects must be taken Into account separately 
when the unit is operating under conditions of high dissipation. 

3 1L = 1 to 50 mA. 

·T-package is TO-96 (can height: 240" max., 230" min.) 

SG7231723C Chip 
(See T -Package for pad functions) 
Note: Vz (Pin X) is available only in 
J or N-Package 

REGUlAUD 
OUfPUl 'SC 

R"Rl 
v .... v ... x-Oll 

High Current Regulator 
External NPN Transistor 
IL ~ lA 

CONNECTION DIAGRAMS 

vz available only in 
J or N Package 

,-
VOUT 0 CD 0) YftEF 

Yc CD T~~,;'~W CD ~~~J~YERTING 

Yf- CD H-.,o CD ,INVERTING o 10 0) INPUT 

FREQ COMP ,® CURRENT 
SENSE 

CURRENT 
LIMIT 

19 

Y .... ·(yAlf.~1 

Basic High Voltage Regulator 
Vout = 7 to 37 volts 

y .... ·lyAU·~1 

Basic Low Voltage 
Regulator 
Vou-t = 2 to 7 volts 



Dual-Polarity Tracking Regulators 

SG1501A/2501A/3501A/~501 
SG1501A dual tracking regulators are lactory ,~t to provide 

balanced ±15V outputs, but a single external adjustment Carf~e 
used to change both outputs simultaneously: Uneregulatiohol 
20 mV and load regulation 0130 mV is guaranteed and: stability, 
over temperature, is 1 % or less. Provision is made lor adjustable 
current limiting and operation in excess 01 2 amljlsis,llIMible w}th 

In the SGI501A, a built-in sensing circuit monitors junction 
temperature and', shuts down the regulator above 170· C 
eliminating the need lor concern about power dissipation under 
short circuit conditions. The SG 150M series a/so offers superior 
input/output voltage range and current handling capability (reler 
to table of. speCifications). 

external transistors. . ' 

• Thermal J/lUtdown protectiqn 

• ±35Y inputs 
• Output currant to 200mA 
• ,Output adjustable from ±10V to ±23V 

PAR,AMETERS' 1591A 2501A 3501 A 4501 UNITS 

Operating'Temperature Range -55 to +125 Oto+70 J o to +70 o to +70 °C 
Package Types T,J T,J,N -
Output Voltage ±14.8/15.2 ±14.5/15.5 ±14.25/15.75 V 
I npl,lt Voltage ±35 ±30 ±30 "''2 
Input/Output Differential 2 2 2 ,y ", 

OutPl,lt voltag~ Balance 150 300 300 ,,", mY,;.:' 

Line .Regill.tion (V;n = 17 to Vmax)' 20 20 20 :, ".' mV;' 
Load R,*,lation (lL = 0 to 5OmA)' 30 . 30 30 mV 

Output Voltage Range 10 to 23 10 to 23 101023 V 

Input Voltage Range (8Vout) 10 to 35 10 to 30 12 to 304 V 

Rjpple;Rejection (I = 120Hz) 75 (typ) 75 (tVP) 75 (typ) dB 

Temperature Stability 1:0 1.0 1.0 % 

Short Circuit Current Limit' 60 (typ) 60 (typ) 60 (typ) rnA 

Output Noise Voltage3 50 (tVp) 50 (typ) 50 ttyp) ".Vrm$ 

Positive Standby Current 4 4 4 mA 

Negative Standby Current 5 5 5 rnA 

Long Term Stability 0.1 (typ) 0.1 (typl 0.1 (tvpl %/khr 

Output Current 200 200 100 mA 

Tharmal Shutdown Protection Ves yes yes , 
-'-

I 
All specifications apply to both positive and negative sides of the regulator. elthet singly or t,ogether~ !Jnles~ otherwise SPecified 
TA = +2SoC, Vln = 20V, Vout = 15V, IL = 0, Rsc = on, Cl = C2 = 0.01 mfd, C3 = C4 = 1.0 mfd. voltage adjust pin open 

:2 Rsc = lOn, 3aw = 100Hz to 10kHZ 410Voutput SOY'er temperature ra":ge 

SG1601A12501A12501A 0. .. (Soo T·_""", 
for pad.functiont) Note: BaImc:e Adjust IPin XI.is 
MIl"" only on Q or N peck .... ) 

CONNECTION DIAGRAMS 

NEG. INPUT V- • , POI.INPUTV. 

" . 
NEG, OUTPUT ~ POS. OUTPUT 

TOPY1EW, 
NEG. SENSE ~ J cirN' 4 POS. SENSf. 

NEG,STAB.1 ~l l}POS.STAB. 

Ne p z J BALANCfAOJ. 

NEG. INPUT V-

~EG. OUTPUT CD (i) 0 POS.INPUT V. 

NEG. SENSE CD r:.=w CD POI.OUTPUT 

NEG. stAB. (!) t·....... CD POs. SENSE 

VOLT,AOJ. (i) @ CD POS.STAB. 

". 

See' Applications Note. for additional information 
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Adjustable Dual-Polarity Tracking Regulators 

SG1502/2502/3502 
This circuit is identical to the SG1501 series of dual polarity tracking 

regulators except that the internal voltage setting resistors are not included 
and the current limit inputs have been disconnected from the pass 
transistors. While this circuit does require external divider resistors, 
maximum versatility is offered in adjusting the output voltage levels. and 
additional current-limit inputs ease the application of fold back current 
limiting_ In all other respects, this circuit performs as the SG 1501. 

• Po.lllve end negative output voltage. 
Independently adJu.tablelrom 10 to 28V 

• Output currenta to 100mA 
• Line and load regulation 01 0_1'V. 
• 1"10 maximum temperature variation 
• Standby current drain only 4mA 
• Internal thermal shutdown protection 

PARAMETERS· 1502 I ~502 3502 UNITS 

Operating Temperature Range -55 to +125 I Oto +70 o to +70 oC 

Package T vpes J. N J. N -
Input Voltage Range ±12/30 ±12/25 V 

Output Voltage Range ±10/28 ±10/23 V 

Input/Output Differential 2 2 V 

Line Regulation (dVin = 10VIS 0.2 0.2 %Vout 
Load Regulation (IL - 0 to 50mAI~ 0.3 0.3 %Vout 
Temperature Stabilitv 1.0 1.0 %Vout 
Current Limit Sense Voltage 0.6 (typl 0.6 (typ) V 

Reference Voltage 6.3/6.6 6.2/6_8 V 

Ripple Rejection f = 120Hz 75 (typ) 75,(typ) dB 

Output Noise Voltage2 50 (tVp) 50 I'Vrms 

Positive Standby Current3 4 4 mA 

Negative Standby Current 3 5 5 mA 

Long Term Stability 0.1 (tVP) 0.1 (tvp) %/khr 

1 All specifications applY to both positive and negative sides of the regulator either singly or together. Unless otherwise speCified 
T A = +2SoC. Vin = +20V. Vout = +15V, IL = 0, Rse = On, Cl = C2 = 0.01 mfd. C3 = C4 = 1.0 mfd. 

2ew = 100Hz to 10kHz 30iYider 1 = O.SmA 4 1502 not available in plastic SOver temperature range 

JOIITIVE 
_T 

NEGATIVE 

''''''' 

,ASIC REGULATOR CIRCUIT 

NEGATIVEVO" .. ';+~ ,fOStTIVEVO" fi NtlGATIVEVO 

For best temperature performance, the parallel im
pedance of R 1 and R2 should be 6.3 K ohm while 
that of R3 and R4 should be 10 K_ Increasing the 
value of C1 and C2 will reduce the frequency response 
while transient response may be improved by increas
ing C3 and C4. For very low-noise applications, a 4_7 
mfd capacitor for Cref may be added. Rsc is selected 
such that a sense voltage of 0.6 volts (at Tj = 250 C) 
is developed at the maximum load current desired. 
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CONNECTION DIAGRAM 

"G".PUTV-!-~l"'·"MV' NEG. OUTPUT • • POS.OUTf'UT 

CURREIfT ~ CURftENT 
LIMIT LIMIT 

TOI'Y1f'fl' 
NEG. SENSE I 4 POS.S£NSf 

NEG. STAB. l PO$. STAB. 

ftEF'BYf'ASSt ~ ~C:E 
VOLTAGEAOJUST~ fl_ J~] GNO 

See Applications Notes for additional information 



Precision Negative Regulator 

SG1511/SG3511 
Description 

This monolithic voltage regulator is designed for negative 
applications as a complement to the popular SG723 
positive regulator and has the same high degree of 
versatility. and wide range of applications. The SG1S11! 
3511 regulator consists of a temperature compensated 
reference, error amplifier, series pass transistor, 
temperature compensated. low·threshold current limit and 
remote shutdown circuitry:1"his device by itself will 
supply load currents of up to SOmA with higher current 
requirements easily accommodated through the use of 
external NPN or PNP power transistors. 

Absolute Maximum Ratings 

Input voltage 
Input-output voltage differential 
Maximum output current 
Current from VREF 

Power disSipation 
Derate above 2S'C 

Operating temperature range 
Storage temperature range 

·-40 volts 
-40 volts 
-SOmA 
- SmA 
680mW 
5.4 mW/"C 

-SS"C to +12S"C 
-6S"C to + lS0"C 

The SG1S11 is specified to operate over the 1.ull military 
temperature range of -SS"C to + 12S"C while the SG3S11 
is designed for commercial applications of O"C to + 70"C. 

CONNECTION DIAGRAMS 

Features 

• Oulput adjustable from -2 to -37 volts 
• Oulput current to SOmA 
• .OO2%/"C average temperature variation 

Current Sense 

Compensation 
Shutdown 

-v .. ,,, 

Ground 

lnv. Inp~t 

• Temperature compensated current limiting Note: Pin 5 is connected to case. 

• .03% line and load regulation 

Electrical Characteristics Unless otherwise specilied, 
T - 2S'C V - - 12V Vo ---SV IL - 1mA Rsc= On C - 2200 pi RSD = 011 A- '" 

_. - - -
Parameters Conditions 

Input Voltage Range 

Output Voltage Range 

Input·Output Dillerential 

line Regulation Vi" = -9 to ·-12V 
Vi" -··12 to-40V 

Load Regulation I,. - 1 to 20mA 

Ripple Rejection I = 50 Hz to 10 kHz 

Temperature Stability Over Operating Range 

Current limit Sense Voltage 

Current Limit T c 

Reference Voltage 

Shutdown Resistance (Rs ,.) 

Standby Current Drain Vi,,=-30V 

Output Noise Voltage BW = 100Hz to 10KHz 

Long Term Stability 

Applications 

Basic Negative Voltage Regulator (Fig. 1) 

1. For low voltage applications, (Vo = -2 to -6V): 

V VREF R2 R RI R2 
0= Rl ...\... R2 ' 3'= Rl + R2 
VREF 

R, ~ R, < 500 pl.. R. = ~ 
2. For high Yoltage application. (Vo = -6 to -37V) 

V - VKEF (R3 + R.) R -~ R2=OO 
o - R. 1 - R3 + R. ' 

3. For constant-current limiting: 
R _ 70mV 

II~ - Is,. (max) 
4. If shut-down is not required, set RSD = O. 

ReJul~tor will shut·down when RSl} > 5K ohms. 

HI", Cu ..... t Appl_ns (Fig. 2) 
1. Select RI • R2• R3 and R. as per basic regulator application. 
2. For thermal shutdown. mount thermistor RSl) with close 

thermal coupling to the 2N3055 power transistor. 
~_ R5 and R6 provide fold back current limiting: 

1.1: = 70mV Imax = 70mV + Vo R; 
R... R... R .... (R, R.) 

Min. 

-9.5 

-2.0 

-3.0 

-5.9 

2.0 

(Fig.!) 

' .. 
'. 

R. 

(Fig. 2) 

Typ. 

.01 
.02 

.03 

86 

.002 

70 

±0.2 

-6.2 

3.0 

1.5 

20 

0.1 

Max. 

·40 

·37 

·38 

0.1 
0.2 

0.1 

.015 

-6.5 

5.0 

2.5 

R.c 

R. 

R. 

TOP VIEW 
JorN 

Package 

Units 

V 

V 

V 

% Yo. 
% Vo 

% Vo 

db 

%!'C 

mV 

mv/"C 

V 

K ohm 

mA 

",V"m, 
%! Khr. 

" lO"f 



Regulating Pulse Width Modulator 

SG1524/SG2524/SG3524 

Description Features 
This monolithiC' integrated circuit contains all the control 
circuitry for if n:gulating power supply inverter or switching 
regulator. Included in a 16-pin dual-in-line package is the 
voltage reference, error-amplifier, oscillator, pulse width 
modulator, pulse steering flip-flop. dual alternating output 
switches and current limiting and shut-down circuitry. This 
device can be used for switching regulators of either polar
ity. transformer coupled DC to DC converters, transformer
less voltage doublers and polarity conveners. as well as 
other power control applications. The SG1524 is specified 
for operation over the full military temperature range of 
-55°C to +1250 C. while the SG2524 and SG3524 are 
designed for commercial applications of COC to + 700C. 

• Complete PWM power control circuitry 

Absolute Maximum Rnintll 

Input Voltage 
Output Current (each output) 
Reference Output Current 
Oscillator Charging Current 

CONNECTION DIAGRAM 

TOPVIEW 

40V 
l00mA 
50mA 

5mA 

• Single ended or push-pull outputs 
• Line and load regulation of 0.2% 
• 1% maximum temperature variation 
• Total supply current less than 10mA 
• Operation beyond 100kHz 

Power Dissipation (package limitation) 
Derate above 2SoC 

Operating Temperature Range 
SG1524 
SG2524/SG3524 

Storage Temperature Range 

BLOCK DIAGRAM 

1---..... - in':::" 

CHIP LAYOUT 
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l000mW 
8mWI"C 

_55°C to +125°C 
O°C to +70°C 

_65°C to +150°C 



Regulating Pulse Width Modulator 

SG1524/SG2524/SG3524 

Electrical Characteristics (Unless otherwise stated, these specifications apply for TA",-55°C to +125°C for the SG1524 and aoc to 
+70"C 10 the SG2524 and SG3524 V - 20V a d I - 20kHz) r 

PARAMETER 

Reference Section: 
Output Voltage: 
Line Regulation 
Load Regulation 
Ripple Rejection 
Short Circuit Current limit 
Temperature Stability 
Long Term Stabilitv 

Oscillator Section: 
Maximum Frequency 
I nitial Accuracy 
Voltage Stability 
Temperature Stability 
Output Amplitude 
Output Pulse Width 

Error AmPlifier Section: 
Input Offset Voltaqe 
Input Bias_Current 
O~n Loop Voltage Gain 
Common Mode Voltage 
Common Mode Rejection Ratio 
Small Signal Bandwidth 

Output Voltage 

ComDar8tor Section: 
Duty Cycle 
Input Threshold 
Input Threshold 
Input Bias Current 

Current Limitina Section: 
Sense Voltage 
Sense Voltage T.C. 
Common Mode Voltage 

Output Section: lEach Outputl 
:Ollector-Emitter Voltaoe 
Collector Leakaae Current 
Saturation Voltage 
Emitter Output Voltage 
Rise Time 
Fall Time, 

Total Standby Current: 
(Excluding oscillator charging 
current, error and current limit 
dividel"l, and with outputs openl 

V .. 
8-40V 

IN- n -

SG 5'4 
CONDITIONS MIN TYP 

4.8 5.0 
V N ::: 8 to 40 Volts - 10 

I = Ot020mA - 20 
f - 120 Hz, T A - 25°C - 66 
VREF -=-0. TA -25°C - 100 

Over Operating Temperature Range - 0.3' 

TA "" 25°C - 20 

CT = .001 mid. RT = 2kO - 300 
RT and Cr constant - 5 

VIN = 8 to 40 Volts, TA "" 25°C - -
Over Operating Temperature Range - -

Pin 3, TA - 25°C - 3.5 
Cr - .01 mid, TA = 25°C - 0.5 

VCM "'" 2.5 Volts - 0.5 
Vcr-.;= 2.5 Volts - 2 

72 80 
TA - 25°C 1.8 
T fJ.-25OC 70 

Av o..B, TA= 25°C - 3 
TA::: 25°C 0.5 -

% Each Output On 0 -
Zero Duty Cycle - 1 
Max. Duty Cycle 3.5 

- 1 

Pin 9:: 2V with Error Amplifier 
Set for Max Out, TA ::: 25°C 190 200 

- 0.2 
-1 -

40 
V =40V 0.1 
Ic =50mA - 1 
V1N ::: 20V 17 18 

Ac= 2K ohm, TA - 25°C 0.2 

Rc=,2K ohm, T "" 25°C 0.1 

V1N ::: 40V - 8 

OPEN LOOP TEST CIRCUIT 

74 

SG2624 
MAX MIN 

5.2 4.6 
20 
50 -
- -
- -, -
- -

- -
- -
1 -
2 -
- -
- -

5 -
10 -
- 60 

3.4 1.8 

- -
3.8 0.5 

45 0 

- -
- -
- -

210 180 

- -
+1 -1 

40 
50 
2 -
- 17 

10 -

SG3524 
TYP 

5.0 
10 
20 
66 
100 
0.3 
20 

300 
5 

-
-

3.5 

0.5 

2 
2 

80 

70 
3 
-

-
1 

3.5 
1 

200 
0.2 
-

0.1 
1 
18 
0.2 
0.1 

8 

MAX 

5.4 
30 
50 

-
1 
-

-
-
1 
2 

-
-

10 
10 
-

3.4 

-
3.8 

45 

-
-
-

220 

-
+1 

50 
2 

-

10 

2. 
tW 

UNITS 

V 
mV 
mV 
d8 
mA 
% 

mV/khr 

kHz 
% 
% 
% 
V 
pS 

mV 
pA 
dB 
V 

dB 
MHz 

V 

%. 
V 
V 

pA 

mV 
mV C 

V 

V 
pA 
V 
V 

"S 
pS 

mA 

1--:--4>---Q0utputs 



Regulating Pulse Width Modulator 

SG1524/SG2524/SG3524 

Oscillator 

The oscillator in. the SG1524 uses an external resistor (RT ) 

to establish a constant charging current into an external 
capacitor (CT ). While this uses more current than a series 
connected RC, it provides a linear ramp voltage on the 
capacitor which is also used as a reference for the compara
tor. The charging current is equal to 3.6V + RT and should 
be kept within the range of approximately 30 p.A to 2 mA, 
i.e., 1.8k < RT < 1OOk. The range of values for CT also has 
limits as the discharge time of ~ determines the pulse 
width of the oscillator output pulse. This pulse is used 
(among other things) as a blanking pulse to both outputs 
to insure that there is no possibility of having both outputs 
on simultaneously during transitions. This output dead 
time relationship is shown in Figure 1. A pulse width below 
approximately 0.5 microseconds may allow false triggering 
of one output by removing the blanking pulse prior to the 
flip-flop's reaching a stable state. If small values of CT 

must be used, the pulse width may still be expanded by 
adding a shunt capacitance ( .. 100 pf) to ground at the 
oscillator output. (Note: Although the oscillator output is 
a convenient oscilloscope sync input, the cable and input 
capacitance may increase the blanking pulse width slightly.) 
Obviously, the upper limit to the pulse width is determined 
by the maximum duty cycle acceptable. Practical values of 
CT fall between .001 arid 1.0 mfd. 

The oscillator period is approximatelv t = RT~ where t is 
in microseconds when RT = ohms and CT = microfarads . 

.. 
· , 
· V · / .. 

I----~ 

· .... 
TIMING CAPACITOR VALue (t,l - MICROfARADS 

FIGURE 1. Output stage dead time as a function 
of the timing capacitor value. 

25 

The use of Figure 2 will allow selection of RT and CT 
for a wide range of operating frequencies. Note that for 
series regulator applications, the two outputs can be con
nected in parallel for an effective 0 - 90% duty Cycle and 
the frequency of the oscillator is the frequency of the out
put. For push-pull applications, the outputs are separated 
and the flip-flop divides the frequency such that each 
output's duty cycle is 0 - 45% and the overall frequency is 
% that of the oscillator. 

If it is desired to synchronize the SG1524 to an external 
clock, a pulse of "" + 3 volts may be applied to the oscilla
tor output terminal with RTCT set slightly greater than 
the clock period. The same considerations of pulse width 
apply. The impedance to ground at this point is approxi
mately 2k ohms. 

If two or more SG1524's must be synchronized together, 
the easiest method is to interconnect all pin 3 terminals, 
tie all pin 7's together and to a single CT, leave all pin 6's 
open except one which is connected to a single RT' 

, 

,. 
0IICILLA10R rEAIDD -MICROSECONDS 

FIGURE 2. Oscillator period as a function of RT and CT. 



Regulating Pulse Width Modulator 

SG1524/SG2524/SG3524 

Current Limiting 

The current limiting circuitry of the SG1524 is.shown in 
Figure 3. 
By matching the base-emitter voltages of 01 and 02, and 
assuming negligible voltage drop across R, , 

Threshold = VBe (al) + I, R2 - VBE (a2) = I, R2 

""200mV 

Although this curcuit provides a relatively small threshold 
with a negligible temperature coefficient, there are some 
limitations to its use, the most important of which is the 
:1:1 volt common mode ranQe which requires sensing in the 
ground line. Another factor to consider is that the frequency 
compensation provided by R,C, and al provides a roll
off pole at approximately 300 Hertz. 

Since the gain of this circuit is rp.latively low, there is a 

transition region as the current limit amplifier takes over 
pulse width control from the error amplifier. For testing 
purposes, threshold is defined as the input voltage to get 
25% duty cycle with the error amplifier signaling maximum 
duty cycle. 

If this current limit circuitry is unused, pins 4 and 5 should 
both be grounded. 

FIGURE 3. Current Limiting CircuitrY of the SG7524 . 

- ... , . 

... 
In this convsntional sing/e-ended regulator circuit, the two outputs ()f 
the SG7524 are connected in· parallel for effective 0 - 90% d.uty-cycle 
modulation. The use of an output inductor requires and R-C phase 
compen8Btion network for loop stability. 

. ~~---+----~--~~--------, 

Push~pull outputs are used in this transformer-coupled DC-DC regu. 
lating converter. Note that the oscillator· must be set at twice the 
desired output frequency as the SG 7524's internal flip-flop divides the 
frequency by 2 as it switches the P.W.M. signal from one outPut to the 
other. Current limiting is done here in. the primary so that the pul" 
width will be reduced should transformer saturation occur. 
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Precision General-Purpose Regulator 

SG1532/SG2532/SG3532 

DESCRIPTION 
This monolithic integrated circuit is a versatile, general
purpose voltage regulator designed as a substantially improved 
replacement for the popular SG723 device. The SG 1532 seri.es 
regulators retain all the versatility of the SG723 but have the 
added benefits of operation with input voltages as low as 4.5 
volts and as high as 50 volts; a low noise, low voltage refer
ence; temperature compensated, low thre~hold current limit
ing; and orotective circuits which include thermal shutdown 
and independent current limiting of both the reference and 
output voltages. Also included is a separate remote shutdown 
terminal and - in the dual-in-line package - open collector 
outputs for low input-output differential applications. 

These devices are available in both hermetic 14-pin cerdip DIL 
and 10-pin TO-96 packages. In the T-package, these units 
are interchangeable with the LAS-l000 and LAS- .100 
regulators. The SG 1532 is rated for operation over the tem
perature range of -550 C to +1250 C while the SG2532 and 
SG3532 are intended for industrial applications of ODC to 
+700 C. 

CONNECTION 
DIAGRAMS 

TOP VIEWS 

FEATURES: 

• Input voltage range of 4.5 to 50 volts 
• 2.5 volt low noise reference 
• Independent shutdown terminal 
• Improved line and load regulation 
• 80 mV current limit sense voltage 
• Fully protected including thermal shutdown 
• Useful output current to 150 mA 

ABSOLUTE MAXIMUM RATINGS: 

Input Voltage 
SG 1532/2532 
SG3532 

Output Current 

Reference Current 

Zener current (J-package only) 

Storage Temperature Range 

Power Dissipation 
T -Package (TO-96) 

Derate Above 250 C 

J-Package (TO-116) 
Derate Above 250 C 

Operating Temperature Range 
SG1532 
SG2532.and SG3532 

SIMPLIFIED SCHEMATIC 

50 Volts 
40 Volts 

250mA 

25mA 

25mA 

-650 C to +1500 C 

800mW 
6.4 mW/oC 

1000 mW 
8 mW/oC 

-550 C to + 1250 C 
OOC to +700 C 

Pins numbered for J-Package - T -Package numbers in parenthesis 

T ·Package (TO-96) 

SHUTDOWN 8 7 1/-

v, 9 6 VREF 

VOUT ,. 5 N.I.INPUT 

v, 11 4 INV.INPUT 

12 3 CURRENT SENSE 

13 2 CURRENT LIMIT 

14 n 1 N.C. 

J·Package (TO:116) 

CHIP LAYOUT (J-pkg) 

January 1978 27 Data subject to change without notice. 



Precision General-Purpose Regulator 

SG1532/SG2532/SG3532 
ELECTRICAL CHARACTERISTICS (See Notes 1 & 2) 

SG1532/2532 

PARAMETER CONDITIONS MIN TYP MAX 

Input Voltage TA = 250C 4.5 - 50 

Input Voltage , Over Temperature Range 4.7 - 50 

Output Voltage 2.0 - 38 
Max Output Current RSC = 0, Vo = 0, T A = 250C - 175 250 

Min (VIN - VOl 10 = 100 mA, TA = 250C - 1.7 2.0 
Reference Voltage TA = 250C 2.40 2.50 2.60 
Reference Voltage Over Temperature Range 2.35 - 2.65 
Temperature Stability - .005 .015 
Ref Short Ckt Current VREF = 0, TA = 250C - 15 25 
Line Regulation 8V.;; VIN';; 40V - .005 .01 
Line Regulation 8V.;; V,N';; 20V, 10 = 25 mA - .01 .02 
Load Regulation 1 mA.;; '0';; 25 mA - .002 .004 
Load Regulation 1 mA.;; 10';; 100mA - .002 .005 
Current Limit 

Sense Voltage RSC = 100U, Va = 0 .06 .08 .10 
Shutdown Voltage 

Threshold .40 .70 1.0 
Shutdown Source 

Current Va = high 100 200 300 
Zener Voltage , J-Package only 6.0 6.4 7.0 
Standby Current VIN =40V - 2.5 3.5 
Error Amplifier 

Offset Voltage - 2.0 10 
Error Amplifier 

Input Bias Current - 4 15 
Open Loop Gain TA- 250C 66 68 72 
Ripple Rejection f - 120Hz, TA - 250C - 66 -
Output Noise 10Hz.;;f.;; 100kHz,TA-250C - 50 -
Long Term Stability VIN - 30V, T A - 1250C - 0.3 1.0 
Thermal Shutdown - 175 -

SG3532 
MIN TYP MAX 

4.5 - 40 
4.7 - 40 
2.0 - 38 
- 175 250 

- 1.7 2.0 
2.40 2.50 2.60 
2.35 - 2.65 

- .do5 .015 
- 15 25 

- .005 .02 

- .01 .03 
- .002 .004 

- .002 .005 

.06 .08 .10 

.40 .70 1.0 

100 200 300 
6.0 6.4 7.0 
- 2.5 3.5 

- 2.0 15 

- 4 20 
60 68 72 

- 66 -
- 50 -
- 0.3 1.0 
- 175 -

UNITS 

Volts 
Volts 
Volts 
mA 

Volts 
Volts 
Volts 
%/OC 
mA 

%/V 
%IV 

%/mA 
%/mA 

Volts 

Volts 

/lA 
Volts 
mA 

mV 

/lA 
dB 
dB 

/lVrms 
%/kHr 

oc 

Note 1: Unless otherwise specified, VIN= 10V, Va = 5V, 10 = 1 mA, TA ~ specified operating range. 
Note 2: All regulation specifications are measured at constant junction temperature using low duty-cycle 

pulse test. 

PACKAGE 
CONFIGURATION 

28 

~"" T-PACKAGE . " a 0..". (TO-96) 
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Precision General-Purpose Regulator 

SG1532/SG2532/SG3532 

STANDBY CURRENT MINIMUM INPUT - OUTPUT VOLTAGE 

Voo5V v+ toVo 1 _ 

ASCoO VctoVo ---
t1Vo" lOOmV 

> 2.0 
3 TJ' -55<><: , -t TJ= 250 C .. TJ = 1250C 

"0 1.5 
E > ~ TJ- 125<><: , 2 

I I ~ 
TJ=25OC 

1.0 

fl. 0 
8 TJ' -55<><: TJ-'2~~_ i~ji~ ~ 1 

i ~v 
0.5 

---- :::--==f:::---'" 
------

1--':=:: ==.:.::::- ------rTJ - _55<><: 
0 0 

0 10 20 30 40 50 0 20 40 60 80 100 
Input Voltage - V Load Current - mA 

CURRENT LIMITING RIPPLE REJECTION 

I -0 
VIN'" lOV 

0 -~ _ .. - -~I- Voo5V - VIN= 10V 

RSC= 10n 
!g VO=5V , 

!!. 

--""\~ .! -20 I-- 'LolmA ----

/ 5 CC"" 1000PF 
-2 I-.-~- ." TJ=250 C 

S. ~-~ 
a: 

c5 TJ ° 125<><: _ i -40 -~ r-------- --

/ E TJ- 250C J ii: 

j -4 
TJo-550C - \ \ 

-~--

/ -60 --

-' 
-6 r----.-- ~-~~ --- T-~ 1---

-80 
0 20 40 60 80 100 10 100 lk 10k lOOk 1M 

Current Limit Sense Voltage - mV Frequency - Hertz 

FREQUENCY RESPONSE TRANSIENT RESPONSE 

80 
I 

I 
VIN;; lOV 

A -- ....... 
~-o~;~ VO=5V 

60 ---------"..,. 

~'mA 
+50 .~ 

"" I Cc ° 0 ....... > 0 - Line Response f\ 
E .6.VIN-3V 

'" '~ Cc'" 1000 PF , 
." 40 180 c -50 -+------l----, 

'\ ~ 0 

.E 

~ 'x i 1 VIN"" lOV, VO=5V 
(; ,~ngle "" 

IL::', mAo Ce;; 1000 PF 
!!. , 

i l!I 20 ~ CC=O ' 230 ~ 
TJ=250 C. RSC- O 

"0 
.... ~........ Cc;; 1000 PF '" 

, +50 
> , , , .:i c5 

-~ 
I I 

r<$ ~ 0 
Load Response 

T" t1IL=10mA If .... _-- ------ " 0 280 -50 

"- I 
100 lk 10k lOOk 1M 0 5 10 15 20 

Frequency - Hertz Time - Microseconds 
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Precision General-Purpose Regulator 

SG1532/SG2532/SG3532 

APPL ICATIONS 

BASIC LOW CURRENT REGULATOR 

+VIN Vc Vo 

V+ Vz 

VREF C.l. 

RJ RSC 

N.!. c.s. +Vo 

Rl 
S.D. INV 

V- COMP 
RZ 

GND GND 

Vo == VREF (1 + =~ J ISC 
Sense Voltage 

RSC 

R3;; =~ ~~2 Cc = 1000 PF 

Iota 100mA 

HIGH EFFICIENCY, LOW VOLTAGE REGULATOR 

2N6050 l 
+VIN-~-----------~--..---t__, 

I 

L - - - - ~ 

Vc Vo 

v+ Vz 

RJ 
VREF C.l. 

RSC 
2400 

.010 N.!. C.S. 
Rl 

S.D. INV. 
5100 

+ Co 
100 

RZ 
MFD 

V- COMP 

5100 
Cc 
lOOOPF 

GND ______ ~----------------~~------~--~ __ 

Output Voltage = 5V 

Max Output Current'" 9A 

Min VIN at5A '" 7.0V 

Line Reg 7 - 20V = 10 mV 

Load Reg 0 - 5A= 25 mV 

Constant Current limiting 

+VO 

GND 

30 

+VIN 

TTL 

GND 

HIGH CURRENT REGULATOR WITH FOLDBACK 
CURRENT LIMITING AND REMOTE SHUTDOWN 

"I 

Vc Vo 
I 

I 
V+ Vz L ...J 

R4 
VREF C.L. 

RJ 3300 RSC 

24QO .050 
N.!. C.S. 

Rl 
5100 

S.D. INV 

+ 

V- COMP R5 
4.7k RZ 

5100 

Output Voltage == 5V Line Reg 10 - 30V == 3 mV 

Max Output Current'" SA Load Reg 0 _ 5A = 17 mV 

Min VIN at No Load = 6.9V Short Circuit Current == 1.8A 

Min VIN at 5A '" B.2V 

90% EFFICIENT LINEAR REGULATOR 

High.6 PNP 

+VO 

Co 
100 

MFD 

GND 

+VrN---"--, r-------------.-~---+Vo 

R5 

Zk 

RJ 
7500 

R4 
7500 

Vc 

V+ 

VREF 

N.I. 

S.D. 

V-

Vo 

Vz 

C.L. 

e.s. 

INV. 

COMP 

RSC 
1.00 

+ Co 

RZ 
500 

100 
MFD 

GND ___ ~-__ ---------~ __ ~_4-~--GND 

Output Voltage ::0 5V (Note 1) 

Max Output Current = 3A (Note 2) 

Min (VIN - VOl at 2A = O.4V 

Line Reg6 - 30V= 10 mV 

Load Reg 0 - 2A = 20 mV 

Notes: 

1. For output voltages above 8 volts and load currents 
which allow PNP base current to be limited to 25 rnA, 
the internal zener may be used, eliminating the need 
for the two external diodes and the divider on VREF. 

2. RSC can be eliminated if the 200 mA current limit 
on Vo is adequate. Overall current limiting is depen
dent upon PNP B. For greater accuracy. load current 
may be sensed in the ground line. 



Dual-Polarity Tracking Regulators 

SG1568/1468 

8G1568/1468 is a dual polarity tracking regulator designed to provide balanced positive and negative output voltages at currents to 100mA. The 
device is set internally for ±15V outputs but a single external adjustment can be used to change both outputs simultaneously from 14.5 to 20 volts. 
Input voltages up to ±30 volts can be used and there is provision for adjustable current limiting. 

• Outputs balanced to within 1% (SGl568) 
• Line and load regulation of 0.06" 
• 1" maximum output variation due to temperatura changes 
• Standby current drain of 3.0mA 
• Remota sansing provisions 

PARAMETERS· SGl568 SGl468 

Operating Temperature Range -55 to +125 o to +75 

Package Types T,J T;J, N 

Peak Load Current 100 

Storage Junction Temp Range -65 to+175 

Output Voltage 14.8/15.2 14.5/15.5 

Input Voltage 30 30 

Input.()utput Voltage Oifferential 2.0 2.0 

Output Voltage Balance ±150 ±300 

Line Regulation Voltage 

(Vin = 18V to 30V) 10 10 

(Tlowl to Thigh2 ) 20 20 

Load Regulation Voltage 

ilL = 0 to 50 mA, TJ = constand 10 10 

(TA = Tlow to Thigh) 30 30 

Outp'lt Voltage Range 14.5/20 14.5/20 

Ripple Rejection (f - 120Hz) 75 (typ) 75 (typ) 

Output Voltage Temperature Stability 

(Tlow to Thigh) 1.0 1.0 

Short-Circuit Current Limit 

(RSC = 10 ohms) 60 (typ) 60 (typ) 

Output Noise Voltage 

(BW = 100Hz - 10kHz) 100 (typ) 100 (typ) 

Positive Standby Current 

(Vin = +30V) 4.0 4.0 

Negative Standby Current 

(Vin = -30V) 3.0 3.0 

Long-Term Stability 0.2 (typ) 0.2 (typ) 

UNIT 

DC 

-
mA 

DC 

V 

V 

V 

mV 

mV 

mV 

V 

dB 

% 

mA 

I'V(rms) 

mA 

mA 

%/k Hr 

CONNECTION DIAGRAMS 

TOpV'-w, 
JorN 
~CI~ 

GND 

8G1568/1488 Chip (See J-PacII;",e 
diagram for pad functions) 

(VCC = +20V, VEE = -20V, Cl = C2 = 1500 pF, C3 = C4 = 1.0 I'F, RSC+ = RSC- = 4.00, 
IL + = IL- = O. TC = +2SoC unless otherwise noted.) 

lTIOW = OOC for 1468 2Thl9h = +750 C for 1468 
= -550 C for 1568 = +l250 C for 1568 

a .. lc 50 mA Regulator 
C1 and C2 should be located as ~Iose 
to the device 88 possible. A O.1pF 
ceramic capacitor may be required on 
the input lines if the device Is located 
an appreciable distance from the 
rectifier filter capacitors. 

C3 and C4 may be increased to 
Improve load transient response and to 
reduce the output nolae voltage. At low 
temperature operation it may be 
necessary to bypass C4 with a O.1I1F 
ceramic disc capacitor. 

±-I.S Amp Regulator 
(Short Circuit Pro_ted, 
with Proper H .. tllnklng) 

INPUT I'. 111-
1.z(lV ... lIDVI O~UUIV 

See Applications Notes for additional information. 
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Dual Tracking Voltage Regulator 

SG4194 
DESCRIPTION 

The SG4194 is a dual polarity tracking regulator 
designed to provide balanced or unbalanced output 
voltages at currents up to 200 mAo Both output 
voltages may be programmed between the limits of 
± 1 00 mV and ±42 volts by a single resistor. A balance 
terminal allows adjustment for non-symmetrical 
positive and negative output voltages. 

This device is designed for ease of application with a 
minimal number of external components. In addition, 
internal current limiting and thermal shutdown 
provide full overload protection. . 

The SG4194 regulator is available in two package 
types to meet a wide range of dissipation requirements. 
The R (TO-66) power package is rated at 3W at 
TA = 250 C, while the J (TQ-116) 14-pin ceramic 
DIP will dissipate lW at TA = 250 C. 

Balanced Output Voltage-

Vin-o-...... --l 

,(XllIIF RQ (kn I • 2.5 Vout 

Unbalanced Output Voltage -

.OOl;1F Adjust RO for -VS" -6V ('SKU) then 
Adjust RS for +VS" +12V, (20Kn) 

ELECTRICAL CHARACTERISTICS 

PARAMETER CONDITIONS 

Line Regulation 6Vin - O.1Vin 

Load Regulation 4194R: IL - 1 to·200 rnA 

4194J: IL~ 1 to 100 rnA 

TC of Output Voltage 

Stand-By Current Drain Vin - Vmax, Vo "" OV 
(Note 1) Vin - Vrnax, Vo - OV 

Input Voltage Range 

Output Voltage Scale Factor Rset =: 71.SK. Tj - 250 C 

Output Voltage Range Rset"" 71.5K 

Output Voltage Tracking 

Ripple Rejection f - 120Hz, Ti - 250 C 

Input-Output Voltage IL ~ SOmA 
Differential 

Output Short Circuit Current Vin = ±:lOV Max' 

Output Noise Voltage CL 4.7J1F, Vo - ±15V 

f"" 10Hz to 100kHz 

Internal Thermal Shutdown 

• Simultaneously adjustable outputs with one 
resistor to ±42V 

• Load current ±200mA 
• Internal thermal shutdown at T = 175° C 
• Provision for ±V unbalancing 
• 3Wpower dissipation 
• .2% load regulation 

ABSOLUTE MAXIMUM RATINGS 

Input Voltage ±v to Ground .. .. SG4194: ±45V 
SG4194C: ±35V 

Input-Output Voltage Differential ..... SG4194: ±45V 
SG4194C: ±35V 

Power Dissipation at T A = 250C 
J Package .. 

Derate above 250C. 
R Package .. 

. •... 1.0W 

. . 8 mW/PC 

: .. 3.0W 
Derate above 250 C. . ............. 24mW/PC 

Load Current 
J Package. 
R Package 

Operation Junction Temperature Range 

. ... 150rnA 
...... 250 rnA 

SG4194 .. -55PC t9 + 150PC 
SG4194C ...................... OOC to +1250 C 

Storage Temperature Range. . .-650 C to +150oC 

Lead Temperature (Soldering, las). . ...... +3000 C 

CONNECTION DIAGRAMS 

CASE -V1N (PAD '101 

SG4194 

MIN TYP MAX 

0.02 0.1 

0.001 0.002 

0.002 0.015 

+0.3 +1,0 

-1.2 -2.0 

±9.5 ±45 

2.45 2.5 2.55 

0.10 ±42 
1.0 

70 

3.0 

300. 

25Q 

175 

"J"' Dual In-Line Package 
(TOP VIEW) 

SG4194J" 
SG4194CJ 

MIN 

+9.5 

2.38 

0.10 

3.0 

"R" (TO-66) Package 
(TOP VIEW) 

SG4194 R 
SG4194CR 

SG4194C 

TYP MAX 

0.02 0.1 

0.001 0.004 

0.003 0,015 

+0.3 +1.5 

-1.2 -3.0 

±35 

2.5 2.62 

±32 

2.0 

70 

300 

250 

175 

. 

A-Package 
Pin Numbers 

UNITS 

% Vout 

%Vo/rnA 

%/oC 

rnA 

V 

KQ/V 
V 

% 

dB 

V 

rnA 

J1VRMS 

PC 

Note 1: ±I Quiescent will increase by 50J,lA/Vout 'on positive side and 100J.lA/V out on negative side. 
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Voltage Regulators 

SG7800/140/340 Series -3-Terminal Positive Regulato'rs 

The SG7800/1401340 series of voltage regulators are monolithic 
integrated circuits designed to provide fixed output voltages at currents 
in exccess of one amp, These devices feature self-contained protective 
features which make them essentially blow-out proof, These consist of 
peak current limiting, safe-area control, and thermal shutdown for 
protection against excessive power dissipation, 

In addition to providing fixed voltages by themselves, these 
regulators can be used with external components for adjustable outputs 
and are available In TO-220 as well as hermetically sealed T0-39, TO-66 
and TO-3 power packages, 

Inpul vottage 
Po_r dlnlpaUon (Nole 1) 
Storage temperalura range 
Operating Junction temperal,ura range 

SG7800 .. rI .. 
SG7800C .. rIH 
SG14O .. rle. 
SG240_1 .. 
SG340eeries 

L .. d temperalure (eolderlng, 10 eec.) 

SG7800iSERI ES SUMMARY 

Part No. 

SG780SI7805C, SGl40-0S/34()'OS 

SG780617806C, SGl40-06/340-06 

SG780817808C, SG 140-081340-08 

SG781217812C. SG140-12/34()' 12 

SG781S1781SC. SG 14()'1 S/34()'IS 

SG781817818C. SG140-18/34()' 18 

SG782417824C. SG 140-24/34()'24 

+35V, except +40 tor S07824 
Internelly limited 

-85' to +150'C 

o to +150'C 
o to +125'C 

-55' C to +150' C 

Description 

o to +150'C 
o to +125'C 

+300'C 

Positive SoVoit Regulator 

Positive 6-Volt Regulator 

Positive S-Volt Regulator 

Positive 12·Volt Regulator 

Positive IS·Volt Regulator 

Positive IS-Volt Regulator 

Positiva 24-Volt Regulator 

Tab PACKAGES 

GROUND 

. INPUT 

T·P ........ 
TO-39 

P-Packaoe 
TO-220 

FRONT VIEW 

1- Input 
2 - Output 
3 - Ground 

Tab - Ground 

K-Packllge 
To-3 

TOP VIEWS 

33 

• Output currant in ex ..... of one amp 
• Intamal tharmal shutdown protection 
• Self .... ontained foldbKk current limiting 
• Herin.tlcaily .... ed .leeI po_ package 

APPL,ICATIONS 

Fixed Output Regulator 

INPUT<>-~r---j I"""-t-'--<> OUTPUT 

0.1"F + 

NOTES: 
+ Increasiog value of output capacitor increases system transient response. 

++ Required only if regulator illocated an appreciable distance from power supply filter. 

Circuit for Incraasing Output Voltage 

S07800/140 

'2 

0.33 

l'F 
Vo= Vxx 11 +*' + laR2 

" ~o,,", 

High Input Current, Short Circuit Protected 

INPUT 
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7800/140 ELECTRICAL CHARACTERISTICS (See Notes 1 & 2) 

DEVICE TYPE 

NOMINAL OUTPU.T VOLTAGE 

'~~lrt VOLTAGE (Unless Otherwise Noted~ 

780S 
140-05 

10 

7806 
140-06 

11 

7808 
140-08 

14 

7812 
14()...12 

12 

19 

7815 
148-15 

15 

23 

781S 
140-18 

18 

27 

7824 
140-24 

24 

33 

Units 

Volts 

Volts 

PARAMETER CONDITlQNS MIN I TV. I MAX I MIN lTV. I MAX I MIN I TV. I MAX I MIN I TV. I MAX I MIN I TV. I MAX I MIN I TV. I MAXI MIN I TV. I MAX 

Oua>utVoI_ Tj = 250C '.e 5.2 I 5.75 6.25 I 1.7 8;3 I fI.5 12.5 114.4 15.6 117.3 18;7'1 23.0' 25.0 I Votu 

60 eo "12 ,I, 120 J.t5 I 11>0 20 I 180 mV Line Regulation 
(Note 4) 

Tj = 2EioC 
50 

(1V ",VIN "25V) (ev ';;V,N ';;25VI. I (10.5V ';;VIN ';;25VIII1.·5V ';;V;N~3~'1JI·f1'1;SV.';;VIN;~30Vf:l (;21V ';;VIN ';; .. VI 

,251240 

!27V ';;VIN ';;38VI 

line Regulation 
(Note 4) 

Load Ragulation 

I A. K·Pec"'. 
T-Package (Note 31 

Load Regulation 

IA. K.Pec_ 
T-Package (Note 3) 

Total Output 
Voltage Tolerance 

Qui_scent CUrrent 

, 4V-fN Ra~",,-

Quiescent CUrrent 
Change 

Long Term StabilitY 

Temperature Coefficient 

ft!pple ~R.j~ion 

Tj .. 250C 

Tj '" 250C 

SmA" 10 " 1.5A 

SmA or;;;; to" 500mA 

Tj" 250C 

250 rnA "'0 "750 rnA 

l00mA"'lo~50mA 

1110 Range 

K-Pkg: 5mAl!O;lolii;1.0A,PI!O;2QW 

T-Pkg: 6mA~lo<200:mA,p~2W 
R-Pkg: 5mAE;;;:lo<1.0A PE;;;:15W 

Tj .. 250C 

Tj'" -5SOC to +15()OC 

Over Lin. Regtlh.tion Rang3 

Over I.;oad Re", .. llItlon A_nDe 

1000hoursatfj .. 1250C 

'0. SmA 

f ~ 120 Hz, AVIN • 'liv 

OutPUt Noise Voltage; I Tj '" 2~, 10 H: "" f <' 100 kHz 

Dropout Voltage I 1) - 26OC, '0 = 1.oA (K-Pkg. onlv) 

Short Circuit Current Tj - 2SOC (Ncto &1 

Pu~ Olltput Currtif1t Tj .. 2SOC 

Thermal Shutdown 10 - 5mA 

. i 5 I 25 
(SV';;V,N';;12VI 

;5 50 

25 

15 I 25 

15 

4.75 I 15.~5 

lev ';;VIN ';;20VI 

4 16.0 

(8V-<;'V'N-<;25VI 

1.3 

0.5 

20 

-0.5 

'78 

40 

2.0 

2.1 

2.5 

175 

I 6 I 30 
(eV "VIN "';;,3V) 

20 r 60 

30 

20 I 30 

15 

5.7 I I 6.3 

(9VE;;;:V-IN~21V) 

•• 0' 

(9V"'VIN~25V) 

-,1.3 

0,5 

24 

-{l.5 

75 

45 , 

2.0 

2.0 

2.5 

-175 

1. Tj '" -55~ to +lsOoC; .IOUT '" 500 ~A for R. K-PaCkage and 100 mA for T-Package, unle" oth~rwise noted.' 
. ~._~II regU~.t.i~n ~ are m~ ~t c,?nnant jU,ncti~ _ ~~tuJe. with low duty--cycle pulse testing. 
3. Spacifie;ations at operating currents above 600 mA do not-apPiv to T -Package. 

I ~-r 40 
(ltV ",VIN "f7V) 

24 I 80 

40 

24 I 40 

20 

7.6 I j e.4 

(11.5V ';;10 <;;23VI 

6.0 

J 
(11.5V-<;'VINQ5V) 

-0.6 

72 

52 

'2.0 

1.8 

2.6 

176 

1.0 

0.5 

32 

I 12 r 60. 
(16V=6;VI~~vr 

·28 'r 1,20 
8 60 

28 I 60 

30 

I 15 I 751 ~ I 20 I 90 
.(2OV ';;~I'N ~.6VI ; '.i24V ';;VIN .;;aOVI 

30 150 

JO 75.1 

30 I 75 
10 40 

40 180 

12 90 

401 90 
12 45 

11.4 12.6 114.25 15.751 17.1 18.9 

115.5V';;VIN';;27VII118.5V';;VIN';;30VII I22V';;V,N';; .. VI 

6.0 

115V ';;V,N .;;aOVI 

-0.8 

1.0 

0.5 

48 

6.0 

118.5V ';;VIN .;;aOVI 

-1.0 

1.0 

0.5 

80 

4 6J} 

(22V ';;V,N .;;a31/( 

-1.2 

1.0 

0.5 

72 

I 25 I 120 
_ (30V ",VIN QSV) 

mV 

50 1 240 1 mV 
16 120 mV 

50 1'20 1 mV 
16 _ 60 mV 

22.8 I I 25.2 Volts 

(2eV ';;V,N ';;38VI 

6.0 I mA 

(2eV ';;V.,N <:Iav) 

1:0 mA 

0.5 mA 

96 mV 

-1.5 mVfOC 

71 10 69 '·1; 68 dS 

75 90 110 

2.0 2.0 ' 2.0 

1.5 1.3 1.0; 

2.5 l.2 2.2 

176 175 175 

4. I:NIN min. @ ~~ rnllst majntain an input/outPut differential of 2.&V. 
6. Short cil'Cllit p{otectlon Is only assured Over 6V1N ~ge • 

170 IN,.". 

2.0 Volts 

O.7'J .il Am .. 

'2.2 I I Am .. 

1'1s ·c 
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7800C/340 ELECTRICAL CHARACTERISTICS (See Noles 1 & 2) 

DEVICE TYPE 7805C 7806C 
340-05 340-46 

NOMINAL OUTPUT VOLTAGE S 6 

INPUT VOLTAGE (Unless Otherwise Noted) 10 11 

PARAMETER CONDITIONS MIN TVP MAX MIN TVP MAX 

Output Voltage Tj .. 250C 4.8 •. 2 5.75 6.25 

Une Regulation S 100 6 120 
Tj '" 250C 

t7V<VIN o!O;26Vl (BV "VIN <25V) 

Line Regulation 
Tj .. 250C - 1. I 50 1 6 I 60 

IBV ""VIN <12V) (9V <VIN <13V) 

Load Regulation Tj ., 250C 

P, R. K.f'ackage. SmA'" 10 <;; 1.SA I. 100 20 120 
T-Package (Note 3) 

SmA:=;;;;; 10 <SOOmA • 50 6 60 

Load Regulation Tj '"' 250C. 

P, R, K-Package 250 rnA '''10 <750 mA I. 50 20 60 
T-Package (Note 3) 100 rnA <10 <250 mA 5 25 6 30 

.110 Range 

Total Output K-Pkg: 5mA"10"1.0A.P<2OW 
4.75 5.25 5.7 6.3 

VoIWCII Tolerance 
T-Pkg: 5mA<10~200mA,P<2W 

P.R-Pkg:SmAoso;;;I0<1.0A P<;15W {7V oso;;;VIN <20VI, (SV <;;VIN <21VI 

Quiescent Current Tj = 250 C 4 8.0 • 8.0 

4.VIN Range Tj = OOC to +12SoC (7V C;;;VIN ~25VI (SV oso;;;VIN <25V) 

Quiescent Current With Line .6.VIN Range 1.3 1.3 

0. .... With Load .610 Range a .• 0 .• 

Long Term StabilitY 1000 hours at Tj = 1250C 20 2' 

Temperature Coefficient 10 - 5mA -0.5 -O.S 

Ripple Rejection f = 120 Hz, .6.VIN = 10V 78 7. 

Output Noise Voltage Tj = 25OC, 10 Hz '" f '" 100 kHz 40 4. 

Dropout Voltage Tj = 25°C, 10 = 1.0A IK-Pkg. only) 2.0 2.0 

Short Circuit Current Tj ... 2SOC (Note 4) 2.1 2.0 

Peak Output CpJrrent Tj .. 2SOC 2.S 2 .• 

Thermal Shutdown 10" SmA 17. 17S 

1. Tj = aoc to +125OC. lOUT = 500 mA for P, R, K-Package and 100 mA for T -Package, unless otherwise noted. 
2. All regulation tests are made at constant. junction temperature with low duty-cycle pulse testing. 

7BOac 
340-08 

8 

14 

MIN TV' MAX 

7.7 8.3 

8 160 

110.SV <VIN <;25V) 

I 8 I 80 

(11V ",VIN <17V) 

24 160 

7 80 

2. 80 

7 40 

7.6 8.4 

(10.5V oso;;;VIN <23VI 

4 8.0 

(10.5V oso;;;VIN <2SVI 

1.0 

a .• 

32 

-4.6 

72 

52 

2.0 

1.8 

2 .• 

17. 

7812C 7815C 7alBC 7824C 
340-12 340-15 340-18 340-24 

12 I. 18 24 

19 23 27 33 

MIN TYP MAX MIN TV' MAX MIN TV. MAX MIN TV' MAX 

11.5 12.5 14.4 15.6 17.3 18.7 23.0 25.0 

12 240 15 300 20 360 2S 480 

114.5V <; VIN !lO;30VI C17.5V~VIN:S;;;;30V) ( 21V <VIN ~33VI (27V <VIN <3aV) 

I 12 I 120 I,. I 150 1_ 20 I 180 _I, 25 I. 240 

!16V ';;VIN ..;:z2V) (20V ';;VIN Q6V) 124V <VIN QOVI (30V <VIN <'J6V) 

28 240 30 300 40 360 50 480 

8 120 10 150 12 180 18 240 

28 120 30 '.0 40 180 50 240 

8 60 10 7. 12 90 16 120 

11.4 12.6 14.25 15.75 17.1 1S.9 22.S 25.2 

(14.5 <VIN <27VII (17.5V oso;;;VIN QOVI (21V <;VIN Q3VI (27V oso;;;VIN QSVI 

4 8.0 4 8.0 4 8.0 4 8.0 

114.5V <VIN <30VI (17.5V <VIN <;30V) (21V ';;VIN ';;33V) (27V ';;VIN < 38V) 

1.0 1.0 1.0 1.0 

0.5 a .• 0 .• O.S 

48 60 72 116 

-4.8 -1.0 -1.2 '-1.5 

71 70 69 68 

75' 90 110 170 

2.0 2.0 2.0 2.0 

I .• 1.3 1.0 0.7 

2.S 2.2 2.2 2.2 

17S 17. 17S 17, 

. 3. Specifications at operating currents above 500 mA do not apply to T -Package. 
4. Short circuit protection is only assured over .6.VIN range. 

Uni1S 

Volts 

Volts I 

Volu 

mV 

mV 

mV 

mV 

mV 

mV 

Volts 

mA 

mA 

mA 

mV 

mV!OC 

d8 

J1V rms 

Volu 

Am .. 

Am .. 

OC 



Precision Positive Fixed Voltage Regulators 

SG7800A I SG7800AC 
The SG7800A and SG7800AC series 01 voltage regulators are 
monolithic integrated circuits designed to provide fixed output voltages 
at currents in excess of one amp. These units feature a unique on-chip 
trimming system to set the output voltage to within ±1.5% of nominal. In 
addition, improvements in input voltage capability and line and load 
regulation have made these devices substantially superior while being 
completely interchangeable with the standard SG7800, SG140 and 
SG340 series devices. 

• Output voltage set to within ±1.S% tolerance 

• Input voltage range to SO volts max 

• Output current to 1.5 amp 

• Improved line and load regulation 

• Complete self-contained protective features 

• Hermetically sealed steel power package 

All protective features of thermal shutdown, current limiting, and 
safe-area control have been designed into these units with added 
reliability offered by the hermetically sealed TO-39, TO-66 and TO-3 
power packages. The commerical grade is also available in TO-220 
package. 

ABSOLUTE MAXIMUM RATINGS: 
Input voltage 

Power dl.slpatlon (Note 1) 
Operating lunctton temperature range 

SG7800A series 
SG7800AC serle. 

Storage temperature range 

Lead temperature (soldering, 10 sec) 

ADJUSTABLE OUTl'\)T REGULATOR. 1 TO 30 VOLTS 

50 yolts 

Internally limited 

-55"C to +150"C 
O"C 10 +125"C 

-65"C to +150"C 

300"C 

APPLICATIONS 

V" 
OUTPUT CURRENT·-

0.1 ~f 

" 

O.lJ~ft 

-INCREASING VALUE OF OUTPUT CAPACITOR 
IMPROVES SYSTEM TRANSIENT RESPONSE 

o 1 ~F' 

tREOUlRED ONt Y IF REGULATOR IS LOCATED AN 
APPRECIABLE DISTANCE FROM POWER SUPPLY FilTER 

DUAL POLARITY. TRIMMEP SUl'PL 'I' 

THIS CIRCUIT WILL ALLOW EACH OUTPUT TD BE ADJUSTED APPROXltoIIAT£L Y 
.&1 VOLT AROUND ITS NOMINAL VALUE. OTHER VOLTAGES MAY BE 
ACCOMMOOAnD 8'1' MERELY CHANGING THE CIRCUIT VALUES ANDIOR 
REGULATORS. 

THE OUl?UT OIOOES ARE NECESSARV IF POLARITY REVER$J\LS DUE TO 
INADV£ATANT OVERt-OADSOR INPUT VOLTAGE SEOUENCING ARE POSSIBLE. 

HIGH OUTPUT CURRENT,SHORT CIRCUIT PROTECTED 

" '" 

36 

PACKAGES 

P-Package 
TO-220 

Front 
View 

1 - Input 
2 - Output 
3 - Ground. 

Tab - Ground 

K-package 
·TO-3 

Tab 

3 

TOP VIEWS 

GROUND 

INPUT 

T-Package 
TO-39 

2 
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7800A ELECTRICAL CHARACTERISTICS (See Notes 1 & 2) 

DEVICE TYPE 

NOMINAL OUTPUT VOLTAGE 

INPUT VOL TAGE (Unless Otherwise Noted) 

PARAMETER 

Output Voltage 

Line Regulation 
(Note 4) 

Lme Regulation 
(Note 4) 

Load Regulation 

R, K·Package 
T.Package (Note 3) 

Load Regulation 

R, K·Package 
T·Package (Note 3) 

Total Output 
Voltage Tolerance 

Quiescent Current 

&VIN Range 

CONDITIONS 

Tj '" 250C 

Tj = 250C 

Tj = 250C 

Tj = 250C 

5mA .;;;;; 10 .;;;;; 1.5A 

SmA ~ to .;;;;; SOOmA 

T: '" 250 C 
250 mA '~IO 0;;;;;750 mA 

100 mA ';;;;;10 ~2S0 mA 

~IO Range 

K-Pkg: 5mA~lo~1.0A.P~20W 

T-Pkg: 5mA~lo~200mA.p0;;;;;2W 
R-Pkg: 5mA';;;;;loo;;;;;l.0A Po;;;;;15W 

Tj = 250 C 

Tj = -550C to +150oC 

Quiescent Current With Line ~VIN Range 
Change With Load &10 Range 

Long Term Stability 1000 hours at Tj '" 1250 C 

Temperature Coefficient I 10 '" '5 mA 

Ripple Rejection f = 120 Hz, 6.VIN '" 10V 

Output Noise Voltage I Tj '" 25OC, 10 Hz " f ~ 100 kHz 

Dropout Voltage I Tj = 250 C. 10 '" 1.0A (K-Pkg. only) 

Short Circuit Current Tj .. 250C (Note 5) 

Peak Output Current Tj = 250C 

Thermal Shutdown 10 = 5 mA 

780SA 7806A 7808A 7812A 7815A 7B18A 7B24A 
Units 

12 15 18 24 Volts 

10 11 14 19 23 27 33 Volts 

MIN I TYP ! MAX 1 MIN I TYP I MAX 1 MIN I TYP I MAX I MIN I TYP I MAX I MIN I TYP I MAX 1 MIN I TYP I MAX I MIN I TYP I MAX 

4.9 5.1 I 5.9 6.1 17.S5 S.15111.8 12.2/14.8 15.2117.7 18.3 I 23.6 24.41 Volts 

25 

!7V ';;;;;VIN ~25V) 

I 5 I 12 
(8V ';;;;;VIN ';;;;;12V) 

15 I 50 

25 

15 I 25 

12 

4.8 I I 5.2 

(BV ~VIN ';;;;;20V) 

6.0 

(BV ~VIN ~25V) 

-0.5 

78 

40 

2.0 

2.1 

2.5 

175 

1.3 

0.5 

20 

30 40 12 60 15 75 20 90 

(SV ';;;;;VIN ';;;;;25VI (10.5V ""VIN ",,25V)j 114.5V ""VIN ';;;;;30V)j (n.5V ""VIN ';;;;;30VII I 21V ~ VIN ';;;;;33V) 

T6 I 15 

(9V';;;;;VIN~13Vl 

20 I 60 

30 

20 I 30 

15 

I 8 I 20 

Il1V ";;;;VIN ';;;;;17V) 

24 ! 70 

35 

24 I 35 

17 

I 12 I 30 

(16V ';;;;;VIN Q2V) 

28 I 80 

40 

28 I 40 

20 

I 15 i 40 

(20V ";;;;VIN ";;;;26V) 

30 100 

10 50 

30 I 50 
10 25 

5.8 6.2 17.75 B.25 1 11.7 12.3 114.6 1S.4 

(9V~VIN ';;;;;21V) I (11.5V~VIN ';;;;;23V) I (15.5V~VIN ';;;;;27V) I (18.5V <VIN <30V) 

6.0 6.0 6.0 6.0 

I 20 I 45 

(20V ';;;;;VIN ~OV) 

40 120 

12 60 

40 I 60 

12 30 

17.5 I I 18.5 

(22V ';;;;;VIN ";;;33VI 

6.0 

,25 I 120 

(27V ';;;;;VIN ';;;;;38V) 

I 25 I 60 
{30V ";;;;VIN Q6V} 

mV 

mV 

50 160 mV 

16 BO mV 

50 SO mV 

16 40 mV 

23.3 I I 24.7 Volts 

{2BV ~VIN <38V} 

6.0 I mA 

(9V o;;;;;VIN o;;;;;25V) I (11.5V ~VIN ~25V) I (15V ~VIN o;;;;;30V) I (1B.5V ~VIN ~OVJ I (22V ~VIN -Q3V) I (2BV ~VIN ~8V) 

1.3 

0.5 

24 

-0.5 -0.6 

75 72 

45 52 

2.0 2.0 

2.0 1.8 

2.5 2.5 

175 175 

1.0 

0.5 

32 

-0.8 

71 

75 

2.0 

1.5 

2.5 

175 

1.0 

0.5 

48 

-1.0 

70 

90 

2.0 

1.3 

;,.!-2 

175 

1.0 

0.5 

60 

-1.2 

B9 

110 

2.0 

1.0 

2.2 

175 

1.0 

0.5 

72 

1.0 1 mA 

0.5 I mA 

96 I mV 

-1.5 1 I mV/OC 

66 I I dB 

170 1 IWrms 

2.0 1 I yolts 

0.7 I 1 Amps 

2.2 I I Amps 

1751 ICC 

1. T A = -550C to +150oC, lOUT = 500 mA for R, K-Package and 100 mA for T -Package, unless otherwise noted. 4. ININ min. @ -550C must maintain an input/output differential of 2.5V. 
6. Short circuit protection is only assured over ~VIN range. 2. All regulation tests are made at constant junction temperature with low duty-cycle pulse testing. 



7800AC ELECTRICAL CHARACTERISTICS (See Notes 1 & 2) 

DEVICE TVPE 7805AC 7806AC 780SAC 7812AC 7815AC 781BAe 7824AC Units 

NOMINAL OUTPUT VOL rAGE 5 6 8 12 15 18 24 Volts 

INPUT VOLTAGE (Unless Othefwise Noted) 10 11 14 19 23 27 33 Volts 

PARAMETER CONDITIONS MIN TV. MAX MIN TV' MAX MIN TV' MAX MIN TV. MAX MIN TV. MAX MIN TV. MAX MIN TV' MAX 

Ovtput Voltage Tj ,., 250C 4.9 5.1 5.9 6.1 7.85 8.15 11.8 12.2 14.8 15.2 17.7 18.3 23.6 24.4 Volts 

Line Regulation 5 50 6 60 8 80 12 120 15 150 20 180 25 240 mV 
Tj =1 250C 

'7V~VIN~25V) (BV ";;;;-VIN ";;25V) (10.SV ';:;;;VIN <25V) 114.5V <VIN <30V) (17.SV <VIN <30V) (21V <VIN <33V) (27V "'VIN <3aV) 

Une Regulation 
Tj =- 2SOC 15 I 25 I 6 I 30 l 8 I 40 I 12 I 60 '- 15. I 75 I 20 I 90 I 25 I 120 mV 

(BV ",v IN "'2V) (9V ",VIN ~13V) (ltV ~VIN ~17V) (16V<VIN~2V) (20V "'Y,N "26VI (24V "VIN QOVI (30V ",v IN Q6Vl 

Load Regulation Tj = 250C 

P, A, K-Package SmA" 10" 1.SA 15 50 20 60 24 80 28 120 30 150 40 180 50 240 mV 
T-Package (Note 3) 

5 mA " '0 " 500 rnA 5 25 6 30 7 40 8 60 10 75 12 90 16 120 mV 

load Regulation 
Tj = 250C 

P, R, K·Package 250 rnA "10 ~750 mA 15 25 20 30 24 40 28 60 30 75 40 90 50 120 mV 
T.Package (Note 3) 100 mA <10 050 rnA 

5 .15 6 15 7 20 8 30 10 40 12 45 16 60 mV 

~ 
.6.10 Range 

4.8 5.2 5.8 6.2 7.75 8.25 11.7 12.3 14.6 15.4 17.5 18.5 23.3 24.7 
Total Output K-Pkg: 5 mA < 10 ~ 'LOA. P ~ 20W 

Volts 

Voltage Tolerance 
T-Pkg: 5mA~lo~200mA.P~2W 

P.R-Pkg: 5mA<10~1.0A P~l5W (7V ~VIN <20Vl (8V ~VIN <21V) (10.5 <VIN ~23V) (14.5V~VIN .:s;;;27V) (17.5V .:s;;;VIN :QOV) {21V~VIN~33Vl (27V ~VIN <3aV) 

Quiescent Current Tj '" 250C 4 6.0 4 6.0 4 6.0 4 6.0 4 6.0 4 6.0 4 6.0 mA 

o.VIN Range Tj = oDe to +125oC (7V<VIN~25V) (BV ~VIN ~25V) (10.5V~VIN ~25V) (14.5V ~VIN .:s;;;30V) (17.5V .:s;;;VIN "30V) (21V .:s;;;vni .:s;;;33V) 127V ";V,N ";38VI 

Quiescent Current With Line fN I N Range 1.3 1.3 1.0 1.0 1.0 1.0 1.0 rnA 

Change With Load AIO Range 0.5 0.5 0.5 0.5 0.5 0.5 0.5 mA 

Long Term Stability 1000 hours at Tj '" 1250C 20 24 32 48 60 72 96 mV 

Temperature Coefficient 10 = 5 mA -0.5 -D.5 -D.6 -D.8 -1.0 -1.2 -1.5 mVJOC 

Ripple Rejection f = 120 Hz, 6.VIN = 10V 78 75 72 71 70 69 66 d8 

Output Noise Voltage Tj = 250C. 10 Hz < f < 100 kHz 40 45 52 75 90 110 170 Jj.Vrms 

Dropout Voltage Tj = 250C. 10 = 1.0A (K~kg. onlv) 2.0 2.0 2.0 2.0 2.0 2.0 2.0 Volts 

Short Cfrcuit Current Tj = 250C (Note 4) 2.1 2.0 1.8 1.5 1.3 1.0 0.7 Amps 

Peak Output Current Tj == 250C 2.5 2.5 2.5 2.5 :l.2 2.2 2.2 Amps 

Thermal Shutdown 10 = SmA 175 175 175 175 175 175 175 °c 
--- '----- . 

1. Tj '" OOC to +1250C, lOUT'" 500 rnA for R, P, K-Package and 100 mA for T -Package, unless otherwis~ noted. 
2. All regulation tests are made at constant junction temperature with low duty--cycle pulse testing. 

3. Specifications at operating currents above 500 rnA do not apply to T -Package. 
4. Short circuit protection is only assured over o.VIN range. 



Three Terminal Negative Regulator Series 

SG7900 I SG'7900C 
• Outputvoltagesetlnternallyto±3% The 7900 series of negative regulators offer self-contained, fixed

voltage capability up to 1.5 amps of load current. With four factory set 
output voltages (-5V, -5.2V, -12V, and -15V) and four package options, 
this regulator series is an optimum complement to the SG7800/140 line 
of three terminal positive regulators. 

• One volt minimum Input-output differential 

• Excellent line and load regulation 

• Short circuit current IIrtllted 

• Thermal overload protection 
Since these regulators require only a single output capacitor for 

satisfactory performance, and are protected from overload conditions 
by internal current limiting and thermal shutdown protection, ease of 
application is as~ured. 

Although designed as fixed-voltage regulators, the output voltage 
can be increased through the use of a simple voltage divider. The low 
quiescent drain current of the device insures good regulation when this 
method is used. Product is available in hermetically sealed TO-39, 
TO-66 and TO-3 power packages and commercial product is also 
available in TO-220. I 

~I' ~'060~~,1 Tab 

INPUT (case) 

(3,",~ 
GROUND 

PACKAGES 

'·P.ckag_ 
TO-220 

FRONT VIEW 

1 - Ground 
2 - Outpul 
3 - Input 

Tab _. Input 

T ·Package K.Packllge 
TO-39 TO-3 

TOP VIEWS 

Fixed Output Regulator: 

NOTE C, ,s reQuored only ,f regul~to. IS sep~rilteti from rect.fler f,lter 
Both C, and C2 should be low E.S.R. types such as sohd tant~lum. If aluminum 
electrolltlcnre used. at least 10 times values shown should be selected. 

3 II large outPut capacities are used. the regulators must be protected from momen 
tary ,"put shorts A high current diode trom output to Input will suffice 

Circuit for Increasing Output Voltage 

. 
C2 

10,uF 

t=---4I-.... -OUTPUT 

NOTE C3 optional lor Improved trans,ent 
response and flPplerelettion 

VOUT = V(REGUlATOR) ~;2~2.· 

WHERE R2 = 300n FOR SG120-6 AND SG120·5.2 
R2 = 750U FOR SGl20·12 
R2 = lOGOn FOR S012().15 

ABSOLUTE MAXIMUM RATINGS 

Device Output Voltage 
5.0 yolts 

I nput Voltage 
-25V 

S.2volts 
8.0 volts 
12 yolts 
15 volts 

Power dissipation 
Operating junction temperature range 

SG7900 series 
SG7900C series 

Storage temperature range 
Lead temperature (soldering, 10 sec) 

-25V 
-35V 
-35V 
-40V 

APPLICATIONS 

Dual Polarity, Trimmed SupplV 

IJ SG7900 
POS. I INPUT 3 

510 

Input-Output 
Differential 

25V 
25V 
30V 
30V 
30V 

Internally Limited 

-550C to +1S0oC 
oOe to +12SoC 

-650 C to + 1500 C 
3000 C 

+15.0V 

0.1 mfd 
lo.22mfd +--Wv-l~ 20k ..,... ;;:: 

.,(, ~N4720 
51 

~ COMMON 

51 

;p: 2.2mfd 
510 1-

+--""'''v---+-.~ 20k '2;'='" r 1.0 mfd 

~N4720 , 
NEG . 
.::'N.::.,::UT'-4_----13 I SG7"00 Ir: :2'-_ .... __ ..... _--<~-..... -·-'5-.0 .. V~ 

NOTE. This circuit will allow each output to be adjusted approximately .:1:1 volt around its nominal 
value. While there is some interaction in the adjustments, it is typically less than 10%. The linearity 
of the adjustment is a function of the potentiometer resistance with lower values increasing the 
linearity at the expense of power diSSipation. The diodes protect the regulators from output polarity 
reversal due to inadvertent overloads or variations in input voltage sequencing. 

This same technique m<l¥ be used with other voltages and/or regulators in the series by.merely 
adjusting the cirCl.litvalues. 
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7900 ELECTRICAL CHARACTERISTICS·(See Notes 1 & 2) 

DEVICE TYPE 7905 7905.2 7908 7912 7915 Units 

NOMINA~ OUTPUT VOl:TAGE -5 -5.2 -8 -12 -15 Volts 

INPUT VOLTAGE (Unless Otherwise Noted) -10 -10 -14 -19 -23 Volts 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Output Voltage Tj - 250 C.IO - 5 rnA -4.8 -5.2 -5.0 . -5.4 -7.7 -S.3 -11.5 -12.5 -14.4 -15.6 Volts 

Line Regulation Tj - 250 C. 19 - 5 rnA 
5 50 6 50 8 SO 12 120 15 150 rnV 

(-7V <VIN <-25V) (-8V <VIN <-25V) !-10.5V <VIN <-25V) (-14.5V <VIN <-30V) !-17.5V <VIN <-J5V) ,6,VIN Range 

I 5 I 25 line Regulation Tj - 250 C. 10 - 5 rnA r 6 r 25 1 8 I 40 I 12 I 60 I 15 1 75 rnV 
(-8V <VIN <-12V) (-9V <VIN <-12V) (-l1V<VIN<-17V) (-16V <VIN <-22V) (-20V <VIN <-26V) 

Load Regulation Tj - 250 C 
R, K -Package 5mA ~IO =S;;;;'.5A 15 50 20 flO 12 80 28 120 30 150 rnV 

T -Package (Note 3) 5 rnA :::;:;;;to <SOO rnA 5 25 6 30 4 40 8 60 10 75 mV 

Load Regulation Tj - 250 C 
15 25 20. 30 12 40 2S 60 30 75 

R, K-Package 250 mA <10 <750 rnA rnV 

T -Package (Note 3) 100 mA :::;:;;;'0 ~250 rnA 
5 15 6 20 4 25 8 40 10 60 rnV 

Total Output (.110 Range) (-8V <VIN <-20V) (-9V <VIN <-2lV) !-11.5V<VIN<-23V) (-15.5V <VIN <-27V) (-18.5V <VIN <-30V) 
Voltage Tolerance 5 mA <10 <LOA, P <15W 

p. R, K,Package (5 rnA <10 <200 mA, P <2W) -4.75 -5.25 -4.95 -5.45 -7.6 -8.4 -11.4 -12.6 -14.25 -15.75 Volts 
IT -Package) (Note 3) 

Qu iescent Current Tj - 250 C 1 2 1 i 1 2 1.5 3 1.5 3 mA 

Quiescent Current With Line 6.V I N Range 1.3 1.3 1.0 1.0 1.0 rnA 
Change With Load 6.10 Range .5 .5 .5 .5 .5 rnA 

Long Term StabilitY 1000 hours at Tj = 1250 C 20 24 ·32 48 60 mV 

Temperature Coefficient 10 - 5mA -0.5 -0.5 -0.6 -0.8 -1.0 mV/oC 

Ripple Rejection 1 - 120 Hz, .1VIN - 10V 54 60 54 60 54 60 54 60 54 60 dB 

Output Noise Voltage Tj - 250 C. 10 Hz <I < 100 kHz 40 45 52 75 90 J1Vrms 

Dropout Voltage Tj - 250 C, 10. - 1.0A (Note 3) 2.0 2.0 2.0 2.0 2.0 Volts 

Short Circuit Current Tj - 250 C (Note 5) 2.1 2.0 I.S 1.5 1.3 Amps' 

Peak Output Current Tj - 250 C (Note 3) 2.5 2.5 2.5 2.5 2.2 Amps 

Thermal Shutdown 10 - 5 mA (Note 3) 175 175 175 175 175 oC 

1. Tj "" -550 C to <+1500 C, lOUT = 500 mA for R, P and K-Package and 100 mA for T -Package, unless otherwise noted. 
2. All regulation tests are made at constant junction temperature with low duty-cycle pulse testing. 
3. Specifications at operating currerts above 500' rnA do not apply to T -Package. 

4. &VIN min.@-550 Cmustmaintainan inputloutputdifferentiaJ of 2.5V. 
5. Short circuit protection is only assured over '&V'Nrange. 



7900C ELECTRICAL CHARACTERISTICS (See Notes 1 & 2) 

DEVICE TYPE 7905C 7905.2C 790BC 7912C 7915C Units 

NOMINAL OUTPUT VOLTAGE -5 -5.2 -8 -12 -15 Volts 

INPUT VOLTAGE (Unless Otherwise Noted) -10 -11 -14 -19 -23 Volts 

PARAMETER CONDITIONS MIN TVP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Output Voltage Tj • 250 C, 10 • 5 mA -4.8 -5.2 -5.0 -5.4 -7.7 -8.3 -11.5 -12.5 -14.4 -15.6 Volts 

Line Regulation Tj • 250 C, 10.5 mA 3 100 6 100 8 160 12 240 15 300 mV 

~VIN Range (-7V <VIN <-25V) (-BV <VIN <-25V) HO.5V <VIN <-25V) (-14.5V <VIN <-30V) (-17.5j <VIN <-30V) 

Line Regulation Tj • 250 C, 10 • 5 mA 

, 3 , 50 
, 6 , 100 .' 8 , 80 

, 12 , 120 
, 15 , 150 mV 

(-8V <VIN <-12V) (-9V <VIN <-12V) (-11V <VIN <-17V) H6V <VIN <-22V) (-20V <VIN <-26V) 

Load Regulation Tj·250 C 
P, R, K-Package 5mA:S;;;;'o<1.5A 15 100 20 100 24 160 28 240 30 300 mV 
T -Package (Note 3) 5 mA <10<500 mA 5 50 6 50 7 80 8 120 10 150 mV 

Load Regulation Tj·250 C 
P, R, K-Package 250 rnA .:s;;;,O ~750 rnA 15 50 20 50 24 80 28 120 30 150 mV 
T -Paekage (Note 3) 100 rnA ~IO :e;;;;250 rnA 5 25 6 25 7 40 B 60 10 75 mV 

:: Total Output 
(~IO Range) (-7V <VIN <-20V) (-9V <VIN <-2W) (-10.5 <VIN <-23V) 1-14.5V <VIN <-27V) (-17.5V <VIN <-30V) 

Voltage Tolerance 
5 mA:S;;lo~1.0A. P:s:;,;,5W 

P, R, K-Package 
(5 mA <10 <200 mA, P <2W) -4.75 -5.25 -4.95 -5.45 -7.6 -8.4 -11.4 -12.6 -14.25 -15.75 Volts 

(T-Package) (Note 3) 

Quiescent Current Tj·250 C 1 2 1 2 1 2 1.5 3 1.5 3 mA 

Quiescent Current With Line I1VIN Range 1.3 1.3 1.0 1.0 1.0 mA 
Change With Load ~IO Range .5 .5 .5 .5 .. 5 ' mA 

Long Term Stability 1000 hours at Tj "" 1250C 20 24 32 48 60 mV 

Temperature eoenicient 10·5mA -0.5 -0.5 -0.6 -0.8 -1.0 mVfOC 

Ripple Rejection f· 120 Hz, ~VIN· 10V 54 60 54 60 54 60 54 60 54 60 dB 

Output Noise Voltage Tj :: 250 C, 10 Hz ~f < 100 kHz 40 45 52 75 90 IlV rms 

Dropout Voltage Tj • 250 C, 10· LOA (Note.3) 2.0 2.0 2.0 2.0 2.0 Volts 

Short Circuit Current Tj • 250 C (Note 4) 2.1 2.0 1.8 1.5 1.3 Amps 

Peak Output Current Tj • 250 C (No,e 3) 2.5 2.5 2.5 2.5 2.2 Amps 

Thermal Shutdown 10.5 mA (No'e 3) ~s.. 175 175 175 175 oC 
-- -- - -- - - - - --- - --- -

1. Tj ::: OOC to +1250 C. lOUT::: 500 mA for R. P and K-Package and 100 rnA for T -Package, unless otherwise noted. 
2. All regulation tests are made at constant junction temperature with low duty-cycle pulse.testing. 
3. Specifications at operatins.. currents agov~ ~O mA do not apply to I -Package. 
4. Shon circuit protection is only assured over b.VII\1 :'ange. 
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OPERATIONAL AMPLIFIERS 
General Purpose, Compensated Op Amps 

General Purpose, Uncompensated Op Amps 

Dual, Compensated Op Amps 

Quad Op Amps 

High Performance Op Amps 

High Voltage Op Amps 

Low Power Op Amps 

Voltage Followers 
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Uncompensated Operational Amplifiers 

SG10l/201 
The SG10l/201 are general purpose operational amplifiers. Features 

include excellent input bias/current and drift characteristics plus short 
circuit protection and pin compatibility with many industry·standard 
operational amplifiers. 

• Frequency compensated with a single capacitor - no resistor 
required 

• Low current drain: 1.8mA at±20V 
• Continuous short circuit protection 
• Operation as a comparator with differential inputs as high 

as±30V 

• No latch up when common mode range is exceeded 

PARAMETERS' 101 201 

Supply Voltage +5 to ±20 ±5 to ±20 

Operating Temperature Range -55 to +125 o to +70 

Package Types T, Y, J, F T,Y,J,F,N,M 

I nput Offset Voltage 5.0 7.5 

I nput Offset Current 200 (500) 500 (7501 

Input Bias Current 0.5 (1.5) 1.5 (2.01 

Temp Caeff I nput Offset Voltage (3.0 typ) (6.0 typ) 

Temp Caeff INput Offset Current - -

Large Signal Voltage Gain I 50 (25) 20 (15) 

Common Mode Rejection (70) (65) 

Power Supply Rejection (316) (316) 

Input Common Mode Voltage Range 
2 (+12) (+12) 

Differential Input Voltage ±30 ±30 

Slew Rate Av ~ 1, 0.2 0.2 

Av ~ 10 3 (typ) 3 (typ) 

Unity Gain Bandwidth 0.5 (typ) 0.5 (typ) 

Supply Current 3.0 3.0 

Vout RL ~ 2kn +10 ±10 

RL ~ 10kn ±12 ±12 

Noise 
Rs~lkn f ~ 10Hz to WkHz 4 4 

Rs ~ 500kn f ~ 10Hz to 10kHz 25 25 

SG101A/201A/301A 
The SG 101A/201 A/301A offer improved performance over the SG 101/ 

201 operational amplifiers and also provide short circuit protection and pin 
compatibility with industry standard types. 

• 3mV offset voltage over temperature 
• 100nA input current over temperature 
• 20nA offset current over temperature 
• Guaranteed drift characteristics 
• Offsets guaranteed over full common mode range 

101A -[ 201A 301 A UNITS 

+5 to +20 +5 to +15 V 

-55 to +125 t -25 to +85 o to +70 aC 

T, Y, J, F I T,Y,J,F,N,M -

2.0 (3.0) 7.5 (10) mV 

10 (~O) 50 (70) nA 

0.075 (0.1) 0.25 (0.30) ~A 

15 30 ~V/oC 

0.2 0.6 nA/ac 

50 (25) 25 (15) V/mV 

(80) (80) dB 

(100) (100) ~VIV 

1+15, -12) (+15, -12) V 

+30 +30 V 

0.2 0.2 

3 (typ) 3 (typ) 
V/~S 

0.5 (typ) 0.5 (typ) MHz 

3.0 3.0 mA 

+10 +10 V 

+12 ±12 V 

4 4 ~V(rms) 

25 25 (typ) 

*Parameters apply over supply voltage range and are mln.jmax. limits either at T A = 2SoC (or over operating temperature range 
if enclosed in parentheses), unless otherwise Indicated. 

1 RL = 2kH 2vs = ..±..15V 

5G101/201. SGl01A!201A/301A Chip 
(See T-package diagram for pad 
functions) 

Compensation and Optional 
Balancing Circuit 

Feedforward Compensation 

CONNECTION DIAGRAMS 

t-l OFFSET 
ADJUST $ 4 v-

OUTPUT I T~fn:~~pW 3 ~~pNU~NVERTING 
M orY 

V+ 1 Package 2 m~~~TI:jG 

COMPENSATION ri .11 I OFFSET ADJUST/ 
l.!. COMPENSATION 

--" 
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TOP VIEW 
JorN 

Package 

~ NON_INVERTING 
INPUT 

4 INVERTING 
INPUT 

J OFFSET ADJUST/ 
COMPENSATION 

2~~~~~ CD (£) 0) NOI~t~¥ERTING 

OUTPUT CD :~~~~:w CD \%~G~TING 
CD CD 

V+ CD OFFSET AOJUST/ 
COMPENSATION 

FREO 
COMP 



Voltage Followers 

SGI02/202/302 
The SG102/202/302 are high-gain operational amplifiers designed 

specifically for unity-gain non-inverting voltage follower applications. The 
devices incorporate advanced super-beta transistor processing techniques to 
obtain very low input current and high input impedance. The input trans
isters are operated at zero collector-base voltage to virtually eliminate high 
temperature leakage currents resulting in extremely low input current and 
low offset voltage drift_ 

• Low input bias current - 100 nA 
• High input resistance - 10.000MQ 
• Internal frequency compensation 
• Fast slewing - 10VIIls - typ 
• Simple offset balancing with lk potentiometer 

PARAMETERS' 102 202 302 

Supply Voltage ±15 ±15 ±15 

SG110/210/310 
The S1311 0/21 0/310 are high gain operational all1plifiers internally 

connected as unity-gain non-inverting amplifiers. Super-beta transistors are 
used in the input stage to obtain extremely low bias currents without 
sacrificing speed. These devices are directly interchangeable with the 101, 
102, 741 and 709 in voltage follower applications. I nternal frequency 
compensation and offset balancing are provided. The SG 11 0 family is 
useful in fast sample and hold circuits, active filters or as general purpose 
buffers. 

• 10nA input current max over temperature 
• 20MHz small signal bandwidth - tvp 
• 30V Ills slew rate - typ 
• ±SV to ±18V supply voltage range 
• No external frequency compensation necessary 

110 210 I 310 UNITS 

±5 to ±18 ±5 to ±18 ±5 to ±18 V 

Operating Temperature Range -55 to +125 -25 to +85 o to +70 -55 to +125 -25 to +85 o to +70 °C 

Package Types T, J, Y T,J,M, N, Y T,J, Y T,J,M,N, Y 

I nput Offset Voltage 5.0 (7.5) 10 (15) 15 (20) 4.0 (6.0) 4.0 (6.0) 7.5 (10) mV 

Input Bias Current 10 (100) 15 (50) 30 (50) 3.0 (10) 3.0 (10) 7.0 (10) nA 

Temp Coelf Input Offset Voltage 6 (typ) 15 (typ) 20 (typ) 12 (typ) 6 (typ) 10 (typ) /lV/oC 

Large Signal Voltage Gain (0.999) 0.999 0.9985 0.999 0.999 0.999 V/V 

Power Supply Rejection 60 60 60 70 70 70 dB 

Input Common Mode Range ±10 ±10 ±10 ±10 ±10 ±10 ±10 

Input Resistance 1010 1010 109 1010 1010 1010 11 

Output Resistance 2.5 2.5 2.5 2.5 2.5 2.5 11 

Vas Adjust 1 kl1Pot lkl1Pot 1 kl1Pot lkl1Pot lkl1Pot 1 kl1Pot -
Slew Rate Av = 1 10 (typ) 10 (typ) 10 (typ) 30 (typ) 30 (typ) 30 (typ) VI/lS 

Unity Gain Bandwidth (typ, MHz) 8 (typ) 8 (typ) 8 (typ) 12 (typ) 12 (typ) 12 (typ) MHz 

Supply Current 5.5 5.5 5.5 5.5 5.5 5.5 rnA 

Vout RL = 10kl1 ±10 ±10 ±10 ±10 ±10 ±10 V 

*Parameters apply over supply voltage range and are mln.jmalC. limits either at T A - 250C (or over operating temperature range If enclosed In 

parentheses), unless otherwise indicated. 

CONNECTION DIAGRAMS 

SG102/202/302, SG110/210/310 
Chip (See T-package diagram for 
pad functions) 

BO'OSTER CD (0 CD INPUT 

CD :~£~~w CD NC 

(i) (i) 
v+ CD BALANCE; 

INPUT 
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INPUT 

Offset Balancing Circuit 
A1 
1K 

OUTPUT 

Increasing NegatiYe Swing 
Under load 

OUTPUT 

R2' 
5.1K 

'May be added to reduce 
internal dissipation 



General-Purpose Compensated Operational Amplifiers 

SG107/207/307 
The SG 107/207/307 offer excellent input 

bias currents and drift characteristics as well as 
short circuit protection and pin compatibility 
with the 741 class of amplifiers. 

• 3mV max offset voltage over 
temperature 

• 100 nA max input bias current 
over -temperature 

• 20nA max offset current over 
temperature 

• Offsets guaranteed over fu II 
common mode range 

• Guaranteed drift characteristics 

PARAMETERS' 

Supply Voltage 

107 I 
±5 to +20 

SG741/741C 
SG741/741 C are pin compatible with the 

most widely accepted operational amplifiers 
and provide excellent performance for a wide 
range of applications. 

• Complete short circuit protection 
• Offset voltage null capability 
• High common mode voltage range 
• High differential input voltage range 

207 307 741 741C 

+5 to +20 ±15 +15 

SG1217/3217 
These devices are identical to the SG7411 

741C types, except internal compensation is 
reduced from 30pF to 3pF. Frequency response 
is ten times that of the standard device. 
Stability is unconditional from open loop to a 
closed loop gain of 20dB. These devices are 
especially useful in hybrid applications since 
higher bandpass is achieved without an out
board capacitor. 

• Slew rate typically 5V IlJ.S8c 
• 10 times Irequency response 741!741C 

• Ideal chip for hybrid applications 

1217 3217 Units 

+15 +15 V 

Operating Temperatu~e -55 to +1251-25 to +85 o to +70 -55 to +125 o to +70 -55 to +125 o to +70 oC 
Aange 

Package Types (See Page 55) T,J, F, Y I T,J.F,Y,M,N T,J, F, Y T,J,Y,F,M,N T,J, F. Y T,J,Y,F,M,N -

Input Offset Voltage 2.013,0) 7.5 (10) 5.0 (6.0) 6.0 (7.5) 5,0 (6.0) 6.0 (7.5) mV 

Input Olfset Current 10 (20) 50 (70) 200 (500) 200 (300) 200 (500) 200 (500) nA 

Input Bias Current 0.075 (0.1) 0.25 (0.3) 0.5 (1.5) 0.5 (O.S) 0.5 (1.5) 0.5 (O.S) JjA 

Temp. Coell. I nput Offset (15)2 (30)2 (3.0 typ) (6.0 typ) (3.0 typ) (6.0 typ) JjV/oC 
Voltage 

Temp. Coell. Input Offset ,(0.2) (0.6) (0.5 typ) to.5 typ) (0.5 typ) (0.5 typ) nA/oC 
Current 

Large Signal Voltage Gain 50 (20) 25 (15) 50 (25) 20 (15) 50 (25) 20 (15) V/mV 

Common Mode Rejection (SO) (SO) (70) 70 (70) 70 dB 

Power Supply Aejection (100) (100) (150) 150 (150) 150 JjVIV 

I nput Common Mode Aange +15, -12 +15, -12 ±12 ±12 ±12 +12 V 

Dillerential Input Voltage ±30 ±30 ±30 ±30 ±30 ±30 V 

Unity Gain Bandwidth 0.5 (typ) 0.5 (typ) O.S (typ) O.S (typ) O.S (typ) O.S (typ) MHz 

Slew Rate' 0.2 0.2 0.3 0.3 5.0 (typ)3 5.0 (typ)" V/JjS 

Supply Current 3.0 3.0 2.S 2.S 2.S 2.S mA 

Output Voltage Swing 

AL=2kn ±10 ±10 ±10 ±10 ±10 ±10 V 

AL = 10kn ±12 ±12 ±12 +12 V 

Noise (typ) 

Rs=1kn 
4 4 3 3 3 3 /tV (rms) 

I = 10Hz to 10kHz 

As = 500k!} 
(typ) 

1= 10Hz to 10kHz 
25 25 25 25 25 25 

*Parameters apply over supply voltage range and are min./max. limits either at T A = 2SoC (or over operating temperature range if enclosed in 
parentheses), unless otherwise indicated. 

Ivs = .±.15V 2TA = +2SoC'=:;;;;: +125 0C 3Minimum recommended closed loop gain of 10. 

SG107l207l307 Chip (See T-Package 
diagram for pad functions) 

Optional 
Balancing 
Circuit 
(107) 

!-SG741/741C Chip (See T-Package 
diagram for pad functions) 

OFFSET ADJUST i 

OUTPUT I 

) INVERTING INPUT 

Z OFFSET ADJUST 
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v-
~~~~~ CD NON·1NVERTING CD CD INPUT 

OUTPUT 0 :1~~~w CD LI~~~~TlNG 

CD CD 8 OffSET 
ADJUST 

TOP VIEW 
J or N 

Package 

SG1217/3217 Chip (See T-Package 
diagram for pad functions) 



High Performance Operational Amplifiers 

SGI0S/2()S/30S SGI0SA/20SA/30SA 
SG1;llS/211S/3~lS 

This series provides input currents and offset voltages which approach performance levels previously BSSOcilltedlollly, with FET or chopper. 
stabilized amplifiers. Superior, power supply rejection ratio allows use of unregulated supplies and internal short cirCuitprot.ction makes appli
cation nearly foolproof. Also, these devices feature low power consumption oyer a wide range of supply voltages. Frequency compensetion for the 
108 series is accomplished witb a single external capacitor. ' 

The SG 1118 types are internally compenSated versions of the 108 devices. Since a 30pF capacitor is built into the chip, no external components 
are needed for frequency compensation. In addition, provision is made fot paralleling the internal capacitor making it possible to over-compensete to. 
increase Stability ,margin. The "A" versions are high performance selections from the 108 and 1118 types. 

• Extremely low input billS currents 
• Offset curtents lesS than 1.0nA 
• Guaranteed v91tage and current drift characteristics 
• 30IIpA power supply current 
• Internal compensation on 11181211813118 types 

,,' 
PARAMETERS·! 100/1118 I 200/2118 300/3110 10BA/111BA I 2OBA/211BA 3OBA/311BA UNITS 

Supply Voltage ±5to ±20 ±5 to ±15 ±5 to ±20 ±5 to ±15 V 

Operating Temperature Ra(1ge -55 to +125 I -25 to +S5 o to.+70 -55 to +125 I -25 to +S5 o to +70 oC 

Package Types J, Y, T, F I J,Y,T,F,M J, Y, T, F I J,Y,T,F,M -
I nput Offset Voltage 2.013.0} 7.5 (10) 0.5 (1.0) 0.5 (0.73) mV 

I nput Offset Current 0.2 (O.4) 1.0 (1.5) 0.2 (0.4) 1.0(1.5) nA 

I nput Bias Current 2.0 (3.0) 7 (10) 2.0 (3.0) 7 (10) nA 

Temp Coefflnput Offs/rtVoltage (15) (30) (5.0) (5:0) pVlOr; 
Temp Coetl Input OffsetCurtent (2.5) (10) (2.5) (l,O) pp;'/oC 

Large Signal Voltege Gain 50 (25) 25 (15) SO (40) 811 (,60) V/mV 

Common Mode Rejection (SS) (SO) (96) (9in dB 

Pow .. r Supply RejeCtion (lOO) (lOO) (111) (16)' pVIV 

Input C",mmon Mode Range (±13.5) (±13.5) (±13.5) (±13;51 V 

Slew Rate Ay = 1 0.1 0.1 0.1 0.1 
V/~S 

A y =10 3 (typ) 3 (typ) 3 (typ) 3 (tVp) 

Unity Gain Bandwidth 0.3 (typ) 0.3 (typ) 0.3 (typ) 0.3 (typJ', MHz 

Supply Current 0.6 O.S 0.6 O.S mA 

Vout RL = 10kl1 ±13 :±13 ±13 ±13 V 

Noise " 

Rs=lkl1 ·f = 10Hz to 10kHz 4 4 4 4 pV(rms) 

R.=500kl1 f'= 10Hz to 10kHz 20 20 20 20 
(typ) 

*Parameters apply o~er SUPplY voltage range and are mm./max. limits either at T A = 2So C (or over operating temperature range If enclosed m 
parentheses) .. unless otherwise indicated. 

1 Inputs are shunted with back·to-back diodes for overvoltage protection. Excessive current will flow if a differential Input voltagt;!: it:' excess of 
one volt Is applied between the inputs unless some Ilmiting resistance is used. ' 

Compensation Circuits 

~:' 
Not required 
for 11101111BA 

CONNECTION DIAGRAMS' 

v-

Nt 0 ,0 CD NOI~!~~ERTING 

OUTPUT CD JE; CD IN~=~J}NG 

CD ,0: CD. F'REO COMP A 

FREQtOMPB 

SG11181111BA Chip 1See T-packllga-diagram 
for pad functions) , 

v- • 
,OUTPUT' 

V •• 

fREQCOMPB • 

fREQCOMPA • 

I Ne 

, NON-INVERTING INPUT 

J INVERTING fllPUT 

• Ne 

• Ne 



Quad Operational Amplifier 

SG124/224/324 
The SG124 series integrated circuit contains four true-differ

antill. independent operational amplifiers. Each amplifier has 
been dosignod to _ate from eith4!r a single IUpply voltage or 
plus and minus voltages and features internal flllClueney c0mpen

sation. high gain. and very low IUpply current requirements. An 
additional significant advantage of these amplifiers is that when 
using a single IUppIy. the input and output can be __ down 
to ground potential. Thus. they can be powered bv a standard 
-+5V'DC logic supplv and still be compatible with aU forms of 
logic inpuB and outputs. 

· _--,~ap_In.""" 
II8C'-

• 1npuIa .............. _ .. Io..-_ ....... .......,. ....... • ...... __ 10 __ .... __ 

........-
· -.......,. ....... ------· _In , ....... pIaoIIc ......... 1I8C'-

ABSOLUTE MAXIMUM RATINGS 

~V_.V+ 
om.r.nti8I Input v ..... 
I_VoI_ 
_ 0_ ... INOIe 11 

N ........ _I 
Doro .. _ 250C 

J ........ _I 
DoroIO _ 2IIOC 

Output Short-Circuit to Gnd (Note 21 

v+",5VOCMdTA=25OC 
Optrating TemperatUre Range 

SGI24 
SG224 
SG324 

Storage T~ture R .... 
u.t Temperature (Soldering. 60 sec) 

32VOC ... :havoc 
32Voc 

~.3Voc to -ta2Voc 

l000mW' 

-6IiOC to +125OC 
-25OC to -III6OC 

OOC to +JOOC 
....asoC to +15ODC 

3IIIIOC 

Electrical OIaracteristics (V+ :: +SV DC and T A "" 250C unless otherwise noted) CONNECTION OIAGRAM - Conditions 

Input Offset Voltage RS·on 

Input Bias Current (Note 3) liN 1+1 ., liN I-I 

Input Offset Current liN 1+1 ., liN I-I 

Input Common-Mode Voltage 
Range INo,. 41 

~pply CurrentJ RL=-OnAIiOpAmps 

La<ge Signal Vpl_ Gain RL;' 2kU 

Output V.I .... Swing RL-2kn 

Common ~-r Rejection 
Ratio DC P::o Supply Rejection 

DC 

AmpIifier-to--Amplifier 
Coupling f =-1 kHz to 20kHz 

(Input Referred) 

Output Current Source VIN+ "" +lVOC. VIN -
OVDC 

Output Current Sink VIN - +1 VOC. VIN+ -
OVOC 

Note 1: For operating at hiah temperatures. the SG324 must be 
dlltrated based on a +1:z5OC maximum junction temperature and 
a thermal resistanc;e of 11SOC/W whic:h applies for the device 
soldered in a printed circuit board. operating in a still air amb
iant_ The $0224 and SG124 can t. derated based on a +1fiOOC 
maximum junction t.mperatura. 
Note 2: Short circu"its from the outpUt to V+ can cause ex
cellive heeting and eventual destruction. The maximum output 
current is approximately 40 mA independent of the magnitude 
of V+. At values of .. pply voltage in eXC811 of +15VOC. con-

APPLICATIONS INFORMATION 

SG124 SG224/SG324 
Min. Typ. !lox. Min. Typ. Max. Uni1s 

-- 2 5 -- 2 7 mVOC 
-- 45 300 -- 45 500 nAOC 

-- ±3 ±30 -- ±5 ±50 nADe 

0 -- V+-1.5 0 -- V+-1.S VDC 

-- O.S 2 -- O,S 2 mADC 

100 100 V/mV 

0 V+-1.S 0 V+-1.S VDC 

-- 85 -- -- S5 -- dS 

-- lOll -- -- lOll -- dB 

-- -120 -- -- -120 - dS 

20 40 -- 20 40 -- mAoc 

10 20 -- 10 20 -- mAoc 

tinuous short-circuits can exceed the power d.-patlon ratings 
and cause eventual destruction. 
Note 3: The destruction of the input current is out of the IC 
due to die PNP input stage. This current is essentially con
stant. independent of the state of the outPUt so no loading 
change exists on the input lines. 
Note 4: The input comrnon-mode voltage of either input signal 
voltage should not be allowed to go negative by more than O.3V. 
The upper end of the cornmon-mode voltage range is V+·1.5V. 
but either or both inputs can go to +3OVOC without damagI. 

To reduc:II the power supply current drain. the amplifiers haue a class 
A ou1PUt stagt for ...... 1 ..... leVels which converts to claSs 8 in a large 
tignall mode. Tllis allows the amplifi .... to both source and Sink large out
put currents. Tharefore both NPN and PNP external currant boost tran-
listors can .. u.d to extend the povver capability of the balic amplifiers. Tho ou ..... t voI __ to ..... __ Iv 1 diode d<OP ....... 

put of the amplifier. a resistor should be used. from the output of the MIP-' 
lifier to around to increase 1M cIaa A bias current and prevent c:rOIIOWI' 
diatortion. Where the loed is directly coupled. as in DC applications. ....... 
is no cr~ diItortion. 

eaPecitive loads which .. applied direcdy to the output of the MIP-' 
lifier reduce the loop stability martin. Values of 50 pF can be IICCOIIIIftO

dated using the worst-case non-inverting unitY gain connection. l.argI 
dosed loop gains or resistive isolation thould be used if ........ 1oed ~ 
lanee must be driven bV the ampIi ....... 

.,ound to bias the on-chip vertical PNP transistor for outpUt current link-

... --For AC appIk:etions# where the loed is capecitively coupled to the out~ 

~-
_NOLIE IlI'I'lY INYERnNG AC AMPLIFIER WITH 

INPUT INASEO TO ONE-HALF SUPK. Y TTl-INTERFACE 

47 
SINGLE SUPPLY NON-INVERTING DC AMPLIFIER 

IOV INPUT .. OV OuTPUTI 

CHIP BONOING 
OIAGRAM 



,;.:; ;~.' 7'; 1(: 

-;,?' 
High Slew Rate Operational Amplifier 

SG74is/SG741SC 
Th. SG741sn41SC h_ boon dooignod 10 provide Ii lIow .. 10 in I'''' 

01 20 ~m. that of tho pOpUllrS6741 .Ircult and yet ba fully In_anga
obi. in 011 othor _".... With input Ind output pro1Oction. inlOmo! .om· 
p .... tlon. ond lingl ... omponent offtot nulling. this IIRplifi.r ha 011 thl 
Intu .. whi.h hove mtd. tho S6741.0 .ay·to UII. A gu, .. R1OOd mini· 
mum .Iow _ 01 10 vaiU per mi ........ nd mikes this dtvico idoolly .. it,d 
for 0 to A ."VlrIOn and all IPplication. raquiring g .... " powar 
bandwidth. 

• 10 VIlli minimum .lew r.le 
• In .. rnally compen .... d , 
• Wide common mode .nd dlfferenllal voll.ge· . 

range . 
• M, T, .nd Y i»ackagea .v.llable 

SI~ Rllte, 1 IlS/div.,5Y/dlll'. 

MAXIMUM RATINGS ITA = +250 CunlesSothePNis.:!loted) - SG741$ jSG741SC .. Unh 

Power SUpply' Voltaglt +22 I" +18 Vdc 
-22. '·'8 

Differential Input Signal Voltage - V.", 

Common-Mode Input Voltage Swing .,6 Volis 
iSee No .. II 
OutPUt Short--Circuit DuratiQn Continuous 
ISee NOte 2) 

Power Diaip.tion Chcklge 
UmitM;ion) 
T ...... _ ·Toea Metol Can 6811, mW 

Derate above T A - +26OC 4.6 mWI"C 
M-PeclCage-Pl.tic Duel 625 mW 

In-loine Minidip 
Derate above T A - +26oC 6.0 ';'wI"c 

Operating TemperatUre Ran ... -66 10 +1251 010+75 ·C 

Storege Temperature Range "c 
T-Peckege ~to+150 ........... ~to+125 

NOU' 1. For supply volt .... I ... th." t16 Vdc, the absolute maximum 
input volteo- it equal to the supply volt ... 

No.2. Supply vo't~ equ.1 to or , .. than 15 Vck. 

TYPIc:A~ CHARA~TER'STICS 
(V+ = +15 Vdc. V- = -15 'fdc. T A • +250 C unl ... otherwise noted.) 

-~'~+-~~"k-t-+-~-r-i 
1~~t-+-~~"k-t-+-1-~ 
i~~~~~~t~~~~-i 
J ·"I--+-+-+-I-I-"-"It"-+~-i 
~~,-f.,.~ .. ~_~.~,.~_~~7.~~' 

..........,11fI1 

CONNECTION DIAGRAMS' 



Dual Compensated Operational Amplifiers 

5G747/747C 

The SG747 n47C are dual operational amplifiers offering performance 
which is identical to that of the 74 tn41 C. 

• Complete short circuit protection 
• Offset voltage null capability 
• High common mode voltege range 
• High differential input voltege range 

PARAMETERS· 7472 ,5 747C2 ,s 

Supply Voltage .±15 .±15 
Operating Temperature Range -55 to +125 o to +70 
Package Types T, J. N 
I nput Offset Voltage 5.0 (6.0) 6.0 (7.5) 

Input Offset Current 200 (500) 200 (300) 

Input Bias Current 0.5 (1.5) 0.5 (O.SI 
Temp Coeff Input Offset Voltage (3.0 typ) (6.0 typ) 

Temp Coeff I nput Offset Current (0.5 typ) 0.5 typl 

Large Signal Voltage Gain 50 (25)' 20 (151' 

Common Mode Rejection (701 70 
Power Supply Rejection (150) 150 

Input Common Mode Range .±121 .±121 

Differential Input Voltage .±3O .±3O 
Unity Gain Sandwidth O.S (typ) O.S (typl 

Slew Rate 0.3 0.3 

Supply Current 2.S' 2.S' 

Output Voltage Swing RL =2kSl .±10 .±10 

RL = 10kSl .±12 --
Noise 

Rs =lkSl f = 10Hz to 10kHz 3ltyp) 3 (typ) 

Rs= 500kSl f - 10Hz to 10kHz 25 (typ) 25 (typ) 

5G1558/1458 

SG 1558/1458 are internally compenllted dUll opllltiollll IIIIpllflIn 
intended for a wide range of analog applications wher. board IPICIlltd/or 
weight are importent. High common modi voltage ""'" and __ of 
"Iatch-up" make thasa devices idol for u •• voltage foll-. HIth .. 
and wide operating voltage range provide superior parfOfllllnct ift 
integrator, summing amplifiar and general feedback applications. 

• InterMlly_penated 
• Short ... l_it protected 
• L_ ~ _mption 
• 8dBJocqw roll-off 

• Minldlp piII:bge 

15582 14582 14UC' UnIts 
.±15 .±16 .±16 V 

-55 to +125 Oto 75 Ot075 OC 
T,M -

5.0 (6.0) 6.0 (7.5) 10.0 (12.01 mV 
200 (5001 200 (300) 300(4001 nA 
0.5 (1.5) 0.5 (0.8) 0.7 (1.01 ..J!A 
(3.0 typ) (6.0typ) (6.0typl ,.V/OC 
(0.5 typl (0.5typl (0.5typl nAIoe 
50 (25)' 20 (151' 20 (151· VlmV 
(701 70 60 dB 
(1501 150 3O~ ..J!VN 
.±121 .±121 .±111 V 

.±3O .±3O .±3O V 
0.8 (typ) O.S (typ) 0.8 (typl MHz 

0.3 0.3 0.3 VIpS 
2.8' 2.S' 4.0' rnA 
.±10 .±10 ±9 V 

.±12 .±12 .±11 V 

3 (typ) 3ltypl 3ltypl 
,.V(rmal 

25 (typ) 25 (typ) 25 (typl . -Parameters apply over supply '1oltage range and are mln./max. limits either at T A - 2SoC (or over operating temperature ran •• if enc.~ In 
parentheses), unless otherwise Indicated. 

lvs = .±..15V 2Each half 3 RL = 2k 4RL = 10k Sv + A and V + B .r.lnternally connected 

Balancing Circuit (optional) 
(J or N Package only) 

OUTPUTe 
TOP VIEW 

Nt JorN 

OUTPUT A. 

V<. 
OFFSET 
ADJUST /4. 

p,,-

i SG747n47C Chip (See 747J-Packoga lor 
I pad lunctlonl) 

NON·INVERTING v- MON .. NVERTING 
INPUT 8 CD CD 0 INPUT /4. 

IH~:~~G CD 'ro,~C::w G) 1=~H6 
V+8 CD ,.P ...... CD V+/4. 

YOUTB CD @ CD Your A 

Nt 

CONNECTION DIAGRAMS 
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SG156811458 Chip (See 11551 M--.Ior 
pad functions) 

v. 



Uncompensated Operational Amplifiers 

SG748/748C SG777/777C 

The SG7481748Carehigh performance devices which are similar to the 
741/741C but without internal compensation. The 748/748C are func· 
tional and pin for pin replacements for the 30lA and 201 type operational 
amplifiers. 

The SG777I777C are precision operational amplifiers fe~turing .Iow 
input offset current and low bias current. This device is available in most 
popular package styles, including minidip. 

• Complete short circuit protection • Low input bias current - 25nA 
• Offset voltage null capabil ity • Low input offset current - 3nA 
• High common mode voltage range • Low input offset voltage - 2mV 
• High differential input voltage range • Low offset voltage and current drift 
• Available in minidip • Short circuit protection 

PARAMETERS' 748 748C 777 777C 

Supply Voltage ±15 ±15 ±15 ±15 

Operating Temperature Range -55 to +125 o to +70 -55 to +125 o to +70 

Package Types T,J, F, Y T,J,F,Y,N,M 'T,J, F, Y T, Y,J, F,N,M 

Input Offset Voltage 5.0 (6.0) 6.0 (7.5) 2.0 (3.0) (5.0) 

Input Offset Current 200 (500) 200 (300) 3.0 (10.0) 20 (40) 

Input Bias Current 500 (1500) 500 (800) 25 (75) 100 (200) 

Temp Coeff Input Offset Voltage (3.0 typ) (6.0 typ) 15 30 

Temp Coeff Input Offset Current (0.5 typ) (0.5 typ) 0.15 0.6 

Large Signal Voltage Gain 50 (25) 25 (15) 50 (25) 25 (15) 

Cortimon Mode Rejection (70) 70 (SO) (70) 

Power Supply Rejection (150) 150 (100) (150) 

Input Common Mode Voltage Range ±12 ±12 (±12) (±12) 

Differential I nput Voltage ±30 ±30 ±30 ±30 

Slew Rate A v = 1, 0.3 0.3 0.5 (typ) 0.5 (typ) 

Av = 10 3 (typ) 3 (typ) 5.5 (typ) 5.5 (typ) 

Unity G .• in Bandwidth (typ) 0.8 O.S 0.5 0.5 

Supply Current 2.8 2.8 2.S 2.8 

Vout RL = 2kn (±10) ±10 (±10) (±10) 

RL - 10kn (±12) -- (±12) (±12) 

Noise 

Rs=lkn f = 10Hz to 10kHz 4 4 4 4 

Rs = 500kn f - 10Hz to 10kHz 25 25 25 25 

*Parameters apply over supplY voltage'range and are min./max. limits either at TA = 250C (or over operating temperature range if 
enclosed In parentheses),'unless otherwise indi"Cated. 

SG748/748C 

CONNECTION DIAGRAMS. 

OFFSET AOJUST , 

OUTPUT' 

v. , 
COMPENSATION • 

4 NON.tNVERTING INPUT . 

3 INVERTING INPUT 

2 OFfSET ADJUST/COMP. 

50 

FREO 
COM~ 

~o pF 

UNITS 

V 

oC 

-
mV 

nA 

nA 

!iV/oC 

nAloC 

V/mV 

dB 

!iV/V 

V 

V 

VI!iS 

MHz 

rnA 

V 

V 

!iV(rms) 

typ 

5MSl 

5.1Mn 



Low Power Operational Amplifiers 

SG1250/2250/3250 
The SG125012250/3250 operational amplifiers are designed to offer 

exceptional performance under conditions of extremely low internal power 
consumption. Since the quiescent current is determined by a single 
external resistor, operation over a wide renge of currents and voltages is 
possible. 

This device is similar to the /.fA 776/776C and is frequently a desirable 
replacement due to its superior performance. 

• Adjustable power consumption to less than 20JNV 
• Supply voltage. from ±0.75 to ±1aV 

PARAMETERS/CONDITIONS 1250· 

SG4250/4250C 
The SG4250/4250C are intended for applications requiring extremely 

low internal power .consumption. The device is pin compatible with the 
741 type operational amplifiers and is an exact replacement for the 
industry standard 4250/4250G. 

• ±IV to ±lav power supply operation 
• 20/lWstandby power consumption 
• 5nA input bias currant 
• 35nV{Hz input noise vohage Ityp) 
• Internally compensated 

22501 32501 42502 425OC2 UNITS 

Operating Temperatu,e Range -55 to +125 I Oto 70 I Oto 70 I -55 to +125 o to +70 oC 

Supply Voltage ±18 

Differential Input Voltage' ±15 

Common Mode Range3 ±15 

Package Types T,Y T,Y,M T,Y T,Y,M 

RS';; looKn - - - 3 (41 -
I nput Offset Voltage mV 

RS';; 10Kn 3 (41 3 (4) 6.0 (7.5) - 7.5 

Input Bias Current 
Vs =±3V 18 (20) 18 (20) 40(50) 

Vs = ±15V 12 (15) 12 (15) 25 (30) (15)2 30 (50)2 
nA 

Input Offset Current 5 (8) 5 (8) 10 (15) (5) 10 (15) nA 

Input Resistance 3 3 3 3 3 Mn 

Large Signal Voltage Gain 
Vs =±3V 40 (25) 40 (25) 40 (25) - -

V/mV, RL = 10Kn 
~oo (50) 100 (50) 75 (50) 100 (50) 2 75 (50) 2 VS=±15V 

VS=±3V, RL = 10Kn ±1.5 (±1.0) - -
Output Voltage Swing 

±11(±10)2 ±112 
V 

Vs = ±15V, RL = 10Kn ±11 (±10) 

CMRR RS';; 10Kn (70) (70) (70) (70) (70) dB 

PSRR RS';; 10Kn 
VS= ±3V (200) (200) (200) 

"V/V 
Vs = ±15V (150) (150) (150) (150) 2 (150) 2 

Power Consumption Vs = ±3V R =0 (240) (240) (240) 

VS=±15V' L (1200) (1200) (1200) (480) 2 (600) 2 "W 

Average TC of Oflset Voltag .. Rs = 10K (±15V lor 1250) 4 (typ) 4 (typ) 6 (typ) 5 (typ) 5 (typ) "V/oC 
Average TC 01 Offset Current RS = 10K (±15V for 1250) 2 (typ) 2 (typ) 1 (typ) 1.7 (typ) 1 (typ) pA/oC 

Equiv. Input Noise Voltage I = 10Hz (±15V for 1250) 35 (typ) 35 (typ) 35 (typ) 35 (typ) 35 (typ) nV/,fHz 

Equiv. Input Noise Current I = 10Hz (±15V for 1250) 0.5 (typ) 0.5 (typ) 0.5 (typ) 0.5 (typ) 0.5 (typ) pAl.JHz 

Slew Rate R L = 20K, CL = 100pF 0.2 (typ) 0.2 (typ) 0.2 (typ) 0.16 (typ) 0.16 (typ) V/"S 
Small Signal Unity Gain-Bandwidth, Rf = 0, 
Yin = 2OmV, RL = 20Kn 

- - - 250 (typ) 250 (typ) kHz 

1 Parameters for 1250/2250/32!iO are min/max limits either at T A = 250C (or over operating temperature range if enclosed in parentheses). 
for sUPPly voltage of .±.3V to .±.15V and for a quiescent current of 30 J.LA established by an .,Rset of 1.1 Mn for Vs .±.3V and 7.5 Mn for 
Vs = +15V. 

2parameters for 4250/4250C are min/max limits either at T A = 250 C (or over operating temperature range if enclosed In parentheses), for 
supply Yoltage of .±.6V and quiescent current of 30 JJA. 

3Not to exceed either supply vOltage 

SETTING' QUIESCENT CURRENT CONNECTION DIAGRAMS 

RESISTOR BIASING 

Vs QUIESCENT CURRENT 
10M 30PA 10000 3OOI!A 

±1.5 1.5Mn 470kn 150kn 
±3 3.3Mn 1.IMn 330kn lookn 
±6 7.5Mn 2.7Mn 750kn 220kn 
±9 13Mn 4Mn 1.3Mn 350kn 
±12 18Mn 5.6Mn 1.5Mn 510kn 
±15 22Mn 7.5Mn 2.2Mn 620kn 

CURRENT SOURCE BIASING 
IQ 

I 
10M 3000 100M 300M 

lset 1.3tLA 4JJ.A 15j.tA 501LA 

- I ',.~. LO. 110 

+ I SG1250/3250, SG4250/4250C Chip 
I (See T-package diagram for pad functions) 

'1ft. IV_I~O.7 

'. 

OffSET 

ADJUST CD CD <D NOrN~Nu~E~T1NG 

DUTPtJT CD :Ew @ INVI~~1'i'~ 

CD 0:> 
v+ . CD 2~~~g 

-=- v_ RSET 
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General-Purpose Compensated Operational Amplifiers 

SG1'536/1436/1436C SG15,56/1456/1456C 
SGl536(1436/1436C are intended specifically for use in high voltage 

applications where high common mode input ranges, high output voltage 
swings and low input currents ara required. These devices are internally 
compensated and are pin compatible with industry-standard operational 
amplifiers. 

This series offers. excellent input characteristics plus a five·times 
improvement in slew rate over conventional amplifiers. 

• Low bias current 15nA max 

• Low input offset voltage 4.0mV max 

• Usable with up to .40V supplies 
• Provid .. up to ±30V output voltage swing 

• Common mode voltages to ±24V 

• Fast slew rate 2.5V//LS typical 
• Low power consumption 45mW max 

• Output short circuit protection 

• Input current 35nA max over temperature 

PARAMETERS' 1536' 1436' 1436C' 1556 1456 1456C 

Supply Voltage .±40 .±34 .±30 .±15 .±15 .±15 

Operating Temperature Range -55 to +125 o to +75 o to +75 -55 to +125 o to +75 o to +75 

Package Types T, Y T, Y 

Input Offset Voltage 5.0 (7.0) 10 12 4.0 (6.0) 10 (14) 12 

Input Offset Current 3.0 (7.0) 10 (14) 25 2.0 (5.0) 10 (14) 30 

Input Bias Current 20 (35) 40 (55) 90 15 (30) 30 (40) 90 

Large Signal Voltage Gain 100 (50) 70 (50) 50 100 (40) 70 (40) 25 

Common Mode Rejection 80 70 50 80 70 110 (typ) 

Power Supply Rejection 100 200 50 100 200 75 (typ) 

Input Common Mode Range' .±24 .±22 .±18 i12 ±11 ±10.5 

Differential Input Voltage (V) ±(V+ + IV-I - 3V) '±V. '±V. iVs 

Unity Gain Bandwidth 1.0 (WP) 1.0 (typ) LO (typ) LO (typ) LO (typ) 1.0 (typ) 

Slow Rate4 2.0 (typ) 2.0 (typ) 2.0 (typ) 2.5 (typ) 2.5 (typ) 2.5 (Wp) 

Supply Current 4.0 5.0 5.0 1.5 3.0 4.0 

Output Voltage Swing RL =2k!'! .±22' .±20 i20' .±12 ill il0 

RL = 10k!'! .±30' - - - - -
Noise (typ) 

AV = 100, Rs = 10kO, f = 1.0 KHz, 
BWe 1.0Hz 50 50 50 45 45 45 

-*Parameters apply over supply voltage range and are mtn./max. limits either at T A - 250C (or over operating temperature range if 
enclosed in parentheses). unless otherwise Indicated. 

·Vs = .:I:..28V 2vs = .:I:..15V 31nputs are shunted with back·to-back diodes for over voltage protection 

4RL =5 k!'! SRL =5.0k!'!, Vs =.±.36V. 

SGl666/1456/1456C Chip 
(See T-pac:kage diagram for pad functions) 

Balancing Circuit (Optional) 
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CONNECTION DIAGRAMS 
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High Performance Operational Amplifiers 

SG1660 SG1760 

The SGI660 is a superior, functional, and pin for pin, replacemant for 
the 30lA, 748C and 201 operetional amplifiers. The SGI660 is also 
frequently a dasirable replacement for the 30BI308A types due to its lower 
cost. 

The SG 1760 I, an internally compensated venion of the SG 1880 and II 
a superior replacement tor the 307 and 741 type up amps. 

• • • • • • 

15nA Input bias current • 16 nA Input btu current 
2.OnA input ofhet current • 2.0 nA Input ofhet current 
Low poww - 7.6mW Ityp) • Low poww -7.11 mW Itypi 

CMRRof 80dB • CMRR of 80 dB 

PSRR of IOdB • PSRR of 80 dB 

Available in mlnldlp • Avai .... 1e in mlnldlp 

PARAMETERS· 1880 1780 UNITS 

Supply Voltage .t.5to.t.15 :l:5to.t.15 V 

Operating Temperature Range Oto+70 Oto +70 DC 

Package Types T,J,M,Y,F -
I nput Offset Voltage 7.5110.0) 7.5110.01 mV 

Input Offset Current 2.014) 2.014) nA 

Input Bias Current 15125) 151261 nA 

Temp Coeff. Input Offset Voltage 30 30 ,.V/DC 

Temp Coeff. I nput Offset Current 0.04 0.04 nV/DC 

Large Signal Voltage Gain 251151 1 251161' V/mV 

Common Mode R"jection IBOI IBOI dB 

Power Supply Rejection IBOI IBO) . ,.VN 

Input Common Mode Voltage Range3 1.t.13.513 (.t.13.513 V 

Differential Input Voltage .t.14 .t.l" V 

Slew Rate 
Ay= I, 0.1 0.1 

V/p.S 
Ay-l0 lltyp) lltypl 

Unity Gain Bandwidth 0.31typl o.31typl MHz 

Supply Current 0.75~ 0.75' mA 

Vout RL = 10kSl .t.13 .t.13 V 

Noise 

Rs =lkSl f = 10Hz to 10kHz 4 4 ,.Vlrmsl 

R. = 500kSl f - 10Hz to 10kHz 20 20 Itypl 

*Parameters applY over supply voltage range and are mln./max. limits either at 
T A = 25°C (or over operating temperature range 11 enclosed In parentheses), 
unless otherwise Indicated. 

1 RL = 10kSl, Vs = .±15V, Vout = .±lOV 2T A = 700C (1000 ,.A at OoC) 

3V • =' .±15V 

41nputs are shunted with back~to-~ack diodes for overvoJtage pro~ectlon. 

Compen_tlon Circuit CONNECTION DIAGRAMS 

INVERTING 
'NPUT ., 

"' 

IfNlRTINli 
INP\IT 

" 
"' Ct~ ~ (~) 

Co·lOpF 

Co 

(not required for 1760) 

SG1860 Qip (s. T·""", diagram 
for pad functiOl'llI 
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INTERFACE CIRCUITS 
Line Drivers 

Line Receivers 

Quad Line Receivers 

Quad Bus Receivers 

Quad Bus Tranceivers 

Voltage Comparators 

Quad Comparators 

Dual Peripheral Drivers 
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Voltage Comparators 

SGlll/211/311 

The SG 111/211/311 are medium speed, high input impedance devices 
which are especially well suited for use in level detection and low level 
voltage sensing applications. Operation may be obtained from supply 
voltages ranging from ±15V down to a single +5V source. 

• Differential input voltage range of ±3OV 
• 150nA maximum bias current 

The output, an open collector NPN capable of switching 50V and 
50mA, can drive RTL, OTL, TTL, MOS logic, relays or lamps. Both input 
and output can be isolated from ground and the output can drive loads 
referred to a positive supply, ground or a negative supply. These devices 
also offer offset balance, strobe capability and pin configuration of the 
SG710 Comparator. 

• Consumes 136mW at ±15V 

PARAMETERS· 111 I 211 I 311 UNITS 

Operating Temperature Range -55 to +125 I -2510 +85 I o to +70 oC 

Package Types T.J I T. J, M 

Supply Voltage ±15 V 

Input Offset Voltage RS .;; 50k 3 (4.0)2 7.5 (10.0)2 mV 

Input Offset Current 10 (20)~ 50 (70)~ nA 

Input Bias Current 100 (150) 250 (300) nA 

Voltage Gain 200 (typ) 200 (typ) V/mV 

Response Time 200 (typ) 200 (typ) nS 

Saturation Voltage Isink = 50 mA 1.5 1.5 V 

V+ = 4.5V 

V-=OV Isink = 8 mA 0.4 0.4 V 

Output Leakage Current 10 (500) 50 nA 

Differential Input Voltage max ±30 ±30 V 

Total Supply Voltage, V84 max 36 36 V 

Input Voltage Range ±14 (typ) ±14 (typ) V 

Positive Supply Current 6.0 7.5 mA 

Negative Supply Current 5.0 5.0 mA 

Output Voltage, V74 503 403 V 

*Parameters apply over sUPPly voltage range and are min./max. limits either at TA = 25°C 
(or over operating temperature range if enclosed in parentheses), unless otherwise indicated. 

lThe response time specified is f~r a lOOmV input step with 5mV overdrive. 

2The offset voltages and offset currents given are the maximum values required to drive the 
output down to IV or up to I4V with ImA load. 

3 Output voltage levels can be changed for compatibility with OTL and T2L logic levels. 

1. 
,063 I 

SGl1,/211/31,·Chip (See 
T·package diagram tor pad 
functions) 

8ALANCE 

COLLECTOR 
OUTPUT 

CONNECTION DIAGRAMS 

8ALISTROBE 

BAL .} v+ OUTPUT 

""",~61 2 " 

-INPUT 
3 

4 , 

(»0(0 
INVERTING 
INPUT 

CD CD 0 GNO/EMITTER 
OUTPUT 
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Quad Comparators 

SG139/239/339 SG139A/239A/339A.I SG3302· 
The SGl39 _its dlScribls I monolithic Ie containing four inde

pendent vol .... CDfIII*lton designed to provide maximum utility and 
VlrSltility in 8 single package. Unique features of this device include the 
Ibmty to operate with either. singl. or dUllllolarity power supply and 
I common-mode viiltage range including ground, even when using a single 
""ply wo..... Additionally, the open-collector output stage provides 
lIlY int.facing with III types of logic circuitry. 

• Wide supply voltage rang.: 2 to 36 volts or 
*1 to t18volts. 

• Low supply current (0.8 mAl insensitive to 
supply voltage. 

• In~t bi. current of 25 nA typically. 
• Co....,... voltages at ground common mode. 
• Output compatible with DTL, TTL. Eel. 

MOS, and Cl!ftOS Logic. 

ELECTRICAL CHARACTER ISTICS (T A = 25OC. see Note 3) 

~~;:: SG239/339 
SG 9A 39A 

P.qmeter Conditions Min. ~ Max. Min, !!p. Max. 
ABSOLUTE MAXIMUM RATINGS InputOffllet Voltage At Output Switch Point, ±2.0 tS.a <2.0 ±5.a 

Vo 9!! 1.4 Voe. VREF ., _VoI_ 
+36V or .i18V +1.4 Voe and RS = on 

OH"""tlal Input Vol .... 38V ·"A" Versions ±2.D <2.0 
Input Vatytl! ... ,.. CNow 11 -o.3V to +36V Input Bias Current INote 4) IIN(+) or IINH With Output 26 100 25 250 

Input Current CYIN<-o.3Vdc) SOmA in Linear Range 

~tput Sink Cun'ent 20mA 
Input Offset Current IIN(+) -IINI-I t3.0 .26 ±S.D .50 

Input Common·Mode Voltage V+-1.5 V+-1.5 ....... DbIiPItion RlWlge INole 11 
NhcUglCplaticJ 600mW Supply Current RL - ooOn All Comparators 0.8 2.0 0.8 2.0 

DIme above 2&OC 6.OmwJOe Voltage Gain RL ;;'151<0 200 200 J' .... CcerdipJ l000mW 
Large Signal Respon911 Time VI N - TTL Logic Swing. 300 300 Derate above 2SOC 8.7mWfOC 

VREF = +1.4,VOC. VRL '" 
Output Short Circuit to Gnd INote 2) Continuou. S.avOC and RL '" S.lkn 
ap.,a.n. Temperature Range Response Time (Note 61 VRL 5.0 Vec and RL 1.3 1.3 

sen 31 tJopkg amyl -550(: to +1250C 5.1 kO 
SG239 -26OC to +85OC Output Sink Current VINI-I;;;;'+ 1.avOC. VIN(+I '" a 16 16 
SG339 OOC to +700C and VO.c;;;+ 1.5VOC 

Star ... TemperatUN "-'ge -&PC to +15QOC Saturation Voltage V1NH;;;;'+ 1.aVOC. VINI+I-a 250 500 250 500 

l.-d Tempeteture (Soh:tarma, 10 I8CJ 3O<JOC and ISINK .c;;;4.0mA 

Output Leakage Current VINI+);;;;'+ 1.0 Voc. VINH 0 0.1 0.1 

CONNECTION DIAGRAM and VOUT '" 5.0 Vec 

T A"" Operating Temperature Range 

Input Offset Voltage At OutpUt SWitch Point. VO::" .±9.0 ->9.0 

1.4 Voe. VREF '" +1.4 Voe and 

~-----< 
Rs=on 

.1 Input Offset Current liN +) -IIN_ ilOO i150 

Input Bias Current IIN(+) or IINH With Outp\Jt in 300 400 
Linear Range 

Input Common·Mode Voltage V+-2.0 V+-2.0 
Range 
Sawration Voltage VINH ~+ 1.0Voe. VIN(+)-O 100 100 

and ISIN K .fii;; 4.0 rnA 

CHIP BONDING 
INPVT1-

Output Leakage Current VINI+) ~+ 1.0VOC. VINH"O 1.0 1.0 
and VOUT '" 30 VOC 

DIAGRAM ' .. Oiffentntiallnput Voltage Keep All VIN'S ~ 0 VOC (or 36 36 
V-. if used) 

Units 
mVOC 

mVOC 

nAOC 

nAOC 

VOC 

mAcc 

V/mV 

~, 

mAcc 

mVec 

nAoe 

mVoc 

nAoe 

nAOC 

VOC 

mVec 

J,lAOC 

VOC 

OUYPUT , Not. 1. It .It"', 'nput of .ny c::omp •• MO. geMl mot. ttl"" 0.3 volt VOlts for .... 8G139, 239 ... d '339~ ... d Y+ .. 16 voU. for the 

, 
'L-__ -,~~----~O~' 

APPLICATIONS INFORMATION 

"'GW 1It000nd •• p ....... lc:: trMl.i1te." tU",I on c::_,I"II high Inp ... t C::"'~n1 
.nc:I pO_bl. faulty o ... tp ... t .. Thl. condition I, not d.tu ... ctl" p'ovidlng 
.... Inpu, w ..... , ,.lImitN to len th ... 60 mA. • 
Now 2: Shon clrc ... ltl from ttl. o ... tp"" to Y+ eM c:: ...... '''C •• sN. hut
InIMld_nt ..... dIo • .,uc::do ... 
NoM 3: Uftl_ othOl'wlll .1.* ~ lIPeclficltion, apply to. y+ .. 15 

• Contact factory for 3302 test limits. 

8G139A, 239A • ..,d 339A: . 
Note.: Tn. direction of the Input c ... rrent I. o ... t of ttle Ie d .... to the 
PNP Inp ... t n.a-. This "" ••• nt I, ....... tl.lly con",,"t. Indlpttndlnt of 
1M ,t.ta of ttl. o ... tp ... tso no ioedlng ch.n .... "bttonth. referen<:e 0' 
Inp ... tlln"" 
No,. 15: The '..,onl1l tim. ep.cifiN 1$ for, 100 mY Input .teP with 
6.0 mY _d.I ..... Fo. 'aro- ovard.lv. Ilonll.300 nt c.n 1M Obtained . 

These comparators are high gain, wide bandwidth devices; which, 
like most circuits of this type, can easily oscillate with stray feedback 
_hi from output to input. This only occurs during the output voltage 
transition intervals 8S the comparator changes state and can be mini
mized by reducing the value of the input resistors to less than 10kH. 
using P .C. board wiring rather than sockets, or providing a small 
amount of positive fea~ to cause rapid transitions. POWlr supply 
bYpassing it not normally requiP8d with this circuit. 

rise very rapidly. The amount of saturation voltage is determined by 
the rsat of the output transistor which is approximately 60 ohms. 

All pin. of any unUild comparators should be groundad. 
The differential input voltage may he larger than V+ without caus

ing damage but if negative excursions greater than -0.3 volt are possible, 
protectiOn should be provided by a clamp diode and/or input resistor. 

n. output of this comparator is an uncommitted collector of a 
. aroundecHmitter NPN transistor. $everal collectors may be tied 
together to provide fi wired-OR function. An output pull-up resistor 
an be connected to any available power supply voltage up to 36 volts 
with re_ to the GND terminal, regard I ... of the voltage level applied 
to the V+ terminal. The ·output can also be used as 8 simple SPST 
switch to ground when no pull-up resistor is used. 

The amount of current which the output transistor can sink is 
limited by its drive to about 16 rnA. Exceeding this current will cause . 
..... transistor to come out of saturation and the output voltage will 

00 

COMPARATOR WtTH HYSTERESIS 

-,2V 
MOS TO nL TO MOl LeVEL SHIFT 



Voltage Comparators 

SG710/710C 

The 8G710nl0C are high-speed voltage comparators designed for use 
in level detection, low-level sensing and memory applications. Inherent. 
component matching provides low offset voltage and drift as well as high 
accuracy and fast response. The output of the comparator is compatible 
with all forms of saturating logic. 

PARAMETERS' 710 I 

SG711/711C 

The 8G711/8G711C are dual voltage comparators designed for use in 
core-memory sense amplifier applications, pulse height detectors, and as a 
double-ended lim it sensor for automatic go/no-go test equipment. Inherent 
component matching provides low offset voltage and drift as well as high 
accuracy and fast response. With an output compatible with all forms of 
saturation logic, the device also has provisions for independent strobing of 
each comparator channel. 

710C 711 3 I 711C3 UNITS 

Operating Temperature Range -55 to +125 I 0 to +70 -55 to +125 I 0 to +70 oC 

1---.031----1 

Package Types T. J. N T. J. N ' -
Supply Voltage (max) +14.0. -7.0 +14.0, -7.0 +14.0, -7.0 +14.0, -7.0 V 

Input Offset Voltage2 2.0 (3.0) 5.0 (6.5) 3.5 (6.0) 5.0 (10) mV 

Input Offset Current2 3.0 (7.0) 5.0 (7.5) 10 (20) 15 (25) /JA 

Input Bias Current 20 (45) 25 (40) 75 (150) 100 (150) /JA 

Voltage Gain 1250 (1000) 1000 (800) 750 (500) 700 (500) V!V 

Response Time! (typ) 40 (typ) 40 (typ) 60 (max) 40 (typ) nS 

Differential Input Voltage ±5.0 ±5.0 ±5.0 ±5.0 V 

Output Sink Current 2.0 (0.5) 1.6 (0.5) O.!: 0.5 mA 

Positive Output Voltage 2.5/4.0 2.5/4.0 2.5/5.0 2.5/5.0 V 

Negative Output Voltage -1.0/0 -1.0/0 -1.0/0 -1.0/0 V 

Input Common Mode Range ±5.0 ±5.0 ±5.0 ±5.0 V 

Common Mode Rejection Ratio 80 70 - - dB 
Power Supply Current 9.0 9.0 10.0 7.2 (typ) mA 

Power Consumption 150 150 150 150 mW 

Strobe Current - - 2.5 2.5 mA 

*Parameters apply over SUPPly voltage range and are min./max. limits either at T A == 25°C (or over operating 
temperature range if enclosed in parentheses), unless otherwise indicated. 

1 The response time specified is for a IOOmV input step with 5mV overdrive. 

2The offset voltages and offset currents given "are the maximum values required to drive the output to 1.4Vdc at 
250C, 1.8Vdc at 00 or -5So C, l.OVdc at +700 or 1250C. 

3Each comparator. 

CONNECTION DIAGRAMS 

SG7111711C 
SG710/710C 

.1 
~I 

iiI ~ 1~ l\i .-d'i7.J 
SG711/711C Chip 

SG710n1OC Chip 
(See T-package di. 
gram for pad functions) 

(See T·package diagram 
for pad functionsl 

v-

He 000 
INVERT 
INPUT 

Ne 0 :E CD rNO~.}NVERTING 

OUTPUT (2) CD CD GNO 

57 

NON·INVERTING v_ NON.INVERTING 
INPUT 2 CD CD CD INPUT 1 

l=~8NING CD T~X~W CD ::~~i'NG 

STROBE 2 CD Hac... CD STROBE I 

OUTPUT CD @ CD GND 

v. 



Line Drivers 

SG1488 

The SG1488 is a monolithic quad line driver designed to interface data 
terminal equipment with data communications equipment in conformance 
with the specifications of EIA Standard No. RS-232C. 

PARAMETERS' 

Supply Voltage (max, T A = 250 C) 

Input Signal Voltage (max, TA = 25OC) 

Output Signal Voltage (~ax, T A = 250 C) 

Package Types 

Operating Temperature Range 

Forward Input Current (V in = 0 Vdc) 

Reverse Input Current (Vin = +5.0 Vdc) 

Output Voltage High 

(V in = 0.8 Vdc, RL = 3.0kn, v+ = +9.0 Vdc, V- = -9.0 Vdc) 

(Vin = 0.8 Vdc, RL = 3.0kn, v+ = +13.2 Vdc, V- = -13.2 Vdc) 

Output Voltage Low 

(Vin = 1.9 Vdc, R L = 3.0kn, v+ = +9.0 Vdc, V- = -9.0 Vdc) 

(Vin = 1.9 Vdc, RL = 3.0kn, v+ = +13.2 Vdc, V- = -13.2 Vdc) 

Positive Output Short·Circuit Current 

Negative Output Short·Circuit Current 

Output Resistance (V+ = V = 0, IVol = ±2.0V) 

Positive Supply Current (RL ~ 00) 

Yin = 0.8/1.9V V+= +9V 

V+ = 12V 

V+ = 15V 

Negative Supply Current (RL = 00) 

Yin = 0.8/1.9V V-=-9V 

V- = -12V 

V-= -15V 

Power Dissipation 

(V+ = 9.0 Vdc, V- = -9.0 Vdc) 

(V+ = 12 Vdc, V- = -12 Vdc) 

• Current limited output 
10mAtyp 

• Power~Off source impedance 
300 ohms minimum 

• Simple slew rate control with 
external capacitor 

• Flexible opera.ting supply range 

• Compatible with all DTL and 
TTL logic families 

1488 UNITS 

+15,-15 V 

-15<;; V in<;; 7.0 V 

±15 V 

J -
o to +75 oC 

1.6 mA 

10 /LA 

+6.0 
V 

+9.0 

-6.0 
V 

-9.0 

+6.0/+12 mA 

--6.0/-12 mA 

300 (min) n 

6/20 

7/25 rnA 

12/34 

0/-17 

0/-23 mA 

-2.5/-34 

333 
mW 
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SWITCHING CHARACTERISTICS (V+ = +9.0 ± 1% Vdc, V- = -9.0 ± 1% Vdc, T A = +250 C) 

Propagation Delay Time (ZL = 3.0k and 15 pF) 200 nS 

Fall Time (ZL = 3.0k and 15 pF) 75 nS 

Propagation Delay Time (ZL = 3.0k and 15 pF) 120 nS 

Rise Time (ZL- 3.0k and 15 pF) 100 nS 

*Parameters are mm/max hmlts with V+ = +9.0 ± 1% VdC, V :; -9.0 ± 1% Vdc, T A = 0 to +750 C 
unless otherwise noted. 

Logic Diagram 

20-[>-03::~11 

~7 

v+---014 

V----Ol 

CONNECTION DIAGRAM .. ,.... ......... ,.. ..... ,.. ... • ...,,~ ~-. """"'_1o.;IIJ;;; 

SG1488 Chip (See logic diagram 
for pad functions) 
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Typical Application 

LINE DRIVER INTERCONNECTING LINE RECEIVER 
SG1488J CABLE SG1489J 

...r--'~..r--, 
~ ~ 

L __ / -1... __ / 

I INTER-

DTL LOGIC INPUT ___ ~ON;:;~~N4- DTL LOGIC OUTPUT 

I . 



Line Receivers 

SG1489/1489A 

The SG1489 monolithic quad line receivers are designed to interface data terminal equipment with data communications equipment in 
conformance with the specifications of E IA Standard No. RS-232C. 

• Input Resistance - 3.Ok to 7.0kO 
• Input Signal Range - ±30 Volts 
• Input Threohold Hystarasis Built In 

• R_ .. Control 
a) Logic Threohold Shifting 
b) Input Noise Filtering 

PARAMETERS· 1489/1489A UNITS 

Power Supply Voltage (max, T A = 250 C) 10 V 

Input Signal Range (max, T A = 25DC) .±3O V 

Output Loed Current (T A = 25DC) 20 mA 

Package Types J -
Power Dissipation (Package Limitation, Ceramic Dual I n·Line Package) 1000 mW 

Derate above T A = +25DC 6.7 mW/DC 

Operating Temperature Range o to +75 oC 

Storage Temperature Range -65 to +175 DC 

Positive Input Current (Vin = +25 Vdc) 3.6/8.3 
mA 

(Vin = +3.0 Vdc) 0.43 

Nagative Input Current (Vin = -25 Vdc) -3.6/-8.3 

(Vin = -3.0 Vdc) -0.43 
mA 

Input Turn-On Threshold Voltage 
(T A = +250 C, VOL';; 0.45V) SG 1489J 1.0/1.5 

SGl489AJ 1.75/2.25 
V 

Input Turn-Off Threshold Voltage 
(TA = +250 C, VOH" 2.5V,IL = -0.5 mAl SGl489J 0.75/1.25 

V 
SGl489AJ 0.75/1.25 

Output Voltage High (Vin = 0.75V, IL = -0.5mA) 2.6/5.0 
V 

(Input Open Circuit, IL = -0.5 mAl 2.6/5.0 

Output Voltage Low (Vin - 3.0V, IL - 10mA) 0.45 V 

Power Supply Current (Vin - +5.0Vdc) 26 mA 

Power Consumption (Vin = +5.0Vdc) 130 mW 

SWITCHING CHARACTERISTICS (TA =+250 C) 

Propagation Delay Time (RL =3.9kO) 85 nS 

Rise Time (RL -3.9kO) 175 nS 

Propagation Delay Time (RL -3900) 50 nS 

Fall Time (RL =3900) 20 nS 

*Parameters are mln.jmax. limits with reSponse control pin open, v+ = +5.0 Vdc :1:1%, T A = 0 to +7So C unless 
otherwise noted. 

Logic Diagram 

1~313~" 
2o--T 12~ 

5'~6 o--T v+_'--~014 

,:y. 
CONNECTION DIAGRAM 

FOR J-PACKAGE 
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Typical Application 

LINE DRIVER INTERCONNECTING LINE RECEIVER 
SG1"S8J CABLE SG1488J 

~ . ~ 
.r--'~. . ,['--, 
"\.. __ .1 _ ~ __ / 

, INTER- I 

I CONNECTING I 
DTL LOGIC INPUT -t-=:: CABLE ~ DTL LOGIC OUTPUT 

I I 



DUAL HIGH-CURRENT OUTPUT DRIVER 

SG1627/ SG3627 

DESCRIPTION 

The SG1627 and SG3627 devices are monolithic, high
speed driver integrated circuits designed to Interface 
digital cont~ol logic with high current loads. Each device 
contains two independent drivers which will either source 
or sink up to 500 rnA of current. The sink transistor is 
designed as a saturating switch while the source 
transistor can be used either as a switch or as a constant 
current generator with external resistor programming. 
Each half of this device contains both inverting and non

inverting inputs which have two volt thresholds for high 
noise immunity. Either input can be used alone to switch 
the output, or one input can be strobed with the other. 
These units have been designed to directy interface with 
tne SG1524 Regulating Pulse Width Modulator Circuit. 
These devices are supplied in\ ceramic 16-pin D.I.L. 

packages. The SG1627 ill specified for operation over a 
"55°C to +125°C temperature range while the SG3627 is 
intended for industrial applications of O°C to +100°C. 

FEATURES 

• Two Independent driver circuits 
• Outputs will source or sink currents 

to 500 mA 
• 100 nSec response ilme 
• Full compatibility with SG1524 PWM circuit 
• Constant current drive capability 
• Two volt threshold for high noise Immunity 
• Source and sink can be separated for 

complementary outputs 

SCHEMATIC (one half of total device shown) 

., 
'" 

r-----------..,-ToSidltB 

.2 .. .. '" 
R6 .. .7 .. 

R. 
1k 

::<>--+---+-+--+--+ 

CHIP LAYOUT 

., 

.v 

~~-----o~ 

.... 
Emitter 

CONNECTION DIAGRAM (TO-116 OUTLINE) 
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DUAL HIGH-CURRENT OUTPUT DRIVER 

SG1627/ SG3627 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage, Vcc 

Output Collector Voltage 

Source or Sink Current 

Input Voltage 

Operating Temperature Range 
SG1627 
SG3627 

Storage Temperature Range 

-550 C to +1250 C 
OoC to +1000 C 

-650 C to + 1 500 C 

Input Current 

Avg. Total Power Dissipation (Note 1) 
Derate Above 500 C 

30V 

30V 

500mA 

5.5V 

10mA 

1000 mW 
10 mW;oC 

Note 1: Total power dissipation is the sum of the control 
logic power plus the power of each source and sink output 
transistor, factored for duty cycle. 

ELECTRICAL CHARACTERISITICS 
Unless otherwise stated, these specifications apply for T J = -550 C to +1250 C for the SG1627 and 
OOC to +1 OOoC for the SG3627. V CC = 5V·. 

PARAMETER CONDITIONS 

High-Level Input Voltage 

Low-Level Input Voltage 

I nput Threshold 

Low-Level I nput Current VI =0 

Source Off, Leakage Current Collector V = 30V 

Source On, Coliector Sat. Isource = 50 rnA 

(Source Emitter Grounded, Isource = 300 rnA 

RSC=OI I source = 500 rnA 

Source On, Emitter Voltage Isource = -50 rnA 

Sink Off, Leakage Current Collector V = 30V 

Isink = 50 rnA 

Sink On, Coli ector Sat. Isink = 300 rnA, VCC = 20V 

Isink = 500 rnA, Iboost = 25 rnA 

Current Limit Sense Voltage RSC = lOn, T A = 250C 

Sense Voltage Temp. Coef. RSC = lOn 

Supply Current VCC= 5V 

(Both sink transistors on) VCC= 20V 

VCC=30V 

Output Response, Turn On Fig. 4, RL = 24n, TA = 250C 

Output Response, Turn Off Fig. 4, RL = 24n, TA = 250C 

Thermal Resistance IJ JA 

Thermal Resistance IJ JC 

TOTEM POLE OUTPUT SWITCH CIRCUIT 

61 

MIN TYP MAX UNITS 

2.8 - 5.5 Volts 

0 - 1.4 Volts 

- 2.0 - Volts 

- -1.0 -2.0 rnA 

- 0.3 1.0 rnA 

- 1.1 1.7 Volts 

- 1.2 1.9 Volts 

- 1.3 2.0 Volts 

(Vc:c-3V) - - Volts 

-
-

600 

-

-
-
-
-

1.0 100 IlA 

0.2 0.4 Volts 

0.5 0.7 Volts 

0.5 0.7 Volts 

700 800 mV 

1.8 - mY/DC 

15 20 rnA 

50 65 rnA 

80 90 rnA 

50 - nS 

100 - nS 

80 110 oC/W 

45 60 oC/W 

"TOTEM POLE" 
OUTPUT WAVEFORM 



High-Current Switch Driver 

ADVANCE DATA 

SG1629 J ~62~1, 

Note: Performance date described herein represent design gools. Final 
device specifications are subject to change. 

The SGI629 and SG3629 are mOnolithic integrated circuits designed to 
generate the positive and negative bese drive currents IIbl and .lb2) req4ired 
for high-sp8ed, high power switching transistors. These urlits ara intended 
to interface between the secondary of a drive transformer and the basa of 
an NPN switching device. Positive drive current can be mede constent with 
an external programming rasistor, or can be clamped with a diode to· keep 
the switching device out of saturation. Negative turn-off current is derived 
from'a negative voltege generated in an external capacitor.' All operating 
power is supplied by the transformer secondary and these devices can be 
floated at high levels with raSpect to ground for off--!ine, bridge converters. 

For medium 'power applications, these "nits are available i!l an 8-pin, mini
cerdip, D.I.L_ packege; while high power capability is offered in a 9-pin, 
T0-66 casa._ In either packege, the SGI629 is specified for operation over 
a -660 C to +1250 C temperature range while the SG3629 is intended for 
industrial applications of OOC to +1 OOOC. 

• S8lf-generating positi~~ ~~~:ri.tiveiu;rerits 
• Constant source cur...,tllb1Ito. one arrtp 
• Two amp peak sink cu.rent (lb2) to negative voltage 
• Floating operation . 
• Baker clamp input for non._tureted switching 
• 200 nanosecond reaponsa 

! 

. Electrical Characteristics: 

(Unless otherwise steted, these specifications apply for T A = -550 C to 
+1250 C for the SG1629 and OOC to +100oC for the SG3629. 

Absolute Maximum Ratings: 

20V 

Note 1: Total power dlnipation must include the power in both source 
and link transistors tim .. the dutY eye'. for •• ch. 

SChematic: 
03 

Parametar Conditions TYj>. 
Coliector to Emitter Voltage VBE -0 30 

Source or Sink 
Source Saturation Voltage I oource = 100 rnA 1 

I sour.!:lt - 500mA 1.5 
100u'l:o- ~ . ~ 

Clamp Current +Vin - 20V . 18 
Current Limit Sense Voltege I source 100mA :65 

I source - 1 A .7 
Sink Saturation Voltage I sink. = 100 mA 1.0 

Force Beta = 100 I sink = 50( mA 1.--< 
'.tiok. =~A 1.5 

Sink Current Gain Lsink-2A ~O 
Collector to Emitter Leakage VBE O,VCE 20V 5 

Source or Sink 
Sink Rectifier ForWard Voltege IF 50mA 1 
Sink Rectifier Leakege Current VR =40 1 
Source Response 

Iurn Qn 200 
Tum Off 200 

Sink Response 
Tum On 200 
Turn Off 400 

Thermal Resistance 
R-Package 

I 
O'JA 40 
O'JC 7 

'i'::PackSse' 

I O'JA 125 
O'JC ,40 

Connection Diagrams: 

-<0' ...... 
et.mp • , -Yin 

Cur. lin. 7' 2 ~Dr .• 

SouI'ClE 8 1 +Vt,. 
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Units 
.. v 

V 
V 

_v 
rnA 
_v 
V 
V 

-"-
V 

IJA 

V 
IJA 

nSec 
nSec 

"Sec 
nSec 

OCIW 
oCIW 

:~: 



High-Current Switch Driver 

SG1629/3629 

L _______ ..J 

Figure 1. A centertapped secondary provides low-loss derivation of 
rJegatille bias voltage. R3 is only necessary if control of discharge current 
;s required. 

Figure 2. Maximum drive current consistant with load demand is provided 
by anti-saturation clamp diode D 1, a high-voltage, high-speed, device. 

0"" II Transformer 

L _______ .J 

Figure 3. A non-centertapped secondary can also be used to generate a 
negative bias voltage by the voltage drop across R4. In any of the above 
applications, R5 can be used to keep the switching transistor off under 
static conditions while the use of C1 alone to the sink drive will provide 
dynamic turn-off without a steady-state discharge of C2. 
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SG5520 /7520 Series Sense Amplifiers 

SG7520/39 - High Speed Sense Amplifiers will detect bipolar 
differential signals from memory core arrays and provide logic-level 
outputs for interfacti ng with external logic. These devices are intended 
for systems requiring threshold voltage levels of ±15 mV to ±40 mY. 

SG7524/25 - Two sense am plifiers with independent output stages. 

SG7528/29 - Similar to SG7524/25 except analog test points are 
brought out. 

SG7520/21 - Two sense amplifiers are connected to a common 
output stage with capability of being flip-flop connected as part of the 
memory output register. 

SG7534/35 - Similar to the SG7524/25 'except it has logically 
inverted outputs with open collectors for wired-OR. 

SG7538/39 - Similar to the SG7528/29 except it has logically 
inverted outputs with open collectors for wired-OR. 

SG7522/23 - Two sense amplifiers are connected to a common 
output stage. Open collector output transistors may be used as 
wired-OR. 

SG55XX Series - Available for operation overfull temperature range. 

SG7520, 
21,22,23 

PARAMETERS! 
24,25,28,29 

CONDITIONS 34,35,38,39 

Operating Temperature Range Free Air o to +70 

Package Types J, N (16 pin) 

Differential Input Threshold Voltage (minityp/max)" Vref = 15mV SG7520, 22, 24, 28, 34, 38 11/15/19 

SG7521,23,25,29,35,39 8/15/22 

Vref ~ 40mV SG7520, 22, 24, 28, 34, 38 36/40/44 

SG7521,23,25,29,35,39 33/40/47 

Common Mode Input Firing Voltage' TA - 250 C, Common Mode Input Pulse: 

tr = tf .;; 15ns, tp{in) = 50ns 
±2 (typ) 

Differential Input Bias Current V - 5.25V, V 5.25V, VinD OmV 75 

Logical 1 Input Voltage (gate & strobe inputs) V+ = 4.75V, V - -4.75V, Vin{O) - 0.8V 2 

Logical 0 I nput Voltage (gate & strobe inputs) V+ - 4.75V, V = -4.75V, Vin{l) = 2V 0.8 

Logical 0 Level Input Current (gate & strobe inputs) V+ = 5.25V, V - -5.25V, Vin(O) - 0.4V -1.6 

Logical 1 Level Input Current (gate & strobe inputs) V+ - 5.25V, V - -5.25V, Vin(1) - 2.4V 40 

(with Vin(l) = V+) 1 

Logical 1 Output Voltage V+ - 4.75V, V- - -4.75V, I load = -4oo/iA, 2.4 

Vin{l) = 2V, Vin(O) = 0.8V 

Logical 0 Output Voltage V+ - 4.75V, V = 4.75V,l sink = 16mA Vin{O) 0.4 
0.8V 

V+ Supply Current TA = 250 C 28 (typ) 

V- Supply Current TA=250 C -15 (typ) 

Output Short Circuit Current (except 7520/21Q) V+ = 5.25V, V- - -5.25V 2.1/3.5 

Output Q Short Circuit Current 7520/21 IV+ = 5.25V, V - 5.25VI 3.3/5.0 

Output Leakage Current (7522/23/34/35/38/39) V+ - 4.75V, V- = -4.75V,~- 5.25V,'{m= 2V 250 

Differential Input Overload Recovery Time4 VinD = 2V, tr = tf = 20ns TA = 250 C 20 (typ) 

Common Mode I nput Overload Recovery TimeS VinCM = ±2V, tr = tf = 20ns T A = 250 C 20 (typ) 

Minimum Cycle Time TA - 250 C 200 (typ) 

PROPAGATION DELAY 7520/21 (nS ~AX InS 7524/25 InS 7534/35 InS 
TIMES (T A = 250 C) OUTPUTQ OUTPUTil 7522/23 MAX) 7528/29 MAX) 7538/39 MAX) 

Input: Al -A2orBl- B2 tpd(1)D (40) tpd{O)D (55) tpd(O)D (45) tpd(1)D (4O) tpd{O)D (40) 

I nput: Strobe A or B tpd{I)S (30) tpd{O)S (55) tpd{O)S (40) tpd{lIS (30) tpd(O)S (30) 

I nput: Gate Q tpd(1)GQ (20) tpd(O)GQ (30) tpd{O)G (25) 

Input: Gate Q tpd{I)GQ 

1 Parameters are min./max. limits with V+ = 5V. V- = -5V. T A = ooC to +70o C unless otherwise specified. 

2VT is defined as the d-c in"ut voltage required to force the output of the sense amplifier to the logic gate threshold voltage level. 

3 VCMF is the common-mode voltage that will exceed the dynamic range of the input at the specified conditions and cause the logic 
output to Switch. The specified common-mode input signal is applied with a strobe-enable Signal present. 

4Time necessary for the device to recover from the'specified differential-Input-overload Signal prior to the strobe-enable Signal. 

STime necessary for the device to recover from the specified common·mode-input overload signal prior to the-strobe-enable Signal. 

UNITS 

oC 

°C 

mV 

V 

/iA 

V 

V 

mA 

p.A 

mA 

V 

V 

mA 

mA 

mA 

mA 

/iA / 

nS 

nS 

nS 

srn08l'GATE Q 0 STROIIEGATE STROIIE A 8 STROIIE GNO 

V. A o OUT OUT II QGNO vCC\ TPA A oun!!!" II TPII 

- - -

C"'" A) A2 _n.r 'Rot o 8 1 B2 

INPUTS INPUTS l~l8129138I39 INPUTS 
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Quad Bus Transceiver 

SG55138/SG75138 
Description: 
The SG55138 and SG75138 Quad Bus Transceiver are 
designed for two way data communication over single 
ended transmission lines. Each of the four identical 
channels consists of a TTL input driver and a TTL output 
receiver. The driver output is of the open·collector type, 
and is designed to handle loads of up to 100 mA 
(50 ohms to 5V). The receiver input is internally 
connected to the driver output, and has a high impedance 
to minimize loading of the transmission line. Because of 
the high driver current, and the high receiver impedance, • 
a very large number (typically hundreds) of transceivers 
may be connected to a single data bus. The receiver 
design also features a threshold of 2.3V (typical), pro· 
viding a greater noise margin than would be possible 
with a TTL threshold receiver. This device also features a 
common driver strobe which turns off all drivers (high 
impedance), but does not affect receiver operation. -This 
circuit is designed for operation from a single 5 volt 
supply, and it includes a provision to minimize loading 
of the data bus when the power supply voltage is zero. 
This circuit is available in the 16·pin ceramic (JY package. 
The SG75138 is characterized for industrial temperature 
range operation (OOe to 70°C), and the SN55138 is 
characterized for military temperature range operation 
(-50°C to 125°C). 

Features: 
• Sincte 5V Supply 
• High Threshold Recei_s 
• High Input Impedance Receivers 
• Four Independent Channels 
• Common Driver Strobe 
• TTLI DTL Competible Driver and Strobe Inputs 

With Clamp Diodes 
• High Speed Operation 
• 100 mA Open'Coliector Driver Output. 
• TTL Compatible Receiver Outputs 
• Available in 16·Pin Ceramic (J) Packap. 

Absolute Maximum Ratings 
Supply voltage, Vee 
Input voltage, VIN 

Driver output sink curr~nt . 
Storage temperature 
Operating free air temperature, 

SG55138 
SG75138 

7.0V 
5.5V 
150 mA 

-65°C to 150·e 

"':55°C to 125°C 
ooe to 70°C 

Electrical Characteristic. over recommended operatinc free-air t .... perature ran ... Switching Ch.r_r~tlC$, Vee = S.DV, T" = 2S'C 
PARAMETER 

High Level Input Voltage, 
Driver or Strobe Inputs 

Hiah level Input 
Voltage, Rec. Input 

V1L Low Level Input Voltage. 

VOH 

I~H 

Driver or Stro,be Inputs 

low level Input 
Voltage, Rae. Input 

High level Output Voltage. 
Rae. Output 

low level Output Voltage. 
Ree. Output 

low level Output Voltage. 
Driver Output 

High level Input Current, 
Driver or Strobe Inputs 

High level Input 
Current, Receiver Input 

low level Input Current 
Driver or Strobe Inputs 

low level Input 
Current. Receiver Input 

Short Circuit Output 
Current, Ree. Output 

Supply Current, 
All Drivers On 

Supply Current, 
All Drivers Off 

Input Current with 
Power Off. Receiver Input 

Input Clamp Voltage 
Strobe, Driver Inputs 

TEST CONDITIONS MIN. TYP. MAX. UNIT 

2.0 

3.2 

2.9 

O.S 

1.S 

1.B 

Vs - 2.0V I SG55l3S 

ro~ :i.:~A If-SG-7-S1-3"'"S-+---+--+---+-,---l 

Vee -- MIN •• 10il - - .4mA 
VII•CRI =MAX, Vs = 2.0V 

Vee - MIN •• 101• ~ l6mA 
Vmnu = MIN .• VII = 2.0V 

Vee - MIN •• 101, - lOOmA 
Vs = a.sv. VD = 2.0V 

2.4 3.S 

400 mV 

450 mV 

40 "A 
mA 

Vee = MAX. If-::'V'_-..,2".,4_V_+-__ + __ +_:---+---''-:--l 
I VI - Vee 

Vee _ 5.0V, VI - 4.5V 
Vs = 2.0V 

yee = MAX., VI = O.4V 

Vee -·MAX,. VI - O.45V 
Vii = 2.0V 

Vs - O.SV, VI> - 2.0V 
Vee =.MAX. 

Vee _ MAX., Vii _ O.SV 
Vu = 2.0V 

Vee _ MAX .. VI>, _ 2.0V 
VR = 3.5V 

Vee = O.OV. VI = 4.5V 

Vee = MIN., It = -l2mA 

25 

-I 

-IS -30 

50 

42 

1.1 

300 "A 

-1.6 mA 

-SO "A 

-55 mA 

65 mA 

55 mA 

1.5 mA 

-1.5 V 

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

Recommended Operating Conditions 
MIN. NOM. MAX. UNIT 

Supply Voltage, Vee, SG55138 4.5 5.0 5.5 V 
Supply Voltage. Vee, SG75138 4.75 5.0 5.25 V 
Driver Output low Current, 101,181 100 mA 
Receiver Output Low Current 10L(RI 16 mA 
Receiver Output High Current, 10HIRl -.4 mA 
Operating Free·Air Temp., 

SG55138 -55 +125 °e 
Operating Free-Air Temp., 

SG75138 0 +70 ·e 

65 

PARAMETER TEST CONO. MIN. HOM. MAX. UN". 
Prop8,ltlondell)" Vs_O.4V 

tpLH(O·S) low to hilh IIVtII CL =!50pf 

~=-~u~~!tom RL=!500 
VL=!5·OV 

PI"opqltiondelll)'. 

tflHL(O·B) hiJhtolDWlw.! .. 
::!.~~~~rom 
Propqltlon deia)'. Vo __ 2.4V 

tt'L.H(S.B) lowtotlilh IIWI CL =5Opf 1. 28 
~!:4::"~~m RL=!5OI"I 

VL=!5·OY 
PRIpIptlon dilly. 

tpHdS•B) 
hlahtotowlM 

" 32 

~robeoutr,."'DUt~ 
Propapflon delly. V. 2.4V 

t~LH(B.R) 
low to hilh Ilfti CL =l!5pf 

" rec:.lver output: R, =40011 from bus in ut. VL=!5·QV 
Pror-Ption de~. 

tI'HL(B.R) hllhtalowtwtl 

" -""' ....... from bus input. 

LOGIC DIAGRAM 

Vee 03 R3 B3 

GND 02 R2 82 GND 

Positive logic: 8 = n + S. R = D 

CHIP LAYOUT 

I 
I' 01 



Quad Line Receiver 

SG55154 / SG75154 
Description Features 

The SG55154 and SG75154 are monolithic Quadruple Line 
Receivers designeo to meet the requirements of EIA 
Standard RS-232-C. These devices are intended to inter
face between data terminal equipment and communication 
equipment but they can also be used for many other types 
of relatively short, single-line, poirit-to-point data traIlS
mission systems. While these devices are normally operated 
from a single 5-volt supply, a built-in regulator allows 
operation to 12 volts without additional components. 

• Fail-safe capability with adjustable input 
threshold 

• 3 k!1 to 7 kn input resistance 

• Outputs compatible with OTL or TTL 

• Built-in hysteresis 

• 5V or 12V single supply operation 

Two forms of hysteresis are provided: For normal opera
tion, the threshold-control terminals are connected to 
V eel, pin 15 and the circuit operates with a wide hystere
sis loop which yields no change in the output should the 
inputs go to zero. In the fail-safe mode of operation, the 
threshold-control terminals are left open and the hysteresis 
loop is reduced such that the output will always go high if 
the input goes to zero. 

These units are packaged in a 16-pin hermetic cerdip dual
in-line package. The SG55154 is rated for -550 to +1250e 
operation while the SG75154 is specified for operation over 
a 00 to +700e range. 

Absolute Maximum Ratings 
Normal Supply Voltage (pin 15) 

Alternate Supply Voltage (16 pin) 

Input Voltage to T A"" 70ce 
toTA=:1250C 

Operating Tenlperature Range 
SG55154 
SG75154 

Storage Temperature Range 

Power Dissipation 
Derate above 250e 

Electrical Characteristics over recommended operating free-air temperature range (unless otherwise noted~ (See Note 1) 

MIN TVP MAX 
PARAMETER TEST CONDITIONS (SEE NOTE 2) UNIT 

V'H High-level input voltage V 

V,L Low-level input voltage -3 V 

Positive-going 
Normal operation 0.8 2.2 

VT+ V threshold voltage Fail-safe operation 0.8 2.2 

Negative-going Normal operation -3 -1.1 
VT_ threshold voltage 

V 
Fail-safe operation 0.8 1.4 

Normal operation 0.8 3.3 
VT+-VT_ Hysteresis V 

Fail-safe operation 0.8 2.2 

VOH High-level output voltage IOH = -400J1.A 2.4 3.5 V 

VOL Low-level output voltage IOL"" 16mA 0.23 0.4 

AV, = -25V to -10V· 

AVI = -10Vto -3V 

" I nput resistance AV, '" -3V to 3V kn 
AVI '" 3V to 10V 

AVI'" 10V to 25V· 

Vl(openl Open-circuit input voltage II'" 0 0.2 V 

lOS $hort-<;:ircuit output current·· VeCl '" 5.5V, VI'" -5V -10 -20 -40 rnA 

ICCl Supply current from VCel VCC1 - 5.5V, TA - 25°C 20 35 
mA 

ICC2 Supply current from VCC2 VCC2= 13.2V. TA=250 C 23 40 

·TA '" +700C Maximum 

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

NOTE 1: Above specifications guaranteed over -550 C < T A < +1250 C for SG55154 and 00 <T A <700 C for SG75154. AU typical 
values are at V CCl = 5V, T A'" 250 C. 

NOTE 2; The algebraic convention where the most-positive (Jeast-negative) limit is designed as maximum is used in this data sheet for 
logic and threshold levels only, e.g., when -3V is the maximum, the minimum limit is a more-negative voltage. 

Switching Characteristics, Veel = 5V, T A': 250 C, N "" 10 

..• ..• PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

Propagatio'n,deiav time; low':'to-high level output 22 

CL = 50pF, 
20 

RL = 390 n ~------+----I 
T~ansiti6n tiO'1~.loW-to-high o'u~.Ilut 

tTHL Transidon tlme, 'high-to-Iow output 
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7V 

14V 

±25V 
±10V 

-55°C to 125°C 
0° to 70°C 

-65°C to +1500 C 

1000mW 
8 mW/oC 

CHIP-LAYOUT 

CONNECTION 
DIAGRAM 

DUAL-IN-LlNe 
PACKAGE 

ITOI' VIEW) 



Dual Peripheral Drivers 

SG55450B/75450B SG55460/75460 

The SG55450B and SG55460 Series are general purpose dual 
peripheral drivers whose output stage includes a completely un
committed, high·voltage, high current NPN transistor. Inputs to 
the standard TTL gates are diode clamped and fully DTL/TTL 
compatible. The output transistors of the SG56450B and 
SG75450B are capable of sinking 300 mA and will withstand 30 
.olts when off. The SG55460 and SG75460 de.ices ha.e the 
same current rating but with higher voltage capability of 40 volts 
and only slight reduction in switching speeds. 

The SG55450B and SG55460 are characterized for oPeration 
over the full military temperature range of ·5SoC to +12SoC 
while the SG75450B and SG75460 are designed for OoC to 
+ 700 e operation. 

• Cu,rent ...... ity of 300 rnA pe, 
driver 

• High outPut voltage capability 

• High-speed switching characteristics 

• Both military and commercial tem
perature rangas 

ELECTRICAL CHARACTERISTICS 

ABSOLUTE MAXIMUM SG65460B SG55480 
RATINGS INotel) SG75460B SG75480 
Supply Voltegl. Vee 7V 7V 
Input Vol .... 5.5V 5.5V 

Vee to Subltrate Voltage 36V 40V 
Collector to Sut.tr.u VoitagI 35V 40V 
Collector to .. Voltagl 35V 40V 
Collector to Emitter Voltage (Note 2) 30V 40V 
Emltur to .... Volta ... 5V 5V 
CoIllCtOr Current (Note 3) 300mA 300mA 
PoMl' Dluipetlon 

N Package IP-) 800mW 800mW 
Derate above 260C 8.OmWl"C 8.OmW!"C 

J PackaOO lcordlp) l000mW l000mW 

DIre. above 2&OC 8.7mWI"C 8.7mWI"C 
Operating, F .... Air Temperature 

Ringe 
SG5541508. SG66480 -6sOC to +12SoC 

SG75460B, SG75480 If'cto +71f'C 
Storage TemperatUre Range -65°C. to +1 SOOc 

NOTES: 
1. Volute"velu .. thown .... with rnpKt to ,round terminal unl •• 

otherwl .. 'PRltled. 
2. With ~~Itter ,.'""nee I .. then sooO. 
3. Both lid .. of circuit ""'1 conduct r.-cl current .imuluMOusly 

provided power dlilipation rlltlng Is not exCHded. 

(over operating temperature range and with Vee = 5V ± 5%, unless otherwise specified) 

TTL GATES 

Parameter 

High-level input voltage, VIH 
Low-level input voltage, VI L 
High-level output volta98, VOH 
Low-level output voltage, VOL 
Input clamp voltage, VI 
Hiah-tevel input current. I! H 

High-level strobe current, ISH 
low-level input current, IlL 
Low-level strobe current, ISl 
Input current at max. V, I, 
Strobe current at max, V, IS 
Output short circuit current, lOS 

VOL <O.4V, IOL so t6mA 
VOH >2.4V. IpH '" .4mA 
VIL - 0.8V, IOH = .4mA 
VIH =< 2.0V. IOL" 16 mA 
II 12mA 
VI'" 2.4V 
VI" 2.4V 
VI ""O.4V 
V1- O.4V 
VI = 5.5V 
Vs - 5.5V 

Supply current, high out, ICCH VI - 0 
Supply current, low out, 'CCl VI "" 5V 
OUTPUT TRANSISTORS (High current rMasurementi mede with pulle techniquei) 

Parameter T .. t Conditions 

Collector-base breakdown BV 
Collector-emitter breakdown BVCeA 
Emitter-base breakdown BVEBO 
Base-emitter voltage VeE 

Collector-emitter saturatIon V CE (SA TI 

Current transfer ratio h F E 

I - 100 • IsO 
Ie so 100SJA. ABe 500 
le- 1OOSJA,lc-a 
Is"" lOrnA. IC 100mA 
Ie" 30mA, Ie - 300mA 

IS - 1OmA, IC = 100mA 
'8 = 30mA, Ie = 300mA 
VeE - 3V, IC - iOOmA. fA" 25bC 
VCE'" 3V. Ie'"' 300mA. TA lit 250 0 
VCE = 3V. Ie = l00mA. T A = min. 
VeE = 3V, IC = 300mA,TA = min. 

SWITCHING CHARACTERISTICS (Vce = 5V. TA = 250 C) 

Min. Typ. Mo •• 

O.S 
2.4 3.3 

.25 0.4 
-1.2 1.5 

40 
SO 

1.6 
3.2 
1.0 
2.0 

'S -35 -55 
4 

11 

&541508 754608 65460 75480 

35 35 40 40 
30 30 40 40 
5 5 6 5 
1.2 1.0 1.2 1.0 
1.4 1.2 1.4 1.2 

.5 .4 .5 .4 

. S .7 .S .7 
25 25 25 25 
30 30 30 30 
10 20 10 20 
15 25 15 25 

65460B. 75460B 65460. 75480 
Parameter 

TTL GATES 

Propagation delay time 
Low-to-high-Ievel output, tPLH 

Propagation dilay time 
High-to-Iow-Ieveloutput, tPHL 

OUTPUT TRANSISTORS 

, Delay time, td 
Aise time, tr 

Storage time, Is 
Fall time, tf 

GATES. TRANSISTORS COMBINED 

Propagation delay time 
Low-to-hlgh-Ievelout, tPlH 

Transition time 
Low-to-hlgh-tevel out, tTLH 
High-to-Iow-ievelout, tTHL 

Test Conditions 

el = 16pF 

IC' 200mA 
ibl11 -2OriiA 
Ib(2) - -4OmA 

VSE!OH) --IV 
Cl-15pF, 
RL - 50n 

Typ, Mix, Typ. Max_ 

12 22 22 

15 

15 10 
12 20 16 

15 23 
,6 14 

20 30 45 66 
20 30 35 50 

12 10 20 
15 10 20 
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Units 

V 
V 
V 
V 
V 

IJA 
IJA 
mA 
mA 
mA 
mA 
mA 
mA 
mA 

Units 

Vmin. 
Vmin. 
V min. 
V max. 
V max. 

V max . 
V max, 
min. 
min. 
min. 
min. 

Units 

nS 

nS 

nS 
nS 

nS 
nS 

nS 
nS 

nS 
nS 

(TO' VIEW) 

CO~NeCTION DIAGRAM 

Note: The substrate (pin 8) must always 
be at the most negative vol-tage for 
proper device operation. 

CHIP BONDING 
DIAGRAM 



TRANSISTOR ARRAYS 
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High Voltage, Medium Current Driver Arrays 

SG2001/SG2002/SG2003 
DucrlDlion 
Tho .. high voltago. medium current driver arrays ara 
comprised of seven silicon NPN Derllnllon pairs on a 
common monolithic .ubstrate. All unit. feature open 
collactor output •• nd integr.1 .uppression diode. for 
Inductive loads. Peak,inrush currants to 600mA are 
allowable. m.king them Ideel for driving tungsten filament 
lamps also. 

Three different input configurations provide optimized 
do.lans for intertaclnl with TIL. DTL. PMOS. or CMOS 
drive Signals. 

In all c ..... the individual Derllnllon pair collector 
currant rating i. 500mA. However. outputs may be 
paralleled for hiaher load currant capability. All devices 
are .upplied in • 16'pin du.1 in·llne cer.mic package. 

F ......... 

SG2001 

Absolute Maximum Ratlnge(at 25'C f ...... lr temperatura 
for anyone Derlinaton unl ... otherwl .. noted}. 
Output Voltage. V". 
Input Voltage, V,. 

Peak Collactor Currant. IC 
Continuous Collactor Currant. IC 
Continuou.s Ba .. Current. IB 

Power Dis.lpatlon. PO (per device) 
Total Package' limitation 

Derating Factor above ·25·C 
Ambient Temperatura Range 

(Operating) TA 
Storage Temperature Ranlo. TS 

50V 
20V 

600mA 
500mA 

2SmA 
I.OW 
2.OW 
13mW/'C 

-5S'C to + 125'C 
-65'C to + 17S'C 

• Conector CUrrents to 800mA 
• a.- ........ Uon voltage (oach driver) ,.....--I .... -o+v 

PARTIAL SCHEMATICS 

SG2002 
(eac:hdrlver) +v 

• High IpHCIlWItchlng 
• CIoeeIJ metched pllrameter. 

Eiactricall Chllracterialics at 25'C (unl ... otherwi .. noted) 

CHARACTERISTICS SYMBOL 

Output Laakage Currant Ie"" 

Coliactor·Emltt.r Voa (Sat) 
Saturation Voltage 

Input Current lin on 
Type SG·2002 
Type SG·2003 

Input Currant SG·2002 I,. off 

Input Voltage V1'(J on 
Type SG·2002 
Type SG·2oo3 

OC Forward Currant 
Tr.nsfer Ratio 

h .. 

Type SG·2001 

Input Capacitance C,. 

Turn·()n Del.y tPLJI 

Tum·Off Delay IPHL 

Clamp Diode Laakage Current I. 

CI.mp Diode Forw.rd Volt.ge V. 

·CHIP LAyOUT 

_-.'080·--.1 

I 
I 

7V 'OK 

I 

•• . I 
.J 

Limits 
TEST CONDITIONS Min. Ma •. Units 

Voa = 50V; T. = 70°C 100 'pA 

10 = 350mA; I. = 5OO,.A 1.6 V 
10 = 100mA; I. = 250pA 1.1 V 

V" = 17V 1.3 mA 
V," = 3.S5Y 1.35 mA 

V,. = 6V. T. = 70'C 50 pA 

VOR = 2V; Ie = 350mA 13 V 
Veo = 2V; Ie = 350mA 3.5 V 

VeR = 2V; IC = 350mA 1000 

30 pf 

0.5E,. 10 0.5E •• , 5 ,,5 
O.5E 'n to O.5EuUl 5 "S 

V.=50V 50 pA 

1.= 350mA 2.0 V 

TYPICAL APPLICATIONS 

PMOS TO LOAD nL TO LOAO 
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Transistor Arrays 

SG3018/3018A/3821/3822/3823/3086 
(CA3018/3018A) (CA3045, 3046) (CA3026/3054) (CA3086) 

These transistor arrays offer VBE typically matched t,o ±0.5 mV, less than 10% variation in hfe, operation from 
dc to 300 MHz, high current gain from lOJ.!A to 10 mA and high voltage capability. 

SG3018/SG3018A (CA3018, 
3018A) Darlington Transistor 
Pairs - consists of four mono
lithic transistors. Two of the four 
are internally connected into a 
Darlington configuration with a 
typical current gain of 4000. The 
other two transistors are separate 
conventional types. 

ABSOLUTE MAXIMUM RATINGS 

Collector~substrate Voltage 
Collector-base Voltage 
Collector-emitter Voltage 

SG3821 (CA3046, 3045) 
Matched Transistor Array - five 
general purpose monolithic NPN 
transistors internally connected to 
form two independent differential 
amplifiers, each with its asso
ciated current source transistor. 

40V (CA Series 20V) 
40V (CA Series 20V) 
25V (CA Series 15V) 

SG3822 (CA3026, 3054) Dual 
Differential Transistors - six 
monolithic NPN transistors inter
nally connected to form two 
independent differential ampli
fiers, each with its associated cur, 
rent source transistor. 

SG3823 Dual Darlington Transis
tor Array ~, six monolithictran
sistors. Four are internally con
n e cte d a s two independent 
Darlington Amplifiers with a 
typical gain of 4000. The other 
two transistors are separate con
ventional types. 

Emitter-base Voltage 5V 
Collector-Current SOmA 
Operating Temperature Range ~1250C (CA Series 0 - 700C) 

3018, 3018A, 3821. CA3018/3026/3054 
PARAMETERS' CONDITIONS 3822, 3823" 3045/3046/3086 UNrrS 

Collector-Substrate Breakdown IC = IO"A. IS = 0 40 20 V 

Collector-Base Breakdown IC = 10"A, IE = 0 40 20 V 

Collector-E mitter Breakdown IC - 100"A, IB - 0 25 15 V 

Emitter-Base Breakdown IE = 10"A, IC = 0 5 5 V 

Collector-Substrate Leakage Vcs = 20V,IB - 0 80 " 80 nA 

Collector-Sase Leakage VCB- 20V,IE =0 40 40 nA 

Cotlector-E m itter Leakage VCE - 20V,IS-O 500 500 nA 

Forward Current-Transfer Ratio VCE = 5V, IC = 10"A 80 (typ) 80 (typ) 

Forward Current-Transfer Ratio VCE = 5V, IC = lmA 50/400 50/400 -
Forward Current-Transfer Ratio VCE = 5V, IC - 10mA 80 (typ) 80 (typ) 

Collector-E mitter Saturation IC,- 10mA, IS - 1mA 0.5 (typ) 0.5 (typ) V 

Gain-Bandwidth Product VCE - 5V, IC - 3mA 500 (typ) 500 (typ) MHz 

Collector-Substrate Capacitance Vcs = 5V, IC = 0 2.0 (typ) 2.0 (typ) pF 

CoUector-Base CapaCitance VCS - 5V, IC= 0 0.4 (typ) 0.4 (typ) pF 

Noise Figure f - lke, VCE = 5V, IC = 100"A, RS - lkn 4 (typ) 4 (typ) dB 

Input Offset Voltage for any two transistors VCE = 5V, IC = ,1mA ,5 5 mV 

Input Offset Cu'rrent for any two transistors VCE 5V,IC lmA 4 2 p.A 

Forward Current Transfer Ratio (Darlington Pair), VCE = 5V, IC - lmA 1500 1500 
SG3018/3018A/3823 

*Parameters apply for i A = 250C and are min/max limits unless otherwise specified. 

Note: Substrate pin (,"77) must be connected to the most negative DC potential -- which should also be a good AC grollnd -- for 
proper isolation between transistors. 

SG3018/3018A is offered in 12-pin metal can. All other 3800 Series arrays are offered in N andJ 14-pin dual-in-Une packages. 

3018/3018A 

~~~T 
~Xj 
/---.033 ---1 

ti~'~' 03 04 as 

4 ~ 7 9 In - 12 '13 

3821/3046/3045/3086 

~~~1 
~l 
~.033--1 

3822/3026/3054 

'Rlrl~2 
04 as 06 

. .. ',';" '" , 



Transistor Arrays 

SG3081/3082 

The SG3081 and SG3082 each have seven high-current silicon 
NPN transistors integrated into a single monolithic chip. The 
SG3081 has all seven emitters common while the SG3082 is 
connected in a common collector configuration. Both devices 
have a separate substrate pi n for more versati Ie applications. 
With current capability to 100 rnA per transistor. these arrays are 
ideally suited for driving all types of seven-segment displays as 
well as other general purpose driver applications. 

MAXIMUM RATINGS, Absolute-Maximum Values at TA· 250C 

Power Dissipation: 

Anyone transistor 

Total package·' 

Above 250C 

500 

750 

Dera. linearly 6.67 

Ambient Temperature Range: 

mW 

mW 

mW!OC 

Operating 

Storage 

-40 to +85 oC 

-55 to +150 0C 

PARAMETERS' SYMBOL 

Coliector·Base Breakdown Voltage SVCBO 
Collector-Substrate Breakdown Voltage BVCSO 
Coliector·Emitter Breakdown Voltage SVCEO 
Emitter·Sase Breakdown Voltage BVEBO 

DC Forward-Current Transfer Ratio hFE 

Base-Emitter Saturation Voltage VSEsat 
Collector-Emitter Saturation Voltage: 

SG3081, SG3082 

SG3081 VCEsat 
SG3082 

Collector·Cutoff·Current ICEO 
Coliector·Cutoff Current ICBO . -Parameters are for T A - 250C and are mm/max limits • 

503081 Chip (See 5ehem~t;c 
for pad functiDns) 

• Collector current to.lOOmA 
• Low saturation voltage 

• Closely matched parameters 

The following ratings apply for 88ch transistor in the device: 

CoIlector·t ... Emitter Voltage (VCEO) 16 V 

CoIlector·t ... Baso Voltage (VCBO) 20 V 

Coliector·t ... Substrate Voltage (VCSO) 20 V 

Emitter·to·Base Voltage (VEBO) 5 V 

Collector Current (lC) 100 mA 

ea.e Current (lB) 20 mA 

**SG3081 and SG3082 are available in Nand J 16~Pln dUaHn-line 
paCkages 

CONDITIONS 

IC = 500!,A, IE - 0 

ICI - SOO!,A, Ie - 0, IS = 0 

Ic-lmA,ls-O 

IC = SOO!,A 

VCE - 5.0 V, IC - lOmA 

VCE = 5.0 V, IC = SOmA 

IC = lOrnA, IB lmA 

IC = lOmA, IS = lmA 

IC - SOmA, IB - SmA 

IC - SOmA, IB - SmA 

VCE = 10V, IB - 0 

VCS = 10V, IE 0 

SG3081ISGlO82 

20 

20 

16 

5 

50 

40 

1.0 

0.5 

0.7 

0.8 

10 
1 

SG3082 

SG3D82 Chip (See Schematic 
iorpadfunctions) 

UNITS 

V 

V 

V 

V 

V 

V 

!'A 
!,A 

NOTE; SUbstrate pin (.17.7) must be c.onnec.ted to the most negative DC potential - whiCh Should also'be a good AC 
ground - for proper isolation between transistors. 
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High Current NPN Transistor Arrays 

SG3083 SG3183/3183A 

This series of arrays consists of five closely·matched, high current 
NPN transistors. Although sharing a common monolithic substrate, the 
transistors are connected such that all terminals are independent, 
including the substrate bias connector. With current capability to 100 
rnA per transistor, these arrays are ideally suited for all types of driving 
applications including relays, lamps, and thyristors. The SG3183 and 
SG3183A are higher voltage versions of the SG3083. 

ABSOLUTE MAXIMUM RATINGS 

Power Dissipations: 

Anyone transistor 500 mW 

Total package 750 mW 
Above 25°C derate linearly 6.67 mW/oC 

Ambient Temperature Range: 
Operating (N-Package) -40 to +85°C 
Operating (J-Package) -55 to +125'C 

Storage (both packag5i -65 to +150°C 
Maximum Collector Current 100 rnA 

SG3083 Ctlip (See schematic 
for padfunetiQns) 

Maximum Base Current 20mA 

ELECTRICAL CHARACTERISTICS AT TA = 2SoC 

PARAMETER SYMBOl. CONDITIONS MIN. 

Collector-Substrate Breakdown Voltage, BVCSO,IC '" 100 ~A 

SG3083 20 

SG3183 40 

SG3183A 50 

Colleclor..aase Breakdown Voltage, BVCBO' Ie '" 100 ~A 

SG3083 20 

SG3183 40 

SG3183A 50 

Collector-Emitter Breakdown Voltage, BVCEO,IC - 1 mA 

SG3083 15 

SG3183 30 

SG3183A 40 

Emitter-Base 8r~akdown Voltage, BVEBO' 'E '" 100 /JA 

All types 

Collector Cutoff Current, ICEO ' V CE = 10V 

Collector Cutoff Current, ICBO ' VCR = lOV 

DC Forward Current Transfer Ratio, hFE 

All types VCE =3V,IC =10mA 50 
VCE '; 5V,I C = SOmA 40 

Coltector-Emitter Saturation Voltage, VeE lSATI 

SG3083 'C'" 50 rnA, I B = S rnA 

SG3183 /SG3183A 'e" SOmA,Ie = 5mA 

Base to En"lit-ter Voltage. VeE' VCE lV,le'" 10mA 0.65 

For 01 and 02 MatChed Pair 

Input Offset Voltage IV 101 VCe"'3V,le"'lmA 

Input Offset Current lito' VCE =3V,IC '"1 mA 
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FEATURES 

• High voltage capability 
• Collector current to 100 rnA 
• Low saturation voltage 

TYP. 

60 

70 

70 

60 

70 

70 

24 

40 

50 

6.9 

100 

75 

0.40 

1.7 

0.75 

1.2 

0.7 

• Closely matched parameters 

~TLlJ 
M. Jl 
~ ~ .~ GT~ 

NOTE, The collector of each transistor is isolated from the sul::I'St.ate by 
an in,eg.al diode which must be rever.e biased by connecting ~he sub 
strate 10 8 voltege more negative than any C0I111(:10" To prellent und •• ired 
coupling between trensinors. the lubstrat. connection should be CQn· 
nected tQ an AC Qr DC !ilfQund. 

MAX. UNITS 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

10 .A 

.A 

0.70 V 

3.0 V 

0.85 V 

mV 

2.5 .A 



High Voltage, High Current Darlington Transistor Arrays 

SG3851/SG3852/SG3853 
Description 
These high voltage, high current Darlington transistor 
arrays are comprised of seven silicon NPN Darlington 
pairs on a common monplithic substrate. All units feature 
open collector outputs and integral suppression diodes for 
inductive loads. Peak inrush currents to 750mA are 
allowable, making them ideal for driving tungsten filament 
lamps also. 

Three different input configurations provide optimized 
designs for interfacing with TTL, DTL, PMOS, or CMOS 
drive signals, 

In all cases, the individual Darlington pair collector 
current rating is 600mA. However, outputs may be 
paralleled for higher load current capability. All devices 
are supplied in a l6·pin dual in·line ceramic package. 

Featilres 

• Collector currents to 750mA SG3851 
(each driver) ,-t~--()+v 

Absolule Maximum Ratings(at 25°C free·air temperature 
for anyone Darlington unless otherwise noted~ 
Output Voltage, VeE 50V 
Input Voltage, V" 25V 

Peak Collector Current, IC 750mA 
Continuous Collector Current, IC 600mA 
Continuous Base Current, IB 25mA 

Power Dissipation, PO (per device) l.OW 
Total Package· Limitation 2.0W 

Derating Factor above 25°C 
Ambient Temperature- Range 

(Operating) TA 
Storage Temperature Range, TS 

l3mVWC 

-55°C to + 125°C 
-65°C to + 175°C 

~Under normal operating conditions, these units will sustain 350mA 
per output with vee = 1.6Vat 7DoC with a pulse width of 20ms 
and a duty cycle of 30%. 

PARTIAL SCHEMATICS 

SG3852 
(each driver) ,-t~--()+v 

SG3853 
(each driver) ,-.'I--() +v • Low saturation voltage 

• High speed switching .... -.-~O 7V 10K ~-.--,-O 
I 

• Closely matched parameters 

• I 
...J 

Electrical Characterislics al 25°C (unless otherwise noted) 

CHARACTERISTICS SYMBOL 

Output Leakage Current ICEX 

Collector· Emitter VeE (Sat) 
Saturation Voltage 

Input Current lin on 
Type SG·3852 
Type SG·3853 

Input Current SG·3852 I," off 

Input Voltage Vin on 
Type SG·3852 
Type SG·3853 

DC Forward Current 
Transfer Ratio 

h •• 

Type SG-3851 

Input Capacitance C," 

Turn·On Delay tpLM 

Turn·Off Delay t pHL 

Clamp Diode Leakage Current I. 

Clamp Diode Forward Voltage V. 

CONNECTION DIAGRAM CHIP LAYOUT 

10---.060-..... 

1 
1 

TEST CONDITIONS 

VeE = 50V; TA = 70°c 

Ie = 500mA; I. = 800.uA 
Ie = 100mA; 18 = 250.A 

V" = 24V 
V,,, = 5.0V 

V,"- 6V, TA _ 70°C 

VeE = 2V; Ie = 500mA 
VeE = 2V; Ie = 350mA 

VeE = 2V; IC = 350mA 

O.5E1n to O.5Eollt 

O.5E 1n to O.5Eout 

' V.=50V 

I. = 500mA 

I 
I 

* I 
_.J 

Min. 

1000 

Limits 

TYPICAL APPLICATIONS 

PMOS TO LOAD 
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Max. Units 

100 pA 

2.0 V 
1,1 V 

3.0 rnA 
3.0 rnA 

50 p.A 

17 V 
3.5 V 

30 pf 

0.5 ItS 

0.5 ItS 

50 pA 

3.0 V 

TIL rOLOAD 

I 
I 

* I 
...J 



I 

OTHER CIRCUITS \ 
Video 'Amplifiers 

Wide band Amplifiers/Multipliers 

Wideband Video Amplifiers 

Multipliers 

Modl,Jlators 

Ze.ro Voltage Switches 

Timers 

Dual Timers 
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Timer 

SG555/SG555C 

The SG555 integrated circuit has been designed to generate 
accurate time delays with provisions for remote triggering or re~ 
setting. An external resistor and capacitor will provide precise 
control of time delays from microseconds to hours. This circuit 
can also be used as a stable oscillator with accurate control of 
both frequency and duty cycle through the use of two external 
resistors and a single capacitor. The output circuit is designed for 
use with load currents to 200 rnA and is fully compatible with 
TTL circuitry. 

• Direct teplacement for SE&55/NE6&6 

• Both utlble Ind monostabll mode of 
operltion 

• Timing tange ftom microleCOncli throuth 
hours 

• 200 mA output c.pabillty (soura or 
link) 

• .000%/OC .mperltut. ltebility 

• nL compatlbl. 

FUNCTIONAL 
DIAGRAM 

CHIP BONDING 
DIAGRAM 

ABSOLUTE MAXIMUM RATINGS: 
Supply Voltage 
Power Dissipation 

T -Package (TO-991 
Derate above 260C 

M-Package '(Minidip) 
Derate above 2SOC 

Operating Temperature R.nge 
SG555 
SG555C 

"'8V 

680mW 
5.4mW/OC 

400mW 
4.0"!WtoC 

-55OC to +1250(: 
oac to+700c 

Storage Temperature Renge -8SOC to +16QOC 
Lead Temperature (Soldering, 60 seconds) +300OC 

CONTROL . 
THRESHOLD ·O--+ ..... f'~~ 

TRIGGER 
, o--+--i'o,/~ 

ELECTRICAL CHARACTERISTICS (TA a 25OC, V+· +5V to +lSV unless otlle ... i .. specified) 

~666 OG...., 
Paramattr Conditions Min. Typ. Max. Min. Typ. Max. Unlb 

Supply Voltage 4.6 18 4.6 16 V 

Supply Current V+-6V,RL"'ex> 3 rnA 
V+ '" 15V, RL = ex> 10 12 10 16 rnA 
Low State (Note 1) 

Timing Error RA, RS .. lKn to lOOK! 
Initial Accuracy C = O.1,.,.F (Note 2) -- 0 .• 1 % 
Drift with Temperature -- 30 100 50 ppm/oC 
Drift with Supply Voltage -- 0.005 0.2 0.01 %lVott 

Threshold Voltage -- 2/3 2/3 X V+ 

Trigger Voltage V+ = 15V 4.8 • ..2 6 -- V 
V+ = 6V 1.45 1.67 1.9 1.67 V 

Trigger Current 0.6 0.6 /'A 
Reset Voltage 0.4 0.7 1.0 0.4 0.7 1.0 V 

Reset Current - 0.1 0.1 rnA 

Threshold Current (Note 3) - 0.1 .26 0.1 .26 /'A 
Control Voltage Level V+· 15\1 9.6 10 10.4 9.0 10 " V 

V+ = 5V 2.9 3.33 3.8 2.6 3.33 4 V 

Output Voltage Drop (low) v+ = ,.V 

ISINK = lOrnA 0.1 0.15 0.1 .25 V 
ISINK = SOmA 0·4 0 .• 0.4 .76 V 
ISINK = 100 mA 2.0 2.2 2.0 2 .• V 
ISINK = 200mA 2 .• ~.5 V 
v+ = 5V 

ISINK = SmA 0.1 0.25 V 
ISINK = 6mA . 2. .3 • V 

Output Voltage Drop (high) 

ISOURCE = 200mA 12.5 12.5 V 
v+ =15V 

ISOURCE = 100mA 
V+ '" 15V 13.0 13.3 12.75 13.3 V 
V+ = 5V 3.0 3.3 2.75 3.3 V 

Rise Time of Output 100 -- 100 

Fall Time of Output 100 -- 100 

No~ 1. Supply Current when output high typically 1mA " •. 
Now. 2; Tested I~ V+ .. 5V Ind V" - 15V. 

Th'- will d.,.,.mlne ~he me",imum velue of itA + Ra. 
For 15V operltlon, the me'" toul R - 20 m'lOhm. 

75 

.. 

.. 

.... T 

.1 
CONNECTION 

DIAGRAMS 

CONT.OL8·· ... T 
THRUHOlO I __ I OUTPUT 

DI8CHA"GE' ..:=. • TIUGOIII 

y+ I t GROUND 

APPLICATIONS 

...... 
I 

.L''Ilr.''"~V 
L..... ........................................ ~~ .................... ~ 

MONOSTABLE 
OPERATION 

... -1.11l"C 

t--------.----1. ..... , 
I 
~NORMALLY 

"L~ OFfLOAD 

I 

~:~=I:::(:~~lIslC 
t"tRA~~.iC 

ASTABLE 
OPERATION 



Dual Timer 

SG556/SG556C 
The SGIi66lSG556C Ie timing circuit is the equivalent of two 556-

type timers .in .one 14-pln dual~n-"no package. Each section of the 
device Is coplbliof producing accurate time delays or oscillations. A 
raslstor and a capacitor are the only external parts nooded to control 
time delays from microseconds through hOurs. For use as an oscillator, 
two external resistors and a capacitor provide control of the. froo run
ning frequency end ciuty cycle. Triggering and ·rasetting terminal. are 
provided Ind the circuit will tri_ arid reset on falling waveforms. 

Tho SG5681SG566C Dual Timor lOwers ovor .. 11 system cost, reduces 
baird space and _mbly time required and provides matching anet 
tracking cherlCtoristics which ora suparlor to two separate timers. 

ABSOLUTE MAXIMUM RATINGS CONNECTI,oN DIAGRAM 

Supply Voltage 
Power Dissipation 

N-Package (plesti~1 
Derate above 2SOC 

J-Package (cardip) 
Derate above 26DC 

Operating Temperature Rahill 

+18V 

eOOmW 
e.o mWfOC 

1000mW 
6.7mWfOC 

SG566 . -6SOC to +1250C 
SG556C DOC to +7()QC 

Storage Temperature Range -&SoC to +1SOOC 
Lead Temperature (Soldering, 60 second.) +3000C 

I 

ELECTRICAL CHARACTERISTICS ITA = 25OC, v+ - +5 to +15 V· "nlou _Iso apeciflod) 

so ... SG .. ac _to, Cond~oni ".n. Typ. MD. Min. Ty .. MD. 

.Suppl.,.Voltage 4." 1. 4.6 I. 
&.Ipplv Current (each sidl!!) Y+"'5Y. RL ...... ·3 5 6 

V+·,5Vi RL· ... 10 II 10 14 
Low State {Note 11 

Timing error (Monostablel RA. RB" 2 kn to l00kn 
.C" O.lpF (Nota 21 . 

Initial' Accuracy 0.5 I." 0.75 
OriftwithTemperature 30 100 50 
Drift with Supply Vol. 0.05 0.2 0.1 

Timing Error (Free Running) RA.·RB" 21!;n to 100 kn 
C = 0.1 pF INote 21 

Initial Accuracy I." 2.25 
Drift with Temperature 90 160 
Drift with Supply Voltage 0.15 0.3 

. Threshold Voltage 2/3 2/3 

TriggerVoltagt V+ -15 V 4.8 6.' 
V+=SV 1.45 t.67 1.9 1.67 

Trigger Current 0." - 0.6 

ResetVol(age 0.4 0.7 1.0 0.4 0.7 1.0 

Reset Current· 0.1 0.1 

ThreshOld Current (Nota 31 0.03 0.1 0.03 0.1 

ContrOl Voltage LI..,el y-t-= 15V 9.6 10. 10.4 9.0 10 II 
V+"5Y '.9 3.33 3.8 2.6 3.33 4 

OutpUt ventage Drop (low) V+ io 15V 
ISIN!<a'10mA 0.1 0.15 0.1 0.25 
ISINt( ~ 50 rnA 0.' 0.5 0.4 0.75 

. 'SINK" 100 mA 2 2.25 • 2.75 
ISINK:"2OilmA '.5 2.5 
Y+-5V 

'SINK -S rnA 0.1 0.25 

ISINK"SmA 0.25 0.36 

Output Voltage (high) ISOURCS .. 200 mA 
V+·15V 12.5 12.5 

ISOURCE .. 1~ mA 
v+ = t5V '3 13.3 12.75 13.3 
v+ -SV 3 . _ 3.3 2.75 3.3 

Ai. Time of Output 100 100 

Fall Tim. of Output tOO 100 

DiJdIerge -Leekage Current 20 100 20 100 

Matching ChIIracttristics . 
Between EICI'I Section 
Initial TUning Accuracy 0.05 0.1 0.1 D.' 
Timing Drift with 

Temperlture >10 "0 
Drift witll Supply VolUlge 0.1 D.' D.' 0.6 

• Direct replacement for SE556/NE556 

• Both astable and monootable mode of operation 

• Timing range from microseconds through hours 

• 200 mA output.capabllity 'Iour"li or sinkl 

• .005%/OC temperature stability 

• TTL compatible 

Un", 

mA 
mA 

" ppm/oC 
'!WVolt 

" ppmfOC 

"Nolt 

xv' 
V 

... 
mA ... '. 
V 

V 
V 
V 

V 

V 
V .. 
OA 

" 

FUNCTIONAL DIAGRAM 
(Eoch~1 

CHIP BONDING DIAGRAM 

APPLICATIONS 

AlTABLe 
OPERAtiON . 

I 
~ 

1 

" 

" 

" 

_fOe .,.-1.1111-,(: 

%!Volt 
OPERATION 

NOTES: f1I $uslplycur ... "t~OLIlPutlshighisty"II:oIIIY 1.0mA .... 121 T"*,ltv+ .. 6 Y..-ldY+" 15V. 
(31 ThilllWi!l dMerrnlfte'th{mellimumvallole of RA + RB. F..or 15 V .... l1io".1ht_II!mum 101. R" 2OmI(I~s,. 
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Video Amplifiers 

SG733/733C 
The SG733/733C are monolithic two·stage wideband amplifierL These 

devices offer excellent gain stability at any gain setting and provide fixed 
gain options of 10, 100 and 400 without extarnal components. All stages 
are current source biasad to obtain high common mode and power supply 
rejection and emitter followers are used at the output to minimize the 
effects of capacitive loading. The devices are particularly well suited for 
applications requiring a fast linear function such as video and pulsa 
amplifiers. . 

• 120MHz bandwidth 
• Gain options of 10, 100, 400 without extarnal components 
• 250k.n. Input resistance 
• No external frequency compensation -rv 

PARAMETERS' 733 733C UNITS CONNECTION DIAGRAMS 
SupplV Voltage ±6V ±6V 

Operating Temperature Aange -55 to +125 o to +70 

Package Types T,J T,J, N 
Differential Voltage Gain 

Gain ,1 300/500 250/600 

Gain 22 90/110 80/120 

Gain 33 ' 9/11 8/12 

8andwidth 

Gain 1 f 40 (typ) 40 (typ) 

Gain 2 Rs= 500 90 (typ) 90 (typ) 

Gain 3 120 (typ) 120 (typ) 

Risetime 

Gain 2, A. = 500, Vout = lVp-p 10 12 

Propagation Delay 

Gain 2, As = 500, Vout = lVp-p 10 10 

Input Aesistance 

Gain 2 20 10 

Input Capacitance 

Gain2 2 (typ) 2 (typ) 

Input Offset Current 3 5 

Input Bias Current 20 30 

Input Voltage Aange ±1 ±1 

Common Mode Aejection Aatio 

Gain 2 V cm ± lV, f.; 100kHz 60 60 

Vcm ± lV, f = 5MHz 60 (typ) 60 (typ) 

Supply Rejection Aatio 

Gain 2 J;.Vs = ±0.5V 50 50 

Output Offset Voltage 

Gain 1 1.5 1.5 

Gain 2, Gain 3 1.0 1.5 

Output Common Mode Voltage 2.4/3.4 2.4/3.4 

Output Voltage Swing 3 3 

Output Sink Current 2.5 2.5 

Output Aesistance 20 (typ) 20 (typ) 

Power Supply Current 24 24 

·Parameters apply for Vs = .±6V. at 2So C only and are min/max limits 
unless otherwise speCified. 

IGain Select pins G 1A and GIS connected together. 

2Gain Select pins G2A and G28 connected together. 

3 All Gain Select pins open. 
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V 

dB 

dB 
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Vp•p 
mA 

!1. 

mA 

'6V 

C, 
e>-1 '----..... " ..... 

CONNECTION 
DIAGRAM 
IT PACKAGE PIN DESIGNATION) -tV 

~.O.2----1 

•
. :1, 

~ 0 

.. j 
SG733f133C atip 
(Set T·_age d .... am 
for pad functions) 

GAIN 
OPTION lA 

GAIN 
OPTION 2A 

"9 
INPUT' t 

v- GAIN 
OUTPUT 2 CD OPTION 18 

Co I, 
lK ~ 

Co 

CD CD GAIN 
OUTPUT 1 0) Tro.j~W G) OPTION 21 

V+ (}) T·-.... 0 INPUT 2: 

GAIN 0 ® CD INPUT 1 
OPTION lA 

GAIN 
OPTION 2A 



Video Amplifiers 

SG1401/2401/3401 
The SG 1401/2401/3401 video amplifiers are useful over a frequency 

range from DC to 200M Hz. Internal emitter followers are used to achieve 
high input and lo~ output impedances, allowing simple capacitor coupling. 
Biasing and gain'setting resistors are internally diffused, eliminating 
external resistor networks. The gain may be externally varied through the 
use of AGC diodes which are included in the circuit. 

• 20dB voltage gain at l00MHz 
• 5nsec rise and fan times 
• Fixed or variable gain 
• Single power supply voltage 
• Minimum external components 
• Symmetrical limiting 

PARAMETERS/CONDITIONS· 1401 2401 3401 

Operating Temperature Range -55 to +125 Oto+70 I o to +70 

Package Types T,J T,J,N 

Supply Voltage 6/20 6/20 

Power Consumption, no AGC voltage 110 '120 

DC Output Voltage 8.7 (typ) 8.7 (typ) 

Peak·to·Peak Output, Pin 3 (4) to AC gnd 4 (typ) 3 (typ) 

Voltage Gain, Pin 3 (4)2 open 2.2/3.2 2.2/3.2 
Voltage Gain, Pin 3 (4)2 coupled to Pin 8 (11)2 9/11 9/11 
Voltage Gain, Pin 3 (4)2 coupled to Pin 9 (12)2 18/21 18/21 

Voltage Gain, Pin 3 (4)2 to AC gnd 26/31 24/31 

Unity Gain Frequency, Pin 3 (4)2 to AC gnd 200 (typ) 200 (typ) 

Input Resistance, 20 dB gain 2.5 (typ) 2.5 (typ) 

Output Resistan~e, 20 dB gain 25 (ty.p) 50 (typ) 

I nput Capacitance, 20 dB gain 5 (typ) 5 (typ) 

Maximum Power Gain, 20 dB gain, R L = 50n 30 (typ) 30 (typ) 

Temperature Stability, 20 dB gain ±1 1 ±21 

AGC Range 20 (min) 22 (typ) 

NoisePigure, 20dB gain, RS = lk 8 (min) 6 (typ) 

- -*Parameters apply·only for TA - 250C. Vs - +12V. and f - 1 MHz, and are 
min/max limits unless otherwise speCified. 

lOver operating temperature range. 2Numbers in parentheses refer to dual-in-line package. 

CONNECTION DIAGRAMS 

where f c Is low frequency corner 
and R is the gain setting resistance. 

Cs"" 0 to 10 pF to minimize high frequency peaking. 

OUTPUT 

V+(D0G) STAB, 

INPlJT CD T~:;.i~W CD FEEDBAC.K 

lOdB CD TP .. k ... CD DRIVE 

20dB CD ® CD AGe 

GND 

INPUT 
TOP VIEW 

10 dB JorN 
Package 

NC SGI40112401/3401Cllip 
(See T·PM:kageditgr.m 
for pad runctionsi 

UNITS 

oC 

-
V 

mW 

V 

V 

dB 

d8 

dB 

dB 

MHz 

kn 

n 

pF 

dB 

dB 

dB 

dB 

10 
GROUND 

See Applications Notes for additional information. 
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Wideband Amplifier/Multiplier 

SG1402/2402/3402 
SG 1402/2402/3402 are monolithic four quadrant mUltipliers offering 

excellent frequency response and provision for use as a variable gain 
amplifier with both non·inverting and inverting outputs available. In addi· 
tion to linear amplification, the device is also ideal for balanced modula
tion, pulse or gated amplification, and coincidence detection. 

• Single power su pply voltage 
• Self·contained biasing 
• 25dB voltage gain 
• Differential or single ended inputs and outputs 
• Large bandwidth 
• Low power dissipation 

PARAMETERS, CONDITIONS' 1402 I 2402 3402 

Supply Voltage +18 +18 

Load Current 15 15 

Operating Temperature Range -55 to +125 o to +70 o to +70 

Package Types J, T I J, T, N 

Maximum Voltage Gain, single ended 23 20 

Variable Gain Range, with ext. balance 55 40 

Frequency Response. f - 3 dB 40 (min) 50 (typ) 

Input Impedance, Pin 5 or 7 (7 or 10)' 1.2 (typ) 1.2 (typ) 

Input Impedance, Pin 2 or 9 (3 or 12)1 1.8 (typ) 1.8 

Output Impedance, Pin 3 or 8 (4 or 11)1 100 (typ) 100 (typ) 

Output Voltage Swing 
RL = lOOK 3 3 

RL = lK 1.3 1.3 

Quiescent DC Levels 
Pins 5, 6 and 7 (7,8 & 10)1 3.6 (typ) 3.6 (typ) 

Pins2and9 (3& 12)1 1.8 (typ) 1.8 (typ) 

Pins3 and 8 (4& 11)1 6.5/7.5 7.0 (typ) 

Output Offset Voltage 
Minimum Gain 100 300 

Maximum Gain 200 500 

DC Output Shift, with max gain change 100 200 

Differential Control Voltage, for max 
gain change 200 (typ) 200 (typ) 

Maximum Gain Variation, over 
temperature 2 3 

Equivalent Input Noise 
(BW = 10MHz, RS = 50n) 25 (typ) 25 

Power Consumption 85 85 

- + - -"'Parameters are for TA - 250C, V - lOV, f - 100KHz and are mm./max. limits 
unless otherwise specified. 

1 Numbers in parentheses refer to dualMin-line package. 

f----.048 ----l 

Bil 
.~~l 

001402/2402/3402 Chip (See 
T-package diagram for pad functions) 

BALANCE INPUT 

ADJUST (0 rJ) 0 BIAS 

INPUT ~ TO.P VIEW 0.J \ OUTPUT 
TO-100 J 

OUTPUT \ (I) T Pock.,. 0.; I CONTROL 

o~:[i)0/ 
CONTROL ~.fr/-'v+ 

ONO 

'''''''!: .. -ADJUST I 

NO , 

INPUT 

TOP VIEW 
OUTPUT 11 J or N 4 OUTPUT 

CONTROL g Pacll:age l CONTROL 

G::loJ::: 
CONNECTION DIAGRAMS 

See Applications Notes for additional information. 
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Multipliers 

SG1595/1495 
The 861595/1495 four quadrant analog multipliers are designed for 

applications where the output voltage required is a linear product of two 
input voltages. Both types provide excellent linearity and operation over 
a wide supply range and input voltage range. Applications include use as 
multipliers, dividers, squarers, phase detectors, frequency doublers and as 
balanced modulators. 

PARAMETERS/CONDITIONS· 1595 1495 UNITS 

Operating Temperature Range -55 to +125 o to +70 oC 

Package Types J J, N -
Applied Voltage' 30 30 V 

Differential I nput Signal V9- V I2-±(6+113 Rx) -
V4- V S =±(6+13 Ry) 

Maximum Factor Adjust Current 10 10 rnA 

Linearity Error in Percent of Full 
Scale (T A = 250 C) 

-10 < Vx < +10 (Vy = ±10V) 1.0 2.0 
(%max) 

-10 < Vy < +10 (Vx = ± 10V) 2.0 4.0 

Squaring Mode Error 
TA=250 C 0.5 0.75 

TA = OOC to +70oC - 1.0 (%typ) 

T A = -550 C to +1250 C 0.75 -
Scale Factor (adjustable) 

2 RL 
0.1 (typ) 0.1 (typ) K=--- -

13'Rx Ry 

I nput Resistance' 35 (typ) 20 (typ) Mn 

. Differential Output Resistance l 300 (typ) 300 (typ) Kn 

I "put Bias Current S.O 12 jlA 

I nput Offset Current 1.0 2.0 jlA 

Common Mode Gain -50 -40 dB 

Output Common Mode Voltage 21 (typ) 21 (typ) V 

Differential Output Voltage Swing ±14{typ) ±14 (typ) V 

Pos Supply Voltage Rejection Ratio 5 (typ) 5 (typ) mVIV 

Neg Supply Voltage Rejection Ratio 10 (typ) 10 (typ) mVIV 

Neg Supply Current 7.0 7.0 rnA 

Power Consumption 170 170 mW 

Average TC of Input Offset Current 2.0 (typ) 2.0 (typ) nA/oC 

Frequency Response (typ) 
-3 dB Bandwidth 3.0 (typ) 3.0 (typ) MHz 

30 Relative Phase Shift 750 (typ) 750 (typ) kHz 

1 % Absolute Error Due to 30 (typ) 30 (typ) kHz 
I nput·Output Phase Shift 

*Parameters apply over operating temperature range and are min/max limits 
unless otherwise specified. , , . 
f = 20 Hz Voltage applied between Pins 2-1, 14-1, 1-9. 1-12, 1-4, 

'·8, '2·7,9·7,8.7,4·7. 
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• Excellent linearity 
• Adjustable scale factor 
• Excellent temperature stability 
• Wide bandwidth 
• High input vol~ range 
• Wide supply vol~ operation 

Multiply with Op Amp Level Shift 

" 

X-OFF-SET 
ADJUST 

v, 
V-OFFSET 

ADJUST 

SET RESISTOR-

'n 

R, R. 

" 

R. R, R8 R. R13 RA Re 

'ou, 

RL RX RV 
UP TOLERANCE .% ,% ,% '" ,% .,% ,% .% I"" •.• . " .% 

, 

2 

3 

v+ = +32 V, v-· -15 V 
-·10 V ..c;:vx .. +10 V .. , 
-10 V <'Vy <..10 V 

V .. +15 V. V = -,15 V 
-5 V ';:;VI(" +5 V 3 .• 
-5 V ... Vy "" +5 V 

v+ = +15 V, v-· -15 V 
-10 V ';;VX "+10 v '.2 
-10 V ':'Vy .. +10 V 

k All milton are ohms 

+XINPUT 
GAIN ADJUST 

-x INPUT 
GAIN ADJUST 

-x INPUT 

XK FACTOR 
ADJUST 

-OUTPUT (KXY) 

121 100 11 121 15 13.712 

300 '00 100 300 ~ 13.712 

121 100 11 910 13. '3. '2 

CONNECTION DIAGRAM 

... 11 ,. ,. 
5 .• 3." 8.2 8.2 

5 .• 1.5 15 , .. 



Modulators 

SG1596/1496 
The SG1596/1496 are monolithic double-balanced modulator/demodu

lator devices designed for use where the output voltage is a product of an 
input voltage (signal) and a switching function (carrier)_ Typical applice
tions include modulation and demodulation of AM, SSB, DSB, FSK, FM 
and phase encoded signals. Additional uses include frequency doubling, 
linear mixing and chopping. 

• Excellent carrier IIIppnlllion • 
• Fully blllanceclinputs and output 
• Low off_ and drift 
• High common mode rejection 
• Adjustable gain and sigMI handling 
• Useful to l00MHz 

PARAMETERS/CONDITIONS· 

Operating Temperature Range 

Applied Voltage! 

Differential Input Signal. (V7 - VS) 

Differential Input Signal, (V4 - VI) 

Input Signal. (V2 - VI. V3 - V 4) 

Package Types 

Carrier Feedthrough 

vc = 60 mV(rms) sine wave, fc = 1.0kHz, offset adjuSted (typ) 

vc = 60 mV(rrns) sine wave. fc = 10MHz, offset adjusted (typ) 

vc = 300 mV pp square wave, f c = 1.0kHz, offset adjusted (max) 

vc = 300 mVpp square wave, fc = 1.0kHz, offset not edjusted (max) 

Carrier Suppression 

fs = 10kHz, 300 mV(rms), fc = 500kHz, 60 mV(rrns) sine wave offset adjusted (min) 

fs = 10kHz, 300 mV(rrns). fc = 10M Hz, 60 mV(rms) sine wave offset edjusted (typ) 

Transadmittance Bandwidth 

RL = 50n, Carrier Input Port, Vc = 60 mV(rrns) sine wave, fs = 1.0kHz, 300 mV(rms) sine wave 

Signal Input Port. vs = 300 mV(rms) sine wave2 

Voltage Gain, Signal Channel Vs = 100 mV'(rms), f = 1.0kHz· 

Input Resistance. Signal Port f = 5.OMHz2 

Input Capacitance, Signal Port f = 5.0MHz2 

Single Ended Output Resistance f = 10MHz 

Single Ended Output Capacitance, f = IOMHz 

Input Bias Current (11 + 14)/2 or (17 + IS)/2 

Input Offset Current (11 - 14) or (17 - IS) 

Average TC of Input Offset Current 

Output Offset Current (16 - Ig) 

Average TC of Output Offset Current 

Signal Port Common Mode Input Voltage Range fs = 1.0kHz 

Signal Port Common Mode Rejection Rati02 

Common Mode Quiescent Output Voltage 

Differential Output Swing Capability 

Positive Supply Current (16 + Ig) 

Nagative Supply Current (1,0) 

Power DiSSipation 

*Parameters are for T A = 2S o C and are min/max limits unless otherwise $peclfled. 

·voltage applied between pins 6-7. 8--1. 9-7, 9-8, 7-4, 7-1. 8-4, 6-8, 2-5 and 3-5. 

2V7 - Va ~ 0.5 VdC 

TYPICAL'<MODULATOR CIRCUIT 

CONNECTION DIAGRAMS 

Vo!+1 BIAS SIGNAL 

CARRIER CD (D~. INPUT I_I 

INPUT (+1 8 ~ r:;w 0) ~~~~ST 
CARRIER (i) 1·'_... Ii.) 
INPUT (_I \...!. GAIN 

1596 1496 

-55 to +125 Oto +70 

30 30 

±-5.0 ±-5.0 

±-(5 + 15 Re) 

5.0 5.0 

iJ, T J, T, N 

40 40 

140 140 

0.2 0.4 

100 200 

50 40 

50 50 

300 (typ) 300 (typ) 

SO (typ) 80 (typ) 

2.5 2.5 

200 (typ) 200 (typ) 

2.0 (typ) 2.0 (typ) 

40 (typ) 40 (typ). 

5.0 (typ) 5.0 (typ) 

25 30 

5.0 7.0 

2.0 (typ) 2.0 (typ) 

50 80 

90 (typ) gO (typ) 

5.0 (typ) 5.0 (typ) 

-85 (typ) -S5 (typ) 

S.O (typ) S.O (typ) 

S.O (typ) S.O (typ) 

3.0 4.0 

4.0 5.0 
33 (typ) 33 (typ) 

UNITS 

OC 

V 

V 

V 

V 

--

"V,,"s 

dB 

MHz 

V/V 

kn 

pF 

kn 

pF 

"A 
"A· 
nA/oC 

"A 
nA/oC 

VD-D 

dB 

V 

Vp.p 

IlA 
rnA 

mW 

~ ® CD ADJUST 

VoH - SIGNAL 
, INPUT(+! 

v-
SG1596/1496 Chip (See J-paekage diagram 
for pad functions) 
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Wide-Band Video Amplifier 

$G3001T 
, Descriptio" '; 

,Tho SG3OO1T High Frequency Vide\> amplifier is designed 
for broad-band operation to 30 MH~., This monolithic 
integrated circuit features differential inputs and outputs, 
a voltage gain of 19 dB and AGC capabilitY of 80 dB. The 
SG3OO1T is designed for operation over the full mUitary 
temperature range of -55°C to +1250 C and is packaged 
in a 12;>ln TO-5 style hermetic package. 

Absolute Mlximum Ratings 

Positive Supply Voltage 

Negative Supply Voltage 

Differential Input Voltage 

~COmmon Mode Input Voltage 

10V 

-10V 

±2.5V 

±2.5V· 

CHIP LAYOUT CONNECTION DIAGRAM 

V,. 

Vee 

"" 

Features 

• Full differential operation ., 160 kO inputim~anC8 

• 45 0 outputlm~anC8 

• 30 MHz bandwidth 

• 19 dB voltage gain 

Output Current 

Power Dissipation 
Derate above +850C 

25'mA 

460mW 
5mWfOC 

Operating Temperature 

Storage Temperature 

-55OC to +12!;°C 

-650C to +150oC 

SCHEMATIC 

• • ....,.. ConnIIcticwI- 00 NOT USE 

Electrical Chlraetaristics ITA = 250 C, Vce = +6V, Vee = -6V, f= 1.75 MHz RL = 1 MOl 

PARAMETER TEST CONDITIONS MIN TVP MAX UNITS 

Input Offset Voltage . - 1.5 - mV 

Input Offset Current - 1 10 /lA 

Input Bias Current -, 16 36 /lA 

Output Offset Voltage Rs = 1 kO - 54 300 mV 

Quiescent Output Voltage Pins 4 and 5 open 3.8 4.4 5.0 V 

Pin 5to -Vee - 4.8 - V 

Pin 4 to -Vee - 2.7 - V 

,Q.ulescl\lnt Power Dissipation Pins 4 and> 5 open 60 78 120 mW 

Pin 5to -Vee - 71 - mW 

Pin 4to -VEe - 110 - mW 

Differential Voltage Gain 16 19 - dB 

1~20MH~ 10 14 - dB 

3 dB Bandwidth Rs = 500 16 30 "'Hz 

.' M,8ximum Output Swing Rs = 500 - 5 - Vp_p 

,~oise figure Rs = lk - 5 - dB 

C!,mmon Mode Reje<;tion'Ratio .. f = 1 kHz - 88 - dB 

Inpu't Impedance - 150 - kO 

JQPut Capacitance - 3.4. - pI 

Output Resistance - 45 - 0 

AGe. Range . 55 60 ~, dB 
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Zero Voltage Switch 

SG3058/SG3059/SG3079 
Description 

The SG3058. SG3059 and SG3079 zero crossing switching 
circuits are designed for a wide variety of AC power 
applications. These devices will oper~te with AC input 
voltages of 24 to 277 volts at frequencies of 50 to 400 
Hertz and will provide an output capable of controlling 
most common triacs and thyristors. Each circuit contains 
a limiting power supply, a differential sensing amplifier, 
a zero·crossing detector and a triac gating circuit. The 
SG3058 and SG3059 additionally contain protective 
circuits to inhibit thyristor firing under abnormal condi
tions, The SG3058 is speCified over the full military 

Absolute Maximum Ratings 

DC Supply Voltage (between pins 2 & 7) 
SG3058. SG3059 14 V 
SG3079 10 V 

Peak Supply Current 
(between pins 5 & 7) 

Output PulseCurrent (pin 4) 
Power Dissipation 

J Package (cerdip) SG3058J 
Derate above 25"C 

±50mA 
150 mA 

1000mW 
6.7 mWI'C 

N Package (plastic)SG3059N/SG3079N 600 mW 
Derate above 25'C 6.0 mW/'C 

Operating Temperature Range 
SG3058J 
SG3059N. SG3079N 

Storage Temperature Range 
Lead Temperature (soldering 60 sec.) 

-55'C to "125'C 
-40'C to + 85'C 

-65'Cto J.l50·C 
+300'C 

temperature range of -55'C to + 125'C while the SG3059 
and SG3079 are des'ig~ed for -40"C to + 85 a C 
applications. 

Features 

• 24V. 120V. 220V, 277V operation at 50, 60 or 400 Hz 
• BuUt-in power supply 
• High-gain differential sensing amplifier 
• Output synchronized with zero ~rossing for minimum Rfl. 
• 150 mA output pulse current 

Electrical Characteristics (T - 2S"C AC Line Voltage - 120 Vrms 50·60 Hz unless otherwise specified) .,- -

Parameter Conditions 

DC Supply Voltage: 
Inhibit Mode 

@ 50/60 Hz Rl' = 10k, I .. = 0 
@ 400 Hz R~ = 10k, II. = 0 
@ 50/60 Hz R, = 5k. 1, .• = 2mA 

Pulse Mode 
@ 50/60 Hz R; = 10k. I,. = 0 
@ 400 Hz R~ = 10k, I" = 0 
@ 50/60 Hz R,,= 5k.I,. = 2mA 
@ 50/60 Hz. SG3058 R, = 10k. I .. = 0 

T, = -55'C to ,. 125'C 

Peak Output Pulse Current Pin 3 open, VGT - 0 

Pin 3 & 2 connected, VGT ......: 0 

Inhibit Input Ratio: All Types Pin 9 to 2 Voltage Ratio 

SG3058 T, = --55'C to + 125'C 

Total Gate Pulse Duration: 

Positive :; [50.60 Hz 
400 Hz 

. dv [ 50·60 Hz 
Negatlve dt 400 Hz 

Outpu.t Leakage Current: All Types 
SG3058 T.,= ·-55·C to + 125'C 

Input Bias Current: SG3058, SG3059 
SG3079 

Common Mode Input Voltage Range Pins 9 and 13 connected 

Pulse Mode Sensitivity fN at pin 13 to change output 

Applications Oata (SG3058 and SG3059 only) 
1. Fail-safe protection (pin 14) - When pin 14 is 

connected to pin 13, a special protection circuit is 
activated which inhibits the output if the sensor either 
shorts or opens_ To assure proper operation of this 
protection, the following conditions should be 
observed: 
a. Limit the output current to 2 mA with a 5K 

dropping resistor_ 
b_ Set the value of R t' and the sensor resistance, 

Rx, between 2K and lOOK ohms_ 
c, Maintain a ratio of Rx to Rp between 0.33 and 3.0 

over all operating conditions_ 
2_ Inhibit command (pin 1) - A priority inhibit command 

at pin 1 will eliminate any output pulse. This signal 

Limits AC Input Voltage Input Series Power Rating 

Min. Typ. Max. Units 
(50/60 or 400 Hz) Resistor (R,,) for R~ 

VAC Ko w 
24 2 0.5 

120 10 2.0 

6.1 6.5 7.0 V 208/230 20 4.0 

- 6.8 - V 277 25 5.0 

- 6.4 - V 

6.0 6.4 7.0 V 
- 6.7 - V 
- 6.3 - V 
5.5 - 7.5 V 

CHIP LAYOUT 
50 84 mA 

90 124 mA 

I:"~r. .465 .485 .520 

.450 - .520 -

I~~ 70 100 140 ,5 

- 12 - ps 

70 100 140 ps JLi~ - 10 - P. 
- .001 10 ,A 
- - 20 pA 

220 1001J nA 1----.052-1 
220 2000 nA -

1.5 to 5 V 
6 mV 

should be at least 1.2V at 10 p.A and is compatible 
with OTL or T2llogic outputs. 

3. External Trigger (pin 6) - The base of the Darlington 
NPN output stage is brought out on pin 6 for direct 
control of the output. Signal requirements are the 
same as for pin 1. 

4. DC Mode (pin 12)-Connecting pins 7 and 12 disables 
the zero·crossing detector and allows the flow of output 
current on demand from the differential sensing 
amplifier. This mode of operation is useful when 
comparator operation is desired or when htductive loads 
are switched. To avoid overloading thQ. internal power 
supply, the output current should be, limited tp 2mA 
with a 5K dropping resistor. 
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APPLICATIONS NOTES 
SG1401 Video Amplifier 

SG1402 Wideband Amplifier/Multiplier 

SG1501A Dual Polarity Tracking Regulator 

SG1524 Regulating Pulse Width Modulator 
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Applications Notes - The SG1401 Video Amplifier 

The SG 1401-SG3401 has been designed to provide maximum versatility 
as a general-purpose, single-ended amplifier. With its broad frequency 
capability, this circuit will be useful in a wide range of applications 
provided that the usual considerations for high-frequency circuit designs 
are observed. The following information is presented toward aiding in the 
optimization of the many possible configurations of this device. 

FIXED GAIN 

In the circuit configuration shown in Figure 1, the overell voltage gain 
is approximated by resistors R 1 and the parallel combination of R2 and 
R3,as 

+Vs 

,K 

-l 
V,N 

C'N 

GND 

Figure, 1. 

With no external connections, the voltage gain is determined solely by R1 
and R2 and is 1% or 3 dB. Decreasing the effective value of R2 by 
capacitively coupling a lower resistor in parallel, raises the gain_ Four fixed 
gain settings are provided internal to the circuit; however, any other setting 
within the maximum gain of the amplifier is possible with external resistors 
as shown in Figure 2. 

The value of the coupling capacitor, CF is determined by the low 
frequency response desired, as its capacitive reactance will add to the value 
of the resistance it couples. Therefore, the lower cutoff frequency will be 

Utilizing the internal 90 or 460 ohm resistors for higher gain settings 
provides the added advantage of maximum temperature stability since the 
close tracking of adjacent diffused resistors keeps their ratio constant. 
Typical temperature variation of this circuit is shown below: 

30 

.......... 
"-

" 
2. 

, 
\. 

" '-i'... -I-

10 100 lk 10k 
EXTeRNAL PARALLEL RESISTOR - OHMS 

Figure 2. External Gain Control. 

30 

PIN 3 TO AC GROUND -I"-
25 

fl20 
PIN 3 TO PIN 9 

z 
;; 
::!J 15 

~ 

~ 
g 10 

PIN 3 TO PIN B 

I I 
PIN 3 OPEN 

-50 -25 +25 +50 +75 +100 +125 
AMBIENT TEMPERATURE - OC 

Figure 3. Temperature Stability. 

VARIABLE GAIN 

Since the dynamic impedance of a forward-biased diode is inversely 
proportional to the cuirent through it, a convenient gain control can be 
achieved by using a pair of diodes as a variable impedance. In the circuit of 
Figure 4, R3 has been replaced by two diodes whose impedances act in 
parallel due to the decoupling of CD. If the diodes are driven from a 
voltage source, a logarithmic relationship between gain and control signal is 
achieved (see Figure 5); while if a current source is used, the relationship is 
linear as shown in Figure 6. 

There are two limitations on this form of gain control. First, the diodes' 
capacitance limits their effectiveness to frequencies below 20 MHz and, 
secondly, the signal voltage across the diodes should be held to less than 50 
millivolts RMS to minimize self-modulation of amplifier gain. Additionally, 
the AG C current should be limited to 3 mA maximum to keep the diodes 
out of saturation. 
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Applications Notes -- The SG1401 Video Amplifier 

'K 

+ 
CD 

L-----~~------~~------~----OGND 

Figure 4. 

.,--

/ 
V 

/ PIN 2 DRIVEN FROM '--
A VOLTAGE SOURCE 

/ --1-

1.0 1.1 1.2 1.3 1.4 1.5 
AGe VOLTAGE - VOL T5 

Figure 5. Gain ¥s. AG C Diode Voltage 

v 
/ 

I 
J 

/ ~~~ADRR~~~~~~~~E - r---
V 

./ .--
10 100 lk 'Ok 

AGe CURRENT.,... MICROAMPS 

Figure 6. Gain ¥s. AGC Diode Current. 

30 

PIN 3 TO AC GROUND ~~ 

l'N3TOPINt ~ 
25 

Cs"' 0 - ....... 
"' ~ Cs =4.7'pF - -- ~~ 
/1 

liN 3 TO PIN. XI' 
I .. .. ~.\ 

PIN 3 OPEN 
~ , 

I 4'.-- ~, 

~ I ~ 

" o .! 30 '00 300 3.0 '0 1.0 
FREQUENCY - MEGAHERTZ 

Figure 7. Frequency Response. 

HIGH FREQUENCY STABILITY 

With the .capability of operation at 100 MHz, the SG1401·SG3401 also 
has some susceptibility to external stray reactance~; however, with 
reasonable care, complete stability may be assured. Some general precau· 
tions which should be considered include the following: 

(1) Power supply decoupling close to the circuit terminals (a 0.1 mfd 
capacitor is usually adequate). 

(2) Maintain separation of input and output lines. 
(3) Minimize load capacitance or insert a series resistor (up to 50 ohms) 

in the output. 
(4) Purposely limit the high frequency response with a stabilizing 

capacitor Cs between pins 3 and 4. 

Since the gain of this circuit is reduced by increasing the amount of 
feedback, the potential for instability is greatest when the gain is at its 
minimum value. This characteristic and the stabilizing effects of a 4.7 
picofarad capacitor between pins 4 and 3 are illustrated in the frequency 
response curves presented in Figure 7. The relationship between the value 
of Cs and the upper cutoff frequency of a 20 dB gain setting is shown in 
Figure 8 below. 

'00 

~ 
50 

"' "" ~ 
~ 

"" , 
PIN 3 COUPLED·TO PIN 9 " ~ 

"-
~ 

10 20 30 50 100 
Cs BETWEEN PINS C AND 0 .,... -PF. 

Figure 8. Upper Cutoff Frequency vs. Cs Value. 
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Application Notes- SG1402- Wideband Amplifier/Multiplier 

INTROOUCTION 

Rapid advances in the state·of·the-art of processing monolithic linear 
integrated circuits have made the use of tightly matched components a 
practical reality. This in turn has opened the doors to a new class of circuit 
characterizad by its utility, varsatility, and easa of application. It is now 
possible to include on a monolithic chip, many of the components which, 
because of relatively poor tolerances, were formerly required to be extarnal 
to the circuit. The SGI402, shown schematically in Figure 1, illustrates 
this capability both by its inclusion of allnecassary biasing networks and 
by the nature of the circuit itself which requires extremely well matchad 
component parameters for successful operation. 

Figure 1. SGI402 Schematic Diagram. 

HOWITWORKS 

The heart of the SG 1402 is a four quadrant multiplier consisting of two 
cross-couplad differential amplifiers which are jointly controlled by a third 
differential amplifier. This part of the circuit is shown in simplified form es 
Figure 2. The constant current, 10, is divided by Q6 and Ql0 and dividad 
again by each of the upper diff amps such 'that, for balanced operation, 
transistors Q5, Q7, 09, and Q12 each have 14 10 flowing through them. An 
examination of the way in which the above diff amps are cross·coupled will 
show that while the collector load resistors receive a portion of their 
current from each diff amp, the signals will arrive out of phase with respect 
to each other; This is because the input voltage, Yc, is amplified common 
emitter - with 1800 phase shift - through 09 and summed at resistor .R7 
with the signal which hes gone common collector·common base - with 00 
phase shift - through Q7 and Q5. Therefore, with the circuit perfectly 
balanced, the two signals completely cancel out and the output has zero 
signal. This can be shown mathematically es follows: 

v, 

., .Ii 
~ ~------~~~---------, 

Ie' 

Q5 Q7 01 0'2 

llE1 

01 

... 

Figure 2. Simplified Schematic of the Multiplier Section 
of the SG 1402. 

The collector current in one side of a simple differential amplifier (Q5 
and Q7, for example) is: 

where: lEI = sum of currents in each collector 

!I = 26 milliYoits at 250C 
q 

Yc = differential input voltage 

This equation can be differentiated to obtain the transconductance 
which, for small values of vc, is: 

dicl q lEI 
gm=-=-

d Vc 4kT 

In a similar manner, the transconductance through 09 is: 

dic2 q IE2 
gm=-=-

d Vc 4kT 

and the total voltage gain, Ay is: 
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Applications Notes - Wideband Amplifier/Multiplier 

Since lEI + IE2 = la, it can be seen that when vm = 0, lEI = IE2 = Yz 
10 and Av = O. With lEI and I E2 being collector. currents 01 another 
differential amplifier, the total small·signal gain equation may be written: 

The circuit gain of the SG 1402 is less than that predicted by the above 
equation due to the local feedback offered by the 20 ohm emitter resistors. 
The actual relationship between Av and vm is shown in Figure 3 while 
Figure 4 graphs the full four·quadrant transfer function between the input 
voltage, vc, the control voltage, Vm, and the output voltage. Note that the 
20 ohm emitter resistors provide linearity for ±60 millivolts of input 
voltage while the modulating voltage is only linear for approximately half 
that value. It should be recognized from Figure 4 that output limiting 
occurs at a constant input voltage regardless of the modulating voltage. In 
other words, reducing the gain reduces the maximum peak·to·peak output 
swing. 

~~~~~--+-~---+--4r--~-4--~--+---"bP~ 

~ " V ........ 
~16r--+--~--+~~~--+-~---+--4r~r--+--~--4 
g \ / iii OOC PHASE SHIFT 
<:) lSOOC PHASE SHIFT I\. 
;ro 1\ I 
, \ V i: -i rr r -I-\\'-+/--jF+---+--4--~--+--I 

-120 -100 -80 -eo -40 -20 0 +20 +40 +60 +80 +100 +120 
DIFFERENTIAL CONTROL VOLTAGe - MILLIVOLTS 

Figure 3. Differential Gain Control. 

-120 -100 -80 -80 -40 -20 +20 +40 +60 +80 +100 +120 
DIFFERENTIAL INPUT VOLTAGE - MILLiVOLTS 

Figure 4. Multiplier Transfer Function. 
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BIASING CIRCUITRY 

Key to the utility of the SG 1402 is the inclusion of all the biasing and 
level shifting circuitry normally required as external components. This is 
provided by matched current sources and low impedance voltage sources. 

Resistors RI, R2. R3 and R4 are directly across the supply voltage and 
establish a current: 

'b = RI + R2 + R3 + R4 = I mA at 10 volts 

Transistors 014 and 016 have the same geometries and emitter resistors 
as 0 I and therefore, with the same base voltage, they each are also 
conducting one milliamp and provide the loads for the .output emitter 
followers, 013 and 015. This saves chip area as a transistor requires less 
space than a resistor which would establish the same current. 

Transistor 08 has four times the emitter area and % th~ emitter resistor 
as 0 I and thus defines a current level 10 of 4 milliamps. 

The bias voltage levels required at different points in the circuit are all 
defined by the same resistors which set the current levels but there is no 
mutual interaction due to the insertion of 02 and 03 which act as 
low·impedance isolators. 

Transistors 04 and Oil serve only as common·base stages to isolate the 
load resistor from the collector capacitance of the parallel dill·amp 
transistors. Thus, frequency response is improved with only slight increase 
in circuit complexity. 

The chip layout of the SG 1402 was done to optimize the component 
matching regardless of mask registration and process variations. From the 
photomicrograph shown in Figure 5, it can be seen how the symmetrical 
nature of the circuit was exploited to obtain matched parameters. The chip 
has an area of 48 by 39 mils. 

Figure 5, Photomicrograph of SGI402 Chip. 



Applications Notes - Wideband Amplifier/Multiplier 

VARIABLE GAIN AMPLIFICATION 

The circuit of Figure 6 shows the simplest application of the SG 1402 as 
a single-ended, variablellain amplifier. The signals at the two outputs are 
always equal in magnitude and opposite in phase. As the gain control 
potentiometer is moved from one end to the other, each output will start 
with a maximum signal, reduce to a minimum when the pot is centered, 
and increase to maximum again in the opposite phase as the wiper gets to 
the other end of the potentiometer. 

+10V 

O.,..L 'OK 

Figure 6. Single-Ended Variable-Gain Amplifier Configuration with 
Manual Gain Control to Provide Maximum Output of Either Phase. 

For applications where a phase change is not desired, the incorporation 
of a diode as shown in Figure 7 will allow a DC control voltage to vary the 
input-output transfer function from a gain of +25 dB to an attenuation of 
-25 dB. This relationship is plotted in the graph of Figure 8. 

Since this change in transfer function is accomplished with no net 

+30 

+20 

0 

-20 

1.0 

........ 

1\ 
~ 

\ 
i\ 
\ r-...... 

1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0 
DC CONTROL VOLTAGE - VOLTS 

Figure 8. Gain Variation as a Function of Control Voltage with 
Diode Coupled Input. 

Figure 9. Gate Amplifier or Pulse Modulator Response. Input is 
10 mVrms, 1 MHz and Control Voltage is 0 to 5 Volt Square 

Wave with f = 50 kHz. 

MODULATION 

change in either operating currents or bias levels, it is transient-free and The multiplying function of the SG1402 can be used to provide both 
extremely fast-reacting. Thus, the circuit of Figure 7 may also be used as a balanced and amplitude modulation I tilizing the basic circuit shown in 
gated amplifier with the control requirements compatible with 0 to 5 volt Figure 10. With the potentiometer adjusted for optimum balance, the 
logic levels. The waveform in Figure 9 shows a 1 MHz signal controlled carrier signal is canceled out producing a doublesideband waveform at the 
with a 10 microsecond pulse. . output. Depending upon the amplitude of the carrier signal, higher 

V~'f-' ___ --r:, 
+10V 

'OOK 
BAL 
ADJ 

Figure 7. Addition of Diode Provides Gain Control Without Phase 
Change. Balance May be Eliminated if Maximum Attenuation is 

not Required. 

frequency harmonics can also be generated; however, if only the lower 
sideband is used, filtering of the upper sideband will also eliminate all the 
harmonics. It should be noted that this balanced modulation is achieved 
without the need for the usual transformers and only capacitive coupling 
is required. Typical waveforms are shown in Figure 11. 
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Figure 10. Balanced Modulator. 



Applications Notes - Wideband Amplifier/Multiplier 

Figure 11. Balanced:MolfulatOf Output Waveform. (O.IV/cm, 
50 /IS/cm, fc = 1 MHz, fm = 10 KHz). 

If the potentiometer is adjusted so that the circuit is unbalanced, then 
the carrier is included in the output signal and amplitude modulation as 
shown in Figure 12 results. The optimum adjustment can most readily be 
made while observing the output waveform on an oscilloscope. Care should 
be taken that neither signal overd,rille th~ circuit. . 

Figure 12. Amplitude Modulator Output Waveform. (0.2V/cm, 
50 JlS/div, fc = 1 MHz, fm = 10 KHz). 

By using a signal to modulate itself with the cire'uit shown in Figure 13, 
the input is squared and since 

cos2 wt = % [1 + cos 2 WI) • 

the output frequency is twice that of the input. Typical waveforms for this 
frequency doubler application are shown in Figure 14. 

figure 13, FrFqulmcy Doubler. 

Figure 14. Frequency Doubler Input and Output Waveform. 
(50mV /cm, 0.2 /IS/div, fl = lMHzJZ = 2 MHz). 

OEMODU LATORS 

The same features which make the SG 1402 an excellent modulator 
provide superior performance when the cireuit is used as a single or double 
sideband demodulator. The circuit of Figure 15 illustrates the simplicity of 
this application. The balance pot is not necessary since the insarted carrier 
is eliminated by the low·pass filter at the output. 

v, 0.1 

Inl=~~~~ ~ 1------1 

+lOV 

'm 
(modulation) 

~C--~--VYr-~~O 

Vc 0.1 

,--) <>--11-+---t 

Figure 15. Balanced Demodulator. 

,(he same general approach may be used for ~mplitude modulation and 
a block diagram of a simple AM detector is shown in Figure 16. Thus, the 
SG 1402 can be used in receivers which combine SSB and AM to provide 
complete signal transformation in either mode of operation. 

Figure 16. AM Oetector Block piagram. 

CONCLUSIONS 

With the introduction of the SG 1402, Silicon General has provided a 
powerful tool to the communications engineer arid all others working with 

. information processing. Because of its versatility and capability, this device 
opens the way to a much greater utilization of carrier transmission schemes 
for data handling in applications ranging from outer space to, home 
kitchens, 

90 



Application Notes-SG1501A-Dual-Polarity Tracking Regulators 

CIRCUIT OPERATION 

The first I C to combine a positive and negative voltage regulator on a 
single chip was the SG1501, and this device has since been supplemented 
with three new tracking regulator designs - the SG1502, the SG1501A, 
and the SG 1568. 

All four of these tracking regulators operate in a similar manner which 
is best visualized through the block diagram shown in Figure 1. This circuit 
is fundamentally a tracking regulator. That is, the negative voltage is 
regulated and the positive output tracks the negative. (Note: In the 
SG 1568, the circuit is reversed in that the negative side tracks the regulated 
positive output; however, the principle is the same.) Negative regulation is 
accomplished by providing a constant·voltage reference for the negative 
error amplifier, but the reference input to the positive error amplifier is 
grounded. This amplifier forces its other input, which is the center-tap 
between equal resistors, to also be at zero volts, thus requiring the positive 
output to be equal in magnitude but opposite in polarity to the negative 
output. 

R, 

GROUND 

Figure 1. Block Oiagram 

With this technique, a single adjustment of the negative voltage divider 
- which changes the negative output level - will also provide exactly the 
same change to the positive output voltage. This tracking will hold all the 
way from approximately one volt above the reference voltage to a 
maximum value of about two volts less than the input supply voltage. 

DESIGNER'S CHOICE 

With four IC's to choose from some discussion of the significant 
features of each type is in order. Three of the devices, the SG 1501 A, the 
SG1501 and the SG1568 are factory set at ±15V regulators while the 
fourth, the SG 1502, is user-adjusted t9 provide outputs from ±8V to 
±28V. 

GROUND 

""'V"t--.----+----I---.- +15V 

,--------, 
I NEGATiVE I 

I V in Out Sense Stab I 

C2 
.0' 

Volt 
.b.dj 

GROUND 

w ........ - ..... ---------< ..... -15V 

Figure 2. Basic ±15V, 50 mA Regulator 

The SG 150 1 and SG 1501 A are interchangeable and both can be used 
by themselves to provide load currents to the maximum defined by 
package dissipation, or can be combined with external pass transistors for 
currents in excess of two amps. Both devices feature constant current 
limiting with the value set by an external resistor. The SG1568 is similar in 
all respects to the SG1501 except that it is frequency compensated in a 
slightly different way. 

The SG1502 uses the same basic circuit as the SG1501 but has two 
important differences. First, the voltage setting resistors are external to the 
device providing greater flexibility in adjusting the output voltage levels to 
other than ±15V. Secondly, the current limit circuitry has been changed to 
allow its use in a foldback mode. Foldback current limiting provides for a 
short circuit current value less than the maximum load current and is a 
significant feature when the major power dissipation is in external pass 
transistors rather than the IC. 

Self-contained thermal shutdown is the primary improvement offered 
by the SG1501A although increases in both the maximum input voltage 
and load current have also been made. With thermal shutdown, 
temperature sensing circuitry on the chip is designed to turn off the output 
current when the junction temperature exceeds a safe limit - typically 
1700 C. The significance of this feature is that the designer now need not 
design around short-circuit power dissipation limits - the device will take 
care of itself. Since short-circuit power is typically more than twice as 
much as maximum operating power, this means a two-times, or better, 
improvement in load current is possible. It should be noted that even with 
thermal limiting circuitry, the maximum current mll~t be controlled to 
allow time for this protection to react. 

APPLICATIONS 

The simplest way to use the SG1501 and SG1501A is in the basic 
circuit shown in Figure 2. In this form, the device will handle 50 to 
100 mA, depending on the heat sinking (more about this later) and will 
provide ±15V outputs with typically less than two millivolts of sensitivity 
to either line or load variations. Because of this excellent line regulation, 
there is no need for symmetrical input supply voltage levels. The only 
requirement is that each level be greater than its associated output and that 
the total voltage between positive and negative supplies be less than 60V 
(70V for the SG1501A). The minimum input voltage is defined by the 
regulator dropout characteristics shown in Figure 3. 

5 SG1601A 

TA ~ 2SOC 
Rs<: ~ 0 

4 

3 

, 
pOSITIVE REGI.Il.ATOR 

---=:: 
[......-"" 

, "r'''"' .. oue"OR 

0 

" 50 LOAD CURRENT - MILLIAMPS 

Figure 3. Regulator Dropout Voltage 
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Applicat!cn Notes-SG1501A-Dual-Polarity Tracking Regulators 

Figure 4. Artificial ground for use with an ungrounded 
or single level voltage. 

When operating from a single voltage source, an ungrounded supply is 
required. An artificial ground can be provided as shown in Figure 4. I n this 
circuit, the external transistors will conduct as necessary to accommodate 
unbalanced load requirements and while the.outputs will float between the 
two input levels, they will be held constant with respect to this artificial 
ground. 

CURRENT LIMITING 

Current sensing is provided by transistors 012 and 013 (see schematic, 
Figure 5) which are normally held off by an external base-to'emitter 
resistor, Rsc. When the load current passing through this resistor develops 
enough voltage, the transistor turns on and diverts drive current away from 
the series pass transistors. The sense voltage is equal to approximately 
O.GV at Tj = 250 C, but it is temperature dependent decreasing to 0.4V at 
1250 C as shown in Figure G. Note that it is junction temperature that 
determines the sense level, and thus increasing the power dissipation within 
the circuit can lower the value at which limiting will occur. The value of 
the limiting resistor, Rsc, should be selected by: 

Sense Voltage at Maximum Tj 
Rsc = ----'------'-

Allowable Short Circuit Current 

where, for maximum regulation, the allowable short circuit current should 
beat least· 20% more than the maximum expected load·current. 

Under some conditions, a low-level oscillation may be present on the 
negative side when the device goes into current limiting. Should this be a 
problem, it may be eliminated by by-passing Rsc with a capacitor whose 

value is such that the time constant, Rsc C, is equal to 10 x IO-G second_ 
This capacitor, as well as the output capacitors, C3 and C4, must be low 
ESR types such as solid tantalum. 

1000 
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Figure G. Current Limiting Characteristics 

POWER CONSIDERATIONS 

Although these dual regulators are designed to handle large load 
currents and high input voltages, the product of the two can easily exceed 
the maximum total device dissipation allowed by the package. The func
tionallimitation which should.be considered for each application is that for 
maximum reliability the junction temperature of the chip should not 
exceed 1700 C. This is usually derated to give a maximum design operating 
Tj of 1500C. 

To evaluate the maximum junction temperature possible in. a given 
application, the following three pararrieters must be known: 

1. The power dissipation within the chip 

2. The thermal resistance from junction to ambient (or heat sink) 

3. The ambient (or heat sink) temperature 

The power dissipation within the chip is equal to the sum of the input 
voltage times the standby current plus the input-output voltage differential 
times the load current, for each side of the regulator. For example, the 
total power dissipation for ±20V inputs, ±15V outputs, and 50 mA load 
currents is: 

Pd = 20 (2) + 20 (3) + 5 (50) + 5 (50) 
= 100 mW standby + 500 mW load current 
= 600 mW 

- The thermal resistance is the resistance to heat flow from the junction 
..--+--"-+-+r-t:::1:-'h-+ to the ultimate heat sink. For parts mounted in the open, still air, the 

Figure 5. SG 150lA Schematic Diagram 
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thermal resistance (OjA) is equal to lS50 C/watt for the To-IOO metal can 
and 1250 C/watt for the TO-116 ceramic DIP. Blowing air across the 
package, or the use of some form of heat radiator can significantly reduce 
these numbers. For example, the use of IERC's model TXBF-032-025B top 
hat radiator on the To-IOO package, reduces 8jA to 1300 C/watt, while 
their model lIC-214A-2B radiator for the TO-116 will give an 8jA of 
500C/watt for that package. Finally, a perfect heat sink reduces 8jA to 
8jC which is 500 C/watt for the To-IOO and 200 C/watt for the To-I1G. 
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With the above information, the maximum power handling capability of 
the package can be determined as follows: 

1. Calculate the maximum alloweble junction temperature rise: 

6Tj = 1500C - TA (maxi 

2. Calculate the power availability: 

Pd = 6Tj/8jA 

3. From this number, subtract the maximum standby dissipation: 

Psb = (V+ maxi (lsb+1 + (V- maxi (lsb-I 

4. The remainder can be used to determine the maximum load current 
as a function of input-output voltage differential. 

The curves of Figure 7 show these relationships for each package 
under the assumptions of 250 C ambient, and symmetrical input and 
output voltages and load currents. 

= ,ao t--+-\:t-----t---~~n:-~=E AIR 
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~ .. f--~---i-~___t"""""'" 

I »I---j---t---""""o..-f::;;;;;;;;;:::;::i 

& 10 1& .. 
IMtUT-QUl"PUT VOLTAGE DIFFERENTIAL - VOLts 

Figure 7. Maximum Current Capability 

EXTERNAL POWER TRANSISTORS 

Additional current handling capability may be provided through the 
use of external power transistors in the configuration shown in Figure S. In 
this circuit, the 75 ohm base·to-emitter resistors provide a path for the 
regulator standby current and should not be increased in value. An add~ 
tional consideration is the use of solid tantalum output capacitors as most 
common electrolytic types have too high .an equivalent series resistance, 
particularly at high frequencies. 

The power transistors are not critical and can be selected on the basis 
of current and voltage capability, and on mechanical requirements for 
practical heat sinking. Note that only pne transistor need be used if only 
one side has excessive load current. Although low-frequency devices will 
minimize the risk of oscillation, unique transistor characteristics may 
require a small capacitor (0.1 mfdl from base to ground or a larger value 
(5 mfdl from base to emitter for complete stability. 

'i'-1_.-..,---+---+--...,- "!IV 

GROUND 

co ... ... 
v .. 
Adj 

co· 
'0 

"SDlidTan!alumtyplllprdel'lWf 

Figure S. High Current Configuration, One Amp Output 

.ROUND 
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FOLDBACK CURRENT LIMITING 

With constant-current limiting as shown in FigureS, the power dissipa
tion in the pass transistors under short circuit conditions can be substantial. 
Here, the thermal limiting feature of the SG1501A can't do much good 
since it senses the I C tempereture rether than the extarnal trensistors. To 
eliminete the problem of having to heat sink a short circuit power two to 
three times normal opereting levels, the use of the SG 1502 in the circuit of 
Figure 9 should be considered. The dividers of R5" and R6 pre-bial the 
current limiting such thet when the output is shorted, the maximum 
current is substantially reduced from its normal operating level. The velues 
for R5 and R6 are most easily determined from an itterative solution of 
the equations below with the trade-off being thet a greater amount of fold
beck requires a larger voltage drop across Rsc: 

Max Load Current "" 

R5 
Sense Voltage + - VA 

R6 

Rsc 

Sense Voltage 
Short Circu it Current "" 

Rsc 

~~IVE._.,-_-,\ .. 

R' 

RZ .. 

Figure 9. Foldback Current Limiting 

VOLTAGE ADJUSTMENTS 

With both output voltage levels intarnally set for 15V, (±200 mV for 
the SG 1501/2501 and ±SOD mV for the SG35011 these devices require no 
additional resistors for many applications. It is possible, however, to 
externally vary the output voltages from ±10 to ±23V by using axternal 
resistors to shunt one or both of tha internal resistors which sat the 
negative output level. The positive output will, of course, track the negative 
value. 

»0 

",. 1 

r..... 

0 

IL.- RUIITOR FROM V. ADL PIN TO GNO.r ~ 
o ~~ES&8TOA FROM V. AI),I. PIN TO NEG. BENIl 

0 ~ ~ i 

, • • '0 12 14 1. 1. III 22 .. 
OUTPUTYOLTAGE-t VOLTS 

Figure 10. External parallel resistor required for voltages 
other than ±15V. . 

The simplest wey of changing the output levels is to use a.lingle resiitor 
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in parallel with R 11 (see figure 5) for voltages less thai115V and in parallel 
with R II! for voJtag~Hlbove 15V, The graph of Figure 10 shows the 
approximate value til use in either case. 

This method of adjusting output levels has one disadvantage, howeVer. 
[jiffusad rasistorshavti a positive'temperature coefficient and while they 
can be made to track each .other extramely well, with one .of them shunted 
this tracking bacomesdegraded. A method offering greater tempereture 
stability is the use of ;j' ilairlif resistors with Vlilues"low enough tG swamp 
out the internal divider.<BY shuntiflg R 16 with 1.211, and R 17 with a 
reSistor selected by: 

1.2 (Vo - 6.Z) 
R17"=' . kll 

6.2 

where Vo is the desired output voltage, a four·fold improvement in 
temperature performance is achieved at the expense of the additional 
divider current. Figure 11 shows that temperature variation which may be 
expected both with a single shunt resistor and with a divider drawing 
approximately five milliamps of current. Note that these temperature 
shifts are caused by changes iii chip temperature which could result from 
variations of either ambient temperature or internal power diSSipation. 
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OUTPUT VOLTAGE _:t VOLTS ' 

Figure 11. Temperature Coefficient of Output Voltage 

In the 14 pin dual·in-line package, a connection is provided to the 
junction of R21 and R22. An external resistor divider can be used here in 
the sam~ manner to either balance the two outputs so. that they are exactly 
equal in magnitude Qr to unbalance them for nlln·symmetrical output 
lavels. 

Although all of these duat" regulator types have provisions for adjust· 
ment of the output voltage lavels, .with its user·suppliedvol,age setting 
resistors, the SG 1502 is the best choice fClr applications very far from 
±15V. The. divider resistors (see .Figure 9) are selected as follows: 

Negative Vo = 

Positive Vo 

6.2 (Rl i: RZ) 

Rl 

R3 
- (Negative Vol 
R4 

One common application for positive and negative voltages is as a 
power source for the widely used lID and 1"1 IC voltage comparators. 
Since these devices are designed for +12 and -6V operation, it takes a 
circuit as shown in Figura 12 to get around the ±8V minimum output 
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limitation of these regulators. Here; the lIominal ±15V output of 1he 
SG1501 has been raducad to ±12Vby·thi!'tOkand 1.8k voltage divhter. 
Six volts are then subtracted from the neUativeoutput by the I N4735 
zener diode. Because the diode is oljtside thll- feedback loop, some minor 
variations in the -6V output may be observed due to its temperature 
coefficient or dynamic impedance. These variations have negligible effect 
on the comparators, however, as the negative voltage is used only to bias 
high impedance ~urrent sources. 

""" INPUT 

GROUND 

NEG INPUT 

Figure 12. Using the SG 1501 to pro~jde +12 and -6\1 outputs. 

Zener diodes can also be put to use in appli~ations requiring high input 
voltages. In the circuit of Figure 13. the small signal zener diodes reduce 
th.e voltage applied 'to the I C while allowing the easily heat·sinked power 
transistors to absorb the added power dissipation caused by a large input· 
output differential. . 

i'-1_~"T---+--+-_ +11V 

GROUND GROUND 

Figllre 13. Zener diodes used. to prevent high input voltages 
from appearing across the davice .. 

CONCLUSIONS 

With two complete regulators in a single I C, these new regulatoiloffer 
an impr.oved approach to power distribution. Their high degree of per· 
formance and freedom from large numlJers of lIxternal components make 
"on-card", or distributed fegulation a practical reality. By regulating at the 
point of usa, the system dasignerhas el.hninated many knotty problems 
such as lead inductance, decoupling,line. ~roll through connectors, etc. In 
addition,since each circuit card or modutecan now regulate its. own 
voltage, complete interchangeability IS . more nearly assured and the 
problems ofequipinent maintenance .are greatly .eased. 
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SIMPLIFYING CONVERTER DESIGN WITH 

A NEW INTEGRATED REGULATING PULSE WIDTH MODULATOR 

Bob Mammano 
Director, Advanced Development 

SILICON GENERAL, INC. 
Westminster, California 

Abstract 

A new monolithic integrated circuit is described which contains all the control circuitry for a regula~ing 
power supply converter or switching regulator. Included in this 16-pin dual-in-line package is the voltage 
reference, error amplifier, oscillator, pulse width modulator, pulse steering flip-flop, dual alternating 
output switches, and current limiting and shutdown circuitry. This device can be used for switching 
regulators of either polarity, transformer coupled DC to DC converters, transformer· less voltage doublers 
and polarity converters, as well as other power control applications. 

INTRODUCTION 

Implementing a switching power supply has just become signifi

cantly easier with the introduction of the SG 1524 series of 

Regulating Pulse Width Modulator integrated circuits. Long 

recognized as offering greatly improved efficiencies, the develop

ment of switching supplies has been hampered by the com

plexity of the lOW-level circuitry required to provide the proper 

signals for adequate control of the switching transistors. As a 

result, these supplies have tended to be more costly, larger in 

size, and with poorer reliability than could be justified by their 

improved efficiency. Even when threats of higher energy costs 

and potential brown-outs have made switching supplies manda

tory, their complexity has made the engineering design task a 

most formidable undertaking. 

With the introductiOn of the SG1524, a major portion of the 

complex low-level control circuitry has been integrated into a 

single LSI linear integrated circuit. This monolithic chip, 

packaged in a 16-pin dual-in-line outline, implements the entire 

block diagram shown in Figure 1. 

It is the integration of all these different functions into a single 

IC that qualifies the SG 1524 as one of the best examples to 

date of large scale integration as applied to· analog circuits. 

The remainder of this paper will describe each of the indivi

dual blocks in the following diagram in considerable detail 

and then offer a few basic application suggestions. 

+SV to all 
interMlci_itrY 

FIGURE 1 - SG1524 BLOCK DIAGRAM 

VOLTAGE REFERENCE 

The reference circuit of the SG1524 is shown in Figure 2. 

This is a complete linear regulator designed to provide a constant 

5 volt output with input voltage variations of. 8 to 40 volts .. 

It is internally compensated and short circuit protected. It is 

used both .to generate a reference voltage and as.the regulated 

source for all the internal timing and controlling circuitry. This 

regulator may be byp~ for operation from a fixed 5 \/olt 
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source by connecting pins 15 and 16 together to the input 

voltage. In this configuration, the maximum input voltage is 6 

volts. While discussing input power, it should be mentioned 

that the entire SG 1524 Ie draws less than 10mA of current, 

regardless of input voltage: 

r--..,....---1-~--1r-------r-{15 
+VIN 

FIGURE 2 - SG1524 REFERENCE CIRCUIT 

This reference regulator may be used as a 5 volt source for other 

circuitry. It will provide up to 50 mA of output current itSelf 

and can easily be expanded to higher currents with an external 

PNP transistor as shown in Figure 3. 

--, 
I 
I 

. ~ LOAD CURRENTS '$ TOONEAMP 

I L-----__________ 4-~ ______ ~-~ 

FIGURE 3 - SG1524 EXPANDED CURRENT SOURCE 

OSCILLATOR 

The oscillator in the SG 1524 uses an external resistor (RT) to 

establish a constant charging current into an external capacitor 

(CT). This constant-cur..,nt charging gives a linear ramp voltage 

which provides an overall linear relationship between error 

voltage and putp'ut pulse width. The SG1524 oscillator circuits 

is shown in Figure 4. 

1VCDIIMItATOIl .IAltNO 

FIGURE 4 - SG1524 OSCILLATOR CIRCUIT 

A second output from the oscillator is a narrow clock pulse' 

which occurs each time CT is discharged. This output pulse 

is used for several functions as out! tOed below: 

(1) As a blanking pulse to both outputs to insure that then. 

is no possibility of having both outputs on simulta

neously during transitions. The width of this blanking 

pulse can be controlled to some extent by the value 

selected for CT. 

(2) As a trigger for an internal flip-flop which directs the 

PWMsignal to alternate between the two outputs. Note 

that for single-ended applications, the two outputs can 

be connected in parallel and the frequency of the output 

is the frequency of the oscillator. For push-pull applica

tions, the outputs are separated and the action of the 

flip-flpp provides an ~utput frequency % that of the 

oscillator. 

(3) As a convenient place to synchronize an oscilloscope for 

system de-bugging and maintenance. 

(4) As a bi-direetional port for external timing synchroniza

tion.The output pulse from this o!lcillator - which is 

stable to within 2% over variatioos in both input voltage 

and temperature - can be used as a master. clock for 

other circuitry, including other SG 1524's. It thus follows 

that a positive pulse applied to this terminal can syn

. chronize the SG1524 to an external clock signal. 

The waveforms of the two outputs frem ·the oscillator are 

shown in Figure 5. 
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FIGURE 5 - SG1524 OSCILLATOR WAVEFORMS 

ERROR AMPLIFIER 

The error amplifier circuit, shown in Figure 6, is a simple dif

ferential input, transconductance amplifier. Both inputs and the 

TO COMPARATOR ANO 
SHUTDOWN CIRCUITS 

FIGURE 6 - SG1524 ERROR AMPLIFIER SCHEMATIC 

output are available for maximum versatility. The gain of th is 

amplifier is nominally 10,000 (80 dB) but can be easily reduced 

by either feedback or by shunting the output to ground with an 

extemal resistor. The overall frequency response of this ampli

fier which, by the way, is not intemally compensated but yet 

is stable with unity gain feedback, is plotted with various values 

of external load resistance in Figure 7. 
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FIGURE 7 -SG1524 

ERROR AMP FREQUENCY RESPONSE 

Phase shifting to compensate for an output filter pole may 

readily be accomplished with an external series R-C combina

tion at the output terminal of the amplifier. 

Since the error amplifier is powered by the 5-volt reference 

voltage, the acceptable common-mode input voltage range is 

restricted to 1.8 to 3.4 volts. This means the reference must be 

divided down to be compatible with the amplifier input, but yet 

provides the advantage of being able to be used to regulate 

negative output voltages. Required input dividers are shown 

in Figure 8. 

R. 
POSITIVE 

VII.' 0,"""", VII." 

5. R, 

5' R, 
R, NEGATIVE 

G"'. GNO OUTPUTS 

FIGURE 8 - ERROR AMPLIFIER CONNECTIONS 

Since this amplifier is a transconductance design, the output is a 

very high impedance (approximately 5 Mn) and can source or 

sink only 200 microamps. This makes the output terminal 

(Pin 9) a very convenient place to insert any programming 

signal which is to override the error amplifier. Internal shut

down and current limit circuits are connected here, but any 

other circuit which can sink 200 p.A can pull this point to 

ground, thereby shutting off both outputs. 

For example, the soft start circuit of Figure 9 can be used to 

hold Pin 9 to ground - and thus both outputs off- when power 

is first applied. As the capacitor charges, the output pulse slowly 

increases from zero to the point where the feedback loop takes 

control. The diode then isolates this turn-on circuit from 

whatever frequency stabilizing network might also be con

nected to Pin 9. 

FIGURE 9 - SG1524 SOFT START CIRCUITRY 
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CURRENT LIMITING 

The current limiting circuit, while shown in the block diagram 

as an op amp, is really only a single transistor amplifier as 

shown in Figure 10. It is frequency compensa1ed and has a 

second transistor tci' provide temperature compensation and a 

reduction of input threshold to 200 mV. When this threshold 

FIGURE 10 - SG1524 CURRENT LIMITING 

is exceeded, the amplifying transistor 1IIms 011 and, by pulling 

the output of the error amplifier toward grour.d, linearly de

creases the output pulse width. One consideration in using this 

circuit is that the sense terminals have a ± 1 volt common mode 

range which requires sensing in. the ground line. However, since 

differential inputs are available, foldback current limiting can 

be implemented as shown in Figure ". 

- 5i}---...J 
CURRENT LIMIT 

SENSE 

+ 

A, 

. , .. 
+ 

+ 4r---------' 
FIGURE 11 - FOLDBACK CURRENT LIMITING 

While orr the subiect of protection Circuitry, althou!tl over· 

voltage protection is not built into the SG1524, it is relatively 

easy to add by using the internal shutdown circuit in conjunc· 

tion with a few external components as shown in Figure 12. 

.FIGURE 12.,.. SG1524 OVER VOLTAGE PROTECTION 

This circuit will provide a low level senSing and latching func· 

tion and while 'ft won't protect sjtlnSt ashortad output transis

tor, .it will remove the drive Si",alswithl!opower dissipation. 

OUTPUT STAGES 

The outputs of the SG 1524 are two idel!tical NPN transistors 

with both collectors and emitters uncommitted. Th_ circuits 

areas shown in Figure 13 and include an !lntisaturation net· 

work for fast response and current limiting set for a maximum 

output current of !!pproximately 100 mAo 

FI' 

CLOCK -t--I:::" 

FIGURE 13 - SG1524 OUTPUT STAGE 

The availability of both collectors and emitters allows maxi· 

mum versatility to enable driving either NPN or PNP external 

transistors; however, it must be remembered that this is only a 

switch which closes and opens. Power transistor 1IIrn-off drive 

must be developed externally. Some suggestions for output 

drive circuits are shown in Figure 14 . 

~ 

FIGURE 14 - DRIVING EXTERNAL TRANSISTORS 

APPLICATIONS 

In conSidering !!pplications for the SG1524, it appears that 

there are three general classifications of switching power supply 
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systems. Included in the first are the transformerless voltage 

multiplier circuits shown in Figure 15. These circuits are pri· 

marily used for low level applications but can step up, step 

--<~-:.rl 

.v,.~1 .. ~III----4-~ .vo 

i I V,.<Vo 

FIGURE 15 - CAPACITOR/DIODE OUTPUT CIRCUITS 

down, or change the polarity of an input voltage. The switches 

shown can be either the output stages of the SG1524 or external 

transistors. Note that one extra diode is required to protect the 

emitter·base junction of switch SA during the times when both 

switches are open. 

. For higher current applications, the single-ended inductor cir· 

cuits of Figure 16 represent another cI8S!lificatio·n. Here the two 

.V,. -q""""""o>-I~_-'rrrn 
SA. 1 

• V,. --JYYY"\'--r --I~I 
s ..... ~ 

7 
.V,. -<.o-.,...I-----l<'~I----

FIGURE 16 - SINGLE·ENDED INDUCTOR CIRCUITS 

outputs of the SG1524 are connected in parallel, but note that 

this does not give twice the current as the switches are alter· 

nating internally. This does not affect external performance, 

however, and the SG1524 can be used to provide 0-90% duty 

cycle modulation in any of the configurations shown. 

The third general classification of power supply systems are trans

former coupled, two types of which are shown in Figure 17. 
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FIGURE 17 - TRANSFORMER COUPLED CIRCUITS 

The push-pull circuit rapresents the conventional DC to DC 

converter with each switch being controlled for 0 . 45% duty 

cycle modulation. The second transformer circuit is a single

ended flyback converter, useful at light loads without a separate 

output inductor. 

To illustrate the use of the SG1524 in each of the above general 

classifications, the following simple, but p,ractical, circuits 

are presented: 

Figure 18 shows the use of the SG 1524 as a low current polar

ity converter providing a regulated -5 volt output at currents 

up to 20 mA from a single positive input voltage. The external 
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FIGURE 18 - LOW CURRENT POLARITY CONVERTER 

components requirad include the divider resistors to interface 

the reference and output voltages with the ertor amplifier, 

a resistor/capacitor. to set the operating frequency, and the out

put diodes and capacitors. The combination of ihe built-in 

current limiting of the SG 1524 output stages and the capacitor 



coupling of the output signal provide full protection against 

short circuits and the current limit amplifier is unused. Since 

this circuit has no inductor, the output capacitor is more than 

enough to stabilize the-regulating loop and no additional com· 

pensation is required. 

Another low-level circuit is the fly back converter shown in 

Figure.19. 
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CORE: FEROX CUBE 
22139' - A260 _ 387 

FIGURE 19 - +5 TO ±15 VOLT, FLYBACK CONVERTER 
,. 

This circuit is designed to develop a regulated ± 15 volt supply 

from a single +5 volt source. Note that the' reference terminal 

is tied to the input, disabling the internal regulator. The error 

amplifier resistors are also tied to the input line so the output 

regulation can be no better than the input; however, an extemal 

reference could just as easily have been used. 

In this application, the two output stages are connected in 

parallel and used as emitter followers to drive a single extemal 

transistor. Since the currents in the secondary of a flyback 

transformer are out of phase with the primary current, current 

limiting is very difficult to achieve. In this circuit, protecti~n 

was provided through the use of a soft-start circuit. If either 

output is shorted, the transformer will saturate, providing 

more current through the drive transistor. This current is sensed 

and used to turn on the 2N2222 which resets the soft-start 

circuit and turns off the drive signal. If the short remains, the 

regulator will repetitively try to start up and reset with a time 

constant set by the soft-start circuit. Removing the short will 

then allow the regulating loop to re-establish control. 

For higher current applications, the single-ended conventional 

switching regulator of Figure 20 is shown. 
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FIGURE 20 -1 AMP,SINGLE-ENDED 

SWITCHING REGULATOR 

In this case, an external PNP darlington is used to provide a 

1-amp current switch. The SG1524 has the two outputs in 

parallel, connected as a grounded emitter amplifier. The current 

sense resistor is inserted in the ground line and the voltage 

across it used for constant current limiting. Note that in addi

tion to the divider resistors and frequency setting RTCT, a 

phase compensation resistor and capacitor is used to stabilize 

the loop now that an inductor has been added. 

Afourth application would have to be a push-pull, DC to D·C 

regulating converter as shown in Figure 21. 

'm" 

RETUR.::.N .... ____ --+ __ ..... ___ --''-4-_____ --' 

FIGURE.21 - 5V, 25W, DC TO DC CONVERTER 

Here the outputs of the SG 1524 are connected as separate 

emitter followers driving extemal transistors. Current limiting 

in th is appl ication is done in the primary for several reasons: 

First, it's easier to live within the ± 1 volt common mode limits 

of the current limit amplifier; second, since this is a·step-down 

application, the current - and therefore the power in the 

sense resistor - is lower; and third, if the output drive were to 



become non-symmetrical cal,sing the transformer to approach 

saturation, the resultant current spikes will shorten the pulse 

width on a pulse-by-pulse basis, providing a first order correc

tion. Note that the oscillator is set to run at 40 kHz to obtain a 

20 kHz signal at the transformer. 

This application as shown does not provide input-output 

isolation and, of course, that feature is difficult to achieve 

within a single IC. There are a couple of ways the SG1524 can 

be used with isolated power supply systems, however. The first 

is shown in Figure 22 where the SG 1524 is direct coupled 

\ 

FIGURE 22 - INPUT/OUTPUT ISOLATION 

on the secondary side of the output transformer. The outputs 

from the IC are transformer-coupled back to the primary side 

to drive the switching transistors. Of course, a separate start-up 

power source is needed for the SG1524 but that shouldn't 

present much of a problem remembering that the IC draws less 

than 10 mA of supply current. 

A different method of providing isolation is shown in Figure 23 

where the IC is direct coupled on the primary side. Here a 

FIGURE 23 -INPUT/OUTPUT ISOLATION 

DC 
Output 
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separate reference and error amplifier (most easily implemented 

with a SG723 regulator IC) is connected on the secondary and 

then optically coupled back to the primary side. 

As should be evident from the above, the SG1524 was designed 

as the first of what will undoubtedly become a larger family of 

regulator ICs specifically designed for switching power supplies. 

As such, versatility was the primary design goal of this device 

and hopefully this goal has been achieved to the degree that 

will allow the SG 1524 to find application to a wide range of 

power control systems. 



Application Notes-SG1524 

DEADBAND CONTROL WITH THE SG1524 REGULATING 

PUU;E WIDTH MODULATOR CIRCUIT 

The SG1524 RegulatingP.W.M. integrat~d circuit provides two outputs which alternatei., turning on for push
pull inverter applications. The internal .oscillator sends a momentary blanking pulse to both. outputs at the end of 
each period to provide a deadband so that there cannot be a condition when both outputs are on at the same 
time. The amount of deadband is determined by the width of the blanking pulse appearing on pin 3 and can be 
controlled by four techniques: 

1. For 0.2 to 1.0 microseconds, the deadband is 
. controlled by the timing capacitor, CT, on pin 7. The 
relationship between CT and dead band is shown in 
Figure 3 on the SG1524 data sheet. Of course, since 
CT also helps determine the operating frequency, the 
range of control is somewhat limited. 

2. For 0.5 to 3.0 microseconds, the blanking pulse 
may be extended by adding a small capacitor from 
pin 3 to ground. The value of the capacitor must be 
less than 1000 pf or triggering will become unreliable. 

3. For longer and more well-controlled blanking 
pulses, a simple one-shot latch similar to the circuit 
shown below should be used: 

10k 

10k 

TRANSISTORS - Small-signal general purpose types. 
For 5ILsec width, Cs = 200 pf, Rs = 10k 

When this circuit is triggered by the oscillat9r output 
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pulse, it will latch fora period determined by Cil Rs 
providing a well-defined deadband . 

Another use for this circuit is as a buffer when several 
other circuits are to be synchronized to one master 
oscillator. This one-shot latch will ptovid.!l an adequate 
signal to insure that all the slave circuits aTe com
pletely reset before allowing the next timing period 
to begin. 

Note that with this circuit; the blanking pulse holds 
off the oscillator so its width must be subtracted 
from the overall period .when sel~tjngRT and CT' 

4. Another way of providing greaterdeadband is just 
to limit the maximumplilse width. fhis can be done 
by using a clamp to limit the output voltage front the 
error amplifier. A simple way of achieving this clamp 
is with the circuit below: 

VREF 16 )---';"""'---1 

IN916 

comp.~ 5k 

This circuit will limit the error amplifier's voltage 
range since its current source output will only supply 
2001LA. Additionally, this circuit will not affect 
the operating frequency. 
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IMPROVING SWITCHING REGULATOR DYNAMIC RESPONSE 

Bob Mammano 
Director, Advanced Development 

Silicon General, Inc. 
Westminster, California 

ABSTRACT 

Recent introductions of LSI integrated circuits for P.W.M. control have offered considerable simpli· 
fication to the job of optimizing the design of switching regulators. In addition to greatly reducing 
the necessary circuitry, the linear transfer function of these devices eases the task of stabilizing the feed· 
back loop and offers several possibilities for improved response. Experimental methods for evaluating 
the response characteristics of the P.W.M. switching and output stages can be used to confirm simpli· 
fying assumptions of linear operation. With this data, several approaches to equalization networks can 
be compared for performance optimization. 

The past few years have seen a major revolution take place in 

the field of power supply design. Whether forced upon us by 

the need for energy conservation or finally mac!e practical thru 

recent advances in semiconductor technology, switching regula· 

tors are now the name of the game in voltage control. Novices 

soon learn, however, that the implementation of a well

designed switching supply involves a little more skill than that 

required for a linear regulator. 

Although the theory of switching regulation has long been 

known, there is much practical technology- or art - in design' 

ing efficient and reliable systems. This is still true even though 

recently introduced semiconductor devices have made the job 

at least a little easier. I t is the purpose of this discussion to 

cover a few of the practical aspects of implementing and stabi· 

lizing switching regulators using these newer devices. 

INTEGRATED P.W.M. CONTROL CIRCUITS 

Recognizing a rapidly growing market, many component 

suppliers have introduced new devices designed specifically for 

switching regulator applications. These include faster power 

transistors with improved S.O.A., low E.S.R. electrolytic capa· 

citors, hybrid power devices which include a matched commuta· 

ting diode, (1) and monolithic IC control devices such as the 

SG1524(2) which contain all of the P.W.M. control circuitry in 

a single 16-pin, dual-in-line package. 
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Figure 1 .. SG 1524 Block Diagram 

From the block diagram shown in Figure 1, it can be seen that 

the SG 1524 contains the elements necessary to implement 

either single-ended switching regulators or DC to DC converters 

of several different configurations. This device includes a volt· 

age reference, error amplifier, constant frequency oscillator, 

pulse width modulator, pulse steering logic, dual alternating 

output switches, and current limiting and shutdown circuitry. 

Since many of the different types of applications>f9f this IC 

have been discussed earlier(2) it should suffice to review only 

two of the more common usages as shown in Figures 2 and 3. 

The single-ended regulator of Figure 2 is unique because of its 

Simplicity. This circuit combines an S<31524 with a Unitrode 

PIC-625 to build a 5 volt, 5 amp regulator with all the semi· 



conductor devices contarnedin only two packages. This circuit 

has an efficiency of over 70% with· an input voltage range of 

20 to 30 volts, 0.1 % line and load regulation, and some added 

benefits of constant frequency operation and short circuit 

protection. 

RETURN 

Figure. 2. SG1524 Single-Ended Switching Regulator 

Figure 3 shows the same 5-volt, 5 amp output requirement met 

this time with a DC to DC converter. The use of high speed 

transistors and Shottky rectifiers keep the efficiency more than 

80% - significant for a low-voltage output - while maintaining 

all the other benefits included in the single-ended circuit. 

Figure 3. SG1524 Regulating DC-DC Converter 

It' should be recognized that the above circuits represent very 

basic applications of an IC control chip. Most practical power 

supply systems would probably incorporate many other fea· 

tures which may be accomplished by interfacing these IC's with 

a small amount of external circuitry to add characteristics such 

as: soft-start, oscillator synchronization, dead-band controls, 

additional current and/or voltage step-up stages, input-output 

isolation, remote overvoltage or overload shutdown, and 

response modifying circuitry. It is this latter subject we wish to 

explore more fully below. 

SWITCHING REGULATOR CONTROL 

The basic switching regulator control loop which applies to the 

most common forms of implementation is illustrated in Fig· 

ure 4. In analyzing this control loop stability, the obvious 

immediate problem is the transfer function of the P.W.M. and 

output stage. A detailed and accurate analysis ofthe nonlinear 

characteristics of this stage is an extremely difficult and com

plex task if one is to account for all the parameters which could 

. possibly be a factor.l 3.4,5) On the other hand, if this stage 

could be assumed to have a linear transfer function, analysis 

becomes a relatively simple application of basic feedback theory. 
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Figure 4. Basic Regulating Control Loop 

A significance of the SG 1524 is that it uses a design approach 

which makes a linear assumption accurate enough for most 

applications. The fact that this device features constant fre

quency operation, a linear-slope ramp for P.W.M., and fast

response logic and output circ~try all contribute to minimiz

ing the errors associated with a linear assumption. Of course, 

there are factors external to the IC which could destroy this 

assumption. Such things as excessive delay in the switching 

transistors, parasitic ringing or oscillation in the power stages, 

or nonlinear operation of the magnetics could all cause a result

ant nonlinear performance. A first exercise for the designer, 

then, is to confirm linear operation of the P.W.M. and output 

stages of his regulator by evaluating his early breadboard models. 

OUTPUT STAGE ANALYSIS 

The pulse width modulation is accomplished in the SG 1524 by 

comparing the output of the error amplifier with a linear ramp, 

or saw--tooth signal from the oscillator. Because the compara

tor has both high gain and high input impedance, and the error 

amplifier has a high output impedance, .this node (pin-g) 

becomes a very convenient place for inserting a test signal. A 

voltage source applied as shown in Figure 5 will completely 

override the error amplifier and essentially open the loop with

out actually breaking any connections. In addition, the test 

. signal is easily managed because the voltage gain from this point 



to the output is relatively low. (A voltage level on pin g of 

from 1 to 4 volts will change the pulse width fro"lzero to maxi

mum which will yield zero to maximum output voltage.) 
v .. 

Figure 5_ Measuring Output Stage Transfer Function 

In experimentally attempting to confirm satisfactory operation 

of the o'utput stages, the 'designer hopes to prove that a linear 

equivalent circuit model is valid for reasonable analysis. One 

such model as proposed by Middlebrook(S) is shown in Figure 6. 

This model describes the overall AC and DC transfer function 

and input and output impedances in terms of the duty cycle 

and modulation constant. This model assumes that the effects 

of operating frequency, switching delays, and parasitic elements 

are well above the frequencies of interest as defined by the 

output LC filter. 

~Q]L C Vo 'R' 
1:0 . 

'-----~ 
Yw. • Input voltage to convener 

Nc • ConlrQ1vo11ag1input 

km • P.W.M.constll'lt 

Figure 6. Linear Equivalent Circuit 

Values for the inductor and capacitor are normally calculated 

on the basis of output ripple current and voltage as follows: 

and 

where: 

For constant frequency operation, 

L 

C 

VO(VIN - Vol 

VIN f(<1I L) 

VO(VIN - Vol 

8Lf2VIN (<1 VO) 

VIN = peak input voltage to the inductor 

Vo = output voltage across the capacitor 

f = switching frequency 
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.<1IL peak-to-peak current variation in the inductor 

AVO peak-to-peak ripple voltage across the capacitor. 

Note that the actual ripple voltage at the output of the filter 

will be <1 Vo, plus AIL times the capacitor E.S.R. 

Regardless of the requirements for minimizing the output 

ripple, an additional requirement on the filter is that· its cutoff 

frequency be well below the switching frequency if our original 

goal of simple linear analysis is to be met. Specifically, the 

switching operation introduces a second order lag at one-half 

the switching frequency and for the output filter to dominate, 

its cutoff sh&uld be at least an order of magnitude below that 

number, or 
1 f 

---.;;-
2" v'LC 20 

To verify the performance of the resultant hardware, a 80de 

plot of the output stage response can be most meaningful. 

Ideally, a plot as shown in Figure 7 should show a flat response 

to the filter cutoff and then a linear 12 dB/octave rolloff with a 

VOJAGEt,IN , 

'" , ~ 
L-2ODlih 

~ 
C .. 1000'!' 

, - ~-
I' 
~ 

, 
~ 

~ \ 
~ 1\ , ........ ,...- .1' 

r--~ -zoo 

-,,. 

" '00 ,. ". FREQUENCY - HERTZ 

Figure 7. Linear Output Stage Response 

180" phase shift. By making these plots with varying input 

voltage and load current, f.actors affecting stability such as leak

age inductance, capacitor E.S.R., and either saturation or dis

continuous operation of the magnetics may be evaluated over 

the operating conditions of interest. Figure 8 shows typical 

plots with less than ideal component parameters. With the char

acteristics of the output stage defined, attention can be turned 

to the error amplifier to develop an equalizing network which 

will allow satisfactory closing of the loop. 

ERROR AMPLIFIER COMPENSATION 

The error amplifier contained within the SG 1524 is a transcon

ductance amplifier in that it has a high-impedaRce, current 

source output_ The gain is a func;tion of the output loading and 



can be reduced from a nominal 80 dB by shunt resistance as 

shown in Figure 9. Note also in Figure 9 tllat the uncompen· 
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Figure 8. Measured Output Stage Response 
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Figure 9. Open-Loop Error Amplifier Response 

sated amplifier has a single pole at 300 Hz and 900 of phase 

shift. The unity gain cross-over frequency is 3 MHz and the 

large scale slew rate is 0.5 volt per microsecond. 

This type of amplifier can be compensated in two ways: The 

compensation network can go from the output to ground or it 

can be connected from output back to the inverting input. (7) In 

the first case, the voltage gain is: 

81 Zc 
Av = gmZc = ~ '" 0.OO2Zc 

2kT 

where Zc is the complex compensation network impedance. If 

a feedback approach is used, the gain is: 

Z 
A =-£ 

v Zs 
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where Zs is the source impedance driving the input. In cases 

where relatively low impedances are desired in a feedback net

work, it may be necessary to buffer the high output impedance 

of the error amplifier. Figure lOc shows the use of an external 

emitter follower to provide a low driving impedance for the 

feedback network. 

I.' '" 

Figure 10. Error Amplifier Compensation Networks 

To stabilize the overall regulator feedback loop of Figure 4, it 

should be apparent that the uncompensated loop contains at 

least two poles in the output filter and one more in the error 

amplifier, a situation which typically results in significant gain 

remaining when the total loop phase equals 3600 . One of the 

simplest compensation schemes is to convert the error amplifier 

to an integrator by adding a single dominate pole at a frequency 

so low that the loop gain falls below unity well before the cut· 

off frequency of the output filter. While this approach yields 

a. stable closed loop gain as shown in Figure 11, the response to 
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. .J 
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\ L • 2OO"F 
C • l000"F 
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Figure 11. Closed Loop Frequency Response 

.disturbances is very slow. For example, the waveforms of 

Figure 12 show the response to a 20%, or one amp, step change 

in load to the circuit of Figure 3 when compensated with a 

0.2 mfd capacitor around the error lImplifier. 



If instead of slowing down the error amplifier, a zero, or lead 

network is added to cancel one of the output filter poles, we 

can keep the total loop phase less than 3600 to well beyond the 

output filter cutoff. 

STIMULUS: ONE AMP STEP CHANGE IN 10 
UPPER TRACE: ERROR AMP OUTPUT, 500 mVlOlV 
LOWER TRACE: REGULATOR OUTPUT.2OD mV/DIV 
TIME BASE: 5 MILLISECONDS/DIV 

Figure 12. Integrator Compensation Step Response 

Figure 13 shows a circuit for accomplishing this by moving the 

amplifier pole lower in frequency and adding a zero at the out· 

put filter cutoff frequency. Figure 14 shows the effects of this 

network on the Bode plot of the error amplifier, and Figure 15 

indicates the improvement in recovery from the same one-amp 

load change. Note how the output of the error amplifier over

shoots to give a boost to the output. 

Figure 13_ Series RC Phase Compensation 

~r--------------------------------. 
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Figure 14, PhaSe Compensated Bode Plot 

Even faster response can be achieved by providing additional 

lead networks. For example, another zero may be added by 

bypassing the sense feedback resistor. As can be seen in Fig

ure 16, this greatly improves loop response but offers the haz

ard of coupling ripple noise directly into the error amplifier. 

RC .. 30 Kn, Cc .. ,022 mfd 

STIMULUS: ONE AMP STEP CHANGE IN 10 
UPPER TRACE: ERROR AMP OUTPUT. 500 mV/DIV 
LOWER TRACE: REGULATOR OUTPUT, 100 mV/DIV 
TIME BASE: 5 MILLISECONDS/DIV 

Figure 15, Phase Compensated Step Response 

5< 

STIMULUS: ONE AMP STEP CHANGE IN 10 
UPPER TRACE: 'ERROR AMP OUTPUT, 500 mV/DIV 
LOWER TRACE: REGULATOR OUTPUT, SOmV/DIV 
TIME BASE: 2 MILLISECONDS/DiV 

TO P.W.M. 

Figure 16, Double Zero Compensated Step Response 

TWO LOOP CONTROL 

From the examples presented above, it should be apparent that 

the integration method of error amplifier compensation pro

vides good stability by making the dominate pole so low in fre

quency that variations in all other circuit parameters become 

inconsequential. This technique also provides high accurac~ at 

DC where high gain can be used and is the type of feedback one 

would want ,to take directly fr,om the output of a regulator 

since a user might add additional external capacitance, thereby 
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changing the output filter characteristics. Another reason for 

using single-pole compensation is to accommodate the use of a 

two-stage output filter which can add phase shifts well beyond 

1800 . 

. The problem of poor response can then be accommodated by 

adding a differentiated signal taken from somewhere else in the 

loop. If the time constants and gain factors are properly 

selected, the differentiated signal can compensate for the error 

in the integrated signal taken from the regulated output. 

While it may be possible to combine these two signals with 

passive signal conditioning at the input to the error amplifier, a 

more straightforward approach is with two separate op amps as 

shown in Figure 17. Here the error arnplifier in the SG 1524 has 

0.01 

Vp,_-.N·KM_ ..... -i 

VREF----t-<t---t 

TOP.W.M. 

1K .47 
VAC~ 

Figure 17. Two-Loop Signal Conditioning 

been connected as a unity gain summing amplifier and two op 

amps from an SG124 quad IC are used as gain stages for signal 

conditioning. Since these are single-supply op amps, they are 

powered directly from the 5~volt reference voltage supplied by 

the SG1524. 

Amplifier A 1 provides the DC gain and gets its signal directly 

from the output of the regulator. There are several possibilities, 

however, for providing the differentiated correction signal 

through A2. If rapid resppnse to changes in input voltage is 

required, A2's input may be taken through a resistive divider 

directly to the input line.iB) This is, of course, not a feedback 

sigRal but the feed forward of an open loop, short-duration cor

rection signal. The Waveforms of ~ igu re 18 show the improve

ment which this feed-forward signal can offer. 

If load transients are the problem, A2's input might be con

nected to a point where output current could be sensed. This 

would best be accomplished by using a current transformer in 

series with the output capacitor although the voltage across the 

capacitor E.S.R_ might also serve as a sense point. In either case, 

a low~pass filter with a cuttoff frequency of approximately 1/4 
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UPPER TRACE: INPUT VOLTAGE STEP. CHA,NGE. 5V/DIV 
MIDDLE TRACE: OUTPUT' WITH DC FEEDBACK ONLY. 100 mV/DIV 
LOWER TRAC£: OUTPUT WITH AC FEED'FORWARD ALSO. 100 mV/DIV 
TIME BASE: 2 MILLISECONDS/DIV 

Figure 18. Feed Forward Compensation 

the switching frequency is necessary to remove the ripple volt

age before attempting a differentiation. A third possible signal 

input is to put a secondary winding on the output filter induc

tor. This gives an AC signal proportional to V1N - Va and will 

therefore respond to disturbances at either input or output. 

SUMMARY 

Although integrated circuit controllers for switching .supplies 

have removed much of the circuit complexity from this type of 

regulator, the dynamic analysis of th~ control loop must still 

be optimized for each application. This optimization is made 

easier, however, if a linear approximation of the switching 

stages can be shown to be valid. The SG 1524 controller offers 

benefits in th is regard as it does provide a I inear transfer func

tion through its pulse width modulation scheme. Therefore, 

experimental techniques can be used to simply confirm proper 

operation of the power switches and output filter. 

With a linear output stage, conventional feedback analysis can 

be used to define the best equal izing network achieving a com· 

promise between stability and fast response. In some cases it 

may even be desirable to provide separate signal paths for 

these two parameters but thus, too, can be adapted to the 

SG1524 controller with a minimum of external circuitry. 

Obviously, no recipes for optimum performance have been pro

vided herein. Only a few directions which, it is hoped, will 

point the way toward the development of specific solutions for 

specific applications. 
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Package Outlines 

SILICON GENERAL PACKAGE RATINGS 

Package Thermal Resistance (OC!WJ Power 
Type II JC IIJA Dissipation 

Typ. Max. Typ. Max. (mW) 

K (TO-3) 3.0 5.5 35 45 4300 
P (TO-220) 3.0 5.0 60 65 2000 
R (TO-66) 5.0 6.0 40 50 3000 
T (TO-39) 15 25 120 lS5 1000 

T (TO-99) 25 40 150 190 6S0 
T (TO-96) 25 40 130 165 SOO 

T (TO-l00) 25 " 40 150 190 6S0 
T (TO-l01) 25 40 150 190 6S0 
J (16-pin) 45 60 SO 110 1000 
J (14-pin) 45 60 SO 110 1000 
Y (S-pin) 50 60 125 150 SOO 
N (16-pin) 50 60 130 150 600 
N (14-pin) 50 60 130 150 600 
M (S-pin) 50 60 160 190 400 
F (10-pin) 40 60 170 190 500 
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POWER PACKAGES 
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6126 Westline Phoenix, Arizona 85009 TWX: 910-335-1570 
Diplomat Electronics Houston, Texas 77036 (602) 269-6201 

Diplomat/Naw England, Inc. 303 Crossways Park Drive (713) 789-9320 COLORADO 
Kuniholm Drive Woodbury. New York 11797 

R. V. Weatherford 
Holliston, Massachusetts 01746 (516) 921-9373 

R. V. Woothorford 3355 W. Earll Drive R. V. Weatharford 
(617) 429-4120 TLX: 14-4678 

10836 GriHOm Lane Phoenix. Arizona 85017 3905 S. Mariposa 
Dallal. Texas 75229 (602) 272-7144 Englewood, Colorado 80110 

Summit Electronics (214) 243-1571 TWX: 910-951-0636 (303) 761-5432 Gerber Electronics 
TWX: 9100833-0173 852 Providence Highway 916 Main Street TWX:. 9100860-5544 

Dedham, Massachusetts 02626 Buffalo, New York 14202 
CALIFORNIA (Northern) 

CONNECTICUT (6171 329-2400 (716) 884-3450 R. V. Weatherford 
TWX: 710-394-0634 TWX: 710-522-1692 3500 W. T.e. Jester 81vd. Diplomat West J. V. Electronics Houston., Texas 77018 1118 Elko Drive 690 Main Street 
Green-5h1W Company Summit Electronics (713) 688-74OE Sunnyvale, California 94086 East Haven, Connecticut 06152) 292 Commerce Drive TWX: 9100861-6222 (408) 734-1900 (203) 469-2321 70 Bridge Street 

Rochester, New York 14623 Newton, Massachusetts 02195 (716) 334-8110 UTAH (617) 96908900 In18rmark Electronics FLORIDA TLX: 92-2498 
Diplomat/Alta 1020 Stewart Drive Zeus Components Inc. 

Sunnyvale, California 94086 Diplomat/Southland 
500 Executive Blvd. 3007 South West Temple 

(408) 738-1111 2120 Calumet Street 
MICHIGAN Elmsford, New York 10523 Salt Lake City, Utah 84115 

Clearwater, Florida 33515 (914) 592-4120 (801) 486-7227 
P. H. Components (813) 443-4514 Diplomat/Northland TWX: 710-567-1248 

32708 W. 8 Mila Road 2255 Martin Avenue, Suite E 
Powell Electronics Farmington, Michigan 48024 WASHINGTON Santa Clara, California 96050 
1744 N. W. 69th Avenue (313) 477-3200 OHIO (408) 24408424 
Miami Springs, Florida 33166 

Sheridan Sales R. V. Weatherford TWX: 910-338-0587 
541 Industry Drive (305) 592-3260 Sheridan Sales 23224 Commerce Park Road 
Seattle, Washington 98188 TWX: 810084808040 P. O. 80x 529 Beachwood, Ohio 44122 Wastern Mic:rotachnology 

Farmington, Michigan 48024 (216) 831-0130 (206) 243-6340 977 Benicia Ave. 
ILLINOIS (313) 477-3600 TWX: 910-444-2270 Sunnyvale. California 94086 
R. M. Electronics Sheridan Sales WISCONSIN (408) 737-1660 
47 Chestnut Lane P. o. Box 37826 
Westmont, Illinois 60599 MINNESDTA Cincinnati, Ohio 45222 Marsh Elec:tronics CALIFORNIA (Southern) (312) 32308670 (513) 761-5432 1536 So. 101 st Street 

Diplomat/Electro-Com Milwaukee, Wisconsin 53214 Inter mark Electronics Diplomat/Lakeland 3816 Chandler Drive Sheridan Sales (414) 475-6000 1082 E. Carnegie 2451 Brickvale Drive Minneapolis, Minnesota 55421 2501 Neff Ave!nue TWX, 910-262-3322 Santa Ana, California 92705 Elk Grove Village, IllinoiS 60007 (612) 78B08601 Dayton, Ohio 45414 (714) 540-1322 (312) 595-1000 (513) 223-3332 
Industrill Components CANADA Intermark Electronics Newark Electronics 
5280 WeS1 74th Street 4040 Sorrento Valley Road 500 N. Pulski Road 
Edina, Minnesota 55435 

OREGON 
Future Electronics Corp. San Diego, California 92121 Chicago. Illinois 60624 (612) 831-2666 Parrott Electronics, Inc. 44 Fasken Drive, Unit 24 (714) 279-5200 (312) 638-4411 

TWX: 910-576-3153 7910S.W. Cirrus Drive Rexdale. Ontario TWX: 910-221-0268 
Beaverton, Oregon 97005 (416) 677-7820 Samicomp 

3185 Airway Avenue "A" INDIANA MISSOURI (503) 641-3355 Future Electronics Corp 
Costa Mesa. California 92626 TWX: 910-467-8720 5647 Ferrier Street (714) 54908600 

Sheridan Sales Diplomat, Inc. Montreal, Quebec 
TWX: 910-695-1672 8790 Purdue Road 2725 Mercantile Drive 

PENNSVLVANIA (514) 735-5775 
St. Louis, Missouri 63144 TWX: 6.10-421-3261 Jaco Electronics Indianapolis, Indiana 46268 
(314) 645-8550 Powell Electronics (317) 297-3146 

In18k Electronics Ltd. 21201 Oxnard Street 
South Island Road 

7204 Main Street Woodland Hills, California 91364 
Oliva Industrial Elect. Philadelphia, Pennsylvania 19101 

Vancouver, B.C ....... SX3J4 (213) 884-4560 IOWA 
(215) 365-1900 (604) 324-6831 TWX: 910-494-4917 

Dooco 9910 Page Blvd. 
TWX, 710-670-0465 TWX: 610-922-6032 2500 16th Avenue. S.W. St. Louis, Missouri 63132 

R. V. Weatherford Cedar Rapids, Iowa 52406 (314) 426-4500 Sheridan Sales 
1660 Babbitt Avenue (319) 366-7651 lWX: 910-763-0720 1717 Penn Avenue. Suite 5009 
Anaheim, California 92805 TWX: 910-525-1332 Pittsburgh, Pennsylvania 15221 
(714) 647-0891 

Sheridan Salas 
(412) 244-1640 

TWX, 910-583-1334 MARVLAND 
P. O. Box 677 

R. V. Weatherford Powell Electronics Florissant, Missouri 63033 TEXAS 
6921 San Fernando Road 10728 Hanna Street (314) 837-5200 
Glendale, California 91201 Beltsville. Maryland 20706 

H.rrison Equipment (213) 849-3451 (301) 937-4030 
1616 McGowen TWX: 910-498-2223 TWX: 710-828-9710 
Houston, Texas 77004 
(713) 652-4750 
TWX: 910-881-2601 
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REPRESENTATIVES 

ALABAMA GEORGIA MASSACHUSETTS NEW YORK (Excep' NYCI 
Contact Factory <?ontact Factory Bell Controls Ontec Electronic Marketing 

111 Lock Street 474 Thurston Road 
ALASKA 

HAWAII Nashua. N H 03060 Rochester, NY 14619 
Contact Factory (6031 882-6984 (7161 464-8636 

Brooks Technical Group TWX 710-228-6753 TWX 510-253-3841 

ARIZONA 2466 E. Bavshore Road 

O. T. Wiles II: Associates 
Palo Alto. CA 94303 MICHIGAN NEW YORK CITY 
(4151 328-3232 

3101 E. Shea Blvd., S ••. 219 TWX 910-373-1198 SAl Marketing Corp. R. T. Raid Associates. Inc. 
Phoenix, AZ 85028 P. O. Box N 705 Cedar Lane 
(6021·971-6250 Brighton, MI 48116 Teaneck, NJ 07666 
TWX 910-950-1199 IDAHO (3131227-1786 (2011 692-0200 

N. R. Schultz Company TWX 810-242-1518 TWX 710-990-5086 
ARKANSAS P.O. Box 156 

West Associates Beaverton, OR 97005 SAl Marketing Corp. N'ORTH CAROLINA 
13608 Midway. Suite 103 (5031 643-1844 2420 Burton Dr .• S. E. Component Sales TWX 910-467-6707 Grand Rapids, MI 49506 
Dallas, TX 75241 (6161942-2504 P.O. Box 18821 
(2141661-9400 TWX 810-242-1518 Raleigh, NC 27609 

(9101860-5433 ILi.INOIS (9191 782-6433 

The John G. Twist Co. 
TWX 510-928-0513 

CALIFORNIA (Northern) 1301 Higgins Road MINNESOTA 

Brooks Technical Group 
Elk Grove Village,lL 60007 Comstrand NORTH DAKOTA (3121 593-0200 6279 University Ave. 

2465 E. Bayshore Road TWX 910-222-0433 Minneapolis, MN 55432 Comstrand 
Palo Aho, ~A 94303 (6121 571-0000 6279 University Ave. 
(4151 328-3232 TWX 910-576-0924 Minneapolis~ MN 5~32 
TWX 910-373-1198 INDIANA (6121 571-0000 

SAl Marketing Corp. TWX 910-576-0924 
CALIFORNIA (Southern) 2420 Burton Dr., S. E. MISSISSIPPI 
Q. T. Wilas It Associates Grand Rapids, MI 49506 Contact Factory OHIO 11340 W. Olympic Blvd., *355 (6161942-2504 . 
Los Angeles, CA 9.0064 TWX 810-242-1518 SAl Marketing Corp. 
(213) 478-0183 MISSOURI 3 Commerce Park Bldg., Ste. 140H 
TW,X 910-342-6997 The John G. Twist Co. Beachwood,OH 44122 

IOWA 677 Craig Road (2161292-2982 
Q. T. Wiles. Associates S&OSelas St. Louis, MO 63141 TWX 810-427-9443 
17632 Irvine Blvd., #0 P.O. Box 667 (3141 432-2830 
Tustin, CA 92680 Cedar Rapids, IA 52406 TWX 910-784-0823 
(7141 832-4952 (3191 393-1845 SAl Marketing Corp. 

TWX 910-526-1317 NEBRASKA 
35 Compark Roa~ 
Centerville,OH 45459 

COLORADO The John G. Twist Co. (5131435-3181 

o-z Associates, Inc.. KANSAS 3100 No. 14th Street TWX 810-459-1647 

The John G. Twist Co. Lincoln. NB 68521 
70W.6thAve •• No.109 (4021474-5151 
Denver, CO 80204 3500 West 75th Street 
(3031 534-3649 Prairie Village. KS 66208 OKLAHOMA 
Tlx: 45-720 (9131238_ 

NEVADA (Clark County only) West Associates TWX 91 0-143~43 
13608 Midway, Suite 103 

CONNECTICUT 
Q. T. Wiles It Associates Dallas, TX 75241 

The John G. Twist Co. 3101 E. Shea Blvd., Ste. 219 
Bell Controls 260 No. Rock Rd .• 240 Phoenix, AZ 85028 (2141661-9400 
,111 Lock"Street Wichita, KS 67220 (6021971-6250 (9101860-5433 
Nashua, NH 03060 (3161686-6685 TWX 910-950-1199 
(6031 882-6584 TWX 910-741-6874 OREGON 
TWX 710-228-6753 N. R. Schultz Company 

KENTUCKY 
NEVADA (Except Clark County) P.O. Box 156 
Brooks TechniQII Group Beaverton, OR 97005 

DELAWARE SAl Marketing Corp. 2465 E. Bavshore Road (5031 643-1644 
Con~y Sales 35 Com park Road Palo Alto, CA 94303 TWX 910-467-8707 
26 W. Pennsylvania Ave. Centerville,OH 45459 (4151 328-3232 
Baltimore, Mo 21204 (5131435-3181 TWX 910-373-1198 
(30"11 296-2444 TWX 810-459-1647 

PENNSYLVANIA (Eastern) 

DISTRICT OF COLUMBIA LOUISIANA 
NEW HAMPSHIRE Co;'roy Sales 

Conroy Sales 
Bell Controls 26 W. Pennsylvania Ave. 

West Associates 111 Lock Street Baltimore, Mo 21204 26 W. PennSylvani~ Ave. Nashua, N H 03060 (3011 296-2444 Baltimore. MO 21204 . 13608 Midway', Suite 103 (603) 882-6584 
(3011296-2444 Dallas, TX 76241 TWX 710-228-6753 

(2141661-9400 
(9101 860-5433 PENNSYLVANIA (Was." ... 1 

FLORIDA NEW JERSEY SAl Marketing Corp. 
H.H.P. MAINE R. T. Reid AssocJetes,lnc. 1050 Freeport Road 
1651 W. McNab Road Bell Controls 705 Cedar Lane Pittsburgh, PA 15238 
Ft. Lauderdale, FL 33309 111 Lock Street Teaneck, NJ 07666 (4121782-5120 
(3051971-5750 Nashua, N H 03060 (201) 692-0200 TWX 810-427-9443 
TWX 510-956-9402 (6031 882-6984 TWX 710-990-5086 

H. H.P. TWX 71 0-228-6753 

139 Candace Drive MARYLAND NEW MEXICO Maitland, F L 32751 
(305) 831-2474 Conroy Sal •• Contact Factory 
TWX 810-653-0256 26 W. Pennsylvania Ave. 

Baltimore, Mo 21204 
(3011 296-2444 
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REPRESENTATIVES 

RHODE ISLAND 
Bell Controls 
111 Lock Street 
Nashua, NH 03060 
1603) 882-6984 
TWX 710-228-6753 

SOUTH CAROLINA 

Component Sales 
P.D.Box 18821 
Raleigh, NC 27609 
1919) 782-8433 
TWX 510-928-0513 

SOUTH DAKOTA 

Comstrand 
6279 UniversitY Ave. 
Minneapolis, MN 55432 
1612) 571-0000 
TWX 910-576-0924 

TENNESSEE 

Component Sales 
P.O. Box 18821 
Raleigh, NC 27609 
1919) 782-8433 
TWX 510-928-0513 

TEXAS 

West Associates 
13608 Midway, Suite 103 
Dallas, TX 75241 
1214) 661-9400 
1910) 860-5433 

UTAH 

D-Z Associates, Inc. 
70 W. 6th Ave., No.1 09 
Denver, CO 80204 
1303) 534-3649 
Tlx: 45-720 

VERMONT 
Bell Controls 
111 Lock Street 
Nashua, NH 03060 
1603) 882-6984 
TWX 710-228-6753 

VIRGINIA 

Conroy Sales 
26 W. Pennsylvania Ave. 
Baltimore, MD 21204 
1301) 296-2444 

WASHINGTON 

N. R. Schultz 
P. O. Box 159 
Bellevue, WA 98009 
1206) 454-0300 
TWX 910-443-2329 

WEST VIRGINIA 

SAl Marketing Corp. 
3 Commerce Park Bldg., Ste. 1401\ 
Beachwood,OH 44122 
1216) 292-2982 
TWX 810-427-9443 

WISCONSIN (Northern) 

Comstrand 
6279 University Ave. 
Minneapolis, MN 55432 
1612) 571-0000 
TWX 910-576-0924 

WISCONSI~ (Southern) 

The John G. Twist Co. 
909 No. Mayfair Road 
Wauwatosa, WI .53226 
1414) 475-7755 
TWX 910-262-1185 

WYOMING 

D-Z ASSOCiates, Inc. 
70 W. 6th Ave., No.1 09 
Denver, CO 80204 
1303) 534-3649 
Tlx: 45-720 

FOREIGN 

AUSTRALIA 
A. J. Ferguson 
(Adelaide) Pty. Ltd. 
44 Prospect Road 
Prospect, S. Australia 5082 
Tel, 51-6895 
Tlx: 82635 

AUSTRIA 
Bacher GMBH 
A1120Wien 
Meidlinger Hauptstrasse 78 
Tel: 93-0143 

BELGIUM 
Sotr.onic N. V. 
Rue Pere De Oeken 14 
Pater De Oeken Straat 14 
1040 Brussels 
Tel, 02/7361007 
Tlx: 846-21420 

CANADA (Except B. C. ) 

RFQ Limited 
385 The West Mall, 209 
Etobicoke, Ontario M9Ct E7 
Tel, 1416) 626-1445 
TWX 610-492-2540 

RFQ Limited 
P. O. Box 213 
Dollard Des Ormeaux 
Quebec H9G2H8 
1514) 626-8324 

CANADA (B. C. only) 

N. R. Schultz 
P.O. Box 159 
Bellevue, WA 98009 
1206) 454-0300 
TWX 910-443-2329 
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DENMARK 

E. V. Johanssen Elektronik 
15 Titangade 
DK-2200 
Copenhagen N 
TeL Ion 105622 
Tlx: 885-16522 

FINLAND 
Hilvonen Technical Products 
P. 0, Box 201 
00251 Helsinki 25 
Tel: (90) 440082 
Tlx: 12-1886 

FRANCE 

Radio Equipements-Antares 
Boite Postale No.5 
92301 Leva"ois-Perret 
Paris, France 
Tel: 758-11-11 
Tlx: 842-620630 

GERMANY 

Neumuller GMBH 
8021 Munchen/Taufkirchen 
Eschenstr, 2 
Tel: 089/6118-1 
Tbe: 5-22106 

INDIA 
Zenith Electronics 
541, Panchratna 
Mama Parmanand Marg. 
Bombay-400 004 
Tel: 384214 
Tlx: 011-3152 

ISRAEL 
Talviton Electronics Ltd. 
P.O.B. 21104 
9, Biltmor Street 
Tel Aviv, Israel 
Tel: 44-45-72 
Tlx: VITKO 03-3400 

ITALY 
I.S.A.B. Spa. 
20125 Milano 
Via Achille Bizzoni 2 
Italy 
Tel' 68-86-306 
TIX' 36655 

NORWAY 
HenacD 
Okern Torgvei 13 
Boks 248 
Okern, Oslo 5, Norway 
Tel: 15-75-50 
Tlx: 16116 HENACN 

JAPAN 
Hakuto Co. Ltd. 
C,P,O, Box 25 
Tokyo 100-91, Japan 
Tel' 03-502-2211 
Tlx: J 22912A 

SOUTH AFRICA 
Electronic Bldg. Elements 
South Africa (Pty) Ltd. 
P.O. Box 4609 
Pretoria, S,A, 
Tel' 78-9221 
TIX' 960-440181 

SWEDEN 
Svensk Teleindustri AS 
Box 502 
5-16205 Vallingby 5 
Sweden 
Tel: 08-91-04-40 
Tlx: 11043 

SWITZERLAND 

DimosAG 
Badenerstrasse 701 
CH8048 Zurich 
Tel: 01-626-140 
Tlx: 855/52028 

UNITED KINGDOM 

REL Equipment & Components 
Croft House, Bancroft, Hitchin 
Hertfordshire SG51BU 
Tet: Hitchin 0462-50551 
Tlx: 82431 



POWER SUPPLY OUTPUT SUPERVISORY CIRCUIT 

SG1543/ SG2543 / SG3543 

DESCRIPTION 
This monolithic· integrated circuit contains all the 
functions necessary to monitor and control the.output of a. 
sophisticated power supply system. Over-voltage (0. V.) 
sensing with' provision to trigger an external 5CR 
"crowbar" shutdown; and under-voltage (u'V.) circuit 
which can be used to monitor either the output or to 
sample the inpiJt line voltage; and a third op 
amp/comparator usable for current sensing (C.L.) are all 
included in this IC, together with an independent, 
accurate reference generator. 

Both over and under voltage sensing circuits can be 
externally programmed for minimum time duration of 
fault before triggering. All functions contain open 
collector outputs which can be used independently or 
wire-or'ed together, and although the 5CR trigger is 
directly connected only to the over voltage sensing 
circuit, it may be optionally activated by any of the other 
outputs, or the outputs from additional external 
comparators like the 5G139/239/339 for multiple-output 
monitoring. The O.V. circuit also includes an optional 
latch and external reset capability. 

The current sense circuit may be used with external 
compensation as a linear amplifier or as a high-gain 
comparator. Although nominally set for zero input offset, 
a fixed threshold may be added with an external resistor. 
Instead of current limiting, this circuit may also be used.as 
an additional voltage monitor. 

The reference generator circuit is internally trimmed to 
eliminate the need for external potentiometers and the 
entire circuit may be powered directly from either the 
output being monitored or from a separate bias voltage. 

The 5G1543is specified for operation over the full 
military temperature range of -SS·C to +125·C, while the 
5G2543 and 5G3S43 are designed for commercial 
applications of O·C to +70·C. . 

BLOCK DIAGRAM 
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ADVANCE DATA 
Performance data described herein represent design goals. 

Final device specifications ~r9 subject to change. 

FEATURES 

• Over-voltage, under-voltage, and current 
sensing circuits all Included 

• Reference voltagetrlinmed to 1% accuracy. 
• SCR "Crowbar" drive of 200 mA 
• Programmable time delays 
• Open-collector outputs and remote 

activation capability 
• Total standby current less than 10 rnA 

CHIP LAYOUT 

CONNECTION DIAGRAM 
TO-116 CERDIP PACKAGE 



ADVANCE DATA 
POWER SUPPLY OUTPUT SUPERVISORY CIRCUIT 

SG1543/ SG2543 / SG3543 

ABSOLUTE MAXIMUM RATINGS 

Input Supply Voltage 

Sense Inputs 
SCR Trigger Current 

Indicator Output Voltage 

40V 

VIN -1.5V 
300mA 

40V 

Indicator Output Sink Current fiO mA 
Power Dissipation (Package Limitation) 1000 mW 

Derate Above 250 C 8.0 mW/oC 

ELECTRICAL CHARACTERISTICS 

Operating Temperature Range 
SG1543 -550 C to +1250 C 
SG2543/3543 ODC to + 700 C 

Storage Temperature Range -650 C to +150oC 

(Unless otherwise stated, this specifications apply for T J = -55·C to +125· C for the SG1543 and O· to + 70·C 
for the SG2543 and SG3543; and for VIN = 5 Volts to 15 Volts.) 

SGl543/2543 SG3543 
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Input Voltage TA=25OC 4.5 40 4.5 40 Volts 

Supply Current VIN = 40V, Outputs Open 10 10 mA 

REFERENCE SECTION (pin 15) 

Output Voltage VIN = 10V, TJ = 250 C 2.48 2.50 2.52 2.48 2.50 2.52 Volts 

Output Voltage 2.45 2.55 2.45 2.55 Volts 

Line Regulation VIN = 5 to 3.oV 10 10 mV 

Load Regulation IREF = 0 to 10 mA 10 10 mV 

Short Circuit Current VREF = 0 12 25 12 25 mA 

SCR TRIGGER SECTION (Pins 1,2,3) 

Peak Output Current VO=O 100 200 300 100 200 300 mA 

Peak Output Voltage 10 = 100mA (VIN -2V) (VIN-2V) Volts 

Output Off Voltage VIN =40V 0 0.1 0 0.1 Volts 

Propagation Delay VIN = 10V, VOD = 10.0 mV IlS 

Output Current Rise Time 10 = 100 mA, TJ = 250 C mAIllS 

Remote Activate Current VIN = 15V, Pin 2 = OV 0.5 0':; mA 

Remote Activate Voltage Pin 2 Open 0.5 6 0.5 6 Volts 

Reset Current VIN = 15V, Pin 3 = DV 0.5 0.5 mA 

Reset Voltage Pin 3 Open, Pin 2 = OV 0.5 6 0.5 6 mA 

COMPARATOR SECTION (Pins 6, 7,10,11) 

Input Voltage Range 0 (YIN -1.5) 0 (VIN -l.5 Volts 

I nput Offset Voltage RS= 0 5 5 mV 

C.L. Offset Adj. 10kfl. from Pin 12·14 50 50 mV 
Input Bias Current 100 100 nA 

Delay Charging Current 200 2.00 IlA 

Ind. Output Leakage 
1.0.0 100 Current Vo =30V nA 

Ind. Output Saturation 
Voltage 10 = -10mA 0.2 0.4 0.2 0.4 Volts 

Current Limit AVOL RO=2ktoVIN 10 1.0 V/mV 
Propagation Delay VIN @10V, TJ = 250 C 
(OV/UV) Voverdrive = 100 mV [..IS 

Propagation Delay (C.L.) RO = 2k to VIN, TJ = 250 C [..IS 

117 



APPLICATIONS 

TYPICAL APPLICATION 

SENSING MULTIPLE SUPPLY VOLTAGES 
~y ______ ~_T08G131OO11111PARATORS .... 
POSITIVE 

r--- -----------------, 
I ~~ I 

..... LY R1 

.. 

ADDITIONAL R4 

~~~I~£ ~~-....... ""-I.-----I-O-F' 
" 

~;~E~--~-... ~~--+-{)-l~ 
-I 

1 

1 
1 
1 

INPUT LINE MONITOR OVERCURRENT SHUTDOWN 

",-;----'311 IN~ 
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PRECISION 2.5 VOLT REFERENCE 

SG1503/ SG2503 / SG3503 

DESCRIPTION 
This monolithic integrated circuit is a fully self-contained 
precision voltage reference generator, interally trimmed 
for ±1% accuracy. Requiring less than 2 mA in quiescent 
current, this device can deliver in excess of 10 mA with 
total load and line induced tolerances of less than 0.5%. In 
addition to voltage accuracy, internal trimming achieves a 
temperature coeffiCient of output voltage of typically 
10 ppm/oC. As a result, these references are excellent 
choices for application to critical instrumentation and D 
to A converter systems. The SG1503 is specified for 
operation over the full military temperature range of 
-55°C to +125°C, while the SG2503 and SG3503 are 
designed for commercial applications of O°C to +70°C. 

ABSOLUTE MAXIMUM RATINGS 

Input Voltage 

Power Dissipation 
Derate Over 250 C 

CONNECTION DIAGRAMS 

4.5 - 40V 

600mW 
4.8 mW/oC 

FEATURES 

• Output voltage trimmed to ±1% 

• Input voltage range of 4.5 to 40V 

• Temperature coefficient of 10 ppm/oC 

• Quiescent current typically 1.5 mA 

• Output current in excess of 10 mA 

• Interchangeable with MC1503 and AD580 

Operating Temperature Range 
SG 1503 -550 C to +1250 C 
SG2503/3503 OOC to +700 C 

Storage Temperature Range -650 C to +1500 C 

CHIP LAYOUT M or Y PACKAGE T-PACKAGE 

MINI DIP TO-39 

TOP VIEWS 

r 1 
N.C. (! ~N.C. Gnd 

N.C. II ~ Gnd 

~ MI~~il o VOUT 

N.C. 11 ~ VIN . (2) 

N.C. rn n ~ VOUT 
V,N 

I. .050----J· 
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PRECISION 2.5 VOLT REFERENCE 

SG1503/ SG2503 / SG3503 

ELECTRICAL CHARACTERISTICS 

(Input Voltage = 15V, I L = 0 mA, T A = Operating Temperature Range unless otherwise stated.) 

SG1503/2503 SG3503 

PARAMETER TEST CONDITIONS MIN TYP MAX MIN TYP MAX 

Output Voltage TA = 250 C 2.485 2.50 2.515 2.475 2.50 2.525 

Input Voltage Range TA = 250 C 4.5 40 4.5 40 

Input Voltage Range Over Operating Temperature 4.7 40 4.7 40 

Line Regulation VIN = 5 to 15V 1 3 1 3 

Line Regu lation VIN = 15 to 40V 3 5 3 10 

Load Regulation C.IL=10mA 3 5 3 10 

Load Regulation AIL = 10 mA, VIN = 30V 4 8 4 15 

Temperature Regulation -550 to +1250 C 15 20 

Temperature Regulation OOC to +700 C 2.5 5 5 10 

Quiescent Current VIN =40V 1.5 2.0 1.5 2.0 

Short Circuit Current 15 20 30 15 20 30 

Ripple Rejection f -120 Hz, TA = 250 C 76 76 

Output Noise B.W. = 10kHz, TA = 250 C 100 100 

Stability 250 250 

OUTPUT VOLTAGE VS. TEMPERATURE RIPPLE REJECTION 

VIN~15V 

10"0 

1l2,520 I---+----!---+----!----t----l 
~ 
f 
roo, ... ~ 
2.4801---+----!---+----!----!---1 

" J ... nctionTemp~rature-OC 
lk 10k 
Frequency-Hertz 

J 

UNITS 

Volts 

Volts 

Volts 

mV 

mV 

mV 

mV 

mV 

mV 

mA 

mA 

dB 

J·!Vrms 

pV/kHr 
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