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Introduction

Product specifications in this data book cover the current standard linear product line. The data sheets
included are organized in sections by type of product—Operational Amplifier, Comparator, Voltage
Regulator, Interface, Data Acquisition, Telecommunication, and Special Function. In addition, a
separate section covers hybrid voltage regulators.

Basic product specifications are listed on each data sheet, including maximum ratings, electrical
characteristics, performance curves, and packaging information. For many products, typical appli-
cations and test circuits are also included. A separate section on packaging includes detailed
information about the various packages available. The codes included on each data sheet indicate
the specific package(s) offered for the product.

An industry cross reference keys Fairchild linear products to direct replacements and functional
equivalents offered by other major linear product manufacturers. In addition, there is an alpha-numeric
product listing including all basic part numbers. Electrical, temperature, and package variations as
indicated by suffixes are not included in the alpha-numeric listing. These variations are indicated on the
data sheet referenced under Order Information. An explanation of the part numbering method appears
at the beginning of the packaging section.

Information about high reliability linear products and any other product information may be obtained
from a local sales office or by contacting:

Fairchild Linear Products
Marketing Department MS 4-370
313 Fairchild Drive

Mountain View, California 94042

Any inquiries involving the hybrid voltage regulators included in this data book should be directed to:

Fairchild Hybrid Products
Marketing Department MS 19-1425
369 Whisman Road

Mountain View, California 94042

The specifications included in this data book are as current and correct as could reasonably be deter-
mined at time of printing. Any errors noted by users, whether involving content or omission, can be
directed to Linear Marketing at the above address; such information would be appreciated.
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Alpha Numeric Index

Device Description Page Device Description

unA8T26A Interface 6-78 nA248 Operational Amplifier

uA8T28A Interface 6-78 uA293 Comparator

nA78G Voltage Regulator 2-74 uA293A Comparator

uA78HGA Hybrid Voltage Regulator 3-15 uA298 Data Acquisition

uA78HOSA Hybrid Voltage Regulator 3-3 nwA301A Operational Amplifier

uwA7T8H12A Hybrid Voltage Regulator 3-11 nA305 Voltage Regulator

uA78LOSA Voltage Regulator 2-43 nA305A Voltage Regulator

uA78L62A Voltage Regulator 2-43 uA307 Operational Amplifier 4-131
HAT8L82A Voltage Regulator 2-43 uA308 Operational Amplifier 4-137
nA78LI8A Voltage Regulator 2-43 nA308A Operational Amplifier 4-137
rA78L12A Voltage Regulator 2-43 uA309 Voltage Regulator 2-51
uA78L15A Voltage Regulator 2-43 nA311 Comparator 5-33
nwA78MO5 Voltage Regulator 2-28 unA317 Voltage Regulator 2-109
nA78M0O6 Voltage Regulator 2-28 nA318 Operational Amplifier 4-145
nA78M08 Voltage Regulator 2-28 uA324 Operational Amplifier 4-151
nA78M12 Voltage Regulator 2-28 nA339 Comparator 5-40
uwA78M15 Voltage Regulator 2-28 uA339A Comparator 5-40
uA78M24 Voltage Regulator 2-28 nA348 Operational Amplifier 4-156
uA78MG Voltage Regulator 2-84 uA376 Voltage Regulator 2-102
uA78P05 Hybrid Voltage Regulator 3-7 rnA393 Comparator 5-49
uA78S40 Voltage Regulator 2-119 uA393A Comparator 5-49
uA79G Voltage Regulator 2-74 uA398 Data Acquisition 7-21
uwA79HG Hybrid Voltage Regulator 3-19 uA431A Voltage Regulator 2-115
uwA79M0O5 Voltage Regulator 2-66 uA438 Interface 6-118
nA79MO8 Voltage Regulator 2-66 uA494 Voltage Regulator 2-126
nA79M 12 Voltage Regulator 2-66 uA555 Special Function 9-3
uA79M15 Voltage Regulator 2-66 nA556 Special Function 9-9
uA79MG Voltage Regulator 2-84 uA565 Data Acquisition 7-26
nA101 Operational Amplifier 4-121 uAS571 Data Acquisition 7-33
nwA101A Operational Amplifier 4-123 uA709 Operational Amplifier 4-9
uA105 Voltage Regulator 2-102 nA709A Operational Amplifier 4-9
uA107 Operational Amplifier 4-131 wA709C Operational Amplifier 4-9
uA108 Operational Amplifier 4-137 uA710 Comparator 5-3
nA108A Operational Amplifier 4-137 uA711 Comparator 5-10
uA109 Voltage Regulator 2-51 uA714 Operational Amplifier 4-17
nA111 Comparator 5-33 uA715 Operational Amplifier 4-25
uA117 Voltage Regulator 2-109 uA723 Voltage Regulator 2-94
uA124 Operational Amplifier 4-151 uA725 Operational Amplifier 4-33
nA139 Comparator 5-40 uA725A Operational Amplifier 4-33
uA148 Operational Amplifier 4-156 uA726 Special Function 9-15
uA193 Comparator 5-49 uA727 Special Function 9-18
nA193A Comparator 5-49 uA733 Special Function 9-22
uA198 Data Acquisition 7-21 uA734 Comparator 5-16
uA201 Operational Amplifier 4-121 uA739 Operational Amplifier 4-44
uA201A Operational Amplifier 4-123 uA741 Operational Amplifier 4-55
uA207 Operational Amplifier 4-131 uhA747 Operational Amplifier 4-64
uA208 Operational Amplifier 4-137 uA748 Operational Amplifier 4-73
nA208A Operational Amplifier 4-137 nA749 Operational Amplifier 4-44
uA209 Voltage Regulator 2-51 uA757 Special Function 9-29
uA217 Voltage Regulator 2-109 uA759 Operational Amplifier 4-83
uA224 Operational Amplifier 4-151 uA760 Comparator 5-26
nA239 Comparator 5-40 nA771 Operational Amplifier 4-92

uA239A Comparator 5-40 uA772 Operational Amplifier 4-92

1-3




. Alpha Numeric Index
.—

Device Description Page Device Description Page
uA774 Operational Amplifier 4-92 nA75450B Interface 6-96
uA776 Operational Amplifier 4-99 uA75451A Interface 6-96
nA791 Operational Amplifier 4-109 uA75451B Interface 6-96
nA798 Operational Amplifier 4-115 nA75452A Interface 6-96
nA0801 Data Acquisition 7-42 nA75452B Interface 6-96
nA0802 Data Acquisition 7-51 nA75453A Interface 6-96
uwA1458 Operational Amplifier 4-161 uA75453B Interface 6-96
uA1488 Interface 6-38 uA75461 Interface 6-96
uA1489 Interface 6-42 uA75462 Interface 6-96
nA1558 Operational Amplifier 4-161 uA75471 Interface 6-96
nA2240 Special Function 9-36 uA75472 Interface 6-96
nA2901 Comparator 5-40 uA75491 Interface 6-114
uA2902 Operational Amplifier 4-151 uA75492 Interface 6-114
uA2903 Comparator 5-49 SH123 Hybrid Voltage Regulator 3-23
uA3086 Special Function 9-46 SH223 Hybrid Voltage Regulator 3-23
uA3302 Comparator 5-40 SH323 Hybrid Voltage Regulator 3-23
nA3303 Operational Amplifier 4-166 SH1605 Hybrid Voltage Regulator 3-27
nA3403 Operational Amplifier 4-166

uA3448 Interface 6-72

uA3680 Telecommunication 8-3

nA4136 Operational Amplifier 4-174

uA5116 Telecommunication 8-7

uA5151 Telecommunication 8-18

uA5156 Telecommunication 8-29

nA7392 Special Function 9-51

uA7805 Voltage Regulator 2-14

nA7806 Voltage Regulator 2-14

nA7808 Voltage Regulator 2-14

uA7885 Voltage Regulator 2-14

nA7812 Voltage Regulator 2-14

uA7815 Voltage Regulator 2-14

uA7818 Voltage Regulator 2-14

uA7824 Voltage Regulator 2-14

nA7905 Voltage Regulator 2-57

unA7908 Voltage Regulator 2-57

uA7912 Voltage Regulator 2-57

uA7915 Voltage Regulator 2-57

uA9614 Interface 6-3

uA9615 Interface 6-10

nA9616 Interface 6-17

uA9627 Interface 6-22

nA9636A Interface 6-27

nA9637A Interface 6-31

uA9638 Interface 6-35

nA9640 Interface 6-69

uA9643 Interface 6-84

uA9645 Interface 6-87

nA9650 Data Acquisition 7-3

nA9665 Interface 6-90

unA9666 Interface 6-90

uA9667 Interface 6-90

nA9668 Interface 6-90

1A9706 Data Acquisition 7-9

uA9708 Data Acquisition 7-14

uA55107A Interface 6-46

nA55110A Interface 6-55

uA75107A Interface 6-46

uA75107B Interface 6-46

nA75108B Interface 6-46

uA75110A Interface 6-55

nA75150 Interface 6-59

uA75154 Interface 6-63
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Part Fairchild Part Fairchild Part Fairchild
Number Equivalent Number Equivalent Number Equivalent
AMD AMD (Cont.) INTERSIL (Cont.)

715DC nA715DC LM139D #A139DM uA723HM uA723HM
715HC rA715HC LM139AD nA139ADM uA723PC uA723PC
715DM nA715DM LM201H uA201HC uA733HC uA733HC
715HM A7 15HM LM201AH wA201AHM wA733HM uA733HM
723DC nA723DC LM208H nA208HM nA741FM rA741FM
723DM uA723DM LM208AH #A208AHM uA741HC uA741HC
723HC nA723HC LM224D nA224DV nA741HM uA741HM
723HM wA723HM LM239D uA239DC uA741TC uA741TC
723PC rA723PC LM239AD uwA239ADC uA748HC uA748HC
725HC wA725HC LM301AH wA301AHC wA748HM uA748HM
725HM uA725HM LM305H uwA305HC nA748TC uA748TC
733DC rA733DC LM305AH rA305AHC

733DM uA733DM LM308H uwA308HC MOTOROLA

733HC uA733HC LM308AH uA308AHC LM101AH rA101AHM
733HM nA733HM LM311H rA311HC LM105HM #A105HM
741FM uA741FM LM324D uA324DC LM108H uA108HM
741HC nA741HC LM324N nA324PC LM108AH A 108AHM
741HM uA741HM LM339D uA339DC LM109K #A109KM
741AFM nA741AFM LM339N 1A339PC LM111H uA111HM
741AHM uA741AHM LM339AD rA339ADC LM111J-8 uA111RM
741EHC HrA741EHC LM339AN HA339APC LM117K nA117KM
747DC uA747DC LM124J nA124DM
747DM wA747DM INTERSIL LM139J uA139DM
747HC uA747HC ICL108LNTY nA108HM LM139AJ uwA139ADM
747HM uA747HM ICL741CHSPA rA741TC LM201AH #A201AHM
747PC nA747PC ICL741MHSTY uA741HM LM208H nA208HM
747ADM nA747ADM LM101AH rA101AHM LM208AH uA208AHM
747 AHM uA747 AHM LM105H A 105HM LM209K rA209KM
747EDC nA747EDC LM108H uA108HM LM217K uA217UV
747EHC MAT4TEHC LM108AH nA108AHM LM224J nA224DV
748HC nA748HC LM111H rA111HM LM239AJ nA239ADC
748HM nA748HM LM124J uA124DM LM239J uA239DC
AM1408L6 1A0802CDC LM301AH rA301AHC LM293H *uA293RC
AM1408L7 #A0802BDC LM301AN uA301ATC LM293AH *uA293ARC
AM1408L8 uwAO0802ADC LM305H uA305HC LM301AH uA301AHC
AM1458H nA1458HC LM308H uA308HC LM301AN uwA301ATC
AM1508L8 uwA0802DM LM308N nA308TC LM305H nA305HC
AM1558H nA1558HM LM308AH uwA308AHC LM308AH uA308AHC
DAC-08CQ rA0801CDC LM308AN uA308ATC LM308AN uA308ATC
DAC-08EQ rAO801EDC LM311H nA311HC LM308H nA308HC
DAC-08Q nA0801DM LM311N uwA311TC LM308N uA308TC
LM101H nA101HM LM324J uA324DC LM309K uA309KC
LM101AH nA101AHM LM324N-14 unA324PC LM311H nA311HC
LM105H uA105HM NES555N nA555TC LM311J-8 unA311RC
LM108H nA108HM NE556N uA556PC LM311N uA311TC
LM108AH rA108AHM uA723DC uA723DC LM317K uA317KC
LM111H nA111HM nA723DM uA723DM LM317T uA317UC
LM124D unA124DM uA723HC uA723HC LM324J uA324DC

‘Note

Not exact package replacement



Industry Cross Reference Guide

Part Fairchild Part Fairchild Part Fairchild
Number Equivalent Number Equivalent Number Equivalent
MOTOROLA (Cont.) MOTOROLA (Cont.) MOTOROLA (Cont.)

LM339AJ uA339ADC MC1733CG uA733HC MC78LO5ACP uA78LOSAWC
LM339J uA339DC MC1733CL uA733DC MC78L12ACP uwA78L12AWC
LM393AN 1A393ATC MC1741CG uA741HC MC78L15ACP uA78L15AWC
LM393N uA393TC MC1741CP1 uA741TC MC78M05CG nA78MOSHC
LM710CH wA710HC MC1741CU uA741RC MC78MO5CT uA78M0O5UC
LM711CH wA711HC MC1741G wA741HM MC78M06CG uA78MOBHC
LM723CH uA723HC MC1747CG uA747HC MC78MO06CT uA78MO6UC
LM723CJ wA723DC MC1747CL uA747DC MC78M08CG uA78M0O8HC
LM741CH wA741HC MC1747CP2 wA747PC MC78M08CT uA78M08UC
LM741CN uA741TC MC1747G HA747HM MC78M12CG rA78M12HC
LM290 1N uA2901PC MC1747L wA747DM MC78M12CT uA78M12UC
LM2902N uwA2902PV MC1748CG wA748HC MC78M15CT uA78M15UC
LM2903N uA2903TC MC1748CP1 uA748TC MC78M24CT uA78M24UC
MC1408L6 #A0802CDC MC1748G uA748HM MC7905CK uA7905KC
MC1408L7 1A0802BDC MC1776CG wA776HC MC7905CT wA7905UC
MC1408L8 rAO802ADC MC1776CP1 uA776TC MC7908CK nA7908KC
MC 1408P6 1A0802CPC MC1776G uA776HM MC7908CT uwA7908UC
MC1408P7 #A0802BPC MC3302L 1A3302DC MC7912CK uA7912KC
MC1408P8 1AO802APC MC3302P uA3302PC MC7912CT wA7912UC
MC1411P uA9665PC MC3303P 1A3303PC MC7915CK uA7915KC
MC1412P wA9666PC MC3386P uA3086PC MC7915CT nA7915UC
MC1413P uA9667PC MC3403L uA3403DC MC8T26AP uA8T26APC
MC1416P uA9668PC MC3403P uA3403PC MC8T26AL uA8T26ADC
MC1455P 1 uA555TC MC3440AP uA9640PC MC8T28AP uA8T28PC
MC1458CG wA1458CHC MC3443P uA9640PC MC8T28AL nA8T28DC
MC1458CP 1 uA1458CTC MC3448AL uA3448ADC SN75451BP *uA75451BTC
MC1458CU nA1458CRC MC3448AP uwA3448APC SN75452BP uA75452BTC
MC1458G uA1458HC MC3456P nA556PC SN75453BP uA75453BTC
MC1458P1 uA1458TC MC3458P1 uA798TC uA710HC uA710HC
MC1458U uA1458RC MC3488AP uA9636AT uA711HC uA711HC
MC1488L 1A 1488DC MC3558U *uA798TC uA723DC wA723DC

MC 1488P uA1488PC MC55107L uA55107ADM uA723HC uA723HC
MC1489L uA1489DC MC75107L uA75107ADC uA723PC uA723PC
MC1489P uA1489PC MC75107P uA75107APC uA741HC wA741HC

MC 1489AL 1A 1489ADC MC75450P uA75450BPC uA741TC uA741TC
MC1489AP 1A 1489APC MC75451U uA75451ARC

MC1508L8 ©A0802DM MC75452U uA75452ARC NATIONAL

MC1558G uA1558HM MC75453U uA75453ARC DS75107J uA75107ADC
MC1558U nA1558RM MC75461P uA75461TC DS75107N uA75107APC
MC1709CP 1 uA709TC MC75462P uA75462TC DS75108N uA75108BPC
MC1709CP2 uA709PC MC75491P uA75491PC DS75450N uA75450BPC
MC1709G uA709HM MC75492P uA75492PC DS754514-8 uA75451ARC
MC1710CG A7 10HC MC7805K uA7805KM DS75451N uA75451ATC
MC1710CL uA710DC MC7805CK uA7805KC DS75452J-8 uA75452ARC
MC1710CP uA710PC MC7805CT uA7805UC DS75452N uA75452ATC
MC1710G wA7 10HM MC7806CK uA7806KC DS75453J-8 nA75453ARC
MC1710L uA710DM MC7806CT uA7806UC DS75453N uA75453ATC
MC1711CG uA711HC MC7812K uA7812KM DS75461N uA75461TC
MC1711CL uA711DC MC7812CK uA7812KC DS75462N uA75462TC
MC1711CP uA711PC MC7812CT uA7812UC DS75491N uA75491PC
MC1711G uA711HM MC7815K nA7815KM DS75492N uA75492PC
MC1711L wA711DM MC7815CK uA7815KC DS8T26AJ uA8T26 ADM
MC1723CG uA723HC MC7815CT wA7815UC DS8T28J nA8T28DM
MC1723CL uA723DC MC7818K unA7818KM LF351N RAT71TC
MC1723CP uA723PC MC7818CK uwA7818KC LF353N uA772TC
MC1723G uA723HM MC7818CT uA7818UC LF398H uA398HC
MC1723L uA723DM MC7824K wA7824KM LM101AH pA101AHM
MC1733G uA733HM MC7824CK uA7824KC LM105H #A105HM
MC1733L uA733DM MC7824CT uA7824UC LM108H #A108HM

‘Note

Not exact package replacement
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Industry Cross Reference Guide

Part Fairchild Part Fairchild Part Fairchild
Number Equivalent Number Equivalent Number Equivalent
NATIONAL (Cont.) NATIONAL (Cont.) NATIONAL (Cont.)

LM108H uA108AHM LM709AH uA709AHM LM78M12CP *uA78M12UC
LM109K uA109KM LM710H wA7 10HM LM78M15CP *uA78M15UC
LM111H nA111HM LM710CH pA710HC LM7905CK nA7905KC
LM124J nA124DM LM710CN uA710PC LM7905CT nA7905UC
LM139J uA139DM LM711H wA711HM LM7912CK nA7912KC
LM139AJ uA139ADM LM711CH uA711HC LM7912CT nA7912UC
LM140K-5.0 nA7805KM LM711CN uA711PC LM7915CK rA7915KC
LM140K-8.0 uA7808KM LM723H #A723HM LM7915CT nA7915UC
LM140K-12 uA7812KM LM723J uA723DM LM7905CH nA79MO5AHC
LM140K-15 uA7815KM LM723CH uA723HC LM7912CH nA79M12AHC
LM140K-18 nA7818KM LM723CJ nA723DC LM7915CH nA79M15AHC
LM140K-24 wA7824KM LM723CN uA723PC

LM201AH wA201AHM LM725H wA725HM PMI

LM208H uA208HM LM725CH uA725HC CMP-03AJ uA111HM
LM208AH ©rA208AHM LM725CN nA725TC CMP-03AZ uA111RM
LM209K wA209KM LM733H uA733HM CMP-04BY ©A139DM
LM224J uA224DV LM733CH uA733HC CMP-04FY nA239DC
LM239J nA239DC LM733CN uA733PC DAC-08Q ©A0801DM
LM239AJ wA239ADC LM741H uA741HM DAC-08Q ©A0802DM
LM301AH rA301AHC LM741AH uA741AHM DAC-08CP #A0801CPC
LM301AN nA301ATC LM741CH uA741HC DAC-08CP 1A0802BPC
LM305H nA305HC LM741CJ uA741RC DAC-08CQ ©A0801CDC
LM305AH 1A305AHC LM741CN nA741TC DAC-08CQ #A0802BDC
LM308H wA308HC LM741EH uA741EHC DAC-08EP 1AO801EPC
LM308N nA308TC LM741EN nA741ETC DAC-08EP nAO802APC
LM308AH wA308AHC LM747H uA747THM DAC-08EQ #AO801EDC
LM308AN wA308ATC LM747J wA747DM DAC-08EQ 1A0802ADC
LM309K nA309KC LM747AH rA747 AHM DAC1408A-6P nA0802CPC
LM311H wA311HC LM747AJ uA747ADM DAC1408A-6Q 1A0802CDC
LM311J-8 uA311RC LM747CH uA747HC DAC1408A-7P 1A0802BPC
LM311N uA311TC LM747CJ wA747DC DAC1408A-7Q ©A0802BDC
LM317K uA317KC LM747CN uA747PC DAC1408A-8P 1AO802APC
LM317T uA317UC LM747EH uA747EHC DAC1408A-8Q nA0802ADC
LM324J nA324DC LM747EJ uA747EDC DAC1508A-8Q nA0802DM
LM324N uA324PC LM748H uA748HM OP-07J uA7 14HM
LM339J uA339DC LM748CH uA748HC OP-07CJ uA714HC
LM339N wA339PC LM748CN uA748TC OP-07EJ nA714EHC
LM339AJ 1A339ADC LM760CH wA760HC PM108J uA108HM
LM339AN uA339APC LM1458H uA1458HC PM108AJ nA108AHM
LM340K-5.0 wA7805KC LM1458J uA1458RC PM111J uA111HM
LM340T-5.0 wA7805UC LM1458N uA1458TC PM111Z uA111RM
LM340K-6.0 uA7806KC LM1558H uA1558HM PM139Y nA139DM
LM340K-8.0 wA7808KC LM1558J 1A 1558RM PM208J uA208HM
LM340K-12 uA7812KC LM2901N uA2901PC PM208AJ uwA208AHM
LM340T-12 uA7812UC LM2901J wA2901DC PM308J nA308HC
LM340K-15 uA7815KC LM2903N uA2903TC PM308P ©A308TC
LM340T-15 uA7815UC LM3086N uA3086PC PM308AJ uA308AHC
LM340K-18 uA7818KC LM3302J nA3302DC PM308AP nA308ATC
LM340K-24 uA7824KC LM3302N uA3302PC PM311J nA311HC
LM348J uA348DC LM7805CK uA7805KC PM311Z #A311RC
LM348N uA348PC LM7805CT nA7805UC PM339Y nA339DC
LM376N uA376TC LM7812CK uA7812KC PM339AY nA339ADC
LM393N nA393TC LM7812CT rA7812UC PM725J nA725HM
LM555CN uAb55TC LM7815CK uA7815KC PM725CJ uA725HC
LM556CN uA556PC LM7815CT uA7815UC PM725CP uA725TC
LM709H uA709HM LM78L0O5ACZ nA78LOSAWC PM741J uA741HM
LM709CH pA709HC LM78L12ACZ uA78L12AWC PM741CJ uA741HC
LM709CN uA709PC LM78L15ACZ uA78L15AWC PM741CZ uA741RC
LM709CN-8 rA709TC LM78MO5CP *uA78M05UC PM1458J 1nA1458HC

‘Note

Not exact package replacement
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Number Equivalent Number Equivalent Number Equivalent
PMI (Cont.) SILICON SILICON
PM14582 uA1458RC GENERAL GENERAL (Cont.)
PM1558J A 1558HM SG101T uA101HM SG733J wA733DM
PM1558Z uA1558RM SG101AT wA101AHM SG733T rA733HM
SG105T uA105HM SG733CJ uA733DC
SIGNETICS SG108T wA108HM SG733CN uA733PC
LM101AH #AT01AHM SG108AT A108AHM SG733CT WA733HC
LM111H HAT11HM SG109K LA109KM SG741F WAT41EM
LM124F uA124DM SG111T WAT11HM SG741T WA74THM
tm:gg,‘:e "ﬁlgggm SG117K uA117KM SG741CM uA741TC
LM201AN o A201AHM $G124J uA124DM SG747J AT47DM
LM224N  A224PV SG139J uA139DM $G747T HATATHM
LM224F  APo4DV SG139AJ uA139ADM SG747CJ uA747DC
LM301AN ﬂASOiATC SG201T wA201HC SG747CN uA747PC
LM324N #A324PC SG201AT #A201AHM SG747CT uAT4THC
LM324F ! A324DC SG208T pA208HM SG748T AT 48HM
LM339N 1A339PC SG208AT uA208AHM SG748CM uA748TC
LM339F uA339DC SG209K uA209KM SG748CT uA748HC
LM2901F 1A2901DC 8G217P uA217UV SG1458M uA1458TC
LM2901N 4A2901PC SG224J 1A224DV SG1458T uA1458HC
LM2903FE uwA2903RC SG224N uA224PV SG1458CM uA1458CTC
LM2903N uA2903TC SG239J 1A239DC $G1458CT 1A1458CHC
MC 1458FE uA1458RC SG239N uA239PC SG1488J uA1488DC
MC1458H uA1458HC SG239AJ wA239ADC SG1489J wA1489DC
MC1458N uA1458TC SG239AN 1A239APC SG1489AJ 1A1489ADC
MC1488N uA1488PC SG301AM unA301ATC SG1558T ‘uA1558HM
MC 1488F nA1488DC SG301AT #A301AHC $G2001J 1A9665PC
MC1489N 1A1489PC SG305T wA305HC SG2002J uA9666DC
MC 1489F uA1489DC SG305AT uA305AHC SG2003J uwA9667DC
MC1489AN uA1489APC SG308M uwA308TC SG3086J 1A3086DC
MC 1489AF uA1489ADC SG308T uA308HC SG3086N #A3086PC
MC1558H uA1558HM SG308AM uA308ATC SG3302J nA3302DC
MC 1558FE uA1558RM SG308AT wA308AHC SG3302N 1A3302PC
MC3302N wA3302PC SG309K uA309KC SG7805K nA7805KM
MC3302F wA3302DC SG311M uA311TC SG7805CK uA7805KC
NE5501 uA9665PC SG311T uA311HC SG7805CP uA7805UC
ULN2001N uA9665PC SG317K uA317KC SG7808K uA7808KM
ULN2003F uA9667DC SG317P uA317UC SG7808CK uA7808KC
ULN2003N uwA9667PC SG324J uA324DC SG7808CP uA7808UC
ULN2004F uA9668DC SG324N uA324PC SG7812K uA7812KM
ULN2004N uA9668PC SG339J uA339DC SG7812CK uA7812KC
uA723F wA723DM SG339N uA339PC SG7812CP uA7812UC
uA723H wA723HM SG339AJ uA339ADC SG7815K uA7815KM
wA723CF uA723DC SG339AN wA339APC SG7815CK uA7815KC
uA723CH wA723HC SG555M uA555TC S$G7815CP nA7815UC
uA723CN uA723PC SG556N uA556PC SG7818K nA7818KM
uA733F uwA733DM SG710J uwA710DM SG7818CK uA7818KC
wA733H wA733HM SG710T uA7 10HM SG7818CP wA7818UC
uA733CF uwA733DC SG710CN uA710PC SG7824K uA7824KM
uA733CH uA733HC SG710CT wA710HC SG7824CK uA7824KC
uA733CN wA733PC SG711J uwA711DM SG7824CP uA7824UC
uA741FE uA741RM SG711T uA711HM S$G7905K 1A7905KM
uA741CFE uA741RC SG711CJ wA711DC SG7905CK rA7905KC
wA741CN uA741TC SG711CN wA711PC SG7905CP 1A7905UC
uAT4TF uwA747DM SG711CT A7 11HC SG7908K uA7908KM
HATATH uAT4THM SG723CJ uA723DC SG7908CK nA7908KC
uA747CF uA747DC SG723CT uA723HC S$G7908CP nA7908UC
nAT47CH pATATHC SG723J nA723DM SG7912K rA7912KM
wAT47CN uA747PC SG723T #A723HM SG7912CK uA7912KC
uA748CN uA748TC SG723CN uA723PC . | SG7912CP uA7912UC

‘Note
Not exact package replacement

L
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Part Fairchild Part Fairchild Part Fairchild
Number Equivalent Number Equivalent Number Equivalent
SILICON TEXAS TEXAS
GENERAL (Cont.) INSTRUMENTS (Cont.) INSTRUMENTS (Cont.)
SG7915K 1A7915KM LM2903P nA2903TC ULN2003AJ nA9667DC
SG7915CK nA7915KC MC1458JG nA1458RC ULN2003AN nA9667PC
SG7915CP rA7915UC MC1458P nA1458TC ULN2004AJ nA9668DC
SG75450BCN uA75450BPC MC1558JG nA1558RM ULN2004AN nA9668PC
SG75451BCM uA75451BTC NES555P uAS555TC uA709MU nA709FM
SG75451BCY uA75451BRC NES556N nA556PC uwA709AMU uwA709AFM
SG75452BCM uA75452BTC RC4136J 1nA4136DC uA709CP uA709TC
SG75452BCY uA75452BRC RC4136N 1A4136PC uA710CJ nA710DC
SG75453BCM uA75453BTC SA555P uA555TC uA710CN nA710PC
SG75453BCY uA75453BRC SN55107AJ nA55107ADM uA710MJ uA710DM
SG75461CM uA75461TC SN55110AJ 1wA55110ADM uA711CN nA711PC
SG75462CM uA75462TC SN75107AJ nA75107ADC HA711MJ nA711DM
SN75107AN unA75107APC uA723CJ uA723DC
TEXAS SN75107BJ uA75107BDC uwA723CN uA723PC
INSTRUMENTS SN75107BN wA75107BPC wA723MJ uA723DM
AM26S10CJ uwA9640DC SN75108BN nA75108BPC uA733CJ nA733DC
AM26S10CN uA9640PC SN75110AJ 1A75110ADC uA733CN nA733PC
LM101AJ *uA101AHM SN75110AN uA75110APC uA733MJ uA733DM
LM105L nA105HM SN75114J nA9614DC uA741CJG uA741RC
LM111JG rA111RM SN75114N nA9614PC uA741CP uA741TC
LM124J nA124DM SN751156J nA9615DC nA741MJIG rA741RM
LM139J uA139DM SN75115N uA9615PC uA747C uA747DC
LM139AJ uA139ADM SN75150N nA75150PC uA747CN uA747PC
LM148J nA148DM SN75150P uA75150TC nA747TMJ nA747DM
LM193JG uA193RM SN75154J uA75154DC uA748CP uA748TC
LM201AJG *uA201AHM SN75154N uA75154PC uA2240CJ nA2240DC
LM209LA *uA209KM SN75188J uA1488DC uA2240CN nA2240PC
LM217KC rA217UV SN75188N 1uA1488PC nA7805CKC nA7805UC
LM224J nA224DV SN75189J uA1489DC uA7808CKC uA7808UC
LM224N uA224PV SN75189N uA1489PC uA7812CKC uA7812UC
LM239J uA239DC SN75189AJ nA1489ADC nA7815CKC nA7815UC
LM239N uA239PC SN75189AN uA1489APC uA7818CKC uA7818UC
LM248J uA248DC SN75450BN uA75450BPC uA7824CKC uA7824UC
LM293JG uA293RC SN75451BJG nA75451BRC uA7885CKC uA7885UC
LM293P uA293TC SN75451BP nA75451BTC uA78LOSCLP uA78LO5AWC
LM301AP uwA301ATC SN75452BJG nA75452BRC uA78L12CLP uA78L12AWC
LM305L uA305HC SN75452BP nA75452BTC uA78L15CLP uA78L15AWC
LM305AL uA305AHC SN75453BJG uA75453BRC uA78M0O5CKC nA78M0O5UC
LM309LA *uA309KC SN75453BP nA75453BTC uA78M06CKC uA78M06UC
LM311JG nA311RC SN75461P rA75461TC uwA78MO8CKC “A78M08UC
LM311P - uA311TC SN75462P nA75462TC uA78M12CKC uA78M12UC
LM317KC nA317UC SN75471P uA75471TC uA78M15CKC nA78M15UC
LM318JG *uA318HC SN75472P uA75472TC uA78M24CKC uA78M24UC
LM324J uA324DC SN75491N nA75491PC uA7905CKC uA7905UC
LM324N uA324PC SN75492N nA75492PC nA7908CKC uA7908UC
LM339AJ nA339ADC TLO81ACJG nA771ARC uA7912CKC nA7912UC
LM339AN uA339APC TLO81ACP HAT71ATC uA7915CKC nA7915UC
LM339J uA339DC TLO81BCJG uA771BRC uA79M0O5CKC uwA79MO5AUC
LM339N uA339PC TLO81BCP nA771BTC uwA79M0O8CKC uA79MO8AUC
LM348J uA348DC TLO81CJG uA771RC nA79M12CKC uA79M12AUC
LM348N nA348PC TLO81CP RA771TC uA79M 15CKC uA79M15AUC
LM376P nA376TC TL431CLP uA431AWC 9614CJ uA9614DC
LM393JG nA393RC TL494CN nA494PC 9614CN uA9614PC
LM393P nA393TC TL494CJ uA494DC 9615CJ nA9615DC
LM2901J nA2901DC TL494MJ uA494DM 9615CN uA9615PC
LM2901N uA2091PC ULN2001AN uA9665PC
LM2902N nA2902PV ULN2002AJ uA9666DC
LM2903JG #A2903RC ULN2002AN 1A9666PC

‘Note

Not exact package replacement
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Three basic units of information are contained in the Device Identification
ordering code. All Fairchild standard catalog linear circuits will be
marked as shown in the following example.
nA741 T c
Device Type Package Type Temperature Range wA710DC
F Date Code

Device Type

This group of alpha numeric characters defines the device
including functional and electrical characteristics, alpha
suffixes are added to further delineate electrical options.

Package Type

One alpha suffix represents the basic package style.

Dual In-line (Hermetic, Ceramic)
Flatpak (Hermetic)

Metal Package

Dual In-Line (Side Brazed)

Metal Power Package (TO-3)
Dual In-Line (Molded)

8-lead DIP (Hermetic, Ceramic)
Metal Package (Hybrid only)
8-lead DIP (Molded)

Power Package (Molded, TO-220)
Power Package (Molded)
Molded Package (TO-92 Outline)

L | 1 1 A

ESC—IU):U'UX‘—I'HU

Different outlines exist within each package style to
accommodate various die sizes and number of leads.
Specific dimensions for each package can be found in the
Package Outline section of this catalog, listed by online
code. These specific codes are referenced on each data
sheet.

Temperature Range

One alpha suffix represents one of the following three
basic temperature grades in common use. Exact values
and conditions are specified on the device data sheets.

C = Commercial M = Miltary V = Industnal
0°Cto +70/75°C —-55°Cto +125°C —20°Cto 85°C
—-55°Cto + 85°C —40°Cto +85°C
Examples

wA741FM This number code indicates a wA741
Operational Amplifier in a flatpak with military
temperature rating capability.

wA725EHC This number code indicates a nA725
Instrumentation Operational Ampilifier, electrical option
E, in a metal package with a commercial temperature
rating capability.
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Linear Products

Testing Voltage Regulators

All Fairchild voltage regulators are factory-tested with
automated equipment to ascertain that they meet or
exceed guaranteed specifications. The testing
equipment operates at relatively high speeds and
automatically measures output voltage tolerances,
line and load regulation, quiescent current, short-
circuit current, and a long list of other voltage
regulator parameters. To adequately interpret
published voltage regulator specifications, it is
advisable to have some understanding of the testing
as performed at Fairchild. This is also important for
customer incoming inspection, as some correlation is
necessary between factory testing and customer
acceptance testing.

Individual parameter tests performed on Fairchild
voltage regulators require only a few milliseconds, so
a complete regulator test can be accomplished in a
fraction of a second. Such short testing times mean
that the device junction temperature is very close to
ambient. If the devices were tested under steady-
state conditions, costs would unfortunately increase,
and the increased expense would be passed on to the
customer. Consequently, published parameters are
based on fast testing and usually specified with a
constant junction temperature of 25°C. Exceptions are
noted in the individual data sheet tables.

When a regulator is operated with high dissipation,
however, the effect of temperature drift must be
evaluated or at least considered. For example, a
1A7805 1 ampere positive voltage regulator with a
junction temperature of 25°C, a 10 V input, and a load
current variation of 1.5 A has a guaranteed load
regulation of less than 50 mV for military-grade units
and less than 100 mV for commercial-grade units.
Under steady-state testing conditions, as opposed

to pulsed testing conditions, junction temperature
would increase by 30°C to 565°C (based on a

4°C/W junction-to-case thermal resistance and

an infinite heat sink.) The uA7805 regulator has a
temperature coefficient of —1.1 mV/°C, so a 30°C
junction-temperature increase means an output
voltage drift of —33 mV. This drift must be
considered if load regulation is being measured under
steady-state conditions.

Incoming inspection tests should accommodate these
conditions. One approach would be to duplicate the
testing procedure used by manufacturing; i.e.,
maintain a constant junction temperature of 25°C. If
steady-state testing is performed during acceptance
evaluation, a correlation between the method used

in incoming inspection and the method used by

Fairchild must be established. In this case, the
temperature coefficients of each regulator type
must be considered.

3-Terminal Regulators

Testing of 3-terminal regulators is performed at input
voltages that reflect actual use conditions. The
input-output voltage differential considers all of the
variations associated with nominal, unregulated power
supplies. For example, a 12 V regulator (uA7812)
test uses a 7 V I/0 voltage differential and considers
the following parameters.

Device Input/Output Voltage Differential —2 V Nom.
Line Voltage Reference— 10%

Filtered Supply Ripple— 10%

Line Regulation— 10%

Diode Drop and Source Impedance

Variations—1 V

This is expressed in the following equation.

VIN = VouT(max) t+ (VIN — VouT) + Ripple
+ Line Reg + Vp
126V+2V+146V+16V+1V
18.66 V

A 12 V regulator, then, is not only tested with a guard
band, but the input voltage range used allows for
greater variation than is present in actual operating
conditions. All Fairchild 3-terminal regulator tests are
based on similar practical considerations.

Figure 2-1 shows a self-contained load-pulsing circuit
that can be used for measuring load regulation of
either a positive or negative regulator. The uA555
timer operates in the astable mode as a free-running
multivibrator. Transistors Q2 and Q4, along with the
load resistors Ry, provide the required loading across
the regulator outputs. The on and off times of Q2 and
Q4 are set by potentiometers R2 and R4. Transistors
Q2 and Q4 must be capable of handling the load
current levels to be measured. Line regulation of
positive or negative regulators can be measured using
the circuits in Figure 2-2. Here a pulse generator
switches the input voltages between V|N (min) and

VIN (max) but a similar arrangement could be used by
substituting a uA555 timer for the pulse generator.



Fig. 2-1 Self-Contained Load Regulation Test Circuit for Positive or Negative Regulators
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Ripple Rejection

Ripple rejection is the ratio (in dB) of the regulator
input ac component (or the output of the sine wave
generator) to the output ac component of the device
under test. Its measurement is quite straightforward.

Ripple rejection of Fairchild regulators is normally
specified at a load current of 30 to 50% of the rated
output of the device. This is more realistic than the
20 mA or so specified by some other manufacturers.
A regulator with good ripple rejection at low output
currents may.not necessarily maintain this feature at
moderate-to-high current levels unless special effort
is made during the layout of the integrated circuit to
keep the reference circuit on isotherms (equal
temperature lines) and away from the heat source
(series-pass element).

Figure 2-3 shows two simple circuits for measuring
ripple rejection of positive and negative regulators.

The 5 k potentiometers in both circuits provide the
bias necessary to produce the dc level of the input

voltage to the regulator. The sine-wave generators are

used to produce the ac component of the regulator
input voltage.

Life Test and Burn-In (See Figure 2-4)

Burn-in information is provided here as a guide to
perform regulator life testing. The burn-in performed
by Fairchild is based on the thermal resistance of the
regulator package. The power dissipation level is
selected so that the junction temperature is near the
maximum specified level (150°C for most products).
The power level is then determined based on the
chosen ambient. In general, burn-in is performed at
25°C ambient without a heat sink but it can also be
done with a heat sink or a different ambient.

Fig. 2-3 Ripple Rejection Measurement Circuits
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Example: Determine a burn-in circuit, operating at a
25°C ambient, for a uA7805 in the TO-220 package.
From the data sheet:

0ja = 65°C/W max
_ Ty(max) —Ta _ 150~ 25
D= AT - 65
If R = 30 Q and the effects of Iq are neglected,

Vout
Pp = (ViN = Vour) "R

=192 W

or

RL
VIN=PD V(;U; + Vour = 16.6 V

If the same circuit is used at an ambient of 125°C,
VIN=P AL +V
IN D Vour ouT

- 150-125 _353+5

65
73V

2-6

Note that the value of the load resistor chosen here
(30 Q) is arbitrary. Any other value giving output
currents within the rating of the device could be used.
If the burn-in is to be performed at more than one
temperature, selecting a common load resistor for all
temperatures and changing the input voltage to give
the required power dissipations simplifies the design
and construction of the burn-in fixtures.
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Thermal Considerations

To fully utilize the various available regulator
packages, sufficient attention must be paid to proper
heat removal. For efficient thermal management, the
user must rely on important parameters supplied by
the manufacturer, such as junction-to-case and
junction-to-ambient thermal resistance and maximum
operating junction temperature. The device
temperature depends on the power dissipation level,
the means for removing the heat generated by this
power dissipation and the temperature of the body
(heat sink) to which this heat is removed.

Figure 6-1 shows a simplified equivalent circuit for a
typical semiconductor device in equilibrium. The
power dissipation, which is analogous to current flow
in electrical terms, is caused by a heat source similar
to a voltage source. Temperature is analogous to
voltage potential and thermal resistance to ohmic
resistance. Extending the analogy of Ohm’s law to

Ty—Ta
Pp

Thermal resistance, then, is the rise in the
temperature of a package above some reference level
per unit of power dissipation in that package, usually
expressed in degrees centigrade per watt. The
reference temperature may be ambient or it may be
the temperature of a heat sink to which the package is
connected. There are several factors that affect
thermal resistance including die size, the size of the
heat source on the die (series-pass transistor in an IC
regulator), die-attach material and thickness,
leadframe material, construction and thickness.

Oua(toty = 0uc + Ocs + Osa =

Fig. 6-1. Simplified Thermal Circuit
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SOURCE
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THERMAL RESISTANCE

@ TA AMBIENT TEMPERATURE
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Thermal Evaluation Of Regulators

To measure thermal resistance, the difference
between the junction temperature and the chosen
reference temperature, case, sink or ambient, must be
determined. Ambient or sink temperature
measurement is straightforward. For case-
temperature measurement, the device should have a
sufficiently large heat sink and the power level should
be close to the specified rating of the package-die
combination. The case or tab temperature can be
measured by an infrared microradiometer or by using a
thermocouple soldered to a point in the center of the
case or tab at the tab-heat-sink interface as close to
the die as practical.

Measurement of the junction temperature,
unfortunately, is not as simple and involves some
calibrations. There are several methods available for
junction-temperature measurement; the two most
commonly used are described here.

Thermal Shutdown Method

With this method, the thermal shutdown temperature
of each device is used as the thermometer in
determining the thermal resistance. The device is first
heated externally, with as little internal power
dissipation as practical, until it reaches thermal
shutdown. Then, with the device mounted on a heat
sink, the regulator is powered externally until it
reaches thermal shutdown again. With some
packages, the ambient of the device and its heat sink
may have to be elevated sufficiently to force the
regulator into shutdown. The thermal resistance of the
device can then be calculated by using

Ts—Tc
Pp

where 6,c is the junction-to-case thermal resistance
Ty is the measured thermal shutdown
temperature
Tc is the measured case temperature
Pp is the power dissipated to force the device
into shutdown and is equal to

byc =

(VIN - VouT) lout + ViN la
Iq is the quiescent current of the device and

can be neglected for low thermal resistance
packages such as the TO-3 and TO-220.



Substrate or Isolation Diode Method

The second method of thermal-resistance
measurement utilizes the isolation diodes within the
integrated circuits as temperature sensing element*.
Under normal operating conditions, the substrate
diodes are reverse biased and separate or “isolate”
active as well as passive components within an
integrated circuit. (See Figure 6-2). When the
regulator is reverse biased and a constant current is
forced through the device between the input terminal
and ground, the substrate diodes become forward
biased; naturally, when the forward drop is measured,
the diode with the highest temperature (lowest
forward drop) is detected. Measurement of the
thermal resistance of the regulator then involves two
steps:

Calibrating the substrate diode at a fixed Isups
level in an oven or bath at two temperatures,
preferably near the device operating junction
temperature. It is assumed that this voltage drop
changes linearly with temperature.

*For more detailed explanation of this method, see Fairchild
Application Note 205, “Thermal Evaluation of Integrated
Circuits”. For uA723 thermal considerations, see page 3-29.

Measuring the junction temperature. The device is
powered through a switching circuit S1 at a duty
cycle greater than 99% (Figure 6-3); thus the device
is electrically heated until it reaches equilibrium.
During short measuring intervals (< 1% duty cycle),
the switching circuit de-energizes the device and
the forward drop of the substrate diode is measured
at the previously calibrated Isygs current level. This
voltage drop must be measured as soon as possible
(several microseconds) after the removal of the
power pulse to avoid inaccurate readings due to
cooling of the chip. Diode D1 prevents reverse
current from flowing through the load resistor R
during the substrate-diode measuring interval. Since
the change in the isolation diode drop is assumed to
be linear with temperature, the measured voltage
drop can be converted to its corresponding junction
temperature by interpolation or extrapolation.
Thermal resistance can then be calculated by the
same formula used in the thermal-shutdown method.

Heat Sink Requirements

When is a heat sink necessary, and what type of a
heat sink should one use? The answers to these
questions depend on reliability and cost requirements.
Heat sinking is necessary to keep the operating
junction temperature Ty of the regulator below the

Fig. 6-2 Monolithic Transistor Isolation

Cross-sectional Diagram Showing Two Monolithic
Transistors Isolated by Substrate Diodes

COLLECTOR COLLECTOR

SUBSTRATE DIODES

BASE BASE

SUBSTRATE

EMITTER

EMITTER

Equivalent Circuit

Fig. 6-3 Thermal Resistance Measurement Circuit Using Substrate Diode Technique

o—
S1

VIN

INPUT

DUT

COMMON

OUTPUT |

@&'suas
Vout

D1

o

llour

R
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specified maximum value. Since semiconductor
reiiability improves as operating junction temperature
is lowered, a reliability/ cost compromise is usually
made in the device design.

Table 6-1 is a tabulation by package of the various
regulators available from Fairchild. It also lists the
average and maximum values of thermal resistance for
the regulator chip-package combinations and can be
used as a guide in selecting a suitable package when
designing a regulator circuit.

Thermal characteristics of voltage-regulator chips and
packages determine that some form of heat sinking is
mandatory whenever the power dissipation exceeds
the following.

0.67 W for the TO-39 package

0.69 W for the TO-92 package

1.566 W for the Mini Batwing and Power Watt (similar to
TO-202) packages

1.8 W for the TO-220 package

2.8 W for the TO-3 package

at 25°C ambient or lower power levels at ambients
above 25°C.

To choose or design a heat sink, the designer must
determine the following regulator parameters.

Pp(max)—Maximum power dissipation: (ViN - VouT)
lout + ViNla

TA(max)—M.aximum ambient temperature the regulator
will encounter during operation.

TJ(max)—Maximum operating junction temperature,
specified by the manufacturer.
8¢, 6yo—Junction-to-case and junction-to-ambient
thermal resistance values, also specified
by the regulator manufacturer.
f0cs—Case-to-heat-sink thermal resistance which, for
large packages, can range from about 0.2°C/W
to about 1°C/W depending on the quality of the
contact between the package and the heat sink.
fOsa—Heat-sink-to-ambient thermal resistance,
specified by heat-sink manufacturer.

Maximum permissible dissipation without a heat sink
is determined by

TJ(max) - TA(max)
AT

If the device dissipation Pp exceeds this figure, a heat
sink is necessary. The total required thermal
resistance may then be calculated.

PD(max) =

TJ(max) - TA(max)
Pp

04Actot) = fuc + 0cs + fsa =

Case-to-sink and sink-to-ambient thermal resistance
information on commercially available heat sinks is
normally provided by the heat sink manufacturer. A
summary of some commercially available heat sinks is
shown in Table 6-2. However, if a chassis or other
conventional surface is used as a heat sink, Figure 6-4
can be used as a guide to estimate the required
surface area.

Fig. 6-4 Heat Sink Material Selection Guide

SURFACE AREA
(BOTH SIDES OF THE HEAT SINK)
SQUARE INCHES

3 4 56 810 15 20 2530 40 5060 80

AN I R I R AR
COPPER,
THICKNESS & L7 % %8 % 4% ,J% , ! HORIZONTALLY-
MOUNTED
332+ bbb bt el
3/16"
COPPER,
THICKNESS 7 6 5 4 3 215 1 VERTICALLY-
7 6 5 4 3 25 2 MOUNTED
Y o T R
3/1€" [TTTTTTTT T
[ HILRER l[llHl ALUMINUM,
THICKNESS s 5 o 4 3 25 HORIZONTALLY-
6 5 4 35 3 25 2 MOUNTED
332 Lt e el e L)
3/16"
ALUMINUM,
THICKNESS 77 66 5 5 4 4 335 32 5 25 2 2 VERTICALLY-
MOUNTED
a3z Wl g b b bl

THERMAL RESISTANCE IN °C/W

To determine either area required or thermal resistance of a given area, draw
a vertical line between the top (or area) line down to the material of interest.
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Table 6-1 Thermal Resistance (6,c, 64a) By Device and Package’

Resistances Listed as Follows:

64c (TYP) 94C (MAX) ;1 o
83 (TYP) 3A (MAX) " /W

4-Lead Power
Device lour |TO-3 T0-3 TO-220 Wwatt TO-39
Reg. Type No./Series (A) K K ) Ut H
20 40
WA7BLXX 0.1 0 190
3.05.0 18 25
HATBMXX 0.5 62 70 120 185
4A109, uA209 |1 3555
uA309, 5V 40 45
Pos. 3.65.5 3.05.0
3-Term HATBXX 1 40 45 60 65
1520
78HO5, 5 V 5 37 40
2025
uAT8HXX 5 P
3.05.0 18 25
Neg. HATOMXX 0.5 62 70 120 185
3-Term
3555 3.05.0
HATOXX 1 40 45 60 65
uA105/ ?~°‘2
305/376 N
0.045
uA723 0.125
Pos. uHA78MG 0.5 6 8
Adj. 4-TERM 75 80
LAT8G ] 406.0 6 8
4-TERM 44 47 75 80
HATBHG 32 38
LATIMG 05 6 8
Neg. 4-TERM. 75 80
Adi. LAT9G ) 4060 6 8
4-TERM. 44 47 75 80

Note
* Similar to TO-202

L
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4-Lead TO-99 TO-100 TO-116 TO-116 8 Pin
TO-39 TO-92 8-Lead TO-5 10-Lead TO-5 | 14-Pin Plastic 14-Pin Ceramic Minidip
H w H H D D T
160 180
25 40 - -
150 190 160 190
26 50 - - - -
150 190 150 190 125 160
18 25
125 185
18 25
125 185
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How to Choose a Heat Sink—Example
Determine the heat sink required for a regulator which
has the following system requirements:

Operating ambient temperature range: 0°C-60°C
Maximum junction temperature: 125°C

Maximum output current: 800 mA

Maximum input to output differential: 10 V

From Table 6-1, the choice is narrowed down to the
uA7800 family, available in TO-3 and TO-220
packages. The TO-220 package is sufficent (lower
cost, better thermal resistance).

64c = 5°C/W maximum (from data sheet
or Table 6-1)

Tu—Ta
buActot) = buc + 0cs + 0sa = — o

125 — 60
Ocs +0sa = 08xX10 — 5= 3.13°C/W

Assuming cs = 0.13°C/W then 6sa = 3°C/W

This thermal resistance value can be achieved by
using either 22 square inches of 3/16 inch thick
vertically mounted aluminum (Figure 6-4) or a
commercial heat sink (Table 6-2).

Tips for Better Regulator Heat Sinking
Avoid placing heat-dissipating components such as
power resistors next to regulators.

When using low dissipation packages such as TO-5,
TO-39, and TO-92, keep lead lengths to a minimum
and use the largest possible area of the printed board
traces or mounting hardware to provide a heat
dissipation path for the regulator.

When using larger packages, be sure the heat sink
surface is flat and free from ridges or high spots.
Check the regulator package for burrs or peened-over
corners. Regardless of the smoothness and flatness
of the package and heat-sink contact, air pockets
between them are unavoidable unless a lubricant is
used. Therefore, for good thermal conduction, use a
thin layer of thermal lubricant such as Dow Corning
DC-340, General Electric 662 or Thermacote

by Thermalloy.

In some applications, especially with negative
regulators, it is desirable to electrically insulate the
regulator case from the heat sink. Hardware kits for
this purpose are commercially available for such
packages as the TO-3 and TO-220. They generally
consist of a 0.003 to 0.005 inch thick piece of mica or
bonded fiberglass to electrically isolate the two
surfaces, yet provide a thermal path between them.
As expected, the thermal resistance will increase but,
as in the direct metal-to-metal joint, some
improvement can be realized by using thermal
lubricant on each side of the mica.

If the regulator is mounted on a heat sink with fins, the
most efficient heat transfer takes place when the fin is
in a vertical plane, as this type of mounting forces the
heat transfer from fin to air in a combination of
radiation and convection.

If it is necessary to bend any of the regulator leads,
handle them carefully to avoid straining the package.
Furthermore, lead bending should be restricted since
repeated bending will fatigue and eventually

break the leads.

Table 6-2. Heat Sink Selection Guide

This list is only representative. No attempt has been made to provide a complete list of all heat sink manufacturers.
All values are typical as given by manufacturer or as determined from characteristic curves supplied by

manufacturer.
fOgA Approx. OsA Approx.

S(QC/'W) Manufacturer and Type s(ec /’23) Manufacturer and Type
TO-3 Packages 1.9 IERC E2 Series (Extruded)
0.4 (9” length) Thermalloy (Extruded) 6590 2.1 IERC E1, E3 Series (Extruded)

Series 2.3-47 Wakefield 600 Series
0.4-0.5 (6" Thermalloy (Extruded) 6660, 6560 4.2 IERC HP3 Series
length) Series 4.5 Staver V3-5-2
0.56-3.0 Wakefield 400 Series 4.8-7.5 Thermalloy 6001 Series
0.6 (7.5" length) Thermalloy (Extruded) 6470 5-6 IERC HP3 Series
Series 5-10 Thermalloy 6013 Serie
0.7-1.2 (5-5.5" Thermalloy (Extruded) 6423, 5.6 Staver V3-3-2 -
length) 6443, 6441, 6450 Series 5.9-10 Wakefield 680 Series
1.0-5.4 (3" Thermalloy (Extruded) 6427, 6 Wakefield 390 Series
length) 6500, 6123, 6401, 6403, 6421, 6.4 Staver V3-7-224
6463, 6176, 6129, 6141, 6169, 6.5-7.5 IERC UP Series
6135, 6442 Series 8 Staver Vi1-5
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]
Table 6-2. (Cont.)

fga Approx. . g Approx.
s(%c /‘\"';) Manufacturer and Type S(Io\c /lw) Manufacturer and Type
8.1 Staver V3-5 TO-5 and TO-39 Packages
8.8 Staver V3-7-96 12 Thermalloy 1101, 1103 Series
9.5 Staver V3-3 12-16 Wakefield 260-5 Series
9.5-10.5 IERC LA Series 15 Staver V3A-5
9.8-13.9 Wakefield 630 Series 22 Thermalloy 1116, 1121, 1123
10 Staver V1-3 Series
11 Thermalloy 6103, 6117 Series 22 Thermalloy 1130, 1131, 1132
Series
TO-220 Packages (See Note 1) 24 Staver F5-5C
4.2 IERC HP3 Series 25 Thermalloy 2227 Series
5-6 IERC HP1 Series 26-30 IERC Thermal Links
6.4 Staver V3-7-225 27-83 Wakefield 200 Series
6.5-7.5 IERC VP Series 28 Staver F5-5B
7.1 Thermalloy 6070 Series 34 Thermalloy 2228 Series
8.1 Staver V3-5 35 IERC Clip Mount Thermal Link
8.8 Staver V3-7-96 39 Thermalloy 2215 Series
9.5 Staver V3-3 41 Thermalloy 2205 Series
10 Thermalloy 6032, 6034 Series 42 Staver F5-5A
12.5-14.2 Staver V4-3-192 42-65 Wakefield 296 Series
13 Staver V5-1 46 Staver F6-5, F6-5L
156 Thermalloy 6030 Series 50 Thermalloy 2225 Series
15.1-17.2 Staver V4-3-128 50-55 IERC Fan Tops
16 Thermalloy 6072, 6106 Series 53 Thermalloy 2211 Series
18 Thermalloy 6038, 6107 Series 55 Thermalloy 2210 Series
19 IERC PB Series 56 Thermalloy 1129 Series
20 Staver V6-2 58 Thermalloy 2230, 2235 Series
20 Thermalloy 6025 Series 60 Thermalloy 2226 Series
25 IERC PA Series 68 Staver F1-5
72 Thermalloy 1115 Series

Mini Batwing
10

10.6

11.7

Notes

1. Most TO-3 heat sinks can also be used with TO-220 packages

Staver F2-7

Staver F5-7A, F5-8-1
IERC RUR Series
Staver F5-7D

IERC RU Series

Staver F1-7

Thermalloy 2224 Series

Thermalloy 6069 Series
Thermalloy 6068 Series
Thermalloy 6067 Series
Thermalloy 6066 Series
Thermalloy 6062 Series
Thermalloy 6064 Series

with appropriate hole patterns.
2. Most TO-220 heat sinks can be used with the Power Watt

package.

IERC: 135 W. Magnolia Blvd., Burbank, CA 91502
Staver Co., Inc.: 41-51 N. Saxon Ave., Bay Shore, N.Y. 11706

Thermalloy Inc.: 2021 W. Valley View Lane, Dallas, TX 75234

Wakefield Engineering, Inc.: Audubon Rd., Wakefield, MA 01880

Power Watt (similar to TO-202)
Packages (See Note 2)

12.5-14.2

13
15.1-17.2

Staver V4-3-192
Thermalloy 6063 Series
Staver V5-1

Staver V4-3-128
Thermalloy 6106 Series
Staver V6-2

Thermalloy 6047 Series
Thermalloy 6107 Series
IERC PA1-7CB with PVC-1B Clip
Staver F7-3
Staver F7-2
IERC PA2-7CB with PVC-1B Clip
Staver F7-1
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FAIRCHILD
I

A Schlumberger Company

wA7800 Series
3-Terminal Positive
Voltage Regulators

Linear Products

Description

The nA7800 series of monolithic 3-Terminal Positive
Voltage Regulators is constructed using the Fairchild
Planar epitaxial process. These regulators employ
internal current-limiting, thermal-shutdown and safe-
area compensation, making them essentially
indestructible. If adequate heat sinking is provided,
they can deliver over 1 A output current. They are
intended as fixed voltage regulators in a wide range of
applications including local (on card) regulation for
elimination of distribution problems associated with
single point regulation. In addition to use as fixed
voltage regulators, these devices can be used with
external components to obtain adjustable output
voltages and currents.

OUTPUT CURRENT IN EXCESS OF 1 A

NO EXTERNAL COMPONENTS

INTERNAL THERMAL OVERLOAD PROTECTION
INTERNAL SHORT CIRCUIT CURRENT LIMITING
OUTPUT TRANSISTOR SAFE-AREA
COMPENSATION

AVAILABLE IN THE TO-220 AND THE

TO-3 PACKAGE

® OUTPUT VOLTAGES OF 5, 6, 8, 8.5, 12, 15, 18,
AND 24 V

Absolute Maximum Ratings
Input Voltage (5 V through 18 V)
(24 V)
Internal Power Dissipation
Storage Temperature Range
Operating Junction
Temperature Range
nA7800
uA7800C
Pin Temperature
Soldering, 60s time limit

35V

40V

Internally Limited
—65°C to +150°C

—556°C to +1560°C
0°C to +125°C

TO-3 Package 300°C
Soldering, 10s time limit
T0O-220 Package 230°C

Connection Diagram
TO-3 Package

COMMON 3 —

OUTPUT 2
INPUT 1

(Top View)
Order Information
Type Package Code Part No.
nA7805 Metal HJ uA7805KM
nA7806 Metal HJ nA7806KM
uA7808 Metal HJ uA7808KM
nA7812 Metal HJ uA7812KM
nA7815 Metal HJ uA7815KM
nA7818 Metal HJ uA7818KM
uA7824 Metal HJ uA7824KM
uA7805C Metal HJ uA7805KC
nA7806C Metal HJ uA7806KC
uA7808C Metal HJ uA7808KC
uA7812C Metal HJ nA7812KC
wA7815C  Metal HJ uA7815KC
uA7818C  Metal HJ uA7818KC
nA7824C Metal HJ uA7824KC
Connection Diagram
To-220 Package

'r OUTPUT
Ef COMMON
T
\_ k INPUT
COMMON
(Side View)

Order Information

Type Package Code Part No.

uA7805C Molded Power Pack GH nA7805UC
uA7806C  Molded Power Pack GH uA7806UC
uA7808C  Molded Power Pack GH uA7808UC
uA7885C  Molded Power Pack GH uA7885UC
uA7812C  Molded Power Pack GH uA7812UC
pA7815C  Molded Power Pack GH uA7815UC
uA7818C  Molded Power Pack GH uA7818UC
uA7824C  Molded Power Pack GH uA7824UC

*.
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uA7800 Series

Equivalent Circuit
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uA7805

uA7800 Series

Electrical Characteristics Viy = 10V, gyt = 500 mA, —55°C < T; =< 150°C, Cjy = 0.33 uF, Coyt = 0.1 uF,
unless otherwise specified.

Characteristic Condition (Note) Min Typ Max | Unit
Output Voltage Ty = 25°C 4.8 5.0 5.2 Vv
TV==VN=25V 3 50 mV
Line Regulation Ty =25°C N
8V=VN=12V 1 25 mV
5mA =<I =< 15A 15 100 mV
Load Regulation Ty = 25°C out
250 mA < loyt =< 750 mA 5 25 mV
80V=VN=20V
Output Voltage S5mA <loyT = 1.0A 4.65 535 |V
P<15W
Quiescent Current Ty = 25°C 4.2 6.0 mA
ith li V=VN=<25V 0.8 A
Quiescent Current Change with line |8 IN m
with load [5 mA < lpyt < 1.0A 0.5 mA
Output Noise Voltage TA = 25°C, 10Hz = f =< 100 kHz 8 40 uV/Vourt
Ripple Rejection f=120Hz,8V <=V|N=< 18V 68 78 dB
Dropout Voltage lout = 1.0A, Ty = 25°C 2.0 2.5 v
Output Resistance f=1kHz 17 mQ
Short-Circuit Current Ty=25°C,ViN=35V 0.76 [1.2 A
Peak Output Current Ty = 25°C 1.3 2.2 3.3 A
Average Temperature Coefficient of | 5 mA -55°C =Ty < +25°C 0.4 mV/°C/
T=
Output Voltage ou $25°C < Ty < +150°C 03 |Vour

uA7805C

Electrical Characteristics Viy = 10V, oyt = 500 mA, 0°C < T < 125°C, Cj\ = 0.33 uF, Coyt = 0.1 uF,
unless otherwise specified.

Characteristic Condition (Note) Min Typ Max | Unit
Output Voltage Ty =25°C 4.8 5.0 5.2 \
7TV=VN=25V 1 \",
Line Regulation Ty = 25°C IN 8 00 m
8V =Vy=12V 1 50 mV
S5mA <I =15A 15 100 Vv
Load Regulation Ty = 25°C ouT m
250 mA =< lgyt =< 750 mA 5 50 mV
7TV=VnN=20V
Output Voltage S5mA <lgyT =< 1.0A 4.75 525 |V
P<15W
Quiescent Current Ty=25°C 4.2 8.0 mA
ithline [7V=VNy=<25V 1.3 A
Quiescent Current Change wr : IN m
with load [5mA < lgyr = 1.0A 0.5 mA
Output Noise Voltage Ta =25°C, 10Hz < f < 100 kHz 40 uv
Ripple Rejection f=120Hz, 8V <=V|y =18V 62 78 dB
Dropout Voltage lour= 1.0A, Ty =25°C 2.0 v
Output Resistance f=1kHz 17 mQ
Short-Circuit Current Ty=25°C,Vjy=35V 750 mA
Peak Output Current Ty =25°C 2.2 A
Average Temperature Coefficient of lour = 5 A, 0°C < T, < 125°C 1.1 mv/°C

Output Voltage
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uA7806C

uA7800 Series

Electrical Characteristics VN = 11V, loyTt = 500 mA, 0°C < Ty < 125°C, C|N = 0.33 uF, Coyt = 0.1 uF,
unless otherwise specified.

Characteristic Condition (Note) Min Typ |[Max [Unit
Output Voltage Ty =25°C 5.75 |6.0 6.25 |V
8V==VN=25V 5 120 mV
Line Regulation Ty = 25°C IN
9V=VN=13V 1.5 60 mV
5mA < <15A 14 120 mV
Load Regulation Ty = 256°C out
250 mA =< lpyt = 750 mA 4 60 mV
8V=VN=21V
Output Voltage 5mA <lpytr < 1.0A 5.7 6.3 v
P<15W
Quiescent Current Ty = 25°C 4.3 8.0 mA
ith li V=VinN=<25V 1.3 A
Quiescent Current Change with line |8 IN m
with load |5 mA < lpyT < 1.0A 0.5 mA
Output Noise Voltage Ta = 25°C, 10 Hz < f =< 100 kHz 45 uVvV
Ripple Rejection f=120Hz, 9V =V|N =19V 59 75 dB
Dropout Voltage loutr = 1.0 A, Ty = 25°C 2.0 \"
Output Resistance f=1kHz 19 m{}
Short-Circuit Current Ty=25°C,VN=35V 550 mA
Peak Output Current Ty = 25°C 2.2 A
Average Temperature Coefficient of louT = 5 MA, 0°C < Ty < 125°C 0.8 mv/°C

Output Voltage

Note

1. For all tables, all characteristics except noise voltage and
ripple rejection ratio are measured using pulse techniques
(ty =< 10 ms, duty cycle < 5%). Output voltage changes due
to changes in internal temperature must be taken into account

separately.




uA7808

pA7800 Series

Electrical Characteristics VN = 14V, loyTt = 500 mA, —565°C < Ty < 150°C, C|N = 0.33 uF, Coyrt = 0.1 uF,
unless otherwise specified.

Characteristic Condition (Note) Min Typ Max |Unit
Output Voltage Ty = 25°C 7.7 8.0 8.3 \"
. . 106V==VN=<25V 6.0 80 mV
Line Regulation Ty = 25°C
MMV==VN=S 1TV 2.0 40 mvV
5mA <|I <15A 12 100 mV
Load Regulation Ty = 25°C out
250 mA < loyt < 750 mA 4.0 40 mV
11.86V=<V|N=23V
Output Voltage 5mA <lpytr < 10A 7.6 8.4 \
P=<15W
Quiescent Current Ty = 25°C 4.3 6.0 mA
ithline |11.6V=<VN=256V 0.8 mA
Quiescent Current Change wih 1 IN
with load |[§ mA < loyT =< 1.0A 0.5 mA
Output Noise Voltage Ta = 25°C, 10Hz < f =< 100 kHz 8 40 uV/Vourt
Ripple Rejection f=120Hz, 1156V =<VN=<215V 62 72 dB
Dropout Voltage lout = 1.0 A, Ty = 25°C 2.0 25 \"
Output Resistance f=1kHz 16 mQ
Short-Circuit Current Ty=25°C,VN=35V 0.75 (1.2 A
Peak Output Current Ty = 25°C 1.3 2.2 3.3 A
Average Temperature Coefficient of | 5 mA -556°C < Ty = +25°C 0.4 mV/°C/
ouT =
Output Voltage +25°C = Ty =< 160°C 0.3 Vour

uA7808C

Electrical Characteristics VN = 14V, loyT = 500 mA, 0°C < Ty < 125°C, C|y = 0.33 uF, Coyt = 0.1 uF,
unless otherwise specified.

Characteristic Condition (Note) Min Typ Max |Unit
Output Voltage Ty = 25°C 7.7 8.0 8.3 \
105V=<VN=<25V 6.0 160 \"
Line Regulation T, = 25°C IN m
MMV=VnN=17TV 2.0 80 mV
5mA <|I =15A 12 160 mV
Load Regulation Ty = 25°C out
250 mA < loyt < 750 mA 4.0 80 mv
106V =VN=23V
Output Voltage S5mA <loyr =< 1.0A 7.6 8.4 \"
P<15W
Quiescent Current Ty = 25°C 4.3 8.0 mA
ith lin 105V=VN=25V 1.0 A
Quiescent Current Change wr ne L m
with load |5 mA < loyT = 1.0A 0.5 mA
Output Noise Voltage Ta = 25°C, 10Hz < f < 100 kHz 52 uVv
Ripple Rejection f=120Hz, 11.6V<VIN< 215V 56 72 dB
Dropout Voltage louTr = 1.0A, Ty = 25°C 2.0 Vv
Output Resistance f=1kHz 16 mQ
Short-Circuit Current Tyg=25°C,VN=35V 450 mA
Peak Output Current Ty = 25°C 2.2 A
Average Temperature Coefficient of louT = 5 mA, 0°C < Ty < 126°C 0.8 mv/ec

Output Voltage
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uA7800 Series

uA7885C
Electrical Characteristics VN = 15V, loyT = 500 mA, —55°C < Ty < 150°C, C)y = 0.33 uF, Coyt = 0.1 uF,
unless otherwise specified.

Characteristic Condition (Note) Min Typ Max | Unit
Output Voltage Ty = 25°C 8.15 |8.5 8.85 |V
1056V=VN=25V 6.0 170 mV
Line Regulation T, = 25°C IN
MMV==VN=17V 2.0 85 mV
5mA <| <15A 12 170 mV
Load Regulation T, = 25°C out
250 mA = loyTt =< 750 mA 4.0 85 mV
11V=VN=235V
Output Voltage 5mA < loyt =< 1.0A 8.1 8.9 \
P=<15W
Quiescent Current Ty = 25°C 4.3 8.0 mA
ith li 105V==VN=<=25V 1.0 mA
Quiescent Current Change with ine IN
with load |5 mA < lopyT =< 1.0A 0.5 mA
Output Noise Voltage Ta = 25°C, 10Hz < f < 100 kHz 55 uVv
Ripple Rejection f=120Hz, 11.8V<VIN=215V 56 70 dB
Dropout Voltage louT = 1.0A, Ty = 25°C 2.0 "
Output Resistance f=1kHz 16 mQ
Short-Circuit Current Ty=25°C,VIN=35V 450 mA
Peak Output Current Ty = 25°C 2.2 A

Average Temperature Coefficient of
Output Voltage

louT = 5 mA, 0°C < Ty < 125°C 0.8 mv/°C

Note

1 For all tables, all characteristics except noise voltage and
ripple rejection ratio are measured using pulse techniques
(tw =< 10 ms, duty cycle < 5%). Output voltage changes due
to changes in internal temperature must be taken into account
separately
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Electrical Characteristics VN = 19V, loyT = 500 mA, —55°C < Ty < 150°C, C|N = 0.33 uF, Coyt = 0.1 uF,
unless otherwise specified.

Characteristic Condition (Note) Min Typ |Max |Unit
Output Voltage Ty = 25°C 11.6 [120 (125 |V

145V<VN=30V 10 120 mV
Line Regulation Ty = 25°C IN

1BV=VN=22V 3.0 60 mV

5mA <|I =<15A 12 120 mV
Load Regulation Ty = 25°C out

250 mA < loyt =< 750 mA 4.0 60 mV

166V=VN=27V
Output Voltage 5mA <loytr =< 1.0A 11.4 126 |V
P<15W
Quiescent Current Ty = 25°C 4.3 6.0 mA
with li 1I5V=VN=30V 0.8 mA
Quiescent Current Change fh ine IN
with load |5 mA < lopyT = 1.0A 0.5 mA

Output Noise Voltage Ta = 25°C, 10 Hz < f < 100 kHz 8 40 uV/Vout
Ripple Rejection f=120Hz, 156V =< V|N <25V 61 71 dB
Dropout Voltage lout = 1.0A, Ty = 25°C 2.0 2.5 "
Output Resistance f=1kHz 18 mQ
Short-Circuit Current Ty=25°C,VN=35V 0.75 (1.2 A
Peak Output Current Ty = 25°C 1.3 2.2 3.3 A
Average Temperature Coefficient of | = 5mA —-55°C < Ty < +25°C 0.4 mV/°C/
Output Voltage out +25°C = Ty < 160°C 0.3 Vour

uA7812C

Electrical Characteristics VN = 19V, loyt = 500 mA, 0°C =< Ty < 125°C, C|N = 0.33 uF, Cout = 0.1 uF,
unless otherwise specified.

Characteristic Condition (Note) Min Typ Max |Unit
Output Voltage Ty = 25°C 11.5 |[12.0 (125 |V
145V <VN=30V 10 240 mV
Line Regulation Ty = 25°C IN
1BV==VnN=<22V 3.0 120 mV
5mA <| =<15A 12 240 mV
Load Regulation Ty = 25°C out
250 mA =< loyTt =< 750 mA 4.0 120 mV
145V =VN=<27V
Output Voltage 5mA <lpytr < 1.0A 11.4 12.6 |V
P<15W
Quiescent Current Ty = 25°C 4.3 8.0 mA
ith line |145V <VN=<30V 1.0 mA
Quiescent Current Change with A IN
with load |5 mA < lopyT < 1.0A 0.5 mA
Output Noise Voltage Ta = 25°C, 10Hz < f < 100 kHz 75 uV
Ripple Rejection f=120Hz, 15V =<=VIN=<25V 55 71 dB
Dropout Voltage lout = 1.0 A, Ty = 256°C 2.0 \
Output Resistance f=1kHz 18 mQ
Short-Circuit Current Ty =25°C,VN=35V 350 mA
Peak Output Current Ty =25°C 2.2 A
Average Temperature Coefficient of louT = 5 MA, 0°C < Ty < 126°C 1.0 mv/eC

Output Voltage
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uA7815
Electrical Characteristics V)y = 23 V, Igyt = 500 mA, —565°C =< T =< 150°C, C)y = 0.33 uF, Coyt = 0.1 uF,
unless otherwise specified

Characteristic Condition (Note) Min Typ Max |Unit
Output Voltage Ty = 25°C 14.4 15.0 156 |V

1756V=<=VN=<30V 11 150 mV
Line Regulation Ty = 25°C IN

20V=VN=26V 3 75 mV

5mA <I <15A 12 150 mV
Load Regulation Ty = 25°C our

250 mA =< lpyt = 750 mA 4 75 mVv

185V =<=VN=<30V
Output Voltage S5mA <loyt = 1.0A 14.25 15.76 |V
P=<15W
Quiescent Current Ty = 25°C 4.4 6.0 mA
with line {185V <VN=<30V 0.8 mA
Quiescent Current Change o, IN
with load |5 mA < loyt < 1.0A 0.5 mA

Output Noise Voltage TA = 25°C, 10Hz =< f < 100 kHz 8 40 uV/Vourt
Ripple Rejection f=120Hz, 185V <= V|N <285V 60 70 dB
Dropout Voltage loutr = 1.0A, Ty = 25°C 2.0 2.5 \"
Output Resistance f=1kHz 19 mQ
Short-Circuit Current Ty=25°C,VjN=35V 0.75 A
Peak Output Current Ty = 25°C 1.3 2.2 3.3 A
Average Temperature Coefficient of | = 5mA —-565°C =Ty < +25°C 0.4 mV/°C/
Output Voltage out +25°C < Ty < +150°C 0.3 Vour

uA7815C
Electrical Characteristics V| = 23V, Igyt = 500 mA, 0°C < T < 125°C, C|y = 0.33 uF, Coyt = 0.1 uF,
unless otherwise specified.

Characteristic Condition (Note) Min Typ Max |Unit
Output Voltage Ty =25°C 14.4 15.0 15.6 \'
176V=<VN=30V 11 30 \'
Line Regulation Ty = 25°C IN 0 m
20V==VN=<26V 3 150 |mV
EmA<IloyrT<15A 12 3 v
Load Regulation T, = 25°C our 00 |m
250 mA =< loyT = 750 mA 4 150 mV
176V=<VN=30V
Output Voltage S5mA=Ilopyt=<1.0A 14.25 16.75 |V
P=<15W
Quiescent Current Ty = 25°C 4.4 8.0 mA
ith li 178V==VN=30V 1.
Quiescent Current Change with line IN o mA
with load |5 mA < lpoyt < 1.0A 0.5 mA
Output Noise Voltage TA =25°C, 10 Hz =< f < 100 kHz 90 uVv
Ripple Rejection f=120Hz, 185V <V|N=<285V 54 70 dB
Dropout Voltage lout = 1.0A, Ty = 25°C 2.0 \"
Output Resistance f=1kHz 19 mQ
Short-Circuit Current Ty=25°C,VIN=35V 230 A
Peak Output Current Ty = 25°C 2.1 A

Average Temperature Coefficient of louT = 5 MA, 0°C < Ty <125°C 1.0 mv/ec

Output Voltage

I
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uA7818
Electrical Characteristics Vi = 27 V, Igyt = 500 mA, —55°C < T =< 150°C, C)y = 0.33 uF, Coyt = 0.1 uF,
unless otherwise specified.
Characteristic Condition (Note) Min Typ Max | Unit
Output Voltage Ty = 25°C 17.3 [18.0 |18.7 |V
21V=VN=33V 15 180 mV
Line Regulation Ty = 25°C IN
24V =VN=<30V 5.0 90 mV
S5mA =<I =156A 12 180 mV
Load Regulation Ty = 25°C out
250 mA < loyt < 750 mA 4.0 90 mV
22V =V|N=<33V
Output Voltage 5mA <louyT = 1.0A 17.1 189 |V
P=<=15W
Quiescent Current Ty = 25°C 4.5 6.0 mA
ith li 22V =<VN=<33V 0.8 mA
Quiescent Current Change with fine IN
with load |5 mA < lpyt < 1.0A 0.5 mA
Output Noise Voltage Ta = 25°C, 10Hz < f < 100 kHz 8 40 uV/Vourt
Ripple Rejection f=120Hz,22V < V|N=<32V 59 69 dB
Dropout Voltage loutr = 1.0A, Ty = 26°C 2.0 \
Output Resistance f=1kHz 22 2.5 mQ
Short-Circuit Current Ty=25°C,VN=35V 0.75 |1.2 A
Peak Output Current Ty = 25°C 1.3 2.2 3.3 A
Average Temperature Coefficient of | 5 mA +25°C =Ty =< +1580°C 0.4 mV/°C/
T =
Output Voltage ou —-565°C =Ty =< +256°C 0.3 Vout

uA7818C

Electrical Characteristics Viy = 27 V, loyt = 500 mA, 0°C < Ty < 125°C, C|y = 0.33 uF, CoyTt = 0.1 uF,
unless otherwise specified.

Characteristic Condition (Note) Min Typ Max |Unit
Output Voltage Ty = 25°C 17.3 18.0 18.7 |V
21V==VN=<33V 15 360 mV
Line Regulation Ty = 25°C IN
24V =VnN=<=30V 5.0 180 mV
5mA <I <156A 12 360 mV
Load Regulation Ty = 25°C out
250 mA < loyT =< 750 mA 4.0 180 mV
21V=VN=233V
Output Voltage S5mA=<Ilpytr=<10A 17.1 189 |V
P=<15W
Quiescent Current Ty = 25°C 4.5 8.0 mA
ith li 21V<VN=<S33V 1.0 A
Quiescent Current Change with e IN m
with load {5 mA < loyT =< 1.0A 0.5 mA
Output Noise Voltage Ta = 25°C, 10 Hz < f < 100 kHz 110 uVv
Ripple Rejection f=120Hz,22V<VIN=< 32V 53 69 dB
Dropout Voltage loutr = 1.0A, Ty = 25°C 2.0 Vv
Output Resistance f=1kHz 22 mQ
Short-Circuit Current Ty=25°C,VN=35V 200 mA
Peak Output Current Ty = 25°C 2.1 A
Average Temperature Coefficient of louT = 6 MA, 0°C < Ty <125°C 1.0 mv/°C

Output Voltage
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uA7824
Electrical Characteristics V)N = 33V, loyTt = 500 mA, —55°C < Ty < 150°C, CjNy = 0.33 uF, CoyTt = 0.1 uF,
unless otherwise specified.

Characteristic Condition (Note) Min Typ [Max |Unit
Output Voltage Ty =25°C 23.0 |24.0 |25.0 |V
27V=VnN=<38V 18 240 \"
Line Regulation Ty = 25°C IN m
3V==VN=<36YV 6 120 mV
5mA=<I <15A 12 240 mV
Load Regulation Ty = 25°C out
250 mA < louT =< 750 mA 4 120 mV
28V <V|N=<38V
Output Voltage S5mA <loyt=10A 22.8 25.2 |V
P<15W
Quiescent Current Ty = 25°C 4.6 6.0 mA
ith li 28V <V|N=<38V 0.8 A
Quiescent Current Change with fne IN=3 m
with load |5 mA < loyT < 1.0A 0.5 mA
Output Noise Voltage Ta = 25°C, 10Hz < f < 100 kHz 8 40 uV/Vout
Ripple Rejection f=120Hz,28V < V)N <38V 56 66 dB
Dropout Voltage louTr = 1.0A, Ty = 25°C 2.0 2.5 v
Output Resistance f=1kHz 28 mQ
Short-Circuit Current Tyg=25°C,VN=35V 0.75 1.2 A
Peak Output Current Ty =25°C 1.3 2.2 3.3 A
Average Temperature Coefficient of | = 5mA —55°C < Ty < +25°C 0.4 mV/°C/
Output Voltage out +25°C =Ty < +150°C 0.3 Vourt

uA7824C
Electrical Characteristics V|y = 33V, oyt = 500 mA, 0°C < Ty < 125°C, C|N = 0.33 uF, Coyt = 0.1 uF,
unless otherwise specified.

Characteristic Condition (Note) Min Typ Max | Unit

Output Voltage Ty = 25°C 23.0 |240 |25.0 |V
27V=<VN=<38V 1 4 \",

Line Regulation Ty =25°C IN 8 80 m
30V=VN=<36V 6 240 mV
mA <I <15A 12 48 Vv

Load Regulation Ty = 25°C |2 our o _|m
250 mA =< loyTt =< 750 mA 4 240 mV

27V=VN=238V
Output Voltage SmA=<IlopuT=10A 22.8 25.2 |V
P=<15W

Quiescent Current Ty = 25°C 4.6 8.0 mA
ith li 27V=VN=38V 1.0 A

Quiescent Current Change with fine i 8 m
with load |5 mA < lpyTt =< 1.0A 0.5 mA
Output Noise Voltage TAa = 25°C, 10 Hz < f < 100 kHz 170 mv
Ripple Rejection f=120Hz, 28V < V)N <38V 50 66 dB

Dropout Voltage lout = 1.0 A, Ty = 25°C 2.0 Vv
Output Resistance f=1kHz 28 mQ
Short-Circuit Current Ty=25°C,VN=35V 150 mA

Peak Output Current Ty = 25°C 2.1 A

Average Temperature Coefficient of louT = 5 MA, 0°C =< Ty =125°C 15 mvV/°C

Output Voltage
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Typical Performance Curves
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Typical Performance Curves (Cont.)

Output Voltage as a
Function of
Junction Temperature

uA7800 Series

Current Limiting Characteristics
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Note

The other uA7800 series devices have similar curves.

DC Parameter Test Circuit Although the internal power dissipation is limited, the

junction temperature must be kept below the maximum

2 specified temperature (150°C for 7800, 125°C for
HATBXX 7800C) in order to meet data sheet specifications. To
ViN 0.33 uF IR 3 <01 uF  Vour calculate the maximum junction temperature or heat
l _ sink required, the following thermal resistance values
- l should be used:
Typ Max Typ Max
Package fyc 04c 04A TN
Design Considerations °C/W °C/W °C/W °C/W
The uA7800 fixed voltagg regulator serigs has T0-3 35 55 40 45
thermal-overload protection from excessive power
dissipation, internal short circuit protection which TO-220 3.0 5.0 60 65
limits the regulator’'s maximum current, and output
transistor safe area-compensation for reducing the
output current as the voltage across the pass PDMAX) = TyMax) — TA TyMmax) = Ta
transistor is increased. (MAX) = “g1c + 6ca  ©F 03a

(Without heat sink)
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0ca = fcs + fsa

solving for Ty: Ty = Ta + Pp (4c + 0ca)
or Ta + Pplya (Without heat sink)

where T = Junction Temperature

TA = Ambient Temperature

Pp = Power Dissipation

6yc = Junction-to-case-thermal resistance
fca = Case-to-ambient thermal resistance
fcs = Case-to-heat sink to thermal resistance
fsa = Heat sink-to-ambient thermal resistance
64a = Junction-to-ambient thermal resistance

Typical Applications

Fixed Output Regulator

VIN

nAT8XX

la

Vout

L+
= 0.1 uF

ny
A}

0.33 uF 5

Notes

1. To specify an output voltage, substitute voltage value for “XX.”

2. Bypass capacitors are recommended for optimum stability and
transient response, and should be located as close as
possible to the regulator.

High Current Voltage Regulator

High Input Voltage Circuits

Positive and Negative Regulator

= i

N 1 nAT8XX 2
VIN VWA NOTE 1 Vour
0.33 uF = 3 <c2
NOTE 3 1 NOTE 2
L
4 = 4 uAT8XX Vout
<o033uF |3 SR 0.1 4F

Ql a1
2N6133 —
ViN 4
R1
3.0 0 IReG ] 2 lout (MAX)
¥ uATBXX Vout
0.33 uF 7= 13 AR 0.1 uF
|
g@Q1) = OUT(Max)
IREG(Max)
_ 09 £(Q1) VBE(Q1)
IREG  IREG(Max) (& + 1) ~ lOUT(Max)

Dual Supply
Operational Amplifier Supply (£t15V @ 1.0 A)

+20 V 1 2 +15 V

INPUT HATB15 l+ OUTPUT

0.33 uF 3R 3 0.1 4F 1N4001 OR
T EQUIVALENT
GND < * GND
+
=R 2.0 uF 1 1.0 uF = 1N4001 OR
EQUIVALENT
20 V 3 2 -15V
INPUT HAT915 e OUTPUT

-OUTPUT
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High Output Current,
Short Circuit Protected

uA7800 Series

nAT8XX

la

OuUTPUT

A~ 0.1 uF

Q1
Rsc 2N6132
INPUT
Q2
2N6124
R1 -
30 0.33 uF 7=
Rgc = —
Bl IsG
= A VBE(Q1)
IREG(Max) (£ + 1) — lOUT(Max)
Positive and Negative Regulator
1 arexx P
i g
_I I~ 3
1 La7exx
AF
__I - 3

+OUTPUT

-OUTPUT




————————
FAIRCHILD
 ————

A Schlumberger Company

uwA78MOO Series
3-Terminal Positive
Voltage Regulators

Linear Products

Description

The uA78MO0O0 series of 3-Terminal Medium Current
Positive Voltage Regulators is constructed using the
Fairchild Planar epitaxial process. These regulators
employ internal current-limiting, thermal-shutdown and
safe-area compensation making them essentially
indestructible. If adequate heat sinking is provided,
they can deliver in excess of 500 mA output current.
They are intended as fixed voltage regulators in a
wide range of applications including local or on-card
regulation for elimination of noise and distribution
problems associated with single point regulation. In
addition to use as fixed voltage regulators, these
devices can be used with external components to
obtain adjustable output voltages and currents.

OUTPUT CURRENT IN EXCESS OF 0.5 A
NO EXTERNAL COMPONENTS
INTERNAL THERMAL-OVERLOAD PROTECTION
INTERNAL SHORT-CIRCUIT CURRENT LIMITING
OUTPUT TRANSISTOR SAFE-AREA
COMPENSATION
m AVAILABLE IN JEDEC TO-220 AND

TO-39 PACKAGES
® OUTPUT VOLTAGESOF5V,6V,8V, 12V, 15V,
AND 24 V
MILITARY AND COMMERCIAL
TEMPERATURE RANGE

Absolute Maximum Ratings
Input Voltage
(5 V through 15 V)
(20 V, 24 V)
Internal Power Dissipation
Storage Temperature Range
TO-39
TO-220
Operating Junction
Temperature Range
uA78M00
nA78M00C
Pin Temperatures
(Soldering, 60 s time limit)

35V
40V
Internally Limited

—-65°Cto + 150°C
—55°Cto + 150°C

—58°C to + 150°C
0°C to + 125°C

TO-39 300°C
(Soldering, 10 s time limit)
TO-220 230°C

Connection Diagram
TO-39 Package

IN out COMM
1 2 3
(Top View)

Order Information

Type Package Code Part No.

uA78MO0O5 Metal FC unA78MOSHM
uA78M06 Metal FC uA78MO6HM
uA78M08 Metal FC uA78M08HM
uA78M12 Metal FC uA78M12HM
uA78M15 Metal FC uA78M15HM
uA78M24 Metal FC rA78M24HM
uA78M05C Metal FC uA78MO5HC
uA78M06C Metal FC uA78MO6HC
uA78M08C Metal FC uA78M0O8HC
uA78M12C Metal FC uA78M12HC
uA78M15C Metal FC uA78M15HC

Connection Diagram
TO-220 Package

COMMON

O

Order Information

(Side View)

Type Package Code Part No.

uA78M0O5C Molded Power Pack GH  uA78MO5UC
uA78M06C Molded Power Pack GH  uA78MO06UC
unA78M08C Molded Power Pack GH uA78M08UC
uA78M12C Molded Power Pack GH uA78M12UC
uA78M15C Molded Power Pack GH uA78M15UC
uA78M24C Molded Power Pack GH uA78M24UC



uA78MOO Series

Equivalent Circuit

R8 R9 R13
100 400 10 k
(1] Q9 D2
—ars

R21

;

R6
27k

=

R7 <
500

200

— WV

RI7 S 213 R11

0.3

R20
0-19 k

INPUT (1)

OUTRUT (2)

COMMON (3)

nA78M0O5

Electrical Characteristics VN = 10V, loyT = 350 mA, —55°C < Ty < 150°C, C|N = 0.33 uF, Coyt = 0.1 uF,
unless otherwise specified.

Characteristic Condition (Note) Min Typ Max |Unit
Output Voltage Ty =25°C 4.8 5.0 5.2 v
7TV=VN=<25YV,
' ' louT = 200 MA 3.0 50 mV
Line Regulation Ty = 25°C BV =V =20V
= VIN= )
louT = 200 mA 1.0 |25 mv
5mA <| =< 500 mA 20 50 mV
Load Regulation Ty = 25°C out
5 mA < loyt < 200 mA 10 25 mV
8V=VN=2,
Output Voltage 5mA < louT < 350 mA 4.7 5.3 v
Quiescent Current Ty =25°C 4.5 7.0 mA
with line |8V <VN=<25V,I = 200 mA 0.8 mA
Quiescent Current Change |— ! N OuT
with load {5 mA < loyT < 350 mA 0.5 mA
Output Noise Voltage Ta = 25°C, 10 Hz < f < 100 kHz 8 40 uV/Vourt
| = 100 mA | 62 dB
Ripple Rejecti f= 120 Hz, |OUT 300 mA
ipple Rejection ouT = mA,
8V5V|NS18V TJ=25°C 62 80 dB
Dropout Voltage Ta = 25°C, loyt = 350 mA 2.0 2.5 \"
Short-Circuit Current Ty=25°C,VyN=35V 300 600 mA
Peak Output Current Ty = 25°C 0.5 0.7 1.4 A
Average Temperature Coefficient of | —5mA =565°C =Ty =< +25°C 0.4 mV/°C/
Output Voltage our +25°C < Ty < +150°C 03 |VYour

Note

All characteristics except noise voltage and ripple rejection
ratio are measured using pulse techniques (Tyy < 10 ms, duty

cycle < 5%). Output voltage changes due to changes in
internal temperature must be taken into account separately.
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uA78MOS5C
Electrical Characteristics V)N = 10V, loyt = 350 mA, 0°C < Ty < 125°C, C|N = 0.33 uF, Coyt = 0.1 uF, unless
otherwise specified.

Characteristic Condition (Note) Min Typ Max | Unit
Output Voltage Ty =25°C 4.8 5.0 5.2 Vv
TV=VN=25V, 30 [100 |mv
. . lout = 200 mA
Line Regulation Ty = 25°C BV =V =25V
= VIN = ,
louT = 200 mA 1.0 50 mV
S5mA < | =< 500 mA 20 100 mV
Load Regulation Ty = 25°C Lol
5 mA =< loyt =< 200 mA 10 50 mV
7V=VN=20V,
Output Voltage 5mA < oyt =< 350 mA 4.75 525 |V
Quiescent Current Ty = 25°C 4.5 8.0 mA
with line |8V =VIN=<25V,I = 200 mA 0.8 mA
Quiescent Current Change — N out
with load |5 mA < loyt < 350 mA 0.5 mA
Output Noise Voltage Ta = 25°C, 10Hz < f < 100 kHz 40 uVv
| = 100 mA |62 dB
Ripple Rejecti f=120Hz, |OUT 300 mA
ipple Rejection ouT = mA,
8V==VN=<18V T, = 25°C 62 80 dB
Dropout Voltage Ta = 25°C 2.0 \
Short-Circuit Current Ty=25°C,VN=35V 300 mA
Peak Output Current Ty = 25°C 700 mA
Average Temperature Coefficient of _ o
Output Voltage louT = 5 mA 1.0 mV/°C
Note
All characteristics except noise voltage and ripple rejection cycle < 5%). Output voltage changes due to changes in
ratio are measured using pulse techniques (Tyy < 10 ms, duty internal temperature must be taken into account separately.
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uA78MO06

uA78MOO0 Series

Electrical Characteristics VN = 11V, loyT = 350 mA, —55°C < Ty < 150°C, C|N = 0.33 uF, Cout = 0.1 uF,
unless otherwise specified.

Characteristic Condition (Note) Min Typ Max |Unit
Output Voltage Ty = 25°C 575 |[6.0 6.25 |V
ﬁ)xf: YN =25V, 50 |60 |mv
Line Regulation Ty = 25°C oV =V =20V
=VIN= ,
louT = 200 mA 1.5 |30 mV
5mA < | < 500 mA 20 60 mV
Load Regulation Ty = 25°C OuT
5 mA < loyTt < 200 mA 10 30 mV
9V=VN=21V,
Output Voltage 5mA < louT < 350 mA 5.7 6.3 Vv
Quiescent Current Ty = 25°C 4.5 7.0 mA
withline [9V==VN=25V,I = 200 mA 0.8 mA
Quiescent Current Change [— IN ouT
with load {5 mA < lpyT < 350 mA 0.5 mA
Output Noise Voltage TA = 25°C, 10Hz < f < 100 kHz 8 40 uV/Vout
| = 100 mA |59 dB
Ripple Rejecti f=120Hz, IOUT 300 mA
ipple Rejection ouT = mA,
GV=VN=19V T, = 25°C 59 80 dB
Dropout Voltage Ta = 25°C, loyt = 350 mA 2.0 2.5 \"
Short-Circuit Current Ty=25°C,VN=35V 300 600 mA
Peak Output Current Ty = 25°C 0.5 0.7 1.4 A
Average Temperature Coefficient of | = 5mA —55°C = Ty < +25°C 4 mV/°C/
Output Voltage out +25°C = Ty = +150°C 3 |Vout

Note

All characteristics except noise voltage and ripple rejection
ratio are measured using pulse techniques (Tyy < 10 ms, duty

cycle < 5%). Output voltage changes due to changes in
internal temperature must be taken into account separately.



uA78MOO Series
L _________________________________________________-

nA78MO6C
Electrical Characteristics VN = 11V, loyt = 350 mA, 0°C < Ty < 125°C, C|y = 0.33 uF, Coyrt = 0.1 uF, unless
otherwise specified.

Characteristic Condition (Note) Min Typ Max Unit
Output Voltage Ty = 25°C 5.75 |[6.0 6.25 |V
e oo ma 50 |100 |mv
Line Regulation Ty = 25°C OV =Vm <25V
= VIN= ’
louT = 200 mA 1.5 50 mV
S5mA <1 = 500 mA 20 120 mV
Load Regulation Ty =25°C out
5 mA < loyt = 200 mA 10 60 mV
8V=VN=21V,
Output Voltage 5mA < louT < 350 mA 5.7 6.3 \"
Quiescent Current Ty = 25°C 4.5 8.0 mA
withline |9V <VnN=<25V,I = 200 mA 0.8 mA
Quiescent Current Change IN OuT
with load |5 mA =< oyt = 350 mA 0.5 mA
Output Noise Voltage TA = 25°C, 10Hz < f < 100 kHz 45 uVv
| = 100 mA | 59 dB
Ripple Rejecti f= 1200z, |OUT 300 mA
ipple Rejection ouT = mA,
9V5V|NS19V TJ=25°C 59 80 dB
Dropout Voltage Ta = 25°C 2.0 \'
Short-Circuit Current Ty=25°C,VN=35V 270 mA
Peak Output Current Ty = 25°C 700 mA
Average Temperature Coefficient of _ °
Output Voltage louT = 5 mA 0.5 mV/°C
Note
All characteristics except noise voltage and ripple rejection cycle =< 5%). Output voltage changes due to changes in
ratio are measured using pulse techniques (Tyy < 10 ms, duty internal temperature must be taken into account separately.

P VS
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wA78MOO Series

nA78MO08
Electrical Characteristics V|y = 14V, oyt = 350 mA, —55°C < Ty < 150°C, CN = 0.33 uF, Coyt = 0.1 uF,
unless otherwise specified.

Characteristic Condition (Note) Min Typ Max | Unit
Output Voltage Ty = 25°C 7.7 8.0 8.3 \"
I‘gﬁ v foc\)/ N =25V, 60 |60 |mv
Line Regulation Ty = 25°C 1V =V =20V
= VIN= s
louT = 200 mA 2.0 30 mV
mA < | =< 500 mA 25 80 \"
Load Regulation Ty = 25°C [ out m
5 mA < loyt =< 200 mA 10 40 mV
115V=<VN=23V,
Output Voltage 5mA < louT < 350 mA 7.6 8.4 \ -
Quiescent Current Ty=25°C 4.6 7.0 mA
with line |[11.5V <VN=<25V,I = 200 mA 0.8 mA
Quiescent Current Change — IN OUT
with load |5 mA < loyT =< 350 mA 0.5 mA
Output Noise Voitage TAa = 25°C, 10 Hz < f < 100 kHz 8 40 uV/Vourt
I = 100 mA | 56 dB
Ripple Rejecti f=120He, IOUT 300 mA
ipple Rejection ouT = mA,
11.5VSV|N$21‘5V TJ=25°C 56 80 dB
Dropout Voltage Ta = 25°C, loyt = 350 mA 2.0 2.5 \'
Short-Circuit Current Ty=25°C,VN=35V 300 600 mA
Peak Output Current Ty =25°C 0.5 0.7 1.4 A
Average Temperature Coefficient of | = 5mA —565°C = Ty = +25°C 0.4 mV/°C
Output Voltage out +25°C = Ty < +150°C 0.3
Note
All characteristics except noise voltage and ripple rejection cycle < 5%). Output voltage changes due to changes in
ratio are measured using pulse techniques (Tyy < 10 ms, duty internal temperature must be taken into account separately.
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wA78MOO Series
L

uA78M08C
Electrical Characteristics Viy = 14V, loyTt = 350 mA, 0°C < Tj < 125°C, C|y = 0.33 uF, Coyt = 0.1 uF, unless
otherwise specified.

Characteristic Condition (Note) Min Typ Max |Unit
Output Voltage Ty = 25°C 7.7 8.0 8.3 \"
,1&? Voo =25V, 60 |100 |mv
Line Regulation Ty = 25°C 1V =V =25V
= VIN= ,
louT = 200 mA 2.0 50 mV
S5mA <I = 500 mA 25 160 \")
Load Regulation Ty =25°C out m
5 mA =< loyt =< 200 mA 10 80 mV
105V<ViN=<23YV,
Output Voltage 5 mA =< loyT < 350 mA 7.6 8.4 Vv
Quiescent Current Ty = 25°C 4.6 8.0 mA
ith lin 105V ==VN=25V,I = 200 mA 0.8 A
Quiescent Current Change with ne IN out m
i with load |5 mA < loyTt =< 350 mA 0.5 mA
Output Noise Voltage TA = 25°C, 10Hz < f < 100 kHz 52 uv
l = 100 mA | 56 dB
Ripple Rejecti f=120Hz, |OUT 300 mA
ipple Rejection = mA,
ppie Tl 1.6V < VIN =216 V)% p5oc | |56 |80 dB
Dropout Voltage Ta = 25°C 2.0 Vv
Short-Circuit Current Ty=25°C,VN=35V 250 mA
Peak Output Current Ty =25°C 700 mA
Average Temperature Coefficient of louT = 5 mA 0.5 VoG
Output Voltage
Note
All characteristics except noise voltage and ripple rejection cycle =< 5%). Output voltage changes due to changes in
ratio are measured using pulse techniques (Tyy < 10 ms, duty internal temperature must be taken into account separately.

.
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uA78M12

uwA78MOO Series

Electrical Characteristics V|y = 19V, loyT = 350 mA, —55°C < Ty < 150°C, C|y = 0.33 uF, Coyt = 0.1 uF,
unless otherwise specified.

Characteristic Condition (Note) Min Typ Max |Unit
Output Voltage Ty = 25°C 11.5 |12 125 |V
145V <=VN=230V,
8.0 60 mV
| = 200 mA
Line Regulation Ty = 25°C %U\T/ —v rl 25V
=VIN= ,
louT = 200 MA 20 (30 |mv
S5mA < | =< 500 mA 25 120 mV
Load Regulation Ty = 25°C out
5 mA =< loyt = 200 mA 10 60 mV
155V=VN=<27V,
Output Voltage 5mA < lout < 350 mA 11.4 126 |V
Quiescent Current Ty = 25°C 4.8 7.0 mA
ith li 1I5V=VN=30V,I = 200 mA 0.8 mA
Quiescent Current Change with fine IN out m
with load |5 mA < loyT < 350 mA 05 |mA
Output Noise Voltage TA = 25°C, 10Hz < f < 100 kHz 8 40 uV/Vour
I = 100 mA |55 dB
Ripple Rejecti f=120Hz, |OUT 300 mA
ipple Rejection = mA,
ppie el 15V=VN=25V | Logec |55 |80 dB
Dropout Voltage TA = 25°C, lpyt = 350 mA 2.0 2.5 v
Short-Circuit Current Ty=25°C,VN=35V 300 600 mA
Peak Output Current Ty =25°C 0.5 0.7 1.4 A
Average Temperature Coefficient of | = 5mA —55°C = Ty < +25°C 0.4 mV/°C/
Output Voltage out +25°C = Ty < +150°C 03 |Vour

Note

All characteristics except noise voltage and ripple rejection
ratio are measured using pulse techniques (Tyy =< 10 ms, duty

cycle < 5%). Output voltage changes due to changes in
internal temperature must be taken into account separately.
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uwA78MOO Series
L____________________________________________________________________________________________________

nA78M12C
Electrical Characteristics V)N = 19V, loyt = 350 mA, 0°C < Ty < 125°C, CjNy = 0.33 uF, Coyt = 0.1 uF, unless
otherwise specified.

Characteristic Condition (Note) Min Typ Max |Unit
Output Voltage Ty = 25°C 115 |12 1256 |V
14.5 \i =VIN=230V, 8.0 100 mv
. . louT = 200 mA
Line Regulation Ty = 25°C 6V =Vm =30V
= VIN = ’
louT = 200 mA 2.0 50 mV
S5mA < | = 500 mA 25 240 mV
Load Regulation Ty = 25°C out
5 mA < loyT =< 200 mA 10 120 mV
145V < V|N= 27V,
Output Voltage 5mA < loyT < 350 mA 11.4 126 |V
Quiescent Current Ty = 25°C 4.8 8.0 mA
with line [1456V =VN=<30V,I = 200 mA 0.8 mA
Quiescent Current Change — : N OuT
with load |5 mA < loyt = 350 mA 0.5 mA
Output Noise Voltage Ta =25°C, 10Hz < f < 100 kHz 75 v
! = 100 mA | 55 dB
Ripple Rejecti f= 120 Hz, |OUT 300 mA
e Rejection = mA,
ppie Heject 15V=VN=25V |\ Lo @ |55 |80 dB
Dropout Voltage Ta = 25°C 2.0 Vv
Short-Circuit Current Ty=25°C,VN=35V 240 mA
Peak Output Current Ty=25°C 700 mA
Average Temperature Coefficient of = °
Output Voltage lour = 5 mA 1.0 mV/°C
Note
All characteristics except noise voltage and ripple rejection cycle < 5%). Output voltage changes due to changes in
ratio are measured using pulse techniques (Tyy =< 10 ms, duty internal temperature must be taken into account separately.

L ]
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uA78MOO Series

rA78M15
Electrical Characteristics VN = 23V, loyT = 350 mA, —55°C < Ty < 150°C, Cy = 0.33 uF, Coyt = 0.1 uF,
unless otherwise specified.

Characteristic Condition (Note) Min Typ Max |Unit
Output Voltage Ty =25°C 144 |15 156.6 |V
1I75V=<VN=<30V,
. . louT = 200 MA 10 60 mV
Line Regulation Ty=25°C 20V < Vee < 30V
= VIN= ,
louT = 200 mA 3.0 30 mV
S5mA <I < 500 mA 25 150 mV
Load Regulation Ty = 25°C out
5 mA =< loyt =< 200 mA 10 75 mV
185V <=VN=<30V,
Output Voltage 5mA < louT < 350 mA 14.25 16.75 |V
Quiescent Current Ty = 25°C 4.8 7.0 mA
) with line | 18.5V < V|N < 30V, louT = 200 mA 0.8 mA
Quiescent Current Change
with load |5 mA < loyt =< 350 mA 0.5 mA
Output Noise Voltage TA = 25°C, 10Hz < f < 100 kHz 8 40 uV/Vour
| = 100 mA | 54 dB
Ripple Rejecti f=120Hz, |OUT 300 mA
ipple Rejection ouTt = mA,
1856V <=VN=<285V T, = 25°C 54 70 dB
Dropout Voltage Ta = 25°C 2.0 2.5 Vv
Short-Circuit Current Ty=25°C,VN=35V 300 600 mA
Peak Output Current Ty =25°C 0.5 0.7 1.4 A
Average Temperature Coefficient of _ —-565°C < Ty < +25°C 0.4 mV/°C
Output Voltage lour =8 mA | o5°Cc < T, < +150°C 0.3 |Vour
Note
All characteristics except noise voltage and ripple rejection cycle < 5%). Output voltage changes due to changes in
ratio are measured using pulse techniques (Tyy < 10 ms, duty internal temperature must be taken into account separately.

L ]
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uA78MOO Series

uA78M15C
Electrical Characteristics V)N =23V, loyt =350 mA, 0°C < Ty < 125°C, CjNy = 0.33 uF, Coyt = 0.1 uF, unless
otherwise specified.

Characteristic Condition (Note) Min Typ Max |Unit
Output Voltage Ty = 25°C 14.4 (15 15.6 |V
l‘(;’j v 2502)/ N =30V, 10 |100 |mv
Line Regulation Ty = 25°C 20V =V =30V
= VIN = ’
louT = 200 mA 3.0 50 mV
S5mA < | =< 500 mA 25 300 mV
Load Regulation Ty =25°C ouT
5 mA < loyT =< 200 mA 10 150 mV
1756V=VN=<30V,
Output Voltage 5mA < louT < 350 mA 14.25 16.75 |V
Quiescent Current Ty = 25°C 4.8 8.0 mA
with line |17.6V<VN=<30V,I = 200 mA 0.8 A
Quiescent Current Change = ouT m
with load |5 mA < loyt =< 350 mA 0.5 mA
Output Noise Voltage TA = 25°C, 10 Hz < f < 100 kHz 90 uVv
! = 100 mA |54 dB
Ripple Rejecti f=120Hz, IOUT 300 mA
ipple Rejection = mA,
ppie el 185V < ViN<285V| L 250 |54 |70 B
Dropout Voltage Ta = 25°C 2.0 \"
Short-Circuit Current Ty=25°C,VN=35V 240 mA
Peak Output Current Ty = 25°C 700 mA
Average Temperature Coefficient of = °
Output Voltage lout = 5 mA 1.0 mV/°C
Note
All characteristics except noise voltage and ripple rejection cycle < 5%). Output voltage changes due to changes in
ratio are measured using pulse techniques (Tyy < 10 ms, duty internal temperature must be taken into account separately.

L ]
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uA78M24

wA78MOO Series

Electrical Characteristics V)N = 33V, loyt = 350 mA, —55°C < Ty < 150°C, C|Ny = 0.33 uF, Coyrt = 0.1 uF,
unless otherwise specified.

Characteristic Condition (Note) Min Typ |Max [Unit
Output Voltage Ty = 25°C 23 24 25 Y
l207u¥ SoON=38V, 10 |60 |mv
Line Regulation Ty = 25°C V=V =36V
= VIN = )
loUT = 200 mA 50 (30 |mV
5mA <I < 500 mA 30 240 \
Load Regulation Ty = 25°C il m
5 mA < lpyt < 200 mA 10 120 mV
28V =<VIN<38Y,
Output Voltage 5mA =< loyt < 350 mA 22.8 25.2 |V 2
Quiescent Current Ty = 25°C 5.0 7.0 mA
with line |28V < VN <38V, | = 200 mA 0.8 mA
Quiescent Current Change — IN our
with load |5 mA < loyTt =< 350 mA 0.5 mA
Output Noise Voltage TA = 25°C, 10 Hz < f < 100 kHz 8 40 uV/Vout
I = 100 mA | 50 dB
Ripple Rejecti f= 120z, 'our 300 mA
e Rejection = ,
ppie Heject 28V=VN=38V [ Losec 50 |70 dB
Dropout Voltage Ta = 25°C, loyt = 350 mA 2.0 25 \"
Short-Circuit Current Ty=25°C,VN=35V 300 600 mA
Peak Output Current Ty = 25°C 0.5 0.7 1.4 mA
Average Temperature Coefficient of i = 5mA -55°C < Ty < +25°C 0.4 mV/°C
Output Voltage out +25°C < Ty < +150°C 03 |Vour

Note

All characteristics except noise voltage and ripple rejection
ratio are measured using pulse techniques (Tyy < 10 ms, duty

cycle < 5%). Output voltage changes due to changes in
internal temperature must be taken into account separately.



uwA78MO0OO0 Series

uA78M24C
Electrical Characteristics V)N =33V, loyT = 350 mA, 0°C < Ty < 125°C, C|N = 0.33 uF, CouTt = 0.1 uF, unless
otherwise specified.

Characteristic Condition (Note) Min Typ Max | Unit
Output Voltage Ty = 25°C 23 24 25 Vv
IZJU‘T’ S N=238V. 10 [100 |mv
Line Regulation Ty = 25°C 28V =V =38V
= VIN= f
louT = 200 mA 5.0 50 mV
S5mA <| =< 500 mA 30 480 mV
Load Regulation Ty = 256°C out
5 mA =< loyt = 200 mA 10 240 mV
27TV <V|N=<38YV,
Output Voltage 5 mA < lout < 350 mA 22.8 2562 |V
Quiescent Current Ty = 25°C 5.0 8.0 mA
with line [27V =<V|N=<38V,I = 200 mA 0.8 mA
Quiescent Current Change — IN ouT
with load |6 mA < loyt =< 350 mA 0.5 mA
Output Noise Voltage TAa = 25°C, 10 Hz < f < 100 kHz 170 uv
| = 100 mA | 50 dB
Ripple Rejecti f= 120 Hz, IOUT 300 mA
ipple Rejection ouT = mA,
28V < V|N =38V TJ = 25°C 50 70 dB
Dropout Voltage Ta = 25°C, loyt = 350 mA 2.0 \"
Short-Circuit Current Ty=25°C,ViIN=35V 240 mA
Peak Output Current Ty = 25°C 700 mA
Average Temperature Coefficient of = o
Output Voltage louTr = 5 mA 1.2 mV/°C
Note
All characteristics except noise voltage and ripple rejection cycle < 5%). Output voltage changes due to changes in
ratio are measured using pulse techniques (Tyy =< 10 ms, duty internal temperature must be taken into account separately.

L ]
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wA78MOO Series

Typical Performance Curves
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Other uA78MO0O0 Series devices have similar curves.

Power Watt (UIC)
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nwA78MOO Series

Typical Performance Curves (Cont.)

Quiescant Current as a
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Design Considerations

The pA78MOO fixed voltage regulator series has
thermal-overioad protection from excessive power,
internal short circuit protection which limits the
circuit’s maximum current, and output transistor safe-
area compensation for reducing the output short
circuit current as the voltage across the pass
transistor is increased.

Although the internal power dissipation is limited, the
junction temperature must be kept below the maximum
specified temperature (150°C for 78M00, 125°C for
78MO00C) in order to meet data sheet specifications.
To calculate the maximum junction temperature or
heat sink required, the following thermal resistance
values should be used:

Typ Max Typ Max
Package 8JC 68JC 0JA 0JA
TO-39 18 25 120 160
TO-220 3 5 60 65
Power Watt 6 8 70 75
TJ (Max) = TA
P =07 or
D (MAX) buc + bca
T -7
—%—A (Without a heat sink)

Oca =6cs + Osa

Solving for Ty: Ty = Ta + Pp (8yc+0ca) or Ta + Pp ya
(Without a heat sink)
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Where Ty = Junction Temperature
TaA = Ambient Temperature
Pp = Power Dissipation
04c = Junction to case thermal resistance
fca = Case-to-ambient thermal resistance
fcs = Case-to-heat sink to resistance
fsa = Heat sink-to-ambient thermal resistance
04A = Junction-to-ambient thermal resistance

Typical Applications

Fixed Output Regulator

1 2
INPUT AA “:;:.’;’:x OUTPUT
+ +
0.33 uF 3: 3 == C2
NOTE 2 J NOTE 2
Notes

1. To specify an output voltage, substitute voltage value for “XX".

2. Bypass Capacitors are recommended for optimum stability and
transient response and should be located as close as possible
to the regulator.
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uwA78L0O0 Series
allad=dall=s 3-Terminal Positive

A Schlumberger Company VOltage RQQUIatorS

Linear Products

Description Connection Diagram
The uA78L0O0 series of 3-Terminal Positive Voltage TO-92 Package
Regulators is constructed using the Fairchild

Planar epitaxial process. These regulators employ

internal current-limiting and thermal-shutdown, making

them essentially indestructible. If adequate heat Ccoataes

sinking is provided, they can deliver up to 100 mA / x 2

output current. They are intended as fixed voltage OUTPUT \__T_./ INPUT

regulators in a wide range of applications including (2) COMMON (1)

local or on-card regulation for elimination of noise and (3)

distribution problems associated with single-point

regulation. In addition, they can be used with power (Top View)

pass elements to make high-current voltage

regulators. The uA78L00 used as a Zener Order Information

diode/resistor combination replacement, offers an Type Package Code Part No.

effective output impedance improvement of typically uA78LO5SAC Molded El nA78LOSAWC

two orders of magnitude, along with lower quiescent uA78L62AC Molded El uA78L62AWC

current and lower noise. uA78L82AC Moided El uA78L82AWC
uA78LO9AC Molded El uA78LO9AWC

8 OUTPUT CURRENT UP TO 100 mA nA78L12AC Molded El uA78L12AWC

® NO EXTERNAL COMPONENTS uA78L15AC Molded El uA78L15AWC

® INTERNAL THERMAL OVERLOAD PROTECTION

B INTERNAL SHORT CIRCUIT CURRENT LIMITING

® AVAILABLE IN JEDEC TO-92

® OUTPUT VOLTAGESOF 5V,6.2V,8.2V,9V,

12V,15V
OUTPUT VOLTAGE TOLERANCES OF +5%
OVER THE TEMPERATURE RANGE

Absolute Maximum Ratings
Input Voltage

50Vto15V 35V
Internal Power Dissipation Internally Limited
Storage Temperature Range —-55°C to + 150°C

Operating Junction
Temperature Ranges

wA78L0O0C (Commercial) 0°Cto + 125°C
Pin Temperatures
(Soldering, 10 s) 260°C
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Equivalent Circuit

uwA78LOO0 Series

Qs

Qs
Qs

Q7

INPUT

OUTPUT

0.5K Ry  0.2K

Ry

4K R 1K

Ris

8K

Rig

6 K

Rqz

COMMON

uA78LOSAC and nA78LOSAV (Note 2)
Electrical Characteristics VN = 10V, loyT =40 mA, 0°C < Ty < 125°C, Cjy = 0.33 uF, Coyt = 0.1 uF,
unless otherwise specified. (Note 1)

Characteristic

Condition Min Typ Max |[Unit
Output Voltage Ty = 25°C 4.8 5.0 5.2 Vv
' 7TV=VN=20V 55 150 |mV
Line Regulation Ty = 25°C IN
8V=VN=20V 45 100 mV
1mA <I =< 100 mA 11 60 mvV
Load Regulation Ty = 25°C out
1 mA < loyut =< 40 mA 5.0 30 mV
7V=VN=20V 1mA =<lopuyTt=40mA |4.75 525 |V
Output Voltage 7V < VIN < VMax
(Note 3) 1TmA <IlopyT=70mA |4.75 525 |V
Quiescent Current 2.0 55 mA
Quiescent Current with line 8V =< V|N <20V 1.5 mA
Change with load |1 mA < loyT < 40 mA 0.1 mA
Output Noise Voltage Ta = 25°C, 10 Hz < f < 100 kHz 40 uVv
Temperature Coefficient of
I =5mA —0.65 V/°C
Vout our =5m m
. C f=120Hz,8V < VN =< 18V,
Ripple Rejection Ty = 25°C 41 49 dB
Dropout Voltage Ty = 25°C 1.7 \")
Peak Output/Short-Circuit g0
Current Ty = 25°C 140 mA

Notes on pA78L 15 page.
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uA78L62AC

Electrical Characteristics VN = 12V, loyT =40 mA,0°C =< Ty

uA78LOO0 Series

<

unless otherwise specified. (Note 1)

125°C, C|N = 0.33 uF, Couyt = 0.1 uF,

Characteristic Condition Min Typ Max |Unit
Output Voltage Ty = 25°C 595 |6.2 6.45 |V
85V=VN=20V 65 175 mV
Line Regulation T, =25°C IN
gV=VN=20V 55 125 mV
1mA =<I| =< 100 mA 13 80 mV
Load Regulation T, = 25°C out
1mA < loyt =< 40 mA 6.0 40 mV
85V=<VIN=<20V |[1mA=<IlouT <40mA |5.90 65 |V
Output Voltage 8.5V < VN < VMax
(Note 3) 1mA <loyT<70mA |5.90 6.5 Vv
Quiescent Current 2.0 5.5 mA
Quiescent Current |With line [8.0V =V =20V 1.5  |mA
Change with load |1 mA < loyT < 40 mA 0.1 mA
Output Noise Voltage Ta = 25°C, 10Hz < f < 100 kHz 50 uVv
Temperature Coefficient of o
I =5mA —0.75 mV/°C
Vout ouT
. L f=120Hz, 1I0V=<=V|N=< 20V,
Ripple Rejection T, = 25°C 40 46 dB
Dropout Voltage Ty = 25°C 1.7 Vv
cP:eak Output/Short-Circuit T, =25°C 140 mA
urrent

uA78L82AC

Electrical Characteristics VN = 14V, loyT =40 mA, 0°C = Ty =< 125°C, Cy = 0.33 uF, Coyt = 0.1 uF,
unless otherwise specified. (Note 1)

Characteristic Condition Min Typ Max | Unit
Output Voltage Ty = 25°C 7.87 |82 8.53 |V

MMV=VN=23V 80 175 mV
Line Regulation T, =25°C IN

12V==VIN=<=23V 70 125 mV

1mA <| =< 100 mA 15 80 mV
Load Regulation Ty = 25°C out

1mA < loyt =< 40 mA 8.0 40 mV

MMV=VN=<23V |[1mMA=<IlopyT=<40mA |7.8 8.5 \"
Output Voltage 11V < VIN < VMax
(Note 3) 1mMA=<IlopyT<70mA |7.8 8.6 \"
Quiescent Current 2.1 5.5 mA
Quiescent Current with line 12V < V]N <23V 1.5 mA
Change with load |1 mA < loyT < 40 mA 0.1 mA
Output Noise Voltage TA = 25°C, 10 Hz < f < 100 kHz 60 uVv
Temperature Coefficient of _ _ °
VouT louT = 5 mA 0.8 mV/°C
. o f=120Hz, 12V < VN < 22V,

Ripple Rejection T, = 25°C 39 45 dB
Dropout Voltage Ty = 25°C 1.7 Vv
Peak Output/Short-Circuit _ nro
Current Ty =25°C 140 mA

Notes on uA78L 15 page.



uA78LO9AC

Electrical Characteristics VN = 15V, loyTt=40mA,0°C = Ty =<

uA78LOO Series

125°C, C|Ny = 0.33 uF, CoyTt = 0.1 uF,

unless otherwise specified. (Note 1)
Characteristic Condition Min Typ Max |Unit
Output Voltage Ty = 25°C 8.64 (9.0 9.36 |V
1186V=VN=<=24V 90 200 mV
Line Regulation T, = 25°C IN
1I3V=VN=<24V 100 150 mV
1 mA < loyT < 100 mA 20 90 mv
Load Regulation Ty = 25°C out
1 mA < loyT < 40 mA 10 45 mV
115V=VN=<24V|1mA=<Ilopyrt<40mA |855 9.45 |V
Output Voltage 11.5V < VIN =< VMax
(Note 3) 1mA <loyT <70 mA |855 9.45 |V
Quiescent Current 2.1 5.5 mA
Quiescent Current with line 115V =< VlN <24V 1.5 mA
Change with load |1 mA < IguT < 40 mA 0.1 mA
Output Noise Voltage TA=25°C, 10Hz = f = 100 kHz 70 uVv
Temperature Coefficient of
| =5mA -0.9 mV/°C
Vour ouT
. L f=120Hz, 15V =V|N= 25V,
Ripple Rejection T, = 25°C 38 44 dB
Dropout Voltage Ty = 25°C 1.7 \
Peak Output/Short-Circuit T, = 25°C 140 mA

Current

uA78L12AC

Electrical Characteristics VN = 19V, loyT = 40 mA, 0°C < Ty < 125°C, C|N = 0.33 uF, Coyt = 0.1 uF,

unless otherwise specified. (Note 1)
Characteristic Condition Min Typ Max |Unit
Output Voltage Ty = 25°C 11.5 12 12.5 \
145V <VN=27V 120 250 \
Line Regulation Ty =25°C IN m
. 16V<VN=<27V 100 200 mV
1mA <I = 100 mA 20 100 mV
Load Regulation Ty = 25°C out
1 mA < loyt =< 40 mA 10 50 mV
145V=VIN=<27V|1TmA=<IloyT=40mA [114 126 |V
Output Voltage 14.5 V < VIN =< VMax
(Note 3) 1TMA<IouT<70mA |11.4 126 |V
Quiescent Current 2.1 5.5 mA
Quiescent Current with line 16V=VN=27V 1.5 mA
Change with load |1 mA < oyt < 40 mA 0.1 |mA
Output Noise Voltage Ta = 25°C, 10 Hz < f < 100 kHz 80 uv
Temperature Coefficient of
| =5mA -1.0 mV/°C
Vour our
. . f=120Hz, 15V <VN=<25V,
Ripple Rejection Ty = 25°C 37 42 dB
Dropout Volitage Ty = 25°C 1.7 Vv
Peak Output/Short-Circuit T, = 25°C 140 mA

Current

Notes on uA78L 15 page.
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uA78L15AC

uA78LO0 Series

Electrical Characteristics VN = 23V, loyt =40 mA, 0°C < Ty < 125°C, C)N = 0.33 uF, Coyt = 0.1 uF,
unless otherwise specified. (Note 1)

Characteristic Condition Min Typ Max | Unit
Output Voltage Ty = 25°C 14.4 15 15.6 |V
176V=<VIN=<=30V 130 300 \")
Line Regulation Ty = 25°C N m
20V==VN=30V 110 250 mV
1mA < | =< 100 mA 25 150 mV
Load Regulation Ty = 25°C out
1 mA < loyt < 40 mA 12 75 mV
176V<=VIN=<30V|[1mA=<Ioyr<40mA |14.25 15.75 |V
Output Voltage 17.6 V < VIN < VMax
Mote 2) 1mA <lour <70 mA |14.25 15.75 |V
Quiescent Current 2.2 5.5 mA
Quiescent Current with line 20V < VIN <30V 1.5 mA
Change with load |1 mA < loyT < 40 mA 0.1 mA
Output Noise Voltage Ta = 25°C, 10 Hz < f < 100 kHz 90 uv
Temperature Coefficient of
l =5mA -1. /°
Vout ouT m 3 mV/°C
. L f=120Hz, 185V <V|IN=< 285V,
Ripple Rejection T, = 25°C 34 39 dB
Dropout Voltage Ty = 25°C 1.7 \
Peak Output/Short-Circuit — hgo
Current Ty = 25°C 140 mA
Notes

1. The maximum steady state usable output current and input
voltage are very dependent on the heat sinking and/or lead
length of the package. The data above represent pulse test

conditions with junction temperatures as indicated at the
initiation of tests.
2. Power Dissipation < .75 W.

Typical Performance Curves

Quiescent Current as a

Function of
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Other uA78L00 Series devices have similar curves.
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uA78LOO0 Series

Typical Performance Curves (Cont.)

Ripple Rejection as a

Dropout Characteristics

Function of Frequency
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Design Considerations

The uA78L series regulators have thermal overioad
protection from excessive power, internal short-circuit
protection which limits each circuit’'s maximum
current, and output transistor safe-area protection for
reducing the output current as the voltage across
each pass transistor is increased.

Although the internal power dissipation is limited, the
junction temperature must be kept below the maximum
specified temperature (125°) in order to meet data
sheet specifications. To calculate the maximum
junction temperature or heat sink required, the
following thermal resistance values should be used:

Typ Max Typ Max
Package fuc 8ic 04A AT
TO-92 160 175

Thermal Considerations

The TO-92 molded package manufactured by Fairchild
is capable of unusually high power dissipation due to
the lead frame design. However, its thermal
capabilities are generally overlooked because of a
lack of understanding of the thermal paths from the
semiconductor junction to ambient temperature. While
thermal resistance is normally specified for the device
mounted 1 cm above an infinite heat sink, very little
has been mentioned of the options available to
improve on the conservatively rated thermal
capability.

An explanation of the thermal paths of the TO-92 will
allow the designer to determine the thermal stress he
is applying in any given application.



uA78LO0 Series

The TO-92 Package

The TO-92 package thermal paths are complex. In
addition to the path through the molding compound to
ambient temperature, there is another path through
the pins, in parallel with the case path, to ambient
temperature, as shown in Figure 1.

The total thermal resistance in this model is then:

(Byc + Oca) (L + OLA)
BuA = 9uc + Oca + OuL + LA

Where:0jc =thermal resistance of the case between
the regulator die and a point on the case
directly above the die location.

fOca = thermal resistance between the case
and air at ambient temperature.

04 = thermal resistance from transistor die
through the collector lead to a point
1/16 inch below the regulator case.

0_a= total thermal resistance of the
collector-base-emitter pins to
ambient temperature.

fa = junction to ambient thermal resistance.

TO-92 Thermal Equivalent Circuit

Fig. 1
Ty
fusc A8
@ T Pe (WATTS)
fca OLA
Ta
J -
{1t
Methods of Heat Sinking

With two external thermal resistances in each leg of a
parallel network available to the circuit designer as
variables, he can choose the method of heat sinking
most applicable to his particular situation. To
demonstrate, consider the effect of placing a small
72°C/W flag type heat sink, such as the Staver
F1-7D-2, on the 78LXX molded case. The heat sink
effectively replaces the Oca (Figure 2) and the new
thermal resistance, #'ja, is

#ya = 145°C/W (assuming .125 inch lead length)

The net change of 15°C/W increases the allowable
power dissipation to 0.86 W with an inserted cost of
1-2 cents. A still further decrease in §ja could be
achieved by using a heat sink rated at 46°C/W, such
as the Staver FS-7A. Also, if the case sinking does not
provide an adequate reduction in total 64, the other
external thermal resistance, 6 A, may be reduced by

shortening the lead length from package base to
mounting medium. However, one point must be kept
in mind. The lead thermal path includes a thermal
resistance, fsa, from the pins at the mounting point
to ambient, that is, the mounting medium. 6 A is
then equal to 6 s + Osa. The new model is shown
in Figure 2.

In the case of a socket, fsa could be as high as
270°C/W, thus causing a net increase in fja and a
consequent decrease in the maximum dissipation
capability. Shortening the lead length may return the
net 64a to the original value, but pin sinking would not
be accomplished.

In those cases where the regulator is inserted into a
copper clad printed circuit board, it is advantageous
to have a maximum area of copper at the entry points
of the pins. While it would be desirable to rigorously
define the effect of PC board copper, the real world
variables are too great to allow anything more than a
few general observations.

The best analogy for PC board copper is to compare it
with parallel resistors. Beyond some point, additional

resistors are not significantly effective; beyond some

point, additional copper area is not effective.

TO-92 Thermal Equivalent Circuit
(Pin at Other Than Ambient Temperature)
Fig. 2

Ty

6Ls @ T Pe (WATTS)

High Dissipation Applications

R1 V1 2 Vourt
ViN —AAA, uAT8LOO -0
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uA78LOO Series

When it is necessary to operate a uA78L00 regulator
with a large input-output differential voltage, the
addition of series resistor R1 will extend the output
current range of the device by sharing the total power
dissipation between R1 and the regulator.

= ViN(Min) — Vour — 2.0V
ILemax) +la

R1

where lq is the regulator quiescent current.

Regulator power dissipation at maximum input voltage
and maximum load current is now

PpMax) = (V1 — Vout) ILimax) + Vi la

where

V1 = ViN(Max) — (IL(Max) T 1@) R1

The presence of R1 will affect load regulation
according to the equation:

load regulation (at constant VIN)
= load regulation (at constant V1)
+ (line regulation, mV per V)
X (RI) X (AlL).

As an example, consider a 15 V regulator with a
supply voltage of 30 =5 V, required to supply a
maximum load current of 30 mA. |, is 4.3 mA, and
minimum load current is to be 10 mA.

_25—156—-2 _ 343
30 + 4.3 8
Vi =35— (30 + 4.3).24 = 35 —8.2 = 26.8 V

R1 = 240 Q

Pb(Max) = (26.8 — 15) 30 + 26.8 (4.3)
=354+ 115

= 470 mW, which permit operation up to 70°C

in most applications.

Line regulation of this circuit is typically 110 mV for an
input range of 25-35 V at a constant load current;
i.,e. 11 mV/V.

Load regulation = constant V{ load regulation
. (typically 10 mV, 10-30 mA i)

+ (11 mV/V) X 0.24 X 20 mA
(typically 53 mV)

= 63 mV for a load current change of
20 mA at a constant V)y of 30 V.

2-50

Typical Applications

1 A78L00 |2
i
INPUT NOTE 1 OUTPUT
c1= 3 o= c2
0.33 uF 0.1 uF
NOTE 2 NOTE 2
—
Notes

1. To specify an output voltage, substitute voltage value for “00".

2. Bypass Capacitors are recc ded for opti stability and
transient response and should be located as close as possible
to the regulator.
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uwA109 « tA209 « tA309
5 Volt Regulator

Linear Products

Description

The pA109, uA209, and uA309 are complete 5 Volt
Regulators constructed using the Fairchild Planar
epitaxial process. These regulators employ internal
current limiting, thermal shutdown and safe-area
compensation making them essentially indestructible.
They are intended for use as local regulators,
eliminating noise and distribution problems associated
with single point regulation. If adequate heat sinking is
provided, they can provide over 1 A output current.
The uA109, uA209, and uA309 are intended primarily
for use with TTL and DTL logic and are completely
specified under worst case conditions to match the
power supply requirements of these logic families. In
addition to use as a fixed 5 V regulator, these devices
can be used with external components to obtain
adjustable output voltages and currents and as the
power pass element in precision regulators.

® OUTPUT CURRENT IN EXCESS OF 1 A
m SPECIFIED TO MATCH WORST CASE TTL AND

DTL REQUIREMENTS

| NO EXTERNAL COMPONENTS

® INTERNAL THERMAL-OVERLOAD PROTECTION

® OUTPUT TRANSISTOR SAFE-AREA
COMPENSATION

Absolute Maximum Ratings

Input Voltage 35V

Internal Power Dissipation Internally Limited

Storage Temperature Range —65°C to +150°C
Operating Junction
Temperature Range
Military Grade (uA109) —55°C to +150°C
Industrial Grade (1A209) —25°C to +150°C
Commercial Grade (1A309) 0°C to 125°C
Temperature (Soldering, 60 s) 300°C

Connection Diagram
TO-3 Package

COMMON (3)

(Top View)

Case is connected to ground.

Order Information

Type

nA109
uA209
nA309

Package
Metal
Metal
Metal

OUTPUT (2)

INPUT (1)

Code
HJ
HJ
HJ

Part No.

uA109KM
uA209KM
uA309KC




uA109 « tA209 » uA309

Equivalent Circuit

> —o 1 INPUT
R8 Ro R13
100 0 100 0 10 kO
R18 Qs a9 D2
500 0 »
. Q16
R21 N
L 6800 ) Q17
Q14 I-W\,«
'\~] Qis AN—4
a2 R17 < Ri2 R11
200 0 % 1800 3 030
014;\/1' ! 2 OUTPUT
v oy
Q13
N
Qs |
R16
R6 21‘; ? 2 kO
j 27k o
-l <
o1 K L1 v———k
1k0
- a7
L 2’ R19
R7§ Q1 2 5k
500 ()
R10
6kQ
3 COMMON
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pA109 » uA209 » tA309
1
rA109 ¢ uA209

Electrical Characteristics Ty = —55°C to +150°C for 109, —25°C to +150°C for 209, ViNn = 10 V, loyT = 0.5 A,
unless otherwise specified

Characteristic Condition Min Typ Max | Unit
Output Voltage Ty = 25°C 4.7 5.05 |5.3 Vv
Line Regulation Tyg=25°C,7V=VIN=<25V 4 50 mV
Load Regulation Ty=25°C,5mA <lpoyT < 15A 15 100 mV
BV==VIN=20V,5mA <loyt =< 1A,
Output Voltage P<15W 4.6 5.4 \
. 10 mA
Quiescent Current 7TV=VN=25V
Ty = 25°C 4.2 mA
with line |8V <V|N=<25V 0.8 mA
Quiescent Current Change IN
withload |5 mA < lpyt < 1.0A 0.5 mA
Output Noise Voltage Ta = 25°C, 10Hz < f < 100 kHz 40 uV
Long Term Stability 10 mV
Thermal Resistance Junction to °
Case (Note) 3.0 c/w
Note
Without a heat sink, the thermal resistance is 6 )5 (max) 456°C/W.
With a heat sink, the effective thermal resistance can only
approach the values specified, depending on the efficiency
of the sink.
nA309
Electrical Characteristics (Note)
Characteristic Condition Min Typ [(Max |Unit
Output Voltage Ty = 25°C 4.8 5.06 |5.2 \"
. . Ty = 25°C
Line Regulation 70V<VyN=<25V 4.0 50 mV
Ty = 25°C

Load Regulation 50 100 mV

SOMA=<Iloyt<15A
7T0V=VIN=25V

Output Voltage 50mA < lopyt < 1.0A 4.75 525 |V
P=<20W
Quiescent Current 70V<VN=<25V 5.2 10 mA
ithline |[7Z0V=VN=25V 0.8 mA
Quiescent Current Change wih i IN
with load [5.0 mA < lpyTt < 1.0A 0.5 mA
. Ta = 25°C
Output Noise Voltage 10 Hz < f < 100 kHz 40 uv
Long Term Stability 20 mV

Note
Unless otherwise specified, these specifications apply for
0°C = Tj = 125°C, V)y = 10 V and lgyT = 0.5 A.
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rA109 « utA209 » uA309

Typical Performance Curves For uA109 and ©A209
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Peak Output Current as a
Function of
Input Voltage
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uwA109 « uA209 « uA309
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Typical Performance Curves for uA109 and nA209 (Cont.)

Quiescent Current as a
Function of Temperature
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Typical Performance Curves for uA309 (Cont.)

Quiescent Current as a Quiescent Current as a
Function of Output Noise Voltage as a Function of
Input Voltage Function of Frequency Junction Temperature
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Typical Applications

Fixed 5 V Regulator

INPUT Ll BT TR & OUTPUT
5V
c1 3
L Lz
0.22 yF == =
NOTE NOTE
—

Note

Bypass capacitors are recommended for optimum stability and
transient response and should be located as close as possible to
the regulator.
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] i
FAIRCHILD pA7900 Series
I 3-Terminal Negative
A Schlumberger Company VOItage Regulators

Linear Products

Description Connection Diagram
The pA7900 series of Monolithic 3-Terminal Negative TO-3 Package
Regulators is manufactured using the Fairchild Planar

epitaxial process. These negative regulators are

intended as complements to the popular pA7800

series of positive voltage regulators, and they

are available in the same voltage options from

—5to —15 V. The 7900s employ internal current-

limiting, safe-area protection, and thermal shutdown,

making them virtually indestructible.

(Top View)
B OUTPUT CURRENT IN EXCESS OF 1 A
B INTERNAL THERMAL-OVERLOAD PROTECTION Order Information
8 INTERNAL SHORT-CIRCUIT CURRENT LIMITING Type Package Code Part No.
B OUTPUT TRANSISTOR SAFE-AREA nA7905 Metal HJ wA7905KM
COMPENSATION nA7908 Metal HJ nA7908KM
B AVAILABLE IN THE TO-220 AND nA7912 Metal HJ uA7912KM
THE TO-3 PACKAGE uA7915 Metal HJ wA7915KM
® OUTPUT VOLTAGES ARE 5, 8,12 and 15V uA7905C Metal HJ wA7905KC
wA7908C Metal HJ wA7908KC
Absolute Maximum Ratings uA7912C Metal HJ uA7912KC
Input Voltage uA7915C Metal HJ uA7915KC
(5 V through 18 V) -35V
Internal Power Dissipation Internally Limited Connection Diagram
Storage Temperature Range TO-220 Package
TO-3 (Aluminum or Steel) —65°C to +150°C our
TO-220 —55°C to +150°C
Operating Junction EE%[ N
Temperature Range @» [ H————
Military (uA7900) —55°C to +150°C :E?
Commercial (tA7900C) 0°C to +125°C . comm
Pin Temperature N
TO-3 (Soldering, 60 s) 300°C
TO-220 (Soldering, 10 s) 230°C (Top View)

Order Information

Type Package Code Part No.
nA7905C  Molded Power Pack  GH nA7905UC
uA7908C Molded Power Pack GH nA7908UC
uwA7912C  Molded Power Pack GH uA7912UC
uA7915C  Molded Power Pack  GH nA7915UC

Note
The convention for Negative Regulators i1s the Algebraic value,
thus —151s less than —10 V.
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Equivalent Circuit

uA7900 Series
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nA7905

Electrical Characteristics VN = —10V, loyt = 5600 mA, CjNy = 2 uF, Coyt = 1 uF, —55°C < Ty < 150°C, unless

uA7900 Series

otherwise specified.

Characteristic Condition (Note) Min Typ Max Unit
Output Voltage Ty = 25°C -48 |—-50 |-5.2 |V
. . -7V=VN=<-25V 3 50 mV
Line Regulation Ty = 25°C
—8V=VnN=<-12V 1 25 mV
S5mA <|I =<15A 15 100 mV
Load Regulation Ty =25°C out
250 mA < loyt < 750 mA 5 25 mV
-80V=<VN=<-20V
Output Voltage SmA<lopytT<10A —4.70 -5.30 |V
p=<15W
Quiescent Current Ty =25°C 1.0 2.0 mA
ith li -8V=VN=<-25V 1.3 A
Quiescent Current Change with fine 8 IN 28 m
with load |5 mA < loyt < 1.0A 0.5 mA
Output Noise Voltage Ta = 25°C, 10Hz < f < 100 kHz 25 80 uV/NouTt
Ripple Rejection f=120Hz, -8V<V|N=<—-18V 54 60 dB
Dropout Voltage lout = 1.0A, Ty = 25°C 1.1 2.3 \
Peak Output Current Ty = 25°C 1.3 2.1 3.3 A
Average Temperature Coefficient of = _Ego ° mV/°C/
Output Voltage loutr = 5 mA, —55°C < Ty < 150°C 0.3 Vout
Short-Circuit Current VIN=-35V, Ty =25°C 1.2 A

pA7905C

Electrical Characteristics VN = —10V, loyt = 500 mA, C|N = 2 uF, Cout =,

otherwise specified.

1 uF, 0°C < Ty < 125°C, unless

Characteristic Condition (Note) Min Typ Max Unit
Output Voltage Ty = 25°C —-48 [(-5.0 [—-5.2 |V
-7V=SVN=-25V 3.0 100 mV
Line Regulation Ty=25°C L
-8V=Vn=<-—-12V 1.0 50 mV
. S5mA <loytr < 15A 15 100 mV
Load Regulation Ty = 25°C
250 mA < loyt < 750 mA 5.0 50 mV
-7V<VN=<-20V
Output Voltage S5mA <lpyr < 1.0A —4.75 —5.25 |V
p=<=15W
Quiescent Current Ty = 25°C 1.0 2.0 mA
ithline [-7V==VN=<-25V 1.3 mA
Quiescent Current Change whit IN
with load [§ mA < loyT < 1.0A 0.5 mA
Output Noise Voltage TA = 25°C, 10Hz < f < 100 kHz 125 uVv
Ripple Rejection f=120Hz, -8V <=VN=<-—-18V 54 60 dB
Dropout Voltage loutr = 1.0A, Ty = 25°C 1.1 V-
Peak Output Current Ty = 25°C 2.1 A
Average Temperature Coefficient of = ° ° °
Output Voltage lout = 5 mA, 0°C S’TJ =< 125°C 0.4 mV/ S,

Note

1. All characteristics except noise voltage and ripple rejection
ratio are measured using pulse techniques (tyy < 10 ms, duty -
cycle < 5%). Output voltage changes due to changes in
internal temperature must be taken into account separately.



uA7908

wA7900 Series

Electrical Characteristics VN = —14 V, loyT = 500 mA, CiNy = 2 uF, Coyt = 1 uF, —55°C < Ty < 150°C, unless
otherwise specified.

Characteristic Condition (Note) Min Typ Max Unit
Output Voltage Ty =25°C -7.7 |—-80 |—-83 |V
-106V=<=VN=<-25V 6.0 80 mV
Line Regulation Ty = 25°C N
—11V=VN=—-17TV 2.0 40 mV
S5mA =< | <15A 12 100 mV
Load Regulation Ty = 25°C out
250 mA < oyt < 750 mA 4.0 40 mv
-115V=VN=<-23V
Output Voltage 5mA < loyr =< 1.0A -7.6 -84 |V
p=<15W
Quiescent Current Ty =25°C 1.0 2.0 mA
. with line |—11.5V <V|N=<-25V 1.0 mA
Quiescent Current Change
with load |5 mA < lopyt < 1.0A 0.5 mA
Output Noise Voltage TA = 25°C, 10 Hz =< f < 100 kHz 25 80 uVVNouTt
Ripple Rejection f=120Hz, —11.5V<VN<—-215V |54 60 dB
Dropout Voltage loutr = 1.0 A, Ty = 25°C 1.1 2.3 \"
Peak Output Current Ty =25°C 1.3 2.1 3.3 A
Average Temperature Coefficient of - —ERO ° mV/°C/
Output Voltage louT = 5 mA, =55°C < Ty < 150°C 0.3 Vout
Short-Circuit Current VIN=-35V,Ty=25°C 1.2 A

nA7908C

Electrical Characteristics VN = —14 V, loyT = 500 mA, CiNy = 2 uF, Coyt = 1 uF, 0°C < Ty < 125°C, unless
otherwise specified.

Characteristic Condition (Note) Min Typ Max Unit
Output Voltage Ty =25°C -7.7 |—80 |—-8.3 |V

-106V=VN=<-25V 6.0 160 mvV
Line Regulation Ty =25°C IN

-1IV=VN=-17TV 2.0 80 mV

5mA < | <15A 12 160 mV
Load Regulation Ty =25°C out

250 mA =< loyt < 750 mA 4.0 80 mV

—-105V <= V|N =< -23V
Output Voltage S5mA <lput<1.0A -7.6 —-8.4 |V
p=<15W
Quiescent Current Ty = 25°C 1.0 2.0 mA
with line |[-106V<VN=<-25V 1.0 mA
Quiescent Current Change L IN
with load |5 mA < lopyT < 1.0A 0.5 mA

Output Noise Voltage Ta = 25°C, 10Hz < f < 100 kHz 200 Vv
Ripple Rejection f=120Hz, —11.56V<=VIN<—-215V |54 60 dB
Dropout Voltage louT = 1.0A, Ty = 25°C 1.1 \Y
Peak Output Current Ty =25°C 2.1 A
Average Temperature Coefficient of louT = 5 MA, 0°C < Ty < 125°C 0.6 mv/°C

Output Voltage

Note

1. All characteristics except noise voltage and ripple rejection
ratio are measured using pulse techniques (tyy < 10 ms, duty
cycle < 5%). Output voltage changes due to changes in
internal temperature must be taken into account separately
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uA7912

Electrical Characteristics VN = —19V, loyt = 500 mA, Ciy = 2 uF, Coyt = 1 uF, —55°C < Ty < 150°C, unless

wA7900 Series

otherwise specified.

Characteristic Condition (Note) Min Typ Max Unit
Output Voltage Ty =25°C -11.6 [—12.0 [—125 |V
—-145V =VN=<-30V 10 120 mV
Line Regulation Ty = 25°C IN
-16V=<=VN=<-22V 3.0 60 mV
5mA < | <15A 12 120 mvV
Load Regulation Ty = 25°C out
250 mA < loyt < 750 mA 4.0 60 mV
—156V=V|N=-27V
Output Voltage 5mA<IlopuT<10A —-11.4 —-12.6 |V
p=15W
Quiescent Current Ty = 25°C 1.5 3.0 mA
ith li -1 <VN=-30V 1.0 A
Quiescent Current Change with line 5V IN m
with load |5 mA < loyT < 1.0A 0.5 mA
Output Noise Voltage Ta = 25°C, 10 Hz < f < 100 kHz 25 80 uVNouTt
Ripple Rejection f=120Hz, -156V<=V|N=<-25V 54 60 dB
Dropout Voltage lout = 1.0 A, Ty = 25°C 1.1 2.3 Vv
Peak Output Current Ty = 25°C 1.3 2.1 3.3 A
Average Temperature Coefficient of _ _EEo ° mV/°C/
Output Voltage louT = 5 mA, —=55°C < Ty < 150°C 0.3 Vour
Short-Circuit Current ViIN=-35V, Ty =25°C 1.2 A

uA7912C

Electrical Characteristics ViN = —19 V, loyt = 500 mA, CjN = 2 uF, Coyt = 1 uF, 0°C < Ty < 125°C, unless
otherwise specified.

Characteristic Condition (Note) Min Typ Max Unit
Output Voltage Ty = 25°C —-11.6 (—12.0 |—125 |V
—145V <VN=<-30V 10 240 mV
Line Regulation T, =25°C IN
—16V=VN=-22V 3.0 120 mV
S5mA < | <15A 12 240 mV
Load Regulation Ty = 25°C out
250 mA < loyt < 750 mA 4.0 120 mV
—-145V=Vn=<-27V
Output Voltage S5mA <loyt <= 1.0A -11.4 —-12.6 |V
p<15W
Quiescent Current Ty = 25°C 1.5 3.0 mA
ith line |—145V < V)N <—-30V 1.0 mA
Quiescent Current Change wiht IN
with load |5 mA < lpyT < 1.0A 0.5 mA
Output Noise Voltage TA = 25°C, 10 Hz < f < 100 kHz 300 uVv
Ripple Rejection f=120Hz, -16 V< VIN=< —-25V 54 60 dB
Dropout Voltage loutr = 1.0A, T = 25°C 1.1 v
Peak Output Current Ty = 25°C 2.1 A
Average Temperature Coefficient of louT = 5 A, 0°C < Ty < 125°C 0.8 mV/°C

Output Voltage

Note

1. All characteristics except noise voltage and ripple rejection
ratio are measured using pulse techniques (ty =< 10 ms, duty
cycle < 5%). Output voltage changes due to changes in
internal temperature must be taken into account separately.
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uA7915

wA7900 Series

Electrical Characteristics VN = —23 V, oyt = 500 mA, Ciny = 2 uF, Cout = 1 uF, —55°C < Ty < 150°C, unless
otherwise specified.

Characteristic Condition (Note) Min Typ Max Unit
Output Voltage Ty = 25°C —14.4 |—15.0 |—15.6 |V

—-1756V=<=V|N=-30V 11 150 mV
Line Regulation Ty = 25°C IN

-20V=VN=<-26V 3.0 75 mV

S5mA < | <15A 12 150 mV
Load Regulation Ty = 25°C out

250 mA < loyt < 750 mA 4.0 75 mV

-185V=VN=-30V
Output Voltage 5mA <loytr < 1.0A —14.25 —-15.75 Y
p=15W
Quiescent Current Ty = 25°C 1.5 3.0 mA
with line [—185V <V|N=-30V 1.0 mA
Quiescent Current Change IN
with load [ mA < lopyT < 1.0A 0.5 mA

Output Noise Voltage TAa = 25°C, 10 Hz = f < 100 kHz 25 80 uV/Vourt
Ripple Rejection f=120Hz, —185V = V)N < —285V |54 60 dB
Dropout Voltage lour = 1.0A, Ty =25°C 1.1 2.3 \"
Peak Output Current Ty = 25°C 1.3 2.1 3.3 A
Average Temperature Coefficient of - _EEo o _ mV/°C/
Output Voltage louT = 5 mA, —55°C < Tj < 150°C 1.0 (1.3 Vour
Short-Circuit Current VIN=-35V, Ty = 25°C 1.2 A

uA7915C

Electrical Characteristics V|N = —23 V, loyt = 500 mA, CjN = 2 uF, Coyt = 1 uF, 0°C < Ty < 125°C, unless
otherwise specified.

Characteristic Condition (Note) Min Typ Max Unit
Output Voltage Ty = 25°C —14.4 |—156.0 |—156 |V
—175V=VN=<=-30V 11 300 \'}
Line Regulation Ty =25°C IN m
—-20V=VN=<-26V 3.0 150 mV
5mA <|I <15A 12 300 mV
Load Regulation Ty=25°C out
250 mA < loyt =< 750 mA 4.0 150 mV
—-175V=V|N=<-30V
Output Voltage S5mA <Ilopyt<1.0A —14.25 —15.75|V
p=15W
Quiescent Current Ty = 25°C 1.5 3.0 mA
ith li —-175V=<VN=-30V 1.0 mA
Quiescent Current Change whh tine IN
with load [S mA < lpyT < 1.0A 0.5 mA
Output Noise Voltage Ta = 25°C, 10 Hz < f < 100 kHz 375 uVv
Ripple Rejection f=120Hz, —185V < V|y < —285V |54 60 dB
Dropout Voltage loutr = 1.0A, Ty = 25°C 1.1 \"
Peak Output Current Ty =25°C 2.1 A
Average Temperature Coefficient of louT = 5 mA, 0°C < Ty < 125°C 1.0 mV/°C

Output Voltage

Note

1. All characteristics except noise voltage and ripple rejection
ratio are measured using pulse techniques (t,, < 10 ms, duty
cycle < 5%). Output voltage changes due to changes in
internal temperature must be taken into account separately.
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wA7900 Series
.- ____________________________________________ |

Typical Performance Curves
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uwA7900 Series

]
Typical Performance Curves (Cont.)

Ripple Rejection as a Quiescent Current as a Quiescent Current as a
Function of Output Voltages Function of Input Voltage Function of Temperature
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Design Considerations Typical Applications
The pA7900 fixed voltage regulator series has Bypass capacitors are recommended for stable
thermal-overload protection from excessive power operation of the uA7900 series of regulators over the
dissipation, internal short-circuit protection which input voltage and output current ranges. Output
limits the circuit’s maximum current, and output bypass capacitors will improve the transient response
transistor safe-area compensation for reducing the of the regulator.
output current as the voltage across the pass.
transistor is increased. The bypass capacitors, (2 uF on the input, 1 uF on the
output) should be ceramic or solid tantalum which
Although the internal power dissipation is limited, the have good high frequency characteristics. If aluminum
junction temperature must be kept below the maximum electrolytics are used, their values should be 10 uF or
specified temperature (150°C for 7900, 125°C for larger. The bypass capacitors should be mounted with
7900C) in order to meet data sheet specifications. To the shortest leads, and if possible, directly across the
calculate the maximum junction temperature or heat regulator terminals.
sink required, the following thermal resistance values
should be used:
Fixed Output Regulator
Typ Max Typ Max ViN 2 uAT900 2 Vour
bc bac AT AT
Package °C/W °C/W °C/W °C/W 204F 1 S=104F
TO-3 3.5 5.5 40 45 T
TO-220 3.0 5.0 60 65 =
High Current Voltage Regulator
POMAYX) TyMax) ~TA  TyMax) TA o o
= 6yc+6 or 0 uT
JC CA JA VIN 2N3055 Vout
Oca = fcs + Osa (Without heat sink) s 2
uAT7900
Solving for Ty: Ty = Ta + Pp (Buc + 6ca) Rl Irec -
or Ta + Ppfya (Without heat sink) 204F |QT 10 uF
Where T = Junction Temperature I I

TA = Ambient Temperature
Pp = Power Dissipation
64a = Junction-to-Ambient Thermal Resistance Ri = VBEgQI)
03¢ = Junction-to-Case Thermal Resistance = Tlgee 'a1 = BQNIgeg
fca = Case-to-Ambient Thermal Resistance
fcs = Case-to-Heat Sink Thermal Resistance
Osa = Heat Sink-to-Ambient Thermal
Resistance
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High Output Current, Foldback Current Limited

ViN

uA7900 Series

High Output Current, Short-Circuit Protected

Rsc = BE(Q2)
Is

— Vour
‘ 4A7900 ll
20 uF =2 1 T1.0;_¢F

Vout

Operational Amplifier Supply (= 15V @ 1.0 A)

ILOpF

+20 V 1 2 +15 V
781
INPUT HATB1S n OUTPUT
0.33 uF == 3 2<0.1 uF 1N4001 OR
EQUIVALENT
GND o GND
+
== 2.0 uF ] 1.0 uF < 1N4001 OR
EQUIVALENT
20V 3 2 -15 v
INPUT HAT15 - OUTPUT

L
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A Schlumberger Company

uA79MOO Series
3-Terminal Negative
Voltage Regulators

Linear Products

Description

The pA79MOO series of 3-Terminal Medium Current
Negative Voltage Regulators are constructed using
the Fairchild Planar epitaxial process. These
regulators employ internal current limiting, thermal
shutdown and safe-area compensation making them
essentially indestructible. If adequate heat sinking is
provided, they can deliver up to 500 mA output
current. They are intended as fixed voltage regulators
in a wide range of applications including local
(on-card) regulation for elimination of noise and
distribution problems associated with single point
regulation. In addition to use as fixed voltage
regulators, these devices can be used with

external components to obtain adjustable output
voltages and currents.

QUTPUT CURRENT IN EXCESS OF 0.5 A
INTERNAL THERMAL-OVERLOAD PROTECTION
INTERNAL SHORT CIRCUIT CURRENT LIMITING
OUTPUT TRANSISTOR SAFE-AREA
COMPENSATION
® AVAILABLE IN JEDEC TO-220

AND TO-39 PACKAGES
® OUTPUT VOLTAGES OF -5V, -8V, —-12V, and
=15V

Absolute Maximum Ratings
Input Voltage
—5V through —15 V
—-24 V
Internal Power Dissipation
Storage Temperature Range
TO-39
TO-220
Operating Junction
Temperature Range
TO-39
Military (LA79MO00)
Commercial (kA79MO0O0C)
TO-220
Commercial (1t A79MO00C)
Pin Temperature
(Soldering, 60 s) TO-39
(Soldering, 10 s) TO-220

-35V
—-40 V
Internally Limited

—65°C to +150°C
—=55°C to +125°C

—55°C to +150°C
0°C to +125°C

0°C to +125°C

300°C
230°C
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Connection Diagram
TO-39 Package

(Top View)
Order Information
Type Package Code Part No.
nA79M05 Metal FC nA79MOSHM
uA79M05C  Metal FC uA79MOSAHC
uA79M08 Metal FC wA79MO08HM
uA79M08C  Metal FC uA79MO8AHC
HA79M 12 Metal FC nA79M 12HM
uA79M12C  Metal FC uA79M12AHC
unA79M 15 Metal FC HnA79M 156HM
HA79M15C  Metal FC uA79M15AHC
Connection Diagram
T0-220 Package
out
p— IN
Q} ——
i COMM
\—IN
(Side View)

Order Information

Type Package Code Part No.

uA79M05C Molded Power Pack GH uA79MO5AUC
nA79M08C Molded Power Pack GH uA79MO8AUC
nA79M12C Molded Power Pack GH uA79M12AUC
uA79M15C Molded Power Pack GH uA79M15AUC



uwA79MOO0 Series

Equivalent Circuit

OPTIONS

T [F2vTo-2e
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2 1018k
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uA79MOSHM

Electrical Characteristics VN = —10V, loyt = 350 mA, —55°C =< Ty < 150°C, C|N = 2 uF, CouTt = 1 uF, unless

otherwise specified. Notes 1 and 2
Characteristic Condition (Note 3) Min Typ Max |Unit
Output Voltage Ty=25°C -52 |-50 |(—-48 |V
. . —256V=VN=-7V 7.0 50 mV
Line Regulation Ty = 25°C
—18V=VN=-8V 3.0 30 mV
. Ty = 25°C, 5 mA < loyt < 500 mA 75 100 mV
Load Regulation
Ty = 25°C, 5 mA < loyT < 350 mA 50 mV
—25V=VN=-TV _ _
Output Voltage 5mA < louT < 350 mA, Pp < 4 W 5.25 4.75 |V
Quiescent Current Ty = 25°C 1.0 2.0 mA
ith li -25V=VN=-8V 0.4 mA
Quiescent Current Change with fine 25 IN
with load |5 mA =< lpyt < 350 mA 0.4 mA
Output Noise Voltage Ta = 25°C, 10Hz < f < 100 kHz 25 80 uV/Vourt
-18V=VnN=-8V, || = 100 mA | 50 dB
Ripple Rejection IN out
f = 120 Hz |loyT = 300 mA, Ty = 25°C |54 60 dB
Dropout Voltage Ty = 25°C 1.1 2.3 v
Short-Circuit Current Ty=25°C,Vy=—-35V 0.6 A
Peak Output Current 0.5 065 (1.4 A
Average Temperature Coefficient of _ _ERo o mV/ °C/
Output Voltage loutr = 5 mA =55°C < Ty < +150°C 0.3 Vout

Notes on 79MOSA page.
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uwA79MO00 Series

nA79MOSAHC AND wA79MOSAUC
Electrical Characteristics VN = —10V, loyt = 3560 mA, —0°C < T < 125°C, C|Ny = 2 uF, Coyt = 1 uF, unless
otherwise specified.

Characteristic Condition (Note 3) Min Typ Max |Unit
Output Voltage Ty=25°C -62 |(—-5.0 |—4.8 |V
—25V=<VN=<-7V 7.0 50 mV
Line Regulation Ty =25°C IN
—-18V=VN=<-8V 3.0 30 mV
. Ty = 25°C, 5 mA < loyTt < 500 mA 75 100 mV
Load Regulation
Ty = 25°C, 5 mA < loyT < 350 mA 50 mV
=258V =VN=-T7V _ _
Output Voltage 5mA < loyT < 350 mA, Pp < 4 W 5.25 4.75 |V
Quiescent Current Ty = 25°C 1.0 2.0 mA
with line |—25V < V)N < -8V 0.4 mA
Quiescent Current Change IN
with load (5 mA < loyT < 350 mA 0.4 mA
Output Noise Voltage Ta = 25°C, 10Hz < f < 100 kHz 125 uVv
-18V=VnN=<-8V, |l = 100 mA |50 dB
Ripple Rejection IN out
f = 120 Hz {loyT = 300 mA, Ty = 25°C |54 60 dB
Dropout Voltage Ty = 25°C 1.1 Vv
Short-Circuit Current Ty=25°C,VN=-30V 140 mA
Peak Output Current 650 mA
Average Temperature Coefficient of -
Output Voltage lout = 5 mA 0.4 mv/ °C

Notes

1. See Test Circuit.

2. The convention for negative regulators is the algebraic values,
thus —15 V is less than —10 V

3 All characteristics except noise voltage and ripple rejection
ratio are measured using pulse techniques (tyy < 10 ms, duty
cycle =< 5%). Output voltage changes due to changes in
internal temperature must be taken into account separately.

L]
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uA79MO8HM

Electrical Characteristics VN = —14V, loyT = 350 mA, —55°C < Ty < 150°C, C|N = 2 uF, Coyt = 1 uF, unless

uwA79MOO Series

otherwise specified.

Characteristic Condition (Note 3) Min Typ Max |Unit
Output Voltage Ty = 25°C -883 |—-80 |-7.7 |V
—-25V<VIN=<—-105V 8.0 80 mV
Line Regulation Ty = 25°C IN
—21V=VN=-11V 4.0 50 mV
Ty=25°C,5mA =< =< 500 mA 90 160 mV
Load Regulation J ouT
Ty = 25°C, 5 mA < loyT = 350 mA 60 mV
—256V=<VNZ—-105V _ _
Output Voltage 5mA < louT < 350 mA, Pp < 4 W 8.4 76 |V |
Quiescent Current Ty = 25°C 1.0 2.0 mA -
with line |—=25V < V|N < —-10.5V 0.4 mA
Quiescent Current Change IN
with load |5 mA = lpyT = 350 mA 0.4 mA
Output Noise Voltage Ta = 25°C, 10 Hz < f < 100 kHz 25 80 uV/Vout
. . —215V=V|N=-11.5V,|loyT = 100 mA |50 dB
Ripple Rejection
f =120 Hz |loyTt = 300 mA, Ty = 256°C |54 59 dB
Dropout Voltage Ty = 25°C 1.1 2.3 \
Short-Circuit Current Ty=25°C,VN=-35V 0.6 A
Peak Output Current 0.5 065 (1.4 A
Average Temperature Coefficient of _ _ERo ° mV/ °C/
Output Voltage lout = 5 mA —=55°C < Ty < +150°C 0.3 Vout

uA79MOBAHC AND A79MO8SAUC

Electrical Characteristics VN = —14 V, loyT = 350 mA, 0°C < Ty < 125°C, CjN = 2 uF, Cout = 1 uF, unless
otherwise specified.

Characteristic Condition (Note 3) Min Typ Max |Unit
Output Voltage Ty = 25°C -8.3 |—8.0 |-7.7 |V
—-25V<=VN=<-105V 8.0 80 mV
Line Regulation Ty = 25°C IN
—21V=VN=-—-11V 4.0 50 mv
Ty=25°C,5mA <1 =< 500 mA 90 160 mV
Load Regulation J out
Ty =25°C, 5§ mA < loyT < 350 mA 60 mV
—-25V=<=V|N=—-10.5V _ _
Output Voltage 5mA < louT < 350 mA, Pp < 4 W 8.4 76 |V
Quiescent Current Ty = 25°C 1.0 2.0 mA
with line |—25V < VN < —-10.5V 0.4 mA
Quiescent Current Change IN
with load |5 mA < loyT < 350 mA 0.4 mA
Output Noise Voltage Ta = 25°C, 10 Hz < f < 100 kHz 200 uVv
—215V=VIN=—-11.5V,[I = 100 mA | 50 dB
Ripple Rejection IN J our
f =120 Hz |loyt = 300 mA, Ty = 25°C |54 59 dB
Dropout Voltage Ty = 25°C 1.1 "
Short-Circuit Current Ty=25°C,VIN=-30V 140 mA
Peak Output Current 650 mA
Average Temperature Coefficient of - )
Output Voltage lout = 5 mA 0.6 mV/ °C

Notes on 79MOSA page.
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uA79M12HM

wA79MOO Series

Electrical Characteristics Viy= —11V, loyT = 350 mA, —55°C < Ty < 150°C, C|N = 2 uF, CoyT = 1 uF, unless
otherwise specified.

Characteristic Condition (Note 3) Min Typ Max | Unit
Output Voltage Ty = 25°C —-125 (=12 [—115|V
-30V=VN=<-145V 9.0 80 mV
Line Regulation Ty = 25°C IN
-26V=<VN=-—-15V 5.0 50 mV
. Ty = 25°C, 5 mA < lpyT =< 500 mA 65 240 mV
Load Regulation
Ty = 25°C, 5 mA < loyT =< 350 mA 45 mV
—-30V=<=V|IN=—145V _ _
Output Voltage 5mA < loyT < 350 mA, Pp < 4 W 12.6 11.4 |V
Quiescent Current Ty = 25°C 1.5 3.0 mA
with line |=30V < V|N =< —145V 0.4 mA
Quiescent Current Change IN
with load |5 mA < lgyT < 350 mA 0.4 mA
Output Noise Voltage TA = 25°C, 10 Hz < f < 100 kHz 25 80 uV/Vourt
—-25V=VN=<-15V]I = 100 mA |50 dB
Ripple Rejection IN out
f = 120 Hz |loyTt = 300 mA, Ty = 25°C |54 60 dB
Dropout Voltage Ty = 25°C 1.1 2.3 v
Short-Circuit Current Ty=25°C,VjN=—-35V 0.6 A
Peak Output Current 0.5 065 (1.4 A
Average Temperature Coefficient of - Ero o mV/ °C/
Output Voltage lout = 5 mA —55°C =Ty =< +150°C 0.3 Vour

1A79M12AHC AND pA79M12AUC

Electrical Characteristics VN = —19 V, loyt = 350 mA, 0°C < Ty < 125°C, CjN = 2 uF, CouTt = 1 uF, unless
otherwise specified.

Characteristic Condition (Note 3) Min Typ Max |Unit
Output Voltage Ty = 25°C —12.5(—12 —-11.5 |V
-30V=VN=<-145V 9.0 80 mV
Line Regulation Ty = 25°C IN
-256V=<VN=-15V 5.0 50 mV
Ty =25°C,5mA < | < 500 mA 65 240 mVv
Load Regulation J out
Ty = 25°C, 5 mA < loyt < 350 mA 45 mV
—30V=VIN=-—-145V _ _
Output Voltage 5mA < loyT < 350 mA, Pp < 4 W 12.6 11.4 |V
Quiescent Current Ty = 25°C 1.5 3.0 mA
with line |—30V < VN =< —145V 0.4 mA
Quiescent Current Change IN
with load |5 mA < lpyT < 350 mA 0.4 mA
Output Noise Voltage Ta = 25°C, 10 Hz < f < 100 kHz 300 uv
-25V<VN=<-15V]|I = 100 mA |50 dB
Ripple Rejection IN out
f = 120 Hz |loyTt = 300 mA, Ty = 25°C |54 60 dB
Dropout Voltage Ty = 25°C 1.1 \'
Short-Circuit Current Tyg=25°C,VN=—-30V 140 mA
Peak Output Current 650 mA
Average Temperature Coefficient of louT = 5 mA 0.8 mv/ °C

Output Voltage

Notes on 79MOS5A page.
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1wA79MOO Series

uA79M15HM
Electrical Characteristics V)y = —23 V, louT = 350 mA, —55°C < Ty < 150°C, C|N = 2 uF, Cout = 1 uF, unless
otherwise specified.

Characteristic Condition (Note 3) Min Typ Max |Unit
Output Voltage Ty =25°C —156 |—15 —14.4 |V
-30V=VN=-175V 9.0 80 \"
Line Regulation Ty = 25°C IN m
—-28V < VN =< —-18V 7.0 50 mV
Ty=25°C,5mA < | =< 500 mA 65 240 v
Load Regulation J m out m m
Ty =25°C, 5 mA < lpyt < 350 mA 45 mV
—-30V=VN=-—-175V _ _
Output Voltage 5mA < louT < 350 mA, Pp < 4 W 156.75 14.25|V
Quiescent Current Ty = 25°C 1.5 3.0 mA
with lin -30V=VN=-175V 0.4 mA
Quiescent Current Change d IN
with load |5 mA < lpyt < 350 mA 0.4 mA
Output Noise Voltage Ta = 25°C, 10Hz < f < 100 kHz 25 80 uV/Vourt
—285V<VN=<=-185V,|I = 100 mA | 50 dB
Ripple Rejection IN l out
f= 120 Hz jloyt = 300 mA, Ty = 25°C |54 59 dB
Dropout Voltage Ty = 25°C 1.1 2.3 \
Short-Circuit Current Ty=25°C,VlN=-35V 0.6 A
Peak Output Current 0.5 065 |1.4 A
Average Temperature Coefficient of - _ero ° mV/ °C/
Output Voltage lout = 5 mA —=55°C < T < +150°C 0.3 Vout

uA79M15AHC AND ©A79M15AUC
Electrical Characteristics V|y = —23 V, oyt = 350 mA, 0°C < Ty < 125°C, CjN = 2 uF, Cout = 1 uF, unless
otherwise specified.

Characteristic Condition (Note 3) Min Typ Max [ Unit
Output Voltage Ty = 25°C —15.6 |—15 |—144 |V
-30V==VnN=<-—-175V 9.0 80 "
Line Regulation T, = 25°C IN m
-2V =VN =< -—18V 7.0 50 mV
Ty=25°C,5mA < =< 500 mA 65 240 mV
Load Regulation J out
Ty =25°C, 5 mA < loyt =< 350 mA 45 mV
—30V=VIN=—-17.5V _ _
Output Voltage 5mA < louT < 350 mA, Pp < 4 W 15.75 14.25|V
Quiescent Current Ty = 25°C 1.5 3.0 mA
with line |-30V < V|N=<—175V 0.4 mA
Quiescent Current Change — : IN
with load |5 mA < loyt =< 350 mA 0.4 mA
Output Noise Voltage Ta = 25°C, 10 Hz < f < 100 kHz 375 uVv
—285V=<V|N=-185V,]|I = 100 mA |50 dB
Ripple Rejection IN J out
= 120 Hz ]uom = 300 mA, Ty = 25°C |54 59 dB
Dropout Voltage Ty = 25°C 1.1 \
Short-Circuit Current Ty =25°C,VIN=—-30V 140 mA
Peak Output Current 650 mA
Average Temperature Coefficient of = mV/ °C
Output Voltage lout = 5 mA 1.0
Note
All characteristics except noise voltage and ripple rejection cycle < 5%). Output voltage changes due to changes in
ratio are measured using pulse techniques (tyy < 10 ms, duty internal temperature must be taken into account separately.
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wA79MO0 Series

Typical Performance Curves
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uwA79MOO Series

Typical Performance Curves (Cont.)
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Design Considerations

The u79MO0O0 fixed voltage regulator series has
thermal-overload protection from excessive power,
internal short-circuit protection which limits the
circuit’s maximum current, and output transistor safe-
area compensation for reducing the output current as
the voltage across the pass transistor is increased.

The safe-area protection network may cause the
device to latch-up if the output is shorted and the
regulator is operating with high input voltages. This
mode of operation will not damage the device.
However, power (input voltage or the load) must be
interrupted momentarily for the device to recover from
the latched condition.

Although the internal power dissipation is limited, the
junction temperature must be kept below the maximum
specified temperature (150°C for 79M00, 125°C for
79MOO0AC and 79MO0OC) in order to meet data sheet
specifications. To calculate the maximum junction
temperature or heat sink required, the following
thermal resistance values should be used:

Typ Max Typ Max
Package d4c f4c 04A 04A
TO-39 18.0 25 120 160
TO-220 3.0 5.0 60 65
TyMax) — Ta Ty (Max) TA
Po MAX) = 74,0 + bca or 04A

(Without a heat sink)

Oca = Ocs + Osa
Solving for Ty: Ty = Ta + Pp (0yc+6ca) or Ta + Pp 0ya
(Without a heat sink)
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Where Ty = Junction Temperature
Ta = Ambient Temperature
Pp = Power Dissipation
f4c = Junction-to-case thermal resistance
fca = Case-to-ambient thermal resistance
fcs = Case-to-heat sink thermal resistance
fsa = Heat sink-to-ambient thermal resistance
84A = Junction-to-ambient thermal resistance

Typical Applications

Bypass capacitors are recommended for stable
operation of the 79MO0O0 series of regulators over the
input voltage and output current ranges. Output
bypass capacitors will improve the transient response
of the regulator.

The bypass capacitors, (2 uF on the input, 1 uF on the
output) should be ceramic or solid tantalum which
have good high frequency characteristics. If aluminum
electrolytics are used, their values should be 10 uF
or larger. The bypass capactiors shouid be mounted
with the shortest leads, and if possible, directly
across the regulator terminals.

Fixed Output Regulator

Vin

wATIMOO

Vout

2.0 uFZ 1 == 1.0 uF
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uwA78G * uA79G
4-Terminal Adjustable
Voltage Regulators

Linear Products

Description

The nA78G and uA79G are 4-Terminal Adjustable
Voltage Regulators. They are designed to deliver
continuous load currents of up to 1.0 A with a
maximum input voltage of 40 V for the positive
regulator 78G and —40 V for the negative regulator
79G. Output current capability can be increased to
greater than 1.0 A through use of one or more external
transistors. The output voltage range of the 78G
positive voltage regulator is 5 V to 30 V and the output
voltage range of the negative 79G is =30 V to —2.2 V.
For systems requiring both a positive and negative,
the 78G and 79G are excellent for use as a dual
tracking regulator with appropriate external circuitry.
These 4-terminal voltage regulators are constructed
using the Fairchild Planar process.

OUTPUT CURRENT IN EXCESS OF 1 A

wA78G POSITIVE OUTPUT S TO 30 V

wA79G NEGATIVE OUTPUT -30 TO —2.2 V
INTERNAL THERMAL OVERLOAD PROTECTION
INTERNAL SHORT CIRCUIT PROTECTION
OUTPUT TRANSISTOR SAFE-AREA PROTECTION
MILITARY AND COMMERCIAL VERSIONS

4-PIN TO-202 TYPE AND 4-PIN TO-3

Absolute Maximum Ratings
Input Voltage

nA78G, uA78GC 40V
uA79G, uA79GC —40V
Control Pin Voltage
uA78G, uA78GC 0=V =Vour

nA79G, uA79GC

Power Dissipation

Operating Junction
Temperature Range
Military (uA78G, uA79G)
Commercial (uA78GC, nA79GC)

Storage Temperature Range
4-Pin Power Watt (U1)
4-Pin TO-3 (K)

Pin Temperature (Soldering)
4-Pin Power Watt (U1) (10 s)
4-Pin TO-3 (K) (60 s)

-Voyr=-v=o0

Internally Limited
—-55°C to 150°C
0°C to 1560°C

—565°C to +160°C
—65°C to +150°C

230°C
300°C

uA78G Connection Diagram
TO-3 Package

COMMON CONTROL

(CASE)
COMMON¢

OUTPUT

(Top View)
Heat sink tabs connected to common through device substrate.

Order Information

Type Package Code Part No.
uA78G TO-3 GK uA78GKM
uA78GC TO-3 GK uA78GKC
1A78G Connection Diagram
Power Watt Package
CONT
a————
3 : ouT
C 2 pm
; COMM
[ ——

COMM*
(Side View)
Heat sink tabs connected to common through device substrate.
Order Information

Type Package
nA78GC Power Watt

Code
8Z

Part No.
nA78GU1C



uA78G  uA79G

uA79G Connection Diagram uA79G Connection Diagram
TO-3 Package Power Watt Package
INPUT OUTPUT IN
N ———
out
(CASE) 3 ———
INPUT Q CONT
o[ —
COMM
1 —
INt1
(Side View)

COMMON CONTROL
Heat sink tabs connected to input through device substrate. Not

(Top View) recommended for direct electrical connection.
Heat sink tabs connected to input through device substrate. Not Order Information
recommended for direct electrical connection. Type Package Code Part No.
nA79GC Power Watt 8z uA79GU1C
Order Information
Type Package Code Part No.
uA79G TO-3 GK uA79GKM
nA79GC TO-3 GK uA79GKC

uA78G Equivalent Circuit

- » » IN
RS R9 R13
100 400 10 k
> >
R4 R18
8 Q9
S100 k S 500 e D2,
Q16
N
k 014’ R21 1 a7
bAAA—4
! j N 680
a1s 3
Q12 R17 R11
200 03k
RS
33 k < out
CONT
. )
§2.7 kS
D1
*>—
R7 <
500 ?
comm



uA78G « uA79G

79G Equivalent Circuit

$m
14k
<

K

=% Eié

R20
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{»—Koz

R6
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uA78G, uA78GC

Electrical Characteristics

0°C =< Ty < 125°C for 78GC, CjNy = 0.33 uF, Coyt = 0.1 uF and
—55°C =< Ty < 150°C for 78G, VN = 10V, loyt = 500 mA, Test Circuit 1,
unless otherwise specified.

Characteristic Condition (Note 1, 3) Min Typ |Max |Unit
Input Voltage Range Ty = 25°C 7.5 40 v
Output Voltage Range VIN=Vout+5V 5.0 30 \
Vour +3V=<=VN=Vour+ 15V,|Ty=25°C 4.0 %(VouT)
Output Voltage Tolerance |5 mA < loyt < 1.0A
Pp =< 16 W, V|N (max) = 38 V 5.0 %(VouTt)
Ty=25°C,Voytr = 10V
Line Regulati (Vour +25V) < VIN=<(VouTr +20V) 1.0 %(Vour)
ne Regulation
: o Ty = 25°C,Voyr = 10V
(Voutr +38V) < VIN=<(Vout + 15 V) 0.75 %(VouT)
(Vour +3V) = VIN = (VouT + 7 V) 0.67 out
) Ty = 25°C 250 mA < loyT < 750 mA 1.0
Load Regulation VIN=VouT + 5V [5mA < loyT < 1.5 A 20 [%our)
T, = 25°C 1.0 5.0 A
Control Pin Current J a
8.0 nA
T, = 25°C 3.2 5.0 mA
Quiescent Current :
6.0 mA
. L 8V==VN=<18V,f=120Hz uA78G 68 78 dB
Ripple Rejection
Vour =5V uA78GC 62 78 dB
. Ty =25°C, 10 Hz < f < 100 kHz, Vout =5V,
Output Noise Voltage louT = 5 mA 8 40 uV/Vour
A78G 2 2.5 \
Dropout Voltage (Note 2) s
uA78GC 2.5 \'
Short Circuit Current Ty=25°C,VN=30V 750 |1.2 A
Peak Output Current Ty = 25°C 1.3 2.2 3.3 A
Average Temperature Vour =5V, Ty = —55°C to +25°C 4 mv/°C/
Coefficient of lout = 5 mA Ty = +25°C to +150°C 3 |Vour
Output Voltage
Control Pin Voltage Ty = 25°C 4.8 5.0 5.2 Vv
(Reference) 4.75 525 |V
Notes R1+R2
1. Vour is defined for the 78GC as Voytr = ———— (5.0); 3. All characteristics except noise voltage and ripple rejection
The 79GC as Vour = R1+R2 (5,53 ratio are measured using pulse techniques (tw < 10 ms, duty
R2 cycle < 5%). Output voltage changes due to changes in

2. Dropout Voltage is defined as that input-output voltage

internal temperature must be taken into account separately.

differential which causes the output voltage to decrease by 5%

of its initial value.
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uA79G, tAT9GC

Electrical Characteristics

0°C = Ty < 125°C for 79GC and —55°C < Ty < 150°C for 79G, VN = —10 V,
lout = 500 mA, Ciy = 2 uF, Cout = 1 uF, Test Circuit 2 and Note 3 unless
otherwise specified.

Characteristic Condition (Note 1) Min Typ Max |Unit
Input Voltage Range Ty = 25°C —40 -7.0 |V
Nominal Output _ _ _ _
Voltage Range VIN =Vour -5V 30 223 |V
Vour =15V =VIN<Voutr-—-3V, |Ty=25°C 4.0 %(VouTt)
Output Voltage Tolerance |5 mA < lgyt < 1.0A
Pp =< 15 W, VIN (max) = —38 V 5.0 %(VouT)
Ty=25°C,Voytr = —-10V o
, . (Vout — 20 V) < Viy < (Vout — 2.5 V) 1.0 | %(Voum
Line Regulation
Ty=25°C,Voyr =< —-10V
(Vour — 15 V) = VN = (VouTr — 3 V) 0.75 |,
(VouT — 7 V) = Vin = (Vout — 3 V) 067 |%tVour
. Ty = 25°C 250 mA =< loyTt < 750 mA 1.0 o
Load Regulation VIN=Vour—5V [6mA <loyr =< 1.5 A 20 |%tVoum
Ty = 25°C 0.4 2.0 A
Control Pin Current J “
3.0 uA
Ty = 25°C 0.5 1. mA
Quiescent Current C S
2.0 mA
. L —-18V=VN=<-8Y, uA79G 50 60 dB
Ripple Rejection
Vour=-5V,f=120Hz uA79GC 50 60 dB
. Ty=25°C, 10Hz < f < 100 kHz, Voyt = -5V,
Output Noise Voitage louT = 5 MA 25 80 uV/Vourt
A79G 1.1 2.3 v
Dropout Voltage (Note 2) a
uA79GC 2.3 \"
Short Circuit Current Ty=25°C,ViN=-30V 0.25 1.2 A
Peak Output Current Ty = 25°C 1.3 2.1 3.3 A
Average Temperature Vour=-5V, Ty = —55°C to +25°C 0.3 mvV/°C/
Coefficient of louT = 5 mA T, = +25°C to +150°C 03 |Vour
Output Voitage . :
Control Pin Voltage Ty = 25°C —-2.832|—-2.23 |—-2.14 |V
(Reference) -2.35 -2.11|V
Notes R1+R
1. Vour is defined for the 78GC as Vour = RitR2 (5.0); 4. All characteristics except noise voltage and ripple rejection

The 79GC as Voyrt =

R1+R2 ;03
2

ratio are measured using pulse techniques (tyy = 10 ms, duty

cycle < 5%).

. Dropout voltage is defined as that input-output voltage

differential which causes the output voltage to decrease by 5%
of its initial value.

. The convention for negative regulators is the algebraic value,

thus —15 is less than —10 V.

Output voltage changes due to changes in internal temperature
must be taken into account separately.
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Typical Performance Curves for uA78G
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Differential Voltage
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Typical Performance Curves for
nA78G (Cont.)

Line Transient Response
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Typical Performance Curves for tA79G

Peak Output Current vs

Input-Output
Differential Voltage
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Quiescent Current vs
Input Voltage
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Typical Performance Curves for uA79G (Cont.)

Load Transient Response

Line Transient Response
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Test Circuits Design Considerations
The 78G and 79G adjustable voltage regulators have
uA78G Test Circuit 1 an output voltage which varies from VCoNTROL to
typically
out Vour (R1 + R2)
VIN =2V by Vout = VCONTROL = Ro -
ViN IN 78G R1 The nominal reference in the 78G is 5.0 V and
CONTROL 79G is —2.23 V. If we allow 1.0 mA to flow in the
ComMMm 0.1 uF control string to eliminate bias current effects, we can
0.33 uF = make R2 = 5§ kQ in the 78G. The output voltage is then:
Rl N ¢ A2 Vout = (R1 + R2) V, where R1 and R2 are in kQs.
I
Example: If R2 = 5 kQ and R1 = 10 kQ then
comm _T. Vout = 15 V nominal, for the 78G
L R2 = 2.2 kQ and R1 = 12.8 kQ then
- VouTt = —15.2 nominal, for the 79G
vour = (BLER2 By pr iring of the feedback resistors, load
ouT = R2 VCONTROL Yp oper wiring o .e ee ac. resis ors,' 0.8.
. regulation of the device can be improved significantly.
VcoNTRoL Nominal = 5V
- Both 78G and 79G regulators have thermal-overload
#AT9G Test Circuit 2 protection from excessive power, internal short-circuit
protection which limits each circuit’s maximum
out ~Vour current, and output transistor safe-area protection for
reducing the output current as the voltage across
-VIN IN 79G R1 each pass transistor is increased.
CONTROL -
COMM K
2 uF
R2

Tlo

comm _I_

R1 + R2
Vout = (‘_,:;2_‘) VCONTROL
VCONTROL Nominal = —2.23 V
Recommended R2 current =~ 1 mA
.. R2 =5kQ(78/G)
R2 = 2.2 kQ (79/G)
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Design Considerations (Cont.)

Although the internal power dissipation is limited, the
junction temperature must be kept below the maximum
specified temperature in order to meet data sheet
specifications. To calculate the maximum junction
temperature or heat sink required, the following
thermal resistance values should be used:

Typ Max Typ Max
°C/W °C/W °C/W °C/W
Package fyc [ATe} [A7N [ATN
Power Watt 7.5 11 75 80
TO-3 4.0 6 44 47
Ty (max) — TA Ty (max) — Tp
Pp (max) = 80 +)GCA ]

JA
(Without a heat sink)

bca = bcs + Osa
Solvingfor Ty: Ty =Tp + Pp (yc + bca) or
Ta + Pplya (Without heat sink)

Where Ty = Junction Temperature
TA = Ambient Temperature
Pp = Power Dissipation
64A = Junction to ambient thermal resistance
84c = Junction to case thermal resistance
fca = Case to ambient thermal resistance
fcs = Case to heat sink resistance
fsa = Heat sink to ambient thermal resistance

uA78G and uA79G

Power Tab (U1) Package
Worst Case Power Dissipation
vs Ambient Temperature

100 —
LIMIT 78G/79G ||
L
: INFINITE] o
1 Ihis < 5o S
z 10 - SO Tk
2 = 15,
g w
g ! % ™
o — NO
t~LNOH
E 10 EATs,NK \‘
2 ™~
| fic=T°C/W A
6:a=80°C/W N
oq LPOMAXZ15W
2 50 75 w00 125 150

AMBIENT TEMPERATURE—°C
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wA78G and pA79G

TO-3 Package

Worst Case Power Dissipation vs
Ambient Temperature

Test Circuit
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Typical Applications For tA78G
Bypassing of the input and output (0.33 uF and
0.1 uF, respectively) is necessary.

Basic Positive Regulator

ouT +Vout
+ViN IN 78G R1
0.33 uF =R CONTROL == 0.1 uF
COMMON
1 R2
:L-_ ——
R{1 + R2
A =V
ouT COUNT Ro

Positive 5 to 30 V Adjustable Regulator

out +Vout
+VIN IN 78G L 25 k
0.33 uF 7= CONTROL == 0.1 uF
COMMON
l 5k
. - -
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Typical Applications for uA78G (Cont.)

Positive 5 V to 30 V Adjustable Regulator
loytr > 5.0A

Q1 1>40A-—»

2N6124
ouT +Vour
30 L
+32 V——AAN —{In 78G Bk
| = 220 mA —»
0.33 uF ,.“,: CONTROL| =< 0.1 uF
) COMMON 5K

!

External series pass device is not short circuit protected.

Positive High-Current Short-Circuit
Protected Regulator

Positive High-Current Short-Circuit
Protected Regulator

Vin —9

FT3055 OR
EQUIVALENT

.33 uF

IIH

2N6121 OR
EQUIVALENT

al
2N6124
out +Vourt
30 L louT(MAX)
+VIN—A IN 78G Bk —=
1 CONTROL L
X F 5 == 0.1 uF
0-33 uF A COMMON a
1 5k
Rsc VBE(Q1)
Isc 1 1
+10V, 1.0A
Dual Tracking Regulator
out +1ov
+15 V IN 78G 5k
0.33 uF 7= COMMON SR 0.1 uF
CONTROL
7.23 »——-
I k
= COMMON
2.0 uF = CONTROL :‘5 1.0 uF
79G 7.77
k
-5V IN  OouT -0V

If load is not ground referenced, connect reverse biased dio
from outputs to ground.

des
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uA78MG « uA79MG
4-Terminal Adjustable
Voltage Regulators

Linear Products

Description

The uA78MG and uA79MG are 4-Terminal Adjustable
Voltage Regulators. They are designed to deliver
continuous load currents of up to 500 mA with a
maximum input voltage of 40 V for the positive
regulator 78MG and —40 V for the negative regulator
79MG. Output current capability can be increased to
greater than 10 A through use of one or more external
transistors. The output voltage range of the 78MG
positive voltage regulator is 5 V to 30 V and the output
voltage range of the negative 79MG is —30 to —2.2 V.
For systems requiring both a positive and negative,
the 78MG and 79MG are excellent for use as a dual
tracking regulator. These 4-terminal voltage
regulators are constructed using the Fairchild

Planar process.

OUTPUT CURRENT IN EXCESS OF 0.5 A
pA78MG POSITIVE OUTPUT VOLTAGE 5to 30 V
wAT9MG NEGATIVE OUTPUT VOLTAGE -30 V
TO-2.2V

INTERNAL THERMAL OVERLOAD PROTECTION
INTERNAL SHORT CIRCUIT CURRENT
PROTECTION

OUTPUT TRANSISTOR SAFE-AREA PROTECTION

Absolute Maximum Ratings
Input Voltage

nA78MGC 40V
uA79MGC —40V
Control Pin Voltage
uA78MGC 0=<V=Vour
uA79MGC —Voutr=-V=0

Power Dissipation Internally Limited
Operating Junction Temperature
Range

Storage Temperature Range

Pin Temperature

" (Soldering, 10 s)

0°C to 1256°C
—556°C to +160°C

230°C
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Connection Diagram
uA78MG Power Watt

O i

COMM

(Side View)

Heat sink tabs connected to input through device substrate. Not
recommended for direct electrical connection.

Order Information

Type Package Code Part No.
uA78MGC Molded Power Pack 8Z uA78MGU1C
Connection Diagram
uwA79MG Power Watt
] IN
-, ) —————
out
3 —
Q CONT
2 ———
COMM
) W

(Side View)

Heat sink tabs connected to input through device substrate. Not
recommended for direct electrical connection.

Order Information
Type Package
uwA79MG  Molded Power Pack 8Z

Code Part No.
uwA79MGU1C



78MG Equivalent Circuit

nA78MG * nA79MG

' IN
R8 R9 R13
100 400 10 k
She :‘;o” Qs Q9
< D2
T
R21 Q7
WA
680 .
Q12 Ri7< R12 R11
200 % 240 06 k
out
CONT
R6
27k ]
X
-
R7 <
500 >
comm
79MG Equivalent Circuit
comm
% R2
1
S1ak
X as
D1 [D2
R1
78k
CONT
R20
172k
R23 S
Q3 4k 3
N
P—KQZ
Noe out

Q20

|i c2
Qs 35 p: C1 6 pF R22
~ T 01k
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014)—'VAVA AAA ats
7.5k 75k
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800 10k jasx‘»wsk 02k
R or val inQ otherwise noted.




uA78MGC

Electrical Characteristics

uA78MG « LA79MG

0°C < Ty < 125°C for uA78MGC, V|N = 10V, loyT = 350 mA, Cjy = 0.33 uF,
Cout = 0.1 uF, Test Circuit 1, unless otherwise specified.

Characteristic Condition (1 and 3) Min Typ Max |Unit
Input Voltage Range Ty = 25°C 7.5 40 \
Output Voltage Range VIN=Vour+565V 5.0 30 Vv
Vour+3V =<=V|N=<Vour+ 15V,|Ty = 25°C 4.0 %(VouT)
5 mA =< loyT =< 350 mA P
Output Voltage Tolerance Pp < 5 W, ViNMax = 38 V 5.0 o(VouT)
Ty = 25°C, loyt = 200 mA, Voyt =< 10V
(Vout+25V) <V|N=(Vour+20V) 1.0 %(VouT)
Line Regulation Ty = 25°C, loyt = 200 mA, Voyt = 10V
(Vout +3V) = VIN = (VouTr + 15 V) 0.75 | %(VouT)
(Vout+3V) =VIN=(VouT+7V) 0.67 | %(Vour)
. Ty = 25°C 1.0 %(VouT)
Load Regulation 5'mA =< louT =< 500 mA, ViN = VouT + 7 V
Ty = 25°C 1.0 5.0 A
Control Pin Current J a
8.0 uA
. Ty = 25°C 2.8 5.0 mA
Quiescent Current
6.0 mA
8V =< V|N =18 V]loyT =300 mA, Ty = 25°C |62 80 dB
Ripple Rejection Vour =5V, -
= 120 Hz lout = 100 mA 62 dB
Output Noise Voltage 10Hz < f < 100 kHz, Voyt =5V 40 uV/Vout
nA78MGHM 2 25
Dropout Voltage (Note 2) v
nA78MG (HC and C) 2.5
Short-Circuit Current ViIN=35V, Ty=25°C 600 mA
Peak Output Current Ty = 25°C 0.4 0.8 1.4 A
Average Temperature Vour =5V Ty = —55°C to +25°C 04  Imv/ec/
Coefficient of lout = 5 mA Ty = +25°C to +150°C 0.3 |Vout
Output Voltage
Control Pin Voltage Ty =25°C 4.8 5.0 5.2 \
(Reference) 4.75 525 |V
Notes R1+R2
1. Voyr is defined for the 78MGC as VoyTt = ——R— (50). 3. All characteristics except noise voltage and ripple rejection
The 79MGC as Vour = R1 + R2 (—2.23) 2 ratio are measured using pulse techniques (t,, < 10 m.s, duty
R2 cycle < 5%). Output voltage changes due to changes in

2 Dropout voltage is defined as that input-output voltage
differential which causes the output voltage to decrease by 5%

of its initial value.

internal temperature must be taken into account separately.



uA78MG « UA79IMG

pA79MGC
Electrical Characteristics 0°C < Ty < 125°C for uA79MGC, VIN = =10V, loyT = 350 mA, CiN = 2.0 uF,
Cout = 1.0 uF, Test Circuit 2, unless otherwise specified.

Characteristic Condition (1, 2, and 3) Min Typ Max |Unit
Input Voltage Range Ty = 25°C —40 -7.0 |V
Output Voltage Range VIN=Vour -5V -30 —-2.23 |V
Vour— 18V =<VIN=<Vour—-3V,|Ty=25°C 4.0 %(Vour)
5 mA < loyt =< 350 mA o
Output Voltage Tolerance PD < 5 W, ViNMax = —38 V 5.0 %(VouT)
Ty = 25°C, loyt = 200 mA, Voyt = —10V
(Vour—20V) =< VIN < (VouT — 25V) 1.0 %(VouT)
Line Regulation Ty = 25°C, loytr =200 mA, Voyt = —-10V
(Vour = 16 V) = VIN = (Vout — 8 V) 0.75 |%(VouT)
(Vour—7 V) < VIN=<(VouTr—3V) 0.67 |%(Vout)
Load Regulation VIN_= VCOJUT = 7V,5mA =< loyt = 500 mA 1.0 %(VouT)
Ty =25°C
Ty = 25° 3.0 A
Control Pin Current J 5°C i
2.0 A
Ty =25°C 0.5 1.5 A
Quiescent Current J m
2.5 mA
—18V=<VN=<-8V [Ty =25°C, loyT = 300 mA |54 65 dB
. . Vour=-5V, =
Ripple Rejection f= 120 Hz loyt = 100 mA 50 dB
Output Noise Voltage 10Hz < f < 100 kHz, Voyt = -5V 25 80 uV/Vout
A79MGHM 1.1 2.3
Dropout Voltage (Note 2) K Vv
#A7T9MG (HC and C) 2.3
Short-Circuit Current VIN=-35V 600 mA
Peak Output Current 0.4 .65 1.4 mA
Average Temperature Vour = -5V Ty = —55°C to +25°C 0.3 mV/°C/
Coefficient of lout = =5 mA Ty = +25°C to +150°C 03 |Vour
Output Voltage
Control Pin Vo'tage TJ = 25°C —-2.32|—2.23|—-2.14 |V
(Reference) —-2.35 —-2.11|V
Notes
1. The convention for negative regulators is the Algebraic value, cycle < 5%). Output voltage changes due to changes in
thus —15 is less than —10 V. internal temperature must be taken into account separately.
2. All characteristics except noise voltage and ripple rejection 3 Vour is defined for the 79MGC as Vot = R1+R2 ;.3

ratio are measured using pulse techniques (t,, = 10 ms, duty
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Typical Performance Curves For uA78MG

Peak Output Current as a
Function of Input-Output
Differential Voltage
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Control Current as a
Function of Temperature
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Performance Curves For uA78MG (Cont.)

Line Transient Response
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Typical Performance Curves for tA79MG

Peak Output Current as a
Function of Input-Output
Differential Voltage
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Performance Curves For utA79MG (Cont.)

Dropout Voltage as a
Function of
Junction Temperature

Ripple Rejection as a
Function of Frequency
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Design Considerations
The 78MG and 79MG variable voltage regulators have
an output voltage which varies from VcoNTROL to

i (R1 + R2)
typically VN —2 V by Vout = VCONTROL ~ R2 -
The nominal reference in the 78MG is 5.0 V and 79MG
is —2.23 V. If we allow 1.0 mA to flow in the control
string to eliminate bias current effects, we can make
R2 = 5 kQ in the 78MG. The output voltage is then:
Vout = (R1 + R2) Volts, where R1 and R2 are in kQ2s.

If R2 = 5 k@2 and R1 = 10 kQ then
VouTt = 15 V nominal, for the 78MG;

R2 = 2.2 k@ and R1 = 12.8 kQ then
Vout = —15.2 V nominal, for the 79MG.

Example:

By proper wiring of the feedback resistors, load
regulation of the devices can be improved
significantly.

Both 78MG and 79MG regulators have thermal
overload protection from excessive power, internal
short circuit protection which limits each circuit’s
maximum current, and output transistor safe area
protection for reducing the output current as the
voltage across each pass transistor is increased.

Although the internal power dissipation is limited, the
junction temperature must be kept below the maximum
specified temperature in order to meet data sheet
specifications. To calculate the maximum junction
temperature or heat sink required, the following
thermal resistance values should be used:

Typical Max Typical Max
Package 04c f4c AT 04
Power Watt 8.0 12.0 70 75




Pp(Max) =

Ty(Max) ~ TA

Ty (Max) = TA

6yc + bca

or GJA

(Without a heat sink) fca = 0cs + 0sa

Solving for Ty: Ty = Ta + Pp (8yc + fca)
or Ta + Pplya (Without heat sink)

Where T, = Junction Temperature
Ta = Ambient Temperature
Pp = Power Dissipation
0yc = Junction-to-case thermal resistance
fca = Case-to-ambient thermal resistance
Ocs = Case-to-heat sink thermal resistance
Osa = Heat sink-to-ambient thermal

resistance

04A = Junction-to-ambient thermal resistance

Typical Applications for uA78MG

Bypass capacitors are recommended for stable
operation of the uA78MG over the input voltage and
output current ranges. Output bypass capacitors will
improve the transient response of the regulator.

The bypass capacitors, (0.33 uF on the input, 0.1 uF
on the output) should be ceramic or solid tantalum
which have good high frequency characteristics. The
bypass capacitors should be mounted with the
shortest leads, and if possible, directly across the
regulator terminals.

Basic Positive Regulator

ouTt +Vour
+VIN IN 78MG R1
0.33 uF = CONTROL =< 0.1 uF
COMMON
1 R2
— =
R1 4+ R2
Vout =VCONT\™ R2
Positive 5 to 30 V Adjustable Regulator
out +Vour
+VIN IN 78MG L 25 k
0.33 uF =< CONTROL =< 0.1 uF
COMMON

5k

|

uA78MG * uUA79MG

Positive 5 to 30 V Adjustable Regulator

loyt > 1.5A
Q1l>15A—>»
2N6124
R1 ouT L +Vour
+32V - IN 78MG 25k
1=100 mA—>
= CONTROL =4 0.
0.33 4F COMMON - 01 wF
l 5 k
= —
1= BVBE(Q1)
= Iremax) (8) ~loum)
+ 10 V, 500 mA Dual Tracking Regulator
+10 V
+15 V 78MG
0.33 uF =~ 2= 0.1 uF
2.0 uF < 1.0 uF
79MG
15 V -0V

Note
External series pass device is not short circuit protected.

Positive High-Current Short-Circuit
Protected Regulator

Rsc Q1
Q2
2N2905 ouT
+VouTt
60 I louT(MAX)
+ViN —+—IN 78MG 25 k -
" ReuTlconTROL |
. = == 0.1 uF
0.33 4F COMMON K
l 5k
BVBE(Q1)
R1=

VR(Max) (8 + 1) —louT(Max)

If load 1s not ground referenced, connect reverse biased diodes
from outputs to ground.
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Output Waveform

30V '—m
/
7/
s

7

64 STEPS
5V
ov

Positive High-Current Voltage Regulator

External Series Pass (a)

+VIN IN OuT 2N6121
0.33 uF = 78MG Vour
[CONTROL
COMMON
R2
(a)
Vout (b)

lout

Short-Circuit Limit (b)

2N6121

+VIN

IN OuT

0.33 #Ff 78MG

CONTROL
COMMON

Typical Applications for 79MG

Bypass capacitors are recommended for stable
operation of the uA79MG over the input voltage and
output current ranges. Output bypass capacitors will
improve the transient response of the regulator.

The bypass capacitors, (2 uF on the input, 1 uF on the
output) should be ceramic or solid tantalum which
have good high frequency characteristics. If aluminum
electrolytics are used, their values should be 10 uF or
larger. The bypass capacitors should be mounted with
the shortest leads, and if possible, directly across the
regulator terminals.

Negative High-Current Short-Circuit
Protected Regulator

Rsc Q1
2N6121
Q2
2N2222 our Vour
6 0 70MG L louT(MAX)
-ViN——AAA, —In Bk| —
AT trwao CONTROL| B
2.0 uF == == 1.0 vF
T |common T
I 22k
BVBE(Q1)

R1 = TaMax) (8) —loUT(Max)

Basic Negative Regulator

ouTt -Vourt
-Vin iN 79MG R1
2.0 uF == CONTROL == 1.0 uF
COMMON R2
l

R1+ R2
Vout = —=VconNT\™ R2

—30 V to —2.2 V Adjustable Regulator

ouT -Vout
-VIN IN 79MG 50 k
2.0 uF == CONTROL 1.0 uF
COMMON
1 22k
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Negative High-Current Voltage Regulator

External Series Pass

-Vin IN OouT
2.0 uF 79MG
CONTROL
common]

—————H

78MG Test Circuit 1

VIiN IN

ouTt
78MG
CONTROL
COMM

0.33 uF

[

¢lo

2N6124

-Vour

Vour

R1

0.1 uF

L

R1+ R2
Vour = (—_Rz ~)VCONTROL

VcoNTRoL Nominally = 5 V
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79MG Test Circuit 2

ouT
-VIN IN 79MG
CONTROL
COMM
2 uF

e

R1

R2

-Vout

L

R1 + R2
Voutr =\ Rz /VCONTROL

VconTRoL Nominally = —2.23 V

Recommended R2 current ~ 1 mA

.".R2 = 5 kQ (78MG)
R2 = 2.2 k@ (79MG)
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A Schlumberger Company

uA723
Precision Voltage
Regulator

Linear Products

Description

The uA723 is a Monolithic Voltage Regulator
constructed using the Fairchild Planar epitaxial
process. The device consists of a temperature-
compensated reference amplifier, error amplifier,
power-series pass transistor and current-limit
circuitry. Additional NPN or PNP pass elements may
be used when output currents exceeding 150 mA are
required. Provisions are made for adjustable current
limiting and remote shutdown. In addition to the above,
the device features low standby current drain, low
temperature drift and high ripple rejection. The uA723
is intended for use with positive or negative supplies

as a series, shunt, switching or floating regulator.
Applications include laboratory power supplies,
isolation regulators for low level data amplifiers, logic
card regulators, small instrument power supplies,
airborne systems and other power supplies for digital

and linear circuits.

® POSITIVE OR NEGATIVE SUPPLY OPERATION
® SERIES, SHUNT, SWITCHING OR

FLOATING OPERATION

® 0.01% LINE AND LOAD REGULATION
® OUTPUT VOLTAGE ADJUSTABLE FROM

2TO37V

® OUTPUT CURRENT TO 150 mA WITHOUT

EXTERNAL PASS TRANSISTOR

Absolute Maximum Ratings
Pulse Voltage from V+ to V—,

(50 ms) (uA723) 50V
Continuous Voltage from

V+ to V— 40V
Input/Output Voltage

Differential 40V
Differential Input Voltage 5V
Voltage Between Non-Inverting

Input and V— +8V
Current from Vz 25 mA
Current from VRgr 15 mA
Internal Power Dissipation

(Note)

Metal 800 mW

DIP 1000 mW

Storage Temperature Range

Operating Temperature Range
Military (uA723)
Commercial (uA723C)

Pin Temperature (Soldering)
Metal, Ceramic DIP (60 s)
Molded DIP (10 s)

Notes on following pages.

—65°C to +150°C

—55°C to +125°C
0°Cto +70°C

300°C
260°C

Connection Diagram
10-Pin Metal

CURRENT
LIMIT

(Top View)
Pin 5 connected to case.
Order Information
Type Package Code Part No.
uA723 Metal 5X pnA723HM
uA723C Metal 5X uA723HC
Connection Diagram
14-Pin DIP
1 14
/
NCE j NC
2 13
CURRENT FREQ
LIMIT COoMP
CURRENT 2 12
SENSE : vt
4 1"
-IN E D Vc
5 10
+IN E j Vout
6 9
VREF E j vz
7 8
v- E :]Nc
(Top View)
Order Information
Type Package Code Part No.
uA723 Ceramic DIP 6B nA723DM
uA723C Ceramic DIP 6B uA723DC
uA723C Molded DIP 9B wA723PC



Block Diagram

nA723

FREQUENCY

v+ COMPENSATION
TEMPERATURE 1
COMPENSATED .
ZENER
INVERTING
INPUT__ M
v ERROR
REF AMPLIFIER
+
NON-INVERTING
INPUT
VOLTAGE
REFERENCE CURRENT
AMPLIFIER V- LIMITER SENSE

Equivalent Circuit

SERIES PASS
TRANSISTOR

Vourt

Ve

R1 R3 R4 RS
500 01 25 kq 1 k0 1kQ
a3 a7
D1 2: a2 |\ NB
[ Q14
R2
15 kO
)—!\/29 Q11 Q12
100 0
a1 R7 30 kO o} Q13
a6 j—‘
< R11 Q18
gg" 150 O
300 02
VRer NON-INVERTING V-  INVERTING
INPUT INPUT

Note

1. Rating applies to ambient temperatures up to 25°C. Above
25°C ambient derate based on the following thermal

resistance values:

0JA
“Typ  Max
150 190
80 90

95 105

TO-5
Molded DIP
Ceramic DIP
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COMPENSATION
CURRENT
LIMIT

CURRENT
SENSE




wA723

uA723

Electrical Characteristic Tp = 25°C,VN=V+=Vg=12V,V==0,Voyr=5V,IL = 1mA, Rsc =0,
C1 =100 pF, CreF = 0, unless otherwise specified. Divider impedance as seen by error
amplifier < 10 kQ connected shown in Figure 1. Line and load regulation specifications
are given for the condition of constant chip temperature. Temperature drifts must be
taken into account separately for high dissipation conditions.

Characteristic Condition Min Typ Max [Unit
VIN=12VtoVN= 16V 0.01 |0.1 %Vo
Line Regulation VIN=12VtoViN=40V 0.02 |0.2 %Vo
—55°C<Tao<+125°C,VIN= 12VtoVIN= 156V 0.3 %Vo
IL=1mAtol_=50mA 0.03 |0.15 %V
Load Regulation L L °Y0
—55°C<TaA=<+125°C, I = 1t mAtol. = 50 mA 0.6 %Vo
. L = 50 Hz to 10 kHz 74 dB
Ripple Rejection
= 50 Hz to 10 kHz, CRgfF = 5 uF 86 dB
Average Temperature
Coefficient —55°C < Ta < +125°C 0.002 |0.015 |%/°C
of Output Voltage
Short Circuit Current Limit |Rgc =10Q, Vo =0 65 mA
Reference Voltage IREF = 0.1 mA 6.95 |7.15 |7.35 |V
Reference Voltage _
Change With Load IReEp = 0.1 mA to 5 mA 20 mV
BW = 100 Hz to 10 kHz, C =0 20 "
Output Noise Voltage REF #Trms
BW = 100 Hz to 10 kHz, CRgf = 5 uF 2.5 “Vrms
Long Term Stability 0.1 % /1000 hrs
Standby Current Drain IL=0,VIN=30V 2.3 3.5 mA
Input Voltage Range 9.5 40 \'
Output Voltage Range i ' 2.0 37 Y,
Input/Output Voltage
Differential 3.0 38 \
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uA723

uA723C

Electrical Characteristic Tp = 25°C,VN=V+=Vc=12V,V==0,Vour=56V,IL = 1mA, Rsc =0,
C1 = 100 pF, Crefr = O, unless otherwise specified. Divider impedance as seen by
error amplifier =< 10 k2 connected as shown in Figure 1. Line and load regulation
specifications are given for the condition of constant chip temperature. Temperature
drifts must be taken into account separately for high dissipation conditions.

Characteristic Condition Min Typ |Max |Unit
VIN=12VtoVN= 15V 0.01 |0.1 %Vo
Line Regulation VIN=12VtoViN=40V 0.1 0.5 %Vo
0°C =<TA=<70°C,VN=12VtoVN=15V 0.3 %Vo
IL=1mAtol.=50mA 0.03 (0.2 %V
Load Regulation L L °T0
0°C < TA=<70°C,lp =1mAtol_ =50mA 0.6 %Vo
. L f = 50 Hz to 10 kHz 74 dB 2
Ripple Rejection
f = 50 Hz to 10 kHz, CRegr = 5 uF 86 dB .
Average Temperature
Coefficient 0°C < Tp < 70°C 0.003 |0.015 |%/°C
of Output Voltage
Short Circuit Current Limit [Rsc =10Q, Vo =0 65 mA
Reference Voltage IRer = 0.1 mA 6.80 |7.15 |7.50 |V
Reference Voltage _
Change With Load IREF = 0.1 mA to 5 mA 20 mV
BW = 100 Hz to 10 kHz, C =0 20 V
Output Noise Voltage Z, VREF K ¥rms
BW = 100 Hz to 10 kHz, Crgr = 5 uF 2.5 “Vrms
Long Term Stability 0.1 % /1000 hrs
Standby Current Drain IL=0,VIN=30V 2.3 4.0 mA
Input Voltage Range 9.5 40 \"
Output Voltage Range 2.0 37 v
Input/Output Voltage
Differential 3.0 38 Vv
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.|
Typical Performance Curves for uA723 and uA723C

Line Regulation as a Current Limiting
Function of Characteristics as a
Input/Output Function of
Voltage Differential Junction Temperature Load Transient Response
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Typical Performance Curves (Cont.)

Load Regulation Characteristics
With Current Limiting
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Typical Performance Curves for uA723C
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Standby Current Drain as a
Function of
Input Voltage
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uA723

Typical Applications

Fig. 1 Basic Low Voltage Regulator
(Voutr=2to 7V)

VIN

[ v

v+

Vout b—
VREF
- uhTas Rsc REGULATED
sk ct MW OUTPUT
1 cs
R3
| q N INV AAA—
°“E‘I Im2 v—l lcow F $o0 o
L1 1
Typical Performance
Regulated Output Voltage 5V
Line Regulation (AV|N = 3 V) 0.5 mV
Load Regulation (Al = 50 mA) 1.5 mV
Note
R{R2
R3 = m for minimum temperature drift.
Fig. 3 Negative Voltage Regulator
ViN
<
= R v Vo SRS
3 S2k0
VREF
vz ]\::usa
nA723 cLb—
Reg
k03 cspb—
——N.L INV
3 :fl IE R1 EE v- Comp T ::010 pF
REGULATED
OUTPUT
Typical Performance
Regulated Output Voltage -15V
Line Regulation (AV|N = 3 V) 1mV
Load Regulation (Al = 100 mA) 2 mV
Note 4
Notes

1. Figures in parentheses may be used if R1/R2 divider 1s placed
on opposite side of error amp.
2. Replace R1/R2 in figures with divider shown in Figure 8.

Fig. 2 Basic High Voltage Regulator
(Vour =7 to 37 V)
VIN
V+. Ve
VREF Vour )
S jr— AR REGULATED
s
NI INV— 3SRt
V- COMP Let q
l 100 pF::M
= —_L:
Typical Performance
Regulated Output Voltage 15V
Line Regulation (AV|N = 3 V) 1.5 mVv
Load Regulation (Al = 50 mA) 4.5 mV
Note
Ry R

R3 = m for minimum temperature drift.

Rz may be eliminated for minimum component count.

Fig. 4 Positive Voltage Regulator (External npn
Pass Transistor)

ViN

Rsc

REGULATED
OUTPUT

R1

|coup-‘§°°1
0 pl

Typical Performance

Regulated Output Voltage +15V
Line Regulation (AV)N = 3 V) 1.5 mVv
Load Regulation (Al = 1 A) 15 mV

3. V+ must be connected to a +3 V or greater supply.
4. For metal can applications where V7 is required, an external
6.2 V zener diode should be connected in series with VoyT
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Typical Applications (Cont.)

Fig. 5 Positive Voltage Regulator (External pnp

Fig. 6 Foldback Current Limiting
Pass Transistor)

VIN
Vin ¢
V+ Ve Rsc
< R3 30
oo . Vo our [ ——p—w—g-e- AEGULATED
v+ Vo 2N4898 2R3
Vout 27k
Vaer * 4; R1 uA723 CL
R4
cs 56 k()
<Rl uA723 CL
< ! NI INV =
2R
cs —l S Rsc I;nz VJ::OMP_L
— REGULATED j_L L T
R2 V- com:l_ \
I 1nt
= = = Typical Performance
Regulated Output Voltage +5V
Typical Performance Line Regulation (AV|N = 3 V) 0.5 mV
Regulated Output Voltage +5V Load Regulation (Al = 10 mA) 1imV
Line Regulation (AV|N = 3 V) 0.5 mV Short-Circuit Current 20 mA
Load Regulation (Al = 1 A) 5 mV

Fig. 7 Remote Shutdown Regulator with

Fig. 8 Output Voltage Adjust

Current Limiting

VRerF

Vin
R1
v+ VCI
R
Vrer Vour N3 —M——» REGULATED - NON-INVERTING
OuTPUT < INPUT
NOTE 2
R1 uAT23  cL R2
cs
NI INV
2 v-Tcomr | 2N3846 ceor
R3 a1
Lot S e LOGIC INPUT
1ot 2k
-

Notes
Current limit transistor may be used for shutdown if current
limiting 1s not required. Add if Voyt > 10V

Typical Performance

Regulated Output Voltage +5V
Line Regulation (AV)Ny = 3 V) 0.5 mV
Load Regulation (Al = 50 mA) 1.5mV
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uwA105 « uA305
uwA305A « uA376
Voltage Regulators

Linear Products

Description

The 105/305/305A /376 are Monolithic Positive
Voltage Regulators constructed using the Fairchild
Planar epitaxial process. Applications for these
devices include both linear and switching regulator
circuits with output voltages greater than 4.5 V. These
devices will not oscillate when confronted with varying
resistive and reactive loads and will start reliably
regardless of the load within the ratings of the circuit.
They also feature fast response to both load and line
transients. Used independently, the 105/305 will
supply 12 mA, the 305A, 45 mA and 376, 25 mA. The
105 is specified for the military temperature range
(—55°C to +125°C) and the 305/376/305A are
specified for 0°C to +70°C operation. The
105/305/305A are in an 8-pin TO-5 package and the
376 is available in the space and cost saving DIP.

® LOW STANDBY CURRENT DRAIN

® ADJUSTABLE OUTPUT VOLTAGE FROM
45TO040V

® HIGH OUTPUT CURRENTS EXCEEDING 10 A
WITH EXTERNAL COMPONENTS

m LOAD REGULATION BETTER THAN 0.1%, FULL
LOAD WITH CURRENT LIMITING

m DC LINE REGULATION GUARANTEED
AT 0.03%/V

m RIPPLE REJECTION OF 0.01%/V

Absolute Maximum Ratings
Input Voltage

uA105, uA305A 50V

uA305, uA376 40V
Input/Output Voltage

Differential 40V
Internal Power Dissipation

(Note 1)

uA105, uA305, 500 mW

nA305A, uA376 450 mW

Military (1A 105) —55°C to +125°C

Commercial (uA305,

uA305A, uA376) 0°C to 70°C
Storage Temperature Range

Metal —65°C to +150°C

DIP -55°C to +125°C
Pin Temperature

Metal soldering (60 s) 300°C

DIP Soldering (10 s) 260°C

Notes

1. Rating applies to ambient temperatures up to 70°C. Above
70°C ambient derate linearly at 6.256 mW/°C for the metal can
and 5.6 mW/ °C for the mini Dip.

Connection Diagram
8-Pin'Metal Package

CURRENT COMP
LimiT I (Q SHUTDOWN

6() FEEDBACK

UNREG ) S(YREF
IN 4 BYPASS

COMMON

(Top View)
Order Information
Type Package Code Part No.
nA105 Metal 5w nA105HM
wA305 Metal 5W uA305HC
uA305A Metal 5W nA305AHC
Connection Diagram
8-Pin DIP
CURRENT LIMIT REG OUT
BOOSTER OUT comP
UNREG IN FEEDBACK
COMMON REF BYPASS
(Top View)
Order Information
Type Package Code Part No.
uA376 Molded DIP oT uA376TC



pA105 « uA305 » uA305A  uA376

Equivalent Circuit

g“k J 3 UNREGULATED INPUT
W RS
Kfm oy
l KQM F BOOSTER OUTPUT
an I—J l/ms
R8 R9
I 186k 132k 1
9 CURRENT LIMIT
Q16 8 REGULATED OUTPUT
—A AN 7
sak |k SHUTOOWN
R2S
3kS Q7
SN S rFeEDBACK
o1s|:|— at 5 Rer E BYPASS
4 COMMON
Pin Connections Shown are for Metal Package
uA105
Electrical Characteristics Ta = 25°C unless otherwise specified (Note 2)
Characteristic Condition Min Typ |Max (Unit
Input Voltage Range 8.5 50 \'}
Output Voltage Range 4.5 40 \'
Output/Input Volitage
Differential 3.0 30 v
Rsc = 10Q, T = 25°C 0.02 [0.05 |%
Load Regulation (Note 3) [0 < < 12mA Rsc =10, Tao = 125°C 0.03 |0.1 %
Rsc = 10 Q, Tpo = —55°C 0.03 |0.1 %
VIN—Vo=<5V 0.025 |0.06 |[%/V
Line Regulation IN o
VIN—Vo>5V 0.015 |0.03 |%/V
Ripple Rejection CRerF = 10 uF, f = 120 Hz 0.003 {0.01 |%/V
Temperature Stability _EEo °
(Note 5) 55°C < Tpo < 125°C 0.3 1.0
Feedback Sense Voltage 1.63 (1.7 1.81 |V
' Crep =0 0.005 %
Output Noise Voltage 10Hz < f < 10 kHz REF
CRef > 0.1 uF 0.002 %
Current Limit Sense Rsc = 109, Tao = 25°C,
Voltage (Note 4) Vo=0V 225 300 375 mV
Standby Current Drain VIN=50V 0.8 2.0 mA
Long Term Stability 0.1 1.0 %

Notes

2.

These specifications apply for input and output voltages within
the ranges given, and for a divider impedance seen by the
feedback terminal of 2 k{2, unless otherwise specified. The
load and line regulation specifications are for constant junction
temperature. Temperature drift effects must be taken into
account separately when the unit 1s operating under conditions
of high dissipation.

. The output currents given, as well as the load regulation, can

be increased by the addition of external transistors. The

improvement factor will be roughly equal to the composite
current gain of the added transistors.

. With no external pass transistor.
. Temperature Stability 1s defined as the percentage change in

output voltage for a thermal variation from room temperature to
either temperature extreme.



pA105 o uA305 « uA305A + uA376

uA305
Electrical Characteristics Ta = 25°C unless otherwise specified (Note 2)
Characteristic Condition Min Typ Max | Unit
Input Voltage Range 8.5 40 v
Output Voltage Range 4.5 30 v
Output/Input Voltage
Differential 3.0 30 v
Rsc = 10Q, Ta = 256°C 0.02 |0.05 |%
Load Regulation (Note 3) |0 <. < 12 mA Rsc = 15Q, To = 70°C 0.03 |O0.1 %
Rsc = 10Q, TA = 0°C 0.03 |0.1 %
VIN— Vo5V 0.025 |0.06 |%/V
Line Regulation IN o
VN—Vo>5V 0.015 |0.03 |%/V
Ripple Rejection CreF = 10 uF, f = 120 Hz 0.003 |0.01 |%/V
Temperature Stability ‘ , .
(Note 5) 0°C = Tp =70°C 0.3 1.0
Feedback Sense Voltage 1.63 (1.7 1.81 |V
C =0 0.005 %
Output Noise Voltage 10Hz < f < 10 kHz REF
CRefr > 0.1 uF 0.002 %
Current Limit Sense Rsc = 10Q, Tpo = 25°C
Voltage (Note 4) Vo=0V 225 S00 376 mv
Standby Current Drain VIN=40V 0.8 2.0 mA
Long Term Stability 0.1 1.0 %
uA305A
Electrical Characteristics Ta = 25°C unless otherwise specified (Note 2)
Characteristic Condition Min Typ Max |Unit
Input Voltage Range 8.5 50 \'
Output Voltage Range 4.5 40 \
Output/Input Voltage
Differential 3.0 30 v
Rsc =09, Ta = 25°C 0.02 |0.2 %
Load Regulation 0<IlL<45mA Rsc =09, TAo = 70°C 0.03 |04 %
Rsc =0, Tao = 0°C 0.03 |0.4 %
VIN—Vo=<5V . .
Line Regulation IN 0=5 0.025 |0.06 |%/V
VN—-Vo>5V 0.015 |0.03 |%/V
Ripple Rejection CRer = 10 uF, f = 120 Hz 0.003 %/V
Temperature Stability
(Note 5) 0°C = Ta=<70°C 0.3 1.0 %
Feedback Sense Voltage 1.66 (1.7 1.85 |V
C =0 0.005 %
Output Noise Voltage 10 Hz < f < 10 kHz |—PEF
CRer > 0.1 uF 0.002 %
Current Limit Sense Rsc = 10Q, Ta = 25°C,
Voltage (Note 4) Vo=0V 225 300 375 my
Standby Current Drain VIN =50V 0.8 2.0 mA
Long Term Stability 0.1 1.0 %

Notes on following page.
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uA376
Electrical Characteristics 0°C < Ta <70°C
Characteristic Condition Min Typ Max | Unit
Input Voltage Range 9.0 40
Output Voltage Range 5.0 37 Vv
Output/Input Voltage
Differential 3.0 S
Rsc =04, Tp = 25°C 0.2 %
Load Regulation 0=l <25 mA Rsc =09, Tpo = 70°C 0.5 %
Rsc =0, Ta = 0°C 0.5 %
o
Line Regulation Ta =25°C 0.03 |%/Vv
0°C < Tp =< 70°C 0.1 %/V
Ripple Rejection f= 120 Hz, Tp = 25°C 0.1 % /V
Standby Current Drain VIN=30V, Tao =25°C 2.5 mA
Reference Voltage 1.60 1.72 1.80 |V
Current Limit Sense
Voltage 360 mv
Notes
2. These specifications apply for input and output voltages within improvement factor will be roughly equal to the composite
the ranges given, and for a divider impedance seen by the current gain of the added transistors.
feedback terminal of 2 k{2, unless otherwise specified. The 4 With no external pass transistor.
load and line regulation specifications are for constant junction 5 Temperature Stability 1s defined as the percentage change in
temperature. Temperature drift effects must be taken into output voltage for a thermal vanation from room temperature to
account separately when the unit is operating under conditions either temperature extreme.
of high dissipation.
3. The output currents given, as well as the load regulation, can
be increased by the addition of external transistors. The
Typical Performance Curves for
uA105/,A305/uA305A
Current Limiting Short Circuit Current as a
Load Regulation Characteristics Function of Temperature
. 10 © 1
] 3 ‘f N
g '§ 08 5 N Rsc=100
§ 5 w .
H ] g ® ~
w 5 os Qi 1ol L9 3 ~ N
g -0.02 - 5 ?.—%_‘_‘s .__? ;?:, Rsc=150 ~N
3 Ta=-55°C |, 3 SIS B 2
= - AERSSAS
§ -003 é 02 g Rsc=201() N~ \
[ Rsc= —Rsc=10 *
004 | 1 ] -
) 5 10 15 20 0 0 20 30 L 50 -75 -50 -25 0 25 S50 75 100 125 150
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Performance Curves for
uA105/uA305/uA305A (Cont.)

Current Limiting Characteristics
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Typical Performance Curves for uA376

Load Regulation
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Standby Current Drain as a
Function of
Input Voltage Tp = 25°C
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Typical Applications

Basic Positive Regulator With Current Limiting

Rsc

REGULATED

OuTPUT <

COMPENSATION $
SHUTDOWN

CURRENT
LMt
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-.

UNREGULATED
INPUT

FEEDBACK

Vour = 1.72 % v

IsC =~ ..V_SR_Eg::_SEmA

L
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uA117 ¢ yA217 » uA317
3-Terminal Positive
Adjustable Regulators

Linear Products

Description

The uA117 is a 3-Terminal Adjustable Positive Voltage
Regulator capable of supplying in excess of 1.5 A over
an output voltage range of 1.2 V to 37 V. This voltage
regulator is exceptionally easy to use and requires
only two external resistors to set the output voltage.
Further, it employs internal current-limiting, thermal-
shutdown and safe-area compensation, making it
essentially blow-out proof.

The nA117 series serves a wide variety of
applications including local, on-card regulation. This
device also makes an especially simple adjustable
switching regulator, and a programmable output
regulator; or by connecting a fixed resistor between
the adjustment and output, the uA117 series can be
used as a precision current regulator.

® OUTPUT CURRENT IN EXCESS OF 1.5 AIN TO-3
AND TO-220 PACKAGES

® OUTPUT ADJUSTABLE BETWEEN
1.2V AND 37V

8 INTERNAL THERMAL-OVERLOAD PROTECTION

® INTERNAL SHORT-CIRCUIT CURRENT-LIMITING
CONSTANT TEMPERATURE

® OUTPUT TRANSISTOR SAFE-AREA
COMPENSATION

® FLOATING OPERATION FOR HIGH-VOLTAGE
APPLICATIONS

B STANDARD 3-PIN TRANSISTOR PACKAGES

® AVAILABLE IN MILITARY TEMPERATURE RANGE

Absolute Maximum Ratings
Input-Output Voltage Differential 40 V¢

Power Dissipation Internally Limited
Operating Junction Temperature
Military (uA117) —-55°C to +150°C
Automotive (uA217) —40°C to +125°C
Commercial (1A317C) 0°C to +125°C
Storage Temperature
TO-3 Steel —-65°C to +150°C
TO-220 -55°C to +150°C

Pin Temperature
TO-3 Package
(Soldering, 60 s Time Limit) 300°C
TO-220 Package
(Soldering, 10 s Time Limit) 230°C
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Connection Diagram
TO-3 Package

OUTPUT 3 —\‘

ADJ
(Top View)

Order Information

Type Package Code Part No.
nA317 Metal HJ nA317KC
uA117 Metal HJ uA117KM

Connection Diagram
TO-220 Package

; IN
our

Q} Na——
ouT

f ADJ

(Top View)

Order Information

Type Package Code Part No.

nA317 Molded Power Pack GH nA317UC
uA217 Molded Power Pack GH uA217UV
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Schematic Diagram
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Electrical Characteristics V| — Vo =5V, lp = 0.5 A for K and U Packages
Ty = Operating Temperature (see Note 1); IMax and Ppmax per Note 2;
unless otherwise specified.

uA117/217 uA317

Symbol | Characteristic Condition Min | Typ |[Max|Min |Typ |Max|Unit
R Line Regulation TA=25°C,3V=<V—-Vo=<40V 0.01 |0.02 0.01 {0.04|%/V
eql i
Gtine | (Note 3, 7) 3V=V,—Vo=<40V 0.02 |0.05 0.02 [0.07[%/V
Ta = 25°C, Vo=5V 5 15 5 25 |mv
Load Regulation 10mA <lo <IMax (Vg =5V 0.1 |03 0.1 |0.5 |%Vo
Regload
(Note 3) Vo5V 20 50 20 70 |mV
10 mA < lo =< IMax
Vo=5V 03 |1 0.3 [1.5 |%Vo
1Adj Adjustment Pin Current 50 100 50 100 |uA
. Adjustment Pin Current |25V <V|— Vo =40V
Aladi | Change 10 MA < IL < IMax. PD = PMax 02 |5 02 |5 JuA
Reference Voltage 3V=Vi—-Vpop=<40V
VRef (Note 4) 10 mA < 10 = IMax, Pb < PMax 1.20|1.25 [1.30|1.20{1.25 [1.30|V
Ts Temperature Stability 0.7 0.7 %Vo

Minimum Load Current

IL(Min) to Maintain Regulation Vi—Vo=40V 35 15 3.5 10 |mA

V)= Vo = 15V, Pp < PMax

1.5 |2.2 1.5 |2.2
" Maximum Output K and U Packages A
ax
Current Vi—Vo =40V, Pp = PMax, 0.25(0.4 0.15/0.4
Ta = 25°C K and U Packages ’ ’ : :
N RMS Noise, % of Vo Ta = 25°C, 10Hz < f < 10 kHz 0.003 0.003 %Vo
Ripple Rejection Vo=10V, Without Cadj 65 65
RR dB
(Note 5) f=120Hz Cadj = 10 uF|66 |80 66 |80
S I%ong-Te.rm Stability, T = 25°C for %1.0 k
J = Thigh Endpoint M t 0.3 1 0.3 1 H
(Note 6) napoin easurements rs
i K Package (TO-3) 23 |3 23 |3
RgJC Thermal Resistance 9 °C/W
Junction to Case U Package (TO-220) 5
Notes
1 pA117 Operating Junction Temperature Range = 4 Selected devices with tightened tolerance reference
—55°C to +150°C voltage available.
wA217 Operating Junction Temperature Range = 5 Cady when used, 1s connected between the adjustment
—25°C to +120°C pin and ground.
2. IpMax = 15 A for K (TO-3) and U (TO-220) Packages 6 Since Long-Term Stability cannot be measured on each device
PMax = 20 W for K (TO-3) and U (TO-220) Packages before shipment, this specification is an engineering estimate
3. Load and line regulation are specified at constant junction of average stability from lot to lot.
temperature Changes in Vg due to heating effects must be 7. loyT =0.5Afor V| — Vg < 25V and Iygax for V| — Vo = 25 V.

taken into account separately. Pulse testing with low duty
cycle is used.



Typical Performance Curves

Load Regulation
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Adjustment Pin Current
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Typical Performance Curves (Cont.)
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Typical Applications Since the current from the adjustment terminal (Iad;)
represents an error term in the equation, the uA117
Standard Application was designed to control Iagj to less than 0 and keep it
constant. To do this, all quiescent operating current is
Vin Vout returned to the output terminal. This imposes the
1 nA117 ‘ requirement for a minimum load current. If the load
current is less than this minimum, the output voltage
R1 will rise.
'Ad:* 240 se
den A cour Since the uA117 is a floating regulator, it is only the
T 0.1 uF ADJUST T 14uF voltage differential across the circuit which is
important to performance, and operation at high

3
/T/R 2

C|N 's required if regulator is located an appreciable distance
from power supply filter.

—

Voutr = 1.25V (1 + %?-) + Iadj R2

Since Iagj is controlled to less than 100 uA, the error associated
with this term is negligible in most applications.

Basic Circuit Operation

The uA117 is a 3-terminal floating regulator. In
operation, the uA117 develops and maintains a
nominal 1.25 V reference (VRgF) between its output
and adjustment terminals. This reference voltage is
converted to a programming current (lprog) by R1 (see
Figure 1), and this constant current flows through R2
to ground. The regulated output voltage is given by:

R2
Vout = VREF (1 + *RT) + lagj R2

2-113

voltages with respect to ground is possible.

Fig. 1. Basic Circuit Configuration
Vout
Vin wA117
/ +
R1
VREF
ADJUST

VRef = 125 V TYPICAL
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Load Regulation

The uA117 is capable of providing extremely good
load regulation, but a few precautions are needed to
obtain maximum performance. For best performance,
the programming resistor (R1) should be connected
as close to the regulator as possible to minimize line
drops which effectively appear in series with the
reference, thereby degrading regulation. The ground
end of R2 can be returned near the load ground to
provide remote ground sensing and improve

load regulation.

External Capacitors

A 0.1 uF disc or 1.0 uF tantalum input bypass
capacitor (CjN) is recommended to reduce the
sensitivity to input line impedance.

The adjustment terminal may be bypassed to ground
to improve ripple rejection. This capacitor (Cad;)
prevents ripple from being amplified as the output
voltage is increased. A 10 uF capacitor should
improve ripple rejection about 15 dB at 120 Hz in a
10 V application.

Although the pA117 is stable with no output
capacitance, like any feedback circuit, certain values
of external capacitance can cause excessive ringing.
An output capacitance (Co) in the form of a 1.0 uF
tantalum or 25 uF aluminum electrolytic capacitor on
the output swamps this effect and insures stability.

Protection Diodes
When external capacitors are used with any IC

regulator it is sometimes necessary to add protection

diodes to prevent the capacitors from discharging
through low current points into the regulator.

2-114

Figure 2 shows the uA117 with the recommended
protection diodes for output voltages in excess of

25 V or high capacitance values (Co > 25 uF,

Cadj > 10 uF). Diode D1 prevents Co from
discharging through the IC during an input short
circuit. Diode D2 protects against capacitor Cagdj
discharging through the IC during an output short
circuit. The combination of diodes D1 and D2 prevents
Cagj from discharging through the IC during an input
short circuit.

Fig. 2. Voltage Regulator with Protection Diodes

1A D1
I\ IN4002
Vin Vout
nA117 ’ ’
Ri % D2
IN4002
CinAR =Cc
T ADJUST T
>
%/nz ~Cad;
——
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uwAd431
Adjustable Precision
Shunt Regulator

Linear Products

Description

The uA431 is a 3-terminal Adjustable Shunt Regulator
with guaranteed temperature stability over the entire
temperature range of operation. The output voltage
may be set at any level greater than 2.5 V (VRgF) up
to 36 V merely by selecting two external resistors that
act as a voltage divided network. Due to the sharp
turn-on characteristics this device is an excellent
replacement for many zener diode applications.

This product will operate over the entire temperature
range of —55°C to +125°C. This includes the unique
automotive range of —40°C to +85°C.

8 AVERAGE TEMPERATURE COEFFICIENT
50 ppm/°C

m TEMPERATURE COMPENSATED FOR

OPERATION OVER THE FULL

TEMPERATURE RANGE

PROGRAMMABLE OUTPUT VOLTAGE

FAST TURN-ON RESPONSE

LOW OUTPUT NOISE

Connection Diagram
TO-92 Package

O O\
REF _L._—/ CATHODE

(2) (1)

ANODE
(3)
(Top View)
Order Information
Type Package Code Part No.
uA431C Molded El uA431AWC
Absolute Maximum Ratings
Cathode Voltage 37V
Continuous Cathode Current —10 mA to
+150 mA
Reference Voltage -5V
Reference Input Current 10 mA

Operating Temperature Range

1A431C 0°Cto +70°C
Storage Temperature Range

TO-92 Molded —-55°C to +150°C
Power Dissipation

TO-92 Molded 775 mW
Pin Temperature (Soldering)

TO-92 Molded (10s) 260°C

Operating Conditions Min Max

Cathode Voltage, Vz VREF 37V
Cathode Current, Iz 1 mA 100 mA
Equivalent Circuit
1 CATHODE
(V2)
~C2
VRer Q7 Q3
Q2
Qi
R2 R1
1k 330
2 ANODE

(GND)
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Electrical Characteristics At 25°C ambient temperature unless otherwise noted

uA431C
Symbol |Characteristic Condition Min Typ Max Unit
Vz = VREF, IN = 10 mA
VREF Reference Voltage (Figure 1) 2.440 |2.495 [2.550 |V
Deviation of Reference Vz = VREF, IN = 10 mA,
VpEvV Input Voltage Over TA = full range, 8 17 mV
Temperature See Note 1 (Figure 1)
Ratio of the Vz from VRefr _ _ .
AVRer |Change in Reference Iz=10mA to 10V 1.4 2.7 mv/V
AV, | Voltage to the Change (Figure 2)
z in Cathode Voltage \1/5 U‘:g‘ 36V -1 -2 mV/V
Reference Input R = 10k, R2 = oo,
IREF Current N = 10 mA (Figure 2) 2 4 KA
Deviation of Ry = 10k, R2 = o0,
Reference Input IIN = 10 mA,
alReF Current over TaA = Full Range 0.4 1.2 KA
Temperature (Figure 2)
Minimum Cathode
Iz¢miNy | Current for Vz = VRer (Figure 1) 0.4 1 mA
Regulation
Iz(oFF) | Off-State Current ze, ;;63\)" VRer =0V 0.3 1 uA
r Dynamic Output Vz = VRer,
z Impodance Frequency =0 Hz, 75 Q
P See Note 2 (Figure 1) :
Notes

1. Deviation of reference input voltage, Vpgy. is defined as the
maximum variation of the reference input voltage over the full
temperature range.

Vmax -

VDEV = VMax ~ VMin

VMIN -

T
TEMPERATURE

The average temperature coefficient of the
reference input voltage, aVREF, is defined as:

10¢
OVREE pem _ o | YMax ~ Vmin |
€ = 7 |VReF (at 25°C)
T2 —Ty T2-T4

where T2 —T¢ = full temperature change.

108
V|
- +|—DEV
VREF (at 25°C)

2-116

aVREF can be positive or negative depending
on whether the slope is positive or negative.

Example: Vpgy = 8 mV, VRgF = 2495 mV,
T2 —T¢ = 70°C, slope is positive

108
8 mV
2495 mV.

70°C

aVREF = = 446 ppm/°C

2. The dynamic output impedance, rz, is

defined as:
AVz
z= Alz

When the device is programmed with two external resistors, R1
and R2, (see Figure 2), the dynamic output impedance of the
overall circuit, r7’, is defined as:
avz’ R1
[rz 1+ E]

—_— A

Al T



Typical Performance Curves

Input Current as a Function of Vz
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DC Test Circuits

Fig. 1 Test Circuit For Vz =

Iin—
INPUT —AAA—4¢

VREF

vz

|REF¢
=

-
>

<
bl
m
m

=L

1|f—o—-

Fig. 2 Test Circuit For Vz > VRgfr

inN——
INPUT —AAA—4

R1

‘_VZ

<"

Vz = Vgrer (1 + R1/R2) +lgere R1
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Fig. 3 Test Circuit for Off-State Current
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vz
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uA78S40

Universal Switching
Regulator Subsystem

Linear Products

Description

The pA78S40 is a Monolithic Regulator Subsystem
consisting of all the active building blocks necessary
for switching regulator systems. The device consists
of a temperature-compensated voltage reference, a
duty-cycle controllable oscillator with an active
current limit circuit, an error amplifier, high-current,
high-voltage output switch, a power diode and an
uncommitted operational amplifier. The device can
drive external npn or pnp transistors when currents in
excess of 1.5 A or voltages in excess of 40 V are
required. The device can be used for step-down, step-
up or inverting switching regulators as well as for
series pass regulators. It features wide supply voltage
range, low standby power dissipation, high efficiency
and low drift. It is useful for any stand-alone, low part
count switching system and works extremely well in
battery operated systems.

m STEP-UP, STEP DOWN OR INVERTING
SWITCHING REGULATORS

OUTPUT ADJUSTABLE FROM 1.3 to 40 V
PEAK CURRENTS TO 1.5 A WITHOUT
EXTERNAL TRANSISTORS

OPERATION FROM 2.5 to 40 V INPUT

LOW STANDBY CURRENT DRAIN

80 dB LINE AND LOAD REGULATION

HIGH GAIN, HIGH CURRENT, INDEPENDENT
OP AMP

PULSE WIDTH MODULATION WITH NO DOUBLE
PULSING

Connection Diagram
16-Pin DIP

1

DIODE CATHODE E

DIODE ANODE
3
SWITCH EMITTER ]

OP AMP OUTPUT

OP AMP SUPPLY E

OP AMP NON- 8
INVERTING INPUT

16
SWITCH COLLECTOR

[ JDRIVER COLLECTOR
Ipk SENSE

Vcc

TIMING CAPACITOR

GROUND

ELFLRLALE

OP AMP COMPARATOR

INVERTING INPUT INVERTING INPUT

REFERENCE 2 COMPARATOR NON-
VOLTAGE INVERTING INPUT
(Top View)
Order Information

Type Package Code Part No.
uA78S40 Ceramic DIP 6B uA78S40DM
uA78S40 Ceramic DIP 6B uA78S40DC
uA78S40 Molded DIP 9B uA78S40PC

Block Diagram

COMPARATOR  COMPARATOR
NON-INVERTING INVERTING TIMING
INPUT INPUT

_-_#_—-“ —

9 10

Ipk
Vcc CAPACITOR SENSE

13BIAS |12

DRIVER
COLLECTOR

GROUND

cr

OSCILLATOR

Ipk

6

7
——— ==

OP AMP
NON-INVERTING
opPAmp  INPUT
INVERTING
INPUT

REFERENCE
VOLTAGE

-
|

|

|

I

I

|

I

I

: LATCH
I

|

|

I

1

I

L

OPAMP OPAMP SWITCH

DIODE
SUPPLY OUTPUT EMITTER CATHODE ANODE

DIODE

COLLECTOR
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Absolute Maximum Ratings
Input Voltage from V+ to V—
Input Voltage from V+
Op Amp to V—
Common Mode Input Range
(Error Amplifier and Op Amp)

Differential Input Voltage (Note 1)

Output-Short Circuit Duration
(Op Amp)

Current from VRefr

Voltage from Switch
Collectors to GND

Voltage from Switch
Emitters to GND

Voltage from Switch
Collectors to Emitter

Voltage from Power Diode
to GND

Reverse Power Diode
Voltage

Current through Power Switch

Current through Power Diode

Internal Power Dissipation
(Note 2)
Molded DIP
Ceramic DIP

Storage Temperature Range

Operating Temperature Range
Military (uA78S40M)
Commercial (uA78S40C)

Pin Temperature
Ceramic DIP (Soldering, 60 s)
Molded DIP (Soldering, 10 s)

Notes

40V
40V

—0.3to V+
+30V

continuous
10 mA

40V
40V
40V
40V
40V

1.5A
1.5A

1500 mW
1000 mW
—65°C to +150°C

—55°C to 125°C
0°C to 70°C

300°C
260°C

1. For supply voltages less than 30 V, the absolute maximum

voltage is equal to the supply voltage.

2 Ratings apply to 25°C ambient, derate ceramic DIP at
8 mW/°C and plastic DIP at 14 mW/°C.

Functional Description

The uA78S40 is a variable frequency, variable duty
cycle device. The initial switching frequency is set by
the timing capacitor. The initial duty cycle is 6:1.
This switching frequency and duty cycle can be
modified by two mechanisms—the current limit
circuitry (Ipk sense) and the comparator.

The comparator modifies the OFF time. When the
output voitage is correct, the comparator output is in
the HIGH state and has no effect on the circuit
operation. If the output voltage is too high then the
comparator output goes LOW. In the LOW state the
comparator inhibits the turn on of the output stage
switching transistors. As long as the comparator is
LOW the system is in OFF time. As the output current
rises the OFF time decreases. As the output current
nears its maximum the OFF time approaches its
minimum value. The comparator can inhibit several ON
cycles, one ON cycle or any portion of an ON cycle.
Once the ON cycle has begun the comparator cannot
inhibit until the beginning of the next ON cycle.

The current limit modifies the ON time. The current
limit is activated when a 300 mV potential appears
between pin 13 (Vgc) and pin 14 (I pk). This potential
is intended to result when designed for peak current
flows through Rsc. When the peak current is reached
the current limit is turned on. The current limit circuitry
provides for a quick end to ON time and the immediate
start of OFF time. Generally the oscillator is free
running but the current limit action tends to reset the
timing cycle.

Increasing load results in more current limited ON
time and less OFF time. The switching frequency
increases with load current.

Vp is the forward voltage drop across the internal
power diode. It is listed on the data sheet as 1.25 V
typical, 1.5 V maximum. If an external diode is used,
then its own forward voltage drop must be used for Vp.

Vg is the voltage across the switch element (output
transistors Q1 and Q2) when the switch is closed
or on. This is listed on the data sheet as output
saturation voltage.

Output saturation voltage 1 — defined as the
switching element voltage for Q2 and Q1 in

the Darlington configuration with collectors tied
together. On the data sheet this applies to Figure 1,
the step down mode.

Output saturation voltage 2 — switching element
voltage for just Q1 used as a transistor switch.
This applies to Figure 2 of the data sheet, the
step-up mode.

For the inverting mode, Figure 3, the saturation
voltage of the external transistor should be used
for Vs.
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Electrical Characteristics VN = 5.0V, Vop amp = 5.0 V, Ta = Operating temperature range, unless

otherwise specified.

Characteristic Condition [Min  [Typ [Max [unit
General Characteristics
Supply Voltage 25 40 \
Supply Current VIN=50V 1.8 3.5 mA
(Op Amp Disconnected) VIN=40V 2.3 5.0 mA
Supply Current Op Amp VIN = 5.0 4.0 mA
Connected ViIN=40V 5.5 mA
Reference Section
0 < Ta < 70°C uA78S40C
Reference Voltage IRep = 1.0 mA —55°C < Tp < 125°C 1.180 [1.245 |1.310 |V
uA78S40M
FR%:fgeurI:rt:icc::‘ Voltage Line ¥;I\N= 2%93/ to VIN =40V, IRer = 1.0 mA, 0.04 |02 mv/V
Eg;’;;‘;;i Voltage Load |\ — 1.0 mA to Ingr = 10 mA, Ta = 25°C 02 |05 |mv/mA
Oscillator Section
Charging Current VIN=5.0V,Ta =25°C 20 50 uA
Charging Current VIN=40V, Tao = 25°C 20 70 uA
Discharge Current VIN=5.0V, Ta = 25°C 150 250 uA
Discharge Current VIN=40V, Tpo = 25°C 150 350 uA
Oscillator Voltage Swing |ViIN=5V, Tpo = 25°C 0.5 Vv
ton/toff 6.0 us/us
Current Limit Section
3;[{:3;“'““ Sense Ta = 25°C 250 350 |mv
Output Switch Section
8::&‘35?‘“"’"“ lsw = 1.0 A, Figure 1 1.1 |13 |v
8::&'2 Saturation lsw = 1.0A, Figure 2 045 |07 |V
Output Transistor hpg Ic=10A,Vce=56.0V, Tp = 25°C 70
Output Leakage Current Vour =40V, Tp = 25°C 10 nA
Power Diode
Forward Voltage Drop Ip=1.0A 1.256 |15 \'
Diode Leakage Current Vp =40V, Ta = 25°C 10 nA
Comparator
Input Offset Voltage VcMm = VREF 1.5 15 mV
Input Bias Current VcM = VREF 35 200 nA
Input Offset Current VcM = VREF 5.0 75 nA
g:?gn;on Mode Voltage Ta = 25°C 0 V+ —2|v
:‘;‘t“i’:' Supply Rejection |y _ 30V 1040V, Tp = 25°C 70 |96 dB

2-121




uA78S40

Electrical Characteristics

VIN = 5.0V, Vop Amp = 5.0 V, TA = Operating temperature range, unless

otherwise specified.

Characteristic Condition Min Typ Max |Unit
Output Operational
Amplifier
Input Offset Voltage Vem =25V 4.0 15 mV
Input Bias Current VecmM =25V 30 200 nA
Input Offset Current Vem =25V 5.0 75 nA
Voltage Gain + RL=2.0ktoGND; Vo =1.0t0 2.5V, 25k |250 k VIV
Ta = 25°C
. RL = 2.0 k to V+ Op Amp;
Voitage Gain Vo= 1.0t0 2.5 V, Ta = 25°C 25k |250k V/V
Common Mode Voltage — hgo _
Range Ta = 25°C 0 V+ —-2|V
ggg‘:‘m Mode Rejection |\, .\ — 5153.0V, Ta = 25°C 76 |100 dB
power Supply Rejection |y 0p Amp = 3.0t0 40V, Ta = 25°C 76 |100 dB
Output Source Current Ta = 25°C 75 150 mA
Output Sink Current Ta = 25°C 10 35 mA
Slew Rate Ta = 25°C 0.6 V/us
Output LOW Voltage IL=—5.0mA, Ta = 25°C 1.0 \"
V+OP
Output HIGH Voltage I =50 mA, Ta = 25°C Amp \'
—3.0V|
Design Formulas
Characteristic | Step Down Step Up Inverting Unit
VouT + Vp — Vs vin + Ivour | + vp - vs

Ipk 2 lout(Max) 2loutMa) ® Ty T vg 2 louT(Max) ® Vin — Vs A
Rsc 0.33/Ipk 033 Iy, 0.33 Iy Q
ton Vourt + Vb Vout + Vp — ViIN Vour! + vo

toft VIN — Vs = Vout VIN — Vs VIN— Vs

Vout + Vb Vout + Vp — VIN Ivour | + vo
L T ® toff |p—k ® toff —'m<— * toff uH
Ik * L Ik * L Ik * L

tof Vourt + Vo Vout + Vp — ViN Ivour! + vo us
Cr (wF) 45 X 1075 to4¢us) 45 X 1075 tylus) 45 X 1075 t glus) uF
c Ipk ® (ton + toff) (pk — louT)2 o toff (lpk — lour)2 o toff .

o 8 Vripple 21lpk * Vnpple 21pk * Vnpple K

ViN— Vs + Vp Vout VIN— Vs Vout VIN— Vs Ivour|

Efficiency VIN Vout + Vp VIN VouT + Vp — Vs VIN Vout + Vb
lIN(Avg) lpk Vout + VD Ipk Ipk ‘Vour' + Vp

(Max load - —_— —_ - A
Condition) 2 VIN = Vs +Vp 2 2 vin +Ivour | + vp - vs

H
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Fig. 1. Typical Step-Down Performance Fig. 2. Typical Step-Up Operational Performance
Ta = 25°C Ta = 25°C
B e R
G i
H 001 uF
M1 !
ch___i___ _?____.___._ Vee =
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| a2 I | I
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I I I
| | : |
| ——k a1 |
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t + | +
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| ! |
| | |
| | |
l._ ——J Vout
10V

IE:‘:R ZRO1uF 85k :‘;ggo uF
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Characteristic Condition Typical Characteristic Condition Typical
Value Value

Output Voltage lout = 200 mA oV Output Voltage lout = 50 mA 25V
Line Regulation 20<VIN=<30V 15mV Line Regulation SV=VN=<15V 40mV
Load Regulation 5 mA =< lout Load Regulation 5mA < lout

lout =< 300 mA 3.0mV lout =< 100 mA 2.0 mVv
Max Output Current Voyt = 9.5V 500 mA Max Output Current Voyt = 23.75 V 160 mA
Output Ripple lout = 200 mA 50 mV Output Ripple lout = 50 mA 30 mV
Efficiency lout = 200 mA 74% Efficiency lout = 50 mA 79%
Standby Current lout = 200 mA 2.8 mA Standby Current lout = 50 mA 2.6 mA

Notes

1 For lpyT = 200 mA use external diode to limit on chip
power dissipation

2 It is recommended that the internal reference (pin 8) be
bypassed by a 0.1 uF capacitor directly to (pin 11) the ground
point of the uA78S40.
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Fig. 3. Typical Inversion Operational Performance Typical Performance Curves
Ta = 25°C
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Characteristic Condition Typical 1200
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Output Voltage loyt = 100 mA -5V
Line Regulation 8V<VN=<18V 50mV
Load Regulation 5mA < lour
louT = 150 mA 3.0 mv
Max Output Current Voyt = 14.25 V 160 mA

Output Ripple loyT = 100 mA 20 mV
Efficiency loyt = 100 mA 70%
Standby Current  loyT = 100 mA 2.3 mA ldischarge @8 a Function of ViN
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4
,/
< b
]
A
150
0 10 20 30 40 50

ViN-V

2-124



nA78S40

. ________________________________________________________________________________________________________________________]
Typical Performance Curves (Cont.)
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uwA494
Pulse Width Modulated
Control Circuit

Linear Products

Description

The uA494 is a monolithic integrated circuit which
includes all the necessary building blocks for the
design of pulse width modulated (PWM) switching
power supplies, including push-pull, bridge and series
configurations. The device can operate at switching
frequencies between 1.0 kHz and 300 kHz and output
voltages up to 40 V. The uA494C is specified over an
operating temperature range of 0°C to 70°C and the
nA494M is specified over an operating temperature
range of —565°C to 125°C.

UNCOMMITTED OUTPUT TRANSISTORS

CAPABLE OF 200 mA SOURCE OR SINK

ON-CHIP ERROR AMPLIFIERS

ON-CHIP 5 V REFERENCE

INTERNAL PROTECTION FROM DOUBLE

PULSING OF OUTPUTS WITH NARROW PULSE

WIDTHS OR WITH SUPPLY VOLTAGES BELOW

SPECIFIED LIMITS

m DEAD TIME CONTROL COMPARATOR

® OUTPUT CONTROL SELECTS SINGLE-ENDED OR
PUSH-PULL OPERATION

® EASILY SYNCHRONIZED (SLAVED) TO

OTHER CIRCUITS

Connection Diagram ‘

16-Pin DIP
1 16
NON-INY Nt NON-INV
> Loy~ Tonoh INPUT
AP AMP 15
INV : INV
INPUT INPUT
iNPUT L g VREF
ORiE O L OUTPUT
CONTROL ' - CONTROL

CTES
RTE""

OSCILLATOR

7
GROUNDE
8 a 9
c1J e
(Top View)

Order Iinformation
Type Package Code Part No.
uA494C Ceramic DIP 6A uA494DC
uA494C Molded DIP 9A uA494PC
uA494M Ceramic DIP 6A uA494DM

Equivalent Circuit

PULSE STEERING

OUTPUT
CONTROL

13

T E1

1

Q c2
O—+K=_
E2

FLIP FLOP
6
RT
OSCILLATOR
cr
5
DEAD TIME
COMPARATOR
DEAD 4
TIME —+
CONTROL "
COMPARATOR
ERROR
AMP

COMPENSATION/ PWM

COMPARATOR INPUT

10

12

r——————— Vee
14
5V REF ————— Vrer
ERROR 7
15 AMP Gnd

2-126



Absolute Maximum Ratings uA494C
Power Supply Voltage (Vcc) 42V
Voltage From Any Pin to Ground

(except pin 8 and pin 11) Vec + 03V
Output Collector Voltage

(Vci1, Ve2) 42V
Peak Collector Current

(Ic1 and Ic2) 250 mA
Internal Power Dissipation (Note)

Molded DIP 1500 mW

Ceramic DIP 1000 mW
Storage Temperature Range —65°C to + 150°C
Operating Temperature Range 0°C to 70°C
Pin Temperature

Ceramic DIP (Soldering, 60 8) 300°C

Molded DIP (Soldering, 10 8) 260°C

nA494

Functional Description

The basic oscillator (switching) frequency is
controlled by an external resistor (RT) and

capacitor (Ct). The relationship between the values of
Rt C1 and frequency is shown in Figure 10.

The level of the sawtooth wave form is compared with
an error voltage by the pulse width modulated
comparator. The output of the PWM Comparator
directs the pulse steering flip flop and the output
control logic.

The error voltage is generated by the error amplifier.
The error amplifier boosts the voltage difference
between the output and the 5 V internal reference.
See Figure 7 for error amp sensing techniques. The
second error amp is typically used to implement
current limiting.

The output control logic (pin 13) selects either push-
pull or single-ended operation of the output transistors
(see Figure 6).

The dead time control prevents on-state overlap of
the output transistors as can be seen in Figure 5. The
dead time is approximately 3 to 5% of the total period
if the dead time control (pin 4) is grounded. This dead
time can be increased by connecting the dead time
control to a voltage up to 5 V.

The frequency response of the error amps
(Figure 11) can be modified by using external
resistors and capacitors. These components are
typically connected between the compensation
terminal (pin 3) and the inverting input of the error
amps (pin 2 or pin 15).

The switching frequency of two or more uA494 circuits
can be synchronized. The timing Capacitor, Ct is
connected as shown in Figure 8. Charging current is
provided by the master circuit. Discharging is through
all the circuits slaved to the master. Rt is required
only for the master circuit.

Recommended Operating Conditions

uA494C
Symbol Characteristic Min Max Unit
Vee Power Supply Voltage 7.0 40 v
VIN Voltage on Any Pin Except Pins 8 and 11
(Referenced to Ground) -0.3 Vce +0.3 v

Vci1, Ve2 Output Voltage -0.3 40 v
Ic1. Ic2 Output Collector Current 200 mA
C Timing Capacitor 470 PF

T 10 uf
Rt Timing Resistor 1.8 500 kQ
fosc Oscillator Frequency 1.0 300 kHz
Ta Operating Ambient Temperature Range 0 +70 °C
Note

Ratings apply at 25°C, above 25°C ambient derate Hermetic DIP
at 8 mW/°C and Plastic DIP at 14 mW/°C



uA494

nA494C

Electrical Characteristice Recommended Operating Conditions per above except Vcc = 15V, fosc = 10 kHz,
TA = O to 70°C uniess otherwise specified.

uA494C
Symbol | Characteristic Condition Min I Typ j Max Unit
Reference Section
VREF Reference Voltage IREF = 1.0 mA 4.75 5.0 5.25 \
, Line Regulation of
Regiine Reference Voltage 7.0V<Vgc <40V 2.0 25 mV
Temperature Coefficient of
TCVREF Reference Voltage 0°C < Tp < 70°C 0.01 0.03 %/°C
Load Regulation of
Regjoad Reference Voltage 1 <Iger < 10 mA 1.0 16 mV
Oscillator Section
Oscillator Frequency _ _
fosc (Figufe ’0) CT = 0.01 ILF, RT = 12 kQ 10 kHz
Oscillator Frequency
Change Over Operating = = o
Afosc Temperature Range Ct = 0.01 uF, Rt = 12 kQ 2 7
0°C < Ta < + 70°C
Dead-Time Control Section
liB(DT) Input Bias Current (Pin 4) |Voc =16V, 0V < V4 <525V -2.0 -10 uA
De Maximum Duty Cycle, Vec=16V,Pin4=0V, 45
(max) | Each Output Output Control Pin = Vg
Input Threshold Voltage \'
VTH(in) |Zero Duty Cycle 3.0 3.3
Maximum Duty Cycle 0
Error Amplifier Sections
VioEa) |Input Offset Voitage Vg = 2.5V 2.0 10 mV
ho Input Offset Current Vg=25V 25 250 nA
s Input Bias Current Vz=25V 0.2 1.0 HA
Input Common Mode _ vce
VicR Voltage Range 7V<Vgc<40V 0.3 \'
Large Signal Open Loop
AvoL Voltage Gain 05V <V3<35V 60 74 dB
fc Unity Gain Bandwidth 650 kHz
PWM Comparator Section (Pin 3) Figure 9
VTHi Inhibit Threshold Voltage |Zero Duty Cycle 4.0 4.5 Vv
lo—- Output Sink Current (Note) |0.6V < V3 <35V -0.2 -0.6 mA
lo+ Output Source Current 0.5V <Vg <85V 2.0 mA
(Note)
Note

These limits apply when the voltage measured at Pin 3 is within
the range specified.
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uA494C
Electrical Characteristics Recommended Operating Conditions per above except Vgc = 15V, fosc = 10 kHz,
Ta = 0 to 70°C unless otherwise specified. (Cont.)

uA494C
Symbol | Characteristic Condition Min [Typ 1Max Unit
Output Section
Output Saturation Voltage
Common-Emitter
Vce(sat) | Configuration, Figure 3 VE=0V,lc =200 mA 1.1 1.3 v
Emitter-Follower Vg =15V, |g = 200 mA 1.5 2.5
Configuration, Figure 4
Ic(off) Collector Off-State Current {Voc =40V, Vog =40V 2.0 100 uA
IE(off) Emitter Off-State Current |(Vcc=Vc=40V,VE=0 —100 uA
Output Control (Pin 13) Figure 6
Output Control (pin 13)
Voltage Required for
VocL Single-Ended or Parallel 0.4 v
Output Operation
Output Control (pin 13)
VocH Voltage Required for 2.4 \"
Push-Pull Operation

Total Device

I Standby Power Supply
cc Current

6.0 10 mA

Output ac Characteristics Use Recommended Operating Conditions with Tpo = 25°C

Rise Time of Output
Voltage
Common-Emitter
Configuration, Figure 3 100 200 ns
Emitter-Follower
Configuration, Figure 4 100 200 ns

Fall Time of Output
Voltage
Common-Emitter
Configuration, Figure 3 25 100 ns
Emitter-Follower
Configuration, Figure 4 40 100 ns

tr

Test Circuits

Fig. 1 Error Amplifier Test Circuit Fig. 2 Current Limit Sense Ampilifier Test Circuit

VREF
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uA494

Test Circuits (Cont.)

Fig. 3 Common-Emitter Configuration Test Circuit

and Waveform Test Circuit

Fig. 5 Dead-Time and Feedback Control

15 vdc Vcc =15V
éaan
1500 & ¢ 150
Ve 12 2W S S 2w
! 4 | DEAD- Vce 8
Gutput L N — 4 £ ouPuT
u Q =< 15pF
Transistor TP FEEDBACK E1 1
1 =
E—.-L— RT C2— OUTPUT 2
- cr E2 —
= Y514 | Error =
~y| AMP
(=)
16
(+) | ERROR
_[ 154 -) | Amp
- 13 1 outPut Rer | 14
CONTROL GND OUT

3
50K ? -i—7

Fig. 4 Emitter-Follower Configuration Test Circuit
and Waveform

Voltage Waveforms

T Vee
VOLTAGE
ATC1
—————— 0
w—  VCC
VOLTAGE
AT C2

VOLTAGE
ATCT

ZERO DUTY CYCLE

DEAD TIME THRESHOLD POINT

CONTROL
INPUT

(PIN )

ZERO DUTY CYCLE
THRESHOLD POINT — —

FEEDBACK
INPUT

(PIN3)



nA494

Typical Applications

Fig. 6 Output Connections for Single-Ended and
Push-Pull Configurations

8 _Ci ac
ouTPUT Q9 g1
CONTROL
] 1 c2 ( 170 500 mA (MAX)
Q2
0<Vocs 4V ———— Q
o° 10 E2 *

SINGLE-ENDED CONFIGURATION

2.4V = Voc < VRef 8 ct
__@ 250 mA (MAX)

t E1

oUTPUT L
CONTROL _@ (:so mA (MAX)

E2

PUSH-PULL CONFIGURATION

Fig. 7 Error Amplifier Sensing Techniques

Vo TO QUTPUT

VOLTAGE OF
SYSTEM
Rt

1(16)

+

ERROR
2 (15)J AMP

VREF -

S R2
POSITIVE QUTPUT VOLTAGE
1

R
Vo = VRer (1 Ty

—AAA

VREF

R2

NEGATIVE OUTPUT VOLTAGE TO OUTPUT
VOLTAGE OF

1
Vo = —VReF % Vo  SYSTEM

Fig. 8 Slaving Two or More Control Circuits

VReF
14
6
Rt
5 MASTER
_L Cr
RT ICT
- 14| vRer
6
Rt SLAVE
5 (ADDITIONAL
or CIRCUITS)

Fig. 9 Error Amplifier and Current Limit Sense
Amplifier Output Circuits

vVeo
VREF
TO REMAINDER TO REMAINDER
OF ERROR OF ERROR
AMPLIFIER AMPLIFIER
CIRCUIT CIRCUIT
TO COMPENSATION/ PWM
COMPARATOR INPUT
(PIN 3)

06mA = @

Fig. 10 Oscillator Frequency vs Timing Resistance
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uA78H05 « uA78HO5A
5-Volt 5-Amp
A Schlumberger Company VOltage Regulators

Hybrid Products

—————
FAIRCHILD
]

Description Connection Diagram

The uA78H05 and uA78HO5A are hybrid regulators TO-3 Metal Package

with 5.0 V fixed outputs and 5.0 A output capabilities.

They have the inherent characteristics of the

monolithic 3-terminal regulators, i.e., full thermal . —
overload, short-circuit and safe-area protection. All INPUT 1 '
devices are packaged in hermetically sealed TO-3s
providing 50 W power dissipation. If the safe operating
area is exceeded, the device shuts down rather than
failing or damaging other system components

(Note 1). This feature eliminates costly output circuitry
and overly conservative heat sinks typical of high-
current regulators built from discrete components.

m 5.0 A OUTPUT CURRENT (
m INTERNAL CURRENT AND THERMAL OVERLOAD \
PROTECTION v
m INTERNAL SHORT CIRCUIT PROTECTION —~
m LOW DROPOUT VOLTAGE (TYPICALLY 2.3 V @ ouTeuT 2 comMmoN 3

5.0 A)

® 50 W POWER DISSIPATION

m STEEL TO-3 PACKAGE

® ALL PIN-FOR-PIN COMPATIBLE WITH THE SH323 (Top View)

Note Order Information

1. These voltage regulators offer output transistor safe-area Type Package Code Part No.
protection. However, to maintain full protection, the devices uA7805 Metal GN uA78HO5SC
must be operated within the maximum input-to-output voltage uA7805A Metal GN uA78HO5ASC
differential ratings, as listed on this data sheet under “Absolute nA7805 Metal GN nA78HO5SM
Maximum Ratings.” For applications violating these limits, uA7805A Metal GN uA78HO5ASM

devices will not be fully protected

Block Diagram

I I Vin
CURRENT SOURCE
URC THERMAL R
I SHUTDOWN [N
~N
START VOLTAGE
CIRCUIT REGULATOR ERROR
AMP
SHORT Rsc 2
CIRCUIT + A~
PROTECTION _J Voutr
3

COMMON




pA78HO5  uA78HO5A

Absolute Maximum Ratings

Input Voltage 40V Commercial Temperature
Input-to-Output Voltage Range
Differential, Output Short rA78HO5SC 0°C to +150°C
Circuited 35V uA78HO5ASC 0°C to +150°C
Internal Power Dissipation 50 W @ 25°C Case Storage Temperature Range  —55°C to +150°C
Operating Junction Pin Temperature
Temperature 150°C (Soldering, 60 s) 300°C
Military Temperature Range
nA78HO5SM —55°C to +150°C
uA78HO5ASM —55°C to +160°C

uA78HO5 e uA78HOSA
Electrical Characteristics T = 25°C, V|y = 10V, loyT = 2.0 A unless otherwise specified.

Limits
Symbol |Characteristic Condition Min Typ Max Unit
Vour Output Voltage lour = 2.0A 4.85 5.0 5.25 v
VIN = 8.5 to 25 V (hA78HO5S 10 50 mV
AVout |Line Regulation (Note 2) IN e )
VIN = 7.5 to 25 V (uA78HO5A) 10 50 mV
AVoyrt |Load Regulation (Note 2) [10mA < loyT <5.0A 10 50 mV
lq Quiescent Current loutr=0 3.0 10 mA
RR Ripple Rejection loytr = 1.0 A, f = 120 Hz, 5.0 Vpk.pk 60 dB
Vi Output Noise 10Hz < f < 100 kHz 40 1LVRMS
| =50A 2.3 \
HATBHOS |OUT 30A 2.0 v
Vbp Dropout Voltage (Note 3) IOUT 5'0 . 2'3 Y v
pA78HOSA YT — > : :
lout=3.0A 2.0 2.3 \
los Short-Circuit Current Limit 7.0 12.0 Apk
Notes
2 Load and line regulation are specified at constant junction 3 Dropout Voltage is the input-output voltage differential
temperature. Pulse testing 1s required with a pulse width that causes the output voltage to decrease by 5% of its
= 1 ms and a duty cycle of =< 5% Full Kelvin connection initial value.
methods must be used to measure these parameters.
Typical Performance Curves
Output Impedance Output Noise Voltage Maximum Power Dissipation
100 T 10 V= 10V ®
! =1A IN =
" ‘2:.”: w0V o5 N C =0 ©
z € N :
n'l 2 ;; \ 5 40
2 c =0- ! g
% 10 ‘/ § 01 M z 30
: AN g H
5 50 w 0.05 £ 2
3 / g 4
° C_=014F 10
20 C_ = 10 uF TANT
R 10 100 1k 10k 100k 1M %% 50 100 500 1k 5k 10k -% 0 25 50 75 100 125 180
LOAD FREQUENCY — Hz FREQUENCY — Hz CASE TEMPERATURE — °C

s
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nA78H05 « uA78HO5A

Typical Performance Curves (Cont.)

Short Circuit Current
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uA78H05 « uA78HO5A

Test Circuit

Fixed Output Voltage

1 2
v wAT8HOS v
IN LATBHOSA out
+ +
SOLID = iy 3 CL
TANTALUM T ]\ 0.1 uF

COMMON

|||—<

Design Considerations

These devices have thermal-overload protection from
excessive power and internal short-circuit protection
which limits the circuit’s maximum current. Thus, the
devices are protected from overload abnormalities.
Although the internal power dissipation is limited, the
junction temperature must be kept below the maximum
specified temperature (150°C). It is recommended by
the manufacturer that the maximum junction
temperature be kept as low as possible for increased
reliability. To calculate the maximum junction
temperature or heat sink required, the following
thermal resistance values should be used:

Package Typ Max
byc 0yc
TO-3 1.8 25
_ Ty(max) — TA
PD(max) - oJC + 00A
bca =6cs + sa

Solving for Ty:

Ty =Ta+ Pp(byc + 0ca)
Where:
Ty = Junction Temperature
TA = Ambient Temperature
Pp = Power Dissipation
94c = Junction-to-case thermal resistance
Oca = Case-to-ambient thermal resistance
Ocs = Case-to-heat sink thermal resistance
OsaA = Heat sink-to-ambient thermal resistance

The devices are designed to operate without external
compensation components. However, the amount of
external filtering of these voltage regulators depends
upon the circuit layout. If in a specific application the
regulator is more than four inches from the filter
capacitor, a 1 uF solid tantalum capacitor should be
used at the input. A 0.1 uF capacitor should be used
at the output to reduce transients created by fast
switching loads, as seen in the basic test circuit.
These filter capacitors must be located as close to
the regulator as possible.

Caution: Permanent damage can result from forcing
the output voltage higher than the input voltage. A
protection diode from output to input should be used if
this condition exists.



uwA78P05
5-Volt 10-Amp
Voltage Regulator

Hybrid Products

——————
FAIRCHILD
I

A Schlumberger Company

Description Connection Diagram
The uA78P05 3-terminal positive 5 V regulator, TO-3 Metal Package
consisting of a monolithic control chip driving a series-
pass transistor, is capable of delivering 10 A. This
hybrid device is virtually blow-out proof and contains
all the protection features inherent in monolithic INPUT 1
regulators such as internal short-circuit current < - ‘
limiting, thermal overload and safe-area protection. If ~ A T
the safe-operating area is exceeded, the device shuts ’
down rather than failing or damaging other system
components (Note 1). This feature eliminates costly
output circuitry and overly conservative heat sinks
typical of high-current regulators built with discrete
components. The uA78P05 is packaged in a
hermetically sealed TO-3 providing 70 W

power dissipation.

= 10 A OUTPUT CURRENT

® INTERNAL THERMAL OVERLOAD PROTECTION
m INTERNAL SHORT CIRCUIT CURRENT LIMIT

= LOW DROPOUT VOLTAGE (TYPICALLY 2.3V @

OUTPUT 2 . e COMMON 3

10 A)
® 70 W POWER DISSIPATION (Top View)
® PIN-FOR-PIN COMPATIBLE WITH THE ©A78HO0S5,
uwA78HOS5A AND SH323 Order Information
m STEEL TO-3 PACKAGE Type Package Code Part No.
nA78P05 Metal 6N uA78P05SC
Note uA78P05 Metal 6N nA78P0O5SM

1 This voltage regulator offers output transistor safe-area
protection However, to maintain full protection, the device
must be operated within the maximum input-to-output voltage
differential ratings as listed on this data sheet under “Absolute
Maximum Ratings.” For applications violating these hmits,
device will not be fully protected.

Block Diagram

r I Vin
CURRENT SOURCE
) THERMAL R
l SHUTDOWN [N
~
START VOLTAGE
CIRCUIT REGULATOR ERROR
AMP
SHORT | Rsc 2
CIRCUIT ~AA~
PROTECTION Vout

3
COMMON
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wA78P0O5

Absolute Maximum Ratings
Input Voltage 40V
Input-to-Output Voltage

Differential, Output Short-

Military Temperature Range

uA78PO5SM

Commercial Temperature

—55°C to +160°C

Circuited 35V Range pA78P05SC 0°C to +150°C
Internal Power Dissipation 70 W@ 25°C Case Storage Temperature Range —55°C to +150°C
Operating Junction Pin Temperature

Temperature 150°C (Soldering, 60 s) 300°C
nA78P0O5
Electrical Characteristics Tj = 25°C, VN = 10V, loyT = 2.0 A unless otherwise specified

Limits

Symbol | Characteristic Condition Min Typ Max Unit
VouTt Output Voltage lout=2.0A 4.85 5.0 5.25 Vv
AVout |Line Regulation (Note 2) VIN=8to25V 10 50 mV
AVout |Load Regulation (Note 2) [10mA <IlpyT<5A 25 40 mV
AVout [Load Regulation (Note 2) |10 mA < IloyT < 10A 50 75 mV
le) Quiescent Current loutr=0 3.4 10 mA
RR Ripple Rejection lout = 1.0 A, f = 120 Hz, 5.0 Vpipk |60 dB
Va Output Noise 10 Hz < f < 100 kHz 40 uVRMS

1 =50A 2.0 2.3 \'
Vbbb Dropout Voltage (Note 3) OUT

louTr = 10 A 2.5 3.0 \"
los Short-Circuit Current Limit 14 Apk
Notes

2. Load and line regulation are specified at constant junction
temperature. Pulse testing is required with a pulse width

3. Dropout Voltage is the input-output voltage differential
that causes the output voltage to decrease by 5% of its

= 1 ms and a duty cycle < 5%. Full Kelvin connection initial value.
methods must be used to measure these parameters.

Typical Performance Curves
Output Noise Voltage Output Impedance Maximum Power Dissipation

10 — 100 70

T oV Ty
L V=10V

0s ~ % | 50 + L
N ~N | 3 z
§ € r 50 \
$ o i : N

™ [}
| Cc =0 2 4
& o1 ! ™ § 10 AN : \
N
5 g 4 § 30 N
o by «
008 T i 5 s0 2 \
@ T T 5 5
] 1 3 / N
g T C_=014F N
| 20 C_ = 10 uF TANT 1
oot L 10 o
10 50 100 500 1k sk 10k 1 10 100 1k 10k 100k 1M -25 0 25 50 75 100 125 150
FREQUENCY — Hz LOAD FREQUENCY — Hz CASE TEMPERATURE — ° C
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Typical Performance Curves (Cont.)
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uA78P05

Basic Test Circuit

Vin nA78PO5 Vourt
+ +
SOLID = Cn 3 == C_
TANTALUM 1 uF 0.1 uF
COMMON

Design Considerations

This device has thermal-overload protection from
excessive power and internal short-circuit protection
which limits the circuit’s maximum current. Thus, the
devices are protected from overload abnormalities.
Although the internal power dissipation is limited, the
junction temperature must be kept below the maximum
specified temperature (150°C). It is recommended by
the manufacturer that the maximum junction
temperature be kept as low as possible for increased
reliability. To calculate the maximum junction
temperature or heat sink required, the following
thermal resistance values should be used:

Package Typ Max
buc byc
TO-3 1.5 1.8
TJ(max) = Ta
Pp(max) = 9yc + fca
6ca =fcs + Osa

Solving for Ty:

Ty =Ta+Pp(fyc + 6ca)
Where:
Ty = Junction Temperature
TA = Ambient Temperature
Pp = Power Dissipation
f4c = Junction-to-case thermal resistance
ca = Case-to-ambient thermal resistance
fcs = Case-to-heat sink thermal resistance
OsA = Heat sink-to-ambient thermal resistance

3-10

The nA78PO05 is designed to operate without external
compensation components. However, the amount of
external filtering of this voltage regulator depends
upon the circuit layout. If in a specific application the
regulator is more than four inches from the filter
capacitor, a 1 uF solid tantalum capacitor should be
used at the input. A 0.1 uF capacitor should be used
at the output to reduce transients created by fast
switching loads, as seen in the basic test circuit.
These filter capacitors must be located as close to
the regulator as possible.

Caution: Permanent damage can result from forcing
the output voltage higher than the input voltage. A
protection diode from output to input should be used if
this condition exists.
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uwA78H12A
5-Amp Voltage
Regulator

Hybrid Products

Description

The nA78H12A is a hybrid regulator with 12.0 V

fixed output and 5.0 A output capability. It has the
inherent characteristics of the monolithic 3-terminal
regulators; i.e., full thermal overload, short-circuit and
safe-area protection. All devices are packaged in
hermetically sealed TO-3s providing 50 W power
dissipation. If the safe operating area is exceeded,
the device shuts down, rather than failing or damaging
other system components (Note 1). This feature
eliminates costly output circuitry and overly
conservative heat sinks typical of high-current
regulators built from discrete components.

Connection Diagram
TO-3 Metal Package

m 5.0 A OUTPUT CURRENT
m INTERNAL CURRENT AND THERMAL OVERLOAD
PROTECTION
m INTERNAL SHORT CIRCUIT PROTECTION
® LOW DROPOUT VOLTAGE (TYPICALLY 2.3V @
5.0A)
m 50 W POWER DISSIPATION
m STEEL TO-3 PACKAGE (Top View)
Note Order information
1. This voltage regulator offers output transistor safe-area Type Package Code Part No.
protection However, to maintain full protection, the device uA78H12A Metal GN nA78H12ASC
must be operated within the maximum input-to-output voltage uA78H12A Metal GN uA78H12ASM
differential ratings, as listed on this data sheet under “Absolute
Maximum Ratings.” For applications violating these limits,
device will not be fully protected.
Block Diagram
N 1
I I Vin
CURRENT SOURCE ] THERMAL R
T sHUTDOWN N
START VOLTAGE
CIRCUIT REGULATOR ERROR
AMP
SHORT Rsc 2
CIRCUIT _ —ANA/
PROTECTION J Vout
3
COMMON

3-11



uA78H12A

Absolute Maximum Ratings

Input Voltage 40V Commercial Temperature
Input-to-Output Voltage Range

Differential, Output Short- uA78H12ASC 0°C to +150°C

Circuited 35V Storage Temperature Range —55°C to +150°C
Internal Power Dissipation 50 W@ 25°C Case Pin Temperature
Operating Junction (Soldering, 60 s) 300°C

Temperature 150°C
Military Temperature Range

uA78H12ASM —-55°C to +150°C
uA7812A
Electrical Characteristics Ty = 25°C, Viy = 19V, loyt = 2.0 A unless otherwise specified

Limits
Symbol |Characteristic Condition Min Typ Max Unit
Vourt Output Voltage louT=20A 11.5 12 12.5 \"
AVout |[Line Regulation (Note 2) VIN=16t0 25V 20 120 mV
AVout |Load Regulation (Note 2) |10 mA < Iloyt < 5.0A 20 120 mV
Te) Quiescent Current louT=0,VIN= 17V 3.7 10 mA
RR Ripple Rejection lout = 1.0 A, f = 120 Hz, 5.0 Vp.pk |60 dB
Vin Output Noise 10Hz < f < 100 kHz, VN = 17 V 75 VRMS
| =50A 2.3 2.5 v
Vpbp Dropout Voltage (Note 3) out
louT=3.0A 2.0 2.3 Vv
los Short-Circuit Current Limit 7.0 12.0 Apk
Notes :
2. Load and line regulation are specified at constant junction 3. Dropout Voltage is the input-to-output voltage differential
temperature. Pulse testing is required with a pulse width that causes the output voltage to decrease by 5% of its
=< 1 ms and a duty cycle < 5%. Full Kelvin connection initial value.

methods must be used to measure these parameters.

Typical Performance Curves

Output Impedance Output Noise Voltage Maximum Power Dissipation
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uA78H12A

Typical Performance Curves (Cont.)
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pA78H12A

Basic Test Circuit

ViN uA78H12A Vout
+ +
SOLID == C, X c
Tntaiom T s T o1ur
COMMON

L

Design Considerations

This device has thermal-overload protection from
excessive power and internal short-circuit protection
which limits the circuit’s maximum current. Thus, the
device is protected from overload abnormalities.
Although the internal power dissipation is limited, the
junction temperature must be kept below the maximum
specified temperature (150°C). It is recommended by
the manufacturer that the maximum junction
temperature be kept as low as possible for increased
reliability. To calculate the maximum junction
temperature or heat sink required, the following
thermal resistance values should be used:

Package Typ Max
(Ao} 6uc
TO-3 1.8 2.5
TJ(max) = Ta
Pp(max) = 6yc + 0ca
Oca =fcs + 0sa

Solving for Ty:

Ty =Ta+ Pp (fuc + 0un)

Where:

Ty = Junction Temperature

Ta = Ambient Temperature

Pp = Power Dissipation

fyc = Junction-to-case thermal resistance

fca = Case-to-ambient thermal resistance
f0cs = Case-to-heat sink thermal resistance
f0sa = Heat sink-to-ambient thermal resistance

3-14

The devices are designed to operate without external
compensation components. However, the amount of
external filtering of these voltage regulators depends
upon the circuit layout. If in a specific application the
regulator is more than four inches from the filter
capacitor, a 1 uF solid tantalum capacitor should be
used at the input. A 0.1 uF capacitor should be used
at the output to reduce transients created by fast
switching loads, as seen in the basic test circuit.
These filter capacitors must be located as close to
the regulator as possible.

Caution: Permanent damage can result from forcing
the output voltage higher than the input voltage. A
protection diode from output to input should be used if
this condition exists.
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uA78HGA
Positive Adjustable
5-Amp Voltage Regulator

Hybrid Products

Description

The wA78HGA is an adjustable 4-terminal positive
voltage regulator capable of supplying in excess
of 5.0 A over a 5.0 V to 24 V output range. Only
two external resistors are required to set the
output voltage.

The uA78HGA is packaged in a hermetically sealed
TO-3, providing 50 W power dissipation. The regulator
consists of a monolithic chip driving a discrete series-
pass element. A beryllium-oxide substrate is used in
conjunction with an isothermal layout to optimize the
thermal characteristics of each device and still
maintain electrical isolation between the various
chips. This unique circuit design limits the maximum
junction temperature of the power output transistor to
provide full automatic thermal overload protection. If
the safe operating area is ever exceeded (Note 1),
the device simply shuts down rather than failing or
damaging other system components. This feature
eliminates the need to design costly regulators built
from discrete components.

5.0 A OUTPUT CURRENT

INTERNAL CURRENT AND THERMAL LIMITING
INTERNAL SHORT CIRCUIT CURRENT LIMIT
LOW DROPOUT VOLTAGE (TYPICALLY 2.3V @
5.0A)

50 W POWER DISSIPATION

ELECTRICALLY NEUTRAL CASE

STEEL TO-3 PACKAGE

ALL PIN-FOR-PIN COMPATIBLE WITH ¢A78HG

Connection Diagram
TO-3 Metal Package

CONTROL 3

COMMON 4

OUTPUT 2

(Top View)
Order Information
Type Package Code Part No.
uA78HGA Metal JA uA78HGASC
uA78HGA Metal JA uA78HGASM

Block Diagram — Positive Adjustable Voltage Regulator

I

CURRENT SOURCE

START VOLTAGE
CIRCUIT REGULATOR ERROR
AMP

T Vin
THERMAL R
SHUTDOWN [~
~
SHORT Rsc 5
CIRCUIT - —AAA——
PROTECTION Vour

3

CONTROL
4

Notes on following pages

COMMON




uA78HGA

Absolute Maximum Ratings

Input Voltage 40V Commercial Temperature
Internal Power Dissipation 50 W @ 25°C Case Range
Maximum Input-to-Output uwA78HGASC 0°C to +150°C
Voltage Storage Temperature Range —55°C to +150°C
Differential Output Short Pin Temperature
Circuit 35V (Soldering, 60 s) 300°C
Operating Junction
Temperature 150°C
Military Temperature Range
uA78HGASM —55°C to +150°C

Electrical Characteristics Ty = 25°C, Vin = 10V, loyt = 2.

0 A unless otherwise specified

Limits

Symbol | Characteristic Condition (Note 3) Min Typ Max Unit
Vout Output Voltage (Note 4) louT=20A,VIN=Vour +35V 5.0 24 v
AVout |Line Regulation (Note 2) VIN=7.5t025V 0.2% 1% \"
AVout |Load Regulation (Note 2) [10mA < loyTt <5.0A 0.2% 1% v
lq Quiescent Current loutr=0 3.4 10 mA
RR Ripple Rejection louT = 1.0 A, f = 210 Hz, 5.0 Vpk-pk 60 dB
Vn Output Noise \}?NH: \/So LTS+1g%k\;12, 50 uVRMS
Vpp Dropout Voltage (Note 5) lour = 8.0A 2.3 2.5 v

lour=3.0A 2.0 2.3 \
los Short-Circuit Current Limit |Viy = 15V 7.0 12.0 Apk
Ve Control Pin Voltage 4.85 5.0 5.25 \
Notes
1. This voltage regulator offers output transistor safe-area 3. The performance characteristics of the adjustable series

protection. However, to maintain full protection, the device
must be operated within the maximum input-to-output voltage
differential rating listed on the data sheet under “Absolute
Maximum Ratings.” For applications violating these limits,
device will not be fully protected.

2. Load and line regulation are specified at constant junction 5.
temperature. Pulse testing 1s required with a pulse width
=< 1 ms and a duty cycle < 5%. Fuil Kelvin connection
methods must be used to measure these parameters.

(uA78HGA) is specified for Voyt = 5.0 V, unless
otherwise noted.
R1 + R2

. Vour is defined as Voyt = R2 (VcoNT) where R1

and R2 are defined in the Basic Test Circuit diagram.
Dropout Voltage is the input-output voltage differential that
causes the output voltage to decrease by 5% of its

initial value.

Typical Performance Curves

Output Impedance Output Noise Volitage Maximum Power Dissipation
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Typical Performance Curves (Cont.)
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wA78HGA

Test Circuit

Adjustable Output Volitage

Vour
1
ViN HA78HGA R1
3 +
Cin=2uF S CONTROL :Lf CL=10uF
SOLID + a
TANTALUM
R2

COMMON

Design Considerations

This device has thermal-overload protection from
excessive power and internal short-circuit protection
which limits the circuit’s maximum current. Thus, the
device is protected from overload abnormalities.
Although the internal power dissipation is limited, the
junction temperature must be kept below the maximum
specified temperature (150°C). It is recommended by
the manufacturer that the maximum junction
temperature be kept as low as possible for increased
reliability. To calculate the maximum junction
temperature or heat sink required, the following
thermal resistance values should be used:

Package Typ Max
bac f4c
TO-3 1.8 25
TJ(max) —Ta
Ppmax) = Oyc + Oca
bca = fcs + 0sa

Solving for fJ:
Ty =Ta+ Pp(8yc + fca)

Where:

Ty = Junction Temperature

TA = Ambient Temperature

Pp = Power Dissipation

[ATe} = Junction-to-case thermal resistance
fca = Case-to-ambient thermal resistance
OsaA = Heat sink-to-ambient thermal resistance
fcs = Case-to-heat sink thermal resistance

3-18

This device is designed to operate without external
compensation components. However, the amount of
external filtering of this voltage regulator depends
upon the circuit layout. If in a specific application the
regulator is more than four inches from the filter
capacitor, a 1 uF solid tantalum capacitor should be
used at the input. A 0.1 uF capacitor should be used
at the output to reduce transients created by fast
switching loads, as seen in the basic test circuit.
These filter capacitors must be located as close to
the regulator as possible.

Caution: Permanent damage can result from forcing
the output voltage higher than the input voltage. A
protection diode from output to input should be used if
this condition exists.

Voltage Output

The device has an adjustable output voltage from
5.0 V to 24 V which can be programmed by the
external resistor network (potentiometer or two fixed
resistors) using the relationship

R1+R2
Vout = VconNTROL \ ™ R2

Example: If R1 = 0 Q and R2 = 5 k, then
Vout = 5 V nominal.
Or, if R1 = 10 kQ and R2 = § kQ, then
Vout = 156 V.
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uwA79HG
5 A Negative Adjustable
Voltage Regulator

Hybrid Products

Description

The uA79HG is an adjustable 4-terminal negative
voltage regulator capable of supplying in excess of
—& A over a —24 V to —2.11 V output range. The
uA79HG hybrid voltage regulator has been designed
with all the inherent characteristics of the monolithic
4-terminal regulator; i.e., full thermal overload and
short circuit protection. The uA79HG is packaged in a
hermetically-sealed 4-pin TO-3 package providing

50 W power dissipation. The regulator consists of a
monolithic chip driving a discrete-series pass element
and short circuit detection transistors.

Connection Diagram
4-Pin Metal Package

m —5.0 A OUTPUT CURRENT
m INTERNAL CURRENT AND THERMAL OVERLOAD
PROTECTION
® INTERNAL SHORT CIRCUIT CURRENT LIMIT
m LOW DROP-OUT VOLTAGE (TYPICALLY 2.2V
@5.0A)
m 50 W POWER DISSIPATION
m ELECTRICALLY NEUTRAL CASE
m STEEL TO-3 CASE
(Top View)
Order Information
Type Package Code Part No.
uA79HG Metal JA wA79HGSC
uA79HG Metal JA uA79HGSM
Block Diagram
2 _V UNREGULATED
% SHORT CIRCUIT
{ SENSE RESISTOR
SHORT
CURRENT THERMAL —_— CIRCUIT
SOURCE SHUTDOWN- LIMIT
~
~
~ ~
\
START-UP VOLTAGE \ ~
CIRCUIT REFERENCE ERROR N}~ output
y I TRANSISTOR
3
OUTPUT
CONTROL
COMMON




Absolute Maximum Ratings

Input Voltage

Internal Power Dissipation

Maximum Input-to-Output
Voltage Differential

Operating Junction
Temperature Range

uwA79HG

—40V
50 W@ 25°C Case

-35V

0°C to +150°C

Storage Temperature Range
Pin Temperature
(Soldering, 60 s)

—55°C to +150°C

300°C

uA79HG
Electrical Characteristics Ty = 25°C, Vjy = —10 V and loyt = —2.0 A unless otherwise specified.
Limits
Characteristic Min Typ Max Unit Condition
Input Voltage Range —40 -7.0 \'
Nominal Output Voltage Range —24 -2.11 |V VIN=Voutr =5V
Output Voltage Tolerance 4 %(Vour)| =40V =V|N=-T7V
Line Regulation 0.4 1.0 %(Voum)| —40V = VN = -7V
. VIN = Vout —10V,
0
Load Regulation 0.7 1.0 w(VouT) —10mA < loyT < —5.0 A
Control Pin Current 3.0 uA
Quiescent Current -5.0 mA VIN=-—10V
. . —-18V=<=VN=<-85V
Ripple Rejection 50 dB Vout = =5V, f = 120 Hz
. 10 Hz < f < 100 kHz,
Output Noise Voltage 200 uVv Vout = —5.0 V
Dropout Voltage 2.2 Vv lour = —5A
Short Circuit Current Limit -8 —-12 A VIN=—15V
Control Pin Voltage _ _ -
(Reference) 2.35 2,11 |V VIN 10V
Typical Performance Curves
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Typical Performance Curves (Cont.)
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uAT9HG

Basic Test Circuit, Adjustable Output Voltage

3
Vour
4
VIN nAT9HG R1
2 +

Cin=2pF & CONTROL L CL>10uF

soLID + 1

TANTALUM

R2
COMMON
(m + Rz)
VOUT = VcoNT\| R2
Design Considerations
This device has thermal overload protection from switching loads, as seen in the basic test circuit.
excessive power and internal short circuit protection These filter capacitors must be located as close to
which limits the circuit’s maximum current. Thus, the the regulator as possible.
device is protected from overload abnormalities.
Although the internal power dissipation is limited, the Caution: Permanent damage can result from forcing
junction temperature must be kept below the maximum the output voltage higher than the input voltage. A
specified temperature (150°C). It is recommended by protection diode from output to input should be used if
the manufacturer that the maximum junction this condition exists.
temperature be kept as low as possible for increased
reliability. To calculate the maximum junction Voltage Output
temperature or heat sink required, the following The device has an adjustable output voltage from
thermal resistance values should be used. —2.11 to —24 V which can be programmed by the
external resistor network (potentiometer or two fixed
resistors) using the relationship:
Package Typ Max
R1 + R2
fuc fuc Vout = VCONTROL( R2 )
TO-3 1.8 2.5
Tumax) — TA Example: I\fIRI =_0—S‘éa1n1dvR2 = .5 klﬂ then
PDMAX) = o F Bon ouT = . nominal. B
JC T UCA Or, if R1 = 12.8 kQ and R2 = 2.1 kQ then
fca = fcs + Osa Vour = —15V.

Solving for T:
Ty=Ta+ Pp (fsc + 6ca)

Where:

Ty = Junction Temperature

TA = Ambient Temperature

Pp = Power Dissipation

04c = Junction-to-case thermal resistance
Oca = Case-to-ambient thermal resistance
Ocs = Case-to-heat sink thermal resistance
Osa = Heat sink-to-ambient thermal resistance

The device is designed to operate without external
compensation components. However, the amount of
external filtering of these voltage regulators depends
upon the circuit layout. If in a specific application the
regulator is more than four inches from the filter
capacitor, a 2 uF solid tantalum capacitor should be
used at the input. A 1 uF capacitor should be used at
the output to reduce transients created by fast
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Description Connection Diagram

The SH232 is a hybrid regulator with 5.0 V fixed output 2-Pin Metal Package

and 3.0 A output capability. It has the inherent
characteristics of the monolithic 3-terminal regulators,
i.e., full thermal overload, short circuit and safe area
protection. All devices are packaged in hermetically
sealed TO-3s providing 50 W power dissipation. If the
safe operating area is exceeded, the device shuts
down rather than failing or damaging other system
components (Note 1). This feature eliminates costly
output circuitry and overly conservative heat sinks
typical of high-current regulators built from

discrete components.

m 3.0 A OUTPUT CURRENT

® INTERNAL CURRENT AND THERMAL
OVERLOAD PROTECTION

INTERNAL SHORT CIRCUIT PROTECTION
LOW DROPOUT VOLTAGE (TYPICALLY 2.0 V
@ 3.0A)

50 W POWER DISSIPATION

STEEL TO-3 PACKAGE

ALL PIN-FOR-PIN COMPATIBLE WITH THE (Top View)
LM323, SG323

Order Information

Type Package Code Part No.
SH323 Metal GN SH323SC
SH223 Metal GN SH223SV
SH123 Metal GN SH123SM
Block Diagram
& . 1
I T Vin
CURRENT SOURCE THERMAL R
| SHUTDOWN N\\
START VOLTAGE
CIRCUIT REGULATOR ERROR
AMP N
SHORT Rsc 2
CIRCUIT -
PROTECTION Vourt

3
COMMON




Absolute Maximum Ratings
Input Voltage
Input-to-Output Voltage
Differential
Output Short Circuited
Internal Power Dissipation
Operating Junction Temperature
Industrial Temperature Range
SH223S8V

SH323 « SH223 « SH123

40V Military Temperature Range
SH123SM
Commercial Temperature Range
35V SH323SC
50 W @ 25°C Case Storage Temperature Range
150°C Pin Temperature

(Soldering, 60 s)
—25°C to +150°C

—55°C to +150°C

0°C to +150°C
—55°C to +150°C

300°C

Electrical Characteristics T,y = 25°C, Viy = 10V, loyt = 2.0 A unless otherwise specified.

Limits
Symbol Characteristic Min Typ Max Unit | Condition
Vout Output Voltage 4.85 5.0 5.25 \ lour=2.0A
AVout Line Regulation (Note 2) 10 25 mV VIN=75t025V
AVour Load Regulation (Note 2) 10 50 mV 10mA <loyT < 3.0A
[e) Quiescent Current 3.0 10 mA lour=0
RR Ripple Rejection 60 dB loutr = 1.0A, f= 120 Hz, 5.0 Vpk-pk
Vn Output Noise 40 uVRMS| 10 Hz < f < 100 kHz, Viy = 10V
Vpp Dropout Voltage (Note 3) 2.0 2.3 v louT=3A
los Short Circuit Current Limit 7.0 12.0 Apk ViIN= 10V
Notes

1. This voltage regulator offers output transistor safe area
protection. However, to maintain full protection, the device
must be operated within the maximum input-to-output voltage
differential ratings, as listed on this data sheet under “Absolute
Maximum Ratings.” For applications violating these limits,
device will not be fully protected

2. Load and line regulation are specified at constant junction

temperature Pulse testing i1s required with a pulse width
=< 1 ms and a duty cycle < 5% Full Kelvin connection
methods must be used to measure these parameters

3. Dropout Voltage is the input-output voltage differential that

causes the output voltage to decrease by 5% of its
initial value

Typical Performance Curves
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Typical Performance Curves (Cont.)

Line Regulation
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Ripple Rejection
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Test Circuit

Fixed Output Voltage

1 2
VIN SH323 Vour
SOLID - *
2= C == C
TANTALUM 1hE 3 T o1 ur
COMMON

L

Design Considerations

This device has thermal overload protection from
excessive power and internal short circuit protection
which limits the circuit’s maximum current. Thus, the
device is protected from overload abnormalities.
Although the internal power dissipation is limited, the
junction temperature must be kept below the maximum
specified temperature (150°C). It is recommended by
the manufacturer that the maximum junction
temperature be kept as low as possible for increased
reliability. To calculate the maximum junction
temperature or heat sink required, the following
thermal resistance values should be used.

Package Typ Max
byc byc
TO-3 1.8 2.5
Tymax) — Ta
PomMax) = “ayc + fca

0ca = cs + 0sa

Solving for Ty:
Ty =Ta + Pp (64c + fca)

Where:

Ty = Junction Temperature

Ta = Ambient Temperature

Pp = Power Dissipation

8yc = Junction-to-case thermal resistance
fca = Case-tc-ambient thermal resistance
f0cs = Case-to-heat sink thermal resistance
fsa = Heat sink-to-ambient thermal resistance

3-26

The device is designed to operated without external
compensation components. However, the amount of
external filtering of this voltage regulator depends
upon the circuit layout. If in a specific application the
regulator is more than four inches from the filter
capacitor, a 1 uF solid tantalum capacitor should be
used at the input. A 0.1 uF capacitor should be used
at the output to reduce transients created by fast
switching loads, as seen in the basic test circuit.
These filter capacitors must be located as close to
the regulator as possible.

Caution: Permanent damage can result from forcing
the output voltage higher than the input voltage. A
protection diode from output to input should be used if
this condition exists.
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Description Connection Diagram
The SH1605 is a hybrid switching regulator with high 8-Pin TO-3 Type
output current capabilities. It incorporates a
temperature-compensated voltage reference, a duty-
cycle controllable oscillator, error amplifier, high
current-high voltage output switch, and a power diode.
The SH1605 can supply 5 A of regulated output
current over a wide range of output voltage.

ERROR
AMPLIFIER
INPUT

TIMING
CAPACITOR

m STEP DOWN SWITCHING REGULATOR
® OUTPUT ADJUSTABLE FROM 3.0 TO 30 V
® 5 A OUTPUT CURRENT
® HIGH EFFICIENCY
m UP TO 150 W OUTPUT POWER
STEERING NC

Absolute Maximum Ratings Ta = 25°C unless DIODE (ANODE)

otherwise specified
VIN - VouT(min) 5V Case = Ground
Input Voltage 35 V Max
Output Current 6 A Order Information
Operating Temperature Ty 150°C
Internal Power Dissipation 20w Type Package Code Part No.
Storage Temperature Range —65°C to +150°C SH1605 Metal 8G SH1605S
Duty Cycle 20 <D < 80%
V7.8 60V
7.8 6 A

Block Diagram

BUFFER

AV
Al

oscC COMP + REF
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Electrical Characteristics Tc = 25°C, V|N = 15 V unless otherwise specified.

SH1605
Symbol |Characteristics Conditions Min Typ Max Units
Vourt Output Voltage VIN=Vo+5V,ip=2A 3.0 30.0 \"
. . lout = 5.0 A, 1.5 2.0 "
Vs Switch Saturation louT = 2.0 A 1.0 1.2 Vv
. lout = 5.0 A, 2.2 2.8 v
VE Diode On Voltage louT = 2.0 A 16 20 v
Vce Supply Voltage 10 35 \
IRD Diode Reverse Current VRD =25V 2.0 uA
lq Quiescent Current louT=02A 30 mA
Reference and Oscillator Section
V3 Voltage on Pin 3 2.5 Vv
AV3/T |V3 Temperature Coefficient 150 ppm/°C
lg Charging Current—Pin 4 25 uA
Va4 Voltage Swing—Pin 4 0.5 \
114 Discharging Current—Pin 4 225 uA
Switching Characteristics
Symbol |Characteristics Conditions Min Typ Max Units
. . louT=20A 700 ns
tr Voltage Rise Time louT = 5.0 A 1.8 us
. louT=20A 700 ns
ts Voltage Fall Time IouT = 5.0 A 900 ns
ts Storage Time louT=5.0A 2.6 us
tq Delay Time louT=56.0A 25 us
Thermal Characteristics
T louT=50A
Pp Power Dissipation Vout = 10 V 16 w
- VouTt = 10V,
n Efficiency lout = 5 A 75 %
05-c Thermal Resistance 4.5 °C/W
Notes

1 fc-a. Typical is 30°C/W for natural convection cooling.
2. For heatsinking requirements see power derating curve.
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Power Derating Curve Design Equations
* PouT X 100
s Efficiency () = PIN
3 N toN
g . _ N
% 15 \ Transistor DC Losses (P1) = loyt X Vs ton + toFF
E W ) _ toFF
§ Diode DC Losses (Pp) = louT X VE 1oN + toFF
. ViN2 toN
N Drive Circuit Losses (D) = 3g9 X ton + toFF
00 30 60 90 120 150
CASE TEMPERATURE —°C Switching Losses Transistor:
tr + tf

(Ps) = ViN X lout 2(toN + toFF)

toN Vout
Transistor Duty Cycle = ton + toFF = VIN 3
toFF Vour

Diode Duty Cycle = Ton + torF = 1= VN

Power Inductor (PL) = |ouT2 X RL (Winding Resistance)

Efficiency:
Vour lout
(M = Vourlout + Pt + Pp + DL + Pg + P X 100
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Design Considerations
Figure 1 is a typical design of a step-down switching
regulator using the SH1605.

Nominal Design Objectives

Vout =+5V Line Regulation = 2%
louT(max) =5.0A . Load Regulation = 2%
louT(min) = 1.0A Ripple (max) = 0.1 Vpk.pk
VIN = 12to 18 V Efficiency = 70%

First, R3 is calculated from Equation 5:

(2 X 103)(Vout — 2.5)
R3 = 25

= 2 kQ

Since the required loyT(min) is 1 A to maintain
continouous operation, the peak-to-peak current
excursion must be equal to 2 A or less, i.e.,

Aly = 2 loyT(min)

To calculate the value of the inductor, assume the
nominal on time of the system as 60 us. This value is
chosen keeping the efficiency /component-size trade-
off in mind. From Equation 1.

VIN — Vout 10 _s
T Ay Jton= 3 (6 X 107°%) =300 uH

L1 =
where ViN(nom) = 15V, ton = 60 us
Aly =2 A
One very important element in achieving the optimum
performance in a switching regulator is to insure the
inductor is kept below the specified saturation limits.

Since the timing capacitor controls the 60 us on time,
CTt can be determined using Equation 7:

(ton)(Ic) (6 X 1075)(2.5 X 1079)
Cr="av = 5% 107

where Ic = 25 uA nominal per data sheet.

= 3000 pF

The final step is to determine the requirements for the
output capacitor Co to obtain the desired value of
ripple voltage. Consideration must be given to the
absolute value of Co as well as the internal effective
series resistance (ESR). Since the capacitor size is
inversely proportional to the operating frequency, the
lowest frequency of operation must be calculated.
Minimum operating frequency can be determined by
using Aly(max) V8 Aly(nom) in Equation 9.

Minimum Frequency = = 7.7 kHz

1
1.3X 1074

The output capacitor can now be determined
as follows:

A1y

Co(min) = (8 f(min) Vripple(max))
_ 2
T (8X7.7%X10%) X (1X 107
= 325 uF

The maximum acceptable ESR is therefore
Vripple(max)
ESR(max) = _API%(;;)__ = 0.025Q

Normally, the minimum capacitance value should be
increased considerably if a low ESR capacitor
is not used.

As a final step for minimizing switching transients at
the device input, a low ESR capacitor must be used for
decoupling purposes between the input terminal

and ground.

The SH1605 is a highly versatile building block for

high current, step-down switching regulator systems.

However, to attain optimum performance and reliability

the following guidelines should be followed:

m Keep operating period long, relative to the device
switching times, for optimum efficiency.

B Insure that the inductor stays out of saturation and
minimize the series resistance.

B Use high quality capacitors for input and output to
minimize ripple and noise.

Fig. 1 Design Example
300 uH
5 8 A
3 2k0
SH1605 —AW—¢
+|25 pF cas 2 Vour
b ASE
Yo T - - I 1000 uF =£
15V
.0033 uF L 14F
sov T T
Note
Circuit Performance
ViN = 12-18 V
Voyr =506V

Load Reg =50mV (1 A < lgyt =<5A)

Line Reg =50 mV (12V < Vy 18 V)

SH1605 must be mounted on a heat sink with a maximum thermal
resistance of pcp = 4° C/W
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Testing Operational
Amplifiers

Linear Products

What is an OP AMP?

An operational amplifier is a direct-coupled high-gain
amplifier, often powered by both a positive and a
negative supply so that the output can swing both
above and below ground. When used by itself, the op
amp is limited, because the high gain (80 dB or much
higher) causes saturation, since the output swings as
far as possible toward one of the supplies. However,
with feedback applied in a closed-loop configuration,
the op amp becomes a useful device. Since the
properties of the closed-loop circuit depend primarily
on characteristics of the feedback components rather
than the op amp, and since typical feedback
components, i.e., resistors and capacitors, have high
precision and low drift, closed-loop op amp circuits
can be very accurate and stable.

The name operational amplifier is derived from one of
the original uses of closed-loop op amp circuits,
performing mathematical operations in analog
computers. Early op amps used a single, ground-
referenced inverting input, where a positive voltage
change at the input caused a negative change at the
output. The more versatile, modern op amps have two
floating inputs—one inverting and one non-inverting.
Since an op amp responds equally to the two inputs,
the output depends on the difference between the
inputs, known as differential inputs. A common-mode
signal, applied equally to both inputs, is ignored since
there is no difference between inputs. By grounding
one of the inputs, the differential amplifier becomes a
ground-referenced amplifier.

With negative feedback applied to an inverting input,
the op amp continually adjusts the output to minimize
(or null) the differential input voltage. Because the
gain of the op amp is so high, the nulled input voltage
is always small, regardless of the output voltage. For
example, if the gain is 100,000 and output is at 10 V,
the differential input is only 100 uV, a negligible
voltage. Thus, it can be said that the op amp with
negative feedback is continually adjusting the outputs
to keep the inputs at the same voltage.

Major dc Parameters

There are seven important parameters that are tested
and guaranteed on all modern IC op amps. In the
following discussions, input voltage refers to the
differential voltage at zero common-mode voltage.

Input Offset Voltage Vos
Ideally, the output voltage should be zero when the
input voltage is zero, but practically, there will always

R SR e e
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be small mismatches in the amplifier components.
Input offset voltage is the input voltage required to
zero the output, typically a millivolt or two. Vos,
usually caused by mismatches in the base-emitter
voltages of the ampilifier input transistors, is
undesirable in a direct-coupled circuit because the
circuit will usually amplify it, causing a large dc error,
which is temperature-dependent.

To avoid the effects of input currents, Vog should
ideally be measured at zero source impedance
(resistance from each input to ground). For testing
purposes, some low impedance, usually 50 ohms,
is used.

Input Bias Current Ig

Although op amp inputs ideally draw no current,
practically, some bias current must flow into each
input. For op amps with bipolar transistors at the input,
Ig is the base current of the input transistor, typically
100 nA. Where source impedance is low, Ig has no
effect; but in high-impedance circuits, a voltage

(Ig x source resistance) will appear at the amplifier
input. This error is similar to Vog and is also
temperature-dependent.

Because of the design of differential stages, the
two Igs of an op amp vary with the input voltage, but
their sum remains constant. The parameter usually
tested is the total input bias current

lB(Total) = (lB(inverting) + 'B(noninvening))~

The average input bias current specified on data
sheets is just Ig(Total)/ 2.

Occasionally, it is necessary to measure the two input
currents separately. To make Ig(total) divide evenly
between the two inputs and not in a random way,
dependent on Vos, the standard convention is to null
the op amp in a feedback loop.

Input Offset Current los

Because an op amp has differential inputs, many of
the effects of the two input currents can be eliminated
if both currents are equal, since equal effects at both
inputs would cancel. Practically, the two input currents
cannot be made exactly equal, so the difference
between them is specified. The input offset current is
the difference between the two input currents when
the op amp is nulled. In applications where the inputs
are operated from equal source impedance, lgos is the
parameter of interest.

In op amps with a simple input stage, like the uA709 or
uA749, los is dependent on the beta match of the
input transistors. In more complicated devices, like



Testing Operational Amplifiers

the uA741, los also depends on matching the current
sources that supply the input transistors.

High-lImpedance Composite

Input Offset Voltage Vos 10 k

The input offsets of an op amp are fully specified
by either:

Vos, I(inv): IB(ninv) O Vos. l0s, IB(Total)

In either case, common-mode and differential input
voltages can be calculated for any source
resistances, equal.or unequal. In applications with
equal source resistors, Vos dominates at low
impedances and los dominates at high impedances.
At some intermediate resistance, Vog and lpg effects
are about equal and may add or cancel, depending on
their signs which are statistically uncorrelated. If they
add, the composite offset will be greater than Vog and
may even be greater than the data sheet limit for Vos.
To guard against this possibility, a high-impedance
composite input offset voltage at a specified source
resistance, usually 10 k, is tested and guaranteed.
Vos 10 k is not an independent parameter of an op
amp; it is a calculated number, determined by the
interaction of the independent parameters Vos and
los with external source resistors.

Voltage Gain

The gain of an op amp, as with any other ampilifier,
is the ratio ‘of a change in the output voltage to a
change in the input voltage. Gain can be specified in
V/V or in dB. The symbol AyoL in used to indicate
open-loop voltage gain, the gain of the amplifier
without feedback.

Common Mode Rejection Ratio CMRR

Ideally, an op amp ignores common-mode signals.
Practically, there will always be some small response.
The standard convention for measuring this response
is to null the amplifier, then measure the change in
Vos when large common-mode voltages are applied.
The common mode rejection ratio CMRR is the ratio of
change in Vog to the change in common-mode
voltage, specified.in dB. To avoid a minus sign

(—100 dB, —70 dB),.CMRR is often specified “upside-
down” as the change in common-mode voltage over
the change in Vogs. Typical op amps have 80 to

100 dB CMRR.

Power Supply Rejection Ratio PSRR

Power supply rejection ratio is a measure of the ability
of the op amp to ignore changes in the power supply
voltages. The change in Vpg is measured as the
supplies are varied. Power supply rejection ratio
PSRR is the ratio of the change in Vgog to the total
change in power supply voltage. For example, if

the supplies vary from £5V to +20 V, the total
change is 40 — 10 = 30 V. PSRR is usually specified
in uV/V or sometimes in dB, in which case the
“upside-down” form is used. Typical op amps have
30 uV/V (90 dB) PSRR.

Minor dc Parameters Usually Specified

Output Swing

Ideally, the output voltage of an op amp should be
able to swing all the way to either supply. However,
real op amps saturate within a volt or two of the
supplies, depending on how many base-emitter
junctions and/or saturated transistors are involved.
Op amp output stages are usually complementary-
symmetry emitter followers, so output impedance is
low, whether the op amp is sinking or sourcing output
current. To ensure that both the npn and pnp are
operating, both positive and negative swing are
tested, with an external resistor connected to load
the output.

Output Short-Circuit Current Isc

Most recent op amps have a protective current limit
built into the output. If the output is short circuited or
otherwise overloaded, the output current limits at
some safe value, typically 25 mA. The current limit
circuits for each direction of current (sourcing and
sinking) are independent and must be tested
separately, although they are designed to limit

at the same value.

Isc is generally tested under worst-case conditions.
For example, an input voltage is applied to cause the
output to swing to positive saturation, but the output is
then shorted to the negative supply and held there
while Igc is read. This causes maximum power
dissipation in the output transistor.

Supply Current Ig or Isyp

The standby current of the amplifier is measured when
the output is at zero. In modern op amps that have

no ground terminal, the standby current into the

V+ lead is equal to the standby current out of the

V- lead and could be measured at either terminal. In
older op amps, such as the uA702, that do have

a ground terminal, the currents must be

measured separately.

Power Consumption

Power consumption is determined by multiplying the
supply current times the total supply voltage. This
parameter is guaranteed by the |g test.

Offset Adjust Vos(adj)

Some op amps have a pair of offset adjust terminals.
Zero offset voltage can be obtained by adjusting a
potentiometer connected between these terminals.
Test each Vpg(agj) terminal by measuring Vos while
the terminal is shorted to V—. This indicates the
maximum effect of the terminal on Vos.

DC Stress Tests

Data Sheets always include “absolute maximum”
limits on common-mode input voltage, differential input
voltage, and supply voitage. To guarantee these
ranges, any of several tests can be performed.
Sometimes a measurement is taken during the test if
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there is some measurable indication of a failure. Other
times, certain voltages are simply applied and
removed before the main test sequence.

Common-Mode Stress

This is not usually tested. The inputs are moved over a
large common-mode voltage range during CMRR;
since the absolute maximum range is only slightly
larger, a separate test is usually unnecessary.

Differential Stress (Input Leakage—IL)

In this test, the inputs are subjected to absolute
maximum differential input voltage. All of Ig(Totary Will
flow in the more positive input and the more negative
input should see nothing but leakage. Breakdown
occurs if the input stage is defective. Input leakage is
often measured during the test.

Supply Stress
Supply current is measured under absolute maximum
supply voltages.

Internal MOS Capacitor Test—Cap Stress

Many modern op amps include a small MOS capacitor
on the chip to set the amplifier frequency response.
The silicon dioxide dielectric of the cap is made only
thick enough to withstand the absolute maximum total
supply voltage. To test the dielectric, maximum
supplies are applied and the circuit is swung to
whichever state puts the full voltage across the cap.
The output is often measured. Typically, if the
dielectric ruptures, the amplifier will latch up in an
improper state; the output will go negative when it
should be positive.

AC Parameters

Since ac parameters are not usually tested in
production, only typical values are shown on the
data sheet. However, three common ac parameters
should be recognized.

Risetime and Overshoot

The small-signal step response is a simple test that
indicates both the bandwidth and stability of an
amplifier under specified conditions. The risetime is
related to the bandwidth, and the overshoot is a
measure of stability.

Slew Rate

Slew rate is a large-signal phenomenon resulting from
the capacitor connected to adjust the small-signal
frequency response. So that the capacitors can be
small, they are usually connected to high-impedance
nodes in the circuit, that receive dc bias from current
sources. If the amplifier is to reproduce a large signal,
such as a 10 V step, the circuit no longer behaves
according to its small-signal model. The current
source at the compensation node cannot pump
enough current into the cap to move the output far
enough, fast enough. If current (1) is provided to the
cap (C), the output will slew toward the final value at a
slew rate dV/dt = |/C. Slew rate limiting (or rate
limiting) occurs with all large, fast signals when
current to the capacitor is insufficient.

The Basic OP AMP Test Loop

All op amps are basically alike, high-gain differential
amplifiers. The reason there are so many different
op amps is that no one circuit design can possibly
optimize all the dc and ac parameters. Op amps are
designed to optimize a parameter (high gain, low
power consumption, etc.) for particular applications.
Fortunately for test engineers, however, the
similarities of all op amps are so great that a single
test circuit can be used to perform all standard dc
tests. This circuit, shown in Figure 8-1, is the basic
op amp test loop. :

Performing all tests requires five power supplies: the
V+ and V— supplies for the device under test (DUT),
a control voltage V¢ applied at the loop control
terminal, and supplies to run the nulling amplifier,
usually £15Vor 20 V.

Operation of the test loop, with all relays closed, is

as follows:

B The inverting input of the nulling amplifier is the
control terminal of the loop. The DUT output is
connected to the non-inverting input of the
null amplifier.

® The null amplifier output controls the DUT input
through the feedback divider.

m There is one inversion in the loop, provided by the
DUT. Therefore, the null amplifier operates with
negative feedback.

Fig. 8-1 Basic Op Amp Test Loop
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| With negative feedback, the null amplifier
continually adjusts its output to keep its input
voltages equal.

B Therefore, the null amplifier adjusts the loop output
so that the DUT output follows the control terminal.

The input node voltage, VN in Figure 8-1, is always
1/1000th of the loop output voltage (actually it is
1/1001th, but it is common to neglect the 0.1% error).
Thinking in reverse, the circuit has a closed-loop gain
of 1000 and any voltage VN appears 1000 times larger
at the loop output. Since the input voltages to the
nulled op amp are always very small, the gain
simplifies measurements.

Equations for Vy

Figure 8-2 shows the DUT portion of the test loop,
leaving out the 50 Q resistors since their effect is
negligible in this analysis. Vos is represented as a
small voltage source moved outside the op amp.
Current flows into both inputs of the op amp. With VN
adjusted by feedback to produce a DUT output of
zero, and with Vog accounted for externally, no
voltage exists between the op amp inputs; zero in
means zero out. VN equations can now be written for
the various settings of K2 and K3

K2 closed, K3 closed: VN1 = Vos

The input bias currents have no effect because there
is no source resistance.

K2 closed, K3 open: VN2 = Vos — Ig(ninv) X 10 k

With only K3 open, V| is a composite voltage involving
Vos and Ig(ninv)- TO test Ig(niny), Measure VN2, then
subtract it from VN (equal to Vosg).

K2 open, K3 closed: VN3 = Vos + Ig(iny) X 10 k
To measure Ig(iny), Subtract Vog from Vna.
K2 open, K3 open:
VN4 = —lg(ninv) (10 k) + Vos + Ig(iny) (10 k)
=Vos + ('B(inv) - |B(ninv)) (10 k)
= Vpg + lpg (10 k)
= Vpg 10k
VN4 is the high-impedance composite input offset

voltage. To measure lgg, subtract Vog
from Vng.

Each relay setting combination provides an easy way

to measure some important parameter of the op amp.

For a measurement of Ig(iotal). Measure Vg and

subtract it from Vyo.

AVN = Vos + Ig(iny) (10 k) + Ig(niny) (10 k) = Vos
(8Ginv) *+ B(ninv) ) (10K)

IB(total) (10 k)

Fig. 8-2 Simplified Input Circuit For Caiculating VN

K2
Vos
VN 10 k - ||
IBIAS (INV) iIB INV —»
I81AS (NiNV) 1B NINV ——

OUTPUT HELD AT Ov
BY FEEDBACK, WHICH
ADJUSTS VN

Testing Using the Op Amp Test Loop

For the following tests of op amp parameters, refer to
the test loop schematic, Figure 8-1, whenever
necessary. All relays are normally closed.

Input Offset Voltage Vpg

Set the loop control voltage V¢ to zero. The nulling
amplifier immediately adjusts the loop output

to zero the DUT output. By definition, the input node
voltage V) equals Vgg; therefore, the loop output is
1000 Vps. For example, if the loop output reads 1.0V,
Vogis 1.0 mV.

Input Currents (Separately)

Measure Vpg. Then open K2 and K3 alternately and
compute the changes in Vyy as previously described.
Because 1000 V) is always read at the loop output, a
voltage change AV = 1000 X Ig X 10 k will be
measured. Thus, if Ig is 100 nA, the measured change
will be 1.0 V.

Total Input Bias Current Ig(total)

This was explained in the previous section. Measure
VN2; then measure Vg and subtract. The measured
change at the loop output is 1000 x Ig(totaly) X 10 k.
An alternate method to test Ig(total) is to open K1
and K4, tie pins 1 and 2 together, and use a current
meter to read Ig(iotar). The industry trend is for
dynamic testing, however, since there is some small
inaccuracy associated with the latter method.

High-Impedance Composite Input Offset Voltage
Vos 10 k
Measure V4 as previously described.

Input Offset Current Ipg
Measure Vpg. Then measure Vog 10 k and subtract.
AV = (1000) (Ips) (10 k).

Gain

In testing low-gain ac amplifiers, such as audio
amplifiers, the normal procedure is to apply a small,
known input and measure the large ac output. When
testing high-gain dc amplifiers, such as op amps, the
reverse procedure is used. The test loop is used to
vary the output over a large, known range, and the dc
change at the input is measured.

A normal test for a DUT using = 15 V supplies is to
measure the average dc gain over the output range
—10V to +10 V. Since gain is always specified
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with a load resistor, pin 6 should be grounded. Set
Ve = —10V; the null amplifier brings the DUT output
to —10 V. Measure VN. Then set Vg to +10 V; the null
amplifier brings the DUT output to +10 V. Measure the
change in Vy. For example, if the gain is 100,000
and the total output change is 20 V (=10 V to +10 V),
the loop output change should be

(1000) (20/100,000) = 200 mV.

Note that the DUT is tested at the inverting input;
therefore, if the output goes from —10V to +10 V
(a positive change), a small negative change should
be seen at the input.

As mentioned previously, gain is always tested with an
external load resistor, often 2 k2. Since the op amp
output stage must provide current to this resistor, the
output stage must dissipate power. If the op amp is an
IC, a thermal signal will then travel across the chip to
the input stage, where it mixes with the true, circuit-
related input signal. Depending on the relative sizes of
the circuit and thermal components, this may cause
peculiar readings to occur during a gain test. If the
thermal component partially cancels the circuit
component, the change in Vy will be smaller than
normal, indicating a larger gain. If the two components
cancel, no change in V will be read, indicating an
effective gain of infinity. If the thermal component is
larger than the circuit component, a wrong-polarity
change in Vy will occur, indicating a “negative gain.”

There is no general agreement in industry about the
significance or seriousness of “negative gain.”
Devices that show negative gain in a test circuit
usually behave normally in customer applications.
Nevertheless, a device exhibiting a large negative
gain may be questionable. Fairchild’s policy is to allow
a wrong-polarity reading of 20-100% of the right-
polarity limit.1

1For a more complete discussion of thermal effects, see
Solomon, J E “The Monolithic Op Amp A Tutonal Study,” |IEEE
Journal of Solid State Circuits, Vol SC-9, No 6 (Dec, 1974)

To check the linearity of the op amp transfer function,
gain is sometimes tested over two different parts of
the output range. That is, instead of performing a
single test as the output swings from —10 Vto +10V,
gain is tested as the output swings from0 V to +10 V,
and then from O V to —10 V. Such testing will identify
units that have very high gain over part of the output
range and very low gain over the other part of

the range.

Common Mode Rejection Ratio CMRR

The definition of CMRR might imply that testing
involves holding V¢ at zero and opening K1, tying
pins 1 and 2 together to a voltage Vg, then varying
Vcm and reading the change in V) at the loop output.
However, this method does not provide accurate
results. Because of the 50 /50 kQ feedback divider,
only 99.9% of Vcopm appears at the inverting input of the
DUT. Since there is no divider at the non-inverting

input, 100% of Vopm appears there, causing a 0.1%
differential signal injected by the unbalanced

test circuit. This error, only 60 dB below Vg,

is disastrous, for devices typically have

80 to 100 dB CMRR.

The obvious solution is to add another 50 k{2 resistor
from the non-inverting input to ground, which should
attenuate Vg equally at both inputs to eliminate the
differential error signal. The problem now becomes
one of accurately matching the dividers. Advanced
analysis of the four resistors as a bridge circuit
indicates that, with careful matching, quite high
CMRRs can be measured.

An easier solution eliminates the need for precisely
matched pairs of precision resistors. Instead of
holding V+, V— and V¢ constant and moving pins 1
and 2, perform the inverse procedure. For example, to
apply a Vgm of +10 V, leave K1 closed and change
V+ from +15 V to +5 V. Then change V— from —15 V
to —25 V and change V¢ from O V to —10 V. From the
point of view of the DUT, this is equivalent to the
original method. The total supply voltage is till 30 V,
the DUT output is still held at the midpoint between the
supplies, and both inputs are 10 V above that
midpoint, which makes Vg = +10 V. However, from
the point of view of the bridge, no Vg\ has been
applied, pins 1 and 2 are at ground as always, and Vy
is the routine differential input voltage of the DUT.

This method permits accurate measurement of any
CMRR without matched resistors. There is no need for
a 50 k{2 resistor at the non-inverting input, since it
would only shunt the 50 Q resistor on all tests.

In summary, to measure CMRR, raise V+, V— and V¢
to Vgpm volts above nominal, and measure VN. Then
lower V+, V— and V¢ to Vg volts below nominal and
measure the change in Vy.

Sometimes CMRR is tested with 10 k{2 source
impedances (K2 and K3 open). In this case, any
changes in Igg contribute to the total change in V. A
test with 10 k sources is not necessarily a more rigid
test than with 50 Q; the change in V) may be larger or
smaller, depending on how the Vog and Igs
components interact.

Power Supply Rejection Ratio PSRR

The PSRR test is very direct and simple, with none of
the problems that occur with CMRR testing. Hold V¢ at
zero, set both supplies to minimum values, and
measure V. Then set both supplies to maximum
values and measure the change in V. PSRR may also
be tested with 10 k{2 source impedance.

Output Voltage Swings
Measure at pin 5, saturating the DUT output by
applying a large differential input voltage.

There are three possible ways to saturate the DUT.
The most direct way is to open K1 and K4 and apply
the voltage directly across pins 1 and 2. Another way
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is to open K4 only and apply a voltage at pin 9. This
voltage is divided 1000:1, so 20 V at pin 9 will apply
20 mV to the DUT input, sufficient drive for almost any
op amp. The third way is similar to the second except
that all relays are closed and the null amplifier applies
the 20 V to pin 9. Set V¢ to 15 V; the null amplifier will
immediately try to bring the DUT output to 15 V, but
the DUT cannot swing all the way to V+. The null
amplifier output eventually saturates around 18 V and
the DUT output also saturates as desired.

Since output swings are always specified with a load
resistor, pin 6 should be grounded.

Output Short-Circuit Current Igc

This test involves the same procedure as in measuring
voltage swing, except that instead of using load
resistor on pin 6, connect a current meter from pin 5 to
ground or to the worst-case opposite supply. When
the DUT attempts to swing in response to the input,
the current meter shorts the output and measures Igc.

Supply Current Ig

Specifications usually indicate the DUT output should
be zero, so set Vg to 0 and measure the current into
pin 3. The state of the output has little effect on the
Ig reading of recent op amps, biased internally by
current sources. However, in earlier devices like the
nA709, lg is heavily dependent on the output state,
even with nothing connected to the output.

Offset Adjust Vos(adj)

The DUT of Figure 8-1 has no offset adjust pins.
Devices with offset adjust pins have relays to connect
them alternately, usually to V—. V¢ should be set to
zero and a measurement taken at the loop output. At
the least, the measurement should guarantee that the
adjust range is sufficient to eliminate the Vg of the
particular device being tested. A more rigid test might
require enough range to eliminate the worst possible
Vos. even though the DUT has a lower Vps.

Common-Mode Stress
Open K1 and K4. Apply Vgpm directly to pins 1 and 2.

Differential Stress (IL)
Open K1 and K4. Apply voltage directly across pins
1 and 2. Measure leakage at more-negative input.

Supply Stress
Perform supply current test at specified supplies.

Cap Stress
Test like output voltage swings, using specified
supplies and swinging output to specified state.

Common Variations of the Basic Test Loop

The test loop is never used in the exact simplified form
shown in Figure 8-1. Each op amp has quirks that
require some variations on the basic theme. The
following are some common variations.

AC Compensation Capacitors

While ac stabilization of the test loop is a complex
topic, in general, each type of op amp has its own
frequency response which may or may not be
externally adjustable. When preparing a test loop for a
particular device, it is necessary to use the frequency-
response curves of the DUT and the null amplifier to
determine which stabilization scheme to use and to
predict which capacitors will be required.

Loop Output Noise Filter

A small RC noise filter with time constant around 1 ms
is usually attached to the loop output and all
measurements taken through this filter. The
waveforms at the filtered output often prove to be
much cleaner than the unfiltered version.

Source Resistors

Most general-purpose op amps are tested with 10 k2
source resistors. However, op amps with very low
input currents may use 50 k, 100 k, 1 M, or even 10 M
resistors for improved resolution.

Test Loop Gain

The most common form of the test loop, with 50 kQ/
50 Q resistor combination, gives a gain of 1000. For
certain tests, usually Vog(adj), the 50 kQ is split into a
45 kQ and a 5 kQ resistor, and the 45 kQ resistor can
be shorted with a relay to reduce the gain to 100. For
devices with very low Vg, a feedback resistor of
500 kQ can be used to give a gain of 10,000.

MOSFETs in Place of K2 and K3

Some premium devices, such as the uA108, uA 156,
and uA725, have extremely low Igjas and/or Vgps.
When testing these units, if reed relays are used for
K2 and K3, difficulty may arise with the low-level
properties of the reeds. Typical problems include
thermally-generated EMFs, leakage current, and
flexing of the reeds after closing. MOSFETs are
usually a good substitute when reeds prove
unsatisfactory. The high contact resistance of FETs
(100 Q) is not detrimental if the current passing
through them is small, i.e., 1 nA. Benefits include clean
switching, no thermal offsets, no leakage, no bounce,
no microphonics, and no mechanical wear.

Conclusion

Because it works so well on the bench or in
conjunction with high-speed automatic testers, the
basic op amp test loop circuit is used universally by
manufacturers and others who must test operational
amplifiers. The test loop is so accurate and easy to
use that it benefits even those who test only a few
units on the bench.
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Description Connection Diagram
The uA709 is a Monolithic High-Gain Operational 8-Pin Metal Package
Amplifier constructed using the Fairchild Planar
epitaxial process. It features low-offset, high-input
impedance, large input common mode range, high IN FREQ
output-swing under load and low-power consumption. comP(
The device displays exceptional temperature stability
and will operate over a wide range of supply voltages
with little performance degradation. The amplifier is -IN O out
intended for use in dc servo systems, high impedance
analog computers, low level instrumentation
applications and for the generation of special linear FIN O out FREQ
and nonlinear transfer functions. comp

V-
Absolute Maximum Ratings -
Supply Voltage +18V (Top View)

Internal Power Dissipation (Note)

IN FREQ COMP

Metal Can 500 mW Pin 4 connected to case
Mini DIP 310 mW
DIP 670 mW Order Information
Flatpak 570 mW Type Package Code Part No.
Differential Input Voltage +50V uA709A Metal 5W uA709AHM
Input Voltage +10V uA709 Metal 5W uA709HM
Storage Temperature Range uA709C Metal 5W nA709HC
Metal and Flatpak —65°C to +150°C
Molded DIPs —55°C to +125°C Connection Diagram
Operating Temperature Range 8-Pin DIP
Military (uA709A and uA709) —55°C to +125°C
Commercial (uA709C) 0°Cto +70°C 8
Pin Temperature (Soldering) IN FREQ IN FREQ
Metal Package, Flatpak (60 s) 300°C — come
Molded DIPs (10 s) 260°C :I Ve
Output Short Circuit Duration 5s S
[ Jour
5
OUT FREQ
p compP
(Top View)
Order Information
Type Package Code Part No.
uA709C Molded DIP aT uA709TC
Note

Rating applies to ambient temperature up to 70°C. Above 70°C
ambient derate linearly at 6.3 mW/ °C for metal package, 8 3
mW/°C for DIP, 7.1 mW/°C for the flatpak and 5.6 mW/°C for
the 8-pin DIP.
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Connection Diagram Connection Diagram
14-Pin DIP 10-Pin Flatpak
1 \ 14 1 10
ne [ [ Ine N—3* ¢
2 13 INcomMP [ 1INCOMP
3 8
ne[ ] [Ine N —
3 12 4 7
IN FREQ IN FREQ +IN ] [ _Jourt
COMP COMP 5 6
v- ] ] 0UT FREQ

4 11

-n[] v+ CoMP
5 10 (Top View)

+IN c [ Jour

6 9 Order Information
v- gg;:“m Type Package Code Part No.
7 8 uA709A Flatpak 3F uA709AFM
NC E :I NC uA709 Flatpak 3F uA709FM
(Top View)

Order Information
Type Package Code Part No.
wA709C Molded DIP 9A wA709PC

Equivalent Circuit
INPUT FREQUENCY

COMPENSATION
. Vi
é RS < R6 % R14
2 10ka Sk S 20k
a7 '\oa -»—ﬁom
) l R1 R2 {
S 25k0 25 k) J 1
Q3 ] Qa4
S R7
as as $1ka
R3 R4
R15
3k0 3k0 36 k0
- AAA
A A4
Kos p— OUTPUT
RS S S R9
>
> 36k $ 10 kQ) OUTPUT
— Q2 - FREQUENCY
INVERTING LN { COMPENSATION
INPUT . $ R0
> 18 k()
a1 ! a3
NON-INVERTING
INPUT r——k Q12
>
< R12
an '_KQ"’ S 10ko
s
R1 S R13
24 k0 750
v_

4-10
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uA709A, uA709 and pA709C
Electrical Characteristics Tp = +25°C, 19V <Vg=< *+15V

709A 709 709C (Vg £15 V)
Characteristic
(see definitions) Condition Min Typ |Max Min Typ Max Min |[Typ |Max [Unit
Input Offset Voltage |Rgs =< 10 kQ 0.6 |2.0 1.0 5.0 20 |75 |mV
Input Offset Current 10 |50 50 200 100 [500 |nA
Input Bias Current 100 (200 200 500 300 |1500 |nA
Input Resistance 350 700 150 400 50 |250 kQ
Output Resistance 150 150 150 Q
Supply Current Vg= +15V 25 |3.6 mA
Power Consumption |Vg= +15V 75 108 80 165 80 [200 |mwW
Vg= 15V
VIN =20 mV
Risetime |[RL = 2 kQ 1.5 0.3 1.0 0.3 uS
Transient C1=5nF
Response R2 = 500 10
CL = 100 pF
Overshoot R1 = 1.5 kQ 30 10 30 %
C2 = 200 pF
The following specifications apply for the operating temperature range
Input Offset Voltage |Rs =< 10 kQ 3.0 6.0 10.0 (mV
Average Temperature Rs = 509 1.8 (10 3.0
Coefficient of aVi°C
Input Offset Voltage Rs =< 10 k@ 48 |25 6.0
TA = HIGH 3.5 |50 20 200
Input Offset Current nA
pu urr Ta = LOW 40 |250 100|500 750
Average Temperature | TA = +25°C to 0.08 |05
Coefficient of +125°C nA/°C
Input Offset Current | T, = 4+25°C to
Lesoc 0.45 |2.8
Input Bias Current Ta = —55°C 300 |600 500 1500 2000 (uA
Input Resistance Ta = —55°C 85 170 40 100 35 |80 kQ
Input Voltage Range |Vg= 15V +8.0 |+10 +8.0 |x10 +8 |x10 \"
Common Mode
Rejection Ratio Rs < 10 kQ 80 110 70 90 dB
Supply Volitage
Rejection Ratio Rs =< 10 kQ 40 |100 25 150 uv/v
. Vg= +15V
Large Signal RL = 2 kQ 25 70 |25 |45 |70 |15 |45 V/mv
9 Vout = =10V
Vg= 15V +
+12 +14 +12 +14
Output Voltage RL = 10 kQ v
S i =
wing Ve = *15V +10 |+13 +10 |+13
RL = 2kQ
TA = HIGH 2.1 |3.0
S ly Current mA
upply &ur Ta = LOW 2.7 |45
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Typical Performance Curves for tA709A
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Typical Performance Curves for uA709A (Cont.)

Common Mode Rejection
Ratio as a Function of
Ambient Temperature

Input Resistance as a
Function of
Ambient Temperature

12 ——— 50
@ Rs - 10 ki)
8
| 30
z
Z m -
3 / H /
z / ~N | Ve
o w P
2 s 8 10
g z ~
T 106 g os
g 5 pd
H 2 03
z z V
g wm /j
H
8

102 01

60 -20 20 60 100 140 -60 20 20 60 100 140

TEMPERATURE — °C TEMPERATURE — °C

Power Consumption as a
Function of

Transient Response Supply Voltage

14 l M0 T
Ta=25°C P
12— oversHooT LSFL AR
A
2 9%
10 T ™ 3 o A
[ ! i #\\3‘),1
2 o8 3 W
g 2
3 a
s H
g 2 7 =
2 T
5 5 so <
3 oe I 3 [
H «
&
02 £ L
RISE TIME g %
0
10
o 25 10 15 20 25 s 10 n_ 12 1 1 1
TIME — s SUPPLY VOLTAGE — +V

Typical Performance Curves for uA709 and uA709C

Power Consumption as a
Function of

Supply Voltage Voltage Transfer Characteristic

10 T 15 —1—1—
Th = 25°C | vs=+15V
RL =10 ki)
10 n
2 90 A = -56°C Ta = +125°C
E A L
N > b Ta=25°C
! g 5.0
3 1 .
S 4 w
E ” g
H 5
2 [ g °
2 O 4
o S0 v =]
o & 0
« g s
w 2
2 1 <]
S 3
a 10 I
10 -15
9 10 " 12 B 1 15 10 -08 -06 04 02 0 02 04 06 08 1.0

SUPPLY VOLTAGE — +V

INPUT VOLTAGE — mV

Power Consumption as a
Function of
Ambient Temperature

90 T
Vs 15V
z 80
E ™~
|
~

z
S L N
2 ~
o
: s
@ ™
z
o 60
o
['4
w
H
a 50

40

60 20 20 60 100 140

TEMPERATURE — C

Slew Rate as a Function of
Closed-Loop Gain

Using Recommended
Compensation Networks

0o TTTT
Vs =15V
)_YAiZSC
" /
T 0
s A
|
wu Z
i
3 4
a 10
v
01
1 1 100 1000

CLOSED-LOOP GAIN

Input Bias Current as a
Function of
Ambient Temperature

10 T
Vs =+15V
< 08
<
1
)
z
& 06
©
3
A
@ \\
a
] .
z
02 ~y
0
-60 -20 20 60 100 140

TEMPERATURE — °C




uwA709

Typical Performance Curves for uA709 and pA709C (Cont.)

Input Offset Current as a
Function of
Ambient Temperature
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Typical Performance Curves for utA709 and pA709C (Cont.)

Voltage Gain as a

Function of
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Test Circuits
Transient Response Circuit Frequency Compensation Circuit
10 k(2
AN

R2

Note

Pin numbers on this and all succeeding
circuits apply to metal can

or mini DIP package.

Vout

Note
Use R2 = 50 Q when the amplifier I1s
operated with capacitive loading




Protection Circuits

Output Short-Circuit Protection

Latch-Up Protection

Pin numbers apply to metal can or mini DIP package only.

uA709

Input Breakdown-Protection

R1

R2




I uA714

FAIRCHILD . s .
— Precision Operational
A Schlumberger Company Amplifiel‘

Linear Products
Description Connection Diagram
The uA714 is a Monolithic Instrumentation Operational 8-Pin Metal Package

Amplifier constructed using the Fairchild Planar
epitaxial process. It is intended for precise, low-level
signal amplification applications where low noise, low
drift and accurate closed-loop gain are required. The
offset null capability, low-power consumption, very
high-voltage gain as well as wide power-supply
voltage range provide superior performance for a wide
range of instrumentation applications.

OFFSET NULL

—Io]

=IN O out

m LOW OFFSET VOLTAGE 75 uV
® LOW OFFSET VOLTAGE DRIFT 1.3 uV/°C V-
B LOW BIAS CURRENT +3.0nA
= LOW INPUT NOISE CURRENT 0.17 pA/+\/Hz (Top View)
@ 1.0 kHz MAX
® HIGH OPEN LOOP GAIN 500,000 TYPICALLY Order Information
m LOW INPUT OFFSET CURRENT 2.8 nA MAX Type Package Code Part No.
® HIGH COMMON MODE REJECTION 110 dB MIN 714 Metal 5W uA7 14HM
m WIDE POWER SUPPLY RANGE +3.0TO +22V 714E Metal 5W uA714EHC
714C Metal 5W uA714HC

Absolute Maximum Ratings 714L Metal 5w uA714LHC
wA714, uA714E, uA714C
Supply Voltage +22V
Internal Power Dissipation

(Note 1)

Metal Package 500 mW
Differential Input Voltage +30V
Input Voltage (Note 2) +22V
Storage Temperature Range

Metal Package —65°C to +150°C
Operating Temperature Range

Military —55°C to +125°C

Commercial 0°Cto +70°C

Pin Temperature
Metal Package (Soldering, 60 s) 300°C

uA714L
Supply Voltage +18V
Internal Power Dissipation

(Note 1)

Metal Package 500 mW
Differential Input Voltage +30V
Input Voltage (Note 2) +18V
Storage Temperature Range

Metal Package —65°C to +150°C
Operating Temperature Range

Military

Commercial 0°C to +70°C

Pin Temperature
Metal Package (Soldering, 60 s) 300°C

Notes
1. Ratings applies to ambient temperature to 70°C. Above 2. For supply voltage less than +22 V, the absolute maximum
Ta = 70°C derate linearly 6.3 mW/°C. nput voltage 1s equal to the supply voltage.




uA714

Equivalent Circuit

7
L‘ 4.‘J PSSIYlVE
SUPPLY
R2A* R28" Q3 Q33 R7
1 — y—os lj | I
NULL NULL
—~ct
R1A R1B R12
v
Q9 il
K ato
az Q29
J)ms
™
as a4
R9
R3
3 ——4
+INPUT 6
Qs ouTPUT
R10
Q22 Q23
ossa—‘
Q24
ne {0z
2
INPUT
ass
ate
R8 R19
RIS R25
4
NEGATIVE
SUPPLY

R2A and R2B are electronically adjusted on chip at the factory for
minimum offset voltage
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uA714
Electrical Characteristics

These specifications apply for Vg = £ 15V, Tpo = 25°C. 714
Characteristic Condition Min Typ Max
Input Offset Voltage (Note 3), Rs =50Q, Vcm = 0.0V 30 75
Long Term Input Offset Voltage Stability | (Note 4), Rg =50 Q, Vgm = 0.0 V 0.2 1.0
Input Offset Current Vem=0.0V 0.4 2.8
Input Bias Current Vem =00V *+1.0 +3.0
Input Noise Voltage 0.1 Hz to 10 Hz (Note 5) 0.35 0.6
fo = 10 Hz (Note 5) 10.3 18.0
Input Noise Voltage Density fo = 100 Hz (Note 5) 10.0 13.0
fo = 1000 Hz (Note 5) 9.6 11.0
Input Noise Current 0.1 Hz to 10 Hz (Note 5) 14 30
fo = 10 Hz (Note 5) 0.32 0.80
Input Noise Current Density fo = 100 Hz (Note 5) 0.14 0.23
fo = 1000 Hz (Note 5) 0.12 0.17
Input Resistance—Differential Mode 20 60
input Resistance—Common Mode 200
Input Voltage Range +13.0 +14.0
Common Mode Rejection Ratio Vecm = =13V, Rs =50 Q 110 126
Power Supply Rejection Ratio Vg= +3.0Vto +18 V,Rs =50 100 110
) . R = 2.0kQ,Vo=—-10Vto+10V | 200 500
Large Signal Voltage Gain RL= 5000 Vo = —05V to 405V o0 w00
Vg = +3.0V
R = 10 kQ +125 +13.0
Maximum Output Voltage Swing RL = 2.0kQ +12.0 +12.8
RL = 1.0 kQ +10.5 +12.0
Slewing Rate RL = 2.0 kQ 0.17
Closed Loop Bandwidth AycL = +1.0 0.6
Open Loop Output Resistance Vo=0V,lp=0A 60
Power Consumption Vo=0V s 120
Vg= +3.0V,Vo=0V 4.0 6.0
Offset Adjustment Range Rp = 20 kQ +4.0
The following specifications apply for Vg = £ 15V, —55°C < Tp < +125°C
Input Otfset Voltage (Note 3), Rs =Q,Vcm = 0.0V 60 200
Average Input Offset Voltage Drift
Without External Trim Rs=50Q,Vcm=0.0V 0.3 1.3
With External Trim (Note 5), Rp = 20 k2, Rg = 50 Q 0.3 1.3
Input Offset Current VecmM=0.0V 1.2 5.6
Average Input Offset Current Drift Vem =00V 8.0 50
Input Bias Current Vem =00V +2.0 +6.0
Average Input Bias Current Drift Vecm =0.0V 13 50
Input Voltage Range *+13.0 *+13.5
Common Mode Rejection Ratio VoM = =13V, Rg =50 Q 106 123
Power Supply Rejection Ratio Vg= x3.0Vto £18V,Rgs =500 94 106
Large Signal Voltage Gain RL=2.0kQ,Vo=—-10Vto+10V 150 400
Maximum Output Voltage Swing RL = 2.0kQ +12.0 +12.6
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uA714

714E 714C 714L
Min Typ Max Min Typ Max Min Typ Max Unit
30 75 60 150 100 250 uVvV
0.3 1.5 0.4 