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Introduction

The Linear Data Book includes the standard linear product
line plus our new Winchester Disk Drive circuits and
CLASIC™ standard cells. For ease of reference linear
products are organized by sections. For example, Opera-
tional Amplifiers, Voltage Regulators and Special Functions,
which includes Digital Signal Processing products such as
the uA212 Single Chip Modem.

Technical information and basic product specifications,
presented in data sheet form, include maximum ratings,
electrical characteristics, performance curves, and packag-
ing information. For many products, typical applications and
test circuits are also included.

Package codes, included on each data shest, indicate the
specific package(s) offered for the product. Detailed pack-
aging information, listed by package code, is included in a
separate section. This section includes the new Surface
Mount Devices (SMD), such as the Small Outline integrat-
ed Circuit (SOIC) packages.

A section on Aerospace and Defense precedes the Hi-Rel
data sheets, which are organized in the same order as
Standard Rel. These data sheets indicate the conformance
to MIL-STD-883 and reference identical commercial data
sheets for more complete information.

Section 1 has an alpha-numeric product listing of all
Fairchild device numbers in the book. An explanation of
the part numbering system appears in the '"Ordering Infor-
mation' portion of Section 1. In addition, there is an in-
dustry cross reference keying Fairchild Linear Products to
direct replacement and function equivalents offered by ma-
jor linear products manufacturers.

Other sections include information on Thermal Considera-
tions and Quality. As added assistance, addresses and
phone numbers of worldwide Field Sales Offices and Au-
thorized Distributors have been listed.

Information on any commercial or Hi-Rel finear product
may be obtained from a local sales office or by
contacting:

Fairchild Linear Products

Marketing Department MS 4-370

313 Fairchild Drive

Mt. View, CA. 94039

The specifications included in this data book are as cur-
rent and correct as could reasonably be determined at
time of printing. Any errors noted by users, whether involv-
ing content or omissions can be directed to Linear Market-
ing at the above address.
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#A24HBOFC Disk Drives 5-3 HA78MGU1C Voltage Regulators 6-81
1A24HBORC Disk Drives 5-3 #A78S40DC Voltage Regulators 6-103
1A24H80SC Disk Drives 5-3 1A78S40DM Voltage Regulators 6-103
HA24HBOTC Disk Drives 5-3 uA78S40DMQB  Hi-Rel Voltage Regulators 13-51
uA26LS31DC Interface 9-11 uA78S40PC Voltage Regulators 6-103
1A26LS31DMQB Hi-Rel Interface 16-63 HAT78S40PV Voltage Regulators 6-103
#A26LS31LMQB Hi-Rel Interface 16-63 HA79GU1IC Voltage Regulators 6-63
1A26LS31PC Interface 9-11 HATOMOSAHC Voltage Regulators 6-126
nA26LS32DC Interface 9-14 #A79MOSAUC Voltage Regulators 6-126
uA26LS32DMQB Hi-Rel Interface 16-64 HATOMOSHM Voltage Regulators 6-126
MA26LS32LMQB Hi-Rel Interface 16-64 uA79MOSHMQB Hi-Rel Voltage Regulators 13-67
©A26LS32PC Interface 9-14 uA79MO5LMQB Hi-Rel Voltage Regulators 13-67
uA78GU1IC Voltage Regulators 6-63 MATIMOBAHC Voltage Regulators 6-126
uA78LOSASC Voltage Regulators 6-72 HATIMOBAUC Voltage Regulators 6-126
HA78LOSAWC Voltage Regulators 6-72 HATIMOSHM Voltage Regulators 6-126
MATBLOSAWYV Voltage Regulators 6-72 uA79IMOBHMQB Hi-Rel Voltage Regulators 13-71
HATSBLOSAWC Voltage Regulators 6-72 MA79M12AHC Voltage Regulators 6-126
HATBLOSAWYV Voltage Regulators 6-72 MA79M12AUC  Voltage Regulators 6-126
MA78LI12AWC Voltage Regulators 6-72 HA79M12HM Voltage Regulators 6-126
HAT8BL12AWYV Voltage Regulators 6-72 HA79M12HMQB Hi-Rel Voltage Regulators 13-75
HA78L1SAWC Voltage Regulators 6-72 HA79M12LMQB Hi-Rel Voltage Regulators 13-75
uA78L15AWV Voltage Regulators 6-72 HATOIM15AHC Voltage Regulators 6-126
HATBL62AWC Voltage Regulators 6-72 HATIM1SAUC Voltage Regulators 6-126
HA78L62AWV Voltage Regulators 6-72 HATIM15HM Voltage Regulators 6-126
nA78LB2AWC  Voltage Regulators 6-72 uA79M15HMQB Hi-Rel Voltage Regulators 13-79
MA7BLB2AWV  Voltage Regulators 6-72 MATOM15LMQB Hi-Rel Voltage Regulators 13-79
#A78MOSHC Voltage Regulators 6-91 HA79MGU1C Voltage Regulators 6-81
HA78MOSHM Voltage Regulators 6-91 #A101ADMQB  Hi-Rel Operational Amplifiers 14-3
HA78MO5HMQB Hi-Rel Voltage Regulators 13-27 MA101AFMQB Hi-Rel Operational Amplifiers 14-3
uA78MOSLMQB Hi-Rel Voitage Regulfators 13-27 HA101AHM Operational Amplifiers 7-3
MA78MO5SUC Voltage Regulators 6-91 #A101AHMQB  Hi-Rel Operational Amplifiers 14-3
HA78MOGHC Voltage Regulators 6-91 uA101DMQB Hi-Rel Operational Amplifiers 14-7
uAT78MOGHM Voltage Regulators 6-91 HA101FMQB Hi-Rel Operational Amplifiers 14-7
uA78MO6HMQB Hi-Rel Voltage Regulators 13-31 LA101HM Operational Amplifiers 7-11
HA78MO6UC Voltage Regulators 6-91 ©1A101HMQB Hi-Rel Operational Amplifiers 14-7
#A78MOBHC Voltage Regulators 6-91 HA105HM Voltage Regulators 6-3
HAT8MOSHM Voitage Regulators 6-91 ©A105HMQB Hi-Rel Voltage Regulators 13-3
HA78MOBHMQB Hi-Rel Voltage Regulators 13-35 uA108ADMQB  Hi-Rel Operational Amplifiers 14-11
HA78MOBUC Voltage Regulators 6-91 nA108AFMQB Hi-Rel Operational Amplifiers 14-11
HAT8M12HC Voltage Regulators 6-91 #A108AHM Operational Amplifiers 7-14
HA78M12HM Voltage Regulators 6-91 pA10BAHMQB  Hi-Rel Operational Amplifiers 14-11
uA78M12HMQB Hi-Rel Voltage Regulators 13-39 #A108DMQB Hi-Rel Operational Amplifiers 14-15
uA78M12LMQB Hi-Rel Voltage Regulators 13-39 uA108FMQB Hi-Rel Operational Amplifiers 14-15
uMAT78M12UC Voltage Regulators 6-91 #A108HM Operationat Amplifiers 7-14
HA78M15HC Voltage Regulators 6-91 uA108HMQB Hi-Rel Operational Amplifiers 14-15
HAT8M15HM Voltage Regulators 6-91 uA109HMQB Hi-Rel Voltage Regulators 13-7
HA78M15HMQB Hi-Rel Voltage Regulators 13-43 uA109KMQB Hi-Rel Voltage Regulators 13-7
HA78M15LMQB Hi-Rel Voltage Regulators 13-43 #A110HMQB Hi-Rel Operational Amplifiers 14-19
HA78M15UC Voltage Regulators 6-91 uA111DMQB Hi-Rel Comparators 15-3
MAT8M24HC Voltage Regulators 6-91 HA111FMQB Hi-Rel Comparators 15-3
HA78M24HM Voltage Regulators 6-91 nA111HM Comparators 8-3
HA78M24HMQB Hi-Rel Voltage Regulators 13-47 #A111HMQB Hi-Rel Comparators 15-3
uA78M24UC Voltage Regulators 6-91 uA111RMQB Hi-Rel Comparators 15-3
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uA117HMQB Hi-Rel Voltage Regulators 13-11 uA31I1TC Comparators 8-3
HATI7KM Voltage Regulators 6-10 uA317KC Voltage Regulators 6-10
rA117KMQB Hi-Rel Voltage Regulators 13-15 uA317UC Voltage Regulators 6-10
#A124DM Operational Amplifiers 7-22 uA324DC Operational Amplifiers 7-22
uA124DMQB Hi-Rel Operational Amplifiers 14-23 uA324PC Operational Amplifiers 7-22
MA124FMQB Hi-Rel Operational Amplifiers 14-23 1A324SC Operational Amplifiers 7-22
uA124LMQB Hi-Rel Operational Amplifiers 14-23 HA338KC Voltage Regulators 6-16
uA138KM Voltage Regulators 6-16 uA338UC Voltage Regulators 6-16
HA138KMQB Hi-Rel Voltage Regulators 13-19 uA339DC Comparators 8-11
HA139DM Comparators 8-11 MA339PC Comparators 8-11
#A139DMQB Hi-Rel Comparators 15-7 #A339SC Comparators 8-11
LA139FMQB Hi-Rel Comparators 15-7 #A348DC Operational Amplifiers 7-33
#A139LMQB Hi-Rel Comparators 18-7 HA348PC Operational Amplifiers 7-33
uA148DM Operational Amplifiers 7-33 #A350KC Voltage Regulators 6-23
©A148DMQB Hi-Rel Operational Amplifiers 14-27 HA350UC Voltage Regulators 6-23
uA150KM Voltage Regulators 6-23 MA376TC Voltage Regulators 6-3
uA150KMQB Hi-Rel Voltage Regulators 13-20 uA431ASC Voltage Regulators ©6-42
uA201AHYV Operational Amplifiers 7-3 uA431AWC Voltage Regulators 6-42
uA201HC Operational Amplifiers 7-11 MA431AWY Voltage Regulators 6-42
uA2017TC Operational Amplifiers 7-11 rA431LMQB Hi-Rel Voitage Regulators 13-21
uHA208AHV Operational Amplifiers 7-14 HA431RMQB Hi-Rel Voltage Regulators 13-21
uA208HV Operational Amplifiers 7-14 1A494DC Voltage Regulators 6-48
uA212ADC Special Functions 11-103 ©A494DMQB Hi-Rel Voltage Regulators 13-22
uA212ADV Special Functions 11-103 uA494LMQB Hi-Rel Voltage Regulators 13-22
uA212APC Special Functions 11-103 uA494PC Voltage Regulators 6-48
uA212ATDC Special Functions 11-103 uA494PV Voltage Regulators 6-48
1A212ATDV Special Functions 11-103 uA555HMQB Hi-Rel Special Functions 18-7
©A212ATPC Special Functions 11-103 uA555RMQB Hi-Rel Special Functions 18-7
1A212ATQC Special Functions 11-103 uA555SC Special Functions 11-22
uA217KV Voltage Regulators 6-10 MA555TC Special Functions 11-22
uA217UV Voltage Regulators 6-10 nA556PC Special Functions 11-28
uA224DV Operational Amplifiers 7-22 1A565JJC Data Acquisition 10-17
uA224PV Operational Amplifiers 7-22 uAS565KJC Data Acquisition 10-17
uA238KV Voltage Regulators 6-16 1A5655JM Data Acquisition 10-17
uA239DV Comparators 8-11 uA565TJM Data Acquisition 10-17
uA239PV Comparators 8-11 uA571JJC Data Acquisition 10-25
uA239SV Comparators 8-11 MAS571KJC Data Acquisition 10-25
uA248DV Operational Amplifiers 7-33 . uA571SDMQB  Hi-Rel Data Acquisition 17-3
uA248PV Operational Amplifiers 7-33 uAS571SJM Data Acquisition 10-25
HA250KV Voltage Regulators 6-23 uA592DC Special Functions 11-34
nA301AHC Operational Amplifiers 7-3 uAS592DM Special Functions 11-34
uA301ASC Operational Amplifiers 7-3 HAS92PC Special Functions 11-34
MA301ATC Operational Amplifiers 7-3 nA592SC Special Functions 11-34
MA305AHC Voltage Regulators 6-3 uA592TC Special Functions 11-34
HA305HC Voltage Regulators 6-3 uA685DM Comparators 8-32
MA308AHC Operational Amplifiers 7-14 uA685DV Comparators 8-32
HA308ASC Operational Amplifiers 7-14 uAG85HM Comparators 8-32
HA308ATC Operational Amplifiers 7-14 HAG85HV Comparators 8-32
#A308HC Operational Amplifiers 7-14 uAG85PV Comparators 8-32
uA308SC Operational Amplifiers 7-14 uA685SY Comparators 8-32
UA308TC Operational Amplifiers 7-14 HAG687ADM Comparators 8-42
uA311HC Comparators 8-3 uA687ADV Comparators 8-42
pA311SC Comparators 8-3 uAG87APV Comparators 8-42
_
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HAGB7DM Comparators 8-42 pA723HM Voltage Regulators 6-55
HABB7DV Comparators 8-42 ©A723HMQB Hi-Rel Voltage Regulators 13-23
MAGB7PV Comparators 8-42 uA723LMQB Hi-Rel Voltage Regulators 13-23
HA702DMQB Hi-Rel Operational Amplifiers 14-55 uA723PC Voltage Regulators 6-55
HA702FMQB Hi-Rel Operational Amplifiers 14-55 uA723SC Voltage Regulators 6-55
uA702HMQB Hi-Rel Operational Amplifiers 14-55 uA725AHM Operational Amplifiers 7-88
HA709ADMQB  Hi-Rel Operational Amplifiers 14-59 uA725AHMQB  Hi-Rel Operational Amplifiers 14-75
HA709AFMQB  Hi-Rel Operational Amplifiers 14-59 nA725EHC Operational Amplifiers 7-88
uA709AHM Operational Amplifiers 7-58 uA725HC Operational Amplifiers 7-88
uA709AHMQB  Hi-Rel Operational Amplifiers 14-59 “A725HM Operational Amplifiers 7-88
uA708DMQB Hi-Rel Operational Amplifiers 14-63 uA725HMQB Hi-Rel Operational Amplifiers 14-79
MA709FMQB Hi-Rel Operational Amplifiers 14-63 uA725TC Operational Amplifiers 7-88
MA709HC Operational Amplifiers 7-58 nA733DC Special Functions 11-39
MA709HM Operational Amplifiers 7-58 nA733DM Special Functions 11-39
©A709HMQB Hi-Rel Operational Amplifiers 14-63 1A733DMQB Hi-Rel Special Functions 18-11
uA709PC Operational Amplifiers 7-58 #A733FMQB Hi-Rel Special Functions 18-11
HATO09SC Operational Amplifiers 7-58 HAT33HC Special Functions 11-39
MAT09TC Operational Amplifiers 7-58 #A733HM Special Functions 11-39
HA710DC Comparators 8-44 nA733HMQB Hi-Rel Special Functions 18-11
MA710DM Comparators 8-44 HAT33PC Special Functions 11-39
HA710DMQB Hi-Rel Comparators 15-15 HA733SC Special Functions 11-39
HA710FMQB Hi-Rel Comparators 156-15 HMA741ADMQB  Hi-Rel Operational Amplifiers 14-83
HA710HC Comparators 8-44 HA741AFMQB  Hi-Rel Operational Amplifiers 14-83
HA710HM Comparators 8-44 HA741AHM Operational Amplifiers 7-100
HA710HMQB Hi-Rel Comparators 15-15 MA741AHMQB  Hi-Rel Operational Amplifiers 14-83
HAT10PC Comparators 8-44 MAT41ARM Operational Amplifiers 7-100
HA711DC Comparators 8-51 pA741ARMQB  Hi-Rel Operational Amplifiers 14-83
HA711DM Comparators 8-51 HA741DMQB Hi-Rel Operational Amplifiers 14-87
#A711DMQB Hi-Rel Comparators 15-19 HAT41EHC Operational Amplifiers 7-100
HAT11FMQB Hi-Rel Comparators 15-19 HA741ERC Operational Amplifiers 7-100
MA711HC Comparators 8-51 HAT41ETC Operational Amplifiers 7-100
HA711HM Comparators 8-51 uA741FMQB Hi-Rel Operational Amplifiers 14-87
pA711HMQB Hi-Rel Operational Amplifiers 15-19 HA741HC Operational Amplifiers 7-100
HAT11PC Comparators 8-51 uA741HM Operational Amplifiers 7-100
HA714AHM Operational Amplifiers 7-67 uA741HMQB Hi-Rel Operational Amplifiers 14-87
HA714EHC Operational Amplifiers 7-67 HA741RC Operational Amplifiers 7-100
MAT14HC Operational Amplifiers 7-67 uA741RM Operational Amplifiers 7-100
HAT14HM Operational Amplifiers 7-67 HA741RMQB Hi-Rel Operational Amplifiers 14-87
uA714HMQB Hi-Rel Operational Amplifiers 14-67 HA741SC Operational Amplifiers 7-100
MA714LHC Operational Amplifiers 7-67 HAT41TC Operational Amplifiers 7-100
pAT14LSC Operational Amplifiers 7-67 uAT47ADM Operational Amplifiers 7-109
HA714LTC Operational Amplifiers 7-67 uA747ADMQB  Hi-Rel Operational Amplifiers 14-91
pA714SC Operational Amplifiers 7-67 uA747AFMQB Hi-Rel Operational Amplifiers 14-91
pHAT14TC Operational Amplifiers 7-67 HA747AHM Operational Amplifiers 7-109
uA715HC Operational Amplifiers 7-80 HA747AHMQB  Hi-Rel Operational Amplifiers 14-91
MA715HM Operational Amplifiers 7-80 uA747DC Operational Amplifiers 7-109
HA715DM Operational Amplifiers 7-80 uA747DM Operational Amplifiers 7-109
HA715DC Operational Amplifiers 7-80 uA747DMQB Hi-Rel Operational Amplifiers 14-95
nA715HMQB Hi-Rel Operational Amplifiers 14-71 MA747EDC Operational Amplifiers 7-109
nA723DC Volitage Regulators 6-55 UAT47EHC Operational Amplifiers 7-109
HA723DM Voltage Regulators 6-55 HATA7FMQB Hi-Rel Operational Amplifiers 14-95
MA723DMQB Hi-Rel Voltage Regulators 13-23 HAT4THC Operational Amplifiers 7-109
HAT23HC Voltage Regulators 6-55 uA74THM Operational Amplifiers 7-109
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LA747THMQB Hi-Rel Operational Ampilifiers 14-95 MAT74BDM Operational Amplifiers 7-155
uA747PC Operational Amplifiers 7-109 uA774BDMQB  Hi-Rel Operational Amplifiers 14-111
uA747SC Operational Amplifiers 7-109 HA774BPC Operational Amplifiers 7-155
uA748HC Operational Amplifiers 7-118 uA774DC Operational Amplifiers 7-155
uA748HM Operational Amplifiers 7-118 HA774DM Operational Amplifiers 7-155
uA748RC Operational Amplifiers 7-118 HA774LDC Operational Amplifiers 7-155
MAT748SC Operational Amplifiers 7-118 HAT774LPC Operational Amplifiers 7-155
uA748TC Operational Amplifiers 7-118 nA774PC Operational Amplifiers 7-155
uA759HC Operational Amplifiers 7-128 HAT774SC Operational Amplifiers 7-155
HAT59HM Operational Amplifiers 7-128 HAT76HC Operational Amplifiers 7-162
uA759HMQB Hi-Rel Operational Amplifiers 14-99 HAT776HM Operational Amplifiers 7-162
uA759U1C Operational Amplifiers 7-128 uA776HMQB Hi-Rel Operational Amplifiers 14-115
uA760DC Comparators 8-56 HA776TC Operational Amplifiers 7-162
HA760DM Comparators 8-56 uA798SC Operational Amplifiers 7172
#A760DMQB Hi-Rel Comparators 15-23 HA798TC Operational Amplifiers 7-172
HAT60HC Comparators 8-56 1A1458CHC Operational Amplifiers 7-27
HA760HM Comparators 8-56 uA1458CRC Operational Amplifiers 7-27
pnA760HMQB Hi-Rel Comparators 15-23 nA1458CTC Operational Amplifiers 7-27
uA760RC Comparators 8-56 nA1458HC Operational Amplifiers 7-27
HA760RM Comparators 8-56 pA1458RC Operational Amplifiers 7-27
uA771ARC Operational Amplifiers 7-140 unA1458SC Operational Amplifiers 7-27
uA771ARM Operational Amplifiers 7-140 uA1458TC Operational Amplifiers 7-27
UAT71ASC Operational Amplifiers 7-140 nA1488DC Interface 9-3
UHAZ71ATC Operational Amplifiers 7-140 uA1488PC Interface 9-3
uA771BHMQB  Hi-Rel Operational Amplifiers 14-103 uA1488SC Interface 9-3
uA771BRC Operational Amplifiers 7-140 #A1489ADC Interface 9-7
©A771BRM Operational Amplifiers 7-140 HA1489APC Interface 9-7
uA771BRMQB  Hi-Rel Operational Amplifiers 14-103 uA1489DC Interface 9-7
MAT71BSC Operational Amplifiers 7-140 uA1489PC Interface 9-7
nA771BTC Operational Amplifiers 7-140 uA1489SC Interface 9-7
#A771LRC Operational Amplifiers 7-140 uA1524ADM Voltage Regulators 6-36
MATT1LSC Operational Amplifiers 7-140 rA1524ADMQB  Hi-Rel Voltage Regulators 13-95
HAT71LTC Operational Amplifiers 7-140 1A 1558HM Operational Amplifiers 7-27
nA771RC Operational Amplifiers 7-140 #A1558HMQB Hi-Rel Operational Amplifiers 14-31
HAT771SC Operational Amplifiers 7-140 1A1558RM Operational Amplifiers 7-27
HA771TC Operational Amplifiers 7-140 1A 1558RMQB Hi-Rel Operational Amplifiers 14-31
MAT772ARC Operational Amplifiers 7-148 uA2101ADMQB Hi-Rel Operational Amplifiers 14-35
HA772ARM Operational Amplifiers 7-148 #A2101DMQB Hi-Rel Operational Amplifiers 14-39
MAT772ASC Operational Amplifiers 7-148 #A2108ADMQB  Hi-Rel Operational Amplifiers 14-43
HAT72ATC Operational Amplifiers 7-148 pA2108DMQB  Hi-Rel Operational Amplifiers 14-47
uA772BHMQB  Hi-Rel Operational Amplifiers 14-107 #A2111DMQB Hi-Rel Comparators 15-11
uA772BRC Operational Amplifiers 7-148 F2212DC Special Functions 11-63
uA772BRM Operational Amplifiers 7-148 F2212PC Special Functions 11-63
uA772BRMQB  Hi-Rel Operational Amplifiers 14-107 F2212QC Special Functions 11-63
uAT772BSC Operational Amplifiers 7-148 F2224DC Special Functions 11-63
uA772BTC Operational Ampilifiers 7-148 F2224PC Special Functions 11-63
uA772LRC Operational Amplifiers 7-148 F2224QC Special Functions 11-63
HA772LSC Operational Amplifiers 7-148 uA2240DC Special Functions 11-3
HAT72LTC Operational Amplifiers 7-148 uA2240PC Special Functions 11-3
uA772RC Operational Amplifiers 7-148 uA2460DC Disk Drives 5-5
pA772SC Operational Amplifiers 7-148 uA2460QC Disk Drives 5-5
uAT72TC Operational Amplifiers 7-148 1A2461DC Disk Drives 5-5
UA774BDC Operational Amplifiers 7-155 uA2461QC Disk Drives 5-5
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1A2470DC Disk Drives 5-13 MA3I503DM Operational Amplifiers 7-40
uHA2480FC Disk Drives 5-33 HA3524ADC Voltage Regulators 6-36
uA2480TC Disk Drives 5-33 HA3524APC Voltage Regulators 6-36
1+A2482DC Disk Drives 5-24 HA3680DV Special Functions 11-19
uA2482RDC Disk Drives 5-24 HA3680PV Special Functions 11-19
uA2484DC Disk Drives 5-24 uA3680SV Special Functions 11-19
uA2484FC Disk Drives 5-24 uA4136DC Operational Amplifiers 7-50
1A2484GC Disk Drives 5-23 #A4136DMQB  Hi-Rel Operational Amplifiers 14-51
1A2484RDC Disk Drives 5-24 1A4136PC Operational Amplifiers 7-50
uA2484RFC Disk Drives 5-24 uA41368C Operational Amplifiers 7-50
uA2484RGC Disk Drives 5-23 uAB685DM Comparators 8-21
uA2485DC Disk Drives 5-24 HA6685DV Comparators 8-21
1A2485FC Disk Drives 5-25 HAGGBSHM Comparators 8-21
1A2485GC Disk Drives 5-25 UHAG685HV Comparators 8-21
LA2485RDC Disk Drives 5-24 uAG685PV Comparators 8-21
uA2485RFC Disk Drives 5-25 HAB685SV Comparators 8-21
1A2485RGC Disk Drives 5-25 HAB687DM Comparators 8-30
uA2486DC Disk Drives 5-25 uHAGE87DV Comparators 8-30
uA2486QC Disk Drives 5-25 HAB687PV Comparators 8-30
1A2486RDC Disk Drives 5-25 HA7392DV Special Functions 11-45
uA2486RQC Disk Drives 5-25 HAT7392PV Special Functions 11-45
1A2488GC Disk Drives 5-26 uA7805KC Voltage Regulators 6-111
uA2488QC Disk Drives 5-26 HA7805KM Voltage Regulators 6-111
#A2488RGC Disk Drives 5-26 uAT805KMQB  Hi-Rel Voltage Regulators 13-55
uA2488RQC Disk Drives 5-26 HA7805UC2 Voitage Reguiators 6-111
uA2490DC Disk Drives 5-36 HA7805UC Voltage Regulators 6-111
1A2490QC Disk Drives 5-37 HATB06KC Voltage Regulators 6-111
1A2524ADV Voltage Regulators 6-36 HA7806KM Voltage Regulators 6-111
1A2524APV Voltage Regulators 6-36 #A7806UC Voltage Regulators 6-111
«A2580DC Disk Drives 5-51 uA7808KC Voltage Regulators 6-111
uA2580FC Disk Drives 5-51 UAT7808KM Voltage Regulators 6-111
nA2580SC Disk Drives 5-51 uA7808UC Voltage Regulators 6-111
uA2901DV Comparators 8-11 #A7812KC Voltage Regulators 6-111
uA2901PV Comparators 8-11 HA7812KM Voltage Regulators 6-111
HA2902PV Operational Amplifiers 7-22 uA7812KMQB Hi-Rel Voitage Regulators 13-59
#A3045DMQB Hi-Rel Special Functions 18-3 #A7812UC2 Voltage Regulators 6-111
HA3046PC Special Functions 11-13 pA7812UC Voltage Regulators 6-111
nA3046SC Special Functions 11-13 nA7815KC Voltage Regulators 6-111
©A3086DV Special Functions 11-13 yA7815KM Voltage Regulators 6-111
uA3086PV Special Functions 11-13 LA7815KMQB Hi-Rel Voltage Regulators 13-63
uA3086SYV Special Functions 11-13 uA7815UC Voltage Regulators 6-111
nA3302DV Comparators 8-11 ©A7818KC Voltage Regulators 6-111
#A3302PV Comparators 8-11 HAT818KM Voltage Regulators 6-111
pA33028V Comparators 8-11 ©A7818UC Voltage Regulators 6-111
#A3303DV Operational Amplifiers 7-40 uA7824KC Voltage Regulators 6-111
uA3303PV Operational Amplifiers 7-40 MAT824KM Voltage Regulators 6-111
4A3403DC Operational Amplifiers 7-40 uA7824UC Voltage Regulators 6-111
nA3403PC Operational Amplifiers 7-40 uA7885UC Voltage Regulators 6-111
1#A3403SC Operational Amplifiers 7-40 HA7905KC Voltage Regulators 6-135
1A3486DC Interface 9-17 HATI05KM Voltage Regulators 6-135
uA3486PC Interface 9-17 UHAT905KMQB Hi-Rel Voltage Regulators 13-83
HA3487DC Interface 9-21 HA7905UC Voltage Regulators 6-135
uA3487PC Interface 8-21 uA7908KC Voltage Regulators 6-135
P )
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HAT908KM Voltage Regulators 6-135 uA9645PC(3245) [nterface 9-139
uA7908UC Voltage Regulators 6-135 1A9665DC Interface 9-143
uA7912KC Voltage Regulators 6-135 1A9665PC Interface 9-143
MATI12KM Voltage Reguiators 6-135 uA9666DC Interface 9-143
HA7912KMQB Hi-Rel Voltage Regulators 13-87 1A9666DM Interface 9-143
uA7912UC Voltage Regulators 6-135 LA9666PC Interface 9-143
uA7915KC Voltage Regulators 6-135 HA9667DC Interface 9-143
MA7915KM Voltage Regulators 6-135 uA9667DM Interface 9-143
#A7915KMQB  Hi-Rel Voltage Reguiators 13-91 1A9667DMQB  Hi-Rel Interface 16-59
HAT7915UC Voltage Regulators 6-135 HA9667PC Interface 9-143
uA9614DC Interface 9-72 uA9668DC Interface 9-143
pA9614DM Interface 9-72 uA9668DM Interface 9-143
#A9614DMQB Hi-Rel Interface 16-15 uA9668PC Interface 9-143
©A9614FMQB Hi-Rel interface 16-15 HA9679TC Interface 9-149
HA9614LMQB Hi-Rel Interface 16-15 ©A55107ADM Interface 9-25
1A9614PC Interface 9-72 #A55107ADMQB Hi-Rel Interface 16-3
uA9615DC Interface 9-79 uA55110ADM Interface 9-34
©A9615DM Interface 9-79 u1A55110ADMQB Hi-Rel Interface 16-7
1A9615DMQB Hi-Rel [nterface 16-19 #A55452BRMQB Hi-Rel Interface 16-11
uA9615FMQB Hi-Rel Interface 16-19 uA75107ADC Interface 9-25
nA9615LMQB Hi-Rel Interface 16-19 uA75107APC Interface 9-25
pA9615PC Interface 9-79 UuA75107ASC Interface 9-25
#A9616HDMQB Hi-Rel Interface 16-23 HA75107BDC Interface 9-25
uA9616HLMQB Hi-Rel Interface 16-23 HA75107BPC Interface 9-25
uA9622DMQB  Hi-Rel Interface 16-27 #A75107BSC Interface 9-25
1A9622FMQB Hi-Rel Interface 16-27 HA75108BPC Interface 9-25
©A9622LMQB Hi-Rel Interface 16-27 HA75108BSC Interface 9-25
1A9624DMQB Hi-Rel Interface 16-31 HA75110ADC Interface 9-34
1A9624FMQB Hi-Rel Interface 16-31 HA75110APC Interface 9-34
uA9625DMQB Hi-Rel Interface 16-35 MAT5110ASC Interface 9-34
1A9625FMQB Hi-Re! Interface 16-35 HA75150PC Interface 9-40
HA9627DMQB Hi-Rel Interface 16-39 uHA75150RC Interface 9-40
1A9636ARC Interface 9-113 #A75150SC Interface 9-40
uA9636ARM Interface 9-113 uA75150TC Interface 9-40
#A9636ARMQB  Hi-Rel Interface 16-43 HA75154DC Interface 9-45
uA9636ATC Interface 9-113 HA75154PC Interface 9-45
HA9637ARC Interface 9-118 uA75450DC Interface 8-53
uA9637ARM Interface 9-118 HAT5450PC Interface 9-53
#A9637ARMQB  Hi-Rel Interface 16-47 uA75451RC Interface 9-56
uA9637ASC Interface 9-118 HA75451SC Interface 9-56
uA9637ATC Interface 9-118 HAT75451TC Interface 9-56
HA9638RC interface 9-122 1A754525C Interface 9-59
1A9638RM Interface 9-122 1AT5452TC Interface 9-59
©A9638RMQB Hi-Rel Interface 16-51 #A75453RC Interface 9-62
uA9638SC Interface 9-122 1uA754538C Interface 9-62
uA9638TC Interface 9-122 uA75453TC Interface 9-62
LA9639ARMAQRB  Hi-Rel interface 16-55 MATS5461TC Interface 9-56
HA9639ATC Interface 9-126 uA75462TC Interface 9-59
1A9640DC(26S10) Interface 9-130 MAT5471TC Interface 9-56
©A9640DM(26510) Interface 9-130 UAT5472TC Interface 9-59
uA9640PC(26S10) Interface 9-130 HA75491PC Interface 9-68
uA9643TC Interface 9-135 MAT75492PC Interface - 9-68
1A9645DC(3245) Interface 9-139 nA77000V01C Operational Amplifiers 7-128

I

N



Alpha Numeric Index

Device Description Page Device Description Page
nA96172DC Interface 9-87 F3054DC Special Functions 11-89
HA96172PC Intertace 9-87 F3057DC Special Functions 11-89
1A96173DC Interface 9-92 FSP100DC Special Functions 11-51
uA96173PC Interface 9.92 FSP10QLC Special Functions 11-51
uA96174DC Interface 9-87 10101 JAN Hi-Rel Operational Amplifiers14-83
HA96174PC Interface 9-87 10102 JAN Hi-Rel Operational Amplifiers14-91
uA96175DC Interface 9-92 10103 JAN Hi-Rel Operational Amplifiers14-3
uA96175PC Interface 9-92 10104 JAN Hi-Rel Operational Amplifiers14-11
uA96176RC Interface 9-97 10108 JAN Hi-Rel Operational Amplifiers14-31
©A96176TC Interface 9-97 10201 JAN Hi-Rel Voltage Regulators 13-23
HA96177RC Interface 9-105 10304 JAN Hi-Rel Comparators 15-3
HA96177TC Interface 9-105 10403 JAN Hi-Rel Interface 16-15
HA96178RC Interface 9-105 10404 JAN Hi-Rel Interface 16-19
uA96178TC Iinterface 9-105 10701 JAN Hi-Rel Voltage Regulators 13-7
uA96501DC Data Acquisition 10-34 10702 JAN Hi-Rel Voltage Regulators 13-27
1A96502DC Data Acquisition 10-34 10703 JAN Hi-Rel Voltage Regulators 13-39
#A96503DC Data Acquisition 10-34 10704 JAN Hi-Rel Voltage Regulators 13-43
HAV22DC Special Functions 11-102 10706 JAN Hi-Rel Voltage Regulators 13-55
HAV22PC Special Functions 11-102 10707 JAN Hi-Rel Voltage Regulators 13-59
uAV22QC Special Functions 11-102 10708 JAN Hi-Rel Voltage Regulators 13-63
DAC08CDC Data Acquisition 10-3 10802 JAN Hi-Rel Special Functions 18-3
DACO08CPC Data Acquisition 10-3 10901 JAN Hi-Rel Special Functions 18-7
DACOSDM Data Acquisition 10-3 11001 JAN Hi-Rel Operational Amplifiers14-27
DACOSEDC Data Acquisition 10-3 11004 JAN Hi-Rel Operational Amplifiers14-51
DACOSEPC Data Acquisition 10-3 11005 JAN Hi-Rel Operational Amplifiers14-23
DAC1408ADC Data Acquisition 10-12 11201 JAN Hi-Rel Comparators 15-7
DAC1408APC Data Acquisition 10-12 11301 JAN Hi-Rel Comparators 15-15
DAC1408BDC Data Acquisition 10-12 11302 JAN Hi-Rel Comparators 15-19
DAC1408BPC Data Acquisition 10-12 11305 JAN Hi-Rel Comparators 15-11
DAC1408CDC Data Acquisition 10-12 11501 JAN Hi-Rel Voltage Regulators 13-67
DAC1408CPC Data Acquisition 10-12 11502 JAN Hi-Rel Voltage Regulators 13-75
DAC1508DM Data Acquisition 10-12 11503 JAN Hi-Re! Voltage Regulators 13-79
F30S54DC Special Functions 11-64 11505 JAN Hi-Rel Voltage Regulators 13-83
F30S57DC Special Functions 11-64 11506 JAN Hi-Rel Voltage Regulators 13-87
F30564DC Special Functions 11-76 11507 JAN Hi-Rel Voltage Regulators 13-91
F30S67DC Special Functions 11-76
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Industry

Cross Reference Guide

Part Fairchild Part Fairchild Part Fairchild
Number Equivalent Number Equivalent Number Equivalent
AMD AMD (Cont.) INTERSIL (Cont.)

715DC pA715DC AMS85DL uA685DV NE556N UAS56PC
718HC UA715HC AM685DM uAB85DM uA723DC HAT723DC
7150M UAT15DM AMB85HL UABBSHY (A723DM uA723DM
715HM UA715HM AMB85HM uAG85HM pA723HC BAT23HC
723DC uA723DC AM685LL uAB85SV UA723HM HAT23HM
723DM uA723DM AM687DL uA687DM WuA723PC uAT23PC
723HC UAT23HC AMB87DL uAB87DV UAT33HC UAT33HC
723HM HA723HM AMEB7DM HAB87DM UA733HM KAT33HM
723PC uA723PC DAC-08CQ DACO08CDC MATA1FM UATAIFM
725HC WA725HC DAC-08EQ DACO8EDC UATATHC UAT41HC
725HM KAT25HM LM101H UA101HM UATATHM HAT41HM
733DC HA733DC LM101AH UA101AHM HA741TC UATA1TC
733DM uA733DM LM105H HAT05HM MAT48HC HATABHC
733HC WA733HC LM108AH UA108AHM UAT48HM UATABHM
733HM UA733HM LM111H UAT11HM UAT748TC HAT48TC
741FM UATAIFM LM124D uA124DM

741HC HATA1HC LM13aD uA139DM MOTOROLA

741HM HA741HM LM201H #A201HGC AM26LS31DC RA26LS31DC
741AFM HA741AFM LM201AH HA201AHV AM26LS31PC uA26LS31PC
741AHM HA741AHM LM208AH #A208AHV AM26LS32DC HA26LS32DC
7A1EHC HATA1EHC LM224D HA224DV AM26LS32PC HA26LS32PC
747DC pA747DC LM301AH HA301AHC DACOSEP DACOSEPC
747DM HAT7470M MC1488L uA1488SC DACO8PC DACO8CPC
747HC HAT47HC MC1489L #A1489SC LM101AH A101AHM
747HM HA7A7THM SN75107BJ uA75107BDC LM105HM HA105HM
747PC MAT4TPC SN75107BN HAT75107BPC LM108H HA108HM
747ADM UA747ADM SN75110J “A75110DC LM108AH HA10BAHM
747AHM UATATAHM SN75110N UA75110PC LM111H pAT11HM
747EDC MA747EDC SN75450BJ HA75450BDC LM111J-8 UA111RM
TATEHC MATATEHC SN75450BN UAT5450BPC LM117K pAT17KM
748HC HA748HC LM124J HA124DM
748HM MA748HM INTERSIL LM1384 uA139DM
AM1408L6 DAC1408ADC ICL108LNTY uA108HM LM201AH #A201AHV
AM1408L7 DAC1408BDC ICL741CHSPA HATA1TC LM208AH HA208AHM
AM1408L8 DAC1408CDC ICL741MHSTY HAT41HM LM217K PA217UV
AM1508L8 DAC1508DM LM101AH HAT01AHM LM2244 HA224DV
AM26LS31DM #A26LS31DM LM105H pA105HM LM239J uA239DC
AM26L831PC HA26LS31PC LM108H HA108HM LM301AH $A301AHC
AM26L831DC HA26LS31DC LM108AH HA108AHM LM301AN HA301ATC
AM261.832DC HA26L5320G LMt11H HAT111HM LM30BAH MA308AHC
AM26LS32PC #A26L832PC LM124] 4A124DM LM308AN uA308ATC
AM6685DL HAB685DV LM301AH UA301AHC LM311H pA31T1HC
AM6685DM HAB685DM LM301AN HA301ATC LM311J-8 WA311RC
AMB685HL HABEB5HV LM305H UA305HC LM311N MA311TC
AM6685HM HAB685HM LM308H uA308HC LM317K UAB17KC
AMB685LL HAB6858V LM308AH HAB08AHC LM317T uA317UC
AM6687DL HAB687DV LM308AN UA30BATC LM324) uA324DC
AM6687DM HAG687DM NE555N WAS55TC LM339J uHA339DC

*Note

Not exact package replacement
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Number Equivalent Number Equivalent Number Equivalent
MOTOROLA (Cont.) MOTOROLA (Cont.) MOTOROLA (Cont)

1.M348J #A348DC MC1711G MA711HM MC7805K MAT805KM
LM348N MA348PC MC1711L HA711DM MC7805CK HA7805KC
LM350K MA350KC MC1723CG HA723HC MC7805CT uA7805UC
LM350T HA350UC MC1723CL nA723DC MC7812K MAT7812KM
LM710CH MA710HC MC1723CP HA723PC MC7812CK uA7812KC
LM711CH HA711HC MC1723G MAT23HM MC7812CT uA7812UC
LM723CH uA723HC MC1723L uA723DM MC7815K HA7815KM
LM723CJ nA723DC MC1733G HA733HM MC7815CK MA7815KC
LM741CH MA741HC MC1733L HA733DM MC7815CT uA7815UC
LM741CN MA741TC MC1733CG HA733HC MC7818K HA7818KM
LM2901N #A2901PC MC1733CL uA733DC MC7818CK HA7818KC
MC1408L7 DAC1408EDC MC1741CG HA741HC MC7818CT nA7818UC
MC1408L8 DAC1408ADC MC1741CP1 HA741TC MC7824K HAT7824KM
MC1408P6 DAC1408CPC MC1741CU #A741RC MC7824CK HA7824KC
MC1408P7 DAC1408BPC MC1741G MAT41HM MC7824CT nA7824UC
MC1408P8 DAC1408APC MC1747CG MA747HC MC78L05ACP MA78LOSAWC
MC1411P #A9665PC MC1747CL uA747DC MC78L12ACP HA78L12AWC
MC1412P HAZ666PC MC1747CP2 HA747PC MC78L15ACP MAT78L15AWC
MC1413P HA9667PC MC1747G HA747HM MC78MO5CG #A78MO5HC
MC1416P #A9668PC MC1747L HA747DM MC78MO5CT HA78MO5UC
MC1455P1 HA555TC MC1748CG HAT48HC MC78M06CG HA78MOEHC
MC1458CG #A1458CHC MC1748CP1 HA748TC MC78MO6CT HA78MO6UC
MC1458CP1 1MA1458CTC MC1748G MA748HM MC78M08CG HA78MOBHC
MC1458CU 1A1458CRC MC1776CG HA776HC MC78M08CT HA78M08BUC
MC1458G uA1458HC MC1776CP1 HAT76TC MC78M12CG uA78M12HC
MC1458P1 uA1458TC MC1776G MA776HM MC78M12CT pA78M12UC
MC1458U 1MA1458RC MC3303P HA3303PV MC78M15CT uA78M15UC
MC1488L 1A1488DC MC3386P HA3086PC MC78M24CT HA78M240UC
MC1488P uA1488PC MC3403L #A3403DC MC7905CK #A7905KC
MC1489L #A1489DC MC3403P MA3403PC MC7905CT uA7905UC
MC1489P MA1489PC MC3440AP 1A9640PC MC7908CK MAT7908KC
MC1489AL uA1489ADC MC3443P HA9640PC MC7908CT pA7908UC
MC1489AP uAT489APC MC3456P #A556PC MC7912CK pA7912KC
MC1508L8 DAC1508DM MC3458P1 HA798TC MC7912CT #A7912UC
MC1558G #A1558HM MC3486CL #A3486DC MC7915CK uA7915KC
MC1558U uA1558RM MC3486CN #A3486PC MC7915CT MA7915UC
MC1709AG HA709AHM MC3487CL ©A3487DC NES592N UAB92PC
MC1709CP1 UA709TC MC3487CN uA3487PC SE592F #A592DM
MC1709CP2 HA709PC MC3488AP MASB36AT SN75451BP #A75451BTC
MC1709G #A709HM MC3558U #A798TC SN75452BP MAT5452BTC
MC1710CG MA710HC MC55107L #A55107ADM SN75453BP uA75453BTC
MC1710CL HA710DC MC685B HAG85HM TL431CLP HA4131AWC
MC1710CP HA710PC MC75107L #A75107ADC TL494CJ #A494DC
MC1710G #A710HM MC75107P HA75107APC TL494CN HA494PC
MC1710L HA710DM MC75108CL HA75108ADC HA710HC HA710HC
MC1711CG MA711HC MC75108CP #A75108BPC uA711HC MA711HC
MC1711CL uA711DC MC75491P UA75491PC uA723DC uA723DC
MC1711CP pA711PC MC75492P pA75492PC HA723HC HA723HC

*Note
Not exact package replacement
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MOTOROLA (Cont.) NATIONAL (Cont.) NATIONAL (Cont.)
HA723PC uA723PC LM138J nA139DM LM710H HA710HM
HA741HC uA741HC LM140K-5.0 HA7805KM LM710CH HATI0HC
HA741TC MA741TC LM140K-12 HA7812KM LM710CN HA710PC
LM140K-15 BA7815KM LM711H HA711HM
NATIONAL LM201AH #A201AHM LM711CH HA711HC
COP431] uA431AWC LM208H HA208HM LM711CN UA711PC
C0O494M uA494DC LM208AH HAZ208AHM LM723H HA723HM
DS1488J 1A1488DC LM2101AD/883 uA2101ADMQB LM723J HA723DM
DS1488N 1A1488PC HA2108AD/833 uA2108ADMQB LM723CH MA723HC
DS1489AJ HA1489ADC uA2108D/883 uA2108DMQB LM723CJ uA723DC
DS1489AN HA1489APC LH2111D/883 #A2111DMQB LM723CN MA723PC
DS1489J uA1489DC LM224J HA224DV LM725H U725HM
DS1489N UA1489PC LM239J nA239DC LM725CH MA725HC
DS26LS31C nA26LS31PC LM301AH #A301AHC LM725CN HA725TC
DS26LS31M uA26LS31DC LM301AN HA301ATC LM733H HA733HM
DS26LS32C UA26LS32PC LM305H MA305HC LM733CH uA733HC
DS26LS32M 1uA26L832DC LM305AH MA305AHC LM733CN uA733PC
DS3486J 1A3486DC LM308AN HA308ATC LM741H HA741HM
DS3486N 1A3486PC LM311J-8 uA311RC LM741AH HA741AHM
DS75107J pA75107ADC LM311N MA311TC LM741CH MA741HC
DS75107N uA75107APC LM317K nA317KC LM741CJ MA741RC
DS75108J HA75108ADC LM317T MA317UC LM741CN HA741TC
DS75108N uA75108APC L.M324J #A324DC LM747H HA747HM
DS75150J-8 HA75150SC LM324N MA324PC LM747J HA747DM
DS75150N HA75150PC LM339J #A339DC LM747AH HA747AHM
DS75154J pA75154DC LM339N MA339PC LM747AJ HA7A7ADM
DS75154N HA75154PC LM340K-5.0 HAT805KC LM747CH HATATHC
DS75450J uA75450DC LM340T-5.0 HA7805UC LM747CJ uA747DC
DS75450N UAT5450PC LM340K-6.0 HA7806KC LM747CN HA747PC
DS75491N A75491PC LM340K-8.0 uA7808KC LM747EH MA747EHC
LF351A UATT1A LM340K-12 uA7812KC LM747EJ UA747EDC
LF351B uA771B LM340T-12 uA7812UC LM748H UA748HM
LF351 HAT71 LM340K-15 uA7815KC LM748CJ uA748RC
LF351N uA771TC LM340T-15 pA7815UC LM748CH HAT4BHC
LF353A HAT72A LM340K-18 HA7818KC LM748CN HAT748TC
LF3538 uA7728 LM340K-24 uA7824KC LM760CH HA760HC
LF353 HA772 LM348J uA348DC LM1458H uA1458HC
LF353N HAT72TC LM348N HA348PC LM1458J MA1458RC
LF374B uA774B LM350K HA350KC LM1458N uA1458TC
LF374 HAT74 LM350I HA350UC LM1558H #A1558HM
LM101AH #A101AHM LM555CN uA555TC LM1558J nA1558RM
LM105H #AT105HM LM556CN HAS556PC LM2301N #A2901PC
LM108AH HATOBAHM LM5021D MA592DM LM2901J 1A2901DC
LM108H uA108HM LM592D uA592D LM3086N HA3086PC
LM110H/883 #A110HMQB LM709H MA709HM LM3302J MA3302DC
LM111H #A111HM LM709CH MA709HC LLM3302N uA3302PC
LM117H/883 uA117HMQB LM709CN UA709PC LM7805CK WA7805KC
LM124J ©A124DM LM709CN-8 MA709TC LM7805CT HA7805UC

“Note
Not exact package replacement
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NATIONAL (Cont.) PMI (Cont.) SIGNETICS (Cont.)
LM7812CK uA7812KC PM15582 pA1558RM ULN2003N HA9667PC
LM7812CT uA7812UC PM4136Y 1A4136PC ULN2004F uA9668DC
LM7815CK uA7815KC PM4136CY uA4136DC ULN2004N HA9668PC
LM7815CT pA7815UC MAT23F HA723DM
LM78LO5ACZ MAT8LOSAWC SIGNETICS pA723H HA723HM
LM78L12ACZ HA78L12AWC I M101AH #A101AHM uA723CD MA723SC
LM78L15ACZ MA78L15AWC LM111H uA111HM uA723CF uA723DC
LM78MO5CP HA78MO5UC LM124F wA124DM HA723CH uA723HC
LM78M12CP HA78M12UC LM139AF HA139ADM pA723CN uA723PC
LM78M15CP HA78M15UC LM201AN HA201AHM MA733F uA733DM
LM7805CK HA7905KC LM224N HA224PV #A733H MA733HM
LM7905CT HA7905UC LM224F A224DV #A733CF pA733DC
LM7912CK #A7912KC LM301AN HA301ATC MA733CH HA733HC
LM7912CT nA7912UC LM324N uA324PC uA733CN HA733PC
LM7915CK HA7915KC LM324F ©A324DC WA741FE HA741RM
LM7915CT HA7915UC LM339N HA339PC uA741CFE nA741RC
LM7905CH MATIMOSAHC LM339F 1A339DC HAT41CN HA741TC
LM7912CH HA79M12AHC LM2901F 1#A2901DC MAT747F uA7470M
LM7915CH HA79M15AHC LM2901N HA2901PC UA747CF uA747DC
MC1508-8 DAC1508DM MC1458FE uA1458RC HA747CN UAT47PC
MC1458H uA1458HC

PMI MC1458N HA1458TC SILICON
DAC-08C DACO08CDC MC1488N 1A1488PC GENERAL
DAC-08E DACO08EDC MC1488F uA1488DC SG101A uA101AHM
DAC1408A-6 DAC1408CPC MC1489N uA1489PC SG105T HA105HM
DAC1408A-7 DAC1408BPC MC1489F uA1489DC SG111T MAT11THM
DAC1408A-8 DAC1408APC MC1489AN HA1489APC SG117K MA117KM
DAC1508A-8 DAC1508DM MC1489AF HA1489ADC 8G124J HA124DM
OP-07J pA714HM MC1558H #AI558HM SG217P MAZ17UV
OP-07CJ HA714HC MC1558FE #A1558RM SG224J pA224DV
OP-07EJ HA714EHC MC3302N #A3302PC SG224N MA224PV
PM108J HA108HM MC3302F #A3302DC SG301AM UA301ATC
PM108AJ pA108AHM MC3403CF #A3403DC SG301AT UAS01AHC
PM139AY HA139ADM MC3403CN uA3403PC SG305T HA305HC
PM139Y HA1390M NES501 #A9665PC SG305AT #A305AHC
PM208J HA208HV NES555D nAB5558C SG311M pA311TC
PM208AJ HA208AHV NES555N pAS55TC SG311T HA311HC
PM339Y pA339DC NES555N HAB555PC SG317K MA317KC
PM339AY WA339ADC NESS56N pA556PC §G317P HA317UC
PM725J HA725HM NES71F uAS571JJC SG324J uA324DC
PM725CJ HAT725HC NES92D HA592SC SG324N pA324PC
PM725CP uA725TC NE592F uA592DC SG555M HAS55TC
PM741J pA741HM SE592F uA592DM SGS556N HASS56PC
PM741CJ uA741HC NE5S92N uA592PC SG710J HA710DM
PM741CZ uA741RC NES92N8 HAS92TC SG710T HA710HM
PM1458J uA1458HC SESS5FE HAS555RM SG710CN HAT710PC
PM1458Z uA1458RC ULN2001N uAZ665PC SG710CT MA710HC
PM1558J MA1558HM ULN2003F uA9667DC SG711J HA711DM
*Note
Not exact package replacement
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Part Fairchild Part Fairchild Part Fairchild
Number Equivalent Number Equivalent Number Equivalent
SILICON SILICON TEXAS

GENERAL (Cont.) GENERAL (Cont.) INSTRUMENTS (Cont.)

SG711T MA711HM SG7815CK uA7815KC MC15584G HA1558RM
SG711CJ uA711DC SG7815CP MA7815UC NES55P MABS55TC
SG711CN HA711PC SG7818K HA7818KM NES556N uAS556PC
SG711CT MA711HC SG7818CK nA7818KC RC4136D UA4136SC
8G723CJ uA723DC SG7818CP MA7818UC RC4136J uA4136DC
SG723CT HA723HC SG7824K MATB24KM RC4136N uA4136PC
SG723J 1A723DM SG7824CK HA7824KC SA555D uA555SC
8SG723T uA723HM SG7824CP nA7824UC SAS55P HABS5TC
SG723CN HA723PC SG7905K MA7905KM SE556N HA556PC
SG733J MA733DM SG7905CK MA7905KC SN55107AJ HAS55107ADM
SG733T UA733HM SG7905CP #A7905UC SN55110AJ HAS5110ADM
SG733CJ uA733DC SG7908K MA7908KM SN75107AJ MA75107ADC
SG733CN LA733PC SG7908CK HAT7S08KC SN75107AN MA75107APC
SG733CT uA733HC SG7908CP HA7908UC SN7510784J uA75107BDC
SG741F UAT41FM SG7912K MAT7912KM SN75107BN HA75107BPC
SG7417T MA741HM SG7912CK MA7912KC SN75108BN uA75108BPC
SG741CM uA741TC SG7912CP $A7912UC SN75110Al HA75110ADC
SG747J uA747DM SG7915K MA7915KM SN75110AN uA75110APC
SG747T MAT74THM SG7915CK HA7915KC SN75114J 1A9614DC
SG747CJ uA747DC SG7915CP pA7915UC SN75114N uAS614PC
SG747CN uA747PC SG75450BCN MA75450BPC SN75115J uA9615DC
SG747CT MATATHC SG75451BCM uA75451BTC SN75115N 1A9615PC
SG748T uA748HM 8G75451BCY HA75451BRC SN75150N uA75150PC
SG748CM HATABTC SG75452BCM MA75452BTC SN75150P uA75150TC
SG748CT uA748HC SG75453BCM MA75453BTC SN75154J pA75154DC
SG1488J pA1488DC SG75453BCY #A75453BRC SN75154N uA75154PC
SG1489AJ HA1489ADC SG75461CM HA75461TC SN75188J uA1488DC
SG1558T uA1558HM SG75462CM HA75462TC SN75188N 1A1488PC
SG2001J uA9665PC SN75189J nA1489DC
SG20024 uA9666DC SILICON SYSTEMS SN75189N KA1489PC
SG2003J #A9667DC SSIH17-2 uA2482RDC SN75189AJ #A1489ADC
$G3086J HA3086DC SSI117-4 HA2484RDC SN75189AN uA1483APC
SG3086N #A3086PC SSI1117-6 UA2486RDC SN75450BN MAT75450BPC
SG3302J uA3302DC SN75451BJG pA75451BRC
SG3302N 1A3302PC TEXAS SN75451BP uA75451BTC
SG75450BJ 1A75450BDC INSTRUMENTS SN754528P pA75452BTC
SE754508N PA75450BPC AM26S10CJ HAIBA0DC SN75453BJG uA75453BRC
SG7805K MA7805KM AM26S10CN pASBAOPC SN75453BP uA75453BTC
SG7805CK HATBO5KC TC101AJ UA101AHM SN75461P HAT5461TC
SG7805CP uA7805UC LM105L HA105HM SN75462P HA75462TC
SG7808K UA7808KM LM124J pA124DM SN75471P pA75471TC
SG7808CK HAT7808KC LM139J 2A139DM SN75472P HAT5472TC
SG7808CP HATB0BUC LM148. WA148DM SN75491N HAT5491PC
SG7812K HA7812KM TC201AJG UA201AHY SN75492N pA75492PC
SG7812CK uA7812KC LM348J wA348DC TLC555MJG uAS55RM
SG7812CP uA7812UC TLC555CD HAS55SC
SG7815K LATB15KM tmg‘;gs ‘;’;3;22’5 TLC555CP WAB55TC

*Note
Not exact package replacement
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Part Fairchitd Part Fairchild Part Fairchild
Number Equivalent Number Equivalent Number Equivalent
TEXAS TEXAS TEXAS

INSTRUMENTS (Cont.) INSTRUMENTS (Cont.) INSTRUMENTS (Cont.)

TLO71ACO HA771BSC ULN2003AN HA9667PC #A2240CJ uA2240DC
TLO71ACP uA771BTC ULN2004AJ #AS668DC UA2240CN #A2240PC
TLO71BCD MAT71ASC ULN2004AN HA9668PC HA7805CKC HA7805UC
TLO71BCP HAT71ATC HA709MJ #A709DM MA7808CKC uA7808UC
TLO71CD MA771SC HA709MU HAT7O9FM pA7812CKC pA7812UC
TLO71CP HA77ATC HA709AMJ #A709ADM HA7815CKC nA7815UC
TLO71MJGB uA771BRMQB #A709AMU HA709AFM HA7818CKC uA7818UC
TLO72ACD uA772BSC MA709CP MAT09TC HAT7824CKC #A7824UC
TLO72ACP wA772BTC HA710CJ nA710DC HA7885CKC HA7885UC
TLO72BCD HA772ASC #A710CN HA710PC HA78LOSCLP HA78LOSAWC
TLO72BCP uAT72ATC HA710MJ HA710DM HA78L12CLP HA78L12AWC
TLO72CD uA7728C uA711CJ PA711PC HA78L15CLP HA7BL1SAWC
TLO72CP MAT772TC MA711CN nA711PC #A78MOSCKC pA78MO5UC
TLO72MJGB HA772BRMQB HA711MJ HA711DM HA78MO6CKC MA78MO6UC
TLO74ACN uA774BPC HA711MV UA711FM HAT8MOBCKC HA78M0O8UC
TLO74CN HAT74PC uA723CJ HA723DC HA78M12CKC uA78M12UC
TLO74MJB HA774BDMQB HA723CN HA723PC uA78M15CKC HA78M15UC
TLO81ACJG HA771BRC HA723MJ HA723DM HA78M24CKC HA78M24UC
TLO81ACP HA771BTC MA733CJ uA733DC HA7905CKC HA7905UC
TLO81BCJG uA771ARC MA733CN uA733PC HAT7908CKC HA7908UC
TLO81BCP HA77T1ATC HA733MJ HA733DM MA7912CKC #A7912UC
TLO81CJG HAT7LRC uA741CJG HA741RC uA7915CKC HA7915UC
TLO81CP HA77LTC HA741CD uA7418C MA79MOSCKC HA79MO5AUC
TL431CLP HA431AWC HA741CP HA741TC MA7IMOBCKC HATSMOBAUC
TL494CN uA494PC HA741MJ HA741DM MA79M12CKC HA7SM12AUC
TL494CJ ©A494DC HA741IMIG uA741RM MA7IM15CKC MA79M15AUC
TL494MJ HA494DM HA741MU HA741FM UA9B37AC HA9637RC
ULN2001AN uA9665PC HAT747C HA747DC 9614CJ HA9614DC
ULN2002AJ #A9666DC HA747CN UAT47PC 9614CN uA9614PC
ULN2002AN nA9666PC HA74TMJ HA747DM 9615CJ #A9615DC
ULN2003AJ #A9667DC uA748CP HA748TC 9615CN nA9615PC

*Note

Not exact package replacement
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Ordering Information

Standard Rel. and Hi-Rel. Ordering Code
Three basic units of information are contained in the or-

dering code.

HAT741 T C
Device Type PackageType Temperature Range
Device Type

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

Package Type

One alpha suffix represents the basic package style.
D = Dual In-Line {Hermetic, Ceramic)

F = Flatpak (Hermetic)

G = Flatpak (Brazed)

H = Metal package

J = Dual In-Line (Side Brazed)

K = Metal Power Package (TO-3)

L =LCC Leadless Ceramic Chip Carrier

P = Dual In-Line (Molded)

Q = PLCC Plastic Leaded Chip Carrier

R =8 Lead Dual In-Line (Hermetic, Ceramic)
8 = SOIC Small Outline Integrated Circuits
T =8 Lead Dual In-Line (Molded)

U = Power Package (Molded, TO-220)

W = Molded Package (TO-92 Outline)

Different outlines exist within each package style to ac-
commodate various die sizes and number of leads. Specif-
ic 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 ba-
sic temperature grades in common use. Exact values and
conditions are specified on the device data sheets.
C = Commercial 0°C to +70°C
M = Extended -55°C to +125°C
V = Industrial -25°C to +85°C
-40°C to +85°C

QB/883 Processing

A two alpha suffix of QB indicates conformance to Class
"B" process requirements of MIL-STD-883 to Fairchild MIL
temperature range data sheet electricals.

Examples

#A741FM This number code indicates a pA741 Operation-
al Ampilifier in a flatpak with military temperature rating ca-
pability.

uA725EHC This number code indicates a nuA725 Instru-
mentation Operational Amplifier, electrical option E, in a
metal package with a commercial temperature rating capa-
bility.

Device Identification
All Fairchild standard

catalog linear circuits

will be marked as »AT10DC

shown in the following  DataCoda

example.

JAN Part Ordering Code*
J M38510/ 101 01 B G C
" mRRE

JAN Designator

Cannot be marketed with ""J"
unless qualified on Part |

or Part Il of the QPL

General
Procurement Spec

Refers to Detail Spec |
101 Op Amps

102 Voltage Regulators

103 Comparators

104 Interface

106 Voltage Followers

107 Positive Fixed Voltage Regulators

108 Transistor Arrays

109 Timers

110 Quad Op Amps

112 Voltage Comparator

113 D to A Converter

115 Negative Fixed Voltage Regulators
117 Positive Adjustable Voltage Regulators
118 Negative Adjustable Voltage Regulators
119 Low Power, Low Noise, Bi-Fet Op Amps

Defines Device Type

Processing Level

ge Type
14-lead 1/4 x 1/4 Flatpak
14-lead 1/4 x Flatpak
14-lead 1/4 x 3/4 Dip
14-lead 1/4 x 3/8 Flatpak
16-lead 1/4 x 7/8 Dip
16-lead 1/4 x 3/8 Flatpak
G 8-lead Can
H 10-lead 1/4 x 1/4 Flatpak
| 10-lead Can
J 24-lead 1/2 x 1 1/4 Dip
K 24-lead 3/8 x 5/8 Flatpak
L 24-lead 3/8 x 1/2 Flatpak
X 3-lead TO-5 Can
Y 2-lead TO-3 Can
Z 24-lead 1/4 x 3/8 Flatpak
Z 20 Terminal LCC

B
P
A
B

mTmooO

Lead Finish

A Hot Solder Dip

B Tin Plate

C Gold Plate

X Any Finish Above

*See Section 12 Aerospace & Defense
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Thermal Considerations

Thermal Management

An effective and safe performance of various IC or transis-
tor packages is attained by proper heat removal and main-
tenance of their junction temperatures below the specified
maximum values. In order to achieve efficient thermal
management, the user must rely upon important parame-
ters, provided by the manufacturer (junction-to-ambient and
junction-to-case thermal resistances and maximum operat-
ing junction temperature).

Thermal resistance is considered as the temperature gradi-
ent between two reference points in the package or the
total system, per unit of power dissipation through the de-
vice encapsulated in the package, under steady state con-
ditions. It is expressed as fxy, in degrees centigrade per
Watt (°C/W)—where X and Y are the two reference
points.

Equations

A simple thermal circuit for a semiconductor device in
equilibrium is shown in Figure 1. The reference points in
this case are

J — Device junction

C — Package case

S — Heat sink

A — Ambient

Figure 1 Simplified Thermal Circuit

T4 JUNCTION TEMPERATURE

POWER (P
P < 65¢ JUNCTION-TO-CASE
S THERMAL RESISTANCE
& Tc CASE TEMPERATURE
C HEAT < 5cs CASE-TO-SINK
SOURCE S THERMAL RESISTANCE

‘L Ts SINK TEMPERATURE

< fgA SINK-TO-AMBIENT
b S THERMAL RESISTANCE

T TEMPERATURE
CRO5750F

Ta

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 po-
tential and thermal resistance to ohmic resistance. The
junction-to-ambient thermal resistance, 8,4, is then ex-
pressed as a sum of thermal resistances in series, as
shown:

Oya = 64c + Ocs + Osa

Ty-Tc To-Ts Ts-T
_Ti-Tc Tc-Ts Ts-Ta
Pp Po Pp

T;-T,
=LP_A (°C/W)

D
Where
Pp = Power dissipation
Measurements

Substrate or isolation diode method is used to determine
the device junction temperature, T,. The other reference
temperatures are measured using thermocouples attached
to required points. There are standard procedures available
for 6,o and 8)c measurements, details of which could be
referred from MIL-STD-883 Method 1012, SEMI-STD Docu-
ment #1341 and 1342,

The package thermal characterization is best performed
using 'Test Chips'. The chip specification conforms to
SEMI-STD NO. G 32-86. These chips consist of transistors
or resistor strips (as the heat source) covering 85 percent
of the active device area. Temperature sensing diodes and
associated metallization runs are electrically isolated from
the heat source. Such a test chip is considered a basic
cell. Heat dissipating through a large size chip could be
simulated by using an array of such basic cells. The de-
vice, and thus the package, is heated while being pow-
ered. The diode forward voltage (Vg) is simultaneously
monitored using an independent low current source. T, is
determined from a Vg vs T, calibration curve. This very
reliable thermal resistance data could be correlated with
the die size ( = heat dissipating area).

The thermal resistance measurement of specific device
plus package combination differs from the above described
test chip method. In this case, a substrate diode is select-
ed for determining T,. Special electrical equipment is re-
quired for pulsing power in the forward direction of the
device under test while measuring voltage drop across the
substrate diode in between the pulses. This measurement
technique has its shortcomings, since it is more prone to
experimental errors.

In order to maintain the junction temperature below a spe-
cific level, at times it is necessary to use an external heat
sink. The following is devoted to selection of proper heat
sinks, with special relevance to voltage regulators.
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Thermal Considerations

Thermal Considerations Using Volitage Regulators
as an Example

Heat Sink Requirements

When is a heat sink necessary, and what type of a heat
sink should one use? The answers to these questions de-
pend on reliability and cost requirements. Heat sinking is
necessary to keep the operating junction temperature (T,)
of the regulator below the specified maximum value. Since
semiconductor reliability improves as operating junction
temperature is lowered, a reliability/cost compromise is
usually made in the device design.

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

1.56 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 leveis at ambients above
25°C.

To choose or design a heat sink, the designer must deter-
mine the following regulator parameters.

Pp max — Maximum power dissipation: (V|-Vp) lo+V; g
Ta— Ambient temperature the regulator will encounter dur-
ing operation.
Ty Max — Maximum operating junction temperature, speci-
fied by the manufacturer.
8y, 044 — Junction-to-case and junction-to-ambient thermal
resistance values, also specified by the regula-
tor manufacturer.
fcs — 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 be-
tween the package and the heat sink.
fsa — Heat sink-to-ambient thermal resistance, specified by
heat sink manufacturer.

Maximum permissible dissipation without a heat sink is de-
termined by
_ Ty max—Ta
Pp Max = v
JA
If the device dissipation Pp exceeds this figure, a heat
sink is necessary. The total required thermal resistance
may then be calculated.

Ty Max—Ta

Pp
Case-to-sink and sink-to-ambient thermal resistance infor-
mation 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
1. However, if a chassis or other conventional surface is
used as a heat sink, Figure 2 can be used as a guide to
estimate the required surface area.

Buagoty = Ouc + Oos + Bsa =

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 to 60°C
Maximum junction temperature: 125°C

Maximum output current: 800 mA

Maximum input to output differential: 10 V

The TO-220 package is sufficient (lower cost, better ther-
mal resistance).

8yc = 5°C/W maximum (from data sheet)

Ty-Ta
Buagoty = Oy + Ocs + Osa = D
Bes + Osp =222 5 _ 3130w
CsTTSAT h8x 10 '

Assuming fcg = 0.13°C/W then fgs = 3°C/W

Figure 2 Heat Sink Materlal Selection Guide
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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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This thermal resistance value can be achieved by using
either 22 square inches of 3/16 inch thick vertically
mounted aluminum (Figure 2) or a commercial heat sink
(Table 1).

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 sur-
face is flat and free from ridges or high spots. Check the
regulator package for burrs or peened-over corners. Re-
gardless of the smoothness and flatness of the package
and heat sink contact, air pockets between them are un-
avoidable 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.

Table 1 Heat Sink Selection Guide

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 commer-
cially 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 improve-
ment 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, han-
dle them carefully to avoid straining the package. Further-
more, lead bending should be restricted since repeated
bending will fatigue and eventually break the leads.

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.

Osa Approx. (°C/W) Manufacturer® and Type

Osa Approx. (°C/W) Manufacturer® and Type

TO-3 Packages

0.4 (9" length)
0.4-0.5 (6" length)

0.56-3.0
0.6 (7.5" length)

0.7-12 (5-5.5"
length)
1.0-5.4 (3" length)

Thermalloy (Extruded)
6590 Series

Thermalloy (Extruded)
6660, 6560 Series

Wakefield 400 Series

Thermalloy (Extruded)
6470 Series

Thermalloy (Extruded) 6423,
6443, 6441, 6450 Series

Thermalioy (Extruded)
6427, 6500, 6123, 6401,
6403, 6421, 6463, 6176,
6129, 6141, 6169, 6135,
6442 Series

IERC E2 Series (Extruded)

IERC E1, E3 Series (Extruded)

Wakefield 600 Series

IERC HP3 Series

Staver V3-5-2

Thermalloy 6001 Series

IERC HP3 Series

Thermalloy 6013 Series

5.6 Staver V3-3-2

5.9-10 Wakefield 680 Series
6 Wakefield 390 Series
6.4 Staver V3-7-224
6.5-7.5 IERC UP Series

8 Staver V1-5

8.1 Staver V3-5

8.8 Staver V3-7-96

9.5 Staver V3-3
9.5-10.5 IERC LA Series
9.8-13.9 Wakefield 630 Series
10 Staver V1-3

11 Thermalloy 6103, 6117 Series

TO-220 Packages (See Note 1)

4.2 |IERC HP3 Series

5-6 IERC HP1 Series

6.4 Staver V3-7-225
65-75 IERC VP Series

71 Thermalloy 6070 Series
8.1 Staver V3-5

8.8 Staver V3-7-96

9.5 Staver V3-3

2-5
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Table 1 Heat Sink Selection Guide (Cont.)

Osa Approx. (°C/W) Manufacturer® and Type Osa Approx. (°C/W) Manufacturer® and Type
10 Thermalloy 6032, 6034 Series 34 Thermalloy 2228 Series
125-14.2 Staver V4-3-192 35 IERC Clip Mount Thermal Link
13 Staver V5-1 39 Thermalloy 2215 Series
15 Thermalloy 6030 Series 41 Thermalloy 2205 Series
15.1-17.2 Staver V4-3-128 42 Staver F5-5A
16 Thermalloy 6072, 6106 Series 42-65 Wakefield 296 Series
18 Thermalloy 6038, 6107 Series 46 Staver F6-5, F6-5L
19 IERC PB Series 50 Thermalloy 2225 Series
20 Staver V6-2 50 - 55 IERC Fan Tops
20 Thermalloy 6025 Series 53 Thermalloy 2211 Series
25 IERC PA Series 55 Thermalloy 2210 Series
56 Thermalloy 1129 Series
TO-92 Packages 58 Thermalloy 2230, 2235 Series
30 Staver F2-7 60 Thermalloy 2226 Series
46 Staver F5-7A, F5-8-1 68 Staver F1-5
50 IERC RUR Series 72 Thermalloy 1115 Series
57 Staver F5-7D
65-5 IERC RU Series Power Watt (similar to TO-202)
72 Staver F1-7 Packages (See Note 2)
85 Thermalloy 2224 Series 125~-14.2 Staver V4-3-192
13 Thermalloy 6063 Series
TO-5 and TO-39 Packages 13 Staver V5-1
12 Thermalloy 1101, 1103 Series 151-17.2 Staver V4-3-128
12-16 Wakefield 260-5 Series 19 Thermalloy 6106 Series
15 Staver V3A-5 20 Staver V6-2
22 Thermalloy 24 Thermalloy 6047 Series
1116, 1121, 1123 Series 25 Thermalloy 6107 Series
22 Thermalloy 37 IERC PA1-7CB with PVC-1B
1130, 1131, 1132 Series Clip
24 Staver F5-5C 40 - 42 Staver F7-3
25 Thermalloy 2227 Series 40 - 43 Staver F7-2
26 -30 IERC Thermal Links 42 IERC PA2-7CB with PVC-1B
27 -83 Wakefield 200 Series Clip
28 Staver F5-58 42-44 Staver F7-1
Notes
1. Most TO-3 heat sinks can also be used with TO-220 packages with
appropriate hole patterns.
2. Most TO-220 heat sinks can be used with the Power Watt package.
3. IERC: 135 W. Magnolia Blvd., Burbank, CA 91502
Staver Co., Inc.: 41-51 N. Saxon Ave., Bay Shore, N.Y. 11706
Thermalioy Inc.: 2021 W. Valley View Lane, Dallas, TX 75234
Wakefield Engineering, Inc.: Audubon Rd., Wakefield, MA 01880
_ I
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Testing, Quzlity and

Reliability

Testing

For proper interpretation and understanding of published
data sheet parameters, one must understand the philoso-
phy used by Fairchild in testing its linear products.

All Fairchild products are tested during various phases of
the manufacturing process to ensure the shipment to the
customer of a reliable product that meets or exceeds the
guaranteed specifications. Fairchild tests its finished prod-
ucts, at room ambient, with automated equipment that op-
erates at relatively high speeds. It is not unusual to
perform more than a hundred tests on a simple product;
each test normally takes a few milliseconds and testing of
one device is normally completed in a matter of a few
hundred milliseconds. Parameter variations due to internal
heating of the device are minimized during factory testing.
During normal operation of the device, the effects of the
internal heating on the device performance must be kept
in mind by the user as well as the person performing in-
coming testing in the laboratory. Internal power dissipation
and thermal resistance numbers supplied in each data
sheet will be helpful in determining temperature rise due
to internal heating.

Except for Aerospace and Defense products or customers
that specifically request it, normaily no temperature testing
is done on production devices. How does Fairchild then
guarantee the parameters it specifies over the temperature
extremes? We do this by thorough characterization of the
product. Prior to release to production of a new product,
or a product modification, a representative sample from
three production runs is tested in temperature chambers
over the operating temperature range of the device. This
characterization testing, normally done on automated tes-
ters, is supplemented by bench testing and covers all of
the ""guaranteed", ''typical”’, as well as parameters not
normally specified on the product data sheet. The results
of this characterization are thoroughly analyzed and from
them, the "'minimum", "typical'’ and "maximum' data
sheet values are determined. In addition, room temperature
guardbands are established and yield enhancements are
identified. The characterization is an on-going process and
normally the correlation between room temperature and
operating temperature extremes are very good. Product in-
tegrity and compliance to data sheet parameters are
checked periodically by Quality Asssurance by sampie test-
ing outgoing material at temperature extremes.

In summary then:

a. Production testing is done at high speeds and normally
at room temperature only.

. Compliance to temperature specifications is accom-
plished through on-going characterization and room tem-
perature guardbands.

=

c. Periodic sample testing at temperature extremes is done
by Quality Assurance on outgoing material to ensure
compliance.

Quality and Reliability

It is the policy of Fairchild Semiconductor Corporation that
every employee be committed to pursuing excellence by
producing zero defect products and services in confor-
mance with customer requirements. Prevention, detection,
and control methodologies are applied throughout the man-
ufacturing and administrative processes to strive for zero
defects and continual quality improvement.

Specific programs for quality improvement include, but are
not limited to, the following:

® Quality training. A formal nationally-recognized
program involving all engineering and management
personnel. Operators are formally trained and
certified for all production operations.

© Statistical Process Control (SPC). A formal program
of characterization and control limit setting.

® Electrostatic Damage (ESD) control and
measurement. A program to contain the effects of
ambient static and to reduce device sensitivity.

@ Design control. A program to assure adequate rules
and implementation, process control, and
demonstrated conformance of processes, materials,
and products.

® Measurement. In-process and outgoing attributes.
Reconclllation of internal versus customer results.

©® Reliability hazard prevention. In-process monitors for
the prevention of hazards such as moisture,
pinholes, step coverage, contamination, and
passivation integrity.

® Reliabllity monitor. Outgoing reliability as measured
by operating life in dry and moisture environments
and other stress tests.

For continual product improvement the Linear division
maintains failure analysis capability, return material system,
and specification review to provide customer assistance
and to focus factory actions for response to fitness for
use issues. The failure analysis laboratory contains funda-
mental tools for optical and electrical definitions, for de-
capsulation, for specimen preparation, for SEM, EDAX, and
electrical microprobe. Expert diagnosis is provided by inter-
nal personnel and augmented with outside consultation.

Reliability is product performance in time, stress, and envi-
ronment. The science of reliability is to define those attrib-
utes and controls necessary to assure and improve time/

stress/environment performance. Finished product reliability
is measured periodically to assure conformance with life
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requirements, and data is available quarterly for operating
life and moisture life attributes.

Quality is performance now, conformance to specification,
and fitness for use. Basic elements of the Linear division
quality system are controlled documents and in-process in-
spections. Outgoing quality is measured for all lots to as-
sure conformance to specification, and data is available
monthly for electrical, visual, and mechanical attributes.

Commercial Product Flow

Wafer fab must begin with controlled raw materials such

as silicon, gasses, and chemicals. Post alloy sample probes
and other monitors assure built-in quality. Automated elec-
trical testing is performed at wafer level. The fabricated

wafer is processed with automated die preparation that in-
cludes saw and pick and place.

The die (or chip) itself is assembled with automated die
attach and wire bond, molded, and finished with automat-
ed handling at trim, form, test, and lead scan operations.
In-process controls assure die attach, wire bond, molding,
trim, and form. Emphasis on automation has reduced vari-
ability and enhances our ability to controi quality and reli-
ability.

Finished product is inspected on a lot basis for electrical,
visual, and mechanical parameters. Records are maintained
for all inspections, and deviations from conformance are
reviewed monthly for trend analysis and corrective im-
provements. Accept number for all inspections is zero.
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Standard Cell Design with Fairchild CLASIC
Approach

Introduction

The Fairchild CLASIC (Customizable Linear Applications

Specific Integrated Circuits) approach brings to the sys-

tems designer a level of sophistication that will enable

VLSI solutions requiring analog and mixed analog/digital

functions to be integrated cost effectively. The CLASIC

approach offers:

® Bipolar and CMOS Technologies

¢ Standard Cell and Array Methodologies

® Customer CAD Tools That Allow Design and
Simulation with Higher Level Building Blocks

By offering a cell library of pre-designed commonly identi-
fied function blocks such as op amps, comparators,
DAC's, VCO, PLL, gates, flip flops, counters, etc., and
CAD tools to combine them, the CLASIC system consider-
ably reduces the time and the risks associated with VLSI
designs. The designers task is somewhat more complicat-
ed, but similar to designing a printed circuit board using
standard IC's. Most importantly, however, with the CLASIC
approach the customer can select the level of design par-
ticipation desired. At the lowest level the customer can
simply provide a functional description of the desired de-
sign and a CLASIC applications engineer will translate this
into a standard cell schematic. As the user gains experi-
ence and confidence with the CLASIC approach, any level
of design up through layout can be accomplished with the
appropriate CAD tools at the users location if desired. The
user has a choice of options best suited to his needs and
experience.

The Cell Library

There are presently over 150 cells in the CLASIC library
covering a broad range of linear and digital function with
additional cells being added on a continual basis. The fol-
lowing is a partial list of the type of cells available:

Linear
& Amplifiers Op Amps, General Purpose
Op Amps, Low Offset
Op Amps, Programmable
Norton Amp
AGC Amp
Video Amp
Control Amp
ECL Output
TTL Output
General Purpose
® Data Converters A/D
D/A
® Line Drivers/Receivers 422
485

® Comparators

Selecting a Design Entry Level

Customer Tasks Fairchild Tasks

SYSTEM

DIAGRAM - STANDARD CELL
SPECIFICATION SCHEMATYIC

STANDARD CELL
SCHEMAYIC SIMULATION

SIMULATION LAYOUT
]

)
LAYOUT

Lavour VERIFICATION

LAYOUT MASK
VERIFICATION € GENERATION

MASK C WAFER
GENERATION FABRICATION

WAFER ASSEMBLE/
FABRICATION TEST

PROTOTYPE

ASSEMBLE!
TEST EVALUATION

PROTOTYPE
EVALUATION

SUPPORT
SERVICES

AF00880F

® Peak Detectors

e PLL

® Programmable Current Sources
® VCO's

® Wave Generators

® Zero Crossing (Detectors)

® 555 Timer

Digital

® Gates

o Flip Flops

® One Shots

® Edge Detectors
® MUX's

® Counters

® Registers

e Decoders

® Delay Cells

® Drivers

o Translators (ECL/TTL)

The linear performance offered by Bipolar CLASIC cells is
based on NPN f; of 25 GHz and PNP f; of 40 MHz. The
logic cells are based on high performance ECL offering
gate delays of 1.5 ns at fanout of 3 and D flip flop toggie
frequencies better than 100 MHz.
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The CMOS cell library is presently based on a 3 micron
double poly process providing offset voltages of less than
5 mV, unity gain BW of 2 MHz, gate delays of 5 ns at
fan out of 3 and D flip flop toggle frequencies at better
than 50 MHz. A new generation of cells is presently in
design for a 2 micron CMOS double poly process which
will provide gate delays of 1.5 ns and D flip flop toggle
frequencies better than 200 MHz.

CLASIC CAD

An important feature of the CLASIC system is to provide
comprehensive CAE packages for PC's, workstations and
mainframes. Using these software tools the customer can
perform all of the design steps from schematic capture to
circuit simulation and verification in their own laboratory.

A CLASIC software package for VAX mainframe systems
will also be offered. If desired, customers can also work
through Fairtech centers which are a worldwide design
center network.

In any case, the starting point for the customer is to de-
scribe the required system function in terms of the
CLASIC cells. Where a requirement is not met with an
existing cell, either the customer can create a new cell by
using the macro level components such as transistors, re-
sistors and capacitors which are available and described in
the library or the special requirements can be described to
Fairchild's CLASIC applications engineers who can design
the cell for incorporation into the IC design. New cells are
being continually added to the library to serve the vast
majority of the customers needs.

Figure 1 Data Separator/Encoder Block Diagram — A CLASIC Example
PRE-COMPENSATION RZ ADDRESS
—_—— WRITE READ WRITE MARK
Vee GND 2 21 DATA GATE GATE ENABLE
: '
(MPM) DIGITAL ANALOG CONTROL MFM (2,7)
A1FOUND CLOCK PRE-COMP PRE-COMP LOGIC SELECT
DECODER
U INTERNAL
ROL
— RZDATA CONTRO
INTERNAL
NRZ READ MFM&2,7 16-BIT MFM & 2,7 cLOCK
DATA ENCODER REGISTER DECODER [+
INTERNAL ﬂ
cLocK
READ/REF
MFM
cLocK CLOCK ZEROPHASE ‘?‘DA':EKSS PHASE (MEM) WRITE
GENERATOR START UP _| DECODER up - CLOCK Missin
y GENERATOR
1 NRZ
WRITE DATA
INTERNAL WRITE CLOCK
CONTROL
BUS GATE
IF CLOCK
} RZ DATA —‘
RZ READ NLAV I
DATA DIGITAL PHASE CHARGE veo
REFERENCE SWITCH DETECTOR g T ©
OSCILLATOR
(IF)
| E—
l ADDRESS
OELAY  DELAY MARK FAST SLOW  + - veo
RESISTOR CAPACITOR  FOUND —_— FILTER CAPACITOR
CHARGE PUMP
EQOO730F
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CLASIC CAD | (PC Based)

® Fairchild Cell Libraries

® Schematic Capture

® Simulation Software

® Net List Post Processor

® Test Generation

¢ Documentation
~ installation Manual
- Design Applications Manual
- Simulation Manual

CLASIC CAD Il (Workstation Based)

For those customers who own or plan to purchase one of
the popular workstations, CLASIC cell libraries with simula-
tion models will be offered.

CLASIC CAD Ill (VAX based)

The CAD system used internally by the CLASIC groups
which includes complete capability from cell schematic
through layout verification, can be made available for
those customers desiring this level of performance.

Design Example:

Task: To design a disk drive data separator/encoder
decoder on a single chip. Original design re-
quired 25 IC packages plus numerous dis-
cretes.

Approach: Use CLASIC Standard Cell Methodology.
Step 1: Translate system level functional diagram into
standard cell schematic. Create new cells if
required. See Figure 1. Search cell library for
required functions.
Step 2: Perform Schematic Capture on desired CAD

tool. Net list generation

4-5

Step 3: Run simulation on schematic from Step 2.
Redesign and/or reselect cells as appropriate
to achieve desired performance. If bread-
boarding is desired for critical areas, kit parts
of various standard cells are available in
packaged form. This permits breadboarding to
be accomplished with relative ease and accu-
racy.

Auto route and place run on desired CAD
tool.

Layout verification run on desired CAD tool.
Mask generation.
Wafer Fabrication.

Step 4:

Step 5:
Step 6:
Step 7:

Step 8: Assemble/Test (Fast turnaround prototype as-
sembly; 1 day service).
Step 9: Evaluate prototypes.

Fairchild can perform ail the steps outlined 1 through 9,
however with entry level CAD tools steps 1 through 3 can
be achieved by the customer with minimal training and in-
vestment resulting in rapid payback and improved commu-
nications and efficiency.
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1A24H80
Winchester Disk
Servo Preamplifier

Linear Division Disk Drives

Description

The ©A24HB0 provides termination, gain, and impedance
buffering for the servo read head in Winchester disk
drives. It is a differential input, differential output design
with fixed gain of approximately 100. The bandwidth is
guaranteed greater than 30 MHz.

The internal design of the pA24H80 is optimized for low
input noise voltage to allow its use in low input signal
level applications. 1t is offered in 8-lead DIP, 10-lead flat-
pak, or SO-8 package suitable for surface mounting.

® Low Input Noise Voltage

® Wide Power Supply Range (8.0 V To 13 V)

® Internal Damping Resistors (1.3 k)

¢ Direct Replacement For SSI 101A, With Improved
Performance

Absolute Maximum Ratings

Storage Temperature Range
Ceramic DIP and Flatpak
Molded DIP and SO-8

-65°C to +175°C
-65°C to +150°C

Operating Temperature Range 0°C to 70°C
Lead Temperature
Ceramic DIP and Flatpak
{soldering, 60 s) 300°C
Molded DIP and SO-8
(soldering, 10 s) 265°C
Internal Power Dissipation': 2
8L-Ceramic DIP 1.30 W
8L-Molded DIP 0.93 W
SO-8 0.81 W
10L-Flatpak 0.79 W
Supply Voltage 15V
Output Voltage 15V
Differential Input Voltage +*10 V

Notes

1. Ty max = 150°C for the Molded DIP and SO-8, and 175°C for the
Ceramic DIP and Flatpak.

2. Ratings apply to ambient temperature at 25°C. Above this temperature,
derate the 8L-Ceramic DIP at 8.7 mW/°C, the 8L-Molded DIP at
7.5 mW/°C, the SO-8 at 6.5 mW/°C, and the Flatpak at 5.3 mw/°C.

L ___________________________________

Connection Diagram
8-Lead DIP and SO-8 Package

(Top View)
[ we
:] V+
- ouT
D +0uY
Device Code Package Code Package Description
uA24HB0RC 6T Ceramic DIP
uA24HBOSC KC Molded Surface Mount
#A24H80TC oT Molded DIP
Connection Diagram
10-Lead Flatpak
(Top View)
]
1 10
+IN | ® I _JneC
Y —
8
Ne : 1 -our
7
v- . [ 1 +out
NC 5‘ . NC
COO1S80F

Order Information
Device Code Package Code

MA24HBOFC 3F

Package Description
Flatpak

Description of Lead Functions

Name Description of Functions

V+ Positive Differential Supply with respect
to V-

V- Negative Differential Supply with respect
to V+

+IN Positive Differential Input

-iN Negative Differential input

+0OUT J Positive Differential Output

-0uT Negative Differential Output
NC No connection
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1A24H80

Electrical Characteristics Tp = 25°C, Voo =8.0 V to 13.2 V, uniess otherwise specified.

=T

Symbol Characteristic Condition 1Min Typ Max Unit
G Gain (differential)* Rp =130 , Vg =12 V | e[ 100 120

Rp =130 £, Veg=12 V 70 130 L

Ta=0°C to 70°C
BW Bandwidth (3.0 dB)? V=05 mV,_, 30| 65 | MHz
R ;lnput Resistance 1040 | 1300 15601 Q
C Tlnput Capacitance 3.0 jl pF
\'/ Input Dynamic Range (differential) Rp=130 &, Vgg=12 V 3.0 mVp_p
ls Supply Current LVc(; =12 V | 20 25 mA
AVg Output Offset (differential) —LHP =130 2, Rg=0 200 mv
Vn Equivalent Input Noise® 3 7 Rs=0 §, BW=4.0 MHz 15 20 uv
PSRR Power Supply Rejection Ratio’ Rg=0 £, t=5.0 MHz 55 70 dB
AG/AV Gain Sensitivity (Supply) Rp =130 £, AVec=110% +0.5 %/V
AG/AT Gain Sensitivity (Temp) Rp =130 Q, To=25°C to 70°C -0.1 %/°C
CMR Common Mode Rejection’ (Input) f=5.0 MHz 60 75 | dB

Notes

1. Tested at DC, guaranteed at frequency
2. Guaranteed, but not tested in production
3. Equivalent input noise (additional specification):

TYP MAX UNIT CONDITION
3 4 uv BW = 15 MHz?
0.85 1.0 nv/vHz BW = 15 MHz2?

Typical Applications

V+

1\15 * JC

1
SERVO é
HEAD nA24HB0 ¢
2
| Z_‘ __i
4

Notes
1. Leads shown for 8-lead DIP.
2. Req is equivalent load resistance.

4. G=077 Rp
Where Rp = value from Note 3 (above) in ohms.
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«uA2460 » uA2461
Servo Control Chips

Linear Division Disk Drives

Description

The pnA2460 and pA2461 provide the analog signal pro-
cessing required between a drive resident microprocessor
and the servo power amplifier for Winchester disk closed
loop head positioning. The uA2460 and uA2461 receive
quadrature position signals from the servo channel; and
from these, derive actual head seek velocity as well as
position-mode off-track error. In the seek mode, the Digital
to Analog Converter (DAC) is used to command velocity,
while actual velocity is obtained by differentiating the gquad-
rature position signals provided at V1 for external process-
ing. The velocity signal (V2), obtained by integrating the
motor current, is also available for extra damping, if de-
sired. Further, the DAC may be used for detenting the
head off-track for any purpose such as thermal compensa-
tion or soft-error retrys.

® Microprocessor Compatible Interface

® Quadrature Di-Bit Compatible

® On Board DAC

® Velocity V1 Derived From Position Signal
® Velocity V2 Derived From Motor Current
® Quarter-Track-Crossing Signal Outputs

® Minimal External Components

o Compatible With 1A2470 Demodulator

Absolute Maximum Ratings
Storage Temperature Range

Ceramic DIP -65°C to +175°C

PLCC -65°C to +150°C
Operating Temperature Range 0°C to 70°C
Lead Temperature

Ceramic DIP (soldering, 60 s) 300°C

PLCC (soldering, 10 s) 265°C
Internal Power Dissipation' 2

28L-Ceramic DIP 2.50 W.

28L-PLCC 1.39 W.
Supply Voltage 15 V Max

Analog Common Voltage 8.0 V Max

All inputs V supply Max
Notes

1. Tj Mmax = 150°C for the PLCC, and 175°C for the Ceramic DIP.

2. Ratings apply to ambient temperature at 25°C. Above this temperature,
derate the 28L-Ceramic DIP at 16.7 mW/°C, and the 28L-PLCC at
11.2 mW/°C.
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Connection Diagram
28-Lead DIP (Top View)

o7 []

9

LATCH ENABLE []
1

SEEK/FOLLOW

TRO

14
GND (]

1 W/

13

V+

U

21
D DIRECTION IN/OUT
26
[ ) cLockin
25
0AC OUT
24
MOTOR CUR -
"] MOTORCUR +
22
) VELOCITY 2
[] veLooiy 1
)
[ posmonour
ir)
[ ] ANALOG sW
1
[} ANALOG sW

”
QN
E QUAD

NIN
5
ANALOG COMMON

Order Information

Device Code

Package Code

Package Description

POSITION SIGNALS

GDO1540F

©A2460DC FM Ceramic DIP
uA2461DC FM Ceramic DIP
Connection Diagram
28-Lead PLCC (Top View)
5 .
8z &
8 8 5 8 38z §
(@)
oafs ¢ 3 2 1 227 2 []oacour
os (s 24 [ motoncun -
os 7 23 [] MOTORCUR +
or (s 22[] veLociTy2

LATCH ENABLE [:] 9
SEEK/FOLLOW q 0

TR2 q 1

21f] verocrry
20[] Posmon ouT

Order Information

Device Code
uA2460QC

uA2461QC

Package Code
KH

KH

Package Description

b ANALOG SW

CDOtsSIF

Plastic Leaded Chip

Carrier

Plastic Leaded Chip

Carrier
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A2460 * 1A2461

Description of Lead Functions

Lead Name Description of Function
Inputs
1-8 DAC Input Word Programs DAC output, 00000000 = Analog Command
(Dg-Dy) Lead 1 =1LSB Lead 8 = MSB
9 Latch Enable Allows present DAC input word to be latched
10 Seek/Follow Mode Configures the feedback loop for either seeking or track-following.
(Migh = Seek, Low = Follow)
14 Ground |
15 Analog Common Analog signal reference input level (5.0 V)
16 N Normal position input signal.
17 Q Quadrature position input signal.
23 —L Motor Current +
Motor current sense input to motor current integrator.
24 Motor Current —
26 Clock 4.0 MHz (maximum) input square wave.
27 Direction Changes the polarity of DAC output from positive to negative consistent with
In/Out the desired direction of head motion.
28 V+ 12 V supply
Outputs
11 Track 22 (TR2) TTL signal indicating N > Q (for uA2460)
TTL signal whose frequency is 2 times N (or Q) (for uA2461).
12 Track 2! (TR1) TTL signal indicating N > Q (for uA2460)
TTL signal whose frequency is 4 times N (or Q) (for uA2461).
13 —L Track 2° (TRO) TTL signal whose frequency is 8 times N (or Q).
18 Analog Switch )
Analog switch to be used externally for changing from seek to follow.
19 Analog Switch
20 Position Output Analog signal representing sensed off track amplitude
21 Velocity 1 Analog output representing velocity processed from position signals N and Q.
22 Velocity 2 Analog output representing the integral of motor current.
25 DAC Output Used to command velocity and position.




Figure 1 Head Actuator Control System
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Figure 2 Block Diagram
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uA2460 * uA2461

Functional Description
Figure 2 shows a block diagram of the nuA2460/uA2461
Servo Controller.

Power Supply And Reference Requirements

The nA2460/uA2461 is designed to operate from a single
supply of 10 V to 12 V. Also required is a reference volt-
age of 5.0 V called Analog Common which serves two
functions; all analog signals will be referenced to this volt-
age and in addition the internal DAC will use it to set full
scale.

A clock signal must be provided as a reference for the
internal switched capacitor position differentiator and motor
current integrator. The clock signal should be a sine or
square wave between Analog Common and ground at a
maximum frequency of 4.0 MHz.

All digital inputs and outputs are TTL compatible levels
referenced to ground.

Input Signals And Track Crossing Outputs

The input format selected for position feedback is consis-

tent with a large class of sensors that generate two cycli-
cal output signals displaced in space phase by 90 degrees
(quadrature signal pairs). These sensors include resolvers,

inducto-syns, optical encoders, and most importantly, servo
demodulators designed for rigid disk head position sensing.

Figure 3a Track Crossing Outputs (for pA2460)

The input signals N and Q are quadrature quasi triangular
waveforms with amplitudes of +2.5 V nominal referenced
to Analog Common. The periods of the input signals are
subdivided by interna! comparators and logic and sent to
the Track Crossing outputs Tg, T4, and To. The relation-
ship of these outputs to the inputs N and Q is shown in
Figure 3a (for 4A2460) and Figure 3b (for uA2461).

Note that different servo patterns may yield different num-
bers of track centerlines for each period of the quadrature
signal pair. The relationship of To, T4, and T, to N and Q
is independent of track centerlines, leaving the correct in-
terpretations to the microcontroller.

DAC

The DAC is an 8-bit, buffered input, voltage output digital
to analog converter. The output voltage with an input code
of all zeros is equal to Analog Common. Full scale is
equal to Analog Common *£2.35 V. The polarity depends
on the Direction in Signal; Direction In High will result in a
positive DAC output.

The DAC enable line when high will cause the DAC's in-
put buffer to become transparent, i.e. input data will affect
the output voltage immediately. When DAC enable is
brought low the data present on the input lines will be
latched and any further changes to the input data will not
change the output voltage. The DAC functions in both
Seek and Follow Mode. During Seek Mode the DAC out-

Figure 3b Track Crossing Outputs (for nA2461)
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1A2460 * uA2461

put is used as a velocity reference. In Follow Mode the
DAC output can be summed into the position reference
signal to offset the heads from track center.

Analog Switch

An uncommitted single pole single throw analog switch
with an ON resistance of approximately 100 £ is provided.
This switch is ON during Follow Mode.

Mode Select

The two major intended operating modes for the pA2460
are controlled by the microcontroller via the SEEK/FOL-
LOW input. Mode Select input high enables Seek Mode,
low enables Track Foliow Mode.

SEEK, when asserted by the microcontroller along with
DIRECTION and a non-zero VELOCITY value as inputs,
causes the actuator system to accelerate in the requested
direction. During the ensuing motion, the actuator system
will come under velocity feedback control. The velocity
feedback signal is created by differentiation of the quadra-
ture position signals and, additionally, by integration of mo-
tor current.

FOLLOW, the negation of SEEK, changes the feedback
loop to a track-foliowing or position mode. Position servos
are typically second order systems and without loop com-
pensation are potentially unstable. External components
are used, along with the uA2460, to achieve stable track
following performance. Velocity information (V1) is made
available as an output in this mode as an aid in stabilizing
certain loops. If non-zero data is supplied to the velocity
latches in this mode, it will result in a track offset in the

Figure 4 Typical Seek

DAC ouT
VELOCITY
vi

con

CURRENT

CONSTANT
ACCELERATE VELOCITY DECELERATE
SEEK TRACK FOLLOW
CRO4200F

direction indicated by DIRECTION IN/OUT. Figure 4 shows
typical seek operation.

Position Output

When the uA2460/uA2461 is set to Seek Mode the signal
from Position Output lead is shown in Figure 5. This signal
is made by switching the position inputs, (N and Q)
through an inverter if required, (N and Q) to the output
using the track crossing signals. It can be used, if desired,
to interpolate between DAC steps by attenuating it and
summing it with the DAC output.

Track Follow Mode is entered when the heads are near
the end of a seek, usually within one half to one track
away from the target track centerline. The final setting to
the track center is done by the position loop.

When the device is switched to Follow Mode, the position
input signal (N, N, Q or Q) that is currently selected to
the output is latched and the Position Out signal follows
the selected position input signal until the device is
switched back to Seek Mode. This implies that the switch
to Follow Mode must not be made until the signal that
will be the correct Position error signai for the target track
is present at the output. If track centers are defined as
the zero crossings of both N and Q this means that the
switch to Follow Mode must be made less than one-half
track away from the target track. (This is with respect to a
convention of 4 track per encoder cycle, so switching
must be done within 90° of the period of N or Q).

Figure 5 Position Output During Seek Mode

N AND Q INPUTS

POSITION OUTPUT

CHO4210F
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Velocity Outputs

There are two analog signal outputs representing velocity.

The first (V1) is derived by differentiating the position input
signals. The entire differentiator is on-chip, using switched

capacitor techniques and requires no external components.

The transfer function of the differentiator is:

Vo = dv/dt (input) x 14.3/f (clock) Hz
As an example; a 10 kHz triangular signal pair into N and
Q of 6.0 V peak-to-peak amplitude (dv/dt= 120 kv/sec)
would result in a velocity voltage output of 1.716 volts
referenced to Analog Common with a clock of 1.0 MHz.
The polarity will be positive if N is leading Q by 90 de-

Figure 6 Typical Application Setup

grees and negative if Q is leading N. This block functions
during both Seek and Follow modes.

The second velocity output is obtained by integrating a
voltage proportional to the current in the motor using the
following function:

dv/dt (out) =V (+lin——liy) x2x 10~* f (clock) Hz.
The motor current integrator output is clamped to Analog
Common during Follow Mode and is released at the initia-

tion of a seek.

Figure 6 shows a typical application set up for the Servo
Control chip.
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uA2460, uA2461

Electrical Characteristics Tp = 0°C to 70°C, Vg =12 V, fyk = 2.0 MHz, Analog Common = 5.0 V, unless

otherwise specified.

Symbol Characteristic Condition MinJ Typ J Max | Unit
Digital 1/0 input Voltage LOW o8] v
input Voltage HIGH | ] 20 ]
| Output Voltage LOW loL=25 mA 0.45
| Output Voltage HIGH lor = 40 A 2.4
Input Load Current V=0V to Vgo 02 | mA
Clock Input Input Comparator 2.0 25 3.0 v
Reference Level
Input Impedance 15 20 ] j k2
DAC Linearity! -1 | +1] s
r Resolution m j bits
Differential Nonlinearity J Monotonicity Guaranteed
| Full Scale Output Voltage \ Direction in High 7.25 | 7.35 7.4ﬂ \
Direction In Low 255 | 265 | 2.75 |
{ Zero Scale Voltage 5.0
Output Offset Voltage T 10 | mV
Settling Time? 4 To Y2 LSB All bits ON or OFF us
Position Inputs input Voltage Range 1.0 9.0 \
Input Impedance 15 20 k2
Analog Switch ( On Resistance Vem=0 V to 12 V 100 | 200 | ©
| Off Leakage® 20 | 100 | nA
Position Output Output Voltage Swing R_ = 15K Follow Mode 1.0 [ 9.0 \
Voltage Gain | 0.9 1] —
‘ Output Offset Voltage +20 | mv
Velocity Outputs \ Output Voltage Swing —[ R = 15K 1.0 9.0 Vv
Output Offset Voltage v2 +20 { mV
Vi1 [ =+
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uA2460, A2461 (Cont.)

Electrical Characteristics Ty = 0°C to 70°C, Voe = 12 V, fo = 2.0 MHz, Analog Common = 5.0 V, unless
otherwise specified.

Symbol Characteristic Condition j Min | Typ | Max | Unit
Icc Positive Supply Voo =13.2 V ] 10| 15| mA
Iss Negative Supply Vec=132 V -15 | ~10 mA
lac Analog Common | -2.0 0] +2.0| mA
V1 — Differentiator Linearity fox = 1.0 MHz to 4.0 MHz; 0.25 %
fn/Q <10 kHz
V2 — Integrator Linearity fak = 1.0 MHz to 4.0 MHz L 1.0 %
Notes

1. DAC Linearity is a function of the Clock frequency; Linearity at 1.0 MHz
is typically + 2 LSB,

2. DAC Settling Time is approx 5.0 us, plus a delay of maximum

32 x Clock period i.e., 5+ 32 us at Clock = 1.0 MHz Minimum could be

5.0 ws.

Equivalent to 50 MS2.

4. Guaranteed, but not tested in production.

w
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uA2470
Winchester Disk
Position Demodulator

Linear Division Disk Drives

Description

The pA2470 is a monolithic analog/digital integrated circuit
which decodes a quadrature di-bit pattern from the dedi-
cated servo surface of a disk file into head position, track
data and timing components. The uA2470 accepts this sig-
nal after it has been amplified by a uA2480 type of
preamp and processes the various components for input
to a wA2460 type servo controller. These three circuits
and their external components form a disk servo control
system for closed loop applications.

® Quadrature Position Signals

® Programmable Charge And Discharge In Peak
Detectors

® Sync Lock By PLL With Lock Detection Output

® NRZ Track Data And Clock Output

® Band Gap 5.0 V Reference Provided

® AGC Amplifier With 36 dB Range

® Servo Frame Rates To 400 kHz

® Compatible With uA2480 Servo Preamp And uA2460
Servo Control Chip

® Standard 5.0 V And 12 V Power Supplies

Absolute Maximum Ratings
Storage Temperature Range
Operating Temperature Range
Lead Temperature

-65°C to +175°C
0°C to +70°C

Ceramic DIP (soldering, 60 s) 300°C
Internal Power Dissipation®: 2

28L-Ceramic DIP 250 W
Supply Voltage, Vg 6.0 V
Supply Voltags, Vgeo 1BV

Notes

1. Ty max = 175°C.

2. Ratings apply to ambient temperature at 25°C. Above this temperature,
derate at 16.7 mw/°C.

5-13

Connection Diagram
28-Lead DIP

(Top View)
TRK CLK DI :2. Veet

PRE-SCALER MSB é ;:I TRK DATA

PRE-SCALER LS8 :I COMPIN 2

SYNC TIMING . :z:s' COMPIN1
VCO TUNING VOLTAGE é 5 AGC COMP 2
vcocwrlf 5 AGC COMP 1

VCO CAP2 1:1 % NP OUT

STORAGE CAP 1 q: f] BAL BYPASS

20
STORAGE CAP2 (] :l QP OUT

10 19
cLKouT FI ANALOG REF
kil 18

CHRG PUMP CUR Veez
12 17
CHRG MAGNITUDE ;I camP ouT
13 18
pLLLoCKED [] ] cHRG cur
L]

15
DISCHRG CUR

1
GND []

CO01580F

Order Information
Device Code Package Code

#A2470DC FM

Package Description
Ceramic DIP
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Block Diagram

CHARGE
BALANCE PUMP  STORAGE
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Description Of Lead Functions

Lead Name

Function

Input Signals
2 Pre-scaler LSB Programs the Pre-scaler for VCO frequency relative to the frame rate. Divide ratios
3 Pre-scaler MSB of 32, 64, 96, and 128 are available. Inputs are TTL levels.
5 VCO Tuning Voltage Voltage input sets the VCO Current.
11 Charge Pump Current Voltage input sets the current level into the Loop Filter.
14 Ground
18 Veee 12 V supply input.
25 hComposite IN 1 Composite signal inputs.
26 Composite IN 2
28 Veer 5.0 V supply input.
Outputs
1 Track Clock OUT Clock output derived from the Sync signal. Used as reference for Track Data; TTL.
10 Clock OUT VCO output; TTL.
13 PLL Locked Logic high when PLL is locked; TTL.
17 Composite OUT AGC Amplifier output.
19 Analog Reference 5.0 V reference output. Used as reference for N and Q outputs.
20 QP OUT Quadrature position output.
21 NP QUT Normal position output.
27 Track Data NRZ data from missing Sync pulses; TTL.
External Components
4 Sync Timing Oneshot timing RC network. Sets length of window used in Sync Separator.
6-7 VCO Capacitor VCO Timing Capacitor. Sets VCO center frequency.
8-9 Storage Capacitor PLL Loop Filter.
12 Charge Magnitude Oneshot timing RC network. Sets length of current pulse out of the Phase
Detector.
15 Peak Detector Resistor to Ground. Sets the internal peak detector discharge current.
Discharge Current
16 Peak Detector Resistor to Ground. Sets the internal peak detector charge current.
| Charge Current
21 ( Balance Bypass Bypass capacitor for the offset capgelling circuit in the AGC Amplifier. Sets the
low frequency roll off of the Amplifier.
23 J AGC 1 Loop Filter capacitor for AGC Amplifier.
24 | AGC 2 Bypass Capacitor for AGC Amplifier.




uA2470

Theory Of Operation

The purpose of the uA2470 is to demodulate both analog
and digital information from the composite servo signal as
shown in figure 1. This signal contains the digital signais
Data and Sync and the analog quadrature di-bit signals N,
N, Q and Q.

Data The track data is presented as NRZ with a compan-
ion clock signal for latch control. The track data is de-
coded from the first pulse in each servo cell. This data
permits identification of index position, guardband etc. The
codes and schemes are entirely at the user’s option as
no decoding is done on-chip.

Sync The sync pulse is the one puise in the frame which
is always present in every frame on every track. This
pulse is used to synchronize the PLL and makes decoding
the rest of the information in the frame possible.

Quadrature Position Signals The four position pulses are
analog signals whose amplitude encodes the position of
the disk file heads with respect to the data track centers.
and Q are in a quadrature relationship, i.e. when N and
are equal in magnitude the difference between Q and Q
at maximum and vice versa. Equal magnitudes of N and

N represent odd tracks and Q and Q the even tracks.

z

N
S

AGC Amplifier The uA2470 AGC Amplifier is a fully differ-
ential design with a typical bandwidth of 20 MHz and ac-
tive offset cancelling. The composite signal input level
must be between 30 mV and 300 mV to be within the
Amplifier's active AGC range. The offset cancelling circuit
requires an external filter capacitor which provides controi
of the low frequency response. An external capacitor is
used to control the AGC bandwidth. The AGC Amplifier
output amplitude is typically 3.5 Vp-p and is available at
an output lead on the device for monitoring.

Sync Separator The Sync Separator shown in Figure 2
operates on the composite signal as it appears at the out-
put of the AGC Amplifier. The hysteresis comparator has
thresholds of +0.7 V and 0 V and produces pulses whose
trailing edges are at the zero crossings of the composite
signal. The trailing edges of these pulses trigger the one-
shot. The output of the oneshot is AND-gated with the
pulse stream from the hysteresis comparator to produce
the sync pulse. The pulse length from the oneshot should
only be long enough to enclose the sync bit as the next

pulse in the stream. Sync separator timing is shown in
Figure 3.

TRACK DATA DEMODULATOR The track data encoding
flip-flop changes state whenever there is a data pulse
present producing NRZ data for the user.

PHASE LOCK LOOP When a disk sync pulse is sensed
by the Sync Separator, the PLL compares the phase of
disk sync with the phase of a reference sync pulse
generated by the window decoder. Refer to Figure 4 and
5. Every other sync pulse from the Sync Separator causes
the window decoder counter to preset. This forces the
decoder into phase alignment with the disk sync. Starting
from a known condition allows a phase comparison to be
made on the next frame by comparing the trailing edges
of the reference sync with the disk sync pulses and
outputing a correction signal to the charge pump to
increase or decrease the VCO frequency to correct the
phase error. On the next frame the cycle is repeated.

LOCK DETECTOR When the frequency and phase of the
VCO are correct, the trailing edge of the sync pulse will
coincide with the trailing edge of count 4 from the
counter/decoder. The decoder generates a window from
the end of count 3 to the end of count 5, so that the
sync edge will ideally fall in the middle. Whenever the
sync falls inside the window four consecutive times, lock
is detected and the lock signal goes true. In order for the
lock signal to be reset the sync pulse must be outside the
window for four consecutive frames.

POSITION DEMODULATOR Figure 6 shows the position
signals as a function of servo head position. The Position
Demodulator consists of four digitally enabled peak
detectors, two summing amplifiers and a precision band
gap reference. Each of the four peak detectors is enabled
by the window decoder during one of the position pulses
as shown in Figure 7. The N position output is derived by
taking the difference between the first two peak detector
outputs. The Q output is similarly obtained from the
second pair. The outputs are referenced to the 5 V
reference which is available as an output to be used as
an analog baseline. The charging and discharging slew
rates in the peak detectors are programmable by external
resistors. The charging slew rate is associated with
acquisition of the peak and the discharge slew rate
controis the droop rate between peaks.
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Figure 1 Composite Servo Signal
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Figure 2 Sync Separator
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Figure 3 Sync Separator Timing
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Figure 4 Phase Lock Loop Block Diagram
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Figure 5 VCO Fast/Slow Timing Diagram
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Figure 6 Magnetized Pattern of Quadrature Di-Bit Servo Signal and Read Signal
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Figure 7 Position Pulse
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Figure 8 PLL Synchronizing Event
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#A2470 TIMING DIAGRAM when Loop is locked.

uA2470

Electrical Characteristics T = 25°C, Vg =12 V, Vooy = 5.0 V, unless otherwise specified.

CROS630F

—‘ Min

Characteristic Condition Typ ‘ Max ‘ Units
AGC Amplifier

Max Voltage Gain T input Freq=1.0 MHz 46 dB
AGC Range Input Freq =1.0 MHz 40 dB
Frequency Response 15 MHz
Input Voltage Range 30 300 mv
Output Voltage 5.0 Vp-p
N and Q Outputs

Output Voltage R = 20K 5.0 Vpp
Output Impedance 100 Q
Output Offset Voltage 20 mv
Voltage Reference

Output Voltage 48 | 50 5.2 v
Output Current ‘ 5.0 mA
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uA2470 (Cont.)

Electrical Characteristics Tp = 25°C, Vgo2 = 12 V, Vot = 5.0 V, unless otherwise specified.

Characteristic Condition | Min ‘ Typ uax | Units
veo
Max Frequency Cyco = 20 pF 20 MHz
Tuning Range -60 +140 %
Digital Outputs (R puli-up = 2.0K to Vgc)

VoL 0.4 \
Rise Time 08 to 24 V 20 ns
Fall Time 24t0 08V 5.0 ns
Supply Current

Veet 140 mA
Veez 12 mA

Program Voltage vs
Charge Pump Current

12

0.4

° [ 50 100 150 200 250

OUTPUT CURRENT — mA

PC1BA1F

Control Voltage vs
VCO Frequency

04
s 02
|
8
5 o
> 3
'é -02
z
Q
2 os 4
06 08 10 12 14

NORMALIZED VCO FREQUENCY — MHz

PCH18S1F

Capicator Value vs
Sync Pulse Demodulator And
Charge Pump Oneshot Pulse

Length

100 / |
% W = zx
|
g 60 s
-4 /|
3 4 4
g 0 P R=24K
w e
zZ 5 P
Q

//
° //
[} 200 400 600 800 1000

PULSE LENGTH — ns

PC11680F
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Test Circuit (Note 2)

L]
TRK CLK

PRE-SCL MSB
PRE-SCL LSB

SYNC TIMING
VCO TUN VOL
VCO CAP 1

Veer

TRK DATA
COMP IN 2
COMP IN 1
AG COMP 2

AG COMP 1

uA2470

VCO CAP 2

STOR CAP 1

STOR CAP 2

CLK ouT

CHG PMP CUR

CHG PMP MAG

PLL LOCKED

GND

N OUT
BAL BYPS
Qout
VRer OUT

Veez

COMP OUT
CHRG CUR

DISCH CUR

50V
104F
| (NoTEY) #

o.l,;F“__HN'-'
M“——-m

0.33 uF

0.33 4F |
Ll

———nour =
1.0 uF
eour ~

Veer OUT

12V
| 1.0 uF

COMP =
our

(NOTE 1)
c1
| 24 kQ | £
s0v AAA- =
5.1 k0
750 O  Sp—
é c2
= |
05uF 5190
A
W—y- t 2
5100 0.2 uF
—
= 0.5uF
(NOTE 1)
51 kQ
5.0 V—AA
750 O 20K
50V
(NOTE 1)
c3
Notes
1. Open colliector digital outputs
2. C1=33 pF
G2 =100 pF
C3=15 pF

Values are for a frame frequency of 150 kHz.
Scale linearly for other frame notes.

CRO5640F

5-22



e ——
FAIRCHILD
e ——————

A Schiumberger Company

s

nA248X » uA248XR Series
Winchester Disk
Read/Write Preamplifiers

Linear Division Disk Drives

Description

The nA248X/uA248XR Series High Performance Read/
Write Preamplifiers are intended for use in Winchester disk
drives which employ center tapped ferrite or manganese-
zinc read/write heads. The circuit can interface with up to
eight read/write heads which makes it ideal for multi-plat-
ter disk drive designs. Designed to reside in the Head/
Disk Assembly (HDA) of Winchester disk drives, the Read/
Write Preamplifiers provide termination, gain, and output
buffering for the disk heads as well as switched write cur-
rent. Certain write fault conditions are detected and report-
ed to protect recording integrity. The parts are available
with internal damping resistor (uA248XR) and without inter-
nal damping resistor. (uA248X)

® Wide Bandwidth, High Gain, Low Noise
® Up To Eight Read/Write Channels

® |nternal Write Fault Condition Detection
® 50 V & 12 V Power Supply Voltages

® Independent Read & Write Data Lines

® TTL Control And Data Logic Levels

@ Externally Programmable Write Current
® Available With Internal Damping Resistor
® Compatible With SSI 117 Family

Absolute Maximum Ratings
Storage Temperature Range
Ceramic -65°C to +175°C
Plastic -65°C to +150°C
Operating Junction Temperature Range 25°C to 135°C
L.ead Temperature

Ceramic (soldering, 60 s) 300°C
Plastic (soldering, 10 s) 265°C
Internal Power Dissipation,'> 2
28L-Ceramic DIP 2.50 W
24L-Ceramic DIP 195 W
18L-Ceramic DIP 1.58 W
32L-Brazed Flatpak 1.88 W
24L-Brazed Flatpak 097 W
24L-Ceramic Flatpak 0.90 W
44L-PLCC 192 W
28L-PLCC 1.39 W
Supply Voltage, Voot 80V
Supply Voltage, Vceo 15V
Write Current (IWC) 70 mA

Notes

1. Ty max = 150°C for the Plastic, and 175°C for the Ceramic.

2. Ratings apply to ambient temperature at 25°C. Above this temperature,
derate the 28L-Ceramic DIP at 16.7 mW/°C the 24L-Ceramic DIP at
13 mW/°C, the 1B8L-Ceramic DIP at 10.5 mW/°C, the 32L-Brazed
Flatpak at 12.5 mW/°C, the 24L-Brazed Flatpack at 6.5 mW/°C, the
24L Ceramic Flatpak at 6.0 mW/°C, the 44L-PLCC at 15.3 mW/°C, and
the 28L-PLCC at 11.2 mW/°C.
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Connection Diagram
24-Lead Flatpak

(Top View)

8 —— 1 HSo
GND [ A HS1
HOX 3 — wo!
HOY 4 [——3 Voot
H1X 5 —— Ve
H1Y [ 19 [— ver
H2X z 7 18 /3 H3X
H2y 8 17 f—=1 H3Y
AW z 9 16— NC
WC 1011 12 13 #ISFJNC
ROX [ —] H l’[ | L J wus
ROY [ d Vee

CDO1811F

Order Information

Device Code Package Code Package Description
uA2484GC FR Brazed Flatpak
HA2484RGC FR Brazed Flatpak

Input Voltages

Head Select (HSO, HS1, HS2)

Write Current (WC) Voltage in
read and idle modes. (Write
mode must be current limited
to -70 mA)

Chip Select (CS)

Read/Write (R/W)

-0.4 V to Vggy +03 V

-0.3 V to Vggr +03 V
-0.4 V to Voot +0.3 V
-04 V to Vggq +03 V

Part Selection

Device Code Channels
uA2482X 2
1A2484X 4
pA2485X 5
uA2486X 6
uA2488X 8
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nA248X * uA248XR Series

Connection Diagram Connection Diagram
24-Lead DIP 18-Lead DIP
(Top View) (Top View)
1 F_\J__\ 24 1 A 18
& - %] S0 L l; ;] HS0
GND [ us1 GND r?- 16 wo
3 2
HOX [‘; '%I wol NC q - Voot
oy q % Voor HOX g g Vooz
HIX E. El Vonz HOY . ,:3 ver
H1Y [; E.] ver RW :7 % H1X
Hax ] :] Hax we C, %l HY
8 17
Hay [J Hay RDX [] ] wus
R/W :s 9 NC RDY a iol Vee
we ﬁ f] NC
aDX “ 1‘ s CDO1801F
WU
12 13
ROY g [ vee Order Information
coorsanE Device Code Package Code Package Description
uA2482DC FU Ceramic DIP
Order Information uA2482RDC FU Ceramic DIP
Device Code Package Code Package Description Connection Diagram
©A2484DC 7L Ceramic DIP 24-Lead DIP
wA2484RDC 7L Ceramic DIP (Top View)
Connection Diagram > - o
24-Levli Cerpak = n o
(Top View) GND m
3
C8 —— ——1 HSO HoX :‘ ::l Hs2
oo ——|\| [ or o 3 v
HOX 3 2 12423 2 wD! HIX Ve
uovEA mzvm H\vg v;;’vc"’
HIX ' s 20 Vooe 7 El r
WY e 19— ver Hx da = Hex
H2X E 7 18 e H3X Hay C HAY
H2y 8 17 g H3Y AW C’ 5 vax
RW 9 18 | NC 10 %
we E 0 nuBw  SE——INe we - 1;‘ Hay
RDX ——= 77 ” “T': — wus rRox (] ] wus
ROV — — e ROY - ﬁ Veet
CDO1621F
CDO1630F
Order Information
Device Code Package Code Package Description Order Information
HA2484FC FN Ceramic Flatpak Device Code Package Code Package Description
uA2484RFC FN Ceramic Flatpak pA2485DC 7L Ceramic DIP
uA2485RDC 7L Ceramic DIP
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uA248X * uA248XR Series

Connection Diagram Connection Diagram
24-Lead Cerpak 28-Lead DIP
(Top View) (Top View)
CS [ —1 HSO 1 \J 28
GND [ 1 HS1 HS0 Ez E HS1
HoX 3 —— Hs2 s "_2:., HS2
HoY 4 F—— woi 3
HIX s —— GND C‘: _';ls wol
HIY C— 6 19— ver Hox < E Voo
HX &—— 7 18— Hax HOY Vooe
Hey 8 17 === Hav X d 2 ver
RW —] 9 16 ] Hax 7 F7
we 1 n1znw 15— Wy H1Y E. :; HEX
RDX [ —7 J “_\ J wus Hex b HEV
Rov = — Yec wav L fl Hax
CO01841F 10 "
W (] [] Hay
1 18
Order Information we L ] o
Device Code Package Code Package Description ~e O [] Hav
pA2485FC FN Ceramic Flatpak aox [ -;f, wus
i 14 15
HA2485RFC FN Ceramic Flatpak — ™ veo
Connection Diagram coorestr
28-Lead PLCC (Top View)
o Order Information
§2p 8z} Device Code Package Code Package Description
uA2486DC FM Ceramic DIP
o A2486RDC FM Ceramic DIP
oy [s 4 ® 2 1 8 27 2 ;).
wx [ e 28 [ Voo Connection Diagram
wv [ 7 =R ver 24-Lead Flatpak
g (Top View)
u2x [] 8 22 [ Hsx
m:_ E ® a : ney CS [ =1 HSO
RW [] 10 20 [ Hax GND [ -] |r [ f—— Hs1
we[]n 18] Hay HOX 32 1 24 822—— Hs2
2 13 % 5 8 7 o8 Hoy 4 e woi
A [ [ S HIX 5 20 —— Vppt
S E s E g % WY & 19— VCT
o« $ 22 Hax —7 18— Hax
COOVSTF Hay —{s == nav
Order Information “v’l‘z ‘:":o“ aw “:: — :::
Device Code Package Code Package Description aDx — l,_::: wus
uA2486QC KH Plastic Leaded Chip ROY — 3 Vee
Carrier cooreere
nA2486RQC KH Plastic Leaded Chip
Carrier

Order Information
Device Code Package Code Package Description

1A2485GC FR Brazed Flatpak
uA2485RGC FR Brazed Flatpak
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1A248X * uA248XR Series

Connection Diagram
44-Lead PLCC (Top View)

- o
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Order Information
Device Code Package Code

uA2488QC KI Plastic Leaded Chip
Carrier
1A2488RQC Kl Plastic Leaded Chip
Carrier
Connection Diagram
32-Lead Flatpak
(Top View)
[} ] mem—— ~ k.- ) mens— T 1
Hso Lo 2 3 e wDI
[ mem— ] S
GND e 4 ) —— T,
Hox ——— 5 28 L Jver
HOY ———] & 27 e Hex
WX — —— 7 26 ] HeY
HY 8 25 e JH5X
H2X ] 9 24

104 ] =——
HIX O 1
WrY ] 12
R/W]| 13
RDX 15
ROY 16

Vooz

1 ver
M nex
[J Hey
[] Hsx
D nsy
3 Hax
A Hay
[T M3x
[ Hay

COD169IF

Package Description

r—
——ane
— L

Order Information

Device Code Package Code
uA2488GC FS
MA2488RGC FS

COO01881F

Package Description

Brazed Flatpak
Brazed Flatpak

Functional Description

In the Write mode, the uA248X/uA248XR Series accepts
TTL compatible write data pulses on the WDI lead. On
the falling edge of each write data pulse, a current transi-
tion is made in the selected head. Head selection is ac-
complished via TTL input signals: HS0, HS1, HS2 (see
Table 2). Internal circuitry senses the following conditions:

. Absence of data transitions.

. Open circuit head connection.
. Absence of write current.

. Short circuit head connection.
. ldle or read mode.

O s WN =

Any or all of the above conditions would result in a high
level on the write unsafe (WUS) output signal.

During read operations, the uA284X amplifies the differen-
tial voltages appearing across the selected R/W head fead
and applies the ampilified signal differentially to data lines

RDX and RDY.
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1A248X * uA248XR Series

Description of Lead Functions

Lead
CcS

R/W

HOX, Y
through H7X, Y

RDX, Y

HSO through HS2

WC

WDI

Vbo2

VCT

WUS

Name
Chip Select

Read/Write Select

Read/Write Head
Connections

Read Data Qutputs

Head Select Inputs

Write Current Input

Write Data Input

Resistor Center Tap

Center Tap Voltage

Write Unsafe

Description of Functions

Chip Select High disables the read/write function of the device and
forces idle mode. (TTL)

A Logic High places the devices in read mode and a Logic Low forces
write mode. Refer to Table 1. (TTL)

The uA2488 has eight pairs of read/write connections. The X and Y
phases are made consistent with the read output, RDX and RDY,
phases. (Differential)

The chip has one pair of read data outputs which is multiplexed to the
appropriate head connections. (Differential)

The eight read/write heads are addressed with the head select inputs.
Refer to Table 2. (TTL)

This lead sets the current level for the write mode. An external resistor is
connected from this lead to ground, and write current is determined by
the value of this resistor divided into the write current constant K, which
is typically 140 V.

The write data input toggles the write current between the X and Y
selected head connections. Write current is switched on the negative
edge of WDI. The initial direction for write current is the X side of the
switch and is set upon entering read or idle mode. (TTL)

In some versions (determined by lead availability} of the uA248X series,
a resistor may be connected between RCT and Vppy to reduce internal
power dissipation. If this resistor is not used, RCT must be connected
externally to Vpps.

The center tap output provides bias voltage for the head inputs in read
and write mode. It should be connected to the center tap of the read/
write heads.

A high logic level at the write unsafe output indicates a fault condition
during write. Write unsafe will also be high during read and idle mode.
(Open collector)
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nA248X * uA248XR Series

Table 1 Read/Write Select

Operating Modes

Table 2 Head Select Inputs

Head Selection

Chip Select CS Read/Write R/W Mode

HSO HS2 Head Selected’

X
»
-

1 X idle
0 1 Read
0 0 Write

20404020
- - 00O+ ~+200
- - a2 = 0000
NOOAhWOND=O

Note
1. If selected head is beyond the capacity of the uA248X model, the open input
condition on the selected input will be reported as an unsafe level at the WUS

output.
Block Diagram (Typical, uA248X)
ver wus
A
CHIP
e SELECT
y
wDI WRITE WRITE EN gl':ascAuFr?
RW SELECT L
READ EN
HoX
ROX €—
POSTREAD HEAD 0 - oy
ROY AMPLIFIER
DIFFERENTIAL 5 Hix
READ HEAD 1
AMPLIFIERS L S my
AND
WRITE H2X
Hso CURRENT HEAD 2 ”
HS1 HEAD SWITCHES —> H2
HS2 SELECT o
HEAD 3 >
(SCHANNELS) > H3Y
—> H4X
CURRENT HEAD 4
DRIVER ey
L
we
EQOO720F
— —
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uA248X » uUA248XR Series

Absolute Maximum Ratings All voltages referenced to GND

Symbol Characteristic Value Unit
Vbb1 DC Supply Voitage -0.3 to +14 v
Vop2 . ( -0.3 to +14 v
Ve -0.3 to +6.0 "
Vin Digital Input Voltage Range ~0.3 to Vgg +0.3 v
' Head Port Voltage Range -0.3 to Vpp +0.3 | \
Vwus WUS Port Voltage Range -0.3 to +14 J \
lw Write Current 60 f mA
lo Qutput Current RDX, RDY -10 J mA
1; vCT -B0
[ wus +12
Recommended Operating Conditions
Symbol —[ Characteristic Value Unit
Vobr | DC Supply Voltage 12 £10% v
Vo2 ] 6.5 to Vppr v
Veo B 5.0 £10% v
Lh B Head Inductance 5.0 to 15 uH
RD Damping Resistor (External) 500 to 2000 Q
RCT RCT Resistor 90 £5.0% (72 watt) Q
Iw Write Current 25 to 50 mA
lo RDX, RDY Output Current 0 to 100 HA
N A R R

5-29




1A248X * uA248XR Series

DC Characteristics 25°C <T;<125°C Vpp1 =12 V, Vgc=5.0 V, unless otherwise specified.

Symbol Characteristic —L Condition Min Max Unit
lcc Supply Current ] Read/idle Mode 25 mA
Write Mode 30 |
ipp Supply Current Idle Mode 25 ‘ mA
Read Mode @
Write Mode 30 + hw
Pc Power Consumption T,=125°C B Idle Mode 400 mw
Read Mode 600 |
Write Mode, T 850
Iw =50 mA,
RCT=90
Write Mode, 1050
lw =50 mA,
|RCT=0@ |
ViL Digital | Input Voltage LOW ‘[ -0.3 0.8 \
Vi Inputs: Input Voltage HIGH [ 20 | vec+03
hie Input Current LOW ViL=08V -0.4 mA
I | Input Current HIGH V=20V 100 | pA
Voo WUS Output loL=8.0 mA 0.5 \
ion Vo =50V | 100 uA
Ver Center Tap Voltage i Read Mode 4.0 (typ) \
| Write Mode 6.0 (typ) v

Write Characteristics Vpps = 12 V, Voo = 5.0, ly =45 mA, Lh =10 uH, f(Data) = 5.0 MHz, CL (RDX,
RDY) < 20 pF, Rp gxy =750 £ or Rp |NT, unless otherwise specified.

Characteristic Condition Min Max | unit
Write Current Range 10 50 mA
Write Current Constant "'K" 133 147 \
Differential Head Voltage Swing 5.7 V (pk)
Unselected Diff. Head Current 2.0 mA (pk)
Ditferential Output Capacitance 15 pF
Differential Output Resistance 1 Without Internal Resistors 10K Q

l With Internal Resistors 538 1.0K
WDI Transition Frequency ‘[ WUS = LOW 400 (typ) kHz
lwe to Head Current Gain ( | 180w mA/mA
- e — —
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1A248X * uA248XR Series

Read Characteristics Vpp1 =12 V, Vgc=5.0 V, Lh =10 uH, f (Data) = 5.0 MHz, CL (RDX, RDY) <20 pF,
(Vi is referenced to V1), Rp ext = 750 §2 or Rp |nT, unless otherwise specified.

Characteristic Jﬁ Condition J Min Max Unit

Differential Voltage Gain Win =10 mVp, at 300 kHz 80 120 \74%
AL (RDX), RL (RDY) = 1.0 k2

Dynamic Range Input Voltage, V), Where Gain Falis by 10%. -2.0 +2.0 mv
Vin=V,;+0.5 mVp, at 300 kHz

Bandwidth (-3db) 128 1<50 €, Vin=1.0 mV,_, 30 MHz

Input Noise Voitage BW =15 MHz, Lh=0, Rh=0 2.1 nv/vHz

Differential Input Capacitance | f=5.0 MHz 23 pF

Differential Input Resistance f=5.0 MHz Without Internal Resistors 2K Q

With Internal Resistors 440 850

Input Bias Current 45 uA

Common Mode Rejection Ratio Vem = Vet + 100 mV,_, at 5.0 MHz 50 db

Power Supply Rejection Ratio 100 mVp_p at 5.0 MHz on Vppy, Vppa, of Veo 45 db

Channel Separation Unselected Channels: Vip =100 mV,_ at 45 db
5.0 MHz and Selected Channel: Vi, =0 mV,_,

Output Offset Voltage —480 +480 mvV

Common Mode Qutput Voltage 5.0 7.0 v

Single Ended Output Resistance f=5.0 MHz 35 Q

Internal Damping Resistor | 560 1070 Q

Switching Characteristics Vppy =12 V, Vo =5.0 V, T; =25°C, Iy =45 mA, Lh=10 uH, f (Data) = 5.0 MHz,
Rop ext = 750 £ or Rp i1, unless otherwise specified.

Symbol Characteristic Condition Min Max Unit
R/W R/W to Write Delay to 90% of Write Current 1.0 us
R/W to Read Delay to 90% of 100 mV 10 MHz Read Signal 1.0
Envelope or to 90% Decay of Write Current
CS CS to Select Delay to 90% of Write Current or t0 90% of 1.0 us
100 mV 10 MHz Read Signal Envelope
CS to Unselect Delay to 90% Decay of Write Current 1.0
HSO0 to any Head Delay to 90% of 100 mV to 10 MHz Read 1.0 us
HS1 Signal Envelope
HS2 J
wus Safe to Unsafe — TD1 lw =50 mA |16 | 80 us
| Unsate to Safe—TD2 lw = 20 mA | | 10
Head Prop. Delay - TD3, TD4 Lh=0 uH, Rh=0 | | 25 nS
Current From 50% Points
Asymmetry WODI has 50% Duty Cycle and 2
1 ns Rise/Fall Time
Rise/Fall Time B 10% - 90% Points 20
— ———
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Figure 1 Head Current Timing

1L ]
-

DIFFERENTIAL J omA omA
HEAD
toe

CROA249F

Figure 2a Unsafe to Safe Timing

50%

Vwo DATA
toz2
Vwus

20v LOAD CAPACITANCE = 20 pF
PULL UP RESISTOR = 1.0kQ

CRO4281F

Figure 2b Safe to Unsafe Timing

HEAD OVERSHOOT
VOLTAGE
Vit Vo) I-I
L—' o1
20v LOAD CAPACITANCE = 20pF
PULL UP RESISTOR = 1.0kQ

CRO4261F
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R

A Schlumberger Company

uA2480
Winchester Disk
Servo Preamplifier

Linear Division Disk Drives

Description

The uA2480 provides termination, gain, and impedance
buffering for the servo read head in Winchester disk
drives. It is a differential input, differential output design
with fixed gain of approximately 100. The bandwidth is
guaranteed greater than 10 MHz.

The internal design of the pA2480 is optimized for low
input noise voltage to allow its use in low input signal
level applications. It is offered in 8-lead DIP (plastic) or
10-lead flatpak.

® Low Input Noise Voltage

® Wide Power Supply Range (8.0 V To 13 V)
® Internal Damping Resistors (1.0 k{2)

¢ Functionally Compatible with §SI 101

Absolute Maximum Ratings
Storage Temperature Range

Flatpak -65°C to +175°C
Molded DIP ~65°C to +150°C
Operating Temperature Range 0°C to 70°C
Lead Temperature
Flatpak (soldering, 60 s) 300°C
Molded DIP (soldering, 10 s) 265°C
Internal Power Dissipation’ 2
8L-Molded DIP 0.93 W
10L-Flatpak 0.79 W
Supply Voltage 15V
Output Voltage 15V
Differential Input Voltage 10V

Notes

1. Ty max = 150°C for the Moided DIP, and 175°C for the Flatpak.

2. Ratings apply to ambient temperature at 25°C. Above this temperaturs,
derate the 10L-Flatpak at 5.3 mW/°C, and the 8L-Molded DIP at
7.5 mW/°C.

Connection Diagram
8-Lead DIP
(Top View)

~ouT

+0uT

CDOYS70F

Order Information
Device Code Package Code

HA2480TC oT

Package Description
Molded DIP

Connection Diagram
10-Lead Flatpak
(Top View)

Order Information
Device Code Package Code

(A2480FC 3F

Package Description
Flatpak
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Equivalent Circuit

v+
[+3]
o +0uT -ouT
Q20
09
a2 E—Kozs Qto
as
; R1
9kQ
2& Q25
Q26
Q27
028 4 an
R9 R10 Al A12 R13 Al
Q29 5009 1.5kQ 482 250Q 480 250Q
- V-
EQOO0710F
——— — —
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1A2480

Electrical Characteristics Tp = 25°C, (V+)-(V-)=8.0 V to 13.2 V, unless otherwise specified.

Symbol Characteristic Condition Min Typ | Max Unit

G Gain (differential) Rp =130 Q, Vee=12 V 92 115 138 )
R, =130 &, Vec =12V, 80 150
Ta=0°C to 70°C B

BW Bandwidth (3.0 dB) V=20 mVp_p 10 304—( MHz

Ry Input Resistance 800 | 1000 | 1200 Q

C Input Capacitance 3.g pF

" Input Dynamic Range (differential) Rp =130 Q, Vec=12 V 3.0 ( mVp_p

Is Supply Current Veg=12 V 30 40 mA

AVgp Output Offset (differential) Rs=0 &, Ry =130 Q 600 mv

Vi Equivalent Input Noise BW =4.0 MHz, Rg=0 Q 1.5 10 uv

PSRR Power Supply Rejection Ratio Rs=0 £, f<5.0 MHz 50 65 dB

AG/AV Gain Sensitivity (Supply) J A Vec=110%, R, =130 Q 13 %IV

AG/AT Gain Sensitivity (Temp) rTA =25°C to 70°C, Ry =130 -0.2 %/°C

CMR Common Mode Rejection (Input) J f< 5.0 MHz 55 70 dB

_

Typical Applications

SERVO
HEAD
2

A g RL
1 \[ 5 4;:'[
LA2480 c
2——4
6
4
e -

Notes

1.
2.

3.

4,

Leads shown for
Req is equivatent

R R

sz L oq
AL+ Reg

G=.88 Rp

Req

CRO4230F

8-lead DIP.
load resistance.

Where Rp = value tfrom Note 3 (above) in ohms.
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FAIRCHILD

A Schlumberger Company

uA2490
MFM/2,7 Data Separator/
Encoder-Decoder

Linear Division Disk Drives

Description

The pA2490 Data Separator/Encoder-Decoder chip pro-
vides a convenient, high performance means of converting
MFM or 2,7 encoded data derived from magnetic media to
an NRZ digital bit stream. Also included is an MFM or 2,7
encoder which converts NRZ data to MFM or 2,7 encoded
serial formal suitable for recording on magnetic media. The
uA2490 provides both MFM and 2,7 modes of operation
selectable with a select pen.

The Data Separator chip provides the complete oscillator
synchronization and data decode function required on con-
trollers in the ST506 format, and disk drives in the ESDI
format. The chip also allows selectable precompensation
for those drives that may require it.

® Data Rates To 25 Mbps

® ESDI And ST506 Compatible Signal Definitions

® Can Be Used In Drive Or Controller

©® Selectable MFM Or 2,7 Encoding/Decoding

® Internal Generation/Detection Of MFM And 2,7
Address Marks

® Internal Write Precompensation With Externally
Programmed Value

Absolute Maximum Ratings
Storage Temperature Range
Ceramic DIP
PLCC
Operating Temperature Range
Lead Temperature

-65°C to +175°C
-65°C to +150°C
0°C to +70°C

Ceramic DIP (soldering, 60 s) 300°C

PLCC (soldering, 10 s) 265°C
internal Power Dissipation 2

28L-Ceramic DIP 250 W

44-PLCC 192 W
Supply Voltage 6.0 V
TTL Inputs 6.0 V
Output Voltage 6.0 V

Notes

1. T) max = 150°C for the PLCC, and 175°C for the Ceramic DIP.

2. Ratings apply to ambient temperature at 25°C. Above this temperature,
derate the Ceramic DIP at 16.7 mW/°C, and the PLCC at 15.3 mwW/°C.

Connection Diagram

28-Lead DIP
(Top View)
2
ADDRESS MARK ENABLE ] NRZ WRITE DATA
Fid
WRITE GATE [ ] waiTe cLOCK
26
RZ WRITE DATA [ ] WRITE MISSING CLOCK
2%
NRZ READ DATA b PRE-COMPENSATION 2!
24
ADDRESS MARK FOUND [ ] GATE (NOTE 1)
=)
FILTER +
(NOTE 1 g VCO CAPy (NOTE 1)
FILTER — VCO CAP, (NOTE 1)
(NOTE 9 '_‘2_1] 2
Vee GROUND
20
DELAY CAPACITOR [™] cHARGE PUMP SLOW (NOTE 1)
(NOTE 1) 19
A1FOUND [] CHARGE PUMP FAST (NOTE 1)
8
NC DELAY RESISTOR (NOTE 1)
7
READ REF CLOCK PRE-COMPENSATION 20
18
RZ READ DATA [ ] REFERENCE OSCILLATOR
15
READ GATE [] WFM (2.7) SELECT
CDO1701F
Note

1. Passive compensation node.

Order Information
Device Code Package Code

#A2490DC M

Package Description
Ceramic DIP
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Connection Diagram
44-Lead PLCC

(Top View)
w
2 ?.: X ™
3 : 88
¥ o x 2 S
L5 L Egggg
snggtgsgg
g3usgEds
A1 I
2 gnE c¥h
2QZHzREES
LAnonooanmnnoaon
[@)
NC[7 ¢ s 4 3 2 1 44 &8 &2 401 0 xn VCO CAP1
NC s =[] vcocar!
FILTER+ Y (]9 :1DNC
FILTER- ' [J® »[1nc
Veep O 3 [] GNDp
Veea O» I] GNDp
Vecp O » ﬁgGNDD
DELAY CAPACITOR [ 2 [] CHARGE PUMP SLOW !
ALFOUND O :‘pCHARGEPUMPFAsT‘
NC [+ (] NC
NCQW =[] NC
18 % 20 N1 2 N 24 25 26 1N
TooooooooOuT
@EgEEEEIEe
Qasakg
SgoBitg
uwu:gmx
ERTa8E %
3¢ fyig
¢ 5938
w oo
-
ha
[

Note
1. Passive compensation node.

Order Information

Device Code Package Code Package Description

#A2490QC Ki Plastic Leaded Chip
Carrier

CDO1710F
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#A2490

Description of Lead Functions

Name

Description of Functions

Input Leads — All inputs are TTL

Address Mark Enable

Write Gate

RZ Read Data

Read Gate

MFM/2,7 Select

Reference Oscillator

Precompensation 2°

Precompensation 2

Write Missing Clock

Write Clock

This lead has two functions depending on the state of the WRITE GATE input lead.
If ADDRESS MARK ENABLE is enabled (LOW) and WRITE GATE IS DISABLED
(HIGH), then the uA2490 will go into an address mark search mode. The address
mark is the DC erased gap. If ADDRESS MARK ENABLE is enabled (LOW) and
WRITE GATE is enabled (LOW), then the uA2490 will not allow the RZ WRITE
DATA output to change state. This allows the writing of DC erased gaps (address
marks).

When enabled (LOW) this lead will allow the pA2490 to output encoded RZ data on
the Write Data lead. Its function is tabulated as shown:

Address Mark Enable Write Gate Resultant Function
Enabled (LOW) Enabled (LOW) Write DC Erased Gap
Enabled (LOW) Disabled (HIGH) Search for DC Erased Gap
Disabled (HIGH) Enabled (LOW) Write RZ Data

Disabled (HIGH) Disabled (HIGH) Disabled

This lead receives the encoded RZ data pulses from the Read Channel in the disk
drive. This input is what the phase lock loop (PLL) locks up to when decoding read
data, and is also what will restart the internal VCO clock after READ GATE switches
from HIGH to LOW.

When enabled (LOW) this lead will allow the uA2490 to lock up to and read RZ
data from the disk. When this lead changes states, the internal VCO clock is turned
off. When this lead changes from HIGH to LOW (enabled), the first RZ READ DATA
INPUT will restart the internal VCO clock. When this lead changes from LOW to
HIGH (disabied), the first REFERENCE OSCILLATOR input pulse will restart the
internal VCO clock.

This lead allows the user to select the desired code. A TTL low selects MFM and a
TTL high selects the 2,7 code.

This is the reference clock input that the pA2490 phase lock loop syncs to when in
the write mode and the idle state. This input also restarts the VCO clock after
READ GATE switches from LOW to HIGH. The frequency of the reference oscillator
should be the same as the data rate. During write, the WRITE CLOCK input must
be phase locked to the signal on this lead.

When this lead is enabled (HIGH) and PRECOMPENSATION 21 fead is disabled
(LOW), the precompensation value will be 5% of the 2f clock period.

When this lead is enabled (HIGH) and PRECOMPENSATION 2° Jead is disabled
(LOW), the precompensation value will be 10% of the 2f clock period. If both
PRECOMPENSATION 2° and PRECOMPENSATION 2' leads are enabled (HIGH), the
precompensation value will result in a 15% correction of 2f clock period.

This tead receives the signal (active low) from the controller to drop the clock pulse
out of bit 6 in the MFM "A1" pattern. This lead should be enabled (LOW) only
when the "A1'" pattern is present at the NRZ WRITE DATA input.

This lead receives the clock from the controller which clocks the NRZ WRITE DATA
(lead 28) input.
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Name

Input Leads — All inputs are TTL (Cont.)

NRZ Write Data

Output Leads — All outputs are

RZ Write Data

NRZ Read Data

Address Mark Found

"A1" Found

Read/Reference Clock

External Connection Leads

Filter +

Filter -

Vee

Vcea

Veeo

Delay Capacitor

Delay Resistor

Description of Lead Functions (Cont.)

Description of Functions

This lead receives NRZ data from the controller along with WRITE CLOCK, for
encoding and subsequent writing on the disk. Data is valid at the rising edge of
WRITE CLOCK. This input assumes ''0Os'' are a TTL low level.

TTL

This lead is the RZ write data output to be written on the disk. This output is active
low. 1t is clocked out with the PLL oscillator (which is locked to the REFERENCE
OSCILLATOR).

This lead is the NRZ decoded data output to the controller. This output assumes
"0s"" are a TTL low level. NRZ Read Data is valid at the rising edge of Read/
Reference Clock.

A negative pulse output on this lead will indicate the presence of a DC erased gap.
if the pA2490 is able to count 16 clock intervals without a flux change being sensed
from the disk, then a '"zero" will be clocked out at the first rising edge of a flux
change and will last for one clock period. The address mark signal will occur at the
beginning of the sync field since that is usually where the first flux change occurs
after the DC gap.

A negative pulse at this lead indicates that a missing clock has been found in the
MFM code. This pulse lasts for one VCO clock period and is associated with the
missing clock that was written in the ""A1" pattern.

This lead will output the reference oscillator when READ GATE is disabled (HIGH),
or the internal uA2490 clock when READ GATE is enabled (LOW) and 16
consecutive zeros have been decoded (in sync field). This allows the phase lock
loop to lock up to the incoming RZ READ DATA before switching the READ/
REFERENCE CLOCK output from the REFERENCE OSCILLATOR INPUT to the
internal PLL's oscillator.

This lead is the output of the charge pump and one of the differential inputs to the
VCO. A negative pulse here will increase the VCO frequency.

This lead is the output of the charge pump and the other (differential) input to the
VCO. A negative pulse here will decrease the VCO frequency.

This lead is the +5.0 V supply — DIP only.
This lead is the +5.0 V supply for analog circuitry — PLCC only.
This lead is the +5.0 V supply for digital circuitry — PLCC only.

The external capacitor that sets the delay time of the RZ READ DATA to one half
of a clock (VCO) period is attached here. Varying the capacitor value will vary the
centering of the incoming data in its phase-error window. The other side of the
capacitor should be tied to the +5.0 V supply.

An external resistor tied from this lead to GROUND will set the delay time (in
conjunction with the capacitor on lead 9) of the internal delay network. A variable
resistor can be used to accurately adjust the centering of the phase margin window.
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Description of Lead Functions (Cont)

Name

Description of Functions

External Connection Leads (Cont.)

Charge Pump Fast

Charge Pump Slow

Ground
Ground A
Ground D
VCO Cap 1

VCO Cap 2

Gate

An external resistor from this lead to ground will determine the current that is added
to the CHARGE PUMP SLOW current that will be used by the charge pump to drive
the filter. This current is switched in, only during the sync fields, to decrease the
sync-up time of the phase lock loop. It is turned off when 16 consecutive zeros
have been decoded in the sync field, indicating a proper phase lock to data.

An external resistor from this lead to ground sets the operating current in the
Charge Pump for normal data reading. This current is always ON. The CHARGE
PUMP FAST and CHARGE PUMP SLOW current values are selected in conjunction
with the FILTER + and FILTER - component values to insure proper stability of the
phase lock loop during its operation.

This lead is the GROUND return for the chip — DIP only.
This lead is the GROUND return for the analog circuit on the chip— PLCC only.
This lead is the GROUND return for the digital circuit on the chip— PLCC only.

One side of the VCO frequency-setting capacitor connects to this lead. A negative

sloping transition on this lead corresponds to an "up" level of the VCO clock. The
other side of the capacitor connects to lead 23.

One side of the VCO frequency-setting capacitor connects to this lead. A negative
sloping transition on this lead corresponds to an "'up” level of the VGO clock. The
other side of the capacitor connects to VCO CAP 1 lead. This lead can be
connected to GATE lead if an in-phase start up is desired during the sync-up mode.

This lead can be tied to the adjacent VCO CAP 2 lead for an in-phase start up of
the VCO. The internal CLOCK GENERATOR (see block description) will always turn
off the internal VCO clock when the READ GATE changes state. The VCO wili
continue to free-run unless this lead is connected to VCO CAP 2 lead. The in-phase
start up can be used in those situations where a servo clock is available for
accurate frequency prediction of the anticipated incoming RZ READ DATA stream.
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Detailed Block Description

The following description gives a brief outline of the
blocks contained in the block diagram of the uA2490 Data
Separator. See Figure 1.

SWITCH — Connects either incoming read data (from the
disk drive read electronics) or a reference oscillator to the
phase lock loop for synchronizing the phase lock loop's
oscillator (VCO). When not reading data the SWITCH
block connects the reference oscillator to the PLO's input.

PHASE DETECTOR — Has two modes of operation — har-
monic for read mode and non-harmonic for write and idle
mode. In the harmonic mode, the phase detector is en-
abled by the rising edge of the incoming pulse. In the
non-harmonic mode, the phase detector is constantly en-
abled. The phase detector generates pulses to control the
CHARGE PUMP. The pulse width will correspond to the

Figure 1 Block Diagram

phase error between the occurrence of an incoming pulse
{from the SWITCH block) and the phase lock loop's oscil-
lator (VCO). One output will control charge-up current to
the filter and the other output will control the discharge

current to the filter. -
SINGLE SHOT DELAY — Provides a delay to allow the

phase detector to set up for a phase comparison between
incoming pulses and the phase lock loop's oscillator. The
timing of this delay should be one half the VCO's clock
period (quarter of the data rate) to assure a properly cen-
tered pulse in the Phase Lock Window. This delay circuit
has absolutely no effect on the Data Window and the
Data pulse phase relationships. The rising edges of the
Delayed Data pulse and the VCO clock pulse are inherent-
ly in phase at the phase detector input, no matter how
much the delay circuit is delaying the data. Since the Data
Window is set by inverting the VCO clock waveform, the

PRE-COMPENSATION RZ ADDRESS
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A
(Mra) DIGITAL ANALOG CONTROL MFM (2.7)
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DECODER \
Y U INTERNAL
CONTROL
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INTERNAL
NRZ READ MFM 82,7 18-BIT MFM&2,7 cLock |
DATA DECODER REGISTER ENCODER :
INTERNAL 1
cLocK :
READ/REF i
cLocK CLOCK 2ZEROPHASE ‘?‘T:Kss PHASE (MFM) ! WRITE
GENERATOR STARTUP DECODER up CLOCK T s
GENERATOR i
? ! NRZ
t WRITE DATA
1
INTERNAL ,— WRITE CLOCK
CONTROL I
BuUS {—— GATE
IF CLOCK i
! RZ DATA l i
i
RZ READ i DELAY |
DATA DIGITAL PHASE CHARGE veo !
REFERENCE SWITCH DETECTOR \_ﬁ PUMP o I
OSCILLATOR y ;
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)
!
l J ADDRESS

DELAY DELAY MARK
RESISTOR CAPACITOR FOUND

FAST SLOW + = VCO VCO

e FILTER  CAPy CAPp
CHARGE PUMP
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Delayed Data input will always be centered in the Data enable all internal clocks. This provides the capability for
Window. an in-phase start up for PLL. See Figure 2.
CHARGE PUMP — Provides either a charging or discharg- CONTROL LOGIC — Decodes the input control lines from
ing current, as directed by the phase comparator, to the the controller to provide internal control signals to the
externally connected loop filter. The value of the current is 1A2480. It indicates to the rest of the chip when reading
internally switched between CHARGE PUMP FAST (a high or writing is being requested, and whether the MFM or 2,7
current) and CHARGE PUMP SLOW (a low current). The code is being used. During WRITE, it also presets the en-
higher current is used in the "'sync-up" mode during the coders to an encoded zero pattern.
reading of sync-fields, and the lower current is used during
reading data or ID fields. READ/WRITE CONTROL — This block controls the switch-
ing of the uA2490 between READ and WRITE modes of
VCO — The Voitage Controlled Oscillator generates a con- operation.
tinuous stream of clock pulses at a frequency rate that is
determined by the input voltage provided from the charge- MFM & 2,7 ENCODER — This block is controlied by the
pump/filter combination, and an externally connected ca- MFM/2,7 select lead. The MFM/2,7 select input will cause
pacitor. The VCO output is continually being phase incoming WRITE DATA IN to be encoded into either MFM
compared to the pulse stream selected by the SWITCH format or 2,7 format before it is clocked out as NRZ
block. The input controlling voltage to the VCO is caused WRITE DATA.
to vary in such a way as to maintain phase lock with the
input pulses. 16 BIT REGISTER — The incoming data stream for both
read and write functions is shifted into this register for
CLOCK GENERATOR — Provides the output of the VCO processing purposes. During sync-up time this register is
to the rest of the chip. The output of the CLOCK GENER- used to count the number of incoming zeros 1o insure
ATOR switches off at a change of state of the READ proper synchronization to the RZ READ DATA. During
GATE input, and turns back on at the first occurrence of WRITE this register is used to enable precompensation
the RZ READ DATA (if READ GATE is enabled), or the time-shifts at the appropriate time in the write data stream.
REFERENCE OSCILLATOR (if READ GATE is disabled). DC erased gaps in the RZ READ DATA stream are also

The GATE lead can be tied to the VCO CAP lead to start detected by using this shift register.
the VCO in-phase with incoming RZ DATA or REFER-

ENCE OSCILLATOR. ADDRESS MARK DECODE — During read mode, when ad-

dress mark enable is active this block finds DC erased
ZERO PHASE START UP —This block turns off all inter- gaps in the incoming bit-stream that are at least 16 bits
nal clocks whenever the READ GATE input changes state, wide. A signal is sent to the controller to indicate a gap
and also toggles the GATE lead. This lead can be tied to has been found (ADDRESS MARK FOUND).

one of the VCO capacitor leads to turn off the VCO at
the same time. The first incoming bit that is to be fed into MISSING CLOCK DECODER (MFM) — Immediately follow-

the phase lock oscillator (RZ READ DATA for READ ing the sync-field in an MFM encoded bit stream there is
GATE enabled, the REFERENCE OSCILLATOR for READ a pattern written that is not allowed in the MFM encode
GATE disabled) will disable the gate function and allow process. The byte written is generally "A1,”" and the

the VCO to start in-phase with the incoming data, and will CLOCK transition that should have occurred on the sixth

bit is not written. On read-back this missing CLOCK bit is
Figure 2 In-Phase Start up Timing for GATE Output Tied to Lead 23 (VCO CAP)
SS:STI)EATE )(

READ DATA/
REF CLOCK I | I |
{(INPUT)

GATE | l
(OUTPUT)
INTERNAL CLOCK I | I l | l I l
crosaror
——
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detected by the Missing Clock Decoder and a pulse is
generated. This pulse is used for timing alignment in the
controller.

PHASE UP — This block lines up the uA2490's clock with
the WRITE CLOCK input to assure proper phasing to
clock out the WRITE DATA. The WRITE CLOCK input

must be synchronized with the REFERENCE OSCILLATOR.

MFM & 2,7 DECODER — Translates the encoded RZ
READ DATA into decoded NRZ DATA OUT before send-
ing it on to the controller. The CONTROL LOGIC block
will determine if the MFM decode or 2,7 decode algorithm
is to be used.

MISSING CLOCK GENERATOR (MFM)—In MFM mode,
this block allows the CLOCK transition in the 6th bit of
the ID byte '"A1" to be stripped out before being sent out
as write data to the disk. This block is controlled by the
controller.

DIGITAL PRECOMP — Four values of precompensation de-
lays can be selected through two digital inputs. The pre-
compensation written is dependent on the bit position in
the write data stream. Its purpose is to cause a bit to be
written early or late to offset the effects of bit-crowding
(peak shifting) of closely spaced flux transitions on the
disk. The four values of precompensation allowed are se-
lectable between 0%, 5%, 10% and 15% of the VCO
clock period.

ANALOG PRE-COMP — Works with the Digital Precomp
block to actually inject the early or late write-time for a
given WRITE DATA transition.

Functional Description

The uA2490 can reside in either the disk controlier or the
drive itself. When it resides in the controlier, the interface
signals are compatible with the industry standard ST506

signals and levels. When utilized within the drive, the inter-
face becomes compatible with ESDI (Enhanced Small Disk
Interface) the proposed industry standard for higher capaci-
ty drive.

Operation of the pA2490 is dependent on the format in
which the sectors of the disk are written. The principal
requirement is the provision of an adequately long syn-
chronization field prior to valid data. For the nA2490, this
field must contain an all “'zeros” (NRZ) data pattern for a
minimum of 32 data bit intervals (NRZ) between assertion
of READ GATE and the beginning of valid data (including
address marks). Such a format as is suggested in the
ST506 interface specifications is suitable. With the excep-
tion of the provision for leading "'address marks," the for-
mat suggested in ESDI interface documents is also
suitable.

Read

When not writing, the internal PLL remains phase and fre-
quency locked to the REFERENCE OSCILLATOR input un-
til the READ GATE input is asserted by the controller.
When ADDRESS MARK enable is asserted without assert-
ing READ GATE or WRITE GATE, the uA2490 looks for
the DC erased gap which should be at least 16 bits long.
After detecting 16 bits of DC erased gap, a pulse appears
at ADDRESS MARK FOUND lead at the first flux transition
on the READ DATA lead. This pulse disappears with the
arrival of the second puise on the READ DATA lead. It is
assumed, that this flux transition is the first bit of the en-
coded zero sync-field. ADDRESS MARK ENABLE should
be disabled at this point and READ GATE should be as-
serted. ADDRESS MARK ENABLE and READ GATE
should not be asserted at the same time.

As discussed before, assertion of READ GATE is pre-
sumed to occur during the PLO sync portion of the track
format. At the assertion of READ GATE, the PLL changes
to phase lock mode. It enters a ''fast acquisition’' mode

Figure 3 READ/REF Clock Output Timing During Read Sync-up at the Time 16 Zeros Have Been

Decoded in the Preamble Sync Field.

-

it _I__IL,_IL__II_V_II__FI_IL_

(INTERNAL IF CLOCK) ] | [ l I l I | I I I |

READ/REF CLOCK
(OUTPUT)
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and attempts to lock on to the incoming MFM (or 2,7) RZ
READ DATA pulses using pattern sensitive phase discrimi-
nation and fast loop dynamics. The A2490 makes the
important assumption that the pattern written in this field
represents encoded zero data bits.

When lock is achieved and 16 successive zero data bits
have been decoded, the internal PLL swilches to ''slow
track'' mode in preparation for encountering the unique ad-
dress mark byte. NRZ READ DATA OUT lead (which was
high until now) switches to the decoded output pattern
and READ/REFERENCE CLOCK output is switched from
the READ/REFERENCE CLOCK to the PLL's clock. See
Figure 3.

For MFM, the address mark is fixed internally as "At1"
(HEX) or 10100001 where the clock pulse associated with
bit 6 is not present. "A1'" FOUND, a pulse from the
MA2490 to the controller, is asserted at the rise of the
VCO CLOCK associated with bit 6 of the address mark
byte and is reset at the fall of the VCO CLOCK.

NRZ DATA OUT and CLOCK are supplied continuously
thereafter by the wA2490 until negation of the READ
GATE signal by the controller. At that point the PLL is
resynchronized with the REFERENCE OSCILLATOR and
the reference clock is presented at the READ/REFER-
ENCE output.

Write

Write operations are begun at the assertion of WRITE
GATE by the controlier. The PLL remains phase and fre-
quency locked to the REFERENCE OSCILLATOR input all
the time during the WRITE MODE. WRITE CLOCK must
be synchronized to the READ/REFERENCE CLOCK and
the jitter should be less than + %4 of a period for reliable
data transfer. The internal clock will be realigned to the
write clock to assure reliable data transfer. WRITE DATA
is sampled for processing on the first rising edge of

Figure 4 Write Data Transfer Timing

WRITE CLOCK following the assertion of WRITE GATE.
Prior to clocking out the first encoded data bit, an en-
coded zero pattern (preset internally) is clocked out for an
integral number of WRITE CLOCK intervals (associated
with internal processing, 7 clock periods for MFM and 8
clock periods for 2,7). See Figure 4.

The alignment of encoded RZ WRITE DATA pulses with
respect to the internal VCO clock is modified by the
1A2490 according to precompensation rules shown in Ta-
ble 1a. The amount of precompensation is one of four
values (including zero) set by the state of the two PRE-
COMPENSATION SELECT inputs. The actual precompen-
sation value is given in Table 1b as a percent of the
osciflator period. The percentages are +0%, +5%, +10%,
and *15% of the 2f clock.

For MFM, unique address mark bytes may be written by
supplying an NRZ data stream representing "At" (HEX)
and asserting the WRITE MISSING CLOCK line at the fali
of WRITE CLOCK for bit 1. See Figure 5. WRITE MISS-
ING CLOCK must be negated at the fall of WRITE
CLOCK for bit 8 of the ""A1" byte. This suppresses the
normal ''clock' transition for bit cell 6. The assertion or
deassertion of WRITE MISSING CLOCK line does not
have to be synchronous with the WRITE CLOCK. The lev-
el of WRITE MISSING CLOCK SIGNAL does not have any
effect on the operation of uA2490 in 2,7 mode,

Writing proceeds continuously until negation of WRITE
GATE. Only the transitions (or lack thereof) associated
with the WRITE DATA bit valid at the last rise of WRITE
CLOCK will be written. Note that because of the afore-
mentioned internal processing delays the writing of the last
flux transitions will occur seven clock intervals for MFM (or
nine clock intervals for 2,7) after the negation of WRITE
GATE. Null bits appended to the controller write data
stream allow for the finite turn-off time of write current.

WRITE CLOCK I I I | l I I I l l I I I l I l I I I I l l l l

WRITE DATA
(INPUT)
WRITE GATE
(INPUT) —l
|«—INTERNALLY PRESET ENCODED ZERO PATTERN | — ENCODED WRITE DATA
RZWRITEDATA 8
(MFM OUTPUT)

5-44

CROAZ00F




©A2490

Figure 5 Missing Clock Generation

BIT POSITION 1 2 3 4 5 [] 7 8

"A1" DATA 1 o 1 [ [} [ [} 1

WRITE MISSING CLOCK I I_-

ENCODED PATTERN l I | I I | I l | | I I
ENCODED PATTERN
WITH DROPPED CLOCK

¢ bc¢c bPCDCDCDGCODCTDTCOUD

€ = CLOCK TIME POSITION
D = DATA TIME POSITION

crocs00F
Recommended Operating Conditions
Symbol Characteristic Condition Min Typ Max Unit
Vce Supply Voltage 4.75 5.0 5.25 \
Icc Supply Current Voe=50V 200 mA
Ta Ambient Temperature 0 25 70 Cc
fDATA Input Data Rate 25 Mbps
TRer Reference Oscillator Clock Period 40 ns
WRer Width of Reference Oscillator Clock 10 ns
Twro Width of Encoded RZ Data Pulse ‘/sz
re
Trzo jTulse Width of RZ Read Data 10 ns
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Electrical Characteristics Ta = 25°C, Voo = 5.0 V, unless otherwise specified.

DC Characteristics

Symbol Characteristic Condition Min Typ Max Unit
Vor Output Voltage HIGH Vce = Min, lpy = Max Voo - 2.0 Voo - 1.6 \
Voo Output Voltage LOW Ve = Min, gL = Max 0.5 A
I Input Current HIGH Viu=237V L 80 MA
e Input Current LOW V=04V | 195 | wA
low Output Current HIGH -800 EuA
— ™
loL —L Output Current LOW 10 HA
Vin | Input Voltage HIGH 2.0 v
Vie | input Voltage LOW o8 | v
AC Characteristics
Symbol Characteristic Condition Min Typ | Max L Unit
T
TLock R Positive input Gate not connected to VCO 32
transitions after Read capacitor
Gate goes LOW ]
L
Tiock W Positive input after Gate not connected to VCO 16 TBD Ref
Read Gate goes HIGH capacitor Clock
until PLL locks to Period
reference oscillator
Decode MFM | Number of clock cycles MFM 1 Ref
required until output Clock
RZi, NRZyyt Period
Decode 2,7 Number of clock cycles 2,7 5 Ref
required until output Clock
Period
Encode MFM | Number of clock cycles MFM 7 Ref
accompanying input Clock
data to encoded write Period
data NHZin RZom
Encode 2,7 Number of clock cycles 2,7 9 Ret
accompanying input Clock
data to encoded Period
write data
—
K, Charge Pump and = number of VCO Slow 5 Amps/
Filter Gain cycles between — radian
Data Bits, 2mCiReps
MFM: 1 <n<3
27 2<n<7 Fast 5
27mchcps I't Repf
Veontrol Differential Voitage *+400 mv
Swing of Charge Pump L
R N N ——— T —
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Electrical Characteristics (Cont.) T = 25°C, Voo = 5.0 V, unless otherwise specified.

AC Characteristics

Symbol Characteristic [ Condition Min Typ Max Unit
Kvco VCO Gain Constant Measured from filter output 0.5 wyco I Radians/ 5
J sec-volt

fMAX VCO Maximum VGO I 70 MHz
Frequency

fvco VCO Center Frequency +30 %
Tolerance

frempco VCO Center Frequency -5 %/°C
Temperature Coefficient

External Component Selection

Symbol Characteristic J Min Typ Max UnL\ Components
Cvco VCO Frequency Set Capacitor’ [ 5.0 pF
Rcps Charge Pump Slow Resistor 0.7 5.0 50 k2
Repe Charge Pump Fast Resistor 0.7 5.0 50 k2
Css Delay Capacitor? J 10 pF
Res J Delay Current Setting Resistor? J 0.1 1.5 9]

Notes
1. Cvco = 1/(2K) (fvco)
2. Delay Time = Tyco/2 = (0.673)RgsCss

Table 1a Precompensation Patterns

2,7 Precompensation Patterns MFM Precompensation Patterns
Past Present Future Past Present Future
+3 [ +2 [ 41| wrtesit | -1 [ -2 | -3 +2 +1 Write Bit -1 -2
0 0 0 ON TIME 0 0 0 0 0 ON TIME 0 0
1 0 0 ON TIME 0 0 1 1 0 ON TIME 0 1
1 0 0 EARLY 0 0 ] 1 0 EARLY 0 0
o] 0 0 LATE | 0 0 1 0 o] LATE 0 1
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Table 1b Precompensation Values

Bit Interval Shift %
Precomp. MSB | Value LSB Of 2f Clock

0 0 +0%

0 1 +5%

1 0 £10%

1 1 +15%

Table 2 2,7 Code Pattern

Data Code
A B C D 8 7 6 5 4 3 2 1
1] 1 ot 0 0
0 0 1t 0 0 O
1 1 1 0 0 0 1 0 O
1 0 0 0O 0 1 0 0 O
1 0 1 1 0 0 1 0 O
1 1 0 1 0 01 0 0 1 0 O
1 1 0 0 0 0 0o 0 t 0 O O

Table 3 Tabulated Values for VCO and Singfe Shot

Data vco Ces Res

Rate Freq Cvco Delay Delay

Mbps MHz | VCO Cap Cap Res
25 50 12 pF 10 pF 1.5 k2
20 40 18 pF 12 pF 1.5 k&2
15 30 25 pF 16 pF 1.5 k§2
10 20 39 pF 24 pF 1.5 k2
5 10 85 pF 49 pF 1.5 k2

Recommended Charge Pump and Filter Component

Values for 10 Mbps Operation.
Cy=0.47 uF Ry =220 2
Cp =0.0047 pF Reps = 5.1 k2

Rept = 5.1 kS

Layout Precautions

A careful layout is required when attaching the critical tim-
ing components to the Data Separator. Connect the VCO
capacitor and the Single Shot capacitor as close to the
chip as possible. This will help cut down on the amount
of noise picked up from other switching components near-
by on the board that will affect the timing. The filter com-
ponents should also be placed as ciose to the chip as
the layout wili afiow, with the returns making as short a

path as possible to the chip supply or ground. The chip
itself should be well decoupled with the decoupling capaci-
tors placed close to the chip. All leads on the timing and
filter components should be kept as short as possible.

A good ground plane should be used in the vicinity of the
Data Separator chip. Digital signals should be kept away
from the vicinity of the chip. Wire wrap configurations
should be avoided for best performance. All filter capaci-
tors and single shot delay capacitors should be connected
to the V¢ lead.

VCO Capacitor
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Figure 6 ST506

DRIVE

INDEX
DRIVE SELECTED
NRZ READ DATA — ]
| READ/REFERENCE CLOCK —f
+— ENCODED WRITE DATA —— ADDRESS MARK DETECTED —|
| — ENCODED READ DATA —+]  HAZ4%0 NRZ WRITE DATA ———|
e P‘:‘;‘:T or J&—— NRZWRITE CLOCK
AN [+ — ADDRESS MARK ENABLE ——|
ENCODER AEAD GATE
E::wms GATE —————]
fe— PRE-COMPENSATION VALUE —
le— PRE-COMPENSATION VALUE —

[¢— HEAD SELECT 20 ——
f¢— HEAD SELECT 21 ———
¢—— HEAD SELECT 22 ——

le———— WRITE GATE
- REDUCED WRITE CURRENT

le————— STEP ——————]
[¢-————— DIRECTION —————
SEEK COMPLETE -——-7
TRACK ZERO ———¥

-———— WRITE FAULT ———»{

INDEX
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[«—— DRIVE SELECT 2
[——— DRIVE SELECT 3
[——— DRIVE SELECT 4

CONTROLLER
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Figure 7 ESDI
DRIVE SELECTED +
INDEX
le—— ENCODED WRITE DATA —— NRZ WRITE DATA ———
|—— ENCODED READ DATA ——»|  1tA24%0 :an WRITE CLOCK
SEPDA;TAATOR NRZ READ DATA ——»]
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CRO4320F
Typical Hook-up Diagram
Vee Vce
= = Cvco
r—C
Cy Ct _‘ h A
[ c
Res JL Css 4 ‘g °
T' Rces P Repf L1 Ry
REFERENCE READ REFERENCE
OSCILLATOR cLock
RZ READ —] CHARGE READ GATE
Z READ DATA
DELAY PUMP FILTER vco GATE NRZ READ DATA
RZ WRITE DATA ~=—— WRITE CLOCK
A1FOUND ~a——] NRZ WRITE DATA
WRITE WRITE GATE
PRE-COMPENSATION ENCODER /DECODER
MISSING CLOCK ADDRESS MARK
ENABLE
ADDRESS MARK
FOUND
20 21 GND  Vec MFM (2,7}
—— SELECT
PRE-COMPENSATION
VALUE
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—— ————
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nA2580
Winchester Disk
Servo Preamplifier

Linear Division Disk Drives

Description

The $tA2580 provides termination, gain, and impedance
buffering for the thin film servo read head in Winchester
disk drives. It is a differential output design with fixed gain
of approximately 250. The bandwidth is guaranteed greater
than 30 MHz.

The internal design of the uA2580 is optimized for low
input noise voltage to allow its use in low input signal
level applications. It is offered in 8-lead ceramic DIP,
10-lead Flatpak, and an SO-8 package suitable for surface
mounting.

® Low Input Noise Voltage, Typ 0.5 nV/VHz
® Wide Power Supply Range (8.0 V to 13 V)
® internal Damping Resistors (1.0 k)

Absolute Maximum Ratings

Storage Temperature Range
Ceramic DIP and Flatpak
S0O-8

-65°C 1o +175°C
-65°C to +150°C

Operating Temperature Range 0°C to 70°C
Lead Temperature

Ceramic DIP and Flatpak

(soldering, 60 s) 300°C

SO-8 (soldering, 10 s) 265°C
internal Power Dissipation's 2

8L-Ceramic DIP 130 W

10L-Flatpak 0.79 W

SO-8 0.81 W
Supply Voltage 15 V
Output Voltage 15V
Differential input Voltage 1.0V

Notes

1. Ty Max = 150°C for the SO-8, and 175°C for the Ceramic DIP and
Flatpak.

2. Ratings apply to ambient temperature at 25°C. Above this femperature,
derate the 8L-Ceramic DIP at 8.7 mW/°C, the 10L-Flatpak at
5.3 mW/°C, and the SO-8 at 6.5 mW/°C.

Connection Diagram
8-Lead DIP and SO-8 Package
(Top View)

<
+

aUq Uo

- out

o

CDO2200F

Order information

Device Code Package Code
uA2580DC 6T
uA2580SC KC

Package Description

Ceramic DIP
Molded Surface Mount

Connection Diagram
10-Lead Flatpak

(Top View)
h ] 10
+ N ( : d \. J NC
Y —
N é ) -our
4 7
v- L'___E s::] +ouT
NC ‘ L

CD02210F

Order Information
Device Code Package Code

uA2580FC 3F

Package Description
Flatpak

Description Of Lead Functions

Name Description of Functions

+IN Positive Differential Input

-IN Negative Differential Input

NC

V- Negative Differential Supply with respect to Vcc.
+0UT Positive Differential Output

~-OUT Negative Differential Output

V+ Positive Differential Supply with respect to Vee
NC No Connection



uA2580

‘EllAéii:gal Characteristics T4 =25 C, (V+)-(V-)=8.0 to 13.2 V, unless otherwise specified.
Symbol Characteristic Condition Min | Typ | Max Unit
G Gain (differential) - Rp =100 £, (V+)- (V=) =12 V 250
BW Bandwidth (3 dB) Vi=05 mVpp 30 65 MHz
Ry Input Resistance | 300 Q
C Input Capacitance 35 pF
\ Input Dynamic Range (Differential) Re =100 £, (V+)-(V=-)=12 V 1.0 mv p-p
Is Supply Current (V+) - (V=) =12 V 28| 40| mA
AVp ¥Oumut Offset (Differential) Rs=0, Rp=100 600 600 mV_
Vo Equivalent Input Noise BW = 4.0 MHz 0.6 nv/vHz
PSRR Power Supply Rejection Ratio Rs=0, f=5.0 MHz 50 65 | 0.90 dB
AG/V Gain Sensitivity (Supply) A (V+)-(V-) £10%, Rp =100 Q 0.5 %/V
AG/T Gain Sensitivity (Temp) Ta=25°C to 70°C, Rp =100 ] 0.16 %/°C
CMR | Common Mode Rejection (Inpu) | =50 MHz | e | 70 d8

Typical Application (Notes 1-4)

Ve

SERVO
HEAD
2

Notes

RL Ry
1 \L 5 ﬁ'c
LA2580 i
c
/14 s

1. Leads shown for B-lead DIP.
2. RAgq is equivalent load resistance.

H -
3, Rp=—-

Reo

R+ Req

4. G=25 Rp
Where Rp = vaiue from Note 3 (above} in ohms.

CRO5730F
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HA105 « uA305
HA305A « uA376
Voltage Regulators

Linear Division Voltage Regulators

]
FAIRCHILD
|

A Schlumberger Company

Description Connection Diagram

The pA105/305/305A/376 are monolithic positive voltage 8-Lead Metal Package

regulators constructed using the Fairchild Planar Epitaxial (Top View)

process. Applications for these devices include both linear

and switching regulator circuits with output voltages greater REG

than 4.5 V. These devices will not oscillate when confront- our

ed with varying resistive and reactive loads and will start CURRENT comp
reliably regardless of the load within the ratings of the cir- Mt Q) SHUTDOWN
cuit. They also feature fast response to both load and line

transients. Used independently, the nA105/305 will supply Boos;f; A & FeepBACK

12 mA, the pA305A, 45 mA and uA376, 25 mA. The
uA105 is specified for the extended temperature range of
-55°C to +125°C. The pA305/376/305A are specified for
0°C to +70°C operation. The uA105/305/305A are in an COMMON

8-lead TO-5 package and the uA376 is available in the Coo1asor
space and cost saving DIP.

UNREG () () REF
IN BYPASS

Lead 4 connected to case.

® Low Standby Current Drain Order Information

L4 adj:sgble Otétput Voltage From 4.5 Tow-ﬂ)h\/E | Device Code Package Code Package Description
® Hig utput Currents Exceeding 10 A With Externa
Components KA105HM 5W Metal
MA305HC 5W Metal

® Load Regulation Better Than 0.1%, Full Load With
Current-Limiting

® DC Line Regulation Guaranteed At 0.03%/V

® Ripple Rejection Of 0.01%/V

MA305AHC 5wW Metal

Connection Diagram

® Available In Extended Temperature Range (B'I-'t:at\iligvlv';

Absolute Maximum Ratings

Storage Temperature Range 1’_Vj o
Metal Can -65°C to +175°C CURRENT :I REG OUT
Molded DIP -65°C to +150°C = .

Operating Temperature Range BOOSTER COMP
Extended (uA105) -55°C to +125°C & - - SHUTDOWN
Commercial (uA205,

uA305A, pA376) 0°C to 70°C uwreaw ] [ ] reeosack

Lead Temperature 4 s
Metal Can (soldering, 60 s) 300°C COMMON I: j REF BYPASS
Molded DIP (soldering, 10 s) 265°C N

Internal Power Dissipation'-2 Gpozo0F
8L-Metal Can 1.00 W
8L-Molded DIP 0.93 W Order Information

Input Voltage

Device Code Package Code Package Description

ﬁ;gg' ﬁg?g" ig z HA376TC oT Molded DIP
Input/Output Voitage Differential 40 V
Notes

1. Ty Max = 150°C for the Molded DIP, and 175°C for the Metal Can.

2. Ratings apply to ambient temperature at 25°C. Above this temperature,
derate the 8L-Metal Can at 6.7 mW/°C, and the 8L-Molded DIP at 7.5
mw/°C.
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1A105 * uA305
HA305A * uA376

Equivalent Circuit

R7

28 k@
—AAA,

\AAG

an

Q

=

*; »
[+ .

10

mﬁn

<R4

<

53.0 k@

xm ] 04

<R3
<

6.8 kQ

D

<R2
<

5 3.0 kQ

a6

18
£
5

8

UNREGULATED IN

BOOSTER OUT

CURRENT LIMIT

R9
‘ 1.32 kQ
REGULATED OUT

COMPENSATION
SHUTDOWN

FEEDBACK

REFERENCE BYPASS

COMMON

EQO0620F

Elzgfical Characteristics T = 25°C unless otherwise specified’
Symbol Characteristic Condition Min | Typ | Max Unit
VIR Input Voltage Range 8.5 50 '
Vor Output Voltage Range 4.5 40 \
Vi-Vo Input/Output Voltage Differential 3.0 30 \
VR UNE Line Regulation Vi-Vpo<50V 0.025 | 0.06 % /N
Vi-Vo>50V 0.015| 0.03
VR Loap | Load Regulation® 0<IL<12mA |Rgc=10 &, Ta=25°C 0.02| 0.05 %
Rgc =10 Q, Ta=125°C 0.03| 0.1
Rgc =10 , Ta=-55°C 0.03| 0.1
AV|/AVg | Ripple Rejection Crer =10 uF, =120 Hz 0.003 | 0.02 % /V
Ts Temperature Stability? of FBSV | -55°C < Tp < +125°C 0.3 1.0 %
FBSY Feedback Sense Voltage 1.63 17) 1.84 \
No Noise 10 Hz <f<10 kHz |Cggr=0 0.005 %
Crer > 0.1 uF 0.002
Vois Current Limit Sense Voltage® Rsc = 13 Q, Ta=25°C, 225 300 375 mV
Vo=0
.
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#A105 * 4A305
HA305A * uA376

uA105 (Cont.)
Electrical Characteristics Tp = 25°C unless otherwise specified’

Symbol Characteristic Condition Min | Typ | Max Unit
Iscp Standby Current Drain V=50V 0.8 2.0 mA
S Long Term Stability of FBSV Ty=125°C |Tp=25°C For End Point 0.1 1.0 | %/1000
Measurement hrs
uA305A
Electrical Characteristics Tp = 25°C unless otherwise specified1
Symbol Characteristic Condition Min | Typ | Max Unit
VIR Input Voltage Range 8.5 50 \
Vor Output Voltage Range 4.5 40 \
Vi-Vo Input/Output Voltage Differential 3.0 30 \
VR UNE Line Regulation Vi-Vg <50V 0.025 | 0.06 %/V
Vi-Vo>50V 0.015| 0.03
VR LOAD Load Regulation 0<I <45 mA Rsc =0 §2, Ta=25°C 0.02 0.2 %
Rgc=0 2, To=70°C 003| 04
Rsg=0 §2, To=0°C 0.03 0.4
AV|- AVg | Ripple Rejection Cpgr =10 uF, =120 Hz 0.003 | 0.02 %IV
Ts Temperature Stability* of FBSV | 0°C < T, < +70°C 0.3 1.0 %
FBSV Feedback Sense Voltage 1.55 17| 1.85 \"
No Noise 10 Hz<f< 10 kHz |Crgg =0 0.005 %
Crer > 0.1 uF 0.002
Vois Current Limit Sense Voltage® Rgc =10 £, Tp =25°C, 225 300 375 mV
Vo=0V
Isco Standby Current Drain V=50V 0.8 2.0 mA
S Long Term Stability of FBSV T;=125°C |Ta=25°C For End Point 0.1 1.0 | %/1000
Measurements hrs
HA305
Electrical Characteristics T = 25°C unless otherwise specified’
Symbol Characteristic Condition Min | Typ | Max Unit
ViR Input Voltage Range 8.5 40 Vv
Vor Output Voltage Range 4.5 30 "
Vi-Vp Input/Output Voltage Differential 3.0 30 \)
VR LINE Line Regulation Vi-Vo <50V 0.025 | 0.06 % /V
V)-Vo>50V 0.015| 0.03




. __|
nA105 * uA305
UuA305A * uA376
nA305 (Cont.)
Electrical Characteristics T5 = 25°C unless otherwise specified’
Symbol Characteristic Condition Min Typ | Max Unit
VR Loap | Load Regulation? 0<I <12 mA |Rgc=10 §, To=25°C 0.02| 0.05 %
Rsc=15 £, To=70°C 0.03 0.1
Rgc =10 £, To=0°C 0.03 0.1
AV//AVo | Ripple Rejection Cger = 10 uF, f=120 Hz 0.003| 0.02| %/V
Ts Temperature Stability* of FBSV | 0°C < T < +70°C 0.3 1.0 %
FBSV Feedback Sense Voltage 1.63 1.7 | 1.81 \
No Noise 10 Hz << 10 kHz |Cprege =0 0.005 %
Crer > 0.1 uF 0.002
Vcis Current Limit Sense Voltage9 Rsc =10 £, Ta=25°C 225 | 300 375 mV
Vo=0V
lscp Standby Current Drain V=40 V 0.8 2.0 mA
S Long Term Stability of FBSV Ty=125°C |Ta=25°C For End Point 0.1 1.0 | %/1000
Measurements hrs
uA376
Electrical Characteristics 0°C <Tp < 70°C
Symbol Characteristic Condition Min | Typ | Max Unit
ViR Input Voltage Range 9.0 40 \
VoRr Output Voltage Range 5.0 37 "
Vi-Vo Input/Output Voltage Differential 3.0 30 \
VR LINE Line Regulation Ta=25°C 0.03 %IV
0°C < T, <70°C 0.1
VR LoAD Load Regulation O0<I <25 mA Rsc=0 &, To=25°C 0.2 %
Rgc=0 £, T4 =70°C 0.5
Rsc=0 , Ta=0°C 0.5
AV|/AVg | Ripple Rejection f=120 Hz, Tp=25°C 0.1 %IV
Vois Current Limit Sense Voltage 360 mv
Isco Standby Current Drain Vin=30 V, Tpo=25°C 2.5 mA
VRer Reference Voltage 160 | 1.72| 1.80 \
Notes

1. These specifications apply for input and output voltages within the
ranges given, and for a divider impedance seen by the feedback
terminal of 2.0 k2, 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 is operating under conditions of high dissipation.

2. 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.

3. With no external pass transistor.

4. Temperature stability is defined as the percentage change in output
voitage for a thermal variation from room temperature to either

temperature exireme.
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MA105 ¢ uA305
HA305A ¢ uA376

Typical Performance Curves

Load Regulation
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HA105 ¢ uA305
MA305A * uA376

Typical Performance Curves (Cont)
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Typical Performance Curves for uA376
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#A105 ® uA305
uA305A * uA376

Typical Performance Curves for uA376 (Cont.)
Supply Voltages Rejection vs

Regulator Dropout Voltage Optimum Divider Resistance Input/Output Voltage Differential
123 3.0 | |
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Typical Applications

Basic Positive Regulator With Current-Limiting

RAsc
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REGULATED
g A1

FEEDBACK

R1 + R2

Vo= 172 v

'os‘lfs%g mA
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FAIRCHILD
e ———————

A Schiumberger Company

MA117 « uA217 « uA317
3-Terminal Positive
Adjustable Regulators

Linear Division Voltage Regulators

Description

The uA117/uA217/uA317 are adjustable 3-terminal positive
voltage regulators capable of supplying in excess of 1.5 A
over an output voltage range of 1.2 V to 37 V. They are
exceptionally easy to use and require only two external
resistors to set the output voltage. Further, they employ
internal current-limiting, thermal shutdown and safe-area
compensation, making them essentially blow out proof.

The pA117 series serves a wide variety of applications in-
cluding local, on-card regulation. They also make an espe-
cially simple adjustable switching regulator, and a
programmable output regulator; or by connecting a fixed
resistor between the adjustment and output, the pA117 se-
ries can be used as a precision current regulator.

® Output Current In Excess Of 1.5 A In TO-3 And
TO-220 Packages

® Output Adjustable Between 1.2 V And 37 V

© Internal Thermal Overload Protection

@ internal Short Circuit Current-Limiting Constant
Temperature

® Output Transistor Safe-Area Compensation

® Fioating Operation For High Voltage Applications

® Standard 3-Terminal Transistor Packages

@ Available In Extended Temperature Range

Absolute Maximum Ratings
Storage Temperature Range

TO-3 Metal Can -65°C to +175°C

TO-220 Package -65°C to +150°C
Operating Junction Temperature Range

Extended (uA117) -55°C to +150°C

Industrial (#A217) -40°C to +150°C

Commercial (uA317) 0°C to +150°C

Lead Temperature

Connection Diagram
TO-3 Package
(Top View)

our
(CASE) IN

ADJ

CDO1330F

Order Information
Device Code Package Code Package Description

MAT117KM HJ Metal
HA217KV HJ Metal
HA317KC HJ Metal

Connection Diagram
TO-220 Package
(Top View)

q} 2333/—007

I ——
L a————t

\—ADJ

CRO1340F

\‘OUT

Lead 3 connected to case.

Order Information
Device Code Package Code Package Description

TO-3 Metal Can (soldering, 60 s) 300°C HA217UV GH Molded Power Pack
TO-220 Package (soldering, 10 s)  265°C MA317UC GH Molded Power Pack
Power Dissipation Internally Limited
Input/Output Voltage Differential 40 V
I __
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HA117 @ uA217 * uA317

Electrical Characteristics T, =-55°C to +150°C for the uA117, —-40°C to +125°C for the uA217, and 0°C to
+125°C for the pA317; Vi-Vpo =50 V; Ig=0.5 A; Imax = 1.5 A; Ppax =20 W;
unless otherwise specified.

uA117/217 uA317
Symbol Characteristic Condition’ Min | Typ | Max | Min | Typ | Max Unit
VR LINE Line Regulation'® Ta=25°C; 3.0 VSV|-Vo <40 V 0.01 | 0.02 0.01| 0.04 %IV
3.0 VSV,-Vp<40 V 0.02 | 0.05 0.02 | 0.07
VR Loap | Load Fiegulation1 Ta =25°C, Vo<50V 5.0 15 5.0 25 mV
<lg <
W mASloSax [y >50 v 01| 03 01| 05| %Vg
10 mA <lp < lyax Vo <50V 20 50 20 70 mvV
Vo=50V 0.3 1.0 0.3 1.5 %Vo
ladj Adjustment Lead 50| 100 50| 100 UA
Current
Alyg Adjustment Lead 25 VSV -Vo <40V, 02| 50 0.2 5.0 MA
Current Change 10 mA < lp < Iymax Pp < Ppmax
VRer Reference Voltage? 3.0 V<V, -Vp<40 V; 1.20| 1.25| 1.30| 1.20| 1.25| 1.30 \
10 mA < lo < |Max; PD < Phax
Ts Temperature Stability 0.7 0.7 %Vo
lo Min Minimum Load Vi-Vpo=40 V 3.5 5.0 3.5 10 mA
Current to Maintain
Regulation
lo Max Maximum OQutput Vi-Vo <15V, Pp < Ppmax 15| 22 15| 22 A
Current Ta = 25°C, 0.25| 04 015| 0.4
V|—Vo=40 V, PD<PMax
No Noise Ta=25°C, 10 Hz<<f <10 kHz 0.003 0.003 % Vo
AV|/AVq | Ripple Rejection® Vo=10V, Without Cag; 65 65 dB
f=120 Hz Cagj = 10 4F 66| 80 66| 80
S Long-Term Stability,* | Ta = 25°C for 0.3 1.0 0.3 1.0| %/1000
Ty =Ty Max Endpoint Measurements hrs
Notes

1.

n

Load and line regulation are specified at constant junction temperature.

Changes in Vg due to heating effects must be taken into account
separately. Pulse testing with low duty cycle is used.

. Selected devices with tightened tolerance reference voltage available.

. Cagj, when used, is connected between the adjustment lead and ground.

. Since Long Term Stability cannot be measured on each device before
shipment, this specification is an engineering estimate of average
stability from lot to lot.

lo=10.5 A for V|-Vg <25 V and lyax for V;-Vg>25 V.




HA117 * yA217 * uA317

Typical Performance Curves

Load Regulation
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HA117 * uA217 * uA317

Typical Performance Curves (Cont.)

Output Impedance
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To calculate the maximum junction temperature or heat
sink required, the following thermal resistance values

should be used:

Typ Max Typ Max

oJc aJC OJA ALY
Package °C/W °C/W °C/W °C/W
TO-3 2.3 35 35
TO-220 (uA317) 5.0 40

Typical Applications

Standard Application

A Vo
— A7
\ RIS
'ﬂ¢ 2409 ¢
=& = o
0.1 uF L ADJUST 1.0 uF
<
/z:/nz
3

CRO3590F

C, is required if regulator is located an appreciable distance from power

supply filter.

Vo=125V

1+R2)+| R2
R1 adj

(1)

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

PCOAR4OF PCOBISOF

Basic Circuit Operation

The pA117 is a 3-terminal floating regulator. In operation,
the nA117 develops and maintains a nominal 1.25 V refer-
ence (VRep) between its output and adjustment terminals.
This reference voltage is converted to a programming cur-
rent (Iprog) by R1 (see Figure 1), and this constant current
flows through R2 to ground. The regulated output voltage
is given by:

+ ladi R2 2)

Vo=V (1+R2
¢] REF R1

Since the current from the adjustment terminal (l54) repre-
sents an error term in equation 2, the yA117 was de-
signed to control lag; to less than O V and keep it
constant. To do this, ali quiescent operating current is re-
turned to the output terminal. This imposes the require-
ment for a minimum load current. If the load current is
less than this minimum, the output voltage will rise.

Since the pA117 is a floating regulator, it is only the volt-
age differential across the circuit which is important to per-
formance, and operation at high voltages with respect to
ground is possible.
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uA117 ¢ yA217 ® uA317

Figure 1 Basic Circuit Configuration

Vi HA17

ADJUST

CRO2600F

Vret = 1.25 V Typical

Load Regulation

The pA117 is capable of providing extremely good load
regulation, but a few precautions are needed to obtain
maximum performance. For best performance, the pro-
gramming resistor (R1) should be connected as close to
the regulator as possible to minimize line drops which ef-
fectively appear in series with the reference, thereby de-
grading 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
{Cy) is recommended to reduce the sensitivity to input line
impedance.

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

Although the uA117 is stable with no output capacitance,

like any feedback circuit, certain values of external capaci-
tance 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 pre-
vent the capacitors from discharging through low current
points into the regulator.

Figure 2 shows the uA117 with the recommended protec-
tion diodes for output voltages in excess of 25 V or high
capacitance values (Cg > 25 uF, Caqj> 10 uF). Diode D1t
prevents Cp from discharging through the IC during an in-
put short circuit. Diode D2 protects against capacitor Cag
discharging through the IC during an output short circuit.
The combination of diodes D1 and D2 prevents Cayj from
discharging through the IC during an input short circuit.

Figure 2 Voitage Regulator with Protection Diodes

D1
IN40O2

v Vo

AN

1Ary

ADJUST

CRD3810F
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A Schiumberger Company

uA138 « uA238 « uA338
5-Amp Positive
Adjustable Regulators

Linear Division Voltage Regulators

Description

The pA138/uA238/uA338 are adjustable 3-terminal positive
voltage regulators capable of supplying in excess of 5.0 A
over a 1.2 V to 32 V output range. They are exceptionally
easy to use and require only two resistors to set the out-
put voltage.

A unique feature of the nA138 family is time dependent
current-limiting. The current limit circuity allows peak cur-
rents of up to 12 A to be drawn from the regulator for
short periods of time. This allows the pA138 family to be
used with heavy transient loads and speeds start up under
full-load conditions. Under sustained loading conditions, the
current limit decreases to a safe value protecting the regu-
lator. Also included on the chip are thermal overload pro-
tection and safe-area protection for the power transistor.
Overload protection remains functional even if the adjust-
ment lead is accidentally disconnected.

The pA138/uA238/uA338 are packaged in standard TO-3
transistor packages. The pA338 is also available in stan-
dard TO-220 transistor packages.

® Guaranteed 7.0 A Peak Output Current

® Guaranteed 5.0 A Output Current

® Output Adjustable Between 1.2 V and 32 V

® Load Regulation Typically 0.1%

® Line Regulation Typically 0.005%/V

® Internal Thermal Overload Protection

® Internal Short Circuit Current-Limiting

® Output Transistor Safe-Area Compensation

® Floating Operation for High Voltage Applications
® Standard TO-3 and TO-220 Transistor Packages
® Available in Extended Temperature Range

Absolute Maximum Ratings
Storage Temperature Range
TO-3 Metal Can
TO-220 Package
Operating Junction Temperature Range
Extended (1A138)
Industrial (uA238)
Commercial (uA338)
Lead Temperature

~65°C to +175°C
-65°C to 150°C

-55°C to +150°C
-40°C to +150°C
0°C to +150°C

TO-3 Metal Can (soldering, 60 s) 300°C

TO-220 Package (soldering, 10 s) 265°C
Power Dissipation Internally Limited
Input/Output Voltage Differential 35V

Connection Diagram
TO-3 Package
(Top View)

ouT

(CASE) N

ADJ

CDO1330F

Order Information

Device Code Package Code Package Description

#A138KM FT Metal
uA238KV FT Metal
#A338KC FT Metal
Connection Diagram
TO-220 Package
(Top View)
N
e
2 [T = e out
Q} s =
LR

& ourt

Lead 3 connected to case.

GRO1340F

Order Information
Device Code Package Code

uA338UC GH

Package Description
Molded Power Pack
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1A138 ¢ uA238 » uA338
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uA138 * uA238 * uA338

Electrical Characteristics Unless otherwise specified,

these specifications apply: -55°C < T; < +150°C for the

HA138, -25°C < T; < +150°C for pA238 and 0°C < Ty < +125°C for the pA338,
Vi-Vg =50V and lg=2.5 A. Although power dissipation is internally limited, these
specifications are applicable for power dissipation up to 50 W, for TO-3; 25 W for

TO-220
nA138/uA238 nA338
Symbol Characteristic Conditions Min | Typ | Max | Min | Typ | Max Units
VRer Reference Voltage® 3.0 VSV|-Vp<35 YV, 119 1.24| 1.28| 1.19| 1.24 | 1.29 \
10 MA<Ip<50 A,
P <50 W, Tp=25°C
VR une | Line Regulation' Ta = 25°C, 0.005| 0.01 0.005| 0.03| %/V
30 VLSV,-Vp<35V
30 VSV)-Vp<35 V 0.02| 0.04 0.02 | 0.06 % /V
VR LoAD | Load Reguiation’ Ta = 25°C, Vo <50V 50| 15 50| 25 mv
<lp<5.
W mASIoS50A Iy S50 v 01| 03 01| 05| %vo
10 MASIgS<50A |Vos50V 20 30 20 50 mV
Vo=50V 03| 06 03| 10| %Vgo
VRTH Thermal Regulation Puise = 20 ms 0.002| 0.01 0.002( 0.02 % /W
Vo Dropout Voltage® IL<50 A V=70V 3.0 3.0 v
Ta=25°C
lagj Adjustment Lead 45| 100 45| 100 HA
Current
Alag; Adjustment Lead 10 mMA<I <50 A 02| 50 02| 50| A
Current Change 30 V<V|-Vp<35V
Ts Temperature TMin < Ty < TMax 1.0 1.0 %
Stability
1L Min Minimum Load Vi-Vp=35V 35| 5.0 3.5 10 mA
Current
IL Current Limit Vi-Vo<10V 50| 8.0 5.0 8.0 A
0.5 ms Peak 7.0 12 7.0 12
Vi-Vpo=30 V 1.0 1.0
No Noise Ta=25°C 0.003 0.003 %Vo
10 Hz <f< 10 kHz
AV(/AVp | Ripple Rejection Vo=10V, Without Cypg; 60 60 %Vo
f=120 Hz Cagi= 10 uF 60| 75 60| 75 dB
S Long Term Stability? Ta = 25°C for Endpoint 0.3 1.0 0.3 1.0| %/1000
Measurements hrs

Notes

1. Regulation is measured at constant junction temperature. Changes in
output voltage due to heating effects are taken into account sepatately
by thermal regulation.

2. Since Long Term Stability cannot be measured on each device before
shipment, this specification is an engineering estimate of average
stability from lot to lot.

3. Selected devices with tightened tolerance reference voltage available.
4. Minimum V|- Vg at 0°C < T, < +125°C is 3.0 V and at
-B5°C<T;<+150°C is 3.2 V.
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1A138 ® uA238 * uA338

Typical Performance Curves
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uA138 ® uA238 * uA338

Typical Performance Curves (Cont.)
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uA138 ® uA238 * uA338

Design Considerations

To calculate the maximum junction temperature or heat
sink required, the following thermal resistance values
should be used:

Typ Max Typ Max
6Jc 6Jc OJA BJA
Package °C/W °C/W °C/W °C/W
TO-3 1.0 35
TO-220 3.5 40
Po tax = Tumax=Ta  Tymax Ta
P Buc+0ca 614

Oca = Ocs + Osp (Without heat sink)

Solving for T
Ty=Ta+Pp (6uc +Oca) or
=Ta + Ppfya (Without heat sink)

Where:
Ty = Junction Temperature
Ta = Ambient Temperature
Pp = Power Dissipation
0;a = Junction-to-Ambient Therma! Resistance
8)c = Junction-to-Case Thermal Resistance
Oca = Case-to-Ambient Thermal Resistance
fcs = Case-to-Heat Sink Thermal Resistance
Osa = Heat Sink-to-Ambient Thermal Resistance

Typical Applications

Basic Circuit Operation

The nA138 is a 3-terminal floating regulator. In operation,
the pA138 develops and maintains a nominal 1.25 V refer-
ence (VRer) between its output and adjustment terminals.
This reference voltage is converted to a programming cur-
rent {lprog) by R1 (see Figure 1), and this constant current
flows through R2 to ground. The regulated output voltage
is given by:

Vo = VRer

R2
1+—
R1

+13gjR2 (1
Since the current from the adjustment terminal (lag) repre-
sents an error term in eguation 1, the ©A138 was de-
signed to minimize l5g and make it constant with line and
load changes. To do this, all quiescent operating current is
returned to the output terminal. This imposes the require-
ment for a minimum load current. If the load current is
less than this minimum, the output voltage will rise.

Since the uA138 is a floating regulator, it is only the volt-
age differential across the circuit which is important to per-

formance, and operation at high voltages with respect to
ground is possible.

Load Regulation

The pA138 is capable of providing excellent load regula-
tion, but a few precautions are needed to obtain maximum
performance. For best performance, the programming resis-
tor (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.

Figure 1 Basic Circuit Configuration

v Vi uA138 Vo T
ADJ / L
>
Vn{; :’Rl
IproG
— y % Vo
lagj

CRO3530F

Figure 2 Voltage Regulator with Protection Diodes

D1
K IN4002

v v,
| ] uA138 o
3 *“:.m
<:R1 h
"
<G ADJUST ==Co
h
;:’“’ R Ca

CRO3540F

External Capacitors

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

The adjustment terminal may be bypassed to ground to
improve ripple rejection. This capacitor (Cag) prevents rip-
ple from being amplified as the output voltage is in-
creased. A 10 uF capacitor should improve ripple rejection
by 15 dB at 120 Hz in a 10 V application.
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1A138 * uA238 * uA338

Although the uA138 is stable with no output capacitance,

like any feedback circuit, certain values of external capaci-
tance 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 pre-
vent the capacitors from discharging through low current
points into the regulator.

Figure 3a Adjustable Reguiator with Improved Ripple

Figure 2 shows the uA138 with the recommended protec-
tion diodes for output voltages in excess of 25 V or high
capacitance values (Co > 25 pF, Caqgi> 10 pF).

Diode D1 prevents Cy from discharging through the IC
during an input short circuit Diode D2 protects against ca-
pacitor C,q;j discharging through the IC during an output
short circuit. The combination of diodes D1 and D2 pre-
vents Cuq; from discharging through the IC during an input
short circuit.

Figure 3b High Stability 10 V Regulator

Rejection
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ADJ
Ri< D1
c2 2009 1N4002
Io.1 wF (NOTE 3) (NOTE 2)
- [~
+ o </R2 1.0 uF ==
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1
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Figure 4 Adjustable Current Regulator
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! Ay 2 0A-S0A
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>120 Q
= v—
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Notes

1. Solid tantatum.

2. Discharges C1 if output is shorted to ground.

3. R1 =240 £ for LM138 and LM238. (
4,

R2
14—

Rg—sets output impedance of charger Zo = Rg m

Use of Rg allows low charging rates with fully
charged battery.
5. The 1000 uF is recommended 1o filter out input transients.

v Vo
5V Vi uA338 Vo 10V
ApJ on oh2
c1 $20ke Z1.5kQ
IO-I uf i 5% 1%
LM3298
SRa
32670
1%
‘CRO3560F

Figure 5 Simple 12 V Battery Charger
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A Schlumberger Company

nA150 « uA250 « uA350
3-Amp Positive
Adjustable Regulators

Linear Division Voltage Regulators

Description

The uA150/uA250/uA350 are adjustable 3-terminal positive
voltage regulators capable of supplying in excess of 3.0 A
over a 1.2 V to 33 V output range. They are exceptionally
easy to use and require only two external resistors to set

the output voltage.

A unique feature of the pA150 family is time dependent
current-limiting. The current limit circuitry allows peak cur-
rents of up to 6.0 A to be drawn from the regulator for
short periods of time. This allows the nA150 family to be
used with heavy transient loads and speeds start up under
full load conditions. Under sustained loading conditions, the
current limit decreases to a safe value protecting the regu-
lator. Also included on the chip are thermal overload pro-
tection and safe-area protection for the power transistor.
Overload protection remains functional even if the adjust-
ment lead is accidentally disconnected.

The uA150/uA250/uA350 are packaged in standard TO-3
transistor packages. The pA350 is also available in stan-
dard TO-220 transistor packages.

¢ Guaranteed 3.0 A Output Current

¢ Qutput Adjustable Between 1.2 V and 33 V

® Load Regulation Typically 0.1%

@ Line Regulation Typically 0.005%/V

¢ |nternal Thermal Overload Protection

® Internal Short Circuit Current-Limiting

® Output Transistor Safe-Area Compensation

® Floating Operation for High Voltage Applications
® Standard TO-3 and TO-220 Transistor Packages
® Available in Extended Temperature Range

Absolute Maximum Ratings
Storage Temperature Range

Connection Diagram
TO-3 Package
(Top View)

our

(CASE) IN

ADJ

CDO1330F

Order Information

Device Code Package Code Package Description

HA150KM FT Metal
HA250KV FT Metal
MA350KC FT Metal
Connection Diagram
TO-220 Package
(Top View)
[ IN
2 [ ——= /— out
{%} s [C=—
1
\—ADJ

\— out

Lead 3 connected to case

CRO1340F

Order Information

Device Code Package Code Package Description

TO-3 Metal Can -65°C to +175°C HA350UC GH Molded Power Pack
TO-220 Package -65°C to +150°C
Operating Junction Temperature Range
Extended (uA150) -55°C to +150°C
Industrial (uA250) -25°C to +150°C
Commercial (LA350) 0°C to +150°C
Lead Temperature
TO-3 Metal Can (soldering, 60 s) 300°C
TO-220 Package (soldering, 10 s) 265°C
Power Dissipation Internally Limited
Input/Output Voltage Differential 3BV
L __
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uA150 ¢ uA250 * A350

#A150/1A250

Electrical Characteristics Unless otherwise specified, these specifications apply —55°C < T; < +150°C for the
HA150, —-25°C < T, < +150°C for the pA250, and 0°C <T; < + 150°C for the
HA350, V-V =50 V and Ig = 1.5 A. Although power dissipation is internally
limited, these specifications are applicable for power dissipation up to 30 W, for
TO-3; 25 W for TO-220.

Symbot Characteristic | Conditions Min Typ Max Units

VREp Reference Voltage 30<V|-Vo <35V, 1.20 1.25 1.30 \' n
10 MASIp<30A P<30W

VR LINE Line Regulation' Ta=25°C 0.005 0.01 %IV
30 VEV|-Vp<35 V
30 VSV|-Vp<35V 0.02 0.05 % IN

VR Loap | Load Regulation’ Ta=25°C Vo <50V 5.0 15 mv
10mASIo<30A yi>s0v 01| o3 % Vo
10 MASIg<30 A Vo<50V 20 50 mV

Vo=25.0V 0.3 10 % Vo

VRTH Thermal Regulation Pulse = 20 ms 0.002 0.01 % /W

Vbo Dropout Voltage Ta = 25°C, 3.0 Vv
IL<30A V<70V

lagj Adjustment Lead Current 50 100 uA

Algg Adjustment Lead Current 10 MA<I. <3.0 A 0.2 5.0 uA

Change 30 V<V, ~-Vp<35V

Ts Temperature Stability Tmin < Ty < TMax 1.0 %o

IL Min Minimum Load Current Vi-Vo=35V 3.5 5.0 mA

I Current Limit Vi-Vo<10 V 3.0 4.5 A
Ty =25°C, 0.3 1.0 A
Vi-Vo=30 V

No Noise Ta=25°C, 10 Hz <f<10 kHz 0.001 % Vo

AV|/AVp | Ripple Rejection Vo=10V, J Without Cg; 65 dB
f=120 Hz | Cagj=10 4F 66 | 86 B

S Long Term Stability? Ta=25°C 03 1.0 | %/1000 hrs

Notes

1. Regulation is measured at constant junction temperature. Changes in
output voltage due to heating effects are taken into account separately
by thermal regulation.

2. Since long term stability cannot be measured on each device before
shipment, this specification is an engineering estimate of average stability
from lot to lot.

6-25



uA150 ¢ uA250 * uA350

uA350

Electrical Characteristics Unless otherwise specified, these specifications apply -55°C < T, < +150°C for the
HA150, -25°C <T; < +150°C for the uA250, and 0°C < T < + 150°C for the
MA350, V|-Vp=5.0 V and top = 1.5 A. Although power dissipation is internally
limited, these specifications are applicable for power dissipation up to 30 W, for
TO-3; 25 W for TO-220.

Symbol Characteristic Conditions Min Typ Max Units
VREr Reference Voltage 30<V|-Vg<35, 1.20 1.25 1.30 \"
10 MA<Ip<3.0 A,
P<30 W
VR LINE Line Regulation1 Ta=25°C 0.005 0.03 % /V
30 V<V,-Vp <35V
30 VSV|-Vo<35V 0.02 0.07 %IV
VR Loap | Load Regulation’ Ta=25°C Vo <50V 5.0 25 mv
<lp <
WmASIo<30A 'y >s0v o1 | 05 % Vo
10 MA<Ip<30 A Vo<50V 20 70 mV
Vo=50V 0.3 15 % Vo
VRTH Thermal Regulation Pulse =20 ms 0.002 0.03 % /W
Voo Dropout Voltage IL<3.0 A V<70V, 3.0 "
Tp=25°C
lagj Adjustment Lead Current 50 100 HA
Algg; Adjustment Lead Current 10 mAS| <30 A 0.2 5.0 A
Change 30 VSV -Vg<35 V
Ts Temperature Stability TMin < Ty < TMax 0.5 %
1L Min Minimum Load Current Vi-Vp=35V 35 10 mA
I Current Limit Vi-Vos10 V 3.0 45 A
Vi~-Vo=30V, 0.25 1.0 A
T,=25°C
No Noise Ta=25°C 0.001 % Vo
10 Hz <f< 10 kHz
AVi/AVg | Ripple Rejection Vo=10V, Without Cg; 65 dB
f=120 Hz Cagj = 10 4F 66 86
S Long Term Stability? Tp=25°C 0.3 1.0 | %/1000 hrs
Notes

-

. Regulation is measured at constant junction temperature. Changes in

output voltage due to heating effects are taken into account separately
by thermal regulation.

N

. Since long term stability cannot be measured on each device before

shipment, this specification is an engineering estimate of average stability

from lot to lot.
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nA150 » uA250 * uA350
Typical Performance Curves
Ripple Rejection Output Impedance Load Transient Response
100 to! URLLLIDVLIVLELES 40 T | I l l I |
:“;’o:::“: / W o | OUTPUTVOLTAGE G\ = 04F Coy = 0.7
iy = 500 mA f g>| i} oA ' | |
80 Cagj = 10 uF 1, = 285°¢ g /=G = 1.0 uF Coq) = 10 4F
i A § 0
@ 10° > o2 T 1 T
-] 7 o '/ ] v =15V
| / h =
il T [ N 3 é Vo =10V
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£ 5 e A} Caci = 10 uF 1771 | .
— a .
20 V=15V 102 \ 35 ?
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T, = 25°C o
° L L1l ) 10-3 °
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OUTPUT CURRENT—A FREQUENCY—Hz TIME—u3
POOB700F PCOBE4OF PCOBBSOF
Thermal Regulation Ripple Rejection Minimum Operating Current
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uA150 ® uA250 * uA350

Typical Performance Curves (Cont.)

Adjustment Current

Temperature Stability

Dropout Voltage

[ 126 30
q

60 N ‘
g T 25 IL=30A
T s > 125 = 2 i

= | NS =
E L1 w E ~— IL=20A
a < 1 T
£« | g =0 ]
o - §124 4 & Tt ™ IL = 500 mA
- a - T
3 w ™
g * : 2 1s .
W a g

= I3 =3
EI /] u 3 W =20ma—"]
S / & 123 5 | | I=20mA

3s R [

AVo = 100 mV
1.22 ] | ’
-75 -25 25 7 125 -75 ~25 25 75 125 -75 -25 25 75 125
TEMPERATURE—°C TEMPERATURE—°C TEMPERATURE—°C

PCOB740F

Ripple Rejection

100
80 Coaj = 10 uF
3|
3 e I~
g ~—i
—)
w Caqj = 0 u
&
oW
-t
a
a
T Vi-Vp =50V
20 ——IL =500 mA
f =120Mz
T, = 25°C
o |

0 5.0 10 15 20 25 30 35
OUTPUT VOLTAGE—V

PCOB77OF

Design Considerations

To calculate the maximum junction temperature or heat
sink required, the following thermal resistance values
should be used:

Typ Max Typ Max

Ao oJC 0JA OJA
Package °C/W °C/W °C/W °C/W
TO-3 1.5 35
TO-220 3.0 4.0 40

Pp Max = Ty Max—TA Ty Max TA
> fyc+0ca O
Oca = Ocs + Osa (Without heat sink)

PCOBT50F

Solving for Ty
Ty=Ta+PpByc + bca) or
=Ta + Pplya (Without heat sink)

Where:

Ty
Ta
Po
O
Bic
fca
fcs
Bsa

= Junction Temperature
Ambient Temperature
Power Dissipation

= Junction-to-Ambient Thermal Resistance

= Junction-to-Case Thermal Resistance

= Case-to-Ambient Thermal Resistance

= Case-to-Heat Sink Thermal Resistance

= Heat Sink-to-Ambient Thermal Resistance

PCO8780F
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1A150 ® uA250 ® uA350

Typical Applications

In operation, the uA150 develops a nominal 1.25 V refer-
ence voltage, Vger, between the output and adjustment
terminal. The reference voltage is impressed across pro-
gram resistor R1 and, since the voltage is constant, a
constant current |1 then flows through the output set resis-
tor R2, giving an output voltage of (Figure 1)

M

Vo = Vaer + lagiR2

R2
1+—
R1

Since the 50 pA current from the adjustment terminal rep-
resents an error term, the pA150 was designed to mini-
mize lzg; and make it very constant with line and load
changes. To do this, all quiescent operating current is re-
turned to the output establishing a minimum load current
requirement. If there is insufficient load on the output, the
output will rise.

External Capacitors

An input bypass capacitor is recommended. A 0.1 uF disc
or 1.0 uF solid tantalum on the input is suitable input by-
passing fer almost all applications. The device is more
sensitive to the absence of input bypassing when adjust-
ment or output capacitors are used, but the above values
will eliminate the possibility of problems.

The adjustment terminal can be bypassed to ground on
the uA150 to improve ripple rejection. This bypass capaci-
tor prevents ripple from being amplified as the output volt-
age is increased. With a 10 uF bypass capacitor 88 dB
ripple rejection is obtainable at any output level. Increases
over 10 uF do not appreciably improve the ripple rejection
at frequencies above 120 Hz. If the bypass capacitor is
used, it is sometimes necessary to include protection di-
odes to prevent the capacitor from discharging through in-
ternatl low current paths and damaging the device.

In general, the best type of capacitor to use is solid tanta-
lum. Solid tantalum capacitors have low impedance even
at high frequencies. Depending upon capacitor construc-
tion, it takes about 25 uF in aluminum electrolytic to equal
1.0 uF solid tantalum at high frequencies. Ceramic capaci-
tors are also good at high frequencies, but some types
have a large decrease in capacitance at frequencies
around 0.5 MHz. For this reason, 0.01 uF disc may seem
to work better than a 0.1 uF disc as a bypass.

Figure 1 Basic Circuit Configuration

Vi——V  #A150 Vo

ADJ AR
<
Vagr S R
<
v
lagj °
<
z:/nz l -
Vo = VRer (1 + % JhajR2 L

CRD3200F

Aithough the pA150 is stable with no output capacitors,
like any feedback circuit, certain values of external capaci-
tance can cause excessive ringing. This occurs with values
between 500 pF and 5000 pF. A 1.0 uF solid tantalum (or
25 uF aluminum electrolytic) on the output swamps this
effect and insures stability.

Load Regulation

The pA150 is capable of providing extremely good load
regulation but a few precautions are needed to obtain
maximum performance. The current set resistor connected
between the adjustment terminal and the output terminal
(usually 240 £2) should be tied directly to the output of
the regulator rather than near the load. This eliminates
line drops from appearing effectively in series with the ref-
erence and degrading regulation. For example, a 15 V reg-
ulator with 0.05 £ resistance between the regulator and
load will have a load regulation due to line resistance of
0.06 Qx 1. If the set resistor is connected near the load
the effective line resistance will be 0.05 £ (1 + R2/R1) or
in this case, 11.5 times worse.

Figure 2 shows the effect of resistance between the regu-
lator and 240 £ set resistor.

With the TO-3 package, it is easy to minimize the resis-
tance from the case to the set resistor, by using two sep-
arate leads to the case. The ground of R2 can be
returned near the ground of the load to provide remote
ground sensing and improve load regulation.
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1A150 ® uA250 ® uA350

Protection Diodes

When external capacitors are used with any IC regulator it
is sometimes necessary to add protection diodes to pre-
vent the capacitors from discharging through low current
points into the regulator. Most 10 uF capacitors have low
enough internal series resistance to deliver 20 A spikes
when shorted. Although the surge is short, there is
enough energy to damage parts of the IC.

When an output capacitor is connected to a regulator and
the input is shorted, the output capacitor will discharge
into the output of the regulator. The discharge current de-
pends on the value of the capacitor, the output voltage of
the regulator, and the rate of decrease of V,. In the
1A150, this discharge path is through a large junction that
is able to sustain 25 A surge with no problem. This is not
true of other types of positive regulators. For output ca-
pacitors of 25 uF or less, there is no need to use diodes.

The bypass capacitor on the adjustment terminal can dis-
charge through a low current junction. Discharge occurs
when either the input or output is shorted. Internal to the
HA150 is a 50 §2 resistor which limits the peak discharge
current. No protection is needed for output voltages of

25 V or less and 10 uF capacitance. Figure 3 shows a
nA150 with protection diodes included for use with outputs
greater than 25 V and high values of output capacitance.

Typical Applications

Temperature Controller

Vi —— Vi kA0 Vo — Vo
ADJ L
<R
12k
3
— HEATER
$100 k2 R2
T GAIN 80Q

CROI320F

Figure 2 Voltage Regulator with Line Resistance in
Output Lead

" #A150 Rs
=1 v v v
1 ADY o o
SR
S 200Q
>4
2R

CRO3300F

Figure 3 Voltage Regulator with Protection Diodes

D1
1N4002

¢

#A180

v " v Vo
T { ADJ (]
SRl T~ ¢t
02 3200
1N4002

):? R2

c2 |
10 uF T

Vo-1.25V(1+:—:)I.¢|R2 3

D1 PROTECTS AGAINST C1
02 PROTECTS AGAINST C2
CRO331IF

Light Controller

D

CRO3330F
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wA150 ® uA250 * uA350
Typical Applications (Cont.)
Precision Power Regulator with Low Temperature
Coefficient Slow Turn-On 15 V Regulator
Vi —IN  LA350 OUT Vo= 4.0V
ADY < <R Vo
4:1.2I(Q 4:3759 By
1N4002
R2
20kQ L
ou‘, CRO3350F
ADJUST =
CRO3340F
Adjustable Regulator with
Improved Ripple Rejection High Stability 10 V Regulator
uA1I50
v v Vi Vo
8V oy O v
N “ #A150 M
t ' Vo c1 20k
ADY 01 uF 3 so% | a2
c2 $a mam I 3 15k

I 0.1 4F T 2600 | (NOTE 3) = g 1%

_ TR e ’*’

= 1.0 uF

(NOTE 2)
c1_L+ < R2
WuF T 2 50ke
o R
<: 267 Q
_L 1.0%

GRO3361F I

GRO3IT0F

Notes

1. Adjust for 3.75 V across R1

2. Solid Tantalum

3. Discharge C1 if output is shorted to ground
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uA150 * uA250 * uA350

Typical Applications (Cont.)

5 V Logic Regulator with

Digitailly Selected Outputs Electronic Shutdown (Note 2)

vi v war80 Vo Vo
ADJ
s V70V -35V Vi pAIS0 Vo ’ Vo
Suoe : 50V
w ADJ <Rt
S200¢0
4 c2
IR o T 04 uF

$
b3 S 0.1 uF
(NOTE 1) ZR2 1.0 kQ
b3 2nm?——‘vw- m

T 1L - —

IN
CRO3381F
0 to 30 V Regulator AC Voltage Regulator
“; Vi kA180 Vo Vo
ADJ Sh —v w0 Vo
om0 ADJ ) s
Lc1 300
To1uF 6 Vop
</R2 v 3A
%:/2.0“2 12 Vep 1§
_%_ Swoa _%.
= 12V
>
100 Jasso
" ADJ
802 — Vi uA380 Vo
-10V CRO3480F

Notes
1. Sets maximum Vg
2. Min output = 1.2 V
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#A150 ® uA250 * uA350

Typical Applications (Cont.)

5.0 A Constant Voltage/Constant Current Regulator

MJ4582
c2 _J_ CURRENT $/R2 T4t
100 pF -[ ADJUST 2 250 ko s g""”
asv—y M ] W
33 . out
MA—— V| uA3S0 Vo 12v-30V
e P :
+ o 1N457 c4 e
T 10 uF I 10 uF
)8 — (NOTE 1)
b i _| -
L $e80Q
o1 LED
157 |(NOTE 2)
[]
cs
75 pF SRS
S2400
RS $
3 A7
BWked>
AAA—
] L cs
-80VTO ~15V 8.0 kQ 10 4F
VOLTAGE
ADJ =z =
CRO341VF
12 V Battery Charger
v‘v‘v
A6
0290
vi» 18V nA350 Wy M
4: R2
<
LED S8R
TO 2V
BATTERY
1 ZR1
T0IuF g

.0 kQ

<

CRO3421F

Notes
1. Solid tantalum
2. lights in constant current mode
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uA150 ® uA250 * uA350

Typical Applications (Cont.)

Adjustable Current Regulator

At
03¢
W ——%  usA10 Vo VWA
ADJ
I—>‘:R2
1»1509
A /]
ADJ uA117
Vo
<R3
21209
- V-
-50VTO-18V

Precision Current Limiter

>
>

Vi ——Vi uAIS0 Vo l 5

nY

24

ADJ

Notes
1. Minimum load current 4.0 mA
2. 04<R1<120 2

1.2 V—20 V Regulator with
Minimum Program Current

o
0TO3.0A
i ——v  was0 v Yo
° (NOTE 1)
ADJ
<A1
S12x0
</R2
2 20k
CRO3440F
'CROG430F

3.0 A Current Regulator

vi

Vi uAIS0 Vo

1

Tracking Pre-Regulator

c
IO.‘I uF

R2
720Q
AAA
VA
<tﬁ1
%»z«m
ADJ — v — Vo
Vi 1V uA150 #A150
0= vore Yol s Yo
<tR3
<
> 120 Q
Lct tl c2
T 04 uF TrouF |
CRO3460F R4 g/OUT
1.0kQ, S ADNST

CRO3470F

CRO3450F
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uA150 ® uA250 * uA350

Typical Applications (Cont.)

Adjusting Multiple On-Card Reguiators with Single Control (Note 1)

Simple 12 V Battery Charger

Ag
020
Vi— Vi zA150 Vo Vo W—|w zA150 Vo Vo Vi—] v xA150 Vo Vo preT ( 3
ADJ ADJ (NOTE 2) ADJ (NOTEZ) v Vo AAA~
ADY I
by IN4802
120 :E R1 =
1N4802 IN4802 *L 1000 uF ¢0e l
T (NOTE 4) =
R2
1
S R
— 2 24kQ
- CROJMBF
Adjustable 10 A Regulator Current Limited 6.0 V Charger CAoasIF
012 v
vi #A350 A 9.0Vto30V Vi passe Yo
ADJ <
21200
] b3
01Q . 8
uA3S0 A ﬁ: (‘.;'g'ré":) Z1ike
N IR
| | | sasvTo2sV W22 gV
<102
0182 S (NOTE5)
Vi uA350 Vo VWA
ADJ
CROAS21F
2N2006 Swoo B
b3 350ke
7
"4
12
s A0
3 150Q P g
) + WA <50k
200 pF -I— " l——»I; 16k
- CROAS10F
Notes
1. Al outputs within + 100 mVv
2. Minimum load — 10 mA R2
3. Rg — sets output impedance of charger Zo=Rg | 1 + —
Use of Rg allows low charging rates with fully R1

charged battery.

4. 1000 uF is recommended to filter out any input transients.

5. Sets peak current (2 A to 0.3 )
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A Schlumberger Company

HA1524A « uA2524A » uA3524A
Advanced
Pulse Width Modulators

Linear Division Voltage Regulators

Description

The uA1524A family of regulating PWM ICs have been de-
signed to retain the same highly versatile architecture of
the industry standard UC1524 (SG1524) while offering sub-
stantial improvements to many of its limitations. The
#A1524A family is lead compatible with ''non-A"" models
and in most existing applications can be directly inter-
changed with no effect on power supply performance. Us-
ing the uA1524A family, however, frees the designer from
many concerns which typically had required additional cir-
cuitry to solve.

The pA1524A family includes a precise 5.0 V reference
trimmed to * 1% accuracy, eliminating the need for poten-
tiometer adjustments; an error amplifier with an input range
which includes 5.0 V, eliminating the need for a reference
divider; a current sense amplifier useful in either the
ground or power supply output lines; and a pair of 60 V,
200 mA uncommitted transistor switches which greatly en-
hance output versatility.

An additional feature of the uA1524A family is an under-
voltage lockout circuit which disables all the internal cir-
cuitry except the reference, until the input voltage has
risen to the turn-on threshold. This holds standby current
low until turn-on, greatly simplifying the design of low pow-
er, off-line supplies. The turn-on circuit has approximately
300 mV of hysteresis for jitter-free activation.

Other product enhancements within the pA1524A family
design include a PWM latch which insures freedom from
multiple pulsing within a period, even in noisy environ-
ments; logic to eliminate double pulsing on a single output;
and a 300 ns external shutdown capability. The oscillator
circuit of the uA1524A family is usable beyond 500 kHz
and is now easier to synchronize with an external clock
pulse.

The pA1524A is packaged, in a hermetic 16-lead DIP and
rated for operation from -55°C to +125°C. The pA2524A
and pA3524A are available in either ceramic or plastic
packages and are rated for operation from -25°C to
+85°C and 0°C to 70°C respectively.

Connection Diagram
16-Lead DIP
(Top View)

1%

| +5V Vagr
15
+ViN
14
| emrrene
1
:| COLLECTOR B

12
j COLLECTOR A

11
I EMITTER A

10
j SHUTDOWN
9

I COMPENSATION

1
ERROR AMP ~IN E

2
ERROR AMP +IN E

3
OSC/SYNC E

4
CUR LIM AMP +IN E

5
CUR LIM AMP —IN E
6

RyE

7

"5
GND E

CDO1390F

Order Information

Device Code Package Code Package Description

uA1524ADM 7B Ceramic DIP
uA2524ADV 7B Ceramic DIP
HA2524APV 9B Molded DIP
HA3524APC 9B Molded DIP
MA3524ADC 78 Ceramic DIP

® Fully Interchangeable With Standard 1524 Families

® Precision Reference Internally Trimmed To 1%

® High Performance Current Limit Function

® Under Voltage Lockout With Hysteristic Turn-On

® Start-Up Supply Current Less Than 4.0 mA

® Output Current To 200 mA

® 60 V Output Capability

® Wide Common Mode Input Range For Both Error
And Current Limit Amplifiers

® PWM Latch Ensures Single Pulse Per Period

® Double Pulse Suppression Logic

® 300 ns Shutdown Through PWM Latch

® Guaranteed Frequency Accuracy

& Available In Extended Temperature Range
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1A1524A ¢ A2524A * uA3524A

Absolute Maximum Ratings

Storage Temperature Range
Ceramic DIP
Molded DIP

Operating Temperature Range
Extended (uA1524A)
Industrial (uA2524A)
Commercial (LA3524A)

Lead Temperature
Ceramic DIP (soldering, 60 s)
Molded DIP (soldering, 10 s)

Notes

-65°C to +175°C
-65°C to +150°C

-55°C to +125°C
-25°C to +85°C
0°C to +70°C

300°C
265°C

1. Ty Max = 150°C for the Molded DIP, and 175°C for the Ceramic DIP.
2. Ratings apply to ambient temperature at 25°C. Above this temperature,
derate the 16L-Ceramic DIP at 10 mW/°C, and the 16L-Molded DIP at

8.3 mw/°C.

Equivalent Circuit

Internal Power Dissipation'2
16L-Ceramic DIP
16L-Molded DIP

Supply Voltage

Collector Supply Voltage

Output Current (Each Output)

Reference Output Current

Oscillator Charging Current

+5.0V
Vin . REFERENCE VREF
REGULATOR
w POWER TO
08¢ —————————— SENSE INTERNAL Ca
CIRCUITRY
Ay T
osc CLOCK :&:
Cr Ea
RAMP R ' Ceg
PWM
COMP LATCH
Vin Eg
iy — -
E/A Q 10K
+IN + VWA SHUTDOWN
o
Vin 210K e
200 mv b
+IN—{H -
CLA GND
] I iy

Power Dissipation at Ta =
Derate above +50°C .....
Power Dissipation at Tg =+

Derate for Case Temperature above +25°C

ECI00880F

1.50 W
1.04 W
40 V

60 V

200 mA
50 mA
5.0 mA
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HA1524A © uA2524A * uA3524A

uA1524, uA2524A, pA3524A
Electrical Characteristics Tp =-55°C to +125°C for the pA1524A, -25°C to +85°C for the pA2524A, and

0°C to +70°C for the uA3524A, V=V =20 V, unless otherwise specified.

HA1524A/uA2524A uA3524A
Symbol Characteristic Conditions Min ) Typ l Max Min } Typ } Max Unit
Turn-on Characteristics
Vo Input Voltage Operating Range after 8.0 40 8.0 40 \
Turn-on
Turn-on Threshold 5.5 75 8.5 5.5 75 8.5 \
Turn-on Current V=60V 2.5 4.0 25 4.0 mA
Operating Current V=80Vt 40V 6.0 10 6.0 10 mA
Turn-on Hysteresis’ 0.3 0.3 v
Reference Section
Vo Output Voltage Ty=25°C 4.95 50 | 5.05 | 4.90 50 | 5.10 v
VR LINE Line Regulation V=10 V to 40 V 10 20 10 30 mv
VR LOAD Load Reguiation IL=0 mA to 20 mA 5.0 50 5.0 50 mv
Temperature Over Operating Range 20 50 20 50 mV
Stability’
los Output Short Circuit Veerp =0 V, Ty =25°C 80 100 80 100 mA
Current
No Noise' 10 Hz <f <10 kHz, 40 40 “Vrms
T,;=25°C
Long Term Stability* Ty =125°C, 1000 Hrs 20 50 20 50 mV
Oscillator Section Rt = 2700 £, Cr = 0.01 mF, unless otherwise specified
Initial Accuracy Ty=25°C 41 43 45 39 43 47 kHz
Temperature Over Operating 20 2.0 %
Stability! Temperature Range
Minimum Frequency Ty =25°C, Ry =150 k&2, 140 120 Hz
Cr=0.1 mF
Maximum Frequency | T;=25°C, Ry =20 kS, 500 500 kHz
Ct =470 pF
Output Amplitude’ T,=25C 3.5 3.5 v
Output Puise Width! | T,=25°C 0.5 0.5 us
Ramp Peak 3.3 3.5 3.7 3.3 3.5 3.7 v
Ramp Valley T,=25°C 06 | 0.75 0.9 0.6 | 0.75 0.9 \
Error Amplifier Section Vg = 2.5 V, unless otherwise specified.
Vio(EA) Input Offset Voltage 0.5 5.0 2.0 10 mv
g Input Bias Current 1.0 5.0 1.0 10 uA
lio Input Offset Current .05 1.0 0.5 1.0 HA
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uA1524A * nA2524A * uA3524A

uA1524, uA2524A, uA3524A (Cont.)
Electrical Characteristics Tp =-55°C to +125°C for the uA1524A, -25°C to +85°C for the uA2524A, and

0°C to +70°C for the uA3524A, V| =V =20 V, unless otherwise specified.

uA1524A/uA2524A uA3524A
Symbol Characteristic Conditions Min Typ Max Min Typ Max Unit
CMR Common Mode Vem=15V to 55V 60 75 60 75 dB
Rejection
PSRR Power Supply V=10 V to 40 V 50 60 50 60 dB
Rejection Ratio
Output Swing Minimum Total Range 0.5 50 0.5 5.0 \
Open Loop Voltage AVo=1.0V to 40 V, 72 80 60 80 dB
Gain R =10 MQ
Gain Bandwidth’ T,=25°C, A, =0 dB 1.0 3.0 1.0 3.0 MHz
DC T, = 25°C, 1.6 16 mho
Transconductance’ 2 | 30 kQ <R, <1.0 M2
Current Limit Amplifier Lead 5 =0 V, unless otherwise specified.
Vio Input Offset Voltage T;=25°C, E/A Set for 190 200 210 180 200 220 mVv
maximum output
Vio Input Offset Voltage Over Operating 180 220 170 230 mV
Temperature Range
s Input Bias Current -1.0 -10 -1.0 -10 pA
CMR Common Mode Viead 5 =-02 V 50 60 50 60 dB
Rejection to +55 V
PSRR Power Supply Vi=10 V to 40 V 50 60 50 60 dB
Rejection Ratio
Output Swing Minimum Total Range 0.5 5.0 0.5 5.0 \
Open Loop Voltage Vo=1.0V to 40V, 70 80 70 80 dB
Gain RL=10 MQ
Delay Time' Lead 4 to Lead 9, 300 300 ns
AV, =300 mV J
Output Section (Each Output)
Vce Collector Emitter Ilc =100 A 60 80 50 80 \
Voltage
lce Collector Leakage Vce =50 V 0.1 20 0.1 20 MA
Current
VCE sat Saturation Voltage Ilc =20 mA 0.2 0.4 0.2 0.4 \
Ic =100 mA 1.0 1.5 1.0 1.5
Ic =200 mA 2.0 2.7 2.0 25
VE Emitter Output le =50 mA 17 18 17 18 v
Voltage
t Rise Time' T;=25°C, R= 20 kQ 150 150 ns
t Fall Time' Tj=25°C, R=20 kQ | 50 50 | ns
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HA1524A * uA2524A * uA3524A

HA1524, uA2524A, pA3524A (Cont)

Electrical Characteristics Ty =-55°C to +125°C for the pA1524A, -25°C to +85°C for the pA2524A, and

0°C to +70°C for the uA3524A, V=V =20 V, unless otherwise specified.

|
uA1524A/ 1A2524A MA3524A
Symbol Characteristic Conditions Min Typ Max Min Typ Max Unit
Comparator Delay’ T, = 25°C, 350 350 ns
Lead 9 to Output
Shutdown Delay’ T, =25°C, 300 300 ns
Lead 10 to Output
Shutdown Threshold Ty=25°C, Rgc=20 k2 0.6 0.7 1.0 0.6 0.7 1.0 \
Notes
1. These parameters are guaranteed by design but not 100% tested in
production.
2. DC transconductance (gy) refates to DC open loop voltage gain
according to the following equation: A, =gy R_ where R_ is the
resistance from lead 9 to ground. The minimum gy specification is used
to caiculate minimum A, when the error amplifier output is loaded.
Open Loop Test Circuit (Note 1, 2)
+Vin +Ve

(o)

COLLECTOR A

COLLECTOR B

o
.
[

2.0kQ < 2.0 kQ
1w 1w

Ao

SYNG —-—E osc LA1524A
EMTTER A [1
ERROR AMP CURRENT LIMIT
VRer ———E VRer emTrer B [1a
A7 cr +IN -IN COMP  +IN —iIN s/D GND
6 7 Lz_l 1 |_9J 4 LsJ 10 LaJ
100ke | 100ke
SHUTDOWN
20kQ
Ry l 10 kQ 20 kQ 10 kQ
=01 cr 0.1 NG, S
T T /A CONTROL T CL CONTROL

Notes
1. The pA1524A should be able to be tested in any 1524 test circuit with
two possible exceptions.

a. The higher gain bandwidth of the current limit amplifier in the
KA1524A may cause oscillations in an uncompensated 1524 test
circuit.

b. The effect of the shutdown, lead 10, cannot be seen at the
compensation terminal, lead 9; but must be observed at the outputs.

2. The circuit will allow all uA1524A functions to be evaluated.

CRO3770F
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HA1524A * uA2524A ¢ uA3524A

Typical Performance Curves

Supply Current vs

Voltage
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Error Amplifier Voltage Gain vs
Frequency
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Pulse Width Modulator
Transfer Function
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HA431A
Adjustable Precision Zener
Shunt Regulator

I
FAIRCHILD
]

A Schiumberger Company

Linear Division Voltage Regulators

Description

The uA431A is a 3-terminal adjustable shunt regulator with
guaranteed temperature stability over the entire tempera-
ture range of operation. The output voltage may be set at
any level greater than 2.5 V (Vggr) up to 36 V merely by
selecting two external resistors that act as a voltage divid-
ed network. Due to the sharp turn-on characteristics this
device is an excellent replacement for many zener diode

Connection Diagram
TO-92 Package
(Top View)

applications.

® Average Temperature Coefficient 50 ppm/°C
® Temperature Compensated For Operation Over The

Full Temperature Range

® Programmable Qutput Voltage

® Fast Turn-On Response
® Low Output Noise

Absolute Maximum Ratings

Storage Temperature Range
Operating Temperature Range
Industrial (uA431AV)

~-65°C to +150°C

-40°C to +85°C

CDOO13HF

Order Information

Device Code Package Code
UA431AWC El
MA431AWY El

Package Description

Molded
Molded

Connection Diagram
S$0-8 Package

Commercial (uA431AC) 0°C to +70°C (Top View)
Lead Temperature
TO-92 Package/SO-8
(soldering, 10 s) 265°C 8
Internal Power Dissipation’-2 caTHODE DREFERENCE
TO-92 Package 0.78 W 7
SO-8 Package 081 W D
Cathode Voltage 37V ANODE 6 ( ANODE
Continuous Cathode Current -10 mA to [ ]
+150 mA 5
Reference Voltage -05V NC :Iuc
Reference Input Current 10 mA
Operating Conditions Min Max —
Cathode Voltage VREF 37V
Cathode Current 1.0 mA 100 mA

Notes
1. Ty max = 150°C.

2. Ratings apply to ambient temperature at 25°C. Above this temperature,

derate the TO-92 at 6.2 mW/°C, and the S0-8 at 6.5 mW/°C.

Order Information
Device Code Package Code

uA431ASC KC

Package Description
Molded Surface Mount
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pA431A

Equivalent Circuit

Vrer ‘Hm a3

LAY
C1 ¢

CATHODE
(Vz)

< A6 R7
S12ke 12ke

ANODE
(GND)
DC Test Circuits
Figure 1 Test Circuit For Vz = Vpgr Figure 2 Test Circuit For Vz > VRgr
==
h—» IN — A———— Vg

IN—\W———V2

IREFL

AT—T Vz

— = CROOTIIF

Figure 3 Test Circuit For Off-State Current
IN vz

#’zosr

CROOVAF

Note
Vz =Vpee (1 + R1/R2) + lpgr *R1
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HA431A

uA431A
Electrical Characteristics T, = 25°C unless otherwise specified.
Symbol Characteristic Condition Min Typ Max Unit
VREr Reference Voltage Vz=VRer, || =10 mA, Fig. 1 2.440 2.495 2.550 \
Vpev Deviation of Reference Vz=VRer || =10 mA, 8.0 17 mv
Input Voltage Over Ta = full range, Fig. 1
Temperature'
AVRer Ratio of the Change in Iz=10 mA, Vz from Vpee to 10 V -14 -2.7 mv/vV
AV Reference Voltage to the Fig. 2
Change in Cathode Vz from 10 V to 36 V -1.0 -20
Voltage
Irer Reference Input Current Ry =10 k2, Ry = oo, 2.0 4.0 MA
=10 mA, Fig. 2
< IREF Deviation of Reference Ry =10 k£, Ry = o, 0.4 1.2 HA
Input Current over =10 mA,
Temperature Ta = Full Range, Fig. 2
Iz(ming Minimum Cathode Current Vz = VRer, Fig. 1 0.4 1.0 mA
for Regulation
Iz(0FF) Off-State Current Vz=36 V, Vgegr=0 V, Fig. 3 0.3 1.0 MA
rz Dynamic Output Vz = VRer, 75 Q
impedance?® Frequency = 0 Hz, Fig. 1
Notes < Vger can be positive or negative depending on whether the slope is

1. Deviation of reference input voltage, Vpgy, is defined as the maximum

positive or negative.

variation of the reference input voltage over the full temperature range.

VoEv = VMax — Vian

Example: Vpgy = 8.0 mV, Vggr = 2495 mV, T, - T, = 70°C, slope is positive

6
[ 80 mv ]10

2495 mV

*VReF = —7gT

2. The dynamic output impedance, rz, is defined as:

[, o 2Vz
27781

+46 ppm/°C

TEMPERATURE

CROOOSF

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

6 106
«vy, ppm VMax — VMin 10 . VDEv

REF"eG ™ 7| Vrer (at 25°C) “| Vaer (at 25°C)
T T

Where:
T2 - Ty = full temperature change.

When the device is programmed with two external resistors, R1 and R2,
{see Figure 2), the dynamic output impedance of the overall circuit, rz,
is defined as:
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HA431A

Typical Performance Curves

Input Current vs Vz

Thermal Information

Input Current vs Vz

T 1000 150 .
Ta = 25°C z Ta = 25°C
Vz = Vagr E Vz = Vper
o 3
<
it 400 iz MIN g AN EI 100
g H 3 g
3 300 4
[ [
3 / § w 3
) / £ )
z ] z
F
100 §
[ 100 [
0 1.0 20 3.0 2 70 8 125 ) 1.0 20 3.0
CATHODE VOLTAGE—V TEMPERATURE—°C CATHODE VOLTAGE-~V
PCO1351F PCO138IF PCO13T1F
Dynamic Impedance vs
Frequency
15 T
Ta = 25°C
Vz = VRer //\
o / 1.0 kQ
4 o
5 /
a
w
a
2
H /
LTS
=z
>
4
o / CRO0IOF
10K 10K 100 K 10M M
FREQUENCY—Hz
PCO1381F
Stability Boundary Conditions
100 T T T Note
20 }A Vka = Vaer ] | 1. The areas under the curves represent conditions that may cause the
g Vika =5V AT i = 10 mA‘ I (NOTE 1) device to oscillate. For curves B, C, and D, R2 and V+ were adjusted
E D v VAT o ] to establish the initial Vka and I conditions with G_ = 0. V+ and C
! 70 were then adjusted to determine the ranges of stability.
s al]e STABLE
w 60
£ o L1 e
3 STABLE ] 1 /\
w 40
g 30 /]
£ 11
10 | A=25C // /1,
L\
10pF  100pF 1000pF 0.01uF 01uF  1.F  10uF
LOAD CAPACITANCE
CROJB40F
————————————
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uA431A

Typical Characteristics

Test Circuit For Curve A Below Test Circuit for Curves B, C, And D Below
v‘v‘v :gAQ
lx¢ 150 @ R1=l *'K
0k sl
+ CL= o
G ‘ Vaer T _-; r v

R2

: 4

1

|||—~4

CRose207 CROJBR0F
Typical Applications
Single Supply Comparator With
Temperature Compensated
Shunt Regulator Threshold
v+
V4 —AA Vv
+ T o l
s
j!’m | 1
L out
Viee T T VON =2V
L | Vorr = V+
gR2 | IN —AAM—
|
l
Vo=~ (l + :—;)VREF Vin~ 25V —r-—- GND
CRO38S0F =
'CRO3880F
Output Control of a Three
Series Regulator Terminal Fixed Regulator
Y+ L
b3 v+ —l
1 e b -
) nAT808 ouT Vo
t COMMON jE/F“
=L 001 b S
wF T
A1 She
AN Vo 91
2 R2 A1
Vo = Vnes(1 +?2) _
Vomn = VRer + 5V -
R1 CRO3BBOF
Vo = (‘ + R—z)vggs
CROJBTOF
[ _
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nA431A

Typical Applications (Cont.)

Higher Current Shunt Regulator

Vi ——AAA l Vo
<
1)
&
2:’ A1
$R2
Vo {1+ X )veer
o= R2 REF
‘CRO389CF
Over Voltage/Under Voltage
Protection Circuit
v+
b L
< < <
RAS sgRe ¢ OUT ON
WHEN
Low HIGH
1 Lt <Y* < o
< < l
R2A S <A2B < :: ﬁ

LOW LIMIT ~ V (1 fis
~ +
REF\ " R2B

HIGH LIMIT =~ V (I R‘“)
= +—
REF R2A

Delay Timer

v+ A
s
<
>
$r ) §
b3
L
OFF \ ON T ¢
v+
DELAY = R+ C+IN —————e
(V+) = Vrer

CRO3930F

9. e

CRO2910F

Current Limiter

Crow Bar
v+ —\ p Vo
< <
mg $
g
R2$
:»
o = (1+ 2 voer
~ Jald
UMT Rz REF
‘CRC3800F
Voitage Monitor
V+ AWV
2 RiB b .
4’ \
2 ma
<
[~
b L
‘T R2A 3 Re
LOW LIMIT = Vi (1 A R1B) LED ON WHEN
RV T m2m LOW .. _ MIGH
LMt umT
HIGH LIMIT = V| (1 + RI_A)
REF R2A
CRO3920F

Or Current Source Constant Current Sink

v+
lo
V4 —y AAA — {
ReL ) 1o
>
<
‘)
ﬁ VREr
o= —
Rs
e
I S
o VRep
Rel

CRO3940F

CRO39SOF
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FAIRCHILD

A Schiumberger Company

uA494t
Pulse Width Modulated
Control Circuit

Linear Division Voltage Regulators

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 operating tem-
perature range specified for the pA494C is 0°C to 70°C
and for the uA494V is -40°C to +85°C.

® Uncommitted Output Transistors Capable Of 200 mA
Source Or Sink

® On-Chip Error Amplifiers

® On-Chip 5.0 V Reference

® Internal Protection From Double Pulsing Of Outputs
With Narrow Pulse Widths Or With Supply Voltages
Below Specified Limits

e Dead Time Control Comparator

® Output Control Selects Single Ended Or Push-Pull
Operation

e Easily Synchronized (Slaved) To Other Circuits

Block Diagram

PULSE STEERING
FLIP FLOP

Connection Diagram
16-Lead DIP

(Top View)
1 “\J 16
+N1 [ - +IN2
2] SOOI s
-1 [ D -IN2
3 1
COMPEN/ .
PWM COMP IN REF
13
DEAD TIME
CONTROL ] our conTrOL

CDO1320F

Order Information

Device Code Package Code Package Description
HA494PV 98 Moided DIP
#A494DC 7B Ceramic DIP
uA494PC 9B Molded DIP
ouT
CONTROL
c
Q
L " o

DA e

OSCILLATOR
Cy
DEAD TIME
COMPARATOR
DEAD
TIME ——{
CONTROL  |ngqvy PWN

COMPARATOR

COMPENSATION/PWM
COMPARATOR INPUT

I— Vee

5.0 V REF

ERROR ]
AMP GND

VREr

EQOOS8OF
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uA494

Absolute Maximum Ratings

Storage Temperature Range
Ceramic DIP
Molded DIP

Operating Temperature Range
Industrial (1A494V)
Commercial {tA494C)

Lead Temperature
Ceramic DIP (soldering, 60 s)
Molded DIP (soldering, 10 s)

Notes

1. T, Max = 150°C for the Molded DIP, and 175°C for the Ceramic DIP.

2. Ratings apply to ambient temperature at 25°C. Above this temperature,
derate the 16L-Ceramic DIP at 10 mW/°C, and the 16L-Molded DIP at
8.3 mW/°C.

-65°C to +175°C
-65°C to +150°C

-40°C to +85°C
0°C to +70°C

300°C
265°C

Functional Description

The basic oscillator (switching) frequency is controlled by
an external resistor (R) and capacitor (Ct). The relation-
ship between the values of Ry, Ct 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 5.0 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 selects either push-pull or single
ended operation of the output transistors (see Figure 6).

Recommended Operating Conditions

Internal Power Dissipation'2

16L-Ceramic DIP 1.50 W
16L-Molded DIP 1.04 W
Supply Voltage 42 Vv
Voltage From Any Lead to Ground
{except lead 8 and lead 11) Ve + 03 V
Output Collector Voltage 42 vV
Peak Collector Current
(lc1 and I¢o) 250 mA

The dead time control prevents on-state overlap of the
output transistors as can be seen in Figure 5. The dead
time is approximately 3.0 or 5.0% of the total period if the
dead time control is grounded. This dead time can be in-
creased by connecting the dead time control to a voltage
up to 5.0 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 and the inverting input of the error
amps.

The switching frequency of two or more pA494 circuits
can be synchronized. The timing capacitor, Ct is connect-
ed 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.

uA494
Symbol Characteristic Min Max Unit
Vee Power Supply Voltage 7.0 40 v
Vi Voltage on Any Lead Except Leads 8 and 11 -0.3 Vee + 0.3 \
(Referenced to Ground)

Ve, Vo2 Output Voltage Collector -0.3 40 \"
Ic1, le2 Output Collector Current 200 mA
Cr Timing Capacitor 470 pF

10 uF
Rt Timing Resistor 1.8 500 k§2
fosc Oscillator Frequency 1.0 300 kHz
Ta B Operating Temperature Range ] 0 1 +70 °C
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uA494

pA494

Electrical Characteristics T4 = 0 to 70°C for the uA494C, Tp = -40°C to +85°C for the uA494V,

Voo = 15 V, fosc = 10 kHz, unless otherwise specified.

Symbo!

Characteristic

Condition

I

Reference Section

VRer Reference Voltage' | Jrer =1.0 mA 475 50| 525] v
Regune | Line Regulation of } 0 V<V <40 V 2.0 25 | mv
\jeference Voltage |
TCVRﬂ;remperature Coefficient of 1 0°C < Tpx70°C 0.01 0.03&/
Reference Voltage C
RegLo;toad Regulation of 1 1.0 mA <lpgr <10 mA 1.0 15W mv
Reference Voltage [
los Output Short Circuit Current VReg=0 V 0°C<Tao< +70°C 10 35 [ 50 mA
-40°C < T, < +85°C 35
Oscillator Section
fosc | Oscillator Frequency (Figure 10) | Cr =001 uF, Ry =12 kQ 10 kHz
Afose j Oscillator Frequency Change Cr=0.01 pF, 0°C<Tpo<+70°C 2.0 %
Rr=12 kQ _40°C <Tp < +85°C 20
Dead Time Control Section L
ligom Input Bias Current 7 Voc=15V, 0 VSV, <525 V -2.0 -10 MA
DC(maxy | Maximum Duty Cycle, Vec=15V, Lead 4=0 V, 45 %
Each Output Output Control = Vgge
VTH(n) Input Threshold Voltage Zero Duty Cycle 3.0 3.3 \
Maximum Duty Cycle L

Error Amplifier Sections

Vio Input Offset Voitage V3=25V 20 1MV
o Input Offset Current Va=25V 25| 250 | nA
s Input Bias Current Vzg=25V 0.2 1.0 HA
Vicr Input Common Mode 70 V<V <40 V -0.3 Ve Vv
Voltage Range

Avs Large Signal Voltage Gain 05 VLSV3<35V 60 74 dB
BW Bandwidth 650 kHz
PWM Comparator Section (Figure 9)

VHi Inhibit Threshold Voltage Zero Duty Cycle ] ] 4.0 4.5 \'
lo- Output Sink Current? 05 VSV3<35V -0.2 -0.6 mA
lo + Output Source Current? 05 VSV3<35V 20 mA

N L ]
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uMA494

uA494 (Cont.)
Electrical Characteristics Tp =0 to 70°C for the uA494C, Tp =-40°C to +85°C for the uA494V,
Ve =15 V, fosc = 10 kHz, unless otherwise specified.

Symbol Characteristic Condition ‘ MinJ Typ ‘ Max ‘ Unit
Output Section
VcEsayy | Output Saturation VE=0V, 0°C<Tap<+70°C 1.1 1.3 \
VoltageCommon Emitter Ic =200 mA -40°C < Tp<+85°C
Configuration, (Figure 3)
Emitter Follower Configuration, Vc=15V, [g =200 mA 1.5 25
(Figure 4)
Ic(off) Collector Off-State Current Vec=40 V, Vge=40 V 2.0 100 MA
IE(oth) Emitter Off-State Current Voo =Vc =40 V,| 0°C< Ty <+70°C, -100 MA
VEg=0 ~40°C < Tp < +85°C
Output Control (Figure 6)
VooL Output Control Voltage 0.4 \
Required for Single Ended or
Parallel Output Operation
VocH Output Control Voltage 2.4 \
Required for Push-Puli
Operation
Total Device
lec ‘ Standby Power Supply Current | J 6.0 | 10 ‘ mA
Output AC Characteristics Use Recommended Operating Conditions with Tp = 25°C
t Rise Time of Output Voltage 100 200 ns
Common Emitter Configuration,
(Figure 3)
Emitter Foliower Configuration, 100 200
(Figure 4)
t Fall Time of Output Voltage 25 100 ns
Common Emitter Configuration,
(Figure 3)
Emitter Follower Configuration, 40 100
(Figure 4)
Notes
1. Selected devices with tightened tolerance reference voltage available.
2. These limits apply when the voltage measured at Lead 3 is within the range specified.
L . _______________________________ ]
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uA494
Test Circuits
Figure 1 Error Amplifier Test Circuit Figure 4 Emitter Follower Configuration
Test Circult and Waveform
15V
Vi [~
EACH
ouT Q
TRANSISTOR

VRer

|||—
%
—

CRO3190F

CRO3160F

— 90%

Figure 2 Current Limit Sense Amplifier
Test Circuit

GND:
L -
- VRer
Figure 5 Dead Time and Feedback Control
. Test Circuit
Ve =15V
100 £ 1509
CRO3160F 12 2WS Sa2w
4| peap- Vec 8
TEST !—? TIME (] ouT 1
Figure 3 Common Emitter Configuration N FEEDBACK (3] L 1
Test Circuit and Waveform 12xe =
15V $ar ! out2
Al 5 10
4] 1 Cr E2
680 = oM +| EeRROR =
> 2] _ | amp
A 16
c Ve + | ermor
1 J_ A5 _ | ame
E:)g: - 13 our REF| 14
TRANSISTOR CONTROL GND OUT
50 kQ :; _L7
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CRO3201F
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uA494
Typical Applications
Figure 6 Output Connections for Single Ended Figure 7 Error Amplifier Sensing Techniques
and Push-Pult Configurations vo TOOUT

8 cCt

out _KQ‘ 9 E1
CONTROL

1 C2

10 g2

{ L—Koi___ v 2 (15)] AmP
0= Voo =04V - Qg REF L

2.4V % Voc € Vagr

VOLTAGE OF
SYSTEM
— Qc A

1(16)

1 70 500 mA MAX "
ERROR

CROAZ30F

im
L POSITIVE OUT VOLTAGE

R
al, (\zsomumx) Vo= Ver (14 72)
E1 CRO3250F
conTROL ez
ONTROL r—-kfgz—_ e (\250 mA (MAX) Vaer

Figure 8 Slaving Two or More
Control Circuits

Vaer
14
]
MASTER
sl
" f c'
- 14| Vier
6
Ar SLAVE
(ADDITIONAL
Sle, CIICUITS)

cAR3aeE

CRG3240F

3 ERROR
AMP

NEGATIVE OUT VOLTAGE

TO OUT
VOLTAGE OF
R Vo  SYSTEM
VYo = Vrer ’R;

CRDI260F

Figure 8 Error Amplifier and Current Limit Sense
Amplifier Output Circuits

Vee
Vaer
TO REMAINDER TO REMAINDER
OF ERROR OF ERROR
AMPLIFIER AMPLIFIER
CIRCUIT CIRCUIT

TO COMPENSATION/PWM
COMPARATOR IN
LEAD 3

0.6 mA=x '

GRO3280F
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Typical Performance Curves

Figure 10 Oscillator Frequency vs Figure 11 Amplifier Voltage Gain vs
Timing Resistance Frequency
100 K —rr 100 —TTT
Vec =15V ] Veg =15V
0K = Ta = 0°C t0 70°C %0 4Vp = 3.0 v
- N 14 Ta = 25°C
2 ~N PR 80
| 10K S, D+
5 L <p o 70
'% 40K 7 T
2 N A z &
] NE N g
€1.0K B, o 5
S J\ \&o 7 N )
S 400 23 é 40
3 PG S N
B 400 D 7o Py N
8 N A N 20
40 g
N 10
10 N ]
10K 140K 10K 40K 100 K 400K 1M 100 10K 10K 100 K 10M
TIMING RESISTANCE—Q FREQUENCY—Hz
PC0BEZOF PCO8630F

Voltage Waveforms

= Vec

ininmhninne

VOLTAGE
AT Cy
ZERO DUTY CYCLE __ __
DEAD TIME THRESHOLD POINT

CONTROL
N

LEAD 4

ZERODUTY CYCLE _ __
THRESHOLD POINT

FEEDBACK

LEAD 3

CRO3220F
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nAT723

I
———— Precision Voltage Regulator

A Schiumberger Company

Linear Division Voltage Regulators

Description Connection Diagram

The pA723 is a monolithic voltage regulator constructed 10-Lead Metal Package

using the Fairchild Planar Epitaxial process. The device {Top View)

consists of a temperature compensated reference amplifier,

error amplifier, power series pass transistor and current- CURRENT
limit circuitry. Additional NPN or PNP pass elements may CURRENT Limy

be used when output currents exceeding 150 mA are re- SENSE
quired. 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 labora-
tory 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.

Lead § connected to case.

® Positive Or Negative Supply Operation Order Information
® Series, Shunt, Switching Or Floating Operation Device Code Package Code Package Description
® 0.01% Line And Load Regulation HA723HM 5X Metal
® Output Voltage Adjustable From 2 V To 37 V HAT23HC 5X Metal
® Qutput Current To 150 mA Without External Pass
Transistor Connection Diagram
Absolute Maximum Ratings 14-Lead DIP and SO-14 Package
Storage Temperature Range (Top View)
Ceramic DIP/Metal Can -65°C to +175°C
Molded DIP/SO Package -55°C to +150°C e smm k)
Operating Temperature Range NC j NC
Extended (uA723M) -55°C to +125°C 2 o
Commercial (uA723C) 0°C to +70°C CURRENT FREQ
LINT compP
Lead Temperature 3 2
Ceramic DIP/Metal Can CURRENT :I ve
(soldering, 60 s) 300°C SENSE
Molded DIP/SO-14 (soldering, 10 s) 265°C g n
Internal Power Dissipation'2 - [ Ve
10L-Metal Can 1.07 W s 1
14L-Ceramic DIP 136 W an[ ] [ ] our
14L-Molded DIP 1.04 W ] 9
SO-14 093 W voer [ [] v
Pulse Voltage from V+ to V-, 7 8
(50 ms) (uA723M) 50 V V- D :' NC
Continuous Voltage from V+ to V- 40 V
Input/Qutput Voltage Differential 40 V 01310
Differential Input Voltage t50V
Voltage Between Non-inverting Order information
. I:'nputt ?rnd V\; 250 VA Device Code Package Code Package Description
Gumont from Vier 5 ma 4A723DM 6A Ceramic DIP
uA723D0C SA Ceramic DIP
Notes MAT723PC 9A Molded DIP
1. Ty max = 150°C for the Molded DIP, and 175°C for the Metal Can and MA723SC KD Molded Surface Mount
Ceramic DIP.

2. Ratings supply to ambient temperature at 25°C. Above this temperature,
derate the 10L-Metal Can at 7.1 mW/°C, the 14L-Ceramic DIP at
9.1 mwW/°C, the 14L-Molded OIP at 8.3 mwW/°C, and the SO-14 at
7.5 mw/°C.
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Block Diagram

FREQ.
v+ COMP
TEMPERATURE l
COMPENSATED ve
ZENER
~IN
v ERROR SERIES PASS
REF  AMPUFIER TRANSISTOR
+IN out
: vz
VOLTAGE ]
REFERENCE LIMITER
AMPLIFIER v-
EQOC580F
Equivalent Circuit
v+ A'73
RS
1.0kQ
o1 -]
65V ™
Qts
a1s
011 012 R12
15 kQ E; our
D3
65V
Vz
] FREQ
o comp
CURRENT
ZR10 SR1Y i hha
<20 Sis0¢@
ko CURRENT
SENSE
VRer +iN v- —IN
EQOU570F
— — —
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uA723

MAT723M

Electrical Characteristics Ty = 25°C, V;=V+ =Vc=12 V, V- =0, Vo=5 V, IL=1 mA, Rsc=0,

C1 =100 pF, Cgrer =0, unless otherwise specified.

6-57

Symbol Characteristic’ Condition Min Typ MaxT Unit
VR UNE Line Regulation Vi=12 Vito V=15V 0.0 0.1 %Vo
Vi=12 Vto V=40 V 0.02 0.2
-55°C <Tp < +125°C, 0.3
Vi=12Vto V=15V
VR LoAD Load Regulation IL=1 mA to I =50 mA 0.03 0.15 %Vo
-55°C < Ty < +125°C, 0.6
IL=1 mA to I =50 mA
AV)/ AV Ripple Rejection f=50 Hz to 10 kHz 74 dB
f=50 Hz to 10 kHz, Crer = 0.5 uF 86
AVe/ AT Average Temperature —-55°C <Tp<+125°C 0.002 | 0.015, %/°C
Coefficient of Output Voltage
los Output Short Circuit Current Rsc=10 ©, Vo =0 65 mA
VREF Reference Voltage Irerp = 0.1 mA 6.95 7.15 7.35 \
Vger(Load) | Reference Voltage Change lIrer = 0.1 MA to 5 mA 20 mvV
With Load
No Noise BW =100 Hz to 10 kHz, Crgg =0 20 UWVems
BW = 100 Hz to 10 kHz, Cggr = 5.0uF 2.0
S Long Term Stability Ty =Ty Max| Ta =25°C For End Point 0.1 % /1000
Measurement hrs
Isco Standby Current Drain IL=0, V=30 V 2.3 3.5 mA
Vir Input Voltage Range 9.5 40 \'
Vor Output Voltage Range 20 37 \
Vi-Vo Input/Output Voltage 3.0 38 \
Differential
L S —




nAT723

nA723C

Electrical Characteristics T4 = 25°C, V,=V+ =Vo=12 V, V-=0, Vo=5V, I =1 mA, Rgc =0,

C1 =100 pF, Crer =0, unless otherwise specified.

Symbol Characteristic’ Condition Min | Typ [ max T Unit
VR LINE Line Regulation Vi=12 Vto V=15V 0.01 0.1 %Vo
Vi=12 Vto Vi=40 V 0.1 0.5
0°C < T, <70°C, 03
Vi=12Vto V=15V
VR LOAD Load Regulation IL=1.0 mA to I =50 mA 0.03 0.2 %Vo
0°C < T, <70°C, 0.6
IL=1.0 mA to I, =50 mA
AV)/AVp Ripple Rejection f=50 Hz to 10 kHz 74 dB
f=50 Hz to 10 kHz, Crer =5 uF 86
AVp/AT Average Temperature 0°C<Tp<70°C 0.003 | 0.015| %/°C
Coefficient of Output
Voltage
los Output Short Circuit Current | Rgg =10 §2, Vo =0 65 mA
VREF Reference Voltage lrRer = 0.1 mA 6.80 7.15 7.50 \"
Vgee(Load) Reference Voltage Change IrRer = 0.1 mA to 5 mA 20 mvV
With Load
No Noise BW =100 Hz to 10 kHz, Crep =0 20 #“Vrms
BW =100 Hz to 10 kHz, Crer=5 uF 20
S Long Term Stability Ty=Ty Max| Ta=25°C For End Point 0.1 % /1000
Measurement hrs
Iscp Standby Current Drain lg=0, Vi=30 V 23 4.0 mA
ViR input Voltage Range 9.5 40 \
Vor Output Voltage Range 2.0 37 v
Vi~Vo Input/Output Voltage 3.0 38 \
Eﬁerenﬁa! L
Note

1. Divider impedance as seen by error amplifier < 10 k§2 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.
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Typical Performance Curves for uA723 and pA723C

Load Transient Response
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Typical Performance Curves for uA723

Maximum Load Current vs
Input/Output Voltage Differential

200
(LN
Tamax = 150° -
Ry = 150°C/W
160 Poranoay = 60 mA |
] (NO HEAT SINK)
EI 120 \
T
3 \
80
] Ta = 25°C
2 N
40
\ Ta = 125°C
° T
[} 10 20 k) 40 50
INPUT/ VOLTAGE —V
PCO8500F

08 200
YNEEEN
> 2
ooz = \G“ 160
Q
= |- Su A
S i
ﬂﬂb a
o 08 O 120 5
2 S g
] \\ 3
g os = 0 ¢
5 [t UA"ENTR&: ;
£ oo 3
2 [~
£ 04 0
=
33
‘0.3 0
-80 —-20 20 60 100 140
JUNCTION TEMPERATURE—"C
PCOB450F
Line Transient Response
8.0 T T T T 4.0
INPUT VOLTAGE
z a0 l 20
|
& >
E 20 o |
a AN ouTPUT vOLTAGE 2
2 o _N\ 20 §
53 7 =2
3 ~ £
> F
v =12y hnd
~20—Vo =S50V -4.0
3 i =10mA
[—Ta = 25°C
Rge = 0
-40 L 1 -6.0
-5.0 5.0 15 25 35 a5
TIME—us
POOBABOF
Load Regulation Characteristics
Without Current-Limiting
0.05
)
o P
: S W ER N
|
é -0.05 P % e
c
3 [N
3 —0.1 j’e.
E <
F
(=3
= -0.15
Yo =50V
—wv  =s12v
Ry =0Q
a2l %70
o 20 40 60 80 100
QUTPUT CURRENT—mA
PCOBS10F

Line Regulation vs
Input/Output Volitage Differential

03 T T T
Vo =50V
Rge =00
Ty =25°C
02 AV =30V
) L =10mA
®
4 o.1
2
g sl
S )
4
w
z
-
-0.1
-0.2
~5.0 50 15 25 a5 45
INPUT/OUTPUT VOLTAGE DIFFERENTIAL—V
PCOB440F
Output Impedance vs
Frequency
10 T T
l—vo =sov —H
-V =12V }
Rge =09 [ o
| Ta =25C - + M1
o 4 =50mA [
§| 10
< Cy = 1.0 uF
] v
3
§ 0.1
0.01
! 1K 10K 100 K "~
FREQUENCY—Hz
PCO8490F
Load Regulation Characteristics
With Current-Limiting
0.05 I
Q
— Ta =
—t ~550
o o~ 'C
>| ~0.05 \b 7‘4 = o5
§ 2
S -o1 3 *E‘
E =<
w
«
a -0.15
3
-
-02[—TVo =50
| 1w =12v
Rsc = 10Q
-0.25 11t
0 50 10 15 20 25 30
OUTPUT CURRENT—mA
PCOBS20F

6-59



uA723

Typical Performance Curves for uA723

Load Regulation Characteristics
With Current-Limiting
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Typical Performance Curves for uA723C

Maximum Load Current vs
Input/Output Voltage Differential
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uA723
Typical Applications
Figure 1 Basic Low Voltage Regulator Figure 2 Basic High Voltage Regulator
VMo=20Vto 7.0 V) (Vo=7.0Vto 37 V)
v vi
ve -—jvc V+ Ve
Vaer oUT —
ouT
Vaer Rsc
Rsc R3 uA723 oL ANA- REGULATED

m wAT23 LA REGULATED out
P VWA— our o

3
3 >
”3 N1 NV —— s
' AA
WA—
, v- come | o

Cher < « C1
[ 177 L= T vo0ee

AA,

CRO3070F ‘CRO3080F
Typical Performance Typical Performance
Regulated Output Voltage +50V Regulated Output Voitage +15 V
Line Regulation (AV;=3.0 V) 0.5 mV Line Regulation (AV,=3.0 V) 1.5 mv
Load Regulation (Al =50 mA) 1.5 mV Load Regulation (Al =50 mA) 4.5 mV
RiR - . R1 Rz - )
Ry = R+ R tor minimum temperature drift. Ry = Ry +FRs for minimum temperature drift.

R3 may be eliminated for minimum component count.

Figure 3 Negative Voltage Regulator (Note 1)

vt Figure 4 Positive Voltage Regulator (Externai NPN
Pass Transistor)
L S Y
= R2Z v+ Ve 2Rs
1 S20k0 !
VRer v+
at T
vz b 2808 Vrer 2N3054
eGP
R4 Rsc
30kQ cs [— +ATZ oL REGULATED
out
NI INV cs
R3 < =& -1
30kQ R1 4: \ cCOoMP 100 pF NI INV
REGULATED V- COMP
ot l it 0
CRO3090F - =
CRO3100F
Typical Performance .
Regulated Output Voltage -15V Typical Performance
Line Regulation (AV|=3.0 V) 1 mv R.egulated Oytput voltage +15 V
Load Regulation (Al_ =100 mA) 2 mvV Line Regulangn (AV(=3.0 V) 1.5 mV
Load Regulation (Al = 1.0 A) 15 mV
Note
1. For metal can applications where Vz is required, an external 6.2 V
Zener diode should be connected in series with V.
L. _
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Typical Applications (Cont.)

Figure 5 Positive Voltage Regulator (External PNP
Pass Transistor)

Vi
< R3
<
{ w0 at
v+ Ve 2N4898
VRer out
p wAT23
m
cs Rsc
NI INV

Sme o comvl o
j l I 1nF

Typical Performance

Regulated Output Voltage
Line Regulation (AV,=3.0 V)
Load Regulation (Al =1.0 A)

REGULATED
ouT

GRO3110F

+50 V
0.5 mV
50 mv

Figure 7 Remote Shutdown Regulator with Current-
Limiting (Note 1)

Vi
v+ Ve
Rsc
Vaer out AAA- I gEu_?ULATED
:: - uA723
cs
NI INV
R3
$ ne v TcomP ] 20k2  2N3646
P4 at cCsL
= ct R4 LOGIC IN
_L Thre nF i 20ke
Typical Performance
Regulated Output Voltage +50 V
Line Regulation (AV,= 3.0 V) 0.5 mV
Load Regulation (Al_ =50 mA) 1.5 mv

Note

1. Current limit transistor may be used for shutdown if current limiting is
not required. Add diode if Vo> 10 V.

Figure 6 Foldback Current-Limiting

W
v+ Ve Rec
302
Vier our —AA-
R3
27kQ
> A723
3: R1 a cL
R4
cs 5.6 kQ
NJ. INV
Sre
3 v-[cowe | o,
L Trone

Typical Performance

Regulated Output Voltage

Line Regulation (AV,=3.0 V)
Load Regulation (Al =10 mA)

Short Circuit Current

Figure 8 Output Voltage Adjust

VREF

R

Pl S e Ir:lomnvsrmne

CRO3140F

REGULATED
our

CRO3120F

+50V
0.5 mV
1.0 mV
20 mA
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FAIRCHILD
]

A Schiumberger Company

HA78G « uAT9G
4-Terminal Adjustable
Voltage Regulators

Linear Division Voltage Regulators

Description

The pA78G and pA79G 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 uA78G and -40 V for the
negative regulator uA79G. 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
#A78G positive voltage regulator is +5 V to +30 V and
the output voltage range of the negative puA79G is -30 V
to -2.2 V. For systems requiring both a positive and nega-
tive, the uA78G and pA79G 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

® uA78G Positive Output +5 To +30 V
® uA79G Negative Output -30 To ~2.2 V
e [nternal Thermal Overload Protection
® [nternal Short Circuit Protection

® Output Transistor Safe-Area Protection

Absolute Maximum Ratings
Storage Temperature Range
Operating Junction

Temperature Range
Lead Temperature (soldering, 10 s)
Power Dissipation
Input Voltage

-65°C to +150°C

0°C to 150°C
265°C
Internally Limited

HA78G +40 V
uA79G -40 V
Control Lead Voltage
HATBG 0 V<V+ <Vp
HA79G Vo- <V-<0V

Connection Diagram
4-Lead TO-202 Package
(Top View)

Q :
2
COMM

|

COMM
CD00151F

Heat sink tabs connected to common through device substrate.

Order Information

Device Code Package Code Package Description

LA78GU1C 8z Power Watt
Connection Diagram
4-Lead TO-202 Package
(Top View)
N
4 F
3 ouT
O \=——r

COMM
b 1

COO0181F

IN

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

Order Information
Device Code Package Code

HA79GU1C 82

Package Description
Power Watt
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pA78G Equivalent Circuit
— IN
RS R9 R13
100 Q 4000 10 kQ
R4 R18
$100 k0 S 500 0 as 4 a9 p2
< L
Q16
Ny
Q14 N
'\ﬁ a 15‘\){ 680 O
[ Q12 Rt
L (. 200 Q
RS <
33k 3 o T\| out
Qs CONTROL
Q13 P |
as [
R16
R6 2 :, R15 26k
27k03 6kQ
«
A1 SR2
1kQ S20kn C1
- a7 130 PR
14Y)
9
R7< at I/Q
50003
<RAR10 <R3 R4
S6k0 Sk 6 kQ
COMMON
BDOOS30F
HA79G Equivalent Circuit (Note 1)
. comm
< R2
S 14k
Z D1 |02
CONT
R3S
N ‘j’
’—KOZ Q7 Q23
R12
400 k
a1 [+30 ouT
R15 D3 J
3k
Shm Q20
c2 ca T3k
a° 35pF[CY | 6pF| 3pF| SR SR21 S A2
-~ “T [~ S23k &1k <& 0.08 k
°.ZI“ o o8 I EDVN YW B 2 A AAA A
/'7 W W 021‘4 VWA VW W
Ré R7 R8 <R RS R10 R16 R17 R30 2 A3
<
800 1.0k 46k S 175k K "Bk 47k 30k 200 < g05k
IN
EQOOB7OF
Note
1. All Resistor values in ohms
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uA78G * uA79G

uA78G
Electrical Characteristics 0°C < T <125°C, C;=0.33 uF, Co=0.1 uF, Vi=10 V, Ig =500 mA,

Test Circuit 1, unless otherwise specified.

Symbol Characteristic T Condition'? Min Typ | Max Unit
ViR Input Voltage Range T Ty=25°C 7.5 40 \
Vor Output Voltage Range Vi=Vo+50V 5.0 30 \"
Vo Output Voltage Vo+3.0 VESV;SVp+15 V, T,=25°C 4.0 % Vo
Tolerance 50 MA<Ip<1.0A —
Po<15 W, V| max=38 V 5.0
Vo une Line Regulation Ty=25°C, Vo <10 V 1.0 % Vo
Vo+25 V)SVIS(Vp+20 V)
Vo LoaD Load Regulation Ty = 25°C, 250 MA <l <750 mA 1.0 % Vo
Vi=sVo+50V o mA<io<15 A 2.0
Ic Control Lead Current Ty =25°C 1.0 5.0 HA
8.0
la Quiescent Current Ty=25°C 3.2 6.0 mA
7.0
AV)/ AV Ripple Rejection 8.0 VEV|<18 V, f=2400 Hz 68 78 dB
Vo=5.0V, Ic=350 mA L
No Noise Ty=25°C, 10 Hz << 100 kHz, T 8.0 40 | pV/Vp
Vo=50V, lg=50 mA
Vbo Dropout Voltage? 20| 25 L v
los Output Short Circuit Ty=25°C, V\=30 V 750 1.2 A
Current
Ipk Peak Output Current Ty=25°C 1.3 2.2 3.3 A
AVo/ AT Average Temperature Vo=5.0V, Ta=-55°C to +25°C 0.4 | mv/°C/
Coefficient of Output lo=5.0 mA Py 2550 03 Vo
=25°C to 125° .
Voltage A |
Vo Control Lead Voltage | T,=25°C 48| 50 52| WV
(Reference) 4.75 5.25 L
Notes R1+A2
1. Vo is defined for the pA78G as Vg = (5.0);
1+R2 R2
the pA79G as Vo = 2 (-2.23).
2. Dropout Voltage is defined as that input/output voltage differential which
causes the output voltage to decrease by 5% of its initial value,
3. 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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MA78G * uA79G

MA79G
Electrical Characteristics 0°C << Ty <125°C for pA79G, V| =-10 V, Ig =500 mA, C; =20 uF, Co=1.0 uF,
Test Circuit 2 and Note 3, unless otherwise specified.

Symbol Charateristic Condition'! Min Typ Max Unit
VIR Input Voltage Range Ty=25°C -40 -7.0 \
Vor Nominal Output Vi=Vp-50V -30 -2.23 \
Voltage Range
Vo Output Voltage Vo-15 V<V, <Vp-30 V T, =25°C 40 | %Vp
Tolerance 50 MAIg<1.0 A
Ppb<15 W, V| Max =-3.8 V 5.0
Vo uNE Line Regulation Ty=25°C, Vo=-10 V 1.0 %Vo
(Vo-20 V)<V, < (Vp-25 V)
Vo LoaD Load Regulation Ty =25°C, 250 mA <lg <750 mA 1.0 %V
Vi=Vo-50V 50 mMA<Io<15 A 2.0
Ic Control Lead Current Ty=25°C 0.4 20 HA
3.0
la Quiescent Current T,;=25°C 0.5 2.5 mA
3.0
AV{/ AV Ripple Rejection Vo=-8.0V, V|=-13 V, f=2400 Hz, 50 60 dB
Ic =350 mA
No Noise Ty=25°C, 10 Hz << 100 khHz, 25 80 | uV/Vo
Vo=-80V, log=50 mA
Voo Dropout Voltage?® 1.1 23 v
los Output Short Circuit Ty=25°C, V|=-30 V 0.25 1.2 A
Current
lpk Peak Output Current Ty=25°C 1.3 2.1 33 A
AVo/AT Average Temperature Vo=-50V, \ Ta=-55°C to +25°C 0.3 | mv/°C/
Coefficient of Output lo=5.0 mA Vo
Voltage J Ta=25°C to 125°C 0.3
Ve Control Lead Voltage T;=25°C -232 | -223 | -2.14 \
(Reference) _2.35 211
Notes R1+R2
1. Vp is defined for the puA78G as Vg = {5.0);
R1+R2
the pA79G as Vg = A2 (-2.23).
2. Dropout voltage is defined as that input/output voltage differential which
causes the output voitage to decrease by 5% of its initial value.
3. The convention for negative regulators is the aigebraic value, thus
-15 V is less than -10 V.
4. All characteristics except noise voltage and ripple rejection ratio are
measured using pulse technigues (ty < 10 ms, duty cycle < 5%).
Output voitage changes due to changes in internal temperature must be
taken into account separately.
L —— R —
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HA78G * uA79G

Typical Performance Curves for uA78G

Peak Output Current vs Quiescent Current vs Control Current vs
Input/Output Differential Voltage Input Voltage Junction Temperature
30 30
Vo=§V
I = 20mA|
25 a0l |Ti=25°C 25
X : ;
T ol AR El £ 20 3
'z' \; £’ N u | w \
[ ©
x = G z 1 £
E 15 =& ;.\ 3 i B 15 N
3] A L5 5 20 3
£ NS (S &
B 10 1 3 ] 5 < 8 E 1.0
3 N ’Q"e_> g o
o8 NS oS =10V <
! %§ Vo= 80V N
] r' 2 [] lo = 500 mA
° s ) 5 20 25 30 5 10 5 2 25 30 38 ~75-50 -25 0 25 S50 75 100 125 150 175
INPUT/OUTPUT DIFFERENTIAL — V INPUT VOLTAGE — V JUNCTION TEMPERATURE — °C
PC11790F PC11800F PC11810F
Differential Control Voltage vs Differential Control Voltage vs Ripple Rejection vs
Input Voltage Output Current Output Voltage
2 —— ° 8
= V=WV
lg = 500 mA
2 Vor80V 2 asfYom®OV
| 1 §
w w
g, g % RO
S
g § 75 Q,\ z
g ™ 5
€ 6 E -10.0 w70
g ~ o
5 8 = L6
o O -125 \*%
24 v 2 g Ny
S E -180 g e N
w w \
g 2 & N
& g s
e Ty = 126°C L~ o
] -20.0 80
5 10 15 20 25 30 200 400 800 800 1000 [ 5 10 » 20 s 30
INPUT VOLTAGE — Vv OUTPUT CURRENT — mA OUTPUT VOLTAGE — V
PC11820F PCI1830F PC11840F
Dropout Voltage vs
Junction Temperature vs Frequency Load Transient Response Ripple Rejection vs Frequency
25 T ‘ 00
rATSG vi=1v 2
>I s | > 4 Vo=50V
5 20 o T70a é LOAD CURRENT \ 8 A =]
e —«)t <
E SN :® 13 N
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5 Sttt 0ma § o DEVIATION | g E
.9- 5 r - 2
> a . 2 2 [
g os § 4 2 vesvTowY
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0 L1 | 1 | 2 ol Ti=25°C
-75-50 -25 0 25 50 75 100 125 150 175 ° w0 20 3 a0 0 80 1 100 10K 10K 100 K
JUNCTION TEMPERATURE — °C TIME — .8 FREQUENCY — Hz
PC11851F PC11870F PC11880F
L I __ o
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HA78G * uA79G

Typical Performance Curves for uA79G

Line Transient Response

for uA78G
“ 117 ”
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Quiescent Current vs
Input Voltage
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HAT78G * uATIG
Typical Performance Curves for uA79G (Cont.)
Load Transient Response Line Transient Response
3 2
I T
> > —t+——1—
t E INPUT VOLTAGE
z ? TNPUT VOLTAGE 1 ! -1
8 / « z ] R
< ' ] g |
] 0o & H -10 w
2 g 8 £
2 OUTPUT VOLTAGE £ w4 -s OUTPUT VOLTAGE ]
[t DEVIATION Q I DEVIATION >
g - 9 3 -
5 S £ o H
g 2 o
3 e
| i=10V s_o-SOOmA
Vo=50V Vj) = To \J |
25 10 20 30 20 50 [ 20 ) 50 80 00
TIME — us TIME — s
PC11770F PC11780F
Test Circuits Design Considerations
The pA78G and pA79G Adjustable Voltage Regulators
nA78G Test Circuit 1 have an output voltage which varies from Vcont to typi-
cally
out l Vo Vi =2.0 V by Vo = V. R1 + R2
w . S 1 —2. Y Vo = VCONT R2
CONTROL The nominal reference in the uA78G is 5.0 V and pA79G
0.33 4F Souu | Lo is —2.23 V. If we allow 1.0 mA to flow in the control
. 1; e | . string to eliminate bias current effects, we can make
l @ R2=5.0 kQ in the uA78G. Then, the output voltage is;
coMm T Vo =(R1 + R2) V, where R1 and R2 are in kQs.
- Example: If R2=5.0 k§2 and R1 =10 k§2 then
Voo Rt +R2 v Vo =15 V nominal, for the pA78G
°"\ "R CONT R2 =2.2 k2 and R1 =128 kS then
Vcont Nominal = 5.0 V Vo =-15.2 nominal, for the pA79G
uA79G Test Circuit 2 By proper wiring of the feedback resistors, load regulation
of the device can be improved significantly.
our -Vo Both uA78G and pA79G regulators have thermal overload
-v N uATOG 2w protection from excessive power, internal short circuit pro-
CONTROL ] tection which limits each circuit's maximum current, and
COMM output transistor safe-area protection for reducing the out-
20 uF = $he ﬁ= 1.0 4F put current as the voltage across each pass transistor is
‘ la 9 increased.
comm
R e
- CRO5660F

v R1+R2 v
o= A2 CONY

Vcont Nominal =-2.23 V
Recommended R2 current = 1.0 mA
. R2 =50 k2 (uA78G)

R2 = 2.2 k2 (A79G)

L ]
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HA78G * uA79G
Although the internal power dissipation is limited, the junc- Typical Applications For uA78G (Note 1)
tion temperature must be kept below the maximum speci- Bypassing of the input and output (0.33 uF and 0.1 uF,
fied temperature in order to meet data sheet specifica- respectively) is necessary.
tions. To calculate the maximum junction temperature or
heat sink required, the following thermal resistance values Basic Positive Regulator
should be used:
#AT8G
Typ Max Typ Max out +Vo
°C/W °C/W °C/W C/W o N %m
Package 6ic 8¢ AT 0)a 0.38 uF =< CONTROL R 0.1 uF
( COMMON 3 (
Power Watt 7.5 11 75 80 l SR2
Po ax = Ty Max—Ta = <4
ax=—— 2
8uc + boa R1+R2
Vo = Vcom( R3 )
Ty Max=Ta . croserer
= ——————— (without a heat sink)
61a
bca = bcs + Osa Positive 5.0 V to 30 V Adjustable Regulator
Solving for T uATEG
out L +Vo
Ty=Ta+ Ppl(fyc + Oca) or " N S5k
=Tp+ PDOJA (without heat sink) 0.33 uF == CONTROL < 0.1 uF
COMMON : T
350k
Where: l )
T, = Junction Temperature L |
Ta = Ambient Temperature R
Pp = Power Dissipation Not
. . . lote
O = Junct!on to ambient thermal fesnstance 1. All resistor values in ohms.
6)c = Junction to case thermal resistance
0ca = Case to ambient thermal resistance
fcs = Case to heat sink resistance
0sa = Heat sink to ambient thermal resistance
MA78G and pA79G
Power Tab (U1) Package
Worst Case Power Dissipation vs
Ambient Temperature
100 —T—
LIMIT 78G/79G +—»
E NFINITE 17
z' 10 Ins = 53 Stnie
g 25 = 150 ~
H g N
2 } I' 1I\._\ AN
8 e iNoy
g 1.0 — EAT Stnge \ \\
& ~
I~ fac = T°C/W T\
- 6a = Bo°C/W <
POMAX = 15 W N
0 50 75 100 125 150
AMBIENT TEMPERATURE — °C
. ___ ]
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HAT8G * uA79G

Typical Applications For uA78G (Note 1) (Cont) Positive High Current, Short Circuit Protected
Regulator
Positive 5.0 V to 30 V Adjustable Regulator vi —
(lo > 5.0 A) (Note 2) EZL%?L‘E’:T
1 1>4.0A > our ar
2N6124 N, A786
i
LATBG 0.33 ,F I CONTROL 4
ouT LL +Vo = COMMON < Rse
30 < b
A ™ gk 'J=‘ 2NB1ZIOR  $ Vo
=220 mA > | L EQUIVALENT <
033 uF T 22:1::: L T 01 4F 3; R1
<50k L
Ir2
4 L 1
T CRO5660F ) CROS70VF

Positive High Current Short Circuit, Protected
Regulator

+Vo
lo (Max)
Vi -
033 uF = CONTROL| i
uF 7R COMMON R 0.1 4F
l 50k
Vee (Q1)
Rsc = —— A
S Isc = =
CROS710F
10V, 1.0 A
Dual Tracking Regulator (Note 3)
1AT8G
our 10V
153% N 5.0k
0.33 uF = CONTROL =01 uF
COMMON
7.23k »—-L
= COMMON
2.0 uF = CONTROL R 1.0 4F
uAT9G 777k
-15V IN OUuT -V
CROS720F

Notes

1. All resistor values in ohms.

2. External series pass device is not short circuit protected.

3. If load is not ground referenced, connect reverse biased diodes from
outputs to ground.
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A Schlumberger Company

HA78LO0 Series
3-terminal positive
voltage regulators

Linear Division Voltage Regulators

Description

The pA78L0O0 series of 3-terminal positive voltage regula-
tors is constructed using the Fairchild Planar Epitaxial pro-
cess. These regulators employ internal current-limiting and
thermal shutdown, making them essentially indestructible. If
adequate heat sinking is provided, they can deliver up to
100 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 addi-
tion, they can be used with power pass elements to make
high current voltage regulators. The pA78L00 used as a
Zener diode/resistor combination replacement, offers an
effective output impedance improvement of typically two
orders of magnitude, along with lower quiescent current
and lower noise.

® Output Current Up To 100 mA

® No External Components

® Internal Thermal Overload Protection

® Internal Short Circuit Current-Limiting

® Available In JEDEC TO-92

® Output Voltages Of 50 V, 6.2 vV, 82 V, 90 V, 12 V,
15V

® Output Voitage Tolerances Of £5% Over The
Temperature Range

Absolute Maximum Ratings
Storage Temperature Range
Operating Junction Temperature Range
Industrial (£A78LO0V)
Commercial (uA78L00C)
Lead Temperature
TO-92 Package/SO-8
(soldering, 10 s)
Power Dissipation
input Voltage

-65°C to +150°C
-40°C to +125°C
0°C to +125°C

265°C
Internally Limited

Connection Diagram
TO-92 Package
(Top View)

CDO014TF

Order Information

Device Code Package Code Package Description

UA7BLOSAWV El Molded
HA78LOSAWV El Molded
HATBL12AWV El Molded
HA78L15AWYV El Molded
HA78LE62AWYV El Molded
HATBLB2AWY El Molded
HATBLOSAWC El Molded
UA78LO9AWC El Molded
pA78L12AWC El Molded
pA78L15AWC El Molded
HAT8L62AWC El Molded
uA78LB2AWC El Molded

Connection Diagram
S0-8 Package
(Top View)

[ ar
C ]
]
L] i

| —

COMMON

GDOY410F

Package Code Package Description

Molded Surface Mount

50Vtoi15V 35V
Order Information
Device Code
HA78LOSASC KC
_




HA78LO0 Series

Equivalent Circuit

IN
Qs
" ; ate
™
Q8 Q17
Q6
Qis
a7
Q9 <R21 <
R1g  S1.0keS 33ko
100 k2
our
c3
L
I._J LAY -
>/ R10
o om\L Y 0.434 kQ TO
{‘ 1243 kQ
Q2
R2 <Em
8.952kQ S2568 ko
2,58V on
a3
R1
0.724 k@
COMMON

EQO0sETF

pA78LOSACS
Electrical Characteristics 0°C < T, <125°C, V|=10 V, Ip =40 mA, C;=0.33 pF, Co=0.1 uF, unless
otherwise specified.’

Symbol Characteristic Condition Min | Typ | Max Unit
Vo Output Voltage T,=25°C 4.8 5.0 5.2 v
VR UINE Line Regulation Ty=25°C 70 VEVi20 V 55 | 150 mv
8o VSVI<20V 45 100
VR LoaD Load Regulation T,=25°C 1.0 mA<Ip <100 V 11 60 mV
| 1.0 mA <lp <40 mA 50 30
Vo Output Voltage?® 70 VSV, <20V 10 MA<Io<40 mA | 475 5.25 v
7.0 VEVi<Vuax | 10 mA<Io<70 mA | 475 5.25
la Quiescent Current 20 55 mA
Alg Quiescent Current | with line | 8.0 V<V, <20 V 1.5 mA
Change with load | 1.0 mA <Ip <40 mA 0.1
No Noise Ta=25°C, 10 Hz<f< 100 kHz 40 uv
AV|/AVp | Ripple Rejection f=120 Hz, 80 V<V <18 V, 41 49 dB
T,=25°C
Voo Dropout Voltage T;=25°C 1.7 v




T s |
MA78LO0 Series
pAT78LOSAC® (Cont.)
Electrical Characteristics 0°C <T, < 125°C, V;=10 V, lp =40 mA, C;=0.33 uF, Co=0.1 uF, unless
otherwise specified.’
Symbol Characteristic Condition Min Typ | Max Unit
Iok/los Peak Output/Output Short Ty=25°C 140 mA
Circuit Current
AVo/AT Average Temperature lo =5.0 mA ~0.65 mV/°C
Coefficient of Output Voltage
pA78LE2AC3
Electrical Characteristics 0°C <T, <125°C, V|=12 V, lg =40 mA, C;=0.33 uF, Co=0.1 uF, unless
otherwise specified.'
Symbol Characteristic Condition Min Typ Max Unit
Vo Output Voltage Ty=25°C 5.95 6.2 | 6.45 \
VR UNE Line Regulation Ty =25°C 85 vV <20 Vv 65 175 mvV
9.0 VLV K20 vV 55 125
VR LoAD Load Regulation Ty=25°C 1.0 mMA<ip <100 mA 13 80 mV
1.0 mA <lp <40 mA 6.0 40
Vo Output Voltage? 85 V<V <20V 1.0 MA<Ip<40 mA | 590 6.5 v
8.5 V<V, <Vya 1.0 MA<Ip<70 mA | 5.90 6.5
la Quiescent Current 2.0 55 mA
Alg Quiescent Current | with line | 80 V<V, <20 V 1.5 mA
Change with load | 1.0 mA <Io <40 mA 0.1
No | Noise Ta=25°C, 10 Hz <f<100 kHz 50 uv
AV|/AVp | Ripple Rejection f=120 Hz, 10 V<V <20V, 40 46 dB
T, =25°C
Vbo Dropout Voltage Ty =25°C 1.7 v
Ipk/los Peak Output/Output Short Ty=25°C 140 mA
Circuit Current
AVp/AT Average Temperature lo=5.0 mA -0.75 mv/°C
Coefficient of Output Voltﬂ
pAT78L82ACS
Electrical Characteristics 0°C < T <125°C, V=14 V, lo =40 mA, C;=0.33 puF, Co= 0.1 uF, unless
otherwise specified.”
Symbol Characteristic Condition Min Typ | Max Unit
Vo Output Voltage | T,=25°C 787 | 82| 853 v
T —
VR LINE Line Regulation TJ =25°C 11 V< Vi <23V 80 175 mV
12 Vv, <23V 70 125
VR LOAD Load Regulation Ty=25°C 1.0 MA<Ip <100 mA 15 80 mV
1.0 mA <lp <40 mA 8.0 40 1
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uA78LOO Series

uA78L82AC? (Cont.)

Electrical Characteristics 0°C < T, < 125°C, V;=14 V, lop =40 mA, C=0.33 uF, Co=0.1 uF, unless

otherwise specified.

Symbol Characteristic Condition Min Typ Max Unit
Vo Output Voltage? 11 v<y <23 v 1.0 mA<l1p <40 mA 7.8 8.5 v
11 V<V < Vpyax 1.0 mMA<lg <70 mA 7.8 8.6
la Quiescent Current 2.1 55 mA
Alg Quiescent Current | with line | 12 V<V <23 V 1.5 mA
Change with load | 1.0 mA <15 <40 mA 0.1
No Noise Ta=25°C, 10 Hz <f<100 kHz 60 uv
AV{/AVp | Ripple Rejection f=120 Hz, 12 V<V <22 V, 39 45 dB
Ty=25°C
Voo Dropout Voltage Ty=25°C 1.7 \
lok/los Peak OQutput/Output Short Ty=25°C 140 mA
Circuit Current
AVp/AT Average Temperature lo=5.0 mA -0.8 mV/°C
Coefficient of Output Voltage
pA78LO9AC?
Electrical Characteristics 0°C < Ty <125°C, V;=15V, Io =40 mA, C;=0.33 uF, Co= 0.1 uF, unless
otherwise specified.
Symbol { Characteristic Condition Min Typ | Max Unit
Vo Output Voltage Ty=25°C 8.64 9.0 | 9.36 \
VR LINE Line Regulation Ty=25°C 115 VsV, <24V 90 | 200 mv
1BVEVIK24 vV 100 | 150
VR LOAD Load Regulation Ty=25°C 1.0 mA <lp <100 mA 20 90 mv
1.0 mA<Ilp <40 mA 10 45
Vo Output Voltage? MEVSVIK24V | 10 MASIp<40 mA 8.55 9.45 \
11.5 V<V < Vpax 1.0 MA<Ip <70 mA 8.55 9.45
la Quiescent Current 2.1 5.5 mA
Alg Quiescent Current | with line | 11.5 V<V, <24 V 15 mA
Change with load | 1.0 mA <lo < 40 mA 0.1
No Noise Ta=25°C, 10 Hz<f <100 kHz 70 uv
AV|/AVp | Ripple Rejection f=120 Hz, 15 VV|<25 V, 38 44 dB
T,=25°C
Voo Dropout Voltage T, =25°C 1.7 \
lox/los Peak Output/Output Short Ty=25°C 140 mA
Circuit Current
AVp/ AT Average Temperature lo=5.0 mA -0.9 mvV/°C
Coefficient of Output Voitage
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HA78L00 Series

uA78L12AC?

Electrical Characteristics 0°C < T, <125°C, V=19 V, Ig =40 mA, C,=0.33 uF, Co=0.1 uF, unless

otherwise specified.’

Symbol Characteristic Condition Min Typ | Max Unit
Vo Output Voltage T,=25°C 115 12 | 125 v
VR UNE Line Regulation T,=25°C 145 V<V <27 V 120 | 250 mv
16 VsSVi<27 VvV 100 | 200
VR LOAD Load Regulation Ty=25°C 1.0 mA<Ilp <100 mA 20 | 100 mv
1.0 mA <ip <40 mA 10 50
Vo Output Voltage? 145 VSV|<27V |10 mA<|g<40mA | 11.4 12,6 \
145 VSV <V | 10 mA<Io<70 mA | 11.4 12.6
la Quiescent Current 2.1 55 mA
Alg Quiescent Current | with line | 16 V<V, <27 V 1.5 mA
Change with load | 1.0 mA <lp <40 mA 0.1
No Noise Ta=25°C, 10 Hz<{< 100 kHz 80 uv
AV)/AVo | Ripple Rejection f=120 Hz, 156 VV|<25 V, 37 42 dB
Ty=25°C
Voo Dropout Voltage Ty=25°C 1.7 \
I/ los Peak Output/Output Short Ty=25°C 140 mA
Circuit Current
AVo/AT | Average Temperature lo=5.0 mA -1.0 mv/°C
Coefficient of Output Voltage
pA78L1SACS
Electrical Characteristics 0°C <T4 <125°C, V,=23 V, Ip =40 mA, C;=0.33 uF, Cpo=0.1 uF, unless
otherwise specified.’
Symbol Characteristic Condition Min | Typ | Max Unit
Vo Output Voltage T,=25°C 14.4 15 | 15.6 v
VR UNE Line Regulation Ty=25°C 175 VSV <30 V 130 | 300 mV
20 VSVi<30 V 110 | 250
VR LOAD Load Regulation Ty=25C 1.0 MA <ip <100 mA 25 | 150 mV
1.0 mA <lg <40 mA 12 75
Vo Output Voltage? 175 VSV,<30V | 1.0 mA<Ip<40 mA [14.25 15.75 v
175 VEV|<Vpax | 1.0 MA<Iog<70 mA [14.25 16.75
la Quiescent Current 2.2 5.5 mA
Alg Quiescent Current | with line | 20 V<V, <30 V 1.5 mA
Change with load | 1.0 mA <Ig <40 mA 0.1
No Noise Ta=25°C, 10 Hz << 100 kHz 90 uv
T I
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uA78LO0 Series

uA78L15AC? (Cont.)
Electrical Characteristics 0°C <Tp <125°C, V| =23 V, Ip =40 mA, C;=0.33 uF, Co=0.1 uF, unless
otherwise specified.

Symbol Characteristic Condition Min | Typ | Max | uUnit
AV\/AVq | Ripple Rejection £=120 Hz, 185 V<V <285 V, 34 39 T
Ty=25°C
Vpo Dropout Voltage T, =25°C 1.7 \ n
lox/los Peak Output/Output Short Ty=25°C 140 mA
Circuit Current
AVo/AT | Average Temperature lo=5.0 mA -1.3 mv/°C
Coefficient of Output Voitage

Notes

1. The maximum steady state usable output current and input voltage are
very dependent on the heat sinking and/or lead iength of the package.
The data above represent pulse test conditions with junction
temperatures as indicated at the initiation of tests.

. Power Dissipation <.75 W.

. Industrial Grade product is guaranteed to have output voltage tolerances
less than +8% at —40°C.

[A NN

Typical Performance Curves

Worst Case Power Dissipation vs Dropout Voltage vs
Ambient Temperature (TO-92) Junction Temperature Dropout Characteristics
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Other uA78L00 Series devices have similar curves.
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HA78L0O0 Series

Typical Performance Curves (Cont.)

Quiescent Current vs
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Design Considerations Typ Max Typ Max
The pA78L series regulators have thermal overload protec- Package Byc Bac (27N AT
tion from excessive power, internal short-circuit protection
Ssive Po @ ut p TO-92 160 160

which limits each circuit's maximum current, and output
transistor safe-area protection for reducing the output cur-
rent as the voltage across each pass transistor is in-
creased.

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

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 c¢cm above an infinite
heat sink, very little has been mentioned of the options
available to improve on the conservatively rated thermal
capability.
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An explanation of the thermal paths of the TO-92 will al-
low the designer to determine the thermal stress he is
applying in any given application.

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 leads, in
parallel with the case path, to ambient temperature, as
shown in Figure 1.

The total thermal resistance in this model is then:

_ B+ 8ca) (Bu+ 60
AT 8y + Oca + 0y + Oia

(&)

Where:

fjc = thermal resistance of the case between the
regulator die and a point on the case directly
above the die location.

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

0. = thermal resistance from regulator die through
the input lead to a point 1/16 inch below the
regulator case.

0.4 = total thermal resistance of the input/output
ground leads to ambient temperature.

84a = junction to ambient thermal resistance.

Figure 1 TO-92 Thermal Equivalent Circuit
Ty
e 3
tPs(WATTS)
fica :E :E ha
3 “
ik
— 1
GROD151F

Methods of Heat Sinking

With two external thermal resistances in each leg of a
parallel network available to the circuit designer as vari-
ables, he can choose the method of heat sinking most
applicable to his particular situation. To demonstrate, con-
sider the eftect of placing a small 72°C/W flag type heat
sink, such as the Staver F1-7D-2, on the uA78LXX mold-

ed case. The heat sink effectively replaces the Oca
{Figure 2) and the new thermal resistance, &, equals
145°C/W (assuming 0.125 inch lead length).

The net change of 15°C/W increases the allowable power
dissipation to 0.86 W with a minimal inserted cost. A still
further decrease in 8,5 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 8,5, the other external thermal resistance, G4,
may be reduced by shortening the lead length from pack-
age base to mounting medium. However, one point must
be kept in mind. The lead thermal path includes a thermal
resistance, fga, from the leads at the mounting point to
ambient, that is, the mounting medium. 6 4 is then equal
to O g+ 0sa. The new model is shown in Figure 2.

In the case of a socket, fga could be as high as
270°C/W, thus causing a net increase in 65 and a con-
sequent decrease in the maximum dissipation capability.
Shortening the lead length may return the net 8,5 to the
original value, but lead sinking would not be accomplished.

In those cases where the regulator is inserted into a cop-

per clad printed circuit board, it is advantageous to have a
maximum area of copper at the entry points of the leads.

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 resis-
tors are not significantly effective; beyond some point, ad-
ditional copper area is not effective.

Figure 2 TO-92 Thermal Equivalent Circuit
(Lead at Other Than Ambient Temperature)

L &
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High Dissipation Applications

R1 Vi 2 Vo
Vi =AM KAT8LO0
—_—
c1t = 3 =c2
lQL AL
- CROOVTIF
Ri
200 v 2 Vo
Vi —AAA- H#ATBLIS S—
c1 L =L c2 W >
0.33 uF - <
2 lo¢ 3 0.1 uF 10 — 30 mA <: RL

L

CRO0181F

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

_Vimin-Vo-20 V
IL Max *+ la

R1 3)

where:
lg is the regulator quiescent current.

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

Pp Max = (V1-Vo) IL max + V1 la 4

where:
V1= V| Max— (IL Max + l@) R1

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

Load regulation (at constant V))
= load regulation (at constant Vy)
+ line regulation (mV per V)
x (RI) x (Al).

6

6-80

As an example, consider a 15 V regulator with a supply
voltage of 30 £5.0 V, required to supply a maximum load
current of 30 mA. Ig is 4.3 mA, and minimum load current
is to be 10 mA.

25-15-2 8
= —=——=240Q
30+43 343

Vy=35-(30+43) 0.24=35-8.2=268 V

®

Pp 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;
ie. 11 mV/V.

Load regulation = constant Vy load regulation
(typically 10 mV, 10-30 mA I)
+ (11 mV/V)x0.24 x 20 mA
(typically 53 mV)
=63 mV for a load current change of
20 mA at a constant V| of 30 V.

@

Typical Applications

1 A78LO0 |2
A
IN (NOTE 1) our
C1 == 3 o C2
0.33 uF l 0.1 uF
(NOTE 2) (NOTE 2)
e

AFO0051F

Notes

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

2. Bypass capacitors are recommended for optimum stability and transient
response and should be located as close as possible to the regutator.
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HA78MG » uA79MG
4-Terminal Adjustable
Voltage Regulators

Linear Division Voltage Regulators

Description

The pA78MG and pA79MG are 4-terminal adjustable volt-
age regulators. They are designed to deliver continuous
load currents of up to 500 mA with a maximum input voit-
age of +40 V for the positive regulator uA78MG and

-40 V for the negative regulator pA79MG. Output current
capability can be increased to greater than 10 A through
use of one or more external transistors. The output volt-
age range of the yA78MG positive voltage regulator is 5.0
V to 30 V and the output voltage range of the negative
HA79MG is —30 to —2.2 V. For systems requiring both a
positive and negative, the uA78MG and pA79MG are ex-
cellent for use as a dual tracking regulator. These 4-termi-
nal voltage regulators are constructed using the Fairchild
Planar process.

® Output Current In Excess Of 0.5 A

® yA78MG Positive Output Voltage +5.0 To +30 V
® yA79MG Negative Output Voltage -30 V To -2.2 V
® Internal Thermal Overload Protection

® Internal Short Circuit Current Protection

® Output Transistor Safe-Area Protection

Absolute Maximum Ratings
Storage Temperature Range
Operating Junction Temperature
Range

Lead Temperature (soldering, 10 s)
Internal Power Dissipation

Input Voltage

~85°C to +150°C

0°C to 150°C
265°C
Internally Limited

HA78MGC +40 V
UATIMGC ~40 V

Control Lead Voltage
HA78MGC 0 VEV+ <Vp
HATIMGC Vo- <-V<0 V

Connection Diagram
LA78MG Power Watt
(Top View)

O :

COMM

CDOOISIF

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

Order Information
Device Code Package Code

uA78MGU1IC 8Z

Package Description
Molded Power Pack

Connection Diagram
LA79MG Power Watt

(Top View)

IN
T
o out
( ) CONT
A ———
I = COMM

IN

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

Order Information
Device Code Package Code

HA7IMGU1C 74

Package Description
Molded Power Pack
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uA78MG Equivalent Circuit
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HA79MG Equivalent Circuit (Note 1)
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:; 14k
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Qto at CONTROL
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Q12 an a23 :E
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Note
1. Resistor vatues in  unless otherwise noted.
_ A U
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LA78MG * UA7IMG

HATBMGC

Electrical Characteristics 0°C < T < 125°C for uA78MGC, V=10 V, In =350 mA, C;=0.33 uF, Co=0.1 uF,
Test Circuit 1, unless otherwise specified.

Symbol Characteristic J Condition™? Min | Typ Max Unit
ViR Input Voltage Range T;=25°C 7.5 40 Vv
Vor Output Voltage Range Vi=Vp+50V 5.0 30 \'
Vo Output Voltage Tolerance (Vo +3.0 VSV<Vp+15V, Ty=25°C 4.0 %(Vo) ﬂ
5.0 MA < lp <350 mA,
PO<50 W, V| Max=38 V 5.0
Vo une | Line Regulation T, =25°C, Ig =200 mA, Vo <10 V, 1.0 %(Vo)
(Vo +25 V)V, <(Vo+20 V),
Ty=25°C, lp=200 mA, Vo=10 V
Vo Loap | Load Regulation Ty =25°C, 1.0 % (Vo)
JS.O mA <lp <500 mA, Vi=Vo+7.0 V
le Control Lead Current T;=25°C 1.0 6.0 HA
7.0
la Quiescent Current Ty=25°C 28 5.0 mA
6.0
RR Ripple Rejection lo=125 mA, BO VSV <18 YV, 62 80 dB
Vo=5.0V, f=2400 Hz
No Output Noise Voltage 10 Hz<f<100 kHz, Vo =50 V 8 40 uv/
Vo
Voo Dropout Voltage?® 2 25 v
los Short Circuit Current V=35V, T;=25°C 600 mA
Ik Peak Qutput Current Ty=25°C 0.4 0.8 1.4 A
AVo/AT | Average Temperature Vo=50V, Ta=-55°C to +25°C 0.4 mv/
Coefficient of Output lo=50 mA °C/
Voltage Ta=25°C to 125°C 0.3 Vo
Vo Control Lead Voltage Ty=256°C 48 5.0 5.2 \
(Reference) 4.75 5.25
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LA78MG * uA79MG

HA79MGC

Electrical Characteristics 0°C < T; < 125°C for pA79MGC, V,=-14 V, I5 =350 mA, C;=2.0 uF, Co=1.0 uF,

Test Circuit 2, unless otherwise specified.

Symbol Characteristic Condition %5 Min | Typ Max Unit
ViR Input Voltage Range Ty=25°C -40 -7.0 A
Vor Output Voitage Range Vi=Vp-50V -30 -2.23 \
Vo Output Voltage Tolerance [Vp-158 V<V|<V5-3.0V, Ty =25°C 4.0 % (Vo)
5.0 mA <lp <350 mA,
Pb<50 W, Vi Max=-38 V 5.0
Vo LINE Line Regulation Ty=25°C, lIp =200 mA, Vo<-10 V, 1.0 %{Vo)
(Vo-20 V) SV|<(Vpo-25 V),
T;=25°C, lp=200 mA, Vo<-10 V
Vo oap | Load Regulation Vi=Vp-7.0 V, 50 mA <1p <500 mA, 1.0 %(Vo)
T,=25°C
Ic Control Lead Current Ty=25°C 2.0 HA
3.0
[Te} Quiescent Current T;=25°C 0.5 2.5 mA
3.5
RR Ripple Rejection T)=25°, lo=125 mA, V;=-13 V 50 dB
Vo=-5.0 V, f=2400 Hz
No | Noise 10 Hz <f<100 kHz, Vo =-8.0 V, 25 80 uv/
I = 50 mA Vo
Vpo Dropout Voltage 1.1 2.3 \
log Short Circuit Current V=35V, T;=25°C 600 mA
fpk Peak Output Current 0.4 0.65 14 mA
AVo/AT | Average Temperature Vo=-50V, Ta=-55°C to +25°C 0.3 mv/
Coefficient of Output lo=-5.0 mA °C/
Voltage Ta=25°C to 125°C 0.3 Vo
Ve Control Lead Voltage Ty=25°C -232| -223| -2.14 '
(Reference) _235 211
Notes R1+R2
1. Vo is defined for the pA78MGC as Vo = A2 (5.0). The pA79MGC
+R2
as Vo = ———(-223).
2. Dropout voltage is defined as that input/output voitage differential which

causes the output voltage 1o decrease by 5% of its initial value.

. All characteristics except noise voltage and rippie 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.

4. The convention for negative regulators is the Algebraic value, thus
~15 V is less than -10 V.

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

[A]

o
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Typical Performance Curves For uA78MG

Peak Output Current vs
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MA78MG ¢ tA7IMG

Typical Performance Curves
Line Transient Response
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For uA78MG (Cont)

Typical Performance Curves For pA79MG

Peak Output Current vs
Input/Output Differential Voltage
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HA78MG ¢ UA79MG

Typical Performance Curves For pA79MG (Cont.)
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Typical Performance Curve For uA78MG and uA79MG
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Design Considerations
The nA78MG and uA79MG variable voltage regulators
have an output voltage which varies from Veont to
typically
(R1 + R2)

R2

The nominal reference in the uA78MG is 5.0 V and
HATIMG 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 k) in the uA78MG. The output voltage is
then: Vo = (R1 + R2) Volts, where R1 and R2 are in k{s.

Vi -2.0 V by Vo =Veont

PCOT6BOF

Iif R2=5.0 k&2 and R1 =10 kQ then
Vo =15 V nominal, for the uA78MG;
R2=2.2 k&2 and R1 =12.8 k2 then
Vo =-15.2 V nominal, for the uA79MG.

Example:

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

Both pA78MG and pA79MG regulators have thermal over-
load protection from excessive power, internal short circuit
protection which limits each circuit's maximum current, and
output transistor safe-area protection for reducing the

6-87
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HA78MG ® uUA7TIMG

output current as the voltage across each pass transistor
is increased.

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

Typilcal Max Typical Max
Package Q,c eJc OJA BJA
Power Watt 8.0 12.0 70 75
p _TuMax—Ta
P M 0,0+ Bca

T =T,
~dMax” A (without a heat sink)
AT

ca = fcs + Osa
Solving for T,

Ty=Ta+ Pp(fyc + bca) or
Ta + Ppfya (Without heat sink)

Where
Ty = Junction Temperature
Ta = Ambient Temperature
Pp = Power Dissipation
8)c = Junction-to-case thermal resistance
0ca = Case-to-ambient thermal resistance
Ocs = Case-to-heat sink thermal resistance
Osa = Heat sink-to-ambient thermal resistance
8,4 = Junction-to-ambient thermal resistance

Typical Applications for yA78MG (Note 1)

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 ca-
pacitors should be mounted with the shortest leads, and if
possible, directly across the regulator terminals.

Note
1. Al resistor values in ohms.

Basic Positive Regulator

our +Vg
78MG|
VO m"A % A1
0.33 uF =x CONTROL R 0.1 uF
COMMON <
l SR2
L <4
CROO1HF
Ve =V, R1 +R2
0 = VconT A2

Positive 5.0 V to 30 V Adjustable Regulator

ouT +Vo
4ATOMG L
Rl N 325 ko
p:
0.33 »F CONTROL =~ 0.1 uF
F couluon 35k

CRO0201F

Positive 5.0 V to 30 V Adjustable Regulator o> 1.5 A

Qt > 15 A

2N6124
Rt ouT +Vo
LX) uAT8MG|
32V AAA— N 25 k)
—
=12 :‘:, T CONTROL| = 0.1 uF
. COMMON S
1 b3 S k(2
+ 4
CRO0211F
BVee@1
A1 = E@Q1)
Ir Max(® — lo
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MAT8MG ¢ uA79MG

Typical Applications for ptA78MG (Note 1) (Cont.)

+10 V, 500 mA Dual Tracking Regulator

+10 V

15 v LATEMG 3; 5 ki

0.33 uF 7 — R 0.1 uF

H
A}

sSra

3
< Kk l

.||_l

2.0 uF 7 ~ 1.0 uF

1

St
>

k0
A5V 10V

sATIMG

CRO0221F
Note
External series pass device is not short circuit protected.
Positive High Current Short Circuit Protected Regulator

Rsc at

2NBI24

Y
2N2905 out o
8 0 uATEMG o Max
Vi WA —{In k0| —
. [OUT conTRoL|
oasurm  [SORTROS =5 0.4 4F
l 5 ki)

CRO0231F
_ BVee(a1)
VR Max(8+ 1) = lo Max
If load is not ground referenced, connect reverse biased diodes from
outputs to ground.

Output Waveform
Vv

4
s
s
s

Jj_r“ STEPS
sV

ov

CRO0240F

Note
1. All resistor values in ohms.

Positive High-Current Voitage Regulator

External Series Pass (a)

+V IN OuT —l—’g‘zmm
033 wf 3= | ua7ema| O
uF
<
$
<

ICONTROL]

COMMON R1

VWA

1—
r

GRO0251F

@
Vo (b)

CRO0Z61F

Short-Circuit Limit (b)

hadl _I_ N ouT _L
0.33 uF
33 I LATEMG I:F‘ 2N2222
= CONTROL[ =
COMMON
—0 -v,
L 3 O

- >
= SR

CRO0271F

Typical Applications for pA79MG (Note 1)

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, (2.0 uF on the input, 1.0 uF on
the output) should be ceramic or solid tantalum which
have good high frequency characteristics. i aluminum elec-
trolytics are used, their values should be 10 uF or larger.
The bypass capacitors should be mounted with the short-
est leads, and if possible, directly across the regulator ter-
minals.




MA78MG * uA79MG

Typical Applications for uA79MG (Note 1) (Cont.)

Negative High Current Short Circuit

Negative High Current Voltage Regulator External

Series Pass

Protected
Regulator
Rsc al -¥i IN OUuT 2N6124
20 uf== | .ar9MG Vo
CONTROL| &
coMMON S R1
ouT Vo [
6n LATIMG L 10 Max 2R2
-vi WA IN skl — b3
R
:‘o":; L |conTROL Lo,
COMMON — e
2.2k -
J CROO31IF
- = =
croozete uA78MG Test Circuit 1
BV
R = BE@Q1)
la Max(® = 1o max ouT Vo
vi IN sATOMG At
Basic Negative Regulator CONTROL
J COMM 01 uF
out Vo 033 uF == a2
wATIMG # la
Vi IN <R
2.0 uF = CONTROL, == 1.0 uF I
COMMON S L
SR2 =
l 9 CRO0I21F
v R1+R2 v
= = o= R2 CONT
CRO0291F
R1+R2 Vcont Nominally =56 V
Vo =-VconT| 2
MA79MG Test Circuit 2
-30 V to -2.2 V Adjustable Regulator our Yo
-V IN uATOMG R1
out Vo
HATIMG . CONTROL == 1 uF
-vi IN 3sokn) L COMM
2 uF T
2,0 uF=x CONTROL =210 4F Az
COMMON B4
l S2.2k03 lo
= = CROISOIF - CRO0331F
Ve = R1+R2 v
o P CONT
Note f -
1. All resistor values in ohms. Vcont Nominally =-2.23 V
Recommended R2 current =~ 1 mA
IR2 =5 k2 (UATBMG)
R2 = 2.2 k2 (LATIMG)
. _
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A Schiumberger Company

uA78MOO0 Series
3-Terminal Positive
Voltage Regulators

Linear Division Voltage Regulators

Description

The pA78MO0 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 0.5 A
output current. They are intended as fixed voltage regula-
tors 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.

® Output Current In Excess Of 0.5 A
® No External Components
® Internal Thermal Overload Protection

UA78MOSHM FC Metal
® Internal Short Circuit Current-Limiting HATBMOSHM FC Metal
® Output Transistor Safe-Area Compensation UATSMOSHM EC Metal
® Available In JEDEC TO-220 And TO-39 Packages HATBM12HM FC Metal
@ Output Voltages Of 5V, 6 V, 8V, 12V, 15V, And UA78M15HM FC Metal
24V HATBM24HM FC Metal
® Available In Extended Temperature Range UA78MO5HC FC Metal
HA7BMOBHC FC Metal
Absolute Maximum Ratings HA78MOBHC FC Metal
Storage Temperature Range UATSM12HC FC Metal
TO-39 Metal Can ~65°C to +175°C WA78M15HC FC Metal
TO-220 Package ~-65°C to +150°C RATSM24HC FC Metal
Operating Junction Temperature Range
Extended (uA78MOOM) -55°C to +150°C Connection Diagram
Commercial (uA78MO00C) 0°C to +150°C TO-220 Package
Lead Temperature (Top View)
TO-39 Metal Can (soldering, 60 s) 300°C
TO-220 Package (soldering, 60 s) 265°C
Power Dissipation Internally Limited e our
Input Voltage T /—OOMN
50Vtois v 35 V Ha————
24 V 40 Vv $ i
\_ \— N
COMMON
CDOD20YF
Lead 3 connected to case.
Order Information
Device Code Package Code Package Description
HA78MOSUC GH Molded Power Pack
MA78MOBUC GH Molded Power Pack
HA78MOBUC GH Molded Power Pack
HA78M12UC GH Molded Power Pack
HAT8M15UC GH Molded Power Pack
HAT78M24UC GH Molded Power Pack
L ____________ _____________________________ A N
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Connection Diagram
TO-39 Package

(Top View)
1 3
O 2 O
Y
N COMMON
out

CDOOYSIF

Lead 3 connected to case.

Order information
Device Code Package Code Package Description




uA78MO0 Series

Equivalent Circuit

> R18
>100 kQ2> 500 Q

100 @

ri7g M2
2009‘1 W0Q 5069

a

out
‘fﬂza
g Me > 0-19 kQ
] o 6.0kQ
27 ke
[ an
D1
-
Q4
< R19
R7 |
5000 3 [+] 50k
R14
6.0 kQ
COMMON

MA78MO5

EQO0B70F

Electrical Characteristics -55°C <Tp < 125°C, V{=10 V, I =350 mA, C =0.33 uF, Co=0.1 uF, unless
otherwise specified.

SymboI‘L Characteristic Condition? ] Min Typ Max Unit
Vo Output Voltage Ty=25°C 48 5.0 5.2 \
VR une | Line Regulation T,=25°C T 70 VSV, <25 V, 30 | 50 mv
lo = 200 mMA
8O V<V, <20V, 1 10| 25
lo =200 mA
VR Loap | Load Regulation T,=25°C | 5.0 mA<Io<500 mA | 20 50 mV
| 5.0 mA<1o<200 mA 0] 25
Vo | Output Voltage 80 V<V, <20 V, 4.7 1 5.3 v
5.0 mA<lo <350 mA
la Quiescent Current Ty=25°C ] 45 7.0 mA
Alg Quiescent | with line | 8.0 V<V <25V, Io =200 mA } 0.8 mA
Current Change " yith toad | 5.0 mA <lo <350 mA | 05
No Noise Ta = 25°C, 10 Hz <f<100 kHz 80 | 40 | wv/Vo
AVI/AVo | Ripple Rejection f=2400 Hz, lo =125 mA, T, = 25°C 62 | 80 d8
Voo Dropout Voltage Ta=25°C ;2.0 25 "
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HA78M0O0 Series

nA78MO5 (Cont.)
Electrical Characteristics —-55°C <Tp < 125°C, V|=10 V, lg =350 mA, C,=0.33 uF, Co=0.1 uF, unless
otherwise specified.

Symbol Characteristic Condition’ Min Typ Max Unit
los Output Short Circuit Current Ty=25°C, V=35V 300 600 mA
Ipk Peak Output Current Ty=25°C 0.5 0.7 1.4 A
AVp/AT | Average Temperature lo=5.0 mA -55°C < Tp<+25°C 0.4 | mv/°C/
Coefficient of Output Voitage +25°C <Tp < +125°C 0.3 Vo
HA7T8MO5C
Electrical Characteristics 0°C <Tp < 125°C, V;=10 V, Io =350 mA, C = 0.33 uF, Co=0.1 pF, unless
otherwise specified.
Symbolj Characteristic J Condition? Min Typ | Max Unit
Vo Output Voltage | Ti=25% 48 | 50| 52 v
VR LINE Line Regulation Ty=25°C [ 70 VSV|<25 V, 30 | 100 mv
lo =200 mA
80 VSVi<20 v, 1.0 50
| lo =200 mA
VR L0AD Load Regulation FJ =256°C 5.0 mA <lp <500 mA 20 100 mv
5.0 mA <lp <200 mA 10 50
Vo Output Voltage 70 VSVI<20 0V, 4.75 5.25 "
5.0 mA <l <350 mA
o) Quiescent Current Ty=25°C 45 8.0 mA
Alg Quiescent with line 8.0 VSV|<25V, Ip=200 mA 0.8 mA
Current Change [~ "i0ad | 5.0 mA <lo <350 mA 0.5
No Noise Ta=256°C, 10 Hz <t <100 kHz 40 uv
AV)/AVp | Ripple Rejection f= 2400 Hz, lo=125 mA, T;=25°C 62 | 80 dB
Vpo Dropout Voltage Ta=25°C 2.0 A
los Qutput Short Circuit Current T;=25°C, V|=35V 300 mA
Lok Peak OQutput Current T)=25°C 700 mA
AVg/ AT Average Temperature lo=5.0 mA 1.0 mv/°C
Coefficient of Qutput Voitage
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HMA78MOO Series

uA78MO6

Electrical Characteristicd® -55°C KTA<125°C, Vj=11 V, Ip =350 mA, C;=0.33 uF, Co=0.1 uF, unless
otherwise specified.

Symbol Characteristic Condition' Mlﬂ Typ Max Unit
Vo Output Voltage Ty=25°C 5.75 6.0 | 6.25 v
VR LINE Line Regulation Ty=25°C tﬂ VEVi<as y, 5.0 60 mV
lo =200 mA
9.0 VV|20 YV, 1.5 30
lo = 200 mA
VR LoAD Load Regulation T, =25°C 5.0 mMA <Ig <500 mA 20 60 mV
L 5.0 mMA <o <200 mA 10 30
Vo Output Voltage leov<yv<aly, 5.7 6.3 v
2 5.0 MA <lp <350 mA
la Quiescent Current T,=25°C 4.5 7.0 mA
Alg Quiescent with line 9.0 VV <25 V, Ig =200 mA L 08 mA
Current Change i load | 5.0 mA <o <350 mA ] 05
No Noise Ta=25°C, 10 Hz<f< 100 kHz 8.0 40 uV/Vo
AVi/AVqo | Ripple Rejection f=2400 Hz, lIp =125 mA, T;=25°C 59 80 dB
Voo Dropout Voltage Ta=25°C 2.0 2.5 \
los Qutput Short Circuit Current u, =25°C, V|=35V 300 600 mA
Ipk Peak Output Current h\; =25°C 0.5 0.7 1.4 A
AVo/AT Average Temperature lo=5.0 mA } -55°C < Ta < +25°C 0.4 | mv/°C/
LCoefficient of Output Voltage L FZS"C <TaA<+125°C 03 Vo
HATBMOEC
Electrical Characteristics 0°C <Tp <125°C, V|=11 V, Ig =350 mA, C;=0.33 uF, Co=0.1 uF unless
otherwise specified.
Symbol Characteristic Condition? Min Typ Max Unit
Vo Qutput Voltage T,=25°C 5.75 6.0 6.25 Vv
VR UNE Line Regulation Ty=25°C k.o vV a5y, 5.0 100 mv
lo =200 mA
t.o V<V <20V, L 15| 50
| lo =200 mA |
Vi Loap | Load Regulation T)=25°C | 5.0 mA<lo<500 mA 20 | 120 mv
| 5.0 mA <lp <200 mA 10| 60
Vo Output Voltage govsyvi<21 y, 57 6.3 \
5.0 MA<]p <350 mA
Ia Quiescent Current Ty=25°C 45 8.0 mA
Alg Quiescent with line 9.0 VV|<25V, Ig=200 mA 0.8 mA
Current Change ™l 1oad | 5.0 mA < lo <350 mA 0.5
S s R
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HMA78MOQ Series

HAT8MOGC (Cont.)
Electrical Characteristics 0°C <Tp <125°C, V|=11 V, lg =350 mA, C;=0.33 uF, Co=0.1 uF unless
otherwise specified.

Symbol Characteristic Condition Min Typ | Max Unit
Ng Noise Ta=25°C, 10 Hz << 100 kHz 45 uv
AV|/AVp | Ripple Rejection f=2400 Hz, o =125 mA, T;=25°C 59 80 dB
Voo Dropout Voltage Ta=25°C 2.0 v
los Output Short Circuit Current T;=25°C, V=35V 270 mA
Ipk Peak Output Current Ty=25°C 700 mA
AVo/AT Average Temperature lo=5.0 mA 0.5 mV/°C
Coefficient of Qutput Voltage L J
nA78M08

Electrical Characteristics ~55°C < T, <125°C, V|=14 V, Ig =350 mA, C,=0.33 uF, Co=0.1 uF, unless
otherwise specified.

Symbol Characteristic Condition’ Min Typ Max Unit
Vo Output Voltage T)=25°C 7.7 8.0 8.3 \
VR LINE Line Regulation T,=26°C 10.5 V<V, <25 V, 6.0 60 mv
lo =200 mA
11 VESVI<20 0V, 2.0 30
lo =200 mA
VR LOoAD Load Regulation T,=25°C 5.0 mA <lp <500 mA 25 80 mv
5.0 mA <1 <200 mA 10 40
Vo QOutput Voltage 115 VsV <23y, 7.6 8.4 \
5.0 MA <lp <350 mA
la Quiescent Current Ty=25°C 46 7.0 mA
Alg Quiescent with line 115 VSV<25V, Igp=200 mA 0.8 mA
Current Change ™ in load | 5.0 mA <lo < 350 mA 05
No Noise Ta=25°C, 10 Hz <f<100 kHz 8.0 40 uV/Vo
AV{/AVp | Ripple Rejection f=2400 Hz, Ilo =125 mA, Ty =25°C 56 80 dB
Vpo Dropout Voltage Ta=25°C 2.0 2.5 \
los Output Short Circuit Current Ty=25°C, V=35 V 300 600 mA
Ipk Peak Output Current Ty=25°C 05 0.7 1.4 A
AVo/ AT Average Temperature lo=5.0 mA -55°C € Tp < +25°C 0.4 mVv/°C
Coefficient of Output Voltage +25°C < Tp < +125°C 0.3
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HA78MO0 Series

uA78MOSC

Electrical Characteristics 0°C <T, <125°C, V=14V, ip =350 mA, C,=0.33

otherwise specified.

uF, Co=0.1 uF, unless

Symbol Characteristic Condition’ Min Ty? Max Unit
Vo Output Voltage Ty=25°C 7.7 8.0 8.3 \
VR UNE Line Regulation T;=25°C 105 VSV<25 YV, 6.0 100 mV
lo =200 mA
11 V<V <20V, 20 50
lo =200 mA
VR LoAD Load Regulation Ty=25°C 5.0 mA <|g <500 mA 25 160 mV
5.0 mA <lp <200 mA 10 80
Vo Output Voltage 105 V<V <23V, 76 8.4 \
5.0 MA <lp <350 mA
la Quiescent Current T,=25°C 4.6 8.0 mA
Alg Quiescent ] with line 105 VSV<<25 V, Ip=200 mA 0.8 mA
Current Change ™ i "load | 5.0 mA <1 <350 mA 05
No Noise Ta=25°C, 10 Hz<{< 100 kHz 52 uv
AV,/AVg | Ripple Rejection f=2400 Hz, g =125 mA, T =25°C 56 80 dB
Voo Dropout Voltage Tp =25°C 2.0 \
los Output Short Circuit Current Ty=25°C, Vi=35V iso mA
Ipk Peak Output Current Ty=25°C MOO mA
AVp/AT Average Temperature lo=5.0 mA ] 0.5 mv/°C
Coefficient of Output Voltage
HA78M12

Electrical Characteristics —-55°C <Tp < 125°C, Vi =19 V, Ip =350 mA, C,=0.33 uF, Cop=0.1 uF, unless
otherwise specified.
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Symbol ] Characteristic Condition? MinT Typ Max L Unit

Vo Output Voltage T,=25°C 15[ 120 125 |V

VR LINE Line Regulation T,=25°C 145V<V) <30V, 8.0 60 mv
lo = 200 mA
16 VKV <25 V, 20 30 mv
lo =200 mA

VR LOAD Load Reguiation ] Ty=25°C 5.0 mA <lp <500 mA 25 120 mV
5.0 MA <o <200 mA 10 60

Vo Output Voltage 155 V<V, <27 V, 11.4 126 v

5.0 mA <lp <350 mA
la Quiescent Current Ty=25°C 4.8 7.0 mA
Alg Quiescent with line 15 VIV <30 V, Ip =200 mA 0.8 mA
Current C“angeEnh load | 5.0 mA<lo <350 mA 05 [ mA
—_— ]
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HA78M0O0 Series

uA78M12 (Cont.)
Electrical Characteristics -55°C <Tp < 125°C, V|=19 V, Ig =350 mA, C =0.33 uF, Co=0.1 uF, unless
otherwise specified.

Symbol Characteristic Condition Min | Typ | Max Unit
No Noise Ta=25°C, 10 Hz<<{ <100 kHz 80 40 M/ Vo
AV)/AVp | Ripple Rejection f=2400 Hz, V|=17 V, lg =125 mA, 55 80 dB
Ty=25°C u
Voo Dropout Voltage Ta=25°C 2.0 25 \Y
los Output Short Circuit Current Ty=25°C, V(=35 V 300 600 mA
Ipk Peak Output Current Ty =25°C 0.5 0.7 1.4 A
AVp/ AT Average Temperature lo=5.0 mA ~55°C < Tp < +25°C 0.4 | mv/°C/
Coefficient of Qutput Voltage +25°C < Tp < +1 25‘E 0.3 Vo
nA78M12C
Electrical Characteristics 0°C <T, <125°C, V; =19 V, lp =350 mA, C, = 0.33 pF, Co=0.1 uF, unless
otherwise specified.
Symbol Characteristic Condition? Min pr Max Unit
Vo Output Voltage Ty=25°C 115 | 120 | 125 v
VR UNE Line Regulation Ty=25°C 145 VSV<30 0V, 8.0 100 mv
lo =200 mA
16 V<V <25V, 20 50
lo =200 mA
VR LoAD T Load Regulation T,=25°C | 5.0 mA<ip <500 mA 25 | 240 mv
5.0 mA <lp <200 mA 10 120
Vo Output Voltage 145 VSVi<27 V, 11.4 12.6 \
5.0 mA <lp <350 mA
la Quiescent Current Ty=25°C 48 8.0 mA
Alg Quiescent with line 145 VSVi<30 V, Ig =200 mA 0.8 mA
Current Change " ith toad | 5.0 mA< 1o <350 mA 0.5
No Noise Ta=25°C, 10 Hz<f<100 kHz 75 uv
AV)/AVp | Ripple Rejection f=2400 Hz, Iog=125 mA, V,=17 V, 55 80 dB
T,=25C
Voo Dropout Voltage Ta=25°C 20 | v
los Output Short Circuit Current Ty=25°C, V=35V 240 mA
Iok Peak Output Current Ty =25°C 700 mA
AVp/AT Average Temperature lo=5.0 mA 1.0 mv/°C
Coefficient of Output Voltage
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HMA78MO0O0 Series

uA78M15
Efectrical Characteristics —-55°C << Tp < 125°C, V| =

otherwise specified.

23 V, Ig =350 mA, G =

0.33 uF, Co=0.1 uF, unless

Symbol Characteristic Condition’ Min Typ Max r Unit
Vo Output Voltage Ty =25°C 14.4 15.0 15.6 Vv
VR une | Line Regulation T, =25°C 175 V<V, <30 V, 0] 60 mvV
lo =200 mA
20 V<V i<a8 v, 3.0 30
lo =200 mA
VR LoOAD Load Regulation Ty=25°C 5.0 mA <lp <500 mA 25 150 mv
5.0 mA <lp <200 mA 10 75
Vo Output Voltage 185 V<V, <30 V, 14.25 1575 |V
5.0 mA <o <350 mA
g Quiescent Current Ty=25°C 4.8 7.0 mA
Alg Quiescent with line 185 VV;<30 V, =200 mA 0.8 mA
Current
Change Bith load | 5.0 mA<io <350 mA BEE
No Noise Ta=25°C, 10 Hz <f< 100 kHz 8.0 40 uv/Vo
AV/AVp | Ripple Rejection f=2400 Hz, Ip =125 mA, Vi=20V, 54 70 dB
Ty=25°C
Vpo Dropout Voltage Ta=25°C 2.0 L 2.5 Vv
los LOutput Short Circuit Current | T, =25°C, V,=35 V 300 600 mA
Ipk LPeak Output Current T,=25°C 0.5 0.7 1.4 A
AVp/AT Average Temperature lo=5.0 mA -55°C < Tp<+25°C 0.4 | mV/°C/
Coefficient of Qutput Vo
Voltage +25°C <Tp<+125°C 0.3
HAT8M15C

Electrical Characteristics 0°C < T4 <125°C, V| =

23 V, Ip =350 mA, G

otherwise specified.

=0.33 pyF, Co=0.1 pF, unless

Symbol Characteristic Condition’ Min | Typ | Max Unit
Vo Output Voltage T, = 25°C 144 | 150 | 156 v
VR LINE Line Regulation T;=25°C 175 VV|K30 V, ] 10 100 mV
lo =200 mA
20 V<V, <28 V, 3.0 50
lo =200 mA
VR LOAD Load Regulation Ty=25°C 5.0 mA <lp <500 mA 25 300 mV
5.0 mA<lo <200 mA 10 | 150
Vo Output Voltage 175 V<V, <30 V, 14.25 1575 |V
5.0 mA <lp <350 mA
la Quiescent Current Ty=25°C 4.8 8.0 mA




HA78MO0 Series

pA78M15C (Cont.)

Electrical Characteristics 0°C <Tp <125°C, V|=23 V, lp =350 mA, C;=0.33 uF, Co=0.1 uF, unless
otherwise specified.

Symbol Characteristic Condition’ Min ‘ Typ Max Unit
Alg Quiescent with line 175 VSVI<30 V, Ig =200 mA 0.8 mA
Current
Change with load | 5.0 mA <ig <350 mA 0.5
No Noise Ta=25°C, 10 Hz << 100 kHz 90 uv
AV/AVg | Ripple Rejection f=2400 Hz, lp=125 mA, V(=20 V, 54 70 dB
TJ =25°C
Voo Dropout Voltage Ta =25°C 2.0 \
los Output Short Circuit Current | T, =25°C, V| =35 V 240 mA
lpk Peak Output Current T;=25°C 700 mA
AVo/ AT Average Temperature lo=5.0 mA 1.0 mv/°C
Coefficient of Output
Voltage
S|
uA78M24

Electrical Characteristics —55°C <<Tp << 125°C, V| =33 V, Ip =350 mA, C,=0.33 uF, Co=0.1 uF, unless
otherwise specified.
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Symbol Characteristic Condition Min Typ Max Unit
Vo Qutput Voltage T;=25°C 23.0 240 25.0 \Y
VR LINE Line Regulation Ty=25°C 27 VLSV <38 v, 10 60 mv
lo =200 mA
30 VSV|<36 V, 5.0 30
lo =200 mA
VR toap | Load Regulation Ty =25°C 5.0 mA <lg <500 mA 30 | 240 mv
5.0 mA <lp <200 mA 10 120
Vo Output Voltage 28 VSV, <38V, 22.8 252 \"
5.0 mA <[p <350 mA
la Quiescent Current Ty=25°C 5.0 7.0 mA
Alg Quiescent with line 28 VSV <38V, Ip=200 mA 0.8 mA
Current Change |~ "load | 5.0 mA <lo < 350 mA 05
No Noise Ta=25°C, 10 HZ << 100 kHz 8.0 40 uV/IVo
AV)/AVp | Ripple Rejection f=2400 Hz, Iop=125 mA, V,=30 V, 50 70 dB
T, =25°C
Vpo Dropout Voltage Ta=25°C 2.0 2.5 \
los Output Short Circuit Current Ty=25°C, V|=35V 300 600 mA
Ipk Peak Output Current T;=25°C 0.5 0.7 1.4 mA
AVp/ AT Average Temperature lo=5.0 mA -55°C < Tp < +25°C 0.4 | mv/°C/
Coefficient of Output Voltage +25°C < Tp < +125°C T 0.3 Vo
L




uA78MO0 Series

HA78M24C
Electrical Characteristics 0°C <<Tp <125°C, V| =33 V, |p =350 mA, C,=0.33 uF, Co=0.1 uF, unless
otherwise specified.

Symbol Characteristic Condition' Min Typ | Max Unit
Vo Output Voltage Ty=25°C 23.0 24.0 25.0 \
VR LINE Line Regulation T,=25°C L27 VEVIS38 Yy, 10 100 mv
lo =200 mA
28 V<V, <36V, 5.0 ] 50
| lo =200 mA
VR LOAD Load Regulation Ty=25°C LS.O mA < o< 500 mA 30 480 mv
] L | 5.0 mA <o <200 mA 10 | 240
Vo 1 Output Voltage 27 V<V, <38V, 228 W 25.2W v
5.0 mA <lp <350 mA
la 1 Quiescent Current Ty=25°C 5.0 8.07 mA
Alg 1 Quiescent with fine 27 VIV <38 V, [p =200 mA 0.8T mA
Current Change [ iy 1oad | 5.0 mA <1o <350 mA 05
No Noise Ta=25°C, 10 Hz <1< 100 kHz 170 uv
AV)/AVp | Ripple Rejection f=2400 Hz, log=125 mA, V=30 V, 50 70 dB
T,=25C
Voo Dropout Voltage Ta=25°C 20 \
los Output Short Circuit Current Ty=25°C, V|=35V 240 mA
Ipk Peak Output Current Ty=25°C 700 mA
AVo/ AT Average Temperature lo=5.0 mA 1.2 mVv/°C

Coefficient of Output Voltage

Note

1. 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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uA78MO0 Series

Typical Performance Curves

Worst Case Power Dissipation vs
Ambient Temperature (TO-39)
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Note

Other uA78MO0 Series devices have similar curves.

Worst Case Power Dissipation vs
Ambient Temperature (TO-220)
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Peak Output Current vs
Input/Output Voltage Differential
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MA78MO0 Series

Typical Performance Curves (Cont.)

Line Transient Response
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Design Considerations

The uA78MO0 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 short circuit current as the voltage across the
pass transistor is increased.

Although the internal power dissipation is limited, the junc-
tion temperature must be kept below the maximum speci-
fied temperature (150°C for wA78MO00, 125°C for
uA78MO0C) 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 6JC [/ [o] A oA
TO-39 18 25 120 140
T0-220 3.0 5.0 60 40
Pb Max = Ty max—Ta
Bsc + bca
T) Max=T
=M A huithout a heat sink)

TN
Oca = bcs + Osa
Solving for T

Ty=Ta+ Pollyc + 8ca) or
=Ta+ Pp 8,4 (Without a heat sink)

Load Transient Response

o VI I‘O J ] I I
= ]
— v:, A #A7BMOS—| 1.0
> 30 —
U

é LOAD 0s

20 EI
g o 4
8 o g
<
2 TPUT VOLTAGE 3
> 0 2
§ S

-10

PCO1891F

Where
Ty = Junction Temperature
Ta = Ambient Temperature

Pp = Power Dissipation

8,c = Junction to case thermal resistance
0ca = Case-to-ambient thermal resistance

fcs = Case-to-heat sink to resistance

0sa = Heat sink-to-ambient thermal resistance
8, = Junction-to-ambient thermal resistance

Typical Applications

Fixed Output Regulator

1 ATBMXX 2
N - NOTE 1) " out
033 uF L tLooauF
(NOTE 2) 13 [* (NOTE 2)

CRO3960F

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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HA78S40
Universal Switching
Regulator Subsystem

Linear Division Voltage Regulators

e ————————
FAIRCHILD
I

A Schlumberger Company

Description Connection Diagram

The uA78S40 is a monolithic regulator subsystem consist- 16-Lead DIP

ing of all the active building blocks necessary for switching (Top View)

regulator systems. The device consists of a temperature

compensated voltage reference, a duty-cycle controllable 1 "

oscillator with an active current limit circuit, an error ampli- DIODE N SWITCH

fier, high current, high voltage output switch, a power di- CATHOOE 2 - COLLECTOR

ode and an uncommitted operational amplifier. The device DIODE DRIVER

can drive external NPN or PNP transistors when currents ANODE COLLECTOR

in excess of 1.5 A or voltages in excess of 40 V are 3 ko

i i Swirch :] Ipx sensE

required. The device can be used for step-down, step-up EMITTER

or inverting switching regulators as well as for series pass 4 L

regulators. It features wide supply voltage range, low OP AMP OUT |: D Vi

standby power dissipation, high efficiency and low drift. it 5 12

is useful for any stand-alone, low part count switching sys- g‘;m F_I TIMING CAPACITOR

tem and works extremsly well in battery operated systems. s "

OP AMP +IN E GND
® Step-Up, Step-Down or Inverting Switching 7 10
Regulators OP AMP —IN E ] COMPARATOR —IN

® Output Adjustable From 1.25 V to 40 V ; "

® Peak Currents To 1.5 A Without External Transistors EREN

e Operation From 2.5 V to 40 V Input A ot [ ] coumsnaron +m

® Low Standby Current Drain co01400F

® 80 dB Line And Load Regulation

¢ High Gain, High Current, Independent OP AMP

© Pulse Width Modulation With No Double Pulsing Order Information
Device Code Package Code Package Description
nA78S40DM 7B Ceramic DIP
HA78S40PV 9B Molded DIP
MA78S40DC 7B Ceramic DIP
HA78S40PC 98 Molded DIP

Block Diagram
COMPARATOR COMPARATOR
[

+iN ~IN TIMING [ DRIVER SWITCH
GROUND CAPACITOR Vin SENSE COLLECTOR COLLECTOR

s T
| LR

COMP 4

| 125V I
| REFERENCE

Lo e — —

-

bl 4

REFERENCE OPAMP OPAMP OPAMP OPAMP  SWITCH DIODE DIODE
VOLYAGE ~IN +IN SUPPLY out EMITTER ANODE CATHODE

E000850F
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uA78S40

Absolute Maximum Ratings
Storage Temperature Range
Ceramic DIP
Molded DIP
Operating Temperature Range
Extended (uA78S40M)
Industrial (4A78S40V)
Commercial (4A78S40C)
Lead Temperature

-65°C to +175°C
-65°C to +150°C

-55°C to +125°C
-40°C to +125°C
0°C to +70°C

Ceramic DIP (soldering, 60 s) 300°C

Molded DIP (soldering, 10 s) 265°C
internal Power Dissipation'-2

16L-Ceramic DIP 1.50 W

16L-Molded DIP 1.04 W
Input Voltage from V+ to V- 40 V

Input Voltage from V+ Op Amp to V- 40 V

Notes

1. Ty max = 150°C for the Molded DIP, and 175°C for the Ceramic DIP.

2. Ratings apply to ambient temperature at 25°C. Above this temperature,
derate the 16L-Ceramic DIP at 10 mW/°C, and the 16L-Molded DIP at
8.3 mw/°C.

. For supply voltages fess than 30 V, the absolute maximum voitage is
equal to the supply voltage.

Functional Description

The pA78S40 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 fre-
quency and duty cycle can be modified by two mecha-
nisms — the current limit circuitry (Ipk sense) and the
comparator.

The comparator modifies the OFF time. When the output
voltage 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 ap-
proaches 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 can-
not 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 lead
13 (Vgg) and lead 14 (Ipe). This potential is intended to
result when designed for peak current flows through Rgc.
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.

Note

1. Oscillator frequency is set by a single external capacitor and may be
varied over a range of 100 Hz to 100 kHz.

Common Mode input Range

(Error Amplifier and Op Amp) -0.3 to V+
Differential Input Voitage® +30 V
Output Short Circuit Duration

(Op Amp) Indefinite
Current from Vger 10 mA
Voltage from Switch

Collectors to GND 40 V
Voltage from Switch

Emitters to GND 40 VvV

Voltage from Switch

Coliectors to Emitter
Voltage from Power Diode to GND
Reverse Power Diode Voltage
Current through Power Switch
Current through Power Diode

- = AhD
omO oo
»p<<<

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.

Vep 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 Vgp.

VsaT 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 shest as output saturation volt-
age.

Output saturation voltage 1 — defined as the switching ele-
ment voltage for Q2 and Q1 in the Darlington configura-
tion with collectors tied together. This applies to Figure 1,
the step down mode.

Output saturation voltage 2 — switching element voltage for
Q1 only when used as a transistor switch. This applies to
Figure 2, the step up mode.

For the inverting mode, Figure 3, the saturation voltage of
the external transistor should be used for Vgar.

N
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uA78S40

‘E‘fg;rslzgl Characteristics T = Operating temperature range, Vi =5.0 V, Voy amp = 5.0 V, unless otherwise
specified.
Symbil—r Characteristic j Condition J Min J TyL) Max J Unit
General Characteristics
lce Supply Current Vi=50V 1.8 3.5 mA
(Op Amp Disconnected) V,=40 V 23 5.0 mA
lcc TSupply Current Vi=50V 4.0 mA
{Op Amp Connected) V,=40 V 55 mA
Reference Section
VRer TReference Voltage' lner = 1.0 mA | Extend -55°C < Ta < +125°C, | 1.180 | 1.245| 1.310 "
Comm 0 < Tp < +70°C,
Indus —-40°C < Tp < +85°C
VR uNE | Reference Voltage Line Vi=3.0Vito Vi=40V, Iggr=1.0 mA, 0.04 02| mvwv
Regulation Ta =25°C
VR roap | Reference Voltage Load lrer = 1.0 mA to Iggr = 10 mA, T =25°C 0.2 0.5 | mV/mA
Regulation
Oscillator Section
lcHg Charging Current V=50V, Ta=25°C J 20 50 HA
lcug | Charging Current V=40 V, Tp=25°C 20 70| pA
loischg | Discharge Current V=50V, Thp=25°C 150 250 MA
loiscHg | Discharge Current V=40V, Ta=25°C 150 350 HA
Vosc Oscillator Voltage Swing V=50V, Ta=25°C 0.5 Vv
ton/tots | Ratio of Charge/ 6.0 us/us
Discharge Time
Current Limit Section
Vous | Current Limit Sense Voltage | Ta=25°C | 0] | ss0] mv
Output Switch Section
VgaT 1 | Output Saturation Voltage 1 J Isw = 1.0 A, Figure 1 1.1 1.3 \
Vsar 2 | Output Saturation Voltage 2 Tsw =1.0 A, Figure 2 0.45 0.7 \
hee Output Transistor Current Gain | Ic=1.0 A, Vgg=5.0 V, Ta=25°C 70
I Output Leakage Current Vo=40 V, Ta=25°C 10 nA
Power Diode
VFo Forward Voltage Drop Ib=1.0 A 1.28 15 \
bR Diode Leakage Current Vp=40 V, T =25°C 10 nA
Comparator
Vio Input Offset Voltage Vom = VRer 1.5 15 my
[ Input Bias Current Vcm = VREF 35 200 nA
o Input Offset Current VeMm = VREF 5.0 75 nA
P —— _ o _______________________________ ]
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uA78S40

HAT78S40 (Cont.)

Electrical Characteristics To = Operating temperature range, Vi =5.0 V, Vop amp =5.0 V, unless otherwise

specified.

Symbol Characteristic Condition Min Typ Max Unit
Veum Common Mode Voltage Range | Ta = 25°C 0 Vi-2 v
PSRR Power Supply Rejection Ratio | V;=3.0 V to 40 V, Tp=25°C 70 96 dB
Output Operational Amplifier

Vio Input Offset Voltage VoM =25V 4.0 15 mV
s Input Bias Current VoM =25V 30 200 nA
ko Input Offset Current Vem =25V 50 75 nA
Ays+ | Voltage Gain + R.=2.0 k2 to GND; Vo=10 V to 25 V, 25 250 v/mV

Ta=25°C
Avs- Voltage Gain - Ry =2.0 k2 to V+ (Op Amp) 25 250 V/mvV
Vo=1.0 Vto 25 V, Ty =25°C
Vom Common Mode Voltage Range | Tp = 25°C 0 Vee-2 \"
CMR Common Mode Rejection Vem=0 V 10 3.0 V, T, =25°C 76 100 dB
PSRR Power Supply Rejection Ratio [ V+ Op Amp=3.0 to 40 V, Tp=25°C 76 100 dB
lo+ Output Source Current Ta=25°C 75 150 mA
lo~ Qutput Sink Current Ta=25°C 10 35 mA
SR Slew Rate Ta=25°C 0.6 V/us
VoL Output Voltage LOW I =-5.0 mA, To=25°C 1.0 \
Vou Output Voltage HIGH IL=50 mA, Ty =25°C V+ 0P \
Amp
-3.0 V|

Note

1. Selected devices with tightened tolerance reference voltage available.
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HA78S40
Design Formulas
CHARACTERISTIC STEP-DOWN STEP-UP INVERTING UNIT
ton Vo+Vp Vo + Vp=-V| [Vol| +Vp
tott Vi-Vsat-Vo Vi-Vgat Vi~ Vsar
1 1 1
(ton + totr) Max T — - Hus
TMin fin fMin
Cr 4x1075 t,, 4x1075 t4, 4%1075 to uF
+ ton +
|pk 2 lo Max 2 lo Max .ton Lot 2 1o Max 'M A
tott tott
Vi-Vsar-Vo Vi-Vgar Vi-Vgar
LMin (—— t()l‘l Max . tOl‘l Max - tOn Max #H
ok Ipk Ipk
Rsc 0.33/Ik 0.33/Ik 0.38/Ik Q
[ ton + 1, | |
CO pk ( on off) ~ ] “ ton ~ 0 “ ton [JF
J 8 Vripple Vrippls Vripple

Note
Vsat = Saturation voltage of the switching element
Vp = Forward voltage of the flyback diode
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HA78S40

Figure 1 Typical Step-Down Operational Performance Figure 2 Typical Step-Up Operational Performance
(Ta =25°C) (Ta =25°C)
v Rsc v Rsc
25V 0.33 2 0oV 0330
A e
0.01 uF 0.01 uF
Vm___i_ _ ____:________ v, =
[Bias L L [Eusm'"__"'
| l__Koz | i |
| | i 1
| e 1 I |
| R | | |
! ‘ | |
| ! I I
| | i |
! ! @ | | | |
i Cr ok I : | ] cr ™ .__Km |
| OSCILLATOR | | OSCILLATOR L |
| :: | <
| P4 | | b3 !
i !
' > | ) {
| CcoMP #ATES40 | j, |
L | 1 |
|
: D1 | | o1 !
125V | 125 V _K_{__
| | reFeRENcE : | | ReFeRENCE
! | !
Lo = L L
v Lo—|-~- -
‘:ioo " ) 25V
o “ i 1
b < A2 = 0. 230 k@ Co
j;L?ng J}: 0.1 uF 85 ke T s j»Ln k2 101 74 I 500 uFI
= = _-_ —T_ CRO37680F - i ) CRoaToF
Typical Typical
Characteristic Condition Value Characteristic Condition Value
Output Voltage lo =200 mA 10V Output Voltage lo =50 mA 25V
Line Regulation 20KV <30V 1.5 mv Line Regulation 50 V<Vi<i15V 4.0 mv
Load Regulation 5.0 mA<lp Load Regulation 50 mA<lg
lo <300 mA 3.0 mV lo <100 mA 2.0 mVv
Max Output Current Vo=95V 500 mA Max Output Current Vo=2375 V 160 mA
Output Ripple lo =200 mA 50 mV Output Ripple lo =50 mA 30 mv
Efficiency lo =200 mA 74% Efficiency lo =50 mA 79%
Standby Current lo =200 mA 2.8 mA Standby Current lo=50 mA 2.6 mA
Notes

1. For lp 2 200 mA use external diode to limit on-chip power dissipation.
2. It is recommended that the internal reference (lead 8) be bypassed by a
0.1 uF capacitor directly to (lead 11) the ground point of the pA78S540.
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(A78S40

Figure 3 Typical Inversion Operational Performance Typical Performance Curves

(Ta = 25°C)
. Capacitance vs OFF Time
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il Discharge Current vs
Typical Input Voltage
Characteristic Condition Value 280 —1—
Ta = 25°C
Output Voltage lo =100 mA -5V
Line Regulation 8OV<V,<18V 50 mV W4
Load Regulation 50 mA<lIq H /1
lo <150 mA 3.0 mv £
Max Output Current Vo=1425V 160 mA g 0 .
Output Ripple lo =100 mA 20 mv 3 A
Efficiency lo =100 mA 70% g
Standby Current lo =100 mA 2.3 mA §
8
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INPUT VOLTAGE—V
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HA78S40
Typical Performance Curves (Cont.)
Current Limit Sense Voltage vs
Input Voltage
400 —T—
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£
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PCOBSIOF
Typical Puise Width Modulator Application
2N6051 100 i
FREQ, 20 KHz ___ g2 ke | 16ko
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l -
Q Q2
Qa1
125V _AMP
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FAIRCHILD
|

A Schiumberger Company

HA7800 Series
3-Terminal Positive
Voltage Regulators

Linear Division Voltage Regulators

Description

The pA7800 series of monolithic 3-terminal positive voltage
regulators is constructed using the Fairchild Planar Epitaxi-
al process. These regulators employ internal current-limit-
ing, thermal shutdown and safe-area compensation, making
them essentially indestructible. if adequate heat sinking is
provided, they can deliver over 1.0 A output current. They
are intended as fixed voltage regulators in a wide range of
applications including local (on-card) regulation for elimina-
tion of noise and distribution problems associated with sin-
gle-point regulation. In addition to use as fixed voltage
regulators, these devices can be used with external com-
ponents to obtain adjustable output voltages and currents.

® Qutput Current In Excess Of 1.0 A

® No External Components

® Internal Thermal Overload Protection

® Internal Short Circuit Current-Limiting

® Output Transistor Safe-Area Compensation

® Available In JEDEC TO-220 And TO-3 Packages

® Qutput Voltages Of 5V, 6 V, 8V, 85V, 12V, 15V,
18 V, And 24 V

® Available In Extended Temperature Range

Absolute Maximum Ratings
Storage Temperature Range
TO-3 Metal Can
TO-220 Package
Operating Junction Temperature Range
Extended (uA7800M)
Commercial (1A7800C)
Lead Temperature
TO-3 Metal Can (soldering, 60 s)
TO-220 Package (soldering, 10 s)
Power Dissipation
Input Voltage

-65°C to +175°C
-65°C to +150°C

~55°C to +150°C
0°C to +150°C

300°C
265°C
Internally Limited

50 Vto 18V 35V Q}'
24 V 40 Vv a2
\‘ \—- IN
COMMON
CDOO20tF
Lead 3 connected to case.
Order Information
Device Code Package Code Package Description
uA7805UC GH Molded Power Pack
uA7806UC GH Molded Power Pack
MAT7808UC GH Molded Power Pack
uA7812UC GH Molded Power Pack
pA7815UC GH Molded Power Pack
pA7818UC GH Molded Power Pack
uA7824UC GH Molded Power Pack
MA78B5UC GH Molded Power Pack
HA7805UC2 GH Molded Power Pack
HA7812UC2 GH Molded Power Pack
S o R

Connection Diagram
TO-3 Package (Top View)

COMMON
(CASE)

out

CD01360F

Order Information
Device Code Package Code

HA7BO5KM HJ Metal
uA7806KM HJ Metal
HA7808KM HJ Metal
HA7812KM HJ Metal
HA7815KM HJ Metal
HA7818KM HJ Metal
HA7824KM HJ Metal
pA7805KC HJ Metal
HA7B06KC HJ Metal
MAT808KC HJ Metal
uA7812KC HJ Metal
uA7815KC HJ Metal
HA7818KC HJ Metal
HA7824KC HJ Metal
Connection Diagram
TO-220 Package (Top View)

our

Package Description

i
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nA7800 Series

Equivalent Circuit

4+ IN
She R18
2100 kD> 500 ©
a7
Q12 R12 A1
240 Q 03Q

RS

33kQ out
b’
> R16 }’/on-z:)s «Q

RS S 20 K

27 k@
an
D1
S R19

A7

500 © 5.0 ke
COMMON
[EQO0B30F
uA7805

Electrical Characteristics -55°C << T, <125°C, V;=10 V, lgp =500 mA, C;=0.33 uF, Co=0.1 uF, unless
otherwise specified.

Symbol 7 Characteristic Condition® Min | Typ | Max Unit
Vo Output Voltage T,=25°C 48 5.0 5.2 \
VR LNE Line Regutation T,=25°C | 7.0 V<V, <25V 30| 50 mv
8o V<V <12V 10| 25
VR LOAD Load Reguiation Ty=25°C 50 MASIp<15A 15 | 100 mv
250 mMA <lg <750 mA 5.0 25
Vo Output Voltage 8.0 VLV <20 V 4.65 5.35 v
50 mMA<Ig<1.0A
P<15 W
la Quiescent Current Ty =25°C 4.2 6.0 mA
Alg Quiescent CurrentT with line 80 VLV)<25V 0.8 mA
Change | with load | 5.0 mA<Io<10 A 05
No | Noise Ta=25°C, 10 Hz <f<100 kHz 80 | 40| uv/Vo
AV/AVg Ripple Rejection f = 2400 Hz, 1o =350 mA, T =25°C 68 78 dB
Vbo Dropout Voltage lo=10 A, Tj=25°C 2.0 25 \Y
Ro Output Resistance f=1.0 kHz 17 m$2
N
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HA7800 Series

uA7805 (Cont.)

Electrical Characteristics —-55°C <Tp < 125°C, V)=10 V, lIg =500 mA, C)=

otherwise specified.

0.33 uF, Co=0.1 uF, unless

Symbol Characteristic Condition! Min | Typ | Max Unit
los Output Short Circuit Current Ty=25°C, V=35V 0.75 1.2 A
bok Peak Output Current Ty=25°C 13| 22| 33 A
AVp/ AT Average Temperature lg=5.0 mA | -55°C <Tp < +25°C 0.4 | mVv/°C/
Coefficient of Output Voltage +25°C < Tp < +125°C 03 Vo
UA7805C

Electrical Characteristics 0°C < T, <125°C, V,=10 V, lo =500 mA, C;=

otherwise specified.

0.33 uF, Co=0.1 pF, unless

Symbol Characteristic Condition! Min | Typ | Max Unit
Vo Output Voltage T, =25 48| 50| 52| Vv
VR LINE Line Regulation T,=25°C 70 VLV <25V 3.0 | 100 mV
sov<svi<iayv 1.0 50
VR LoAD Load Regulation T,=25°C 50 MA<Ip<15 A 15 | 100 mvV
250 mA <lp <750 mA 5.0 50
Vo Output Voltage 70 VSV;<20 V 4.75 5.25 \
50 MA<Ipg<1.0 A
P<15 W
la Quiescent Current Ty=25°C 4.2 8.0 mA
Alg Quiescent Current | with line 70V<V| <25V 1.3 mA
Change with load | 5.0 mMA<Io<1.0 A 0.5
No Noise Ta=25°C, 10 Hz<f< 100 kHz 40 uv
AV|/AVp Ripple Rejection f=2400 Hz, 15 =350 mA, T;=25°C 62 78 dB
Voo Dropout Voltage lo=1.0 A, Ty=25°C 2.0 v
Ro Output Resistance f=1.0 kHz 17 mS2
los Qutput Short Circuit Current T,;=25°C, V|=35V 750 mA
Ipk Peak Output Current Ty=25°C 2.2 A
AVo/AT Average Temperature 10 =5.0 mA, 0°C<Tp<125°C 1.1 mV/°C
J Coefficient of Output Volitage J
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HA7800 Series

HA7806C

Electrical Characteristics 0°C < Tp <125°C, V; =11 V, lp =500 mA, C =0.33 uF, Co=0.1 uF, unless
otherwise specified.

Symbol Characteristic Condition’ Min | Typ | Max Unit
Vo Output Voltage Ty=25°C 5.75 6.0 | 6.25 v
VR LINE Line Regulation T, =25°C 80 VSV|<25V 5.0 | 120 mv
90 VLSV, K13V 1.5 60
VR LoAD Load Regulation T, =25°C 50 mMA<Ip<15 A 14 | 120 mV
250 mA <1op <750 mA 4.0 60
Vo | output Vottage 8O V<V <21V 57 6.3 v
50 mMA<Ip<1.0A
P<15 W
o Quiescent Current Ty=25°C 4.3 8.0 mA
Alg Quiescent Current | with fine 80 VV|<25V 1.ﬂ mA
Change with load | 5.0 MA<Ip<1.0 A 05 |
No Noise Ta=25°C, 10 Hz<f<100 kHz 45 uv
AV\/AVg Ripple Rejection f=2400 Hz, 1o =350 mA, T;=25°C 59 75 dB
Vpo Dropout Voltage lo=1.0 A, T;=25°C 2.0 \
Ro Output Resistance f=1.0 kHz 19 mQ
los Output Short Circuit Current Ty=25°C, V=35V 550 mA
Ipk Peak Output Current Ty=25°C 22 A
AVo/AT Average Temperature lo=5.0 mA, 0°C < Ty <+125°C 0.8 mV/°C
Coefficient of Output Voitage
HA7808
Electrical Characteristics ~55°C < Tp <125°C, V=14 V, 1o =500 mA, C;=0.33 uF, Co=0.1 uF, unless
otherwise specified.
Symbol Characteristic Condition’ Min | Typ | Max Unit
Vo Output Voltage T;=25°C 7.7 8.0 8.3 v
VR LINE Line Regulation Ty =25°C 105 VSV <25 V 6.0 80 mvV
11 V<V, <17 V 20| 40
VR LoAD Load Regulation Ty=25°C 50 MASIpg<15 A 12 | 100 mvV
250 mA <1g <750 mA 4.0 40
Vo Output Voltage T 1sv<v <23V 7.6 8.4 v
50 MA<Ip<10 A
P15 W
la Quiescent Current Ty=25°C 4.3 6.0 mA
Alg Quiescent Current | with line 115 VSV<25V L 0.8 mA
Change with load | 5.0 mA<Ilo<10 A 1 05|
L I N
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uA7800 Series

MA7808 (Cont.)

Electrical Characteristics —55°C < T, <125°C, V; =14 V, lo =500 mA, C;=0.33 uF, Co=0.1 uF, unless
otherwise specified.
Symbol | Characteristic Condition' Min | Typ | Max Unit
No Noise Ta=25°C, 10 Hz << 100 kHz 8.0 40 w/No
AV|/AVp Ripple Rejection f=2400 Hz, Ip =350 mA, T,=25°C 62 72 dB
Voo Dropout Voltage lop=1.0 A, T;=25°C 20 25 \
Ro Output Resistance f=1.0 kHz 16 m§2
los Output Short Circuit Current Ty=25°C, V|=35 V 0.75 1.2 A
Ypk Peak Output Current Ty=25°C 1.3 2.2 3.3 A
AVo/AT Average Temperature lo=5.0 mA | -55°C<Ty<+25°C 0.4 | mv/°C/
Coefficient of Output Voltage +25°C <Tp < +125°C 0.3 Vo
MAT7808C
Electrical Characteristics 0°C < T, <125°C, V|=14 V, Ig =500 mA, C;=0.33 uF, Co=0.1 uF, unless
otherwise specified.
Symbol Characteristic Condition' Min | Typ | Max Unit
Vo Output Voltage Ty=25°C 7.7 8.0 8.3 Vv
VR LINE Line Regulation T,=25°C 105 VSV <25 V 6.0 | 160 my
11 VLV<17 Vv 20| 80
VR LOAD Load Regulation Ty=25°C 50 MASIlp<15A 12 | 160 mvV
250 mA <1g <750 mA 4.0 80
Vo Output Voltage 105 vV <23 Vv 7.6 8.4 \
50 MA<Ig<10 A
P<15 W
la Quiescent Current Ty=25°C 43 8.0 mA
Alg Quiescent Current | with line 105 VSV <25V 1.0 mA
Change with load | 5.0 MA<Io<1.0 A 05
No Noise Ta=25°C, 10 Hz<f< 100 kHz 52 uv
AV)/AVo Ripple Rejection f=2400 Hz, Ig =350 mA, T;=25°C 56 72 dB
Voo Dropout Voltage lo=10 A, T;=25°C 2.0 v
Ro Output Resistance f=1.0 kHz 16 m$2
los Output Short Circuit Current Ty=25°C, V|=35 V 450 mA
Lok Peak Qutput Current Ty=25°C 2.2 A
AVo/AT Average Temperature lo=5.0 mA 0.8 mvV/°C
Coefficient of Output Voltage
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HA7800 Series

uA7885C

Electrical Characteristics 0°C <T) <125°C, V; =15V, Ig =500 mA, C,=0.33 uF, Co= 0.1 uF, unless
otherwise specified.

Symbol Characteristic Condition’ Min | Typ | Max Unit
Vo Output Voltage Ty=25°C 8.15 8.5 | 8.85 \
VR UNE Line Regulation Ty =25°C 105 VSV <25 V 6.0 | 170 mV
11 VEVI<17 V 2.0 85 mV
VR LOAD Load Regulation Ty=25°C 50 MA<Ig<15 A 12 | 170 mvV
250 mA <lg <750 mA 4.0 85 mvV
Vo Output Voltage 11 VLV|<235 V 8.1 8.9 \'
50 mMA<Ig<1.0 A
P<15W
la Quiescent Current Ty=25°C 4.3 8.0 mA
Alg Quiescent Current with line 105 VSV, €25 V 1.0 mA
Change with load | 5.0 mMA<Io<1.0 A 05| mA
No Noise Ta=25°C, 10 Hz <f< 100 kHz 55 u
AV/AVg Ripple Rejection f=2400 Hz, Ig =350 mA, T;=25°C 56 70 dB
Voo Dropout Voltage lo=1.0 A, Ty=25°C 2.0 \
Ro Output Resistance f=1.0 kHz 16 m$
los Output Short Circuit Current Ty=25°C, V|=35 V 450 mA
lok Peak Output Current Ty=25°C 2.2 A
AVg/AT Average Temperature lo=5.0 mA 0.8 mV/°C
Coefficient of Output Voltage |
uA7812
Electrical Characteristics —55°C <Tp < 125°C, V,=19 V, lo =500 mA, C;=0.33 pyF, Co=0.1 uF, unless
otherwise specified.
Symbol Characteristic Condition' Min | Typ | Max Unit
Vo Output Voltage T,=25°C 115 | 120 | 125 v
VR LINE Line Regulation T,=25°C | 145 V<V, <30 V 10 | 120 mv
16 VsVi<22V 3.0 60
VR LoAD Load Regulation Ty=25°C 50 MA<Ig<15 A 12 | 120 mV
250 mA <lg <750 mA 4.0 60
Vo Output Vofitage 155 VVi27 v 114 12.6 v
50 MA<Ip<1.0 A
P<15 W
la Quiescent Current T, =25°C 4.3 6.0 mA
Alg Quiescent Current | with line 15 VSV|<30 V 0.8 mA
Change with foad | 5.0 mMA<Ip<1.0 A 0.5
I |

6-116



I

uA7800 Series

1A7812 (Cont.)

Electrical Characteristics -55°C < Tp < 125°C, V{=19 V, I =500 mA, C,=0.33

otherwise specified.

uF, Cg=0.1 pF, unless

Symbol Characteristic Condition’ Min | Typ Tnax Unit
Ng Noise Ta=25°C, 10 Hz << 100 kHz 8.0 40 uvV/Vo
AV/AVg Ripple Rejection f=2400 Hz, Ig =350 mA, T;=25°C 61 71 dB
Vbo Dropout Voltage lo=1.0 A, Ty=25°C 20 25 \
Ro Output Resistance f=1.0 kHz 18 m$2
los QOutput Short Circuit Current Ty=25C, V=35V 0.75 1.2 A
fpk Peak Qutput Current Ty=25°C 1.3 22 3.3 A
AVo/ AT Average Temperature lo=5.0 mA | -55°C<Thp<+25°C 0.4 | mv/°C/
Cosefficient of Output Voltage +25°C < Ty <+125°C 0.3 Vo
uA7812C
Electrical Characteristics 0°C < T, <125°C, V;=19 V, 1o =500 mA, C,=0.33 uF, Co=0.1 uF, unless
otherwise specified.
Symbol Characteristic Condition’ Min | Typ | Max Unit
Vo Output Voltage Ty=25°C 115 | 120 | 125 \
VR LINE Line Regulation T, =25°C 145 VSV, <30 V 10 | 240 mV
16 Vvi<22 Vv 30| 120 mv
VR LoAD Load Regulation T,=25°C 50 mMA<Ipg<15A 12 | 240 mV
250 mA < lp <750 mA 4.0 120 mV
Vo Output Voltage 145 Vv<v;<27 V 114 12.6 A
50 MA<Io<10 A
P<15 W
la Quiescent Current Ty =25°C 43 8.0 mA
Alg Quiescent Current Twith line 145 VSV, <30 V 1.0 mA
Change [ with toad | 50 ma<Ip<10 A 05| mA
No Noise Ta=25°C, 10 HZ << 100 kHz 75 uv
AV AVp Ripple Rejection f=2400 Hz, Ip =350 mA, T,=25°C 55 71 dB
Voo Dropout Voitage lo=1.0 A, T;=25°C 20 \"
Ro j Output Resistance f=1.0 kHz 18 mS2
los Output Short Circuit Current Ty=25°C, V=35V 350 mA
Iok Peak Output Current Ty =25°C 2.2 A
AVo/AT Average Temperature lo=5.0 mA 1.0 mv/°C
Coefficient of Output Voltage J
L A — A
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HA7800 Series

uA7815
Electrical Characteristics ~55°C < Tp < 125°C, V,=
otherwise specified.

23 V, Ip =500 mA, C,=0.33 uF, Co=0.1 uF, unless

Symbol } Characteristic Condition* Min | Typ | Max Unit
Vo | output voitage T, =25°C 144 | 150 | 156 v
VR LINE | Line Regulation Ty=25°C 175 VSV<30 v 11 150 mv
20 VLSV <26 V 3.0 75 mV
VR LOAD Load Regulation Ty =25°C 50 mMA<Ilp<i15 A 12 150 mV
250 MA <ip <750 mA 4.0 75 mVv
Vo Output Voltage W 185 VSV <30 V 14,25 15.75 \
50 MA<Ip<10 A
P<15 W
la Quiescent Current Ty=25°C 44 6.0 mA
Alg Quiescent Current | with line 185 VSV, <30 V 0.8 mA
Change with load | 5.0 mA<Io<1.0 A 05| mA
No Noise Ta=25°C, 10 Hz<f< 100 kHz 8.0 40 | uV/Vo
AV)/AVp Ripple Rejection f=2400 Hz, 1o =350 mA, T;=25°C 60 70 dB
Vbo Dropout Voltage lo=1.0 A, Ty=25°C 20 25 \"
Ro Output Resistance f=1.0 kHz 19 mS2
los Output Short Circuit Current T,=25°C, V;=35 V 0.75 T A
Ipk Peak Output Current Ty=25°C 1.3 2.2 33 A
AVo/ AT Average Temperature lo=5.0 mA | -55°C < Ty <+25°C 0.4 | mv/°C/
Coefficient of Output Voltage +25°C <Tp < +125°C 0.3 Vo
L
HAT7815C
Electrlcal Characteristics 0°C <<Tp < 125°C, V=23 V, lp =500 mA, C;=0.33 uF, Co=0.1 uF, unless
otherwise specified.
Symbol Characteristic Condition' Min | Typ | Max Unit
Vo Output Voltage Ty=25°C 144 | 150 | 156 Vv
VR LINE Line Regulation Ty= 25°C“ 175 V<V|<30 V 11 300 mV
20 VSV <26 V 3.0 150 mv
VR LoAD Load Regulation T;=25°C 50 MA<Ig<15 A 12 | 300 mV
1 250 mA <lg <750 mA 4.0 150 mvV
Vo | output Voltage 17.6 V<V, <30 V T 14.25 15.75 v
50 MA<Ig<1.0 A
P<15 W
la Quiescent Current T,=25°C o 4.4 8.0 mA
Alg Quiescent Current | with line 175 V<V, <30 V 1.0 mA
Change with load | 50 mA<Io<1.0 A 05 ma
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HA7800 Series

uA7815C (Cont)
Electrical Characteristics 0°C < T, <125°C, V| =23 V, Ig =500 mA, C =0.33 uF, Co=0.1 uF, unless
otherwise specified.

Symbol Characteristic Condition? Min | Typ | Max Unit
No Noise Ta=25°C, 10 Hz <{ <100 kHz 90 ny
AV|/AVg Ripple Rejection f=2400 Hz, Io=350 mA, T;=25°C 54 70 dB
Vpo Dropout Voltage lo=10 A Ty=25°C 20 v
Ro Output Resistance f=1.0 kHz 19 m
los Output Short Circuit Current Ty=25°C, V=35V 230 A
lok Peak Output Current Ty=25°C 21 A
AVp/AT Average Temperature lo=50 mA 1.0 mv/°C
Coefficient of Output Voltage
LA7818

Electrical Characteristics -55°C < T4 < 125°C, V=27 V, Io =500 mA, C;=0.33 uF, Co=0.1 uF, unless
otherwise specified.

Symbot Characteristic Condition' Min | Typ | Max Unit
Vo QOutput Voltage Ty=25°C 173 | 180 | 187 v
VR LNE Line Regulation T,=25°C 21 VSV K33V 15 | 180 mv
24 VSV <30 V 5.0 90 mVv
VR LOAD Load Regulation Ty=25°C 50 MASIlp<15A 12 | 180 mv
250 mA <lp <750 mA 4.0 80 mvV
Vo Output Voltage 22 VSV|<33V 17.1 18.9 A
50 MASIn<10 A
P<i5 W
la Quiescent Current Ty=25°C 45 6.0 mA
Alg Quiescent Current | with line 2 V<V <33V 0.8 mA
Change with load | 5.0 MA<Io<10 A 05| mA
No Noise Ta=25°C, 10 Hz<f< 100 kHz 8.0 40 | upV/Vp
AV\/ AVg Ripple Rejection f=2400 Hz, Ig =350 mA, T;=25°C 59 69 dB
Voo Dropout Voltage lo=1.0 A, Ty=25°C 2.0 \
Ro OQutput Resistance =1.0 kHz 22 m&2
los Output Short Circuit Current Ty=25°C, V=35V 0.75 A
Ipk Peak QOutput Current Ty=25°C 1.3 2.2 3.3 A
AVo/AT Average Temperature lo=50 mA | -55°C <Tp<+25°C 0.4 | mv/°C/
Coefficient of Output Voltage +25°C S TA<+125°C 0.3 Vo
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MA7800 Series

HA7818C
Electrical Characteristics 0°C <Tj <125°C, V=27 V, Ip =500 mA, C;=0.33 uF, Co= 0.1 uF, unless
otherwise specified.

—

Symbol Characteristic Condition’ Min | Typ | Max Unit

Vo Output Voltage Ty=25°C 173 | 180 | 18.7 \
VR LINE Line Regulation Ty =25°C 21 VSV)<33v 15 | 360 mV
24 VSVI<30 V 5.0 180 mV

VR LoAD Load Regulation Ty=25°C 50 MASIg<15 A 12 | 360 mV
| 250 mA<15<750 mA 40| 180 | mv

Vo Output Voltage 21 v<v <33 Vv 17.1 18.9 v

50 mMA<Ip<10 A
P<15 W

la Quiescent Current T,=25°C 45 8.0 mA
Alg Quiescent Current | with line 21 VSVIK<33 V 1.0 mA
Change | with load | 5.0 mMA<15<1.0 A 05| mA

No Noise Ta=25°C, 10 Hz <f<100 kHz 110 nv
AV\/AVg | Ripple Rejection f=2400 Hz, Ig =350 mA, T,=25°C 53 | 69 dB

Voo Dropout Voltage lo=1.0 A, T;=25°C 20 \
Ro Output Resistance f=1.0 kHz 22 m&2
los Qutput Short Circuit Current Ty=25°C, V|=35V ] 200 mA

lok Peak Output Current Ty=25°C 21 A

AVo/AT Average Temperature lo=5.0 mA 1.0 mV/°C
Coefficient of Output Voltage

uA7824
Electrical Characteristics —55°C <T, <125°C, V=33 V, lg =500 mA, C,=0.33 uF, Co=0.1 uF, unless
otherwise specified.

Symbol | Characteristic j Condition’ Min | Typ | Max Unit
Vo Output Voltage | y=2sC 230 | 240 | 250 v
VR LNE Line Regulation | T,=25C 27 V<V, <38 V 18| 240 | mv
30 V<V, <36 V 60 | 120 | mv

VR LoAD r Load Regulation T,=25°C | 50 mA<Io<15 A 12| 240 | mv
250 mA < lp <750 mA 40 | 120 mv

Vo Output Voltage 28 VSV|<38 V 22.8 252 \

50 mMA<Ilg<10 A
J P<i15 W |

lo Quiescent Current [T )= 25°C 46 6.0 mA
Alg Quiescent Current | with line | 28 V<V, <38 V | 08| mA
Change | with toad | 50 mA<Ip<1.0 A | 05| mA
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uA7800 Series

uA7824 (Cont.)

Electrical Characteristics -55°C < T, < 125°C, V| =33 V, Ip =500 mA, C;=0.33 uF, Co=0.1 uF, unless
otherwise specified.
Symbol Characteristic Condition? Min | Typ | Max Unit
No Noise Ta=25°C, 10 Hz<f< 100 kHz 8.0 40 uV/Vo
AV\//AVo | Ripple Rejection f=2400 Hz, lo =350 mA, T, =25°C 56 | 66 dB
Voo Dropout Voltage lo=1.0 A, T;=25°C 2.0 25 Vv
Ro Output Resistance f=1.0 kHz 28 m&
los Output Short Circuit Current T;=25°C, V\=35V 0.75 1.2 A
Ipk Peak Output Current T, =25°C 13 2.2 3.3 A
AVo/AT Average Temperature lo=5.0 mA | -55°C<Tp<+25°C 0.4 | mv/°C/
Coefficient of Output Voltage 125°C <Tp <+125°C 03 Vo
uA7824C
Electrical Characteristics 0°C <Tp <125°C, V| =33 V, Ip =500 mA, C;=0.33 uF, Co=0.1 uF, unless
otherwise specified.
Symbol Characteristic Condition' Min | Typ | Max Unit
Vo Output Voltage Ty=25°C 23.0 | 240 | 250 \'4
VR UNE Line Regulation Ty)=25°C 27 VSV|<38 V 18 | 480 mvV
30 VSV<36 V 6.0 | 240 mV
VR LoAD Load Regulation Ty =25°C 50 MA<Ip<15 A 12 | 480 mv
250 mA <lg <750 mA 4.0 | 240 mV
Vo Output Voltage 27 VSV|<38 YV, 22.8 25.2 \
50 MA<Ig<1.0 A,
P<15 W
la Quiescent Current Ty=25°C 4.6 8.0 mA
Alg Quiescent Current with line 27 VSV|<38 V 1.0 mA
Change with load | 5.0 mA<Ip<1.0 A 0.5 mA
No Noise Ta=25°C, 10 Hz <f <100 kHz 170 uv
AV|/AVg Ripple Rejection f=2400 Hz, o =850 mA, T;=25°C 50 66 dB
Vpo Dropout Voltage lo=10 A, T;=25°C 2.0 \
Ro Qutput Resistance f=1.0 kHz 28 m$2
los Output Short Circuit Current Ty=25°C, V|=35 V 150 mA
Ipk Peak Output Current T,=25°C 2.1 A
AVo/AT Average Temperature lo=5.0 mA 1.5 mv/°C
Coefficient of Output Voltage

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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nA7800 Series

Typical Performance Curves

Worst Case Power Dissipation vs
Ambient Temperature (TO-3)
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uA7800 Series

Typical Performance Curves (Cont.)

Ripple Rejection vs

Frequency Line Transient Response
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The other uA7800 series devices have similar curves.
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uA7800 Series

Design Considerations

The pA7800 fixed voltage regulator series has thermal
overload protection from excessive power dissipation, inter-
nal short circuit protection which limits the regulator's max-
imum current, and output transistor safe-area compensation
for reducing the output current as the voltage across the
pass transistor is increased.

Although the internal power dissipation is limited, the junc-
tion temperature must be kept below the maximum speci-
fied temperature (150°C for pA7800, 125°C for pA7800C)
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 Applications

Fixed Output Regulator

1 2
v LATEXX Vo

N +
0.33 uF 3 E ot

iy

CROIBA0F

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 Input Voltage Circuits

Package T33/3¢° Mfc):(/g;c 733/33“ Mfé/e;‘\
TO-3 3.5 55 35 40
TO-220 3.0 5.0 40 60
Pp Max = M. or
Byc + Oca
- Ty MaxTa

{Without heat sink)
AT

Oca = fcs + Osa
Solving for T,:

Ty=Ta+ Pp(fuc + bca) or
=Ta + Pplya (Without heat sink)

Where:
Ty = Junction Temperature
Ta = Ambient Temperature
Pp = Power Dissipation

f)c = 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
8)a = Junction-to-ambient thermal resistance

AR 1| eameXX |2
v VAA- (NOTE 1) Vo
0.33 uF == 3 IR 0.1 uF
(NOTE 2) L (NOTE 2)
= CRO38S1F
1 2
v LATBXX Vo
3 TR 0334F |3 :F 0.1 uF
4
CRO3660F
High Current Voitage Regulator
al lay
2N6133 —_—
\J]
g:, Q lrec 1o Max
- — 1 2 — >
\v—e wRTBXX Vo
033 uF 7= 13 o= 0.1 uF
L
- CRO367OF
1o Max
gan=——
IREG Max
R1 = 08 BQ1)Vee@Q1)

lrRea  IREG Max (B+ 1) =10 Max
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uA7800 Series

Dual Supply Operational Amplifier Supply
(15 V@1.0 A)

+20V A 2 «15V
N uATO1S - out
0.33 uF = 3 T 0.1 uF 1N4001 OR
EQUIVALENT
GND - GND
+
oK 2.0 uF 1 10 4F TR 1N4001 OR
EQUIVALENT
3 2 _
™ HATIS -— oo’
‘CRO3680F
High Output Current, Short Circuit Protected
a1
Rsc 4
w o 2N6132
Q2
2N6124
1 2
WA—&- - pATBXX ouT
R1
30¢Q 033 uF 1R Ja TR0 uF
CROAGBOF
0.8
Rsc=—
Isc
BVee@r

IReG Max (B+ 1) =10 Max

Positive and Negative Regulator

1 2

N

T T
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A Schlumberger Company

HA79MO0 Series
3-Terminal Negative
Voltage Regulators

Linear Division Voltage Regulators

Description

The pA79MO00 series of 3-Terminal Medium Current Nega-
tive Voltage Regulators are constructed using the Fairchild
Planar Epitaxial process. These regulators employ internal
current-limiting, thermal shutdown, and safe-area compen-
sation making them essentially indestructible. if adequate
heat sinking is provided, they can deliver up to 0.5 A out-
put current. They are intended as fixed voltage reguiators
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 volt-
ages and currents.

® Qutput Current In Excess Of 0.5 A

® Internal Thermal Overload Protection

® Internal Short Circuit Current-Limiting

® Output Transistor Safe-Area Compensation

@ Avallable In JEDEC TO-220 And TO-39 Packages
® QOutput Voltages Of -5 V, -8 V, =12 V, and -15 V

Absolute Maximum Ratings
Storage Temperature Range
TO-39 Metal Can
TO-220 Package
Operating Junction Temperature Range
Extended (uA79MOOM)
Commercial (uA79MOOAC)
Lead Temperature
TO-39 Metal Can (soldering, 60 s)
TO-220 Package (soldering, 60 s)
Power Dissipation
Input Voltage
-50 Vito-15V

-65°C to +175°C
-65°C to +150°C

-55°C to +150°C
0°C to +150°C

300°C
265°C
internally Limited

-35 V
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Connection Diagram
TO-39 Package
(Top View)

o .’
/\(T)
COMMON IN
out
CDOOTIF

Lead 3 connected to case.

Order Information

Device Code Package Code Package Description
#A79MO5HM FC Metal
HA79MOBHM FC Metal
MA7IM12HM FC Metal
HA7IM15HM FC Metal
HATIMO5AHC FC Metal
HA7IMOBAHC FC Metal
HA79M12AHC FC Metat
MA79M15AHC FC Metal
Connection Diagram
TO-220 Package
(Top View)
/— our
MM ks

O

Lead 3 connected to case.

CDO0181F

Order Information

Device Code Package Code Package Description
HA79MO5AUC GH Molded Power Pack
HA7SMOBAUC GH Molded Power Pack
HA79M12AUC GH Molded Power Pack
HATOM15AUC GH Molded Power Pack
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UA79MOO Series

Equivalent Circuit

COMMON
s
> 1.4 k
3
4 Qs
L, R2§
L i;/ a5k
o o2 i T063k
R1
L o
= T_ Q10 an
R20 | :E R23
7. X
02 17.2k | an o S 4.0k
a3 |
<R3
S 6.4k __]l
T2 vand-2a v
OPTIONS
Q1
— Vi
Qe
Lo
Le o {ﬂ& R21  $R22
ca lo2r T 3opF :, 9 S 24k 0.1
-3 Q15 =< 8.0 WA A/
j R R10 W pF R16 Q22 mo Lo
f"'s.( 75k 75k 22k 200 227
IN

BOOO162F

HATOMOSH
Electrical Characteristics -55°C < Ty <125°C, V|=-10 V, lg =350 mA, C,=2.0 uF, Co=1.0 pF, unless
otherwise specified.!?

Symbol Characteristic Condition® Min | Typ | Max Unit
Vo Output Voltage T,=25°C -52 | -50 -4.8 v
VR Une | Line Regulation T,=25°C | -25 V<V, <-70V 7.0 50| mv
18 V<V, <-80 V 3.0 30
VR LOAD Load Regulation Ty=25°C, 5.0 mA<<lp <500 mA B 75 100 mv
T, =25°C, 5.0 mA<lp <350 mA 50
Vo Output Voltage 25 VLV, <-70 V, _5.25 _475 v
5.0 MA<Io<350 mA Po <40 W |
la Quiescent Current Ty=25°C B 1.0 2.0 mA
Alg Quiescent Current | with line | -25 V<V|<-80 V 04| mA
Change | with load | 5.0 mA <o <350 mA 0.4
No Noise Ta=25°C, 10 Hz << 100 kHz 25 80 uv/Vo
——— S __
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HA79MOO0 Series

MA79MO5H (Cont.)
Electrical Characteristics —55°C < Ty <125°C, V|=-10 V, Ip =350 mA, C,=2.0 pF, Co=1.0 uF, unless
otherwise specified.’?

Symbol Characteristic Condition® Min | Typ | Max Unit
AV|/AVp | Ripple Rejection f=2400 Hz, Io=125 mA, T;=25°C 50 dB
Vbo Dropout Voltage T, = 25°C 1.1 2.3 Vv
los Qutput Short Circuit Current Ty=25°, V;=-35 V 0.6 A
lok Peak Output Current i -Vo=10 V, T;=25°C 0.5 | 0.65 14 A
AVo/AT | Average Temperature Coefficient ]i) =50 mA, 0°C<Tp<125°C 0.3 | mv/°C/
of Output Voltage L Vo

UMATIMOSAC
Electrical Characteristics -0°C <<Tp <125°C, V,=-10 V, Ig =350 mA, C,=2.0 uF, Co= 1.0 uF, unless
otherwise specified.’?

Symbol Characteristic Condition® | Min Typ Maﬁ Unit
Vo Output Voltage Ty=25°C -52 | -5.0 -48 \"
VR UNE Line Regulation Ty=25°C =25 VSV <-70V 7.0 50 mV
TZm V<V, <-80 V 30| 30
Vr LOAD Load Regulation Ty=25°C, 5.0 mA<Ip <500 mA 75 100 mvV
Ty=25°C, 5.0 mA <lp <350 mA 50
Vo Output Voltage -25 VSV <-70V, -5.25 -4.75 \
50 MA<Ip<350 mA Pp<40 W
la Quiescent Current Ty=25°C 1.0 20 mA
Alg Quiescent Current with line | -25 V<V, <-80 V 04 mA
Change with load | 5.0 mA <lo <350 mA 0.4
No Noise | TA=25°C, 10 Hz <f<100 khz 125 uv
AV./AVOT Ripple Rejection —t= 2400 Hz 50 dB
lo=125 mA, T;=25°C
Vpo Dropout Voltage T,=25°C 1.1 \
los Output Short Circuit Current T;=25°C, Vi=-30 V 140 mA
Ipk Peak Qutput Current V|-Vg= 10 V, T;=25°C 650 mA
AVo/AT | Average Temperature Coefficient lo=5.0 mA, 0°C<Tp<125°C 0.4 mV/°C
of Output Voltage
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MA79MOO Series

¢A7T9MOBH

Electrical Characteristics -55°C <<Tp < 125°C, V{=-14 V, Ig =350 mA, C =2.0 uF, Co=1.0 pF, unless
otherwise specified.’?

Symbol Characteristic Condition® Min | Typ | Max Unit
Vo Output Voltage T;=25°C -83 | -8.0 =77 \
VR LINE Line Regulation Ty=25°C -25 VSV|<-105 V 8.0 80 mV
-21 VSV <-11 V 4.0 50
VR LoAD Load Regulation Ty =25°C, 5.0 mA<ip <500 mA 90 160 mV
Ty=25°C, 5.0 mA<lg <350 mA 60
Vo Qutput Voltage -25 V<V|<-105V, -8.4 -76 Vv
50 MA<Ip<350 mA, Pp<4.0 W
la Quiescent Current Ty=25°C 1.0 2.0 mA
Alg Quiescent Current l with line -25 VLV <-105 V 0.4 mA
Change | with load | 5.0 mA <Io <350 mA 0.4
No Noise Ta=25°C, 10 Hz<f<100 kHz 25 80 | uV/Vg
AV{/AVp | Ripple Rejection f=2400 Hz, V|=-13 V, 50 dB
lo=125 mA, T;=25°C
Voo Dropout Voltage Ty=25°C 1.1 2.3 Vv
los Output Short Circuit Current Ty=25°C, V|=-35V 0.6 A
ok Peak Qutput Current Vi-Vp =10V, T;=25°C 0.5 0.65 14 A
AVp/AT | Average Temperature Coefficient lo=5.0 mA, 0°C<Tp<125°C 0.3 | mv/°C/
of Output Voltage Vo
HAT9MOBAC
Electrical Characteristics 0°C < T, <125°C, V|=-14 V, Io =350 mA, C, =2 uF, Co=1 uF, unless otherwise
specified.”
Symbol Characteristic Condition® | Min rTyp Max Unit
——
Vo Output Voltage Ty=25°C -83 | -8.0 -7.7 \
VR UNE Line Regulation Ty;=25°C | -25 V<V, <-105 V 8.0 80 mv
-21 VLV s-11 VvV 4.0 50
VR LOAD Load Regulation Ty=25°C, 5.0 mA <lg <500 mA 90 160 mvV
Ty=25°C, 50 mA<lp <350 mA 60
Vo QOutput Voltage -25 VSV <-105 V, -84 -7.6 v
5.0 MA<Ip <350 mA, Pp <40 W
Iq | quiescent Current Ty =25°C 10 20| mA
Alg Quiescent Current with line | -25 V<V, <-105V 0.4 mA
Change with load | 5.0 mA <lo <350 mA 0.4
No Noise Ta =25°C, 10 Hz << 100 kHz 200 uv
AV)/AVo | Ripple Rejection f=2400 Hz, V|=-13 V, 50 dB
B lo=125 mA, T;=25°C ] ]

S —
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HA79MO0 Series

HATIMOBAC (Cont.)
Electrical Characteristics 0°C < T <125°C, V|=-14 V, Io =350 mA, G =2 uF, Co=1 uF, unless otherwise

specified.!?
Symbol Characteristic ] Condition® Min | Typ Max Unit
Vpo Dropout Voltage Ty =25°C 1.1 \
los Output Short Gircuit Current Ty=25°C, V;=-30 V 140 mA
bok Peak Output Current Vi-Vpg=10V, 650 mA
T, = 25°C B
AVp/AT | Average Temperature Coefficient lo=5.0 mA, 0.6 mv/°C
of Output Voltage 0°C <Tp<125°C

HA79M12H
Electrical Characteristics ~55°C <Tp <125°C, V|=-19 V, o =350 mA, C; =20 uF, Co=1.0 uF, unless

otherwise specified.
N

Symbol Characteristic Condition? Min | Typ | Max Unit

Vo Output Voltage T, =25°C -125 -12 | -11.5 "

VR UNE Line Regulation Ty=25°C ~30 VSV S-145 V 9.0 80 mv

-25 VKV <-t5V 5.0 50
VR LOAD Load Regulation Ty=25°C, 5.0 mA <lg <500 mA 65 240 mvV
T,=25°C, 5.0 mA<Ilp <350 mA 45
Vo Output Voltage | -30 V<V, <-145 V, -126 -11.4 v
50 MASIg<350 mA, Pp<4.0 W

la Quiescent Current Ty =25°C 1.5 3.0 mA

Alg Quiescent Current with line | -30 V<V <-145V 0.4 mA
Change with load | 5.0 mA <lp <350 mA 0.4

No Noise Ta=25°C, 10 Hz<f< 100 kHz 25 80 \iV/VO

AV|- AVg | Ripple Rejection VI<-17 V, f=2400 Hz, 50 dB

| lo=125 mA, T;=26°C

Vpo Dropout Voltage Ty=25°C 1.1 23 \

los Output Short Circuit Current Ty=25°C, V|=-35V 0.6 A

Ipk Peak Output Current Vi-Vg=10V, T;=25°C \JS 0.65 1.4 A

AVo/AT | Average Temperature Coefficient lo=5.0 mA, 0.3 | mv/°C/
of Output Voltage 0°C <Tp<125°C L LVO

HA79M12AC

Electrical Characteristics 0°C <<Tp < 125°C, V|=-19 V, lo =350 mA, C = 2.0 pF, Co=1.0 uF, unless
otherwise specified.?.2

Symbol Characteristic Condition® Min Typ Max Unit
Vo Output Voltage Ty=25°C -125 | ~12 | -115 \
VR LINE Line Regulation Ty =25°C -30 V<V|K<-145 V 9.0 80 my
-25 VEV|<-15 V 5.0 50
L ]
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MA79MO0 Series

HA79M12AC (Cont.)
Electrical Characteristics 0°C <Tp <125°C, V;=-19 V, |5 =350 mA, G;=2.0 uF, Co=1.0 uF, unless
otherwise specified.1:2

Symbol Characteristic Condition® Min | Typ | Max Unit
VR LoOAD Load Regulation Ty=25°C, 5.0 mA<|p<500 mA 65 240 mv
Ty =25°C, 50 mA <lp <350 mA 45
Vo Output Voltage -30 VSV|<-145 V, -12.6 -11.4 v
50 MA<I|p<350 mA, Pp<<40 W
la Quiescent Current Ty=25°C 1.5 3.0 mA
Alg Quiescent Current with line | -30 V<V, <-145 V 0.4 mA
Change with load | 5.0 mA <lp <350 mA 0.4
No Noise | Ta=25°C, 10 Hz<{ <100 kHz 300 Y
AV|/AVp | Ripple Rejection Vi=-17 V, f= 2400 Hz, 50 dB
lo=125 mA, T;=25°C
Voo Dropout Voltage Ty=25°C 1.4 \
los Output Short Circuit Current Ty=25°, V|=-30 V 140 mA
Ipk Peak Output Current Vi-Vo=10 V, Ty=25°C 650 mA
AVo/AT | Average Temperature Coefficient lo=5.0 mA, 0°C<Tp<125°C 0.8 mV/°C
of Output Voltage
uA79M15H

Electrical Characteristics —55°C <Tp < 125°C, V|=-23 V, Io =350 mA, C;=2.0 uF, Co= 1.0 uF, unless
otherwise specified.?

Symbol Characteristic Condition® Min Typ Max Unit
Vo Output Voltage Ty=25°C -156 | -15 | -144 \
VR une | Line Regulation Ty=25°C | -80 VSV, <-175V 9.0 80, mv
|-28v<vi<-18V 7.0 50
VR LOAD Load Regulation Ty=25°C, 5.0 mA <lp <500 mA 65 240 mv
Ty=25°C, 5.0 mA <lg <350 mA 45
Vo Output Voltage -30 VEV|<-175V, -15.75 -14.25 A
50 MA<Ip<350 mA, Pp <40 W
la Quiescent Current Ty=25°C 1.5 3.0 mA
Alg Quiescent Current with line | -30 VSV <-175V 0.4 mA
Change with load | 5.0 mA <lp <350 mA 0.4
No Noise Ta=25°C, 10 Hz<f< 100 kHz 25 80 uV/Vg
AV|/AVp | Ripple Rejection f = 2400 Hz, V,=-20 V, 50 dB
lo=125 mA, T,=25°C
Voo Dropout Voltage T,=25°C 1.1 23 \
los Qutput Short Circuit Current Ty=25°C, V|=-35 V 0.6 A
Ipk Peak Output Current V\-Vo=10 V, T;=25°C 05| 0.65 1.4 A
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MA79MO0 Series

uA79M15H (Cont.)
Electrical Characteristics -55°C <XTp << 125°C, V|=-23 V, |p =350 mA, C,=2.0 puF, Co=1.0 uF, unless
otherwise specified.’

Symbol Characteristic Condition® | min | Typ | Max Unit
AVo/AT | Average Temperature Coefficient | Io=5.0 mA, 0°C <Tx <125°C 0.3 | mv/°C/
of Output Voltage 1 Vo

HATIM15AC
Electrical Characteristics 0°C < Ty <125°C, V| =-23 V, Ig =350 mA, C;=20 uF, Co= 1.0 uF, unless
otherwise specified.1.2

Symbol Characteristic Condition® Min | Typ | Max Unit
Vo Output Voltage Ty=25°C -156 | -15 | -144 v
VR UNE Line Regulation Ty=25°C -30 VSV <-175V 9.0 80 mV
-28 V<V <-18V 7.0 50
VR LoAD Load Regulation Ty=25°C, 5.0 mA<Ig <500 mA 65 240 mv
Ty=25°C, 5.0 mA<Ip <350 mA 45
Vo Output Voltage -30 VV|<-175 V, -15.75 ~14.25 A
50 MA<Ip<350 mA, Pp<4.0 W |
la Quiescent Current Ty=25°C 1.5 3.0 mA
Alq Quiescent Currentﬁ with line | -30 V<V <-175 V F mA
Change with load | 5.0 mA < lp <350 mA 0.4
No Noise Ta=25°C, 10 HZz<f<100 kHz 375 uv
AVi/AVg | Ripple Rejection f=2400 Hz, V\=-20 V, 50 dB
lo =125 mA, T, =25°C {
Voo Dropout Voltage T,=25°C ] 11 v
los Qutput Short Circuit Current T;=25°C, V|=-30 V 140 mA
lok Peak Output Current Vi-Vpo=10 V, T;=25°C 650 mA
AVo/AT | Average Temperature Coefficient | io=5.0 mA, 0°C < Tp <125°C 1.0 mv/°C
of Output Voitage L

Notes

1. See Test Circuit.

2. The convention for negative regulators is the algebraic values, thus -15

V is jess than -10 V.

3. All characteristics except noise voltage and ripple rejection ratio are
measured using pulss 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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HA79MO0 Series

Typical Performance Curves

Worst Case Power Dissipation vs
Ambient Temperature (TO-39)
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Worst Case Power Dissipation vs
Ambient Temperature (TO-220)
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Peak Output Current vs
Input/Output Voltage Differential
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HA79MOO Series

Typical Performance Curves (Cont.)

Output Impedance vs

Line Transient Response Load Transient Response Frequency
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Design Considerations

The u79MO0 fixed voltage regulator series have 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 voitage across the pass transis-
tor is increased.

The safe-area protection network may cause the device to
latch-up if the output is shorted and the regulator is oper-
ating 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 junc-
tion temperature must be kept below the maximum speci-
fied temperature (150°C for nA79MO0, 125°C for
#A79MO0C and wA7900MAC) in order to meet data sheet
specifications. To calculate the maximum junction tempera-
ture or heat sink required, the following thermal resistance
values should be used:

Typ Max Typ Max
Package GJC eJc 83a BJA
TO-39 18.0 25 120 140
TO-220 3.0 5.0 60 40
Ty Max=Ta
Pomax = ————" "
Buc + Bca

Ty max=T
=dMax” TA wwithout a heat sink)
O4a

Oca=0cs + Osa

Solving for T,
To=Ta+Pp (Byc +bca) or
=Tp+ Pplya (Without a heat sink)

Where:
Ty = Junction Temperature
Ta = Ambient Temperature
Pp = Power Dissipation
8)c = Junction-to-case thermal resistance
Oca = Case-to-ambient thermal resistance
fcs = Case-to-heat sink thermal resistance
fsa = Heat sink-to-ambient thermal resistance
0,a = Junction-to-ambient thermal resistance

Typical Applications
Bypass capacitors are necessary for stable operation of
the uA79MO0 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, (2.0 uF on the input, 1.0 yF on
the output) should be ceramic or solid tantalum which
have good high frequency characteristics. If aluminum elec-
trolytics are used, their values should be 10 uF or larger.
The bypass capacitors should be mounted with the short-
est ieads, and if possible, directly across the regulator ter-
minals.

Fixed Output Regulator Test Circuit

v 30 uatemoc |2

Vo

20 uF ==

1Y
-
T4
\

( 1.0 uF

i

CRO0341F
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FAIRCHILD
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A Schiumberger Company

MA7900 Series
3-Terminal Negative
Voltage Regulators

Linear Division Voltage Regulators

Description

The pA7900 series of monolithic 3-terminal negative regu-
lators is manufactured using the Fairchild Planar Epitaxial
process. These negative regulators are intended as com-

plements to the popular uA7800 series of positive voltage
regulators, and they are available in voltage options from
-5.0 V to -15 V. The uA7900 series employ internal cur-
rent-limiting, thermal shutdown, and safe-area compensa-

tion, making them virtually indestructible.

® Qutput Current In Excess Of 1.0 A

® Internal Thermal Overload Protection

® Internal Short Circuit Current-Limiting

® Qutput Transistor Safe-Area Compensation

® Available In JEDEC TO-220 And TO-3 Packages

¢ Output Voltages of -5 V, -8 V, =12 V, and -15 V

Absolute Maximum Ratings
Storage Temperature Range
TO-3 Metal Can
TO-220 Package
Operating Junction Temperature Range
Extended (nA7900M)
Commercial (41A7900C)
Lead Temperature
TO-3 Metal (soldering, 60 s)
TO-220 Package (soldering, 10 s)
Power Dissipation
Input Voltage
-5Vto-15V

-65°C to +175°C
-65°C to +150°C

~55°C to +150°C
0°C to +150°C

300°C
265°C
Internally Limited

-35V

Note
1. The convention for Negative Regulators is the Algebraic value, thus —15
is less then —10 V.
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Connection Diagram
TO-3 Package
(Top View)
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Order information

Device Code Package Code Package Description

HA7905KM HJ Metal
MA7908KM HJ Metal
uAT912KM HJ Metal
HA7915KM HJ Metal
HAT905KC HJ Metal
HA7908KC HJ Metal
MA7912KC HJ Metal
HAT915KC HJ Metal
Connection Diagram
TO-220 Package
(Top View)
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Lead 3 connected to case.

TOOBIBIF

Order Information

Device Code Package Code Package Description

MA7905UC GH Molded Power Pack
uA7908UC GH Molded Power Pack
MA7912UC GH Molded Power Pack
MA7915UC GH Molded Power Pack
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yA7900 Series

HAT7905

Electrical Characteristics —55°C < Ty <125°C, V|=-10 V, lg =500 mA, C;=2.0 uF, Co=1.0 uF, unless

otherwise specified.

Symbol Characteristic Condition* Min TyJ Max Unit
Vo Output Voltage T, =25°C -4.8| -50| -5.2 A
VR LINE Line Regulation Tyj=25°C |-70 VKV <-25V 3.0 50 mv
20 VLV s-12V 1.0 25
VR LOAD Load Regulation Tyj=25°C (50 mA<Ip<15 A 15) 100 my
J ~ [250 mA<io <750 mA 50| 25
Vo Output Voltage T—B.o Vv s-20V -4.70 -5.30 \
50 mA<Ipg<10 A
p<i15 W
la Quiescent Current Ty=25°C 1.0 2.0J mA
Alg Quiescent Current —\with line | -80 VLV, <-25V 1.3 | mA
Change ,with joad | 5.0 MA<I5<10 A 05
No Noise Ta=25°C, 10 Hz <f<100 kHz 25| 80| wuV/Vg
AV\/AVg | Ripple Rejection f=2400 Hz, lo =350 mA, T;=25°C 54| 60 dB
Voo Dropout Voltage lo=1.0 A, T;=25°C 11 23 A
Iok Peak Output Current Ty=25°C 13} 21} 33 A
AVo/AT | Average Temperature Coefficient of | lo=5.0 mA, -55°C < Ty < 125°C 0.3 | mV/°C/Vp
Output Voitage
los Output Short Circuit Current Vy=-35V, T;=25°C 1.2 A
#A7905C

Electrical Characteristics 0°C <Tp < 125°C, V|=-10 V, lp =500 mA, C;=20 uF, Co= 1.0 uF, unless

otherwise specified.

Symbol Characteristic Condition! Min | Typ | Max | Unit
Vo Output Voltage Ty=25°C -48| -50| -52 \"
VR LINE Line Regulation T;=25°C |-70 V<V, <-25 V 30| 100| mv
-8O0 V<V, <-12V 10| 50
VR LOAD Load Regulation T;=25°C 5.0 MA<Ip<15 A 15| 100 mV
| 250 mA <lp <750 mA 5.0 50
Vo Output Voltage -70 VSV <-20 V, -4.75 -5.25 \
50 MA<Ip<10 A,
p<15 W |
la Quiescent Current T,=25°C 1.0 2.0 mA
Alg Quiescent Current |with line | -7.0 VSV|<-25 V 1.3 mA
Change .
with load | 50 mMA<Ip<1.0 A 0.5
No Noise Ta=25°C, 10 Hz <f< 100 kHz 125 uv
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UA7900 Series

#A7905C (Cont.)
Electrical Characteristics 0°C <Tp <125°C, V| =-10 V, 19 =500 mA, C;=2.0 uF, Co= 1.0 uF, unless
otherwise specified.

Symbol Characteristic Condition’ Min | Typ llllax } Unit
AVi/AVp | Rippte Rejection f=2400 Hz, Ip =350 mA, T;=25°C STL 60 DB
Voo Dropout Voltage lo=1.0 A, Ty=25°C EEES Y
lok Peak Output Current T;=25°C 21 A
AVp/AT | Average Temperature lo=5.0 mA, 0°C < Ty <125°C 0.4 mv/°C
Coefficient of Output Voltage
¢A7908
Electrical Characteristics —-55°C < T, <125°C, V|=-14 V, |o =500 mA, C,=2.0 uF, Co=1.0 pF, unless
otherwise specified.
Symbol Characteristic Condition? LMln | Typ | Max Unit
Vo Output Voltage T,=25°C | -77] -80] -83 v
VRune | Line Regutation Ty=25°C |-105 V<V, <-25 V | 60| 80| mv
| 11 VY <-17 vV 1 20| a0
VR ioap | Load Regulation T)=25°C |50 mA<Io<15 A 12| 100 mv
T 250 mA <lo <750 mA 40| 40
Vo Output Voltage -115 V<V, <-23V, -76 -8.4 \
50 MA<Ip<10 A,
p<15 W
[T} Quiescent Current Ty=25°C 1.0 2.0 mA
Alg Quiescent Current |with line |-11.5 VLV <-25V 1.0 mA
| Ghange with load | 50 mMA<lp<1.0 A 05
No | Noise Ta=25°C, 10 Hz <f<100 kHz i 25| 80| wV/Vo
AV/AVo | Ripple Rejection | =2400 Hz, V|=-13 V | s4| eo| | aB
lo =350 mA, T, =25°C
Vpo | Dropout Voltage lo=1.0 A, T, =25C 11| 23 v
Ik | Peak Output Current T, =25°C 13| 21| 33 A
AVo/ AT Average Temperature lo=5.0 mA, -55°C < Ta<125°C L 0.3 | mV/°C/Vgo
Coefficient of Output Voitage L
ios Output Short Circuit Current | Vi ~—35 V, Ty =25°C ] [ 12] A
HA7908C

Electrical Characteristics 0°C <Tp < 125°C, V|=-14 V, I =500 mA, C;=20 uF, Co=1.0 uF, unless
otherwise specified.

Symbol

L Characteristic

Condition*

Min

Tye |

Unit

Vo

Qutput Voltage

T,=25°C

-7.7

50

-8.3

v
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uAT7900 Series

nA7908C (Cont.)
Electrical Characteristics 0°C < Ty <125°C, V|=-14 V, |5 =500 mA, C,=2.0 uF, Co=1.0 uF, unless
otherwise specified.

Symbol Characteristic Condition! Min | Typ | Max Unit
Ve une | Line Regulation Ty=26°C |-105 V<V <-25 V | 60| 160 mv
VSV <17V 20| 80
VR LOAD Load Regulation T,)=25°C |50 mA<ip<15A 12| 160 mv
| 250 mA<lp <750 mA 40| 80
Vo Output Voltage -10.5 VLV)<-23 V, -7.6 -8.4 \
50 MA<In <10 A,
p<15 W
la Quiescent Current Ty =25°C 1.0 2.0 | mA
Alg Quiescent Current |with line | -10.5 V<V, <-25 V 1.0 mA
Change with load | 5.0 MA<Ip<10 A 0.5
No Noise Ta=25°C, 10 Hz <f<100 kHz 200 uv
AV)/AVp | Ripple Rejection f=2400 Hz, Vi=-13 V, 54 60 dB
lo =350 mA, T;=25°C
Vpo J Dropout Voltage lo=1.0 A, T;=25°C 1.1 \"
Iok F’eak Output Current Ty=25°C 21 A
AVo/AT | Average Temperature lo=15.0 mA, 0°C<Tpa<125°C 0.6 mv/°C
E}oeﬁicient of Output Voltage J
HA7912

Electrical Characteristics —55°C < Ty <125°C, V|=-19 V, Ip =500 mA, C;=2.0 uF, Co=1.0 uF, unless
otherwise specified.

Symbol Characteristic Condition’ Min | Typ MaxI Unit
Vo Output Voltage T, =25°C -115]-120[-125] v
VR LINE Line Regulation Ty=25°C P4.5 V<V <-30V 10 120 mv
-16 VSV, <-22V 3.0 60
VR LOAD Load Regulation Ty=25°C [5.0 mMA<ig<15 mA 12 r120 mvV
250 MA < 1o <750 mA 4.0 60
Vo Output Voltage -155 V<V <-27 V, 114 | —126 v
50 mMA<Io<1.0 A,
pP<15 W
R
la Quiescent Current Ty=25°C 1.5 3.0 mA
Alg Quiescent Current |with line | -15 V<V, <-30 V 1.0 mA
Change with load | 5.0 mA<Io <10 A 05
No Noise Ta=25°C, 10 Hz<f< 100 kHz 25 80 uv/Vo
AV\/AVg | Ripple Rejection f=2400 Hz, V)=~17 V, 54| 60 dB
lo =350 mA, T, =25°C ] J
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«A7900 Series

KA7912 (Cont.)
Electrical Characteristics -55°C << Ty <125°C, V|=-19 V, Io =500 mA, C;=2.0 uF, Co = 1.0 uF, unless
otherwise specified.

Symbol Characteristic 7 Condition’ Min LTyp Max Unit
Voo Dropout Voltage ]o =10 A T;=25°C L 1.1 2.3 Y
Iok Peak Output Current [ Ty=25°C 1.; 21 33 A
AVp/ AT Average Temperature LIO =5.0 mA, -55°C <Tp <150°C 0.3 | mV/°C/Vg
Coefficient of Output Voltage L
los Output Short Gircuit Current | Vi =-35 V, T, = 25°C 1.2 A
uA7912C
Electrical Characteristics 0°C << T, <125°C, V{=-19 V, lp =500 mA, C,=2.0 uF, Co=1.0 pF, unless
otherwise specified.
Symbol Characteristic 7 Condition! Min TTyp Max | Unit
Vo Output Voltage T, =25°C 115/ -120[-125] v
Va Une | Line Regulation T, = 25°C ’;14.5 V<V <-30 V 1 | 1] 240] mv
16 VLEY <22V
VR LOAD Load Regulation Tyj=25°C |50 mMA<Ip<15A
250 mA <15 <750 mA
Vo Output Voltage -145 V<V, <-27 V,
50 MA<Iig<10 A,
p<15 W
la Quiescent Current Ty=25°C
Alg Quiescent Current [with line | -145 V<V, <-30V
| Change Iwith load | 5.0 mA <o <1.0 A B
No | Noise Ta =25°C, 10 Hz <f<100 kHz 1
AV,/AVg 1 Ripple Rejection f=2400 Hz, V;=-17 V, 1 54l 60 dB
lo=2350 mA, T;=25C
Voo | Dropout Voltage lo=10 A, T;=25°C 11 v
lpk Peak Output Current Ty=25°C 2.1 A
AVo/AT | Average Temperature lo=5.0 mA, 0°C <Tp<125°C ] L 0.8 mvV/°C
Coefficient of Output Voltage |
Notes

1. All characteristics except noise voitage and rippie rejection ratio are measured using pulse techniques {tw < 10 ms, duty cycle < 5%). Output voltage changes due 1o
changes in internal temperature must be taken into account separately.

uA7915

Electrical Characteristics -55°C <Tp < 125°C, V|=-23 V, Ip =500 mA, G, =2.0 uF, Co=1.0 uF, unless
otherwise specified.

Symbol

Characteristic

Condition*

Typ

Max

Unit

Vo

Output Voltage

Ty=25°C

-14.4

-15.0

-15.6

\
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HA7900 Series

#A7915 (Cont.)
Electrical Characteristics -55°C <Tp <125°C, V|=-23 V, lp =500 mA, C;=2.0 uF, Co = 1.0 uF, unless
otherwise specified.

Symbol Characteristic Condition! Min Typ Max Unit
Vi UNE Line Regulation Ty=25°C |-175 VSV <-30 V 11 150 mvV
-20 VSV <-26 V 3.0 75
VA LoAD Load Regulation Ty=25°C |50 mMA<Ip<15A 12 150 mv
250 mA <Ilg <750 mA 4.0 75
Vo Output Voltage -185 V<V <-30 V, -14.25 ~15.75 \Y
50 MA<Ig<1.0 A,
p<15 W
la Quiescent Current Ty =25°C 1.5 3.0 mA
Alg Quiescent Current |with line | -185 V <V| <-30 V 1.0 mA
Change with load | 5.0 mA <lo <1.0 A 0.5
No Noise Ta=25°C, 10 Hz<f< 100 kHz 25 80 uw/Vo
AV|/AVg | Ripple Rejection f=2400 Hz, V\=-20 V, 54 60 dB
lo =350 mA, T;=25°C
Voo Dropout Voltage lo=1.0 A, Ty=25°C 11 23 \Y
lok Peak Output Current Ty=25°C 1.3 2.1 3.3 A
AVo/AT Average Temperature lo =5.0 mMA, -55°C < Ty <125°C 0.3 | mV/°C/Vg
Coefficient of Output Voltage
los Output Short Circuit Current Vi=-35V, T;=25°C 1.2 A
uA7915C
Electrical Characteristics 0°C < Ty <125°C, V|=-23 V, Ip =500 mA, C,=2 uF, Co=1 uF, unless otherwise
specified.
Symbol Characteristic Condition’ | Min | Typ | Max | Unit
Vo Output Voltage Ty=25°C -144 | -150| -156 Vv
VR LINE Line Regulation Ty=25°C |-175 V<V, <-30V 11 300 mV
-20 VSV, <-26 V 3.0 150
VR LoAD Load Regulation Ty=25°C |50 mMA<Ip<15 A 12 300 mv
250 ma<io <750 ma 40| 150
Vo Qutput Voltage -17.5 VSV, <-30 V, -14.25 -15.75 v
50 MA<Ip<1.0 A,
pP<15 W
la Quiescent Current Ty=25°C B 1.5 30| mA
Alg Quiescent Current |with line | -17.5 V<V, <-30 V 1.0 mA
Change N
with load | 5.0 mMA<Ip<1.0 A 0.5
No Noise Ta=25°C, 10 Hz<f< 100 kHz ] J 375 Y




nAT7900 Series

uA7915C (Cont.)

Electrical Characteristics 0°C < T <125°C, V;=-23 V, lo =500 mA, C,=2 uF, Cpo =1 uF, unless otherwise

specified.

Symbol Characteristic

Condition'

AV)/AVgp | Ripple Rejection

f=2400 Hz, v|=-20 V,
|0 =350 mA, TJ =25°C

Min Typ ]Jax LUnit
54 60 dB

]
Vpo Dropout Voltage

lo=10 A, Ty=25°C

v

lok Peak Output Current

T;=25°C

1.1
21| A

AVp/AT [Average Temperature

lo =50 mA, 0°C <Tp<125°C

Coefficient of Output Voltage L

1.0 L mv/°C

Notes

1. Ali 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.

Typical Performance Curves
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HA7900 Series

Typical Performance Curves (Cont.)

Quiescent Current vs

Ripple Rejection vs

Ripple Rejection vs

Temperature Frequency Output Voltages
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Design Considerations
) T X T Max
The uA7900 fixed voltage regulator series has thermal 032 If\)IIJac 03: 0JA
overload pr.otef:.tlon frorf\ excessive power d|§sup§§won, m.ter- Package °C/W °C/W °C/W oC/W
nal short circuit protection which limits the circuit’'s maxi- -
mum current, and output transistor safe-area compensation TO-3 3.5 5.5 40 35
for reducm_g thg qutput current as the voltage across the TO-220 3.0 5.0 60 40
pass transistor is increased.
T, ~-T T T,
Although the internal power dissipation is limited, the junc- PD Max = J Max = A J Max A
tion temperature must be kept below the maximum speci- Bic + Oca fia

fied temperature (150°C for uA7900, 125°C for uA7900C)
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:

6-
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Oca = Ocs + Osa (Without heat sink)

Solving for T
Ta=Ta+Pp (6yc + Oca) or
=Tp + Ppfya (Without heat sink)



MA7900 Series

Where
Ty = Junction Temperature
Ta = Ambient Temperature
Pp = Power Dissipation
8ja = Junction-to-Ambient Thermal Resistance
8c = Junction-to-Case Thermal Resistance
Oca = Case-to-Ambient Thermal Resistance
0cs = Case-to-Heat Sink Thermal Resistance
0sa = Heat Sink-to-Ambient Thermal Resistance

Typical Applications

Bypass capacitors are necessary for stable operation of
the nuA7900 series of regulators over the input voltage and
output current ranges. Output bypass capacitors will im-
prove the transient response of the regulator.

The bypass capacitors, (2.0 uF on the input, 1.0 uF on
the output) should be ceramic or solid tantalum which
have good high frequency characteristics. If aluminum elec-
trolytics are used, their values should be 10 uF or larger.
The bypass capacitors should be mounted with the short-
est leads, and if possible, directly across the regulator ter-
minals.

Fixed Output Regulator

Vo

Em uF

CRO3710F

Output Current HIGH, Foidback Current-Limited

v AN Vo
1& R1
4600
<
2N6121
== 1.0 uF
I

GRO3730F

Output Current HIGH, Short Circuit Protected

1.0 uF

||H

GRO3740F

Vi
RSC = ~BEQ2)
los
Operational Amplifier Supply (15 V at 1.0 A)
S ! uATB1S 2 ;:;"
1 +] 1N4001 OR
033 uF 73 Ja 7~°-‘ uF * EQUIVALENT
GND GND
1 + 1N4001 OR
ZR2.0 ufF R0 uF EQUIVALENT
-20V 3 2 -5V
M wAT9S our
CRO3750F
N —
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NI uA101A « uA201A « uA301A
— General Purpose
A Senlomostaer Gompany Operational Amplifiers
tinear Division Operational Amplifiers
Description Connection Diagram

The pA101A, pA201A, and pA301A are general purpose
monolithic operational amplifiers constructed using the
Fairchild Planar Epitaxial process. These integrated circuits
are intended for applications requiring low input offset volt-
age or low input offset current. The accuracy of long inter-
val integrators, timers, and sample-and-hold circuits is
improved due to the low drift and low bias currents of the
#A101A, pA201A, or pA301A. Frequency response may be
matched to the individual circuit need with one external
capacitor. The absence of latch up coupled with internal
short circuit protection make the yA101A, uA201A and
MA301A virtually foolproof.

® Low Offset Current And Voltage
® Low Offset Current Drift

® Low Bias Current

® Short Circuit Protected

® Low Power Consumption

Absolute Maximum Ratings
Storage Temperature Range
Metal Can
Molded DIP and SO-8
Operating Temperature Range
Extended (uA101AM)
Industrial (uA201AV)
Commercial (uA301AC)
Lead Temperature

-65°C to +175°C
-65°C to +150°C

-55°C to +125°C
-25°C to +85°C
0°C to +70°C

Metal Can (soldering, 60 s) 300°C
Molded DIP and SO-8
(soldering, 10 s) 265°C

Internal Power Dissipation’: 2

8L-Metal Can 1.00 W

8L-Molded DIP 0.93 W

SO-8 0.81 W
Supply Voltage

HA101A, pA201A x22V

HA301A 18 V
Differential Input Voltage +30 V
Input Voltage® +15 V
Output Short Gircuit Duration® Indefinite

Notes

1. Ty Max = 150°C for the Molded DIP and SO-8, and 175°C for the Metal
Can.

2. Ratings apply to ambient temperature at 25°C. Above this temperature,
derate the 8lL-Metal Can at 6.7 mW/°C, the BL-Molded DiP at
7.5 mW/°C and the SO-8 at 6.5 mW/°C.

3. For supply voltage less than *+15 V, the absolute maximum input
voltage is equal to the supply voltage.

4. Short circuit may be ground or either supply. uA101A and uA201A
ratings apply to +125°C case temperature or +75°C ambient
temperature. uAJ01A ratings apply for case temperatures to 70°C.

8-Lead Metal Package
(Top View)

CD00511F

Lead 4 connected to case.

Order Information

Device Code Package Code Package Description

uA101AHM 5W Metal
HA201AHV 5W Metal
©A301AHC 5W Metal

Connection Diagram
8-Lead DIP and SO-8 Package

(Top View)
~OFFSET NULL/| FREQ
FREQ COMP compP

+IN

+ OFFSET
NULL

COO00541F

Order Information

Device Code Package Code
uA301ASC KC
HA301ATC oT

Package Description

Moided Surface Mount
Molded DIP

7-3



tA101A  uA201A * uA301A

Equivalent Circuit

-OFFSET
NULL/ FREC
FREQ COMP comp

-iIN
LA™
+iIN a R12
500 (14
Q3 Q4
Q7
Q6 Q8 Q10 Q11
RS R6 R7
40 k(} 40 k1) 80 k{)
R8
1k
V-

+ OFFSET NULL
EQO0031F
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HA101A * uA201A * uA301A
uA101A, 1A201A and nA301A
Electrical Characteristics Tp = 25°C, +5.0 V< Vgc <*20 V for the uA101A and pA201A,
+50 V< Vg <*15 V for the puA301A, unless otherwise specified.
uA101A, uA201A uA301A
Symbol Characteristic Condition Min | Typ | Max | Min | Typ | Max Unit
Vio Input Offset Voltage Rg <50 k&2 0.7 2.0 2.0 7.5 mVv
lio Input Offset Current 1.5 10 3.0 50 nA
lig Input Bias Current 30 75 70 250 nA
Z, Input Impedance 1.5 4.0 05 2.0 MQ
lcc Supply Current Voc=120 V 1.8 3.0 mA
Veg=t15 V 18| 3.0
Avs Large Signal Voltage Gain | Vog=%15 V, 50 160 25 160 v/mV
Vo=t10V, R =2.0 kQ
The following specifications apply over the range of —55°C < T < +125°C for the uA101A, and -25°C < T < +85°C for
the pA201A, and 0°C << Ta < +70°C for the uA301A.
Vio Input Offset Voltage Rg <50 k2 3.0 10 mvV
AVio/AT | Input Offset Voltage Ta Min STa <Ta Max 6.0 15 6.0 30 | wV/°C
Temperature Sensitivity
ho Input Offset Current 20 70 nA
Alio/ AT | Input Offset Current 25°C < Tp <Ta Max 0.01 0.1 0.01 0.3 | nA/°C
Temperature Sensitivity Ta Min < Ta <25°C 002 | 02 002 | 06
g Input Bias Current 100 300 nA
lcc Supply Current Ta=Ta Max» Ycc =120 V 12 25 mA
CMR Common Mode Rejection Rg <50 k2 80 96 70 90 dB
Vir Input Voltage Range Veg=120 V +15 \
Voc=215 V 12
PSRR Power Supply Rejection Rg <50 k2 80 96 70 96 dB
Ratio
Avs Large Signal Voltage Gain | Vgc=+15 V, Vo=%10 V, 25 15 v/mv
R =2.0 kQ2
Vop Output Voltage Swing Vec=*15V |R =10 k&2 | 12 | %1 +12 | +14 \
RL=20kS: | +10 | = £10 | +13
__ |
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HA101A » uA201A * 4A301A

Typical Performance Curves
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uA101A * uA201A * uA301A

Typical Performance Curves for pA101A, uA201A, and pA301A (Cont)
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uA101A © uA201A * uA301A

Typical Performance Curves for uA101A, uA201A, and uA301A (Cont)
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Input Noise Voltage vs Frequency
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uA101A * uA201A * uA301A

Compensation Circuits (Note 2)

Single Pole Compensation
R2

AAA
VW

R1
- V) —AAA

VWA~

— Vo

CRO1280F

R4Cs

[
Ry + Ra
Ce=30 pF

Two Pole Compensation
A2

AAA
VVv

W 2 \
— V| —AAA -
atona 8 Vo

R3 g
3
+ V) —AAA—— ¢

CRO1ZBIF
R1Cs
I —
Ry + Rz

Cs =30 pF
Cp=10 Cq4

Feed Forward Compensation

IL
¥

R2

AAA
VWA

R1 2

vi V-

wA101A

R3

CRO1200F

Typical Applications (Note 2)

Fast Voltage Follower

6
4A1011A Vo
v c2
' * A T 300 pF
1 < R1

Power Bandwidth: 15 kHz
Slew Rate: 1 V/us

Inverting Amplifier With Balancing Circuit
R1 R2

ouT

R4
5.1 MQ

R3 I
5 Mo 1

AFOGTT(F

Voltage Comparator For Driving Or DTL Integrated
Circuits

AFQO72IF

Notes
1. May be zero or equal to parallel combination of R1 and R2 for

minimum offset.
2. All lead numbers shown refer to 8-lead metal package.
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HA101A * uA201A * uA301A
Typical Applications (Cont.) (Note 2)
Low Frequency Square Wave Generator Practical Differentiator
R1
1MQ
(Note 1) —» LOW IMPEDANCE
c17 out
A CLAMPED
R4 out
=2 ko 01,62V — Vo
02,82V
AFOO731F
Circuit For Operating Without A Negative Supply prooriE
‘- 1
° 2mR2C1
1 1
e ———— = ———
— 27R1C1  2mR2C2
T fe < fr < funity gain
Vo
+1!)V‘ i
AFOO750F
Notes
1. Adjust C; for frequency
2. All lead numbers shown refer to 8-lead metal package
L . __________________________ |
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A Schlumberger Company

tA101 « uA201
General Purpose
Operational Amplifiers

Linear Division Operational Amplifiers

Description

The pA101 and pA201 are general purpose monolithic op-
erational amplifiers constructed using the Fairchild Planar
Epitaxial process. They are intended for a wide range of
analog applications where tailoring of frequency character-
istics is desirable. The uA101 and uA201 compensate
easily with a single external component. High common
mode voltage range and absence of latch up make the
#A101 and pA201 ideal for use as voltage followers. The
high gain and wide range of operating voltages provide
superior performance in integrator, summing amplifier, and
general feedback applications. The pA101 and uA201 are
short circuit protected and have the same lead configura-
tion as the popular uA741, pA748 and uA709.

® Short Circuit Protection

e Offset Voltage Null Capability

e Large Common Mode And Differential Voltage
Ranges

® Low Power Consumption

® No Latch Up

Absolute Maximum Ratings

Storage Temperature Range
Metal Can
Molded DIP

Operating Temperature Ftange1
Extended (uA101M)
Commercial (41A201C)

Lead Temperature

-65°C to +175°C
-65°C to +150°C

-55°C to +125°C
0°C to +70°C

Metal Can (soldering, 60 s) 300°C

Molded DIP (soldering, 10 s) 265°C
Internal Power Dissipation®

8L-Metal Can 1.00 W

8L-Molded DIP 0.93 W
Supply Voltage t22V
Differential Input Voltage +30 V
Input Voltage® +15 V

Notes
1. Short circuit may be to ground or either supply. The pA101 ratings
apply to +125°C case temperature or +75°C ambient temperature. The
#A201 ratings apply to case temperatures up to +70°C.
. T4 Max = 150°C for the Molded DIP, and 175°C for the Metal Can.
3. Ratings apply to ambient temperature at 25°C. Above this temperature,
derate the 8L-Metal Can at 6.7 mW/°C, and the 8L-Molded DIP at
7.5 mw/°C.
4. For supply voltages less than +15 V, the absolute maximum input
voltage is equal to the supply voltage.

N

Connection Diagram
8-Lead Metal Package
(Top View)

CDOOS11F

Lead 4 connected to case.

Order Information

Device Code Package Code Package Description

MA101HM 5W Metal
HA201HC 5W Metal
Connection Diagram
8-Lead DIP
(Top View)
-OFFSET NULL/| FREQ
FREQ COMP COMP

-IN v+

+IN out

+OFFSET
NULL

CDO0SA1F

Order Information
Device Code Package Code

pA201TC oT

Package Description
Molded DIP




uA101 * 1A201

Equivalent Circuit

-OFFSET
NULL/ FREQ
FREQ COMP COMP
J v+
-IN "{2
+IN a
Q3 Q4
R11
250
-
ouT
pr—
Q7
Q8 Q8
Qs
RS R6 <A7
40 k)| 40 k(2 Seokn
S R3 < R8
> 10 k(! S
V-
+OFFSET NULL
EQUOC31F
| _
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uA101 ® uA201

#A101 and pA201
Electrical Characteristics Tp = 25°C, +5.0 V<\Voc<*20 V for uA101, and £5.0 V<Vgc<t15 V for
nA201, unless otherwise specified.

uA101 uA201
Symbol Characteristic Condition Min | Typ | Max | Min | Typ | Max Unit
Vio Input Offset Voltage Rg <50 k§2 10 5.0 2.0 7.5 mv
lio Input Offset Current 40 | 200 100 | 500 nA
Iis Input Bias Current 120 500 250 | 1500 nA
Z Input Impedance 300 800 100 400 k2
lcc Supply Current Vee=120 V 18 3.0 mA
Vec=%15 V 18| 30
Avs Large Signal Voltage Gain | Vog=t15 V, 50 160 20 150 V/mV
Vo=+10 V, R{ =20 kQ
The following specifications apply over the range of -55°C < Tp < +125°C for pA101, and 0°C <Tp < +70°C for uA201.
Vio Input Offset Voltage Rg <50 k2 6.0 10 mv
AV|o/AT | Input Offset Voltage Rs <50 3.0 6.0 uv/°C
Temperature Sensitivity Rs <50 k&2 6.0 10.0
o Input Offset Current Ta=Ta Min 10| 200 50| 400 nA
Ta=TaA Max 100 500 150 750
Alio/AT | Input Offset Current 25°C < Tp < Ta Max 0.01 0.1 0.01 0.3 | nA/°C
Temperature Sensitivity 'y © "7 "< o80C 002| 02 002| 06
s Input Bias Current 0.28 15 0.32 2.0 uA
Icc Supply Current Ta=125°C, Vgc =120 V 12 2.5 mA
CMR Common Mode Rejection | Rg <50 k2 70 90 65 90 dB
ViR Input Voltage Range Vee=*15V +12 +12 \
PSRR Power Supply Rejection Rg <50 k2 70 90 70 90 dB
Ratio
Avs Large Signal Voltage Gain | Vec=%15 V, Vo=*10 V, 25 15 v/mvV
RL>2.0 k&2
Vop Output Voltage Swing Vec=215V |R =10 k§2 | z12| =14 +12| 14 v
RL=2.0 k2 +10| %13 +10 | =13




FAIRCHILD
I

A Schlumberger Company

tA108/A « uA208/A » uA308/A
Super Beta
Operational Amplifiers

Linear Division Operational Amplifiers

Description

The uA108 Super Beta Operational Amplifier series is con-
structed using the Fairchild Planar Epitaxial process. High
input impedance, low noise, low input offsets, and low
temperature drifts are made possible through use of super
beta processing, making the device suitable for applica-
tions requiring high accuracy and low drift performance.
The pA108 series is specially selected for extremely low
offset voltage and drift, and high common mode rejection,
giving superior performance in applications where offset
nulling is undesirable. Increased slew rate without perfor-
mance compromise is available through use of feed for-
ward compensation techniques, maximizing performance in
high speed sample-and-hold circuits and precision high
speed summing amplifiers. The wide supply range and ex-
celient supply voltage rejection assure maximum flexibility
in voltage follower, summing, and general feedback appli-
cations.

® Guaranteed Low Input Offset Characteristics
® High Input Impedance

® Low Offget Current

® Low Bias Current

¢ Operation Over Wide Supply Range

Absolute Maximum Ratings
Storage Temperature Range
Metal Can
Molded DIP and SO-8
Operating Temperature Range
Extended (uA108AM, uA108M)
industrial (LA208AV, uA108V)
Commercial (UA308AC, HA308C)
Lead Temperature

-65°C to +175°C
-65°C to +150°C

-55°C to +125°C
-25°C to +85°C
0°C to +70°C

Metal Can (soldering, 60 s) 300°C
Molded DIP and SO-8
(soldering, 10 s) 265°C

Internal Power Dissipation" 2

8L-Metal Can 1.00 W

8L-Molded DIP 0.93 W

SO-8 081 W
Supply Voltage

HA108/A, HA208/A +20 V

#A308/A 18 V
Differential Input Current 3 +10 mA
Input Voltage® +15 V
Output Short Circuit Duration® Indefinite

Notes

1. Ty max = 150°C for the Moided DIP and SO-8, and 175°C for the Metal
Can.

2. Ratings apply to ambient temperature at 25°C. Above this temperature,
derate the 8L-Metal Can at 6.7 mW/°C, the 8L-Molded DIP at
7.5 mW/°C, and the SO-8 at 6.5 mwW/°C.

3. The inputs are shunted with back-to-back diodes for overvoltage
protection. Therefore, excessive current will flow if a differential input
voitage in excess of 1.0 V is applied between the inputs uniess
adequate limiting resistance is used.

Connection Diagram
8-Lead Metal Package
(Top View)

CDO00B11F

Lead 4 connected to case.

Order Information

Device Code Package Code Package Description

HA108HM 5W Metal
#A108AHM 5W Metal
HA208HV 5W Metal
HA208AHY 5W Metal
HA308HC 5W Metal
HA30BAHC 5W Metal

Connection Diagram
8-Lead DIP and SO-8 Package
(Top View)

CDO0621F

Order Information

Device Code Package Code Package Description

MA308SC KC Molded Surface Mount
HA308TC 9T Molded DIP
MA30BASC KC Molded Surface Mount
MA308ATC 9T Molded DIP

4. For supply voltages less than +15 V, the absolute maximum input
voltage is equal to the supply voitage.

5. Short circuit may be to either supply or ground. Rating applies to
operation up to the maximum operating temperature range.
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uA108/A * uA208/A * uA308/A

#A108/A and pA208/A
Electrical Characteristics +5.0 V<Vgc <+20 V, Tp = 25°C, unless otherwise specified.

HA108A #A108
nA208A uA208
Symbol Characteristic Condition Min Typ | Max Min Typ | Max Unit
Vio Input Offset Voltage 0.3 0.5 0.7 2.0 mv
lio Input Offset Current 0.05 0.2 0.05 0.2 nA
lig Input Bias Current 0.8 2.0 0.8 2.0 nA
2 Input Impedance 30 70 30 70 M
loc Supply Current Veg=120 V 03 06 03 0.6 mA
Avs Large Signal Voltage Veg=%15V, 80 300 50 300 v/mv
Gain Vo=%10 V, RL=10 Q
The following specifications apply over the range of —55°C < Tp < +125°C for the uA108/A, and -25°C < Tp < +85°C
for the pA208/A, unless otherwise specified.
Vio Input Offset Voltage 1.0 3.0 mvV
AVio/AT | Input Offset Voltage 1.0 5.0 3.0 156 | uv/°C
Temperature Sensitivity
lio Input Offset Current 0.4 0.4 nA
Alo/ AT Input Offset Current 0.5 25 0.5 2.5 | pA/°C
Temperature Sensitivity
Iis Input Bias Current 0.8 3.0 3.0 nA
lcc Supply Current Vog=%20 V, To=125°C 0.15 0.4 0.15 0.4 mA
CMR Common Mode 96 | 110 85 100 dB
Rejection
ViR Input Voltage Range Vec=2%15V +13.5 +13.5 \"
PSRR Power Supply Rejection Vogc=+5.0V to £20 V 96 | 110 80 96 dB
Ratio
Avs Large Signal Voltage Vec=%15V, 40 25 v/mV
. ~ >
Gain Vo=+10 V, R_ =10 Q4 |
Voe Output Voltage Swing Vec=*15V, RL=10 kﬂ £13 | 14 +13 | +14 v
nA308/A
Electrical Characteristics Ty = 25°C, £5.0 V<V <15 V, unless otherwise specified.
] HA308A 1A308
Symbol Characteristic Condition Min Typ | Max Min Typ | Max Unit
Vio Input Offset Voltage 0.3 0.5 2.0 7.5 mv
o Input Offset Current 0.2 1.0 0.2 1.0 nA
lis Input Bias Current 1& 7.0 15 7.0 nA
Z; Input Impedance 10 40 10 40 M2
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LA108/A * uA208/A * uA308/A

uA308/A (Cont.)
Electrical Characteristics Ty = 25°C, 5.0 V< Vcc <+ 15 V, unless otherwise specified.

HA308A uA308

Symbol Characteristic Condition Min Typ | Max Min Typ | Max Unit

lcc Supply Current Vec=t15 V 0.3 0.8 0.3 0.8 mA

Avs Large Signal Voltage Vee=+%15V, 80 | 300 25 | 300 V/mV
Gain Vo=+10V, RL =10 &

The following specifications apply over the range of 0°C < Tp <+70°C

Vio Input Offset Voltage 0.73 10 mV

AVio/AT | Input Offset Voltage 1.0 5.0 6.0 30 | pv/°C
Temperature Sensitivity

lio Input Offset Current 1.5 1.5 nA

Aljpo/ AT Input Offset Current 2.0 10 2.0 10 | pA/°C
Temperature Sensitivity

s Input Bias Current 10 10 nA

CMR Common Mode 96 | 110 80 | 100 dB
Rejection

ViR Input Voltage Range Vec=115V +13.5 +13.5 \

PSRR Power Supply Rejection Voc=%50V to +18 V 96 110 80 96 dB
Ratio

Avs Large Signal Voltage Vec=t15V, 60 15 v/mv
Gain Vo=2%10 V, R =10 k2

Vop Output Voitage Swing Voc=*15V, R. =10 k2 +13 | +14 13 | +14 \

Typical Performance Curves for A108 Series

Input Noise Voltage vs Frequency
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HA108/A * uA208/A * uA308/A

Typical Performance Curves for pA108 Series (Cont.)

Closed Loop Output Impedance vs Large Signal Frequency Voltage Follower Pulse
Frequency Response Response
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Typical Performance Curves for uA108/A, and uA208/A (Unless otherwise specified)
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uA108/A © uA208/A * uA308/A

Typical Performance Curves for uA308/A (Unless otherwise specified)

Input Current vs Temperature Maximum Offset Error (£A308) Maximum Drift Error (uA308)
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(1A108/A  uA208/A * uA308/A

Feed Forward Compensation
Higher Slew Rate and

Wider Bandwidth

Standard Feed Forward

R1

CRO1191F

Open Loop Frequency Response
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Feed Forward Compensation for Decoupling Load Capacitance

Rs > 10k 100 ko
N A M-
c2
10 pF (Note 1)
( —
n LAY
0.01,.F
R4
5000
AN out
CL
TT56F
to 0.01 xF

GRO1201F

Guarding

Extra care must be taken in the assembly of printed cir-
cuit boards to take full advantage of the low input cur-
rents of the uA108 amplifier. Boards must be thoroughly
cleaned with TCE or alcohol and blown dry with com-
pressed air. After cleaning, the boards should be coated
with epoxy or silicone rubber to prevent contamination.
Even with properly cleaned and coated boards, leakage
currents may cause trouble at 125°C, particularly since the
input leads are adjacent to leads that are at supply poten-
tials. This leakage can be significantly reduced by using
guarding to lower the voltage difference between the in-
puts and adjacent metal runs. input guarding of the 8-lead
TO-99 package is accomplished by using a 10-lead circle,
with the leads of the device formed so that the holes
adjacent to the inputs are empty when it is inserted in the
board. The guard, which is a conductive ring surrounding
the inputs, is connected to a low impedance point that is
at approximately the same voltage as the inputs. Leakage
currents from high voltage leads are then absorbed by the
guard.

The lead configuration of the dual-in-line package is de-
signed to facilitate guarding, since the leads adjacent to
the inputs are not used (this is different from the standard
nA741 and pA101A lead configuration).

Note
5x10°

1. Co>
2
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Inverting Amplifier Board Layout for Input Guarding
At Rz With Metal Package
N —AW vy COMPENSATION
~ N ve \'\
41 «A108 b— OuT \ /
v;v‘v Lo + QUTPUT \ T 8 1
= (3] L] .
‘5 2
CRO1211F
4 3
R=R;||R2 (must be low impedance) ,
Follower v-
GUARD
(Note 1)
R3 BOTTOM VIEW
VWA T - GRO1240F
»A108 — OUT
IN +
c1
CRO1221F
Non-Inverting Amplifier
R2
{Note 1)
w—O—"
#A108 — OUT
+
<Rl
c1
— IN
CRO1231F
Note

1. Use to compensate for large source resistances.
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LA124 « uA224 « 1A324 » 1A2902
Quad
Operational Amplifiers

Linear Division Operational Amplifiers

Description

The uA124 series of quad operational amplifiers consists
of four independent high gain, internally frequency com-
pensated operational amplifiers designed to operate from a
single power supply or dual power supplies over a wide
range of voltages. The common mode input range includes
the negative supply, thereby eliminating the necessity for
external biasing components in many applications. The out-
put voltage range also includes the negative power supply
voltage. They are constructed using the Fairchild Planar
Epitaxial process.

® Input Common Mode Voltage Range Includes Ground
Or Negative Supply

® Output Voltage Can Swing To Ground Or Negative
Supply

® Four Internally Compensated Operational Amplifiers
In A Single Package

® Wide Power Supply Range; Single Supply Of 3.0 V
to 30 V, Dual Supply of £1.5 V to *16 V

® Power Drain Suitable For Battery Operation

Absolute Maximum Ratings

Storage Temperature Range
Ceramic DIP
Molded DIP and SO-14

Operating Temperature Range
Extended (uA124M)
Automotive (1A2902V)
Industrial (1A224V)
Commercial (uA324C)

Lead Temperature

-65°C to +175°C
-65°C to +150°C

-55°C to +125°C
-40°C to +85°C
-25°C to +85°C
0°C to +70°C

Ceramic DIP (soldering, 60 s) 300°C
Molded DIP and SO-14
(soldering, 10 s) 265°C

Internal Power Dissipation" 2

14L-Ceramic DIP 1.36 W

14L-Molded DIP 1.04 W

SO-14 093 W
Supply Voltage Between V+ and V- 32 V
Differential Input Voltage® 32V
Input Voltage® -03V

(V=) to V+

Notes

1. Ty Max = 150°C for the Molded DIP and SO-14, and 175°C for the
Ceramic DIP.

2. Ratings apply to ambient temperature at 25°C. Above this temperature
derate the 14L-Ceramic DIP at 9.1 mW/°C, the 14L-Molded DIP at
8.3 mW/°C, and the SO-14 at 7.5 mw/°C.

3. The input common mode voltage or either input signal voltage should
not be allowed to go negative by more than 0.3 V. The upper end of
the common mode voltage range is Vgc— 1.5 V, but either or both
inputs can go to +32 V without damage (+26 V for uA2902).

4. Short circuits from the output to Vg can cause excessive heating and
eventual destruction. Destructive dissipation can result from simultaneous
shorts on all amplifiers.

Connection Diagram
14-Lead DIP and SO-14 Package

(Top View)
ouT A w outT o
N A qw _ﬁg AN D
+IN A E‘ +: +IN D
+IN BEET N §+mc
-IN a[; @g AN C
out 8[|

Order Information
Device Code Package Code

Package Description

uA124DM 6A Ceramic DIP
uA224DV BA Ceramic DIP
HA224PV 9A Molded DIP
MA324DC 6A Ceramic DIP
nA324PC 9A Molded DIP
nA324SC KD Molded Surface Mount
#A2902PV 9A Molded DIP




uA124 * yA224 * 1A324 * nA2902

Equivalent Circuit (1/4 of Circuit)

-IN

BIAS COMMON TO
ALL FOUR CHANNELS

L.{om 025>l
oz} ,"‘\/os

Gl [ .

pA124, uA224 and uA324
Electrical Characteristics Tp = 25°C, V+ =5.0 V, V- = GND, unless otherwise specified.

uA124/A224 1A324
Symbol Characteristic Condition Min | Typ | Max | Min | Typ | Max | Unit
Vio Input Offset Voltage V+ =50V to 30V 20 5.0 20 7.0 mv
Vem=0 V to (V-)-15V,
Vo=~1.4 V, Rg<50
llo Input Offset Current 3.0 30 5.0 50 nA
g Input Bias Current 45 150 45 | 250 nA
CMR Common Mode Rejection | Rg <10 k2 70 85 65 70 dB
Vir Input Voltage Range V+ =30V 0 28.5 0 28.5 \
PSRR Power Supply Rejection 65 100 65 100 dB
Ratio
los Output Short Circuit 40 60 40 60 mA
Current’
lo+ Output Source Current Vp=10V,V+ =15V 20 40 20 40 mA
lo- Output Sink Current Vp=-10V, V+ =15V 10 20 10 20 mA
Vip=-1.0 V, Vo =200 mV 12 50 12 50 HA
Avs Large Signal Voitage V+ =15V, R =20 k& 50 100 25 100 V/mV
Gain
Ccs Channel Separation 1.0 kHz <f< 20 kHz, -120 -120 dB
(Input Referenced )
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uA124  uA224 © uA324 * uA2902

uA124, uA224 and pA324 (Cont)
Electrical Characteristics Tp = 25°C, V+ =5.0 V, V- = GND, unless otherwise specified.

nA124/A224 uA324
Symbol Characteristic Condition Min ‘ Typ ‘ Max | Min ‘ Typ ‘ Max | Unit
The following specifications apply over the range of -55°C < Ty < +125°C for the uA124; —-25°C < Tp < +85°C for the
#A224; and the 0°C < Tp < +70°C for the uA324.
Vio Input Offset Voltage V+ =50Vt 30V, 7.0 9.0 mV
Vem=0VitoV-=20V,
Vo=1.4 V, Rg<50 Q2
AVio/AT | Input Offset Voltage 7.0 7.0 uv/°c
Temperature Sensitivity
lio Input Offset Current 100 150 nA
Alo/ AT Input Offset Current 10 10 pA/°C
Temperature Sensitivity
hs Input Bias Current 40 300 50 500 nA
lec Supply Current Vo=0V, RL=2 07 1.2 0.7 1.2 mA
V+ =30V, V=0V, 1.5 3.0 1.5 3.0
RL = oo
ViR Input Voltage Range V+ =30V 0 28 0 28 \
lo+ Output Source Current Vipo=+10V,V+ =15V 10 20 10 20 mA
lo- Output Sink Current Vip=-10V,V+ =15V 5.0 8.0 5.0 8.0 mA
Avs Large Signal Voltage V+ =15V, RL. =20 kQ 25 15 V/mvV
Gain
Vou Output Voltage HIGH V+ =30V, RL=10 kQ 27 28 27 28 \
V+ =30V, Rg=20 k&2 26 26
VoL Output Voltage LOW V+ =50V, RL=10 k& 50 20 5.0 20 mvV
uA2902
Electrical Characteristics Tp =25°C, V+ =50 V, V- = GND, unless otherwise specified.

Symbol Characteristic Condition Min Typ Max Unit
Vio Input Offset Voltage V+ =50V to 26 V, 2.0 7.0 mV
Vem=0 V to (V-)-15V,

Vo=1.4 V, Rg<50
o Input Offset Current 5.0 50 nA
Iig Input Bias Current 45 250 nA
CMR Common Mode Rejection Rg <10 k&2 50 70 dB
Vir Input Voltage Range Vec=26 V 0 24.5 A
PSRR Power Supply Rejection Ratio 50 100 dB
los Output Short Circuit Current’ 40 60 mA
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nA124 * yA224 * uA324 * uA2902

©A2902 (Cont.)
Electrical Characteristics Tp =25°C, V+ =5.0 V, V- = GND, unless otherwise specified.

Symbol Characteristic Condition Min Typ Max Unit
lo+ Output Source Current Vp=+10V,V+ =15V 20 40
mA
lo- Qutput Sink Current Vip=-10V,V+ =15V 10 20 mA
Ays Large Signal Voitage Gain V+ =15V, R =220 k2 15 100
cs Channel Separation 1.0 kHz << 20 kHz, -120
Input Referenced
The following specifications apply over the operating temperature range of —40°C <Tp < +85°C
Vio Input Offset Voltage V+ =50Vt 26V, 10 mvV
Vem=0VitoV-=20V,
Vo=1.4 V, Rg<50 Q2
AVio/ AT Input Offset Voltage 7.0 uv/°C
Temperature Sensitivity
lio Input Offset Current 45 200 nA
Alio/ AT Input Offset Current 10 pA/°C
Temperature Sensitivity
[ Input Bias Current 50 500 nA
lco Supply Current Vo=0V, Ri=>= 0.7 1.2 mA
V+ =26V, Vo=0V, R =c° 1.5 3.0 mA
ViR Input Voltage Range V+ =26V 0 24 \
lo+ Output Source Current Vp=+10V,V+ =15V 10 20 mA
lo- Output Sink Current Vp=-10V,V+ =15V 5.0 8.0 mA
Avs Large Signal Voltage Gain V+ =15V, R =2.0 k§2 15 100 V/mvV
Vou Output Voltage HIGH V+ =26V, RL=2.0 k2 22 \
V+ =26V, RL=10 k2 23 24
VoL Qutput Voltage LOW V+ =50V, RL=10 kQ 5.0 100 mv
Notes

1. Short circuits from the output to Vcc can cause excessive heating and
eventual destruction. Destructive dissipation can result from simultaneous
shorts on all amplifiers.
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Typical Performance Curves

Open Loop Frequency Response
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1A1458 « uA1558
Dual Internally Compensated
Operational Amplifiers

e ]
FAIRCHILD
]

A Schiumberger Company

Linear Division Operational Amplifiers

Description Connection Diagram
The uA1458, uA1558 are a monolithic pair of internally 8-Lead Metal Package
frequency compensated high performance amplifiers con- (Top View)

structed using the Fairchild Planar Epitaxial process. They
are intended for a wide range of analog applications
where board space or weight are important. High common
mode voltage range and absence of latch up make the
uA1458, uA1558 ideal for use as voltage followers. The
high gain and wide range of operating voltage provide su-
perior performance in integrator, summing amplifier and
general feedback applications.

The pA1458, uA1558 are short circuit protected and re-
quire no external components for frequency compensation.
The internal 6.0 db/octave roll off ensures stability in

closed loop applications. For single amplifier performance, Lead 4 connected to case.

see the uA741 data sheet.

The Fairchild uA1458, uA1558 slew rate has been im- Order Information

proved to 0.8/us typical. Device Code Package Code Package Description
nA1458HC 5W Metal

® No Frequency Compensation Required pA1458CHC 5W Metal

® Short Circuit Protection

A1558HM 5W Metal
® Large Common Mode And Differential Voltage #

Ranges . Connection Diagram
® Low Power Consumption 8-Lead DIP and SO-8 Package
® No Latch Up (Top View)

@ Mini-Dip Package

Absolute Maximum Ratings
Storage Temperature Range [ v-
Metal Can and Ceramic DIP -65°C to +175°C
Molded DIP and SO-8 -65°C to +150°C [ Jours
Operating Temperature Range ] -ws
Extended (uA1558M) -55°C to +125°C
Commercial (1A1458C) 0°C to +70°C +INB
Lead Temperature
Metal Can and Ceramic DIP P
(soldering, 60 s) 300°C
Molded DIP and SO-8 i
(soldering, 10 ) 265°C Order Information o
Internal Power Dissipation®: 2 Device Code Package Code Package Description
8L-Metal Can 1.00 W HA1458RC 53) Ceramic DIP
8L-Ceramic DIP 130 W #A1458SC KC Molded Surface Mount
8L-Molded DIP 093 W #A1458TC 9T Molded DIP
SO-8 081 W #A1458CRC 6T Ceramic DIP
Supply Voltage uA1458CTC o7 Molded DIP
uA1558 22 V pA1558RM 6T Ceramic DIP
MA1458 +18 V
Differential Input Voltage +30 V
Common Mode Input Swing® +15 V
Output Short Circuit Duration* Indefinite 8.7 mW/°C, the BL-Molded DIP at 7.5 mW/°C, and the SO-8 at
Notes 6.5 mw/°C.
1. Ty Max = 150°C for the Molded DIP and SO-8, and 175°C for the Metal 3. For supply voltages less than +15 V, the absolute maximum input
Can and Ceramic DIP. voltage is equal to the supply voltage.
2. Ratings apply to ambient temperature at 25°C. Above this temperature, 4. Short circuit may be to ground or either supply. Rating applies to
derate the 8L-Metal Can at 6.7 mW/°C, the BL-Ceramic DIP at +125°C case temperature or 70°C ambient temperature.

7-27



(A1458  uA1558

Equivalent Circuit (1/2 of Circuit)
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uA1458  uA1558

#A1458 and uA1458C
Electrical Characteristics Ty = 25°C, Voc = +15 V, unless otherwise specified.

uA1458 uA1458C
Symbol Characteristic Condition Min | Typ | Max | Min | Typ | Max Unit
Vio Input Offset Voltage Rg <10 k2 2.0 6.0 2.0 10 mV
o Input Offset Current 0.03 0.2 0.03 0.3 HA
s Input Bias Current 0.2 0.5 0.2 0.7 MA
Z Input Impedance 0.3 1.0 1.0 M2
lec Supply Current 2.3 5.6 2.3 8.0 mA
Pc Power Consumption Vo=0V 70 170 70 | 240 mwW
CMR Common Mode Rejection 70 90 60 90 dB
Vir Input Voltage Range +12 | £13 11 | £13 A
PSRR Power Supply Rejection Ratio | Rg <10 k2 30 150 30 uv/v
los Output Short Circuit Current 20 20 mA
Avs Large Signal Voltage Gain Vo=%10 V, R_=2.0 kf2 20 100 20 100 V/mV
Vop Output Voltage Swing R =10 k2 12 | +14 11 | £14 Vv
fc Unity Gain Crossover 11 1.1 MHz
Frequency

SR Slew Rate Ay=1.0 0.8 0.8 V/us
The following specifications apply for 0°C <Tp < +70°C

Vio Input Offset Voltage Rg <10 k2 7.5 12 mv
AV|o/ AT | Input Offset Voitage Rg=50 15 15 uv/°C

Temperature Sensitivity

o Input Offset Current 0.3 0.4 MA
I Input Bias Current 0.8 1.0 HA
Avs Large Signal Voltage Gain Vo=%10 V, R =20 k2 15 15 V/mv
Vop Output Voltage Swing RL=2.0 k§2 +10 | 13 +9.0 | +13 A
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uA1458 * uA1558

éﬁe::irsigal Characteristics Ty = 25°C, Voo =*15 V, unless otherwise specified.
uA1558

Symbol Characteristic Condition Min Typ Max Unit
Vio Input Offset Voltage Rs <10 k2 1.0 5.0 mV
lio Input Offset Current 0.03 0.2 HA
s Input Bias Current 0.2 0.5 MA
Z Input Impedance 0.3 1.0 M
lcc Supply Current 2.3 5.0 mA
Pc Power Consumption Vo=0V 70 150 mw
CMR Common Mode Rejection 70 90 dB
ViR Input Voltage Range 12 +13 v
PSRR Power Supply Rejection Ratio Rg <10 kQ2 30 150 uv/v
los Output Short Circuit Current 20 mA
Avs Large Signal Voltage Gain Vo=%10 V, R. =220 kQ 50 200 v/mvV
Vop Output Voltage Swing RL =10 kQ +12 14 \
fc Unity Gain Crossover Frequency 1.1 MHz
SR Slew Rate Ay=1.0 0.8 V/us
The following specifications apply for ~55°C < Tp < +125°C

Vio Input Offset Voltage Rg <10 k&2 6.0 mvV
AVio/AT | Input Offset Voltage Temperature Rg =50 15 uv/ec

Sensitivity

ho Input Offset Current 0.5 MA
g Input Bias Current 15 MA
Avs Large Signal Voltage Gain Vo=+10 V, R_=2.0 k2 25 v/mv
Vop Output Voltage Swing RL=2.0 kQ +10 +13 \
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Typical Performance Curves Tp = 25°C, Vo =115 V, unless otherwise specified

Voltage Gain vs Power Bandwidth (Large Signal Output Voitage Swing vs
Supply Voltage Swing vs Frequency) Load Resistance
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Typical Applications
High Impedance, High Gain Inverting Amplifier Quadrature Oscillator
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21 = 200 M0 190k0 S ¥ e | 172 uA1sS8
LN S5V g0 k0 &R
| 1% 3190 Kkt
= 1 1%
aro01%0 <
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1A1458 * uA1558

Typical Applications (Cont.)

Compressor/Expander Amplifiers

R D1
R2
10 kQ
AA
RS
R ps 1k0
AAA
4 VWA
% +i5y R D2 A8V U
R
1 KO COMPRESSOR EXPANDER R4
COMPRESSOR out IN 10 k0
IN 7 b e e —— — > VA EXPANDER
4A1558 12 our
Re ~ pA1SSe
wknd BV 1k0
- R D4 =
COMPRESSOR EXPANDER
AFO0211F
Notes
Maximum compression expansion ratio = R4/R {10 k2> R > 0)
Diodes D1 through D4 are matched FD6666 or equivalent
Analog Multiplier
+15 V
AMPLIFIER
CURRENT SOURCE AN R14
1N2638 : 25.8 k0
1% 1%
R2 _L—K— (NOTE 1)
20 k(t = Tan a1z AAA-
1% <
y 12Kk0 < sV
1% 1 9 1%
b—e- EQ
MULTIPLER S7112 uA1588
g:—f a1 OR a2 i
HATZS 1%
R17
100 0
R10 RY R8 R7
150 k(2 200 =T 200 150 ke
asv ZERO ADJUST sV

Note
1. Matched to 0.1%
Eg =100 EjyxEpp

AF00220F
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1A148 « uA248 » uA348
Quad
Operational Amplifiers

Linear Division Operational Amplifiers

Description

The pA148 series is a true quad pA741. It consists of
four independent, high gain, internally frequency compen-
sated, low power operational amplifiers which have been
designed to provide functional characteristics identical to
those of the familiar uA741 operational amplifier. In addi-
tion, the total supply current for all four amplifiers is com-
parable to the supply current of a single pA741 type

operational ampilifier.

Other features include input offset currents and input bias
currents which are much less than those of a standard
uA741. Also, excellent isolation between ampilifiers has
been achieved by independently biasing each amplifier and
using layout techniques which minimize thermal coupling.

® uA741 Op Amp Operating Characteristics

® Low Supply Current Drain

® Class AB Output Stage — No Crossover Distortion
¢ Lead Compatible With The uA324 & uA3403

® Low Input Offset Voltage — 1.0 mV Typically

® Low Input Offset Current— 4.0 nA Typically

¢ Low Input Bias Current— 30 nA Typically

® Gain Bandwidth Product For A148 (Unity Gain) —

1.0 MHz Typically

® High Degree Of Isolation Between Amplifiers —

120 dB Typically

® Overload Protection For Inputs And Outputs

Absolute Maximum Ratings

Storage Temperature Range
Ceramic DIP
Molded DIP

Operating Temperature Range
Extended (uA148M)
Industrial (1A248V)
Commercial (4A348C)

Lead Temperature
Ceramic DIP (soldering, 60 s)
Molded DIP (soldering, 10 s)

internal Power Dissipation®
141.-Moided DIP
14L-Ceramic DIP

Supply Voltage
HA148
uA248, nA348

Differential Input Voltage
uA148
wA248, uA348

Input Voltage
uA148
uA248, uA348

Output Short Circuit Duration®

-65°C to +175°C
-65°C to +150°C

-55°C to +125°C
-25°C to +85°C
0°C to +70°C

300°C
265°C

+18 V
Indefinite
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Connection Diagram

14-Lead DIP
ouT A E1 e [ Jouro
2 13
AN A Eﬁ j -IND
3 U2
wn a[] <]{+:] +N D
0

(Top View)
v+ E
5

4IN a|:5'f N :9]+mc
v @a]—mc

7
our 8[|

Order Information

Device Code Package Code Package Description

uA148DM 6A Ceramic DIP
uA248DV 6A Ceramic DIP
uA248PV 9A Molded DIP
uA348DC B6A Ceramic DIP
HA348PC 9A Molded DIP
Notes

1. T, max = 150°C for the Molded DIP, and 175°C for the Ceramic DIP.

2. Ratings apply to ambient temperature at 25°C. Above this temperature,
derate the 14-Lead Molded DIP at 8.3 mW/°C, and the 14-Lead
Ceramic DIP at 9.1 mw/°C.

3. Any of the amplifier outputs can be shorted to ground indefinitely;
however, more than one should not be simultaneously shorted as the
maximum junction temperature will be exceeded.




1A148 * uA248 * 1A348

Equivalent Circuit (1/4 of Circuit)

PO — — V+
100
as Q13
Ko
1 Q15 b
:; R6
+IN Q1 02 -IN >18 0
a1 g1 |
Q3 a4 3 "\/219 1
) p— OUuT
R10S
'—m)zﬁ 58 K ‘:F r
ct < R?
1
.j* { NG $ao
D1D I
[ b an
a7 SRS

150 K0 ve a
M- Q20
1K0 N
VG o <

.__‘\/217
\‘ V
oizl y l\fe < R®
Se4 K0
Q10 Qi1 Qg\AL
S A3
$50Kn L
R4 <R8 < R2
34K0 1000 924 M0k a
- & V-

D = CROSSUNDER

EQO0061F
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uA148 * uA248 * uA348

uA148

Electrical Characteristics Tp = 25°C, Vo = £ 15 V, unless otherwise specified.

DC Characteristics

Symbol Characteristic Condition Min Typ Max Unit
Vio Input Offset Voltage Rg <10 kQ 1.0 5.0 mv
o Input Offset Current 4 25 nA
lig Input Bias Current 30 100 nA
2, Input Impedance 0.8 25 MQ
lec Supply Current (Total) 2.4 3.6 mA
los Output Short Circuit Current 25 mA
Avs Large Signal Voltage Gain Vo=%10 V, R 220 kQ2 50 160 v/mv
Cs Channel Separation 1.0 Hz<f< 20 kHz -120 dB
(Input Referred)
The following specifications apply over the range of —-55°C < T4 < +125°C.
Vio Input Offset Voltage Rg <10 k2 6.0 mvV
lio Input Offset Current 75 nA
s Input Bias Current 325 nA
CMR Common Mode Rejection Rg <10 kQ 70 90 dB
ViR Input Voltage Range +12 \
PSRR Power Supply Rejection Rg <10 kQ 77 96 dB
Ratio
Avs Large Signal Voltage Gain Vo=%10 V, R =20 k2 25 V/mV
Vop Output Voltage Swing RL =10 k& 12 +13 \
RL=2.0 k2 +10 £12
AC Characteristics
BW Bandwidth 1.0 MHz
13 Phase Margin Ay =10 60 degrees
SR Slew Rate Ay=1.0 0.5 V/us
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HMA148 ® uA248 * uA348

uA248

Electrical Characteristics Tp = 25°C, Voo = +15 V, unless otherwise specified.

DC Characteristics

Symbol Characteristic Condition Min Typ Max Unit
Vio Input Offset Voltage Rs <10 k2 1.0 6.0 mv
lio Input Offset Current 4 50 nA
g Input Bias Current 30 200 nA
Z Input Impedance 0.8 25 M2
Icc Supply Current (Total) 24 4.5 mA
los Qutput Short Circuit Current 25 mA
Ays Large Signal Voltage Gain Vo=%10 V, R =2.0 k2 25 160 vV/mvV
Ccs Channel Separation 1.0 Hz<f<20 kHz -120 dB
(Input Referred)
The foliowing specifications apply over the range of —-25°C <Tp < +85°C.
Vio Input Offset Voltage Rs <10 k2 75| mv
lio Input Offset Current 125 nA
g Input Bias Current 500 nA
CMR Common Mode Rejection Rg <10 k2 70 90 dB
ViR Input Voltage Range +12 \
PSRR Power Supply Rejection Rg <10 k§2 77 96 dB
Ratio
Avs Large Signal Voltage Gain Vo=1%10 V, R 220 k& 15 v/mv
Vop Output Voltage Swing RL =10 kQ +12 +13 \
RL=2.0 k2 £10 +12
AC Characteristics
BW Bandwidth 1.0 MHz
[] Phase Margin Ay =1.0 60 degrees
SR Slew Rate Ay=1.0 0.5 V/us
I I
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uA148 ¢ uA248 * uA348

uA348

Electrical Characteristics Ta = 25°C, Voo = 15 V, unless otherwise specified.

DC Characterisitcs

Condition

Symbol Characteristic Min Typ Max Unit
Vio Input Offset Voltage Rs <10 k2 N 1.0 6.0 mv
ho L Input Offset Current 4 55—1 nA
1T} fnput Bias Current 30 200
Z Input Impedance - B & 25
lco Supply Current (Total) | L 24 4.5
los Qutput Short Circuit Current ] 25
Ays Large Signal VoEage Gain Vo=%10 V, R 220 k2 25 160 V/mv
cs Channel Separation 1.0 Hz <f <20 kHz -120 o dB
(Input Referred)
The following specifications apply over the range of 0°C < Tp < +70°C.
Vio Input Offset Voltage Rg <10 k§2 7.5 my
ho Input Offset Current 100 nA
s Input Bias Current 400 nA
CMR Common Mode Rejection Rg <10 k&2 70 90 dB
Vin input Voltage Range
PSRR Power Supply Rejection Rg <10 kQ
Ratio

Ays Large Signal Voltage Gain Vo=%+10 V, R. =20 kS
Vop o Output Voltage Swing R =10 k&2

| RL= 2.(LKQ

AC Characteristics

Bandwidth

Siew Rate

Phase Margin

MHz

degrees
V/us

L
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1A148 ® uA248 * uA348

Typical Performance Curves

Positive Common Mode Input
Voltage Limit vs Supply Voltage
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Negative Common Mode Input
Voltage Limit vs Supply Voltage
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1A148 * uA248 * 1A348

Typical Performance Curves (Cont.)

Output Voltage vs Output Volitage vs Output Impedance vs
Source Current Sink Current Frequency
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A Schlumberger Company

1A3303 * uA3403 » uA3503
Quad
Operational Amplifiers

Linear Division Operational Amplifiers

Description

The pA3303, pA3403, and pA3503 are monolithic quad
operational amplifiers consisting of four independent high
gain, internally frequency compensated, operational amplifi-
ers designed to operate from a single power supply or
dual power supplies over a wide range of voltages. The
common mode input range includes the negative supply,
thereby eliminating the necessity for external biasing com-
ponents in many applications. They are constructed using
the Fairchild Planar Epitaxial process.

® Input Common Mode Volitage Range Includes Ground
Or Negative Supply

® Output Voitage Can Swing To Ground Or Negative
Supply

® Four Internally Compensated Operational Amplifiers
In A Single Package

® Wide Power Supply Range Single Supply Of 3.0 V
To 36 V Dual Supply Of 1.5 To £18 V

® Class AB Output Stage For Minimal Crossover
Distortion

® Short Circuit Protected Outputs

Connection Diagram
14-Lead DIP and SO-14 Package

(Top View)

1 14

our a[] ouT D
2 12

-IN AE; -IN D
3 m

+n Al HN D
0 11

v+ D j v-

L

+IN BU:t
AN 5E7 =
out s

Order Information

Device Code Package Code Package Description

® High Open Loop Gain 200K Typically uA3303DV 6A Ceramic DIP
o uA741 Operational Amplifier Type Performance RA3303PV SA Molded DIP
HA3403DC 6A Ceramic DIP
Absolute Maximum Ratings MA3403PC 9A Molded DIP
Storage Temperature Range uA3403SC KD Molded Surface Mount
Ceramic DIP -65°C to +175°C #A3503DM 6A Ceramic DIP
Molded DIP and SO-14 -65°C to +150°C
Operating Temperature Range
Extended (uA3503M) ~55°C to +125°C
Industrial {(tA3303V) -40°C to +85°C
Commercial (uA3403C) 0°C to +70°C
Lead Temperature
Ceramic DIP (soldering, 60 s) 300°C
Molded DIP and SO-14
(soldering, 10 s) 265°C
Internal Power Disisipation™: 2
14L-Ceramic DIP 1.36 W
14L-Molded DIP 1.04 W
SO-14 093 W
Supply Voltage Between V+ and V- 36 V
Differential Input Voltage® +30 V
Input Voltage (V- 1)3 ~03 V (V=) to V+
Notes
1. Ty max = 150°C for the Molded DIP and SO-14, and 175°C for the
Ceramic DIP.
2. Ratings apply to ambient temperature at 25°C. Above this temperature,
derate the 14L-Ceramic DIP at 9.1 mW/°C, the 14L-Molded DIP at
8.3 mW/°C, and the SO-14 at 7.5 mW/°C.
3. For supply voltage less than 30 V between V+ and V-, the absolute
maximum input voltage is equal to the supply voltage.
_
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1A3303 * A3403 * uA3503

Equivalent Circuit (1/4 of Circuit)
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MA3303 ® uA3403 * uA3503
#A3303 and pA3403
Electrical Characteristics Tp = 25°C, Vg =+ 15 V, unless otherwise specified.
uA3303 UA3403
Symbol Characteristic Condition Min Typ | Max Min Typ | Max Unit
Vio Input Offset Voltage 2.0 8.0 2.0 8.0] mv
o Input Offset Current 30 75 30 50 nA
lig Input Bias Current 200/ 500 200) 500 nA
Z Input Impedance 0.3 1.0 0.3 1.0 MQ
lcc Supply Current Vo=0V, R = 2.8 7.0 2.8 70 mA
CMR Common Mode Rejection Rs <10 k2 70 90 70 90 dB
Vir Input Voltage Range +12| +12.5 +13] +18.5 Vv
to to to to
V- V- V- V-
PSRR Power Supply Rejection 30 150 30 150| uv/v
Ratio
los Output Short Circuit Current +10 +30| *45 +10 +30| *45| mA
(Per Ampilifier)’
Avs Large Signal Voltage Gain |Vo=%10V, 20 200 20 200 V/mvV
RL=2.0 kQ
Vop Output Voltage Swing R =10 kQ 12 12,5 12| +135 A
R =20 k2 +10 12 +10 +13
TR Transient Rise time/ |Vo =50 mV, 03 0.3 us
Response Fall time |Ay=1.0, R_=10 kQ
Overshoot |Vg =50 mV, 5.0 5.0 %
Ay=1.0, R_=10 kQ
BW Bandwidth Vo =50 mv, 1.0 1.0 MHz
Ay =10, R_=10 kQ
SR Slew Rate Vi=-10 Vio +10 V, 0.6 0.6 V/us
Ay =10
The following specifications apply for —40°C < T < +85°C for the pA3303, and 0°C <Tp < +70°C for the uA3403.
Vio Input Offset Voltage 10 10| mv
AVo/ AT |Input Offset Voltage 10 10 uv/°Cc
Temperature Sensitivity
lio Input Offset Current 250 200 nA
Alo/AT |input Offset Current 50 50 pA/°C
Temperature Sensitivity
lig Input Bias Current 1000 800 nA
Avs Large Signal Voltage Gain |(Vo=110V, 15 15 V/mV
R =20 k2
Vop Output Voltage Swing Ry = 2.0 k§2 +10 10 \
- _ _ N I
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uA3303 ® 4A3403 * uA3503

#A3303 and pA3403 (Cont.)
Electrical Characteristics Ty =25°C, V+ =5.0 V, V- = Gnd, unless otherwise specified.

©A3303 1A3403
Symbol Characteristic Condition Min Typ Max Min Typ Max Unit
Vio Input Offset Voltage 8.0 2.0 8.0 mvV
lio Input Offset Current 75 30 50 nA
Iig Input Bias Current 500 200 500 nA
Icc Supply Current 2.5 7.0 2.5 7.0 mA
PSRR Power Supply Rejection 150 150 uv/v
Ratio
Ays Large Signal Voltage Gain |R_>2.0 k2 20 200 20 200 V/mv
Vop Output Voltage Swing? R_ =10 kQ 3.3 3.3 v
50 V<V+ <30V, (V+) (v+)
R =10 k2 -20 -2.0
Cs Channel Separation 1.0 Hz < <20 kHz -120 -120 dB
(Input Referenced)
uA3503
Electrical Characteristics Ty = 25°C, Voo =+15 V, unless otherwise specified.
uA3503
Symbol Characteristic Condition Min Typ Max Unit
Vio Input Offset Voltage 2.0 5.0 mV
o Input Offset Current 30 50 nA
lig Input Bias Current 200 500 nA
4 Input Impedance 0.3 1.0 M
lcc Supply Current Vo=0, RL== 2.8 4.0 mA
CMR Common Mode Rejection Rs <10 k&2 70 90 dB
VIR Input Voltage Range +13 | +135 \"
to to
V- V-
PSRR Power Supply Rejection Ratio 30 150 uv/v
los Output Short Circuit Current +10 +30 +45 mA
(Per Amplifier)’
Avs Large Signal Voltage Gain Vo=110 V, RL.=22.0 k2 50 200 V/mV
Vop Output Voltage Swing RL =10 k& 2 | 135 \
RL =2.0 k2 + +13
TR Transient Rise time Vo =50 mV, Ay=1.0, R =10 k§2 0.3 us
Response Overshoot | Vo =50 mV, Ay =1.0, R = 10 k{2 5.0 %
BW Bandwidth Vo =50 mV, Ay =1.0, R, = 10 k§2 1.0 MHz
SR Slew Rate Vi=-10 V to +10 V, Ay =1.0 0.6 V/us
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HA3303 © uA3403 * uA3503

E::ii?igal Characteristics —55°C << Tp < +125°C, Voo =15 V, unless otherwise specified.
MA3503
Symbol Characteristic Condition Min Typ Max Unit
Vio Input Offset Voltage 6.0 mv
AV o/ AT Input Offset Voltage 10 uv/°Cc
Temperature Sensitivity
lio Input Offset Current 200 nA
Alio/ AT Input Offset Current 50 pA/°C
Temperature Sensitivity
Iig Input Bias Current 1200 nA
Ays Large Signal Voltage Gain Vo=+10 V, R_=2.0 k2 25 V/mV
Vop Output Voltage Swing RL=2.0 k2 10 \
The following specifications apply for Ta =25°C, V+ =+5.0 V, V- = GND.
Vio Input Offset Voltage 20 5.0 mvV
lio Input Offset Current 30 50 nA
lis Input Bias Current 200 500 nA
loc Supply Current 2.5 4.0 mA
PSRR Power Supply Rejection 150 uv/v
Ratio
Ays Large Signal Voltage Gain R =20 k2 20 200 v/mv
Vop Output Voltage Swing? RL=10 kQ 3.3 v
50 VEV+ <30V, RL=10 k& (V+)
-2.0
Ccs Channel Separation 1.0 Hz <f<<20 kHz (Input Referenced) -120 dB

Notes
1. Not to exceed maximum package power dissipation.
2. Output will swing to ground.
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uA3303 ® uA3403 * uA3503

Typical Performance Curves

Open Loop Frequency Response
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#A3303 * uA3403 * 1A3503

Typical Applications

Multiple Feedback Bandpass Filter

~c 2R3
<P
V) —AA- [—- -
R1 c2 R2 ,A3403 —
—

+
Vaer I_"o uF

AFO03TIF

fo = center frequency

BW = Bandwidth
R in k2
Cin uF

f
Q=—2<10
BW

Q
Ci=C2=—
3

R1-=R2-1 ] Use scaling factors in these expressions,
A3 = 9Q%- 1 9 factors ¥ P i

If source impedance is high or varies, filter may be preceded with

voltage follower buffer to stabilize filter parameters.

Design example:

Wein Bridge Oscillator

S0 kil
Vo
10 ki
VREF VWA 1/4
0:
&ASJ
1
= — = c
Vaer 7 " WA—— ¢
M 1T
>
RY =c
AFO0I21F
to= for =1 kHz
2mRC - R- 16 kQ
C=001 uF

Comparator With Hysteresis

R2 HYSTERESIS

VoM
R1 I |
VREF 1" 1/4 T
A3403, —Vo |Vo |

Vi -
Voo |
viL  {ViH
VREF

AF00330F

R1
ViL= ———— (VoL - Vrer) + Vi
L A2 (VoL - Vrer) + Vrer

given: Q =5, f,=1 kHz R1
Let R1=R2 =10 k2 o
then R3 = 9(5)2 - 10 1
Vig=——— (Vou - +V
R3 =215 kQ L (Vou - VRer) + VRer
5
=-=16 nF R1
H=——— (Vou -V
: A1+ Rz (VoH™VoU
I - ———
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1A3303 * uA3403 * uA3503
Typical Applications (Cont.)
High Impedance Differential Amplifier AC Coupled Inverting Amplifier
Ag Rt
100 k)
("2 A2 —AAA—
] :‘t; ki
b ¥/
° {E—w /4 o
A1 + (2A3403,
v Ry RL
A2 | 6.2kQ 10 k(2
R3 = 100k R
R4 V+— WA A— — = =
ct Lr _L 7
10 uF
L 0 2 Voo
e oS _Dvﬂ_ omp
v2 -T_

< R7 AFO0350F
A Rf
L VR

AF00340F Ay = 10 (as shown)

Vout =C{1 +a +b){(V2-Vv1)
Voltage Reference

R2_R6
— =— for best CMRR v
R5 R7 N
V-
R1=R4 -
= R2
R2=RS 10 k2
- vo
R6 2R1
Gan=— |1+—— |=C{(1+a+bh)
R5 R3 1 =
10 k1
AC Coupled Non-Inverting Amplifier
Al R2 =
100 k2 1 MO AFo0280F
| R1 V+
Vo=——| =—— as shown
R1+R2 2
Vi ! v
=—V+
072

Ground Referencing A
Differential Input Signal

Ay =11 (as shown)

1 1M

AF00370F
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1A3303 ® uA3403 * uA3503

Typical Applications (Cont.)

Voltage Controlled Oscillator

0.05 xF
IL
A1 "
100 kS
(:u:c-?s 1) T M s1ki e
A340;
AN & 10 kn
SR2 v+/2 -4
<
,[ §0 k02
< ~ N
351k AN
JL E ' 10 k2
Function Generator
TRIANGLE WAVE R2
1
VRef = 3 Vee 300 ki)
VRer

o

ouT 1

S

ouT 2

AF00301F

———AAN————¢—SQUARE WAVE

ouTt

M
Ry
(NOTE 2)

Pulse Generator

Note
1. Wide Control Voltage Range:
OVEVeo<2 (V+-15 V)

R1+R2 R2R1
= it R3 =
4CR{R1 R2 + R1
.

VREF

AF00810F

AFO0401F
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1A3303 * £A3403 * uA3503

Typical Applications (Cont.)

Bi-Quad Filter

R
A
VWA~
[
AMA— c 100k
i A
Iy i€ VWA
|c\
c1 A2 Byde - 0 ket
V) AAA - W 1/4 100 k(
1t AR 1/4 A340: —AAA Y%
43403 lsanNDPASS—] % 4 3403
- ouT |_ -
-
VAer 7
VREF L R3 VREF
2R1
R2
ANAY - c1
43403 —l—notcH our
£
VREF
AFo0s2iF
BW
fD
where

Tgp = Center Frequency Gain
Tn = Bandpass Notch Gain

1 1
fo= par VREF = EVcc
Ri =OR

R1
R2=—

Tae

A3 = TyR2

C1=10C
Example:

fo = 1000 Hz

BW =100 Hz

Tap =

Ty =

R =160 k2

R1=1.6 MQ

R2=16 MQ

R3=1.6 MQ2

C=0.001 uF
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I
FAIRCHILD
————

A Schiumberger Company

1A4136
Quad
Operational Amplifier

Linear Products Operational Ampiifiers

Description

The ©A4136 Monolithic Quad Operational Amplifier consists
of four independent high gain, internally frequency com-
pensated operational amplifiers. The specifically designed
low noise input transistors allow the $A4136 to be used in
low noise signal processing applications such as audio
preamplifiers and signal conditioners. It is constructed us-
ing the Fairchild Planar Epitaxial process. The simplified
output stage completely eliminates crossover distortion un-
der any load conditions, has large source and sink capaci-
ty, and is short circuit protected. A novel current source
stabilizes output parameters over a wide power supply
voltage range.

¢ Unity Gain Bandwidth — 3.0 MHz Typically

® Continuous Short Circuit Protection

® No Frequency Compensation Required

® No Latch Up

® Large Common Mode and Differential Voltage
Ranges

® uA741 Operational Amplifier Type Performance

® Parameter Tracking Over Temperature Range

® Gain and Phase Match Between Amplifiers

Absolute Maximum Ratings
Storage Temperature Range
Ceramic DIP
Molded DIP and SO-14
Operating Temperature Range
Lead Temperature

-65°C to +175°C
-65°C to +150°C
0°C to +70°C

Ceramic DIP (soldering, 60 s} 300°C
Molded DIP and SO-14
(soldering, 10 s) 265°C

Internal Power Disisipation® 2

14L-Ceramic DIP 1.36 W

14L-Molded DIP 1.04 W

S0-14 093 W
Supply Voltage +18 V
Differential Input Voitage® +30 V
Input Voltage' £15 V
Output Short Circuit Duration? Indefinite

Notes

1. T4 Max = 150°C for the Molded DIP and SO-14, and 175°C for the

Ceramic DIP.

Rating apply to ambient temperature at 25°C. Above this temperature,

derate the 14L-Ceramic DIP at 9.1 mW/°C, the 14L-Molded DIP at 8.3

mW/°C, and the SO-14 at 7.5 mW/°C.

. For supply voltage less than * 15 V, the absolute maximum input
voltage is equal to the supply voltage.

. Short circuit may be to ground, one amplifier only.

2.

w

Connection Diagram
14-Lead DIP and SO-14 Package
(Top View)

—lNA:’ ﬂ—IND

out AE‘
oun;E5
+IN a|:;_'
ans[]

7 8

A

Order Information

Device Code Package Code Package Description

uA4136DC 6A Ceramic DIP
uA4136PC 9A Molded DIP
uA4136SC KD Molded Surface Mount
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uA4136

Equivalent Circuit (1/4 of Circuit)

V.
R1
87k
Q6
as K ] Kom
Von
R6
a7 L S0 Rs
100
-AA ouT
4 08
~IN Q1 Q2 A7
:: R4 50 ats
+ N f 50 &
1L

6D0033MF

Note
1. All resistor values are in ohms.
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uA4136

4136
é::actrical Characteristics Ty = 25°C, Voo =*15 V, unless otherwise specified.
Symbol Characteristic Condition Min Typ Max Unit
Vio Input Offset Voltage Rs <10 k2 0.5 6.0 mV
lio Input Offset Current 5.0 200 nA
g Input Bias Current 40 500 nA
Z Input Impedance 0.3 5.0 MQ
Pe Power Consumption 210 340 mw
CMR Common Mode Rejection Rg <10 k& 70 90 dB
VIR Input Voltage Range +12 +14 \
PSRR Power Supply Rejection Ratio Rg <10 k&2 30 150 uv/v
Avs Large Signal Voltage Gain Ry 220 k2, Vo=+10 V 20 300 V/mVv
Vop Output Voltage Swing R =10 k2 +12 +14 v
RL = 2.0 k2 £10 +13
TR Transient Rise time V=20 mV, R =2.0 k£, 0.13 us
Response Overshaot C, =100 pF, Ay=1.0 5.0 %
BW Bandwidth Ay=1.0 3.0 MHz
SR Slew Rate R_=2.0 k2, Ay=1.0 1.0 V/uS
cs Channel Separation f=10 kHz, Rg=1.0 k2, 105 dB
Open Loop
f=10 kHz, Rg=1.0 k§2 105
Ay = 100
The following specifications apply over the range of —55°C < Tp < +125°C for uA4136; 0°C < Tp < +70°C for uA4136C.
Vio Input Offset Voltage Rg <10 kQ2 75 mV
lio Input Offset Current 300 nA
g Input Bias Current 800 nA
Pe Power Consumption Ta=Ta Max 180 300 mw
Ta=Ta Min 240 400
Avs Large Signal Voltage Gain RL>2.0 k&2, Vo=%10 V 15 V/mv
Vop Output Voltage Swing R =2.0 k2 £10 \
Voe=215 V
[




#A4136

Typical Performance Curves

input Bias Current vs
Temperature

100 l

Ivee = x15 v

60

40

INPUT BIAS CURRENT — nA

20

[ 10 20 30 40 50 60 70
TEMPERATURE — °C
PCO2650F
Open Loop Voltage Gain vs
Frequency

120

2

N

e

/

T
/

X
-

OPEN LOOP VOLTAGE GAIN -dB

0 N
2 .

1 10 100 10K 10K 100K 10M 10M
FREQUENCY — Hz

PCOZEBIE

Typical Output Volitage vs
Supply Voltage

15 T
Ta = 25°C
AL = 2 k!

N
N

OUTPUT SWING — V
o

4 6 10 12 14 16 18
SUPPLY VOLTAGE — =V

POO2670F

Input Offset Current vs

Temperature
25 ' [
Vec = 215 v
> | ]
e | T
1
-
z
g 15
(9
=3
o
=
s 10
e
=]
T~
B ol
z ——
[}

0 10 20 30 40 50 60 70

TEMPERATURE — °C
POO2660F

Open Loop Voltage Gain vs
Temperature

800

Ve =215V

g

g

R =

g

OPEN LOOP VOLTAGE GAIN -V/mV

0 10 20 30 a0 50 60 70
TEMPERATURE — °C

PCO26HIF

Output Voltage Swing vs
Load Resistance

28

-
26|Voc = =15 v ]

Ta = 25°C P
2

22 ,/

18 .

1%

PEAK-TO-PEAK OUTPUT SWING — V

10 —

8 Il
o1 1.0 10
LOAD RESISTANCE — ki

PCO2720F
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Common Mode Range vs
Supply Voltage

COMMON MODE VOLTAGE RANGE — V

15

Z

O

N

N3

v

6 10 12 14 16 18
SUPPLY VOLTAGE — *V

PCO2710F

Power Consumption vs

Temperature
T 1
Voo = 21§
240
z
[
| 220
g
£ ]
Z 200
@
z
Q
o
- 180
w
z
o
a
160
i
0 10 20 30 40 50 60 70
TEMPERATURE — °C
PCO2700F
Output Voitage Swing vs
Frequency
TTTIT 71
Voo = 215V
38fTa 25°C
R =2kn
)
o
§ 28
@ 24
£ %
g 2
o
x 16
s
E 12
> 8
]
a a A,
N
N
ol
100 10K 10K 100K 1.0M

FREQUENCY — Hz

PC02731F




nA4136

Typical Performance Curves (Cont)

Quiescent Current vs
Supply Voltage

10
Ta = 25°C

<
E 8
|
=
w [}
a
-3
H
(¥
£
w
3
@
w
2
3 2

o

[] 12 15 1

SUPPLY VOLTAGE — xV
PCO2740F

Input Noise Voltage vs Frequency

€
200y
i \
w
]
<
5
g
o1
@
3 Vo= *15V
z Ta = 25°C
RAs =501
Av = 60 dB
sol LU L 1]
1.0 10 100 10K 10K 100K
FREQUENCY — Hz
PCO2771F

Distortion vs Output Voltage
(f=1 kHz)

06 Ay

3

[ X3

0.4

03

0.2

01

TOTAL HARMONIC DISTORTION — %

L1

[
0 10 20 30 40 50 60 70 80 90 10

OUTPUT VOLTAGE-V
PCO28OTF

Transient Response

Voltage Follower Large Signal

Pulse Response

28] 10 T T
s | Yec = x5 v
24 Ta =25°C
L 6
20 “mv . L==q-r
£ 90% w
>
E 16 7 g . \
' / - /
§ 12 > 0o /
g / 2
3 s g / \
/
A ° T \
10% RISE Vec=*15YV -6
° TIME Ta=25° € .
AL =2 k()
" CL = 100 pF 10
-0.25 (] 0.25 0.50 0.75 0 1.25 [ 10 20 30 40
TIME — us TIME — us
PCO2750F PC02760F
Input Noise Current vs Frequency Channel Separation
100 140 L
|~ -]
4 ]
5 i
a 10 Cz>
! N 2
- < 80
z H
w &
3 A I
& « 60
2
o b, 2
1.0
4 N g a0
2 [Vec - r15V 3
F1a - 2s°¢ 3]
[Rs =100k 20
Av - 80 dB
ol 11U B )
10 10 100 10K 0K 100K 10 100 10K 10K 100 K
FREQUENCY — Hz FREQUENCY — Hz
PCo2781F PCO2791F
Distortion vs
Frequency (Vo =1 Vynyg)
0.7 LER LA T UL T
Voo =230V
* 0.8 RIAA COMPENSATION
} o
] h
] 0.5
&
o
[
® 04
=]
Q
Z 031
s 0.3
=
3
< 02
T
-
=
o 01 »
[
[]
10 100 10K 10K 100K
FREQUENCY — Hz
PCO2811F




pA4136

Typical Applications (Note 1)

400 Hz Lowpass Butterworth Active Filter

10k
V‘v‘
6209 20 k 8200
N —— A =3 out
0.33 4F
0.33 4F 72 033 F%:
‘>
3k 3 K 7
13 N
12
| %438 ‘
8 ul”
10 l
= 0.33 F = 0.33 4F
<>
::1.62k 4:1.02k
e e
1 k < y <
< <1k 0.33 uF = 4:13.2l
<

L

Differential Input Instrumentation Amplifier With

High Common Mode

-l
bt |

(NOTE 2)
R2

(NO'TE 2)

Rejection

(NOTE 2)
(]

100 k
0.1%

100 k
0.1%
(NOTE 2)

2R1
R3

AFO0ANF

Notes
1. All resistor values are in ohms
2. Matching determines CMRR
R1=R4
R2=R5
Ré =R7

AFDO4aTF
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uA4136

Typical Applications (Cont) (Note 1)

Analog Mulitiplier/Divider

€1

10k

-8V
103 310k
<
10k 10k
A ARA
v WA
o EE
o1 tm103 L g, - ELE2
Es
1k
&
o1 10
IN457

Q4
03
INABT
AFO0451F
1 kHz Bandpass Active Filter
v+ V+
390 k 0.01 uF I 120k
VieAAA 1L AAA vo
A A e — - VWA
‘b
390k
>
39k
AAA o
WA 78
A4136
L !
Se20k I1°“F w0k 3100k
1 1
4
AF00480F
Note
1. All resistor values are in ohms
L _ -
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©A4136

Typical Applications (Cont.) (Note 1)
Full-Wave Rectifier And Averaging Fliter

20 k 20k 26k
1% 1 A 23]
WG out
4.7 uF
IL
LAY
7
AFQOAT1F
Notch Filter Using The uA4136 As A Gyrator Multiple Aperture Window Discriminator
R2
330k Vi ‘1 /
RY i uA413 Vi > V4
30k Va -
AAA
- R3 )
16k uad138, b— out
_AAA N o j|—
vV TRIM R, SUCH THAT
R1_ R3
 R2 2R4 e
uAS1 Vi<V < V4
c1 :F - ” .
[+ Yy |
< 7.5k
SR c2
Re ] 1 uF +
) 1/4
_E-W S |uA4138, p—V2 < Vi< V3
= V2
AFO0481F
Notch Frequency vs Capacitor e |
0k
k),
LA4136 Vi<V
L e
2 N u
1
> 1k AFOD4B1F
Q
E4
w
2
g
)
-3
-
@ 100
w
> N
W
[3]
10
0.0001 0.001 0.01 0.1 1.0 Note
CAPACITOR — 4F 1. All resistor values are in ohms

PCO2021F
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e |
FAIRCHILD
]

A Schiumberger Company

JA709

High Performance
Operational Amplifier

Linear Division Operational Ampiifie

IS

Description

The pA709 is a monolithic high gain operational amplifier
constructed using the Fairchild Planar Epitaxial process. It
features low offset, high input impedance, large input com-
mon mode range, high output swing under load, and low
power consumption. The device displays exceptional tem-
perature stability and will operate over a wide range of
supply voitages with little performance degradation. The
amplifier is intended for use in DC servo systems, high
impedance analog computers, low level instrumentation ap-
plications, and for the generation of special linear and
nonlinear transfer functions.

Connection Diagram
8-<Lead DIP and SO-8 Package
(Top View)

IN FREQ
comMP 2

our

OUT FREQ
comp

CDO073F

Order Information

Device Code Package Code
HA709TC 9T
MATO09SC KC

Package Description

Molded DIP
Molded Surface Mount

Connection Diagram
8-Lead Metal Package
(Top View)

IN FREQ COMP 2

IN FREQ
comeP1 (Y

Lead 4 connected to case

Order Information

(¥ ouT FREQ
+HN oup

() ourt

Gpoa721F

Device Code Package Code Package Description
MA709AHM 5W Metal
HAT09HM 5W Metal
pA709HC 5W Metal
Connection Diagram
14-Lead DIP
(Top View)
1 \J 14
NC NC
2 13
ne[] [ Ine
3 12
IN FREQ IN FREQ
COMP1 COMP2
4 11
N[ g v+
5 10
+n[] [ Jour
6 9
v- E ] OUT FREQ
7 2 COomMP
NC NC

Order Information
Device Code Package Code

HA709PC 9A

CD007a1F

Package Description
Molded DIP




uA709
Absolute Maximum Ratings Internal Power Dissipation> 2
Storage Temperature Range 8L-Metal Can 1.00 W
Metal Can -65°C to +175°C 8L-Molded DIP 0.93 W
Molided DIP and SO-8 —-65°C to +150°C SO-8 081 W
Operating Temperature Range 14L-Molded DIP 1.04 W
Extended (uA709AM, pA709M) -55°C to +125°C Supply Voltage 18 V
Commercial (4A709C) 0°C to +70°C Differential input Voltage *50 V
Lead Temperature input Voltage 10 V
Metal Can (soldering, 60 s) 300°C Output Short Circuit Duration 50 s
Molded DIP and SO-8
(soldering, 10s) 265°C
Notes
1. T, max = 150°C for the Molded DIP and SO-8, and 175°C for the Metal
Can.
2. Ratings apply to ambient temperature at 25°C. Above this temperature,
derate the 8L-Metal Can at 6.7 mw/°C, the BL-Molded DIP at
7.5 mW/°C, the SO-8 at 6.5 mW/°C, and the 14L-Moided DIP at
8.3 mW/°C.
Equivalent Circuit
IN FREQ IN FREQ
COMP 1 COMP 2
v+
SRS S RE6 ; R14
b3 LN 10k S 20k
o7 Kon »—Kou
Sh < R2
S 25k 25k
Q3 Q4 L
R?
as a8 5: 1ka
R3 R4
A5
3kn 30 30 K
I——<ms
Vm p— OUT
sk S b T
.6 Kk ¢ 10 kf}
. v ) OUT FRE
N N2 :__T Sous 2
$ R0
T8k
+IN a1 T—Kma
b on
an —Kow 5: min
AN SR
24 k(2 LI N
V-

EQOO1SIF
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HA709

MA709A and pA709
Electrical Characteristics Ty = 25°C, +9.0 V<Vgc <*15 V, unless otherwise specified.

uA709A HAT709
Symbol Characteristic Condition Min | Typ | Max | Min | Typ | Max Unit
Vio Input Offset Voltage Rs <10 k2 0.6 2.0 1.0 5.0 mv
lio Input Offset Current 10 50 50 200 nA
s Input Bias Current 100 200 200 500 nA
Z Input Impedance 350 | 700 150 | 400 k2
Ilcc Supply Current Vee=%15V 2.5 3.6 2.7 55 mA
Pc Power Consumption Veg=2%215 V 75 108 80 165 mw
TR Transient Response | Rise time | Voo =+15 V 0.3 1.5 0.3 1.0 us
Vi =20 mV
R =20 kQ
C1=5.0 nF
AV =1.0
Overshoot| R2 =50 §2 10 30 10 30 %
CL <100 pF
R1=1.5 k§2
C2 =200 pf
Ay =1.0
The following specifications apply over the range of -55°C to +125°C for the nwA709A and pA709.
Vio Input Offset Voltage Rs <10 k2 3.0 6.0 mv
AVio/AT | Input Offset Voltage Rs =50 Q 1.8 10 3.0 uv/°C
Temperature Sensitivity Rs <10 kQ2 48 25 6.0
lio Input Offset Current Ta=+125°C 3.5 50 20 200 nA
Ta=-55°C 40 250 100 500
Alio/ AT | Input Offset Current Ta=+25°C to 0.08 0.5 nA/°C
Temperature Sensitivity +125°C
Tp=+25°C to 045 | 28
-55°C
s Input Bias Current Ta=-55°C 300 600 500 | 1500 nA
Alig/AT | Input Bias Current Temperature | Tp = +125°C 241 3.0 nA/°C
Sensitivity Ta=-55°C 27 45
2 Input Impedance Ta=-55°C 85 170 40 100 k2
CMR Common Mode Rejection Rg <10 k2 80 110 70 90 db
ViR Input Voltage Range Veg=%15 V +80 | *10 +8.0| =10 \
PSRR Power Supply Rejection Ratio Rg <10 k&2 40 100 50 150 | uv/vV
Avs Large Signal Voltage Gain Vec=%15 V 25 70 25 45 70 | V/mV
RL=>2.0 kQ
Vo =+10 V
Vop Output Voltage Swing Vec=%15V 12| *1t4 12| 14 \
R, =10 k2
Veg=t15 V £10 | +13 £10 | +13
RL=2.0 k2
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uA709

#A709A and pA709 (Cont.)
Electrical Characteristics Tp = 25°C, £9.0 V< Vgc <*15 V, unless otherwise specified.

HATO09A HAT709
Symbol Characteristic Condition Min Typ | Max | Min Typ | Max Unit
lcc Supply Current Ta=+125°C 21 3.0 mA
Ta=-55°C 27 45
uA709C
Electrical Characteristics Tp = 25°C, Voo = £ 15 V, unless otherwise specified.
HATO9C

Symbol Characteristic Condition Min Typ Max Unit
Vio Input Offset Voltage Rg <10 kQ2 20 7.5 mV
lio Input Offset Current 100 500 nA
lig Input Bias Current 300 1500 nA
Z Input Impedance 50 250 k2
lcc Supply Current Vegc=115V 2.7 6.66 mA
Pe Power Consumption Vgg=115 V 80 200 mwW
CMR Common Mode Rejection Rg <10 k2 65 90 dB
ViR Input Voltage Range Vec=%15 V +8.0 +10 \"
PSRR Power Supply Rejection Ratio Rg <10 kf2 50 200 uv/v
TR Transient Response Rise time Vee=*15 V 0.3 us

V=20 mV

RL =20 k2

C1=5.0 nF

Ay=1.0

Overshoot R2 =50 10 %

Cy =100 pF

R1=1.5 k2

C2 =200 pF

AV =1.0
The following specifications apply over the range of 0°C to +70°C.
Vio Input Offset Voltage Rg <10 k2 10.0 mv
lio Input Offset Current Tao=0°C 750 nA
g Input Bias Current Ta=0°C 2000 nA
Z Input Impedance Ta=0°C 35 80 k2
Avs Large Signal Voltage Gain Veg=*15 V 15 45 V/mV

R =>2.0 k2

Vo=t10 V
Vop Output Voltage Swing V=15V 12 +14 v

RL =10 k&

Vec=t15 V +10 +£13 v

RL=2.0 k&2
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uA709

Typical Performance Curves for uA709A

Voltage Gain vs
Supply Voltage

Output Voitage Swing vs
Supply Voltage

Input Common Mode Voltage
Range vs Supply Voitage

0 —r—T—r7 30 ” T T T 11
RL = 2 ki) o 0,
> “86°C 5 Ta < +125°C < " > | -85°C < Ta < +125°C
E 60 [ [
w
| \“\i‘ll g g
% 50 \b'* ; 20 £ 80 sl
14 P w
w . <] “\M\‘“ =1
§ o £ .
5 a3 s
3 ol 3 g *
2 4 s H 8
s % i 1 S 0
A 9
o el o
2 LA x 5
z L1 <
g = UM 50 H
i 20
8 i i :
—
10 Lot | o .
9 10 1 2 13 ) 5 9 ) 1 2 3 " 15 9 10 I 12 1 " 15
SUPPLY VOLTAGE — +V SUPPLY VOLTAGE — +V SUPPLY VOLTAGE — +V
PCO4B70F PCD488OF PCO4B90F
Output Voltage Swing vs
Voltage Transfer Characteristics Voltage Gain vs Temperature Load Resistance
% 70
1 =
| vec=x18v V7= ]
o AL =10 ki /] 2w Re =10 k() > H
A =-55°Cy ¢ Ta=125°C s |
Ninat | g
> FTa = 25°C z
| 50 Z2 s H
8 ’ o ce « -
2 w 215 2
- -] &
3 o g wlg £
o g — v ! - z
> =
£ 0 Fi 8 0 Sy, b /
2 ] g T T 5wt
4 Z ~~ [ ] % 14 /
-10 g B Veg = zoy = /
;I I s e o & g2
15 10 J | 0
10 08 -06 04 -02 0 02 04 06 08 10 -60 -20 20 60 100 10 o1 o2 05 1 2 5 10
INPUT VOLTAGE — mV TEMPERATURE — °C LOAD RESISTANCE — k()
PCO4900F PCO4910F PCO4920F
Input Bias Current vs Input Bias Current vs Input Offset Current vs
Temperature Supply Voltage Temperature
- REEER °
Ta=25°C
< 400 % wo 0
] ] T | gl
& g — .
£ 0 § % -l £, \
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3
< 2 !
a 200 N o 90 0w 20 N
5 N 5 &
I » & o
z H 5
100 a M,
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LA709

Typical Performance Curves for uA709A (Cont.)

Common Mode Rejection Ratio vs Input Resistance vs Power Consumption vs
Temperature Temperature Temperature
80 T
12 50 Voo |= 11; v
'i Rs < 10 k(! a0 .
g 110 P § 20 f
z ~ I " z i
z M w L~ -] e
9 108 Y 10 . 2 70
=4 2 a \
2 < > 3 M
3 ] 3 ~
W 108 ﬁ 0s 3 w0
=] <
=] 13 // «
z g o3 4
z H // §
S s 02 0
3
(3]
102 01 a0
-60 -20 20 60 100 140 -60 ~20 20 60 100 140 ~60 -20 20 50 100 140
TEMPERATURE — °C TEMPERATURE — °C TEMPERATURE — °C
PCO4961F PCO4970F PCOASBOF
Slew Rate vs Closed Loop
Power Consumption vs Gain Using Recommended
Transient Response Supply Voltage Compensation Networks
14 10 1 100 TTTI
vee = 15V Th=2"C |_vec=x5v
2 OVERSHOOT Ta = 25C — A [—Ta=25°C
_L7 : % %
E
0 T4 i 27 1]
] z o1 2 ® -~
08 S > M
5 / £ !
(<] w 7
o o8 2 v g o
2z ] > V.
& o [ g = = : 14
- I 4 1 2 10
& V
0.2 2z L~
RISE TIME g
0
10 o.t
o 05 1.0 15 20 25 1° A)] 12 3 " % 1 10 100 1000
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Typical Performance Curves for uA709 and pA709C (Cont.)
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Typical Performance Curves for uA709 and pA709C (Cont)
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Test Circuits

Transient Response Circuit Frequency Compensation Circuit
20 k2

AAA 2

VVv

R2 (Note 1)

CRO3TIF
Protection Circuits
Output Short Circuit Protection Input Breakdown Protection
R1
2 8 20%1 I 21 8
m D2 HATOD
3 R2 1
‘CRO1380F CROI390F

Latch Up Protection Supply Over Voltage Protection
Note
1. Use R2 =50 2 when the amplifier is CROV10F

operated with capacitive loading.

- _

7-66




MA714
Precision
Operational Amplifier

]
FAIRCHILD
]

A Schiumberger Company

Linear Division Operational Amplifiers

Description Connection Diagram

The pA714 is a monolithic instrumentation operational am- 8-Lead Metal Package

plifier constructed using the Fairchild Planar Epitaxial pro- (Top View)

cess. It is intended for precise, low level signal amplifi-

cation applications where low noise, low drift and accurate - OFFSET
closed loop gain are required. The offset nuil capability, NULL

low power consumption, very high voltage gain as well as
wide power supply voltage range provide superior perfor-
mance for a wide range of instrumentation applications.

® Low Offset Voltage — 75 uV

® Low Offset Voltage Drift — 1.0 uV/°C Typically
® Low Bias Current— +2.6 nA
® Low Input Noise Current—0.12 pA/ VHz
at 1.0 kHz Typically coooretF
® High Open Loop Gain — 500 K Typically Lead 4 connected to case.
¢ Low Input Offset Current— 2.8 nA
® High Common Mode Rejection — 110 dB Order Information
¢ Wide Power Supply Range —+3.0 To +22 V Device Code Package Code Package Description
©® Plug-In Replacement For Op-07 LAT14HM 5W Metal
Absolute Maximum Ratings ﬁ;]:ggc gw m::::
Storage Temperature Range
Metal Can -65°C to +175°C HAT14LHC sw Metal
Moided DIP and SO-8 -65°C to +150°C Connection Diagram
Operating Temperature Range . -
Extended (uA714M) -55°C to +125°C ?T‘L’:aslg:f; and SO-8 Package
Commercial

(A714C, pA714EC, nA714LC) 0°C to +70°C
Lead Temperature

Metal Can (soldering, 60 s) 300°C
Molded DIP and SO-8
(soldering, 10 s) 265°C

internal Power' Dissapation'> 2

8L-Metal Can 1.00 W

8L-Molded DIP 093 W

SO-8 0.81 W
Supply Voltage il

uA714, uA714C, uA714E 22V

HA714L +18 V Order Information
Differential Input Voltage +*30 V Device Code Package Code Package Description
Input Voltage® WAT14SC KC Molded Surface Mount

MAT14, uA714C, pAT714E +22 V uA714TC oT Molded DIP

HAT14L 18V uA714LSC KC Molded Surface Mount
Notes MA714LTC 9T Molded DIP
1. Ty Max = 150°C for the Molded DIP and SO-8, and 175°C for the Metal

Can.
2. Ratings apply to ambient temperature at 25°C. Above this temperature,

derate the 8L-Metal Can at 6.7 mW/°C, the 8L-Molded DIP at

7.5 mW/°C, and the SO-8 at 6.5 mW/°C.
3. For supply voltage less than +22 V, the absolute maximum input

voltage is equal to the supply voltage.

_ I
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Equivalent Circuit

—Ve+
R2A (NOTE 1) $R28 (NOTE 1) o:w[‘- "{)m R?
+ OFFSET - OFFSET r’\_l |
NULL NULL J_
R1A R1B SR12 W\CI
- 4 ae aw
2w
@
3 019
as _'l)_‘ ar <N
on  amn e s
+IN ot 2ZC3=C4
out
Qs
022023 R10
Q24 ] ass
. $rs {oz
s
a Q45
o3 Qes Qe
A7 3RM as
'?oaz pactll 0w R21 3RS 3R19
b s
R13 R26 R20
>
RIS A25
v-
EQOO1E1F
Note

1. R2A and R2B are electronically adjusted on chip at the factory for
minimum offset voltage
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uA714
uA714
Electrical Characteristics Tp = 25°C, Voc =115 V
Symbol Characteristic Condition Min Typ Max Unit
Vio Input Offset Voltage Rs =50 £, 30 75 uv
Vem=0V
S Long Term Input Offset Rg =50 £, 0.2 uV/mo
Voltage Stability Vem=0 V
VIO adi Input Offset Voltage Adjustment Range Ro =20 k2 +4.0 mV
lio Input Offset Current Vocm=0 V 0.4 2.8 nA
g Input Bias Current Vem=0V 1.0 3.0 nA
Z Input Impedance 20 60 MQ
Pe Power Consumption Vo=0V 75 120 mw
Vee=%3.0V, 4.0 6.0
Vo=0V
CMR Common Mode Rejection Vem =13 V, 110 126 dB
Rs=50 Q
ViR Input Voltage Range +13.0 | +14.0 Vv
PSRR Power Supply Rejection Ratio Vec=%3.0 V to 100 110 dB
+18 V, Rg=50 Q
Avs Large Signal Voltage Gain RL =20 k£, 200 500 V/mV
Vo=t10 V
R_ =500 £, 150 500
Vo=105V
Vec=%30 V
Vop Output Voltage Swing R =10 kQ +125 | +13.0 \
R =2.0 kQ +120 | 128
R =1.0 k§2 +10.5 | £120
BW Bandwidth Ay=1.0 0.6 MHz
SR Slew Rate R =2.0 k€2, 0.17 V/us
Ay =10
€n Input Noise Voltage 0.1 Hz to 1.0 kHz 0.35 0.6 uvp—p
Input Noise Voltage Density fo =10 Hz 10.3 18.0 nV/vHz
fo =100 Hz 10.0 13.0
fo = 1000 Hz 9.6 11.0
in Input Noise Current 0.1 Hz to 1.0 kHz 14 pA p—p
Input Noise Current Density fo=10 Hz 0.32 0.80 pA/vVHz
fo = 100 Hz 0.14 0.23
fo = 1000 Hz 0.12 0.17
.. _____________________________________________________________ |
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uA714 (Cont)

Electrical Characteristics Tp = 25°C, Vgc =15 V

Symbol Characteristic Condition ‘ Min ‘ Typ ‘ Max ‘ Unit
The following specifications apply for Voo = *15 V, —55°C < T < +125°C
Vio Input Offset Voltage Rs =50 £, 60 200 uv
Vem=0 V
AVio/AT | Input Offset Voltage Without Rg =50 £, 0.3 1.3 uv/°c
Temperature Sensitivity! | External Trim Vem=0V
With Ro = 20 k%2, 0.3 1.3
External Trim Rg =50 Q
lio Input Offset Current Vem=0V 1.2 5.6 nA
Aljp/ AT Input Offset Vem=0 V 8.0 50 pA/°C
Current Temperature Sensitivity'
hs Input Bias Current Vem=0V 20 6.0 nA
Alg/ AT Input Bias Vem=0V 13 50 pA/°C
Current Temperature Sensitivity'
CMR Common Mode Rejection VoM =13 V, 106 123 dB
Rs =50
VIR Input Voltage Range +130 | £135 \
PSRR Power Supply Rejection Ratio Vec=+*3.0 V to 94 106 dB
+18 V, Rg=50 Q
Avs Large Signal Voltage Gain R = 2.0 k&2, 150 400 V/mV
Vo=x10 V
Vop Output Voltage Swing R_=2.0 kQ2 120 | *126 \'%
HAT14E
Electrical Characteristics Tp = 25°C, Voc=115 V
Symbol Characteristic Condition Min Typ Max Unit
Vio Input Offset Voltage Rg =50 £, 30 75 uv
Vem=0V
S Long Term Input Offset Rg =50 £, 0.3 uV/mo
Voltage Stability Vom=0V
VIO adj Input Offset Voltage Adjustment Range Ro = 20 k2 +4.0 mV
lio Input Offset Current Vem =0V 0.5 3.8 nA
[ Input Bias Current Vem =0V 1.2 4.0 nA
Z Input Impedance 15 50 M
Pe Power Consumption Vo=0V 75 120 mw
Voc=230V, 4.0 6.0
Vo=0V
CMR Common Mode Rejection Vem =13 V, 106 123 dB
Rg=50 2
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MAT714E (Cont.)
Electrical Characteristics Tp = 25°C, Vog=*15 V
Symbol Characteristic Condition Min Typ Max Unit
VIR Input Voltage Range 130 | *14.0 v
PSRR Power Supply Rejection Ratio Voc=%3.0 V to 94 107 dB
+18 V, Rg=50
Ays Large Signal Voltage Gain RL =20 kS, 200 500 V/mV
Vo=+10 V
Ry =500 £, 150 500
Vo=2%05V
Vec=+30V
Vop Output Voltage Swing RL=10 k& 125 | +13.0 v
R_=2.0 k2 120 | 128
RL=1.0 k2 +10.5 | *120
BW Bandwidth Ay=1.0 0.6 MHz
SR Slew Rate Ry = 2.0 k2, 0.17 V/us
Ay=1.0
en Input Noise Voltage' 0.1 Hz to 1.0 kHz 0.35 06| puvp—p
Input Noise Voltage Density’ fo=10 Hz 10.3 18.0 nV/vVHz
fo =100 Hz 10.0 13.0
fo =1000 Hz 9.6 11.0
in input Noise Current! 0.1 Hz to 1.0 kHz 14 30 PAp—p
Input Noise Current Density’ fo=10 Hz 0.32 0.80 pA/VHz
fo = 100 Hz 0.14 0.23
fo = 1000 Hz 0.12 0.17
The following specifications apply for Voc= 115 V, 0°C <Tp <70°C
Vio Input Offset Voitage Rg=50 £, Vom=0 45 130 uv
\
AVio/AT | Input Offset Voltage Without Rs =50 £, 0.3 1.3 uv/°c
Temperature Sensitivity' | External Trim Vem=0V
With Ro = 20 k&2, 0.3 1.3
External Trim Rg =50 &
o input Offset Current Vem=0 V 0.9 5.3 nA
Aljo/ AT Input Offset Vem=0V 8.0 35 pA/°C
Current Temperature Sensitivity'
[ Input Bias Current Vem =0V 1.5 5.5 nA
Alig/ AT Input Bias Vem=0V 13 35 pA/°C
Current Temperature Sensitivity'
CMR Common Mode Rejection Vem=+13 V, 103 123 dB
Rs =50 Q
R
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MAT14E (Cont.)

Electrical Characteristics Ty = 25°C, Vgc =115 V

Symbol Characteristic Condition Min Typ Max Unit
Vir Input Voltage Range +13.0 +13.5 \
PSRR Power Supply Rejection Ratio Ve =%3.0V to 90 104 dB
+18 V, Rg=50
Avs Large Signal Voltage Gain R = 2.0 k2, 180 450 V/mv
Vo =+ 10 V
Vop Output Voltage Swing R =20 k& +120 | t126 v
MAT14C
Electrical Characteristics T4 = 25°C, Vo =15 V
Symbol Characteristic Condition Min Typ Max Unit
Vio Input Offset Voltage Rg =50 £, 60 150 uv
Vem=0V
) Long Term Input Offset Rs =50 £, 0.4 2.0 uv/mo
Voltage Stability Vem=0V
VIO adj Input Offset Voltage Adjustment Range Ro =20 k2 +4.0 mV
o Input Offset Current VoM =0V 0.8 6.0 nA
he Input Bias Current Vem =0 V 1.8 7.0 nA
Z) Input Impedance 8.0 33 MQ
Pc Power Consumption Vo=0V 80 150 mwW
Vec=%3.0V, 4.0 8.0
Vo=0V
CMR Common Mode Rejection Vem =13 V, 100 120 dB
Rg =50 2
ViR Input Voltage Range +13.0 | 140 \
PSRR Power Supply Rejection Ratio Voc=*3.0 V to 90 104 dB
+18 V, Rg =50 §2
Ays Large Signal Voltage Gain Ry 2 2.0 k2, 120 400 V/mv
Vo =+10 V
R 2 500 £, 100 400
Vo=%t05V
Vog=£3.0 V
Vop Output Voltage Swing R =10 kQ 120 | +13.0 \
R = 2.0 k2 +11.5 +12.8
R =1.0 k&1 +12.0
BW Bandwidth Ay =10 0.6 MHz
SR Slew Rate AL =2.0 k£, 0.17 V/us
Ay =10
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uA714C (Cont.)
Electrical Characteristics Tp =25°C, Voc =15V
Symbol Characteristic Condition Min Typ Max Unit
€n Input Noise Voltage' 0.1 Hz to 1.0 kHz 0.38 0.65 uvp—p
Input Noise Voltage Density’ fo=10 Hz 10.5 20.0 nV/vHz
fo = 100 Hz 10.2 13.5
fo = 1000 Hz 9.8 115
in Input Noise Current’ 0.1 Hz to 1.0 kHz 0.15 35 uvp—p
Input Noise Current Density’ fo=10 Hz 0.35 0.90 pA/VHz
fo =100 Hz 0.15 0.27
fo=1000 Hz 0.13 .18
The following specifications apply for Vo= £15 V, 0°C < Tx <70°C
Vio Input Offset Voltage Rs =50 £, 85 250 uv
Vem =0V
AV|o/AT | Input Offset Voltage Without Rs =50 £, 0.5 1.8 uv/°Cc
Temperature Sensitivity! | External Trim Vem=0V
With Ro =20 k&2, 0.4 1.6
External Trim Rg=50
o Input Offset Current Vem=0V 1.6 8.0 nA
Alig/ AT Input Offset Vem =0V 12 50 pA/°C
Current Temperature Sensitivity’
Iis Input Bias Current Vem =0V 2.2 9.0 nA
Alg/ AT Input Bias Vem=0V 18 50 pA/°C
Current Temperature Sensitivity’
CMR Common Mode Rejection Vem=113 V, 97 120 dB
Rs =50 Q
Vir Input Voltage Range +13.0 | +135 \
PSRR Power Supply Rejection Ratio Vec=%3.0 V to 86 100 ds
18 V, Rg=50 £
Avs Large Signal Voltage Gain RL = 2.0 kS, 100 400 v/mv
Vo=%10 V
Vop Output Voltage Swing RL=2.0 k2 +11.0 | +126 \
L _
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uAT714L
Electrical Characteristics Tp =25°C, Voc =15 V
Symbol Characteristic Condition Min Typ Max Unit
Vio Input Offset Voltage Rs =50 Q, 100 250 uv
Vem=0V
S Long Term input Offset Rg =50 £, 0.5 3.0 uvV/mo
Voltage Stability Vem =0V
Vio adj Input Offset Voltage Adjustment Range Ro = 20 k2 +4.0 mV
lio Input Offset Current Vem=0 V 5.0 20 nA
I Input Bias Current Vem=0V 6.0 30 nA
Z Input Impedance 8.0 33 MQ
Pe Power Consumption Vo=0V 100 180 mw
Vec=%30 V, 5.0 12
Vo=0V
CMR Common Mode Rejection Vem=213 V, 100 120 dB
Rg=50 Q2
ViR Input Voltage Range +13.0 | £14.0 \
PSRR Power Supply Rejection Ratio Vec=%3.0V to 90 104 dB
+18 V, Rg=50
Avs Large Signal Voltage Gain Ry = 2.0 k&2, 100 300 V/mV
Vo=%10 V
Ry =500 £, 50 150
Vo=*05V
Vec=+30V
Vop Output Voltage Swing Ry =10 k&2 +12.0 | £13.0 \
RL=2.0 kQ +11.0 | +128
RL=1.0 k2 +12.0
BW Bandwidth Ay=1.0 0.6 MHz
SR Slew Rate R =2.0 kS, 0.17 V/us
Ay=1.0
en Input Noise Voitage1 0.1 Hz to 1.0 kHz 0.5 uv p—p
Input Noise Voitage Density’ fo=10 Hz 10.5 nV/vHz
fo =100 Hz 10.2
fo = 1000 Hz 9.8
in input Noise Current! 0.1 Hz to 1.0 kHz 0.15 pA p—p
input Noise Current Density! fo =10 Hz 0.35 pA/VHz
fo =100 Hz 0.15
1, = 1000 Hz 0.13
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uA714L (Cont)
Electrical Characteristics 0°C < Tp <+70°C, Voc=215 V

Symbol Characteristic Condition Min Typ Max Unit
Vio Input Offset Voltage Rg=Q, Vom=0 V 400 uv
AVig/AT | Input Offset Voltage Without Rg =50 Q, 1.0 3.0 uv/°C
Temperature Sensitivity! | External Trim Vem=0V
With Ro = 20 k&2, 1.3
External Trim Rg=50
lio Input Offset Current Vem =0V 8.0 40 nA
Alio/ AT Input Offset Vem=0V 20 100 pA/°C
Current Temperature Sensitivity*
hg Input Bias Current VoM =0 V 15 60 nA
Alg/ AT Input Bias Vem=0V 35 150 pA/°C
Current Temperature Sensitivity'
CMR Common Mode Rejection Vem=*13 V, 94 120 dB
Rg =50 2
ViR Input Voltage Range +13.0 +13.5 v
PSRR Power Supply Rejection Ratio V=130V to 83 100 dB
+18 V, Rg=50
Avs Large Signal Voltage Gain R >20 kS, 80 400 V/imV
Vo=%10 V
Vop Output Voltage Swing Ry = 2.0 k2 +10.0 | £1286 \
Note
1. Parameter is not 100% tested; 90% of the units meet this specification.
I
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Typical Performance Curves
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Typical Performance Curves (Cont.)
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Typical Performance Curves (Cont)

Frequency Response For
Various Closed Loop Gains

Maximum Undistorted Output
vs Frequency

28

Output Voltage vs
Load Resistance
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uA715
High Speed
Operational Amplifier

Linear Division Operational Amplifiers

Description

The pA715 is a high speed, high gain, monolithic opera-
tional amplifier constructed using the Fairchild Planar Epi-
taxial process. It is intended for use in a wide range of
applications where fast signal acquisition or wide band-
width is required. The pA715 features fast settling time,
high slew rate, low offsets, and high output swing for
large signal applications. In addition, the device displays
excellent temperature stability and will operate over a wide
range of supply voltages. The uA715 is ideally suited for
use in A/D and D/A converters, active filters, deflection
amplifiers, video amplifiers, phase-locked ioops, multiplexed
analog gates, precision comparators, sample-and-holds,
and general feedback applications requiring DC wide band-
width operation.

® High Slew Rate — 100 V/us
(Inverting, Ay = 1) Typically

® Fast Settling Time — 800 ns Typically

® Wide Bandwidth — 65 MHz Typically

©® Wide Operating Supply Range

® Wide Input Voltage Ranges

Absolute Maximum Ratings
Storage Temperature Range
Operating Temperature Range
Extended (4A715M)
Commercial (uA715C)
Lead Temperature
Metal Can and Ceramic DIP
(soldering, 60 s) 300°C
Internal Power Dissipation1' 2

-65°C to +175°C

-55°C to +125°C
0°C to +70°C

10L-Mstal Can 1.07 W
14L-Ceramic DIP 1.36 W
Supply Voltage 18 V
Differential Input Voltage 15 V
Input Voltage® +15 V

Notes

1. Ty max = 175°C.

2. Ratings apply to ambient temperature at 25°C. Above this temperature,
derate the 10L-Metal Can at 7.1 mW/°C, and the 14L-Ceramic DIP at
9.1 mW/°C.

3. For supply voltages less than +15 V, the absolute maximum input
voltage is equal to the supply voltage.

Connection Diagram
10-Lead Metal Package
(Top View)

COMP 1A

CDOOT00F

Lead 5 connected to case.

Order information

Device Code Package Code Package Description

HA715HM 5X Metal
MA715HC 5X Metal
Connection Diagram
14-Lead DIP
(Top View)
14
COMP 1A ’t]cour -
13
COMP 1B
CASCODE ] COMP 24

-IN

+IN

NC

NC

COOO711F

Order Information

Device Code Package Code
HA715DM 6A
uA715DC 6A

Package Description

Ceramic DIP
Ceramic DIP
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uA715 and uA715C
Electrical Characteristics Tp = 25°C, Voo =+ 15 V, unless otherwise specified.

uA715 uA715C
Symbol Characteristic Condition Min Typ Max Min Typ Max Unit
Vio Input Offset Voltage Rg <10 k2 2.0 5.0 2.0 75 mV
lio Input Offset Current 70 250 70 250 nA
lig Input Bias Current 400 750 400 | 1500 nA
2 Input Impedance 1.0 1.0 MQ
Ro Output Resistance 75 75 Q
lcc Supply Current 5.5 7.0 5.5 10 mA
Pe Power Consumption 165 210 165 300 mwW
ViR Input Voltage Range +10 +12 10 12 \'
Avs Large Signal Voltage Gain RL=2.0 k§2, 15 30 10 30 v/mV
Vo=%+10 V
\ Settling Time Vo=2%50V, Ay=1.0 800 800 ns
TR Transient Rise time V) =400 mV, Ay=1.0 30 60 30 75 ns
Response Overshoot 25| 40 25| 50| %
SR Slew Rate Ay = 100 70 70 V/us
Ay=10 38 38
Ay = 1.0 (non-inverting) 15 18 10 18
Ay = 1.0 (inverting) 100 100
The following specifications apply over the range of —55°C < Tp < +125°C for the uA715, and 0°C < Tp < +70°C for the
pA715C.
Vio Input Offset Voltage Rg <10 kQ2 75 10 mvV
lio Input Offset Current Ta=Ta Max 250 250 nA
Ta=Ta Min 800 750
) Input Bias Current Ta=TaA Max 750 1500 nA
Ta=Ta Min 4.0 7.5
CMR Common Mode Rejection Rs <10 k&2 74 92 741 92! db
PSRR | Power Supply Rejection Rs <10 kQ 45 | 300 45" | 400" | pv/v
Ratio
Avs Large Signal Voltage Gain R =2.0 k&2, 10 8 v/mvV
Vo=+10 V
Vop Output Voltage Swing R =2.0 k2 +10 +13 +10 +13 \Y

Note

1. Ta =25°C only.
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Typical Performance Curves for uA715 and uA715C

Voltage Gain vs
Temperature (uA715)
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Typical Performance Curves for yA715 and pA715C

Frequency Response For Open
Loop Gains (Note 1)
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Typical Performance Curves for pA715 and pA715C (Cont.)
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Non-Inverting Compensation Components Values

Closed

Loop

Gain Cc1 C2 Cc3

1000 10 pF

100 50 pF 250 pF

10 (Note) 100 pF 500 pF 1000 pF

1 500 pF 2000 pF 1000 pF
Note

For gain 10, compensation may be simplified by removing C2, C3 and adding a
200 pF capacitor (C4) between Lead 7 and 10.

Suggested Values of Compensation Capacitors vs
Closed Loop Voltage Gain

ok T T 17
Voo = £15V
—
C2

w 1000 C3 NG

|
w
o
z
g C3

g e 4 [N
o 00 .l

10
1 10 100 1000
CLOSED LOOP VOLTAGE GAIN

PCOMBAIF

Layout Instructions

Layout — The layout should be such that stray capacitance
is minimal.

Supplies — The supplies should be adequately bypassed.
Use of 0.1 uF high quality ceramic capacitors is recom-
mended.

Ringing — Excessive ringing (long acquisition time) may oc-
cur with large capacitive loads. This may be reduced by
isolating the capacitive load with a resistance of 100 2.

Frequency Compensation Circuit

Note
Lead numbers apply to metal package.

Large source resistances may also give rise to the same
problem and this may be decreased by the addition of a
capacitance across the feedback resistance. A value of
around 50 pF for unity gain configuration and around

3.0 pF for gain 10 should be adequate.

Latch Up — This may occur when the amplifier is used as
a voltage follower. The inclusion of a diode between leads
6 and 2 with the cathode toward lead 2 is the recom-
mended preventive measure.
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Typical Applications

Wide Bank Video Amplifier
Drive Capability With 75 2 Coax Cable
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All lead numbers shown refer to metal package.
L S
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HAT725
Instrumentation
Operational Amplifier

Linear Division Operational Amplifiers

Description

The pA725 is a monolithic instrumentation operational am-
plifier constructed using the Fairchild Planar Epitaxial pro-
cess. 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 ca-
pability, low power consumption, very high voltage gain as
well as wide power supply voltage range provide superior
performance for a wide range of instrumentation applica-
tions. The uA725 is lead compatible with the popular
uA741 operational amplifier.

® Low Input Noise Current— 0.15 pAl\/FE
At 1.0 kHz Typically
® High Open Loop Gain — 3,000,000 Typically
® Low Input Offset Current — 2.0 nA Typically
® Low Input Voltage Drift— 0.6 uV/°C Typically
® High Common Mode Rejection — 120 dB
® High Input Voltage Range — t 14 V Typically
® Wide Power Supply Range—+3.0 V To t22 V
® Offset Null Capability

Absolute Maximum Ratings
Storage Temperature Range
Metal Can
Molded DIP
Operating Temperature Range
Extended (uA725AM, uA725M)
Commercial (uA725EC, uA725C)
Lead Temperature

-65°C to +175°C
-65°C to +150°C

-55°C to +125°C
0°C to +70°C

Metal Can (soldering, 60 s) 300°C

Molded DIP (soldering, 10 s) 265°C
Internal Power Dissipation 2

8L-Metal Can 1.00 W

8L-Molded DIP 0.93 W
Supply Voltage 22 V
Differential Input Voltage 50V
Input Voltage® £22 V
Voltage Between Offset Null and V+ *0.5V

Notes

1. Ty Max = 150°C for the Molded DIP, and 175°C for the Metal Can.

2. Ratings apply to ambient temperature at 25°C. Above this temperature,
derate the 8L-Metal Can at 6.7 mW/°C, and the 8L-Molded DIP at
7.5 mW/°C.

3. For supply voltages less than +22 V, the absolute maximum input
voltage is equal to the supply voltage.

Connection Diagram
8-Lead Metal Package
(Top View)

Lead 4 connected to case.

Order Information

Device Code Package Code Package Description

HA725HM 5W Metal
HA725HC SW Metal
UA725AHM SW Metal
HAT25EHC 5W Metal
Connection Diagram

8-Lead DIP

(Top View)

+ OFFSET -OFFSET
NULL NULL

-N

+IN

CDO0BOF

Order information
Device Code Package Code

MA725TC 9T

Package Description
Molded DIP
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MA725A/E and pA725
Electrical Characteristics Tp = 25°C, Voo =+ 15 V, unless otherwise specified.

UAT25A/E uA725
Symbol Characteristic Condition Min Typ Max Min Typ Max Unit
Vio Input Offset Voltage Rs <10 k& 0.5 0.5 1.0 mvV
(Without external trim)
lio Input Offset Current 5.0 2.0 20 nA
g Input Bias Current 75 42 100 nA
Z, Input Impedance 1.5 1.5 MQ
Pc Power Consumption MAT25A/ uA725 80 120 80 120 mw
MAT725E 150
Vec=2130V 6.0
CMR Common Mode Rs <10 k&2 120 130 110 120 dB
Rejection
ViR Input Voltage Range +13.5 +14 +13.5 *+14 v
PSRR Power Supply Rejection | Rg <10 k2 20 5.0 2.0 10 uw/v
Ratio
Avs Large Signal Voltage RL>=2.0 k£, 1000 3000 1000 3000 V/mvV
Gain Vo=%10 V
Vop Output Voltage Swing RL =10 k&2 +12.5 +12 | £135 \Y
RL=20 kQ +10 +10 | 135 \
en Input Noise Voltage fo=10 Hz 15 15 15 nV/vHz
fo =100 Hz 9.0 12 9.0
fo=1.0 kHz 8.0 12 8.0
in Input Noise Current fo=10 Hz 1.0 1.2 1.0 pA/vVHz
fo =100 Hz 0.3 0.6 0.3
fo=1.0 kHz 0.15 0.25 0.15
The following specifications apply over the range of 0°C < Tp < +70°C for uA725E, -55°C < Tp < +125°C for uA725A
and pA725.
Vio Input Offset Voltage Rs <10 k2 0.75 1.5 mv
(Without external trim)
AV|o/AT | Input Offset Voltage Rg =50 2 2.0 2.0 20 5.0 uv/°C
Temperature Sensitivity
(Without external trim)
AVio/AT | Input Offset Voltage Rg=50 0.6 0.6 uv/°c
Temperature Sensitivity
(With external trim)
lio Input Offset Current Ta=Ta Max 4.0 1.2 20 nA
Ta=Ta Min 5.0 18 7.5 40
___
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MAT25A/E and pA725 (Cont.)
Electrical Characteristics Voo =£15 V, 0°C < Tp < +70°C for pyA725E, -55°C <Tp < +125°C for nA725A

and uA725.
HAT25A/E uA725
Symbol Characteristic Condition Min Typ Max Min Typ Max Unit
A/ AT Input Offset Current 35 90 35 pA/°C
Temperature Sensitivity
s Input Bias Current Ta =TA Max 70 20 100 nA
Ta=TA Min 180 80 200 nA
CMR Common Mode Rs <10 k2 110 100 dB
Rejection
PSRR Power Supply Rejection | Rs <10 k2 8.0 20 uv/v
Ratio
Avs Large Signal Voitage RL = 2.0 k£, 1000 1000 V/mV
Gain TA = TA Max
RL=2.0 kS, 500 250 V/mV
Ta=Ta Min
Vop Output Voltage Swing RL=2.0 kQ +10 +10 \
uA725C
Electrical Characteristics Tp = 25°C, Voo =+ 15 V, unless otherwise specified.
Symbol Characteristic Condition Min Typ Max Unit
Vio input Offset Voltage Rg <10 k&2 0.5 25 mv
(Without external trim)
lio Input Offset Current 20 35 nA
s Input Bias Current 42 125 nA
en Input Noise Voltage fo =10 Hz 15 nv/vHz
fo =100 Hz 9.0
fo=1.0 kHz 8.0
in input Noise Current fo =10 Hz 1.0 pA/vVHz
fo =100 Hz 03
fo=1.0 kHz 0.15
Z Input Impedance 1.5 M2
VIR Input Voltage Range +13.5 +14 \
Avys Large Signal Voltage Gain Ry = 2.0 k&2, 250 3000 V/mV
Vo=%10 V
CMR Common Mode Rejection Rg < 10 k2 94 120 dB
PSRR Power Supply Rejection Ratio Rg <10 k&2 2.0 35 uv/v
Vop Output Voltage Swing R =10 k2 ¥12 | +135 \
R =20 k& +10 +13.5
Pe Power Consumption 80 150 mw
_ ]
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uA725C (Cont)
Electrical Characteristics 0°C < Ty < +70°C, Voo =*15 V, unless otherwise specified.

Symbol Characteristic Condition Min Typ Max Unit
Vio Input Offset Voltage Rg <10 k&2 3.5 mv
(Without external trim)
AVio/AT | Input Offset Voltage Temperature Rg=50 2.0 uv/°C
Sensitivity (Without external trim)
AVio/AT | Input Offset Voltage Temperature Rg =50 0.6 uv/°Cc
Sensitivity (With external trim)
o Input Offset Current Ta=Ta Max 1.2 35 nA
Ta=Ta Min 40 50
Alip/ AT Input Offset Current Temperature 10 pA/°C
Sensitivity
lig Input Bias Current Ta=TA Max 125 nA
Ta=Ta Mmin 250
Avs Large Signal Voltage Gain R =>2.0 k2 125 V/mV
CMR Common Mode Rejection Rs <10 k2 115 dB
PSRR Power Supply Rejection Ratio Rg <10 k2 20 uv/v
Vop Qutput Voltage Swing R_=2.0 kQ +10 \
N o I
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Typical Performance Curves

Voltage Gain vs Temperature For
Supply Voltages For uA725/A
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Untrimmed Input Offset Voitage
vs Temperature For uA725/A

1.0
L]
T Li T
o Veo= 215V
E 08
|
W
-]
£ os —
g ]
§ |1
2
g
z 02
0
-80 -20 20 80 100 140
TEMPERATURE — °C
PCO3440F
Untrimmed Input Offset Voltage
vs Temperature For uA725C/E
1.0 | |
> Vc'c = :l|5V
E 08
M
2
LX)
©
>
&
© 04
(™
[=]
e
2
Z 02
[
o 10 20 30 40 50 60 70
TEMPERATURE — °C
PCO3470F
Input Bias Current vs
Temperature For ©A725/A
100
T 0N\
[
AN
g \\Q
a N Vee= t20V
N v =
g " \ VYeec=+8V
m
e
2 =
z Voo = 210V
20 t vd
Vee = ;:SVl
_ﬂgo -20 20 60 100 140
TEMPERATURE — °C
PCOISDOF




uA725

Typical Performance Curves for all Types (Cont.)

Input Blas Current vs
Temperature uA725C/E

Common Mode Rejection
Ratio vs Temperature

Power Supply Rejection
Ratio vs Temperature
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Typical Performance Curves for all Types (Cont.)

Change In Input Offset Voitage
Due to Thermal Shock vs Time
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Typical Performance Curves for all Types (Cont)

Power Consumption vs

Temperature
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Transient Response Test Circuit Transient Response
50 ki) 1200
00
W v > w00 -
= 1 %
w
[~
<
5 400
150 pF 9 /( Voo = =15V
§ Ta = 25°C —
e 10 RL =2k
3 o * f CL = 150 pF _| 7
= = RISE TIME Ay = 100
CRO1180F
~ 400
0 2 4 6 8
TIME — us
PCOITSOF
Typical Applications
Precision Amplifier Ayc_ = 1000
10 k0
MA— :l__
500 k0 90 k(1
& s0k0 Eo
001 uF Characteristics
Ay = 1000 = 60 dB
50 M2 470 0 DC Gain Error = 0.05%
Bandwidth = 1 kHz for ~0.05% error
= = Diff. Input Res. =1 MQ
AFODS20F Typical amplifying capability
en=10 gV on Voy =10V
Caution: Minimize Stray Capacitance
Active Filter — Band Pass With 60 dB Gain Active Filter Frequency Response
100
—_— v —
A= ( o, nc)(z + c,gcx) ( R3 -
2 R3+Rs +1271oCs
80 HEL I
=ca 1
= — ———
s ‘i o " 20R.C/Cy/Cn
o™ z T
= R c3 S Rx =Ry Q=12./C,/Cx
g v
E g L
= 20 J
‘\{ DC GAIN Th=25°C
Ay oc-14 Bt R ':;*R‘
O ek 10X 10 fo X 102
AFo0520F NORMALIZED FREQUENCY

PCO3760F
Lead numbers are shown for metal package only.
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Typical Applications (Cont.)

Photodiode Amplifier (Note 2)

R4
& 00 (2 (NOTE 1)
-—l(————l l—‘VW— 10,000
R2 RS
AAA AAA 1,000 GAIN
H5Y Mg (NOTE 1) k() RANGE
( T | seLect
(NOTE 1) R13Y ZERO ADJUST A =
~ R1 7 :: R3 0k 19
W0k | o NP0 K "(m‘rkenn c‘:ﬁ:::%z METER 1 mA
AAA . R?
FPT 102 OR C-8 s\?\ < A Fvvvill SOVWEEA A »‘\FUL.LSCA;T,TTO
Sonier = VWA WA—AN—
ICTION OF FPT 300 A L re  R1s  \_/ RECORDER
sl swnT 2 1kl 2k
20pF  (NOTE 1) (NOTE 1) Ru
aruf Lo, 00 0
@35 vI f‘; (NOTE 1)
(NOTE 1) oF
) R10 =
By 510 )

DC GAINS = 10,000; 1,000; 100; AND 10

= BANDWIDTH = DETERMINED BY VALUE OF C1

AFOD5AIF

+100 V Common Mode Range Differential Amplifier

¢ (Note 2)
500 pF
I
LA Rt
50 kit o R3
- > 5 ki)
390
our w5k S Re
RTAIY) S5k
REFERENCE =
THERMOCOUPLE
R7 >
S0 S SR: K
B =B tor best cun
out
R1 = A4 <
= = R2 = R§ 330
3
asn - B8 . (1) sk
DC GAIN = 1000 -
BANDWIOTH = DC TO 540 Hz ¢ MAASE
EQUIVALENT INPUT NOISE = 0.24 »Vrms . =
AFO0SS1F AFO0S61F
Notes
1. Indicates *1% metal film i recc ded for perature
stability.
2. Lead numbers are shown for metal package only.
I — — — E—
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Typical Applications (Cont.)

Instrumentation Amplifier With High Common Mode Rejection (Note 1)

out

AFO0S7{F

R1 R3
— =— for best CMRR
R6 R4

R3 =R4

R1=R6=10 R3

Ré
Gain = —
R7

Note
1. Lead numbers are shown for metal package only.
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]
FAIRCHILD
]

A Schlumberger Company

uA741
Operational Amplifier

Linear Division Operational Amplifiers

Description
The uA741 is a high performance monolithic operational
amplifier constructed using the Fairchild Planar Epitaxial

process. It is intended for a wide range of analog applica-

tions. High common mode voltage range and absence of
latch up tendencies make the upA741 ideal for use as a
voltage follower. The high gain and wide range of operat-
ing voltage provide superior performance in integrator,
summing amplifier, and general feedback applications.

¢ No Frequency Compensation Required

® Short Circuit Protection

o Offset Voltage Null Capability

® Large Common Mode And Differential Voltage
Ranges

® Low Power Consumption

® No Latch Up

Absolute Maximum Ratings
Storage Temperature Range
Metal Can and Ceramic DIP
Molded DIP and SO-8
Operating Temperature Range
Extended (uA741AM, pA741M)
Commercial (uA741EC, uA741C)
Lead Temperature
Metal Can and Ceramic DIP

-65°C to +175°C
-65°C to +150°C

-55°C to +125°C
0°C to +70°C

(soldering, 60 s) 300°C
Molded DIP and SO-8
(soldering, 10 s) 265°C
Internal Power Dissipation®: 2
8L-Metal Can 1.00 W
8L-Molded DIP 0.93 W
8L-Ceramic DIP 1.30 W
S0O-8 081 W
Supply Voltage
WATA1A, pA741, pATAIE £22 V
UA7A1C +18 V
Differential Input Voltage +30 V
Input Voltage® +15 V

Output Short Circuit Duration® Indefinite

Notes

1. Ty Max = 150°C for the Molded DIP and SO-8, and 175°C for the Metal

Can and Ceramic DIP.

2. Ratings apply to ambient temperature at 25°C. Above this temperature,
derate the 8L-Metal Can at 6.7 mW/°C, the BL-Molded DIP at
7.5 mW/°C, the 8L-Ceramic DIP at 8.7 mW/°C, and the SO-8 at
6.5 mW/°C.

3. For supply voltages less than * 15 V, the absolute maximum input
voltage is equal to the supply voltage.

4. Short circuit may be to ground or either supply. Rating applies to 125°C

case temperature or 75°C ambient temperature.

Connection Diagram
8-Lead Metal Package
(Top View)

-IN () out

(0 -OFFSET
NULL

€D00?51F

Lead 4 connected to case.

Order Information

Device Code Package Code Package Description

MA741HM S5W Metal
MA741HC 5W Metal
#A741AHM 5W Metal
MAT41EHC 5W Metal

Connection Diagram
8-Lead DIP and SO-8 Package
(Top View)

+OFFSET
NULL

-IN
+IN

—OFFSET
NULL

CDO07&1F

Order Information

Device Code Package Code Package Description

uA741RM 6T Ceramic DIP
LAT41RC 6T Ceramic DIP
uA741SC KC Molded Surface Mount
HA7A1TC 9T Molded DIP
MA741ARM 6T Ceramic DIP
MA741ERC 6T Ceramic DIP
MAT41ETC 9T Molded DIP




pA741

Equivalent Circuit

-IN
L J 1, "
os a9 Q12 Q13 J
J/I | N ‘A k Q14
¢ ais
Rs
+IN a1 Q2 > RS 270
40 kN
Q18 1
out
03/‘ '\m 19 R?
R10 #o
= az1
T30 pF 50 Kot
Q20
w0 "2
v Yo y €G3
as as rol
+QFFSET | ) _Km P |
NULL T r" L
P > Rg R8 R11
1 :5: ;?in :4 50 k2 100 0 Q24 50 k0
k
V-
- OFFSET
NULL
BDO03SIF
L _ __
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uA741

#A741 and pA741C
Electrical Characteristics Tp = 25°C, Voo =+ 15 V, unless otherwise specified.

HA741 uA741C
Symbol Characteristic Condition Min | Typ | Max | Min | Typ | Max | Unit
Vio Input Offset Voltage Rg <10 k§2 1.0 | 5.0 20 | 6.0 mVv
VIO adj Input Offset Voltage +15 +15 mV
Adjustment Range
lio Input Offset Current 20 | 200 20 | 200 nA
s Input Bias Current 80 | 500 80 | 500 nA
2 Input Impedance 03 | 20 03 | 20 MQ
lec Supply Current 1.7 | 28 1.7 | 28 mA
Pe Power Consumption 50 85 50 85 mw
CMR Common Mode Rejection 70 70 90 dB
Vig Input Voltage Range 12 |£13 +12 | +£13 Vv
PSRR Power Supply Rejection 30 | 150 uv/v
Ratio Voc=+50 V to +18 V 30 | 150
los Output Short Circuit 25 25 mA
Current
Avs Large Signal Voltage Gain R =20 k€, Vo=+10 V 50 | 200 20 | 200 V/mVv
Vop Output Voltage Swing RL=10 k&2 +12 +12 [+14 \
RL=2.0 kQ +10 £10 [+13
TR Transient Rise time V=20 mV, R =2.0 k&, 0.3 0.3 us
Response Overshoot | CL= 100 PF. Av=1.0 5.0 5.0 %
BW Bandwidth 1.0 1.0 MHz
SR Slew Rate RL=>2.0 k§2, Ay =1.0 0.5 0.5 V/us
L
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nA741 and pA741C (Cont.)
Electrical Characteristics Over the range of ~55°C < Tp < +125°C for pA741, 0°C < Tp < +70°C for uA741C,
unless otherwise specified.

HA741 uA741C
Symbol Characteristic Condition Min | Typ | Max | Min | Typ | Max | Unit
Vio Input Offset Voltage 75 mv
Rs <10 k& 1.0 | 6.0
VIO adj Input Offset Voltage +15 +15 mv
Adjustment Range
io Input Offset Current 300 nA
Ta=+125°C 7.0 | 200
Ta=-55°C 85 | 500
lig Input Bias Current 800 nA
Ta=+125°C 0.03 | 05 MA
Ta=-55°C 03 | 15
lcc Supply Current Ta=+1256°C 15 | 25 mA
Ta=-55°C 20 | 33
Pe Power Consumption Ta=+125°C 45 75 mwW
Ta=-55°C 60 | 100
CMR Common Mode Rejection | Rg <10 k2 70 90 dB
VIR Input Voltage Range +12 |+13 \
PSRR Power Supply Rejection 30 | 150 uv/v
Ratio
Avs Large Signal Voltage R 220 k2, Vo=t10 V 25 15 V/mVv
Gain
Vop Output Voltage Swing R =10 k&2 +12 |+14 \
R =2.0 k2 +10 [+13 +10 [+13
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HMA741A and uA741E
Electrical Characteristics T = 25°C, Voo = 15 V, unless otherwise specified.

Symbol Characteristic Condition Min Typ | Max Unit
Vio Input Offset Voltage Rs <50 Q 0.8 3.0 mvV
lio Input Offset Current 3.0 30 nA
Iig Input Bias Current 30 80 nA
Z Input Impedance Veg=+20 V 1.0 6.0 MQ
Pe Power Consumption Vec=*20 V 80 150 mw
PSRR Power Supply Rejection Ratio Vee=+10V, =20 V to 15 50 uv/v
Vec=+20 V, -10 V,
Rs =50
los Output Short Circuit Current 10 25 40 mA
Ays Large Signal Voltage Gain Vec=220 V, RL=220 k{2, Vo=%15 V 50 200 v/mV
TR Transient Response |Rise time | Ay=1.0, Vgc=%+20 V, V,=50 mV, 0.25 0.8 us
Overshoot | L =20 k& CL =100 pF 60| 20| %
BW Bandwidth 0.437 1.5 MHz
SR Slew Rate Vi=x10 V, Ay=1.0 0.3 0.7 V/us
The following specifications apply over the range of —55°C < Tp < +125°C for the uA741A, and 0°C < Tp < +70°C for
the uA741E.
Vio Input Offset Voltage 4.0 mvV
AVio/ AT Input Offset Voltage 15 | uv/°C
Temperature Sensitivity
Vio adj Input Offset Voltage Vec=* 20 V 10 mV
Adjustment Range
lio Input Offset Current 70 nA
Alo/ AT Input Offset Current 0.5 | nA/°C
Temperature Sensitivity
B Input Bias Current 210 nA
2 Input Impedance 0.5 MQ
Pe Power Consumption Vec=120 V | pA741A -55°C 165 mw
+125°C 135
MAT41E 150
CMR Common Mode Rejection Vec=220 V, V|=%15 V, Rg=50 Q 80 95 dB
los Output Short Circuit Current 10 40 mA
Avs Large Signal Voltage Gain Vec=%20 V, RL=22.0 k&, 32 V/mvV
Vo=%15 V
Vee=%5.0 V, R =2.0 k£, 10
Vo=+20V
Vop Output Voltage Swing Vec=t20 V R =10 k2 +16 \
RL=2.0 kQ £15
]
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uA741

Typical Performance Curves

Voltage Gain vs Output Voltage Swing vs Input Common Mode Voltage
Supply Voltage for uA741/A Supply Voltage for uA741/A vs Supply Voltage for pA741/A
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Input Common Mode Voltage
Voltage Gain vs Output Voltage Swing vs Range vs Supply Voltage
Supply Voltage for uA741C/E Supply Voltage for pA741C/E for #A741C/E
105 T 0 T 1’
Ta = 25°C - u—RLzzkﬂL z 0°C < Ta < 70°C
o 100 — ) °C = Tas 70°C 114
8 ] o 2 o ]
?1 95 Ve ol ; 20 zw
é e 2 4 u 10 7
5 24 o
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g A 3x / g 4
a B x 18 w [
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8 = P z ¢
o % 8 7 g
75 ﬁ 3 2
a 4 o
70 ° © [
a 2 4 & 8 10 12 W 1 18 20 13 10 15 20 5 10 15 0
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Transient Response Test Circuit Common Mode Rejection Ratio
Transient Response for yA741C/E for uA741C/E vs Frequency for uA741C/E
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= 9 Vee = 15V
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[ ™ T g = \
0 RISE TIME = = Z 49
CRO1470F 8 a
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uA741

Typical Performance Curves (Cont.)
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Typical Performance Curves (Cont.)

Output Voltage Swing vs
Load Resistance
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Typical Performance Curves (Cont.)
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14 14
Voe = £15V 120 ! ! ‘ '
P 3 Vg = =20V Ve = 218V
] 1.2 )
()
;v i . s
g [ e N 2 ~ >
E af\ E ~ K ™~ @ P
o g 0 - ,;, w0 SLEW RATE
[ N @ = C
§ 3 N § N~ E é 40%0(
& N~ S v EON
) < g 02 2
2 ™~ H ) Yoy,
z 2 — a | 4
L 40
[ 0.6
-60 -20 20 60 100 140 -50 -20 20 80 100 140 -0 -20 20 60 100 140
TEMPERATURE — °C TEMPERATURE — °C TEMPERATURE — °C
PCOSA20F PCOS430F PCO5440F
Input Bias Current vs Input Impedance vs Input Offset Current vs
Temperature for uA741C/E Temperature for uA741C/E Temperature for uA741C/E
100 10 T T 5
|| T > [ ]
Voo = 18V 70 « Veg = =15V
< s0 o L'}
rd S
| ’, 5.0 .zl \'s
E 60 4] I . T~
g 2 H R
2 o (3]
5 w 3.0 -
@ 40 P 2 & 2
g i e 5 &
- ¢ 2.0
2 — = 5
Z 20 g1
z
[ 10 0
[ 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
TEMPERATURE — °C TEMPERATURE — °C TEMPERATURE — °C
PCO5450F PCOS461F PCOSATOF
Power Consumption vs Short Circuit Current vs Frequency Characteristics vs
Temperature for yA741C/E Temperature for uA741C/E Temperature for uA741C/E
30
100 [ < 10 1 I
€ Ve = 215V
. X
- o = 20V 20 /
T ] N 105 4
z T 2 ~ w . //
2w ~ o NN 2 ~N v
g [~ 3 — > N1 SLEW RATE
2 g 2 w1.00 — 2
£n v g —— 9%,
5 § o ™~ g R
£ H ~ g Nl
% ® E 95 \o%
4 &2 °1,,/
3 2
50 18 0.90
] 10 20 30 40 50 0 70 o 10 20 30 40 50 60 70 ] 10 20 30 40 50 60 70
TEMPERATURE — °C TEMPERATURE — °C TEMPERATURE — °C
PCO5480F PCO5491F PCO5500F
. R o

7-108



_r MA747
FAIRCHILD Dual

A Schlumberger Company

Operational Amplifier

Linear Division Operational Amplifiers

Description

The pA747 contains a pair of high performance monolithic
operational amplifiers constructed using the Fairchild Planar

Epitaxial process. They are intended for a wide range of
analog applications where board space or weight are im-
portant. High common mode voltage range and absence
of latch up make the uA747 ideal for use as a voltage

follower. The high gain and wide range of operating volt-
age provide superior performance in integrator, summing

amplifier, and general feedback applications. The uA747 is

short circuit protected and requires no external compo-
nents for frequency compensation. The internal 6 dB/oc-
tave roll-off insures stability in closed loop applications.
For single amplifier performance, see uA741 data sheset.

® No Frequency Compensation Required

® Short Circuit Protection
® Offset Voitage Null Capability

® Large Common Mode And Differential Voltage

Ranges
® Low Power Consumption
® No Latch Up

Absolute Maximum Ratings
Storage Temperature Range
Metal Can and Ceramic DIP
Molded DIP and SO-14
Operating Temperature Range
Extended (uA747AM, nA747M)
Commercial (uUA747EC, uA747C)
L.ead Temperature
Metal Can and Ceramic DIP
(soldering, 60 s)
Molded DIP and SO-14
(soldering, 10 s)
Internal Power Dissipation'- 2
10L-Metal Can
14L-Ceramic DIP
14L-Molded DIP
SO-14
Supply Voltage
MAT4TA, nA747
HATATE, uA747C
Differential Input Volitage
Input Voltage®

Voltage Between Offset Null and V-

Output Short Circuit Duration?

Notes

1. Ty Max = 150°C for the Molded DIP and SO-14, and 175°C for the Metal

Can Ceramic DIP.

2. Ratings apply to ambient temperature at 25°C. Above this temperature,

-65°C to +175°C
-65°C to +150°C

-565°C to +125°C
0°C to +70°C
300°C

265°C

1.07 W

1.36 W

1.04 W
0.93 W

Indefinite

derate the 10L-Metal Can at 7.1 mwW/°C, the 14L-Ceramic DIP at
9.1 mW/°C, the 14L-Molded DIP at 8.3 mW/°C, and the SO-14 at

7.5 mW/°C.

3. For supply voltages less than *+ 15 V, the absolute maximum input

voltage is equal to the supply voltage.

Connection Diagram
10-Lead Metal Package

(Top View)

Lead 5 connected to case.

Order Information
Device Code

Package Code

cO00771F

Package Description

MA747HM 56X Metal
MA747HC 5X Metal
MA747AHM 5X Metal
MA747EHC 5X Metal

Connection Diagram
14-Lead DIP and SO-14 Package

(Top View)

-IN A t .
+IN A é

- QFFSET
NULL A

-~ OFFSET
NULL B

+IN Bi
e[ ]

Order information
Device Code

4
]
5

Package Code

+OFFSET
NULL A

v+ a
>
>

+OFFSET
NULL B

CDO07BIF

Package Description

MAT747DM B6A Ceramic DIP
MA747DC BA Ceramic DIP
MAT747PC 9A Molded DIP
UAT7475C KD Molded Surface Mount
uA747ADM 6A Ceramic DIP
MA747EDC 6A Ceramic DIP

4. Short circuit may be to ground or either supply. Rating applies to 125°C

case temperature or 75°C

ambient temperature.




MAT747

Equivalent Circuit (1/2 of circuit)

-IN
o];q ; () 7’2\“—
"\ A
+IN o Q2 %ns
S0k
Q3
Lcr
30 oF
300 0
AN Qte —x o2
Qs Q6 3 'T '_’ﬁ .
+OFFSET | a0 on oza‘\/“
NULL — | I
R1S  R3 Srz RO S Re an SR
1k0S 50 kn S1kn "o 50 kn T ! ]’5" K
v-
- OFFSET
NULL
BDOOISIF
V+A is internally connected to V + B.
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uA747

nA747 and A747C
Electrical Characteristics Ty = 25°C, Voo =t 15 V, unless otherwise specified.

uA747 HA747C
Symbol Characteristic Condition Min | Typ | Max | Min | Typ | Max Unit
Vio Input Offset Voltage Rs <10 k&2 1.0 5.0 1.0 6.0 mv
Vio agj input Offset Voltage +15 15 mv
Adjustment Range
o Input Offset Current 20 | 200 20 | 200 nA
s Input Bias Current 80 | 500 80 | 500 nA
Z Input Impedance 0.3 2.0 0.3 2.0 MQ
lcc Supply Current 34 5.6 3.8 5.6 mA
Pe Power Consumption 100 | 170 100 | 170 mw
PSRR Power Supply Rejection 30 | 150 uv/v
Ratio Vec=150 Vto 18 V 30 [ 150
los QOutput Short Circuit Current 25 25 mA
Avs Large Signal Voltage Gain R.>20 k2, Vo=t10 V 50 | 200 25 | 200 v/mv
TR Transient Rise time V=50 mV, R_=20 k2, 0.3 0.3 us
Response Overshoot CL=100 pF, Ay=1.0 5.0 5.0 %
BW Bandwidth 1.0 1.0 MHz
SR Slew Rate RL =20 k€2, Ay=1.0 0.5 05 V/us
CS Channel Separation 120 120 dB

The following specifications apply over the range of -55°C <Tp < +125°C for uA747, 0°C < Tp <70°C for uA747C

Vio input Offset Voltage Rg <10 k&2 1.0 6.0 1.0 7.5 mv
o Input Offset Current 0°C < Tp<70°C 7.0 | 300 nA
Ta=+125°C 7.0 | 200
Ta =-55°C 85 | 500
s Input Bias Current 0°C < Tp <70°C 30 | 800 nA
Ta=+125°C 0.03 0.5 A
Ta =~55°C 0.3 1.5
lcc Supply Current 0°C < TR, <70°C 4.0 6.6 mA
Ta=+125°C 3.0 5.0
Tp=-55°C 40 | 66
Pc Power Consumption 0°C<TAo<70°C 120 | 200 mw
Ta = +125°C 90 | 150
Ta=-55°C 120 | 200
CMR Common Mode Rejection Rg <10 k&2 70 90 70 90 dB
ViR Input Voltage Range 12 | £13 +12 | £13 \
PSRR Power Supply Rejection 30 150 uviv
Ratio Vec=+50 V1o £18 V 30 | 150
Avs Large Signal Voltage Gain R =220 k{2, Vo=*10 V 25 15 V/mv
Vop Output Voltage Swing R =10 kQ2 12 | 14 12 | £14 \
R, =2.0 k2 +10 | £13 +10 | £13
— — I —
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uA747

MA747A and uAT47E

Electrical Characteristics Tp = 25°C, £+5.0 V<XVgc <20 V, unless otherwise specified.

Symbol Characteristic Condition Min Typ Max Unit
Vio Input Offset Voltage Rg <50 Q 0.8 3.0 mv
VIO adj Input Offset Voltage Adjustment Veg=%*20 V 10 mv
Range
lio Input Offset Current 3.0 30 nA
lig Input Bias Current 30 80 nA
Z Input Impedance Vec=%20 V 1.0 6.0 M
Pe Power Consumption Vec=%20 V 160 300 mw
CMR Common Mode Rejection Vec=220 V, V=215 V, Rg=50 Q 80 95 dB
PSRR Power Supply Rejection Ratio Vec=+10V, -20 V to Ve =+20 V, -10 V, 15 50 uv/v
Rg =50 Q
los Output Short Circuit Current HAT47A 10 25 40 mA
HATATE 10 25 35
Avs Large Signal Voltage Gain Voc =120 V, R 220 k2, Vo=+15 V 50 v/mV
TR Transient Response | Rise time Vi =50 mV, R_=2.0 k£, C_ =100 pF 0.25 0.8 us
Overshoot | Av=10 6.0 20 %
BW Bandwidth | 0.437g 1.5 MHz
SR Slew Rate Vi=+10 V, Ay=1 | o3| o7 Vips
The following specifications apply over the range of ~55°C < Tp < +125°C for pA747A, 0°C < Tp < +70°C for nA747E.
Vio input Offset Voltage 4.0 mv
AVio/ AT Input Offset Voltage Temperature 15 uVv/°C
Sensitivity
o Input Offset Current 70 nA
Iig Input Bias Current 210 nA
Ao/ AT Input Offset Current Temperature HATATE Ta =25°C to 70°C 0.2 nA/°C
Sensitivity Ta=0°C to 25°C 05
MATATA Ta =25°C to 125°C 0.2
Ta=-55°C to +25°C 0.5
2, Input impedance Vee=+20 V 0.5 MQ
Pe FPower Consumption Veg=*20 V uATATA -55°C 330 mwW
+125°C 270
WATATE 330
los Output Short Circuit Current 10 40 mA
Avs Large Signal Voltage Gain Vee =220 V, RL>220 kQQ, Vo=%15V 32 v/mv
Vec=15V, RL=20 k2, Vo=%20 V 10
Vop Output Voltage Swing Vee=%20 V RL =10 k& +16 \
RL=20 kQ +15
cs Channel Separation Vec=%20 V 100 dB
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uAT747

Typical Performance Curves for uA747A and uyA747
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uA747

Typical Performance Curves (Cont.)
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Frequency Characteristics vs
Temperature For pA747C/E
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nA747

Typical Performance Curves (Cont.)

Output Voltage Swing vs
Load Resistance
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Input Noise Voitage Density vs
Frequency
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uA747

Test Circuits

Voltage Offset Null Circuit

2

Typical Applications
Quadrature Oscillator

CRO421F

R2
190 k(2 &
1%

c3
820 pF
o, e i
820 pF
1% LAY
Ik D1 02
SV
R3 5V
190 k0
1%
M~ 12
wATAT
+
R4
190 k) BTy

> A1

' =
V=5, JCamacams  (R1¢1=R2cd)

c1

COSINE
out

3190k
< 1%

820 pF
1%

AFOO761F
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Translent Response Test Circuit

I

CL =P :; R

e

CRO143TE

Tracking Positive and Negative
Voitage References

R1+R2

Positive Output = V¢ x

R2

R6
Negative Oulput = -Positive Output x %

NEGATIVE

—REGULATED
ouT

-2V

I <5 mA
SOURCE
OR SINK
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uMA747

Analog Multiplier

15V
A13
CURRENT SOURCE 1.5 ki1 AMPLIFIER
R2 R4
20 ki) 25.8 kN
VA 1N963B 1% (NOTE 2)
a1 R1t R12
20 k(1 +15 V 12 k) 5 = & 12 k1 5V
1% e S {noTE 2)
< (NOTE 2
By —AAA {NOTE 2) ( >
MULTIPLIER
2020 1/2 uAT47 Eo
OR
das uAT2 4
< 5 ki
5V 2 BTV
1 B2 Q1 Q2 R1s
25.8 ki
AAA il% )
A NOTE 2
Ra 1: :n - =
20 k oy
1%
R8 R7
200 = 20 (1 150 ki)
sV ZERO ADJUST sV
AFO078F
Compressor/Expander Amplifiers (Note 1)
A D1 (NOTE 3)
R2
10 ki)
a D2 as
._W_N_ AAA—
03 1 ki)
+1SV R 15V
R1
R
com::ssso o S na
1o ouy ok EXPANDER
- - WA— 12 uA747 >——EX O
EXPANDER
IN D4
A
R3 ETRY
10 k)
COMPRESSOR = EXPANDER
AFooTSIF
Notes

1. Maximum Compression Expansion Ratio = R/R (10 k2> R =0)

2. Matched to 0.1% Eo =100 E;y x Ejp
3. Diodes D1 through D4 are matched FD666 or Equivalent
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FAIRCHILD
e —r——————

A Schlumberger Company

HA748

Operational Amplifier

Linear Division Operational Amplifiers

Description

The uA748 is a high performance monolithic operational
amplifier constructed using the Fairchild Planar Epitaxial
process. It is intended for a wide range of analog applica-
tions where tailoring of frequency characteristics is desir-
able. High common mode voltage range and absence of
latch up make the uA748 ideal for use as a voltage fol-
lower. The high gain and wide range of operating voltages
provide supetior performance in integrator, summing ampli-
fier, and general feedback applications. The uA748 is
short circuit protected and has the same lead configuration
as the popular uA741 operational amplifier. Unity gain fre-
quency compensation is achieved by means of a single
30 pF capacitor.

® Short Circuit Protection

o Offset Voltage Null Capability

® Large Common Mode And Differential Voltage
Ranges

® Low Power Consumption

® No Latch Up

Absolute Maximum Ratings
Storage Temperature Range

Metal Can and Ceramic DIP —65°C to +175°C (Top View)

Molded DIP and SO-8 -65°C to +150°C
Operating Temperature Range

Extended (uA748M) -55°C to +125°C -OFFSET NULL/| FREQ

Commercial (uA748C) 0°C to +70°C FREQ COMP com?
Lead Temperature -IN

Metal Can and Ceramic DIP an

(soldering, 60 s) 300°C
Molded DIP and SO-8 v- *g;ﬁ“
(soldering, 10 s) 265°C

Internal Power Dissipation’ 2 o

8L-Metal Can 1.00 W

8L-Molded DIP 0.93 W

8L-Ceramic DIP 1.30 W Order Information

S0O-8 081 W Device Code Package Code Package Description
Supply Voltage 22V UA748RC 6T Ceramic DIP
Differential Input Voltage 30 V HAT48SC KC Molded Surface Mount
Input Voltage? 15 V uA748TC oT Molded DIP
Output Short Circuit Duration® Indefinite
Notes
1. Ty Max = 150°C for the Molded DIP and SO-8, and 175°C for the Metal

Can and Ceramic DIP
2. Ratings apply to ambient temperature at 25°C. Above this temperature,

derate the 8L-Metal Can at 6.7 mwW/“C, the 8L-Molded DIP at

7.5 mW/°C, the 8L-Ceramic DIP at 8.7 mW/°C, and the SO-8 at

6.5 mW/°C.
3. For supply voltages less than 15 V, the absolute maximum input

voltage is equal to the supply voitage.
4. Short circuit may be to ground or either supply. Rating applies to 125°C

case temperature or +75°C ambient temperature.

]

Connection Diagram
8-Lead Metal Package

(Top View)

Lead 4 connected to case.

Order Information

Device Code

UAT48HM
uA748HC

Package Code

5wW
5w

Connection Diagram
8-Lead DIP and SO-8 Package

CDO0S11F

Package Description

Metal
Metal
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MA748

Equivalent Circuit

-IN  -OFFSET NULL /FREQ COMP FREQ COMP
Lq DJ v+
as Q8 at2 a1 J/I
'W ou
a5
+IN a1 Q2

R6
rn

a3 Qa4 | 7

RS S our
w0kn S
Qs R7
20
+OFFSET NULL —+ ) ()
a2
R10
Ve v‘v‘v
50 ki)
Q20
a7 300 [ k‘p)
AAA- YV as '\022
Qs -—Koﬁ 1 L‘ 7—{ [-114
aw 023 — *
an Q24 L
3] R3 S R2 R4 R9 < R8 SAN
1k S0k} & 1ki} 10 k02 50 ki2 o0 2 S0k
- v-
EQO0071F
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uA748

E:z::fical Characteristics Ty = 25°C, Voo =115 V, Cc = 30 pF, unless otherwise specified.
Symbol Characteristic Condition Min | Typ | Max Unit
Vio Input Offset Voltage Rs <10 k2 1.0 5.0 mV
VIO adj Input Offset Voltage Adjustment +15 mVv
Range
lio Input Offset Current 20 200 nA
g Input Bias Current 80 | 500 nA
Z Input Impedance 0.3 2.0 MQ
lec Supply Current 1.9 2.8 mA
Pe Power Consumption 60 85 mw
los Output Short Circuit Current 25 mA
Avs Large Signal Voltage Gain RL =220 k€2, Vo=%10 V 50 150 V/mV
TR Transient Response | Rise time Vi=20 mV, Cc =230 pF, 0.3 us
Overshoot Ry =2.0 k2, C_ =100 pF, Ay=1.0 5.0 %
SR Slew Rate RL=20 k2, Ay=1.0 0.5 V/us
RL=2.0kS2, Cc=3.5 pF, Ay=10 55
The following specifications apply for ~55°C <Tp < 125°C
Vio Input Offset Voltage Rs <10 kQ2 1.0 6.0 mV
lio Input Offset Current Ta=TA Max 10 | 200 nA
Ta=Ta Min 50 500
s Input Bias Current Ta=Ta Max 0.03 0.5 HA
Ta=Ta Min 03| 15
lcc Supply Current Ta=Ta Max 15 2.5 mA
Ta=Ta Min 20| 33
Pe Power Consumption Ta=Ta Max 45 75 mwW
Ta=Ta Min 60 | 100
CMR Common Mode Rejection Rs <10 k2 70 90 dB
ViR Input Voltage Range +12 | £13 v
PSRR Power Supply Rejection Ratio Rg <10 k2 30 150 uv/v
Avs Large Signal Voltage Gain RL=220 k, Vo=%10 V 25 v/mvV
Vop Output Swing RL =10 kQ 12 | *14 \'
RL=2.0 k2 +10 +13
_—
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uA748

éﬁ;:‘:?igal Characteristics Tp = 25°C, Voo =+ 15 V, Cc =30 pF, uniless otherwise specified.
Symbol Characteristic Condition Min | Typ | Max Unit
Vio Input Offset Voltage Rs <10 k§2 2.0 6.0 mv
o Input Offset Current 20 200 nA
s Input Bias Current 80 500 nA
Z Input Impedance 0.3 2.0 M2
loc Supply Current 1.9 28 mA
P¢ Power Consumption 60 85 mw
los Output Short Circuit Current 25 mA
Avs Large Signal Voltage Gain RL =20 k&2, Vo=*10 V 20 150 V/mV
TR Transient Response | Rise time V) =20 mV, Cg =30 pF, 0.3 us
Overshoot RL =20 k£, C_ =100 pF, Ay =1.0 50 %
SR Slew Rate R.=2.0 k&, Ay=1.0 0.5 V/us
The following specifications apply for 0°C << Tp < 70°C
Vio Input Offset Voltage Rs <10 k& 2.0 7.5 mv
lio Input Offset Current Ta=Ta Max 300 nA
Ta=Ta Min 800 HA
lec Supply Current Ta=Ta Max 15 2.5 mA
Ta=Ta Min 20 3.3
Pc Power Consumption Ta=Ta Max 45 75 mw
Ta=Ta Min 60 | 100
CMR Common Mode Rejection Rg <10 k2 70 90 dB
Vig Input Voltage Range 12 | +13 \
PSRR Power Supply Rejection Ratio Rs <10 k&2 30 150 uv/Iv
Avs Large Signal Voltage Gain RL>20 k2, Vo=+10 V 15 vV/mV
Vop Output Voltage Swing RL=10 kQ 12 | £14 A
R. = 2.0 kQ +10 | +13
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HAT748

Typical Performance Curves for uA748

Input Bias Current vs

Temperature
0 T ]

Voo =*15V

: 1\

e

L 200

£

Q

N\

2 100 \‘

2

3 N
\T

0
-60 -20 20 60 100 140

TEMPERATURE — °C
PCO3081F

Input Offset Current vs
Supply Voltage

40

T
Ta=25°C

INPUT OFFSET CURRENT — nA
3

5 10 15 20
SUPPLY VOLTAGE — =V

PCO3140F

Input Bias Current vs
Temperature for uA748C

T
Vee -~ %15V

H

g

T~

]

INPUT BIAS CURRENT — nA

8

0 10 2 % 40 50 6 70
TEMPERATURE — °C

PCO3T4IF

Input Impedance vs

Temperature
10.0 T I [
Voo =+15V /
50 Ve
] A
X 30
) A
w
2
é 10 yd
: 05 ,/
; 03
01
-6¢ -20 20 80 100 140
TEMPERATURE — °C
PCCA001F
Input Offset Current vs
Temperature
50 T
Voo =18
<
< 40
1
3
&
k]
3 [~
g 20 -
& ——m
[+]
1
2
T
0
-60 -20 20 80 100 Ao
TEMPERATURE — °C
PCO3120F

Input Impedance vs
Temperature for uA748C

0

T T
Vog = 15 V

70

50

40
/
20 ]

20 P
wd

[ 10 22 30 40 50 6 70
TEMPERATURE — °C

INPUT  IMPEDANCE — M)
N

PCO3151F

Short Circuit Current vs

Temperature
* Vet sm
N cc=t15V
T L.
[
~N
e N
F4
E AN
3 N
E
g = A
<
[
[ 4
g *
0
-60 -2 20 60 100 140
TEMPERATURE — °C
PCO3100F
Power Consumption vs
Temperature
Or—1—7T
Vee =215V
RL—==
® 70
[3
|
5 6 \\\
g I~
0
g = e
Q
-4
H
g
0
-60 -20 20 60 100 140
TEMPERATURE - °C
PCO3130F
Short Circuit Current vs
Temperature for puA748C
= UL
Voo =15V
< 0
E
i N
g PN
g
g 28
o
% 2 \\
5 \‘
g N
I
o 20
1%

[ 10 20 30 40 50 60 70
TEMPERATURE — °C
PCOIIBIF

7-122



uA748

Typical Performance Curves for uA748 and uA748C (Cont)

Input Offset Current vs Supply
Voltage for uA748C
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Power Consumption vs
Temperature for uA748C
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uA748

Typical Performance Curves for uA748 and pA748C (Cont.)

Frequency Characteristics vs
Temperature for uA748
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nA748

Typical Performance Curves for pA748 and pA748C (Cont)
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HA748

Test Circuits

Large Signal Feed Forward

Feed Forward Compensation Transient Response
YT
0 kit Vee =118V
A [~ =e
nel-g Iu
>
|
= § &
V8 2 E
t VWA - 6 25
HATAS Vo -]
] » 7 ¢ I \
CL o
3.0kn 5pF I 0pF
— — -8
- 150 pF < 0 1 2 3 4 5 6
TCO0040F RESPONSE TIME — .8
PCO3AIF
Voltage Offset Null Circuit
Suggested Alternate

__ap

51 M0

TCO0000F
TCoo0z21F

7-126



HA748

Typical Applications
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FAIRCHILD
I

A Schlumberger Company

MA759 « uA77000
Power
Operational Amplifiers

Linear Division Operational Amplifiers

Description

The pA759 and wA77000 are high performance monolithic
operational amplifiers constructed using the Fairchild Planar
Epitaxial process. The uA759 provides 325 mA and the
MA77000 provides 250 mA output current and feature
small signal characteristics better than the puA741. The
amplifiers are designed to operate from a single or dual
power supply with the input common mode range including
the negative supply. The high gain and high output power
provide superior performance whenever an operational am-
plifier is needed. The uA759 and pA77000 employ internal
current limiting, thermal shutdown, and safe-area compen-
sation making them essentially indestructible. These ampli-
fiers are intended for a wide range of applications
including voltage regulators, audio amplifiers, servo ampilifi-
ers, and power drivers.

® Output Current
nA759 — 325 mA Minimum
MAT77000 — 250 mA Minimum
® Internal Short Circuit Current Limiting
® Internal Thermal Overload Protection
¢ Internal Output Transistors Safe-Area Protection
® Input Common Mode Voltage Range Includes Ground
Or Negative Supply

Absolute Maximum Ratings
Storage Temperature Range
Metal Can
Power Watt
Operating Junction Temperature Range
Extended (1A759M)
Commercial (4A759C, pA77000C)
Lead Temperature

-65°C to +175°C
-65°C to +150°C

-55 t0 +150°C
0°C to +125°C

Metal Can (soldering, 60 s) 300°C

Power Watt (soldering, 10 s) 265°C
internal Power Dissipation’ Internally Limited
Supply Voltage +18 V

Differential Input Voltage 30 V
Input Voltage® 15 V

Notes

1. 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, use the thermal resistance
values which follow the Electrical Characteristics Table.

2. For a supply voltage less than 30 V between V+ and V-, the absolute
maximum input voltage is equal to the supply voltage.

Connection Diagram
8-Lead Metal Package
(Top View)

(J+ OFFSET
NuLL

GDOO4SIF

Lead 4 connected to case.

Order Information

Device Code Package Code Package Description
PAT59HM 5W Metal
MA759HC 5W Metal

Connection Diagram
TO-202 Package
(Top View)

O

V-

g

Order Information

Device Code Package Code
pA759U1C 8z
MA77000U1C 8z

Package Description

Power Watt
Power Watt
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nA759 * uA77000

Equivalent Circuit
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HAT759 ¢ uA77000

g::gl?ical Characteristics T, = 25°C, Vgg = £ 15 V, unless otherwise specified.
Symbol Characteristic Condition Min Typ Max Unit
Vio Input Offset Voltage Rs <10 kQ 1.0 3.0 mvV
lio Input Offset Current 5.0 30 nA
lig Input Bias Current 50 150 nA
Z Input Impedance 0.25 1.5 MQ
lec Supply Current 12 18 mA
ViR Input Voltage Range +13 +13 A
to V- to V-
los Output Short Circuit Current IVec-Vol=30 v +200 mA
lo PEak | Peak Output Current 30 V<IVge-Vol<10Vv | +325 | +500 mA
Avs Large Signal Voltage Gain RL=50 Q, Vo=x10 V 50 200 v/mv
TR Transient Response Rise time R =50 &, Ay=1.0 300 ns
Overshoot 5.0 %
SR Slew Rate RL=50 §, Ay=1.0 0.6 V/us
BW Bandwidth Ay =1.0 1.0 MHz
The following specifications apply for —-55°C < T, < +150°C
Vio Input Offset Voltage Rg <10 k2 4.5 mV
o Input Offset Current 60 nA
s Input Bias Current 300 nA
CMR Common Mode Rejection Rs <10 kQ2 80 100 dB
PSRR Power Supply Rejection Ratio Rs <10 kQ2 80 100 dB
Ays Large Signal Voltage Gain R_L=50 £, Vo=+10 V 25 200 v/mv
Vop Output Voltage Swing RL=50 Q +10 | %125 \
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HA759 ¢ uA77000

Efg:st’:gal Characteristics T; = 25°C, Vgc=*15 V, unless otherwise specified.
Symbol Characteristic Condition Min Typ Max Unit
Vio Input Offset Voltage Rg <10 kS§2 1.0 6.0 mvV
lio Input Offset Current 5.0 50 nA
[ Input Bias Current 50 250 nA
Z Input Impedance 0.25 1.5 MQ
lcc Supply Current 12 18 mA
VIR Input Voltage Range +13 +13 \
to V- to V-
los Output Short Circuit Current IVeg-Vol=30 Vv +200 mA
lo peak | Peak Output Current 30 V<IVee-Vol<10V | +325 | +500 mA
Avs Large Signal Voltage Gain R.=50 Q, Vo=+10 V 25 200 V/mvV
TR Transient Response Rise time R =50 Q, Ay=1.0 300 ns
Overshoot 10 %
SR Slew Rate RL.=50 £, Ay=1.0 0.5 V/ius
BW Bandwidth Ay=1.0 1.0 MHz
The following specifications apply for 0° < T, < +125°C
Vio input Offset Voltage Rg <10 k2 7.5 mv
ho Input Offset Current 100 nA
lis Input Bias Current 400 nA
CMR Common Mode Rejection Rg <10 k2 70 100 dB
PSRR Power Supply Rejection Ratio Rg <10 k2 80 100 dB
Avs Large Signal Voltage Gain R =50 £, Vo=110 V 25 200 V/mv
Vop Output Voltage Swing RL=50 Q +10 | *125 \"
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1A759 ¢ uA77000

uA77000
Electrical Characteristics T, = 25°C, Voo = 15 V, unless otherwise specified.
Symbol Characteristic Condition Min Typ Max Unit
Vio Input Offset Voltage Rs <10 k&2 1.0 8.0 mv
lio Input Offset Current 5.0 50 nA
lig Input Bias Current 50 250 nA
Z Input Impedance 0.25 1.5 M2
lcc Supply Current 12 18 mA
VIR Input Voltage Range +13 +13 \
to V- to V-
los Output Short Circuit Current [Vec-Vol=30 v +200 mA
lo peak | Peak Output Current 30 V<IVee-Vpol<tov | +250 | +400 mA
Avs Large Signal Voltage Gain R =50 &, Vo=+10 V 25 200 V/mV
TR Transient Response Rise time R.=50 £, Ay=1.0 300 ns
Overshoot 10 %
SR J Slew Rate R.=50 Q, Ay=1.0 0.5 V/us
BW | Bandwidth Ay=10 1.0 | MHz
The following specifications apply for 0° < T, < +125°C
Vio Input Offset Voltage Rg <10 kQ 10 mv
lio Input Offset Current 100 nA
B Input Bias Current 400 nA
CMR Common Mode Rejection Rs <10 kQ2 70 100 dB
PSRR Power Supply Rejection Ratio Rg <10 k2 80 100 dB
Avs Large Signal Voltage Gain | Ru=>50 Q, Vo=+10V 25 200 V/mV
Vop Output Voltage Swing | R.=50Q +10 | 125 v
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1A759 ¢ uA77000

Package Typ Max Typ Max
0yc O TS 61

°C/W °C/W °C/W °C/W
Power Watt (U1) 8.0 12 75 80
Metal Can (H) 30 40 120 150
P = Ty Max—Ta

ax =
byc + bca
Ty Max

-Ta .. )
= ———— (Without a heat sink)

Mounting Hints

Metal Can Package (uA759HC/uA759HM)

The pA758 in the 8-Lead TO-99 metal can package must
be used with a heat sink. With + 15 V power supplies, the
#A759 can dissipate up to 540 mW in its quiescent (no
load) state. This would result in a 100°C rise in chip tem-
perature to 125°C (assuming a 25°C ambient temperature).
In order to avoid this problem, it is advisable to use either
a slip on or stud mount heat sink with this package. If a
stud mount heat sink is used, it may be necessary to use
insulating washers between the stud and the chassis be-

6)a cause the case of the uA759 is internally connected to
the negative power supply terminal.
Oca = Ocs + Osa 9 P PPy
Solving T : Power Watt Package (4A759U1C/pA77000U1C)
9 TJ =Ta+ Pp(Oc + 6 or The pA759U1C and pA77000U1C are designed to be at-
J _ TA " PD6 JC(W.t%A) t a heat sink tached by the tab to a heat sink. This heat sink can be
AT Fpbua (Withou at sink) either one of the many heat sinks which are commercially
available, a piece of metal such as the equipment chassis,
Where: . ) .
T — Junction Temperat or a suitable amount of copper foil as on a double sided
TJ _ ALrjnbi:ec;t Temper:tu:e PC board. The important thing to remember is that the
PA = Power Dissi :tion ure negative power supply connection to the op amp must be
GD — Junction to pamb'ent thermal resistan made through the tab. Furthermore, adequate heat sinking
GJA _ Junct!on to casel thermerl resistalncz ce must be provided to keep the chip temperature below
JC 1o h a ) 125°C under worst case load and ambient temperature
O0ca = Case to ambient thermal resistance o
. ) conditions.
8cs = Case to heat sink thermal resistance
0sa = Heat sink to ambient thermal resistance
Typical Performance Curves
Frequency Response For Various Open Loop vs
Closed Loop Gains Frequency Response Output Voltage vs Frequency
100 100 180 *
00 %0 A BAIN 160 V(lc=l llllv
3 w o 8 & 140 % ::::gg
z ™ T 7 PHASE — 120 3
2w 4 s0 AN 80 g G
g % 5 40 X o0 & 2 \
a 30 > 30 40 #' 15
- 3 : - § 8 \
o 10 z o 6w \
‘3_, 0 5 o ~20 5
-10 1} -10 Ay -40 \\
o
00 100 102 100 10¢ 105 105 107 100 10" 102 103 0% 105 106 107 102 10% 100 105 108
FREQUENCY-Hz FREQUENCY-Hz FREQUENCY-Hz
PCO24a71F PCo2480F PCO2481F
1
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HA759 ¢ yA77000

Typical Performance Curves (Cont.)

Output Voltage vs

Voltage Follower Large Signal

Voltage Follower Transient

Load Resistance Pulse Response Response
T Voo = 215V
Veg= £15V Ve s |
30 [ L CL = 100
Ta = 25°
2 T)= 25 . / 0 A
> 25 T 20%
i b , oven o) x
I / : INPUT ] \ £ /
s // ° ' : -
E 15 / 1 \ 5 / RISE TIME0.22 us
-2 M ° 2
t
5 0 /\ l / Voc = 15V ] \ /
° T -4 Ry = 500 10
/ T, = 150°C T = 25°C 1 |
s -8 1 \ o 10%
1 10 100 1000 o 10 20 3 40 SO 60 02 0.4 06 0.8 10 1.2 14
LOAD RESISTANCE-0 TIME-u8 TIME-p8
PCO2501F PCO2510F PCO2520F
Total Harmonic Distortion vs Total Harmonic Distortion vs Input Noise Voitage vs
Frequency Power Output Frequency
10 T 10 T Y 10°
Voo = £ 15V vec==veaey | [ JT JIf Voo o S8V
R = 500 2 Vee = 12V (180, 80) i Tmasc ]
® 20Vp_p - ) €= 1kHz G
=1
§ 10 § 1ol 1] g
g 7 8 H s
E 2 1 <
] id w0
01 01 = S =
—- Av= 2008 A L ! ! 3
; 8N 7 : }
10
z [T 1 1 80 /| 3
Ot e o : .
2 Av =0 d8 ‘ 2 o — <}
8 8
001
1 102 10? 104 105 01 02 05 01 02 05 10 10 107 102 307 10t
FREQUENCY-Hz POWER OUTPUT-W FREQUENCY-Hz
PCD25AF PCO2541F PCD25S0F
Short Circuit Current vs Peak Output Current vs
Noise Current vs Frequency Junction Temperature Output Volitage
10! 800 =1 T T 1.1
TTTT Power suppiy-si BV
Vo = =15V =
T:)c- 25°¢ 700 o0 Temperature T, Tg;‘c .
<
¢ E o : —
2 400
? 100 ¥ 00 .é P
£ 8 s
w £ 0 300
g N ]
Q A
3 h & E P
G 300 3
w491 O 200
g 5 § 3
e 4 g
" 100
10-2
101 102 103 10t -50 0 50 100 150 ] 8 12 18 24 30 2
FREQUENCY-Hz JUNCTION TEMPERATURE ~ °C OUTPUT VOLTAGE-V
POO2561F PCO2571F PCO2560F
— — E— E—
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1A759 * uA77000

Offset Null Circuit

Paralleling uA759 Power Op Amps

AAA

VW

Vi —AAA—e—] -
s wATS9 AMA
l + [ X1}
t — Vo
V- -
CRO101F M’s‘ A‘A'A
+ °.sn
Audio Applications —
Low Cost Phono Ampilifier
c2
10 pF
ird
LAY
R3
2k
R2
_ % >
JT_ g :m
.
Speaker Output Min
m Impedance Power Supply Vop-p
47 k :’: . (ohms) (watts) (volts) (volts)
| TONE
CRYSTAL CONTROL 4 18 9 24
CARTRIDGE T 8 36 12 4.8
= = = 16 72 15 9.6
AFO0Z3TF 32 1.44 25 19.2
Headphone Amplifier
VIT
1
T
RL
Note
1. All resistor values in ohms.
I I
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1A759 * uA77000

Bi-Directional Intercom System Using
the uA759 Power Op Amp

+12V

2k

PRIVACY SW. BALANCE

b
VOLUME $

e
327k

e = B
¢ P R
~|- (OPTIONAL)
+( /10 uF +12v
LA)
25 k S BALANCE
HATS9 180
. i
B4 | voLume S, A
25k
27k $ =005
31k uF
25K
_ o
12V I _av TONE
= CONTROL
(OPTIONAL)

Features

Gircuit Simplicity

1 Watt of Audio Output

Duplex operation with only one two-wire cable as
interconnect.

Note
1. All resistor values in ohms.

AFOOZS0F
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uA759 * uA77000

High Slew Rate Power OP Amp/Audio Amp

_1_ +18V
Saa 0.47 uF
3 I
e
10 pF
vAvAf
51k
5.1k 1 Vo
Vi—vA—e—- 0.022 uF
HATS9 3
¥ 10 PO(MAX) (8 ) ~ 18 W
5.1k
= -—Kzuaoss
3
% 300
l 13V
Io.n uF
- AFD0280F
Features

High Slew Rate 9 V/us

High 3 dB Power Bandwidth 85 kHz

18 Watts Output Power Into an 8 £ Load.

Low Distortion —.2%, 10 VRMS, 1 kHz Into 8 Q2

Design Consideration
Ay = 10

Servo Applications

DC Servo Amplifiers
5k 50 k

+15V
0.1 uF

SERVOMOTOR

AFO0280F

Features
Circuit Simplicity
One Chip Means Excellent Reliability

Design Considerations
lo <325 mA

Note

1. All resistor values in ohms.

AG Servo Amplifier - Bridge Type

ML 50k
Vi —{—wWA AN
+28V
10 uF
10k
+28 V ——AAA——t
= 5
N
AL 7
+28V O
5k 2 PHASE
AN SERVOMOTOR
0k =
- AF00270F
Features
Gain of 10

Use of uA759 Means Simple inexpensive Circuit

Design Considerations
325 mA Max Output Current
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uA759 ¢ uA77000

Regulator Applications

Adjustable Dual Tracking Regulator

+¥)
+7Vito +35V
V+
+Vo

uATE®
v—
/( 16 358k
GND
1 32k
—hz “F Co MON ) 1L 5.6 k
CONTROL L S T
-V ——1fIn  uATIMG ‘{‘ 25k
-7Vio ~35V out Vo
AFOO291F
Features

Wide Output Voltage Range (+2.2 to +30 V)

Excellent Load Regulation AVg<*5 mV for
Alp=%0.2 A

Excellent Line Regulation AVo<+2 mV for AV|=10 V

Note
1. All resistor values in ohms.
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uA759 ¢ uA77000
Regulator Applications (Cont.)
10 Amp ~ 12 Volt Regulator
Vi
1525 v
>
30
Qt >'
2N2007 1 [
_K Q2 r -lggmo
{ 2NG128 | I |
IO <R2 i LN I
uF  S2k I K
1: J.— I s |
3 |
L1 _|a
K o4
é 2N2612
+|
ICZGZ';FV 3: %0 | Vo=12v
> >
EALEE 318
]
< RS
213k
1 c1
O0AuF
54
Features
Excellent Load and Line Regulation
Excellent Temperature Coefficient-Depends
Largely on Tempco of the Reference Zener
Note
1. All resistor values in ohms,
L _ _ __
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FAIRCHILD
e ————————

A Schiumberger Company

MA771
Operational Amplifier

Linear Division Operational Amplifiers

Description

This monolithic JFET Input Operational Amplifier incorpo-
rates well matched ion implanted JFETs on the same chip
with standard bipolar transistors. The key features of this
op amp are low input bias current in the sub nanoamp
range plus high slew rate (13 V/us typically) and wide
bandwidth (3.0 MHz typically).

® Low Input Bias Current — 200 pA

® Low Input Offset Current — 100 pA

® High Slew Rate — 13 V/us Typically
® Wide Bandwidth — 3.0 MHz Typically

Absolute Maximum Ratings
Storage Temperature Range
Ceramic DIP
Moided DIP and SO-8
Operating Temperature Range

-65°C to +175°C
-65°C to +150°C

Connection Diagram
8-Lead DIP and SO-8 Package
(Top View)

+OFFSET
NULL

-OFFSET
NULL

CO00781F

Order Information

Device Code Package Code Package Description

Extended (uA771AM, pA771BM) -55°C to +125°C HA771RC 6T Ceramic DIP
Commercial (4A771C, uA771AC, MA771SC KC Molded Surface Mount
MA771BC, pA771LC) 0°C to +70°C RATTATC oT Molded DiP
Lead Temperature wA771ARM 6T Ceramic DIP
Ceramic DIP (soldering, 60 s) 300°C HA7TT1ARC 6T Ceramic DIP
Molded DIP and SO-8 HA771ASC KC Molded Surface Mount
(soldering, 10 s) 265°C HAT71ATC 9T Moldeq DiP
Internal Power Dissipation®: 2 HA771BRM 6T Ceramic DIP
8L-Ceramic DIP 1.30 W HA771BRC 6T Ceramic DIP
8L-Molded DIP 0.93 W pA771BSC KC Molded Surface Mount
SO-8 0.81 W HA771BTC 9T Molded DIP
Supply Voltage +18 V HA771LRC 6T Ceramic DIP
Differential Input Voltage 30V uA771LSC KC Molded Surface Mount
Input Vc;hage3 +16 V MA771LTC oT Molded DIP
Output Short Circuit Duration Indefinite
Notes
1. Ty max = 150°C for the Molded DIP and SC-8, and 175°C for the
Ceramic DIP.
2. Ratings apply to ambient temperature at 25°C. Above this temperature,
derate the 8L-Ceramic DIP at 8.7 mW/°C, the 8L.-Molded DIP at
7.5 mW/°C, and the SO-8 at 6.5 mW/°C.
3. Unless otherwise specified the absolute maximum negative input voltage
is equal to the negative power supply voltage.
_
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HA771

Equivalent Circuit

oL»’VSAr"
AA S

3
AN\

z

an

B4 4 N7

2
I3
AR
%

LN
‘b
R4 > J3 J4
W) R16
R17 R18
- OFFSET NULL + OFFSET NULL
EQO00SIF
_ ]
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HA771

pA771 and pA771L

Electrical Characteristics Tp = 25°C, Vgc = £ 15 V, unless otherwise specified.

DC Characteristics

HAT71 MA771L
Symbol Characteristic Condition Min | Typ | Max | Min | Typ | Max | Unit
Vio Input Offset Voltage Vem =0 V, Rg=50 Q2 10.0 15.0 mv
lo Input Offset Current’ Vem =0V, T;=25°C 100 100 | pA
s input Bias Current! Vem=0V, T;=25°C 50 | 200 50 | 200 pA
Z Input Impedance 1012 1012 Q
lcc Supply Current 2.8 2.8 mA
los Output Short Circuit 25 25 mA
Current
Avs Large Signal Voltage Vo=%10 V, R =>2.0 kQ2 50 | 100 50 100 v/mvV
Gain
The following specifications apply for 0°C <Tp < +70°C, Vgc =115 V
Vio Input Offset Voltage Vem =0V, Rg=50 Q 13 20 my
AVio/AT | Input Offset Voltage Rg =50 §2 10 10 uv/°c
Temperature Sensitivity
lo Input Offset Current’ Vem=0 V 4.0 40 | nA
hs Input Bias Current Vem=0V 8.0 80 | nA
lec Supply Current 3.0 3.0 mA
CMR Common Mode Rejection | Vey=+11 V, Rg=50 Q 70 70 dB
VIR Input Voltage Range +11 | +15 +11 | +15 A
-12 -12
PSRR Power Supply Rejection Vec=110 V to 18 V, 70 70 dB
Ratio Rg=50 &
Avs Large Signal Voltage Vo=%10 V, R =20 k&2 25 25 V/mV
Gain
Vop Output Voltage Swing RL =10 k2 +12 +1 Vv
R =20 kQ £10 +1
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HA771

MA771A and uA771B
Electrical Characteristics Ta = 25°C, Voo =15 V, unless otherwise specified.

DC Characteristics

MATT1A uA771B
Symbol Characteristic Condition Min | Typ | Max | Min | Typ | Max | Unit
Vio Input Offset Voltage Vem=0 V, Rg=50 20 50 | mv
o Input Offset Current! Vem=0 V, Ty=25°C 50 50 | pA
[ Input Bias Current’ Vem=0 V, T;=25°C 50 | 100 50 | 100 | pA
2 Input Impedance 1012 1012 Q
lcc Supply Current 28 2.8 mA
los Output Short Circuit 25 25 mA
Current
Avs Large Signal Voltage Vo=1%10 V, R =20 k2 50 | 100 50 | 100 V/mV
Gain
The following specifications apply for 0°C < Tp <+70°C, Voc=*15 V
Vio Input Offset Voltage Vecm=0 V, Rg=50 4.0 7.0 mvV
AV|o/AT | Input Offset Voltage Rs=50 2 10 10 uv/°c
Temperature Sensitivity
lo Input Offset Current! Vem=0 V 2.0 20| nA
s Input Bias Current Vem=0V 40 40 | nA
lec Supply Current 3.0 3.0 mA
CMR Common Mode Rejection | Ve =+11 V, Rg=50 Q 80 80 dB
Vir Input Voltage Range +11 | +15 11 | +15 v
-12 -12
PSRR Power Supply Rejection Vec=1210 Vto 18 V, 80 80 dB
Ratio Rg =50
Avs Large Signal Voltage Vo=%10 V, R =20 k&2 25 25 V/mvV
Gain
Vop Output Voltage Swing R_=10 k&2 +12 +12 Y
RL=2.0 k2 +10 +10
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LAT71

HA771AM and uA771BM

Electrical Characteristics T, = 25°C,

DC Characteristics

Voo =115 V, unless otherwise specified.

uAT7T1AM uA771BM
Symbol Characteristic Condition Min | Typ | Max | Min | Typ | Max | Unit
Vio Input Offset Volitage Vem=0 V, Rg=50 Q 2.0 50 | mVv
lio Input Offset Current Vem =0V, Ty=25°C 50 50 pA
Iig Input Bias Current Vem=0V, T;=25°C 50 | 100 50 | 100 pA
Z Input Impedance 1012 1012 Q
lce Supply Current 28 2.8 mA
Vir Input Voltage Range 11 | +15 +11 | +15 \
-12 -12
CMR Common Mode Rejection | Vo =111V, Rg=50 £ 80 80 dB
PSRR Power Supply Rejection Vec=+10 V to £18 V, 80 80 dB
Ratio Rs =50
Avys Large Signal Voltage Vo=%10 V, R =20 k2 50 50 V/mVv
Gain
Vop Output Voltage Swing RL=10 kQ +12 +12 \"
RL=2.0 k2 +10 *10
The following specifications apply for -55°C <Tp < +125°C, Vgc=115 V
Vio Input Offset Voltage Vem =0V, Rg=50 §2 5.0 8.0 mv
AV|o/AT | Input Offset Voltage Rg=50 §2 10 10 uve/C
Temperature Sensitivity
o Input Offset Current! Vem=0 V 20 20| nA
Iig Input Bias Current’ Vem=0V 50 50 | nA
lcc Supply Current 3.4 3.4 mA
CMR Common Mode Rejection | Vem=+11 V, Rg=50 2 80 80 dB
PSRR Power Supply Rejection Vec=%10 Vto 18 V, 80 80 dB
Ratio Rg =50 Q
Avs Large Signal Voltage Vo=*10 V, R =20 k2 25 25 V/mv
Gain
Vop Output Voltage Swing R =10 k&2 +12 12 \
RL=2.0 k2 +10 +10
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uA771

uA771 (Cont)

Electrical Characteristics Ta = 25°C, Vog = 15 V, unless otherwise specified.

AC Characteristics

All Grades
Symbol Characteristic Condition Min | Typ | Max Unit
BW Bandwidth (Figure 2) A, =-10 3.0 MHz
SR Slew Rate (Figure 1) 13 V/us
en Input Noise Voltage Rg =100 , f=1000 Hz 16 nv/vHz 7
in Input Noise Current f=1000 Hz 0.01 pA/VHz
Note

Typical Performance Curves

Output Voltage Swing vs
Load Resistance

30 T 1]
| Vcc = =15V
o Ta=25C L~
& 25
>
o
z 20 /
E
w
]
-4 15
5
S /
5 /
5 P
3 s
0
a1 0.5 1.0 5.0 10

OUTYPUT LOAD - 1
PLOBIOF
Maximum Undistorted Output vs
Frequency
* T 1T
Voo = £15V

28 R, = 10kQ
Ta = 25°C

~
&

»
S

>

»
=

OUTPUT SWING - Vp-p

10K 10K 100 K 1.0M 10M
FREQUENCY - Hz

PCO28S1E

. The input bias currents are junction leakage currents which
approximately double for every 10°C increase in the junction
temperature, T,. Due to limited production test time, the input bias
currents measured are correlated to junction temperature. In normal

Open Loop Frequency Response
140

120 [
g P
<
T 100 -\ -45
z ~
g X 90 g
g " g
2 s < 135 B
-
<] N .
: #
o -180
5 40 ;
1 z
z 2
[
c

0 ’* \
-20
10 10 100 1.0K 10K 100K 1.0M 10M 100M

FREQUENCY - Hz

PCO2BSIF

Gain Bandwidth Product vs
Temperature

. H

7

6

I

GAIN BANDWIDTH PRODUCT - MHZ
ES

1

o L]

<75 -50 .25 o 25 50 75 100 125

TEMPERATURE - °C

PCO2BTIE

operation the junction temperature rises above the ambient temperature
as a result of internal power dissipation, Pp. T; = Ta + 8,4Pp where G
is the thermal resistance from junction to ambient. Use of a heat sink is
recommended if input bias current is to be kept to a minimum.

Output Voltage Swing vs
Supply Voltage

40
Ix
> 30 4
o /
z
=
w
w y.
8 20
< /
=
3 A
g
5 //
a 10
g
=1
3 |
0

o 5 10 15 20

SUPPLY VOLTAGE - =V
PCO2840F

Slew Rate vs Temperature
25
T 1 T
Ve = =15V

20

N

N

N

SLEW RATE-V/uS
&

™~

L]

=75 -50 -2§ 0 25 50 75 100 125

TEMPERATURE-°C

PCO28BIF
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HAT771

Typical Performance Curves (Cont.)

Small Signal Pulse Response

70

T
Voo = 18V
| RL=20
81 ¢, = 100pF
Ta = 25C
>
E
g %
<
£ /
3
>
- RISE E = 60ns
2 20
3 4
3 £
S 10
10%
°
-10

~25 0 25 50 75 100 125 150 15
TIME -ne

PC02891F

Maximum Common Mode Input
Voltage vs Supply Voltage

Input Bias Current vs
Case Temperature

IR
Yoc = =15V

by
o
z

g
N

3
x
\

kg
:
w
H //
310K
<
100
- V
2
g w
p
1.0
.75 50 25 O 25 S0 75 100 125

CASE TEMPERATURE - °C
PCO200IF

Supply Current vs Temperature

Bias Current Warm up Change

200
Vec = 15V
Ta = 25°C

<% 150

-

z

&

«

3100 pd

4

2 Vi

a

5

& s0

z

]

-1 o 1 2 3 4 5 6 7
TIME AFTER POWER SUPPLY TURN-ON — MINUTES
PCO2OIF

20 T

w Ve =18V
3 y g lcc =
5 / b
21 " 159 2 5.0
H x> / 8 g

o 40
g &9 3 4 3 z
z By ,\ﬁ:‘ z &
Z 0 S % 109 €30
2 i i 3
3 — 3 3 Z20
w W 8
] =4 @
S ” s E 1.0
g / g
o rq z

0 ]
] 5 10 15 20 50 25 0 25 S0 75 100 125
SUPPLY VOLTAGE - £V TEMPERATURE - °C
PCO282'F PCO2931F
I R
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HA771

Test Circuit

input Offset Voltage Null Circuit
N1 aﬂ N2
v-

CRO1110F

Typical Applications

Figure 1 Unity Gain Amplifier

IS
.

L ¢, AL
I~ 100 pF 2 k(2

Y|

GRO1120F
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Figure 2 Gain-of-10 Inverting Ampilifier

10 k(2
—AAA

W

1k
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FAIRCHILD

A Schiumberger Company

HA772
Dual

Operational Amplifier

Linear Division Operational Amplifiers

Description

This monolithic JFET Input operational amplifier incorpo-
rates well matched ion implanted JFETs on the same chip
with standard bipolar transistors. The key features of this
op amp are low input bias current in the sub nanoamp
range plus high slew rate (13 V/us typically) and wide
bandwidth (3.0 MHz typically).

® Low Input Bias Current — 200 pA
¢ Low Input Offset Current— 100 pA
® High Slew Rate — 13 V/us Typically
® Wide Bandwidth — 3.0 MHz Typically

Absolute Maximum Ratings
Storage Temperature Range

Ceramic DIP -65°C to +175°C
Molded DIP and SO-8 -65°C to +150°C
Operating Temperature Range
Extended (uA772AM, pA772BM) -55°C to +125°C
Commercial (uA772C, pA772AC,
uA772BC, uA772LC) 0°C to +70°C
Lead Temperature
Ceramic DIP (soldering, 60 s) 300°C
Molded DIP and SO-8
(soidering, 10 s) 265°C
Internal Power Dissipation’- 2
8L-Ceramic DIP 1.30 W
8L-Molded DIP 0.93 W
SO-8 081 W
Supply Voltage +18 V
Differential Input Voltage 30V
Input Voltage® +16 V
Output Short Circuit Duration Indefinite
Notes

1. Ty max = 150°C for the Molded DIP and SO-8, and 175°C for the
Ceramic DIP.

2. Ratings apply to ambient temperature at 25°C. Above this temperature,
derate the 8L-Ceramic DIP at 8.7 mW/°C, the BL-Molded DIP at
7.5 mW/°C, and the SO-8 at 6.5 mW/°C.

3. Unless otherwise specified the absolute maximum negative input voltage
is equal to the negative power supply voltage.

Connection Diagram
8-Lead DIP and SO-8 Package

(Top View)

Order Information

Device Code Package Code

uA772RC
uA772SC

uA772TC

uA772ARM
uA772ARC
uA772ASC
uA772ATC
uAT72BRM
uA772BRC
uA772BSC
uA772BTC
uA772LRC
UATT2LSC
uA772LTC

COO0850F

Package Description

Ceramic DIP
Molded Surface Mount
Molded DIP
Ceramic DIP
Ceramic DIP
Molded Surface Mount
Molded DiP
Ceramic DIP
Ceramic DIP
Molded Surface Mount
Molded DIP
Ceramic DIP
Molded Surtace Mount
Molded DIP
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uA772

Equivalent Circuit (1/2 of Circuit)

Q2 LA]

Q3 Q9 Q10

m?|—< au
Q12

Q7

- -o':.n n:‘._ - w3 o

|

as
q 18
IJ )
R14 7]
R16 z1'2F R13
Ry | nw

J5
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uA772

una772 and uA772L

Electrical Characteristics Tp = 25°C, Voo = £ 15 V, unless otherwise specified.

DC Characteristics

uA772 MAT72L

Symbol Characteristic Condition Min | Typ | Max | Min | Typ | Max Unit

Vio Input Offset Voitage Vem=0 V, Rg=50 Q 10.0 15.0 mV

o Input Offset Current! Vem =0V, Ty;=25°C 100 100 pA

s Input Bias Current! Vem =0V, Ty=25°C 50 | 200 50 | 200 | pA

Z Input Impedance 1012 102 Q

lcc Supply Current 2.8 2.8 mA
(Per Amplifier)

los Output Short Circuit 25 25 mA
Current

Ays Large Signal Voltage Vo=+10 V, R =20 k&2 50 | 100 50 | 100 v/mV
Gain

The following specifications apply for Voc =115 V, 0°C < T < +70°C

Vio Input Offset Voltage Vem=0 V, Rg =50 £ 13 1 20| mv

AV,o/AT | Input Offset Voltage Rg =50 10 10 uv/°c
Temperature Sensitivity

o Input Offset Current’ Vem =0V 40 40| nA

s Input Bias Current Vem=0 V 8.0 8.0 nA

lcc Supply Current 3.0 3.0 mA
(Per Amplifier)

CMR Common Mode Vem=211V, Rg=50 Q 70 70 dB
Rejection

ViR Input Voltage Range 11 | +15 11 | +15 \

-12 -12

PSRR Power Supply Rejection Voc=*10 V to £18 V, 70 70 dB
Ratio Rs =50

Avs Large Signal Voltage Vo=%10 V, R =20 k2 25 25 v/mv
Gain

Vorp Output Voltage Swing RL =10 k&2 12 £12 \

RL=20 kS 10 | £10
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MAT772

MA772A and pA772B
Electrical Characteristics Ty = 25°C, Voo =+ 15 V, unless otherwise specified.

DC Characteristics

uATT2A uA7728

Symbol Characteristic Condition Min | Typ | Max | Min | Typ | Max Unit

Vio Input Offset Voltage Vom =0 V, Rg =50 k&2 2.0 5.0 mV

o input Offset Current! Vem =0V, Ty =25°C 50 50 | pA

B Input Bias Current’ Vem =0V, Ty=25°C 50 100 50 100 pA

2 Input Impedance 1012 1012 Q

lcc Supply Current 2.8 2.8 mA
(Per Ampilifier)

los Output Short Circuit 25 25 mA
Current

Ays Large Signal Voltage Vo=+*10 V, R =2.0 k2 50 100 50 100 V/mV
Gain

The following specifications apply for 0°C < Ty < +70°C, Vgc =115 V

Vio Input Offset Voltage Vem=0 V, Rg=50 Q 4.0 7.0 mv

AVio/AT | Input Offset Voltage Rs =50 10 10 uv/°C
Temperature Sensitivity

lo Input Offset Current’ Vem =0V 2.0 20| nA

s Input Bias Current Vem=0V 4.0 4.0 nA

lcc Supply Current 3.0 3.0 mA
(Per Amplifier)

CMR Common Mode Rs=50 £, Vom=11 V 80 80 dB
Rejection

ViR Input Voltage Range 11 | +15 +11 | +15 \

-12 -12

PSRR Power Supply Rejection Rg =50 £, Vgc=*10 V to 80 80 dB
Ratio +18 V

Avs Large Signal Voltage Vo=%10 V, R =20 k2 25 25 V/mV
Gain

Vop Output Voltage Swing RL =10 kQ +12 +12 \

RL=20 k2 10 +10
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HAT772

HAT72AM and uA772BM

Electrical Characteristics Ta = 25°C, Voo = +15 V, unless otherwise specified.

DC Characteristics

—
] uAT72AM uA772BM

Symbol Characteristic Condition Min | Typ | Max | Min | Typ | Max Unit

Vio Input Offset Voltage Vom=0V, Rg=50 2.0 5.0 mv

lio Input Offset Current’ Vem =0V, Ty=25°C 50 50 | pA

s Input Bias Current’ Vem=0 V, T,=25°C 50 | 100 50 | 100 | pA

Z Input Impedance 102 10'2 Q

lcc Supply Current 2.8 2.8 mA
(Per Amplifier)

ViR Input Voltage Range +11 | +15 +11 | +15 \

-1 -12 -11 -12

CMR Common Mode Vem=%11 V, Rg=50 §2 80 80 dB
Rejection

PSRR Power Supply Rejection Veg=*10 V to £18 V, 80 80 dB
Ratio Rs =50 Q

Avs Large Signal Voltage Vo=210 V, R.=2.0 k& 50 50 v/mv
Gain

Voe Output Voltage Swing RL=10 k&2 £12 12 \

RL=20 k2 +10 £10

The following specifications apply for Voo =15 V, -55°C < Tp < 125°C

Vio Input Offset Voltage Vem =0V, Rg<50 Q 5.0 8.0 mv

AVio/AT | Input Offset Voltage Rg =50 Q2 10 10 uve/C
Temperature Sensitivity

o Input Offset Current! Vem=0 V 20 20| nA

s Input Bias Current! Vem=0V 50 50 nA

lcc Supply Current 3.4 3.4 mA
(Per Ampilifier)

CMR Common Mode Vem=+11V, Rg=50 Q 80 80 dB
Rejection

PSRR Power Supply Rejection Voc=+10 V to 18 V, 80 80 dB
Ratio Rs=50

Avs Large Signal Voltage Vo=%10 V, R > 2.0 k2 25 25 V/imV
Gain

Vop Output Voltage Swing RL =10 k2 +12 12 \Y

RL =20 k&2 +10 +10
|
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uA772

Electrical Characteristics (Cont.) Vo =115 V, Tp = 25°C

AC Characteristics

All Grades
Symbol Characteristic Condition Min Typ | Max Unit
BW Bandwidth (Figure 2) Ay=-10 3.0 MHz
SR Slew Rate (Figure 1) 13 V/us
en Input Noise Voltage Rg =100 £, f=1000 Hz 16 nV/VHz
in Input Noise Current f=1000 Hz 0.01 pA/V Hz
Note 7
1. The input bias currents are junction leakage currents which operation the junction temperature rises above the ambient temperature
approximately double for every 10°C increase in the junction as a result of internal power dissipation, Pp. Ty = Ta + 8;4Pp where 64
temperature, T, Due to limited production test time, the input bias is the thermal resistance from junction to ambient. Use of a heat sink is
currents measured are correlated to junction temperature. In normal recommended if input bias current is to be kept to a minimum.
Typical Performance Curves
Output Voltage Swing vs Output Voltage Swing vs
Load Resistance Supply Voltage Open Loop Frequency Response
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UAT72

Typical Performance Curves (Cont.)

Small Signal Pulse Response
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Typical Applications
Figure 1 Unity Gain Ampilifier Figure 2 Gain-of-10 Inverting Amplifier
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FAIRCHILD
I

A Schliumberger Company

MAT774
Quad
Operational Amplifier

Linear Division Operational Amplifiers

Description

This monolithic JFET Input Operational Amplifier incorpo-
rates well matched ion implanted JFET on the same chip
with standard bipolar transistors. The key features of this
op amp are low input bias current in the sub nanoamp
range plus high slew rate (13 V/us typically) and wide
bandwidth (3.0 MHz typically).

® Low Input Bias Current — 200 pA
® Low Input Offset Current— 100 pA
¢ High Slew Rate — 13 V/us Typically
¢ Wide Bandwidth — 3.0 MHz Typically

Absolute Maximum Ratings
Storage Temperature Range
Ceramic DIP
Molded DIP and SO-14
Operating Temperature Range
Extended (uA774M, nA774BM)
Commercial (uA774C, pA774BC,
HA774LC)
Lead Temperature

-65°C to +175°C
-65°C to +150°C

-55°C to +125°C

0°C to +70°C

Ceramic DIP (soldering, 60 s) 300°C
Molded DIP and SO-14
(soldering 10 s) 265°C

Internal Power Dissipations 2

14L-Ceramic DIP 1.36 W

14L-Molded DIP 1.04 W

SO-14 093 W
Supply Voltage +18 V
Differential Input Voftage 30V
Input Voltage® +16 V
Qutput Short Circuit Duration Indefinite

Notes

1. Ty max = 150°C for the Molded DIP and SO-14, and 175°C for the
Ceramic DiP.

2. Ratings apply to ambient temperature at 25°C. Above this temperature,
derate the 14L-Ceramic DIP at 9.1 mW/°C, the 14[-Molded DIP at
8.3 mW/°C, and the SO-14 at 7.5 mW/°C.

3. Unless otherwise specified the absolute maximum negative input voltage

is equal to the negative power supply voltage.

Connection Diagram
4-Lead DIP and SO-14 Package
(Top View)

1

./ K
ouT A [Jouro
2 3
AN A EP\ \IND
3 ! [T2
+na[] = RNy
4

V+Es ;ovr
N BEST . sjmac
wa] ﬁﬁ;m ¢
our 8] out c

Order Information

Device Code Package Code Package Description

MA774DM 7A Ceramic DIP
HA774DC 7A Ceramic DIP
MA774PC 9A Moided DIP
MA7TASC KD Molded Surface Mount
HA774BDM 7A Ceramic DIP
MA774BDC 7A Ceramic DIP
uA774BPC 9A Molded DIP
pA774LDC 7A Ceramic DIP
UAT74LPC 9A Molded DIP
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uA774

Equivalent Circuit (1/4 of Circuit)
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uA774

nAT774, uA774L
Electrical Characteristics Tp = 25°C, Voo = +15 V, unless otherwise specified.

DC Characteristics

uA774 HA774L

Symbol Characteristic Condition Min | Typ | Max | Min | Typ | Max Unit

Vio Input Offset Voltage Vem=0V, Rg=50 Q 10.0 15.0 mV

o Input Offset Current! Vom =0V, T;=25C 100 100 | pA

1T} Input Bias Current! Vem =0V, Ty=25°C 50 | 200 50 | 200 PA

Z Input impedance 1012 1012 Q

Iee Supply Current 2.8 2.8 mA
(Per Amplifier)

los Output Short Circuit 25 25 mA
Current

Avs Large Signal Voltage Vo=%+10 V, R_ =20 k2 50 | 100 50 | 100 V/mV
Gain

The following specifications apply for 0°C <Tp <+70°C, Vgc=+15 V

Vio Input Offset Voltage Vem =0V, Rg=50 13 20 mv

AV|o/AT | input Offset Voltage Rs =50 10 10 uv/°c
Temperature Sensitivity

lo Input Offset Current! Vem=0V 40 40| nA

Iig Input Bias Current’ Vem=0V 8.0 80| nA

lcc Supply Current 3.0 3.0 mA
(Per Amplifier)

CMR Common Mode Vem=1211 V, Rg=50 Q 70 70 dB
Rejection

Vir Input Voltage Range 11| +15 11| +15 \

-12 -12

PSRR Power Supply Rejection | Voc=%10 V to *18 V, Rg=50 70 70 dB
Ratio

Ays Large Signal Voltage Vo=£10 V, R . =220 kQ 25 25 V/mV
Gain

Vop Output Voltage Swing R =10 k2 £12 12 \

RL=20 kQ +10 +10
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uwA774

HAT774A, uA774B
Electrical Characteristics T = 25°C, Voo = 15 V, unless otherwise specified.

DC Characteristics

LAT74A uA774B

Symbol Characteristic Condition Min | Typ | Max | Min | Typ | Max | Unit

Vio Input Offset Voltage Vem =0 V, Rg =50 k2 2.0 50| mVv

o input Offset Current! Vem=0V, T;=25°C 50 50| pA

Is Input Bias Current Vem =0V, T,;=25°C 50 | 100 50| 100 pA

Z Input Impedance 1012 1012 Q

lcc Supply Current 2.8 2.8 mA
(Per Amplifier)

los Output Short Circuit 25 25 mA
Current

Avs Large Signal Voltage Vo=+10 V, R >2.0 kQ 50 | 100 50 | 100 v/mV
Gain

The following specifications apply for Voo =215 V, 0°C <Tp < +70°C

Vio Input Offset Voltage Vem =0V, Rg=50 Q 4.0 7.0 Y

AV,o/AT | Input Offset Voltage Rs =50 §2 10 10 uv/°C
Temperature Sensitivity

lio Input Offset Current! Vem=0V 20 20| nA

g Input Bias Current Vem=0V 4.0 40| nA

lcc Supply Current 3.0 3.0 mA
{Per Amplifier)

CMR Common Mode Vom=+11 V, Rg=50 §2 80 80 dB
Rejection

VIR input Voltage Range +11 | +15 +11 | +15 \

-12 -12

PSRR Power Supply Rejection | Vgc=+10 V to £18 V, Rg=50 80 80 dB
Ratio

Avs Large Signal Voltage Vo=+10 V, R =2.0 k2 25 25 v/mvV
Gain

Vop Output Voltage Swing RL=10 kQ +12 +12 v

R =2.0 k2 +10 £10

7-158



uA774

nA774AM, pA774BM
Electrical Characteristics T = 25°C, Vcc=* 15 V, unless otherwise specified.

DC Characteristics

uAT74AM uA774BM

Symbol Characteristic Condition Min | Typ | Max | Min | Typ | Max Unit

Vio Input Offset Voltage Vem =0V, Rg=50 2.0 5.0 mv

o Input Offset Current' Vom =0V, Ty=25°C 50 50| pA

Is Input Bias Current’ Vem=0V, Ty=25°C 50 | 100 50| 100| pA

Z Input Impedance 1012 1012 Q

lec Supply Current 2.8 2.8 mA
(Per Amplifier)

VIR Input Voitage Range +11| +15 11| +15 \

-12 -12

CMR Common Mode Vem=%11 V, Rg=50 Q 80 80 dB
Rejection

PSRR Power Supply Rejection [ Vgc=+10 V to £18 V, Rg=50 Q2 80 80 dB
Ratio

Ays Large Signal Voltage Vo=%10 V, R . =2.0 k2 50 50 V/mV
Gain

Vop Qutput Voltage Swing R =10 k§2 +12 £12 \

RL=2.0 kQ2 +10 10

The following specifications apply for —55°C < Ta < +125°C, Voo =15 V

Vio Input Offset Voltage Vem=0 V, Rg<50 5.0 8.0 mvV

AVo/AT | Input Offset Voltage Rg =50 Q 10 10 uve/C
Temperature Sensitivity

o Input Offset Current’ Vem=0V 20 20| nA

s Input Bias Current’ Vem=0V 50 50| nA

lce Supply Current 3.4 3.4 mA
(Per Amplifier)

CMR Common Mode Vem =11V, Rg=50 Q 80 80 dB
Rejection

PSRR Power Supply Rejection | Vcc=210 V to +18 V, Rg=50 80 80 dB
Ratio

Ays Large Signal Voltage Vo=%10 V, R . =22.0 kQ2 25 25 v/mV
Gain

Vop Output Voltage Swing R =10 k& 12 +12 v

RL=2.0 k2 +10 +10
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HAT774

Electrical Characteristics (Cont.) Tp = 25°C, Vg =+15 V

AC Characteristics

All Grades
Symbol Characteristic Condition Min Typ Max Unit
BW Bandwidth (Figure 2) Ay =-10 3.0 MHz
SR Slew Rate (Figure 1) 13 V/us
en Input Noise Voltage Rg =100 £, f=1000 Hz 16 nv/VHz
in Input Noise Current f=1000 Hz 0.01 pA/VHz
Note

1. The input bias currents are junction leakage currents which

approximately double for every 10°C increase in the junction
temperature, T;. Due to limited production test time, the input bias
currents measured are correlated to junction temperature. In normal

Typical Performance Curves
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operation the junction temperature rises above the ambient temperature
as a result of internal power dissipation, Pp. Ty =Ta + 0,aPp where
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uA774

Typical Performance Curves (Cont.)

Input Bias Current vs

Small Signal Pulse Response Case Temperature Bias Current Warm Up Change
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Typical Applications
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MA776
Multi-Purpose Programmable
Operational Amplifier

e
FAIRCHILD
e ——————

A Schlumberger Company

Linear Division Operational Amplifiers

Description

The uA776 Programmable Operational Amplifier is con-
structed using the Fairchild Planar Epitaxial process. High
input impedance, low supply currents, and low input noise
over a wide range of operating supply voltages coupled
with programmable electrical characteristics result in an ex-
tremely versatile amplifier for use in high accuracy, low
power consumption analog applications. Input noise voltage
and current, power consumption, and input current can be
optimized by a single resistor or current source that sets
the chip quiescent current for nano watt power consump-
tion or for characteristics similar to the uA741. Internal fre-
quency compensation, absence of latch up, high slew rate

Connection Diagram
8-Lead Metal Package
(Top View)

and short circuit current protection assure ease of use in
long time integrators, active filters, and sample and hold
circuits.

® Micropower Consumption

® +12 V To 18 V Operation

® No Frequency Compensation Required
® Low Input Blas Currents

® Wide Programming Range

® High Slew Rate

¢ Low Noise

® Short Circuit Protection

o Offset Null Capability

® No Latch Up

Absolute Maximum Ratings

Storage Temperature Range
Metal Can
Molded DIP

Operating Temperature Range
Extended (uA776M)
Commercial (uA776C)

Lead Temperature

-65°C to +175°C
-65°C to +150°C

-55°C to +125°C
0°C to +70°C

Metal Can (soldering, 60 s) 300°C

Molded DIP (soldering, 10 s) 265°C
Internal Power Dissipation'’

8L-Msetal Can 1.00 W

8L-Molded DIP 093 W
Supply Voltage 18 V
Differential Input Voltage 30 V
Input Voltage® £15 V
Voltage Between Offset Null and V- +0.5 V
Output Short Circuit Duration? Indefinite
IsetT (Maximum Current at IsgTt) 500 uA
Vger (Maximum Voitage to (V+ -2.0 V)

Ground at IgeT) K Vger SV+
Notes
1. T max = 150°C for the Molded DIP, and 175°C for the Metal Can.
2. Ratings apply to ambient temperature at 25°C. Above this temperature,
derate the 8L-Metal Can at 6.7 mW/°C, and the 8L-Molded DIP at
7.5 mw/°C.

Lead 4 connected to case.

Order Information

Device Code Package Code Package Description

MAT76HM 5W Metal
MA776HC 5W Metal
Connection Diagram

8-Lead DIP

(Top View)

- OFFSET
NULL

our

+OFFSET
NuLt

CDOBA1F

Order Information
Device Code Package Code

HA776TC 9T

Package Description
Molded DIP

3. For supply voltages less than +15 V, the absolute maximum input
voltage is equal to the supply voltage.

4. Short Circuit may be to ground or either supply. Rating applies to 125°C

case temperature or 75°C ambient temperature for IggT <30 pA.
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uA776

Eﬁzgcal Characteristics Tp = 25°C, Vgc =+ 15 V, unless otherwise specified.
IsgT = 1.5pA IseT = 15uA
Symbol Characteristic Condition Min | Typ | Max | Min | Typ | Max | Unit
Vio Input Offset Voltage Rs <10 k2 20 | 50 20 | 50 | mv
Vio adj | Input Offset Voltage Adjustment 9.0 18 mV
Range
ho Input Offset Current 0.7 | 3.0 2.0 15 nA
[1T:) Input Bias Current 20 | 75 15 50 nA
Z; Input Impedance 50 5.0 M2
lcc Supply Current 20 25 160 | 180 MA
Pc Power Consumption 0.75 54 | mW
los Output Short Circuit Current 3.0 12 mA
Avs Large Signal Voltage Gain Vo=%10 V, R_ 275 k2 200 | 400 V/mv
Vo=%+10 V, R_>5.0 k2 100 | 400
Vop Output Voltage Swing RL=75 k2 +12 |+14 \'
RL=5.0 k2 +10 (%13
TR Transient Response Rise time |V, =20 mV, R_ =5.0 k&, 1.6 0.35 us
Overshoot CL=100 pF, Ay=1.0 0 10 %
SR Slew Rate R_.=5.0 k§2, Ay =1.0 0.1 0.8 V/us
The following specifications apply —55°C < Ty < +125°C
Vio Input Offset Voltage Rs <10 k2 6.0 60 | mV
lio Input Offset Current Ta=+125°C 5.0 15 nA
Ta=-55°C 10 40
1) Input Bias Current Ta=+125°C 75 50 nA
Ta=-55°C 20 120
lec Supply Current 30 200 MA
Pe Power Consumption 0.9 60 | mW
CMR Common Mode Rejection Rg <10 k&2 70 90 70 90 dB
Vir Input Voltage Range +10 +10 \"
PSRR Power Supply Rejection Ratio Rs <10 k§2 25 | 150 25 [ 150 | uv/V
Avs Large Signal Voltage Gain Vo=%£10 V, R =275 k& 100 75 v/mv
Vop Output Voltage Swing RL =75 k2 +10 £10 Vv
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uA776

E‘IAerical Characteristics Ty = 25°C, Voo =13.0 V, unless otherwise specified.
lsgT = 1.5uA IsgT = 15uA
Symbol Characteristic Condition Min | Typ | Max | Min | Typ | Max | Unit
Vio Input Offset Voltage Rg <10 k2 20 | 50 2.0 5.0 mV
Vio agj | Input Offset Voltage Adjustment 9.0 18 mV
Range
lo Input Offset Current 0.7 | 3.0 2.0 15 nA
g Input Bias Current 20 | 75 15 50 nA
Z Input Impedance 50 5.0 MQ
lcc Supply Current 13 20 130 160 MA
Pe Power Consumption 78 | 120 780 960 uw
los Output Short Circuit Current 3.0 5.0 mA
Avs Large Signal Voltage Gain Vo=%10V, RL=275 k& 50 | 200 V/mv
Vo=+1.0 V, R . =5.0 k&2 50 | 200
TR Transient Response | Rise time V=20 mV, R_.=5.0 k&, 3.0 0.6 us
Overshoot CL =100 pF, Av=1.0 0 5 %
SR Slew Rate R =5.0 k2, Ay =1.0 0.03 0.35 V/us
The following specifications apply —-55°C < Tp < +125°C
Vio Input Offset Voltage Rs <10 k&2 6.0 6.0 [ mV
lio Input Offset Current Ta=+125°C 5.0 15 nA
Ta=-55°C 10 40 nA
s Input Bias Current Ta=+125°C 7.5 50 nA
Ta=-55°C 20 120
Icc Supply Current 25 180 MA
P¢ Power Consumption 150 1080 | uwW
CMR Common Mode Rejection Rs <10 k2 70 | 86 70 86 dB
ViR Input Voltage Range +1.0 +1.0 \
PSRR Power Supply Rejection Ratio Rg <10 k2 25 | 150 25 | 150 | uv/v
Avs Large Signal Voltage Gain Vo=+10 V, R =75 k2 25 V/mV
Vo=1%1.0V, R_>=5.0 k 25
Voe Output Voltage Swing R =75 k& +20 (24 \
R =5.0 k&2 19 | 2.1
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EIAezsigal Characteristics Tp = 25°C, Voo = £ 15 V, unless otherwise specified.
Iser = 1.5uA IseT = 15uA
Symbol Characteristic Condition Min | Typ | Max | Min | Typ | Max | Unit
Vio Input Offset Voltage Rg <10 k2 20 | 6.0 20 | 60 | mV
Vio adj | Input Offset Voltage Adjustment 9.0 18 mV
Range
o Input Offset Current 0.7 | 6.0 2.0 25 nA
lig Input Bias Current 2.0 10 15 50 nA
Z Input Impedance 50 5.0 MQ
lee Supply Current 20 30 160 | 190 HA
Pe Power Consumption 0.9 5.7 mw
los Output Short Circuit Current 3.0 12 mA
Avs Large Signal Voltage Gain Vo=%10 V, RL=75 kQ 50 | 400 V/mV
Vo=*10 V, R =5.0 k&2 50 | 400
Vop Output Voltage Swing Ry =75 k2 +12 |+14 \'
R =5.0 kQ2 +10 |*13
TR Transient Response Rise time |V, =20 mV, Ry 2 5.0 k{2, 1.6 0.35 us
Overshoot |t~ 100 PF. Av=1.0 0 10 %
SR Slew Rate RL=5.0 k§2, Ay=1.0 0.1 0.8 V/us
The following specifications apply 0°C < Ta < +70°C
Vio Input Offset Voitage Rs <10 k2 75 75 | mv
lo Input Offset Current Ta =70°C 6.0 25 nA
Ta=0°C 10 40
[IT:) Input Bias Current Ta=70°C 10 50 nA
Ta=0°C 20 100
lcc Supply Current 35 200 uA
Pc Power Consumption 1.05 6.0 | mw
CMR Common Mode Rejection Rg <10 kS2 70 | 90 70 | 90 dB
ViR Input Voltage Range +10 +10 v
PSRR Power Supply Rejection Ratio Rs <10 kQ 25 | 200 25 (200 | uv/Vv
Ays Large Signal Voltage Gain Vo=+10 V, RL =75 kQ 50 50 V/mV
Vop Output Voltage Swing RL =75 k2 +10 £10 \%
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E::erigal Characteristics Ta = 25°C, Voo = £3.0 V, unless otherwise specified.
IsgT = 1.5uA IseT = 150A
Symbol Characteristic Condition Min | Typ | Max | Min | Typ | Max | Unit
Vio Input Offset Voltage Rg <10 k§2 20 | 6.0 20 | 60 | mV
Vio agy | Input Offset Voltage Adjustment 9.0 18 mV
Range
lio Input Offset Current 0.7 | 6.0 2.0 25 nA
g Input Bias Current 2.0 10 15 50 nA
Z Input Impedance 50 5.0 M
lce Supply Current 13 20 130 (170 MA
Pc Power Consumption 78 | 120 780 (1020 | pW
los Output Short Circuit Current 3.0 50 mA
Avs Large Signal Voltage Gain Vo=21.0 V, R =75 k2 25 | 200 V/mV
Vo=2%1.0V, R.=5.0 k2 25 | 200
TR Transient Response Rise time |V, =20 mV, R_>5.0 k§2, 3.0 0.6 us
Overshoot |CL =100 PF, Ay =10 ) 5 %
SR Slew Rate R_=5.0 k2, Ay=1.0 0.03 0.35 V/us
The following specifications apply 0°C <Ta < +70°C
Vio Input Offset Voltage Rs <10 k2 7.5 75 | mv
lio Input Offset Current Ta=70°C 6.0 25 nA
Ta=0°C 10 40
s Input Bias Current Ta=70°C 10 50 nA
Ta=0°C 20 100
lcc Supply Current 25 180 MA
Pg Power Consumption 150 1080 | uW
CMR Common Mode Rejection Rg <10 k& 70 86 70 86 dB
ViR input Voitage Range 1.0 1.0 Vv
PSRR Power Supply Rejection Ratio Rs <10 k2 25 | 200 25 [ 200 | puv/v
Avs Large Signal Voltage Gain Vo=*10V, R =275 k2 | 25 V/mV
Vo=+10V, R =50 kQ2 25
Vop Output Voltage Swing R =75 k& 20 (2.4 \Y
R =5.0 k2 +2.0 (21
L I
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Typical Performance Curves for yA776 and uA776C

Input Bias Current vs
Set Current
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Typical Performance Curves for uA776 and yA776C (Cont.)

Output Voltage Swing vs
Load Resistance
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Typical Performance Curves for uA776 and uA776C (Cont.)
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Quiescent Current Setting Resistor
(lser to V7)

IseT
Vg 15 pA 15 uA
+15V 1.7 M2 170 k§2
+30V 3.6 MQ 360 k2
+6.0 V 7.5 MQ 750 k2
+15 V 20 MQ 2.0 MQ

Note
The pA776 may be operated with Rget
connected to ground or V-~
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Iser Equations
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Rset is connected to ground.
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Biasing Circuits

Resistor Biasing

A2

AFO0S80F
Rser Connected to Ground

V+

AFD0S0TF

Rset Connected to V-
*Recommended for supply voltages less than +6 V.

Transistor Current Source Biasing

Ve

AFO0B21F

Voltage Offset Null Circuit

AFO0591F

FET Current Source Biasing

AFOOB10F

Transient Response Test Circuit

<
AL
<

AF00631F
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FAIRCHILD
e

A Schlumberger Company

HA798
Dual
Operational Amplifier

Linear Division Operational Amplifiers

Description

The nA798 consists of a monolithic pair of independent,
high gain, internally frequency compensated operational
amplifiers designed to operate from a single power supply
or dual power supplies over a wide range of voltages. The
common mode input range includes the negative supply,
thereby eliminating the necessity for external biasing com-
ponents in many applications. The output voltage range
also includes the negative power supply voltage. The
#A798 is constructed using the Fairchild Planar Epitaxial
process.

® Input Common Mode Voitage Range Includes Ground
Or Negative Supply

@ Output Voltage Can Swing Near Ground Or Negative
Supply

® Internally Compensated

® Wide Power Supply Range Single Supply Of 3.0 V
To 36 V Dual Supply of £t1.5 V To +18 V

® Class AB Output Stage For Minimal Crossover
Distortion

® Short Circuit Protected Output

® High Open Loop Gain — 200 k Typ

® Exceeds 1:A1458 Type Performance

® Operation Specified At 15 V And +5.0 V Power
Supplies

® High Output Current Sink Capability
0.8 mA At Vo =400 mV Typ

Absolute Maximum Ratings
Storage Temperature Range
Operating Temperature Range
Lead Temperature

-65°C to +150°C
0°C to +70°C

(soldering, 10 s) 265°C
Internal Power Dissipation': 2
8L-Molded DIP 0.93 W
SO-8 081 W
Supply Voltage Between V+ and V- 36 V
Differential input Voltage +30 V
Input Voltage® 0.3 V (V-) to V+
Output Short Circuit Duration* Indefinite

Notes

1. Ty Max = 150°C.

2. Ratings apply to ambient temperature at 25°C. Above this temperature,

derate the Molded DIP at 7.5 mW/°C, and the SO-8 at 6.5 mW/°C.

For supply voltage less than 30 V between V+ and V -, the absolute

maximum input voltage is equal to the supply voitage.

. Indefinite on shorts to ground or V- supply. Shorts to V+ supply may
result in power dissipation exceeding the absolute maximum rating.

3.

Connection Diagram
8-Lead DIP and SO-8 Package

(Top View)
1 ~— 8
our a[ b v
-IN AEz A B E] outs
+IN AE:’;I+ ’ L;—il_ma
4 5
V- E j +HIN B

CDO0B9OF

Order Information

Device Code Package Code
MAT798SC KC
uA798TC 9T

Package Description

Molded Surface Mount
Molded DIP
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Equivalent Circuit (1/2 of circuit shown)

v+
R1
1k
a1 Q20
Qte ] 1
L a3
J:JQ*]G as
Q2
Q3 Q17 R3
Sz won 7
Ler < R4
Tser ﬁ $sok J,J y our
~IN — a1 Q4 Kos Re a4 Q24
1k ‘)
L VWV Q12 an
N |7 g
a7 _t L —MN—KQW oz
RS
6 R8
0s [ 1k ne
v
+IN
BDOO34F
Note
1. All resistor values in ohm.
— -
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HAT798

gl:::fical Characteristics Ty = 25°C, Voc = £ 15 V, unless otherwise specified.
Symbol Characteristic Condition Min Typ Max Unit
Vio Input Offset Voltage 2.0 6.0 mv
o Input Offset Current 10 50 nA
lig Input Bias Current 50 250 nA
Z Input Impedance 0.3 1.0 M2
Ro Output Resistance 800 Q
Icc Supply Current Vo=0, R =% 2.0 4.0 mA
CMR Common Mode Rejection Rg <10 k2 70 90 dB
Vir Input Voltage Range +13 | +135 \
to V- to V-
PSRR Power Supply Rejection Ratio Positive 30 150 uv/v
Negative 30 150
los Output Short Circuit Current'2 Vo=-15V, Vp=1.0 V 10 30 45 mA
(Per Amplifier) Vo=Gnd, Vp=-10V 10 70 85
Avs Large Signal Voltage Gain Vo=%10 V, R =20 k& 20 200 V/mV
Vop Output Voltage Swing R =10 k&2 13 14 A
R =20 k2 +12 | +*135
TR Transient Response | Rise Time Vo =50 mV, 0.3 us
Ay =10, R.=10 k2
Fall Time Vo =50 mV, 0.3
Ay=1.0, B_.=10 kQ2
Overshoot Vo =50 mV 20 %
Ay =1.0, R =10 k2
BW Bandwidth Vo =50 mV, Ay=1.0, 10 MHz
RL =10 k&2
SR Slew Rate Vi=-~10 V to +10 V, 0.6 V/us
Ay=1.0
CS Channel Separation f=1.0 kHz to 20 kHz -120 dB
(Input Referenced)
The following specifications apply for 0°C < Ty < +70°C
Vio Input Offset Voltage 7.5 mV
AVip/AT | input Offset Voltage Temperature 10 uv/°C
Sensitivity
lio Input Offset Current 200 nA
A/ AT Input Offset Current Temperature 50 pA/°C
Sensitivity
lig Input Bias Current 400 nA

7-174



HAT798

uA798 (Cont.)
Electrical Characteristics Ty = 25°C, Voo =+ 15 V, unless otherwise specified.

Symbol Characteristic Condition Min Typ Max Unit
Avs Large Signal Voltage Gain RL =20 k€, Vo=+10 V 15 V/mV
Vop Output Voltage Swing R_=2.0 kQ +10 \
The following specifications apply for T4 = 25°C, V+ =50 V, V-=GND
Vio Input Offset Voltage 2.0 7.5 mV
lio Input Offset Current 10 50 nA
lig Input Bias Current 80 250 nA
Avs Large Signal Voltage Gain R_>20 k2 20 200 V/mv
PSRR Power Supply Rejection Ratio 150 uv/v
Vop Output Voltage Swing® RL =10 kQ 40 Vop
50 VEV+ <30V V+)
RL =10 k& -1.5
lo- Output Sink Current Vo =200 mV, 0.35 mA
Vp=10 V
lcc Supply Current 2.0 4.0 mA
Notes

1. Not to exceed maximum package power dissipation.

2. Indefinite on shorts to ground or V- supply. Shorts to V+ supply may
result in power dissipation exceeding the absolute maximum rating.

3. Output will swing to ground.
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Typical Performance Curves

Sinewave Response
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Typical Applications
Multiple Feedback Bandpass Filter

= Cc1 SR3
<>
AAA 1L AAA, -
VWA~ 11— "W
Ri c2 R2 1/2 4AT98 ——
+

.
10 uF
e T

A AFDO0B61F
fo = center frequency

A
BW = Bandwidth
R in k2
Cin uF

f,
Q=-—><10
BW

Q
Gl=Cz=—
3

R1=R2~1 ] Use scaling factors in these expressions.
R3 = 921 9 P -
¥ source impedance is high or varies, filter may be preceded
with voltage follower buffer to stabilize filter parameters.

Design example:

given: Q =5, f,=1.0 kHz
Let R1=R2=10 k{2
then R3 = 9(5)%>-10

R3 =215 k2
c > 16 uF
g ¥
Comparator With Hysteresis
R2 Vor HYSTERESIS
‘VAVAv
R1 1
e AAA
VREF VWA~ + 2 vo v T
A798
V) — ] ke |
Vo I,
ViL | Vin
VREF
AFO0B81F

R1
ViL=——— (Vou - Vags) + Vi
L F|1+R2( oL - Vrer) + VRer

R1
Vg = ———— (Von - VRer) + V
IH R1+R2( oH - VRer) + VRer

H= = (Vow Vou
R1+R2 on oL
A1 +RA2 R2R1
= R
4CRA1 R2 + A1

Wein Bridge Oscillator

VR

EF

AAA Vo

AFO0G71F
1
fo=——— for fo=1.0 kHz
21RC - R 16 kD
C=0.01 uF
High Impedance Differential Amplifier
Ré
AAA
+
v 2 VA
HATEB vy 12
= wATS8 Vo
+
R1
AAA
VWA
L
<
3 A3
A4
—— A
T2 s
uAT98 WV
v2 +
b
R7
AFO0881F
Vo=C (1 +a+Db)(V2-V1)
R2 R6&
— =— for best CMRR
RS R7
R1=R4
R2=R5
R6 2R1
Gagin=— (1+—)=C (1 +a+b)
R2 R3
Note

1. All resistor values in ohms.
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Typical Applications (Cont.)

Pulse Generator
R1 1N9T14
30 k

AF00B41F
Function Generator
1 TRIANGLE WAVE
VRgr = z v+ our Rz
300 & SQUARE WAVE
our
R3
VReF 75 k
A
v *12
HAT98
< Ri -
[ S$S100 k
1L
LAY
‘VAVAV
R
VRer
AFOO651F
Note

1. Al resistor values are in ohms.
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——————
FAIRCHILD
]

A Schiumberger Company

MA111 « uA311
Voltage Comparators

Linear Division Comparators

Description

The uA111 and pA311 are monolithic, low input current
voltage comparators, each constructed using the Fairchild
Planar Epitaxial process. The uA111 series operates from
the single 5.0 V integrated circuit logic supply to the stan-
dard +15 V operationai amplifier supplies. The pyA111 se-
ries is intended for a wide range of applications including
driving lamps or relays and switching voltages up to 50 V
at currents as high as 50 mA. The output stage is com-
patible with RTL, DTL, TTL and MOS logic. The input
stage current can be raised to increase input slew rate.

® Low Input Bias Current 100 nA Max (uA111), 250 nA
Max (uA311)

® Low Input Offset Current 10 nA Max (uA111), 50 nA
Max (uA311)

@ Differential Input Voltage +30 V

® Power Supply Voltage Single 5.0 V Supply To +15 V

® Offset Voltage Null Capability

® Strobe Capability

Absolute Maximum Ratings’
Storage Temperature Range

Metal Can -65°C to +175°C
Moided DIP and SO-8 -65°C to +150°C
Operating Temperature Range
Extended (uA111M) -55°C to +125°C
Commercial (tA311C) 0°C to 70°C
Lead Temperature
Metal Can (soldering, 60 s) 300°C
Molded DIP and SO-8
(soldering, 10 s) 265°C
Internal Power Dissipation® 3
8L-Metal Can 1.00 W
8L-Molded DIP 093 W
SO-8 0.81 W
Voltage between V+ and V- 36V
Qutput to V-
(uA111) 50 V
(uA311) 40 V
Ground to V- 30V
Differential Input Voltage +30 V
Input Voltage +15 V
Output Short Circuit Duration 10 s

Notes

1. This rating applies for + 15 V supplies. The positive input voltage limit is
30 V above the negative supply. The negative input voltage limit is
equal to the negative supply voltage or 30 V below the positive supply,
whichever is less.

2. T Mmax = 150°C for the Molded DIP and SO-8, and 175°C for the Metal
Can.

3. Ratings apply to ambient temperature at 25°C. Above this temperature,
derate the 8L-Metal Can at 6.7 mW/°C, the 8L-Molded DIP at
7.5 mW/°C, and the SO-8 at 6.5 mW/°C.

Connection Diagram
8-Lead Metal Package
(Top View)

CDO1000F

Lead 4 connected to case

Order Information
Device Code Package Code Package Description

HA1T11HM 5W Metal
MA311HC 5W Metal

Connection Diagram
8-Lead DIP and SO-8 Package
(Top View)

1 8
ano[_| [ 1w
2 7
+IN D IOUT

3 []
|: BALANCE/
-IN STROBE
4 5

v- |: ;] BALANCE

GDO1010F

Order Information

Device Code Package Code Package Description
#A311TC 9T Molded DIP

MA311SC KC Molded Surface Mount
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MA111° yA311

Equivalent Circuit

BALANCE  BALANCE/ STROBE
v+
SR8 <As
R gm $R1  $we g $ma Sl
0 213k0 $3000 S1340 )
< < :osn __K”o
a7
SR8 Jn'h ’ 020
as ¢ Ziz2kn$12kn
1 W, on
r— "\2' I‘/Qﬁ
Vas () a® ¢
'ﬁ o1 02 e
+IN ol 5y 5V [ 18 o} out
<R
o4 RIZ  Ss00
AN et 022 021\‘ iy <SRN
S1300Q
a2 SRS 1
400 mﬁ__‘ ats
Py Zhis °‘2\4’—' 360
%00 S2000 SR14
S2kn oy} {
<R3
;»4 0
GND
V-
EQOc381F
uA111
Electrical Characteristics Ta = 25°C, Voc = £ 15 V, unless otherwise spscified.’
Symbol Characteristic Condition Min Typ Max Unit
Vio Input Offset Voltage? Rs <50 k§2 0.7 3.0 mv
lo Input Offset Current? 4.0 10 nA
s Input Bias Current 60 100 nA
Avs Large Signal Voltage Gain 200 v/mv
tpp Response Time® 200 ns
VsaT Saturation Voltage VI <-5.0 mV, lg. =50 mA 0.75 1.5 \
loism Strobe On Current 3.0 mA
lcex Output Leakage Current V=250 mV, Vog=35 V 0.2 10 nA
The following specifications apply for —55°C < Tp <+125°C.
Vio Input Offset Voltage? Rs <50 k2 4.0 mv
o Input Offset Current? 20 nA
s Input Bias Current 150 nA
ViR Input Voltage Range 14 \Y
Vsat Saturation Voltage V+ 245V, V-=0V, 0.23 0.4 \
V) <-6.0 mV, lo. <8.0 mA
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pA111 ® pA311

#A111 (Cont)

Electrical Characteristics -55°C < T < +125°C, Vg = £15 V, unless otherwise specified.’

Symbol Characteristic Condition Min Typ Max Unit
lcex Output Leakage Current ViZ50 mV, V=35V 0.1 0.5 HA
I+ Positive Supply Current Ta=25°C 5.1 6.0 mA
I- Negative Supply Current Ta=25°C 41 50 mA

uA311

Electrical Characteristics T = 25°C, Vgc =*15 V, unless otherwise specified.’
Symbol Characteristic Condition Min Typ Max Unit
Vio Input Offset Voltage? Rg <50 k2 20 75 mv
ho Input Offset Current? 6.0 50 nA
s Input Bias Current 100 250 nA
Avs Large Signal Voltage Gain 200 V/mv
trp Response Time® 200 ns
VSAT Saturation Voltage Vi<-10 mV, Ip =50 mA 0.75 15 Vv
loism) Strobe On Current 3.0 mA
lcex Output Leakage Current Vi2Z10 mV, Vo =35 V 0.2 50 nA
The following specifications apply for 0°C << Tp < +70°C.
Vio Input Offset Voltage? Rg <50 kQ 10 mv
o Input Offset Current? 70 nA
le Input Bias Current 300 nA
Vir Input Voltage Range +14 \
Vsat Saturation Voltage V+ 245V, V-=225V, 0.23 0.4 v

Vi<-10 mV, g <8.0 mA

I+ Positive Supply Current Ta=25°C 5.1 7.5 mA
- Negative Supply Current Ta=25°C 41 5.0 mA

Notes

1. The offset voltage, offset current and bias current specifications apply
for any supply voltage from a single 5.0 V supply to £15 V supplies.

2. The offset voltages and offset currents given are the maximum values
required to drive the output within a volt of either supply with a 1.0 mA

load. Thus, these parameters define an error band and take into

account the worst case effects of voltage gain and input impedance.

w

overdrive.

. The response time specified is for a 100 mV input step with 5.0 mV




uA111* uA311

Typical Performance Curves for uA111
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pA111° uA311

Typical Performance Curves for uA311

Input Bias Current vs

Temperature
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nA111* uA311

Typical Applications

Offset Null Circuit Strobe Circuit Increasing Input Stage Zero Crossing Detector
3.0 k0 Current (Note 1) Driving MOS Logic (Note 3)
2
+
uAl11
3l
A
TTL
2NS96Y STROBE
50V
1.0kD TO MOS
LOGIC
OFFSET BALANCING STROBING =
CRO2190F GRoZ200F
cRazetor CROZ220F
Adjustable Low Voltage Negative Peak Detector
Reference Supply
R1 R4
V¢=5V AAN A
3.9k 500 O
Bw kQ)
,_L/:, ﬁ_vc
2N3904 AN
praty) 17 -5V — (NOTE 2)
1 CRO2241F
lm c1 Digital Transmission isolator (Note 3)
2 3.\q 1.5 pF ==
NI900 i (NOTE 2) Ve= 50V
=
- CRO2230F
Positive Peak Detector
SV
m
k2
22 ,
P b
A3
VWA
c our
R2S
£ 1.5 uF
1oma? | Nove 2)
~15 V- =
CRO2250F
Notes

1) Increases typical common mode slew rate from 7.0 V/us to 18 V/us.
2) Solid Tantalum.
3) All resistor values in chms.




uA111 e yA311

Typical Applications (Cont.) Relay Driver with Strobe

Vi r_
Strobing of Both Input !
And Output Stages (Note 1)

FROM D/A NETWORK

D1 (NOTE 2)

T
STROBE

CRO2280F

ORO2270F
Switching Power Amplifier
Precision Photodlode Comparator ™ ve
a1 a8 RS 620 0
RS 8 a1
*sov 0k SATTTL O NG125
2 1 a7
3 A 300 O
R2< = ouTt
wa wokas V-
B
TTL
out
==Ct
— 01 uF
CRO2290F .
CRO2300F
Notes
1. Typical input current is 50 pA with inputs strobed off.
2. Absorbs inductive kickback of relay and protects IC from severe voitage
transients on V, line.
3. R2 sets the comparison level. At comparison, the photodiode has less
than 5.0 mV across it, decreasing leakages by an order of magnitude.

L I
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pA111 ¢ uA311

Switching Power Amplifier
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A Schlumberger Company

uA139 « uA239 « uA339

MA2901 « uA3302
Quad Comparators

Linear Division Comparators

Description

The nA139 series consists of four independent precision
voltage comparators designhed specifically to operate from
a single power supply. Operation from split power supplies
is also possible and the low power supply current drain is
independent of the supply voltage range. Darlington con-

nected PNP input stages allow the input common mode

voltage to include ground.

® Single Supply Operation +2.0 V To +36 V
® Dual Supply Operation +10 V To £ 18 V
® Allow Comparison Of Voltages Near

Ground Potential

® Low Current Drain 800 pA Typ

® Compatible With All Forms Of Logic

® Low Input Bias Current 25 nA Typ

@ Low Input Offset Current +5.0 nA Typ

® Low Offset Voltage 2.0 mV

Absolute Maximum Ratings
Storage Temperature Range

Ceramic DIP ~65°C to +175°C
Molded DIP and SO-14 -65°C to +150°C
Operating Temperature Range
Extended (uA139M) -55°C to +125°C
Automotive (pA2901V, uA3302V) -40°C to +85°C
Industrial (uA239V) -25°C to +85°C
Commercial (A339C) 0°C to 70°C
Lead Temperature
Ceramic DIP (soldering, 60 s) 300°C
Molded DIP and SO-14
(soldering, 10 s) 265°C
Internal Power Dissipation® 2
14L-Ceramic DIP 1.36 W
14L-Molded DIP 1.04 W
SO-14 093 W

Supply Voltage
nA139 Series/pA2901
MA3302

Differential Input Voltage

36 Vorti8V
28 Vor 14 V

uA139 Series/uA2901 36 V
MA3302 28 Vv
Output Short Circuit to GND? Indefinite

Input Current (V, < -0.3 V)* 50 mA

Notes

1. Ty max = 150°C for the Moided DIP and SO-14, and 175°C for the

Ceramic DIP.

2. Ratings apply to ambient temperature at 25°C. Above this temperature,
derate the 14L-Ceramic DIP at 9.1 mW/°C, the 14L-Molded DIP at

8.3 mwW/°C, and the SO-14 at 7.5 mwW/°C.

3. Short circuits from the output to V+ can cause excessive heating and
eventual destruction. The maximum output current is approximately

20 mA independent of the magnitude of V+.

Connection Diagram
14-Lead DIP and SO-14 Package
(Top View)

SINA j +IND
5 10
+INA I-m D
6 9
-INB E j “INC
e | | et

7 8
- D-mc

CD01021F

Order Information

Device Code Package Code Package Description

#A139DM 6A Ceramic DIP
uA239DV 6A Ceramic DIP
HA238PV 9A Molded DIP
nA2398V KD Molded Surface Mount
#A339DC 6A Ceramic DIP
MA339PC 9A Molded DIP
MA339SC KD Molded Surface Mount
1A2901DV 6A Ceramic DIP
HA2901PV 9A Molded DIP
©A3302DV 6A Ceramic DIP
1A3302PV 9A Molded DIP
#A33028V KD Molded Surface Mount

4. This input current will exist only when the voltage at any of the input
leads is driven negative. 1t is due to the collector base junction of the
input PNP transistors becoming forward biased and thereby acting as
input diode clamps. In addition to diode action, there is also lateral NPN
parasitic transistor action on the IC chip. This transistor action can
cause the output voltages of the comparators to go to the V+ voltage
level or to ground for a large overdrive, for the time duration that an
input is driven negative. This is not destructive and normal output states
will re-establish when the input voltage, which is negative, again returns
to a value greater than -0.3 V.




uA139 * uA239 * uA339
uA2901 » uA3302

Equivalent Circuit

+IN

¥ )asuA 100 A 35.A
'_%2 ola)_.
ol Q4

Qs

nA139, uA239, A339
Electrical Characteristics Tp = 25°C, V+ =5.0 V, unless otherwise specified.

ouTt
Q7 as

EQOO30IF

1A139 nA239, uA339
Symbol Characteristic Condition Min Typ Max Min Typ Max Unit
Vio Input Offset Voltage® 20 +5.0 +2.0 £5.0 mv
e Input Bias Current’ i+ or li- with Qutput 25 100 25 250 nA
in Linear Range
lio Input Offset Current h+)-{-) +5.0 +25 *+5.0 +50 nA
ViR Input Common Mode 0 (V+)-1.5 0 (V+)-1.5 v
Voitage Range?
lec Supply Current RL =2 on all 0.8 2.0 0.8 2.0 mA
Comparators
Avs Large Signal Voltage | R_ =15 kS, 200 200 vV/mV
Gain V+ =15 V (To
Support Large Vo
Swing)
tpD1 Large Signal V) =TTL Logic Swing, 300 300 ns
Response Time VRer =14V,
VRL=5.0V,
RL =51 kQ
tep2 Response Time® VaL=5.0V, 1.3 1.3 us
R =5.1 k2




uA139 * uA239 * uA339
uA2901 ¢ uA3302

uA139, uA239, pA339 (Cont.)
Electrical Characteristics T, = 25°C, V+ =5.0 V, unless otherwise specified.

uA139 uA239, uA339
Symbol Characteristic Condition Min Typ Max Min Typ Max Unit
loL Output Sink Current V=210V, 6.0 16 6.0 16 mA
Vi+ =0 V,
Vo<15V
Vgat Saturation Voltage V210V, 250 400 250 400 mV
Vi+ =0V,
loL <4.0 mA
lcex Output Leakage Vi+ 210V, 200 200 nA
Current Vi-=0V,
Vo=30 V
The following specifications apply for —55°C < Tp < +125°C for the nA139, -25°C < T4 < +85°C for the uA239 and

0°C <Tp < +70°C for the uA339.

Vio Input Offset Voltage® 9.0 90| mv
ho Input Offset Current +)-(~) +100 +150 nA
lis Input Bias Current I+ or I~ with Output 300 400 nA
in Linear Range
ViR Input Voltage Range 0 (V+)-20 0 (V+)-2.0 \"
VsaTt Saturation Voltage V-210V, 700 700 mV
V|+ =0V,
loL <4.0 mA
leex Output Leakage Vi+ =10V, 1.0 1.0 HA
Current Vi-=0V,
Vo=30V
Vio Differential Input Keep all Vig=0 V 36 36 v

Voltage*

{or V-, if used)
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uA139 * uA239 * uA339
#A2901 ¢ uA3302

uA2901, uA3302
Electrical Characteristics T5 = 25°C, V+ = 5.0 V, unless otherwise specified.

8-14

«A2901 uA3302
Symbol Characteristic Condition Min Typ Max Min Typ Max Unit
Vio Input Offset Voltage® +20 7.0 +3.0 +20| mv
Iig Input Bias Current' I+ or - with Qutput 25 250 25 500 nA
in Linear Range
ho Input Offset Current (+) - () +5.0 +50 5.0 +100 nA
ViR Input Common Mode 0 (V+)-1.5 0 (V+)-15 \"
Voltage Range?
loc Supply Current Ry =<° on all 08 20 0.8 2.0 mA
Comparators
RL=9°, V+ =30 V 1.0 25
Ays Large Signal Voltage | Ry =15 k&2, 25 100 2.0 30 v/mvV
Gain V+ =15 V (To
Support Large Vg
Swing)
tPD1 Large Signal V) =TTL Logic Swing, 300 300 ns
Response Time VeRer =14V,
VRL =50V,
RL=5.1 k&
tpp2 Response Time? VRL=50V, 1.3 1.3 us
RL=5.1 k2
loL Output Sink Current Vi-=210 0V, 6.0 16 2.0 16 mA
Vi+ =0V,
Vo<15V
Vsar Saturation Voltage V=210V, 400 250 500 mvV
Vi+ =0V,
lor 4.0 mA
Icex Output Leakage Vi+ 210V, 200 200 nA
Current Vi-=0V,
Vo=30V
L |
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HMA139 ¢ uA239 * 4A339

1A2901 ¢ uA3302

nA2901, A3302 (Cont)
Electrical Characteristics —40°C < T, < +85°C, V+ =5.0 V, unless otherwise specified.

| ﬁ 1#A2901

uA3302

Typ ‘ Max Unit

Symbol Characteristic Condition Min Typ Max Min
9.0

Vio Input Offset Voltage®

15 ]

40 mv

o Input Offset Current +) =) 50 200

lig input Bias Current I+ or 1= with Output 200 500
L in Linear Range

VIR Input Voltage Range 0 (V+)-20
400

Vear Saturation Voltage | xl— > 2) .on, 700
1+ = )
loL <4.0 mA

Vip Differentiai Input Keep all Vyg=20
Voltage* (or V-, if used)

T v+

] 011
lcex Output Leakage Vi+ 210V, 1.0
Current V~=0V,
Vo=30 V
v 1

Notes

. The direction of the input current is out of the IC due to the PNP input

stage. This current is essentially constant, independent of the state of

the output so no loading change exists on the reference or input lines.

The input common mode voltage or either input signal voltage should

not be allowed to go negative by more than 0.3 V. The upper end of

the common mode voltage range is (V+)~1.5 V, but either or both
inputs can go to +30 V without damage.

. The response time specified is for a 100 mV input step with 5.0 mV
overdrive. For larger overdrive signals 300 ns can be obtained, see
typical performance curves segment.

4. Positive excursions of input voltage may exceed the power supply level.
As long as the other voltage remains within the common mode range,
comparator will provide a proper output state. The low input voltage
state must not be less than -0.3 V or 0.3 V below the magnitude of
the negative power supply, if used.

. At output switch point, Vo==1.4 V, Ag=0 £ with V+ from 5.0 V; and
over the full input common mode range 0 V to V+ -1.5 V.

. For input signals that exceed Vcc, only the overdriven comparator is
affected. With a 5.0 V supply, V should be limited to 25 V maximum
and a limiting resistor should be used on all inputs that might exceed
the positive supply.

N
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MA139 ® uA239 ¢ UA339
HA2901 * uA3302

Typical Performance Curves for uA139, uA239, u339
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HA139 * uA239 * uA339
nA2901 * 4A3302

Typical Performance Curves for uA2901, uA3302
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tA139 * uA239 ¢ uA339
1A2901 * uA3302

Application Information

The pA139 series are high gain, wide bandwidth devices
which, like most comparators, can easily oscillate if the
output lead is inadvertently allowed to capacitively couple
to the inputs via stray capacitance. This shows up only
during the output voltage transition intervals as the com-
parator changes states. Power supply bypassing is not re-
quired to solve this problem. Standard PC board layout is
helpful as it reduces stray input/output coupling. Reducing
the input resistors to < 10 k{2 reduces the feedback signal
levels and finally, adding even a small amount (1.0 V to
10 mV) of positive feedback (hysteresis) causes such a
rapid transition that oscillations due to stray feedback are
not possible. Simply socketing the IC and attaching resis-
tors to the leads will cause input/output oscillations during
the small transition intervais unless hysteresis is used. If
the input signal is a pulse waveform, with relatively fast
rise and fall times, hysteresis is not required.

All leads of any unused comparators should be grounded.

The bias network of the uA139 series establishes a drain
current which is independent of the magnitude of the pow-
er supply voltage over the range of 20 V to 30 V.

It is usually unnecessary to use a bypass capacitor across
the power supply line.

The differential input voltage may be larger than V+ with-
out damaging the device. Protection should be provided to
prevent the input voltages from going more negative than
-0.3 V (at 25°C). An input clamp diode can be used as
shown in the applications segment of this data sheet.

The output of the #A139 series is the uncommitted collec-
tor of grounded emitter NPN output transistor. Many col-
lectors can be tied together to provide wired OR output
function. An output pull-up resistor can be connected to
any available power supply within the permitted supply
voltage range. There is no restriction on this voltage due
to the magnitude of the voltage which is applied to the
V+ terminal of the uA139 package. The output can also
be used as a simple SP/ST switch to ground (when a pull
up resistor is not used). The amount of current which the
output device can sink is limited by the drive available
{which is independent of V+) and the 8 of this device.
When the maximum current limit is reached (approximately
16 mA), the output transistor will come out of saturation
and the output voltage will rise very rapidly. The output
saturation voltage is limited by the approximately 60 £
saturation resistance of the output transistor. The low off-
set voltage of the output transistor (1.0 mV) allows the
output to clamp essentially to ground level for small load
currents.

Typical Applications (V+ =15 V)

AND Gate

[
-
‘CRO2320F
OR Gate
100 kQ)
100 kQ
100 k2 1.0kQ
V4 —
o = f=AeBeC
e
CR02330F
Monostable Muiltivibrator
v+
>
n_L o Zromn :E“‘ o)
— 3
to ;"F . PW___ ..
Wy 1 ""‘_’rl“_ [
174 to t
IN914 10M0 | Late
= = —Vo
0.001 F
3
10M03 N4

CROZ340F




uA139 * 2A239 * uA339
uA2901 * uA3302

Typical Applications (V+ = 15 V) (Cont.)

Bistable Multivibrator

Monostable Multivibrator with Input Lock Out
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Ve g Y AAA—
° byvy S 14 40 us
S —+15V i 100 k(2 —
J-L 0 1us uA139 _]_ o t1
" — R 0 N 100 pF 14
— 4A13 o + T A3
g 1 IO T i
R— AW —
0 MO
CRO2350F AN
S0k
>
Al
20 T
AAA
Time Delay Generator Squarewave Oscillator
V+ v+
>4.3 k()
S
00 kQ 3
1040 15ka3 200k0Q 30k0Z .
10 MQ b—
} L
10 k2 1= 100 kHz
+
174 Vos
uA139 Vé-———= —-Vo
V3 o—r
v+ b 4
> 30k0 ‘L
< ! <
<51 kQ >
INPUT GATING S 10 MQ
SIGNAL
Vs 10 k02 Vei 10 k0
_ vy CRO2380F
od Lo
boou Ly, 14 Voz
1A139 Vioom
= V2 o
AAd 0 t2
> 30k
Ve sk 10 MO 1
provaeee -
|77y S 10 k2
4 Y vo-
Ve V2——-~ ! 0=
L HE 14 | ot
= #A139 Vo
ot 1+t Vi _
o 1 2 t3 4 L
—t— stkn

. CRo2a70F

——V+

CROZ360F

8-19




#A139 * uA239 * uA339
uA2901 * uA3302

Typical Applications (V+ = 15 V) (Cont.)
Large Fan-In AND Gate (Note 1)

v+
100 330k
1082 b
100
v o :/:m b—Vo (NOTE 3)
—
=
o e ba
. =
D3
c
D4
(NOTE 2)
‘CRO2400F
Wired-OR Outputs
1
— S
b3
14
e 20k0
—
—Vo
—
14
uA139
—
14
wA139

%

CROZISOF

Notes

1) All resistor values in ohms.

2) Al diodes 1N914.

3) Vo=A-B-C-D

4) For large ratios of R1/R2, D1 can be omitted.

Pulse Generator

v+

3]
1NS14
R1 (NOTE4) <15 k(2
1.0 MO 1

R2
100 kQ
D2
80 pF 1Ng14
e ad
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= 4 Bt t
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VoA . Vo
10 MO
A
WA
L
Sroma
p
1

CRO2410F
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1nA6685
Ultra Fast
Single Latched Comparator

Linear Division Comparators

Description

The pA6685 is an ultra fast single voltage comparator
manufactured with an advanced high speed bipolar pro-
cess that makes possible very short propagation delays
(2.7 ns} with excellent matching characteristics. The com-
parator has differential analog inputs and complementary
logic outputs compatible with most forms of ECL. The out-
put current capability is adequate for driving terminated
50 £ transmission lines. The low input offsets and short
delays make this comparator especially suitable for high
speed precision analog to digital processing.

The uA6685 is lead compatible with the AM6685 and
functionally compatible with AD9685 and SP9685.

® 2.7 ns Typical Propagation Delay

o Complementary ECL Outputs

® 50 {2 Line Driving Capability

® Built-In Latch

® Typical Output Skew 0.2 ns

@ Propagation Delay Constant With Overdrive

Connection Diagram
$0-14 Package

(Top View)
1 o “
NC E 3 our
2 13
GND 2 E j Q out
3 12

5 10
j LATCH ENABLE

-IN E j NC

CD00971F

Order Information
Device Code Package Code

UABB85SV KD

Package Description
Molded Surface Mount

Connection Diagram
10-Lead Metal Package
(Top View)

Order Information

Device Code Package Code Package Description
1AB685HM 5X Metal
HABB85HV 5X Metal

Connection Diagram
16-Lead DIP
(Top View)

w0t []
v [] e
o ] ™ e
w ] ] v

we [] ﬁaom
o our
w [ ] e
v [ ] e

CDO0RBIF

®
] QND2
15

s
LATCH ENABLE [:

Order Information

Device Code Package Code Package Description

1A6685DM 6B Ceramic DIP
HAB685DV 68 Ceramic DIP
Molded DIP

HABBB5PV 9B




____ N N N _ N
UAB685
Absolute Maximum Ratings internal Power Dissipation’: 2
Storage Temperature Range 10L-Metal Can 1.07 W
Metal Can and Ceramic DIP -65°C to +175°C 16L-Ceramic DIP 1.50 W
Molded DIP and SO-14 -65°C to +150°C 16L-Molded DIP 1.04 W
Operating Temperature Range SO-14 0.93
Extended (4A6685M) -55°C to +125°C Positive Supply Voltage +7.0V
Industrial (uA6685V) -30°C to +85°C Negative Supply Voltage -70V
Lead Temperature Input Voitage 40V
Metal Can and Ceramic DIP Differential Input Voltage +6.0 V
(soldering, 60 s) 300°C Output Current 30 mA
Molded DIP and SO-14 Minimum Operating Voltage (V+ to V-) 8.7 V
(soldering, 10 s) 265°C
Notes
1. Ty Max = 150°C for the Molded DIP and SO-14, and 175°C for the Metal
Can and Ceramic DIP.
2. Ratings apply to ambient temperature at 25°C. Above this temperature,
derate the 10L-Metai Can at 7.1 mwW/°C, the 16L-Ceramic DIP at
10 mMW/°C, the 16L-Moided DIP at 8.3 mW/°C, and the SO-14 at
7.5 mW/°C.
Equivalent Circuit
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ke B
SR12
> :: 11 LATCH
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1 r4 GND 2
az cmL‘ San Swe
<>
SR (
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:: RIS —r‘ l) KQW '\019
1 o Vo az0
an 035:

N

L Q37
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o o
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1A6685

HAB685V, uAG685M
Electrical Characteristics Over recommended operating temperature and supply voltage ranges, unless
otherwise specified.

DC Characteristics

HAG685V HAG685M
Symbol Characteristic Condition' Min Typ Max Min Typ Max Units
Vio Input Offset Voltage Rg <100 £, Ta=25°C -3.0 0.3 +3.0 -2.0 0.3 +20| mv
Rg <100 -3.5 +3.5 -3.0 +3.0
AVio/AT | Average Temperature Rg <100 Q 4.0 40 uv/°C
Coefficient of Input
Offset Voltage
o Input Offset Current? 25°C < Tp <Ta Max -1.0 0.2 +1.0 -1.0 0.2 +1.0| pA
Ta=Ta Min -1.3 03 +1.3 -1.6 0.3 +1.6
lig Input Bias Current 25°C < Ty <Ta Max 4.0 10 4.0 10 pA
Ta=Ta Min 7.0 13 8.0 16
Vem Common Mode Voltage Range -33 +3.3 -33 +3.3 v
CMR Common Mode Rejection Rg <100 £, 80 80 dB
-33 VSVgy<+33V
PSRR Power Supply Rejection Ratio? | Rg <100 2, AVg =15% 70 70 dB
VoH Output Voltage HIGH Ta=25°C -0.960 | -0.885| -0.810| ~0.960 | ~0.885| -0.810 V'
Ta=Ta Min -1.060 | -0.975 | -0.880 [ -1.100 | -1.010 | -0.920
Ta=TA Max -0.890 | -0.795 | -0.700 | -0.850 | -0.735 | -0.620
VoL Output Voltage LOW Ta=25°C -1.850 | -1.750 | -1.650 | -1.850 [ -1.750 | -1.650 v
Ta=Ta Min -1.890 | -1.783 | -1.675| -1.910| —1.800 | —1.690
Ta=Ta Max -1825| -1.725| -1.625| -1.810( -1.693 -1.575
I+ Positive Supply Current 15 22 15 22 mA
- Negative Supply Current 12 26 12 26 mA
Pe Power Consumption® 180 300 180 300 | mw
Switching Characteristics Vi, =100 mV, Vop =10 mV
1AG685V MAG685M
Symbol Characteristic? Condition’ Min | Typ | Max | Min | Typ | Max | Units
tpo*, tpo- Propagation Delay Ta=25°C 2.7 4.0 2.7 4.0 ns
tpp + (E), Latch Enable to Ta=25°C 2.0 25 2.0 25 ns
tpp-(E) Output (HIGH or LOW) Delay
ts Min Latch Set up Time Ta=25°C 0.5 1.0 0.5 1.0 ns
th Min Latch Hold Time Ta =25°C 0.5 1.0 0.5 1.0 ns
Notes
1. Unless otherwise specified V+ =60 V, V- = -52 V, Vy= -20 V and equilibrium has been established with a transverse air flow of 500 LFPM
R =50 £, all switching characteristics are for a 100 mV input step with or greater.
10 mV overdrive. The specification given for Vo, lio. s, CMA, PSAR, 2. Guaranteed but not tested in production.
tep +, and tpp— apply for £ 5% supply voltages. The uA6685 is 3. Refer to Internal Power Dissipation in Absalute Maximum Rating Table.

designed to meet the specifications given in the table after thermal
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uA6685

Typical Performance Curves Tp =25°C, V+ =60 V, V- =-52 V, Vr=-20 V, R =50 £2, and switching
characteristics are for Vi, =100 mV, Vgp =10 mV, unless otherwise specified.

Propagation Delays vs
Load Resistance
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Propagation Delays vs
Negative Supply Voltage
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Propagation Delays vs
Common Mode Voitage
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Negative Common Mode Limit vs
Negative Supply Voltage
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uA6685

Typical Performance Curves (Cont) Tp=25°C, V+ =60 V, V- =-52 V, Vt=-20 V, R =50 £, and

Output Levels vs DC Loading
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Input Bias Current vs
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switching characteristics are for Vi, = 100 mV, Vpop =10 mV, unless
otherwise specified.

Supply Currents vs
Negative Supply Voltage
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uA6685

Typical Applications (Ta = 25°C)

High Speed Window Detector

+VRer +

soQ 1AB685

1™ OUT 200mV/div.
N - 509 4 our N £
+ VRer \ I /
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+ | /1 Vner
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50Q 509 $ 509
' 10ns/div.
= CRO2100F
-20v
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High Speed Sampling
LATCH
ENABLE j j j
IN
out
VRer
VREF N \
DN
our
LATCH ENABLE -20V
(Sample Rate = 100 MHz)
CRO2110F Sns/div.
CRO2120F
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1A6685

Measurement Of Propagation Delay

+60V

HIGH SPEED
SCOPE PROBE

50Q
INPUT COAX CABLE
10 mv FROM PULSE
GENERATOR
GND 500
ys12ns
(10% — 90%) 5.0kQ =
Vi
50Q
0.1uF

Propagation delays tpp + (Q output) and tpp~ (Q output)
are measured with input signal conditions of a 100 mV
step with an overdrive of 10 mV (the overdrive is the volt-
age in excess of that needed to bring the output to the
center of its dynamic range). Offset is compensated for by
adjusting V| until outputs are in the linear region while the
Pulse Generator is disconnected. V, is then increased in
the positive direction so inverting input changes by 10 mV,
i.e. the overdrive condition. Propagation delays are then
measured with actual input pulse condition of +110 mV to
0 V swing, with a tpp + or tpp— reading taken between
the +10 mV level of the input pulse and the 50% point
of the outputs.

Thermal Considerations

To achieve the high speed of the pA6685, a certain
amount of power must be dissipated as heat. This in-
creases the temperature of the die relative to the ambient
temperature. In order to be compatible with ECL Il and
ECL 10,000, which normally use air flow as a means of
package cooling, the uA6685 characteristics are specified
when the device has an air flow across the package of
500 linear feet per minute or greater. Thus, even though
different ECL circuits on a printed circuit board may have
different power dissipations, all will have the same input
and output levels, etc. provided each sees the same air
flow and air temperature. This eases design, since the
only change in characteristics between devices is due to
the increase in ambient temperature of the air passing

HIGH SPEED
SCOPE PROBES

l

2
©
AAA
VWV
]
©

over the devices. If the uA6685 is operated without air
flow, the change in electrical characteristics due to the in-
creased die temperature must be taken into account.

Interconnection Techniques

All high speed ECL circuits require that special precautions
be taken for optimum system performance. The uA6685 is
particularly critical because it features very high gain

(60 dB) at very high frequencies (100 MHz). A ground
plane must be provided for a good, low inductance,
ground current return path. The impedance at the inputs
should be as low as possible and lead lengths as short
as practical. It is preferable to solder the device directly to
the printed circuit board instead of using a socket. Open
wiring on the outputs should be limited to less than one
inch, since severe ringing occurs beyond this length. For
longer lengths, the printed circuit interconnections become
microstrip transmission lines when backed up by a ground
plane, with a characteristic impedance of 50 to 150 {2
Reflections will occur unless the line is terminated in its
characteristic impedance. The termination resistors normally
go to —2.0 V, but a Thevenin equivalent to V- can be
used at some increase in power. Best results are usually
obtained with the terminating resistor at the end of the
driven line. The lower impedance lines are more suitable
for driving capacitive loads. The supply voltages shouid be
decoupled with RF capacitors connected to the ground
plane as close to the device supply leads as possible.
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Timing Diagram

LATCH

ENABLE

DIFFERENTIAL

INPUT

VOLTAGE

Note

The set up and hold times are a measure of the time required for an input
signal to propagate through the first stage of the comparator to reach the
latching circuitry. Input signal changes occurring before 1 will be detected
and held; those occurring after ty will not be detected. Changes between tg
and t, may or may not be detected.

Definition Of Terms

Vio

Input Offset Voltage — That voltage which must
be applied between the two input terminals through
two equal resistances to obtain zero voltage
between the two outputs.

AVjo/ AT Average Temperature Coefficient Of Input Offset

lio

C

Vem

CMR

PSRR

Voltage — The ratio of the change in input offset
voltage over the operating temperature range to the
temperature range.

Input Offset Current — The difference between
the currents into the two input terminals when there
is zero voltage between the two outputs.

Input Bias Current — The average of the two input
currents.

Input Resistance — The resistance looking into
either input terminal with the other grounded.

Input Capacitance — The capacitance looking into
either input terminal with the other grounded.

Common Mode Voltage Range — The range of
voltages on the input terminals for which the offset
and propagation delay specifications apply.

Common Mode Rejection — The ratio of the input
voltage range to the peak-to-peak change in input
offset voltage over this range.

Power Supply Rejection Ratio -— The ratio of the
change in input offset voltage to the change in power
supply voltages producing it.

Key To Timing Diagram

WAVEFORM

INPUTS OUTPUTS

m
v/
X

MUSY BE WILL BE
STEADY STEADY
MAYCHANGE ~ WILLBE
FROM HTOL  CHANGING

FROM HTOL
MAYCHANGE  WILLBE
FROM LTOH  CHANGING

FROM LTOH
DONTCARE;  CHANGING;
ANYCHANGE  STATE
PERMITTED

UNKNOWN J

Voun

Voo

Pc

CRoz182F

Output Voltage HIGH — The logic HIGH output
voltage with an external pull-down resistor returned
to a negative supply.

Output Voltage LOW — The logic LOW output
voltage with an external pull-down resistor returned
to a negative supply.

Positive Supply Current — The current required
from the positive supply to operate the comparator.

Negative Supply Current — The current required
from the negative supply to operate the comparator.

Power Consumption -— The power dissipated by
the comparator with both outputs terminated in 50
to -20 V.

Switching Terms (see Timing Diagram)

tros+

tpo-

tep+ (E)

Input To Output HIGH Delay — The propagation
delay measured from the time the input signal
crosses the input offset voltage to the 50% point of
an output LOW to HIGH transition.

Input To Output LOW Delay — The propagation
delay measured from the time the input signal
crosses the input offset voltage to the 50% point of
an output HIGH to LOW ftransition.

Latch Enable To Output HIGH Delay — The
propagation delay measured from the 50% point of
the Latch Enable signal LOW to HIGH transition to
the 50% point of an output LOW to HIGH transition.
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tep-(ey Latch Enable To Output LOW Delay — The towE) Minimum Latch Enable Pulse Width — The
propagation delay measured from the 50% point of minimum time that the Latch Enable signal must be
the Latch Enable signal HIGH to LOW transition to HIGH in order to acquire and hold an input signal
the 50% point of an output HIGH to LOW transition. change.

ts Minimum Set up Time — The minimum time
before the negative transition of the Latch Enable Other Symbols
signal that an input signal change must be present in Ta Ambient temperature Vy Output load terminating
order to be acquired and held at the outputs. voltage

. - . Rs Input source resistance Rp Output load resistance
t —
h Minimum Hold Time The minimum time after Vec Supply voltages V,, Input pulse amplitude

the negative transition of the Latch Enable signal
that the input signal must remain unchanged in order
to be acquired and held at the outputs.

V+ Positive supply voltage Vgp Input overdrive
V- Negative supply voltage f Frequency
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HnA6687
Ultra Fast
Voltage Comparators

Linear Division Comparators

Description

The nA6687 is an ultra fast dual voltage comparator man-
ufactured with an advanced high speed bipolar process
that makes possible very short propagation delays (2.7 ns)
with excellent matching characteristics. These comparators
have differential analog inputs and complementary logic
outputs compatible with most forms of ECL. The output
current capability is adequate for driving terminated 50
transmission lines. The low input offsets and short delays
make these comparators especially suitable for high speed
precision analog-to-digital processing.

Separate latch functions are provided to aliow each com-
parator to be independently used in a sample and hold
mode. The latch function inputs are designed to be driven
from the complementary outputs of a standard ECL gate.
If latch enable is HIGH and latch enable is LOW, the
comparator functions normally. When latch enable is driven
LOW and latch enable is driven HIGH, the comparator
outputs are locked in their existing logical states. Should
the latch function not be used, latch enable must be con-
nected to ground.

The uA6687 is lead compatible with the AM6687 and with
the AD9687 and SP9687.

® 2.7 ns Typical Propagation Delay At 10 mV
Overdrive

o Complementary ECL Outputs

® 50 ) Line Driving Capability

® 1.0 ns Latch Set up Time

Absolute Maximum Ratings
Storage Temperature Range

Connection Diagram
16-Lead DIP
(Top View)

1
QouT A E
2
Goura E
GND A i

4
LATCH ENABLE A E j LATCH ENABLE B

-] 12

s
TATCRENABLE o [ ] acnenAsE 8

_INAq

8
+IN A E

Order Information

Device Code Package Code Package Description

uA6687DM 6B Ceramic DIP
uAB687DV 6B Ceramic DIP
HAB687PV 9B Molded DIP

Ceramic DIP
Molded DIP
Operating Temperature Range
Extended (uA6687M)
Industrial (1LA6687V)
Lead Temperature
Ceramic DIP (soldering, 60 s)
Molded DIP (soldering, 10 s)
Internal Power Dissipation'- 2
16L-Ceramic DIP
16L-Molded DIP
Positive Supply Voltage
Negative Supply Voltage
Input Voltage
Differential input Voltage
Output Current

Notes

-65°C to +175°C
-65°C to +150°C

-55°C to +125°C
-30°C to +85°C

300°C
265°C

1.50 W
1.04 W
+70 V
-70V
40V
6.0 V
30 mA

1. Ty max = 150°C for the Molded DIP and 175°C for the Ceramic DIP.
2. Ratings apply to ambient temperature at 25°C. Above this temperature,
derate the 16L-Ceramic DIP at 10 mW/°C, and the 16L-Moided DIP at

8.3 mW/°C.
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uA6687

Electrical Characteristics Over the recommended operating temperature and supply voltage ranges, uniess
otherwise specified.

DC Characteristics

1AB687V uHA6687M

Symbol Characteristic Condition’ Min. Max. Min. Max. | Units

Vio Input Offset Voltage Rg <100 £, Tao=25°C -2.0 +20 -2.0 +20 mV
Rs <100 O -3.0 +3.0 -3.0 +3.0

AVip/ AT Average Temperature Coefficient | Rg <100 -10 +10 -10 +10 | uv/°C

of Input Offset Voltage?

lio Input Offset Current? 25°C < Tp <Ta Max -10| +10| -10| +1.0| uA
Ta=Ta Min -1.3 +1.3 -1.6 +1.6

s Input Bias Current 25°C < TaA<Ta Max 10 10| pA
Ta=TA Min 13 16

Vem Input Common Mode Range -33| +27 -33 +2.7 A

CMR Common Mode Rejection Rg <100 £, 80 80 dB
~33 VSVey<+27 V

PSRR Power Supply Rejection Ratio Rg <100 £, AVg =*5% 70 70 dB

VoH Output Voltage HIGH Ta=25°C -0.960 | -0.810 | -0.960 | -0.810 \
Ta=Ta Min -1.060 | -0.890 | -1.100 | -0.920
Ta=Ta Max -0.890 | ~0.700 | ~0.850 | -0.620

Voo Output Voltage LOW Ta=25°C -1.850 | -1.650 | -1.850 | -1.650 \
Ta=Ta Min -1.890 | -1.675| =1.910 | -1.690
Ta=Ta Max -1.825|-1.625| -1.810 | -1.575

I+ Positive Supply Current 32 32| mA

- Negative Supply Current 44 44 | mA

Pc Power Consumption 450 450 | mw

Switching Characteristics (Vi; =100 mV, Vgp =10 mV)
1AB687V 1AG687M

Symbol Characteristic Condition’ Min. Max. Min. Max. | Units

tpp+. tpp. | Propagation Delay? Ta=25°C 4.0 4.0 ns

ts Minimum Latch Set Up Time? Ta=25°C 1.0 10| ns

Notes

1. Uniess otherwise specified V+ = +50 V, V- =-52 V, VI =-20 V, and
RL =50 &; all switching characteristics are for a 100 mV input step with
10 mV overdrive. The specifications given for Vio, ho, hg, CMR, PSRR,
tpp+ and tpp. apply over the full Vou range and for + 5% supply

voltages.

2. Guaranteed, but not tested in production.
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A Schlumberger Company

HAG85
High Speed

Single Latched Comparator

Linear Division Comparators

Description

The nA685 is a fast voltage comparator manufactured with
an advanced high speed bipolar process that makes possi-
ble very short propagation delays without sacrificing the
excellent matching characteristics formerly associated only
with slow, high performance linear ICs. The circuit has dif-
ferential analog inputs and complementary logic outputs
compatible with most forms of ECL. The output current
capability is adequate for driving terminated 50 2 trans-
mission lines. The low input offset and high resolution
make this comparator especially suitable for high speed
precision analog to digital processing.

A latch function is provided to allow the comparator to be
used in a sample and hold mode. If the latch enable is
HIGH, the comparator functions normally. When the latch
enable is driven LOW, the comparator outputs are locked
in their existing logical states. If the latch function is not
used, the latch enable must be connected to ground.

The nA685 is lead compatible with the AM685.

® 6.5 ns Maximum Propagation Delay At 5.0 mV
Overdrive

® 3.0 ns Latch Set up Time

® Complementary ECL Outputs

@ 50 S2 Line Driving Capability

® Typical Output Skew 0.2 ns

® Constant Propagation Delay With Overdrive

Connection Diagram
$0-14 Package
(Top View)

NCE

e

10
j LATCH ENABLE

ol
D NC

CD00S71F

Order information
Device Code Package Code

MABB5SV KD

Package Description
Molded Surface Mount

Connection Diagram
10-Lead Metal Package
(Top View)

Order information
Device Code Package Code

MAG85HM 5X
MAB85HV 5X
Connection Diagram
16-Lead DIP

(Top View)

CD00BB1F

Package Description

Metal
Metal

D
w
o
e
ol
o

Order Information
Device Code Package Code

HAB85DM 6B
HAB85DV 6B
HAB85PV 9B

CDO0B61F

Package Description
Ceramic DIP
Ceramic DIP
Molded DIP
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uA685
Absolute Maximum Ratings Internal Power Dissipation®: 2
Storage Temperature Range 10L-Metal Can 107 W
Metal Can and Ceramic DIP -65°C to +175°C 16L-Ceramic DIP 1.50 W
Molded DIP and SO-14 -65°C to +150°C 16L-Molded DIP 1.04 W
Operating Temperature Range SO-14 0.93 W
Extended (uA685M) -55°C to +125°C Positive Supply Voltage +70V
Industrial (1A685V) -30°C to +85°C Negative Supply Voltage ~-7.0V
Lead Temperature Input Voltage 40 V
Metal Can and Ceramic DIP Differential Input Voltage +6.0 V
(soldering, 60 s) 300°C Output Current 30 mA
Molded DIP and SO-14 Minimum Operating Voltage (V+ to V-) 9.7 V
(soldering, 10 s) 265°C
Notes
1. T, max = 150°C for the Molded DIP and SO-14, and 175°C for the Metal
Can and Ceramic DIf.
2. Ratings apply to ambient temperature at 25°C. Above this temperature,
derate the 10L-Metal Can at 7.1 mW/°C, the 16L-Ceramic DiP at
10 mW/°C, the 16L-Molded DIP at 8.3 mW/°C, and the SO-14 at
7.5 mW/°C.
Equivalent Circuit
v+
A7 ]
)
an an
an ou
g S re
Km a an
Im g »—Km a7
= Ko d 1
:ER“ 2 LATCH
b ]
GND 2
d 4
$ro She
GND 1
Kom L%ow
7 Q20
1 .

o

e 757X
8

EQO060F
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uA685

HA685

Electrical Characteristics Over recommended operating temperature and supply voltage ranges, unless

otherwise specified.

DC Characteristics

nAB85V HAG85M
Symbol Characteristic Condition? Min. Max. Min. Max. | Units
Vio Input Offset Voltage Rg <100 , Tp=25°C -20| +20 -20| +20| mv
Rs <100 Q -25 +25 -3.0 +3.0
AVio/ AT Average Temperature Coefficient | Rg <100 Q -10 +10 -10 +10 | uv/°C
of Input Offset Voltage®
ho Input Offset Current® 25°C < Tp <Ta Max -1.0| +1.0 -1.0| +10| pA
Ta=Ta Min -13| +13| -16| +186
Iis Input Bias Current 25°C < Tp <Ta Max 10 10| wA
Ta=Ta Min 13 16
R Input Resistance Ta=25°C 6.0 6.0 k§2
C Input Capacitance’ Tp=25°C 3.0 30| pF
Veum Common Mode Voltage Range -33| +33 -33| +33 A
CMR Common Mode Rejection Rg <100 £, 80 80 dB
-33<Vem< +33V
PSRR Power Supply Rsjection Ratio® Rg <100 2, AVg=+5% 70 70 dB
VoH Output Voltage HIGH Ta=25°C -0.960 | -0.810| -0.960 | -0.810| V
Ta=Ta Min -1.060 | ~0.890 | -1.100 | ~0.920
Ta=TaA Max -0.890 | -0.700 | -0.850 | —-0.620
Vo Output Voltage LOW Ta=25°C -1.850 | -1.650 | —1.850 | -1.650 \
Ta=TaA Min -1.890| -1.675| ~1.910 | -1.690
Ta=Ta Max -1.825|-1.625|-1.810| -1.575
1+ Positive Supply Current 22 22| mA
- Negative Supply Current 26 26| mA
P Power Consumption* 300 300 | mw
Switching Characteristics Vi, = 100 mV, Vop = 5.0 mV
uABB5V uAG85M
Symbol Characteristic Condition? Min. | Max. | Min. | Max. | Units
tpp+ Input to Output HIGH3 Ta min <Ta<25°C 6.5 6.5 ns
Ta=Ta max 95 12
tpo- Input to Output LOW? Ta Min <Ta<25°C 6.5 6.5 ns
Ta=TaA Max 9.5 12
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HAG85
1A685 (Cont.)
Electrical Characteristics
Switching Characteristics Vi, =100 mV, Vop = 5.0 mV
HA685V uA685M
Symbol Characteristic Condition? Min. Max. Min. Max. | Units
tpp + (E) Latch Enable to Output HIGH Ta Min STa<25°C 6.5 6.5 ns
Delay’ Ta=Ta Max 9.5 12
tpp-(E) Latch Enable to Output LOW Ta Min STap<25°C 6.5 6.5 ns
Delay® Ta=Ta wax 9.5 12
ts Minimum Set up Time® Ta Min <Ta <25°C 3.0 3.0 ns
Ta=Ta max 4.0 6.0
th Minimum Hold Time® Ta Min STAS<TA Max 1.0 1.0 ns
tow(E) Minimum Latch Enable Pulse Ta Min STa<25°C 3.0 3.0 ns
Width3 Ta=Ta Max 4.0 5.0

Notes

. For TO-99 only; CERDIP = 7.0 pF.

2. Unless otherwise specified V+ =6.0 V, V- =-52 V, Vr=-20 V, and
RL =50 £; all switching characteristics are for a 100 mV input step with
5.0 mV overdrive. The specifications given for Vio, o, lis, CMR, PSRR,
tpp+ and tpp. apply over the full Vowm range and for 5% supply
voltages. The nA685 is designed to meet the specifications given in the
table after thermal equilibrium has been established with a transverse air
flow of 500 LFPM or greater.

Guaranteed, but not tested in production.

Refer to Internal Power Dissipation in Absolute Maximum Rating Table.

-

> w
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HAG85

Typical Performance Curves T =25°C, V+ =6.0 V, V-=-52 V, V1 =-20 V, R_ =50 £, and switching
characteristics are for Vi, = 100 mV, Vpop = 5.0 mV, unless otherwise specified.

Response for Various Load
Resistances
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uA685

Typical Performance Curves (Cont) To=25°C, V+ =60V, V-=-52 V, V;=-20 V, R_. =50 £, and
switching characteristics are for Vi, = 100 mV, Vop = 5.0 mV, unless
otherwise specified.

Output Levels vs

Output Levels vs Temperature Negative Supply Volitage Output Levels vs DC Loading
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: 4 § o[-
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HA685

Typical Performance Curves (Cont) Ta = 25°C, \/4 =60V, V-=-52V, Vr=-20V, R_.=50 £, and
switching characteristics are for Vi, =100 mV, Vop = 5.0 mV, unless
otherwise specified.

Input Current vs
Differential input Voltage
1.
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T T T 1T T 1
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N 1
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Typical Apptlications (Tp = 25°C)

High Speed Window Detector
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+ VRer \

/ = VREF

IN 20mV/div.

10ns/div.
CRO2100F

—-20vV

CRO2140F
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Propagation delays tpp + (Q output) and tpp- (Q output)
are measured with input signal conditions of a 100 mV
step with an overdrive of 5.0 mV (the overdrive is the
voltage in excess of that needed to bring the output to
the center of its dynamic range). Offset is compensated
for by adjusting V| until outputs are in the linear region
while the Pulse Generator is disconnected. V| is then in-
creased in the positive direction so inverting input changes
by 5.0 mV, i.e. the overdrive condition. Propagation delays
are then measured with actual input pulse condition of
+105 mV to 0 V swing, with a tpp + or tpp—- reading
taken between the +5.0 mV level of the input pulse and
the 50% point of the outputs.

Thermal Considerations
To achieve the high speed of the uA685, a certain
amount of power must be dissipated as heat. This in-

L ___ e
nA685
Typical Applications (Cont.)
High Speed Sampling
LATCH
ENABLE
J LU J U
VRer T
w \ A N\
N
ouT \
LATCH ENABLE -20V
(Sampie Rate = 100 MHz)
CRO2150F 5"'/d|¥.
‘CRO2120F
Measurement Of Propagation Delay
+680V
HIGH SPEED
SCOPE PROBE 0.1 uF HIGH SPEED
V+ SCOPE PROBES
+ 502
INPUT COAX CABLE
105 mv FROM PULSE
GENERATOR
GND 509
H=1.2ns
(10% — 90%) “ 5;0}? = a
50 Qé Le soeg g0
L V7| L= onos
= 0.1 uF
0.1uF :_l_:
- -20V

CRO2174F

creases the temperature of the die relative to the ambient
temperature. In order to be compatible with ECL Il and
ECL 10,000, which normally use air flow as a means of
package cooling, the pA685 characteristics are specified
when the device has an air flow across the package of
500 linear feet per minute or greater. Thus, even though
different ECL circuits on a printed circuit board may have
different power dissipations, all will have the same input
and output levels, etc. provided each sees the same air
flow and air temperature. This eases design, since the
only change in characteristics between devices is due to
the increase in ambient temperature of the air passing
over the devices. If the uAB685 is operated without air
flow, the change in electrical characteristics due to the in-
creased die temperature must be taken into account.




ULAG85

Interconnection Techniques

All high speed ECL circuits require that special precautions
be taken for optimum system performance. The uA685 is
particularly critical because it features very high gain

(60 dB) at very high frequencies (100 MHz). A ground
plane must be provided for a good, low inductance,
ground current return path. The impedance at the inputs
should be as low as possible and lead lengths as short
as practical. It is preferable to solder the device directly to
the printed circuit board instead of using a socket. Open
wiring on the outputs should be limited to less than one
inch, since severe ringing occurs beyond this length. For

Timing Diagram

LATCH
ENABLE ~ — — TR T T T T oo o s e e
DIFFERENTIAL \
VOLTAGE THALNERNY
e our -
@ our

Note

The set up and hold times are a measure of the time required for an input
signal to propagate through the first stage of the comparator to reach the
latching circuitry. Input signal changes occurring before tg wili be detected
and held; those occurring after t;, wili not be detected. Changes between tg
and t, may or may not be detected.

Definition Of Terms

Vio Input Offset Voltage — That voltage which must
be applied between the two input terminals through
two equal resistances to obtain zero voltage
between the two outputs.

AV o/ AT Average Temperature Coefficient Of Input Offset
Voitage — The ratio of the change in input offset
voltage over the operating temperature range to the
temperature range.

Lo Input Offset Current — The difference between
the currents into the two input terminals when there
is zero voltage between the two outputs.

hs Input Bias Current — The average of the two input
currents.

longer lengths, the printed circuit interconnections become
microstrip transmission lines when backed up by a ground
plane, with a characteristic impedance of 50 to 150 £2.
Reflections will occur unless the line is terminated in its
characteristic impedance. The termination resistors normally
go to -2.0 V, but a Thevenin equivalent to V- can be
used at some increase in power. Best results are usually
obtained with the terminating resistor at the end of the
driven line. The lower impedance lines are more suitable
for driving capacitive loads. The supply voltages should be
decoupled with RF capacitors connected to the ground
plane as close to the device supply leads as possible.

Key To Timing Diagram

WAVEFORM INPUTS OUTPUTS

MUSTBE WILLBE
STEADY STEADY

MAYCHANGE ~ WILLBE

CHANGING
FROM HTOL  poom nToL

WILLBE
e S

FROM LTOH
DON'TCARE; CHANGING;
ANY CHANGE STATE
PERMITTED UNKNOWN
CRO2182F
R, Input Resistance — The resistance looking into

either input terminal with the other grounded.

Cy Input Capacitance — The capacitance looking into
either input terminal with the other grounded.

Vem Common Mode Voltage Range — The range of
voltages on the input terminals for which the offset
and propagation delay specifications apply.

CMR Common Mode Rejection — The ratio of the input
voltage range to the peak-to-peak change in input
offset voltage over this range.

PSRR Power Supply Rejection Ratio — The ratio of the
change in input offset voitage to the change in power
supply voltages producing it.

Vou Output Voitage HIGH — The logic HIGH output
voltage with an external pull-down resistor returned
to a negative supply.




__________ R N L ]
HAG85
VoL Output Voltage LOW — The logic LOW output tep-(gy Latch Enable To Output LOW Delay — The
voltage with an external puli-down resistor returned propagation delay measured from the 50% point of
to a negative supply. the Latch Enable signal HIGH to LOW transition to
o ; "
I+ Positive Supply Current — The current required the 50% point of an output HIGH to LOW transition.
from the positive supply to operate the comparator. ts Minimum Set up Time — The minimum time
I- Negative Supply Current — The current required b.e fore the ne.gatlve.transmon of the Lbatch Enab!e
from the negative supply to operate the comparator. signal that an input signal change must be present in
order to be acquired and held at the outputs.
Pe Power Consumption — The power dissipated by . - .
the comparator with both outputs terminated in 50 th Mlmmum.HoId “T‘?e — The minimum time a fter
the negative transition of the Latch Enable signal
to -2.0 V. ) . . :
that the input signal must remain unchanged in order
Switching Terms (see Timing Diagram) to be acquired and held at the outputs.
tep+ Input To Output HIGH Delay — The propagation towe) ~ Minimum Latch Enable Pulse Width — The
A A . minimum time that the Latch Enable signal must be
delay measured from the time the input signal HIGH in order to acquire and hold an input signal
crosses the input offset voltage to the 50% point of change q P 9
an output LOW to HIGH transition. e
tpp- Input To Output LOW Delay — The propagation Other Symbols
delay measured from the time the input signal ’ N
crosses the input offset voltage to the 50% point of Ta Ambient temperature Vg \?c::zlgne load terminating
an output HIGH to LOW transition. Rg Input source resistance Ry Output load resistance
teo+€) Latch Enable To Output HIGH Delay — The Vee Supply voltages Vin Input pulse amplitude

propagation delay measured from the 50% point of
the Latch Enable signal LOW to HIGH transition to
the 50% point of an output LOW to HIGH transition.

V+ Positive supply voitage
Negative supply voltage f

V-

Vop Input overdrive
Frequency
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HAB87 « LAGBT7A

I
—— Dual Voltage Comparators

A Schiumberger Company

Linear Division Comparators

Description
The pA687 and pA687A are fast dual voltage comparators

Connection Diagram
16-Lead DIP

manufactured with an advanced high speed bipolar pro- (Top View)

cess that makes possible very short propagation delays

(8.0 ns) with excellent matching characteristics. These 1 16
comparators have differential analog inputs and comple- Q OUT A ] GouTB
mentary logic outputs compatible with most forms of ECL. 2 "

The output current capabilities are adequate for driving ter- Goura :I Gours
minated 50 2 transmission lines. The low input offsets

and short delays make these comparators especially suit- 3
able for high speed precision analog to digital processing. GND A |:
4
Separate latch functions are provided to allow each com- LATCH ENABLE A I:
parator to be independently used in a sample and hold s
mode. The latch function inputs are designed to be driven TATCHENABLE A E
from the complementary outputs of a standard ECL gate.
if latch enable is HIGH and latch enable is LOW, the
comparator functions normally. When latch enable is driven
LOW and latch enable is driven HIGH, the comparator
outputs are locked in their existing logical states. Should
the latch function not be used, latch enable must be con- L
nected to ground.

P

BE_L

13

j LATCH ENABLE B

12
j [ATCHENABLE B

The pAB687 and pA687A are lead compatible with the
AM687.
Order Information

Device Code Package Code Package Description

® 8.0 ns Maximum Propagation Delay At 5 mV

Overdrive uAG687DM 6B Ceramic DIP
® Complementary ECL Outputs MABB7DV 6B Ceramic DIP
® 50 2 Line Driving Capabllity UABB7PV 9B Molded DIP

HAB87ADM 6B Ceramic DIP
Absolute Maximum Ratings HABB7ADV 6B Ceramic DIP
Storage Temperature Range MAB87APV 9B Molded DIP

Ceramic DIP
Molded DIP
Operating Temperature Range
Extended (uA687M/AM)
Industrial (LA687V/AV)
Lead Temperature
Ceramic DIP (soldering, 60 s)
Molded DIP (soldering, 10 s)
Internal Power Dissipation’
16L-Ceramic DIP
16L-Molded DIP
Positive Supply Voltage
Negative Supply Voltage
Input Voltage
Differential Input Voltage
Output Current
Minimum Operating Voltage

(V+ to V=)
Notes

-65°C to +175°C
-65°C to +150°C

-55°C to +125°C
-30°C to +85°C

300°C
265°C

1.50 W
1.04 W
+7.0 V
-70V
+40 V
+6.0 V
30 mA

97V

1. Ty max = 150°C for the Molded DIP and 175°C for the Ceramic DIP.
2. Ratings apply to ambient temperature at 25°C. Above this temperaturs,
derate the 16L-Ceramic DiP at 10 mW/°C, and the 16L-Molded DIP at

8.3 mw/°C.
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1AB87 * uAGB7A

uA687/AV, uAG87AM
Electrical Characteristics Over the recommended operating temperature
otherwise specified.

DC Characteristics

and supply voitage ranges, unless

uA687/AV 1AB87/AM

Symbol Characteristic Condition’ Min. Max. Min. Max. | Units

Vio input Offset Voitage Rg <100 £, Tp=25°C -3.0| +3.0 -20| +20| mv
Rg <100 -3.5 +3.5 -3.0 +3.0

AVio/ AT Average Temperature Coefficient | Rg <100 -10 +10 -10 +10 | uV/°C

of Input Offset Voltage?

o Input Offset Current? 25°C < TA <Ta Max -10| +10| -10]| +10
Ta=Ta Min -1.3 +1.3 -16 +1.6

T3] Input Bias Current 25°C <Ta < TaA Max 10 10
Ta=Ta Min 13 16

VoM Common Mode Voltage Range -3.3 +2.7 -33| +27 )"

CMR Common Mode Rejection Rg <100 £, 80 80 dB
-3.3<Vous+27V

PSRR Power Supply Rejection Ratio Rs <100 £, AVg=15% 70 70 dB

Vou Qutput Voltage HIGH Ta=25°C -0.960 | -0.810 | ~0.960 | -0.810 \
Ta=TaA Min -1.060 | -0.890( -1.100 | -0.920
Ta=Ta Max -0.890 | -0.700 | -0.850 | -0.620

VoL Output Voltage LOW Ta=25°C -1.850 | -1.650 | ~1.850 | -1.650 \"
Ta=Ta Min -1.890 | -1.675|-~1.910| -1.690
Ta=Ta Max -1.825|-1.625| ~1.810| -1.575

1+ Positive Supply Current 35 32| mA

I~ Negative Supply Current 48 4| mA

Pc Power Consumption 485 450 | mW

Switching Characteristics Vi, =100 mV, Vop =5.0 mV
uA687/AV nA687/AM

Symbol Characteristic Condition’ Min. Max. Min. Max. | Units

tep Propagation Delay (HAB87A)? Ta Min STa<25°C 8.0 8.0 ns
Ta=TA Max 10 12.5

tpp Propagation Delay (uA687)° Ta Min < Ta <25°C 10 10| ns
Ta=Ta max 14 20

ts Minimum Latch Set Up Time? Ta =25°C 4.0 40| ns

Notes

1. Unless otherwise specified V+ = +50 V, V- =-52 V, V;=-20 V, and
RL =50 §2; all switching characteristics are for a 100 mV input step with
5.0 mV overdrive. The specifications given for Vio, o, iz, CMR, PSRR,
tep+ and tpp. apply over the full Vo range and for +5% supply

voltages. The uA687 and uA687A are designed to meet the

specifications given in the table after thermal equilibrium has been

established with a transverse air flow of 500 LFPM or greater.
2. Guaranteed, but not tested in production.

8-43



e
FAIRCHILD
e ———————

A Schlumberger Company

HA710
High Speed

Differential Comparator

Linear Division Comparators

Description

The pA710 is a high speed differential voltage comparator
intended for applications requiring high accuracy and fast
response times. It is constructed on a single silicon chip
using the Fairchild Planar Epitaxial process. The device is
useful as a variable threshold Schmitt trigger, a pulse-
height discriminator, a voltage comparator in high-speed
A/D converters, a memory sense amplifier or a high noise
immunity line receiver. The output of the comparator is
compatible with all integrated logic forms.

® 50 mV Maximum Offset Voitage

® 50 pA Maximum Offset Current

® 1000 Minimum Voltage Gain

® 20 uV/°C Maximum Offset Voltage Drift

Absolute Maximum Ratings

Storage Temperature Range
Metal Can and Ceramic DIP
Molded DIP

Operating Temperature Range
Extended (uA710M)

-65°C to +175°C
-65°C to +150°C

-55°C to +125°C

Commercial (uA710C) Q0°C to 70°C
Lead Temperature

Metal Can and Ceramic DIP

(soldering, 60 s) 300°C

Molded DIP (soldering, 10 s) 265°C
Internal Power Dissipation': 2

8L-Metal Can 1.00 W

14L-Ceramic DIP 1.36 W

14L-Molded DIP 104 W
Positive Supply Voltage +140 V
Negative Supply Voltage -70V
Peak Output Current 10 mA
Differential input Voltage x50V
Input Voltage *7.0V

Notes

1. T, Max = 150°C for the Molded DIP, and 175°C for the Metal Can and
Ceramic DIP.

2. Ratings apply to ambient temperature at 25°C. Above this temperature,
derate the 8L-Metal Can at 6.7 mW/°C, the 14L-Ceramic DIP at
9.1 mW/°C, and the 14L-Molded DIP at 8.3 mW/°C.

Connection Diagram
8-Lead Metal Package
(Top View)

Lead 4 connected to case

Order Information

Device Code Package Code
HA710HM 5W
HAT710HC 5W
Connection Diagram
14-Lead DIP

(Top View)

CDO1030F

Package Description

Metal
Metal

Order Information
Device Code Package Code

HA710DM 6A
HA710DC 6A
HA710PC 9A

Package Description

Ceramic DIP
Ceramic DIP
Molded DIP
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Equivalent Circuit
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uA710

‘E‘fg::?ical Characteristics Tp = 25°C, V+ =12 V, V- =-6.0 V, unless otherwise specified.
Symbol Characteristic Condition? Min Typ Max Unit
Vio Input Offset Voltage Rg <200 Q 0.6 2.0 mv
ho Input Offset Current 0.75 3.0 MA
s Input Bias Current 13 20 uA
Ays Large Signal Voltage Gain 1250 | 1700 VIV
Ro Output Resistance 200 Q
loL Output Sink Current AV 250 mV, Vo=0 V 2.0 25 mA
tep Response Time? 40 ns
The following specifications apply for -55°C < Tp < +125°C
Vio Input Offset Voltage Rg <200 Q 3.0 mV
AV|o/AT | Average Temperature Coefficient | Rg=50 2, T = 25°C to 125°C 3.5 10 | uV/°C
of Input Offset Voltage Rs =50 £, Ta = +25°C to -55°C 27| 10
o Input Offset Current Ta=+125°C 0.25 3.0 pA
Tp =-55°C 1.8 7.0
Alio/AT | Average Temperature Cosfficient | Ta = 25°C to 125°C 5.0 25 | nA/°C
of Input Offset Current Ta= +25°C to -55°C 15 75
lis Input Bias Current Ta=-55°C 27 45 HA
ViR Input Voltage Range V- =-70V +5.0 \
CMR Common Mode Rejection Rs <200 @ 80 100 dB
ViDR Differential Input Voltage Range 5.0 \
Avs Large Signal Voltage Gain 1000 \74'%
VoH Output Voltage HIGH AV 250 mV, 0 mA<Igy <50 mA 2.5 3.2 4.0 \
VoL Output Voltage LOW AV =5.0 mV -1.0 -0.5 \
oL Output Sink Current Ta=+125°C, AV, 25.0 mV, Vo= GND 0.5 17 mA
Ta=-55°C, AV|=25.0 mV, Vg=GND 1.0 2.3
1+ Positive Supply Current Vo =GND 5.2 9.0 mA
- Negative Supply Current Vo = GND, Inverting Input = 5.0 mV 4.6 7.0 mA
Pe Power Consumption Vo = GND, Inverting Input =10 mV 90 150 mwW
L . _________________________________________________________________|]
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UHA710

E:\ezl?lgal Characteristics T, = 25°C, V+ =12 V, V- =-6.0 V, unless otherwise specified.
Symbol Characteristic Condition! Min Typ Max Unit
Vio Input Offset Voitage Rg <200 Q 1.6 5.0 mvV
o Input Offset Current 18 5.0 uA
[IT:) Input Bias Current 16 25 HA
Avs Large Signal Voltage Gain 1000 | 1500 VIV
Ro Output Resistance 200 Q
loL Output Sink Current AV 250 mV, Vo=0V 1.6 25 mA
tpp Response Time? 40 ns
The following specifications apply for 0°C < T <70°C
Vio Input Offset Voitage Rs <200 2 6.5 mV
AVio/ AT | Average Temperature Coefficient Rg =50 £, Tp=0°C to 70°C 5.0 20 | uv/°C

of Input Offset Voltage
lio Input Offset Current 75 HA
Aho/ AT Average Temperature Cosfficient Ta =25°C to 70°C 15 50 | nA/°C
of Input Offset Current T =25°C to 0°C 24 100

1) Input Bias Current Ta=0°C 25 40 MA
ViR Input Voltage Range V-=-70V +50 \"
CMR Common Mode Rejection Rg <200 2 70 98 dB
Vipr Differential Input Voltage Range +5.0 \
Avs Large Signal Voltage Gain 800 \'"Z74"
VoH Output Voltage HIGH AVi 2 5.0 mV, 0 mA <lpy<5.0 mA 25 3.2 4.0 A
VoL Output Voltage LOW AV 250 mV -1.0 -0.5 Vv
loL Output Sink Current AV) 2 5.0 mV, Vo =GND 0.5 mA
1+ Positive Supply Current Vo = GND 5.2 9.0 mA
I~ Negative Supply Current Vo = GND, Inverting Input =5.0 mV 4.6 7.0 mA
Pc Power Consumption Vo = GND, Inverting input =10 mv 90 150 mw

Notes

1. The input offset voltage and input offset current are specified for a logic
threshold voitage as follows: For pA710, 1.8 V at ~55°C, 1.4 V at
+25°C, 1.0 V at +125°C. For uA710C, 1.5 V at 0°C, 1.4 V at 25°C,
and 1.2 V at 70°C.

N

overdrive.

. The response time specified is for a 100 mV input step with 5.0 mV
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Typical Performance Curves for nA710
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uA710

Typical Performance Curves for uA710 (Cont)

Response Time for
Various Input Overdrives
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Typical Performance Curves for uA710C
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Typical Performance Curves for uA710C (Cont)

Power Consumption vs

Temperature
100
ve=12v |
V-=-60V
E
3 95
!
z
E »
% I .
2
]
]
3 85
g
2 w
75
[ 10 20 30 40 50 60 70

TEMPERATURE — °C

Response Time for
Various Input Overdrives

PCOT170F

4.0

3.0 | 20 mV.

2010 mV.

P
VAN
/

1.0
Y
) / /] ™50 nluv

INPUT VOLTAGE — mV  QUTPUT VOLTAGE — V

TIME - ns

-1.0
P <
100 V=12V
V-2 -80V
50 Ta=285C 11 |
o
0 20 40 80 8o 100 120

PCOTO7OF

Output Sink Current vs

Temperature
35 I I
V+= 12V
V-= -80V
€ 30 | |
1
z
€ 25
i
i
& 20
315
1.0

o 10 20 30 40 50 60 70
TEMPERATURE — °C

PCO7180F

Response Time for
Various Input Overdrives
iy ]
w 3.0 ~| —t
Q
£ 2 NNURECL

5.0my
£ 19 \\ s
E o—‘W'l-"’/ N ™~
B 10| romvd]
T T T
|
8 100
g Vez 12V
a‘ 50 V- = -8.0V-T
> Ta = 28°C
£ o At
(11

Qo 20 40 80 80 100 120
TIME — ns

PCO708IF

Output Volitage Levels vs
Temperature

a0 T I
V+= 12V
V-= -60V
3.0 [—— POSITIVE OUTPUT LEVEL
>
|
a 20
>
@ LOGIC THRESHOLD voLTAGE
5
g 10
g
2
3
[
NEGATIVE OUTPUT LEVEL
1.0
0 W 20 30 4 S50 6 70

TEMPERATURE — °C

Common Mode Pulse Response

PCO7190F

-
2 T
Z> 30 Ve 12V
wf V-2-60V
3.‘;,. 20 Va = 26°C
3
EE 10
;9 od  ®n
3 | s00 |Ane>—vo
-~ -~
.1

>
Wl 20— [
w
Es 10 ~
2
°% o
>

[ 0 80 120 160

TIME —ns

PCO7090F

8-50



]
FAIRCHILD
]

A Schiumberger Company

nA711
Dual High Speed
Differential Comparator

Linear Division Comparators

Description

The pA711 is a dual high speed differential comparator
featuring high accuracy, fast response times, large input
voltage range, low power consumption and compatibility
with practically all integrated logic forms. When used as a
sense amplifier, the threshold voltage can be adjusted
over a wide range, almost independent of the integrated
circuit characteristics. independent strobing of each com-
parator channel is provided, and pulse stretching on the
output is easily accomplished. Other applications of the
dual comparator include a window discriminator in pulse
height detectors and a double ended limit detector for au-
tomatic Go/No-Go test equipment. The uA711, which is
similar to the pA710 differential comparator, is constructed
using the Fairchild Planar Epitaxial process.

® Fast Response Time — 40 ns Typical
¢ 50 mV Maximum Offset Voltage

® 10 yA Maximum Offset Current

® Independent Comparator Strobing

Absolute Maximum Ratings
Storage Temperature Range

Metal Can and Ceramic DIP
Molded DIP

Operating Temperature Range
Extended (uA711M)

-65°C to +175°C
-65°C to +150°C

-55°C to +125°C

Commercial (uLA711C) 0°C to 70°C
Lead Temperature

Metal Can and Ceramic DIP

(soldering, 60 s) 300°C

Molded DIP (soldering, 10 s) 265°C
Internal Power Dissipation': 2

10L-Metal Can 1.07 W

14L-Ceramic DIP 1.36 W

14L-Molded DIP 1.04 W
Positive Supply Voltage +14 V
Negative Supply Voltage -70V
Peak Output Current 50 mA
Differential input Voitage +50 V
Input Voltage *70V
Strobe Voltage 0OVt +60V

Notes

1. Ty Max = 150°C for the Molded DIP, and 175°C for the Metal Can and

Ceramic DIP.

2. Ratings apply to ambient temperature at 25°C. Above this temperature,
derate the 10L-Metal Can at 7.1 mW*°C, the 14L-Ceramic DIP at
9.1 mW°C, and the 14L-Molded DIP at 8.3 mW°C.

Connection Diagram
10-Lead Metal Package
(Top View)

Lead 5 connected to case

Order Information

Device Code Package Code Package Description

HA711HM 5X Metal
MAT11HC 5X Metal
Connection Diagram
14-Lead DIP
(Top View)
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£
]
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o

CDO1081F

Order Information

Device Code Package Code Package Description

HA711DM 6A Ceramic DIP
UA711DC 6A Ceramic DIP
HA711PC 9A Molded DIP




MA711
Equivalent Circuit
STROBE A STROBE B
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uA711
Electrical Characteristics Tp = 25°C, V+ =12 V, V- =-6.0 V, unless otherwise specified.
Symbol Characteristic Condition Min | Typ | Max Unit
Vio Input Offset Voltage Vo=1.4V, Rg<200 £, Vou=0 V 1.0 35 mV
Vo=14V, Rg<200 1.0 5.0
o Input Offset Current Vo=14V 05| 10.0 HA
g Input Bias Current 25 75 HA
Avs Large Signal Volitage Gain 750 | 1500 \'74'%
trD Response Time' 40 ns
tsTRL Strobe Release Time 12 ns
Vir Input Voltage Range V-=-70V +50 \
Vipr Differential Input Voltage Range +5.0 \
Ro Output Resistance 200 Q
VoH Output Voltage HIGH V210 mV 4.5 5.0 \
Von Loaded Output Voltage HIGH V210 mV, loy =5.0 mA 2.5 3.5 Vv
VoL Output Voltage LOW V210 mV -1.0| -05 \'
VosT) Strobed Output Level Vgr <03 V -1.0 \"
|




MA711

uA711 (Cont)
Electrical Characteristics Tp = 25°C, V+ =12 V, V- =-6.0 V, unless otherwise specified.

Symbol Characteristic Condition Min | Typ | Max Unit
loL Output Sink Current ViZ10 mV, Vo=20 V 0.5 0.8 mA
losT) Strobe Current Vg1 = 100 mV 1.2 2.5 mA
I+ Positive Supply Current Vo = GND, Inverting Input =5.0 mV 8.6 mA
- Negative Supply Current Vo = GND, Inverting Input = 5.0 mV 3.9 mA
Pe Power Consumption 130 | 200 mwW
The following specifications apply for —55°C < T < +125°C
Vio Input Offset Voltage® Rg <200 Q, V=0 V 45| mv
Rg <200 6.0 mV
lio Input Offset Current 20 MA
B Input Bias Current 150 WA
AVio/ AT Temperature Coefficient of Input 5.0 uv/°c
Offset Voltage
Avs Large Signal Voltage Gain 500 \'74'%
uA711C
Electrical Characteristics Tp = 25°C, V+ =12 V, V- =-6.0 V, unless otherwise specified.
Symbol Characteristic Condition’ Min | Typ | Max | Unit
Vio Input Offset Voltage Vo=+1.4V, Rg<200 , Vcy=0 V 1.0 5.0 mV
Vo=+1.4V, Rg<200 §2 1.0 7.5 mV
o Input Offset Current Vo=+14V 0.5 15 MA
Iis Input Bias Current 25| 100 MA
Avs Large Signal Voltage Gain 700 | 1500 \7A'%
tpp Response Time' 40 ns
tsTRL Strobe Release Time 12 ns
Vir Input Voltage Range Ve=-70V +5.0 \
Vior Differential Input Voltage Range +5.0 v
Ro Output Resistance 200 Q
VoH Qutput Voltage HIGH Vi210 mV 4.5 5.0 \"
VoH Loaded Output Voltage HIGH Vi 210 mV, lgpy = 5.0 mA 2.5 3.5 \
VoL Output Voltage LOW V210 mvV -1.0| -0.5 \
VorsT) Strobed Output Level Vgr <03V -1.0 v
loL Output Sink Current Vi 210 mV, Vo= GND 0.5 0.8 mA
losm Strobe Current Vst =100 mV 1.2 25| mA
I+ Positive Supply Current Vo = GND, Inverting Input = 10 mV 8.6 mA
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HA711

uA711C (Cont.)

Electrical Characteristics Ty = 25°C, V+ =12 V, V- =-6.0 V, unless otherwise specified.

Symbol Characteristic Condition’ Min | Typ | Max | Unit

- Negative Supply Current Vo = GND, Inverting Input=10 mV 3.9 mA

Pe Power Consumption 130 | 230 mw

The following specifications apply for 0°C < Tx <70°C

Vio Input Offset Voltage® Rg<200 , Vou=0 V 60| mv
Rs <200 §2 10| mv

ho Input Offset Current 25 uA

lig Input Bias Current 150 MA

AVio/ AT Temperature Coefficient of Input 5.0 uv/°C

Offset Voltage
Avs Large Signal Voltage Gain 500 VIV
Notes

1. The response time specified is for a 100 mV step input with 5.0 mV

overdrive.

2. The input offset voltage is specified for a logic threshold as foliows:
uA711: 1.8 V at -55°C, 1.4 V at +25°C, 1.0 V at +125°C

MA711C: 1.5 V at 0°C, 1.4 V at 25°C, 1.2 V at 70°C

Typical Performance Curves

Volitage Transfer
Characteristic uA711

Voltage Transfer
Characteristic uA711C

Response Time for
Various Input Overdrives
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HA711

Typical Performance Curves (Cont.)

Voltage Gain vs Voltage Gain vs Output Pulse Stretching
Temperature Supply Voltages With Capacitive Loading
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FAIRCHILD
]

A Schiumberger Company

HA760
High Speed
Differential Comparator

Linear Division Comparators

Description

The pA760 is a differential voltage comparator offering
considerable speed improvement over the uA710 family
and operates from symmetric supplies of £4.5 V to

+6.5 V. The uA760 can be used in high speed analog-to-
digital conversion systems and as a zero crossing detector
in disc file and tape amplifiers. The nA760 output features
balanced rise and fall times for minimum skew and close
matching between the complementary outputs. The outputs
are TTL compatible with a minimum sink capability of two
gate loads.

® Guaranteed High Speed — 25 ns Max

® Guaranteed Delay Matching On Both Outputs
® Complementary TTL Compatible Outputs

® High Sensitivity

o Standard Supply Voltages

Connection Diagram
14-Lead DIP
(Top View)

we[] e
w2 [ [ Jours
E P ours
v- DGND
NC juc

Order Information

Device Code Package Code Package Description
HA760DM 6A Ceramic DIP
uA760DC 6A Ceramic DIP

Connection Diagram
8-Lead Metal Package
(Top View)

CDO1070F

Lead 4 connected to case

Order Information
Device Code Package Code Package Description

uHA760HM 5W Metal
MATE0HC S5W Metal
Connection Diagram
8-Lead DIP
(Top View)
1 8
NC D :I ve
2 7
IN2 E j OouT 1
3 6
w1l ] [ Jour2
4 5
V- q p GND

Order Information

Device Code Package Code Package Description
MA760RM 6T Ceramic DIP
MA7E60RC 6T Ceramic DIP
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HA760
Absolute Maximum Ratings Internal Power Dissipation’ 2
Storage Temperature Range 8L-Metal Can 1.00 W
Metal Can and Ceramic DIP -65°C to +175°C 14L-Ceramic DIP 136 W
Molded DiP -65°C to +150°C 8L-Ceramic DIP 130 W
Operating Temperature Range Positive Supply Voltage +80 V
Extended (uA760M) -55°C to +125°C Negative Supply Voitage -80V
Commercial (£A760C) 0°C to 70°C Peak Output Current 10 mA
Lead Temperature Differential Input Voltage 50 V
Metal Can and Ceramic DIP Input Voltage V+ 2V 2 V-
(soldering, 60 s) 300°C
Molded DIP (soldering, 10 s) 265°C
Notes

1. Ty max = 175°C.

2. Ratings apply to ambient temperature at 25°C. Above this temperature,
derate the 8L-Metal Can at 6.7 mW/°C, the t4L-Ceramic DIP at
9.1 mW/°C, and the 8L-Ceramic DIP at 8.7 mW/°C.

Equivalent Circuit

Rt R2 RS
1kQ 1kQ 5k 820 100 0
Qs

o6
N
l/
a4 R9 f10 an )
620 0 Seon Sws00
R4 o
10 k0 b '\] ouT 1
o1
ato
2 1 a1 1
D2
Ré a5
100
N1 a1 Q2 o3 ¢ . GND
R22
D4 k0
Nz
an
out2
~ |
A ral
a3 as a7 o1 on a6
A3 S as "7 R8 S R12 R13 R14
350 0 3500 350 0 100 0 300 0 k0 3800
V-
EQO0420F
—— ——

8-57



uA760

HAT760

Electrical Characteristics Voc=14.5 V to +6.5 V, Tp =-55°C to +125°C, Ty = 25°C for typical figures,
unless otherwise specified.

Symbol Characteristic Condition Min | Typ | Max Unit
Vio Input Offset Voltage Rg <200 Q2 1.0 6.0 mVv
lio Input Offset Current 0.5 7.5 MA
lig Input Bias Current 8.0 60 uA
Ro QOutput Resistance (either output) Vo =VoH 100 Q
tpp Response Time Ta=25°C! 18 30| ns
Ta = 25°C? 25
(Note 3) 16
Atpp Response Time Difference ns
between Outputs’
(tep of +Vi) - (tpp of -Vi2) Ta =25°C 5.0
(tpp of +V|2) = (tpp of -V}q) Ta =25°C 5.0
(tpp Of +V|1) = (tpp of +V)2) Ta = 25°C 75
{tpp of ~Vi1) —(tpp of -V)2) Ta=25°C 75
R Input Resistance f=10 MHz 12 k2
C Input Capacitance f=1.0 MHz 8.0 pF
AVio/ AT Average Temperature Coefficient of | Rg =50 £, Tpo =-55°C to +125°C 3.0 uv/°C
Input Offset Voltage
Ao/ AT Average Temperature Coefficient of | To =25°C to 125°C 2.0 nA/°C
Input Offset Current Ta = +25°C to ~55°C 70
Vir Input Voltage Range Vec=165 V +40 | 45 \
Vior Differential Input Voltage Range +5.0 v
Vou Output Voltage HIGH (either 0 mA <lpy <5.0 mA 2.4 3.2 \
output) Vee=+56.0V
loH =80 pA, Vec=145 V 2.4 3.0
VoL Output Voltage LOW (either loo =3.2 mA 0.25 0.4 \
output)
I+ Positive Supply Current Vee=165V 18 32 mA
I- Negative Supply Current Vecc=*65V 9.0 16 mA
Notes
1. Response time measured from the 50% point of a 30 mVp-p 10 MHz
sinusoidal input to the 50% point of the output.
2. Response time measured from the 50% point of a 2.0 V p-p 10 MHz
sinusoidal input to the 50% point of the output.
3. Response time measured from the start of a 100 mV input step with
5.0 mV overdrive to the time when the output crosses the logic
threshold.
L . ________________

8-58




uA760

uA760C
Electrical Characteristics Voo =+4.5 V to £+6.5 V, Tpo =0°C to 70°C, Tp = 25°C for typical figures, unless

otherwise specified.

Symbol Characteristic Condition Min | Typ | Max Unit
Vio Input Offset Voltage Rg <200 2 1.0 60| mv
ho Input Offset Current 0.5 7.5 MA
hs Input Bias Current 8.0 60 MA
Ro Output Resistance (either output) Vo =VoH 100 Q
tpp Response Time Ta =25°C' 18 30| ns
Ta=25°C? 25
(Note 3) 16 n
Atpp Response Time Difference ns
between Outputs1
(trp of +V|1) - (tpp Of —V|2) Ta=25°C 5.0
(tpp of +V|p)—(tpp Of —V)y) Ta=25°C 5.0
(tep of +Vi1) = (tep Of 