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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 sheet, 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 linear 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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FAIRCHILD
|

A Schlumberger Company

Device Description Page Device Description Page |
1A24H8OFC Disk Drives 5-3 HA78MGU1C Voltage Regulators 6-81 |
uA24HBO0RC Disk Drives 5-3 nA78S40DC Voltage Regulators 6-103 J
uA24H80SC Disk Drives 5-3 LA78S40DM Voltage Regulators 6-103 [
MA24HB0TC Disk Drives 5-3 uA78S40DMQB Hi-Rel Voltage Regulators 13-51 |
uA26LS31DC Interface 9-11 MAT8S40PC Voltage Regulators 6-103 r
uA26LS31DMQB Hi-Rel Interface 16-63 MA78S40PV Voltage Regulators 6-103 !
MA26LS31LMQB Hi-Rel Interface 16-63 MATIGU1C Voltage Regulators 6-63
uA26LS31PC Interface 9-11 HA79MOSAHC  Voltage Regulators 6-126 ‘
uA26LS32DC Interface 9-14 HA79MOS5AUC Voltage Regulators 6-126 :
uA26LS32DMQB Hi-Rel Interface 16-64 HA79MOSHM Voltage Regulators 6-126
uA26LS32LMQB Hi-Rel Interface 16-64 HA79MOSHMQB Hi-Rel Voltage Regulators 13-67
uA26LS32PC Interface 9-14 MA79MO5LMQB  Hi-Rel Voltage Regulators 13-67
uA78GU1C Voltage Regulators 6-63 MA79MOBAHC  Voltage Regulators 6-126
MA78LOSASC Voltage Regulators 6-72 MA79MOBAUC  Voltage Regulators 6-126
MA78LOSAWC  Voltage Regulators 6-72 HAT9MOSHM Voltage Regulators 6-126
MA78LOSAWYV Voltage Regulators 6-72 MA79MOBHMQB Hi-Rel Voltage Regulators 13-71
MAT8LOSAWC  Voltage Regulators 6-72 MA79M12AHC  Voltage Regulators 6-126
MA78LOSAWYV  Voltage Regulators 6-72 UA79M12AUC  Voltage Regulators 6-126
uA78L12AWC  Voltage Regulators 6-72 HA79M12HM Voltage Regulators 6-126
HA78L12AWV Voltage Regulators 6-72 LA79M12HMQB Hi-Rel Voltage Regulators 13-75
HA78L15AWC  Voltage Regulators 6-72 #A79M12LMQB Hi-Rel Voltage Regulators 13-75
MA78L15AWV  Voltage Regulators 6-72 HA79M15AHC  Voltage Regulators 6-126
MA78L62AWC Voltage Regulators 6-72 MA79M15AUC Voltage Regulators 6-126
uMA78L62AWV  Voltage Regulators 6-72 MATIM15HM Voltage Regulators 6-126
uA78L82AWC  Voltage Regulators 6-72 HA7TIM15HMQB Hi-Rel Voltage Regulators 13-79
MA78L8B2AWV  Voltage Regulators 6-72 MA79M15LMQB Hi-Rel Voltage Regulators 13-79
UMA78MOSHC Voltage Regulators 6-91 HA7IMGU1C Voltage Regulators 6-81
MA78MOSHM Voltage Regulators 6-91 #“A101ADMQB  Hi-Rel Operational Amplifiers 14-3
HMA78MOSHMQB Hi-Rel Voltage Regulators 13-27 ©A101AFMQB Hi-Rel Operational Ampilifiers 14-3
HA78MOSLMQB  Hi-Rel Voltage Regulators 13-27 HA101AHM Operational Amplifiers 7-3

©A78MO5UC Voltage Regulators 6-91 MA101AHMQB  Hi-Rel Operational Amplifiers 14-3
nA78MO6HC Voltage Regulators 6-91 nA101DMQB Hi-Rel Operational Amplifiers 14-7
LA78MOSGHM Voltage Regulators 6-91 HA101FMQB Hi-Rel Operational Amplifiers 14-7
LA78MO6HMQB Hi-Rel Voltage Regulators 13-31 MA101HM Operational Amplifiers 7-11
MA78MO6UC Voltage Regulators 6-91 rA101HMQB Hi-Rel Operational Amplifiers 14-7
HA78MOSHC Voltage Regulators 6-91 #A105HM Voltage Regulators 6-3

MA78MOSHM Voltage Regulators 6-91 ©A105HMQB Hi-Rel Voltage Regulators 13-3
MA78MO8SHMQB Hi-Rel Voltage Regulators 13-35 HA108ADMQB  Hi-Rel Operational Amplifiers 14-11
MAT8MOSUC Voltage Regulators 6-91 #A108AFMQB  Hi-Rel Operational Amplifiers 14-11
HA78M12HC Voltage Regulators 6-91 #A108AHM Operational Amplifiers 7-14
HA78M12HM Voltage Regulators 6-91 #A108AHMQB  Hi-Rel Operational Amplifiers 14-11
#A78M12HMQB Hi-Rel Voltage Regulators 13-39 ©A108DMQB Hi-Rel Operational Amplifiers 14-15
uA78M12LMQB Hi-Rel Voltage Regulators 13-39 HA108FMQB Hi-Rel Operational Amplifiers 14-15
HA78M12UC Voltage Regulators 6-91 nA108HM Operational Amplifiers 7-14
uA78M15HC Voltage Regulators 6-91 HA108HMQB Hi-Rel Operational Amplifiers 14-15
MA78M15HM Voltage Regulators 6-91 HA109HMQB Hi-Rel Voltage Regulators 13-7
HA78M15HMQB Hi-Rel Voltage Regulators 13-43 HA109KMQB Hi-Rel Voltage Regulators 13-7
MA78M15LMQB Hi-Rel Voltage Regulators 13-43 LA110HMQB Hi-Rel Operational Amplifiers 14-19
HA78M15UC Voltage Regulators 6-91 ©#A111DMQB Hi-Rel Comparators 15-3
HA78M24HC Voltage Regulators 6-91 ©A111FMQB Hi-Rel Comparators 15-3
HA78M24HM Voltage Regulators 6-91 ©A111HM Comparators 8-3
uMA78M24HMQB Hi-Rel Voltage Regulators 13-47 ©A111HMQB Hi-Rel Comparators 15-3
HA78M24UC Voltage Regulators 6-91 ©A111RMQB Hi-Rel Comparators 15-3
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©A117HMQB Hi-Rel Voltage Regulators 13-11 MA311TC Comparators 8-3
HA117KM Voltage Regulators 6-10 MA317KC Voltage Regulators 6-10
HA117KMQB Hi-Rel Voltage Regulators 13-15 uA317UC Voltage Regulators 6-10
nA124DM Operational Amplifiers 7-22 nA324DC Operational Amplifiers 7-22
©A124DMQB Hi-Rel Operational Amplifiers 14-23 uA324PC Operational Amplifiers 7-22
HA124FMQB Hi-Rel Operational Amplifiers 14-23 uA324SC Operational Amplifiers 7-22
nA124LMQB Hi-Rel Operational Amplifiers 14-23 uA338KC Voltage Regulators 6-16
HA138KM Voltage Regulators 6-16 HA338UC Voltage Regulators 6-16
©A138KMQB Hi-Rel Voltage Regulators 13-19 uA339DC Comparators 8-11
nA139DM Comparators 8-11 uA339PC Comparators 8-11
rA139DMQB Hi-Rel Comparators 15-7 uA339SC Comparators 8-11
uA139FMQB Hi-Rel Comparators 15-7 uA348DC Operational Amplifiers 7-33
HA139LMQB Hi-Rel Comparators 15-7 MA348PC Operational Amplifiers 7-33
uA148DM Operational Amplifiers 7-33 HA350KC Voltage Regulators 6-23
uA148DMQB Hi-Rel Operational Amplifiers 14-27 HA350UC Voltage Regulators 6-23
uA150KM Voltage Regulators 6-23 MA376TC Voltage Regulators 6-3
“A150KMQB Hi-Rel Voltage Regulators 13-20 uA431ASC Voltage Regulators 6-42
©A201AHV Operational Amplifiers 7-3 HA431AWC Voltage Regulators 6-42
uA201HC Operational Ampilifiers 7-11 uA431AWYV Volitage Regulators 6-42
uA201TC Operational Amplifiers 7-11 uA431LMQB Hi-Rel Voltage Regulators 13-21
uA208AHV Operational Amplifiers 7-14 nA431RMQB Hi-Rel Voltage Regulators 13-21
#A208HV Operational Amplifiers 7-14 uA494DC Voltage Regulators 6-48
HA212ADC Special Functions 11-103 nA494DMQB Hi-Rel Voltage Regulators 13-22
uA212ADV Special Functions 11-103 LA494LMQB Hi-Rel Voltage Regulators 13-22
uA212APC Special Functions 11-103 uA494PC Voltage Regulators 6-48
nA212ATDC Special Functions 11-103 uA494PV Voltage Regulators 6-48
1A212ATDV Special Functions 11-103 uA555HMQB Hi-Rel Special Functions 18-7
HA212ATPC Special Functions 11-103 uA555RMQB Hi-Rel Special Functions 18-7
uA212ATQC Special Functions 11-103 uA555SC Special Functions 11-22
MA217KV Voltage Regulators 6-10 uAB55TC Special Functions 11-22
uA217UV Voltage Regulators 6-10 uA556PC Special Functions 11-28
nA224DV Operational Amplifiers 7-22 uA565JJC Data Acquisition 10-17
MA224PV Operational Amplifiers 7-22 uA565KJC Data Acquisition 10-17
uA238KV Voltage Regulators 6-16 nA565SJM Data Acquisition 10-17
nA239DV Comparators 8-11 HA565TJM Data Acquisition 10-17
uA239PV Comparators 8-11 uA571JJC Data Acquisition 10-25
nA239SV Comparators 8-11 MAS571KJC Data Acquisition 10-25
uA248DV Operational Amplifiers 7-33 | nA571SDMQB Hi-Rel Data Acquisition 17-3
uA248PV Operational Amplifiers 7-33 HAS571SJM Data Acquisition 10-25
uA250KV Voltage Regulators 6-23 nA592DC Special Functions 11-34
uA301AHC Operational Amplifiers 7-3 uA592DM Special Functions 11-34
uA301ASC Operational Amplifiers 7-3 1 wumAB592PC Special Functions - 11-34
©A301ATC Operational Amplifiers 7-3 uA592SC Special Functions 11-34
“A305AHC Voltage Regulators 6-3 uA592TC Special Functions 11-34
#A305HC Voltage Regulators 6-3 1A685DM Comparators 8-32
MA308AHC Operational Amplifiers 7-14 uA685DV Comparators . 8-32
1A308ASC Operational Amplifiers 7-14 uA685HM Comparators : 8-32
MA308ATC Operational Amplifiers 7-14 uAG85HV Comparators 8-32
MA308HC Operational Amplifiers 7-14 uAG85PV Comparators 8-32
1A308SC Operational Amplifiers 7-14 uAB85SV Comparators 8-32
MA308TC Operational Amplifiers 7-14 uA687ADM Comparators 8-42
uA311HC Comparators 8-3 uA687ADV Comparators 8-42
uA311SC Comparators 8-3 uA687APV Comparators 8-42
e P S R
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HAG87DM Comparators 8-42 MA723HM Voltage Regulators 6-55

nA687DV Comparators 8-42 nA723HMQB Hi-Rel Voltage Regulators 13-23
MABB7PV Comparators 8-42 uA723LMQB Hi-Rel Voltage Regulators 13-23
uA702DMQB Hi-Rel Operational Amplifiers 14-55 HA723PC Voltage Regulators 6-55

uA702FMQB Hi-Rel Operational Amplifiers 14-55 uA723SC Voltage Regulators 6-55

uA702HMQB Hi-Rel Operational Amplifiers 14-55 uA725AHM Operational Amplifiers 7-88

HMA709ADMQB  Hi-Rel Operational Amplifiers 14-59 uA725AHMQB  Hi-Rel Operational Amplifiers 14-75
HA709AFMQB  Hi-Rel Operational Amplifiers 14-59 uA725EHC Operational Amplifiers 7-88

HA709AHM Operational Amplifiers 7-58 uA725HC Operational Amplifiers 7-88

MA709AHMQB  Hi-Rel Operational Amplifiers 14-59 uA725HM Operational Ampilifiers 7-88

uA709DMQB Hi-Rel Operational Amplifiers 14-63 uA725HMQB Hi-Rel Operational Amplifiers 14-79
uA7T09FMQB Hi-Rel Operational Amplifiers 14-63 MA725TC Operational Amplifiers 7-88

MA709HC Operational Amplifiers 7-58 uA733DC Special Functions 11-39
HA709HM Operational Amplifiers 7-58 uA733DM Special Functions 11-39
MA709HMQB Hi-Rel Operational Amplifiers 14-63 uA733DMQB Hi-Rel Special Functions 18-11
HA709PC Operational Amplifiers 7-58 pA733FMQB Hi-Rel Special Functions 18-11
MAT709SC Operational Amplifiers 7-58 MA733HC Special Functions 11-39
MA709TC Operational Amplifiers 7-58 MA733HM Special Functions 11-39
HA710DC Comparators 8-44 nA733HMQB Hi-Rel Special Functions 18-11
uA710DM Comparators 8-44 nA733PC Special Functions 11-39
HA710DMQB Hi-Rel Comparators 156-15 MA733SC Special Functions 11-39
MA710FMQB Hi-Rel Comparators 15-15 uA741ADMQB  Hi-Rel Operational Amplifiers 14-83
MA710HC Comparators 8-44 MA741AFMQB  Hi-Rel Operational Amplifiers 14-83
MA710HM Comparators 8-44 MA741AHM Operational Amplifiers 7-100
©A710HMQB Hi-Rel Comparators 15-15 uA741AHMQB  Hi-Rel Operational Amplifiers 14-83
MA710PC Comparators 8-44 uA741ARM Operational Amplifiers 7-100
uA711DC Comparators 8-51 uA741ARMQB  Hi-Rel Operational Amplifiers 14-83
uA711DM Comparators 8-51 nA741DMQB Hi-Rel Operational Amplifiers 14-87
MA711DMQB Hi-Rel Comparators 15-19 MA741EHC Operational Amplifiers 7-100
HA711FMQB Hi-Rel Comparators 15-19 MA741ERC Operational Amplifiers 7-100
MAT11HC Comparators 8-51 MA741ETC Operational Amplifiers 7-100
MA711HM Comparators 8-51 uA741FMQB Hi-Rel Operational Amplifiers 14-87
©A711HMQB Hi-Rel Operational Amplifiers 15-19 uA741HC Operational Amplifiers 7-100
MAT11PC Comparators 8-51 MA741HM Operational Amplifiers 7-100
uA714AHM Operational Amplifiers 7-67 uA741HMQGB Hi-Rel Operational Amplifiers 14-87
MAT14EHC Operational Amplifiers 7-67 uA741RC Operational Amplifiers 7-100
uA714HC Operational Amplifiers 7-67 uA741RM Operational Amplifiers 7-100
HA714HM Operational Amplifiers 7-67 uA741RMQB Hi-Rel Operational Amplifiers 14-87
uA714HMQGB Hi-Rel Operational Amplifiers 14-67 uA741SC Operational Amplifiers 7-100
nA714LHC Operational Amplifiers 7-67 HA741TC Operational Amplifiers 7-100
uA714LSC Operational Amplifiers 7-67 uA747ADM Operational Amplifiers 7-109
HA714LTC Operational Amplifiers 7-67 HAT47ADMQB  Hi-Rel Operational Amplifiers 14-91
HAT714SC Operational Amplifiers 7-67 uA747AFMQAB  Hi-Rel Operational Amplifiers 14-91
HAT14TC Operational Amplifiers 7-67 uA747AHM Operational Amplifiers 7-109
HA715HC Operational Amplifiers 7-80 uA747AHMQB  Hi-Rel Operational Amplifiers 14-91
HA715HM Operational Ampilifiers 7-80 HA747DC Operational Amplifiers 7-109
HA715DM Operational Amplifiers 7-80 MA747DM Operational Amplifiers 7-109
uA715DC Operational Amplifiers 7-80 nA747DMQB Hi-Rel Operational Amplifiers 14-95
nA715HMQB Hi-Rel Operational Amplifiers 14-71 MA747EDC Operational Amplifiers 7-109
uA723DC Voltage Regulators 6-55 MAT47EHC Operational Amplifiers 7-109
uA723DM Voltage Regulators 6-55 HA747FMQB Hi-Rel Operational Amplifiers 14-95
uA723DMQB Hi-Rel Voltage Regulators 13-23 HA747HC Operational Amplifiers 7-109
nA723HC Voltage Regulators 6-55 MA747THM Operational Amplifiers 7-109

1-6




Alpha Numeric Index

Device Description Page Device Description Page
HA747HMQB Hi-Rel Operational Amplifiers 14-95 uA774BDM Operational Amplifiers 7-155
HA747PC Operational Amplifiers 7-109 uA774BDMQB  Hi-Rel Operational Amplifiers 14-111
HAT747SC Operational Amplifiers 7-109 uA774BPC Operational -‘Amplifiers 7-155
uA748HC Operational Amplifiers 7-118 uA774DC Operational Amplifiers 7-155
uA748HM Operational Amplifiers 7-118 uA774DM Operational Amplifiers 7-155
UHA748RC Operational Amplifiers 7-118 uA774LDC Operational Amplifiers 7-155
UAT748SC Operational Amplifiers 7-118 MA774LPC Operational Amplifiers 7-155
MAT748TC Operational Amplifiers 7-118 HA774PC Operational Amplifiers 7-155
MA759HC Operational Amplifiers 7-128 uAT774SC Operational Amplifiers 7-155
MA759HM Operational Amplifiers 7-128 uA776HC Operational Amplifiers 7-162
uA759HMQB Hi-Rel Operational Amplifiers 14-99 MA776HM Operational Amplifiers 7-162
uA759U1C Operational Amplifiers 7-128 uA776HMQB Hi-Rel Operational Amplifiers 14-115
HA760DC Comparators 8-56 MA776TC Operational Ampilifiers 7-162
HA760DM Comparators 8-56 uA798SC Operational Amplifiers 7-172
uA760DMQB Hi-Rel Comparators 15-23 HAT798TC Operational Amplifiers 7-172
MA760HC Comparators 8-56 uA1458CHC Operational Amplifiers 7-27
uA760HM Comparators 8-56 uA1458CRC Operational Amplifiers ’ 7-27
MA760HMQB Hi-Rel Comparators 15-23 uA1458CTC Operational Amplifiers 7-27
HA760RC Comparators 8-56 uA1458HC Operational Amplifiers 7-27
HA760RM Comparators 8-56 uA1458RC Operational Amplifiers 7-27
MA771ARC Operational Amplifiers 7-140 uA1458SC Operational Amplifiers 7-27
HA771ARM Operational Amplifiers 7-140 uA1458TC Operational Amplifiers 7-27
HA771ASC Operational Amplifiers 7-140 1A1488DC Interface 9-3
HA771ATC Operational Amplifiers 7-140 uA1488PC Interface 9-3
uA771BHMQB  Hi-Rel Operational Amplifiers 14-103 uA1488SC Interface 9-3
uA771BRC Operational Amplifiers 7-140 uA1489ADC Interface 9-7
uA771BRM Operational Amplifiers 7-140 nA1489APC Interface 9-7
uA771BRMQB  Hi-Rel Operational Amplifiers 14-103 uA1489DC Interface 9-7
uA771BSC Operational Amplifiers 7-140 nA1489PC Interface 9-7
HA771BTC Operational Amplifiers 7-140 1A1489SC Interface 9-7
MA771LRC Operational Amplifiers 7-140 nA1524ADM Voltage Regulators 6-36
MA771LSC Operational Amplifiers 7-140 uA1524ADMQB Hi-Rel Voltage Regulators 13-95
MAT771LTC Operational Amplifiers 7-140 uA1558HM Operational Amplifiers 7-27
uA771RC Operational Amplifiers 7-140 uA1558HMQB  Hi-Rel Operational Amplifiers 14-31
MAT771SC Operational Amplifiers 7-140 uA1558RM Operational Amplifiers 7-27
HAT71TC Operational Amplifiers 7-140 uA1558RMQB  Hi-Rel Operational Amplifiers 14-31
uA772ARC Operational Amplifiers 7-148 . nA2101ADMQB  Hi-Rel Operational Amplifiers 14-35
MA772ARM Operational Amplifiers 7-148 uA2101DMQB  Hi-Rel Operational Amplifiers 14-39
uAT772ASC Operational Amplifiers 7-148 1A2108ADMQB Hi-Rel Operational Amplifiers 14-43
uAT72ATC Operational Amplifiers 7-148 MA2108DMQB  Hi-Rel Operational Amplifiers 14-47
uA772BHMQB  Hi-Rel Operational Amplifiers 14-107 uA2111DMQB 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
uA772BSC Operational Amplifiers 7-148 F2224DC Special Functions 11-63
uA772BTC Operational Amplifiers 7-148 F2224PC Special Functions 11-63
MA772LRC Operational Amplifiers 7-148 F2224QC Special Functions 11-63
uA772LSC Operational Amplifiers 7-148 uA2240DC Special Functions 11-3
MAT772LTC Operational Amplifiers 7-148 uA2240PC Special Functions 11-3
uA772RC Operational Amplifiers 7-148 uA2460DC Disk Drives 5-5
HAT772SC Operational Amplifiers 7-148 1A2460QC Disk Drives 5-5
MA772TC Operational Amplifiers 7-148 1A2461DC Disk Drives 5-5
uA774BDC Operational Amplifiers 7-155 uA2461QC Disk Drives 5-5
I I o
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uA2470DC Disk Drives 5-13 nA3503DM Operational Amplifiers 7-40

nA2480FC Disk Drives 5-33 1A3524ADC Voltage Regulators 6-36

©A2480TC Disk Drives 5-33 uA3524APC Voltage Regulators 6-36

uA2482DC Disk Drives 5-24 uA3680DV Special Functions 11-19
MA2482RDC Disk Drives 5-24 1A3680PV Special Functions 11-19
uA2484DC Disk Drives 5-24 1A3680SV Special Functions 11-19
uA2484FC Disk Drives 5-24 1A4136DC Operational Amplifiers 7-50

uA2484GC Disk Drives 5-23 uA4136DMQB Hi-Rel Operational Amplifiers 14-51
nA2484RDC Disk Drives 5-24 nA4136PC Operational Amplifiers 7-50

1A2484RFC Disk Drives 5-24 1A4136SC Operational Amplifiers 7-50

©A2484RGC Disk Drives 5-23 #A6685DM Comparators 8-21

1A2485DC Disk Drives 5-24 uA6685DV Comparators 8-21

uA2485FC Disk Drives 5-25 HA6685HM Comparators 8-21

1A2485GC Disk Drives 5-25 uA6685HV Comparators 8-21

uA2485RDC Disk Drives 5-24 uAB685PV Comparators 8-21

uA2485RFC Disk Drives 5-25 uAB685SV Comparators 8-21

uA2485RGC Disk Drives 5-25 MA6687DM Comparators 8-30

1A2486DC Disk Drives 5-25 nA6687DV Comparators 8-30

uA2486QC Disk Drives 5-25 uAG687PV Comparators 8-30

1A2486RDC Disk Drives 5-25 uA7392DV Special Functions 11-45
uA2486RQC Disk Drives 5-25 MAT7392PV Special Functions 11-45
uA2488GC Disk Drives 5-26 uA7805KC Voltage Regulators 6-111
uA2488QC Disk Drives 5-26 nA7805KM Voltage Regulators 6-111
uA2488RGC Disk Drives 5-26 nA7805KMQB  Hi-Rel Voltage Regulators 13-55
uA2488RQC Disk Drives 5-26 HAT7805UC2 Voltage Regulators 6-111
1A2490DC Disk Drives 5-36 HA7805UC Voltage Regulators 6-111
1A2490QC Disk Drives 5-37 uA7806KC Voltage Regulators 6-111
uA2524ADV Voltage Regulators 6-36 MA7806KM Voltage Regulators 6-111
HA2524APV Voltage Regulators 6-36 nA7806UC Voltage Regulators 6-111
uA2580DC Disk Drives 5-51 uA7808KC Voltage Regulators 6-111
HA580FC Disk Drives 5-51 nA7808KM Voltage Regulators 6-111
uA2580SC Disk Drives 5-51 uA7808UC Voltage Regulators 6-111
nA2901DV Comparators 8-11 nA7812KC Voltage Regulators 6-111
HA2901PV Comparators 8-11 HA7812KM Voltage Regulators 6-111
uA2902PV Operational Amplifiers 7-22 nA7812KMQB  Hi-Rel Voltage Regulators 13-59
uA3045DMQB  Hi-Rel Special Functions 18-3 nA7812UC2 Voltage Regulators 6-111
uA3046PC Special Functions 11-13 nA7812UC Voltage Regulators 6-111
uA3046SC Special Functions 11-13 uA7815KC Voltage Regulators 6-111
u1A3086DV Special Functions 11-13 MA7815KM Voltage Regulators 6-111
MA3086PV Special Functions 11-13 uA7815KMQB  Hi-Rel Voltage Regulators 13-63
uA3086SV Special Functions 11-13 nA7815UC Voltage Regulators 6-111
uA3302DV Comparators 8-11 uA7818KC Voltage Regulators 6-111
uA3302PV Comparators 8-11 uA7818KM Voltage Regulators 6-111
LA3302SV Comparators 8-11 uA7818UC Voltage Regulators 6-111
HA3303DV Operational Amplifiers 7-40 uA7824KC Voltage Regulators 6-111
uA3303PV Operational Amplifiers 7-40 uA7824KM Voltage Regulators 6-111
uA3403DC Operational Amplifiers 7-40 uA7824UC Voltage Regulators 6-111
uA3403PC Operational Amplifiers 7-40 uA7885UC Voltage Regulators 6-111
uA3403SC Operational Amplifiers 7-40 HAT905KC Voltage Regulators 6-135
1A3486DC Interface 9-17 nA7905KM Voltage Regulators 6-135
©A3486PC Interface 9-17 MA7905KMQB  Hi-Rel Voltage Regulators 13-83
1A3487DC Interface 9-21 MA7905UC Voltage Regulators 6-135
nA3487PC Interface 9-21 uA7908KC Voltage Regulators 6-135
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MA7908KM Voltage Regulators 6-135 1A9645PC(3245) Interface 9-139
MA7908UC Voltage Regulators 6-135 uA9665DC Interface 9-143
uA7912KC Voltage Regulators 6-135 uA9665PC Interface 9-143
HA7912KM Voltage Regulators 6-135 uA9666DC Interface 9-143
uA7912KMQB Hi-Rel Voltage Regulators 13-87 uA9666DM Interface 9-143
uA7912UC Voltage Regulators 6-135 1A9666PC Interface 9-143
HA7915KC Voltage Regulators 6-135 uA9667DC Interface 9-143
HA7915KM Voltage Regulators 6-135 uA9667DM Interface 9-143
uA7915KMQB  Hi-Rel Voltage Regulators 13-91 ©A9667DMQB  Hi-Rel Interface 16-59
HA7915UC Voltage Regulators 6-135 MA9667PC Interface 9-143
uA9614DC Interface 9-72 uA9668DC Interface 9-143
nA9614DM Interface 9-72 #A9668DM Interface 9-143
nA9614DMQB  Hi-Rel Interface 16-15 HA9668PC Interface 9-143
1A9614FMQB Hi-Rel Interface 16-15 MA9679TC Interface 9-149
©A9614LMQB Hi-Rel Interface 16-15 ©A55107ADM Interface 9-25
uA9614PC Interface 9-72 uA55107ADMQB Hi-Rel Interface 16-3
uA9615DC Interface 9-79 uA55110ADM Interface 9-34
uA9615DM Interface 9-79 nA55110ADMQB Hi-Rel Interface 16-7
1A9615DMQB  Hi-Rel Interface 16-19 1A55452BRMQB Hi-Rel Interface 16-11
©A9615FMQB Hi-Rel Interface 16-19 uA75107ADC Interface 9-25
1A9615LMQB Hi-Rel Interface 16-19 uA75107APC Interface 9-25
HA9615PC Interface 9-79 MA75107ASC Interface 9-25
uA9616HDMQB Hi-Rel Interface 16-23 uA75107BDC Interface 9-25
uA9616HLMQB Hi-Rel Interface 16-23 HA75107BPC Interface 9-25
1A9622DMQB  Hi-Rel Interface 16-27 uA75107BSC Interface 9-25
uA9622FMQB Hi-Rel Interface 16-27 uA75108BPC Interface 9-25
©A9622LMQB  Hi-Rel Interface 16-27 uA75108BSC Interface 9-25
uA9624DMQB  Hi-Rel Interface 16-31 uA75110ADC Interface 9-34
1A9624FMQB Hi-Rel Interface 16-31 uA75110APC Interface 9-34
LA9625DMQB  Hi-Rel Interface 16-35 HAT5110ASC Interface 9-34
©A9625FMQB Hi-Rel Interface 16-35 uA75150PC Interface 9-40
uA9627DMQB  Hi-Rel Interface 16-39 MA75150RC Interface 9-40
nA9636ARC Interface 9-113 uA75150SC Interface 9-40
HA9636ARM Interface 9-113 nA75150TC Interface 9-40
1A9636ARMQB  Hi-Rel Interface 16-43 uA75154DC Interface 9-45
UA9636ATC Interface 9-113 uA75154PC Interface 9-45
uA9637ARC Interface 9-118 uA75450DC Interface 9-53
MA9637ARM Interface 9-118 HA7T5450PC Interface 9-53
uA9637ARMQB Hi-Rel Interface 16-47 HA75451RC Interface 9-56
uA9637ASC Interface 9-118 1A75451SC Interface 9-56
uA9637ATC Interface 9-118 nA75451TC Interface 9-56
uA9638RC Interface 9-122 uA75452S5C Interface 9-59
1A9638RM Interface 9-122 uA75452TC Interface 9-59
1A9638RMQB Hi-Rel Interface 16-51 uA75453RC Interface 9-62
1A9638SC Interface 9-122 uA75453SC Interface 9-62
uA9638TC Interface 9-122 MAT75453TC Interface 9-62
1A9639ARMQB Hi-Rel Interface 16-55 HA75461TC Interface 9-56
ULA9639ATC Interface 9-126 uA75462TC Interface 9-59
1A9640DC(26S10) Interface 9-130 uA75471TC Interface 9-56
1A9640DM(26S10) Interface 9-130 uA75472TC Interface 9-59
1A9640PC(26S10) Interface 9-130 nA75491PC Interface 9-68
uA9643TC Interface 9-135 uA75492PC Interface - 9-68
1A9645DC(3245) Interface 9-139 MA77000U1C Operational Amplifiers 7-128
L .
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uA96172DC Interface 9-87 F3054DC Special Functions 11-89
1A96172PC Interface 9-87 F3057DC Special Functions 11-89
1A96173DC Interface 9-92 FSP100DC Special Functions 11-51
uA96173PC Interface 9-92 FSP100LC Special Functions 11-51
uA96174DC Interface 9-87 10101 JAN Hi-Rel Operational Amplifiers14-83
uA96174PC Interface 9-87 10102 JAN Hi-Rel Operational Amplifiers14-91
nA96175DC 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
nA96176TC Interface 9-97 10201 JAN Hi-Rel Voltage Regulators 13-23
nA96177RC Interface 9-105 10304 JAN Hi-Rel Comparators 15-3
uA96177TC Interface 9-105 10403 JAN Hi-Rel Interface 16-15
uA96178RC Interface 9-105 10404 JAN Hi-Rel Interface 16-19
nA96178TC Interface 9-105 10701 JAN Hi-Rel Voltage Regulators 13-7
uA96501DC Data Acquisition 10-34 10702 JAN Hi-Rel Voltage Regulators 13-27
nA96502DC Data Acquisition 10-34 10703 JAN Hi-Rel Voltage Regulators 13-39
uA96503DC Data Acquisition 10-34 10704 JAN Hi-Rel Voltage Regulators 13-43
uAV22DC Special Functions 11-102 10706 JAN Hi-Rel Voltage Regulators 13-55
uAV22PC Special Functions 11-102 10707 JAN Hi-Rel Voltage Regulators 13-59
nAV22QC 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
DAC08CPC Data Acquisition 10-3 10901 JAN Hi-Rel Special Functions 18-7
DAC08DM 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-Rel 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
F30S64DC Special Functions 11-76 11507 JAN Hi-Rel Voltage Regulators 13-91
F30S67DC Special Functions 11-76
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Part Fairchild Part Fairchild Part Fairchild
Number Equivalent Number Equivalent Number Equivalent
AMD AMD (Cont.) INTERSIL (Cont)

715DC WA715DC AM685DL wABB5DV NE556N uAS56PC
715HC UAT15HC AM6E85DM LAB85DM WA723DC uA723DC
715DM uA715DM AM685HL uAB85HYV UA723DM WA723DM
715HM HA715HM AM685HM UABB5HM WAT23HC uAT23HC
723DC wA723DC AM685LL HABB5SV HA723HM uA723HM
723DM LA723DM AM687DL ' LAB87DM WAT723PC uA723PC
723HC WAT723HC AM687DL uA687DV WAT733HC UAT733HC
723HM uA723HM AM687DM LAB687DM HA733HM UA733HM
723PC UA723PC DAC-08CQ DAC08CDC HAT41FM UATA1FM
725HC HA725HC DAC-08EQ DACOSEDC HAT41HC MAT41HC
725HM UAT725HM LM101H LA101HM HATATHM UAT41HM
733DC uA733DC LM101AH UA101AHM WA741TC uA741TC
733DM uA733DM LM105H uA105HM UAT4BHC UAT48HC
733HC UA733HC LM108AH UA108AHM HAT48HM UAT48HM
733HM UAT33HM LM111H HAT11HM MAT48TC uA748TC
741FM UATA1FM LM124D uA124DM

741HC UAT41HC LM139D uA139DM . MOTOROLA

741HM PA741HM LM201H MA201HC AM26LS31DC HA26LS31DC
741AFM HAT41AFM LM201AH #A201AHV AM26LS31PC uA26LS31PC
741AHM MA741AHM LM208AH MA208AHV AM26LS32DC uA26LS32DC
741EHC MATA1EHC LM224D nA224DV AM26LS32PC HA26LS32PC
747DC uA747DC LM301AH #A301AHC DACOSEP DACOSEPC
747DM HA747DM MC1488L MA1488SC DACO08PC DACO08CPC
747THC HA74THC MC1489L MA1489SC LM101AH uA101AHM
747HM MA747THM SN75107BJ ©A75107BDC LM105HM UA105HM
747PC MA747PC SN75107BN MA75107BPC LM108H #A108HM
747ADM uA747ADM SN75110J uA75110DC LM108AH HA108AHM
747AHM MA747AHM SN75110N uA75110PC LM111H HAT11HM
747EDC MA747EDC SN75450BJ uA75450BDC LM111J-8 uA111RM
747EHC MAT47EHC SN75450BN MA75450BPC LM117K HAT17KM
748HC MAT748HC LM124J uA124DM
748HM HA748HM INTERSIL LM139J #A139DM
AM1408L6 DAC1408ADC ICL108LNTY HA108HM LM201AH UA201AHV
AM1408L7 DAC1408BDC ICL741CHSPA UATA1TC LM208AH UA208AHM
AM1408L8 DAC1408CDC ICL741MHSTY HAT41HM LM217K HA217UV
AM1508L8 DAC1508DM LM101AH HA101AHM LM224J uA224DV
AM26LS31DM 1A26L.S31DM LM105H A105HM LM239J uA239DC
AM26LS31PC HA26LS31PC LM108H uA108HM LM301AH HA301AHC
AM26L.831DC HA26LS31DC LM108AH uA108AHM LM301AN uA301ATC
AM26LS32DC 1A26L.S32DC LM111H HATTTHM LM308AH uA308AHC
AM26LS32PC uA26LS32PC LM124J uA124DM LM308AN UA308ATC
AM6685DL HAB685DV LM301AH HA301AHC LM311H uA311HC
AM6685DM HA6685DM LM301AN WA301ATC LM311J-8 uA311RC
AM6685HL HAB6B5HV LM305H wA305HC LM311N pA311TC
AM6685HM HABE685HM LM308H ULA308HC LM317K uA317KC
AM6685LL HABBB5SV LM308AH HA308AHC LM317T pA317UC
AM6687DL HAB687DV LM308AN WA308ATC LM324J pA324DC
AM6687DM HAB687DM NE555N WAB55TC LM339J uA339DC

*Note
Not exact package replacement
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Part Fairchild Part Fairchild Part Fairchild
Number Equivalent Number Equivalent Number Equivalent
MOTOROLA (Cont.) MOTOROLA (Cont.) MOTOROLA (Cont.)
LM348J uA348DC MC1711G uA711HM MC7805K UA7805KM
LM348N uA348PC MC1711L uA711DM MC7805CK MA7805KC
LM350K MA350KC MC1723CG MA723HC MC7805CT MA7805UC
LM350T MA350UC MC1723CL uA723DC MC7812K MA7812KM
LM710CH MA710HC MC1723CP uA723PC MC7812CK nA7812KC
LM711CH MA711HC MC1723G MA723HM MC7812CT uA7812UC
LM723CH MA723HC MC1723L uA723DM MC7815K MA7815KM
LM723CJ uA723DC MC1733G MA733HM MC7815CK uA7815KC
LM741CH MA741HC MC1733L nA733DM MC7815CT MA7815UC
LM741CN MA741TC MC1733CG MA733HC MC7818K HA7818KM
LM2901N MA2901PC MC1733CL MA733DC MC7818CK uA7818KC
MC1408L7 DAC1408EDC MC1741CG nA741HC MC7818CT 1A7818UC
MC1408L8 DAC1408ADC MC1741CP1 MA741TC MC7824K MA7824KM
MC1408P6 DAC1408CPC MC1741CU uA741RC MC7824CK uA7824KC
MC1408P7 DAC1408BPC MC1741G MA741HM MC7824CT uA7824UC
MC1408P8 DAC1408APC MC1747CG MA747HC MC78LO5ACP MA78LOSAWC
MC1411P HA9665PC MC1747CL MA747DC MC78L12ACP MA78L12AWC
MC1412P MA9666PC MC1747CP2 MA747PC MC78L15ACP MA78L15AWC
MC1413P nA9667PC MC1747G MA747HM MC78MO05CG MA78MO5HC
MC1416P uA9668PC MC1747L UHA747DM MC78MO5CT HA78MO5UC
MC1455P1 MA555TC MC1748CG MA748HC MC78M06CG HA78MO6HC
MC1458CG nA1458CHC MC1748CP1 HA748TC MC78MO06CT MA78MOBUC
MC1458CP1 uA1458CTC MC1748G MA748HM MC78M08CG nA78MO8BHC
MC1458CU uA1458CRC MC1776CG MA776HC MC78MO08CT HA78M08UC
MC1458G uA1458HC MC1776CP1 MA776TC MC78M12CG HA78M12HC
MC1458P1 uA1458TC MC1776G MA776HM MC78M12CT nA78M12UC
MC1458U uA1458RC MC3303P MA3303PV MC78M15CT HA78M15UC
MC1488L uA1488DC MC3386P HA3086PC MC78M24CT nA78M24UC
MC1488P uA1488PC MC3403L #A3403DC MC7905CK MA7905KC
MC1489L uA1489DC MC3403P uA3403PC MC7905CT MA7905UC
MC1489P uA1489PC MC3440AP 1A9640PC MC7908CK MA7908KC
MC1489AL MA1489ADC MC3443P HA9640PC MC7908CT MA7908UC
MC1489AP MA1489APC MC3456P uA556PC MC7912CK uA7912KC
MC1508L8 DAC1508DM MC3458P1 HA798TC MC7912CT nA7912UC
MC1558G uA1558HM MC3486CL 1A3486DC MC7915CK nA7915KC
MC1558U uA1558RM MC3486CN 1A3486PC MC7915CT nA7915UC
MC1709AG UA709AHM MC3487CL 1A3487DC NE592N HA592PC
MC1709CP1 MA709TC MC3487CN nA3487PC SE592F nA592DM
MC1709CP2 uA709PC MC3488AP MA9636AT SN75451BP MA75451BTC
MC1709G MA709HM MC3558U MA798TC SN75452BP MA75452BTC
MC1710CG MA710HC MC55107L MA55107ADM SN75453BP 1A75453BTC
MC1710CL nA710DC MC685B HAB85HM TL431CLP MA4131AWC
MC1710CP MA710PC MC75107L HA75107ADC TL494CJ uA494DC
MC1710G MA710HM MC75107P HA75107APC TL494CN HA494PC
MC1710L HA710DM MC75108CL MA75108ADC MA710HC #A710HC
MC1711CG uA711HC MC75108CP uA75108BPC MA711HC MA711HC
MC1711CL uA711DC MC75491P uA75491PC uA723DC uA723DC
MC1711CP uA711PC MC75492P MA75492PC uA723HC uA723HC

*Note

Not exact package replacement
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Part Fairchild
Number Equivalent

Part Fairchild
Number Equivalent

Part Fairchild
Number Equivalent

MOTOROLA (Cont.)

uA723PC uA723PC
uAT41HC uA741HC
uA741TC uATA1TC
NATIONAL

COP431l pA431AWC
CO494M 1A494DC
DS1488J 1A1488DC
DS1488N 1A1488PC
DS1489AJ uA1489ADC
DS1489AN uA1489APC
DS1489J uA1489DC
DS1489N uA1489PC
DS26LS31C uA26L.S31PC
DS26LS31M uA26LS31DC
DS26L.S32C uA26LS32PC
DS26LS32M uA26LS32DC
DS3486J uA3486DC
DS3486N uA3486PC
DS75107J uA75107ADC
DS75107N uA75107APC
DS75108J uA75108ADC
DS75108N uA75108APC
DS75150J-8 uA75150SC
DS75150N uA75150PC
DS75154J uA75154DC
DS75154N uA75154PC
DS75450J uA75450DC
DS75450N uA75450PC
DS75491N uA75491PC
LF351A uAT71A
LF351B uA771B
LF351 pAT7A
LF351N WA771TC
LF353A uAT72A
LF353B uA772B
LF353 pA772
LF353N uA772TC
LF374B uA774B
LF374 uA774
LM101AH uA101AHM
LM105H uA105HM
LM108AH uA108AHM
LM108H UA108HM
LM110H/883 uA110HMQB
LM111H pAT11HM
LM117H/883 uA117HMQB
LM124J uA124DM

NATIONAL (Cont.)
LM139J
LM140K-5.0
LM140K-12
LM140K-15
LM201AH
LM208H
LM208AH
LM2101AD/883
uA2108AD/833
©A2108D/883
LH2111D/883
LM224J
LM239J
LM301AH
LM301AN
LM305H
LM305AH
LM308AN
LM311J-8
LM311N
LM317K
LM317T
LM324J
LM324N
LM339J
LM339N
LM340K-5.0
LM340T-5.0
LM340K-6.0
LM340K-8.0
LM340K-12
LM340T-12
LM340K-15
LM340T-15
LM340K-18
LM340K-24
LM348J
LM348N
LM350K
LM3501
LM555CN
LM556CN
LM592JD
LM592D
LM709H
LM709CH
LM709CN
LM709CN-8

uA139DM
HA7805KM
HA7812KM
HA7815KM
MA201AHM
HA208HM
pA208AHM
nA2101ADMQB
1A2108ADMQB
©A2108DMQB
uA2111DMQB
uA224DV
uA239DC
UA301AHC
MA301ATC
MA305HC
MA305AHC
MA308ATC
uA311RC
MA311TC
HA317KC
nA317UC
1A324DC
HA324PC
nA339DC
HA339PC
uA7805KC
nA7805UC
HA7806KC
uA7808KC
nA7812KC
uA7812UC
HATB15KC
nA7815UC
uA7818KC
nA7824KC
MA348DC
uA348PC
1A350KC
HA350UC
HA555TC
MA556PC
HA592DM
nA592D
MA709HM
MA709HC
nA709PC
MA709TC

NATIONAL (Cont.)

LM710H uA710HM
LM710CH uA710HC
LM710CN uA710PC
LM711H pA711HM
LM711CH pAT11HC
LM711CN uA711PC
LM723H UA723HM
LM723J uA723DM
LM723CH uA723HC
LM723CJ uA723DC
LM723CN uA723PC
LM725H U725HM
LM725CH pA725HC
LM725CN uA725TC
LM733H uA733HM
LM733CH uA733HC
LM733CN uA733PC
LM741H pA7ATHM
LM741AH pA741AHM
LM741CH uA741HC
LM741CJ uA741RC
LM741CN uA741TC
LM747H HA7ATHM
LM747J uA747DM
LM747AH UA747AHM
LM747AJ uA747ADM
LM747CH UA7ATHC
LM747CJ uA747DC
LM747CN uA747PC
LM747EH uA747EHC
LM747EJ uA747EDC
LM748H UATABHM
LM748CJ uA748RC
LM748CH UAT48HC
LM748CN uA748TC
LM760CH HATB60HC
LM1458H uA1458HC
LM1458J uA1458RC
LM1458N uA1458TC
LM1558H uA1558HM
LM1558J uA1558RM
LM2901N uA2901PC
LM2901J uA2901DC
LM3086N HA3086PC
LM3302J uA3302DC
LM3302N uA3302PC
LM7805CK uA7805KC
LM7805CT UA7805UC

*Note
Not exact package replacement
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Part Fairchild Part Fairchild Part Fairchild
Number Equivalent Number Equivalent Number Equivalent
NATIONAL (Cont.) PMI (Cont.) SIGNETICS (Cont.)
LM7812CK MA7812KC PM1558Z #A1558RM ULN2003N MA9667PC
LM7812CT MA7812UC PM4136Y 1A4136PC ULN2004F uA9668DC
LM7815CK uA7815KC PM4136CY uA4136DC ULN2004N uA9668PC
LM7815CT uA7815UC MA723F uA723DM
LM78LO5SACZ HA78LOSAWC SIGNETICS MA723H HA723HM
LM78L12ACZ MA78L12AWC LM101AH LA101AHM uA723CD uA723SC
LM78L15ACZ MA78L15AWC LM111H uA111HM uA723CF uA723DC
LM78MO05CP MA78MO5UC LM124F 1A124DM HA723CH uA723HC
LM78M12CP MA78M12UC LM139AF uA139ADM MA723CN MA723PC
LM78M15CP MA78M15UC LM201AN wA201AHM MA733F MA733DM
LM7905CK MA7905KC LM224N HA224PV MA733H MA733HM
LM7905CT MA7905UC LM224F uA224DV MA733CF nA733DC
LM7912CK HA7912KC LM301AN HA301ATC MA733CH MA733HC
LM7912CT uA7912UC LM324N 1A324PC MA733CN MAT733PC
LM7915CK uA7915KC LM324F 1A324DC MA741FE uA741RM
LM7915CT HA7915UC LM339N 1A339PC MA741CFE uA741RC
LM7905CH HA79MO5AHC LM339F 1A339DC HA741CN MA741TC
LM7912CH MA79M12AHC LM2901F 1A2901DC HATATF MA747DM
LM7915CH HA79M15AHC LM2901N 1A2901PC MA747CF uA747DC
MC1508-8 DAC1508DM MC1458FE uA1458RC MA747CN MA747PC
MC1458H nA1458HC
PMI MC1458N uA1458TC SILICON
DAC-08C DAC08CDC MC1488N 1A1488PC GENERAL
DAC-08E DACO8EDC MC1488F 1A1488DC SG101A ©A101AHM
DAC1408A-6 DAC1408CPC MC1489N HA1489PC SG105T MA105HM
DAC1408A-7 DAC1408BPC MC1489F #A1489DC SG111T pA111HM
DAC1408A-8 DAC1408APC MC1489AN- MA1489APC SG117K MAT17KM
DAC1508A-8 DAC1508DM MC1489AF nA1489ADC SG124J uA124DM
OP-07J MA714HM MC1558H MA1558HM SG217P pA217UV
OP-07CJ MA714HC MC1558FE MA1558RM SG224J uA224DV
OP-07EJ MA714EHC MC3302N HA3302PC SG224N uA224PV
PM108J MA108HM MC3302F uA3302DC SG301AM MA301ATC
PM108AJ MA108AHM MC3403CF MA3403DC SG301AT MA301AHC
PM139AY MA139ADM MC3403CN MA3403PC SG305T MA305HC
PM139Y MA139DM NE5501 HA9665PC SG305AT MA305AHC
PM208J uA208HV NE555D MA555SC SG311M pA311TC
PM208AJ MA208AHV NES55N MA555TC SG311T pA311HC
PM339Y nA339DC NES55N MA555PC SG317K MA317KC
PM339AY MA339ADC NE556N uA556PC SG317P MA317UC
PM725J MA725HM NE571F MA571JJC SG324J uA324DC
PM725CJ MA725HC NE592D uA592SC SG324N nA324PC
PM725CP uA725TC NE592F uA592DC SG555M MA555TC
PM741J MA741HM SE592F HA592DM SG556N MA556PC
PM741CJ MA741HC NE592N uA592PC SG710J MA710DM
PM741CZ MA741RC NE592N8 MA592TC SG710T MA710HM
PM1458J uA1458HC SE555FE HA555RM SG710CN MA710PC
PM1458Z uA1458RC ULN2001N MA9665PC SG710CT MA710HC
PM1558J nA1558HM ULN2003F MA9667DC SG711J uA711DM

*Note

Not exact package replacement




Industry

Cross Reference Guide

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 MC1558JG uA1558RM
SG711CJ uA711DC SG7815CP MA7815UC NE555P MA555TC
SG711CN uA711PC SG7818K MA7818KM NE556N MA556PC
SG711CT MA711HC SG7818CK uA7818KC RC4136D uA4136SC
SG723CJ wA723DC SG7818CP uA7818UC RC4136J nA4136DC
SG723CT uA723HC SG7824K HA7824KM RC4136N uA4136PC
SG723J uA723DM SG7824CK HA7824KC SA555D uA555SC
SG723T uA723HM SG7824CP uA7824UC SA555P uA555TC
SG723CN MA723PC SG7905K uA7905KM SE556N uA556PC
SG733J HA733DM SG7905CK MA7905KC SN55107AJ uA55107ADM
SG733T MA733HM SG7905CP MA7905UC SN55110AJ nA55110ADM
SG733CJ MA733DC SG7908K MA7908KM SN75107AJ uA75107ADC
SG733CN MA733PC SG7908CK MA7908KC SN75107AN uA75107APC
SG733CT MA733HC SG7908CP MA7908UC SN75107BJ nA75107BDC
SG741F MA741FM SG7912K uA7912KM SN75107BN MA75107BPC
SG741T MA741HM SG7912CK nA7912KC SN75108BN nA75108BPC
SG741CM MA741TC SG7912CP uA7912UC SN75110AJ uA75110ADC
SG747J MA747DM SG7915K uA7915KM SN75110AN MA75110APC
SG747T MAT4THM SG7915CK uA7915KC SN75114J nA9614DC
SG747CJ uA747DC SG7915CP MA7915UC SN75114N MA9614PC
SG747CN MA747PC SG75450BCN uA75450BPC SN75115J nA9615DC
SG747CT MA747HC SG75451BCM MA75451BTC SN75115N uA9615PC
SG748T MA748HM SG75451BCY MA75451BRC SN75150N uA75150PC
SG748CM MA748TC SG75452BCM uA75452BTC SN75150P nA75150TC
SG748CT uA748HC SG75453BCM uA75453BTC SN75154J nA75154DC
SG1488J uA1488DC SG75453BCY nA75453BRC SN75154N MA75154PC
SG1489AJ MA1489ADC SG75461CM MA75461TC SN75188J uA1488DC
SG1558T #A1558HM SG75462CM uA75462TC SN75188N uA1488PC
SG2001J HA9665PC SN75189J nA1489DC
S$G2002J nA9666DC SILICON SYSTEMS SN75189N MA1489PC
SG2003J uA9667DC SSI1117-2 1wA2482RDC SN75189AJ uA1489ADC
SG3086J nA3086DC SSI117-4 uA2484RDC SN75189AN MA1489APC
SG3086N MA3086PC SSI1117-6 1wA2486RDC SN75450BN MA75450BPC
SG3302J MA3302DC SN75451BJG uA75451BRC
SG3302N HA3302PC TEXAS SN75451BP uA75451BTC
SG75450BJ MA75450BDC INSTRUMENTS SN75452BP nA75452BTC
SE75450BN uA75450BPC AM26S10CJ UA9640DC SN75453BJG MA75453BRC
SG7805K 1A7805KM AM26S10CN wA9B40PC SN75453BP MA75453BTC
SG7805CK HA7805KC TC101AJ uA101AHM SN75461P uA75461TC
SG7805CP nA7805UC LM105L UA105HM SN75462P uA75462TC
SG7808K 1A7808KM LM124J HA124DM SN75471P MA75471TC
SG7808CK uA7808KC LM139J wA139DM SN75472P MA75472TC
SG7808CP nA7808UC LM148J uA148DM SN75491N uA75491PC
SG7812K MAT7812KM TC201AJG UA201AHV SN75492N uA75492PC
SG7812CK uA7812KC LM348J wA348DC TLC555MJG MA555RM
SG7812CP nA7812UC LM348N UA348PC TLC555CD uA555SC
SG7815K HA7815KM LM376P uA376TC TLC555CP MAB55TC
*Note
Not exact package replacement

——— —




Industry
Cross Reference Guide

Part Fairchild Part Fairchild Part Fairchild
Number Equivalent Number Equivalent Number Equivalent
TEXAS TEXAS TEXAS

INSTRUMENTS (Cont.) INSTRUMENTS (Cont.) INSTRUMENTS (Cont.)
TLO71ACO uA771BSC ULN2003AN HA9667PC uA2240CJ uA2240DC
TLO71ACP MA771BTC ULN2004AJ- 1A9668DC nA2240CN uA2240PC
TLO71BCD MA771ASC ULN2004AN HA9668PC MA7805CKC MA7805UC
TLO71BCP MA771ATC MA709MJ #A709DM MA7808CKC uA7808UC
TLO71CD MA771SC MA709MU uA709FM HA7812CKC uA7812UC
TLO71CP MAT71TC MA709AMJ #A709ADM uA7815CKC uA7815UC
TLO71MJGB nA771BRMQB MA709AMU MA709AFM uA7818CKC uA7818UC
TLO72ACD uA772BSC MA709CP uAT709TC MA7824CKC uA7824UC
TLO72ACP’ uA772BTC MA710CJ uA710DC uA7885CKC uA7885UC
TLO72BCD MA772ASC uA710CN MA710PC MA78LOSCLP MA78LOSAWC
TLO72BCP MA772ATC MA710MJ MA710DM MA78L12CLP MA78L12AWC
TLO72CD MA772SC uA711CJ nA711PC MA78L15CLP uA78L15AWC
TLO72CP MAT772TC MA711CN MA711PC MA78MO5CKC MA78MO5UC
TLO72MJGB MA772BRMQB MA711MJ pA711DM MA78MO6CKC MA78MO6UC
TLO74ACN MA774BPC MA711MV wA711FM MA78MO8CKC HA78MO8BUC
TLO74CN MA774PC nA723CJ uA723DC MA78M12CKC MA78M12UC
TLO74MJB uA774BDMQB MA723CN uA723PC MA78M15CKC MA78M15UC
TLO81ACJG uA771BRC MA723MJ uA723DM MA78M24CKC MA78M24UC
TLO81ACP MA771BTC 1A733CJ uA733DC MA7905CKC MA7905UC
TLO81BCJG uA771ARC MA733CN MAT733PC HA7908CKC MA7908UC
TLO81BCP MA771ATC MA733MJ uA733DM HA7912CKC MA7912UC
TLO81CJG MA77LRC MA741CJIG uA741RC MA7915CKC nA7915UC
TLO81CP MAT7LTC uA741CD uA7418SC MA79MO5CKC MA79MOSAUC
TL431CLP uA431AWC uA741CP uA741TC MA79MO8BCKC MA79MOBAUC
TL494CN uA494PC MA741MJ uA741DM MA79M12CKC MA79M12AUC
TL494CJ 1A494DC MA741MJIG uA741RM MA79M15CKC MA79M15AUC
TL494MJ #A494DM MA741MU MA741FM uA9637AC uA9637RC
ULN2001AN uA9665PC MA747C uA747DC 9614CJ HA9614DC
ULN2002AJ nA9666DC MA747CN uA747PC 9614CN MA9614PC
ULN2002AN uA9666PC MAT4TMJ uA747DM 9615CJ uA9615DC
ULN2003AJ 1A9667DC uA748CP MA748TC 9615CN uA9615PC

*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- ) nda
dering code. catalog linear circuits
uA741 T c will be marked as _,__“D‘:"?goc“
Device T PackageT T R shown in the following
evice Type ackageType emperature Range example.
Device Type ) , ) JAN Part Ordering Code*
This group of alpha numeric characters defines the device
including functional and electrical characteristics, alpha suf- J M 38510/ 101 1 G C
fixes are added to further delineate electrical options. ] ]
JAN Designator
Package Typg i Cannot be marketed with "'J"
One alpha suffix represents the basic package style. unless qualified on Part |
D = Dual In-Line (Hermetic, Ceramic) or Part Il of the QPL
F = Flatpak (Hermetic) General
G = Flatpak (Brazed) Procurement Spec
H = Metal package Refers to Detail Spec |
J = Dual In-Line (Side Brazed) 101 Op Amps
K = Metal Power Package (TO-3) 102 Voltage Regulators
L =LCC Leadless Ceramic Chip Carrier 103 Comparators
P =Dual In-Line (Molded) 104 Interface
f ) ) 106 Voltage Followers
Q = PLCC Plastic Leaded Chip Carrier 107 Positive Fixed Voltage Regulators
R =8 Lead Dual In-Line (Hermetic, Ceramic) 108 Transistor Arrays
S = SOIC Small Outline Integrated Circuits 1?8 gl';%fsop Amps
T =8 Lead Dual In-Line (Molded) 112 Voltage Comparator
U = Power Package (Molded, TO-220) 113 D to A Converter
W = Molded Package (TO-92 Outline) 115 Negative Fixed Voltage Regulators
X X X " 117 Positive Adjustable Voltage Regulators
Different outlines exist wﬂhm each package style to ac- 118 Negative Adjustable Voltage Regulators
commodate various die sizes and number of leads. Specif- 119 Low Power, Low Noise, Bi-Fet Op Amps
ic dimensions for each package can be found in the Defi D
Package Outline section of this catalog, listed by online nes. evice Type
code. These specific codes are referenced on each data Processing Level
sheet. S
B
Temperature Range Package Type
One alpha suffix represents one of the following three ba- A 14-lead 1/4 x 1/4 Flatpak
sic temperature grades in common use. Exact values and B 14-lead 1/4 x Flatpak
conditions are specified on the device data sheets. g 1:-:%3 :;3 X g;g Ellpt i}
= : o o -lea X atpal
C _Commercnal 0 Coto +70°C . E 16-dead 1/4 x 7/8 Dip
M = Extended -55°C to +125°C F 16-lead 1/4 x 3/8 Flatpak
V = Industrial -25°C to +85°C G 8-lead Can
-40°C to +85°C H 10-lead 1/4 x 1/4 Flatpak
. | 10-lead Can
QB/883 Processing J 24-lead 1/2 x 1 1/4 Dip
A two alpha suffix of QB indicates conformance to Class K 24-lead 3/8 x 5/8 Flatpak
"B'" process requirements of MIL-STD-883 to Fairchild MIL )L(g“lgzzd_rfgg XC;; 2 Flatpak
temperature range data sheet electricals. Y 2.ead TO-3 Can
Z 24-lead 1/4 x 3/8 Flatpak
Examples . - . Z 20 Terminal LCC
MA741FM This number code indicates a uA741 Operation- o
al Amplifier in a flatpak with military temperature rating ca- Lead Finish
pability. A Hpt Solder Dip
wA725EHC This number code indicates a uA725 Instru- CB: -ggldplglt:te
mentation Operational Amplifier, electrical option E, in a X Any Finish Above
metal package with a commercial temperature rating capa-
bility. *See Section 12 Aerospace & Defense
| S

Device Identification
All Fairchild standard
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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 Oxy, 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
—@ Ty JUNCTION TEMPERATURE

POWER (P
b 63c JUNCTION-TO-CASE
THERMAL RESISTANCE
Tc CASE TEMPERATURE
( HEAT 6cs CASE-TO-SINK
SOURCE THERMAL RESISTANCE

Ts SINK TEMPERATURE

6gA SINK-TO-AMBIENT
THERMAL RESISTANCE

® TA AMBIENT TEMPERATURE
CRO5750F

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, 6,4, is then ex-
pressed as a sum of thermal resistances in series, as
shown:

0a = 6yc + bcs + Osa
T, - - -
_D TC+TC Ts+Ts Ta
Pp Pp Pp

= M (°C/W)
Pp
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 6,4 and 0;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.




Thermal Considerations

Thermal Considerations Using Voitage 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 levels 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, lq

Ta— Ambient temperature the regulator will encounter dur-

ing operation.

Ty Max — Maximum operating junction temperature, speci-

fied by the manufacturer.

6)c, 6,4 — Junction-to-case and junction-to-ambient thermal
resistance values, also specified by the regula-
tor manufacturer.

Ocs — 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.
Osp — 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

6a

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

Pp Max =

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.

Osatot) = buc + Ocs + Osa =

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).

0,c = 5°C/W maximum (from data sheet)

Ty-Ta
Buactot) = uc + Ocs + Osa = -
fos + 0sp = 22— _ 5 _ 3130w
CS™ "SAT b.8x 10 .

Assuming Ocg = 0.13°C/W then fgp = 3°C/W

Figure 2 Heat Sink Material 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

6sa Approx. (°C/W) Manufacturer® and Type

TO-3 Packages
0.4 (9" length) Thermalloy (Extruded)
6590 Series
Thermalloy (Extruded)
6660, 6560 Series
Wakefield 400 Series
Thermalloy (Extruded)
6470 Series
Thermalloy (Extruded) 6423,
6443, 6441, 6450 Series
Thermalloy (Extruded)
6427, 6500, 6123, 6401,
6403, 6421, 6463, 6176,
6129, 6141, 6169, 6135,
6442 Series

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)

19 IERC E2 Series (Extruded)

2.1 IERC E1, E3 Series (Extruded)
23-4.7 Wakefield 600 Series

4.2 |IERC HP3 Series

4.5 Staver V3-5-2

48-75 Thermalloy 6001 Series

5-6 IERC HP3 Series

5-10 Thermalloy 6013 Series

2-5

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

1 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
6.5-75 IERC VP Series

74 Thermalloy 6070 Series
8.1 Staver V3-5

8.8 Staver V3-7-96

9.5 Staver V3-3
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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
12.5-14.2 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 16.1-17.2 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 F5-5B 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
Thermalloy Inc.: 2021 W. Valley View Lane, Dallas, TX 75234
Wakefield Engineering, Inc.: Audubon Rd., Wakefield, MA 01880
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Testing, Quality 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, normally 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 sample test-
ing outgoing material at temperature extremes.

In summary then:

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

b. Compliance to temperature specifications is accom-
plished through on-going characterization and room tem-
perature guardbands.
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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.
Reconciliation of internal versus customer resulits.

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

©® Reliability 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




Testing, Quality and Reliability

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 control 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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CLASIC™

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
. STANDARD CELL
SP%‘CAIg:::AA'#ION SCHEMATIC
SO SIMULATION
SIMULATION LAYOUT
<
)
LAYOUT \ VERFIGATION
LY
LAYOUT ‘e MASK
VERIFICATION “ GENERATION
\ ¢
MASK h WAFER
GENERATION Ce FABRICATION
WAFER ASSEMBLE/
FABRICATION TEST
ASSEMBLE/ PROTOTYPE
TEST EVALUATION
PROTOTYPE SUPPORT
EVALUATION SERVICES
AFQ0890F
® Peak Detectors
® PLL
® Programmable Current Sources
® VCO's

® Wave Generators
® Zero Crossing (Detectors)
©® 555 Timer

Digital

® Gates

© Flip Flops

® One Shots

® Edge Detectors
® MUX's

® Counters

® Registers

® Decoders

® Delay Cells

® Drivers

©® Translators (ECL/TTL)

The linear performance offered by Bipolar CLASIC cells is
based on NPN f; of 2.6 GHz and PNP f; of 40 MHz. The
logic celis are based on high performance ECL offering
gate delays of 1.5 ns at fanout of 3 and D flip flop toggle
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
PNy WRITE READ WRITE MARK
Vee GND 20 21 DATA GATE GATE ENABLE
¥ v
. u(:s‘;::‘)e DIGITAL ANALOG CONTROL MFM (2,7)
A1FOUND CLOCK PRE-COMP PRE-COMP LOGIC SELECT.
DECODER
U INTERNAL
1 P_ RZ DATA gggmm
INTERNAL
NRZ READ MFM&2,7 16-BIT MFM&2,7 CLOCK
DATA ENCODER REGISTER DECODER [
INTERNAL } ]
1 > cLock u
READ/REF
MFM
cLock cLock ZEROPHASE ADDRESS PHASE Rt WRITE
GENERATOR STARTUP DECODER up CLOCK v
— GENERATOR
T NRZ
WRITE DATA
INTERNAL WRITE CLOCK
CONTROL
BUS GATE
IF CLOCK
RZ DATA |
RZ READ NLAV
DATA DIGITAL PHASE CHARGE
REFERENCE SWITCH y DETECTOR [~ ™| Pump veo
OSCILLATOR
(IF)
l ADDRESS
DELAY  DELAY MARK FAST SLOW  + - vco
RESISTOR CAPACITOR  FOUND FILTER CAPACITOR

~——
CHARGE PUMP
EQO0730F
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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 Il (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

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.

Step 4: Auto route and place run on desired CAD
tool.

Step 5: Layout verification run on desired CAD tool.

Step 6: Mask generation.

Step 7: Wafer Fabrication.

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

Fairchild can perform all 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.




CLASIC™
Available Packages:
set from attachment
Side Brazed
: &
No. of Pins Plastic Dip SOIC Ceramic Dip PLCC LCC Flat Pak
8 [ [ °
14 ° ° ° °
16 ) ° ° °
20 ® ° )
24 ° ° ° ° °
28 [ ) ° ° )
32 ° °
40 ° ) °
44 ° L]
68 ° ) °
132 °
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wA24H80
Winchester Disk
Servo Preamplifier

Linear Division Disk Drives

Description

The nA24H80 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 uA24H80 is optimized for low
input noise voltage to allow its use in low input signal
level applications. It 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{2)

® 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 15 V
Differential Input Voltage 10V

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.

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

8

[

7

] v

6

] -our
5

:I +0uT

i
e
N
o

——
CDO1570F
Device Code Package Code Package Description
uA24HB0RC 6T Ceramic DIP
MA24HB0SC KC Molded Surface Mount
MA24H80TC 9T Molded DIP
Connection Diagram
10-Lead Flatpak
(Top View)
1 10

+INC e R

-n — —

ne 7 —our

v- —

Ne —

CDO1580F

Order Information

Device Code Package Code Package Description

MA24HBO0FC 3F 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
+0UT Positive Differential Output
-0uT Negative Differential Output
NC No connection
I IR
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1A24H80

Electrical Characteristics Ty = 25°C, Voc=8.0 V to 13.2 V, unless otherwise specified.

Symbol Characteristic Condition Min Typ | Max Unit
G Gain (differential)* Rp=130 Q, Vcc=12 V 80 100 120

Rp=130 &, Vgg=12 V 70 130

Ta=0°C to 70°C
BW Bandwidth (3.0 dB)? Vi=0.5 mVp_, 30 65 MHz
R; Input Resistance 1040 | 1300 | 1560 Q
C Input Capacitance 3.0 pF
' Input Dynamic Range (differential) Rp =130 Q, Vec=12 V 3.0 mVp_p
ls Supply Current Vec=12 V 20 - 25 mA
AVg Output Offset (differential) Rp=130 ©, Rs=0 Q 200 mv
Vn Equivalent Input Noise? 2 Rs=0 £, BW=4.0 MHz 1.5 2.0 uv
PSRR Power Supply Rejection Ratio! Rs=0 £, f=5.0 MHz 55 70 dB
AG/AV Gain Sensitivity (Supply) Rp =130 Q, AVcc=+10% +0.5 % IN
AG/AT Gain Sensitivity (Temp) Rp =130 &, 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 w BW =15 MHz?
0.85 1.0 nv/VHz BW = 15 MHz2
Typical Applications
v+
Ry Ri
, L <; L c
1 5 1
"
SERVO
HEAD E W"b c
2 1L
6 "
4
<
Req 3 Req

CRO4340F

Notes
1. Leads shown for 8-lead DIP.
2. Req is equivalent load resistance.
R * Req
R+ Req
4. G=0.77 Rp
Where Rp = value from Note 3 (above) in ohms.

3. Rp
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MA2460 « uA2461
Servo Control Chips

Linear Division Disk Drives

Description

The nuA2460 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 ©A2460 and nuA2461 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 quad-
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

® Compatible With uA2470 Demodulator

Absolute Maximum Ratings

Storage Temperature Range
Ceramic DIP
PLCC
Operating Temperature Range
Lead Temperature
Ceramic DIP (soldering, 60 s)
PLCC (soldering, 10 s)
Internal Power Dissipation:
28L-Ceramic DIP
28L-PLCC
Supply Voltage
Analog Common Voltage
All inputs

2

Notes

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

300°C
265°C

2.50 W.

1.39 W.

15 V Max
8.0 V Max

V supply Max

1. Ty 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 28L-Ceramic DIP at 16.7 mW/°C, and the 28L-PLCC at
11.2 mW/°C.

Connection Diagram
28-Lead DIP (Top View)

[:1 \J 28

Do V+

o1 ] ] DIRECTION IN/OUT
3 26

02 ] ) CLOCKIN
a 25

03 g a DAC OUT

04 [ ;) MOTOR CUR -
3 23

o5 ] :] MOTOR CUR +
7 22

os (] VELOCITY 2
) 21

o7 ] VELOCITY 1

9

LATCH ENABLE []
10

SEEK/FOLLOW []

20
] POSITION OUT
19

(] ANALOG SW
8

TR2 E ] ANALOG sW
TR E £| AN | quap
R0 & ’-lfl NIN } POSITION SIGNALS
GND E‘_ = ANALOG COMMON
CDO1540F

Order Information

Device Code

Package Code

Package Description

1A2460DC FM Ceramic DIP
uA2461DC FM Ceramic DIP
Connection Diagram
28-Lead PLCC (Top View)
g z
= X
TNl
nnnQaMmdnn
o
pe]s ¢ 3 2 1 2 27 2 ) pacour
os e 24 [] MoToRCuR-
os [ 7 23] MOTORCUR +
or(]s 22[] veiocrry 2

LATCH ENABLE E 9
SEEK/FOLLOW [: 10
TR2 C 1

21 [] veLocry 1
20[] POSITION OUT
19[] ANALOG SW

12 13 W15 16 7 18
U

CDO1551F

Order Information

Device Code Package Code Package Description

uA2460QC KH Plastic Leaded Chip
Carrier

uA2461QC KH Plastic Leaded Chip
Carrier




MA2460 * uA2461
Description of Lead Functions
Lead Name Description of Function
Inputs
1-8 DAC Input Word Programs DAC output, 00000000 = Analog Command
(Do-D7) Lead 1 =LSB 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.
(High = 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 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
1" 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 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.
L I




Figure 1 Head Actuator Control System
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Figure 2 Block Diagram
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Functional Description
Figure 2 shows a block diagram of the uA2460/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 uA2460)

NN\
>/ >< \\ RADIAL
e
ai/l N
) \ /><\
- [T UL

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 internal comparators and logic and sent to

the Track Crossing outputs Tp, Ty, and T,. The relation-

ship of these outputs to the inputs N and Q is shown in
Figure 3a (for uA2460) and Figure 3b (for uA2461).

Note that different servo patterns may vyield different num-
bers of track centerlines for each period of the quadrature
signal pair. The relationship of Tp, Ty, and T2 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 uA2461)
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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 2 is provided.
This switch is ON during Follow Mode.

Mode Select

The two major intended operating modes for the uA2460
are controlled by the microcontroller via the SEEK/FOL-
LOW input. Mode Select input high enables Seek Mode,
low enables Track Follow 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-following 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

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 signal 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

DAC OUT
N AND QINPUTS
VELOCITY
vi
coiL
CURRENT
POSITION OUTPUT
CONSTANT CRO4210F
ACCELERATE VELOCITY DECELERATE
SEEK TRACK FOLLOW
CRO4200F
I - . B
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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——kin) x2x 10~ £ (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.

DAC OUT SWITCH
{ :’\ VEL1 MATRIX
PORT 1 8-BITS DACIN VEL2 ERROR ERROR
A2460 SIGNAL AMP
MICROCONTROLLER L Toor
POS OUT t—>1 comp [
I 3-BITS | TRKOUT
PORT 2 DACEN sw1 ________} T
SIF sw2
DR ANLG CURRENT SENSE \ POWER
N Q CoMm AMP
POSITION
DEMODULATOR [ SERVOIN
VOICE COIL
MOTOR
‘CR04220F
— — ———

5-10




nA2460 * uA2461

uA2460, pA2461

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

otherwise specified.

Symbol Characteristic Condition Min | Typ | Max | Unit
Digital 1/0 Input Voltage LOW 0.8 \
Input Voltage HIGH 2.0
Output Voltage LOW loL=2.5 mA 0.45
Output Voltage HIGH lon =40 pA 24
Input Load Current V=0V to Voo 0.2 | mA
Clock Input Input Comparator 2.0 25 3.0 \
Reference Level
Input Impedance 15 20 k2
DAC Linearity’ -1 +1 | LSB
Resolution 8.0 bits
Differential Nonlinearity Monotonicity Guaranteed
Full Scale Output Voltage Direction In High 7.25 | 735 | 7.45 Vv
Direction In Low 255 | 265 | 2.75
Zero Scale Voltage 5.0
Output Offset Voltage +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=0Vto 12 V 100 | 200 Q
Off Leakage® 20 | 100 | nA
Position Output Output Voltage Swing Rp = 15K Follow Mode 1.0 9.0 \
Voltage Gain 0.9 1.1 —
Output Offset Voltage +20 | mV
Velocity Outputs Output Voltage Swing RL=15K 1.0 9.0 \"
Output Offset Voltage v2 +20 | mV
\'Al +15
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1A2460 * uA2461

uA2460, uA2461 (Cont.)

Electrical Characteristics Tp = 0°C to 70°C, Vgc =12 V, fqk = 2.0 MHz, Analog Common = 5.0 V, unless
otherwise specified.

Symbol Characteristic Condition Min | Typ | Max | Unit
Icc Positive Supply Vcc=13.2 V 10 15 | mA:
Iss Negative Supply Vec=13.2 V -15 | -10 mA
lac Analog Common | -2.0 0| +20| mA
V1 — Differentiator Linearity fok = 1.0 MHz to 4.0 MHz; 0.25 %
fnQ <10 kHz
V2 — Integrator Linearity fok = 1.0 MHz to 4.0 MHz 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 us.

Equivalent to 50 MQ.

4. Guaranteed, but not tested in production.

w
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Preliminary

nA2470
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 puA2470 accepts this sig-
nal after it has been amplified by a uA2480 type of
preamp and processes the various components for input
to a nA2460 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 1A2460
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, Vccq 6.0 V
Supply Voltage, Vcca 15V

Notes
1. Ty max = 175°C.

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

derate at 16.7 mW/°C.
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Connection Diagram
28-Lead DIP
(Top View)

TRK CLK |'_‘1
PRE-SCALER MSB é
PRE-SCALER LSB If
SYNC TIMING If
VCO TUNING VOLTAGE Cs
VCO CAP 1 C‘
VCO CAP2 C7
STORAGE CAP 1 [f
STORAGE CAP 2 :9
cLKouT [1__0_
CHRG PUMP CUR E
CHRG MAGNITUDE E
PLL LOCKED E
GND E

28
[ ] Veer

27

] TRKDATA
26

[] compin2
25

] comPIN1
24

% AGC COMP 2
%l AGC COMP 1
] nPoOUT

21

] BALBYPASS
20

] apouT

19

[ ] ANALOG REF
18

CHRG CUR
15
DISCHRG CUR

Order Information
Device Code Package Code

uA2470DC FM

CDO1560F

Package Description
Ceramic DIP
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Block Diagram

CHARGE

BALANCE PUMP  STORAGE
BYPASS CURRENT  CAP2
AGC AGC COMPOSITE SYNC CHARGE STORAGE
COMP1 COMP2 out TIMING MAGNITUDE CAP1
COMPOSITE IN 1 vp
AGC comp | siG SYNC SYNC PHASE comp CHARGE
AMPLIFIER SEPARATOR DETECTOR u PUMP
COMPOSITE IN 2
DOWN
A
of o
Veer —1> > >
A ‘
Veez e i g
74
GROUND =t w g VCOCAP 1
a
c vco VCO CAP 2
Svhe VCO TUNING
PLLLOCK WINDOW
PLL LOCKED VOLTAGE
DETECTOR TOCKED 9
DATA Q
WINDOWS % CLOCK OUT
Y v 1
WINDOWS
5V DATA POSITION DIVIDER oIV
A"M,;%‘F; REGULATOR DEMODULATOR DEMODULATOR DECODER k| PRE-SCALER
y
TRACK TRACK NP QP PRE-SCALER  PRE-SCALER
CLOCK DATA OuT ouT Lss MSB

DISCHARGE CHARGE
CURRENT CURRENT

EQO0700F
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nA2470
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 Composite IN 1 Composite signal inputs.
26 Composite IN 2
28 Vceit 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 OUT 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 cancelling circuit in the AGC Amplifier. Sets the
low frequency roll off of the Amplifier.
23 AGC 1 Loop Filter capacitor for AGC Amplifier.
24 AGC 2 Bypass Capacitor for AGC Ampilifier.
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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 signals
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 pulse 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.
N and Q are in a quadrature relationship, i.e. when N and
N are equal in magnitude the difference between Q and Q
is at maximum and vice versa. Equal magnitudes of N and
N represent odd tracks and Q and Q the even tracks.

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 control
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

5-16

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
controls the droop rate between peaks.




uA2470

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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uA2470

Figure 4 Phase Lock Loop Block Diagram
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Figure 5 VCO Fast/Slow Timing Diagram
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uA2470

Figure 6 Magnetized Pattern of Quadrature Di-Bit Servo Signal and Read Signal
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©A2470

Figure 8 PLL Synchronizing Event

SYNC
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1A2470 TIMING DIAGRAM when Loop is locked.

uA2470

Electrical Characteristics T = 25°C, Vgco =12 V, Vg1 = 5.0 V, unless otherwise specified.

CRO5630F

Characteristic Condition ‘ Min l Typ l Max Units
AGC Amplifier
Max Voltage Gain 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 Voo
N and Q Outputs
Output Voltage Rp = 20K 5.0 Vpp
Output Impedance 100 Q
Output Offset Voltage 20 mv
Voltage Reference
Output Voltage 4.8 5.0 5.2 \
Output Current 5.0 mA
R o I




1A2470

uA2470 (Cont.)
Electrical Characteristics Tp = 25°C, Vg =12 V, Vgo1 = 5.0 V, unless otherwise specified.

Characteristic 1 Condition L Min l Typ l Max | Units
vco
Max Frequency Cvco =20 pF 20 MHz
Tuning Range -60 +140 %
Digital Outputs (R pull-up = 2.0K to Vcg)

VoL 0.4 \
Rise Time 08 to 24 V 20 ns
Fall Time 24 to 0.8 V 5.0 ns
Supply Current

Veet 140 mA
Veez 12 mA

Capicator Value vs
Sync Pulse Demodulator And

Program Voltage vs Control Voltage vs Charge Pump Oneshot Pulse
Charge Pump Current VCO Frequency Length
> 0.4 100
1 20
3 a A
5 16 > 02 4 % g /R=12k
> I AI:
g ¢ g
3 12 g o £ e 7
s ] g /
g 5 3 4 %
O o8 g 02 f = 4
& 2 2 R=24K
§ g i ¥ d
? o4 > .oa 4 Z y P
8 /
2 v 7
g, ol 4
5 % 50 100 150 200 . 250 08 0.8 10 1.2 14 0 200 400 600 800 1000
OUTPUT CURRENT — mA NORMALIZED VCO FREQUENCY — MHz PULSE LENGTH — ns
PC11851F PC11660F

PC11641F
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Test Circuit (Note 2)

L]
TRK CLK

PRE-SCL MSB
PRE-SCL LSB
SYNC TIMING
VCO TUN VvOL
VCO CAP 1
VCO CAP 2 “
STOR CAP 1
STOR CAP 2
CLK ouT

CHG PMP CUR

CHG PMP MAG
PLL LOCKED

GND

A2470

Veer 50V
1.0 4F
TRK DATA oten) T K
0.1 uF =
comp IN 2 f———{}— +IN
compin1|—21eFy iy
0.33 uF
AG comp 2}—Fp—
AG COMP 1 —"'—% "_ﬁ
N ouT Nout T
1.0 uF
BAL BYPS |———| |-—_L
aour Qour -
Vrer OUT VRer OUT
Veez 12v
| | 1.0 uF
comp =
comP ouT Som
CHRG CUR |———AA-
20 kO
DISCH CUR VA~
200 kQ L

(NOTE 1) ————
c1
24 kQ L
5.0V Vv
51kQ
Av‘v‘v
750 Q —1
c2
= | e
054F 5100
5100 %o.z »F K i
= 0.5,F
(NOTE 1)
5.1 kQ
5.0 V—AAA-
7500 24 kQ
50V
(NOTE 1)
c3
Notes
1. Open collector digital outputs
2. C1=233 pF
C2 =100 pF
C3=15 pF

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

CRO5640F
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E— nA248X « uA248XR Series
...Ef& Winchester Disk
A Senlumberger Company Read/Write Preamplifiers

Linear Division Disk Drives

Description Connection Diagram
The nA248X/uA248XR Series High Performance Read/ 24-Lead Flatpak
Write Preamplifiers are intended for use in Winchester disk (Top View)

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- . : ”' T S
ter disk drive designs. Designed to reside in the Head/ Hox —3 2 1 24 2332 wol
Disk Assembly (HDA) of Winchester disk drives, the Read/ [ p— ) E——
Write Preamplifiers provide termination, gain, and output Hix —s 20 =3 Vo
buffering for the disk heads as well as switched write cur- Wy 6 19— ver
rent. Certain write fault conditions are detected and report- Hax z 7 18— Hax
ed to protect recording integrity. The parts are available Hoy s 17 =3 nav
with internal damping resistor (uA248XR) and without inter- AW 9 16— nc
nal damping resistor. (uA248X) we 1011 12 13 1415 =—= NC
| . RDX C o | ]l " [0S 3 WUS
® Wide Bandwidth, High Gain, Low Noise RDY C = Vee
® Up To Eight Read/Write Channels CooteriF

@ Internal Write Fault Condition Detection
® 5.0 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

Order Information
Device Code Package Code Package Description

uA2484GC FR Brazed Flatpak
MA2484RGC FR Brazed Flatpak

Input Voltages

Absolute Maximum Ratings Head Select (HSO, HS1, HS2)  -0.4 V to Vggy +0.3 V
Storage Temperature Range Write Current (WC) Voltage in
Ceramic -65°C to +175°C read and idle modes. (Write
Plastic -65°C to +150°C mode must be current limited
Operating Junction Temperature Range 25°C to 135°C to =70 mA) -0.3 V to Vggy +0.3 V
Lead Temperature Chip Select (CS) -0.4 V to Vggq +0.3 V
Ceramic (soldering, 60 s) 300°C Read/Write (R/W) -0.4 V to Vgg1 +0.3 V
Plastic (soldering, 10 s) 265°C
Internal Power Dissipation,': 2 Part Selection
28L-Ceramic DIP 250 W .
24L-Ceramic DIP 1.95 W Device Code  Channels
18L-Ceramic DIP 1.58 W uA2482X 2
32L-Brazed Flatpak 1.88 W uA2484X 4
24L-Brazed Flatpak 0.97 W 1A2485X 5
24L-Ceramic Flatpak 0.90 W 1A2486X 6
44L-PLCC 1.92 W 1A2488X 8
28L-PLCC 139 W
Supply Voltage, Vceq 6.0 V
Supply Voltage, Vce2 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 18L-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.
L R
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nA248X » uA248XR Series

Connection Diagram Connection Diagram
24-Lead DIP 18-Lead DIP
(Top View) (Top View)
1 S 18
=g B = e
2 23
GND l: [] ns1 eNo [ [ ] woi
3 22 3 16
HOX C‘ a wo! NC ; a Voor
wov [ m wox [ Voo
S 20
Hix ‘; ;’l Vooz HOY :s % ver
Hiy [ ] ver RIW E7 ':2 HIX
H2X [f - H3X wc C‘ ;1] HIY
H2y [f ’_1_71 H3Y ROX [ g wus
9 16 9 10
RW [ ] ne ROY [] Vee
10 15
wc E :’ NC CDO1601F
1 14
RDX [ ] wus
12 13
ROY [] (] vec Order Information
J— Device Code Package Code Package Description
uA2482DC FU Ceramic DIP
uA2482RDC FU Ceramic DIP

Order Information

Device Code Package Code Package Description Connection Diagram

nA2484DC 7L Ceramic DIP 24-Lead DIP
1A2484RDC 7L Ceramic DIP (Top View)
Connection Diagram . s
24-Lead Cerpak = ﬁ nso
2
(Top View) oo [2 5 o
3 22
& — ) Hso HOX C‘ %l HS2
GND j\\ U Ir- 2 HS1 Hoy [ (] woi
HOX ——] 3 2 124028 2k—wn mx[f ﬂvm
HOY C—— 4 20 Vo ] 19
HIX C—5 20 30 Vo Y C7 ;.I ver
HIY 6 19f—23 ver Hax L; % Hax
H2X 7 18 /3 H3x H2y [ tl HaY
H2Y 8 17 3 H3Y AW E9 Jj
RW ] o wl=—=nc [ = X
we 10 11121318 1BE—JnNC we E ;‘l HaY
RDX C 77 I' “ = 3 wus ROX [] ] wus
RDY = 3 Vee 12 13
CD01621F RDY C 3 Veer
CDO1630F
Order Information
Device Code Package Code Package Description Order Information
1A2484FC FN Ceramic Flatpak Device Code Package Code Package Description
HA2484RFC FN Ceramic Flatpak 1A2485DC 7L Ceramic DIP
HA2485RDC 7L Ceramic DIP
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Connection Diagram Connection Diagram
24-Lead Cerpak 28-Lead DIP
(Top View) (Top View)
Cs ] HSO 1 A 28
avo —=——n\ || || =—— ¥s" o L 7
HoX —— 3 2 12423 22— HS2 & O ) ws2
HOY ———] & 21— woi 3 26
HIX =] 5 20— Voo one C4 ;5’ wo
HYy 6 19 |—= ver HOX L:. E‘ Voo
H2X — 7 18— Hax oy [ Voo
H2Y ——] s 17 == Hav ] 2}
RW 9 16— H3x Hx ; % ver
WC 10 111213 14 15— Hav HiY Ca %' HSX
ROX ————J ” “ = wus H2X : [ ] Hsy
ROY [ 3 Vee 9 20
comsstE H2y E '1:91 Hax
RIW [ ] Hay
11 18
Order Information we ) o
Device Code Package Code Package Description ne [ [ Hav
uA2485FC FN Ceramic Flatpak rox (] 9 wus
MA2485RFC FN Ceramic Flatpak 4 15
rov [] Vee
Connection Diagram cooteste

28-Lead PLCC (Top View)

Order Information

§ 2w 83y 6d Device Code Package Code Package Description
O0O0n0nnoon 1A2486DC FM Ceramic DIP
©) pA2486RDC FM Ceramic DIP
wv[Js 4 3 2 1+ 827 2% )y
Hix e 24 [J vy, Connection Diagram
wy 7 = ver 24-Lead Flatpak
(Top View)
Hx [ 8 22 [ Hsx
H2y [ o 21[] Hsy s = — so
RW [ 10 20 p Hax GND = 1 l ITﬁ 3 Hs1
we [ 1 19[] Hay HOX 32 1 24 82—/ Hs2
1218 1815 6 17 18 HoY 4 A== wo!
OO0 HIX .35 20:=Vnm
g s E 5 g > X HIY C—6 19 ———3J VCT
g2 328 Hax C——7 18 f———3 H4aX
conene H2y c—] 8 17 == Havy
Order Information R/:l — 190 :: g :::
Device Code Package Code Package Description ::’)x = T wos
1A2486QC KH Plastic Leaded Chip ROY Jl “ 3 Vee
Carrier CDO1661F
1A2486RQC KH Plastic Leaded Chip

Carrier Order Information

Device Code Package Code Package Description
uA2485GC FR Brazed Flatpak
nA2485RGC FR Brazed Flatpak
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Connection Diagram
44-Lead PLCC (Top View)

o - -
FEEH I
LAA0nNn0ononnnnon
o

NC[l7 6 s 4 3 2 1 & &3 24 @[]V,
NC : s ] Voo,
Nc (s a1 ver
HOX [ 3 [] HEX
Hoy (O 3 (1 Hey
HIX [ 3 a H5X
Hiy Ou 3 ] H5Y
H2x O 2 a Hax
H2y s K p HaY
HTX [ s0 [J H3X
H7Y O 20 [ H3Y

18 19 20 21 22 23 24 25 26 27 28

ooooooOooooo

BgeeEEpgeee

Order Iinformation
Device Code Package Code

CDO1691F

Package Description

uA2488QC KI Plastic Leaded Chip
Carrier
1A2488RQC Ki Plastic Leaded Chip
Carrier
Connection Diagram
32-Lead Flatpak
(Top View)
HS1 ] 1 N 32 | ws2
Hso ] 2 [ —
s—3 30 Vo,
GND — ¢ 29 eI Vi,
HOX e § b Y ommm— o
Hoy ] & £1 m— LT
X e 7 26 I HeY
HIY el 8 25 ] HSX
HaX o ¢ 24 [ HsY
H2Y ] 10 23 [ Hax
HIX e 11 22 g HaY
HYY o 12 21 e H3X
RIW ] 13 20 [ JH3Y
wel——J 1 19 f———wus
ROX 3 15 18 | Ne
ROY 116 7 Vee

Order Information

Device Code Package Code
uA2488GC FS
MA2488RGC FS

CDO1681F

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: HSO, HS1, HS2 (see
Table 2). Internal circuitry senses the following conditions:

1. Absence of data transitions.
2. Open circuit head connection.
3. Absence of write current.

4. Short circuit head connection.
5. Idle or read mode.

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 lead
and applies the amplified signal differentially to data lines

RDX and RDY.




uA248X ® 1A248XR Series

Description of Lead Functions

Lead
[o1]

R/W

HOX, Y
through H7X, Y

RDX, Y

HSO through HS2

WC

WDI

Vbp2

VCT

wus

Name
Chip Select

Read/Write Select

Read/Write Head
Connections

Read Data Outputs

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 Vpp4 to reduce internal
power dissipation. If this resistor is not used, RCT must be connected
externally to Vppq.

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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uA248X * uA248XR Series

Table 1 Read/Write Select Table 2 Head Select Inputs
Operating Modes Head Selection
Chip Select CS Read/Write R/W Mode HSO HS1 HS2 Head Selected!
1 X Idle 0 (o] 0 0
0 1 . Read 1 0 0 1
0 0 Write 0 1 0 2
1 1 0 3
0 0 1 4
1 0 1 5
0 1 1 6
1 1 1 7
Note

1. If selected head is beyond the capacity of the ©A248X 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
CHIP
Gs. SELECT
y
wDI WRITE WRITE EN UNSAFE
_ SELECT CIRCUIT
RIW DETECTOR
READEN| ¥ f
HOX
RDX
POSTREAD HEAD 0 HoY
RDY AMPLIFIER :
DIFFERENTIAL HiX
READ HEAD 1
AMPLIFIERS H1Y
AND
WRITE —> H2X
HSO CURRENT HEAD 2
HS1 HEAD SWITCHES H2y
HS2 SELECT H3X
HEAD 3
(5CHANNELS) > Hay
H4X
CURRENT HEAD 4
DRIVER Hay
wc
EQO0720F
S S S
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Absolute Maximum Ratings All voltages referenced to GND

Symbol Characteristic Value Unit
Vbp1 DC Supply Voltage -0.3 to +14 \
Vbb2 -0.3 to +14 \%
Vee -0.3 to +6.0 \
Vin Digital Input Voltage Range -0.3 to Voo +0.3 \
Vy Head Port Voltage Range -0.3 to Vpp +0.3 \
Vwus WUS Port Voltage Range -0.3 to +14 \
lw Write Current 60 mA
lo Output Current RDX, RDY -10 mA

VCT -60

WuUs +12

Recommended Operating Conditions

Symbol Characteristic Value Unit
Vbp1 DC Supply Voltage 12 £10% \
Vpp2 6.5 to Vppq Vv
Vee 5.0 £10% \"
Lh Head Inductance 5.0 to 15 uH
RD Damping Resistor (External) 500 to 2000 Q
RCT RCT Resistor 90 +5.0% (V2 watt) Q
lw Write Current 25 to 50 mA
lo RDX, RDY Output Current 0 to 100 MA
L — _ o
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DC Characteristics 25°C <T;<125°C Vppy =12 V, Vgc=5.0 V, unless otherwise specified.

Symbol Characteristic Condition Min Max Unit
lcc Supply Current Read/Idle Mode 25 mA
Write Mode 30
Iob Supply Current Idle Mode 25 mA
Read Mode 50
Write Mode 30 + Iy
Pc Power Consumption Ty=125°C Idle Mode 400 mWwW
Read Mode 600
Write Mode, 850
Iw =50 mA,
RCT=90 Q
Write Mode, 1050
lw =50 mA,
RCT=0 Q
ViL Digital Input Voltage LOW -0.3 0.8 \
Vin Inputs: Input Voltage HIGH 20 | Veg+03| V
Iy Input Current LOW V=08V -0.4 mA
™ Input Current HIGH V=20V 100 MA
Vou WUS Output loL=8.0 mA 0.5 \"
loH Voy=5.0 V 100 A
Ver Center Tap Voltage Read Mode 4.0 (typ) \Y
Write Mode 6.0 (typ) \"

Write Characteristics Vpp1 =12 V, Vgc =5.0, lw =45 mA, Lh =10 uH, f(Data) = 5.0 MHz, CL (RDX,
RDY) <20 pF, Rp gxt =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 20 mA (pk)
Differential Output Capacitance 15 pF
Differential Output Resistance Without Internal Resistors 10K Q

With Internal Resistors 538 1.0K

WDI Transition Frequency WUS = LOW 400 (typ) kHz
lwe to Head Current Gain 18 (typ) mA/mA
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Read Characteristics Vpp; =12 V, Vg =5.0 V, Lh=10 uH, f (Data) = 5.0 MHz, CL (RDX, RDY) < 20 pF,

(Vin is referenced to Vcr), Rp ext =750 2 or Rp N1, Unless otherwise specified.

Characteristic Condition Min Max Unit

Differential Voltage Gain Vin=1.0 mV, at 300 kHz 80 120 V/V
RL (RDX), RL (RDY) =1.0 kQ2

Dynamic Range Input Voltage, V|, Where Gain Falls by 10%. -2.0 +2.0 mV
Vin=V,+0.5 mVp, at 300 kHz

Bandwidth (—3db) 125 1<5.0 Q, Vin=1.0 mVp_, 30 MHz

Input Noise Voltage BW =15 MHz, Lh=0, Rh=0 2.1 nv/vVHz

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 MA

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

Power Supply Rejection Ratio 100 mVp_p at 5.0 MHz on Vpp1, Vpp, or Vee 45 db

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

Output Offset Voltage -480 +480 mvV

Common Mode Output Voltage 5.0 7.0 \"

Single Ended Output Resistance f=5.0 MHz 35 Q

Internal Damping Resistor 560 1070 Q

Switching Characteristics Vpp1 =12 V, Vgc=5.0 V, T;=25°C, Iy =45 mA, Lh=10 uH, f (Data) =5.0 MHz,

Rp ext =750 £ or Rp |nT, 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 to 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
wWus Safe to Unsafe — TD1 lw =50 mA 1.6 8.0 us
Unsafe to Safe —TD2 ly =20 mA 1.0
Head Prop. Delay - TD3, TD4 Lh=0 pH, Rh=0 25 nS
Current From 50% Points
Asymmetry WDI has 50% Duty Cycle and 2
1 ns Rise/Fall Time
Rise/Fall Time 10% - 90% Points 20

5-31



uA248X * uA248XR Series

Figure 1 Head Current Timing

o =f] oF

l'— tos
| omA A
‘ DIFFERENTIAL mi om,
HEAD

fe—1tD4
CR04241F
Figure 2a Unsafe to Safe Timing
50%
Vwo DATA
toz
Vwus
20V LOAD CAPACITANCE = 20 pF

PULL UP RESISTOR = 1.0kQ

CRO4251F

Figure 2b Safe to Unsafe Timing

HEAD OVERSHOOT
VOLTAGE
Vi1, Viz)

o
20v LOAD CAPACITANCE =20pF
PULL UP RESISTOR = 1.0k

CRO4261F
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A Schlumberger Company

1A2480
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 1A2480 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 SSI 101

Absolute Maximum Ratings
Storage Temperature Range

Connection Diagram
8-Lead DIP
(Top View)

+IN

-out
5

j +0UuT

CDO1570F

Order Information
Device Code Package Code Package Description

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 Molded DIP, and 175°C for the Flatpak.

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

derate the 10L-Flatpak at 5.3 mW/°C, and the 8L-Molded DIP at

7.5 mw/°C.

nA2480TC oT Molded DIP

Connection Diagram

10-Lead Flatpak

(Top View)

1 10

+IN [ . —
~IN [ | a—T
Ne = -onr
v- [ —
NC [ > ‘6: NC

Order Information

Device Code Package Code

uA2480FC 3F

Package Description
Flatpak



uA2480

Equivalent Circuit

Q6

Q21
a7 +0uT -out
Q20
Q9
Q24 Q23 Q1o
Q19
Q22
Q18
3 Rt R2
> 9kQ < 4.3kQ
iE azs
Q26
Q27
Q28 a5 Y
R9 R10 R11 R12 R13
Q29 500Q 1.5kQ 48Q 250Q 48Q

an

R14
250Q

V-
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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, V=12 V 92 115 138

Rp=130 &, Vgc=12 V, 80 150

Ta=0°C to 70°C
BW Bandwidth (3.0 dB) Vi=20 mVp_, 10 30 MHz
R Input Resistance 800 1000 | 1200 Q
Ci Input Capacitance 3.0 pF
" Input Dynamic Range (differential) Rp=130 Q, Vcc=12 V 3.0 mVp_p
ls Supply Current Vec=12 V 30 40 mA
AVp Output Offset (differential) Rs=0 £, Ry=130 Q 600 mVv
Vn Equivalent Input Noise BW =4.0 MHz, Rg=0 Q 15 10 uv
PSRR Power Supply Rejection Ratio Rs=0 £, f<5.0 MHz 50 65 dB
AG/AV Gain Sensitivity (Supply) A Ve =+%10%, Rp =130 Q +1.3 % /N
AG/AT Gain Sensitivity (Temp) Ta=25°C to 70°C, R, =130 £ -0.2 %/°C
CMR Common Mode Rejection (Input) f<5.0 MHz 55 70 dB

Typical Applications

S

[+
1 \t 5
SERVO

A24
HEAD E . 1A2480 c

AAA

Req

|||-—<

CR04230F

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

R.*R
3. Rp=——2
RL+ Req

4. G=.88 Rp
Where Rp = value from Note 3 (above) in ohms.
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uA2490
MFM/2,7 Data Separator/
Encoder-Decoder

Linear Division Disk Drives

e —————
FAIRCHILD
L ——————

A Schiumberger Company

Description . Connection Diagram
The pA2490 Data Separator/Encoder-Decoder chip pro- 28-Lead DIP
vides a convenient, high performance means of converting (Top View)

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 ADDRESS MARK ENABLE ‘:' ~ f'] NRZ WRITE DATA
" serial formal suitable for recording on magnetic media. The 2
uA2490 provides both MFM and 2,7 modes of operation WRITE GATE L-‘; ;.! WRITE cLack
selectable with a select pen. rzweire oata (] -] WRITE MissiNG cLock
The D s o ’ h | " NRZ READ DATA [E ;‘ PRE-COMPENSATION 21
e Data Separator chip provides the complete oscillator
synchronization and data decode function required on con- ADDRESS"AR';::::: Ee % GATE (NOTE 1
trollers in the ST506 format, and disk drives in the ESDI (NOTE 1) l; % VCO CAPy (NOTE 1)
format. The chip also allows selectable precompensation FILTER- [} [] vcocap, (NOTE 1)
. . (NOTEY) 3§ 21
for those drives that may require it. vee O] ) GRounD
9 20
o Data Rates To 25 Mbps DEL“CA;‘A:T":: - % CHARGE PUMP SLOW (NOTE 1)
® ESDI And ST506 Compatible Signal Definitions A1 FOUND I:_ﬂ" ;‘] CHARGE PUMP FAST (NOTE 1)
® Can Be Used In Drive Or Controller ne [ (] DELAY RESISTOR (NOTE 1)
® Selectable MFM Or 2,7 Encoding/Decoding AEAD REF CLOGK [} _1__7] PRE-COMPENSATION 20
® Internal Generation/Detection Of MFM And 2,7 [ 6
Address Marks RZ READ DATA : : REFERENCE OSCILLATOR
® Internal Write Precompensation With Externally READ GATE E 5 MFM (2,7) SELECT
Programmed Value
CDO1701F
Absolute Maximum Ratings
Storage Temperature Range Note
Ceramic DIP -65°C to +175°C 1. Passive compensation node.
PLCC -65°C to +150°C
Operating Temperature Range 0°C to +70°C Order Information
Lead Temperature Device Code Package Code Package Description
Ceramic DIP (soldering, 60 s) 300°C 1A2490DC EM Ceramic DIP
PLCC (soldering, 10 s) 265°C
Internal Power Dissipation 2
28L-Ceramic DIP 2.50 W
441-PLCC 192 W
Supply Voltage 6.0 V
TTL Inputs 6.0 V
Output Voltage 6.0 V
Notes

1. Ty max = 150°C for the PLCC, and 175°C for the Ceramic DIP.
2. Ratings apply to ambient temperature at 26°C. Above this temperature,
derate the Ceramic DIP at 16.7 mW/°C, and the PLCC at 15.3 mW/°C.
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Connection Diagram
44-Lead PLCC
(Top View)

w
e f g3
3§ &3
¥ ¥< Ok
55 Ex.9¢
$8Zwgcdza
mﬂm'i&ggﬂg
R R AR
cEwes3 W oy
EESEZSEESW
gx Knﬁcﬂ'é"i
2IZHZQEFFES
An00nonnoannn
o
NC[7 6 s & 3 2 1 &4 & @ a1 @ ”DVCOCAP‘
NC [ % [] vcocap?
FILTER+1 []o a7 [1 NC
FILTER- 1 [ %[ NC
Veep O 3 [] GNDp
Veeca {12 % [] GNDa
Vecp 0w =[] GNDp
DELAY CAPACITOR []w 22 [] CHARGE PUMP SLOW !
A1 FOUND E 1 2 [] CHARGE PUMP FAST!
NC [ 0[] NC
NC v 2 [J NC
18 19 20 21 22 23 24 25 26 27 28

| J S N O S A NS g

Q WeEe o
N EE
9004525
EEEELS
Lidgooa
ccac g2,
oy SokZ
g = s wg
w T O= W
« 200

woe
Ew
We
ha
«

CDO1710F

Note
1. Passive compensation node.

Order Information
Device Code Package Code Package Description

uA2490QC KI Plastic Leaded Chip
Carrier
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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 n©A2490 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 uA2490 to output encoded RZ data on
the Write Data lead. lts 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 (disabled), 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 uA2490 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 2! lead is disabled
(LOW), the precompensation value will be 5% of the 2f clock period.

When this lead is enabled (HIGH) and PRECOMPENSATION 2° lead 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 lead 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.




uA2490

Description of Lead Functions (Cont.)

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

Veea

Veep

Delay Capacitor

Delay Resistor

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 ''Os'" 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. It 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 wA2490 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.)

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 VCO 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 will
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
——— WRITE READ WRITE MARK
Vee GND 20 21 DATA GATE GATE ENABLE
A A
.ﬁ';;:;’G DIGITAL ANALOG CONTROL MFM (2,7)
A1FOUND CLOCK PRE-COMP PRE-COMP LOGIC SELECT
DECODER
U INTERNAL
TR
— RZ DATA CONTROL
INTERNAL
NRZREAD MFM&2,7 16-BIT MFM&2,7 | o ock
DATA DECODER REGISTER ENCODER
. INTERNAL
" cLock
READ/REF
MFM
CLocK CLOCK ZERO PHASE Aeﬂa:’(ss PHASE (MFM) WRITE
GENERATOR STARTUP [ | up 7
1 DECODER CLOCK
GENERATOR cLock
1 NRZ
WRITE DATA
INTERNAL WRITE CLOCK
CONTROL
BUS GATE
IF CLOCK
} RZ DATA j
RZ READ DELAY I
DATA DIGITAL PHASE CHARGE
REFERENCE SWITCH y DETECTOR [ >| Pump veo
OSCILLATOR
(IF)
ADDRESS
DELAY  DELAY MARK FAST SLOW  + - vco vco
RESISTOR CAPACITOR  FOUND e FILTER CAPy CAP,
CHARGE PUMP
EQO0731F
L —— —
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Delayed Data input will always be centered in the Data
Window.

CHARGE PUMP — Provides either a charging or discharg-
ing current, as directed by the phase comparator, to the
externally connected loop filter. The value of the current is
internally switched between CHARGE PUMP FAST (a high
current) and CHARGE PUMP SLOW (a low current). The
higher current is used in the "'sync-up" mode during the
reading of sync-fields, and the lower current is. used during
reading data or ID fields. :

VCO — The Voltage Controlled Oscillator generates a con-
tinuous stream of clock pulses at a frequency rate that is
determined by the input voltage provided from the charge-
pump/filter combination, and an externally connected ca-
pacitor. The VCO output is continually being phase
compared to the pulse stream selected by the SWITCH
block. The input controlling voltage to the VCO is caused
to vary in such.a way as to maintain phase lock with the
input pulses.

CLOCK GENERATOR — Provides the output of the VCO

to the rest of the chip. The output of the CLOCK GENER- -

ATOR switches off at a change of state of the READ
GATE input, and turns back on at the first occurrence of
the RZ READ DATA (if READ GATE is enabled), or the
REFERENCE OSCILLATOR (if READ GATE is disabled).
The GATE lead can be tied to the VCO CAP lead to start
the VCO in-phase with incoming RZ DATA or REFER-
ENCE OSCILLATOR.

ZERO PHASE START UP — This block turns off all inter-
nal clocks whenever the READ GATE input changes state,
and also toggles the GATE lead. This lead can be tied to
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
the phase lock oscillator (RZ READ DATA for READ
GATE enabled, the REFERENCE OSCILLATOR for READ
GATE disabled) will disable the gate function and allow
the VCO to start in-phase with the incoming data, and will

enable all internal clocks. This provides the capability for
an in-phase start up for PLL. See Figure 2.

CONTROL LOGIC — Decodes the input control lines from
the controller to provide internal control signals to the
nA2490. It indicates to the rest of the chip when reading
or writing is being requested, and whether the MFM or 2,7
code is being used. During WRITE, it also presets the en-
coders to an encoded zero pattern.

READ/WRITE CONTROL — This block controls the switch-
ing of the uA2490 between READ and WRITE modes of
operation.

MFM & 2,7 ENCODER — This block is controlled by the
MFM/2,7 select lead. The MFM/2,7 select input will cause
incoming WRITE DATA IN to be encoded into either MFM
format or 2,7 format before it is clocked out as NRZ
WRITE DATA.

16 BIT REGISTER — The incoming data stream for both
read and write functions is shifted into this register for
processing purposes. During sync-up time this register is
used to count the number of incoming zeros to insure
proper synchronization to the RZ READ DATA. During
WRITE this register is used to enable precompensation
time-shifts at the appropriate time in the write data stream.
DC erased gaps in the RZ READ DATA stream are also
detected by using this shift register.

ADDRESS MARK DECODE — During read mode, when ad-
dress mark enable is active this block finds DC erased
gaps in the incoming bit-stream that are at least 16 bits
wide. A signal is sent to the controller to indicate a gap
has been found (ADDRESS MARK FOUND).

MISSING CLOCK DECODER (MFM)— immediately follow-
ing the sync-field in an MFM encoded bit stream there is
a pattern written that is not allowed in the MFM encode
process. The byte written is generally "'A1," and the
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)
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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 nA2490 can reside in either the disk controller or the
drive itself. When it resides in the controller, 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 uA2490 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 pA2490, 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 nuA2490 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 pulse 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.
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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 uA2490 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 switches 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 ""A1"
(HEX) or 10100001 where the clock pulse associated with
bit 6 is not present. "A1"" FOUND, a pulse from the
uA2490 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 uA2490 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 controller. 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 + Y4 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 9
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
#A2490 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
oscillator 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 "A1" (HEX)
and asserting the WRITE MISSING CLOCK line at the fall
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 DATA
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WRITE GATE
(INPUT) —I

D Eb b b & &b &b G &b &b &b G G

l(— INTERNALLY PRESET ENCODED ZERO PATTERN |<— ENCODED WRITE DATA
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Figure 5 Missing Clock Generation
BIT POSITION 1 2 3 4 5 6 7 8
"A1" DATA 1 L] 1 [} o [} [} 1

WRITE MISSING CLOCK | [—

ENCODED PATTERN I | I | I | I | I I I |
ENCODED PATTERN l I I I I I
WITH DROPPED CLOCK _l_l r—L.

€c pcCbCcCDCODTCDTCDTCDTCTD

€ = CLOCK TIME POSITION
D = DATA TIME POSITION

CROS00F
Recommended Operating Conditions
Symbol Characteristic Condition Min Typ Max Unit
Vece Supply Voltage 4.75 5.0 5.25 \
lcc Supply Current Vec=5.0V 200 mA
Ta Ambient Temperature 0 25 70 (o}
foATA Input Data Rate 25 Mbps
TRer Reference Oscillator Clock Period 40 ns
WRer Width of Reference Oscillator Clock 10 ns
TwrD Width of Encoded RZ Data Pulse YoT
ref
TrzD Pulse Width of RZ Read Data 10 ns
L |
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Electrical Characteristics Tp = 25°C, Vgc = 5.0 V, unless otherwise specified.

DC Characteristics

Symbol Characteristic Condition Min Typ Max Unit
Vou Output Voltage HIGH Vce = Min, oy = Max Vee - 2.0 Vec - 1.6 \"
VoL Output Voltage LOW Vee = Min, lgp = Max 0.5 \"
™ Input Current HIGH V=27V 80 MA
e Input Current LOW ViL=04 V ‘ 195 A
loH Output Current HIGH -800 MA
loL Output Current LOW 10 HA
ViH Input Voltage HIGH 20 \
ViL Input Voltage LOW 0.8 \"

AC Characteristics

Symbol Characteristic Condition Min Typ Max Unit

TiLock R Positive input Gate not connected to VCO 32 TBD Ref
transitions after Read capacitor Clock
Gate goes LOW Period
TLock 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
RZin NRZqt ) 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 NRZ;, RZyyt
Encode 2,7 Number of clock cycles 2,7) 9 Ref
accompanying input Clock
data to encoded Period
write data
K Charge Pump and n = number of VCO Slow 5 Amps/
Filter Gain cycles between S r— radian
Data Bits, 2mnCiRcps
MFM: 1 <n<3 Fast i
2,7: 2<n<7 5
27mchcps [ Rept
Vcontrol Differential Voltage +400 mV
Swing of Charge Pump
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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 Radians/ 5
sec-volt
fmMAX vco Maximum VCO 70 MHz
Frequency
fvco VCO Center Frequency +30 %
Tolerance
frempco VCO Center Frequency -5 %/°C
Temperature Coefficient
External Component Selection
Symbol Characteristic Min Typ Max Unit Components
Cvco VCO Frequency Set Capacitor’ 5.0 pF
Rcps Charge Pump Slow Resistor 0.7 5.0 50 k2
Rcpr Charge Pump Fast Resistor 0.7 5.0 50 k2
Css Delay Capacitor? 10 pF
Rss Delay Current Setting Resistor? 0.1 15 kQ
Notes
1. Cvco = 1/(2K) (fvco)
2. Delay Time = Tyco/2 = (0.673)RssCss
Table 1a Precompensation Patterns
2,7 Precompensation Patterns MFM Precompensation Patterns
Past Present Future Past Present Future
+3 +2 +1 Write Bit -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 0] 1 0 EARLY 0 0
0 0 0 LATE 0 0 1 0 0 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
0 1 0 1 0 O
0o o 1 0 0 O
1 1 1 0 0 0 1 0 O
1 0o o 0O 0 1 0 0 O
1 0o 1 i 0 0 1 0 O
1 1 o 1 o 0o 1 0 0 1 0 O
1 1 0 ©0 0O 0 0 0 1 0 O O
Table 3 Tabulated Values for VCO and Single Shot
Data vCo Css Rss
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 kQ
15 30 25 pF 16 pF 1.5 kQ
10 20 39 pF 24 pF 1.5 kQ
5 10 85 pF 49 pF 1.5 kQ
Recommended Charge Pump and Filter Component
Values for 10 Mbps Operation.
Ci=0.47 uF Ri=220 Q Rept = 5.1 kQ
Cp =0.0047 uF Reps = 5.1 k&2

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 close to the chip as
the layout will allow, 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 Ve lead.
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Figure 6 ST506
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INDEX
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Figure 7 ESDI
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Typical Hook-up Diagram
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20 2t GND  Vcc MFM (2,7)
——— SELECT
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I MA2580
FAIRCHILD . .
] Winchester Disk
A Schiumberger Company g
Servo Preamplifier
Preliminary Linear Division Disk Drives
Description Connection Diagram
The pA2580 provides termination, gain, and impedance 8-Lead DIP and SO-8 Package
buffering for the thin film servo read head in Winchester (Top View)
disk drives. It is a differential output design with fixed gain
of approximately 250. The bandwidth is guaranteed greater
than 30 MHz. 1 — 8
ow ] [] e
The internal design of the uA2580 is optimized for low 2 7
input noise voltage to allow its use in low input signal -IN I: j v+
level applications. It is offered in 8-lead ceramic DIP, 3 6
10-lead Flatpak, and an SO-8 package suitable for surface NC [: FI -out
mounting. 4 5
V- Q g +0uUT
® Low Input Noise Voltage, Typ 0.5 nV/VHz
: N———
® Wide Power Supply Range (8.0 V to 13 V) cooaz00
® Internal Damping Resistors (1.0 k)
Absolute Maximum Ratings Order Information
Storage Temperature Range Device Code Package Code Package Description
Ceramic DIP and Flatpak -65°C to +175°C uA2580DC 6T Ceramic DIP
SO-8 -65°C to +150°C uA2580SC KC Molded Surface Mount
Operating Temperature Range 0°C to 70°C
Lead Temperature Connection Diagram
Ceramic DIP and Flatpak 10-Lead Flatpak
(soldering, 60 s) 300°C (Top View)
SO-8 (soldering, 10 s) 265°C
Internal Power Dissipation® 2 1 10
8L-Ceramic DIP 1.30 W Ll — | —
10L-Flatpak 0.79 W Y — —w
SO-8 0.81 W N :3 :I“ _out
Supply Voltage 15V a 7
Output Voltage 15 V ) S— —— +our
Differential Input Voltage 10V Ne ] —
CDO2210F
Notes
1. Ty max = 150°C for the SO-8, and 175°C for the Ceramic DIP and
Flatpak. Order Information

2. Ratings apply to ambient temperature at 25°C. Above this temperature, . P
derate the BL-Ceramic DIP at 8.7 mW/°C, the 10L-Flatpak at Device Code Package Code Package Description

5.3 mW/°C, and the SO-8 at 6.5 mW/°C. MA2580FC 3F 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.
+OUT Positive Differential Output

-OUT Negative Differential Output

V+ Positive Differential Supply with respect to Vcc
NC No Connection
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‘Elf;iiggal Characteristics Tp =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 Q, (V+)-(V-)=12 V 250
BW Bandwidth (3 dB) Vi=05 mVpp 30 65 MHz
R Input Resistance 300 Q
C Input Capacitance 35 pF
] Input Dynamic Range (Differential) Rp=100 £, (V+)-(V-)=12 V 1.0 mV p-p
Is Supply Current (V+)=-(V-)=12V 28 40 mA
AVp Output Offset (Differential) Rs=0, Rp=100 £ 600 600 mV
Vn 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 0.5 %/V
AG/T Gain Sensitivity (Temp) Ta=25°C to 70°C, Rp =100 0.16 %/°C
CMR Common Mode Rejection (Input) f=5.0 MHz 60 70 dB

Typical Application (Notes 1-4)

N

SERVO
HEAD
2

Rea

Notes
1. Leads shown for 8-lead DIP.
2. Rgq is equivalent load resistance.
R.*R
3. Rp= L * Rea
R+ Regq
4. G=25 Rp
Where Rp = value from Note 3 (above) in ohms.

Rea

CRO5730F
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1A105 « uA305
1A305A « uA376
Voltage Regulators

Linear Division Voltage Regulators

e —————
FAIRCHILD
L ————————

A Schlumberger Company

Description

The uA105/305/305A/376 are monolithic positive voltage
regulators constructed using the Fairchild Planar Epitaxial
process. Applications for these devices include both linear
and switching regulator circuits with output voltages greater REG
than 4.5 V. These devices will not oscillate when confront- our
ed with varying resistive and reactive loads and will start
reliably regardless of the load within the ratings of the cir-
cuit. They also feature fast response to both load and line

Connection Diagram
8-Lead Metal Package
(Top View)

CURRENT
mir O

transients. Used independently, the uA105/305 will supply
12 mA, the puA305A, 45 mA and pA376, 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
8-lead TO-5 package and the pA376 is available in the
space and cost saving DIP.

® Low Standby Current Drain

® Adjustable Output Voltage From 4.5 To 40 V

® High Output Currents Exceeding 10 A With External
Components

® 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

® Available In Extended Temperature Range

Absolute Maximum Ratings

Storage Temperature Range
Metal Can
Molded DIP

Operating Temperature Range
Extended (uA105)
Commercial (1A205,

-65°C to +175°C
-65°C to +150°C

-55°C to +125°C

MA305A, nA376) 0°C to 70°C

Lead Temperature

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
Input Voltage

MA105, uA305A 50 V

uA305, uA376 40 V
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
mwW/°C.
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Lead 4 connected to case.

Order Information

Device Code Package Code Package Description

pA105HM 5W Metal
MA305HC 5W Metal
MA305AHC 5W Metal
Connection Diagram
8-Lead DIP
(Top View)
1 = 8
CURRENT j REG OUT
BOOSTER L come
ouT SHUTDOWN
3 6
UNREG IN E j FEEDBACK
4 5
COMMON E j REF BYPASS
| —

CD02000F

Order Information
Device Code Package Code

uA376TC oT

Package Description
Molded DIP




uA105 ¢ uA305
MA305A * uA376
Equivalent Circuit
R7 u ATED IN
o Y — o
a2 BOOSTER OUT
an h——*:éw PJ CURRENT LIMIT
'\ﬁos os]>|—J REGULATED OUT
com
@ Lo Sourssenon
2 Saake
i
:Eg.?) kS
Y <4 J Q4 an}
<R3
$68kQ
@2 o) FEEDBACK
1: R2 |
$3.0kQ
REFERENCE BYPASS
::RS

1

al

Loc
S22 kQ I 5.0 pF

COMMON
EQO0620F

Eft\el(t):cal 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 LINE Line Regulation V|-V <50V 0.025 | 0.06 %/
Vi-Vpo>5.0V 0.015 | 0.03
VR Loap | Load Regulation? 0<I, <12 mA |Rgc=10 L, To=25°C 0.02| 0.05 %
Rsc =10 §, Ta=125°C 0.03| 0.1
Rsc =10 §, Ta=-55°C 0.03| 0.1
AV|/AVp | Ripple Rejection Crer =10 uF, =120 Hz 0.003 | 0.02 % /N
Ts Temperature Stability* of FBSV | -55°C < T <+125°C 0.3 1.0 %
FBSV Feedback Sense Voltage 1.63 1.7 1.81 \"
No Noise 10 Hz<f<10 kHz |Crgr=0 0.005 %
Crer > 0.1 uF 0.002
Veis Current Limit Sense Voltage® Rsc =10 £2, Ta =25°C, 225| 300| 375 mV

Vo=0V




uA105 ¢ uA305
1A305A ¢ uA376

nA105 (Cont.)
Electrical Characteristics Ta = 25°C unless otherwise specified'

Symbol Characteristic Condition Min | Typ | Max Unit
Iscp Standby Current Drain V=50 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

Measurement hrs n
uA305A

Electrical 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 Y
V,-Vo Input/Output Voltage Differential 3.0 30 Vv
VR LINE Line Regulation Vi-Vo <50V 0.025 | 0.06 % /N
Vi-Vo>5.0V 0.015 | 0.03
VR LOAD Load Regulation 0<I <45 mA Rsc=0 £, Tp=25°C 0.02 0.2 %
Rgc=0 £, Tp=70°C 0.03 0.4
Rsc=0 £, To=0°C 0.03 0.4
AV|- AVg | Ripple Rejection Crer =10 uF, f=120 Hz 0.003 | 0.02 % IV
Ts Temperature Stability* of FBSV | 0°C <Tp < +70°C 0.3 1.0 %
FBSV Feedback Sense Voltage 1.55 1.7| 1.85 v
No Noise 10 Hz<f<10 kHz |Crge =0 0.005 %
Creg > 0.1 uF 0.002
Vous Current Limit Sense Voltage3 Rsc =10 £, Tp =25°C, 225 300 375 mV
Vo=0V
lscp Standby Current Drain V=50 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
uA305
Electrical Characteristics T = 25°C unless otherwise specified’
Symbol Characteristic Condition Min | Typ | Max Unit
ViR Input Voltage Range 8.5 40 \
Vor Output Voltage Range 4.5 30 \
V;-Vo Input/Output Voltage Differential 3.0 30 \
VR LINE Line Regulation Vi-Vo <50V 0.025 | 0.06 %/V
Vi-Vo>5.0V 0.015| 0.03
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uA105 ¢ uA305

HA305A ¢ uA376

#A305 (Cont.)
Electrical Characteristics T = 25°C unless otherwise specified’

Symbol Characteristic Condition Min | Typ | Max Unit
VR LoAD | Load Regulation? O0<IL<12 mA |Rgc=10 , Tpo=25°C 0.02| 0.05 %
Rsc =15 £, Ta=70°C 0.03| 0.1
Rsg=10 , To=0°C 0.03| 0.1
AV|/AVp | Ripple Rejection Creg =10 pF, f=120 Hz 0.003 | 0.02| %/V
Ts Temperature Stability* of FBSV | 0°C < Tp < +70°C 03| 1.0 %
FBSV Feedback Sense Voltage 1.63 1.7 1.81 \"
No Noise 10 Hz<f< 10 kHz |CRregg =0 0.005 %
Cprer > 0.1 uF 0.002
Vois Current Limit Sense Voltage3 Rgc =10 £, Tpo=25°C 225| 300| 375 mV
Vo=0V
Iscp Standby Current Drain V=40 V 0.8 20 mA
S Long Term Stability of FBSV Ty=125°C |Tp =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 Vv
Vor Output Voltage Range 5.0 37 \"
Vi-Vo Input/Output Voltage Differential 3.0 30 \"
VR LINE Line Regulation Ta=25°C 0.03 %/V
0°C <Tp<70°C 0.1
VR Loap | Load Regulation 0<I <25 mA |Rgc=0 £, To=25°C 0.2 %
Rsc=0 £, To=70°C 0.5
Rsc=0 £, Ta=0°C 0.5
AV|/AVp | Ripple Rejection f=120 Hz, Tp=25°C 0.1 %IV
VoLs Current Limit Sense Voltage 360 mV
Iscp Standby Current Drain ViN=380 V, To=25°C 25 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 kS, 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.

[~}

. With no external pass transistor.

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

temperature extreme.
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MA105 * uA305
MA305A * uA376

Typical Performance Curves

Load Regulation
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Current-Limiting Characteristics
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Short Circuit Current vs

Temperature
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Optimum Divider Resistance
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uA105 ¢ uA305
MA305A * uA376
Typical Performance Curves (Cont.
yP ( ) Minimum Output Voltage vs
Regulator Dropout Voltage Temperature Transient Response
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Typical Performance Curves for uA376

Load Regulation
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Current Limiting Characteristics
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uA105 * uA305
LA305A © uA376

Typical Performance Curves for uA376 (Cont.)
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Typical Applications
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MA117 e uA217 » uA317
3-Terminal Positive
Adjustable Regulators

Linear Division Voltage Regulators

Description

The puA117/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 uA117 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 nuA117 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 Overioad Protection

® Internal Short Circuit Current-Limiting Constant
Temperature

® Output Transistor Safe-Area Compensation

® Floating 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
TO-220 Package
Operating Junction Temperature Range
Extended (uA117)
Industrial (1A217)
Commercial (uA317)
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 40 V
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Connection Diagram
TO-3 Package
(Top View)

our
(CASE) IN

ADJ
CD01330F

Order Information

Device Code Package Code Package Description

MAT17KM HJ Metal
MA217KV HJ Metal
WHA317KC HJ Metal
Connection Diagram
TO-220 Package
(Top View)
/‘ IN
[ a—————— ' out
Q} s[T——=
W
R ao

N our

Lead 3 connected to case.

CRO1340F

Order Information

Device Code Package Code
MA217UV GH
WA317UC GH

Package Description

Molded Power Pack
Molded Power Pack



Equivalent Circuit
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MA117 * 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-Vp=5.0 V; Ig=0.5 A; Ipmax=1.5 A; Ppax =20 W,
unless otherwise specified.

uA117/217 uA317
Symbol Characteristic Condition’ Min | Typ | Max | Min | Typ | Max Unit
VR uNe | Line Regulation'? Ta=25°C; 3.0 V<V,-Vp<40 V 0.01| 0.02 0.01] 0.04] %/V
3.0 VSV|-Vpo<40 V 0.02 | 0.05 0.02 | 0.07
VR Loap | Load Regulation’ Ta = 25°C, Vo<50V 5.0 15 5.0 25 mV
<lp <
10 mASloSIMax [y >50 v 01| 03 01| 05 %Vo
10 mA <lp < lyax Vo<50V 20 50 20 70 mV
Vo=5.0V 0.3 1.0 0.3 15 %Vo
lagj Adjustment Lead 50| 100 50| 100 MA
Current
A'adj Adjustment Lead 25 V<V|-Vpo <40V, 0.2 5.0 0.2 5.0 uA
Current Change 10 MA <lp <IMax, PD <Ppmax
VRer Reference Voltage? 30 VSV,-Vo<40 V; 1.20| 1.25| 1.30| 1.20| 1.25| 1.30 \
10 mA <lp <lmax Pp < PMax
Ts Temperature Stability 0.7 0.7 %\Vo
lo Min Minimum Load Vi-Vpo=40 V 35| 50 3.5 10 mA
Current to Maintain
Regulation
10 Max Maximum Output Vi-Vo <15V, Pp <Ppax 151 22 15| 2.2 A
Current Ta=25°C, 025| 04 0.15| 04
Vi=-Vo =40V, Pp <Ppax
No Noise Ta=25°C, 10 Hz<f<10 kHz 0.003 0.003 %Vo
AV|/AVo | Ripple Rejection® Vo=10V, Without Cag; 65 65 dB
f=120 Hz Cagj=10 uF 66| 80 66| 80
S Long-Term Stability, | Ta=25°C for 03| 1.0 03| 1.0] %/1000
Ty =Ty Max Endpoint Measurements hrs

Notes

1. 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.

2. Selected devices with tightened tolerance reference voltage available.

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

4. 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.

5. lp=0.5 A for V|-Vp<<25 V and lyax for V|-Vp =25 V.



INPUT/OUTPUT

HA117 ® uA217 © uA317

Typical Performance Curves

Load Regulation
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uA117  uA217 ® uA317

Typical Performance Curves (Cont)

Output Impedance

Line Transient Response

Load Transient Response
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Design Considerations Basic Circuit Operation
To calculate the maximum junction temperature or heat The pA117 is a 3-terminal floating regulator. In operation,
sink required, the following thermal resistance values the pA117 develops and maintains a nominal 1.25 V refer-
should be used: ence (VRep) between its output and adjustment terminals.
This reference voltage is converted to a programming cur-
Typ Max Typ Max rent (lprog) by R1 (see Figure 1), and this constant current
6JC 6JC OJA OJA flows through R2 to ground. The regulated output voltage
Package °C/W | °C/W | °C/W °C/W is given by:
- R2
TO-3 23 35 35 Vo =Veer |1 +~) +lags R2 @
TO-220 (uA317) 5.0 40 R1

Typical Applications

Standard Application

vi Vo
— nA17
RIS
'“'i‘ 0o
.y = Co
Torwr ADJUST T 10uF
S
%:’nz
-

CRO590F

sents an error term in equation 2, the uA117 was de-
signed to control lyg; to less than 0 V and keep it
constant. To do this, all 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 current from the adjustment terminal (l,q) repre-

Since the puA117 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.

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

supply filter.

R2
Vo=1.25V 1+-é—1 +|adi R2

(1)

Since lgj is controlled to less than 100 uA, the error associated with this

term is negligible in most applications.
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Figure 1 Basic Circuit Configuration
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ADJUST
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VRet = 1.25 V Typical

Load Regulation

The nA117 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
(C)) is recommended to reduce the sensitivity to input line
impedance.

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

6-156

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 puA117 with the recommended protec-
tion diodes for output voltages in excess of 25 V or high
capacitance values (Co > 25 uF, Cagi> 10 uF). Diode D1
prevents Co 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 C,g; from
discharging through the IC during an input short circuit.

Figure 2 Voltage Regulator with Protection Diodes
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uA138 » uA238 « uA338
5-Amp Positive
Adjustable Regulators

Linear Division Voltage Regulators

Description

The uA138/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 uA138 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 uA138 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 nuA138/uA238/uA338 are packaged in standard TO-3
transistor packages. The nA338 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
o 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 (uA138)
Industrial (2A238)
Commercial (1A338)
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) "

ADJ
CD01330F

Order Information

Device Code Package Code Package Description

HA138KM FT Metal
pHA238KV FT Metal
HA338KC FT Metal
Connection Diagram
TO-220 Package
(Top View)
IN
Ve
2 [ —— Ve our
{{} s [
i na———

‘L our

Lead 3 connected to case.

CRO1340F

Order Information
Device Code Package Code

MA338UC GH

Package Description
Molded Power Pack
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uA138 © uA238 * uA338

Electrical Characteristics Unless otherwise specified, these specifications apply: -55°C < Ty <X +150°C for the
MA138, ~25°C < T, < +150°C for uA238 and 0°C < Ty < +125°C for the nA338,
Vi-Vo=5.0 V and lgp=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
uA138/uA238 uA338
Symbol Characteristic Conditions Min | Typ | Max | Min | Typ | Max| Units
VREeF Reference Voltage® |3.0 V<V,-Vo<35V, 119 1.24| 1.29| 1.19| 1.24 | 1.29 %
10 MA<Ip<5.0 A,
P <50 W, Tp=25°C
Vg une | Line Regulation’ Ta =25°C, 0.005| 0.01 0.005| 0.03f %/V
30 VSV|-Vp<35V
30 VKV|-Vp<35V 0.02 | 0.04 0.02| 0.06| %/V
VR Loap | Load Regulation’ Ta=25°C, Vo<50V 50| 15 50| 25| mVv
10 mASIO<50A Iy S50y 01| 03 01| 05| %vo
10 MA<Ip<50 A |Vpo<50V 20 30 20 50 mV
Vo=5.0V 03| 06 03| 10| %Vo
VRTH Thermal Regulation Pulse =20 ms 0.002| 0.01 0.002| 0.02| %/W
Vbo Dropout Voltage* IL<50 A, V=70V 3.0 3.0 v
Ta=25°C
lagj Adjustment Lead 45| 100 45| 100 MA
Current
Alyg; Adjustment Lead 10 mMA<I <50 A 02| 5.0 02| 5.0 MA
Current Change 30 VSV|-Vo<35V
Ts Temperature Tuin < Ty < Tpax 1.0 1.0 %
Stability
IL Min Minimum Load Vi-Vo=35V 35| 5.0 35 10 mA
Current
I Current Limit Vi-Vo<10 V 50| 8.0 50| 8.0 A
0.5 ms Peak 7.0 12 7.0 12
Vi-Vo=30 V 1.0 1.0
No Noise Ta=25°C 0.003 0.003 %Vo
10 Hz<f<10 kHz
AV,/AVo | Ripple Rejection Vo=10V, Without Cgag; 60 60 %Vo
f=120 Hz Cag= 10 F 60| 75 60| 75 B
S Long Term Stability? | Ta =25°C for Endpoint 03| 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|-Vp at 0°C<T;<+125°C is 3.0 V and at
-55°C <Ty;<+150°C is 3.2 V.
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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 6JA
Package °C/W °C/W °C/W °C/W
TO-3 1.0 35
TO-220 3.5 40
Pb Max = TyMax—Ta  Tymax Ta
" Gyc+ Oca 604a

Oca = Ocs + Osa (Without heat sink)

Solving for T
Ty=Ta+Pp (Oyc + bca) or
=Ta + Ppla (Without heat sink)

Where:
Ty = Junction Temperature
Ta = Ambient Temperature
Pp = Power Dissipation
64a = Junction-to-Ambient Thermal Resistance
0yc = Junction-to-Case Thermal Resistance
Ocp = Case-to-Ambient Thermal Resistance
Ocs = Case-to-Heat Sink Thermal Resistance
Osa = Heat Sink-to-Ambient Thermal Resistance

Typical Applications

Basic Circuit Operation
The pA138 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:
R2

Vo= VREF( 1+ E:'—) + |ade2 1)
Since the current from the adjustment terminal (l5q)) repre-
sents an error term in eguation 1, the uA138 was de-
signed to minimize l,q; 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-
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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
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Figure 2 Voltage Regulator with Protection Diodes
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External Capacitors

A 0.1 uF disc or 1.0 uF tantalum input bypass capacitor
(C)) 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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Although the pA138 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 Regulator with improved Ripple

Rejection
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Figure 4 Adjustable Current Regulator
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Notes

1. Solid tantalum.

2. Discharges C1 if output is shorted to ground.

3. R1=240 Q for LM138 and LM238. ( RZ)

4. Rg— sets output impedance of charger Zo=Rg | 1 +—
Use of Rg allows low charging rates with fully R1
charged battery.

5. The 1000 uF is recommended to filter out input transients.

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 uF, Cagj > 10 uF).

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

Figure 3b High Stability 10 V Regulator
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Figure 5 Simple 12 V Battery Charger
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nA150 « uA250 « uA350
3-Amp Positive
Adjustable Regulators

Linear Division Voltage Regulators
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e ——————

A Schiumberger Company

Description Connection Diagram
The uA150/uA250/uA350 are adjustable 3-terminal positive TO-3 Package
voltage regulators capable of supplying in excess of 3.0 A (Top View)

over a 1.2 V to 33 V output range. They are exceptionally
easy to use and require only two external resistors to set out
the output voltage. (CASE) N

A unique feature of the uA150 family is time dependent O
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 uA150 family to be

used with heavy transient loads and speeds start up under ADY
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- Order Information
tection and safe-area protection for the power transistor. Device Code Package Code Package Description
Overload protection remains functional even if the adjust- HA150KM FT Metal
ment lead is accidentally disconnected. HA250KV FT Metal
nA350KC FT Metal
The puA150/1A250/uA350 are packaged in standard TO-3
transistor packages. The pA350 is also available in stan- Connection Diagram
dard TO-220 transistor packages. TO-220 Package
(Top View)

® Guaranteed 3.0 A Output Current )
® Output Adjustable Between 1.2 V and 33 V

® Load Regulation Typically 0.1% =" ~our
® Line Regulation Typically 0.005%/V | rd
® Internal Thermal Overload Protection Q}‘ [ ———
e Internal Short Circuit Current-Limiting ! EE\_
® Output Transistor Safe-Area Compensation \_ ADJ
® Floating Operation for High Voltage Applications our .
® Standard TO-3 and TO-220 Transistor Packages
® Available in Extended Temperature Range Lead 3 connected to case
Absolute Maximum Ratings Order Information .
Storage Temperature Range Device Code Package Code Package Description
TO-3 Metal Can -65°C to +175°C uA350UC GH Molded Power Pack
TO-220 Package -65°C to +150°C
Operating Junction Temperature Range
Extended (uA150) -55°C to +150°C
Industrial (A250) -25°C to +150°C
Commercial (uA350) 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 35V
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1A150 ® uA250 * uA350

uA150/uA250
Electrical Characteristics Unless otherwise specified, these specifications apply —55°C < T ;< +150°C for the
MA150, -25°C < Ty < +150°C for the puA250, and 0°C < T, < + 150°C for the
MA350, Vi-Vg=5.0 V and Ip= 1.5 A. Although power dissipation is internally
limited, these specifications are applicable for power dissipation up to 30 W, for
TO-3; 256 W for TO-220.

Symbol Characteristic Conditions Min Typ Max Units

VRer Reference Voltage 30<V|-Vp<35V, 1.20 1.25 1.30 \ n
10 MA<Ip<3.0 A P<30W

VR LINE Line Fiegulation1 Ta=25°C 0.005 0.01 % /V
30 V<V,-Vp<35 V
30 V<V,-Vp<35 V 0.02 0.05 %/V

VR Loap | Load Regulation’ Ta = 25°C Vo<50V 5.0 15 mv
W mASIoS30A Ty S50 v 0.1 0.3 % Vo
10 MA<Ip<30A |Vo<50V 20 50 mv

Vo =50V 0.3 1.0 % Vo

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

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

lagj Adjustment Lead Current 50 100 MA

Alggj Adjustment Lead Current 10 mMA<IL <3.0 A, 0.2 5.0 HA

Change 30 VSV -Vo<35V

Ts Temperature Stability Tmin < Ty < Tmax 1.0 %

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

IL Current Limit Vi-Vo<10 V 3.0 45 A
Ty=25°C, 0.3 1.0 A
V|-Vp=30 V

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

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

S Long Term Stability? Ta=25°C 0.3 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.
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1A150 ® uA250 ¢ uA350

1A350

Electrical Characteristics Unless otherwise specified, these specifications apply —55°C < T; < +150°C for the
nA150, -25°C < Ty <+150°C for the nuA250, and 0°C < T < + 150°C for the
MA350, V|-Vp=5.0 V and to= 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|-Vp<35V, 1.20 1.25 1.30 \
10 MA<Ip<3.0 A,
P<30 W
VR LINE Line Regulation’ Ta=25°C 0.005 0.03 %/V
30 VSV|-Vp <35V
3.0 VSV|-Vo<35V 0.02 0.07 %IV
VR Loap | Load Regulation’ Ta=25°C Vo <50V 5.0 25 mv
<
10 mASIOSSO0A Ty S50 v 01| 05 % Vo
10 MA<Ip<B30A |Vo<50V 20 70 mv
Vo=5.0V 0.3 1.5 % Vo
VRTH Thermal Regulation Pulse =20 ms 0.002 0.03 % /W
Vpo Dropout Voltage IL<3.0 A V<70V, 3.0 \'
Ta=25°C
lagj Adjustment Lead Current 50 100 uA
Algg; Adjustment Lead Current 10 MA<I.<3.0 A 0.2 5.0 uA
Change 30 VSV|-Vo<35V
Ts Temperature Stability TMin < Ty < Tmax 0.5 %.
IL Min Minimum Load Current Vi-Vo=35V 35 10 mA
IL Current Limit Vi-Vo<10 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
AV)/AVp | Ripple Rejection Vo=10V, Without Cag; 65 dB
f=120 Hz Cag= 10 uF 66 86
S Long Term Stability? Ta=25°C 0.3 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.
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Typical Performance Curves
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Load Transient Response
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uA150 * uA250 * 4A350
Typical Performance Curves (Cont.)
Adjustment Current Temperature Stability Dropout Voltage
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Design Considerations Solving for Ty
To calculate the maximum junction temperature or heat Ty=Ta + Pp(0yc + 6ca) or
sink required, the following thermal resistance values =Ta + Ppla (Without heat sink)
should be used:
Where:
Typ Max Typ Max Ty = Junction Temperature
6Jc 6JCc OJA 0JA Ta = Ambient Temperature
Package °C/W °C/W °C/W °C/W Pp = Power Dissipation
To-3 15 35 0,a = Junction-to-Ambient Thermal Resistance
. 0,c = Junction-to-Case Thermal Resistance
TO-220 3.0 4.0 40 fOca = Case-to-Ambient Thermal Resistance
Ocs = Case-to-Heat Sink Thermal Resistance
_Tumax=Ta  Tymax Ta fsa = Heat Sink-to-Ambient Thermal Resistance
Pp Max =
Oyc + Oca 63a
Oca = Ocs + Osa (Without heat sink)
A S B




uA150 ® uA250 ® uA350

Typical Applications

In operation, the uA150 develops a nominal 1.25 V refer-
ence voltage, Vrer, 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 14 then flows through the output set resis-
tor R2, giving an output voltage of (Figure 1)

R2

Vo=Vger | 1+ —) + |ade2 (1)

R1
Since the 50 pA current from the adjustment terminal rep-
resents an error term, the uA150 was designed to mini-
mize lag; 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 nuA150 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-
ternal 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.
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Figure 1 Basic Circuit Configuration

|

Vo

<E/R2 l

Vi—Vi  rA150

ADJ

Vo

J L

<
VRer :: R1

lagj

A,

_ R2
Vo = VRer (1 + 57 ) lag) R2

CRO3290F

Although 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 ) 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
0.05 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 2 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.




uA150 * uA250 * uA350
Protection Diodes Figure 2 Voltage Regulator with Line Resistance in
When external capacitors are used with any IC regulator it Output Lead
is sometimes necessary to add protection diodes to pre-
vent the capacitors from discharging through low current w—]v % s Vo
points into the regulator. Most 10 uF capacitors have low ADJ [_
enough internal series resistance to deliver 20 A spikes 3 ;'4‘0 Q
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 Z?m
the input is shorted, the output capacitor will discharge 1
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
#A150, this discharge path is through a large junction that Figure 3 Voltage Regulator with Protection Diodes
is able to sustain 25 A surge with no problem. This is not D1
true of other types of positive regulators. For output ca- 1N4002
pacitors of 25 uF or less, there is no need to use diodes. Jl‘f
The bypass capacitor on the adjustment terminal can dis- v v uA150 Vo Vo
charge through a low current junction. Discharge occurs ADJ 1
when either the input or output is shorted. Internal to the D2 ::;'4‘0 o o
#A150 is a 50  resistor which limits the peak discharge a0z |
current. No protection is needed for output voltages of
25 V or less and 10 uF capacitance. Figure 3 shows a ;?nz © S: A+
MA150 with protection diodes included for use with outputs
greater than 25 V and high values of output capacitance.

R
Vo=1.25V(1+R—f)I.¢‘R2 b—

D1 PROTECTS AGAINST C1
D2 PROTECTS AGAINST C2
CRO33TIF

Typical Applications

Temperature Controller Light Controller
v Vi uA350 Vo — Vo
ADJ 1A350
<SR1 —4N out
S12ke AbJ |
<>
S
————— HEATER
$/100ke R2
GAIN 80Q
(CRO3330F

CRO3320F
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#A150 * uA250 * uA350

Typical Applications

(Cont.)

Precision Power Regulator with Low Temperature

Coefficient
vy —{IN  1A350 OUT Vo =40V
ADJ > S
grzke Sarse
IN457
~d
& — 30
(NOTE 1)
I R2
Nas7 20kQ
2R
our L
ADJUST ~
‘CRO3340F
Adjustable Regulator with
Improved Ripple Rejection
#A150
v | Vi Vi
4 4 ADJ (]
> D1
c2 < R1 1N4003
I 0.1 uF 240Q (NOTE 3)
L = c3
= 1.0 uF
(NOTE 2)
caltr ¥ R
0T 2 50kQ

Notes

L

1. Adjust for 3.76 V across R1

2. Solid Tantalum

CRO3361F

3. Discharge C1 if output is shorted to ground

Slow Turn-On 15 V Regulator

High Stability 10 V Regulator
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Vi Vo
ADJ
b3
ct < 20ke
.1 5.0%

> R1

R3
267 Q
1.0%

im

CRO3350F

Vo
0V
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uA150  uA250 * uA350

Typical Applications (Cont.)
5 V Logic Regulator with
Digitally Selected Outputs Electronic Shutdown (Note 2)

vi Vi uA1S0 Vo Vo
ADJ
<R1 Vo
<2409 V7.0V -35V Vi uA1S0 Vo 50V
1 ADJ Sh
! ! ! S2a00
4 4 c2
< < C1 -
$R2 3 0.1 uF 01 uF
(NOTE 1) 1 SR2 1.0 kQ
| i S0 2sz19?————«~\.- ™
N N AR -

N
CRO3381F

0 to 30 V Regulator AC Voltage Regulator

Vi Vi uA150 Vo Vo
3BV ADJ ! - ~—4V; uA3S0 Vo
b1 ADJ 3
1200
(] <
0.1 uF 6 Vpp
3A

</R2
,z!’zoksz 12 Vep s
_[3d_ Suwoo %

12v
e
4;1209 488 Q
ADJ
R3
680Q —41Vi uA350 Vo
-0V GRO3480F
CRO3400F

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

Typical Applications (Cont.)

5.0 A Constant Voltage/Constant Current Regulator

MJ4582
c2 _]_ CURRENT </R2 A3
100 pF -[ ADJUST & 250 k@ ;» 0.2
36 V—9 R1 ] sw
33 out
WA—S— Wi kA3S0 Vo ™ 12v-30v
01 P :
hd 9] 1N4S7 ca c3
oo I 10 uF
Swa = (NOTE 1)
= $6800
D1 D3 LED
1N4S7 | (NOTE 2)
6

c5
75 pF SRE
S2400
RS
< R7
330 kQ T» 220
ANA )
VWA
R $/tl ce
-60VTO ~15V 8.0 kQ 10 uF

VOLTAGE

ADJUST = =
CRO3411F
12 V Battery Charger
A
W
R6
.2Q
vi>18V 1A350 VW *
>
LED
>
1.4
] R4 TO 12V
o BATTERY
2N2905
<Ri1 +
1,o.1 uF :; 30ke CTR104F
CRO3421F

Notes
1. Solid tantalum
2. Llights in constant current mode
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tA150  uA250 * uA350

Typical Applications (Cont.)

Adjustable Current Regulator

1.2 V—20 V Regulator with
Minimum Program Current

03¢ o
Vi ——Vi  wAIS0 Vo W OTO3.0A
ADJ
| <R2
<
21509
A\
vi
ADJ uA117
Vo
1:R3'
3
1200
- V-
~50V 70 -18V
‘CRO3430F
Precision Current Limiter
vy —4Vi  uAI150 Vo l VWA~ losg%(umsz)
ADJ 1
‘CRO3460F
Notes

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

Vi

Vo Vi Vi pA150 Vo

A150 V. —

Yos (NOTE 1) ADJ L R1
$h c1 3042
< Taw
S12ke Io.x uF
</R2 =

2 20kQ LOAD
= L
CR03440F -CROGLSOF
Tracking Pre-Regulator
R2
720
AAA
VWA
<R1
$2400
ADJ —i v b~ Vo
Vi ——1Vi  uA150 uA150
Vo — ADJ Vo 4
<R3
1200
Lot H e
T 0.1 uF ‘T 10uF
R4 4:/001'
1.0kQ2 ADJUST
CRO3470F
N
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MA150 @ uA250 * uA350

Typical Applications (Cont.)

Adjusting Multiple On-Card Regulators with Single Control (Note 1) Simple 12 V Battery Charger

Rs
029
Vi— Vi nA150 Vo |-¢ Vo Vi—]Vi nA150 Vo Vo Vi—] Vi uA150 Vo Vo A350 (NOTE 3)
ADJ ADJ (NOTE 2) ADJ NotEZ) | i ~ Vo WA
$h INa802 ~ -L
120 SR =
IN4802 ) IN4802 *_L 1000 uF <0e l
T (NOTE 4) =
‘R2
1K L
> A
= 2 24kQ
‘CRO3491F
Adjustable 10 A Regulator Current Limited 6.0 V Charger CRo3s0F
v 019 v
) #A350 WA 90Vto30V Vi wA3S0 Vo
> ADJ L
<
__l 1200
1
__\_
A350 A +L 1000 uF S T
I VWA ::(NOTFE“) S1.1kQ
g 1oe
) SR b—as5vTO25V W22 W
< 1.0Q
012 S (NOTE 5)
Vi uA350 Vo AN
ADJ
‘CRO3521F
S 3
grooe 3soke
<
M
12
6
3 150Q >
8 AN 3s0ke
3
200 pF T f:: 1.6 kQ
‘CRO3510F
Notes
1. All outputs within +100 mV
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.
. 1000 uF is recommended to filter out any input transients.
5. Sets peak current (2 A to 0.3 Q)

FS
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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
uA1524A 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 uA1524A 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 nuA1524A is packaged, in a hermetic 16-lead DIP and
rated for operation from -55°C to +125°C. The uA2524A
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)
ERROR AMP ~IN E
2
ERROR AMP +IN E

OSC/SYNC Cs

4
CUR LIM AMP +IN E

5
curum amp - [_|

1\

:l +5V Veer

15

)
14

:] EMITTER B

13

:I COLLECTOR B

12
j COLLECTOR A

6

1
Ry [: :l EMITTER A
10

7

Cr E :I SHUTDOWN

8 9
GND E COMPENSATION

CDO1390F

Order Information
Device Code Package Code Package Description

#A1524ADM 7B Ceramic DIP
uA2524ADV 7B Ceramic DIP
UA2524APV 9B Molded DIP
uA3524APC 9B Molded DIP
1A3524ADC 7B 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



nA1524A » uA2524A * uA3524A

Absolute Maximum Ratings Internal Power Dissipation'?

Storage Temperature Range 16L-Ceramic DIP 1.50 W
Ceramic DIP -65°C to +175°C 16L-Molded DIP 1.04 W
Molded DIP -65°C to +150°C Supply Voltage 40 V

Operating Temperature Range Collector Supply Voltage 60 V
Extended (uA1524A) -55°C to +125°C Qutput Current (Each Output) 200 mA
Industrial (uA2524A) -25°C to +85°C Reference Output Current 50 mA
Commercial (uA3524A) 0°C to +70°C Oscillator Charging Current 5.0 mA

Lead Temperature
Ceramic DIP (soldering, 60 s) 300°C
Molded DIP (soldering, 10 s) 265°C

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 mwW/°C.

Equivalent Circuit

+5.0V
Vin ’ REFERENCE VRer
REGULATOR
o POWER TO
osc SENSE INTERNAL Ca
CIRCUITRY
Ry — osc cLocK T Fup
FLOP
Cr Ea
RAMP R ‘ Cs
PWM
comP LATCH
Vin Eg
—=IN ——ap —
E/A 1.0k
+iIN— + A TwW SHUTDOWN
Vin 10KQ
200 mV
+IN—{H -
CL/A 1 -E— GND
-IN— + —_— =

EQ00880F

Power Dissipation at Tp = +25°C
Derate above +50°C ...............
Power Dissipation at T¢ = +25°C
Derate for Case Temperature above +25°C
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uA1524A * uA2524A * uA3524A

uA1524, uA2524A, uA3524A
Electrical Characteristics Ty =-55°C to +125°C for the uA1524A, -25°C to +85°C for the puA2524A, and

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

MA1524A/uA2524A nA3524A
Symbol Characteristic Conditions Min [ Typ ] Max Min J Typ | Max Unit
Turn-on Characteristics
Vo Input Voltage Operating Range after 8.0 40 8.0 40 V.
Turn-on
Turn-on Threshold 5.5 7.5 8.5 5.5 7.5 8.5 \"
Turn-on Current V;=6.0 V 2.5 4.0 25 4.0 mA
Operating Current V;=80V to 40 V 6.0 10 6.0 10 mA
Turn-on Hysteresis' 0.3 0.3 \Y
Reference Section
Vo Output Voltage Ty=25°C 4.95 50 | 5.05 | 490 50 | 5.10 \
VR LINE Line Regulation Vi=10 V to 40 V 10 20 10 30 mV
VR LoOAD Load Regulation 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 VRep =0V, T;=25°C 80 100 80 100 mA
Current
No Noise' 10 Hz<f<<10 kHz, 40 40 MVims
T, =25°C
Long Term Stability’ Ty =125°C, 1000 Hrs 20 50 20 50 mV
Oscillator Section Rt =2700 £2, Cy=0.01 mF, unless otherwise specified
Initial Accuracy Ty=25°C 41 43 45 39 43 47 kHz
Temperature Over Operating 2.0 2.0 %
Stability’ Temperature Range
Minimum Frequency Ty =25°C, Ry =150 k&2, 140 120 Hz
Cr=0.1 mF
Maximum Frequency | Ty=25°C, Ry=2.0 k£, 500 500 kHz
Cr =470 pF
Output Amplitude’ T,;=25°C 35 35 \%
Output Pulse Width! | T;=25°C 0.5 0.5 us
Ramp Peak 3.3 3.5 3.7 3.3 3.5 3.7 \
Ramp Valley Ty=25°C 0.6 | 0.75 0.9 06 | 0.75 0.9 Y
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 MA
lio Input Offset Current .05 1.0 0.5 1.0 HA

6-38




HA1524A * uA2524A * uA3524A

uA1524, uA2524A, uA3524A (Cont.)
Electrical Characteristics Tp =-55°C to +125°C for the uA1524A, -25°C to +85°C for the pA2524A, and

0°C to +70°C for the wA3524A, V| =Vc =20 V, unless otherwise specified.

uA1524A/uA2524A uA3524A
Symbol Characteristic Conditions Min Typ Max Min Typ Max Unit
CMR Common Mode Vem=15 V to 55 V 60 75 60 75 dB
Rejection
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 AVp=1.0 V to 40V, 72 80 60 80 dB
Gain R =10 MQ
Gain Bandwidth' Ty=25°C, A, =0 dB 1.0 3.0 1.0 3.0 MHz
DC Ty = 25°C, 1.6 1.6 mho
Transconductance' 2 | 30 kQ <R <1.0 MQ
Current Limit Amplifier Lead 5 =0 V, unless otherwise specified.
Vio Input Offset Voltage Ty =25°C, E/A Set for 190 200 210 180 200 220 mV
maximum output
Vio Input Offset Voltage Over Operating 180 220 170 230 mV
Temperature Range
g Input Bias Current -1.0 -10 -1.0 -10 HA
CMR Common Mode Viead 5=-02 V 50 60 50 60 dB
Rejection to +55 V
PSRR Power Supply V)=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
Output Section (Each Output)
Vee Collector Emitter Ilc =100 pA 60 80 50 80 \"
Voltage
Ice Collector Leakage Vce=50 V 0.1 20 0.1 20 MA
Current
VCE sat Saturation Voltage Ic=20 mA 0.2 0.4 0.2 0.4 \
Ic =100 mA 1.0 15 1.0 15
Ic =200 mA 2.0 2.7 2.0 25
Vg Emitter Output le =50 mA 17 18 17 18 \
Voltage
t; Rise Time' T;=25°C, R= 2.0 kQ 150 150 ns
t Fall Time' Ty=25°C, R=2.0 kQ 50 50 ns
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MA1524A ° uA2524A ° 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,=Vc =20 V, unless otherwise specified.

HA1524A/uA2524A uA3524A
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, Rg=2.0 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 (gm) relates to DC open loop voltage gain
according to the following equation: A, = gu R_ where Ry is the
resistance from lead 9 to ground. The minimum gy specification is used
to calculate minimum A, when the error amplifier output is loaded.
Open Loop Test Circuit (Note 1, 2)
+Vin +Ve
() <20 k2 S 2.0 kQ
<
Siw w
5] vin COLLECTOR A E—— Ao
COLLECTOR B E— 8o
SYNC ——E osc uA1528A
EMITTER A E—-
OR RE| T
Veer ___E Veer ERROR AMP CURRENT LIMf EMITTER B E—‘
R7 C7 +IN ~IN COMP +IN -IN S/D GND
Le_| 7 LzJ 1 ITB'J a Ls_' 10 Ej
100k | 100 kQ
SHUTDOWN
IE 20kQ
> 2 P e
3Rr S 10 kQ 20k 1; 10k
< <
0.1 cr =01 —»:Ew kQ
T T E/A CONTROL T CL CONTROL
CRO3770F

Notes
1. The uA1524A 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
MA1524A 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 ail #A1524A functions to be evaluated.
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uA1524A © uA2524A * uA3524A

Typical Performance Curves

Supply Current vs

Voltage
10
9
<
? 8
Ty = ~55°C
7
S —
i s - T, =25°C _|
3 s
c T,=125°C
4
2 f
g 3
2
3 2
\ / NOTE: OUTPUTS OFF, Ry =
ol [ [

0 10 20 30 40 50

SUPPLY VOLTAGE—V
PC11890F

Oscillator Frequency vs
Timing Components

OSCILLATOR FREQUENCY—Hz

™
1 2 5 10 20 50 100
TIMING RESISTOR—kQ

PC11910F

Current Limit Amplifier Delay

J | 1 T T
OUTPUT AT LEAD l9

£/
RN/ /4
50% % 44

[ ALY

OUTPUT—V

CaNweG
®

e
INPUT AT LEAD 4 | | |

0.2 ViN =20V, Ty = 25°C
LEAD 2 TED| |
01 TO LEAD 16 +—
LEAD 5 GROUNDED

| L[] ]

0 1 2 3 4
DELAY TIME—us

INPUT—V

PC09570F

Error Amplifier Voltage Gain vs
Frequency

80 [RL = = ! !
[ Vi =20V
Ty = 25°CT—

60 FRL =1.0 MQ'

40 -RLI= 100 k @

20 _R,! IS IMPEDANCE FROM
LEAD 9 TO GROUND. VALUES
+—BELOW 30 k< WILL BEGIN TO
LI‘IMT 1"HE 'MAXIMUIII DUlTY (EVCLE.

EEEEEEE

100 1K 10K 100K 1M
FREQUENCY—Hz

OPEN-LOOP VOLTAGE GAIN—dB

o

PC11900F
Output Dead Times vs
Timing Capacitor Value
10 —TT
1 1T
1 11
5.0 L1
L v, =20V
4 | Ry = 2700 Q
| T, =25°C b
g 20 ”
£ 1
2 1.0
w >
=]
=
D 05
S
3
NOTE: DEAD TIME = OSC OUTPUT
02— PULSE WIDTH PLUS i
OUTPUT DELAY
01 Lol L1111
1 2 5 10 20 50 100
TIMING CAPACITOR—nF
PC11920F
Shutdown Delay From PWM
Comparator — Lead 9
" l
> |
I 45 f Vi=20V _|
5 RL = 20 kQ
g 10 T, =25°C |
o 5 OUTPUT AT
LEAD 12 OR 13
] 1 1
: -
> 1 1
73 INPUT AT
o2 LEAD 9
g .
2 0|-NOTE: MINIMUM INPUT PULSE WIDTH —|
TO LATCH IS 200 ns

[ 1 2 3 a
DELAY TIME—ps

PC11940F
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Pulse Width Modulator
Transfer Function
50

N

10 IOTE: DUTY-CYCLE IS
PERCENT OF TWO
CLOCK PERIODS THAT

DUTY-CYCLE (ONE OUTPUT)—%

ONE OUTPUT CONDUCTS
0 1 2 3 4 5
PWM INPUT VOLTAGE (LEAD 9)—V

PCO953TF

Output Saturation Voltage
5

COLLECTOR-TO-EMITTER VOLTAGE—V

] 50 100 150 200 250
OUTPUT COLLECTOR CURRENT—mA

PG11930F

Turn-Off Delay From
Shutdown — Lead 10

» L]
>| t Vi =20V
5 R =2.0kQ
2 T, =25°C
S 10
5 OUTPUT AT

LEAD 12 OR 13
o L1 1]

10 T
> o5 INPUT AT
(e LEAD 10
2 0 —

z | NOTE: MINIMUM INPUT PULSE WIDTH
L 1')0 LATCH IS 200 ns ]
T T S

o 1 2 3

DELAY TIME—ps
PC11950F
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A Schlumberger Company

MA431A
Adjustable Precision Zener
Shunt Regulator

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 (Vger) 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
applications.

® Average Temperature Coefficient 50 ppm/°C

® Temperature Compensated For Operation Over The
Full Temperature Range

® Programmable Output Voltage

® Fast Turn-On Response

® Low Output Noise

Absolute Maximum Ratings
Storage Temperature Range
Operating Temperature Range

-65°C to +150°C

Industrial (uA431AV)
Commercial (uA431AC)
Lead Temperature
TO-92 Package/SO-8
(soldering, 10 s)
Internal Power Dissipation'?
TO-92 Package
SO-8 Package
Cathode Voltage
Continuous Cathode Current

Reference Voltage

Reference Input Current

Operating Conditions
Cathode Voltage
Cathode Current

Notes
1. Ty max = 150°C.

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

-40°C to +85°C
0°C to +70°C

265°C

0.78 W
0.81 W
37V
-10 mA to

+150 mA
-05V
10 mA

Min Max
VHEF 37V
1.0 mA 100 mA

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

Connection Diagram
TO-92 Package
(Top View)

REF —/L— CATHODE

CD00131F

Order Information

Device Code Package Code Package Description
HA431AWC El Molded

HA431AWV El Molded

Connection Diagram
S0-8 Package

(Top View)
1 8
CATHODE E j REFERENCE
O] ]
ANODE 3 [ ANODE

]
NCE j NC

CDO1420F

Order Information
Device Code Package Code Package Description

uA431ASC KC Molded Surface Mount




tA431A

Equivalent Circuit

VRerF ——KIQ7

Vz)

DC Test Circuits
Figure 1 Test Circuit For Vz = Vggp

Iy —>
IN —AA—p—— V2

m& | ‘Vz

VReF

CR00121F
Figure 3 Test Circuit For Off-State Current
N vz

yore

CRODI41F

Note
Vz =Vger (1 + R1/R2) + Iggr * R1
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uA431A

MA431A
Electrical Characteristics Tp = 25°C unless otherwise specified.
Symbol Characteristic Condition Min Typ Max Unit
VRer Reference Voltage Vz = VRger, || =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’
AVRger Ratio of the Change in Iz=10 mA, Vz from VRgr to 10 V -1.4 -2.7 mV/V
AV Reference Voltage to the Fig. 2
Change in Cathode Vz from 10 V to 36 V -1.0 -2.0
Voltage
IReEF Reference Input Current Ry =10 k2, Ry = oo, 2.0 4.0 MA
lj=10 mA, Fig. 2
< |Rer Deviation of Reference Ry =10 k£, Ry =oo, 0.4 1.2 MA
Input Current over lj=10 mA,
Temperature Ta = Full Range, Fig. 2
Iz(miNy Minimum Cathode Current Vz = VRer, Fig. 1 0.4 1.0 mA
for Regulation
12(0FF) Off-State Current Vz=36V, Vgegg =0V, Fig. 3 0.3 1.0 HA
rz Dynamic Output Vz = VReF, 75 Q
Impedance Frequency = 0 Hz, Fig. 1
Notes <« VRer 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.

VN

Voev = VMax — VMIN

The average temperature coefficient of the reference input voitage, * VREF,

is defined as:

ppm

= VREFT =

Where:

2"1

TEMPERATURE

CRO0091F

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

[ 80 mv ]“’6
2495 mvV
*VReF= —7oc
2. The dy ic output imp
_ AVz
rz= E

= +46 ppm/°C

e, rz, is defined as:

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:

T2~ Ty ={ull temperature change.

108 108
| _Vmax—Vin N 0
Vger (at 25°C) VRer (at 25°C)

T2-Ti



HA431A

Typical Performance Curves

Input Current vs Vz

Thermal Information

1000

Input Current vs Vz

T T
Ta = 25°C EY Ta = 25°C
Vz = Vper E Vz = Vper
500 !
2 N
<
% 400 Iz MIN g § 100
g ] 2 I
3 8 9, 3
& a &
© 300 3 3
3 / 2 500 3
o 2 o
5 /| g 5
2 200 g 2 50
z o z
=
100 ]
3
H
0 100 0
0 1.0 20 30 25 7 8 125 0 1.0 20 3.0
CATHODE VOLTAGE—V TEMPERATURE—°C CATHODE VOLTAGE—V
PCO1351F PCO1361F PCO1371F
Dynamic Impedance vs
Frequency
15 T
Ta = 25°C
Vi = Vo /AN
o / 1.0kQ
4 o
E /
w
z
e
Z 50
z
>
a /
0 J ‘CRO0101F
10K 10K 100 K 1.0M 10M
FREQUENCY—Hz
PCO1381F
Stability Boundary Conditions
100 T T T Note
90 A Vka = Veer [ 1. The areas under the curves represent conditions that may cause the
B Vka=S5VATIc=10mA (NOTE 1) device to oscillate. For curves B, C, and D, R2 and V+ were adjusted
T O[S Vkaz=10VATIk=10 ma to establish the initial Vka and I conditions with C_=0. V+ and C_
| 70 L K were then adjusted to determine the ranges of stability.
5 al]s STABLE
w 60
£ [ 1 ¢
S So \
3 STABLE | A
w 40
g 30 /]
E 111
o
Ta = 25°C '/
10 / D
LA L\
10pF  100pF 1000pF 001 uF 01 uF  1uF  10uF
LOAD CAPACITANCE
‘CRO3840F
__
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nA431A

Typical Characteristics

Test Circuit For Curve A Below Test Circuit for Curves B, C, And D Below
Wl s 150 0
Rt =<
l 10ka3 L"

+ ¢ %
_ L~ V+
CLR '—,F:‘ VRer x i

L

||'——-—1

CRosez0 CRO3830F

Typical Applications

Single Supply Comparator With
Temperature Compensated

Shunt Regulator Threshold
V+
V+ —AW 1 Vo |
& I b3
/Z’ R1 l <
_L ———ouT
Vi
= £ T Voy x2V
hS | L Vorr = V+
$he2 | IN—AM— 2
|
J|

R1 S
Vo ~ (1 + ")Vnsr Vi ~ 28V T—— GND
R2
‘CRO3850F

CRO3860F

Output Control of a Three

Series Regulator Terminal Fixed Regulator
V4
3 R—
30Q 4 N
—@) uAT805 our vo
COMMON 2
I /zi/m
A o0t S : |
uF >
R1 :: R2
t S AAd Vo <
y
e Vo = Voer (1 +22)
4 o REF R2 _::
VomiN = VRer + 5V

v (‘ N R1 )V CR03880F
~ —_—
o R2 REF

CRO3870F
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HA431A

Typical Applications (Cont.)
Higher Current Shunt Regulator

Vi ——MWWA-

Y

3
j;’m
2 R2

Vo

Vi —(1+R1)V .
o = 2 ) VREF

Over Voltage/Under Voltage
Protection Circuit

CRO3890F

LOW LIMIT = V; (l + R1B)+ Vi
~ —_—
REF R2B BE

v+
RIAS S $
1A S b3 ;» OUT ON
WHEN
A | ow
1 LIMIT <V+ <
=
- ’l
< ‘P <
R2A :: S R28 < 3

HIGH LIMIT =~ V, (l + RIA)
~ —_—
REF R2A.

Delay Timer

V+

v

EF

AAA
W

V74

AAA
VW
k-

OFF

—o

5 1

DELAY = R-C+IN —————
(V+) = Vaer
‘CRO3930F

HIGH
LimiT

CR03910F

Crow Bar
v+ —\p Vo
p: <
m¥ 3
=
<>
R2 3
v @+my'
s+ =
uMIT R2 'REF
'CRO3900F
Voltage Monitor
v+ "‘VAT
SR8 S
;» < _::
I RIA
<
? —
4) ‘b
S R2A $rm
LOW LIMIT = V, (1 . ma) LED ON WHEN
REF R2B Low HIGH

umir <V* < gt

HIGH LIMIT = V; (1 + R’A)
REF R2A

Current Limiter Or Current Source

AAA

VWV

R
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A Schiumberger Company

nA494
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 uA494C 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

® Dead Time Control Comparator

©® Output Control Selects Single Ended Or Push-Pull
Operation

@ Easily Synchronized (Slaved) To Other Circuits

Connection Diagram
16-Lead DIP
(Top View)

1 \J 16

+iN1 [ ] +in2
CoMPEN/ [ v ﬂ Vegr

PWM COMP IN
DEAD TIME [} 13
—
CONTROL ’—FCV ] our controL
5 12
Cr E_ j Vee
6 OSCILLATOR 11
Rr ]

CD01320F

Order Information

Device Code Package Code Package Description

MA494PV 9B Molded DIP
uA494DC 7B Ceramic DIP
MA494PC 9B Molded DIP
Block Diagram
PULSE STEERING out
FLIP FLOP CONTROL
Ry c1
cr OSCILLATOR T Q Qal -
afo— c2
DEAD TIME @2
COMPARATOR E2
DEAD
TIME —
CONTROL PWM
COMPARATOR
‘—'_"'—" Vee
5.0 V REF VRer
+IN1 +IN2
ERROR ERROR
AMP AMP L ew
—IN1 —IN2
COMPENSATION/PWM
COMPARATOR INPUT
EQO0580F
L L P A R L T I N A W TR N MO K I T,
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uA494

Absolute Maximum Ratings
Storage Temperature Range
Ceramic DIP
Molded DIP
Operating Temperature Range
Industrial (uA494V)
Commercial (1A494C)
Lead Temperature
Ceramic DIP (soldering, 60 s)
Molded DIP (soldering, 10 s)
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.

-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 (Ry) 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®?

16L-Ceramic DIP 1.50 W
16L-Molded DIP 1.04 W
Supply Voltage 42 V
Voltage From Any Lead to Ground
(except lead 8 and lead 11) Vg + 03V
Output Collector Voltage 42 V
Peak Collector Current
(Ic1 and Igp) 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 nA494 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
Vece Power Supply Voltage 7.0 40 \"
' Voltage on Any Lead Except Leads 8 and 11 -0.3 Vee +0.3 \"
(Referenced to Ground)

Ve1, Vez Output Voltage Collector -03 40 \
lc1, lo2 Output Collector Current 200 mA
Ct Timing Capacitor 470 pF

10 uF
Rt Timing Resistor 1.8 500 k2
fosc Oscillator Frequency 1.0 300 kHz
Ta Operating Temperature Range 0 +70 °C
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uA494

Electrical Characteristics Tp =0 to 70°C for the pwA494C, Tp =-40°C to +85°C for the uA494V,
Voo =15V, fosc = 10 kHz, unless otherwise specified.

Min ] Typ l Max I

Symbol Characteristic Condition Unit

Reference Section

VREF Reference Voltage’ lrer = 1.0 mA 475 50 | 525 v

Reg ne | Line Regulation of 7.0 VSVgc <40 V 2.0 25 mv
Reference Voltage

TCVRer | Temperature Coefficient of 0°C <Tp<70°C 0.01 0.03 %/
Reference Voltage °C

Regioap | Load Regulation of 1.0 MA<Iggr <10 mA 1.0 15 mV
Reference Voltage

los Output Short Circuit Current VRer=0 V 0°C<Tp< +70°C 10 35 50 mA

-40°C < Ty < +85°C 35

Oscillator Section

fosc Oscillator Frequency (Figure 10) | Ct=0.01 uF, Ry =12 kQ 10 kHz

Afose Oscillator Frequency Change Cr=0.01 uF, 0°C<Tpo<+70°C 2.0 %

Rr =12 kQ —40°C <Tp<+85°C 20

Dead Time Control Section

BT Input Bias Current Vec=15V, 0 VSV <525V -2.0 -10 MA

DC(max) | Maximum Duty Cycle, Vec=15V, Lead 4=0V, 45 %
Each Output Output Control = VReg

VTH(in) Input Threshold Voltage Zero Duty Cycle 3.0 3.3 \

Maximum Duty Cycle 0

Error Amplifier Sections

Vio Input Offset Voltage Vg=25YV 2.0 10 mV

lio Input Offset Current Vg=25V 25 250 nA

g Input Bias Current Vzg=25V 0.2 1.0 MA

Vicr Input Common Mode 70 V<Vcc<40 V -0.3 Vce \
Voltage Range

Avs Large Signal Voltage Gain 0.5 V<V3<35V 60 74 dB

BW Bandwidth 650 kHz

PWM Comparator Section (Figure 9)

VTHi Inhibit Threshold Voltage Zero Duty Cycle 4.0 45 \

lo- Output Sink Current? 05 V<V3<35V -02 | -06 mA

Io + Output Source Current? 05 V<V3<35V 20 mA
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uA494 (Cont.)

Electrical Characteristics T =0 to 70°C for the uA494C, Tp =-40°C to +85°C for the nuA494V,
Ve =15V, fosc = 10 kHz, unless otherwise specified.

Symbol

Characteristic

Condition

l Min | Typ 1 Max I Unit

Output Section

VeE(sat)

Output Saturation
VoltageCommon Emitter
Configuration, (Figure 3)

VE =0 V,
Ic =200 mA

0°C < Tp < +70°C
~40°C < Tp <+85°C

11

1.3

' n

Emitter Follower Configuration,
(Figure 4)

Vo=15 V, Iz = 200 mA

1.5

25

lc(oft)

Collector Off-State Current

Vcc=40 V, Vee

=40 V

20

100

Ig(off)

Emitter Off-State Current

Veg=Ve=40 V,
VE=0

0°C < Tp < +70°C,
~40°C < Tp < +85°C

-100

MA

Output Control (Figure 6)

VocL

Output Control Voltage
Required for Single Ended or
Parallel Output Operation

0.4

VocH

Output Control Voltage
Required for Push-Pull
Operation

2.4

Total Device

lec

Standby Power Supply Current

[

Output AC Characteristics Use Recommended Operating Conditions with Ta = 25°C

tr

Rise Time of Output Voltage
Common Emitter Configuration,
(Figure 3)

100

200

ns

Emitter Follower Configuration,
(Figure 4)

100

200

¥

Fall Time of Output Voltage
Common Emitter Configuration,
(Figure 3)

25

100

ns

Emitter Follower Configuration,
(Figure 4)

40

100

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.
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Test Circuits

Figure 1 Error Amplifier Test Circuit Figure 4 Emitter Follower Configuration
Test Circuit and Waveform

15V
c

EACH
ouT
TRANSISTOR

CRO3150F

Figure 2 Current Limit Sense Amplifier
Test Circuit

GND
_L CR03210F
- Veer
Figure 5 Dead Time and Feedback Control
. Test Circuit
Vec=15V
1502 £ 150Q
CRO3160F 12 2 W T S2w
4 V
TesT [—— Deap- Tee oy L ouT1
Figure 3 Common Emitter Configuration N | ————1 FEEDBACK a2 1
Test Circuit and Waveform ke 4 =
- WA Rr c2 out2
5 10
-} » Cr E2
$ 80 00 uF—1 + | Ermor =
< - | amp
p—> Ve 16
c + | ERROR
b _L 151 _ | awmp
EACH = 13 4
out Q R 15pF our REF |1
TRANSISTOR CONTROL GND OUT
b 50kQ3 7
3 1 -L-
) CRO3170F

CRO3201F

CRO3180F
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Typical Applications

Figure 6 Output Connections for Single Ended
and Push-Pull Configurations

8 C1

——> Qc
CONTROL o &
" o (1 TO 500 mA MAX
0= Voc <04V > O

CRO3230F

—Ke |
10 E2
Qal
sEl
11c2
—K&
14)Ez

2.4V < Voc < Vagr
t (‘ 250 mA (MAX)
ouT
CONTROL (\250 mA (MAX)
‘CRO3240F

Figure 8 Slaving Two or More
Control Circuits

VRer Vee
14! Veer
6
Rr
s MASTER
cr
Rr _.l. c TO REMAINDER
4 OF ERROR
AMPLIFIER
= = CIRCUIT
14| VRer
6
Rr SLAVE
(ADDITIONAL
Sler CIRCUITS)

CRO3270F

Figure 7 Error Amplifier Sensing Techniques
V, TO OUT

VOLTAGE OF
SYSTEM
R1

1(16)

+
ERROR 3
2(15) ] AMP

VRer -

AA

S
S R2

POSITIVE OUT VOLTAGE

R1
Vo =V 1+ —
0 = Vrer ( Rz)

CRO3250F

VRer

ERROR
AMP

NEGATIVE OUT VOLTAGE To ouT
VOLTAGE OF

A1 Vo  SYSTEM

Vo = Vrer o,

CR03260F

Figure 9 Error Amplifier and Current Limit Sense
Amplifier Output Circuits

®

TO REMAINDER
OF ERROR
AMPLIFIER
CIRCUIT

TO COMPENSATION/PWM
COMPARATOR IN
LEAD 3

06 mA= *

CR03280F
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Typical Performance Curves

Figure 10 Oscillator Frequency vs Figure 11 Amplifier Voltage Gain vs
Timing Resistance Frequency
100K ——r—rrr 100 —TTTT
\, Vec=15V | Vec =15V
40K N Ta = 0°Ct0 70°C % < AVo = 3.0 V-
8 N 11 % N Ta = 25°C
| 10k N Qa,r,!, ! \
5 \ N <A @ 70
& a0k > 3 \
3 A S . z 60
E 1.0K AN N N 3 50
« N, N2 N 8
S 400 3 S 40
< N N ] \
3 10 AN A > N\
2 NEAT TN 2
a0 N
N 10
10 N 0 \
10K 140K 10K 40K 100 K 400K 1M 100 10K 10K 100K 10M

TIMING RESISTANCE—Q
PCOBB20F

Voltage Waveforms

FREQUENCY—Hz

=== Vcc

e iiummiiininn

——0

— Vce

VOLTAGE
AT C2
————— [}

VOLTAGE
AT Cr
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