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LIFE SUPPORT POLICY

NATIONAL’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR
SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL SEMICONDUCTOR COR-
PORATION. As used herein:

1. Life support devices or systems are devices or systems
which, (a) are intended for surgical implant into the body,
or (b) support or sustain life, and whose failure to per-
form, when properly used in accordance with instructions
for use provided in the labeling, can be reasonably ex-

pected to result in a significant injury to the user.

National Semiconductor Corporation 2900 Semiconductor Drive, P.O. Box 58090, Santa Clara, California 95052-8090 (408) 721-5000

TWX (910) 339-9240

National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied, and National reserves the right, at any time

without notice, to change said circuitry or specifications.

2. A critical component is any component of a life support
device or system whose failure to perform can be reason-
ably expected to cause the failure of the life support de-

vice or system, or to affect its safety or effectiveness.




Linear Products
Introduction

National Semiconductor Corporation first established itself
as the Linear Leader in 1967 with the introduction of the
FIRST MONOLITHIC VOLTAGE REGULATOR ... LM100. In
the 20 years since, many of our products were firsts in per-
formance and function. Today, this catalog spans the tradi-
tional areas of Op Amps, Voltage Regulators, Voltage Refer-
ences and Temperature Sensors, to Data Acquisition, Com-
munication, Automotive, and Power Plus Control. National
Semiconductor intends to remain a leader in the traditional
product areas while forging ahead into VLSI solutions for an-
alog problems and analog systems.

You can rely on National LINEAR to develop the most com-
prehensive product offering for use in the commercial, com-
puter, automotive, telecommunication, industrial or military
business segments. More than 1,000 basic LINEAR products
(5400 options) allow design engineers to find the optimum
Linear IC solution from National Semiconductor.

The Linear product line is presented in 3 Databooks. All sec-
tions are referenced and cross-indexed to provide quick and
easy access. The technical information and basic product
specifications are presented in data sheet format, including
maximum ratings, electrical characteristics, performance
curves and package information.

Additional application information is available as specific ap-
plication notes or completely compiled in the LINEAR APPLI-
CATIONS HANDBOOK. A product cross reference to the
specific application note has been provided. This handbook
and the 3-volume set of Linear Data Books represent a com-
plete base of information to the National LINEAR product
line.
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Product Status Definitions

National
@ Semiconductor
Corporation
Product Status Definitions

Definition of Terms

Data Sheet Identification Product Status Definition
v \Mvancad Inform!fon ‘| Formative or This data sheet contains the design specifications for product
o . N In Design development. Specifications may change in any manner without notice.
First This data sheet contains preliminary data and supplementary data will
Production be published at a later date. National Semiconductor Corporation

reserves the right to make changes at any time without notice in order
to improve design and supply the best possible product.

Fuli ) This data sheet contains final specifications. National Semiconductor
entific Production Corporation reserves the right to make changes at any time without
£ Notéd:" . L notice in order to improve design and supply the best possible product.

National Semiconductor Corporation reserves the right to make changes without further notice to any products herein to
improve reliability, function or design. National does not assume any liability arising out of the application or use of any product
or circuit described herein; neither does it convey any license under its patent rights, nor the rights of others.
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DAC1022 12-Bit Binary Multiplying D/A Converters . .........c.oouiiiiiiiitiiineeneeeanneenns 4-64
DAC1208 12-Bit uP Compatible Double-Buffered Dto AConverters.................coovvuiinnn. 4-74
DAC1209 12-Bit uP Compatible Double-Buffered Dto AConverters.................covveinenn.. 4-74
DAC1210 12-Bit uP Compatible Double-Buffered Dto AConverters......................oooun. 4-74
DAC1218 12-Bit Multiplying D/A CONVEMErs . .......uuiintttte it iniieeneeaanaenns 4-89
DAC1219 12-Bit Multiplying D/A CONVEIErs . ......oiunnii ettt 4-89
DAC1220 12-Bit Binary Multiplying D/A Converters ..........ccoiuiiiiiiiiiiiiiiiiiinnnnnens 4-64
DAC1221 12-Bit Binary Multiplying D/A CONVeRers . .........cccoiiiiiiiiiiiiii e 4-64
DAC1222 12-Bit Binary Multiplying D/A CONVerters ..........c.oueeiiriinnutinenenneenannnenns 4-64
DAC1230 12-Bit uP Compatible Double-Buffered Dto AConverters............................. 4-74
DAC1231 12-Bit uP Compatible Double-BufferedDto AConverters................oooiiinnenn, 4-74
DAC1232 12-Bit uP Compatible Double-Buffered Dto AConverters..................oooiiinit 4-74
DAC1265 Hi-Speed 12-Bit D/A Converter withReference ............... ..., 4-100
DAC1265A Hi-Speed 12-Bit D/A Converter with Reference ............ ...t 4-100
DAC1266 Hi-Speed 12-Bit D/ACONVEMET ... ...ttt ittt eniaeenns 4-109
DAC1266A Hi-Speed 12-Bit D/A CONVErter .. ... .ottt eeeaiees 4-109
DAC1655 16-Bit D/A CONVEIET . ...\ttt ittt etatietieeaatinereeenresaennans 4-117
DM2502 Successive Approximation Registers. ...........coiiitiiiiiiiiiiii it 3-280
DM2503 Successive Approximation Registers............coviiiiiiiiiiii it 3-280
DM2504 Successive Approximation Registers. .. ...ttt 3-280
HS7067 7 Amp, Multimode, High Efficiency Switching Regulator ..................... ... ... Linear 1
HS7107 7 Amp, Multimode, High Efficiency Switching Regulator- ............................. Linear 1
HS9151 Micro-Switching Off-Line Power Converter 120/VAC/+5V ... ... ... Linear 1
LF111 Voltage Comparators .........cuuuitiniuitiinteiiieeiinntnieeiinreonnteennneenns Linear 1
LF147 Wide Bandwidth Quad JFET Input Operational Amplifiers ....................oooitt. Linear 1
LF155 Low SUpPly CUITENTE . . . . ..ot e ettt e it eanns Linear 1
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LF155 Series Monolothic JFET Input Operational Amplifiers . .............c.cooiiiiiiiiiiiinnn. Linear 1

LF156 Series Monolothic JFET Input Operational Amplifiers ...............cccoiiiiiiienannn. Linear 1
LE186 Wide Band. .. .. ..ot et e et et et Linear 1
LF157 Series Monolothic JFET Input Operational Amplifiers .............coviieiiiiiieennnnn. Linear 1
LF157 Wide Band Decompensated (AVMIN = 5) . ... ittt iiiiie e Linear 1
LF198 Monolithic Sample and Hold Gircuits . .........c.eiiniimiiiii i 5-5
LF198A Monolithic Sample and Hold Circuits . . . ... ..o oot e e eae s 5-5
LF211 Voltage Comparators ... ........cuuuuueennetenneeenaeeneeenneeaneeannenaeeenns Linear 1
LF255 LoW SUPPIlY CUITENT . . . ettt ittt it ittt ettt tisaaanninnannns Linear 1
LF256 Wide Band. ... ..ot i e et e e Linear 1
LF257 Wide Band Decompensated (AVMIN = 5) ... .. ...ttt Linear 1
LF298 Monolithic Sample and Hold Circuits ............ccoiiiiiiiiii it iiie e eeanns 5-5
LF311 Voltage Comparators ... .........ouiitiiniintiea it i i e eaeaneaennnens Linear 1
LF347 Wide Bandwidth Quad JFET Input Operational Amplifiers .......................co... Linear 1
LF347A Wide Bandwidth Quad JFET Input Operational Amplifiers ..................cooiue.... Linear 1
LF351 Wide Bandwidth JFET Input Operational Amplifier. ........... ... ..o it Linear 1
LF353 Wide Bandwidth Dual JFET Input Operational Amplifier . .............. ... ... ... Linear 1
LF355 Low Supply CUITENL . . . ..ottt it it ettt e et eaaiaaeen Linear 1
LE356 Wide Band. .. ... e e et e Linear 1
LF357 Wide Band Decompensated (AVMIN = 5) .. ......uuutiriiiiienieeeieenaanaannnns Linear 1
LF398A Monolithic Sample and Hold Circuits . . . ... ..o ot i it e 5-5
LF400C Fast Settling JFET Input Operational Amplifier ...............c.cciiiiiiiiiiiina... Linear 1
LF401 Precision Fast Settling JFET Input Operational Amplifier ....................coooooitn. Linear 1
LF411 Low Offset, Low Drift JFET Input Operational Amplifier ............... ..ot Linear 1
LF412 Low Offset, Low Drift Dual JFET Operational Amplifier.................coviiiiiiaa.. Linear 1
LF441 Low Power JFET Input Operational Amplifier ............. ..., Linear 1
LF442 Dual Low Power JFET Input Operational Amplifier. .............. .ot Linear 1
LF444 Quad Low Power JFET Input Operational Amplifier .. ..., Linear 1
LF455 Series Monolithic JFET Operational Amplifier. ..o Linear 1
LF456 Series Monolithic JFET Operational Amplifier. ..........c.cooiiiiiiiiiiiiiiiinnneann. Linear 1
LF457 Series Monolithic JFET Operational Amplifier. ... ... Linear 1
LF1333 Quad SPST JFET Analog SWitches . ...ttt 2-52
LF11201 Quad SPSTJFET Analog Switches ........ .ot 2-52
LF11202 Quad SPST JFET Analog SWItches . .. .....coviiit it 2-52
LF11331 Quad SPST JFET Analog SWIitChes . . ... covv ittt eee e eieaes 2-52
LF11332 Quad SPSTJFET Analog Switches . ... ... it i i ittt e e e 2-52
LF13006 Digital Gain Set . . ...ttt i i e i e i e e e 5-15
LF13007 Digital Gain Set ... ..ttt e e e e 5-15
LF13201 Quad SPST JFET AnalogSwitches . ... i e 2-52
LF13202 Quad SPST JFET Analog SWItChes . . .. ... vviii it eeeanns 2-52
LF13331 Quad SPST JFET Analog SWitches . . . ..o e 2-52
LF13333 Quad SPST JFET Analog SwitChes . ... i e 2-52
LF13508 8-Channel Analog MuUltiplexer. . ... ..ottt i ittt iiiiieiiieinenes 2-63
LF13509 4-Channel Analog MUItiplexer. . ......oovuiiitiii ittt 2-63
LF13741 Monolithic JFET Input Operational Amplifier. ..., Linear 1
LHOO002 Current AMPIIfier . . ... ..ottt e e et e e Linear 1
LHO003 Wide Bandwidth Operational Amplifier ............coiiiiiiiiiiiiiiiiiiiiienennn. Linear 1
LHO0004 High Voltage Operational Amplifier ...........coiiiiiiiiiiiiiiiii .. Linear 1
LH0020 High Gain Operational Amplifier . ... Linear 1
LHO0021 1.0 Amp Power Operational Amplifier .............cciiiiiiiiiiiiiiiiiiiinann.. Linear 1
LHO0022 High Performance FET OP AMP . ...ttt it iiie e Linear 1
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LH0023 Sample and HOId CirCUItS . ... .ottt et e e ieie e i ninaaaennns 5-22
LH0023C Sample and HOId GirCUItS . . . ..ot vttt eee e rneeaneeennens 5-22
LH0024 High Slew Rate Operational Amplifier ........ ...ttt ennennne. Linear 1
LHO0032 Ultra Fast FET-Input Operational Amplifier .. ..........c.coiiiiiiiiiiiiiiniie e, Linear 1
LHOO033 Fast Buffer AMPIfiers . . ....oiiine i i i i e ittt eieiiiiniaenans Linear 1
LHO0036 Instrumentation Amplifier . .. ... e e e Linear 1
LHO0038 True Instrumentation Amplifier ...........coiiiiiiiiiiiii i e, Linear 1
LHO0041 0.2 Amp Power Operational Amplifier ........ ...ttt iiennneenn, Linear 1
LHOO042 Low CoSt FET Op AMD . .ttt ittt et iie e e e ittt ee s iinneeeeenannaeenn Linear 1
LHO0043 Sample and Hold GirCUItS .. ..o vvvettt ittt ittt ettt ittt eeeereaarenennenns 5-22
LH0043C Sample and Hold GirCUItS . .. ..o oottt i it e e e ettt e eiiaeeenns 5-22
LHO0044 Series Precision Low Noise Operational Amplifiers.............cvvviiiiii ... Linear 1
LHO0045 Two Wire Transmitter . .. ...ttt et r it riee e enneennns Linear 1
LHOO52 Precision FET Op A . . ettt ettt et eie it eeeanieeeeennninneeennns Linear 1
LH0053 High Speed Sample and Hold Amplifier ........ ...t 5-23
LH0053C High Speed Sample and Hold Amplifier . ........................ e 5-23
LHO0061 0.5 Amp Wide Band Operational Amplifier ..., Linear 1
LH0062 High Speed FET Operational Amplifier ...ttt Linear 1
LHO0070 Series BCD Buffered Reference. ...ttt iiieee e 7-7
LHO0071 Series Precision Buffered Reference ........... ..ot 7-7
LHO0075 Positive Precision Programmable Regulator. . ...........oooiiiiiiiiiii i Linear 1
LHO0076 Negative Precision Programmable Regulator. .................cooiiiiiiiiiiiienan, Linear 1
LH0082 Optical Communication Receiver/Amplifier .............. .o i, Linear 1
LHO0084 Digitally-Programmable-Gain Instrumentation Amplifier ................ooiiiiiiiii, Linear 1
LHO0086 Digitally-Programmable-Gain Amplifier ........... ... ..o i Linear 1
LHO091 True RMS 1o DC CONVEIEr . . . oo vttt ittt ittt annae e, 5-24
LHO0094 Multifunction Converter . ... ...ttt et et e 5-29
LHO101 Power Operational Amplifier ..........o ittt Linear 1
LH4001 Wideband Current Buffer . .. ... .ot i et Linear 1
LH4002 Wideband Video Buffer ...t i Linear 1
LH4003 Precision RF Closed Loop Buffer ...ttt iiiiiiiiiiiinennnannns Linear 1
LH4004 Wideband FET Input Buffer/Amplifier ...........cooiiiiiiiiiiiiiiiiiiiiiiiiiiiin, Linear 1
LH4006 Precision RF Closed Loop Buffer ...ttt ineeen, Linear 1
LH4101 Wideband High Current Operational Amplifier ............. ...t iiiiia... Linear 1
LH4101C Wideband High Current Operational Amplifier...............oooiiiiiiiiiiiiia... Linear 1
LH4104 Fast Settling High Current Operational Amplifier ................c it Linear 1
LH4105 Precision Fast Settling High Current Operational Amplifier ........................... Linear 1
LM10Op Amp and Voltage Reference . ...ttt iiiiiiie e Linear 1
LM11 Operational Amplifiers . .......oovn i i i ettt eiieee e Linear 1
LM12(L) 150W Operational Amplifier ... .......ooiiii ittt e e Linear 1
LM34 Precision Fahrenheit Temperature Sensors........... ..o iiiiiiiiiiiiiiiiiiiiinnnn. 6-4
LM34A Precision Fahrenheit Temperature Sensors ...ttt iiiinnininnnns 6-4
LM34C Precision Fahrenheit Temperature Sensors . ..........c..ceueitiriniiiiieennnnneeennnns 6-4
LM34CA Precision Fahrenheit Temperature SEenSors .. .......uouiiiiree e eireierereeneenans ..6-4
LM34D Precision Fahrenheit Temperature SENSOrs ..........oouviiiriiiiiiieiineeiirenneennenes 6-4
LM35 Precision Fahrenheit Temperature Sensors. ...... ...ttt 6-12
LMB35A Precision Fahrenheit Temperature Sensors ...ttt iiiiiiin., 6-12
LMB35C Precision Fahrenheit Temperature Sensors ..........c.ooviiiiiiiiiiiii i, 6-12
LM35CA Precision Fahrenheit Temperature SEnsors . ........cooviiriiiiiiiiiiiiiiiiininnens 6-12
LM35D Precision Fahrenheit Temperature Sensors ........o.cvviiiiiiiii i nineinneenneens 6-12
LM78LXX Series 3-Terminal Positive Regulator ..., Linear 1
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LM78XX Series Voltage Regulator ........ ..ottt Linear 1
LM79LXXAC Series 3-Terminal Negative Regulator ................coiiiiiiiiiiiiiinn... Linear 1
LM79XX Series 3-Terminal Negative Regulator ..ot Linear 1
LM101A Operational AmpIifiers . . . ....outei i e e it iee e eaee i Linear 1
LM102 Voltage FOIIOWET . . . . ..ottt e it e ittt et e ea it eaniaeaes Linear 1
LM103 Reference Diode ..........onuiintinei i e e e 7-11
LM104 Negative Regulator. . . ..... ot et ettt it enineeaes Linear 1
LM105 Voltage Regulator . . . . ..ottt e e et Linear 1
LM106 Voltage Comparator ... ... ...ttt ettt ettt et Linear 1
LM107 Operational Amplifiers . ... .....ooiiniiriiiiiii ittt enenniaeennnnnns Linear 1
LM108 Operational Amplifiers . ...........oiiiiiiii ittt inneeraeenneenns Linear 1
LM108A Operational AmpIifiers . .. ....c.coiiiiiiiiiii it i i ittt et aannns Linear 1
LM109 5-VOItReguUIAtor ... ..ottt i et et e ainreeenanens Linear 1
LM110 Volage FollOWET ... ..ottt ettt ittt e eeneeeaannns Linear 1
LM111 Voltage Comparator . . ...ttt ittt et e et e it eeeeeraneaenannns Linear 1
LM112 Operational AmpIifiers . .........ouuiiiiiii ittt ie et eaiieeeeannens Linear 1
LM113 Precision Reference .........c.uiinitiii ittt 7-12
LM117 3-Terminal Adjustable Regulator ...ttt Linear 1
LM117HV 3-Terminal Adjustable Regulator. ........... ...t Linear 1
LM118 Operational Amplifiers . ........uuuiii i e ittt Linear 1
LM119 High Speed Dual Comparator . . .. ...ttt ittt et ee e Linear 1
LM120 Series 3-Terminal Negative Regulator. ...t Linear 1
LM122 PreCision TiMEr . ..ottt ittt e ettt it nens Linear 3
LM123 3 Amp, 5-Volt Positive Regulator .............c it Linear 1
LM124 Low Power Quad Operational Amplifiers. ...........ccooiiiiiniiiiiiiin e, Linear 1
LM125 Voltage Regulators . .. ....c.neein i e e Linear 1
LM126 Voltage Regulators .. ........ouinuiiniii i Linear 1
LM129 Precision ReferenCe .. ........c.uuiineiiiiii ittt i, 7-15
LM131 Precision Voltage-to-Frequency Converters ............coiviiiiiiiiiiiieeinnee.ns 3-285
LM131A Precision Voltage-to-Frequency Converters .. ... i, 3-285
LM133 3-Amp Negative Adjustable Voltage Regulator ............... ..., Linear 1
LM134 3-Terminal Adjustable Current SOUrces . ........coouirtiienniiiiiie it inieeeeann. 7-20
LM135 Precision Temperature SeNSOrs. ... ....vuvutiiiiiiit i iiiiiiie i i nen, 6-21
LM135A Precision Temperature SENSOrs ........ovuiiiiiiitiittietttiiiieaanereniaannreenns 6-21
LM136-2.5V Reference Diode . .......ouviinniii i e 7-28
LM136-5.0V Reference Diode . ... ..ottt ittt et 7-35
LM137 3-Terminal Negative Adjustable Regulator .............. ..., Linear 1
LM137HV 3-Terminal Negative Adjustable Regulators (High Voltage) ......................... Linear 1
LM138 5 Amp Adjustable Power Regulator ... Linear 1
LM139 Low Power Low Offset Voltage Quad Comparators .............covviuiiiiniiiennnn. Linear 1
LM140 Series 3-Terminal Positive Regulators. . ........... .. .o ... Linear 1
LM140L Series 3-Terminal Positive Regulators .............. ..., Linear 1
LM143 High Voltage Operational Amplifier ......... ...t Linear 1
LM144 High Voltage, High Slew Rate Operational Amplifiers.................. ... ... L. Linear 1
LM145 Negative SAmp Regulator ...........coiiiiiiiiiiiii i Linear 1
LM146 Programmable Quad Operational Amplifiers ............. ... i i, Linear 1
LM148 QUAd 741 Op AMIPS ..ttt i tttiiitetet et tete et eeereeeseeensanannanenesennnnnnnnns Linear 1
LM149 Wide Band Decompensated (AVIMIN) = 5) ........iiiiiiiiiiiiiiiiriiienenanennn Linear 1
LM150 3 Amp Adjustable Power Regulator ... it Linear 1
LM158 Low Power Dual Operational Amplifiers ...ttt Linear 1
LM160 High Speed Differential Comparator ...ttt Linear 1
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LM161 High Speed Differential Comparator ............cociiiiiiiiiiiiiiniiiniineennens Linear 1
LM168 Precision Voltage Reference . .........ccvviiiiiiiiiiiii ittt ineinneeeanneennns 7-42
LM169 Precision Voltage Reference ............ccoiiiiiiiiiiiiiii it ieenne, 7-48
LM185 Adjustable Micropower Voltage References ............ooviiriiiiieinitennneeennnnnnn. 7-69
LM185-1.2 Micropower Voltage Reference Diode .. .......cvviiiiiiiiiiiiiiiiieieeinneennns 7-58
LM185-2.5 Micropower Voltage Reference Diode .. .........coviiiiiireiiieniiiiiiiennnnnns 7-64
LM192 Low Power Operational Amplifier/Voltage Comparator ............c..cvvveveenneennnn. Linear 1
LM193 Low Power Low Offset Voltage Dual Comparator ............coveviiineernnneennneenns Linear 1
LM194 Super MatCh Pair. . ...ttt ittt e i ettt et a et Linear 3
LM195 Ultra Reliable Power Transistors ...........ovvitirinitinneerinerinnerannerenneenns Linear 3
LM196 10 Amp Adjustable Voltage Regulator. ............coviiiriiiiiiiiiiiniiinnennens Linear 1
LM199 Precision Reference ...........uiiiitiniii ittt ittt ettt einaeernneanns 7-76
LM201A Operational AmpPlifiers . . ......oviitriiii it iieiirie e riarernnnernannenns Linear 1
LM204 Negative Regulator. . ... ..ottt it e ettt Linear 1
LM205 Voltage Regulator . .. .....o.vvnuin ittt ittt it i Linear 1
LM206 Voltage ComParator .. .....vvuutttittnnnetrreeeenneteanteenneeansereneeernneens Linear 1
LM207 Operational Amplifiers . ........cooutoiiiiini i eiiieniereneraneeenneenns Linear 1
LM208 Operational AMPIIfiers .........veiiiiiiiiiiiiiii ittt eiiie i anaens Linear 1
LM208A Operational Amplifiers . .. .....covvniniiii it et rii e naeens Linear 1
LM210 Voltage FollOWer . . . .. ...t et eisiaer e aaanaas Linear 1
LM211 Voltage Comparator .. ......ouutttiintt ittt iintenieeraneeinneeanneesnneess Linear 1
LM212 Operational AMPIIfiers .........oooiiiiniiiii et enieineennnens Linear 1
LM218 Operational Amplifiers ..........couiineiiiiiiii ittt Linear 1
LM219 High Speed Dual Comparator . .......c.cvittiiriiiiiii et irennreeeennannaeeeeerennns Linear 1
LM221 Precision Preamplifiers. . . ... ..c.ooviiii i et et e Linear 1
LM224 Low Power Quad Operational Amplifiers. ...........coviiiiiiiiiiiiiiiiiinnnn., Linear 1
LM231 Precision Voltage-to-Frequency Converters ...........ccoiiiiiiiiiineiiiiniieneennnn. 3-285
LM231A Precision Voltage-to-Frequency Converters ... .......covveiiiiiiiiiriiieennnennnns 3-285
LM234 3-Terminal Adjustable CurrentSources ................c.ovuuuen. e e e, 7-20
LM235 Precision Temperature Sensors................. e e e 6-21
LM235A Precision Temperature SEBNSOIS . ........vuuiuunniteetiiiieeteinetsiuneeeeeeinnnnns 6-21
LM236-2.5V Referance Diode . . . ..o vttt e e 7-28
LM236-5.0V Referance Diode . . . ..o v i e e e e 7-35
LM239 Low Power Low Offset Voltage Quad Comparators .......... ettt e Linear 1
LM246 Programmable Quad Operational Amplifiers ...........c.cooviiiiiiiiiiiiiiiiiinnnn, Linear 1
LM248 QUAA 741 O AMIPS &t vttt ttettinieeeeeeeeesenenoanassssossnennnaaaesaenns Linear 1
LM249 Wide Band Decompensated (AV(MIN) = 5) ...... .ottt Linear 1
LM258 Low Power Dual Operational Amplifiers ................... e e Linear 1
LM260 High Speed Differential Comparator ............cooiiiiiiiiiiiiiiiiiiiiiinineennns Linear 1
LM261 High Speed Differential Comparator .............coiiiiiiiiiiiiiiiiiiiiinnneeen. Linear 1
LM268 Precision Voltage Reference ...ttt 7-42
LM285 Adjustable Micropower Voltage References ...........coiiiiviiiiiiiiiiiii i, 7-69
LM285-1.2 Micropower Voltage Reference Diode .........covviiiiiiiiii i iinnnnnns 7-58
LM285-2.5 Micropower Voltage Reference Diode ..........ccovviniiii ittt 7-64
LM292 Low Power Operational Amplifier/Voltage Comparator ...............ocviiiiina.. Linear 1
LM293 Low Power Low Offset Voltage Dual Comparator ...........c.oviviiiiiiiinnnineee., Linear 1
LM295 Ultra Reliable PoOwer TransiStors . .........covieiiiiiiiiiiiireiiinnneeneeeeens Linear 3
LM299 PrecGision Reference . ..........iiiiiiiiiiniiiiiii ittt ettt iaas 7-76
LM301A Operational Amplifiers . ...........cooviiiiiiiiiiiiiiine.., e s Linear 1
LMB02 Voltage FollOWET . . . ...ttt et e i e Linear 1
LM304 Negative Regulator. . ......c.viuuiiiiiii it ittt it Linear 1
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LM305 Voltage Regulator . . ...ttt e et Linear 1
LMB305A Voltage Regulator .. ..........iiieii it Linear 1
LMB06 Voltage Comparator . .. ...cvu ettt ettt e et e Linear 1
LM307 Operational AMpPIfiers .. .....ouuuun ittt e et et eniaeenn Linear 1
LM308 Operational AmMPlifiers . .......voiiiitetiiiiiii ittt et iitiieeeaananaanaeans Linear 1
LM308A Operational AMPIfiers . . . ...vntti i e e ittt Linear 1
LMB09 5-VOIt ReQUIAtor ... ..vttt ettt it e ettt ettt et e Linear 1
LMB10 Voltage FollOWEr . . .. ...t e e ettt et Linear 1
LM311 Voltage Comparator ... ..ovvt ittt it e ettt e ettt eae e eaneeeeaaas Linear 1
LM312 Operational AMPlIfiers ... .......uutiiiri it it i eii i nneaaneenns Linear 1
LMB13 Precision Reference ...t e e et s 7-12
LM317 3-Terminal Adjustable Regulator ....... ..ottt Linear 1
LM317HV 3-Terminal Adjustable Regulator. ........ ...t ire e Linear 1
LM317L 3-Terminal Adjustable Regulator ...t Linear 1
LM318 Operational Amplifiers . .. ......ouiiiit ittt ettt i eaniaieeenennnnnns Linear 1
LM319 High Speed Dual ComParator . . .. ....vuvuttret et it eneterieraneerneeenneens Linear 1
LM320 Series 3-Terminal Negative Regulator. ...t Linear 1
LM320L 3-Terminal Negative Regulator. ...ttt i Linear 1
LM321 Precision Preamplifiers. .. ....oon i et e et e Linear 1
LMB22 PreCiSion TIMEr .. ...ttt ettt eentannnnenesannnaanens Linear 3
LM324 Low Power Quad Operational Amplifiers. ..........ccceiviiiiiiiiiiiiiiiiennannnns Linear 1
LM325 Voltage Regulators . .. ..ot e i e e Linear 1
LMB26 Voltage Regulators . . . . ... vi i it e et e Linear 1
LM329 Precision REference . ... .....ooiinii i ettt 7-15
LM330 3-Terminal Positive Regulator. . . .......c.ooii it e eaiaeeees Linear 1
LM331 Precision Voltage-to-Frequency CONVEMErsS . .........cutiininiiiiieenniiiieeennnnn. 3-285
LM331A Precision Voltage-to-Frequency Converters ...ttt iiiiiiiiannn. 3-285
LM333 3-Amp Negative Adjustable Voltage Regulator ................oooviiiiiiiiiioiin. Linear 1
LM334 3-Terminal Adjustable Current SOUICES . ........ouiurtreeenniii it nineeeeeennnns 7-20
LM335 Precision Temperature SENSOrS. . . ...ttt ettt eainieeeeennns 6-21
LMB335A Precision Temperature SENSOIS .. ...ttt ittt ittt 6-21
LM336-2.5V Reference Diode . . . ...ttt e e e e 7-28
LMB336-5.0V Reference Diode . . . . .. ccv ettt e e e 7-35
LM337 3-Terminal Negative Adjustable Regulator ..............co ittt Linear 1
LM337HV 3-Terminal Negative Adjustable Regulators (High Voltage) .................... ... Linear 1
LM337L 3-Terminal Adjustable Regulator .......... ... ... ... . i i Linear 1
LM338 5 Amp Adjustable Power Regulator ..........coiiiiiiiiiiiiiiiiiiiiiiiiiiiinnnnnn, Linear 1
LM339 Low Power Low Offset Voltage Quad Comparators .............coovviviiinneinnenn.. Linear 1
LM340 Series 3-Terminal Positive Regulators. ..........oouiiiiiininiiii i Linear 1
LM340L Series 3-Terminal Positive Regulators ..............ccoiiiiiiiiiiiiiiiiiiiien... Linear 1
LM343 High Voltage Operational Amplifier ... Linear 1
LM344 High Voltage, High Slew Rate Operational Amplifiers. ................coviiiiiiiia Linear 1
LM345 Negative SAmp Regulator ..........oouiiiiiii it Linear 1
LM346 Programmable Quad Operational Amphflers ........................................ Linear 1
LMB48 QUAA 741 OP AMIPS ..ttt ettt ettt et b ettt atne e e eanaeeeeeeeananeeneeannns Linear 1
LM349 Wide Band Decompensated (AV(MIN) =5) .........cciviiiiiiiien... e Linear 1
LM350 3 Amp Adjustable Power Regulator ...ttt Linear 1
LM358 Low Power Dual Operational Amplifiers ...........c...coioiiiiiiiiiiiiiiiiiiiiiine, Linear 1
LM359 Dual, High Speed, Programmable Current Mode (Norton) Amplifier .................... Linear 1
LM360 High Speed Differential Comparator .............coriiiioiiiiiiiiitiiiiineeeens Linear 1
LM361 High Speed Differential Comparator ............cooiiiiiiiiiiiiiiiiiiiiiiininens Linear 1
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LM363 Precision Instrumentation Amplifier ... e e Linear 1
LM368 Precision Voltage Reference ..........coiiiiiiiiiiiii it iiiiiereieeenenns 7-42
LM368-2.5 Precision Voltage Reference . ........c.coovuiiiiiiiiiiiiiiiiiiiiiiiieenaneennnaenns 7-85
LM369 Precision Voltage Reference ..........oouiiiiiiiiiiiiiiiiiiiiiiii i iiiinennees 7-48
LM376 Voltage Regulator . .. ...ttt ittt ettt it Linear 1
LM377 Dual 2-Watt Audio Amplifier .........oiiiiiiiiiii ittt e eraneeannans Linear 3
LM378 Dual 4-Watt Audio Amplifier ..........oooiiiiiiiii ittt Linear 3
LM380 Audio Power Amplifier ......coovttiiiiiiiiiiii ittt e e Linear3
LM381 Low Noise Dual Preamplifier . . .. ....oviriiiiiii e reiiee i nainn Linear 3
LM382 Low Noise Dual Preamplifier . . .....c.covuiiiiiiiii ittt i iereiiiiie e eanannnnnns Linear 3
LM383 7-Watt Audio Power Amplifier . ........covirtiiiiiii ittt ieeieenneeannaenns Linear 3
LM384 5-Watt Audio Power Amplifier . ..........covietiniiiiiiiiiiii it naieennnens Linear 3
LM385 Adjustable Micropower Voltage References ...........cooviiiiiiiiiiiiiiiiiiinnnenns 7-69
LM385-1.2 Micropower Voltage Reference Diode . ..........coviiiiiiiiiiiiiiiiiii i, 7-58
LM385-2.5 Micropower Voltage ReferenceDiode . ........cocoviiiii it 7-64
LM386 Low Voltage Audio Power Amplifier ............oouiiiiiiiiiiiiiii i Linear 3
LM387 Low Noise Dual Preamplifier . .. .......couiriiriiiiiiiii ettt ereineannnenns Linear 3
LM388 1.5-Watt Audio Power Amplifier ..........cooiuieiiriiii it erraeinnenns Linear 3
LM389 Low Voltage Audio Power Amplifier with NPN TransistorArray ................... ... Linear 3
LM390 1-Watt Battery Operated Audio Power Amplifier ............ ... iiiiiiiiiiiiiiinna.. Linear 3
LIMBO1T AUdiO POWET DIIVEF . . . ettt ittt i eie et Linear3
LM392 Low Power Operational Amplifier/Voltage Comparator ............ccovvviiiinennn... Linear 1
LM393 Low Power Low Offset Voltage Dual Comparator ..........covvvuiineinienieeneennens Linear 1
LM394 SuperMatch Pair. ... ... ..o i e Linear 3
LM395 Ultra Reliable Power Transistors ..........couuuiiiiiiiiiiii ittt iinnnans Linear3
LM396 10 Amp Adjustable Voltage Regulator. .............coiiiiiiiiiiiiiiiii i, Linear 1
LM399 Precision Reference . ........ooviiiiiii ittt eiiiet et ereennaneeaens ... 7-76
Y Lo I £ =T Linear3
Y 1T I 4T Linear3
LIMB56 DUl TiMer . ...ttt et ettt et taaet et aneseeaenns Linear3
LIMBEBC DUAI TIMEE .« oottt e te et et et et e et e et e e et e e e e aeie e eanaeaenaenannnn Linear 3
LM565 Phase LOCKed LOOP . .....oviiiiii ittt ittt ettt Linear 3
LMB565C Phase LOCKE LOOP . ...t v vttetiiiii ittt ettt eiee et eneneieneeeenenns Linear 3
LM566C Voltage Controlled Oscillator .. ... iiiiii i i Linear 3
LM567 Low Power Tone Decoder .. ....vvuei ittt ittt Linear 3
LM567C Low Power Tone DeCOdEr . .....vviineit ittt i i ieaeannns Linear3
LM581 Voltage Reference Precision 10-VoIt ......... ..ot 7-91
LM592 Differential Video Amplifier ...... ...t i e e Linear 3
LM604 4 Channel MUX-AMP . ...ttt ittt ittt ettt eaens Linear 1
LM607 Precision Operational Amplifier ...ttt Linear 1
LM611 Adjustable Micropower Floating Voltage Reference and Single-Supply Operational

N4 11T e Linear 1
LM614 Adjustable Micropower Floating Voltage Reference and Four Single-Supply Operational

Y10 o)1 {11 N Linear 1
LM621 Brushless Motor Commutator TC ..ottt Linear 3
LM622 Pulse Width Modulator . . .......o ittt i i et e e iiiiaienes Linear3
LM628 Precision Motion Controller . . ...ttt ittt ittt Linear 3
LM675 Power Operational Amplifier ........ ... e Linear 1
LM723 Voltage Regulator .. ... .ottt e e e e Linear 1
LM733 Differential Video Amplifier ...ttt ittt Linear 3
LM733C Differential Video Amplifier . ...ttt i e Linear 3




Alpha-Numeric IndeX continucq)

LM741 Operational Amplifier .. ... i e e e e Linear 1
LM831 Low Voltage Audio Power Amplifier . ... i e e Linear 3
LM832 Dynamic Noise Reduction System DNR ........ ...ttt e Linear 3
LM833 Dual Audio Operational Amplifier .. ...ttt ittt it i Linear 1
LM837 Low Noise Quad Operational Amplifier . ......... ..o Linear 1
LMO03 Fluid Level Detector . . ...ttt e e e ettt e e Linear 3
LM1035 Dual DC Operated Tone/Volume/Balance Circuit ..o, Linear 3
LM1036 Dual DC Operated Tone/Volume/Balance Circuit .........c.ccvviriiiiiiennnnnnn. Linear 3
LM1037 Dual Four-Channel Analog Switch . ...... ...ttt it e e Linear3
LM1038 Dual Four-Channel Analog Switch . ... Linear 3
LM1040 Dual DC Operated Tone/Volume/Balance Circuit with Stereo Enhancement Facility . . . .Linear 3
LM1042 Fluid Level Detector . . ... ..o e e e Linear 3
LM1044 Analog Video SWItCh ... ...t e Linear 3
LM1112A Dolby B-Type Noise Reduction Processor. ............oooiiiiiiiiiieinnnieon.. Linear 3
LM1131A Dual Dolby B-Type Noise Reduction Processor ..........coviiiiiiinieereennnn. Linear 3
LM1141 Dolby B-C Type Noise Reduction ProCessor .............uieeriiiiiennnnneeenn.. Linear 3
LM1201 Video Amplifier System . ... ... e e Linear 3
LM1203 RGB Video Amplifier System ... i e Linear 3
LM1211 Broadband Demodulator System . ... ...ttt e Linear3
LM1391 Phase-Locked LOOP . ...ttt ittt Linear 3
LM1458 Dual Operational Amplifier ............ i i Linear 1
LM1496 Balanced Modulator Demodulator ...t Linear 3
LM1558 Dual Operational Amplifier ..........c i i e Linear 1
LM1578 Switching Regulator . . ... ...t e e Linear 1
LM1596 Balanced Modulator Demodulator . ...ttt Linear3
LM1800 Phase-Locked Loop FM Stereo Demodulator ............ccoviiiiiiiiiiiiiiee .. Linear 3
LM1801 Battery Operated Power Comparator ..........cooiuiiutiiiiiiiiiiiinneeeeenn. Linear 3
LM1812 UItrasonic TranSCeIVET . . . . ..o vttt et e ettt et e eieeeeees Linear 3
LM1815 Adaptive Sense Amplifier .. ...t Linear 3
LM1818 Electronically Switched Audio Tape System ....... ... .ot Linear 3
LM1819 Air-Core Meter DIVEr . . . .ottt it ettt et eiine e Linear 3
LM1823 Video IF Amplifier/PLL Detection System ...............ciiiiiiiiiiiiiiiiiii... Linear 3
LM1830 Fluid Detector . ..o e Linear 3
LM1837 Low Noise Preamplifier for Autoreversing Tape Playback Systems .................... Linear 3
LM1851 Ground Fault Interrupter ........ ..ottt it it et eieeee e ieineeenns Linear 3
LM1863 AM Radio System for Electronically TunedRadio..................coo i, Linear 3
LM1865 Advanced FM IF System . ...t i it ettt e e Linear 3
LM1866 Low Voltage AM/FM RECEIVET .. ...ttt Linear 3
LM1868 AM/FM Radio System .. ..ot e e Linear3
LM1870 Stereo Demodulator withBlend . ... i i e Linear 3
LM1871 RC Encoder/Transmitter . . . ... ...ttt it Linear 3
LM1872 Radio Control Receiver/Decoder . ...........uiiiiiiniiiiiiiiiiiiiiiiiinnannnns Linear3
LM1875 20-Watt Power Audio Amplifier............ e e e e Linear 3
LM1877 Dual Power Audio Amplifier. ...... ... e Linear 3
LM1880 No-Holds Vertical/Horizontal ............ . .o i i Linear 3
LM1881 Video Sync Separator ....... ...ttt s Linear 3
LM1884 TV SHere0 DECOUET . . . oottt t ettt ettt ettt eaeeeaeeeenans Linear 3
LM1886 TV Video MatriXx D0 A ..ottt et et i i e Linear 3
LM1889 TV Video ModUIAtOr . .. ... e Linear3
LM1893 Biline Carrier Current TranSCeIVEr . .......c.ouuiiiiiii ittt Linear 3
LM1894 Dynamic Noise Reduction SystemDNR . ...ttt Linear 3




Alpha-Numeric IndeX coninues

LM1895 Audio Power AmPpIifier .. .......ouutiiiiii i it e Linear3
LM1896 Dual Power Audio Amplifier. . ... ... ..ottt ittt e ieiiiiieiriaeaaans Linear3
LM1897 Low Noise Preamplifier for Tape Playback Systems.............c.coooiiiiiiiiiaat, Linear 3
LM1921 1 Amp Industrial Switch . .. ... ..o e e Linear3
LM1946 Over/Under Current Limit Diagnostic Circuits .............. et Linear 3
LM1949 Injector Drive CONtroller. . ... . ..ottt ittt e et enennaanaas Linear3
LM1951 Solid State 1 AmMp SWitch . ...t i ittt Linear 3
LM1964 Sensor Interface Amplifier. .. ......cooi it i i e et Linear3
LM1965 Advanced FM IF System . .......coiiiitittiiiiiiiii e teeiineeeeaneeeeeeennnns Linear 3
LM2002 8-Watt Audio Power Amplifier . ....... e et Linear 3
LM2005 20-Watt Automotive Power Amplifier.............ooiiiiiiiii it Linear 3
LM2065 Advanced FM IF System ... ...oiiiiiiii ittt it ittt eeiiieieninaeneenannnns Linear 3
LM2578 Switching Regulator . ... ... ..ot i et Linear 1
LM2877 Dual 4-Watt Power Audio Amplifier ...ttt iiiiiiieeenns Linear3
LM2878 Dual 5-Watt Power Audio Amplifier ........ e ettt e Linear 3
LM2879 Dual 8-Watt Audio Amplifier . ............oiiiiiiiii it Linear 3
LM2889 TV Video ModUIAtor ... ..ottt et et e ii e ieatenaaeennes Linear 3
LM2893 Biline Carrier Current TFANSCOIVET . .......vinern it innaten i eneeaeeneeneenens Linear 3
LM2900 QUad AMPlifierS . . . oo vttt ettt it it e e et Linear 1
LM2901 Low Power Low Offset Voltage Quad Comparators ..........c..oevvnieineennereennnn Linear 1
LM2902 Low Power Quad Operational Amplifiers ............ccooeiiiiiiiiiiiiiiiiiinnnee. Linear 1
LM2903 Low Power Low Offset Voltage Dual Comparator..........c..ccveivuiniineineeneenn.. Linear 1
LM2904 Low Power Dual Operational Amplifiers .............coiviiiiiiiiiiiiiiiiinnennnn. Linear 1
LM2905 Precision TIMEr . . . . .ov ittt ettt tae e eaaeeneneeannesaneeaneeaneenannes Linear 3
LM2907 Frequency to Voltage Converter . ..........c.oiiiiiiiierinnnneeeernneneeenennns Linear 3
LM2917 Frequency to Voltage CONVEMEr . ........c.ciiiiiiierereneeierenreoeeroeeeeanennnns Linear 3
LM2924 Low Power Operational Amplifier/Voltage Comparator .................ccovivevee.... Linear 1
LM2925 Low Drop-Out Regulator with Delayed Reset ..................ciiiiiiiiiiiainat, Linear 1
LM2930 3-Terminal Positive Regulator. ........ ..ottt Linear 1
LM2931 Series Low Drop-Out Regulator ............cocoiniiiiiiiiiiii i Linear 1
LM2935 Low Drop-Out Dual Regulator. .........c.ciiiuiiiiiiiiiiiiiiii i i enns Linear 1
LM2940C 1A Low Drop-Out Regulator . .........oviiinitiiii ettt i eenann Linear 1
LM2984C Microprocessor Power Supply System . ........ccoiiuiiiiiiinii it iiiennn Linear 1
LMB045 TranSiStor AITaYS . . . ...t v v ettt e e e eeteeseeenannneaeeesesnenaseosnnnaaeesns Linear 3
LMB3046 TransiStor AITAYS . . . ..ottt ettt it e et e ettt teteeennanesnsseananassennneeeesnns Linear 3
LM3080 Operational Transconductance Amplifier ..............coiiiiiiiiiiiiiiiiiinnenn. Linear 1
LMB3080A Operational Transconductance Amplifier...............ccocoiiiiiiiiiiiniiiienn. Linear 1
LMB086 TranSiStOr AITAYS . . . ot vttt vttt ittt tit e eiaetenaeeanntesneennnesnnsennns Linear 3
LM3089 FM Receiver IF System .. ...ttt ittt eiaeaeeees Linear 3
LM3146 High Voltage Transistor Array . . ..ottt ittt i iiieeenaeenns Linear 3
LMB18 FM IF Sy om ..ttt ittt e et ie et eaaanr e Linear 3
LMB301 Quad AMPIIfIErs . . . . ...ttt ettt i et et Linear 1
LM3302 Low Power Low Offset Voltage Quad Comparators ..............covvvnivnvinennnnn. Linear 1
LM3361 A Low Voltage/Power Narrow Band FMIFSystem ...............cooiiiiiiiinnen, Linear 3
LM3401 Quad AmPlfiers. . ... ..ottt et e it e e e Linear 1
LM3578 Switching Regulator . ..........ouiiiniiiiiiiii ittt ittt ieneenannen. Linear 1
LM3820 AM Radio System . . ..o e e e Linear 3
LM3900 QUad AMPlfierS . o oo v ittt ettt e ittt e e Linear1
LMBO05 PrecCision TIMEr . ..ottt ittt ettt ettt ettt e iaieeetinaeeeenennns Linear 3
LM3909 LED Flasher/OsCillator . ..........viutiiiiiiiii ittt eiiieeiieiieenannns Linear 3
LM3911 Temperature Controller. . ... ..ottt ittt inennns 6-30
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Alpha'Numeric |I'IdeX (Continued)

LM3914 Dot/Bar Display DIiVEr . . . .. ..o utt ettt ettt a e Linear 3
LM3915 Dot/Bar Display Driver . . . . ..ot e ettt e e, Linear 3
LM3916 Dot/Bar Display DIVer . . . . ..ottt ettt e et et aaenieeaieeenns Linear 3
LMB3999 Precision Reference . ... ... ...t e et 7-76
LM4250 Programmable Operational Amplifiers. ...........oiiiiiiiiiiiiiii it Linear 1
LM4500A High Fidelity FM Stereo DemodulatorwithBlend ............. ... ... it Linear 3
LM6113 High Speed Operational Amplifiers Plus PowerBuffer ................. ..ot Linear 1
LM6121 High Speed Buffer .. ....... ..ot e Linear 1
LM6125 High Speed Buffer . ......... i e et Linear 1
LM6161 High Speed Operational Amplifiers ................ ... ..l Linear 1
LM6161/LM6261/L.M6361 High Speed Operational Amplifiers............ccoviiiiieiiiana.. Linear 1
LM6164 High Speed Operational Amplifiers ............cuiiiiniiiiiiitiiiiiiiiaiinnnnens Linear 1
LM6164/LM6264/1.M6364 High Speed Operational Amplifiers............. ..o oieiiiinae. Linear 1
LM6165 High Speed Operational Amplifiers ..., Linear 1
LM6165/LM6265/1.M6365 High Speed Operational Amplifiers. .........................o.. Linear 1
LM6214 High Speed Operational Amplifiers Plus PowerBuffer . ....................... ... ... Linear 1
LM6221 High Speed BUFfer ... ......oiuuiiii it e et eee e reieaaeenns Linear 1
LM6225 High Speed BUffer ....... ...t et e Linear 1
LM6261 High Speed Operational Amplifiers ........... ... cciiiiiiiiiiiiiiiiiiiaannn. Linear 1
LM6264 High Speed Operational Amplifiers ............ ..ottt Linear 1
LM6265 High Speed Operational Amplifiers .............oiiiiiiiiniiiiireniiiaennannnnns Linear 1
LM6314 High Speed Operational Amplifiers Plus PowerBuffer .............................. Linear 1
LM6321 High Speed BUffer .. .. ...t e et e Linear 1
LM6325 High Speed Buffer ....... ..ottt it e Linear 1
LM6361 High Speed Operational Amplifiers ...........c.ooeiiiiiiiiiiiiiiiiii e, Linear 1
LM6364 High Speed Operational Amplifiers ...t i, Linear 1
LM6365 High Speed Operational Amplifiers ......... ..ottt Linear 1
LM13080 Programmable Power Operational Amplifiers .............cooiiiiiiii i, Linear 1
LM13600 Dual Operational Transconductance Amplifiers with Linearizing Diodes and Buffers. . . .Linear 1
LM13700 Dual Operational Transconductance Amplifier with Linearizing Diodes and Buffers.. . . .. Linear 1
LM18272 Dual Power Operational Amplifier ......... ..., Linear 1
LM18293 Four Channel Push Pull Driver ........ ...ttt Linear 3
LM18298 Dual Full-Bridge DriVer . . . . .. ettt e ettt e e eee e Linear3
LMGCBE55 CMOS TimMer . ..o it ettt et ettt ettt ettt eenns Linear3
LMC567 Low Power Tone Decoder .........oviuueiiiiiiiiiii it eiiineenanns Linear3
LMC568 Low Power Phase-Locked LOOp ... ..c.vnnioii i Linear 3
LMC660 CMOS Quad Operational Amplifier ..., Linear 1
LMC668 Chopper Stabilized Operational Amplifier. . ...t Linear 1
LIMCBBO AUIO ZEIO0 . . . . e ettt ittt et e e et e e et ettt et et Linear 1
LMCB835 Digital Controlled Graphic Equalizer ...............cooiiiiiiiiiiiii i, Linear 3
LMC1992 Computer Controlled Tone and Volume Circuits. .. .. ..ocovvviiiiniini i, Linear 3
LMC1993 Computer Controlled Tone and Volume Circuits. .. .. .....covviviiiiiiiiiiii s, Linear 3
LMC7660 Switched Capacitor Voltage Converter. ...ttt i, Linear 1
LMC7669 Switched Capacitor Voltage Converter. .......... ..ottt Linear 1
LMF60 6th Order LMCMOS™ Switched Capacitor Butterworth Lowpass Filter. . ................... 1-8
LMF80 4th-Order LMCMOS™ Programmabile Elliptic Notch Filter..................... ..o 1-9
LMF100 Universal Monolithic Dual Switched Capacitor Filter ................. ..o, 1-10
LMF120 Mask Programmable Switched CapacitorFilter ............ ... it 1-12
LP124 Micropower Quad Operational Amplifier ..............coiiiiiiiiiiiiiiiii ... Linear 1
LP165 Micropower Programmable Quad Comparator ............ccoviiiiiiiiiiiiiinnnnn, Linear 1
LP311 Voltage Comparator .. .........ceiunnmnteae ittt etetiiiiiiteeeeeannnnnns Linear 1

1"




Alpha-Numeric IndeX coninues

LP324 Micropower Quad Operational Amplifier ............ccooiiiiiiiiiiiiernnennn.. R Linear 1
LP339 Ultra-Low Power Quad ComParator .. .......couureeenueeaneenneeeenneeenneeennneans Linear 1
LP365 Micropower Programmable Quad Comparator ............ccoviiirierenvnninnnnneennn. Linear 1
LP2902 Micropower Quad Operational Amplifier .............ociiiiiiiiiiiitiiiiiinnne.n. Linear 1
LP2950 5V Adjustable Micropower Voltage Regulator ................cccviiiiiiiiiiiinenn, Linear 1
LP2851 Adjustable Micropower Voltage Regulator .............cciiiiiiiiiiniinnnenan, Linear 1
MF4 4th Order Switched Capacitor Butterworth Lowpass Filter ..................coviiiiien.. 1-13
MF5 Universal Monolithic Switched Capacitor Filter ...ttt 1-26
MF6 6th Order Switched Capacitor Butterworth Lowpass Filter ................ ..., 1-41
MF8 4th Order Switched Capacitor Bandpass Filter ............c.coiiiiiiiiiiii i, 1-59
MF10 Universal Monolithic Dual Switched Capacitor Filter ............. ...t 1-81
MM54HC4016 Quad Analog SWtCh . .. ..ot i e it e et e 2-77
MM54HC4051 8-Channel Analog Multiplexer. . ... e 2-84
MM54HC4052 Dual 4-Channel Analog Multiplexer . .........iviiiiie it e e aiiens 2-84
MM54HCA4053 Triple 2-Channel Analog Multiplexer ..., 2-84
MM54HC4066 Quad Analog SWItCh . .. ..ottt ettt et e ettt 2-91
MM54HC4316 Quad Analog Switch with Level Translator . ...........oooviiiiiiiiiiiiiinn 2-96
MM74C905 12-Bit Successive Approximation Register .............ccooiiiiiiiiiiiiiiiiiin.., 3-296
MM74HC4016 Quad Analog SWitCh . ... ..o o e e e 2-77
MM74HC4051 8-Channel Analog Multiplexer. . ....... ..o ees 2-84
MM74HC4052 Dual 4-Channel Analog Multiplexer ....... ..ot 2-84
MM74HC4053 Triple 2-Channel Analog MUltiplexer . ..........o.iiiiiiiiiiiiiiiiiiniianeenns 2-84
MM74HC4066 Quad Analog SWitCh . ... ovn i it 2-91
MM74HC4316 Quad Analog Switch with Level Translator.............. ..ot 2-96
TBA120S IF Amplifier and Detector ..........coiiiiiiiiii ittt iiiiee e eenns Linear3
TL081CP Wide Bandwidth JFET Input Operational Amplifier .................oooiiiiiiiias. Linear 1
TLO82CP Wide Bandwidth Dual JFET Input Operational Amplifier ..................ccovveean. Linear 1
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National
Semiconductor
Corporation

CROSS REFERENCE BY PART NUMBER

A complete interchangeability list of Linear IC’s offered by most Integrated Circuit
Manufacturers are listed in this section and reference the nearest National Semi-
conductor Corp. direct replacement or recommended replacement with either an
improved or functional replacement. The following notations are appended to as-
sist you in finding the best option.

No reference note ...... “DIRECT REPLACEMENT"”

Note(1) ...covvvvinnnt “IMPROVED REPLACEMENT” Pin-
for-Pin replacement with “SUPERI-
OR?” Electrical Specifications.

Note(2) .....ovvnvnennn “FUNCTIONAL REPLACEMENT”
Similar device. Consult datasheet to
determine the suitability for specific
application.

Note(3) ...ovvvnvnnnnn “SIMILAR DEVICE” with superior
performance. Consult datasheet to
determine suitability of the replace-
ment for specific application.

ANALOG
DEVICES
ADOPO7
ADDAC-08
ADDAC-08
ADDAC-08
ADDAC80
ADDAC85
AD101A
AD201A
AD301A
AD506
AD509
AD521
AD521
AD524
AD537
AD562
AD563
ADS565A
AD566A
AD567
AD573
AD573
AD581
AD581
AD582
AD583
AD588
AD589M
AD589U
AD590
AD590
AD590
AD590
ADB11K
AD&11J
AD614

AD624 LHo038 @ | Ab7s71
NATIONAL ADB50 LM331 (2 | AD7575
LM607 (1) | ADe651 LM331 (2 | AD7576
DAC0800 ADB54 LM331 (2) | AD7578
DAC0801 AD673 ADC0841 (2 | AD7578
DAC0802 AD741 LM741 AD7820
DAC1280+ (1) | ADLH0032 LH0032 @
DAC1280+ (1) | ADLH0033 LHO033 (2) | APEX
LM101A (1) | AD0042 LHO042 @ | PAo1
LM201A (1) | AD3542 LHO042 @ PAO1
LM301A (1) | AD5035 LH0042 @ PAO7
LH0022 @ | AD7502 LF13509 @ PA10
LH0003 (@ | AD7516 C04066B @ PA10
LM363 (2 | AD7523 DAC0832 @ PA11
LH0036 (@ | AD7523 DAC0831 @ PA51
LH0038 (@ | AD7523 DAC0830 @ PA73
LM331 (2 | AD7524 DAC0830 @)
DAC1266 () | AD7524 DAC0831 @) BURR-BROWN
DAC1265 () | AD7524 DAC0832 (3) | sHcso
DAC1265 AD7533 DAC1020 SHC85
DAC1266 AD7533 DAC1022 HOS-100
DAC1230 @ | AD7533 DAC1021 INA102
ADC1005 (2 | AD7541A DAC1218 (2 | SHC298A
ADC1025 (2 | AD7541A DAC1219 @ | 3507
LM581 AD7541 DAC1219 (1) | 3533
LH0070 (1) | AD7541 DAC1218 (1) | 3542
LF398 (@ | AD7542 DAC1210 (2 | 3550
LF198 () | AD7542 DAC1209 (2 | 3551
LM369 (2 | AD7542 DAC1208 (2 | 3553
LM385 (1) | AD7545 DAC1209 (@ | 3554
LM185 (1) | AD7545 DAC1210 2 | 3571
LM135 (2 | AD7545 DAC1208 2 | 8572
LM34 () | AD7548 DAC1230 (2 | 3573
LM134 (2) | AD7548 DAC1232 (2 | 3606A6
LM35 (3) | AD7548 DAC1231 @ | 3606A6
LF411AC (1) | AD7552 ADC1225 @ | 3626
LF411C (1) | AD7552 ADC1205 @ | 3629
LHo086 (2 | AD7571 ADC1005 @

ADC1025
ADC0820
ADC0820
ADC1225
ADC1205
ADC0820

NATIONAL
LM12
LHO101
LM12
LM12
LHO101
LM12
LM12
LM12

NATIONAL
LF398
LF398
LH0033
LHO038
LF398A
LM6361
LH0033
LH0042
LM6361
LM6361
LH0063
LH0032
LM675
LH0021
LM675
LHO084
LHO086
LH0036
LHO0038

(2)
)
()

@

(2
(2)
(2)
(2)
(2)
(2)
)
@

()
2
]
()
1
(2)
(2)
(2)
(2)
(2)
2
(2
]
()
()
]
()
(2)
()
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Cross Reference by Part Number

CTs
CTS0002
CTS0004
CTS0021
CTS0024
CTS0032
CTS0033
CTS0041
CTS0042
CTS2101A
CTs2111

ELANTEC
ELH0002
ELHO0021
ELH0032
ELH0033
ELH0041
ELHO0101
EL2006C
EL2006
EHA2500
EHA2502
EHA2505
EHA2510
EHA2512
EHA2515
EHA2520
EHA2522
EHA2525
EHA2600
EHA2602
EHA2605
EHA2620
EHA2622
EHA2625

EXAR
XR084M
XR084
XR146
XR246
XR346
XR-1001
XR-1002
XR1458

FAIRCHILD
BATBXXKM
W7BLXXACH
178XXUC
W78XXUC
BA78LXXACLP
BATBLXXAWC
B78MXXCKC
L78MXXCKC
BATBMXXUC
BATBMXXCKC
MAT8XXKC
BA79XXUC
RATOXXUC
RAT9XXCKC
BA79XXCKC
uA79XXUC
RA79XXUC
BA79XXCKC
BATIXXCKC
BA7IMXXAUC
RATOXXKM

NATIONAL
LH0002
LHO004
LHO0021
LH0024
LH0032
LH0033
LHO0041
LH0042
LH2101A
LH2111

NATIONAL
LH0002
LH0021
LHO0032
LH0033
LHO0041
LHO101
LM6261
LM6161
LM6161
LM6161
LM6361
LM6161
LM6161
LM6361
LM6164
LM6164
.M6364
LM6161
LM6161
LM6361
LM6164
LM6164
LM6364

NATIONAL
LF147
LF347
LM146
LM246
LM346
MF4C-100
MF4C-50
LM1458

NATIONAL
LM140K-XX
LM78LXXACH
LM340T-XX
LM78XXCT
LM78LXXACZ
LM78LXXACZ
LM78XXCK
LM78MXXCT
LM341P-XX
LM78XXCT
LM340K-XX
LM79LXXACZ
LM79MXXCP
LM79XXCT
LM79MXXCP
LM79MXXCH
LM320T-XX
LM79MXXCH
LM79LXXACZ
LM320MP-XX
LM120K-XX

M
M
(1
(1)
M
M
(1)
M
M
(1)

(1)
M
M
M
M
(1)
(2)
()
(2)
(2
(2
]
(2
(2)
(2)
()
@
o]
@
()
()
()
@)

M
M
(1
m
(1)
(1
(1)
™

(1)
(1)
(1)
(1)
(1)
1
m
(1)
(1
m
(1)
(1)
M
M
(1)
(1
(1)
1
m
(1)
(1

HA79XXKC
rA79XXUC
pA101A
®A102
wA105HM
rA107
1A108A
rA108
rA109KM
pA110
wA111
nA124
wA139
HA139A
pA201A
rA207
wA208
nA208A
pA211
nA224
1A239
nA239A
nA248
nA249
rA301A
nA302
rA304HC
wA305HC
wA305AHC
rA307
1A308A
nA308
rA309KC
nA310
rA311
rA317KC
rA317UC
nA318
pA324
rA339
RASB39A
nA348
nA349
nA376TC
HAS55TC
rA556PC
rA709
rA709
pA710
rA710
pA711
nA714
pA723HM
nA723HC
rA723DC
rA723MJ
pA723CJ
rA723DM
rA723PC
rA723CN
rA725
pA725
pA733CN
rA733
nAT41
RA741
wA747
wA747
nA748

LM320K-XX (1)
LM79XXCT (1)

LM101A (1)
LM102 (1)
LM105H 1)
LM107 (1)
LM108A (1)
LM108 (1)
LM109K STEEL (1)
LM110 (1)
LM111 (1)
LM124 (1)
LM139 (1)
LM139A (1)
LM201A (1)
LM207 (1)
LM208 (1)
LM208A (1)
LM211 (1)
LM224 (1)
LM239 1)
LM239A (1)
LM248 1
LM249 (1)
LM301A 1)
LM302 1)
LM304H (1)
LM305H (1)
LM305AH (1)
LM307 1)
LM308A (1)
LM308 1)
LM309K STEEL (1)
LM310 1)
LM311 (1)
LM317K STEEL (1)
LM317T 1)
LM318 (1)
LM324 (1)
LM339 (1)
LM339A (1)
LM348 (1)
LM349 (1)
LM376N 1)
LMS555CN (1)
LM556CN (1)
LM709 (1)
LM709 (1)
LM710 (1)
LM710 (1)
LM711 (@)
LM607 (1)
LM723H (1)
LM723CH (1)
LM723CJ (1)
LM723J 1)
LM723CJ (1)
LM723J 1)
LM723CN 1)
LM723CN (1)
LM725 (1)
LM725 (1)
LM733CN (1)
LM733 (1)
LM741 (1)
LM741 (1)
LM747 (1)
LM747 (1)
LM748 (0]

pA748
RA760
pA771B
RA771
pA771A
pAT72B
BA772
pATT2A
pA774
pA7748
pA776
pA1458
pnGC1496P
pC1496G
pA1558
uC1596G
TDA2310
pA2901
pA2902
TCA3089
rA3301
pA3302
pCA4558CD
pA7392

HARRIS
HA-OPO7
HF-10
HI-201
HI-300
LM741
HA2400
HA2404
HA2405
HA2406
HA2500
HA2502
HA2505
HA2510
HA2512
HA2515
HA2520
HA2520
HA2522
HA2522
HA2525
HA2525
HA2530
HA2535
HA2540
HA2541-5
HA2541-2
HA2542
HA2542-2
HA2542-5
HA2600
HA2602
HA2605
HA2620
HA2622
HA2625
HA2640
HAS5033
HA5162
A5180

HEWLETT
PACKARD
HCTL-100

LM748
LM760
LF411
LF351
LF411
LF412A
LF353
LF412A
LF347
LF347B
LM4250
LM1458
LM1496N
LM1496H
LM1558
LM1596H
LM381
LM2901
LM2902
LM3089N
LM3301
LM3302
LM833CN
LM1014

NATIONAL
LM607
MF10
LF13201
AH5020
LM741
LM604AM
LM604AM
LM604C
LM604C
LM6161
LM6161
LM6361
LM6161
LM6161
LM6361
LM6164
LH0003
LHO0003
LM6164
LH0003
LM6364
LH0024
LH0024
LH0032
LM6361
LM6161
LH0032
LM6164
LM6164
LM6161
LM6161
LM6361
LM6164
LM6164
LM6364
LH0004
LHO0033
LHo062
LH0052

NATIONAL
LM628
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HITACHI
HA13421A
HA17082
HA17082A
HA17084
HA17084A
HA17094
HA17301
HA17324
HA17339
HA17358
HA17393
HA17458
HA17741
HA17747
HA17901
HA17902
HA17903

LINEAR
TECHNOLOGY
REF-01
REF-01
LM129
LM134
LM185
LM199
LM234
LM329
LM334
LM385
LM399
AD581
AD581
LT1001
LT1004C
LT1004M
LT1009M
LT1009C
LT1018C
LT1019M
LT1020
LT1021M
LT1021C
LT1029M
LT1029C
LT1031

Lsl
COMPUTER
LS7261
LS7263

MICRA

MC0002
MC0003
MC0004
MC0032
MC0033
MC0041
MC0063

MICRO POWER
SYSTEMS
MPOPOQ7

MP108

MP108A
MP155A

MP155

MP156

NATIONAL
LM18293
LF353
LF412
LF347
LF347B
LM2904
LM3301
LM324
LM339
LM358
LM393
LM1458
LM741
LM747
LM2301
LM2902
LM2903

NATIONAL
LM168
LM368
LM129
LM134
LM185
LM199
LM234
LM329
LM334
LM385
LM399
LMS581
LH0070
LM607A
LM385
LM185
LM136-2.5
LM336-2.5
LM368
LM168
LP2951
LM169
LM369
LM136-5.0
LM336-5.0
LH0070

NATIONAL
LM621
LM621

NATIONAL
LH0002
LHO0003
LHO004
LH0032
LH0033
LHO041
LHO063

NATIONAL
LM607
LM108
LM108A
LF155A
LF155
LF156

@3
M
M
0]
(1)

M
1

M
m
m
M
M
)
]
0]

m
M

m

@
(2)
(3)
m
(1)

M
M
(1)
(1)
M
M

MP156A
MP157
MP157A
MP208A
MP208
MP308
MP308A
MP355A
MP356A
MP357A
MP2108A
MP5010H
MP5010L
MP5010G
MP5010H
MP5010L
MP5010G

MOTOROLA
DAC-08
DAC-08
DAC-08
MC78XXACT
MC78XXCK
MC78LXXACP
MC78MXXCT
MC78MXXCT
MC78LXXACG
LM78XXCT
MC78MXXCT
MC78XXCT
MC78LXXCP
MX78MXXCT
MC78LXXCG
MC79XXCK
MC79MXXCKC
MC79XXCK
MC79XXCKC
LM79XXCP
MC79XXCT
MC79LXXCP
MC79LXXACG
MC79LXXCLP
MC79XXCT
MC79LXXACP
MC79LXXCP
MC79XXCT
MC79XXCT
MC79XXCT
LM79XXCP
LM79XXCP
LM79XXCP
LM109K
LM109H
LM117H
LM123K
LM137H
LM137K
LM140K
LM150K
LM285
LM309H
LM309H
LM309K
LM317H
LM317LZ
LM317T
LM317KC
LM317K
LM323K

LF156A ™)
LF157 )
LF157A (1)
LM208A (1)
LM208 (1)
LM308 1)
LM308A ()
LF355A )
LF356A )
LF357A el
LH2108A )
LM385

LM385

LM185

LM185

LM185

LM385

NATIONAL
DAC0800
DAC0802

DAC0801

LM340AT-XX (1)
LM78XXCK (1)
LM78LXXACZ (1)
LM78XXCK (1)
LM341P-XX (1)
LM78LXXCH (1)
LM78LXXCH (1)
LM78MXXCT (1)
LM78XXCT (1)
LM78LXXACZ (1)
LM342P-XX (1)
LM78LXXACH (1)
LM320K-XX (1)
LM320MP-XX (1)
LM79XXCK (1)
LM320T-XX (1)
LM79XXCT (1)
LM79MXXCH (1)
LM320LZ-XX (1)
LM320H-XX (1)
LM320LZ-XX (1)
LM79MXXCP (1)
LM79LXXACZ (1)
LM79LXXCZ (1)
LM320T-XX (1)
LM79XXCT (1)
LM79LXXACZ (1)
LM79LXXACZ (1)
LM79MXXCH (1)
LM79MXXCP (1)
LM109K STEEL (1)
LM109H el
LM117K STEEL (1)
LM123K STEEL (1)
LM137H )
LM137K STEEL (1)
LM140K-XX (1)
LM150K STEEL (1)
LM285

LM309H (1)
LM309K (1)
LMB309K STEEL (1)
LM317H (1)
LM317LZ (1)
LM317T (1)
LM317T (1)

LM317K STEEL (1)
LM323K STEEL (1)

LM330-XKC
LM337H
LM337K
LM337KC
LM337T
LM340T-XX
LM340T-XX
LM340-XXKC
LM350T
LM350K
LM350KC
LM350KA
LM385
AD562A
AD563A
uPC741
MC1408
MC1408
MC1408
MC1414
MC1436
MC1458
MC1496
MC1508
MC1514
MC1536
MC1558
MC1596G
MC1709
MC1709
MC1710
MC1723CL
MC1723CG
MC1723CP
MC1723CL
MC1723L
MC1723G
MC1733CG
MC1741
MC1741
MC1747
MC1747
MC1748
LM2930-XKC
MC3301
MC3302
MC3361
MC3401
MC3410
MC3412
MC3510
MC4741
MC14442
MC14444
MC34001A
MC34001B
MC34001
MC34002B
MC34002
MC34002A
MC34004B
MC34004
MC34004B
MC34004
MC35001
MC35001A
MC35001B
MC350028
MC35002
MC35002A

LM330T-XX (1)

LM337H (1)
LM337K STEEL (1)
LM337T (1)
LM337T (1)

LM340T-XX (1)
LM340K-XX (1)
LM340T-XX (1)

LM350T (1)
LM350K STEEL (1)
LM350T (1)

LM350K STEEL (1)
LM385

DAC1266 @
DAC1265 @
LM741

DAC0806
DAC0808
DAC0807

LM1414 )
LM343 )
LM1458 (1)
LM1446

DAC0808

LM1514 M
LM143 0]
LM1558 ]
LM1596CH o)
LM709 o]
LM709

LM710

LM723¢CJ o)
LM723CH 0]
LM723CN (1)
LM723CM (1)
LM723J M)
LM723H )
LM723CH %]
LM741 M)
LM741

LM747 )
LM747

LM748
LM2930T-XX (1)
LM3301 )
LM3302 (1)
LM3361AN (1)
LM3401 1)
DAC1020 @
DAC1265 1)
DAC1020 @)
LM348 o)
ADC0829 @
ADC0830 @)
LF411C M
LF411C 1)
LF351 ]
LF412C ™)
LF353 (1)
LF412A ™)
LF347B (1)
LF347 (1)
LF147 ()
LF147 (1)
LF411M 1)
LF411M (1)
LF411M &)
LF412M 1t
LF412M (1)
LF412AM (1)

1aquinN 1ded Aq 89ualajey Ss019)
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Cross Reference by Part Number

MC145040
MC145041

PRECISION-
MONOLITHIC
INC.
REF-01J
REF-01
AMP-01
DAC-02
DAC-02
REF-02
DAC-02
DAC-03
DAC-03
BUF03
DAC-03
OP05
DAC-05
DAC-05
DAC-05
SWo6B
SW06G
SWO6F
OPO07
DAC-08
DAC-08
MUX-08E
DAC-08
OP15
MUX-24E
REF-43
OP77
OP100
DAC100
DAC100
DAC100
OP105/111
PM108A
PM108
PM139A
PM139
PM155
PM155A
PM156
PM156A
PM157
PM157A
SW201G
Sw201B
SW201F
Sw202B
SW202F
SW202G
PM208A
PM208
OP215
PM308A
PM308
DAC312
PM339A
PM355
PM355A
PM356A
PM356
PM357A
PM357
PM420
OPA501/3573
PM725

ADCO0811
ADCO0811

NATIONAL
LM368-10
LM369
LHO038
DAC1022
DAC1020
LM368-5.0
DAC1021
DAC1020
DAC1022
LH0033
DAC1021
LM607
DAC1020
DAC1021
DAC1022
LF11333
LF13333
LF13333
LMe607
DAC0801
DAC0800
LF13508
DAC0802
LF411
LF13509
LM368-2.5
LM607
LH0052
DAC1021
DAC1020
DAC1022
LH0052
LM108A
LM108
LM139A
LM139
LF155
LF155A
LF156
LF156A
LF157
LF157A
LF13201
LF11201
LF13201
LF11202
LF13202
LF13202
LM208A
LM208
LF412
LM308A
LM308
DAC1266
LM339A
LF355
LF355A
LF356A
LF356
LF357A
LF357
LF124
LHO101
LM725

)

(1
M
()
2
]
(3)
()
()
@
M
()
@
2
(2)
()

(1)

M

M
M
(2)
]
(3
(2
(2
M
(1)
M
M
(1)
M
m
m
M
0]

(1)
M
1
M
(1)
(2)
(1)
(1)
(1)
M
(1)
M
(1)
(1)
(2
(1)

PM-725
PM741
PM-741
PM-747
PM747
DACB888
DACs888
DACB888
ADC910
ADC910
DAC0812
DACO0812
DAC0812
DAC1408
DAC1408
DAC1408
PM2108A
PM7533
PM7533
PM7533
PM7541
PM7541

RAYTHEON
REF-01
REF-01T
REF-02
REF-03
LP365
RC714
RC741
RC741
RC747
RC747
RC1458
RC1558

RCA/
INTERSIL/G.E.
CA081C
CAO081A
CA081
CA081B
CA082C
CA082B
CA082
CA082A
CA084B
CA084
CA084C
CA124
CA139
CA139A
CA158
CA158A
DG201
DG211
DG212
CA224
CA239
CA239A
CA258
CA258A
CA301A
CA307
CA311
CA324
CA339A
CA339
CA358A

LM725

LM741

LM741

LM747

LM747

DACO0831
DAC0832
DAC0830
ADC1005
ADC1025
DAC1208
DAC1209
DAC1210
DAC0806
DAC0808
DACO0807
LH2108A
DAC1021
DAC1020
DAC1022
DAC1219
DAC1218

NATIONAL
LM369
LM368
LM368-5.0
LM368-2.5
LP365
LM607
LM741
LM741
LM747
LM747
LM1458
LM1558

NATIONAL
TLO81C
LF411C
LF411M
LF411C
TLO82C
LF412C
LF412M
LF412C
LF347B
LF147
LF347
LM124
LM139
LM139A
LM158
LM158A
LF11201
LF13201
LF13202
LM224
LM239
LM239A
LM258
LM258A
LM301A
LM307
LM311
LM324
LM339A
LM339
LM358A

()

1
2]
(2
(2)
]
]
()

2]
]

(1)

m
M
(3)
(1)

(1)
M

m
(1)
W)

(2)
@
]
()
(2)
(2)
(2)
(2)
(2)
(2
2
(1)
1
(1)
(1)
(1)

(1)
m
1
(1)
M
M
M
(1)
m
m
M
Q)

CA358
CA741
CA741
CA747
CA747
CA748
nA748
CA748
ADC0801
ADC0802
ADC0803
ADC0804
CA1458
CA1558
CA3105
CA3290
CA3401
IH5009
IH5010
IH5011
IH5012
IH6108
IH6208
ICL7114
ICL7114
AD7520
AD7520
AD7520
AD7521
AD7521
AD7521
AD7530
AD7530
AD7530
AD7531
AD7531
AD7531
AD7533
AD7533
AD7533
AD7541
AD7541
ICL7650
ICL8069
ICL8069
ICH8530

SAMSUNG
LM741

SGS
L78M12CV
L78M15CV
L78S12CV
L78S05CV
L78S15CV
L78MO5CV
LM117K
L123CB
L272

L293

L298
LM317T
LM317K
LM748
TDA2310
LM2930A
LM2931A
TCA3089
L7805CT

LM358
LM741
LM741
LM747
LM747
LM748
LM748
LM748
ADCO0801
ADC0802
ADCO0803
ADC0804
LM1458
LM1558
LM675
LF393
LM3401
AH5009
AH5010
AH5011
AH5012
LF13508
LF13509
ADC1205
ADC1225
DAC1021
DAC1020
DAC1022
DAC1221
DAC1220
DAC1222
DAC1020
DAC1021
DAC1022
DAC1220
DAC1221
DAC1222
DAC1020
DAC1021
DAC1022
DAC1219
DAC1218
LMCe68
LM385-1.2
LM313
LHO101

NATIONAL
LM741

NATIONAL
LM341P-12
LM341P-15
LM340T-12
LM340T-5.0
LM340T-15
LM341P-5.0
LM117K
LM723CN
LM18272
LM18293
LM18298
LM317T
LM317K
LM748
LM381
LM2930T-5.0
LM2931AT-5.0
LM3089
LM7805CK

M

(1)
Q)

M

M
)
@
@]
(1)

()
()

(3)
()
(©)

M

(&)

(1)
(1)
(1)
(1)
M
(1)
(1
(1)

(1)
™

(1)
(1)

(1)

16




L7815CV
L7905ACV
L7905CT
L7905CV
L7912CT
L7912ACV
L7915CT
L7915ACV

SIEMENS
TCA365

SIGNETICS
DAC-08
DAC-08
DAC-08
78LXXACS
78LXXADB
78LXXCDB
78LXXCS
78XXCU
78XXDA
79XXDA
79XXCU
LM109DB
TBA120S-4
TBA120S-3
TBA120S-2
LF198
LF298
LM309DA
LM309DB
LM340XXLL
LM340XXDA
LF398
NE529
SE529
SE532
SA532
NE532
SA534
NE555N
SE567
pA723CN
pA723CL
pA723L
nA723CF
pA723F
nA741
pA747
ADC0801
ADC0802
ADC0803
ADCO0804
ADCO0805
MC1408
MC1408
MC1408
MC1496N
MC1508
MC1596K
NE4558D
NE4558N
NE4558
NE5034
SE5118
NE5118
NE5410
SE5410
NE5532P

LM7815CT
LM320T-5.0
LM7905CK
LM7905CT
LM7912CK
LM320T-12
LM7915CK
LM320T-15

NATIONAL
LHO101

NATIONAL
DAC0802
DACO0801
DAC0800
LM78XXACZ
LM78XXACH
LM78LXXCH
LM78LXXCZ
LM78XXCT
LM78XXCK
LM79XXCK
LM79XXCT
LM109H
TBA120SIV
TBA1208lIII
TBA120SII
LF198
LF298
LM309K
LM309H
LM340TXX
LM340KXX
LF398
LM361
LM161
LM158
LM2904
LM358
LM2902
LM555CN
LM567
LM723CN
LM723CH
LM723H
LM723CJ
LM723J
LM741
LM747
ADCO0801
ADC0802
ADCO0803
ADC0804
ADC0805
DAC0808
DAC0807
DAC0806
LM1496N
DAC0808
LM1596H
LM833CM
LM833CN
LM833
ADC0841
DAC0830
DAC0830
DAC1020
DAC1020
LM833CN

(1)

(1)
(1)
(1)
1
(1)
M

(1)

M
(1)
(1)
(1)
Q)
1
(1
(1)
(1)

(1)
(1)
(1)
(1)

)
M
M
(1
(1)
Q)

(2

m
M
(1)
m

(2
(2)
(2
()
(2)
(2)
(&)
()
()

NE5532
NE5532N

SILICON
GENERAL
SG101
SG101A
SG107
SG124
SG201
SG201A
S$G207
SG224
SG301A
SG307
SG324
SG741
SG741
SG1173
SG1436
SG1536
SG3173

SILICONIX
DG201
DG202
DG211
DG212
DG508
DG509

SPRAGUE
UDN22933

TELEDYNE
TP0032
TP0033

TEXAS
INSTRUMENTS
BATBXXCKC
WA7BLXXACL
RA78MXXCKD
BATIMXXCKD
WATIXXCKC
TLO61A
TLO61B
TLO61
TLO62A
TLO62B
TLO62
TLOB4A
TLOB4
TLO71B
TLO71A
TLO71

TLO72
TLO72A
TLO72B
TLO74
TLO74A
TLO81B
TLOB1
TLOB1A
TLO82B
TLOB2A
TLOB2
TLO84A
TLO84

LM833
LM833CN

NATIONAL
LM101A
LM101A
LM107
LM124
LM201A
LM201A
LM207
LM224
LM301A
LM307
LM324
LM741
LM741
LM675
LM343
LM143
LM675

NATIONAL
LF13201
LF13202
LF13201
LF13202
LF13508
LF13509

NATIONAL
LM18293

NATIONAL
LH0032
LH0033

NATIONAL
LM78XXCT
LM78LXXACZ
LM78MXXCP
LM79MXXCP
LM79XXCT
LF441
LF441A
LF441
LF442
LF442
LF442
LF444
LF444
LF411

LF411

LF351
LF353
LF412
LF412
LF347
LF347B
LF411
TLO81

LF411
LF412
LF412
TLO82
LF347B
LF347

@

1
M
M
(1)
(1)
M
(1
(1)
(1)
M
(1)
m
M
]
(1)
(1)
@)

(1)
(1)

(1)
(1)
(1
(1)
(1)
(1)
(1)
(1)
M
M
(1
(1)
(1)
(1)
(1)
(1
1
(1
M
(M
(1
(1)
(1)
(1)
M
m
(1
M
M

TLO87
TLO88
TLC274BI
TLC274BM
TLC274M
TLC274AC
TLC274BC
TLC274AM
TLC274l
TLC274C
TLC274Al
TL288
LM317KC
TL487N
TL489N
TL490N
TL491N
TL520
TL521
TL522
TL530
TL531
TL532
TLC532A
TLC533A
TL533
TLC540
TLC541
TLC549
nA709
rA723CN
rA723CJ
rA723MJ
uA733CN
pA741
uAT747
ADC0801
ADC0802
ADC0803
ADCO0804
ADCO0805
ADCO0808
ADC0809
ADC0831
ADC0832
ADCO0834
ADC0838
RC4558
RV4558D
RC4558D

THOMSON
LM105H
LM109K
LM117K
LM117H
LM123K
LM134
LM135
LM137K
LM137H
LM138K
LF198
LM234
LM235
LF298
LM305H
LM309H
LM309K

LF411A ™
LF411A I
LMCB60AI %)

LMCB60AM  (2)
LMCB60AM  (2)

LMC660AI @)
LMCB60AI @
LMCB60AM  (2)
LMCB60AI @
LMCB60C @)
LMCB60AI @)
LF412A 1)
LM317T )
LM3915N @
LM3914N @)
LM3914N @)
LM3914N @)
ADC0848 @
ADC0848 @
ADCO0848 @)
ADCO0830B

ADC0830C

ADCO0829B

ADC0829B @
ADC0829C @
ADC0829C
ADC0811 @
ADC0811

ADC0831 @
LM709

LM723CN ™)
LM723CJ It
LM723J M)
LM733CN

LM741

LM747

ADC0801

ADC0802
ADC0803
ADC0804
ADC0805
ADC0808
ADC0809

ADC0831

ADC0832
ADC0834
ADC0838

LM833

LM833CM
LM833CM

NATIONAL
LM105H %)
LM109K STEEL (1)
LM117K STEEL (1)
LM117H (1)
LM123K STEEL (1)
LM134

LM135
LM137K STEEL (1)
LM137H ™
LM138K STEEL (1)
LF198A ™)
LM234

LM235

LF298

LM305H ™
LM309H ™)

LM309K STEEL (1)
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Cross Reference by Part Number

LM317K
LM317H
LM323K
LM334
LM335A
LM335
LM337H
LM337K
LM338K
LF398
pA741
pA748
TBC0136
pA7805CK
pA7805MK
pA7812MK
pA7812CK
pA7815CK
pA7815MK
pA7905MK
wA7905CK
pA7912MK
nA7912CK
pA7915MK
pA7915CK

TOSHIBA
TA7504
TA75339
TA75358
TA75393
TA75902

UNITRODE
L293
L298

LM317K STEEL (1)
LM317H (1)
LM323K STEEL (1)
LM334

LM335A

LM335

LM337H ™)
LM337K STEEL (1)
LM338K STEEL (1)
LF398A I
LM741

LM748

LM336

LM7805KC (1)
LM140K-50 (1)
LM140K-12 (1)
LM7812KC (1)
LM7815KC (1)
LM140K-15 (1)
LM120K-50 (1)
LM7905KC (1)
LM120K-12 (1)
LM7912KC (1)
LM120K-15 (1)
LM7915KC (1)

NATIONAL

LM741

LM2901 )
LM2904 W
LM2903 )
LM2902 )

NATIONAL
LM18293
LM18298
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Industry Package Cross-Reference Guide

NSC | Signetics | Fairchild | Motorola | Tl | RCA | Hitachi | NEC | LTC
EE 4/16 Lead
W Glass/Metal DIP D ! D L b c D b
Glass/Metal F,
m Flat Pack F Q F F S K F a
% % Ei-] T,
(1] K s
- TO-99, TO-100, TO-5 H L, H G L Vi o A H
D
I 8-, 14- and 16-Lead A J
Low Temperature J F D U J G D Jé
W Ceramic DIP
|—_|“:L_l (Steel)
103 K KS K
20N ’ KC DA K K K
° (Aluminum)
@ 8-, 14- and 16-Lead Vv, T P N
m Plastic DIP N g, p P N E P (o] N8

*With dual-in-line formed leads
**With radically formed leads

19
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Industry Package Cross-Reference Guide

NSC | Signetics | Fairchild | Motorola | Tl | RCA | Hitachi | NEC | LTC
@]
TO-202
—l (D-40, Durawatt) P KD
Fo
TO-220
3- & 5-Lead T U U KC T H T
TO-220 T
11-, 15- & 23-Lead
| Low Température
Glass Hermetic w F F W
Flat Pack
TO-92 .
l]["] (Plastic) z s w P LP H | z
HAARAAAA
HHHHHHH
(Narrow Body) | M D S D D M MP G S
(Wide Body) WM DW

20




IR

NSC | Signetics | Fairchild | Motorola Tl RCA | Hitachi | NEC | LTC
PCC \ A Q FN FN Q CP L
LcC FK/
Leadless Ceramic | E G L1 U BJ CG K
: N FG/FH
Chip Carrier

21
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Linear 1 Databook
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Voltage Regulators
Operational Amplifiers
Buffers

Voltage Comparators

Instrumentation Amplifiers
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Voltage Regulators—Definition of Terms

National
Semiconductor
Corporation

Voltage Regulators
Definition of Terms

Current-Limit Sense Voltage: The voltage across the cur-
rent limit terminals required to cause the regulator to cur-
rent-limit with a short circuited output. This voltage is used
to determine the value of the external current-limit resistor
when external booster transistors are used.

Dropout Voltage: The input-output voltage differential at
which the circuit ceases to regulate against further reduc-
tions in input voltage.

Feedback Sense Voltage: The voltage, referred to ground,
on the feedback terminal of the regulator while it is operat-
ing in regulation.

Input Voltage Range: The range of dc input voltages over
which the regulator will operate within specifications.

Line Regulation: The change in output voltage for a
change in the input voltage. The measurement is made un-
der conditions of low dissipation or by using pulse tech-
niques such that the average chip temperature is not signifi-
cantly affected. '

Load Regulation: The change in output voltage for a
change in load current at constant chip temperature.

Long Term Stability: Output voltage stability under accel-
erated life-test conditions at 125°C with maximum rated voit-
ages and power dissipation for 1000 hours.

Maximum Power Dissipation: The maximum total device
dissipation for which the regulator will operate within specifi-
cations. :

Output-Input Voltage Differential: The voltage difference
between the unregulated input voltage and the regulated
output voltage for which the regulator will operate within
specifications.

Output Noise Voltage: The RMS ac voltage at the output
with constant load and no inut ripple, measured over a
specified frequency range.

Output Voltage Range: The range of regulated output volt-
ages over which the specifications apply.

Output Voltage Scale Factor: The output voltage obtained
for a unit value of resistance between the adjustment termi-
nal and ground.

Quiescent Current: That par of input current to the regula-
tor that is not delivered to the load.

Ripply Rejection: The line regulation for ac inupt signals at
or above a given frequency with a specified value of bypass
capacitor on the reference bypass terminal.

Standby Current Drain: That part of the operating current
of the regulator which does not contribute to the load cur-
rent. (See Quiescent Current)

Temperature Stability: The percentage change in output
voltage for a thermal variation from room temperature to
either temperature extreme.

Thermal Regulation: Percentage change in output voltage
for a given change in power dissipation over a specified time
period.
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National
Semiconductor
Corporation
Voltage Regulators Selection Guide
Adjustable Positive Voltage Regulators
Amps Device Output Voltage Package
10.0 LM196K 1.25V-15V TO-3
LM396K 1.25V-15V TO-3
5.0 LM138K 1.2V-32v TO-3
LM338K 1.2V-32v TO-3
3.0 LM150K 1.2V-33V TO-3
LM350K, T 1.2V-33V TO-3, TO-220
1.5 LM117K 1.2V-37V TO-3
LM117HVK 1.2V-57V TO-3
LM2941CT 5.0V-24V TO-220
LM317K, T 1.2V-37V TO-3, TO-220
LM317HVK 1.2v-57V TO-3
0.5 LM117H 1.2V-37V TO-39
LM117HVH 1.2V-57V TO-39
LM317H 1.2V-57V TO-39
LM317HVH 1.2v-37V TO-39
LM317MP 1.2V-37V TO-202
0.1 LM317LZ, M 1.2V-37V TO-92, SO-8
LM2931CT 3.0V-24V TO-220, 5-LEAD
LP2951CN, J,H, M 1.24V-29V DIP, CERDIP, HEADER, SO-8
Adjustable Negative Voitage Regulators
Amps Device Output Voltage Package
3.0 LM133K —1.2V - —32V TO-3
LM333K, T —-1.2V - =32V TO-3, TO-220
1.5 LM137K —-1.2V - —-37V TO-3
LM137HVK —1.2V - —47V TO-3
LM337K, T —-1.2V - =37V TO-3, TO-220
LM337HVK —1.2V - —47V TO-3
0.5 LM137H —-1.2V - -37V TO-39
LM137HVH —1.2V - —47V TO-39
LM337H —-1.2V - =37V TO-39
LM337HVH —1.2V - —47V TO-39
LM337MP —-1.2V - =37V TO-202
0.1 LM337LZ, M —1.2V - =37V TO-92,SO-8
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Voltage Regulators Selection Guide

Fixed Positive Voltage Regulators

Amps Device Output Voltage Package
3.0 LM123K 5V TO-3
LM2943CT* 5V TO-220
LM323K 5V TO-3
1.0 LM109K 5V TO-3
LM140AK 5V, 12V, 15V TO-3
LM140K 5V, 12V, 15V TO-3
LM2940CT 5V, 12V, 15V TO-220
LM309K 5V TO-3
LM340AK, T 5V, 12V, 15V TO-3, TO-220
LM340K, T 5V, 12V, 15V TO-3, TO-220
LM78xxCK, T 5V, 12V, 15V TO-3, TO-220
0.5 LM2984CT 5V, 12V, 15V TO-220, TO-202
LM341T, P 5V, 12V, 15V TO-220, TO-202
LM78MxxCT 5V, 12V, 16V TO-220
0.2 LM109H 5V TO-39
LM309H 5V TO-39
LM342P 5V, 12V, 15V TO-202
0.15 LM2930T 5V, 8V TO-220
0.1 LM140LAH 5V, 12V, 15V TO-39
LM2931Z, T 5V TO-92, TO-220
LM340LZ, H 5V, 12V, 15V TO-92, TO-39
LM78LxxACZ,H, M 5V, 12V, 16V TO-92, TO-39, SO-8
LP2950CZ 5V TO-92
*Future Product
Fixed Negative Voltage Regulators
Amps Device Output Voltage Package
3.0 LM145K —5V, —5.2V TO-3
LM345K -5V, —5.2v TO-3
1.5 LM120K -5V, —12V, —15V TO-3
LM320K, T —5V, —12V, —15V TO-3, TO-220
LM79xxCT, K -5V, —12V, —15V TO-3, TO-220
0.5 LM320MP -5V, —12V, —15V TO-220
LM79MxxCP, K -5V, —12V, —15V TO-202, TO-3
0.2 LM120H -5V, —12V, —15V TO-39
LM320H -5V, —12V, —15V TO-39
0.1 LM320LZ -5V, —12V, —15V TO-92
LM79LxxACZ, M -5V, —12V, —15V TO-92, SO-8

*The LM320 has better electrical characteristics than the LM79xx.

LM100 Series
LM300 Series

+55°Cto +150°C
0°Cto +125°C




Low Dropout Regulators

Amps Device Output Voltage Package
0.100 LM2931T, Z 5V, ADJ TO-220, TO-92
LP2950CZ 5V TO-92
LP2951N, J, H ADJ DIP, CERDIP, HEADER
0.150 LM2930T 5V, 8V TO-220
0.500 LM2984CT TRIPLE 5V + WATCHDOG TO-220, 11-LEAD
0.750 LM2925T 5V WITH DELAYED RESET TO-220, 5-LEAD
LM2935T DUAL 5V TO-220, 5-LEAD
15 LM2940CT 5V, 12V, 15V TO-220
LM2941CT* ADJ TO-220, 5-LEAD
3.0 LM2943CT* 5V TO-220

*Future Product
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Operational Amplifiers—Definition of Terms

National
Semiconductor
Corporation

Operational Amplifiers
Definition of Terms

Bandwidth: That frequency at which the voltage gain is re-
duced to 1/42 times the low frequency value.
Common-Mode Rejection Ratio: The ratio of the input
common-mode voltage range to the peak-to-peak change in
input offset voltage over this range.

Harmonic Distortion: That percentage of harmonic distor-
tion being defined as one-hundred times the ratio of the
root-mean-square (rms) sum of the harmonics to the funda-
mental. % harmonic distortion =

(V22 + V32 + V42 + .. .)1/2 (100%)
Al

where V1 is the rms amplitude of the fundamental and V2,
V3, V4, . .. are the rms amplitudes of the individual harmon-
ics.

Input Bias Current: The average of the two input currents.

Input Common-Mode Voltage Range: The range of volt-
ages on the input terminals for which the amplifier is opera-
tional. Note that the specifications are not guaranteed over
the full common-mode voltage range unless specifically
stated.

Input Impedance: The ratio of input voltage to input current
under the stated conditions for source resistance (Rg) and
load resistance (Ry).

Input Offset Current: The difference in the currents into
the two input terminals when the output is at zero.

Input Offset Voltage: That voltage which must be applied
between the input terminals through two equal resistances
to obtain zero output voltage.

Input Resistance: The ratio of the change in input voltage
to the change in input current on either input with the other
grounded.

Input Voltage Range: The range of voltages on the input
terminals for which the amplifier operates within specifica-
tions.

Large-Signal Voltage Gain: The ratio of the output voltage
swing to the change in input voltage required to drive the
output from zero to this voltage.

Output Impedance: The ratio of obutput voltage to output
current under the stated conditions for source resistance
(Rs) and load resistance (Ry).

Output Resistance: The small signal resistance seen at the
output with the output voltage near zero.

Output Voltage Swing: The peak output voltage swing, re-
ferred to zero, that can be obtained without clipping.
Offset Voltage Temperature Drift: The average drift rate
of offset voltage for a thermal variation from room tempera-
ture to the indicated temperature extreme.

Power Supply Rejection: The ratio of the change in input
offset voltage to the change in power supply voltages pro-
ducing it.

Settling Time: The time between the initiation of the input
step function and the time when the output voltage has set-
tled to within a specified error band of the final output voit-
age.

Slew Rate: The internally-limited rate of change in output
voltage with a large-amplitude step function applied to the
input.

Supply Current: The current required from the power sup-
ply to operate the amplifier with no load and the output mid-
way between the supplies.

Transient Response: The closed-loop step-function re-
sponse of the amplifier under small-signal conditions.
Unity Gain Bandwidth: The frequency range from dc to the
frequency where the amplifier open loop gain rolls off to
one.

Voltage Gain: The ratio of output voltage to input voltage
under the stated conditions for source resistance (Rg) and
load resistance (Rp).
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National
/ Semiconductor
Il Corporation
General Purpose Operational
Amplifier Selection Guide
Slew Supply Supply
Part # Vos Ip GBwW Rate Current Voltage Special
mV (Max) nA (Max) MHz (Typ) V/us (Typ) (Note 3) Min Max Features
mA (Max) v v
Military Temperature Range (—55°C to + 125°C) Specs at T4 = 25°C (Note 1)
LHO044A 0.025 15 0.4 0.06 - +3 | t20
LM607A 0.025 2 1.8 07 15 . +22
LHO044 0.05 30 0.4 0.06 4 +3 | £20
LM6078 0.05 3 1.8 0.7 15 * +22
LM11 0.3 0.05 * 0.3 0.6 * +20
LF411A 0.5 0.2 4 15 238 +6 | *22
LF441A 0.5 0.05 1 1 0.2 +6 | *22
LH0052 05 0.003 1 3 35 5 | %22
LM108A 0.5 2 1 0.3 0.4 +2 | +20
LF412A 1 0.2 4 15 56 +6 +22 | DualBiFet
LF442A 1 0.05 1 1 0.4 +6 | +22 | DualBiFet
LHO004 1 100 * * 0.15 +5 | *45
LM604A 1 40 7 2 8 4 36 Multiplexed OA
LF155A 2 0.05 25 4 +5 | t22
LF156A 2 0.05 5 12 7 +5 | t22
LF157A 2 0.05 25 50 7 +5 | +22 | Minimum Gain of 5
LF411. 2 0.2 4 15 3.4 +6 | 18
LMC660A 2 0.02 1.5 1.7 2.2 5 15 Quad CMOS
LM10 2 20 * * 0.4 (Note 4) OA + Reference
LM101A 2 75 1 0.5 3 +3 | +22
LM107 2 75 1 05 3 +3 | t22
LM108 2 1 0.3 0.4 t2 | t20
LM112 2 1 0.2 0.6 +2 | +20 | Compensated LM108
LM124A 2 50 * * 3 3 32 Quad
LM158A 2 50 * * 1.2 3 32 Dual
LP124 2 4 0.1 0.05 0.13 3 32 Quad
LH0020 25 250 * * 5 +5 | t22
"LF412 3 0.2 4 15 6.8 +6 | 22 | Dual
LM741A 3 80 1.5 0.7 2.8 +3 | 22
LH0022 4 0.01 1 3 35 +5 | £22
LF155 5 0.1 25 5 4 +5 | +22
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General Purpose Operational Amplifier Selection Guide (continued)

Operational Amplifier Selection Guides

Slew Supply Supply
Part # Vos Is GBW Rate Current Voltage Special
mV (Max) [ nA(Max) | MHz(Typ) V/us (Typ) (Note 3) Min Max Features
mA (Max) v v
Military Temperature Range (—55°C to + 125°C) Specs at Ty = 25°C (continued)
LF156 5 0.1 ‘ 5 12 7 +5 +22
LF157 5 0.1 20 50 7 +5 +22 Minimum Gain of 5
LF147 5 0.2 4 13 1 +6 +22 | Quad BiFet
LF412 5 0.2 4 15 6.8 +6 +18 Dual BiFet
LF442 5 0.1 1 1 0.5 +6 +18 Dual BiFet
LF444A 5 0.1 1 1 0.80 +6 +22 | Quad BiFet
LH0086 5 0.5 3 10 15.5 +8 +18 | Programmable Gain OA
LM124 5 150 * * 3 3 32 Quad
LM143 5 20 1 25 4 +4 +40
LM144 5 20 1 25 4 +4 +40 | Minimum Gain of 10
LM146 5 100 1.2 0.4 2 +1.5 +22 (Note 5)
LM148 5 100 0.5 3.6 +5 +22 | Quad
LM149 5 100 4 2 3.6 +5 +22 | Minimum Gain of 5, Quad
LM158 5 150 * * 1.2 32 Dual
LM192 5 150 * * 2 32 Comparator and Op Amp
LM741 5 500 * 0.5 2.8 +3 +22
LM1558 5 500 * * 5 +3 +22 Dual
LM4250 5 50 0.2 0.2 0.1 £1 +18 (Note 5)
LHO0042 20 0.025 1 3 3.5 +5 +22
Slew Supply Supply
Part # Vos Is GBW Rate Current Voltage Special
mV (Max) nA (Max) MHz (Typ) V/us (Typ) (Note 3) Min Max Features
; mA (Max) v v
Industrial Temperature Range (—25°C to -+ 85°C) (Note 1)
LMC669B 0.025 0.1 * * 6 +8 +22 | Autozero Block
LH0044B 0.05 30 0.4 0.06 4 +3 +20
LH0044C 0.05 30 0.4 0.06 4 +3 +20
LMC669C 0.05 0.1 * * 6 +8 +22 Autozero Block
LM208A 0.5 2 1 0.3 0.6 +2 +20
LH0052C 1 0.005 1 3 3.8 +5 t22
LMC660A 2 0.02 15 1.7 2.2 5 15 Quad CMOS
LM10B(L) 2 20 * * 0.4 (Note 4) Op Amp and Reference
LM201A 2 75 1 0.5 3 +3 +22
LM207 2 75 1 0.5 3 +3 +22
LM208 2 1 0.3 0.6 +2 +20
LM212 2 2 1 0.3 0.6 +2 +20 | Compensated LM208
LM224A 3 80 * * 2 3 32 Quad
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General Purpose Operational Amplifier Selection Guide (continued)

Slew Supply Supply
Part # Vos Is GBW Rate Current Voltage Special
mV (Max) | nA(Max) | MHz(Typ) V/us (Typ) (Note 3) Min | Max Features
mA (Max) v v
Industrial Temperature Range (—25°C to +85°C) (continued)
LM258A 3 80 * * 1.2 3 32 Dual
LF255 5 0.1 25 5 4 +5 | +22
LF256 5 0.1 5 12 7 +5 +22
LF257 5 0.1 20 50 7 +5 +22 | Minimum Gain of 5
LM224 5 150 * * 2 32 Quad
LM258 5 150 * * 1.2 32 Dual
LM292 5 250 * * 2 32 Comparator and Op Amp
LHO0020C 6 500 * * +5 +22
LH0022C 6 0.025 1 3 4 +5 22
LM246 6 250 0.5 0.4 25 t2 +18 | (Note5)
LM248 6 200 1 0.5 4.5 +5 +18 | Quad
LM249 6 200 4 2 4.5 +5 +18 | Minimum Gain of 5, Quad
LHO0086C 10 0.5 3 10 156.5 +8 +18 | Programmable Gain 1 to 200
LH0042C 20 0.05 1 3 4 +5 +22
Slew Supply Supply
Part # Vos Is GBW Rate Current Voltage Special
mV (Max) nA (Max) MHz (Typ) V/us (Typ) (Note 3) Min Max Features
mA (Max) v v
Commercial Temperature Range (0°C to +70°C) (Notes 1 and 2)

LMC668A 0.005 0.06 1 25 3.5 * 18 Commutating Autozero
LMC668 0.01 0.06 1 25 3.5 * 18 Commutating Autozero
LMC669B 0.025 0.1 * * 6 +8 +22 | Autozero Block
LM607A 0.025 2 1.8 0.7 15 * *22
LMC669C 0.05 0.1 * * 6 t8 +22 | Autozero Block
LM6078B 0.05 3 18 0.7 1.5 * 22
LM607 0.15 10 1.8 0.7 1.8 * +22
LF411A 0.5 0.2 4 15 2.8 ié +22
LF441A 0.5 0.05 1 1 0.2 +6 +22
LM308A 0.5 7 1 0.3 0.8 *2 +20
LM11C 0.6 0.1 * 0.3 0.8 * +20
LF412A 1 0.2 4 15 5.6 +6 +22 Dual
LF442A 1 0.05 1 1 0.4 +6 +22 Dual
LM604A 1 40 5 4 36 Multiplexed Op Amp 4
LF355A 2 0.05 2.5 +5 +22
LF356A 2 0.05 5 12 10 +5 +22
LF357A 2 0.05 20 50 10 +5 +22 Minimum Gain of 5
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Operational Amplifier Selection Guides

General Purpose Operational Amplifier Selection Guide (continued)

: Slew Supply Supply ,
Part # Vos Is GBW Rate Current Voltage . Special
mV (Max) | nA(Max) | MHz(Typ) V/ps (Typ) (Note 3) Min Max Features
mA (Max) v v
Commercial Temperature Range (0°C to + 70°C) (continued)

LF411 2 0.2 4 15 3.4 +6 +22

LF412 3 0.2 4 15 6.8 +6 +22 | Dual

LM324A 3 100 * . 3 3 32 | Quad

LM358A 3 100 * * 2 3 32 Dual

LM604 3 60 5 7 9 4 36 Multiplexed Op Amp

LM741E 3 80 1.5 0.7 2.8 +3 +22

LM10C(L) 4 30 * * 0.5 (Note 4) OA and Reference

LP324 4 10 0.1 0.05 0.15 3 32 '

LF347B 5 0.2 4 13 1 +6 +22 | Quad

LF355B 5 0.1 25 5 4 +5 +22

LF356B 5 0.1 5 12 4 +5 +22

LF357B 5 0.1 20 50 7 +5 +22.

LFa41 5 0.1 1 1 0.25 6 | 22

LF442 5 0.1 1 1 05 +6 | +22 | Dual

LM11CL 5 0.2 * 0.3 0.8 * +20

LM392 5 250 * . 2 3 32

LM833 5 1000 . 10 5 8 * +18 Dual Low Noise

LMC660 6 0.02 1.5 17 2.7 5 15 Quad CMOS

LM346 6 250 0.5 0.4 .25 +15 | +22 | (Note5)

LM348 6 200 1 0.5 45 15 +18

LM349 6 200 4 2 45 +5 +18

LM741C 6 500 1.5 0.5 28 +3 | £18

LM1458 6 500 * * 5.6 +3 +18

LM4250C 6 7 0.2 0.2 0.1 +1 +18 | (Note5)

LM324 7 250 * * 3 3 32

LM358 7 250 . * 2 3 32

LM301A 75 250 1 0.5 3 +3 +18

LM307 7.5 250 1 05 3 +3 +18

LM308 7.5 7 1 0.3 0.8 +2 +18

LM312 7.5 7 1 0.2 0.8 +2 +18 Compensated LM308

LM343 8 40 1 25 5 +4 +34 :

LM344 8 40 1 25 5 +4 +34 Minimum Gain of 10

LF347 10 0.2. 4 13 1 +6 +18 | QuadBiFet

LF351 10 0.2 4 13 3.4 16 +18

LF353 10 0.2 4 13 6.8 +6 | +18 | DualBiFet

LF355 10 0.2 25 5 4 15 +18

LF356 10 0.2 5 12 10 +5 +18

LF357 10 0.2 20 50 10 +5 +18 | Minimum Gain of 5




General Purpose Operational Amplifier Selection Guide (continued)

Slew Supply Supply
Part # Vos Is GBW Rate Current Voltage Special
mV (Max) nA (Max) MHz (Typ) (Note 3) . Features
V/ps (Typ) Min Max
mA (Max)
v \'
Commercial Temperature Range (0°C to + 70°C) (continued)

LF444 10 0.1 1 1 1 +6 +18 Quad BiFet

LF13741 15 0.2 1 0.5 4 +18

TLO81C 15 0.2 4 13 28 +6 +18

TLO82C 15 0.2 4 13 5.6 +6 +18 Dual BiFet

Slew Supply Supply
Part # Vos Is GBW Rate Current Voltage Special
mV (Max) nA (Max) MHz (Typ) V/us (Typ) (Note 3) Min Max Features
mA (Max) v v
Automotive Temperature Range (—40°C to +85°C)

LM604 3 60 7 3 9 4 36 Multiplexed Op Amp
LP2902 4 20 0.1 0.05 0.15 3 26 Quad
LM2902 7 250 * * 3 3 26 Quad
LM2904 7 250 * * 2 3 26 Quad
LM2924 7 250 * * 2 3 26 Comparator Plus Op Amp

*Not Specified.

Note 1: Datasheet should be referred to for test conditions and more detailed information.
Note 2: Those looking for a commercial part should also look at the Industrial Temp Range guide as many Hybrids are listed there.
Note 3: Supply current is for all amplifiers in a package.
Note 4: The LM10 has 2 versions: one a high voltage part, good to 45V and a low voltage part, good to 7V. Refer to the datasheet for more information.

Note 5: The LM146 and LM4250 are programmable amplifiers. The data shown is for Vg = =15V and Iggt = 10 p.A. Refer to the datashests for more information.
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Operational Amplifier Selection Guides

National
Semiconductor
Corporation
Low Igjas Selection Guide
<spA | <20pA | <s0pA |  <t00pA | <200 pA <500 pA <1nA
Ta = 25°C
LH0022 LMC668 LH0032A LH0032 LF401A LH4101 LH4104
LH0022C LMC660 LF155A/156A LF155/156 LF401 LH0032C
LH0042 LF157A LF157 LF400A LH0086
LH0042G LF355A/356A LF255/256 LF400 LH0086C
LH0052 LF357A LF257 TLO81
LH0052C LF441A LF355B/3568 LHO032AC
LHO0062 LF442A LF3578 LF351
LF444A LF441 LF411A/411
LM11 LF442 LF355/356
LF444 LF357
LM11C LF147/347B/347
LH0062C LF353
LF412A/412
LF13741
LM11CL

Note: Datasheet should be referred to for conditions and more detailed information.
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National

Semiconductor

Corporation

High Speed Operational
Amplifier Selection Guide
ew Is

Part # Vit | whetys | mvomm ot 2) Notes
GBW > 4 MHz, T = 25°C
LH0024 500 70 8 15
LH0032 500 70 15 22 FET Input
LM6361 300 50 20 6.8
LM6364 300 175 9 6.8 Min Gain of 5
LM6365 300 725 7 6.8 Min Gain of 25
LH4101 250 40 15 40 Medium Power JFET
LF400 70 16 25 12 Fast Settling JFET
LF401 70 16 0.5 12 Precision Fast Settling JFET
LHO0003 70 30 3 3
LHO0062 70 15 15 12 FET Input
LM318 70 15 10 10
LF357 50 20 10 10 Min Gain of 5, JFET
LH4104 40 16 10 25 Medium Power Fast Settling JFET
LM359 30 30 * 22 Dual Current Mode (Norton) Amp
LF411 15 4 2 34 JFET
LF412 15 4 6.8 Dual JFET
LF347 13 4 10 1 Quad JFET
LF351 13 4 10 34 JFET
LF353 13 4 10 6.8 Dual JFET
LF356 12 4.5 10 10 JFET
LM833 7 15 5 8 Dual Low Noise

*Not specified.

Note 1: Datasheet should be referred to for conditions and more detailed information. Many versions with better DC specs are available in addition to those listed
above.

Note 2: Supply current is for all amplifiers in a package.
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Operational Amplifier Selection Guides

National
Semiconductor
Corporation

Medium and High Power Operational Amplifier

Selection Guide (= 0.1A Output)

Part # lout Vos Is Slew Rate PBW
A (Typ) mV (Max) mA (Max) V/uS (Typ) kHz (Typ)

LH4104 0.1 10 25 40 *
LH4101 0.1 15 40 250 *
LH0041 0.2 6 4 1 20
LH0061 0.5 15 15 25 1000
LH0021 1.0 6 4 1 20
LHO101A 2 .3 35 10 300
LHO101 2 10 35 10 300
LM675 3 10 50 8 *
LM12(L) (Note 2) 7 80 60
LM12C(L) (Note 2) 15 120 9 60

*Not Specified

Note 1: Refer to Datasheet for conditions and more detailed information.

Note 2: Ioyr for the LM12 is dependent on the amount of power dissipated in the output or. The d heet should be d to, to ine amount of

current available.
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National

Semiconductor

Corporation

Special Amplifier Selection Guide

LH0045 Two Wire Transmitter
LH0082 20 MHz Transimpedance Amplifier
LHO0086 Programmable Gain Operational Amplifier
LM359 Dual Current Mode (Norton) Amplifier
LM2900, 3900, Quad Current Mode (Norton) Amplifier
3301, 3401
LM3080 Operational Transconductance Amplifier
LM13600 Dual Operational Transconductance Amplifier with Linearizing Diodes and Buffers
13700 Improved Dual Operational Transconductance Amplifier with Linearizing Diodes and Buffers
LM604 4 In, 1 Out Multiplexed Op Amp

Note: Refer to the datasheet for specifications.
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Buffers—Definition of Terms

National
Semiconductor
Corporation

Buffers
Definition of Terms

Bandwidth: That frequency at which the voltage gain is re-
duced to 1/42 times the low frequency value.

Common-Mode Rejection Ratio: The ratio of the input
common-mode voltage range to the peak-to-peak change in
input offset voltage over this range.

Harmonic Distortion: That percentage of harmonic distor-
tion being defined as one-hundred times the ratio of the
root-mean-square (rms) sum of the harmonics to the funda-
mental.

% harmonic _ (V22 + V32 + V42 +

distortion Vi

... )2 (100%)

where V1 is the rms amplitude of the fundamental and V2,
V3, V4, ... are the rms amplitudes of the individual harmon-
ics.

Input Bias Current: The average of the two input currents.

Input Common-Mode Voltage Range: The range of volt-
ages on the input terminals for which the amplifier is opera-
tional. Note that the specifications are not guaranteed over
the full common-mode voltage range unless specifically
stated.

Input Impedance: The ratio of input voltage to input current
under the stated conditions for source resistance (Rg) and
load resistance (Ry).

Input Offset Current: The difference in the currents into
the two input terminals when the output is at zero.

Input Offset Voltage: That voltage which must be applied
between the input terminals through two equal resistances
to obtain zero output voltage.

Input Resistance: The ratio of the change in input voltage
to the change in input current on either input with the other
grounded.

Input Voltage Range: The range of voltages on the input
terminals for which the amplifier operates within specifica-
tions.

Large-Signal Voltage Galn: The ratio of the output voltage
swing to the change in input voltage required to drive the
output from zero to this voltage.

Output Impedance: The ratio of output voltage to output
current under the stated conditions for source resistance
(Rg) and load resistance (Ry).

Output Resistance: The small signal resistance seen at the
output with the output voltage near zero.

Output Voltage Swing: The peak output voltage swing, re-
ferred to zero, that can be obtained without clipping.

Offset Voltage Temperature Drift: The average drift rate
of offset voltage for a thermal variation from room tempera-
ture to the indicated temperature extreme.

Power Supply Rejection: The ratio of the change in input
offset voltage to the change in power supply voltages pro-
ducing it.

Settling Time: The time between the initiation of the input
step function and the time when the output voltage has set-
tled to within a specified error band of the final output volt-
age.

Slew Rate: The internally-limited rate of change in output
voltage with a large-amplitude step function applied to the
input.

Supply Current: The current required from the power sup-
ply to operate the amplifier with no load and the output mid-
way between the supplies.

Transient Response: The closed-loop step-function re-
sponse of the amplifier under small-signal conditions.
Unity Gain Bandwidth: The frequency range from dc to the
frequency where the amplifier open loop gain rolls off to
one.

Voltage Gain: The ratio of output voltage to input voltage
under the stated conditions for source resistance (Rg) and
load resistance (R().
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Device

—-3dB

Vos Is Voltage Vour S.R. lout
Type MHz (Typ) mV (Max) mA (Max) Gain (Typ) V (Min) V/us (Typ) mA (Typ)

LM110, 210, 310 20 7.5 5.5 0.9999 +10 3.0 10
LH4001 25 500 10 0.97 +10 125 200
LHO0002 30 +30 10 0.97 +10 100 200
LH0033 100 20 24 0.98 +9 1400 100
LH4002 200 50 35 0.85 +3 1250 40
LHO063 200 +50 65 0.93 +10 2400 250
*Not specified

Note 1: Datasheet should be referred to for test conditions and more detailed information.
Note 2: 200°C Temp Range Parts are available. Consult local sales office for information.
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Voltage Comparators
Definition of Terms

Input Bias Current: The average of the two input currents.
Input Offset Current: The absolute value of the difference
between the two input currents for which the output will be
driven higher than or lower than specified voltages.

Input Offset Voltage: The absolute value of the voltage
between the input terminals required to make the output
voltage greater than or less than specified voltages.

Input Voltage Range: The range of voltage on the input
terminals (common-mode) over which the offset specifica-
tions apply.
Logic Threshold Voltage: The voltage at the output of the
comparator at which the loading logic circuitry changes its
digital state.

Negative Output Level: The negative DC output voltage
with the comparator saturated by a differential input equal to
or greater than a specified voltage.

Output Leakage Current: The current into the output termi-
nal with the output voltage within a given range and the
input drive equal to or greater than a given value.

Output Resistance: The resistance seen looking into the
output terminal with the DC output level at the logic thresh-
old voltage.

Output Sink Current: The maximum negative current that
can be delivered by the comparator.

Positive Output Level: The high output voltage level with a
given load and the input drive equal to or greater than a
specified value.

Power Consumption: The power required to operate the
comparator with no output load. The power will vary with
signal level, but is specified as a maximum for the entire
range of input signal conditions.

Response Time: The interval between the application of an
input step function and the time when the output crosses
the logic threshold voltage. The input step drives the com-
parator from some initial, saturated input voltage to an input
level just barely in excess of that required to bring the output
from saturation to the logic threshold voltage. This excess is
referred to as the voltage overdrive.

Saturation Voltage: The low-output voltage level with the
input drive equal to or greater than a specified value.
Strobe Current: The current out of the strobe terminal
when it is at the zero logic level.

Strobe Output Level: The DC output voltage, independent
of input conditions, with the voltage on the strobe terminal
equal to or less than the specified low state.

Strobe “ON” Voltage: The maximum voltage on either
strobe terminal required to force the output to the specified
high state independent of the input voltage.

Strobe “OFF” Voltage: The minimum voltage on the strobe
terminal that will guarantee that it does not interfere with the
operation of the comparator.

Strobe Release Time: The time required for the output to
rise to the logic threshold voltage after the strobe terminal
has been driven from zero to the one logic level.

Supply Current: The current required from the positive or
negative supply to operate the comparator with no output
load. The power will vary with input voltage, but is specified
as a maximum for the entire range of input voltage condi-
tions.

Voltage Gain: The ratio of the change in output voltage to
the change in voltage between the input terminals produc-
ing it.
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Note 1: Datasheet should be referred to for test conditions and more detailed information.

Response Vos Is I8
Tlmengyp) mV(Max) mA(Max) nA(Max) Comments
Ta = 25°C (Notes 1 and 2)
LM361 12 5 25 30,000 High Speed w/Strobes
LM360 16 5 32 20,000 High Speed, Complementary Outputs
LM306 40 5 10 25,000 High Speed, High Drive
LM319 80 8 12.5 1000 High Speed Dual
LF311 200 10 75 0.15 FET Input
LM311 200 10 7.5 300 General Purpose Single
LM339 1300 5 400 General Purpose Quad
LM392 1300 10 1 400 One Comparator Plus One Op Amp
LM393 1300 5 25 250 General Purpose Dual
LM2903 1300 5 2.5 250 Automotive Dual
LM2901 1300 7 2 400 Automotive Quad
LP365 4000 9 0.30 200 Programmable Quad
LP311 4000 10 0.3 150 Low Power Single
LP339 5000 9 0.1 40 Low Power Quad
*Not Specified

Note 2: This selection guide should be used to select for Response Time required. [ndustrial and Military Temperature Range types are available. The DC specs

are for the lowest Commercial Grade available.
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Instrumentation Amplifiers
Definition of Terms

Bandwidth: That frequency at which the voltage gain is re-
duced to 1/42 times the low frequency value.
Common-Mode Rejection Ratio: The ratio of the input
common-mode voltage range to the peak-to-peak change in
input offset voltage over this range.

Harmonic Distortion: That percentage of harmonic distor-
tion being defined as one-hundred times the ratio of the
root-mean-square (rms) sum of the harmonics to the funda-
mental. % harmonic distortion =

(V22 + V32 + V42 + .. )1/2(100%)
Vi

where V1 is the rms amplitude of the fundamental and V2,
V3, V4, . .. are the rms amplitudes of the individual harmon-
ics.

Input Bias Current: The average of the two input currents.
Input Common-Mode Voltage Range: The range of volt-
ages on the input terminals for which the amplifier is opera-
tional. Note that the specifications are not guaranteed over
the full common-mode voltage range unless specifically
stated.

Input Impedance: The ratio of input voltage to input current
under the stated conditions for source resistance (Rg) and
load resistance (Ry).

Input Offset Current: The difference in the currents into
the two input terminals when the output is at zero.

Input Offset Voltage: That voltage which must be applied
between the input terminals through two equal resistances
to obtain zero output voltage.

Input Resistance: The ratio of the change in input voltage
to the change in input current on either input with the other
grounded.

Input Voltage Range: The range of voltages on the input
terminals for which the amplifier operates within specifica-
tions.

Large-Signal Voltage Gain: The ratio of the output voltage
swing to the change in input voltage required to drive the
output from zero to this voltage.

Output Impedance: The ratio of output voltage to output
current under the stated conditions for source resistance
(Rg) and load resistance (Ry).

Output Resistance: The small signal resistance seen at the
output with the output voltage near zero.

Output Volitage Swing: The peak output voltage swing, re-
ferred to zero, that can be obtained without clipping.

Offset Voltage Temperature Drift: The average drift rate
of offset voltage for a thermal variation from room tempera-
ture to the indicated temperature extreme.

Power Supply Rejection: The ratio of the change in input
offset voltage to the change in power supply voltages pro-
ducing it.

Settling Time: The time between the initiation of the input
step function and the time when the output voltage has set-
tled to within a specified error band of the final output volt-
age.

Slew Rate: The internally-limited rate of change in output
voltage with a large-amplitude step function applied to the
input.

Supply Current: The current required from the power sup-
ply to operate the amplifier with no load and the output mid-
way between the supplies.

Transient Response: The closed-loop step-function re-
sponse of the amplifier under small-signal conditions.
Unity Gain Bandwidth: The frequency range from dc to the
frequency where the amplifier open loop gain rolls off to
one.

Voltage Gain: The ratio of output voltage to input voltage
under the stated conditions for source resistance (Rg) and
load resistance (R().
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Part Number Gain Error (Max) I Gain Linearity (Typ) | CMRR dB (Min) Ig nA (Max)
Ta = 25°C

LHO0036 p Power 3% 0.03% 46 125
LH0038 3% 0.0001% 86 100
LHO0084 0.3% 0.005% 80 0.500
LM363 2.5% 0.01% 90 10

Note 1: Datasheet should be

d to for test conditions and more detailed information.
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Audio Circuits
Definition of Terms

Amplifier

Class A

A class A transistor audio amplifier refers to an amplifier
with a single output device that has a collector flowing for
the full 360° of the input cycle.

Class B

The most common type of audio amplifier that basically con-
sists of two output devices each of which conducts for 180°
of the input cycle.

Class C

In a class C ampilifier the collector current flows for less than
180°. Although highly efficient, high distortion results and
the load is frequently tuned to minimize this distortion (pri-
marily used in R.F. power amplifiers).

Class D

A switching or sampling amplifier with extremely high effi-
ciency (approaching 100%). The output devices are used as
switches, voltage appearing across them only while they are
off, and current flowing only when they are saturated.

Crossover Distortion

Distortion caused in the output stage of a class B amplifier.
It can result from inadequate bias current allowing a dead
zone where the output does not respond to the input as the
input cycle goes through its zero crossing point. Also for
1/Cs an inadequate frequency response of the output PNP
device can cause a turn-on delay giving crossover distortion
for negative going transition through zero at the higher au-
dio frequencies.

Dolby B

Dolby B is a simplified version of the Dolby A professional
quality noise reduction system. The amplitude of low level
signals over a selected frequency range is increased prior to
recording to enhance them above tape noise. On playback
the original levels are restored causing a corresponding re-
duction in the audible tape noise. The major difference with
Dolby A which used four frequency bands, is the use of a
single variable frequency band with a cut-off frequency that
increases in the presence of high level high frequency sig-
nals.

Dolby Level

Because of the complementary nature of the Dolby B noise
reduction system, the audio channel between the encoder
and the decoder must have a fixed gain such that the de-
coding signal level is within 2 dB of the encoding signal
level. Also if recordings are interchangeable the signals in
the noise reduction system must be related to the levels in

the audio channel. Dolby level provides this reference and
corresponds to a specified tape flux density when recorded
with a 400 Hz tone. For reel to reel and eight track cartridge
tapes this is 185 nWb/m, and for cassettes Dolby level is
200 nWb/m.

Large-Signal Voitage Gain

The ratio of the output voltage swing to the change in input
voltage required to drive the output from zero to this volt-
age.

Output Reélstance

The ratip of the change in output voltage to the change in
output current with the output around zero.

Output Voltage Swing

The peak output voltage swing, referred to zero, that can be
obtained without clipping.

Power Bandwidth

The power bandwidth of an audio amplifier is the frequency
range over which the amplifier voltage gain does not fall
below 0.707 of the flat band voltage gain specified for a
given load and output power.

Power bandwidth also can be measured by the frequencies
at which a specified level of distortion is obtained while the
amplifier delivers a power output 6 dB below the rated out-
put. For example, an amplifier rated at 60 watts with
<0.25% THD, would make its power bandwidth measured
as the difference between the upper and lower frequencies
at which 0.25% distortion was obtained while the amplifier
was delivering 30 watts.

Power Supply Rejection

The ratio of the change in input offset voltage to the change
in power supply voltages producing it.

Slew Rate

The internally limited rate of change in output voltage with a
large amplitude step function applied to the input.

Supply Current

The current required from the power supply to operate the
amplifier with no load and the output at zero.

Thermal Resistance (RtH)

An analogy for heat transfer where the ability of a heat con-
ductive system to transfer heat is described in similar terms
to those used in an electrical system for power dissipated in
a resistor with a given applied voltage. The thermal resist-
ance is given by the temperature differential
established when a given amount of power is being dissipat-
ed (0 = T1 — T2/Pp) with units of °C/watt.
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PREAMPLIFIERS
Application Package \g)ltage |Equltv;lelnt THD PSR c lnp:"t Notes
Portable | Home | Auto ange nput Nolse oupiing
LM381 ] . 14 Pin DIP 9V-40V 0.5 uV 0.1% | 120dB AC Stereo
LM382 . J . 14 Pin DIP 9V-40V 0.8 uv 0.1% | 120dB AC Stereo
LM387 [ ] e | 8PinDIP 9V-30V 0.65 uVv 0.1% | 110dB AC Stereo
LM1818 ] . e |[20PINDIP| 3.5V-18V 0.85 pV 0.05% | 85dB AC Tape System
LM1837 . [ J 18 Pin DIP 4v-18V 0.6 pVT 0.03% | 105dB DC Autoreverse
LM1897 L ] ] 16 Pin DIP 4V-18V 0.6 uVT 0.03% | 105dB DC Few Externals
LM833 . e |8PiNnDIP | £5V-+15V 0.5 pVv 0.002% | 100 dB DC Low Noise
(Note 1) 8 Pin SO Dual Op Amp
LM837 ] ® | 14PinDIP | £5V-%15V 0.5 uVv 0.002% | 100 dB DC Low Noise
(Note 1) 14 Pin SO Quad Op Amp
Drives 6009 Load
TCCIR/ARM in DIN circuit referred to unity gain at 2 kHz.
Note 1: Data sheet in Linear 1.
AUDIO POWER AMPLIFIERS
*
Application Package Power v I(t@ Bridgeable| THD* ':n:mi' s:;‘glfl Notes
Portable |Home | Auto 80 | aq | 20 | Votage oise”| Dua
LM380 ] 8 Pin DIP 2.5W 18V 0.2% Single |See AN-69
14 Pin DIP
LM383 ] e |5PinTO-220 5.5W |8.6W| 14.4V Yes 0.2% | 2 pV | Single |Protected
LM384 . 14PinDIP |5.5W 22v 0.25% Single |Fixed Gain
LM386 ] . 8 Pin DIP 0.33W 6V 0.2% Single |4V Operation
8 Pin SO
LM388 . 14PinDIP |2.2W 12v Yes 0.1% Single |Minimum
Externals
LM389 U 18 Pin DIP 0.33W 6V 0.2% Single |Includes
Transistor
Array
LM390 . 14 Pin DIP 1w 6v Yes 0.2% Single |Battery
Operation
LM391 . 16 Pin DIP 60V-100V 0.01%| 3 uV | Single |Power Driver
LM1877 . ] * |14PinDIP 3w 20V 0.05%| 2.5 pV| Dual [6V-24V
LM2877 ] . e |11PinSIP |[45W 20V 0.07% (2.5 uV| Dual |Single-In-Line
Package
LM1895 . . e |8PinDIP 1.1W 6V 0.2% | 1.4 pV| Single |Low AM
Radiation
LM2895 . . e |11PinSIP 4.3W 12v 0.15%| 1.4 uV | Single |3V-15V
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AUDIO POWER AMPLIFIERS (Continued)

Audio Selection Guide .

*
Application Package Power v I(t@ Bridgeable| THD* ’:nrut‘ s:;'glfl Notes
Portable | Home | Auto 8q | 4q [2q]|Voltage oise ua
LM1896 . ] ® (14 PinDIP 1.1W 6V Yes 0.1% {1.4pV| Dual |LowAM
Radiation
LM2896 . o e 111PinSIP 2.5W )\ Yes 0.1% (1.4 nV| Dual |NoPops
LM2002 . ® |5Pin TO-220 5.2W|8W| 14.4V Yes 0.1% | 2uV | Single |Protected
LM2878 . 11 Pin SIP 5.5W 22V Yes 0.15% | 2.5 pV| Dual [6V-32V
LM831 . 16 Pin DIP 0.44W 3V Yes 0.2% {1.3uV| Dual }|1.8V-6V
20 Pin SO
LM12 . TO-3 50W | 85W +30V 0.01% Single |Power
(Note 1) Op Amp
LM675 . 5Pin TO-220 | 20W +25V 3 nV | Single |Power
(Note 1) Op Amp
LM1875 L 5Pin TO-220 | 20W +25V 0.015%( 3 nV | Single |Low Crossover
Distortion
LM2005 e |11 Pin TO-220 20W 14.4V Yes 0.3% |{1.5uV| Dual |Protected
LM2879 . 11 Pin TO-220| 8W 28v Yes 0.05% | 2.5 uV | Dual [6V-32V
*Note that all values shown are typical. Please refer to data sheets for test conditions.
Note 1: Data sheet in Linear 1.
AUDIO CONTROLS
Application Package V:Itage c ‘:OI:"F';e Sﬁnla I'to THD [Separation Notes
Portable| Home|Auto ange ontrol Range| Noise
LM1035/ . U e |20PinDIP| 8V-18V 80dB 80dB [0.05%| 75dB |Dual DC Controlled
LM1036 Tone/Volume/Balance
LM1037 . U e 18 PinDIP| 5V-30V 100dB |0.04%| 100dB |DC Audio Switch
LM1038 ] U e (18PinDIP| 5V-30V 100dB |0.04%| 100dB [BCD Logic Control
LM13600 L . e |16 Pin DIP| £2V-+18V 0.5% | 100 dB |Transconductance
(Note 1) Amplifiers
LM13700 ] ] * 116 Pin SO
(Note 1)
LM3080 [ [ e |8PinDIP Transconductance
(Note 1) tav-£18v Amplifier
LM1040 ] . e [24PinDIP[ 9V-16V 75dB 80dB |0.06%| 75dB |Dual DC Controlled
Tone/Volume/Balance
Stereo Enhancement
LMC835 . e |28 PinDIP| £2.5V-+8V 114dB * 7 Band Graphic Equalizer
MICROWIRE™
Controlled
LMC1992/ ] e 128PinDIP| 7V-15V 80dB 105dB |0.03%| 95dB |Stereo Volume/
LMC1993 Tone/Fade/Select
(Note 2) MICROWIRE™
Controlled
*Distortion ined by | op amps.

Note 1: Data sheet in Linear 1.

Note 2: LMC1992 selects 4 inputs.
LMC1993 selects 3 inputs and has a loudness control.
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NOISE REDUCTION
Application package Voltage NR NR Encoding | Single/ | Decode Notes

Portable | Home | Auto Range | Type | Effect* | Required | Dual/ S/N*
LM1131 . . . 18 Pin DIP 7V-20V | Dolby | 10dB Yes Dual 90dB | DC Switched
LM1894 . L] . 14 Pin DIP, SO 4.5V-18V| DNR | 12dB No Dual 76 dB | NSC System
LM1112 ] ] U 16 Pin DIP 6V-20V | Dolby | 10dB Yes Single | 83dB
LM1141 . . e | 28PinDIP,Quad | 5V-16V | Dolby Yes Single Dolby B/C
LM832 ] 14 Pin DIP, SO 1.5V-9V | DNR | 12dB No Dual 76 dB | NSC System

*Note that all values shown are typical. Please refer to data sheets for test conditions.

AMT

Monaural Cassette Player

: } CASSETTE SYSTEM
TAPE | LMis18

Home Stereo System (Audio Power < 10W)

AUDIO AMPLIFIER
LM1895
LM386

-1

LM389

M
FM
TUNER —1 STEREO
AM/FM IF L"’f:‘&% ]
LM1866 TONE/VOLUME
AM DNR LM1035
LM1894 LM1036
LM1040
TAPE
TAPE PREAMP  |— 3:’1":’;1
LM1897
PHONO
PHONO PREAMP
R
LM382
LM387

Home Component Stereo (Audio Power > 10W)

TL/XX/0013-1

POWER AMP
LM2879

R R

TL/XX/0013-2

FM N IF STEREO
TUNER wises [ e [ TONE/VOLUME
LM833 POWER AMPS
LM1035 LM1875
™ LM1036 LM391
1 AM RF/IF LM1040
LM1863
EQUALIZER
LMC835
CASSETTE
: } PREAMP DOLBY
TAPE LM833 LM1131
LM1897
PHONO
PREAMP
LM833

TL/XX/0013-3
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Automotive Radio (Electronically Tuned)

M STEREQ
mrF || oo |
LM1865 LM1870 DNR
4 I LM4500 I' LM1894 'I
AM AUDIO POWER AMPS —uﬂ
| E:TUNER AM RF/IF swirch 0 TONE/VOLUME || Lm383
LM1863 LM1037 LMC1892 LM2002
4+ LM1038 y'y LM2005 H]i]
o |
J { r'
A\ 4 A 4
SYNTHESIZER
DS8906 |
0sso07 [ 4P CONTROL
DS8908
CASSETTE
PREAMP DOLBY
LM1837 LM1131
LM1897
TL/XX/0013-4
Auto Radio (Manually Tuned)
iy H o
LM1965 LM4500 TONE/VOLUME POWER AMPS —[q
DNR - LM1035 LM383
M LM1894 LM1036 LM2002
Y__ AM RF/IF LM1040 LM2005 -—ﬂﬂ
LM1863
CASSETTE
preavps | 1 pousy
LM1837 LM1131
LM1897

TL/XX/0013-5
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AGC dc Output Shift: The shift of the quiescent IC output
voltage of the AGC section for a given change in AGC cen-
tral voltage.

AGC Figure of Merit: The widest possible range of input
signal level required to make the output signal drop by a
specified amount from the specified maximum output level.
Typical F.O.M. numbers are from 40 dB to 50 dB, for do-
mestic radios and about 60 dB for automotive radios (for
—10 dB output level change).

AGC Input Current: The current required to bias the central
voltage input of the AGC section.

AM Rejection Ratio: The ratio of the recovered audio out-
put produced by a desired FM signal of specified level and
deviation to the recovered audio output produced by an un-
wanted AM signal of specified amplitude and modulating
index.

Channel Separation: The level of output signal of an undri-
ven amplifier with respect to the output level of an adjacent
driven amplifier.

Detection Bandwidth: That frequency range about the free
running frequency of the tone decoder/phase locked loop
where a signal above a specified level will cause a detected
signal condition at the output.

Detection Bandwidth Skew: The measure of how well the
detection bandwidth is centered about the free running fre-
quency. It is equal to the maximum detection bandwidth fre-
quency plus the minimum detection bandwidth frequency
minus twice the free running frequency.

Hold In Range: That range of frequencies about the free
running frequency for which the phase locked loop will stay
in lock if initially starting out in lock.

Input Resistance: The ratio of the change in input voltage
to the change in input current on either input with the other
grounded.

Input Sensitivity: The minimum level of input signal at a
specified frequency required to produce a specified signal-
to-noise ratio at the recovered audio output.

Input Voltage Range: The range of voltages on the input
terminals for which the amplifier operates within specifica-
tions.

Large-Signal Voltage Gain: The ratio of the output voltage
swing to the change in input voltage required to drive the
output from zero to this voltage.

—3 dB Limiting Sensitivity: In FM the input signal level
which causes the recovered audio output level to drop 3 dB
from the output level with a specified large signal input.

Lock In Range: That range of frequencies about the free
running frequency for which the phase locked loop will
come into lock if initially starting out of lock.

Maximum Sweep Rate: The maximum rate that the VCO
may be made to vary its oscillating frequency over its
Sweep Range.

Output Resistance: The ratio of the change in output volt-
age to the change in output current with the output around
zero.

Output Voltage Swing: The peak output voltage swing, re-
ferred to zero, that can be obtained without clipping.

Phase Detector Sensitivity: The change in the output volt-
age of the phase detector for a given change in phase be-
tween the two input signals to the phase detector.

Power Bandwidth: The power bandwidth of an audio am-
plifier is the frequency range over which the amplifier volt-
age gain does not fall below 0.707 of the flat band voltage
gain specified for a given load and output power.

Power bandwidth also can be measured by the frequencies
at which a specified level of distortion is obtained while the
amplifier delivers a power output 6 dB below the rated out-
put. For example, an amplifier rated a 60W with <0.25%
THD, would make its power bandwidth measured as the
difference between the upper and lower frequencies at
which 0.25% distortion was obtained while the amplifier was
delivering 30W.

Power Supply Rejection: The ratio of the change in input
offset voltage to the change in power supply voltages pro-
ducing it.

Slew Rate: The internally limited rate of change in output
voltage with a large amplitude step function applied to the
input.

Supply Current: The current required from the power sup-
ply to operate the amplifier with no load and the output at
zero.

Sweep Range: That ratio of maximum oscillating frequency
to minimum operating frequency produced by varying the
central voltage of the VCO from its maximum value to its
minimum value with fixed values of timing resistance and
capacitance.

VCO Sensitivity: The change in operating frequency for a
given change in VCO central voitage.

51

SWwJd] JO uonIulda—SsiNI) olpey



ts—Selection Guide

jrcui

Radio C

National
Semiconductor
Corporation

Radio Circuits

Selection Guide

AM RF/IF Detector

Pin Input | am | Audio
Portable | Home | Auto | Synthesized CO?nt Supply | Supply | Sensitivity and | Power Internal | Meter
(Dip Voltage | Current| for 20 dB FMIF | Amplifier Detector | Output
Package) S/N Ratio P
LM1863 . . . . 20* 7-16 8.3 mA 30 pV L .
LM1866 . . 20 3-15 15mA 25 pv . L °
LM1868 . . 20 4.5-15 | 22mA 12 pVv . . L
LM3820 . . . 14 45-16 | 18 mA 35 uV
*SO Surface Mount Package Only
Stereo Decoder
Pin Count ARI
Portable | Home | Auto Dip Supply | Supply THD |Separation | Blend High La‘mp Output Interference
Voltage [ Current Cut | Driver| Buffer
Package Rejection
LM1800 . 16 10-18 | 21 mA | 0.4% 45 dB . .
LM1870 ] . ] 20 7-15 | 26 mA |0.05%| 45dB ] ] . U
LM1884* . 16 8-16 | 35mA | 0.1% — ] ]
LM4500A . . . 16 8-16 | 35mA | 0.1% 40dB . . ]
*TV Stereo Decoder
Radio Remote Control
Function Pin Count Supply Supply Channels Frequency
unct (Dip Package) Voltage Current Analog Digital Range
LM1871 Encoder/Transmitter 18 4.5-15V 14 mA upto6 2 up to 72 MHz
LM1872 Decoder/Receiver 18 2.5-7V 13 mA 2 2 up to 72 MHz
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FM IF/Detector

Portable | Home | Auto | Synthesized Pin:I:unt Plns(.:g.unt 3:::;’; g:zzlzt _i::s'i.tii?l‘i't:i/ng THD | Mute O:t?) (:ts AFC glu i::el:t :n:n I/F

LM1865 . . . 20 7.3-16 43 mA 60 uVv* 0.1% . Reverse ] ]

LM1965 . ] 20 7.3-16 43 mA 60 pV* 0.1% ] Reverse ] .

LM2065 . L . 20 7.3-16 43 mA 60 pVv* 0.1% . Forward . .

LM1866 ] ] 20 3-15 17 mA 12 uV 0.5% . . . . .
LM1868 . . 20 4.5-15 19 mA 15 uVv 1.1% 4
LM3089 . . 16 8-16 23 mA 12 pVv 0.5% . . . .

LM3189 . ° 16 8-16 31 mA 12 uVv 0.5% o ] J .

LM3361AT . ] 16 16 2-9 28mA 2 uv - .

*Exclusive of 26 dB Buffer
TNarrow-Band FM-IF
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Radio Circuits—Selection Guide

Cordless Telephone Receiver

AUDIO AMP

LM 1895 n:l
LM 386

LM 389

NBFM IF
MIXER/LO LM 3361A
TONE DETECT
LM 567
LMC 567
Portable Radio (Stereo)
M LM 1870
AM/FM IF
LM 1866

AMI

Portable Radio (Monaural)

M
TUNER

TL/XX/0011-3

FM

TL/XX/0011-1

| Diggé& POWER AMP
LM 1896
AM LM 2896

H
-

TL/XX/0011-2

Table/Clock Radio

AM[

TUNER

am/eM I || LMo 18es —[ﬂ
LM 1866 LM 2895

Auto Radio (Manually Tuned)

DNR
LM 1894

AM/FM IF _nq
MY LM 1868
M ™ IF STEREQ
¥ H 5
LM 1965 !
LM 4500
AM
1 AM RF/IF
LM 1863
CASSETTE
PREAMPS DOLBY
LM 1837 LM1131
LM 1897

TL/XX/0011-4

TONE/VOLUME

] LWM1035 L]

LM 1036
LM 1040

LM 2002
LM 2005

POWER AMPS —[K]
LM 383

TL/XX/0011-5
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Automotive Radio (Electronically Tuned)

DNR
M STEREO
— || oewon | I‘ LM 1894 'l
LM 1865 o e AUDIO POWER AMPS -[lq
S  — J O TONEAVOLUME || LM 383
A LM 1037 LMC 1992 LM 2002
A RF/F LM 1038 vy w200 ]
TUNER LM 1863 Y
A
LO. ]
Ll¥ v ¥
SYNTHESIZER
DS 8906
bs se07 [P CoNTROL
DS 8908
CASSETTE
PREAMPS L DOLBY
LM 1837 LM1131
LM 1897
TL/XX/0011-6
Home Stereo System (Audio Power < 10W)
FM
M
TUNER —] stere0
DEMOD
AM/FM IF
W 1866 LM 1800
AM I A
TONE/VOLUME —ﬂq
o1 ow || uwioss POWER AMPS
— LM 1894 LM 1036 LM 2879
LM 1040
TAPE PREAMP  |— e
LM 1897
PHONO
PHONO PREAMP
LM 382
LM 387

TL/XX/0011-7

Home Component Stereo (Audio Power > 10W)

™ ™ IF STEREO
TUNER (M 1965 || DEMOD [ TONE/VOLUME —K]

LM 1870 LM 833 POWER AMPS
—1 w1035  f—] 1875
MY LM 1036 LM 391 _K]
AM RF/IF LM 1040
LM 1863
EQUALIZER
LMC 835
CASSETTE
PREAMP DOLBY
TAPE } LM 833 LM 1131
LM 1897
PHONO
PREAMP
LM 833

TL/XX/0011-8
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Video—Definition of Terms

National
Semiconductor
Corporation

Video
Definition of Terms

Aspect Ratio: The ratio of picture width to picture height.
For the NTSC system this is 4:3.

Back Porch: The section of the composite video signal be-
tween the trailing edge of the line (horizontal) sync pulse
and the end of the blanking pulse period (when picture infor-
mation begins). For a monochrome signal the back porch is
simply at the blanking level. For a color signal, the color
burst is added within this section.

Black Level: The DC voltage level in the picture signal
which corresponds to beam cut-off on the display tube. It
can be at the blanking level (given by the back porch) or
slightly higher (7.5% to 10% of the peak white signal above
the blanking level).

Blacker-than-Black: The amplitude region in the composite
video signal that extends below the reference black level in
the direction of the synchronizing pulses.

Blanking: A portion of the composite video signal whose
instantaneous amplitude makes the vertical and horizontal
scan retrace not visible on the display tube.

Blanking Level: The level of the front and back porches of
the composite video signal.

Blanking Period: The period in the composite video signal
where the level is reduced to the blanking level, below
which the display electron beam is cut-off. This allows non-
visible retrace of the beam from the right side of the display
to the left side at the end of each scan line (horizontal
blanking) and non-visible return of the electron beam from
the bottom of the display to the top. Horizontal blanking
occurs for approximately 11 ps between each scan line and
vertical blanking for 1.2 ms between each field.

Blooming: Defocussing of the picture in regions where the
brightness is too high.

Breezeway: The section in the signal blanking period be-
tween the end of the sync pulse and the start of the color
burst.

C.C.L.R.: International Radio Consultative Committee—a
worldwide standards organization.

Chrominance Signal: That part of the NTSC signal that
contains the color information.

Clamping: A process that established a fixed DC voltage
level for the picture signal. This is important for proper RF
modulation and for maintaining the correct picture black lev-
el.

Color: An attribute of an object being scanned that distin-
guishes it from other objects, apart from shape, texture, and
brightness. In television systems the color of an object is
further subdivided into hue (tint) and saturation. The hue or
tint refers to the dominant wavelength of a spectral color,
i.e., light red is the same hue as deep red and dark red.

Deep red has more vividness or saturation (less white),
whereas dark red has less brightness. Similar terms are
used to describe non-spectral colors (a mixture of hues).

Color Burst: Normally refers to approximately 9 cycles of
the 3.58 MHz subcarrier superimposed on the back porch of
the composite video signal. The phase of this burst estab-
lishes the reference color phase for tint or hue, and the
amplitude provides a reference for the color saturation level.

Color Subcarrier: A subcarrier at 3.579545 MHz (NTSC)
whose modulation sidebands are added to a monochrome
video signal to convey the color information. Similar subcar-
riers are used for SECAM and PAL.

Composite Video Signal: The complete video signal. For
monochrome, it consists of blanking and synchronizing sig-
nals, with a picture signal representing the scene bright-
ness. For color, an additional subcarrier is added for color
synchronization and picture color content.

Compression: An undesired decrease in amplitude of one
portion of the composite video signal relative to another
portion.

Contrast: The range of dark and light values in a picture.

Cross-talk: An undesired signal interfering with a desired
signal.

Definition: See resolution.

Differential Gain: The amplitude change in the 3.58 MHz
color subcarrier as the picture signal varies from blanking to
peak white level. This is the result of system non-linearities
and is measured in percent change.

Differential Phase: The phase change, measured in de-
grees, of the 3.58 MHz color subcarrier as the picture signal
varies from blanking to peak white level.

Equalizing Pulses: Pulses of one half the width of the line
(horizontal) sync pulses, transmitted at twice the line rate for
the three line periods before and after the field (vertical)
sync pulse. They are used to help the vertical sync system
of the receiver accommodate the half line difference in the
number of scan lines on successive fields.

Field: One half of a complete picture interval. A field will
contain either all the odd numbered scanning lines or all the
even numbered scanning lines in the picture.

Field Frequency: The rate at which a complete field is
scanned. For NTSC color signals this is nominally 59.94 Hz.
Fly-back: See Horizontal Retrace.

Frame: A complete picture consisting of two interlocking
fields.

Frame Frequency: The rate at which a complete frame is
scanned. In the U.S. this is nominally 30 frames or pictures
per second.
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Front Porch: The section of the composite video signal be-
tween the end of the picture information on a scan line (start
of blanking) and the start of the line synchronization pulse.

Horizontal Blanking: The blanking signal at the end of
each scan line that prevents the retrace of the display tube
electron beam from being visible.

Horizontal Retrace: The rapid return of the scanning elec-
tron beam from the right side of the raster to the left side.

Horizontal Hum Bars: Relatively broad horizontal bars drift-
ing slowly up the screen as a result of interference from the
60 Hz main frequency.

Hue (Tint): Describes the color that is being represented on
the screen, i.e., red, blue, magenta, green, orange, etc.
Interlace: A scanning process in which each adjacent line
belongs to the alternate field.

I.R.E.: Institute of Radio Engineers. Now combined with the
AIEE to form the IEEE.

I.R.E. Scale: An oscilloscope scale calibrated for composite
video and divided vertically into 140 units. The picture signal
occupies the range from 0 to 100 with syncs in the range 0
to —40.

Luminance: The monochrome or brightness part of the col-
or signal, composed of specific proportions of the three pri-
mary colors, red, blue, and green.

N.T.S.C.: National Television System Committee, used in
reference to the system adopted for color television broad-
casting in the U.S. at the end of 1953.

Noise: In a television picture, ‘noise’ refers to random inter-
ference producing a salt and pepper pattern over the pic-
ture. Heavy noise totally obscuring the picture is called
“snow”.

Overshoot: An (excessive) response to a unidirectional sig-
nal change. Overshoot is often used deliberately to en-
hance the luminance portion of a signal.

Pairing: A partial or complete failure of interlace in which

scan lines of alternate fields fall in pairs, one on top of the

other.

Pedestal Level: See Blanking Level.

Percentage Sync:
Video: The ratio in percent of the amplitude of the syn-
chronizing pulse to the peak amplitude of the picture sig-
nal between blanking and reference white level. For a
properly constituted composite video signal this is 40%.
RF: The ratio is a percent of the amplitude of the syn-
chronizing pulse to the peak amplitude of the modulated
RF signal. For correct modulation this is 25%.

P.A.L.: Phase Alternation Line. A variation of the NTSC sys-

tem involving phase reversal of one of the color difference

signals on a line by line basis, introduced into the U.K. and

Germany in 1967.

Picture Signal: That portion of the composite video signal

which is above the blanking level and contains the picture

information.

Pre-emphasis: An increase in the level of a band of fre-

quency components with respect to the remainder of the

signal. For U.S. television, the audio signal is increased at a
6 db/octave rate above 2.1 kHz.

Raster: The area on the face of the display tube that is
scanned by the electron beam. This is not always entirely
visible since commercial receivers employ overscan so that
the edges of the raster are hidden by the faceplate.

Reference Signals: See V.L.T.S. and V.L.R.S.

Resolution (Horizontal): The amount of resolvable detail in
the horizontal direction of the picture. This depends on the
high frequency and phase response of the transmission sys-
tem and the receiver.

Resolution (Vertical): The amount of resolvable detail in
the vertical direction of the picture. This depends primarily
on the number of scan lines that are used and secondarily
on the size (shape) of the electron scanning beam.

Saturation (Color): The amplitude of the chrominance sig-
nal. Increased saturation means increased chrominance
signal level. Visibly, this refers to a color increasing from
pale or pastel to deep.

S.E.C.A.M.: Sequential Couleur Avec Memoire. The color
broadcasting system used predominantly in France which
utilizes sequential transmission of the color difference sig-
nals, which are FM modulated on two separate subcarriers
(1967).

Setup: The difference in level between the blanking level
and the reference black level expressed as a percent of the
reference white level.

Smear: Smear describes a picture condition where objects
appear extended in the horizontal direction producing an ill-
defined, blurry picture. This often occurs when the receiver
is tuned slightly above the proper pix carrier frequency.

Sync: Abbreviation for synchronizing or synchronization.
Sync Level: The level of the synchronizing pulse tips.

Vertical Blanking: The blanking signal at the end of each
field starting three lines before the vertical sync pulse.

Vertical Retrace: The return of the electron beam from the
bottom of the display to the top after a complete field has
been scanned.

V.L.R.S.: Vertical Interval Reference Signal. A quality control
signal added to a horizontal scan line during the vertical
blanking period. It is used to provide a chrominance, fumi-
nance and black level reference.

V.L.T.S.: Vertical Interval Test Signals. A series of test sig-
nals that are added to horizontal lines during the vertical
blanking for in-service testing of the transmission equip-
ment. They can be deleted or added at various points in the
transmission link, unlike the VIRS, which is added at pro-
gram origination and stays with the program material.
Vestigal Sideband Transmission: A broadcast transmis-
sion technique wherein only one side band of an amplitude
modulated carrier is fully transmitted with the other side-
band (usually lower) truncated.

Video: The visible portion of the transmitted signal repre-
senting the picture.
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Video Selection Guide

National
Semiconductor
Corporation
Video Selection Guide
VIDEO AMPLIFIERS
Bandwidth Gain Package | Supply Voltage Comments
LM592 120 MHz 100, 400 14 Pin DIP +3V-+6V Differential IN, Differential OUT
14 PIN SO
LM733 120 MHz 10, 100,400 | 14PinDIP +3V- 16V Differential IN, Differential OUT
LM1201 100 MHz 4-10 16 Pin DIP +12v Single Amplifier with
(Advanced Information) Black Level and Contrast
Control
LM1203 50 MHz 4-10 28 Pin DIP +12v Triple Amplifier System
with Black Level and
Contrast Control
LM359 400 MHz GBW 14 Pin DIP 5V-22V Dual Norton Amplifiers
(Note 1) 30MHz@ Ay =1
VIDEO TIMING
Function Package Supply Voltage Comments
LM1391 PLL 8 Pin DIP Internal Shunt Zener —_
LM1880 No-Holds Vert/Horiz 14 Pin DIP Internal Shunt Zener —
LM1881 Sync Separator 8 Pin DIP 5V-15V Outputs Provided:
8 Pin SO Composite Sync
Vertical
Burst Gate
Odd/Even Field
VIDEO MODULATORS/DEMODULATORS
Function Package Comments
LM1496 Balanced Modulator-Demodulator 14 Pin DIP Operating Frequency to 100 MHz
(Note 2) (Modulator—Suppressed Carrier, AM 10 Pin TO-5 Balanced Inputs and Outputs
Demodulator—Synchronous, FM 14 Pin SO
Phase Detection)
Lm1889 Modulates Color Difference, 18 Pin DIP DC Channel Switching
Luminance, Audio onto Chroma Reference
Low-VHF Channels
LM2889 Modulates Composite Video, 14 Pin DIP DC Channel Switching,
Audio onto Low-VHF Channels Low Distortion FM Sound
Modulator, Video Clamp

Note 1: Data sheet in Linear 1.
Note 2: Data sheet in Linear 3—Special Functions Chapter 5.
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VIDEO IFs
Application Package Comments
LM1211 Broadband Demodulator 20 Pin DIP Operating Range 20 MHz-80 MHz
(Note 3) Quasi-Synchronous Detector
25 MHz Output Amplifier
LM1823 Video IF 28 Pin DIP Operating Range 20 MHz-70 MHz
Synchronous Detector using PLL
9 MHz Output Amplifier
OTHER VIDEO PRODUCTS
Function Package Supply Voltage Comments
LM1044 Video Switch 24 Pin DIP 8V-16V © DC Switch between 3 Composite Video
Channels or 2 RGB Channels
® 60 dB Channel Separation
LM1884 TV Stereo Decoder 16 Pin DIP 9V-15V ProvidesL — R, L + R Outputs
(Note 4) from Composite Input
LM1886 TV Video Matrix Dto A 20 Pin DIP +5V, +12V Encodes Luminance and Color Difference
Signals from 3-Bit RGB Inputs
Note 3: Data Sheet in Linear 3.
Note 4: Data Sheet in Linear 3.
VIDEO
—%0utrur
SAWF 4.5 MHz
VIDEO IF N
TUNER |- = Lv1823
45 MHz
STEREQ L+R TONE
L sounn g;/s oLl 4% Ll oeconer f—» _\ > L 1 DYNAMIC |—>] voLuME oL
LM1884 WATRIX AUDIO NOISE AMBIENCE POWER
MB35 SWITCH REDUCTION AMP
l MB37 LM1037 SYSTEM
b o db L-R| g | LM1038 LM1894 LM1040 OR
oecoper [ arrenuator] ) ] M52 [ Lucten
»
SFh SAP DECODER LM1875
AT e e L2005
LMCS68 PHONO  TAPE L2879
o] CARRIER
DETECT jj'v
SAP INDICATOR
63Fh LM567 LM833
S\ weser LM837 OTELEMETRY OUTPUT

TL/XX/0012-1
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Video Selection Guide

VERTICAL / HORIZONTAL SWEEP
Vo AND POWER SUPPLY H
SYNC IN CIRCUITS YOKE
HO LMC555
LM675
SYNC LM1578 v
—] SEPARATION |  LM1880 YOKE
LM1881 LM1875
L]
- ¢
[]
30 CRT
VIDEO IN -
RO VIDEO AMPLIFICATION |—— '
WITH GAIN / DC HV
Go CONTROL — crT
LM1201 VIDEO
BO LM1203 —

CONTRAST O O BRIGHTNESS
FIGURE 1. Typical RGB Color Monitor Block Diagram

Application Notes* Cross Reference
Device AN #
LM359 AN-278, AB-24
LM1823 | AN-391
LM1886 | AN-402
LM1889 | AN-402
LM2889 | AN-391, AN-402

*National Semiconductor Corporation Linear Application Notes

TL/XX/0012-2
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Motion Control Selection Guide

Dedicated Motor Control Functions

Part Number Function Features
LM621 Brushless D.C. Motor Deadband Timer for Direction Reversal
40V Max. Operation
35 mA Outputs for Direct Drive of Bipolar Power Transistors
LM628 High Performance Position On Board 32-Bit Incremental Shaft Encoder Interface
Control for D.C. and Brushless 256 us Loop Time
D.C. Motors Automatic Trajectory Generator
Velocity Programmable “On-the-Fiy”
Internal Programmable PID Filter
Convenient 8-Bit Host Interface
8-Bit or 12-Bit Port to DAC (LM628)
8-Bit PWM Output (LM629)
LM622 P.W.M. Controller for Flexible Output Structure Drives H-Switches or Commutators
Brushless and Brush D.C. Motors Precision On-Board Reference
Flexible Error Amp/Feedback Structure
H-Switches
Output Current (Amps) Supply Satlln::::ig:r\ﬁl‘tta e Operating
Device | Voltage 9 Temp. Package Description
Peak Continuous (Max) Source Sink Range
(Typical) (Max) (Max) (Max)
4 2 LM18298| 50 28 2.6 —40°C to +150°C | 15-Pin TO-220 | Quad > H Switch
1.5 1 LM18293( 36 1.8 1.8 —40°Cto +125°C| 16-PinDIP | Dual Full H Switch
Power Op-Amps*
Output Current Input "
Amps Supply Offset | Quiescent Slew -Operating
Device | Voltage Voltage| Current Rate Temp. Package Features
Peak | Continous (Max) M g (Typical) Range
(Typical)|  (Max) (Max)

3 1.5 LM675 60 10 mv 50 mA 8V/us 0°Cto +70°C | 5-Pin TO-220 | Thermal Parole
15 10 LM12L 60 15mV 80 mA 9V/us | —565°Cto +125°C| 4-Pin TO-3 | Fully Protected
15 10 LM12CL 60 20 mV 120 mA 9V/ps 0°Cto +70°C 4-Pin TO-3 | Fully Protected
15 10 LM12 80 15 mV 80 mA 9V/ps | —55°Cto +125°C| 4-PinTO-3 | Fully Protected
15 10 LM12C 80 20 mvV 120 mA 9V/ps 0°Cto +70°C 4-Pin TO-3 | Fully Protected

1 0.5 LM18272 28 100mV | 15 mA (Typ) | 0.5 V/us | 0°Cto +85°C 8-Pin DIP Dual (Bridge)

*For more information on Power Amps, see the Amplifier section of the Linear Databook. For more High Power Amplifiers, refer to the Audio Amplifier section.
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Building Blocks
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Building Blocks

Communications-Related Building Blocks

Modulators & Demodulators Selection Guide

LM1211 LM1496 LM1889 LM2889
Typical Broadband Balanced Modulator- TV Video TV Video
Application Demodulator Demodulator Modulator Modulator
Key ® Configurable * Wide Frequency ¢ |nput Signals ® Input Signals
Features for AM or FM Response to * —Audio Modulation —Audio
Based Signals 100 MHz —Color Difference —Composite Video
—Luminance
© 0 MHz-70 MHz Operating  Fully Balanced ® Channel 3
Frequency Range Inputs and Outputs e Channel 3 (61.25 MHz) or
(61.25 MHz) or Channel 4
® 25 MHz Detector ® Adjustable Gain Channel 4 (67.25 MHz) Output
Output Bandwidth and Signal Handling (67.25 MHz) Output
‘ ® Video DC
o Linear Output © Companion Circuit Restoration
Phase Response toLM1886 TV
Video Matrix
. DtoA
PLL’s AND TONE DECODERS

General purpose PLL’s and tone decoders are available for applications that include FSK demodulation, tone decoding, SAP
and SCA demodulation, and telemetry reception. Both bipolar and CMOS devices are offered. Special purpose PLL's for TV
synchronization and FM stereo demodulation are also available for use in other low frequency signal processing applications.

PLL and Tone Decoder Selection Guide

LMC567* LM 1800, LM 1870,
LM565 LM567 (CMOS LM567) LMC568 LM1391 LM4500A
Typical PLL Tone Tone PLL TV—Horizontal | FM Stereo
Application Decoder Decoder PLL Demodulator PLL
Center Frequency 15 Hz- 0.01 Hz- 0.01 Hz- 0.01 Hz-
Range 500 kHz 500 kHz 500 kHz 500 kHz
VCO Control Range +30% +7% +7% +30% +300 Hz
Supply Voltage Lowest: 7V
+5Vito £12V | 4.75V-9v | 2v-ov 2v-9v | 8v-92v Highest: 16V
(See Datasheets)
Supply Current (Typ) Lowest: 21 mA
8 mA 12mA 0.8 mA 1.2mA 20 mA Highest: 45 mA
(See Datasheet)

*The CMOS LMC567 oscillator runs at twice the frequency of the bipolar LM567 oscillator. Refer to the datasheets for additional information.
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POWER LINE CARRIER

The LM2893/1.M1893 Carrier-Current Transceiver performs as a power line interface for half-duplex (bi-directional) communica-
tion of serial bit streams of virtually any coding. Applications include energy management systems, inter-office control, fire alarm

systems, security systems, telemetry, and remote meter reading.

TIMERS
General purpose timers are available for generating accurate time delays or oscillation. Both bipolar and CMOS devices are
offered.
Timer Selection Guide
LMC555* LM556
LM322 LM2905 LMSSS (CMOS LM555) (Dual LM555)

Trigger Pulse Relative CanBe CanBe Must Be Must Be Must Be

to Output Pulse Longer Longer Shorter Shorter Shorter

Typical Application Monostable Monostable Astable Astable Astable

Supply Voltage 4.5V-40V 4.5V-40V 4.5V-15V 1.2v-12v 4.5V-15V

Supply Current 10 mA

(Typical) 25mA 25mA 10mA 0.15 mA (Each Timer Section)

*The CMOS LMC555 can handle —10 mA to +50 mA of output current and the bipolar LM555 can handle up to +£200 mA of output current.

VCO AND FUNCTION GENERATOR

The LM566 is a general purpose voltage controlled oscillator which may be used to generate square and triangle waves. Typical
applications include FM modulation, signal generation, function generation, frequency shift keying, and tone generation. The
LM566 has very linear modulation characteristics.

Drive-Related Building Blocks

DISPLAY DRIVERS

LED flasher/oscillator and dot/bar display drivers are offered.

Display Driver Selection Guide

LM3909 LM3914 LM3915 LM3916

Typical Flasher/ Dot/Bar Dot/Bar Dot/Bar
Application Oscillator Display Driver Display Driver Display Driver
Display Scale N/A Linear Log VU Meter
Display Type LED, LED, LCD, LED, LCD, LED, LCD,

Incandescent Vacuum Vacuum Vacuum

Fluorescent Fluorescent Fluorescent
METER DRIVERS

The LM1819 Air-Core Meter Driver is a function generator/driver for air-core (moving-magnet) meter movements in tachometers
and ruggedized instruments. Driver outputs are self-centering and better than 2% linearity is guaranteed over a full 305°
deflection range. Signal conditioning circuitry is included on chip.

TEMPERATURE CONTROLLER

The LM3911 (Note 1) is a temperature controller containing a precision temperature sensor, op amp, and reference. It is
designed for temperature sensing and closed loop temperature control applications over the —25°C to +85°C range.
Note 1: See Linear 2 for datasheet.
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Building Blocks

Precision-Related Building Blocks

CHOPPER BLOCK

The LMC669 Auto Zero Block (Note 1) is a universal commutating auto-zero block that can be used with any operational
amplifier to correct offset voltage.
Note 1: See Linear 2 for datasheet.
TRANSISTOR ARRAYS

A variety of matched and power transistors are offered.
Transistor Array Selection Guide

LM394 LM395 LM3046 LM3146
Description NPN Transistor Pair Power Transistor 5 NPN Transistors 5 NPN Transistors
Key Features ® Emitter-Base ® Collector Current: 1A ® Emitter-Base ® Emitter-Base
Voltage Matched Voltage Matched Voltage Matched
to 50 pVv to £5mV to £5mV
® Quiescent Current:
© Current Gain 10 mA © Breakdown Voltages * Breakdown Voltages
Matched to 2% —V(8R)(CBO): 20V —V(BR)(CBO): 40V
© Switching Time: —V(@BR)(CEO): 15V —V(8R)(CEO): 30V
2us —V(8R)(cI0): 20V —V(8R)(CI0): 40V
—V(BR)(EBO): 5V —V(BR)EBO): 5V
® Current Limit
® DC—120 MHz * DC—120 MHz
® Thermal Limit
® Safe Area
Protection
Sensing-Related Building Blocks
LIQUID LEVEL SENSORS
A variety of liquid level sensing circuits are offered.
Liquid Level Sensor Selection Guide
LM903 LM1042 LM1812 LM1830
Output - Pulse-Echo -
Type Digital HI/LO Analog Timing Digital HI/LO
Operation Thermoresistive Thermoresistive Acoustic Conductive
Method Probe Probe Transducer Liquid
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SPECIAL AMPLIFIERS

A variety of special sensor amplifiers are offered.
Special Ampilifiers Selection Guide

LM1815 LM1964
Typical Application Adaptive Sense Amplifier Sensor Interface Amplifier
Sensor Inductive Pickup Lambda Sensor
Key Features ® Operates from ® Normal Operation Guaranteed
2.5V to 12V Supply with Inputs up to 3V Below
Ground on a Single Supply
® Adaptive Hysteresis
® Fully Protected Inputs
® True Zero Crossing
Timing Reference ¢ Input Open Circuit
Detection
SPECIAL COMPARATOR

The LM1801 Battery Operated Power Comparator is an extremely low power comparator with a high current, open collector
output stage. Typical applications include intrusion alarms, water leak detectors, gas leak detectors, overvoltage crowbars and
battery operated monitors. The LM1801 is designed to operate in a standby mode for 1 year, powered by a 9V alkaline battery.

SPECIAL CONVERTERS

A variety of special converters for signal transformation applications are offered.
Special Converters Selection Guide

LHO0091 (Note 1) LH0094 (Note 1) LM331 (Note 1) LM2907, LM2917
Converter True RMS-to-DC Multifunction Voltage-to- Frequency-to-
Type Frequency Voltage
Key ® 0.1% Accuracy with e OUT= INy(:x—z)m, e 1 Hz to 100 kHz ® Operates Relay,
Features External Trim X Frequency Range Lamp or Other Load
0.1 <m<10, when Input Exceeds
* Uncommitted Amplifier m Continuously  Split or Single a Selected Rate
for Filtering, Gain Adjustable Supply Operation

or High Crest
Factor Configuration

® True RMS Conversion

® Applications

—Precision Divider,

Multiplier
—Square Root
—Square
—Trigonometric

Function Generator
—Companding
—Linearization
—Control Systems
—Log Amp

® Ground Referenced
Tachometer Fully
Protected from Damage
Due to Swings
Above Supply or
Below Ground

Note 1: See Linear 2 for datasheets.
ULTRASONIC TRANSCEIVER

The LM1812 Ultrasonic Transceiver is a general purpose ultrasonic transceiver designed for use in a variety of ranging, sensing,
and communications applications. Typical uses include liquid level measurement, sonar, surface profiling, data links, hydro-
acoustic communications, non-contact sensing and industrial process control. Depending on the acoustic transducer, typical
performance capabilities include 5 feet to 100 feet in water and 4 inches to 35 feet in air.
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Active Filters
Definition of Terms

fcLk: the switched capacitor filter external clock frequency.

fo: center of frequency of the second order function com-
plex pole pair. f, is measured at the bandpass output of
each %, MF10, and it is the frequency of the bandpass peak
occurrence.

Q: quality factor of the 2nd order function complex pole pair.
Qis also measured at the bandpass output of each 1, MF10
and it is the ratio of f, over the —3 dB bandwidth of the 2nd
order bandpass filter. The value of Q is not measured at the
lowpass or highpass outputs of the filter, but its value re-
lates to the possible amplitude peaking at the above out-
puts.

Hopp: the gain in (V/V) of the bandpass output at f = f,.

HoLp: the gain in (V/V) of the lowpass output of each 1,
MF10 at f — 0 Hz.

Honp: the gain in (V/V) of the highpass output of each
MF10 as f — foLk/2.

Qz: the quality factor of the 2nd order function complex zero
pair, if any. (Qz is a parameter used when an allpass output
is sought and unlike Q it cannot be directly measured).

fz: the center frequency of the 2nd order function complex
zero pair, if any. If fz is different from f,, and if the Qz is
quite high it can be observed as a notch frequency at the
allpass output.

frhotch: the notch frequency observed at the notch output(s)
of the MF10.

Hony: the notch output gain as f — 0 Hz.

Hon,: the notch output gain as f — foik/2.

1-3
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Active Filter Selection Guide
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Active Filter Selection Guide
Max Max Freq Freq Typ. Q Max
D #
evice Type Function Order Accuracy Range Accuracy FxQ
MF10(S, T) Universal Universal 4th +0.6% 0.1-30 kHz +2% 200 kHz
Chebyshev
MF8 (T) Bandpass Butterworth 4th +1.0% 0.1-20 kHz +2% 5 MHz
MF6 (S, T) Lowpass Butterworth 6th +1.0 0.1-20 kHz N/A N/A
MF5 (S) Universal Universal 2nd +1.0% 0.1-30 kHz +6% 200 kHz
MF4 (S) Lowpass Butterworth 4th +0.6% 0.1-20 kHz N/A N/A
*LMF100 Universal Universal 4th +0.6% 40 kHz +2% 1.8 MHz
*LMF60 Lowpass Butterworth 6th +0.6% 40 kHz N/A N/A

S Surface Mount Available
T Extended Temperature Available
* Advance Information

1-4
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AF100 Universal Active Filter

General Description

The AF100 state variable active filter is a general second
order lumped RC network. Only four external resistors are
required to program the AF100 for specific second order
functions. Lowpass, highpass, and bandpass functions are
available simultaneously at separate outputs. Notch and all-
pass functions are available by summing the outputs using
the uncommitted output summing amplifier. Higher order
systems are realized by cascading AF100 active filters.

Any of the classical filter configurations, such as Butter-
worth, Bessel, Cauer, and Chebyshev can be implemented.

Features

Military or commercial specifications

Independent Q, cutoff frequency

Low sensitivity to external component variation
Separate lowpass, highpass, bandpass outputs

Inputs may be differential, inverting, or non-inverting
Allpass and notch outputs may be formed using the un-
committed amplifier

Operates to 10 kHz

m Q range to 500

m Power supply range

m Frequency accuracy

® Q frequency product < 50,000

+5V to £18V
+1% unadjusted

Connection Diagrams

Ceramic Dual-In-Line Package

Plastic Dual-In-Line Package

NO ND BANDPASS AMP  AMP BANDPASS HIGHPASS
PIN PIN  INT1  OUTPUT -V OUTPUT —INPUT  GND INT1 QUTPUT QUTPUT  * * % INPUT INPUT
16 15 1 13 12 1 10 9 16 15 14 13 Ivz 1 10 3
HP I s 4 —AAMY
1008 oF fho00 oF 100K
AV"A' r
A%k I 10k
WA
+ >
<
»—_D_‘ _ wuuq:
0y b .
Y 100k mﬁ"': > 1000 pF]
AV"" II
1 2 3 4 5 6 1 8 ! 2 3 4 5 6 7 8
INPUT  INPUT HIGHPASS +V  LOWPASS AMP  INT2  NO -v AMP  AMP_ GND  AMP  +V  INT2 LOWPASS
ouTPUT OUTPUT +INPUT PIN +INPUT - INPUT 0uTPUT oUTPUT
TOP VIEW TL/H/5642-1 TOP VIEW

AF100-1CJ, AF100-2CJ
See NS Package Number HY13A

*Note: Internally connected. Do not use.

AF100-1CN, AF100-2CN
See NS Package Number N16A

TL/H/5642-2

0014V
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AF150 Universal Wideband Active Filter

General Description

The AF150 wide band active filter is a general second order
lumped RC network. Only four external resistors are re-
quired to program the AF150 for specific second order func-
tions. Low pass, high pass and band pass functions are
available simultaneously at separate outputs. Notch and all
pass functions can be formed by summing the outputs using
an external amplifier. Higher order filters are realized by cas-
cading AF150 active filters.

Any of the classical filter configurations, such as Butter-
worth, Bessel, Cauer and Chebyshev can be implemented.

Features

® Independent Q cutoff frequency

B Low sensitivity to external component variation

M Separate low pass, high pass, band pass outputs
® Inputs may be differential, inverting or non-inverting
® All pass and notch outputs may be formed

W Operates to 100 kHz

® Q range to 500

m Power supply range +5V to =18V
m High accuracy +1% unadjusted
® Q frequency product 2x105

Connection Diagram

Ceramic Dual-In-Line Package

NO NO BANDPASS
PIN PIN INT1  OUTPUT -V * * GND
16 15 14 13 12 I 11 I"] 9
P 220 pF
0l
"A'AV
1 gt
A3
k
AN 220 pF
%
VWA 1T
1 wl]2 3 4 5 6 7 8
INPUT  INPUT HIGHPASS +V  LOWPASS * INT 2 NO
OUTPUT ouTPUT PIN
TOP VIEW

TL/H/5643-1

Order Number AF150-1CJ or AF150-2CJ
See NS Package HY13A

*Note: Internally connected. DO NOT USE.
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AF151 Dual Universal Active Filter

General Description

The AF151 consists of 2 general purpose state variable ac-
tive filters in a single package. By using only 4 external re-
sistors for each section, various second order functions may
be formed. Low pass, high pass and band pass functions
are available simultaneously at separate outputs. In addi-
tion, there are 2 uncommitted operational amplifiers which
are available for buffering or for forming all pass and notch
functions. Any of the classical filter configurations, such as
Butterworth, Bessel, Cauer and Chebyshev can be easily
formed.

Features

W Independent Q, frequency and gain adjustment

m Very low sensitivity to external component variation
W Separate low pass, high pass and band pass outputs
m Operation to 10 kHz

® Q range to 500

® Wide power supply range—+5V to £18V

B Accuracy—*1%

m Fourth order function in one package

Circuit Diagrams (Unlisted pins are not connected.)

100k
AAA
A\ A A
1000pF  BANDPASS 1000 pF
10k OUTPUT
A/ _|H,—oza —.Ie—q;
3 1 Ot 22 O—4 ]
0 2 ) 4 5
2 HIGH PASS LOW PASS 7
oUTPUT OUTPUT
—— = 5§ 2 2 wn
W 1177
\AAs
= vt vt v
100k
AAA
VY
1000pF  BANDPASS 1000 pF
10k OUTPUT
A —l%—on __|€.—4,
15 O _ 13 O—4 10 o—J 18
p—O 14 b p—O 16 17
90 + HIGH PASS LOW PASS 19
OUTPUT oUTPUT
100k =
4‘¢VAV

TL/H/5644-1

1SHdV

Ceramic Dual-In-Line Package
Order Number AF151-1CJ or AF151-2CJ
See NS Package Number HY24A
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ADVANCED INFORMATION

LMF60 6th Order LMCMOS™T™ Switched
Capacitor Butterworth Lowpass Filter

General Description

The LMF80 is a high-performance precision 6th Order But-
terworth lowpass active filter. It is fabricated using Nation-
al’s LMCMOS process, which is an improved silicon-gate
CMOS process specifically designed for analog products.
Switched capacitor techniques eliminate external compo-
nent requirements and allow a clock tunable cutoff frequen-
cy. The ratio of the clock frequency to the lowpass cutoff
frequency is internally set to 50 to 1 (LMF60-50) or 100 to 1
(LMF60-100). A Schmitt trigger clock input stage allows
two clocking options, either self-clocking (via an external
resistor and capacitor) for stand-alone applications, or for
tighter cutoff frequency control, a TTL or CMOS logic com-
patible clock can be directly applied. The maximally flat
passband frequency response together with a DC gain of 1
V/V allows cascading LMF60 sections for higher order filter-
ing. In addition to the filter, two independent CMOS op amps
are included on the die and are useful for any general signal
conditioning applications.

The LMF60 is pin-compatible with the MF6.

Features

u Low DC offsets (less than 20 mV typical)

m Low clock feedthrough (5 mV typical)

m Cutoff frequency accuracy of +0.3%

m Cutoff frequency range of 0.1 Hz to 25 kHz

m Two uncommitted op amps available

m 5V to 14V operation

m Cutoff frequency set by external or internal clock
m No external components

Block and Connection Diagrams

FILTER
out w1 Vor
3 3 4 Dual-In-Line Package
6TH DRDER | | -
FUTER 8 L N. INV2 =4 1 14— INv2
LOWPASS FILTER Voo =q 2 13— vt
Vos 7 | FILTER _43 12}—1L8h
ML 1 out B
Vo1 & M= CIKR
ELOCK CENERATIR AGND —15 10f—v-
THSTATEO BUFFER LoV v+ =46 of o
9
%D_%ob Vos ADJ = 7 8= lF.I‘IIER
TL/H/9294-2

Top View

TL/H/9294-1
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LMF90 4th-Order LMCMOSTM
Elliptic Notch Filter

General Description

The LMF90 is a fourth-order elliptic notch (band-reject) filter
based on switched-capacitor techniques. No external com-
ponents are needed to define the response function. The
depth and width of the notch are set using two separate
three-level logic inputs. Three different notch depths and
three different ratios of notch width to center frequency may
be programmed by connecting these pins to V+, ground, or
V—. Another three-level logic pin sets the ratio of clock fre-
quency to notch frequency.

Aninternal crystal oscillator is provided. Used in conjunction
with a low-cost color TV crystal and the internal logic divid-
er, a notch filter can be built with center frequency at 50 Hz,
60 Hz, 100 Hz, 120 Hz, 150 Hz, or 180 Hz. Several LMF90s
can be operated from a single crystal. An additional input is
provided for an externally-generated clock signal.

ADVANCED INFORMATION

Programmable

Features

m Center frequency set by external clock or on-board
oscillator

m No external components needed to set response
characteristic

m Notch bandwidth, attenuation, and clock-to-center
frequency ratio independently programmable

m Reduced aliasing compared to other switched-capacitor
filter topologies

Key Specifications

m fg range: 0.1 Hz to 30 kHz
u Supply range: 4V to 14V
m Passband ripple: 0.25 dB

B Attenuation at fg: 30 dB, 40 dB or 50 dB
m fo k: fo ratio: 100:1, 50:1, or 33.33:1
® Notch bandwidth: 0.1 fg, 0.2 fg, or 0.4 fg

m fo accuracy over full temperature range: +1%
Typical Application and Connection Diagrams
60 Hz Notch Filter
+5V Viy Vour I-sv

-E 0.1 uF - = 0.1 uF

I 14 I 13 12 11 | 10 9 8 I

= vt GND Ving Vinz D Vour V7 = o J

- wi 14avt
RCY2 13[6ND
D] m k3 123V
XTAL2[C] 4 11V,
LEVEL NON-OVERLAPPING
| "'I SHIFT I_I CLOCK GENERATOR XTALICYS ] b
cLK]6 9 Vour
xsy7 spav-
- TL/H/9268-14
W R o XAz [xau fe %S
1 I 2 3 4 5 6 7
L —i—
= -5v = 3.57945 MHz +5V

TL/H/9268-1

06401
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ADVANCED INFORMATION

LMF100 Universal Monolithic Dual LMCMOS™

Switched Capacitor Filter

General Description

The LMF100 consists of two independent general purpose
high performance switched capacitor filters. With an exter-
nal clock and 2 to 4 resistors, various second order filtering
functions can be realized by each filter block. Each block
has three outputs. One output can be configured to perform
either an allpass, highpass or a notch function. The other
two outputs perform bandpass and lowpass functions. The
center frequency of each filter can be tuned by an external
clock or by both an external clock and an external resistor
ratio. Up to a 4th order biquadratic function can be realized
with a single LMF100. Higher order filters are implemented
by simply cascading additional packages and all the classi-
cal filters (such as Butterworth, Bessel, Cauer and Cheby-
shev) can be realized.

The LMF100 is fabricated on National Semiconductor’s high
performance analog silicon gate CMOS process,

LMCMOS. This allows for the production of a very low off-
set, high frequency filter building block.

Features
m Wider power supply range: 4V to 14V
® Operation up to 100 kHz
m Low offset voltages (50:1 or 100:1 mode)
typically Vog1 = +5 mV
Vos2 +10 mV
Vosz = £15 mV
® Low crosstalk
m Clock to center frequency ratio accuracy +0.3%
m fo X Qupto 1.8 MHz
B Pin-compatible with the MF10

System Block Diagram

LEVEL
CLkg SHIFT CLOCK

NON OVERL

TO AGND <

Y

Vo Vi N/AP/HPy St BPg

TL/H/9266-1




4th Order Butterworth Lowpass Filter

00141

Lo a
39 2 1o 1 7K0
‘A'A' "A'
AA 3 18 AA
IN AA A4 VYVV
100ka | 4] 17 [ s1ka] .,
vVvy
51Ka B 16 | 24.9K0
LMF100
sy lis
7 14 %
15V ——2 E— —-sv
9 12__ Loy
& 10 11
3.5MHz |

TL/H/9266-2

GAIN (dB)
[}
g
]

» \
\
-60 \

1 10 100 1K 100K 1M
FREQUENCY (Hz)

TL/H/9266-3
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ADVANCED INFORMATION

LMF120 Mask Programmable LMCMOS™

Switched Capacitor Filter

General Description

The LMF120 is a mask programmable switched capacitor
filter capable of realizing up to twelve poles by using six
independent biquad blocks. The three on-board sample and
hold circuits and three output buffers allow the user to de-
fine three independent filtering functions on the same chip.
Due to close matching of components, a center frequency
tolerance as low as 0.25% typical is achievable.

The clock can be supplied externally or by a simple internal
crystal oscillator. The programmable divider chain allows for
different input clock frequencies. Special software has been
developed to aid designers in choosing their capacitor ratios
and realization of metal mask. Aimost any type of filter con-
figuration can be formed.

Features

| Virtually any filter response (up to 12th order) can be
realized

m No external components

m Choice of crystal oscillator or external clock

| Three buffer amplifiers

m Three sample and hold

® Programmable divider chain

® Wide range of supply voltage +2V to £7V

| Wide Q range (up to 100)

m Wide clock to center/corner frequency range 10:1 to
500:1

m Wide center/corner frequency range: 0.1 Hz to 100 kHz

Key Specifications

m Maximum clock frequency: 1.5 MHz

m Center frequency accuracy 1% over full temperature
range

® 16 pin package

XTAL1 XTAL2

CLOCK
I'i] ouTeuT

LEVEL
SHIFT ->

BIQUAD >

v

S
DIVIDER
cHAN [

=] BIQUAD > —p] 1X

ipuT 1 [17]

=p| BIQUAD >

INPUT2 @—> -

BIQUAD |=»

INPUT 3 N

BIQUAD > X

OUTPUT 3

Vee

Vés -

BIQUAD >

oo [

TL/H/9267-1

1-12




National
Semiconductor
Corporation

MF4 4th Order Switched Capacitor Butterworth
Lowpass Filter

General Description Features
The MF4 is a versatile, easy to use, precision 4th order Low Cost
Butterworth low-pass filter. Switched-capacitor techniques Easy to use

eliminate external component requirements and allow a
clock-tunable cutoff frequency. The ratio of the clock fre-
quency to the low-pass cutoff frequency is internally set to
50 to 1 (MF4-50) or 100 to 1 (MF4-100). A Schmitt trigger
clock input stage allows two clocking options, either self- Cutoff frequency range of 0.1 Hz t°°20 k'-.lz

clocking (via an external resistor and capacitor) for stand- Cutoff frequency accuracy of + 0.3% typical

alone applications, or for tighter cutoff frequency control an ™ Cutoff frequency set by external clock

external TTL or CMOS logic compatible clock can be ap- ™ Separate TTL and CMOS/Schmitt-trigger clock inputs
plied. The maximally flat passband frequency response to-

gether with a DC gain of 1 V/V allows cascading MF4 sec-

tions together for higher order filtering.

8-pin mini-DIP or 14-pin wide-body S.O.
No external components
5V to 14V supply voltage

Block and Connection Diagrams

Dual-In-Line Package

- ) | FILTER
CLKIN =4 1 8 N
FILTER CLKR —]2 7 v+
out
L.sh—43 6 |— AGND
5 .
- | __ FILTER
= S
' - 1 +
FITER ' 4TH ORDER D v TL/H/5064-2
N > BUTTERWORTH 4 Order Number MF4CN-50
LOWPASS FILTER —1+—{]v or MF4CN-100
ToF 1 . V*'L See NS Package Number NOSE
]
acno [} ¢ L 'NON-OVERLAPPING =
CLOCK GENERATOR Small-Outline
TRI-STATE® -
- , il Wide-Body Package
IN D_ —|:>°
U/
b( CLKIN=— 1 14 —FILTER IN
NC—2 13=NC
clkR—3 12p=v
2 3 NC— 4 11p=NC
L] L.SH=—5 10 |~ AGND
CLKR  L.Sh NC—6 9 |—NC
TL/H/5064-1 V-7 8 |—FILTER OUT
TL/H/5064-25
Top View
Order Number MF4ACWM-50
or MFACWM-100

See NS Package Number M14B

£}




MF4

Absolute Maximum Ratings (Notes 1,2)

If Military/Aerospace specified devices are required,
contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Supply Voltage (V+-V—) 14V
Voltage At Any Pin V+ + 02V

V- —0.2v
Input Current at Any Pin (Note 14) 5mA
Package Input Current (Note 14) 20 mA
Power Dissipation (Note 15) 500 mW
Storage Temperature 150°C
ESD Susceptibility (Note 13) 800V

Soldering Information:

® N Package: 10 sec. 260°C
® SO Package: Vapor Phase (60 sec.) 215°C
Infrared (15 sec.) 220°C

See AN-450 “Surface Mounting Methods and Their Effect
on Product Reliability” for other methods of soldering sur-
face mount devices. o

Operating Ratings (Note 2)

Temperature Range )
MF4CN-50, MF4ACN-100
MF4CWM-50, MF4CWM-100

Supply Voltage (V+-V—)

Tmin < TA < Tmax
0°C < Ta < 70°C
0°C < Ta < 70°C

5Vto 14V

Filter Electrical CharacteristiCcs The following specifications apply for o x < 250 kHz (see Note 5) unless
otherwise specified. Boldface limits apply for Ty to Tmax; all other limits T = Ty = 25°C.

MF4-50 MF4-100
Parameter Conditions Tested Design Tested Design Unit
Typical Typical
(Note 10) Limit Limit (Note 10) Limit Limit
(Note 11) | (Note 12) (Note 11) | (Note 12)
V+ = +5V,V—- = —5V
fe, Cutoff Frequency Min 0.1 0.1 Hz
Range (Note 3) Max 20k 10k
Supply Current felk = 250 kHz 25 3.5 3.5 25 35 3.5 mA
Maximum Clock | Filter Output | Vi, = 0V
Feedthrough 25 25 mV
(Peak-to-Peak)
Ho, DC Gain Rsource < 2k 0.0 +0.15 +0.15 0.0 +0.15 +0.15 dB
feik/fe, Clock to Cutoff 49.96 49.96 49.96 99.09 99.09 99.09
Frequency Ratio +0.3% +0.8% +0.6% +0.3% +1.0% +0.6%
feik/fc Temperature + o
Coefficient £15 £30 ppm/°C
Stopband Attenuation (Min) at2fe —25.0 —-24.0 —-24.0 —25.0 —24.0 —-24.0 dB
DC Offset Voltage —200 —400 mV
Minimum Output Swing RL = 10k +4.0 +35 +3.5 +4.0 +3.5 +3.5 \
—4.5 —4.0 —4.0 —45 —-4.0 —4.0 \"
Output Short Circuit Source 50 50 mA
Current (Note 8) Sink 1.5 1.5 mA
Dynamic Range (Note 4) 80 82 dB
Additional Magnitude f = 6000 Hz —7.57 -7.57
Response Test Points +0.27 +0.27
Note 6 d8
(Note 6) f = 4500 Hz —1.44 | —1.44
fok = 250 kHz +012 | +0.12
f = 3000 Hz —-7.21 —-7.21
+0.2 +0.2 dB
f = 2250 Hz -1.39 -1.39
+0.1 +0.1




Filter Electrical Characteristics The following specifications apply for fo k < 250 kHz (see Note 5) unless
otherwise specified. Boldface limits apply for Ty to Tmax; all other limits Ty = Ty = 25°C. (Continued)

MF4-50 MF4-100
Parameter Conditions Tested Design . Tested Design Unit
Typical . Typical N L
(Note 10) Limit Limit (Note 10) Limit Limit
(Note 11) | (Note 12) (Note 11) | (Note 12)
V+ = +25V,V- = —25V
fe Cutoff Frequency min 0.1 0.1 Hz
Range (Note 3) max 10k 5k
Supply Current fok = 250 kHz 15 2.25 2.25 1.5 2.25 2.25 mA
Maximum Clock
Feedthrough Filter Output | Vijp = OV 15 15 mV
(Peak-to-Peak)
Ho, DC Gain Rsource < 2k 0.0 +0.15 | +0.15 0.0 +0.15 | +0.15 dB
feik/fe, Clock to Cutoff 50.07 50.07 50.07 99.16 99.16 99.16
Frequency Ratio +0.3% +1.0% +0.6% +0.3% +1.0% +0.6%
fcLk/fc Temperature o
Coefficient £25 £60 ppm/°C
Stopband Attenuation (Min) at2fg —25.0 —24.0 —24.0 -25.0 —24.0 —24.0 dB
DC Offset Voltage —150 —300 mV
Minimum Output Swing RL = 10kQ +1.5 +1.0 +1.0 +1.5 +1.0 +1.0 \"
—22 -1.7 1.7 —-22 -1.7 —-1.7 \
Output Short Circuit Source 28 28 mA
Current (Note 8) Sink 0.5 0.5 mA
Dynamic Range (Note 4) 78 78 dB
Additional Magnitude felk = 250 kHz
Response Test Points
(Note 6) —-7.57 —-7.57 dB
(fc = 5kHz) f = 6000 Hz +0.27 +0.27
Magnitude at f = 4500 Hz —1.46 —1.46 dB
+0.12 +0.12
(fc = 2.5 kHz2) f = 3000 Hz —7.21 -7.21
. + +0.!
Magnitude +0.2 +0.2 dB
—-1.39 —1.39
f= 2250 Hz +0.1 +0.1

Logic |nput-0utput Characteristics The following specifications apply for V= = 0V (see Note 7) unless
otherwise specified. Boldface limits apply for Tyyn to Tyax; all other limits T = Ty = 25°C.

Typical Tested Design
Parameter Conditions (sze 10) Limit Limit Unit
(Note 11) (Note 12)

SCHMITT TRIGGER
V3 -+, Positive Going Threshold Min v+ =10V 70 6.1 6.1 v
Voltage Max ’ 8.9

Min V+ =5V 3.1 3.1

Max 35 4.4 4.4 v

PdN



MF4

Logic Input-Output Characteristics The following specifications apply for V= = 0V (see Note 7) unless
otherwise specified. Boldface limits apply for Tyn to Tpmax; all other limits T4 = t; = 25°C. (Continued)

) Typical Te'sted Design
Parameter Conditions (Note 10) Limit ~ Limit Unit
(Note 11) (Note 12)

SCHMITT TRIGGER (Continued)
V-, Negative Going Threshold Min V+ =10V 30 1.3 1.3 \
Voltage Max 38 3.8

v | v de | % |V
Hysteresis (V4. ~V-) Min v+ =10V 40 2.3 2.3 v

Max 7.6 7.6

v | 20 | 5 | a8 |V
Minimum Logical “1” Output Voltage lp=—10pA v+ =10V 9.0 9.0 v
(pin 2) ' V+ =5V 45 a5 v
Maximum Logical “0”” Output Voltage lo=10pA v+ =10V 1.0 1.0 Vv
(pin 2) v+ = 5V 05 0.5 v
Minimum Output Source Current CLK R Shorted v+ =10V 6.0 3.0 3.0 mA
(pin2) to Ground v+ = 5V 15 0.75 0.75 mA
Maximum Output Sink Current CLK R Shorted v+ =10V 5.0 25 2.5 mA
(pin 2) tov+ v+ = 5V 13 0.65 0.65 mA
TTL CLOCK INPUT, CLK R PIN (Note 9)
Maximum Vi, Logical “‘0” Input Voltage 0.8 \
Minimum V|, Logical “1” Input Voltage 2.0 ' v
Maximum Leakage Current at GLK R Pin L. Sh Pin at Mid-Supply 2.0 nA

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. AC and DC electrical specifications do not apply when operating
the device beyond its specified operating conditions.

Note 2: All voltages are with respect to GND.
Note 3: The cutoff frequency of the filter is defined as the frequency where the magnitude response is 3.01 dB less than the DC gain of the filter.

Note 4: For 5V supplies the dynamic range is referenced to 2.82 Vrms (4V peak) where the wideband noise over a 20 kHz bandwidth is typically 280 wVrms for
the MF4-50 and 230 pVrms for the MF4-100. For 2.5V supplies the dy ic range is ref d to 1.06 Vrms (1.5V peak) where the wideband noise over a 20
kHz bandwidth is typically 130 wVrms for both the MF4-50 and the MF4-100.

Note 5: The specifications for the MF4 have been given for a clock frequency (fc| ) of 250 kHz or less. Above ths clock frequency the cutoff frequency begins to
deviate from the specified error band of £0.6% but the filter still maintains its magnitude characteristics. See Application Hints.

Note 6: Besides checking the cutoff frequency (f) and the stopband attenuation at 2 f, two additional frequencies are used to check the magnitude response of
the filter. The magnitudes are referenced to a DC gain of 0.0 dB.

Note 7: For simplicity all the logic levels have been referenced to V— = 0V (except for the TTL input logic levels). The logic levels will scale accordingly for +5V
and +2.5V supplies.

Note 8: The short circuit source current is measured by forcing the output that is being tested to its maximum positive voltage swing and then shorting that output to
the negative supply. The short circuit sink current is measured by forcing the output that is being tested to its maximum negative voltage and then shorting that
output to the positive supply. These are worst case conditions.

Note 9: The MF4 is operating with symmetrical split supplies and L. Sh is tied to ground.

Note 10: Typicals are at 25°C and rep most likely p ic norm.

Note 11: Guaranteed to National’s Average Outgoing Quality Level (AOOL).

Note 12: Guaranteed, but not 100% production tested. These limits are not used to determine outgoing quality levels.
Note 13: Human body model; 100 pF discharged through a 1.5 kQ resistor.

Note 14: When the input voltage (Vjy) at any pin exceeds the power supply rails (Viy < V— or Vi > V +) the absolute value of current at that pin should be limited
to 5 mA or less. The 20 mA package input current limits the number of pins that can exceed the power supply boundaries with a 5 mA current limit to four.

Note 15: Thermal Resistance
6,A (Junction to Ambient) N Package........... 105°C/W.
OgaMPackage ..........oiiiiiiiiiiiiie 95°C/W.




Typical Performance Characteristics
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MF4

Typical Performance Characteristics (continued)
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Pin Descriptions
(Numbers in ( ) are for 14-pin package.)

Pin Pin Function
# Name
1 CLKIN A CMOS Schmitt-trigger input to be used
1) with an external CMOS logic level clock.
Also used for self clocking Schmitt-trigger
oscillator (see section 1.1).
2 CLKR ATTL logic level clock input when in split

(3) supply operation (+2.5V to +7V) with L. Sh
tied to system ground. This pin becomes a
low impedance output when L. Shis tied to
V—. Also used in conjunction with the CLK
IN pin for a self clocking Schmitt-trigger
oscillator (see section 1.1). The TTL input
signal must not exceed the supply voltages

by more than 0.2V.
3 L.Sh Level shift pin; selects the logic threshold
(5) levels for the clock. When tied to V— it

enables an internal tri-state buffer stage
between the Schmitt trigger and the internal
clock level shift stage thus enabling the
CLK IN Schmitt-trigger input and making the
CLK R pin a low impedance output. When
the voltage level at this input exceeds 25%
(V+ — V—) + V— the internal tri-state
buffer is disabled allowing the CLK R pin to
become the clock input for the internal
clock level-shift stage. The CLK R threshold
level is now 2V above the voltage on the L.
Sh pin. The CLK R pin will be compatible
with TTL logic levels when the MF4 is
operated on split supplies with the L. Sh pin
connected to system ground.

5 FILTER The output of the low-pass filter. It will
(8) OUT typically sink 0.9 mA and source 3 mA and
swing to within 1V of each supply rail.

The analog ground pin. This pin sets the DC
bias level for the filter section and must be
tied to the system ground for split supply
operation or to mid-supply for single supply
operation (see section 1.2). When tied to
mid-supply this pin should be well
bypassed.

V+,V— The positive and negative supply pins. The
total power supply range is 5V to 14V.
Decoupling these pins with 0.1 uF
capacitors is highly recommended.

8 FILTER The input to the low-pass filter. To minimize
(14) IN gain errors the source impedance that
drives this input should be less than 2K (see
section 3). For single supply operation the
input signal must be biased to mid-supply or
AC coupled through a capacitor.

1.0 MF4 Application Hints

The MF4 is a non-inverting unity gain low-pass fourth-order
Butterworth switched-capacitor filter. The switched-capaci-
tor topology makes the cutoff frequency (where the gain
drops 3.01 dB below the DC gain) a direct ratio (100:1 or

6 AGND
(10)

7,4
(7,12)

50:1) of the clock frequency supplied to the filter. Internal
integrator time constants set the filter's cutoff frequency.
The resistive element of these integrators is actually a ca-
pacitor which is “switched” at the clock frequency (for a
detailed discussion see Input Impedance Section). Varying
the clock frequency changes the value of this resistive ele-
ment and thus the time constant of the integrators. The
clock-to-cutoff-frequency ratio (fc kfc) is set by the ratio of
the input and feedback capacitors in the integrators. The
higher the clock-to-cutoff-frequency ratio the closer this ap-
proximation is to the theoretical Butterworth response. The
MF4 is available in fci /. ratios of 50:1 (MF4-50) or 100:1
(MF4-100).

1.1 CLOCK INPUTS

The MF4 has a Schmitt-trigger inverting buffer which can be
used to construct a simple R/C oscillator. Pin 3 is connect-
ed to V— which makes Pin 2 a low impedance output. The
oscillator’s frequency is nominally

1

fok = — ;
o (Jee==) (7))
Vee — Vt+

M

which, is typically

(1a)

1
ferk = Teo R

forVgg = 10V.

Note that fc k is dependent on the buffer’s threshold levels
as well as the resistor/capacitor tolerance (see Figure 1).
Schmitt-trigger threshold voltage levels can change signifi-
cantly causing the R/C oscillator’s frequency to vary greatly
from part to part.

Where accurate cutoff frequency is required, an external
clock can be used to drive the CLK R input of the MF4. This
input is TTL logic level compatible and also presents a very
light load to the external clock source (~2 pA). With split
supplies and the level shift (L. Sh) tied to system ground,
the logic level is about 2V. (See the Pin Description for L.
Sh).

1.2 POWER SUPPLY

The MF4 can be powered from a single supply or split sup-
plies. The split supply mode shown in Figure 2 is the most
flexible and easiest to implement. Supply voltages of +5V
to =7V enable the use of TTL or CMOS clock logic levels.
Figure 3 shows AGND resistor-biased to V+/2 for single
supply operation. In this mode only CMOS clock logic levels
can be used, and input signals should be capacitor-coupled
or biased near mid-supply.

1.3 INPUT IMPEDANCE

The MF4 low-pass filter input (FILTER IN) is not a high im-
pedance buffer input. This input is a switched-capacitor re-
sistor equivalent, and its effective impedance is inversely
proportional to the clock frequency. The equivalent circuit of
the filter's input can be seen in Figure 4. The input capacitor
charges to Vi, during the first half of the clock period; during
the second half the charge is transferred to the feedback
capacitor. The total transfer of charge in one clock cycle is
therefore Q = Cj,Vin, and since current is defined as the
flow of charge per unit time, the average input current be-
comes

lin = Q/T
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1.0 MF4 Application Hints (continued)

(where T equals one clock period) or

CinVi
lin = == = CinVinfcLk
The equivalent input resistor (Rj,) then can be expressed as
Vin 1
R. gL —
™" ln  Cinfok

The input capacitor is 2 pF for the MF4-50 and 1 pF for the
MF4-100, so for the MF4-100

R _1x1012_1x1012_ 1x 1010
n foLk fo X 100 [

and
- _5x1011 _5x1011 _1x1010

n foLk fo X 50 fo
for the MF4-50. The above equation shows that for a given
cutoff frequency (fc), the input resistance of the MF4-50 is
the same as that of the MF4-100. The higher the clock-to-
cutoff-frequency ratio, the greater equivalent input resist-
ance for a given clock frequency.

This input resistance will form a voltage divider with the
source impedance (Rsource)- Since Rin is inversely propor-
tional to the cutoff frequency, operation at higher cutoff fre-
quencies will be more likely to load the input signal which
would appear as an overall decrease in gain to the output of
the filter. Since the filter's ideal gain is unity, the overall gain
is given by:

L

Rin + Rsource
If the MF4-50 or the MF-100 were set up for a cutoff fre-
quency of 10 kHz the input impedance would be:

1% 1010

Rin = 0kz

In this example with a source impedance of 10K the overall
gain, if the MF4 had an ideal gain of 1 or 0 dB, would be:
1Mo
T 10kQ + 1 MO

Since the maximum overall gain error for the MF4 is
+0.15 dB with Rg < 2 kQ the actual gain error for this case
would be +0.06 dB to —0.24 dB.

1.4 CUTOFF FREQUENCY RANGE

The filter's cutoff frequency (fc) has a lower limit due to
leakage currents through the internal switches draining the
charge stored on the capacitors. At lower clock frequencies
these leakage currents can cause millivolts of error, for ex-
ample:

Ay

=1MQ

Ay = 0.99009 or —0.086 dB

foLk = 100 Hz, lieakage = 1PA, C = 1 pF
V= 1pA

1 pF (100 Hz)
The propagation delay in the logic and the settling time re-
quired to acquire a new voltage level on the capacitors limit
the filter’s accuracy at high clock frequencies. The ampli-
tude characteristic on +5V supplies will typically stay flat
until fo g exceeds 750 kHz and then peak at about 0.5 dB
at the corner frequency with a 1 MHz clock. As supply volt-
age drops to = 2.5V, a shift in the fg k/fc ratio occurs

=10mV

which will become noticeable when the clock frequency ex-
ceeds 250 kHz. The response of the MF4 is still a good
approximation of the ideal Butterworth low-pass characteris-
tic shown in Figure 5.

2.0 Designing With The MF4

Given any low-pass filter specification, two equations will
come in handy in trying to determine whether the MF4 will
do the job. The first equation determines the order of the
low-pass filter required to meet a given response specifica-
tion:

n= log [(100-1Amin — 1)/(100-1Amax — 1)] @

2log (fs/fp)
where n is the order of the filter, Anin is the minimum stop-
band attenuation (in dB) desired at frequency fs, and Apay is
the passband ripple or attenuation (in dB) at cutoff frequen-
cy fp. If the result of this equation is greater than 4, more
than a single MF4 is required.
The attenuation at any frequency can be found by the fol-
lowing equation:
Attn () = 10log [1 + (100-1Amax — 1) (f/,)2"] dB (3)

where n = 4 for the MF4.

2.1 A LOW-PASS DESIGN EXAMPLE
Suppose the amplitude response specification in Figure 6 is
given. Can the MF4 be used? The order of the Butterworth
approximation will have to be determined using (1):
Amin = 18 dB, Apax = 1.0dB, fg = 2 kHz, and fp, = 1 kHz

"= log [(101:8 — 1)/(100.1 — 1)]

2log(2)
Since n can only take on integer values, n = 4. Therefore
the MF4 can be used. In general, if n is 4 or less a single
MF4 stage can be utilized.
Likewise, the attenuation at f5 can be found using (3) with
the above values and n = 4:
Attn (2kHz) = 101log [1 + 100.1 — 1) (2 kHz/1 kHz)8] =
18.28 dB
This result also meets the design specification given in Fig-
ure 6 again verifying that a single MF4 section will be ade-
quate.
Since the MF4’s cutoff frequency (fc), which corresponds to
a-gain attenuation of —3.01 dB, was not specified in this
example, it needs to be calculated. Solving equation 3
where f = f; as follows:
‘= [(100-1(3-01 dB) — 111/(2n)
© = 0| (100.1Amax — 1)

= 3.95

0.301 —
=1kHz[1o 1]1/8

100.1 — 1
1.184 kHz

where fo = fg /50 or fo k/100. To implement this exam-
ple for the MF4-50 the clock frequency will have to be set to
foLk = 50(1.184 kHz) = 59.2 kHz, or for the MF4-100, fo k
= 100 (1.184 kHz) = 118.4 kHz.

2.2 CASCADING MF4s

When a steeper stopband attenuation rate is required, two
MF4s can be cascaded (Figure 7) yielding an 8th order
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2.0 Designing With The MF4 (Continued)

slope of 48 dB per octave. Because the MF4 is a Butter-
worth filter and therefore has no ripple in its passband when
MF4s are cascaded, the resulting filter also has no ripple in
its passband. Likewise the DG and passband gains will re-
main at 1V/V. The resulting response is shown in Figure 9.
In determining whether the cascaded MF4s will yield a filter
that will meet a particular amplitude response specification,
as above, equations 3 and 4 can be used, shown below.
= log[(100.05Amin — 1)/(10.0.05Amax — 1)]
2log (fs/fc) ()
Attn (f) = 10log [ 1 + (100-05Amax — 1) (f/fc)2] dB (3)
where n = 4 (the order of each filter).

Equation 2 will determine whether the order of the filter is
adequate (n < 4) while equation 3 can determine the actual
stopband attenuation and cutoff frequency (fc) necessary to
obtain the desired frequency response. The design proce-
dure would be identical to the one shown in section 2.0.

2.3 CHANGING CLOCK FREQUENCY
INSTANTANEOUSLY

The MF4 will respond favorably to an instantaneous change
in clock frequency. If the control signal in Figure 9 is low the

TRI=STATE
CLKIN . I\BUFFER
L < i

MF4

LEVEL
SHIFT

MF4-50 has a 100 kHz clock making fc = 2 kHz; when this
signal goes high the clock frequency changes to 50 kHz
yielding f¢ = 1 kHz. As the Figure illustrates, the output
signal changes quickly and smoothly in response to a sud-
den change in clock frequency.

The step response of the MF4 in Figure 10 is dependent on
fe. The MF4 responds as a classical fourth-order Butter-
worth low-pass filter.

2.4 ALIASING CONSIDERATIONS

Aliasing effects have to be considered when input signal
frequencies exceed half the sampling rate. For the MF4 this
equals half the clock frequency (fc k). When the input sig-
nal contains a component at a frequency higher than half
the clock frequency fci /2, as in Figure 117a, that compo-
nent will be “reflected” about fg /2 into the frequency
range below fck/2, as in Figure 11b. If this component is
within the passband of the filter and of large enough ampli-
tude it can cause problems. Therefore, if frequency compo-
nents in the input signal exceed fg| k2 they must be attenu-
ated before being applied to the MF4 input. The necessary
amount of attenuation will vary depending on system re-
quirements. In critical applications the signal components
above fc /2 will have to be attenuated at least to the fil-
ter's residual noise level.

1

Dz 3
= c CLKR
L -

L.SH

- V,_ V,
ren (72==) ()]
Vee — Vi+ Vi-
fe 1
1.69 RC
(Vee = 10V)

TL/H/5064-11

FIGURE 1. Schmitt Trigger R/C Oscillator

1-21

a4



MF4

UL
-5v 1

! CLKIN  FILTER IN g

7
CLK R v —T+sv
™ 0.1 uF
LSH AGND
I

HF ‘L
-5v-1-—1 ' FILTER OUT

o LI
ov

| L

3

+

TL/H/5064-13

(b)

FIGURE 2. Split Supply Operation with CMOS Level Clock (a) and TTL Level Clock (b)
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FIGURE 3. Single Supply Operation. ANGD Resistor Biased to V+/2
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a) Equivalent Circuit for MF4 Filter Input
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TL/H/5064-20
b) Actual Circuit for MF4 Filter Input

FIGURE 4. MF4 Filter Input
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FIGURE 5c. MF4-100 Amplitude
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FIGURE 6. Design Example Magnitude Response Specification where the Response of
the Filter Design must fall within the shaded area of the specification
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FIGURE 7. Cascading Two MF4s
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FIGURE 9. MF4-50 Abrupt Clock Frequency Change
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FIGURE 8b. Phase Response
of Two Cascaded MF4-50s
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FIGURE 10. MF4-50 Input Step Response

1-24




AMPLITUDE

w
=1
2
[~
a
=
<
L | T Il T I | T Il
T L 1 T
I I s I s LY s
2 2 2 2 2
FREQUENCY FREQUENCY
TL/H/5064-16 TL/H/5064-17
(a) input signal spectrum (b) Output signal spectrum. Note that the input signal at

fe/2 + f causes an output signal to appear at f¢c/2 — {.

FIGURE 11. The phenomenon of aliasing in sampled-data systems. An input signal whose
frequency is greater than one-half the sampling frequency will cause an output to appear
at a frequency lower than one-half the sampling frequency. In the MF4, fs = fo| k.
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MF5

National
Semiconductor
Corporation

MF5 Universal Monolithic Switched Capacitor Filter

General Description

The MF5 consists of an extremely easy to use, general pur-
pose CMOS active filter building block and an uncommitted
op amp. The filter building block, together with an external
clock and a few resistors, can produce various second order
functions. The filter building block has 3 output pins. One of
the output pins can be configured to perform highpass, all-
pass or notch functions and the remaining 2 output pins
perform bandpass and lowpass functions. The center fre-
quency of the filter can be directly dependent on the clock
frequency or it can depend on both clock frequency and
external resistor ratios. The uncommitted op amp can be
used for cascading purposes, for obtaining additional all-
pass and notch functions, or for various other applications.
Higher order filter functions can be obtained by cascading
several MF5s or by using the MF5 in conjuction with the
MF10 (dual switched capacitor filter building block). The
MF5 is functionally compatible with the MF10. Any of the
classical filter configurations (such as Butterworth, Bessel,
Cauer and Chebyshev) can be formed.

Features

® Low cost

m 14-pin DIP or 14-pin Surface Mount (SO) wide-body
package

m Easy to use

m Clock to center frequency ratio accuracy +0.6%

® Filter cutoff frequency stability directly dependent on
external clock quality

m Low sensitivity to external component variations

m Separate highpass (or notch or allpass), bandpass, low-
pass outputs

m fo XQ range up to 200 kHz

m Operation up to 30 kHz (typical)

m Additional uncommitted op-amp

Block and Connection Diagrams

v- v N/PHP 1

NON OVERL

SHIFT CLOCK

9
so/100} CONTROL
7
LShI }-——
TL/H/5066-1
All Packages
BP —{ 1 u Mp=—LP
N/AP/HP —{ 2 13 = Vo2
NV — 3 12— 1Nv2 Order Number MFSCN
s1—4 11l—nagnp  See NS Package Number N14A
_ Order Number MFSCWM
Sa—15 W=V See NS Package Number M14B
v+ =6 9 }—50/100
Lsh—7 8 r‘ CLK

Top View

TL/H/5066-2
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
contact the National Semiconductor Sales Office/

Distributors for availability and specifications.

Supply Voltage (V+ — V™) 14V
Power Dissipation To = 25°C (note 1) 500 mW
Storage Temp. 150°C

Soldering Information:
N Package: 10 sec. 260°C
SO Package: Vapor phase (60 sec.) 215°C
Infrared (15 sec.) 220°C

See AN-450 “Surface Mounting Methods and Their Effect
on Product Reliability” for other methods of soldering sur-
face mount devices.

Input Voltage (any pin)
Operating Temp. Range
MF5CN, MF5CWM

V= < Vi, < V+
TmIN < Ta < Tmax
0°C < Tp < 70°C

Electrical Characteristics v+ = 5v + 0.5%, v— = —5V + 0.5% unless otherwise noted. Boldface limits
apply over temperature, Ty < Ta < Tmax. For all other limits Ty = 25°C.

. Tested Design
Parameter Conditions (m’t':g') Limit Limit | Units
(Note 7) (Note 8)
Supply Voltage Min 8 \
(V+-v7) Max 14 v
Maximum Supply Current Clock applied to Pin 8 4.5 6.0 mA
No Input Signal
Clock Filter Output 10 mV
Feedthrough Op-amp Output 10 mv

Filter Electrical Characteristics v+ = sv+ 05%,v- =

—5V =+ 0.5% unless otherwise noted. Boldface

limits apply over temperature, Tpyn < Ta < Tmax- For all other limits T = 25°C.

. Tested Design
Parameter Conditions &mle) Limit Limit Units
(Note 7) (Note 8)
Center Frequency Max 30 20 kHz
Range (fo) Min 0.1 0.2 Hz
Clock Frequency Max 1.5 1.0 MHz
Range (fcLk) Min 5.0 10 Hz
Clock to Center Vping = +5V o o
Frequency Ratio Ige=aio FoLk =250 kHz 50.11 £ 0.2% 50.11 £ 1.5%
(fcLk/fo) M -
ode 1 | Vping 5V
FoLi=500 kHz 100.04 £ 0.2% | 100.04 = 1.5%
foLk/fo Temp. Vping = +5V " o
Goefficient (50:1 GLK ratio) £10 ppm/°C
Vping = —5V
ping + /°C
(100:1 CLK ratio) 20 ppm
Q Accuracy (Max) Vping = +5V o
(Note 2) 'g‘f‘: o | Fok=250kHz 6 %
Mode 1 | Vping = —5V 9
Fa k=500 kHz +6 %
Q Temperature Vping = +5V —200 e
Coefficient (50:1 CLK ratio) ppm
Vping = —5V
ping —70 /°C
(100:1 CLK ratio) 7 ppm
DC Lowpass Gain Mode 1
Accuracy (Max) R1 = R2 = 10kQ £0.2 dB8
DC Offset Vos1 +5.0 mV
Voltage (Max) Vos2 | Vping = +5V —185 mv
Vosa | (50:1 CLK ratio) +115 mv
(Note 3) Vos2 | Vping = —5V —310 mV
Vos3 | (100:1 CLK ratio) +240 mV
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MF5

Filter Electrical Characteristics v+ = sv+ 05%,v-
limits apply over temperature, Ty < Ta < Tmax. For all other limits Tp = 25°C. (Continued)

= —5Vz 0.5% unless otherwise noted. Boldface

Tested Design
Parameter Conditions (‘Ir"\g)ti:gl) Limit Limit Units
(Note 7) (Note 8)
Ou@put ) BP, LP pins RL = 5kQ +4.0 +3.8 \
Swing (Min) N/AP/HP pin AL = 3.5kQ +4.2 +38 v
Vping= +5V 83 dB
Dynamic Range (50:1 CLK ratio)
(Note 4) Vping= —5V 80 dB
(100:1 CLK ratio)
Maximum Output Short Circuit Source 20 mA
Current (Note 5) Sink 3.0 mA

OP-AMP Electrical Characteristics v+ = +5v +05%,v- =
face limits apply over temperature, Ty < Ta < Tmax. For all other limits Tp = 25°C.

—5V £0.5% unless other noted. Bold-

Tested Design
Parameter Conditions ('Lmi:zl) Limit Limit Units
(Note 7) (Note 8)
Gain Bandwidth Product 2.5 MHz
Output Voltage Swing (Min) RL = 3.5kQ +4.2 +3.8 \
Slew Rate 7.0 V/ps
DC Open-Loop Gain 80 db
Input Offset Voltage (Max) +5.0 +20 mV
Input Bias Current 10 pA
Maximum Output 20 mA
Short Circuit Source
Current (Note 5) Sink 3.0 mA
Logic Input Characteristics Boldface limits apply over temperature, Tyin < Ta < Tuax-
All other limits Tp = 25°C.
Tested Design
Parameter Conditions &Vc:’ttgl) Limit Limit Units
(Note 7) (Note 8)
CMQOS Clock Min Logical “1” 3.0 '
Input Input Voltage V+ = +BV,V— = =5V,
Max Logical 0" ViLsh. =0V -3.0 \"
Input Voltage
Min Logical ““1” 8.0 \"
Input Voltage V+ = +10V,V— = 0V,
Max Logical “0” Vish. = +5V 20 \
Input Voltage
TTL Clock Min Logical “1” 20 \"
Input Input Voltage V+ = +5V,V—- = —5V,
Max Logical “‘0” Vi.sh. = 0V 0.8 \
Input Voltage

Note 1: The typical junction-to-ambient thermal resistance (6,4) of the 14 pin N package is 160°C/W, and 82°C/W for the M package.
Note 2: The accuracy of the Q value is a function of the center frequency (fo). This is illustrated in the curves under the heading “Typical Performance

Characteristics”.

Note 3: Vg1, Vos2, and Vg3 refer to the internal offsets as discussed in the Application Information section 3.4.

Note 4: For +5V supplies the dynamic range is referenced to 2.82V rms (4V peak) where the wideband noise over a 20 kHz bandwidth is typically 200 pV rms for
the MF5 with a 50:1 CLK ratio and 280 pV rms for the MF5 with a 100:1 CLK ratio.
Note 5: The short circuit source current is measured by forcing the output that is being tested to its maximum positive voltage swing and then shorting that output to
the negative supply. The short circuit sink current is measured by forcing ths output that is being tested to its maximum negative voltage swing and then shorting
that output to the positive supply. These are the worst case conditions.

Note 6: Typicals are at 25°C and represent most likely parametric norm.
Note 7: Guaranteed and 100% tested.
Note 8: Guaranteed, but not 100% tested. These limits are not used to calculate outgoing quality levels.
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Pin Description

LP(14), BP(1),

The second order lowpass, bandpass,

V+(6), V=(10):

These are the positive and negative

N/AP/HP(2): and notch/allpass/highpass outputs. The supply pins. The MF5 will operate over a
LP and BP outputs can typically sink 1 mA total supply range of 8V to 14V.
and source 3 mA. The N/AP/HP output Decoupling the supply pins with 0.1 uF
can typically sink 1.5 mA and source 3 capacitors is highly recommended.
mA. Each output typically swings to within CLK(8): This is the clock input for the filter. CMOS
1V of each supply. or TTL logic level clocks can be
INV1(3): The inverting input of the summing op accomodated by setting the L. Sh pin to
amp of the filter. This is a high impedance the levels described in the L. Sh pin
input, but the non-inverting input is description. For optimum filter
internally tied to AGND, making INV1 performance a 50% duty cycle clock is
behave like a summing junction (low recommended for clock frequencies
impedance current input). greater than 200 kHz. This gives each op
S1(4): S1 is a signal input pin used in the allpass amp the maximum amount of time to
filter configurations (see modes 4 and 5). settle to a new sampled input.
The pin should be driven with a source L. Sh(7): This pin allows the MF5 to accommodate
impedance of less than 1 kQ. If S1 is not either CMOS or TTL logic level clocks. For
driven with a signal it should be tied to dual supply operation (i.e., +£5V), a CMOS
AGND (mid-supply). or TTL logic level clock can be accepted if
SA(5): This pin activates a switch that connects the L. Sh pin is tied to mid-supply (AGND),
one of the inputs of the filter’s second which should be the system ground.
summer to either AGND (SA tiedto V—) For single supply operation the L. Sh pin
or to the lowpass (LP) output (SA tied to should be tied to mid-supply (AGND) for a
V+). This offers the flexibility needed for CMOS logic level clock. The mid-supply
configuring the filter in its various modes bias should be a very low impedance
of operation. node. See Applications Information for
50/100(9): This pin is used to set the internal clock to biasing techniques. For a TTL logic level
center frequency ratio (fo k/fo) of the clock the L. Sh pin should be tied to V—
filter. By tying the pin to V+ an fg k/fo which should be the system ground.
ratio of about 50:1 (typically 50.11 = INV2(12): This is the inverting input of the
0.2%) is obtained. Tying the 50/100 pin to uncommitted op amp. This is a very high
either AGND or V — will set the fg k/fo impedance input, but the non-inverting
ratio to about 100:1 (typically 100.04 + input is internally tied to AGND, making
0.2%). INV2 behave like a summing junction
AGND(11): This is the analog ground pin. This pin (low-impedance current input).
should be connected to the system Vo2(13): This is the output of the uncommitted op
ground for dual supply operation or biased amp. It will typically sink 1.5 mA and
to mid-supply for single supply operation. source 3.0 mA. It will typically swing to
For a further discussion of mid-supply within 1V of each supply.
biasing techniques see the Applications
Information (Section 3.2). For optimum
filter performance a “‘clean’” ground must
be provided.
Typical Performance Characteristics
Deviation of F::K vs Nominal Q Deviation of Fg:K vs Nominal Q g;:::s: #;?:;;:‘::rgee
1.0 T T T 0.5 46 —r—r
T T Nl = | _V+ =15V
— Hm»{ HH ﬂﬂ § RL=3.5kQ I 1 1]
= 00 oK _gg 44 H - e Z N POS SWING
® — o . £ %
=z il z 0 et 5 42 ™
E _10 i E 5 T N
I 1 I \,
) i & ) -0.5 E . NEG swmu\\
Bl —20 e 2 . N
Z 3
g
-3.0 -1.0 3.6
0.1 1.0 10 100 01 1.0 10 100 -85 -15 2% 85 125
NOMINAL Q NOMINAL @ TEMPERATURE (°C)

TL/H/5066-3
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MF5

Typical Performance
Characteristics (continued)

Supply Current vs Temperature

6.0
T T T
VEi=15V
‘E 5.6 InNg foik =250 kHz
= N
g 5.2 \\‘\ 100:1
3 ..
> 48 50:1 & "
&
=2
A XY
4.0
-55 -15 5 85 125
TEMPERATURE (°C)

TL/H/5066-4

1.0 Definitions of Terms

fcLk: the frequency of the external clock signal applied to
pin 8.

fo: center frequency of the second order function complex
pole pair. fo is measured at the bandpass output of the MF5,
and is the frequency of maximum bandpass gain. (Figure 1).
fnotch: the frequency of minimum (ideally zero) gain at the
notch output.

f,: the center frequency of the second order complex zero
pair, if any. If f; is different from f, and if Qz is high, it can be

observed as the frequency of a notch at the allpass output.
(Figure 10).

Q: “quality factor” of the 2nd order filter. Q is measured at
the bandpass output of the MF5 and is equal to f, divided by
the —3dB bandwidth of the 2nd order bandpass filter (Fig-
ure 1). The value of Q determines the shape of the 2nd
order filter responses as shown in Figure 6.

Qg: the quality factor of the second order complex zero pair,
if any. Qz is related to the allpass characteristic, which is
written:

Sw
Honap (52 -2+ w02>
Q.

Hap(s) =
Swo
2 + — + w42

Q 0

where Q; = Q for an all-pass response.

Hogp: the gain (in V/V) of the bandpass output at f = f,.
Hovp: the gain (in V/V) of the lowpass outputas f — 0 Hz
(Figure 2).

Honp: the gain (in V/V) of the highpass output as
f — fok/2 (Figure 3). ‘

Hon: the gain (in V/V) of the notch output as f — 0 Hz and
as f — fek/2, when the notch filter has equal gain above
and below the center frequency (Figure 4). When the low-
frequency gain differs from the high-frequency gain, as in
modes 2 and 3a (Figures 171 and 8), the two quantities be-
low are used in place of Hon.

Hon1: the gain (in V/V) of the notch output as f — 0 Hz.
Honza: the gain (in V/V) of the notch output as f — fg/2.

Hpp(s) = Hospe
1 52+ 320, o2
_ o g ® Q
s S 45 ! o
E 0.707 Hopp 9 0 = i _o T fo = ¥fLfn
s - 1 ( -1 1 )
-90 | fL="fo 20+ q +1
2
fL fo fy fLfot = fo (L+ l +1)
(@)  f(LOGSCALE)  TL/H/5066-5 (b) f(LOG SCALE)  TL/H/5066-6 2Q 2Q
wo = 27ty
FIGURE 1. 2nd-Order Bandpass Response
HoLpwo?
Hup(s) = ——o-0
. . A 2+ —2 4 02
= 0P P
S g fo=fo X 1 1)2
< 0.707 HoLp w g0 c= o (1—2—02)+\/(1__2) +1
S S 2Q
1
-180 - fo="toy1 =3
[
e fo Hop = Howp X 7
(a) f(LOG SCALE)  TL/H/5066-7 (b) f(LOG SCALE)  TL/H/5066-8 12
Q 4Q2
FIGURE 2. 2nd-Order Low-Pass Response
H, 2
HHP(5)=—::PS
1 o §2 + 2204 2
o e g a
s Honp =) -1
2 0.707 Howp 8 -90 [ \/ 1 5 ]
= < = —_— __1_
H £ fe=foX (1 202)+ 1—5m) +1
—180

fe b

(@)  (LOGSCALE) (b)

TL/H/5066-9

f (LOG SCALE)

FIGURE 3. 2nd-Order High-Pass Response

> 1]
> fp=1o X 1—2—0'5
1

TL/H/5066-10

fo
Hop = Howrp X




1.0 Definition of Terms (Continued)

Hon(s? + wo?)

Hn(s) = s
90 s2+ % + we?
s Hon g 4 ;
2 =} =—20 =
= 0.707 on w Dy fo = ViLn
s £ f—f(_1+ ! +1)
_ —a0 L7 \za 2Q
2
fLfo f Wofofy 'H=f°($+ 21_Q +1)
 (LOG SCALE) f (LOG SCALE)
TL/H/5066-11 TL/H/5066-12
(a) (b)
FIGURE 4. 2nd-Order Notch Response
3 0 A )
S s Hapls) = ——————=
= % -180 §2 + —2 + 2
= = Q
a a
-360
fo fo
f(LOG SCALE) 1 (LOG SCALE)
TL/H/5066-13 TL/H/5066-14
(a) (b)
FIGURE 5. 2nd-Order All-Pass Response
(a) Bandpass (b) Low-Pass (c) High-Pass
20 20 20
ul=1o =5 o= u=|10
10 10 I =2 10 =2—N\ |
=1 Q=1 — | Q0=
g 0 =0.707"] 0 l—q_
g g Q\\ 0=0.707 s 0_0.707%»/
z -1 P = -0 [ = -10 Z
S = = . = 7] =0=05
=F ® _a |22 -t -0z
-2 ,,] \ ~ - - {\ ;
=
-30 /, -30 - %
Q=2 N %0
_40 | -40 | —40 |
0.1 05 1 2 5 10 01 02 05 10 20 50 10 0102 0510 2 5 10
FREQUENCY (Hz) FREQUENCY (Hz) FREQUENCY (Hz)
(d) Notch (e) All-Pass
20 0
E‘ |
10 —60 =5
o =107
= g —120
= &~ 0=5 =3 N
g7 J0=2 ] g™ 1-02
() V\ = E
-20 0=05 —240 T\ =|1_! I
-30 —300 |
- [ =0
40 —360
10 02 05 01 2 10 0102 05 1 2 5 10
FREQUENCY (Hz) FREQUENCY (Hz)

TL/H/5066-15
FIGURE 6. Responses of various 2nd-order filters
as a function of Q. Gains and center frequencies
are normalized to unity.
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MF5

2.0 Modes of Operation

The MF5 is a switched capacitor (sampled data) filter. To
fully describe its transfer functions, a time domain approach
is appropriate. Since this is cumbersome, and since the
MF5 closely approximates continuous filters, the following
discussion is based on the well known frequency domain.
Each MF5 can produce a full 2nd order function. See Table
1 for a summary of the characteristics of the various modes.

MODE 1: Notch 1, Bandpass, Lowpass Outputs:
fnotch = fo (See Figure 7)

fo = center frequency of the complex pole pair
- fok  fok
100 50
fotch = center frequency of the imaginary zero pair = f,.
R2
HoLp = Lowpassgain(asf — 0) = — m
. R3
Hogp = Bandpass gain (atf = fo) = — m
Hon = Notchoutputgainasf — o R
_ "R
R4
f — foLk/2

R2

Vin

_ fs RS
@ ~“BW Re
BW = the —3 dB bandwidth of the bandpass output.
Circuit dynamics:

Hogp

HoLp = orHogp = Horp X Q = Hon X Q.
HoLp(peak) = Q X HoLp (for high Q’s)

MODE 1a: Non-Inverting BP, LP (See Figure 8)

W ok fo
° 100 ~ 50
R3
@ "R
Hop = —1; HoLppeak) = Q X HoLp (for high Q’s)
R3
Hospy = “R2

Hosp, = 1 (non-inverting)
Circuit dynamics: Hogpy = Q
Note: V| should be driven from a low impedance (<1 k)

I!nl’1

R2

Sa

TL/H/5066-16

A
v Wy

TL/H/5066-17

FIGURE 8. MODE 1a




2.0 Modes of Operation (continued)

MODE 2: Notch 2, Bandpass, Lowpass: fhotch <fo
(See Figure 9)
fo = center frequency

fok ’RZ foLk 'HZ
= m ﬁ—4 +1 OI'E m‘ + 1
frotch - fC_LK orfCA
100 50
Q = quality factor of the complex pole pair
_ Rt
"~ R2/R3
HoLp = Lowpass output gain (as f — 0)
R2/R1
" R2/R4 + 1
Bandpass output gain (at f = f,) = —R3/R1
Notch output gain (as f — 0)
R2/R1
" R2/R4 + 1

[

Hosp
H0N1

—R2/R1

f
Hon, = Notch output gain (asf — %)

Filter dynamics: Hogp = QvHoLp Hon, = Q JH0N1 Hony

MODE 3: Highpass, Bandpass, Lowpass Outputs
(See Figure 10)

; _ ok [ 2, fCLK /
° 100

Q = quality factor of the complex pole pair
R2 _R3
— >< —_—
R4 R2
f R
Honp = Highpass gain (asf e d M) = _Re
2 R1
i R3
Hosp = Bandpass gain (atf = fy) = — m
. R4
HoLp = Lowpass gain (asf — 0) = — a7
Circuit dynamics: R2 _ = M Hogp = vHoup X HoLp X Q

R4  Horp'
HoLp(peak) = Q X Hop (for high Q’s)
HoHP(peak) = Q X Hopp (for high Q's)

BP LP

u|
P>rP>-

14

+
v VWV

TL/H/5086-18

FIGURE 9. MODE 2

=

*In Mode 3, the feedback loop is closed around
the input summing amplifier; the finite GBW prod-

P uct of this op amp causes a slight Q enhance-
] ment. If this is a problem, connect a small capaci-
tor (10 pF-100 pF) across R4 to provide some

ﬁ " phase lead.

*b_.

TL/H/5066-19

FIGURE 10. MODE 3
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2.0 Modes of Operation (continued)
MODE 3a: HP, BP, LP and Notch with External Op amp

(See Figure 11)

fy = o \/—_ foLk \/_
100

2
Howp = — %
Hogp = — g
Hop = :T
fn = notch frequency = f(;-OK\/:T or—=—— fCLK\/——
Hon = gain of notch at f=f,= ‘o ( %? HOLp——: HOHp)”
Hny = gain of notch (as f — 0) = ER? X HoLp
Hn2 = gain of notch <asf e d fc%) E-‘: X Honp

MODE 4: Allpass, Bandpass, Lowpass Outputs (See

Figure 12)
fo = center frequency
= fo o fork,
100 50’
2= center frequency of the complex zero pair=f,,
_ fo _R3
@ “Bw R
R3
Q; = quality factor of complex zero pair = m
For AP output make R1 = R2
H*oap = Allpass gain (ato <f< fCLK) _ha = -1
2 R1
HoLp = Lowpass gain (as f — 0)
R2
=—|=+1 -2
(R+1)-
Hogp = Bandpass gain (at f = fp)
_Rs R2 R3
+—] = -
" R2 (1 R1) 2 (Re)
Circuit dynamics: Hogp = (HoLp) X Q = (Hoap + 1) Q

*Dus to the sampled data nature of the filter, a slight mismatch of f, and f,
occurs causing a 0.4 dB peaking around f, of the allpass filter amplitude
response (which theoretically should be a straight line). If this is unaccept-
able, Mode 5 is recommended.

R Ag
AAA AAA
W\ W
Rn 12
A NOTCH
our
= P
OF Awe TL/H/5066-20
FIGURE 11. MODE 3a
§1 BP LP
! oo
+ s S

TL/H/5066-21

FIGURE 12. MODE 4
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2.0 Modes of Operation (continued)
MODE 5: Numerator Complex Zeros, BP, LP

(See Figure 13)
/ +i2_ ><fcl.K / R2 fCLK
R4 100
/1 _ ﬂ fCLK
R4

fCLK

=,[ - R fok
'R 100

Q = {1+ R2/R4 x R—2
R3
Q; =VI-RI/Rax

— aai _ —R2(R4—-R1)
Ho,y = gain at C.Z. output (as f — 0 Hz)—m
i fCLK) —R2
= 2. —_— = =
Ho,, gain at C.Z. output (asf 2 A
R2 R3
Hoep ——(—E+ 1) Xﬁ
H _ (R2 + Fi1) R4
oLp R2 + R4

MODE 6a: Single Pole, HP, LP Filter (See Figure 14)
fo cutoff frequency of LP or HP output
R2foik R2fcik
R3100 ~ R3 50

R3
" R1

_R2

"Rt

I

Hop =

Howp =

MODE 6b: Single Pole LP Filter (Inverting and Non-
Inverting) (See Figure 15)

fe = cutoff frequency of LP outputs
_ R2icik R2fcik
~ R3100 R3 50
HoLpy = 1 (non-inverting)
R3
Hop, = — 55

R3

vt AAA

VVv

TL/H/5066-22

FIGURE 13. MODE 5

R2

Vin

TL/H/5066-23

FIGURE 14. MODE 6a

LPy
a2 (NONINV) Vi

LP2 (INV)

1 14

TL/H/5066-24

FIGURE 15. MODE 6b
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2.0 Modes of Operation (continued)

TABLE I. Summary of Modes. Realizable filter types (e.g. low-pass) denoted by asterisks. Unless otherwise noted,
gains of various filter outputs are inverting and adjustable by resistor ratios.

Mode BP LP Hp | N | ap | Numberof | Adustable Notes
resistors foLk/fo
1 * * * 3 No
2) May need input buf-
1a HoBP1=-q HoLp= +1 2 No fer. Poor dynamics
Hogp2= +1 for high Q.
Yes (above
2 L3 & * 3 foLk/50 or
fcLk/100)
Universal State-
3 * * * 4 Yes Variable Filter. Best
general-purpose mode.
As above, but also
3a * * * * 7 Yes includes resistor-
tuneable notch.
Gives Allpass res-
4 * *® * 3 No ponse with Hoap= —1
and HoLp=—2.
Gives flatter allpass
5 * & * 4 response than above
if R{=R2=0.02R4.
6a * * 3 Single pole.
(2
6b Horp=+1 2 Single pole
H _-R8
OLP2 R2
3.0 Applications Information
The MF5 is a general-purpose second-order state variable From the specifications, the filter parameters are:

filter whose center frequency is proportional to the frequen-
cy of the square wave applied to the clock input (fo k). By
connecting pin 9 to the appropriate DC voltage, the filter
center frequency f, can be made equal to either fg /100
or foLk/50. fo can be very accurately set (within +0.6%) by
using a crystal clock oscillator, or can be easily varied over
a wide frequency range by adjusting the clock frequency. If
desired, the fgk/fo ratio can be altered by external resis-
tors as in Figures 8, 10, 11, 13, 14, and 75. The filter Q and
gain are determined by external resistors.

All of the five second-order filter types can be built using the
MF5. These are illustrated in Figures 7 through 5 along with
their transfer functions and some related equations. Figure
6 shows the effect of Q on the shapes of these curves.
When filter orders greater than two are desired, two or more
MF5s can be cascaded. The MF5 also includes an uncom-
mitted CMOS operational amplifier for additional signal pro-
cessing applications.

3.1 DESIGN EXAMPLE

An example will help illustrate the MF5 design procedure.
For the example, we will design a 2nd order Butterworth
low-pass filter with a cutoff frequency of 200 Hz, and a pass-
band gain of —2. The circuit will operate from a +5V power
supply, and the clock amplitude will be +5v (CMOS) levels).

fo=200 Hz, HoLp=—2, and, for Butterworth response,
Q=0.707.

In section 2.0 are several modes of operation for the MF5,
each having different characteristics. Some allow adjust-
ment of fo k/fo, others produce different combinations of
filter types, some are inverting while others are non-invert-
ing, etc. These characteristics are summarized in Table I. To
keep the example simple, we will use mode 1, which has
notch, bandpass, and lowpass outputs, and inverts the sig-
nal polarity. Three external resistors determine the filter's Q
and gain. From the equations accompanying Figure 7,
Q=Rg3/Rz and the passband gain Ho p = —R2/Rj. Since
the input signal is driving a summing junction through Ry,
the input impedance will be equal to R4. Start by choosing a
value for R4. 10k is convenient and gives a reasonable input
impedance. For Ho p = —2, we have:

Ry = —RqHoLp = 10k X 2 = 20k.

For Q = 0.707 we have:

R3 = RpoQ = 20k X 0.707 = 14.14k. Use 15k.

For operation on +5V supplies, V+ is connected to +5V,
V- to —5V, and AGND to ground. The power supplies
should be ‘“‘clean” (regulated supplies are preferred) and
0.1 uF bypass capacitors are recommended.
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3.0 Applications Information (continued)

+5V ﬁt

i S m

10k
<
== 4 Wy
= I - R2, 20k
= AAR
VW
u 6 5 4 3 2 1
LSh v+ S st INV1 N BP

Y

CLK 507100 V- AGND INV2 Vo2 LP
8 Is 10 n |12 [13 Jia
Vour
I
- T
20 kHz
£V OROVTO SV TL/H/5066-25
FIGURE 16. 2nd-Order Butterworth Low-Pass Filter of Design
f
Example. For ﬁf'i = 50, Connect Pin 9 to +5V, and
0

Change Clock Frequency to 10 kHz.

Vi
1w
At
[ Sk :&
(] AAA
= T v+ R2, 20k
= 0%
7 [] 5 4 3 2 1
LSh v+ S s1 INVY N BP
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TL/H/5066-26
FIGURE 17. Butterworth Low-Pass Circuit of Example, but Designed for Single-Supply Operation
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3.0 Applications Information (continued)

vt

vt =10v

- . —E-_A
7

LM2931AZ-5.0

0.1
TYPICAL VALUES: |
2k <R <100k =

4.7 )F<C<4T0 4F _I_
TL/H/5086-27

(a) Resistive Divider with
Decoupling Capaciter

(b) Voltage Regulator

v+
X =5¢ >
1 1% <

LAl

1/2 LM358

I 100 uF
= TL/H/5066-29
(c) Operational Amplifier
with Divider

TL/H/5066-28

+
FIGURE 18. Three Ways of Generating !2— for Single-supply Operation

For a cutoff frequency of 200 Hz, the external clock can be
either 10 kHz with pin 9 connected to V+ (50:1) or 20 kHz
with pin 9 tied to Agnp or V— (100:1). The voltage on the
Logic Level Shift pin (7) determines the logic threshold for
the clock input. The threshold is approximately 2V higher
than the voltage applied to pin 7. Therefore, when pin 7 is
grounded, the clock logic threshold will be 2V, making it
compatible with 0-5 volt TTL logic levels and +5 volt
CMOS levels. Pin 7 should be connected to a clean, low-im-
pedance (less than 10002) voltage source.

The complete circuit of the design example is shown for a
100:1 clock ratio in Figure 16.

3.2 SINGLE SUPPLY OPERATION

The MF5 can also operate with a single-ended power sup-
ply. Figure 17 shows the example filter with a single-ended
power supply. V* is again connected to the positive power
supply (8 to 14 volts), and V— is connected to ground. The
AgND pin must be tied to V+/2 for single supply operation.
This half-supply point should be very “clean”, as any noise
appearing on it will be treated as an input to the filter. It can
be derived from the supply voltage with a pair of resistors
and a bypass capacitor (Figure 18a), or a low-impedance
half-supply voltage can be made using a three-terminal volt-
age regulator or an operational amplifier (Figures 18b and
18c). The passive resistor divider with a bypass capacitor is
sufficient for many applications, provided that the time con-
stant is long enough to reject any power supply noise. It is
also important that the half-supply reference present a low
impedance to the clock frequency, so at very low clock fre-
quencies the regulator or op-amp approaches may be pref-
erable because they will require smaller capacitors to filter
the clock frequency. The main power supply voltage should
be clean (preferably regulated) and bypassed with 0.1uF.

3.3 DYNAMIC CONSIDERATIONS

The maximum signal handling capability of the MF5, like
that of any active filter, is limited by the power supply volt-
ages used. The amplifiers in the MF5 are able to swing to
within about 1 volt of the supplies, so the input signals must
be kept small enough that none of the outputs will exceed

these limits. If the MF5 is operating on *5 volts, for exam-
ple, the outputs will clip at about 8Vp_p. The maximum input
voltage multiplied by the filter gain should therefore be less
than 8Vp.p.

Note that if the filter has high Q, the gain at the lowpass or
highpass outputs will be much greater than the nominal filter
gain (Figure 6). As an example, a lowpass filter with a Q of
10 will have a 20 dB peak in its amplitude response at fo. If
the nominal gain of the filter Ho_p is equal to 1, the gain at
fo will be 10. The maximum input signal at f, must therefore
be less than 800 mVp,, when the circuit is operated on +5
volt supplies.

Also note that one output can have a reasonable small volt-
age on it while another is saturated. This is most likely for a
circuit such as the notch in Mode 1 (Figure 7). The notch
output will be very small at fo, so it might appear safe to
apply a large signal to the input. However, the bandpass will
have its maximum gain at f, and can clip if overdriven. If one
output clips, the performance at the other outputs will be
degraded, so avoid overdriving any filter section, even ones
whose outputs are not being directly used. Accompanying
Figures 7 through 15 are equations labeled “circuit dynam-
ics”, which relate the Q and the gains at the various outputs.
These should be consulted to determine peak circuit gains
and maximum allowable signals for a given application.

3.4 OFFSET VOLTAGE

The MF5’s switched capacitor integrators have a higher
equivalent input offset voltage than would be found in a
typical continuous-time active filter integrator. Figure 79
shows an equivalent circuit of the MF5 from which the out-
put dc offsets can be calculated. Typical values for these
offsets are:

Vos1 = opamp offset = £5mV
Vos2 = —185mV @ 50:1 —310mV @ 100:1
Vos3 = +115mV @ 50:1 +240mV @ 100:1

The dc offset at the BP output is equal to the input offset of
the lowpass integrator (Vos3). The offsets at the other out-
puts depend on the mode of operation and the resistor ra-
tios, as described in the following expressions.
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3.0 Applications Information (continued)

Mode 1 and Mode 4 Mode 2 and Mode 5
v _ 1 _ Voss _ (R2 1
os(N) Vost (g *+ 1+ |Hoe Q Vos) =\rp t1) Vo8 * T Ro/ma
Vos(sr) = Vos3 1 Voss
Vos(Lp = Vosy — Vosz + Vos2 T OfiTRoR4"
) (N) 1+R4/R2 QJ1+R2/R4
Mode 1a Rp = R1//R2//R4
v, =
Vos(N.INV.BP) = (1 + 1) Vogy — —228 Vos(er) Voss
Q Q Vos(Lp) = Vosm) — Vosz2

Vos(INV.BP) = Voss Mode 3
Vos(LP) = Vos(N.INV.BP) — Vgs2 Vos(Hp) =Vog2

Vos(er) =Vos3

R4 (R2
Vos(Lp) = "R (ﬁ Voss + Vosz) +

R4
- = (1 + ?) Vost; Rp = R1//R3//R4
p

R2

TL/H/5066-30
FIGURE 19. Block Diagram Showing MF5
Offset Voltage Sources

5V SUPPLY
—

n
me R4
<

ViN )—‘\;&V——I

TL/H/5066-31
FIGURE 20. Method for Trimming Vos,
See Text, Section 3.4
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3.0 Applications Information (continueq)

For most applications, the outputs are AC coupled and DC
offsets are not bothersome unless large signals are applied
to the filter input. However, larger oftset voltages will cause
clipping to occur at lower ac signal levels, and clipping at
any of the outputs will cause gain nonlinearities and will
change f, and Q. When operating in Mode 3, offsets can
become excessively large if Ro and R4 are used to make
foLk/fo significantly higher than the nominal value, especial-
ly if Q is also high. An extreme example is a bandpass filter
having unity gain, a Q of 20, and fg  k/fo = 250 with pin 9
tied to V— (100:1 nominal). R4/R2 will therefore be equal to
6.25 and the offset voltage at the lowpass output will be
about +1.9V. Where necessary, the offset voltage can be
adjusted by using the circuit of Figure 20. This allows adjust-
ment of Vg1, which will have varying effects on the different
outputs as described in the above equations. Some outputs
cannot be adjusted this way in some modes, however
(Vos(Bp) in modes 1a and 3, for example).

3.5 SAMPLED DATA SYSTEM CONSIDERATIONS

The MF5 is a sampled data filter, and as such, differs in
many ways from conventional continuous-time filters. An im-
portant characteristic of sampled-data systems is their ef-
fect on signals at frequencies greater than one-half the
sampling frequency. (The MF5’s sampling frequency is the
same as its clock frequency). If a signal with a frequency
greater than one-half the sampling frequency is applied to
the input of a sampled data system, it will be “reflected” to
a frequency less than one-half the sampling frequency.
Thus, an input signal whose frequency is fs/2 + 100 Hz will
cause the system to respond as though the input frequency
was fg/2 - 100 Hz. This phenomenon is known as ‘“alias-

ing”, and can be reduced or eliminated by limiting the input
signal spectrum to less than fs/2. This may in some cases
require the use of a bandwidth-limiting filter ahead of the
MF5 to limit the input spectrum. However, since the clock
frequency is much higher than the center frequency, this will
often not be necessary.

Another characteristic of sampled-data circuits is that the
output signal changes amplitude once every sampling peri-
od, resulting in “steps” in the output voltage which occur at
the clock rate. (Figure 27) If necessary, these can be
“smoothed” with a simple R-C low-pass filter at the MF5
output.

The ratio of fc k to fc (normally either 50:1 or 100:1) will
also affect performance. A ratio of 100:1 will reduce any
aliasing problems and is usually recommended for wide-
band input signals. In noise sensitive applications, however,
a ratio of 50:1 may be better as it will result in 3 dB lower
output noise. The 50:1 ratio also results in lower DC offset
voltages, as discussed in 3.4.

The accuracy of the fg k/fo ratio is dependent on the value
of Q. This is illustrated in the curves under the heading
“Typical Performance Characteristics”. As Q is changed,
the true value of the ratio changes as well. Unless the Q is
low, the error in fg k/fo will be small. If the error is too large
for a specific application, use a mode that allows adjustment
of the ratio with external resistors.

It should also be noted that the product of Q and f, should
be limited to 300 kHz when f, < 5 kHz, and to 200 kHz for
fo > 5 kHz.

100:1

TL/H/5066-32

FIGURE 21. The Sampled-Data Output Waveform
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MF6 6th Order Switched Capacitor

Butterworth Lowpass Filter

General Description

The MF6 is a versatile easy to use, precision 6th order But-
terworth lowpass active filter. Switched capacitor tech-
niques eliminate external component requirements and al-
low a clock tunable cutoff frequency. The ratio of the clock
frequency to the lowpass cutoff frequency is internally set to
50 to 1 (MF6-50) or 100 to 1 (MF6-100). A Schmitt trigger
clock input stage allows two clocking options, either self-
clocking (via an external resistor and capacitor) for stand-
alone applications, or an external TTL or CMOS logic com-
patible clock can be used for tighter cutoff frequency con-
trol. The maximally flat passband frequency response to-
gether with a DC gain of 1 V/V allows cascading MF6 sec-
tions for higher order filtering. In addition to the filter, two
independent CMOS op amps are included on the die and
are useful for any general signal conditioning applications.

Features

m No external components
m 14-pin DIP or 14-pin wide-body S.O. package

Cutoff frequency accuracy of +0.3% typical
Cutoff frequency range of 0.1 Hz to 20 kHz

Two uncommitted op amps available

5V to 14V total supply voltage

Cutoff frequency set by external or internal clock

Block and Connection Diagrams

FILTER

outT
6TH ORDER
BUTTERWORTH
LOWPASS FILTER

ia
I
Xgus 7_t “m dut

NON-OVERLAPPING
CLOCK GENERATOR

LEVEL
TRI-STATE® BUFFER SHIFT
CLK £
N

—

1 12

CLXR LSh v+ v

TL/H/5085-1

All Packages
N. INV2 {1 =~ =2
Voo —q 2 13— INV1
FILTER _| |
plriden B 12— LSh
Vo1 =g 4 = CLKR
AGND —q 5 10 f V-
v+ —{6 9f— °N“‘
Vos ADJ —] 7 8 }— FILTER
N

TL/H/5065-2
Top View

Order Number MFECWM-50
or MFECWM-100
See NS Package Number M14B

Order Number MF6CN-50
or MF6CN-100
See NS Package Number N14A

Order Number MF6CJ-50
or MF6CJ-100
See NS Package Number J14A
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MF6

Absolute Maximum Ratings (ote 11)

If Military/Aerospace specified devices are required,
contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Supply Voltage

14V

Voltage at Any Pin V- —0.2V,V+ + 0.2V
Input Current at Any Pin (Note 13) 5mA
Package Input Gurrent (Note 13) 20 mA
Power Dissipation (Note 14) 500 mW

Storage Temperature —65°C to +150°C
ESD Susceptibility (Note 12) 800V
Soldering Information
N Package (10 sec.) 260°C
J Package (10 sec.) 300°C
SO Package
Vapor Phase (60 sec.) 215°C
Infrared (15 sec.) 220°C

See AN-450 ““Surface Mounting Methods and Their Effect
on Product Reliability” (Appendix D) for other methods of
soldering surface mount devices.

Operating Ratings (ote 11)

Temperature Hahge TMIN < Ta < Tmax
MF6CN-50, MF6CN-100 0°C < Tp < +70°C
MF6CWM-50, MF6CWM-100 0°C < Ta < +70°C
MF6CJ-50, MF6CJ-100 —40°C < Tp < +85°C
Supply Voltage (Vg = V+ —V~) 5Vto 14V

Filter Electrical Characteristics The following specifications apply for fck < 250 kHz (see Note 3) unless
otherwise specified. Boldface limits apply for Tyn to Tmax; all other limits T4 = Ty = 25°C.

MF6CWM-50, MF6CWM-100,
MF6CJ-50, MF6CJ-10!
MF6CN-50, MF6CN-100 6CJ-50, MF6CJ-100
Parameter Conditions Tvoical Tested Design Tvoical Tested Design Units
(N‘L"‘e g | Limit Limit (N‘:e % Limit Limit
(Note 9) (Note 10) (Note 9) (Note 10)
V+ = +5V,V- = —5V
fe, Cutoff MF6-50 Min 0.1 0.1
Frequency Max| 20k 20k Hz
Range MF6-100 Min| 0.1 0.1
(Note 1) Max 10k 10k
Total Supply Current foLk =250 kHz 4.0 6.0 8.5 4.0 8.5 mA
Maximum Clock Filter Output 30 30 mV
Feedthrough Op Amp 1 Out| 25 25 (peak-to-
Op Amp 2 Out; 20 20 peak)
HOI Rsource
. . +0.30 0. +0.30 B
DC Gain <2kQ 0.0 £030 o 0 8 d
fok/fe MF6-50 49.27+0.3%|49.27£1% | 49.27 + 1% |49.27£0.3%| 49.27 +1%
Clock to Cutoff MF6-100 98.97+£0.3%|98.97+1% | 98.97 + 1% |98.97+0.3%| 98.97 £ 1%
Frequency Ratio
DC MF6-50 —200 —200 mv
Offset Voltage MF6-100 —400 —400
Minimum Output RL=10kQ +4.0 +3.5 +3.5 +4.0 +3.5 v
Voltage Swing -4 -3.8 -3.5 —4.1 -3.5
g:::t"’é’i'::jt”tp"t Source 50 60 80 50 80 A
i 15 2.0 3.0 1.5 3.0

Current (Note 6) Sink
Dynamic Range MF6-50 83 83 dB
(Note 2) MF6-100 81 81
Additional MF6-50|fc k=250 kHz
Magnitude f=6000 Hz —9.47 —9.47+0.5| —9.47 £ 0.65 —9.47 —-9.47 £ 0.65 dB
Response Test f=4500 Hz —-092 |—-0.92+0.2| —0.92+0.3 —0.92 —0.92+0.3
Points (Note 4) MF6-100|fo k=250 kHz

f=3000 Hz —9.48 —9.48+0.5|—9.48+0.65 —9.48 —9.48+0.65 dB

f=2250 Hz -0.97 —0.97+0.2| —0.97+0.3 —-0.97 —-0.97+0.3
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Filter Electrical Characteristics (continued) The following specifications apply for foy < 250 kHz (see
Note 3) unless otherwise specified. Boldface limits apply for Ty to Tmax; all other limits Tp = Ty = 25°C.

MF6CWM-50, MFECWM-100
MF6CN-50, MF6CN-100

MF6CJ-50, MF6CJ-100

Parameter Conditions Tested Design ] Tested Design Units
Typical AR S Typical N i
(Note 8) Limit Limit (Note 8) Limit Limit
(Note 9) (Note 10) (Note 9) (Note 10),

V+ = +5V,V- = —5V (Continued)

Attenuation Rate MF6-50|fc k=250 kHz| dB/
f1=6000 Hz —36 ~-36 —36 octave
f2=8000 Hz

MF6-100(fc k=250 kHz| dB/
1 =3000 Hz —36 —-36 —36 octave
f2=4000 Hz

Vt+ = +25V,V- = —25V

fe, Cutoff MF6-50 Min 0.1 0.1

Frequency Max 10k 10k Hz

Range MF6-100 Min 0.1 0.1

(Note 1) Max 5k 5k

Total Supply Current foLk =250 kHz| 25 4.0 4.0 25 4.0 mA

Maximum Clock  Filter Output| 20 20 mV

Feedthrough Op Amp 1 Out| 15 15 (peak-to-

Op Amp 2 Out 10 10 peak)

Ho, DC Gain Rsource<2 k2 0.0 +0.30 +0.30 0.0 +0.30 dB

foLk/fe, Clock to

Cutoff Frequency MF6-50 49.45+0.3%(49.45+1%| 49.45 £2.5% (49.45+0.3%| 49.45 +2.5%

Ratio MF6-100 99.35+0.3%(99.35+ 1% [99.835 + 1.25%|99.35+0.3%(99.35 + 1.25%

DC MF6-50 —200 —200 iy

Offset Voltage MF6-100| —400 —400

Minimum Output RL=10kQ +15 +1.0 +1.0 +1.5 +1.0 v

Voltage Swing —2.2 -1.7 —-1.5 —2.2 -1.5

“SA:::;"C”:;S:HPM Source 28 40 50 28 50 A

Current (Note 6) Sink 0.5 1.0 1.5 0.5 1.5

Dynamic Range (Note 2) 77 77 dB

Additional MF6-50|fcL k=250 kHz|

Magnitude f=6000 Hz —9.54 [—9.54+0.5 —9.54£0.65 —9.54 —9.54+0.65 dB

Response Test f=4500 Hz —0.96 —0.96+0.2( —0.96+0.3 —0.96 —0.96+0.3

Points (Note 4) MF6-100licLx =250 kHz
f=3000 Hz —9.67 |[—9.67+0.5 —9.67 £0.65 —9.67 —9.67 +0.65 dB
f=2250 Hz -1.01 —-1.01+£0.2[ —1.01+0.3 -1.01 -1.01£0.3

Attenuation MF6-50ifc| k =250 kHz| dB/

Rate f1=6000 Hz —36 ~-36 —36 ootave
fo=8000 Hz

MF6-100jfcLk =250 kHz a8/
f1 =3000 Hz —36 ~-36 —36 octave
fo=4000 Hz
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Op Amp Electrical Characteristics
Boldface limits apply for Tpn to Tmax; all other limits T = Ty = 25°C.

MF6CN-50, MFECN-100,
MF6CWM-50, MFECWM-100

MF6CJ-50, MF6CJ-100

Parameter Conditions Tested Design Tested Design Units
Typlcal Typical
(Note 8) Limit Limit (Note 8) Limit Limit
(Note 9) | (Note 10) (Note 9) | (Note 10)
V+ = +5V,V- = —5V
Input Offset Voltage +8.0 +20 +20 +8.0 +20 mV
Input Bias Current 10 10 pA
CMRR (Op Amp #2 Only) Vemt = 1.8V, 60 55 60 55 dB
Vome = —2.2V
Output Voltage Swing R =10k +4.0 +3.8 +3.6 +4.0 +3.6 v
—4.5 —-4.0 -4.0 —4.5 —-4.0
Maximum Output Short Source 54 65 80 54 80 mA
Circuit Current (Note 6) Sink 2.0 40 6.0 20 6.0
Slew Rate 7.0 7.0 V/us
DC Open Loop Gain 72 65 72 65 dB
Gain Bandwidth Product 1.2 1.2 MHz
V+ = +25V,V- = —2,5V
Input Offset Voltage +8.0 +20 +20 +8.0 +20 mvV
Input Bias Current 10 10 pA
CMRR (Op-Amp #2 Only) Vemt = +0.5V, 60 55 60 55 dB
Veme = —0.9V
Output Voltage Swing RL = 10kQ +1.5 +1.3 +1.1 +1.5 +1.1 v
—-22 -1.7 -1.7 —-22 -1.7

Maximum Output Short Source 24 35 50 24 50 mA
Circuit Current (Note 6) Sink 1.0 2.0 4.0 1.0 4.0
Slew Rate 6.0 6.0 V/pus
DC Open Loop Gain 67 60 67 60 dB
Gain Bandwidth Product 1.2 1.2 MHz

1-44




94N

Logic Input-Output Electrical Characteristics The following specifications apply for V= = oV
(see Note 5) unless otherwise specified. Boldface limits apply for Tyn to Tmax; all other limits Ty = Ty = 25°C.

MF6CN-50, MF6CN-100
MF6CWM-50, MFGCWM-100 |  MF6CY-50, MFGCJ-100
Parameter Conditions Typical Tflstftd DIjSIlgf:n Typical Tlfisu‘atd Dljsi?tn Units
(Note8) | =™ M | (Note 8| o m
(Note 9) | (Note 10) (Note 9) | (Note 10)
TTL CLOCK INPUT, CLK R PIN (Note 7)
Maximum V., Logical “0”
Input Voltage 0.8 0.8 0.8 Vv
Minimum V), Logical *“1”
nput Voltage 2.0 2.0 2.0 \"
Maximum Leakage Current L ShPinat
at CLK R Pin Mid- Supply 20 2.0 2.0 A
SCHMITT TRIGGER
V7 4, Positive Going Min | V+ =10V 7.0 6.1 6.1 7.0 6.1 v
Threshold Voltage Max 8.9 8.9 8.9
Min |V+ =5V 3.5 3.1 3.1 3.5 3.1 Y
Max 4.4 4.4 4.4
VT -, Negative Going Min | V+ =10V 3.0 1.3 1.3 3.0 1.3 v
Threshold Voltage Max 3.8 3.8 3.8
Min |Vt =5V 1.5 0.6 0.6 1.5 0.6 v
Max 1.9 1.9 1.9
Hysteresis (V1+ — V1-) [ Min | V+ = 10V 4.0 23 2.3 4.0 2.3 v
Max © 7.6 7.6 7.6
Min |Vt = 5V 2.0 1.2 1.2 20 1.2 v
Max 3.8 3.8 3.8
Minimum Logical “1"” Output o = —10RA v+ =10V 9.0 9.0 9.0 v
Voltage (Pin 11) o PA v+ = sy 4.5 4.5 4.5
Maximum Logical “0"” Output I = 10RA v+ =10V 1.0 1.0 1.0 v
Voltage (Pin 11) o PR v+ =5y 0.5 0.5 0.5
Minimum Output Source CLKRTied |Vt = 10V 6.0 3.0 3.0 6.0 3.0 mA
Current (Pin 11) to Ground V+ =5V 1.5 0.75 0.75 1.5 0.75
Maximum Output Sink CLKRTied |V*+ = 10V 5.0 25 2.5 5.0 2.5 mA
Current (Pin 11) toV+ v+ =5V 1.3 0.65 0.65 1.3 0.65
Note 1: The cutoff frequency of the filter is defined as the fi where the itude response is 3.01 dB less than the DC gain of the filter.
Note 2: For £5V ies the d! ic range is ref ed to 2.82 Vrms (4V peak) where the wideband noise over a 20 kHz bandwidth is typically 200 pVrms for

the MF6-50 and 250 wVrms for the MF6-100. For £2.5V supplies the dynamic range is referenced to 1.06 Vrms (1.5V peak) where the wideband noise over a 20
kHz bandwidth is typically 140 nVrms for both the MF6-50 and the MF6-100.

Note 3: The specifications for the MF6 have been given for a clock frequency (fc| ) of 250 kHz and less. Above this clock frequency the cutoff frequency begins to
deviate from the specified error band of +1.0% but the filter still maintains its magnitude characteristics. See Application Hints, Section 1.5.

Note 4: Besides checking the cutoff frequency (f) and the stopband attenuation at 2 f., two additional frequencies are used to check the magnitude response of
the filter. The magnitudes are referenced to a DC gain of 0.0 dB.

Note 5: For simplicity all the logic levels have been referenced to V= = 0V and will scale accordingly for £5V and +2.5V supplies (except for the TTL input logic
levels).

Note 6: The short circuit source current is measured by forcing the output that is being tested to its maximum positive voltage swing and then shorting that output to
the negative supply. The short circuit sink current is measured by forcing the output that is being tested to its maximum negative voltage swing and then shorting
that output to the positive supply. These are the worst-case conditions.

Note 7: The MF6 is operating with symmetrical split supplies and L.Sh is tied to ground.

Note 8: Typicals are at 25°C and represent most likely parametric norm.

Note 9: Tested limits are guaranteed to National's AOQL (Average Outgoing Quality Level.

Note 10: Design limits are guaranteed, but not 100% tested. These limits are not used to calculate outgoing quality levels.

Note 11: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when
operating the device beyond its specified conditions.

Note 12: Human body model, 100 pF discharged through a 1.5k Q resistor.

Note 13: When the input voltage (Vin) at any pin exceeds the power supply rails (Viy < V~ or Viy > V) the absolute value of current at that pin should be limited
to 5 mA or less. The 20 mA package input current limits the number of pins that can exceed the power supply boundaries with a 5 mA current limit to four.
Note 14: The maximum power dissipation must be d at and is dictated by Tymax, 6a, and the ambient temperature, Ta. The
maximum allowable power dissipation at any temperature is Pp = (Tymax — TA)/OJA or the number given in the Absolute Maximum Ratings, whichever is lower.
For this device, Tymax = 125°C, and the typical junction-to-ambient thermal resistance of the MFECN when board mounted is 67°C/W. For the MF6CJ this number
decreases to 62°C/W. For MFECWM, 65 = 78°C/W.

1-45



MF6

Typical Performance Characteristics

Schmitt Trigger Threshold Voltage Crosstalk from Filter Crosstalk from Either Op-Amp
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Typical Performance Characteristics (continued)

POSITIVE VOLTAGE SWING (V)

NEGATIVE VOLTAGE SWING (V)

deghdd
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-28
=32
=36
=40

Positive Voltage Swing vs Positive Voltage Swing vs Positive Voltage Swing vs
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Typical Performance Characteristics (continueq)
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Crosstalk Test Circuits

From Filter to Opamps

FILTER

Vin Vour }—
CLK
20Hz =20 kHz
VRS I—< 250 kHz

+

+

From Either Opamp to Filter Output

20Hz=20kHz
1VRNS

Pin Descriptions (Pin Numbers)

Pin
FILTER OUT (3)

FILTERIN (8)

VosADJ (7)

AGND (5)

Vo1 @4),
INV1 (13)

Description

The output of the lowpass filter.
It will typically sink 0.9 mA and
source 3 mA and swing to within
1V of each supply rail.

The input to the lowpass filter.
To minimize gain errors the
source impedance that drives
this input should be less than 2k
(see section 1.4). For single
supply operation the input signal
must be biased to mid-supply or
AC coupled.

This pin is used to adjust the DC
offset of the filter output; if not
used it must be tied to the
AGND potential. (See section
1.3)

The analog ground pin. This pin
sets the DC bias level for the
filter section and the non-
inverting input of Op-Amp #1
and must be tied to the system
ground for split supply operation
or to mid-supply for single
supply operation (see section
1.2). When tied to mid-supply
this pin should be well
bypassed.

Vo1 is the output and INV1 is
the inverting input of Op-Amp
#1. The non-inverting input of
this Op-Amp is internally
connected to the AGND pin.

Vo1
OP-AMP #1
—ov_|
5 VOLTMETER
Vo2
OP-AMP #2
TL/H/5065-10
v, FUTER A
N OUT ™| VOLTMETER
I CLK

Pin

Voz (2),
INV2 (14),
NINV2 (1)

V+(6), V—(10)

CLKIN (9)

CLKR (11)

L.Sh(12)

I—( 250kHz

TL/H/5065-11

Description

Vo2 is the output, INV2 is the
inverting input, and NINV2 is the
non-inverting input of Op-Amp
#2.

The positive and negative
supply pins. The total power
supply range is 5V to 14V.
Decoupling these pins with

0.1 nF capacitors is highly
recommended.

A CMOS Schmitt-trigger input to
be used with an external CMOS
logic level clock. Also used for
self-clocking Schmitt-trigger
oscillator (see section 1.1).

A TTL logic level clock input
when in split supply operation
(+2.5Vto £7V) and L. Sh tied
to system ground. This pin
becomes a low impedance
output when L. Shis tiedto V—.
Also used in conjunction with
the CLK IN pin for a self
clocking Schmitt-trigger
oscillator (see section 1.1).
Level shift pin, selects the logic
threshold levels for the desired
clock. When tiedto V— it
enables an internal tri-state
buffer stage between the
Schmitt trigger and the internal
clock level shift stage thus
enabling the CLK IN Schmitt-
trigger input and making the
CLK R pin a low impedance
output.
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Pin Descri ptiOﬂS (Pin Numbers) (Continued)

Pin Description

L. Sh (cont.) When the voltage level at this
input exceeds [25%(V+ — V)
+ V—1 the internal tri-state
buffer is disabled allowing the
CLK R pin to become the clock
input for the internal clock level
shift stage. The CLK R
threshold level is now 2V above
the voltage applied to the L. Sh
pin. Driving the CLK R pin with
TTL logic levels can be
accomplished through the use
of split supplies and by tying the
L. Sh pin to system ground.

1.0 MF6 Application Hints

The MF6 is comprised of a non-inverting unity gain lowpass
sixth order Butterworth switched capacitor filter section and
two undedicated CMOS Op-Amps. The switched capacitor
topology makes the cutoff frequency (where the gain drops

3.01 dB below the DC gain) a direct ratio (100:1 or 50:1) of
the clock frequency supplied to the lowpass filter. Internal
integrator time constants set the filter's cutoff frequency.
The resistive element of these integrators is actually a ca-
pacitor which is “switched” at the clock frequency (for a
detailed discussion see Input Impedance Section). Varying
the clock frequency changes the value of this resistive ele-
ment and thus the time constant of the integrators. The
clock to cutoff frequency ratio (fc k/fc) is set by the ratio of
the input and feedback capacitors in the integrators. The
higher the clock to cutoff frequency ratio (or the sampling
rate) the closer this approximation is to the theoretical But-
terworth response. The MF6 is available in fgy k/fc ratios of
50:1 (MF6-50) or 100:1 (MF6-100).

1.1 CLOCK INPUTS

The MF6 has a Schmitt-trigger inverting buffer which can be
used to construct a simple R/C oscillator. The oscillator's

frequency is dependent on the buffer's threshold levels as
well as on the resistor/capacitor tolerance (see Figure 7).

¢
| M to V- '
\% f =
"l_ . o RC |n[ (————VCC —Vr- )""—*]
- CLK IN CLK R L SH Voo — V14 / V1=
9 1 12 Typically for Vg = V*+ — V= = 10V:
for i =
CLK = T69RC
A LEvEL
TRI=STATE SHIFT
BUFFER STAGE !
:
MF6
TL/H/5065-12
FIGURE 1. Schmitt Trigger R/C Oscillator
/ -/
NINV2 ] 1 14} INv2 N.INv2 -] 1 14} nv2
Vo2 2 13- INV1 Vo242 13- INV1
FILTER OUT 3 12jLSh FILTER OUT 3 12}t s
Vordy 1" -3';“ Vor 4y 1" &KR < JUL
wsor aokp | 10 —5.0v 5oV AGND I 10 O 5.0V
) v kN +5v ; v CLKIN _L
° Voo a0d |° <JUL .5 ° Voo A0l |° °r
1 e | o LT I 2 o LT J_O'“‘F
0.1uF — 0pF g
. 0.1uF
TL/H/5065-3 TL/H/5065-4

FIGURE 2. Dual Supply Operation
MF6 Driven with CMOS Logic Level Clock
(Vi = 0.8 Vgcand V| < 0.2VgcwhereVgg = V+ —V-)

FIGURE 3. Dual Supply Operation
MF6 Driven with TTL Logic Level Clock
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Application Hints (continued)

q‘] Vos ADJ
0.1uF 7
ov )%L >—'| MF6 v
6TH ORDER
+10V $»|{ BUTTERWORTH
FILTER 8 FILTER
10k N - T
— 1
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0.1 uF 10k LEVEL SHFT

O A
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O | | s

w2 P —‘|” ]
* CLKR

||— +

el
FILTER
out

1
NINV2 °P‘AMf
# 1ov
; s JUL 'y
n 3 5 o CLKIN oos
Voi INV 1 v+ []v- LEVELS
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o.mrl
TL/H/5065-14
a) Resistor Biasing of AGND
¢| Vos ADJ
7
MF6 J
6TH ORDER
+5V %)——D = »| BUTTERWORTH 1
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I 7Yy 7Yy out
L
— 1
AGND
] LEVEL SHIT
' 2 25
Vo2 - L
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2 14 -
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b) Using Op-Amp 2 to Buffer AGND

FIGURE 4. Single Supply Operation

TL/H/5065-15
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Application Hints (continued)

24kQ 5k 22k
V- = MWA———MWA———MW\—O V+

é Vos ADJ

FILTER
CJrumer N s
8 7 3
A4
6 TH ORDER
| BUTTERWORTH
FILTER ,

MF6

(2)

TL/H/5065-16

-~
Wl
330 kO 5 uF
|—'
FILTER Vos j FILTER v j
IN ] ADJ ouT ] INv1 °‘|:
8 7 3 13 4
6TH ORDER
1 BUTTERWORTH }—
FILTER OP-AMP #1
AGND

(®)

TL/H/5085-17

FIGURE 5. Vgg Adjust Schemes

Schmitt-trigger threshold voltage levels can change signifi-
cantly causing the R/C oscillator’s frequency to vary greatly
from part to part.

Where accuracy in f¢ is required an external clock can be
used to drive the CLK R input of the MF6. This input is TTL
logic level compatible and also presents a very light load to
the external clock source (~2 pA) with split supplies and
L. Sh tied to system ground. The logic level is programmed
by the voltage applied to level shift (L. Sh) pin (See the Pin
description for L. Sh pin).

1.2 POWER SUPPLY BIASING

The MF6 can be biased from a single supply or dual split
supplies. The split supply mode shown in Figures 2 and 3 is
the most flexible and easiest to implement. As discussed
earlier split supplies, £5V to +7V, will enable the use of
TTL or CMOS clock logic levels. Figure 4 shows two
schemes for single supply biasing. In this mode only CMOS
clock logic levels can be used.

1.3 OFFSET ADJUST

The VosADJ pin is used in adjusting the output offset level
of the filter section. If this pin is not used it must be tied to
the analog ground (AGND) level, either mid-supply for single
ended supply operation or ground for split supply operation.
This pin sets the zero reference for the output of the filter.
The implementation of this pin can be seen in Figure 5. In

5(a), DC offset is adjusted using a potentiometer; in 5(b), the

Op-Amp integrator circuit keeps the average DC output lev-
el at AGND. The circuit in 5(b) is therefore appropriate only
for AC-coupled signals and signals biased at AGND.

1.4 INPUT IMPEDANCE

The MF6 lowpass filter input (FILTER IN pin) is not a high
impedance buffer input. This input is a switched capacitor
resistor equivalent, and its effective impedance is inversely
proportional to the clock frequency. The equivalent circuit of
the input to the filter can be seen in Figure 6. The input
capacitor charges to the input voltage (Vi) during one half
of the clock period, during the second half the charge is

FILTER > AAA J
INPUT

1 AGND
[}

TL/H/5065-18
a) Equivalent Circuit for MF6 Filter input

NON=OVERLAPPING
CLOCKS

# %

I
1l
FILTER y ) A h
INPUT Cn
"|'_T_ +
} AcND
1]

1
RN= ——
N CnfeLk
TL/H/5065-19
b) Actual Circuit for MF6 Filter Input
FIGURE 6. MF6 Filter Input

transferred to the feedback capacitor. The total transfer of
charge in one clock cycle is therefore Q = Ci,Vin, and since
current is defined as the flow of charge per unit time the
average input current becomes

lin=Q/T
(where T equals one clock period) or
_ CinVi
T

lin 2 = CinVinfoLk

The equivalent input resistor (Rj,) then can be defined as
Rin = Vin/lin =

CinfoLk
The input capacitor is 2 pF for the MF6-50 and 1 pF for the
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Application Hints (Continued)
MF86-100, so for the MF6-100

R _1x1012 1x1012 1 x1010
n fok fc X 100 fo

and

o _5x1011 _5x 101 _1x1010

in foLk fe X 50 fe
for the MF6-50. As shown in the above equations for a given
cutoff frequency (fc) the input impedance remains the same
for the MF6-50 and the MF6-100. The higher the clock to
center frequency ratio, the greater equivalent input resist-
ance for a given clock frequency. As the cutoff frequency
increases the equivalent input impedance decreases. This
input resistance will fcim a voltage divider with the source
impedance (Rsource). Since Rjy, is inversely proportiona! to
the cutoff frequency, operation at higher cutoff frequencies
will be more likely to load the input signal which would ap-
pear as an overall decrease in gain to the output of the filter.
Since the filter’s ideal gain is unity its overall gain is given
by:

Ay = Rin
Rin + Rsource

If the MF6-50 or the MF6-100 were set up for a cutoff fre-
quency of 10 kHz the input impedance would be:

A = 1X 1010
N 10kHz

In this example with a source impedance of 10k the overall
gain, if the MF6 had an ideal gain of 1 or 0 dB, would be:

=1MQ

1MQ
Ay = m = 0.99009 or —86.4 mdB
10 T
0
may
= ALY WY
R ORIE R LA
g \E\E R 15
E -4
SR uER R
SRR NER Y
ST
S I
50 500 ES S0K
10 100 1K 10K 100K
FREQUENCY (Hz)

TL/H/5065-20
FIGURE 7a. MF6-100 *5V Supplies
Amplitude Response

10

i
Hp Ay
B WA A
g = a4 —
¢ SrTee\ie
: U
M R NN NN
Q_LLL |
50 500 5K 50K
10 100 1K 10K 100K
FREQUENCY (Hz)

TL/H/5065-22
FIGURE 7c. MF6-100 +2.5V Supplies
Amplitude Response

Since the maximum overall gain error for the MF6 is
+0.3 dB with a Rg < 2 k2 the actual gain error for this case
would be +0.21 dB to —0.39 dB.

1.5 CUTOFF FREQUENCY RANGE

The filter’s cutoff frequency (fc) has a lower limit caused by
leakage currents through the internal switches discharging
the stored charge on the capacitors. At lower clock frequen-
cies these leakage currents can cause millivolts of error, for
example:

foLk = 100 Hz, ligakage = 1PA, C = 1 pF

_ 1pA

1 pF (100 Hz)
The propagation delay in the logic and the settling time re-
quired to acquire a new voltage level on the capacitors in-
creases as the MF6 power supply voltage decreases. This
causes a shift in the fg k/fc ratio which will become notice-
able when the clock frequency exceeds 250 kHz. The ampli-
tude characteristic will stay within tolerance until fo g ex-
ceeds 500 kHz and will peak at about 0.5 dB at the corner
frequency with a 1 MHz clock. The response of the MF6 is
still a reasonable approximation of the ideal Butterworth
lowpass characteristic as can be seen in Figure 7.

2.0 Designing with the MF6

Given any lowpass filter specification two equations will
come in handy in trying to determine whether the MF6 will
do the job. The first equation determines the order of the
lowpass filter required:

=10mV

o  log (10°1 Amin—1) — og (101 Amax—1)
2log (fs/fp)

™

10 ‘ |
INANEANERRYA
g o[l %) —*ﬂ'\t@; H
s '”L%&— %&—-%% 2

E -0

g w

2 0
B WA\
S\

EY 500 ES 50K
10 100 1K 10K 100K

FREQUENCY (Hz)
TL/H/5065~21
FIGURE 7b. MF6-50 + 5V Supplies
Amplitude Response
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\
’ N1\
MATRATEATELLNE
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5 ol F Nk __’3&_ %t

B -u

S | \
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10 soiw szK 5!0( su;OCK
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TL/H/5085~23
FIGURE 7d. MF6-50 + 2.5V Supplies
Amplitude Response
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Designing with the MF6 (continued)

where n is the order of the filter, Ay is the minimum stop-
band attenuation (in dB) desired at frequency fs, and Apax is
the passband ripple or attenuation (in dB) at frequency fp,. If
the result of this equation is greater than 6, then more than
a single MF6 is required.

The attenuation at any frequency can be found by the fol-
lowing equation:

Attn(f) = 101og [1 + (100 1Amax—1) (i/f)2nl dB  (2)
where n = 6 (the order of the filter).

2.1 ALOWPASS DESIGN EXAMPLE

Suppose the amplitude response specification in Figure 8 is
given. Can the MF6 be used? The order of the Butterworth
approximation will have to be determined using eq. 1:

Amin = 30 dB, Amax = 1.0dB, fs = 2kHz, and fp = 1 kHz

= log (103 — 1) —log(100.1 — 1)
2 log(2)

Since n can only take on integer values, n = 6. Therefore
the MF6 can be used. In general, if n is 6 or less a single
MF6 stage can be utilized.
Likewise, the attenuation at fg can be found using equation
2 with the above values and n = 6 giving:

Atten (2kHz) = 10log [ 1 + (100-1 — 1) (2 kHz/1 kHz)12]

= 30.26 dB

This result also meets the design specification given in Fig-
ure 8 again verifying that a single MF6 section will be ade-
quate.

= 5.96

0
Ayax=-1
™
2
a
2
-
o
=
<
Ayn=-30 1
0

fp= 1k

FREQUENCY (Hz)
TL/H/5065-24
FIGURE 8. Design Example Magnitude Response
Specification Where the Response of the Filter Design
Must Fall Within the Shaded Area of the Specification

Since the MF6's cutoff frequency f., which corresponds to a
gain attenuation of —3.01 dB, was not specified in this ex-
ample it needs to be calculated. Solving equation 2 where f
= f. as follows:

; [(100.1(3.01 dB) — 1)71/(2n)

c= b (1091 Amax —_ 1)

100.301 — 1]1/12
1001 — 1
= 1.119 kHz

where fo = fg /50 or fo k/100.

=1kHz[

To implement this example for the MF6-50 the clock fre-
quency will have to be set to fo x = 50(1.116 kHz) = 55.8
kHz or for the MF6-100 fo x = 100(1.116 kHz) = 111.6
kHz.

2.2 CASCADING MF6s

In the case where a steeper stopband attenuation rate is
required two MF6’s can be cascaded (Figure 9) yielding a
12th order slope of 72 dB per octave. Because the MF6 is a
Butterworth filter and therefore has no ripple in its pass-
band, when MF6s are cascaded the resulting filter also has
no ripple in its passband. Likewise the DC and passband
gains will remain at 1V/V. The resulting response is shown
in Figure 10.

In determining whether the cascaded MF6s will yield a filter
that will meet a particular amplitude response specification,
as above, equations 3 and 4 can be used, shown below.

o log (10995 Amin— 1) — |og (1095 Amax — 1)
2 log (fs/fp)

Attn(f) = 10log [ 1 + (10005 Amax—1) (f/f,)2n] B (4)
where n = 6 (the order of each filter).

Equation 3 will determine whether the order of the filter is
adequate (n < 6) while equation 4 can determine if the
required stopband attenuation is met and what actual cutoff
frequency (fc) is required to obtain the particular frequency
response desired. The design procedure would be identical
to the one shown in section 2.1.

2.3 IMPLEMENTING A “NOTCH” FILTER WITH THE MF6

A “notch” filter with 60 dB of attenuation can be obtained by
using one of the Op-Amps, available in the MF6, and three
external resistors. The circuit and amplitude response are
shown in Figure 11.

The frequency where the “notch” will occur is equal to the
frequency at which the output signal of the MF6 will have
the same magnitude but be 180 degrees out of phase with
its input signal. For a sixth order Butterworth filter 180°
phase shift occurs where f = f,, = 0.742 f.. The attenuation
at this frequency is 0.12 dB which must be compensated for
by making Ry = 1.014 X Ra.

Since R4 does not equal Ry there will be a gain inequality
above and below the notch frequency. At frequencies below
the notch frequency (f << fy), the signal through the filter
has a gain of one and is non-inverting. Summing this with
the input signal through the Op-Amp yields an overall gain
of two or +6 dB. For f >> f,,, the signal at the output of the
filter is greatly attenuated thus only the input signal will ap-
pear at the output of the Op-Amp. With R3 = Ry = 1.014
R the overall gain is 0.986 or —0.12 dB at frequencies
above the notch.

®
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Designing with the MF6 (continued)

MF6 WF6
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FIGURE 9. Cascading Two MF6s
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FIGURE 10a. One MF6-50 vs. Two MF6-50s Cascaded FIGURE 10b. Phase Response of
Two Cascaded MF6-50s
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Designing with the MF6 (continueq)
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FIGURE 11b. MF6-50 “Notch” Filter Amplitude Response

TL/H/5065-28

1-56




Designing with the MF6 (continued)

2.4 CHANGING CLOCK FREQUENCY
INSTANTANEOUSLY

The MF6 will respond favorably to a sudden change in clock
frequency. Distortion in the output signal occurs at the tran-
sition of the clock frequency and lasts approximately three
cutoff frequency (fc) cycles. As shown in Figure 12, if the
control signal is low the MF6-50 has a 100 kHz clock mak-
ing fo = 2 kHz; when this signal goes high the clock fre-
quency changes to 50 kHz yielding 1 kHz f.

The transient response of the MF6 seen in Figure 13 is also
dependent on the f; and thus the fg k applied to the filter.
The MF86 responds as a classical sixth order Butterworth
lowpass filter.

TL/H/5065-31
FIGURE 13. MF6-50 Step Input Response, Vertical =
2V/div., Horizontal = 1 ms/div., foLx = 100 kHz

the input signal contains a component at a frequency higher
than half the clock frequency, as in Figure 74a, that compo-
nent will be “reflected” about fc /2 into the frequency
range below foLk/2 as in Figure 14b. If this component is
within the passband of the filter and of large enough ampli-
tude it can cause problems. Therefore if frequency compo-
nents in the input signal exceed fo k/2 they must be attenu-
ated before being applied to the MF6 input. The necessary
amount of attenuation will vary depending on system re-
quirements. In critical applications the signal components

] TL/H/5085~30 above fcLk/2 will have to be attenuated at least to the fil-

fin = 1.5 kHz (scope time base = 2 ms/div) ter's residual noise level. An example circuit is shown in

FIGURE 12. MF6-50 Abrupt Clock Frequency Change Figure 15 using one of the uncommitted Op-Amps available
2.5 ALIASING CONSIDERATIONS in the MF8.

Aliasing effects have to be taken into consideration when
input signal frequencies exceed half the sampling rate. For
the MF6 this equals half the clock frequency (fci k). When

AMPLITUDE
AMPLITUDE

[t bl 1l

i I 4y '.5 s I s 4 fs
2 2 2 2 2
FREQUENCY FREQUENCY
TL/H/5065~37 TL/H/5065-38
(a) Input Signal Spectrum (b) Output Signal Spectrum. Note that the input signal at

fs/2 + f causes an output signal to appear at fg/2 — f.

Figure 14. The phenomenon of aliasing in sampled-data systems. An input signal whose frequency is greater than one-
half the sampling frequency will cause an output to appear at a frequency lower than one-half the sampling frequency.
In the MF6, fs = fo k.
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Designing with the MF6 (continued)
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Ho = R4/R3 (Ho = 1 when R3 and R4 are omitted and Vg is directly tied to INV2).
Design Procedure:
pick G4
1

= 2QCqwo
for a 2nd Order Butterworth Q = 0.707

0.113
Tl
make Ry = Rp
and

Rz

Rz

1
~ (2mgRy)2C,
Note: The parallel combination of R4 (if used), Ry and Ry should be > 10 k2 in order not to load Op-Amp #2.

FIGURE 15. Second Order Butterworth Anti-Aliasing Filter Using Uncommitted Op-Amp #2
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National
Semiconductor
Corporation

MF8 4th-Order Switched Capacitor Bandpass Filter

General Description

The MF8 consists of two second-order bandpass filter
stages and an inverting operational amplifier. The two filter
stages are identical and may be used as two tracking sec-
ond-order bandpass filters, or cascaded to form a single
fourth-order bandpass filter. The center frequency is con-
trolled by an external clock for optimal accuracy, and may
be set anywhere between 0.1 Hz and 20 kHz. The ratio of
clock frequency to center frequency is programmable to
100:1 or 50:1. Two inputs are available for TTL or CMOS
clock signals. The TTL input will accept logic levels refer-
enced to either the negative power supply pin or the ground
pin, allowing operation on single or split power supplies. The
CMOS input is a Schmitt inverter which can be made to self-
oscillate using an external resistor and capacitor.

By using the uncommitted amplifier and resistors for nega-
tive feedback, any all-pole (Butterworth, Chebyshev, etc.)
filter can be formed. This requires only three resistors for a
fourth-order bandpass filter. Q of the second-order stages
may be programmed to any of 31 different values by the five
“Q logic” pins. The available Q values span a range from
0.5 through 90. Overall filter bandwidth is programmed by
connecting the appropriate Q logic pins to either V+ or V—.
Filters with order higher than four can be built by cascading
MF8s.

Features
m Center frequency set by external clock
m Q set by five-bit digital word

® Uncommitted inverting op amp
m 4th-order all-pole filters using only three external

resistors

m Cascadable for higher-order filters

m Bandwidth, response characteristic, and center
frequency independently programmable

m Separate TTL and CMOS clock inputs

m 18 pin 0.3" wide package

Key Specifications
m Center frequency range 0.1 Hz to 20 kHz

@ Q range

0.5 to 90

@ Supply voltage range 9V to 14V (£4.5V to +7V)
® Center frequency accuracy 1% over full temperature

range

Typical Application & Connection Diagrams

120kQ
A\ Vour
30k0 30KkQ
VIN— VMW AV
13 14 16 15 5 6
- Bp. H Ly] . H
4 R 1 FLTER 1 FILTER 2
= AGND MF8 T F i T
10
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Fourth-Order Butterworth Bandpass Filter

TL/H/8694-1

Dual-In-Line Package

-/
c—1 18}—-D
8—2 17=E
A—3 16f=F1 IN
AGND — 4 15f=F1 ouT
F2 IN—5 14}=A OUT
F2 ouT—{6 13-AN
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CMOS CLK —{8 11f=v-
RC—9 10 —50/100
TL/H/8694-2
Top View
Order Number MF8CCJ
or MFSBCCN
See NS Package Number
J18A or N18A
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MF8

Absolute Maximum Ratings (note 1)

If Military/Aerospace specified devices are required,
contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Supply Voltage (Vg = V*+ — V™) —0.3Vto +15V
Voltage at any Input (Note 2) V- —=0.3VtoV+ +0.3V
Input Current at any Input Pin (Note 2) +1mA
Output Short-Circuit Current (Note 7) +1mA
Power Dissipation (Note 3) 500 mW

Storage Temperature —65°C to +150°C
Soldering Information:

J Package: 10 sec. 260°C

N Package: 10 sec. 300°C

SO Package: Vapor Phase (60 sec.) 215°C

Infrared (15 sec.) 220°C

ESD rating is to be determined.

Filter Electrical Characteristics The following specifications appiy for v+

Ta = Ty = 25°C.

See AN-450 “Surface Mounting Methods and Their Effect
on Product Reliability” for other methods of soldering sur-
face mount devices.

Operating Ratings (ote 1)

Temperature Range

MF8CCN
MF8CCJ

TMmiIN < Ta < Tmax
0°C < Tp < +70°C
—40°C < Tp < +85°C

Supply Voltage (Vg = V+ — V™)

fcLk X Q Range

for 10 Hz < o1k < 250 kHz

for 250 kHz < fg k < 1 MHz

+5V, vV~

+9Vito + 14V

any Q

fok X Q < 5 MHz

~5V, CLoAD =
50 pF and R pap = 50 kQ on filter output unless otherwise specified. Boldface limits apply for Ty n to Tyax; all other limits

MF8CCN MF8CCJ
Parameter - ] Tested | Design . Tested Design ;
Symboll * (Notes 4,5) Conditions Typical | SRS | Tt | Tpleal | RS S [Unite
(Note 9) | niote 10)| (Note 11) | (NO9) | (Note 10) | (Note 11)
Ho Gain at f,, foLk = 250 kHz 6.02 £.05 6.02 £0.2 6.02 £0.05| 6.02 £0.2 dB
100:1 + 90, +69 +9%, +69
Q Q ABCDE = 11100 3.92 £2% 13.92 +6% 3.92 +2% | 3.92 £6%
R foLk/fo 99.2 £0.3%(99.2 +1% 99.2 £0.3%| 99.2 +1%
Ho Gain at f, foLk = 250 kHz 6.02 £0.2 [6.02 £0.5 6.02 £0.2 | 6.02 £0.5 dB
100:1 +3% 8% +39% +8%
Q Q ABCDE = 10011 15.5 £3% |15.5 +8% 16,56 +3% | 16.5 £8%
R foLk/fo 99.7 £0.3%|99.7 1% 99.7 £0.3%| 99.7+1%
Ho Gain at f, foLk = 250 kHz 585 +0.4 | 585 £1 5.85 0.4 | 5.85 +1 dB
50:1 + 59 +10° +5% +109
Q Q ABCDE = 00001 55 5% (55 £10% 55 +5% 55 £10%
R foLk/fo 49.9 £0.2%(49.9 £1% 49.9 £0.2%| 49.9 £1%
Ho Gain at fo Vg = *5V 5%
foLk < 250 kHz 6.02 £0.5 6.02 £1.5| 6.02 £0.5 6.02 =1.5| dB
AQ/QtH|Q Deviation from |Vg = +5V £5%
Theoretical folk < 250kHz,Q > 1| *5% +15% 5% +15%
(See Table I) foLk < 100 kHz,
1<Q<57 +2% +6% +2% +6%
AR/RTH|fcLk/fo Deviation|Vg = +5V £5%
from Theoretical |fcik < 250 kHz +0.3% 1% +0.3% +1%
(See Table|)
Q Q foLk = 250 kHz, 50:1 o
ABCDE = 00110 10.6 £2% 10.6 £6%| 10.6 £2% |{10.6 +8%
Dynamic Range |[ABCDE = 11100 86 86 dB
(Note 6) ABCDE = 10011 80 80 dB
ABCDE = 00001 75 75 dB
Clock Filter and Op Amp
Feedthrough foLk < 250 kHz
Q<1 80 80 mV
Q>1 40 40 mV
Is Maximum Supply |fcL .k = 250 kHz, no
Current loads on outputs ® 12 12 ° 13 mA
Vos Maximum Filter |fc k = 250 kHz,Q = 4
Output Offset 50:1 +40 +120 +40 +120 mV
Voltage 100:1 +80 +240 +80 +240 mV
Vout [Minimum Filter [R_pap = 5 kQ 4 +
Output Swing  |(Note 6) +4.1 +3.8 +3.8 4.1 +3.6 \"

1-60




Op Amp Electrical Characteristics The following specifications apply for v+

+5V,V~—

—5V and

no

load on the Op Amp output unless otherwise specified. Boldface limits apply for Ty n to Tyax; all other limits T = Ty = 25°C.

MF8CCN MF8CCJ
Symbol Parameter Conditions | TYPical | Tested | Design | Typical | Tested | Design | ynits
Limit Limit Limit Limit
(Note 9) | (Note 10) | (Note 11) | (Note 9) | (Note 10) | (Note 11)
Vos Maximum Input Offset Voltage +8 +20 +8 +20 mV
Is Maximum Input Bias Current 10 10 pPA
Vout | Minimum Output Voltage Swing | RLoap = 5k | £3.8 +35 +3.4 +3.8 +3.1 \
AvoL Open Loop Gain 80 80 dB
GBW Sﬁ;lifndwidth 18 18 MHz
SR Slew Rate 10 10 V/ps
Logic Input and Output Characteristics The following specifications apply for V+ = +10V and V-
= 0V unless otherwise specified. Boldface limits apply for Ty n to Tmax; all other limits Tp = Ty = 25°C.
MF8CCN MF8CCJ
Symbol Parameter Conditions Typical | Tested | Design |Typical| Tested | Design |ynits
Limit Limit Limit Limit
(Note 9)|(Note 10((Note 11)|(Note 9)((Note 10)|(Note 11)

Vrt Positive Threshold ﬂvs = V+ — V-~ referred 0.7Vg | 0.58Vg 0.7Vg | 0.58Vg \

Voltage on pin 8 Max|to V™ = OV (Note 8) 0.7Vs | 0.89Vg 0.7Vs | 0.89Vg v
V1~ Negative Threshold m Vg = V+ — V-~ referred | 0.35Vg | 0.11Vg 0.35Vg | 0.11Vg \

Voltage on pin 8 Max|t© V™ = OV (Note 8) 0.35Vg | 0.47Vg 0.35Vs | 0.47Vg v
VoH Output Voltage on{Min High  |lo = —10 pA 9.0 9.0 9.0 \
Vo [Pin® (Note12) fyayiow [io = +10 pA 1.0 1.0 1.0 v
loH Output Current on |Min Source |Pin 9 tied to V— 6.0 3.0 6.0 3.0 mA
loL pin 9 Min Sink  [Pin 9 tied to V+ 5.0 25 5.0 25 mA
VIH Input Voltage on  |Min High 7.0 9.0 7.0 9.0 \
Vi 525&11,82@3&:3 jpMaxtow 3.0 10 | 30 | 10 v
e s 2 o | 10 1o o
ViH Input Voltage on  [MinHigh  |[V* = +10V,V— = 0V or 2.0 2.0 2.0 \"
v [|Pin7 MaxLow |V& = F5V.V™ = -5V 08 | o8 0.8 v

Note 1: Absolute Maximum Raings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating
the device beyond its specified operating conditions.

Note 2: When the applied voltage at any pin falls outside the power supply voltages (Vin < V~ or Viny > V), the absolute value of current at that pin should be
limited to 1 mA or less.

Note 3: The maximum power dissipation must be derated at elevated temperatures and is dictated by T max, ©a, and the ambient temperature, Ta. The maximum
allowable power dissipation at any temperature is Pp = (Tymax — Ta)/©@ya or the number given in the Absolute Maximum Ratings, whichever is lower. For this
device, Tymax = 125°C, and the typical junction-to-ambient thermal resistance of the MFBCCN when board mounted is 50°C/W. For the MF8CCJ, this number
increases to 65°C/W.

Note 4: The center frequency of each 2nd-order filter section is defined as the frequency where the phase shift through the filter is zero.

Note 5: Q is defined as the measured center frequency divided by the measured bandwidth, where the bandwidth is the difference between the two frequencies
where the gain is 3 dB less than the gain measured at the center frequency.

Note 6: Dyramic range is defined as the ratio of the tested minimum output swing of 2.75 Vrms (+3.8V peak-to-peak) to the wideband noise over a 20 kHz
bandwidth. For Qs of 1 or less the dynamic range and output swing will degrade because the gain at an internal node is 2/Q. Keeping the input signal level below
1.23xQ Vrms will avoid distortion in this case.
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Note 7: If it is possible for a signal output (pin 6, 14, or 15) to be shorted to V+, V= or ground, add a series resistor to limit output current.

Note 8: If V— is anything other than OV then the value of V— should be added to the values given in the table. For example for V+ = +5Vand V- = —5V the
typical VT+ = 0.7 (10V) + (=5V) = +2V.

Note 9: Typicals are at 25°C and represent the most likely parametric norm.

Note 10: Tested Limits are guaranteed to National’'s AOQL (Average Outgoing Quality Level).
Note 11: Design Limits are guaranteed but not 100% tested. These limits are not used to calculate outgoing quality levels.
Note 12: These logic levels have been referenced to V—. The logic levels will shift accordingly for split supplies.

Pin Descriptions

Q Logic Inputs
A,B,C,D,E
(3,2,1,18,17):
AGND (4):

V+(12),
V- (1)

F1IN (16),
F2IN (5):

F10UT (15),
F2 OUT (6):
AN (13):

A OUT (14):

50/100 (10):

TTLCLK (7):

CMOS CLK (8):

These inputs program the Qs of the two
2nd-order bandpass filter stages. Logic
“1” is V+ and logic “0” is V—.

This is the analog and digital ground pin
and should be connected to the system
ground for split supply operation or bi-
ased to mid-supply for single supply op-
eration. For best filter performance, the
ground line should be “clean”.

These are the positive and negative
power supply inputs. Decoupling the
power supply pins with 0.1 wF or larger
capacitors is highly recommended.

These are the inputs to the bandpass fil-
ter stages. To minimize gain error the
source impedance should be less than 2
kQ. Input signals should be referenced
to AGND.

These are the outputs of the bandpass
filter stages.

This is the inverting input to the uncom-
mitted operational amplifier. The non-in-
verting input is internally connected to
AGND.

This is the output of the uncommitted
operational amplifier.

This pin sets the ratio of the clock fre-
quency to the bandpass center frequen-
cy. Connecting this pin to V* sets the
ratio to 100:1. Connecting it to V— sets
the ratio to 50:1.

This is the TTL-level clock input pin.
There are two logic threshold levels, so
the MF8 can be operated on either sin-
gle-ended or split supplies with the logic
input referred to either V= or AGND.
When this pin is not used (or when
CMOS logic levels are used), it should
be connected to either V+ or V—.

This pin is the input to a CMOS Schmitt
inverter. Clock signals with CMOS logic
levels may be applied to this input. If the
TTL input is used this pin should be con-
nected to V—.

RC (9): This pin allows the MF8 to generate its
own clock signal. To do this, connect an
external resistor between the RC pin and
the CMOS Clock input, and an external
capacitor from the CMOS Clock input to
AGND. The TTL Clock input should be
connected to V— or V+. When the MF8
is driven from an external clock, the RC
pin should be left open.

1.0 Application Information

1.1 INTRODUCTION

A simplified block diagram for the MF8 is shown in Figure 1.
The analog signal path components are two identical 2nd-
order bandpass filters and an operational amplifier. Each
filter has a fixed voltage gain of 2. The filters’ cutoff frequen-
cy is proportional to the clock frequency, which may be ap-
plied to the chip from an external source or generated inter-
nally with the aid of an external resistor and capacitor. The
proportionality constant fo k/fo can be set to either 50 or
100 depending on the logic level on pin 10. The “Q” of the
two filters can have any of 31 values ranging from 0.5 to 90
and is set by the logic levels on pins 1, 2, 3, 17, and 18.
Table | shows the available values of Q and the logic levels
required to obtain them. The operational amplifier’s non-in-
verting input is internally grounded, so it may be used only
for inverting applications.

The components in the analog signal path can be intercon-
nected in several ways, three of which are illustrated in Fig-
ures 2a, 2b and 2c. The two second-order filter sections can
be used as separate filters whose center frequencies track
very closely as in Figure 2a. Each filter section has a high
input impedance and low output impedance. The op amp
may be used for gain scaling or other inverting functions. If
sharper cutoff slopes are desired, the two filter sections
may be cascaded as in Figure 2b. Again, the op amp is
uncommitted. The circuit in Figure 2c uses both filter sec-
tions with the op amp and three resistors to build a “multiple
feedback loop” filter. This configuration offers the greatest
flexibility for fourth-order bandpass designs. Virtually any
fourth-order all pole response shape (Butterworth, Cheby-
shev) can be obtained with a wide range of bandwidths,
simply by proper choice of resistor values and Q. The three
connection schemes in Figure 2 will be discussed in more
detail in Sections 1.4 and 1.5.
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Typical Performance Characteristics
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Typical Performance Characteristics (continueq)
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1.0 Application Information (continued)
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FIGURE 1. Simplified Block Diagram of the MF8
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FIGURE 2c. Multiple Feedback Loop Connection

1.2 CLOCKS

The MF8 has two clock input pins, one for CMOS logic lev-
els and the other for TTL levels. The TTL (pin 7) input auto-
matically adjusts its switching threshold to enable operation
on either single or split power supplies. When this input is
used, the CMOS logic input should be connected to pin
11(V—). The CMOS Schmitt trigger input at pin 8 accepts
CMOS logic levels. When it is used, the TTL input should be
connected to either pin 11 (V=) or pin 12 (V). The basic
clock hookups for single and split supply operation are
shown in Figures 3 and 4.

Clock signals derived from a crystal-controlled oscillator are
recommended when maximum center frequency accuracy
is desired, but in less critical applications the MF8 can gen-
erate its own clock signal as in Figures 3c and 4c. An exter-
nal resistor and capacitor determine the oscillation frequen-
cy. Tolerance of these components and part-to-part varia-
tions in Schmitt-trigger logic thresholds limit the accuracy of
the RC clock frequency. In the self-clocked mode the TTL
Clock input should be connected to either pin 11 or pin 12.
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8 £ ncnn‘(vs—VT-) (V_Tt)I
A_2 17 -F1 N Vs = V1, Vr_
-3 16— Typically for Vg* = 10V
AGND F1 OUT
vl I our ol = TeaRC
—15 MF8 14—
F2 OUT | 6 13 AN g =V - V-
L CLK V4
- CMT;S z::l( 7 12 V v
8 11—
cg RC 9 10 50/100
TL/H/8694-9

(c) MF8 Driven with Schmitt Trigger Oscillator
FIGURE 3. Dual Supply Operation
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1.0 Application Information (continued)

1.3 POWER SUPPLIES AND ANALOG GROUND

The MF8 can be operated from single or dual-polarity power
supplies. For dual-supply operation, the analog ground (pin
4) should be connected to system ground. When single sup-
plies are used, pin 4 should be biased to V+ /2 as in Figures

pled to the filter input or biased to V+/2. It is strongly rec-
ommended that each power supply pin be bypassed to
ground with at least a 0.1 uF ceramic capacitor. In single
supply applications, with V— connected to ground, V+ and
AGND should be bypassed to system ground.
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3 and 4. The input signal should either be capacitively cou-
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(c) MF8 Driven with the Schmitt Trigger Oscillator
FIGURE 4. Single supply operation. The AGND pin must be biased to mid-supply.
The input signal should be dc biased to mid-supply or capacitor-coupled to the input pin.
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1.4 MULTIPLE FEEDBACK LOOP CONFIGURATION

The muiti-loop approach to building bandpass filters is high-
ly flexible and stable, yet uses few external components.
Figure 5 shows the MF8'’s internal operational amplifier and
two second-order filter stages with three external resistors
in a fourth-order multiple feedback configuration. Higher-or-
der filters may be built by adding more second-order sec-
tions and feedback resistors as in Figure 6. The filter’s re-
sponse is determined by the clock frequency, the clock-to-
center-frequency ratio, the ratios of the feedback resistor
values, and the Qs of the second-order filter sections. The
design procedure for multiple feedback filters can be broken
down into a few simple steps:

1) Determine the characteristics of the desired filter. This
will depend on the requirements of the particular applica-
tion. For a given application, the required bandpass re-
sponse can be shown graphically as in Figure 7, which
shows the limits for the filter response. Figure 7 also makes
use of several parameters that must be known in order to
design a filter. These parameters are defined below in terms
of Figure 7.
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FIGURE 7. Graphical representation of the amplitude
response specifications for a bandpass filter. The
filter’s response should fall within the shaded area.
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FIGURE 5. General fourth-order multiple-feedback bandpass filter circuit. MF8 pin numbers are shown.
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1.0 Application Information (continued)

fc1 and fca: The filter’s lower and upper cutoff frequencies.
These define the filter's passband.

fs1 and fgp: The boundaries of the filter's stopband.
BW: The filter's bandwidth. BW = fgo — foq.
SBW: The width of the filter's stopband. SBW = fgo — fg1.

fo: The center frequency of the filter. fg is equal to the geo-
metric mean of fg1 and fgo: fg = Vigifca. fo is also equal to
the geometric mean of fgq and fgp.

Hogp: The nominal passband gain of the bandpass filter.
This is normally taken to be the gain at fo.

fo/BW: The ratio of the center frequency to the bandwidth.
For second-order filters, this quantity is also known as “Q".

SBW/BW: The ratio of stopband width to bandwidth. This
quantity is also called “Omega’ and may be represented by
the symbol “Q".

Amax: The maximum allowable gain variation within the filter
passband. This will depend on the system requirements, but
typically ranges from a fraction of a dB to 3 dB.

Anin: The minimum allowable attenuation in the stopband.
Again, the required value will depend on system constraints.

2). Choose a Butterworth or Chebyshev response charac-
teristic. Butterworth bandpass filters are monotonic on ei-
ther side of the center frequency, while Chebyshev filters
will have “ripple” in the passband, but generally faster at-
tenuation outside the passband. Chebyshev filters are spec-
ified according to the amount of ripple (in dB) within the
passband.

3) Determine the filter order necessary to meet the re-
sponse requirements defined above. This may be done with
the aid of the nomographs in Figures 8 and 9 for Butter-
worth and Chebysheuv filters. To use the nomographs, draw
a line through the desired values on the Apyax/Amin scales
to the left side of the graph. Draw a horizontal line to the
right of this point and mark its intersection with the vertical
line corresponding to the required ratio SBW/BW. The re-
quired filter order will be equal to the number of the curve
falling on or just above the intersection of the two lines. This
is illustrated in Figure 70 for a Chebyshev filter with 1 dB
ripple, 30 dB minimum attenuation in the stopband, and
SBW/BW = 3. From the Figure, the required filter order is
6.

4) The design tables in section 2.0 can now be used to find
the component values that will yield the desired response
for filters of order 4 through 12. The “K” give the ratios of
resistors “Rp” to R, and Kq is Q divided by fo/BW.

As an example of the Tables’ use, consider a fourth-order
Chebyshev filter with 0.5 dB ripple and fo/BW = 6. Begin by
choosing a convenient value for Rg, such as 100 kQ. From
the ““0.5 dB Chebyshev” filter table, Ko = Ro/Rp = 1.3405.
This gives Rp = Rg X 1.8345 = 134.05k. In a similar man-
ner, Ry is found to equal 201.61k. Q is found using the
column labeled Kq. This gives Q = Kq X fo/BW = 8.4174.

Table | shows the available Q values; the nearest value is
8.5, which is programmed by tying pins 1, 2, 3,and 18 to V+
and pin 17 to V—.

Note that the resistor values obtained from the tables are
normalized for center frequency gain Hogp = 1. For differ-
ent gains, simply divide Rg by the desired gain.

5) Choose the clock-to-center-frequency ratio. This will
nominally be 100:1 when pin 10 is connected to pin 12(V+)
and 50:1 when pin 10 is connected to pin 11(V—). 100:1
generally gives a response curve nearer the ideal and fewer
(if any) problems with aliasing, while 50:1 allows operation
over the highest octave of center frequencies (10 kHz to 20
kHz). Supply the MF8 with a clock signal of the appropriate
frequency to either the TTL or CMOS input, depending on
the available clock logic levels.

TABLE I. Q and Clock-to-Center-Frequency Ratio
Versus Logic Levels on “Q-set” Pins

50:1 mode 100:1 mode
ABCDE FcLk/Fo Q FcLk/Fo Q
10000 43.7 0.45 94.0 0.47
11000 45.8 0.71 95.8 0.73
01000 46.8 0.96 96.8 0.98
10100 48.4 2.0 98.4 2.0
00100 48.7 2.5 98.7 2.5
01100 48.9 3.0 98.9 3.0
11100 49.2 4.0 99.2 4.0
01010 49.3 5.0 99.3 5.0
10010 49.4 5.7 99.4 5.7
10110 49.4 6.4 99.4 6.4
00010 49.5 7.6 99.5 76
11110 49.6 8.5 99.6 8.5
00110 49.6 10.6 99.6 10.6
11001 49.6 11.7 99.6 11.7
11010 49.7 12.5 99.7 12.5
11101 49.7 13.6 99.7 13.6
01001 49.7 14.7 99.7 14.7
10011 49.7 15.8 99.7 15.8
10101 49.7 16.5 99.7 16.5
01110 49.7 17 99.7 17
10001 49.8 19 99.8 19
10111 49.8 22 99.8 22
11011 49.8 27 99.8 27
11111 49.8 30 99.8 30
00101 49.8 33 99.8 33
01011 49.8 40 99.8 40
00111 49.8 44 99.8 44
00001 49.9 57 99.9 57
01101 49.9 68 99.9 68
00011 49.9 79 99.9 79
01111 49.9 90 99.9 90
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1.0 Application Information (continued)
Higher-order filters are designed in a similar manner. An

eighth-order Chebyshev with 0.1 dB ripple, center frequency .

equal to 1 kHz, and 100 Hz bandwidth, for example, could
be built as in Figure 11 with the following component values:

Ro = 79.86k
R = 100k
Ry = 57.82k
R3 = 188.08k
R4 = 203.42k

Pins 1, 3, 17 and 18 high, pin 2 low. For 100:1 clock-to-cen-
ter-frequency ratio, pin 10 is tied to V+ and the clock fre-
quency is 100 kHz. For 50:1 clock-to-center-frequency ratio,
pin 10 is tied to V— and the clock frequency is 50 kHz.

When building filters of order 4 or higher, best performance
will always be realized when the filter blocks are cascaded

in numerical order: Filter 1 (pins 16 and 15) should always
precede Filter 2 (pins 5 and 6). If a second MF8 is used,
Filter 2 of the first MF8 should precede Filter 1 of the sec-
ond MF8, and so on.

Dynamic Considerations

Some filter response characteristics will result in high gain
at certain internal nodes, particularly at the op amp output.
This can cause clipping in intermediate stages even when
no clipping is evident at the filter output. The consequences
are significant distortion and degradation of the overall
transfer function. The likelihood of clipping at the op amp
output becomes greater as Rg/Rg increases. As the design
tables show, Rg/Rg increases with increasing filter order
and increasing ripple. It is good practice to keep out-of-band
input signal levels small enough that the first stage can’t
overload.
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FIGURE 10. Example of Chebyshev Bandpass Nomograph Use.

SBW
Amax = 1dB, Apin = 30dB, andW = 3, resultinginn = 6.
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FIGURE 11. Eighth-Order multiple-feedback bandpass filter using two MF8s. The circuit shown
accepts a TTL-level clock signal and has a clock-to-center-frequency ratio of 100:1.

1.5 TRACKING AND CASCADED SECOND-ORDER
BANDPASS FILTERS

The individual second-order bandpass stages may be used
as ‘“‘stand-alone” filters without adding external feedback
resistors. The clock frequency and Q logic voltages set the
center frequency and bandwidth of both second-order
bandpass filters, so the two filters will have equivalent re-
sponses. Thus, they may be used as separate “‘tracking”
filters for two different signal sources as in Figure 2a, or
cascaded as in Figure 2b. For individual or cascaded sec-
ond-order bandpass filters, the —3 dB bandwidth and the
amplitude response are given by the following two equa-
tions:

BW(—3) = ’gm 0]
N
%s
Hes)=|2X ——— 2

Wo
s2 + —s + wp2
Q S T W
where
BW(—3) = the —3 dB bandwidth of the overall filter

20
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g
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= No=:
-2 /7 TINNC
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0=20
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FREQUENCY (Hz)

. TL/H/8694-20
FIGURE 12. H(s) For second-order bandpass filters with
various values of Q. Ho normalized in each case to 0 dB.

60

n=13Y L2
NS
50 //“,/
=8
40 ////,n 3
raih
; 30 %é: n=4
20 | /ﬁ/
10 //// the
0

123 4567 8910
s
BW
TL/H/8694-21

FIGURE 13. Design Nomograph for Cascaded
Identical Second-Order Bandpass Filters

Q = the Q of each second order bandpass stage

fo = the center frequency of the filter in Hertz

wo = 2 wfp = the center frequency of the filter in radians
per second

N = the number of cascaded second-order stages = -g

H(s) = the overall filter transfer function

H(s) for a second order bandpass filter is plotted in Figure
712. Curves are shown for several different values of Q. Cen-
ter frequency is normalized to 1 Hz and center-frequency
gain is normalized to 0 dB.

To find the necessary order n for cascaded second-order
bandpass filters using the nomograph in Figure 13, first de-
termine the —3 dB bandwidth BW(—3), stopband width
SBW, and minimum stopband attenuation Apyj,. Draw a ver-
tical line up from SBW/BW(—3), and a horizontal line
across from Amin. The required order is shown on the curve
just above the point of intersection of the two lines. Remem-
ber that each second-order filter section will have a center
frequency gain of 2, so the overall gain of a cascaded filter
will be 2N,

Cascading filters in this way may provide acceptable per-
formance when minimum external parts count is very impor-




1.0 Application Information (continueq)

tant, but much greater flexibility and better performance will
be obtained by using the feedback techniques described in
1.4.

1.6 INPUT IMPEDANCE

The input to each filter block is a switched-capacitor circuit
as shown in Figure 14. During the first half of a clock cycle,
the input capacitor charges to the input voltage Vj,, and
during the second half-cycle, its charge is transferred to a
feedback capacitor. The input impedance approximates a
resistor of value
_ 1

" Cinfork
Cin depends on the value of Q selected by the Q logic pins,
and varies from about 1 pF to about 5 pF. For a worst-case
calculation of Rj,, assume Cj, = 5 pF. Thus,

1

Rinlmin) = 0210k

NON-OQVERLAPPING
CLOCKS

% %,

FILTER L ' l/A h

INPUT Cn

_;T_ +
1 AGND

1
Ry=——
N CnfoLk

TL/H/8694-22
FIGURE 14. Simplified MF8 Input Stage

At the maximum clock frequency of 1 MHz, this gives
Rin = 200k. Note that Rj, incr as foLk decr , SO
the input impedance should never be less than this number.
Source impedance should be low enough that the gain isn’t
significantly affected.

1.7 OUTPUT DRIVE

The filter outputs can typically drive a 5 kQ load resistor to
over 4V peak-to-peak. Load resistors smaller than 5 kQ
should not be used. The operational amplifier can drive the
minimum recommended load resistance of 5 kQ to at least
+3.5V.

1.8 SAMPLED-DATA SYSTEM CONSIDERATIONS

Aliasing

The MF8 is a sampled-data filter, and as such, differs in
many ways from conventional continuous-time filters. An im-
portant characteristic of sampled-data systems is their ef-
fect on signals at frequencies greater than one-half the
sampling frequency. (The MF8’s sampling frequency is the
same as its clock frequency). If a signal with a frequency
greater than one-half the sampling frequency is applied to
the input of a sampled-data system, it will be “reflected” to
a frequency less than one-half the sampling frequency.
Thus, an input signal whose frequency is fs/2 + 10 Hz will
cause the system to respond as though the input frequency

was fg/2 — 10 Hz. This phenomenon is known as “alias-
ing”. Aliasing can be reduced or eliminated by limiting the
input signal spectrum to less than fg/2. This may in some
cases require the use of a bandwidth-limiting filter (a simple
passive RC network will generally suffice) ahead of the MF8
to attenuate unwanted high-frequency signals. However,
since the clock frequency is much greater than the center
frequency, this will usually not be necessary.

Output Steps

Another characteristic of sampled-data circuits is that the
output voltage changes only once every clock cycle, result-
ing in a discontinuous output signal (Figure 15). The “steps”
are smaller when the clock-to-center-frequency ratio is
100:1 than when the ratio is 50:1.

Clock Frequency Limitations

The performance characteristics of a switched-capacitor fil-
ter depend on the switching (clock) frequency. At very low
clock frequencies (below 10 Hz), the internal capacitors be-
gin to discharge slightly between clock cycles. This is due to
very small parasitic leakage currents. At very low clock fre-
quencies, the time between clock cycles is relatively long,
allowing the capacitors to discharge enough to affect the
filters’ output offset voltage and gain. This effect becomes
stronger at elevated operating temperatures.

At higher clock frequencies, performance deviations are pri-
marily due to the reduced time available for the internal inte-
grating op amps to settle. For this reason, the clock wave-
form’s duty cycle should be as close as possible to 50%,
especially at higher frequencies. Filter Q shows more varia-
tion from the nominal values at higher frequencies, as indi-
cated in the typical performance curves. This is the reason
for the different maximum limits on Q accuracy at fg x =
250 kHz and fo k = 100 kHz in the table of performance
specifications.

Center Frequency Accuracy

Ideally, the ratio fg| k/fo should be precisely 100 or 50, de-
pending on the logic voltage on pin 10. However, as Table |
shows, this ratio will change slightly depending on the Q
selected. As the table shows, the largest errors occur at the
lowest values of Q.

100:1

TL/H/8694-23
FIGURE 15. Output Waveform of
MF8 Showing Sampling Steps
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2.0 Design Tables for Multiple Feedback Loop Bandpass Filters

BUTTERWORTH RIPPLE 3dB

Order Ko K2 K3 Kg Ks Ke Ka
4 2.0000 4.0000 1.4142
6 2.3704 2.6667 9.1429 1.5000
8 2.9142 2.0000 5.8284 14.3145 1.6307
10 3.6340 1.6000 4.4112 6.9094 27.2014 1.5451
*12 4.5635 1.3333 3.5800 4.3198 11.5043 49.0673 1.5529
CHEBYSHEV RIPPLE 0.01 dB
Order Ko K2 Ks Ksg Ks Kg Ka
4 1.9041 3.6339 0.4489
6 1.8277 1.8450 6.6170 0.9438
8 1.4856 0.9918 3.1209 5.0414 1.4257
*10 1.0171 0.5740 1.7484 1.2943 4.8814 1.8908
CHEBYSHEV RIPPLE 0.02 dB
Order Ko Ko K3z Kg Ks Ke Ka
4 1.8644 3.4922 0.5393
6 1.7024 1.6787 6.0772 1.0849
8 1.2893 0.8707 2.7661 4.0779 1.6106
*10 0.8163 0.4934 1.61565 0.9879 3.7119 2.1179
CHEBYSHEV RIPPLE 0.03 dB
Order Ko Kz Ks Ks Ks Ke Ka
4 1.8341 3.3871 0.6016
6 1.6183 1.5713 5.7231 1.1808
8 1.1688 0.7977 2.5491 3.5270 1.7362
*10 0.7034 0.4467 1.3786 0.8252 3.0938 2.2724
CHEBYSHEV RIPPLE 0.04 dB
Order Ko Ka Ks Ks Ks Ke Ka
4 1.8085 3.3009 0.6508
6 1.5535 1.4908 5.4548 1.2560
8 1.0814 0.7454 2.3919 3.1471 1.8348
*10 0.6264 0.4139 1.2818 0.7181 2.6883 2.3940
CHEBYSHEV RIPPLE 0.05 dB
Order Ko K2 K3 Ks Ks Kg Ka
4 1.7860 3.2268 0.6923
6 1.5002 1.4260 5.2373 1.3191
8 1.0129 0.7046 2.2685 2.8609 1.9175
*10 0.5686 0.3888 1.2072 0.6402 2.3938 2.4961
CHEBYSHEV RIPPLE 0.06 dB
Order Ko Ka K3 Ky Kg Ke Ka
4 1.7657 3.1612 0.7285
6 1.4548 1.3717 5.0536 1.3741
8 0.9566 0.6713 2.1670 2.6336 1.9897
*10 0.5230 0.3685 1.1467 0.5800 2.1666 2.56852
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2.0 Design Tables for Multiple Feedback Loop Bandpass Filters (continued)

CHEBYSHEV RIPPLE .07 dB
Order Ko Ka K3 Ka Ks Kg Ka
4 1.7471 3.1020 0.7609
6 1.4150 1.3249 4.8943 1.4232
8 0.9089 0.6431 2.0808 2.4466 2.0543
*10 0.4856 0.3516 1.0959 0.5316 1.9842 2.6649
CHEBYSHEV RIPPLE .08 dB
Order Ko K2 K3 Kg Ks Kg Ka
4 1.7298 3.0478 0.7905
6 1.3795 1.2837 4.7534 1.4679
8 0.8675 0.6187 2.0060 2.2887 2.1130
CHEBYSHEV RIPPLE .09 dB
Order Ko Ka K3z Ky Ks Ke Ka
4 1.7136 2.9978 0.8177
6 1.3475 1.2469 4.6271 1.5090
8 0.8311 0.5973 1.9400 2.1529 2.1671
CHEBYSHEV RIPPLE 0.1dB
Order Ko K2 K3 Kg Ks Ke Ka
4 1.6983 2.9512 0.8430
6 1.3183 1.2137 4.5125 1.5473
8 0.7986 0.5782 1.8809 2.0343 2.2176
CHEBYSHEV RIPPLE 0.2dB
Order Ko Ka K3 Ks Ks Kg Ka
4 1.56757 2.5998 1.0378
6 1.1128 0.9894 3.7271 1.8413
8 0.5891 0.4551 1.4954 1.3309 2.6057
CHEBYSHEV RIPPLE 0.3 dB
Order Ko K2 K3 Ks Ks Ke Ka
4 1.4833 2.3575 1.1804
6 0.9835 0.8560 3.2501 2.0568
*8 0.4732 0.3861 1.2760 0.9885 2.8914
CHEBYSHEV RIPPLE 0.4 dB
Order Ko Ka K3 Ky Ks Keg Ka
4 1.4067 2.1698 1.2988
6 0.8888 0.7618 2.9088 2.2363
*8 0.3956 0.3391 1.1250 0.7792 3.1299
CHEBYSHEV RIPPLE 0.5 dB
Order Ko K2 K3 Ks Ks Keg Ka
4 1.3405 2.0161 1.4029
6 0.8143 0.6897 2.6447 2.3944
*8 0.3389 0.3040 1.0114 0.6365 3.3406
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2.0 Design Tables for Multiple Feedback Loop Bandpass Filters (continued)

CHEBYSHEV RIPPLE 0.6 dB
Order Ko Ko Ks Kg Ks Ke Ka
4 1.2816 1.8857 1.4975
6 0.7530 0.6316 2.4305 2.5385
*8 0.2952 0.2762 0.9212 0.5326 3.5329
CHEBYSHEV RIPPLE 0.7 dB
Order Ko Ko K3 Kq Ks Ke Ka
4 1.2283 1.7727 1.5852
6 0.7012 0.5834 2.2515 2.6724
*8 0.2601 0.2535 0.8471 0.4535 3.7119
CHEBYSHEV RIPPLE 0.8 dB
Order Ko Ka K3 Kq Ks Ke Ka
4 1.1797 1.6731 1.6678
6 0.6564 0.5424 2.0983 2.7989
*8 0.2314 0.2344 0.7846 0.3913 3.8811
CHEBYSHEV RIPPLE 0.9 dB
Order Ko Ko Ks Ka K5 Ke KQ
4 1.1347 1.5841 1.7464
6 0.6171 0.5068 1.9650 2.9194
*8 0.2073 0.2181 0.7309 0.3413 4.0426
CHEBYSHEV RIPPLE 1.0dB
Order Ko Kz K3 Kg Ks Keg Ka
4 1.0930 1.5039 1.8219
6 0.5822 0.4756 1.8475 3.0354
*8 0.1869 0.2038 0.6840 0.3002 4.1981
CHEBYSHEV RIPPLE 1.1dB
Order Ko Ka Ks Ky Ks Ke Ka
4 1.0539 1.4310 1.8949
6 0.5509 0.4479 1.7428 3.1476
*8 0.1693 0.1913 0.6426 0.2660 4.3487
CHEBYSHEV hlPPLE 1.2dB
Order Ko K2 K3 Ks Ks Kg Kq
4 1.0173 1.3643 1.9657
6 0.5226 0.4231 1.6487 3.2567
*8 0.1540 0.1801 0.6056 0.2372 4.4952
CHEBYSHEV RIPPLE 1.3dB
Order Ko Kz K3 K4 Ks Ke KQ
4 0.9828 1.3029 2.0348
6 0.4969 0.4006 1.5634 3.3633
*8 0.1406 0.1701 0.5724 0.2125 4.6385

1-78




2.0 Design Tables for Multiple Feedback Loop Bandpass Filters (continued)

CHEBYSHEV RIPPLE 1.4dB

Order Ko Ka K3z Kg Ks Kg Ka
4 0.9501 1.2461 2.1024
6 0.4733 0.3803 1.4857 3.4678
CHEBYSHEV RIPPLE 1.5dB
Order Ko Kz Ks Kg Ks Kg Ka
4 0.9192 1.1934 2.1688
6 0.4515 0.3616 1.4145 3.5705
CHEBYSHEV RIPPLE 1.6 dB
Order Ko K2 Ks Kg Ks Kg Ka
4 0.8897 1.1443 2.2341
6 0.4315 0.3445 1.3490 3.6717
CHEBYSHEV RIPPLE 1.7 dB
Order Ko K2 K3 Ks Ks Kg Ka
4 0.8617 1.0983 2.2986
6 0.4128 0.3287 1.2883 3.7717
CHEBYSHEV RIPPLE 1.8 dB
Order Ko K2 K3 K4 Ks KG KQ
4 0.8350 1.0553 2.3624
6 0.3955 0.3141 1.2321 3.8706
CHEBYSHEV RIPPLE 1.9dB
Order Ko K2 K3 K4 Ks Kg Ka
4 0.8095 1.0148 2.4255
6 0.3793 0.3005 1.1797 3.9687
CHEBYSHEV RIPPLE 2.0 dB
Order Ko Kz K3 Ks Ks Kg Ka
4 0.7850 0.9767 2.4881
6 0.3641 0.2878 1.1308 4.0660
CHEBYSHEV RIPPLE 2.1dB
Order Ko K2 K3 Ky Ks Kg Ka
4 0.7616 0.9407 2.5503
6 0.3498 0.2759 1.0850 4.1628
CHEBYSHEV RIPPLE 2.2dB
Order Ko K2 K3 Ks Ks Kg Ka
4 0.7391 0.9067 2.6122
6 0.3364 0.2648 1.0420 4.2591
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2.0 Design Tables for Multiple Feedback Loop Bandpass Filters (continued)

CHEBYSHEV RIPPLE 2.3 dB

Order Ko Ko Ks Ks Ks Ke Ka
4 0.7176 0.8744 2.6737
6 0.3237 0.2544 1.0016 4.3550

CHEBYSHEV RIPPLE 2.4 dB

Order Ko K2 K3 Ksa Ks Kg Ka
4 0.6968 0.8438 2.7350
6 0.3118 0.2446 0.9635 4.4507

CHEBYSHEV RIPPLE 2.5 dB

Order Ko Kz K3 Ka Ks Ke Ka
4 0.6769 0.8148 2.7962
6 0.3005 0.2353 0.9275 4.5462

CHEBYSHEV RIPPLE 2.6 dB

Order Ko Kz K3 Ka Ks Ke Ka
4 0.6577 0.7871 2.8573
6 0.2897 0.2265 0.8935 4.6415

CHEBYSHEV RIPPLE 2.7 dB

Order Ko Kz K3 Ks Ks Ke Ka
4 0.6392 0.7607 2.9183
6 0.2796 0.2182 0.8612 4.7368

CHEBYSHEV RIPPLE 2.8 dB

Order Ko Ka K3 Ks Ks Keg Ka
4 0.6213 . 0.7356 2.9792
6 0.2699 0.2104 0.8306 4.8322

CHEBYSHEV RIPPLE 2.9dB

Order Ko Ko K3 Ks Ks Keg Ka
4 0.6041 0.7116 3.0402
6 0.2607 0.2029 0.8016 4.9276

CHEBYSHEV RIPPLE 3.0dB

Order Ko K2 K3 Ks Ks Ke¢ KQ
4 0.5875 0.6886 3.1013
6 0.2519 0.1959 0.7739 5.0231
Note: Multiple feedback loop filters of higher order than those specified in the tables will oscillate due to phase shift at the output of the summing amplifier. This
phase shift is not the fault of the MF8; it is inherent in this type of multiple feedback loop topology. In addition, all filters marked with an isk (*) will be

for Q < 1, due to phase shifts caused by the MF8's switched-capacitor design approach.
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Corporation

MF10 Universal Monolithic Dual Switched Capacitor Filter

General Description

The MF10 consists of 2 independent and extremely easy to
use, general purpose CMOS active filter building blocks.
Each block, together with an external clock and 3 to 4 resis-
tors, can produce various 2nd order functions. Each building
block has 3 output pins. One of the outputs can be config-
ured to perform either an allpass, highpass or a notch func-
tion; the remaining 2 output pins perform lowpass and band-
pass functions. The center frequency of the lowpass and
bandpass 2nd order functions can be either directly depen-
dent on the clock frequency, or they can depend on both
clock frequency and external resistor ratios. The center fre-
quency of the notch and allpass functions is directly depen-
dent on the clock frequency, while the highpass center fre-
quency depends on both resistor ratio and clock. Up to 4th
order functions can be performed by cascading the two 2nd
order building blocks of the MF10; higher than 4th order
functions can be obtained by cascading MF10 packages.
Any of the classical filter configurations (such as Butter-
worth, Bessel, Cauer and Chebyshev) can be formed.

Features

m Easy to use

m Clock to center frequency ratio accuracy +0.6%

m Filter cutoff frequency stability directly dependent on
external clock quality

m Low sensitivity to external component variation

m Separate highpass (or notch or allpass), bandpass, low-
pass outputs

m f, X Q range up to 200 kHz

m Operation up to 30 kHz

m 20-pin 0.3" wide Dual-In-Line package

m 20-pin Surface Mount (SO) wide-body package

System Block Diagram

12
sa/100/c1 [ J—i CONTROL
9

Lsh
u LEVEL | NON OVERL
e[ sher cLOCK
T0 AGND <
17
NV

&13 14 18
Vi v

A N/AP/HPg St

Order Number MF10AJ or MF10CCJ
See NS Package Number J20A

Order Number MF10CCWM
See NS Package Number M20B

16 [ 19 BE
BPg LPg
TL/H/5645-1
Order Number MF10ACN or
MF10CCN

See NS Package Number N20A
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Absolute Maximum Ratings (Note 1)

Soldering Information

o ) ) N Package: 10 sec. 260°C
If Military/Aerospace specified devices are required, J Package: 10 sec. 300°C
contact the National Semiconductor Sales Office/ SO Package: Vapor Phase (60 sec.) 215°C
Distributors for availability and specifications. Infrared (15 sec.) 220°C
+_y—
Supply Voltage (Y Vo) + 1av See AN-450 “Surface Mounting Methods and Their Effect
Voltage at Any Pin v+ + 03V on Product Reliability” (appendix D) for other methods of
V- —03V soldering surface mount devices.
Input Current at any pin (Note 2) 5mA
Package Input Current (Note 2) 20 mA Operatlng Ratmgs (Note 1)
Power Dissipation (Note 3) 500 mW Temperature Range TMiN < Ta < Tmax
Storage Temperature -150°C MF10ACN, MF10CCN 0°C < Tp <70°C
ESD Susceptability (Note 11) 2000V MF10CCWM 0°C < Tp < 70°C
MF10CCJ —40°C < Tp < 85°C
MF10AJ —55°C < Tp < 125°C
Electrical Characteristics v+ = +5.00vand V- = —5.00V unless otherwise specified.
Boldface limits apply for Tyn to Tyax; all other limits Ty = Ty = 25°C.
MF10ACN, MF10CCN,
MF10CCWM MF10CCJ, MF10AJ
Symbol Parameter Conditions Typical Tested | Design Typical Tested Delsign Units
(Note 8) Limit Limit (Note 8) Limit Limit
(Note 9)|(Note 10)) (Note 9)|(Note 10)
V+ — V—|Supply Voltage MIN 8 8 \'/
MAX| 14 14 \2
Is Maximum Supply Current Clock Applied to Pins 10 & 11 8 12 12 8 12 mA
No Input Signal
fo Center Frequency Range MIN [fo X Q < 200 kHz 0.1 0.2 0.1 0.2 Hz
MAX 30 20 30 20 kHz
foLk Clock Frequency Range MIN 5.0 10 5.0 10 Hz
MAX| 1.5 1.0 1.5 1.0 |MHz
fcLk/fo  |50:1 Clock to Center Fre- |MF10A|Q = 10 Vpini2 = 5V +02 | +06 | +0.6 | £0.2 | +1.0 %
quency Ratio Deviation  [yeqc|Mode 1 folk=250kHzl .55 [ +15 | +1.8 | +02 | +1.5 %
foLk/fo  |100:1 Clock to Center Fre-|[MF10A [Q = 10 Vpint2 =0V | +0.2 | +06 | +0.6 | +0.2 | 1.0 %
quency Ratio Deviation ME10C Mode 1 fclk=500kHZz[ g5 | +15 | +1.5 | +02 | +1.5 %
Clock Feedthrough Q=10 10 10 mv
Mode 1
Q Error (MAX) Q=10 Vpini2 = 5V 4 4 4 " o
(Note 4) Mode 1 foLk=250kHz| — 2 6 6 £2 t6 %
Vpini2 = OV
pini2 %
v s00kH 2 | *© +6 2 | +6 %
HoLp DC Lowpass Gain Mode 1 R1 = R2 = 10k 0 +0.2 +0.2 0 +0.2 dB
Vos1 DC Offset Voltage (Note 5) +5.0 +15 +15 +50 | £+15 mV
Vos2 DC Offset Voltage MIN [Vpini2=+5V |Sa/g=V+ | —150 | —185 | —185 | —150 | —185 mv
(Note 5) max|tfcLk/fo = 50) -85 | —85 -85
MIN Vpint2= +5V Sa/g =V~ —70 -70 mv
MAX|(fcLk/fo = 50)
Vos3 DC Offset Voltage MIN [Vpini2=+5V [All Modes —70 | —100 | —100 | —70 | —100 mv
(Note 5) MAX|(foLi/fo = 50) -20 | -20 -20
Vos2 DC Offset Voltage Vpini2 =0V {Sa/g = V+ _ _
(Note 5) (foLk/fo = 100) 300 300 mv
Vpin12=0V Sa/g =V~
pin12 A/B _ -
(/T = 100) 140 140 mv
Vos3 DC Offset Voltage Vpin12=0V All Modes _ _
(Note 5) (fcLk/fo = 100) 140 140 mv
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Electrical Characteristics (continued) v+ = +5.00vand V- = —5.00V unless otherwise specified.
Boldface limits apply for Tyn to Tmax; all other limits Ta = Ty = 25°C.

MF";:;';’C"Q';;;CC"’ MF10CCJ, MF10AJ
Symbol Parameter Conditions Typical Test?d De‘si.gn Typical Tested De‘slgn Units
(Note 8) Limit Limit (Note 8) Limit Limit
(Note 9)|(Note 10) (Note 9)|(Note 10)
Vout Minimum Output BP, LP PINS RL = 5k +425 | +3.8 +3.8 +425 | +3.8 \
Voltage Swing N/AP/HPPIN| RL =35k | +4.25| +38 | +3.8 | £4.25 | +3.6 v
GBW  |Op Amp Gain BW Product 2.5 2.5 MHz
SR Op Amp Slew Rate 7 7 V/us
ey | ° °
= 100] % o
lsc Maximum Output Short  |Source 20 20 mA
Circuit Current (Note 7) Sink 3.0 3.0 mA

Logic Input Characteristics soldface limits apply for Ty to Tmax; all other limits Ty = T, = 25°C.

MF‘%&'S’C";":,;&CC"’ MF10CCJ, MF10AJ
Parameter Conditions Typical Te.su‘ed Design Typical Te.su_ad Deslgn Units
(Note 8) Limit Limit (Note 8) Limit Limit
(Note 9) | (Note 10) (Note 9) | (Note 10)
CMOS Clock | MIN Logical “1” |V+ = +5V,V— = —5V, +30 | +3.0 +3.0 v
Input Voltage | \1ax | ogical 0 | VLsh = OV -30 | -3.0 -3.0 v
MIN Logical “1” | V+ = +10V,V— = OV, +80 | +8.0 +8.0 v
MAX Logical “0" | VLsh = *+5V +20 | +2.0 +2.0 v
TTLGlock | MIN Logical “1” [ V+ = +5v,v— = —5vV, +20 | +2.0 +2.0 v
Input Voltage | \ax | ogical 0" | Yish = OV +08 | +0.8 +0.8 v
MIN Logical “1” [V+ = +10V,V— = 0V, +20 | +2.0 +2.0 v
MAX Logical “0" | VLsh = OV +08 | +0.8 +0.8 v

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating
the device beyond its specified operating conditions.

Note 2: When the input voltage (V|y) at any pin exceeds the power supply rails (Viy < V~ or Viy > V) the absolute value of current at that pin should be limited
to 5 mA or less. The 20 mA package input current limits the number of pins that can exceed the power supply boundaries with a 5 mA current limit to four.

Note 3: The maximum power dissipation must be derated at elevated temperatures and is dictated by T max, 844, and the ambient temp , Ta. The

allowable power dissipation at any temperature is Pp = (Tymax — Ta)/04a or the number given in the Absolute Maximum Ratings, whichever is lower. For this
device, Tymax = 125°C, and the typical junction-to-ambient thermal resistance of the MF10ACN/CCN when board mounted is 55°C/W. For the MF10AJ/CCJ, this
number increases to 95°C/W and for the MF10CCWM this number is 66°C/W.

Note 4: The accuracy of the Q value is a function of the center frequency (fo). This is illustrated in the curves under the heading *“Typical Peformance Characteris-
tics”.

Note 5: Vg1, Vos2, and Vggg refer to the internal offsets as discussed in the Applications Information section 3.4.

Note 6: For *5V supplies the dynamic range is referenced to 2.82V rms (4V peak) where the wideband noise over a 20 kHz bandwidth is typically 200 uV rms for
the MF10 with a 50:1 CLK ratio and 280 nV rms for the MF10 with a 100:1 CLK ratio.

Note 7: The short circuit source current is measured by forcing the output that is being tested to its maximum positive voltage swing and then shorting that output to
the negative supply. The short circuit sink current is measured by forcing the output that is being tested to its maximum negative voltage swing and then shorting
that output to the positive supply. These are the worst case conditions.

Note 8: Typicals are at 25°C and repi 1t most likely p ic norm.

Note 9: Tested limits are guaranteed to National’'s AOQL (Average Outgoing Quality Level).

Note 10: Design limits are guaranteed but not 100% tested. These limits are not used to calculate outgoing quality levels.
Note 11: Human body model, 100 pF discharged through a 1.5 k() resistor.
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Typical Performance Characteristics

Positive Output Voltage Swing Negative Output Voltage Swing
Power Supply Current vs. vs. Load Resistance vs. Load Resistance
o Power Supply Voltage 64 (N/AP/HP Output) s (N/AP/HP Output)
T T g LBURAN <l
P I o2 [T !Hm—c‘kzs% 20 : Lzlsl(l
Z _:‘005£K J / s gg —#/-6:5 vouT ‘SU||’P|I|.IE L s . A
= = z o 9 <
g W 0 z gf T+ /6.0 VoLT SUPPLIES LA % -30 \\ |
. masiry
S 1o 2 52 T £ 35 \\ Il J__lm
> 2 50—+ 75,5 VOLT SUPPLIES ad & \\\ A [[27=4.5 VLT SUPPLIES
& 100 / 3 :»g > T § -40 \\\ S[[#7=5.0 VoLT SuPPLES
& 9 / B [H/50 VOLT SUPPLIES L g \UNU[[F/=53 VoLT SUpLES
3 42 e LU 3 =50 =
3 & € 4o Fe/=45 vouT suppLiEs A g7 | NL{[[#7-6.0 VOLT SUPPLIES)
Lty - N -
o $8 Lo T L L Il —60 || DHLI*/Z65 YOLT SUPPUES
80 90 100 110 120 130 140 1K 10K 100K ™ 1K 10K 100K ™
POWER SUPPLY VOLTAGE (V) LOAD RESISTANCE (Ohms) LOAD RESISTANCE (Ohms)
Negative Output Swing Positive Output Swing Crosstalk vs. Clock
7 vs. Temperature 450 vs. Temperature Frequency
) | ] VS=%5v |
= -38 VstV 17 - Vs=1 5V —— I-TA = 25°C 4 5 |.
< -39 7 Z 0 . MODE 1 s
£ 0| ya g [ BANDPASS AND LOWPASSS | 2 =30 [-NOMINAL Q=10.0 o
H NOTCHT= /e H (R =5.0K Ohm) Vi 3
2 41 | (R=3.5K 0hm) NG 4% 2 T 4 <
E pyda 5 P4 =1
g -2 e g 40 7 g
3 -43 L, Ld 3 . g =50 ,' ~
W P M - 100:1
g 44 E i . B ‘l\—NOTCH_L s
4 ANDPASS AND LOWPASS 8 . d (R =3.6K Ohm) ~
R,=5.0K Ohm) « i i i | 70
L1 410
2 8 125 -5 ~15 25 & 125 100 500 1000
TEMPERATURE (°C) TEMPERATURE (°C) CLOCK FREQUENCY (KHz)
Q Deviation vs. Q Deviation vs. Q Deviation vs.
Temperature Temperature Clock Frequency
30 —r 0.30 — 60 -
25 V5=t5V| 0.25 I\ Vg=t.5v 55 [-Vs=t.5V
NOMINAL 0=10.0 \ NOMINAL Q=10.0 50 I-1,=25% 1
20 MODE 1 0.20 MODE 1 45 [ NoMiNAL 6=10.0 ]
foLk=500KHz oL B . /
w15 W 015 \ K s 35 [MODE 1 f
g feLK_ 00 g o0 feK g ——| g 30 tok o
I w0 fo = \ o 0 F 5L
5 S 005 X 5 20
®05 g 3 0.00 y L TS y
00 / 10 /
-0.05 — 05 Vi
05 |- N -0.10 Iy y
-10 -0.15 -10
=55 -15 25 8 125 =55 -15 25 8 125 100 200 300 400 500 600 700 800 900 1000
TEMPERATURE (°C) TEMPERATURE (°C) CLOCK FREQUENCY (KHz)
Q Deviation vs. feik/ fo Deviation vs. feik/fo Deviation vs.
Clock Frequency Temperature Temperature
20 —r—7— 006 ——T 7 006 ———
20 |—Vg=tsv | AV vs—f.va‘Q - ogs [Vs=tsv_|_| I’ ™ N
180 1= NOMINAL 0=10.0] | NOMINAL 0=10.0
180 [mieasec 1 o N MODE -] 004 Fyoe 1| ]
NOMINAL Q=10.0 1 N\ fLk=500KHz 003 |y \=250KHz
140 1—yoDE 1 001 - k=2 y
g 12011y l / £ 1S y00: T g ol
=< |_——=50; To 1001 1| z | S
3 o0 [—go=s0 : N\ fo 3 oo
e 80 N 3§ e 000
60 . A
40 ]/ =005 \\ -oot l/
20 V4 -0 C -0 \——
00 =008 =003 ARG/
=20 -009 -004
100 200 300 400 500 600 700 800 9001000 -5 =15 25 & 125 =55 =15 25 85 125
CLOCK FREQUENCY (KHz) TEMPERATURE (°C) TEMPERATURE (°C)
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Typical Performance Characteristics (continued) a
. Deviati ffCLK
fcLk/fo Deviation vs. fcLk/fo Deviation vs. eviation of —=vs.
Clock Frequency Clock Frequency Nominal Q °
o Ve t5 18 o | 10 TT T T
S v e { H Ht
o NOWNAL @=107 12— ot Fnve=2sv TT7
o w1 10 | popp e ezte: / = 00 [Hn=zc I
g &:g 1000, _FI' g — or ! = :'mez= +5vI A
g a0 K 100:1 § : f‘—:ﬂo:n z — 2 1l
0 T =4
* -0 \] Y 'g' -1.0 Hm
om / 2 i
s 02 / a i 4
-020 NI/ o A ]
-025 - =1
030 -02 2% 2.0
100 200 300 400 500 600 700 800 900 1000 100 200 300 400 500 600 700 800 900 1000
CLOCK FREQUENCY (KHz) CLOCK FREQUENCY (KHz)
TL/H/5645-15 -3.0
0.1 1.0 10 100
NOMINAL Q
TL/H/5645-16
f
Deviation of -S=K vs,
NominalQ °
0.5
9 | fve=z2sy Ll =
= 00 [HTa=25cC +-
g i Voi2= OV 4
] I
5l=~0'5
g Y
~1.0
0.1 1.0 10 100
NOMINAL Q
TL/H/5645-17
Connection Diagram
Surface Mount and INV(4,17) The inverting mpfut of the summ!ng
Dual-In-Line Package op-amp of e;ch filter. These are hlgh
impedance inputs, but the non-in-
-/ verting input is internally tied to
LAy 20[LPg AGND, making INVa and INVg be-
BPy =2 19— BPg have like summing junctions (low im-
N/ AP/ HPy ~13 18— N/ AP/ HPg pedancs, current inputs).
NV, —4 17 = INVg $1(5,16) S1 is a signal input pin used in the
s1,—15 16}—stg allpass filter configurations (see
Sy /8] 6 15 b= AcND modes 4 and 5). The pin should be
Vot =7 14b=v.- driven with a source impedance of
VA+ 8 3 VA less than 1 kQ. If S1 is not driven
D D with a signal it should be tied to
CLKy =] 10 11~ CLKg Sa/a(6) This pin activates a switch that con-
nects one of the inputs of each fil-
Top Vi TL/H/5845-18 ter’s second summer to either AGND
op View (Sa/p tied to V™) or to the lowpass
Pin Descriptions (LP) output (SNP tied to V+). This
offers the flexibility needed for con-
LP(1,20), BP(2,19), The second order lowpass, band- fiquring the filter in its various modes
N/AP/HP(3,18)  pass and notch/allpass/highpass guring
N of operation.
outputs. These outputs can typically
sink 1.5 mA and source 3 mA. Each
output typically swings to within 1 V
of each supply.
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Pin Descriptions (continued)

VAt (7),Vp*(8)  Analog positive supply and digital
positive supply. These pins are inter-
nally connected through the IC sub-
strate and therefore Vo* and Vp+
should be derived from the same
power supply source. They have
been brought out separately so they
can be bypassed by separate capac-
itors, if desired. They can be exter-
nally tied together and bypassed by a
single capacitor.

Analog and digital negative supplies.
The same comments as for Vo~ and
Vp~ apply here.

Level shift pin; it accommodates vari-
ous clock levels with dual or single
supply operation. With dual +5V
supplies, the MF10 can be driven
with CMOS clock levels (+5V) and
the LSh pin should be tied to the sys-
tem ground. If the same supplies as
above are used but only TTL clock
levels, derived from OV to + 5V sup-
ply, are available, the LSh pin should
be tied to the system ground. For sin-
gle supply operation (OV and + 10V)
the Vao—, Vp~— pins should be con-
nected to the system ground, the
AGND pin should be biased at +5V
and the LSh pin should also be tied
to the system ground for TTL clock
levels. LSh should be biased at + 5V
for CMOS clock levels in 10V single-
supply applications.

Clock inputs for each switched ca-
pacitor filter building block. They
should both be of the same level
(TTL or CMOS). The level shift (LSh)
pin description discusses how to ac-
commodate their levels. The duty cy-
cle of the clock should be close to
50% especially when clock frequen-
cies above 200 kHz are used. This
allows the maximum time for the in-
ternal op-amps to settle, which yields
optimum filter operation.

By tying this pin high a 50:1 clock-to-
filter-center-frequency ratio is ob-
tained. Tying this pin at mid-supplies
(i.e., analog ground with dual sup-
plies) allows the filter to operate at a
100:1 clock-to-center-frequency ra-
tio. When the pin is tied low (i.e., neg-
ative supply with dual supplies), a
simple current limiting circuit is trig-
gered to limit the overall supply cur-
rent down to about 2.5 mA. The filter-
ing action is then aborted.

Va~—(14), Vp—(13)

LSh(9)

CLKA(10),
CLKB(11)

50/100/CL(12)

AGND(15) This is the analog ground pin. This
pin should be connected to the sys-
tem ground for dual supply operation
or biased to mid-supply for single
supply operation. For a further dis-
cussion of mid-supply biasing tech-
niques see the Applications Informa-
tion (Section 3.2). For optimum filter
performance a “clean” ground must
be provided.

1.0 Definitions of Terms

foLk: the frequency of the external clock signal applied to
pin 10 or 11.

fo: center frequency of the second order function complex
pole pair. fo is measured at the bandpass outputs of the
MF10, and is the frequency of maximum bandpass gain.
(Figure 1).

fnotch: the frequency of minimum (ideally zero) gain at the
notch outputs.

f2: the center frequency of the second order complex zero
pair, if any. If f, is different from f, and if Q is high, it can be
observed as the frequency of a notch at the allpass output.
(Figure 10).

Q: “quality factor” of the 2nd order filter. Q is measured at
the bandpass outputs of the MF10 and is equal to f, divided
by the —3 dB bandwidth of the 2nd order bandpass filter
(Figure 1). The value of Q determines the shape of the 2nd
order filter responses as shown in Figure 6.

Q_: the quality factor of the second order complex zero pair,
if any. Qz is related to the allpass characteristic, which is
written:

S
Hoap (82 -2+ woz)
Q,

Hap(s) =
S
s2 + %’. + 002

where Qz = Q for an all-pass response.

Hogp: the gain (in V/V) of the bandpass output at f = f,.
HoLp: the gain (in V/V) of the lowpass outputas f — 0 Hz
(Figure 2).

Honp: the gain (in V/V) of the highpass output as f —
fow/2 (Figure 3).

Hon: the gain (in V/V) of the notch output as f — 0 Hz
and as f — fqk/2, when the notch filter has equal gain
above and below the center frequency (Figure 4). When the
low-frequency gain differs from the high-frequency gain, as
in modes 2 and 3a (Figures 11 and 8), the two quantities
below are used in place of Hon.

Hon1: the gain (in V/V) of the notch output as f — 0 Hz.
Honaz: the gain (in V/V) of the notch output as f —> /2.
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1.0 Definitions of Terms (Continued)

Hogps
g ® Hgp(s) = S?OBP
s How g 5 82 + —2 + g2
2 0.707 Hoge 4 o Q
8 E-is 1 — f
-0 T Q= __L_; fy = ‘/fLTH
fy—fL
f fo fu it o ; .
1 (LOG SCALE) 1(LOG SCALE) - 2
=fol==+./l =)+
TL/H/5645-19 TL/H/5645-20 fi="to (20 2Q ! )
(a) (b) 1 7
2
=fol—=+4/l==)"+
fn="fo (20 2Q 1)
wq = 27fy
FIGURE 1. 2nd-Order Bandpass Response
H, 2
Hup(s) = ——P20"
= Hop g 0 Swo
s Hotp g s2 + — + u)°2
Z 0.707 Howp = _gn Q
S S
-180 1 1
fo=foX (1———)+ 1-—] +1
[ o ¢ 2Q2 \/ ( 2Q2 )
1(LOG SCALE) 1 (LOG SCALE)
TL/H/5645-21 TL/H/5645-22 foo=faaf1 — A
(a) (b) P 2Q2
1
Hop = HoLp X -———==
- 1 -
Q 4Q2
FIGURE 2. 2nd-Order Low-Pass Response
0
Hop &
g How =
> 0.707 Honp -9
H H
—180
e b o fo
 (LOG SCALE) 1 (LOG SCALE)
TL/H/5645-23 TL/H/5645-24
(a) (b)
Honps?
Hyp(s) =

sw
82 + —2 + 42

a
fo =1 1- = 1) 41
e =To X 2az) " 202

- 1 |-
N
1
Hop = Howp X T— ==
aV' i

FIGURE 3. 2nd-Order High-Pass Response
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1.0 Definitions of Terms (Continued)

Hon(s2 + @g?)

| Hi(s) =
= & a5 Swo
s Hon w 82 + — + w°2
S S Q
= 0.707 Hon g 0
= f
® o = o = VTl
) . =1L
ffo fu i foty —1 1\2
 (LOG SCALE) 1(LOG SCALE) fL="1 2Q + 2Q +1
TL/H/5645-25 TL/H/5645-26 1 3
(@ (b) m=to(55+y/(25)7+ 1)
H™ o\2a 2Q
FIGURE 4. 2nd-Order Notch Response
S
0 3 Hoap (SZ - —gg + (002)
it g Hap(s) = o
> 2 [o}
= % -180 s2 + a + w2
3 z
- —360
fo fo
1 (LOG SCALE) 1(LOG SCALE)
TL/H/5645-27 TL/H/5645-28
(a) (b)
FIGURE 5. 2nd-Order All-Pass Response

(a) Bandpass
20

(b) Low Pass
20

(c) High-Pass
20

0=10 =5 P 0=10
| ~ i 1
10 10 —+5 = 10 a= A\
=1 o 0=1 0=
_ 0 N — 0=0.707""] — 0 —o=07m7 =
g g ~ ] /
z-10 E = -1
2 (E s 0 02 8 Z”T 2]
-2 ,_,110‘ —20 |-0= \ _a / 02
-30 /, 4 & -30 A\ 30
a=20
-40 I ~40 l ) |
0.1 05 1 2 5 10 0.1 02 05 1.0 20 50 10 0102 0510 2 5 10
FREQUENCY (Hz) FREQUENCY (Hz) FREQUENCY (Hz)
(d) Notch (e) All-Pass
20 0
| — [
10 0 0=5
Q=107
0 Z —120
g o 4~ 0=5 g
—1 - —] _
g Sa=2"| § 180 =02
) = £
- N e -
Q=05 240 \ =.‘ I
-3 -300 (B
A\
—40 —360 \$ .
00 02 05 10 2 i 0102 05 1 2 5 10
FREQUENCY (Hz) FREQUENCY (Hz)

FIGURE 6. Response of various 2nd-order filters as a function of Q. Gains
and center frequencies are normalized to unity.

TL/H/5645-29

1-88




2.0 Modes of Operation

The MF10 is a switched capacitor (sampled data) filter. To
fully describe its transfer functions, a time domain approach
is appropriate. Since this is cumbersome, and since the
MF10 closely approximates continuous filters, the following
discussion is based on the well known frequency domain.
Each MF10 can produce a full 2nd order function. See Ta-
ble 1 for a summary of the characteristics of the various
modes.

MODE 1: Notch 1, Bandpass, Lowpass Outputs:
fnotch = fo (See Figure 7)

fo = center frequency of the complex pole pair
_fok foik
100 * 50
frotch = center frequency of the imaginary zero pair = f,.
R2
HoLp = Lowpass gain(asf — 0) = — m
" R3
Hogp = Bandpass gain (atf = fp) = — m

Hon Notch output gain as f — o } _ —Rp

f—=fok/2 | Ry

-t _R3
BW R2
= quality factor of the complex pole pair

BW = the —3 dB bandwidth of the bandpass
output.

Circuit dynamics:

Hosp
Hop = =5~ orHosp = Hop X Q

= Hon X Q.
HoLp(peak) = Q X Hop (for high Q's)
MODE 1a: Non-Inverting BP, LP (See Figure 8)

_fok foik
fo 100 * 50
R3
Q " R2
Hotr = —1; HoLp(peak) = Q X Hoyp (for high Q’s)
R3
Hospy = “Re

Hogp, = 1 (non-inverting)
Circuit dynamics: Hogp; = Q
Note: Vi should be driven from a low impedance (<1 k) source.

St BPy LPy

2(19) 1(20)

R3

vt AAA

VvV

FIGURE 7. MODE 1

(BPahy LPy

ﬁ]ﬂ“) :H(N)
1

TL/H/5645-4

FIGURE 8. MODE 1a
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2.0 Modes of Operation (continued)

MODE 2: Notch 2, Bandpass, Lowpass: fnotch < fo MODE 3: Highpass, Bandpass, Lowpass Outputs
(See Figure 9) (See Figure 10)
fo = center frequency : foLk R2 foLk R2
fo =—><1/—-or——><1/—-
_ fok [R2 +1 OrfCLK R2 +1 100 R4~ 50 R4
100 V R4 50 R4 Q = quality factor of the complex pole pair
fok _ fork R2 R3
f = == gr —— = —_— X —
noteh = 00 * 50 VRa * Rz
Q = quality factor of the complex pole pair : . ( fCLK) R2
= —_ == | = - —
_ RIRE T Houp Highpass gain | at 2 "
R2/R3 R3

Hogp = Bandpassgain(atf = fo) = —

HoLp = Lowpass output gain (as f — 0) R1
R2/R1 . R4
= H = Lowpass gain (asf — 0) = — —
. oLp pass gain ( ) R
Hogp = Bandpass output gain (at f = f;) = — R3/R1 Circuit dynamicszﬁiﬂgﬂ; Hogp=YHonp X HoLpXQ
Hony = Notch output gain (as f — 0) R4 Horp
B R2/R1 HoLp(peak) = Q X HoLp (for hi.gh Q’s)
= "Ro/Ra + 1 HoHP(peak) = Q X Honp (for high Q's)

f
Hon, = Notch output gain (asf i d %) = —R2/R1

Filter dynamics: Hogp = QVHoLp Hon, = VHony Hon,

TL/H/5645-36
FIGURE 9. MODE 2

LPa

BPa
Qﬂs) 1(20)

*In Mode 3, the feedback loop is closed
4 around the input summing amplifier; the
finite GBW product of this op amp caus-

es a slight Q enchancement. If this is a
problem, connect a small capacitor
(10 pF—100 pF) across R4 to provide
some phase lead.

— L
LJ

TL/H/5645-5




2.0 Modes of Operation (continued)
MODE 3a: HP, BP, LP and Notch with External Op Amp
(See Figure 11)

. fCLK 2 fCLK [R2
° 100 \/ R4

R2
Q “VRs* R2
_R2
H =
OHP RrR
_R3
Hopp = m
R4
Hop = m
fork / ho, fCLK [
f, = notch f =
n notch frequency 100
Hon = gain of notch at
o [offprarZoe)|
o R oLP R oHP
R
Hn1 = gain of notch (asf — 0) = —R—g X HoLp
|
fi
Hn2 = gain of notch (asf - —CZLK)

9
—==XH
Rh OHP

MODE 4: Allpass, Bandpass, Lowpass Outputs
(See Figure 12)

fo = center frequency
_fok rfCLK_
100~ 50°
f,* = center frequency of the complex zero = f,
_fo _R3
Q BW Fi2
R3
Q; = quality factor of complex zero pair =— "
For AP output make R1 = R2
_R2
Hoap™ = Allpass gain (ato <f< fCLK) —=—1
2 T R1
HoLp = Lowpass gain (as f — 0)
R2
(R+1)--
Hopp = Bandpass gain (at f = f)
_Rs R2 R3
14+4—)=-2
"Rz ( R1) (RZ)
Circuit dynamics: Hogp = (HoLp) X Q = (Hoap + 1)Q

*Due to the sampled data nature of the filter, a slight mismatch of f; and f,
occurs causing a 0.4 dB peaking around f, of the allpass filter amplitude
response (which theoretically should be a straight line). If this is unaccept-
able, Mode 5 is recommended.

- 417
Vin

BPa LPa

[;2'(15) 1(20)

FIGURE 11. MODE 3a = opawp

TL/H/5645-6

FIGURE 12. MODE 4
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2.0 Modes of Operation (Continued)
MODE 5: Numerator Complex Zeros, BP, LP
(See Figure 13)

fs 14 P2 R2 fCLK R2 fCLK
R’ R4 100 V Ra
. [ fCLK / Rt fCLK
z * 300 ° Ra *

Q =T+ R2/R4 X Rs

Qz =V1—Ri/R4 xg?

Ho,;y = gainat C.Z. output (as f — 0 H2)
ZR2(R4 — R1)
R1(R2 + R4)
= gai fok) _ ~“R2
Ho,, = gain at C.Z. output (asf — > =
R2 R3
Foe __(EH) R2
H _ (RZ + R1) v R4
oLF R2 + R4 R1

—AAA

MODE 6a: Single Pole, HP, LP Filter (See Figure 14)
fe = cutoff frequency of LP or HP output
_Ra2foik R2fcik
" R3100  R3 50

_R3
HoLp m
H2
Honp vy

MODE 6b: Single Pole LP Filter (Inverting and Non-in-
verting) (See Figure 15)
fe = cutoff frequency of LP outputs
R2foik r&m

R3 100  R3 50

HoLp, = 1 (non-inverting)
R3
Hop, =535

Wy

R4

BPa LP‘

2(19) 1(20)

o[>

I';!(w) 1(20)

FIGURE 14. MODE 6a

n2  LPA(NINV) Vin

LPp (INV)

2(19) 1(20)

TL/H/5645-7




2.0 Modes of Operation (continued)

TABLE I. Summary of Modes. Realizable filter types (e.g. low-pass) denoted by asterisks.
Unless otherwise noted, gains of various filter outputs are inverting and adjustable by resistor ratios.

Mode BP LP Hp | N | ap | Numberof | Adjustable Notes
resistors foLk/fo
1 * * * 3 No
@ May need input buf-
1a Hogpi = —Q Hop + 1 2 No fer. Poor dynamics
Hogp2 = + 1 for high Q.
Yes (above
2 * * * 3 foLk/50 or
foLk/100)
Universal State-
3 * * * 4 Yes Variable Filter. Best
general-purpose mode.
As above, but also
3a * * * * 7 Yes includes resistor-
tuneable notch.
Gives Allpass res-
4 * * * 3 No ponse with Hopap = — 1
andHop = —2.
Gives flatter allpass
5 * * * 4 response than above
ifR1 = Rz = 0.02R4.
6a * * 3 Single pole.
2
6b Howp1 = + 1 2 Single pole.
H _ —R3
OLP2 _R2

3.0 Applications Information

The MF10 is a general-purpose dual second-order state
variable filter whose center frequency is proportional to the
frequency of the square wave applied to the clock input
(foLk)- By connecting pin 12 to the appropriate DC voltage,
the filter center frequency f, can be made equal to either
foLk/100 or fo k/50. fo can be very accurately set (within
+6%) by using a crystal clock oscillator, or can be easily
varied over a wide frequency range by adjusting the clock
frequency. If desired, the fg k/fo ratio can be altered by
external resistors as in Figures 9, 10, 11, 13, 14 and 75. The
filter Q and gain are determined by external resistors.

All of the five second-order filter types can be built using
either section of the MF10. These are illustrated in Figures 1
through 5 along with their transfer functions and some relat-
ed equations. Figure 6 shows the effect of Q on the shapes
of these curves. When filter orders greater than two are
desired, two or more MF10 sections can be cascaded.

3.1 DESIGN EXAMPLE

In order to design a second-order filter section using the
MF10, we must define the necessary values of three param-
eters: fo, the filter section’s center frequency; Ho, the pass-
band gain; and the filter's Q. These are determined by the
characteristics required of the filter being designed.

As an example, let's assume that a system requires a
fourth-order Chebyshev low-pass filter with 1 dB ripple, unity
gain at dc, and 1000 Hz cutoff frequency. As the system
order is four, it is realizable using both second-order sec-
tions of an MF10. Many filter design texts (and National’s
Switched Capacitor Filter Handbook) include tables that list
the characteristics (fo and Q) of each of the second-order
filter sections needed to synthesize a given higher-order fil-
ter. For the Chebyshev filter defined above, such a table
yields the following characteristics:

foa = 529 Hz Qp = 0.785
fog = 993 Hz Qg = 3.559
For unity gain at dc, we also specify:
Hoa = 1

Hog = 1

The desired clock-to-cutoff-frequency ratio for the overall
filter of this example is 100 and a 100 kHz clock signal is
available. Note that the required center frequencies for the
two second-order sections will not be obtainable with clock-
to-center-frequency ratios of 50 or 100. It will be necessary

i
to adjust % externally. From Table |, we see that Mode 3
0

can be used to produce a low-pass filter with resistor-adjust-
able center frequency.
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3.0 Applications Information (continued)

In most filter designs involving multiple second-order
stages, it is best to place the stages with lower Q values
ahead of stages with higher Q, especially when the higher Q
is greater than 0.707. This is due to the higher relative gain
at the center frequency of a higher-Q stage. Placing a stage
with lower Q ahead of a higher-Q stage will provide some
attenuation at the center frequency and thus help avoid clip-
ping of signals near this frequency. For this example, stage
A has the lower Q (0.785) so it will be placed ahead of the
other stage.

For the first section, we begin the design by choosing a
convenient value for the input resistance: R1po = 20k. The
absolute value of the passband gain Hoipa is made equal
to 1 by choosing R4a such that: Rg4ga = —HpoLpaR1A = R1a
= 20k. If the 50/100/CL pin is connected to mid-supply for
nominal 100:1 clock-to-center-frequency ratio, we find Roa
by:

foa2 (529)2
RaA (ol 1002 2
(fcLk/100) (1000)
R3a = QavR2AR4A = 0.785/5.6 X 103 X 2 X 104 = 8.3k

The resistors for the second section are found in a similar
fashion:

Rop = =2X104 %

= 5.6k and

Ryg = 20k
R4g = Rig = 20k
fog? (993)2
= = 20k =19.7k
Res R“B(fCLK/wO)Z Ok (10002

Rgs = QpyR2gR4 =3.559/1.97 X 104 X 2 X 104 = 70.6k
The complete circuit is shown in Figure 16 for split 5V

power supplies. Supply bypass capacitors are highly recom-
mended.

20k — Your
‘v"‘v
a | o
MA--H 17, 1Py R
53 708k
2 19 70.
ANA—2 87, 8Py AW
R RZE
56k 3 18 19.7k
AMN— N/ 4p/HP, N/ AP/ HPg FE—ARA
RIA
Vm‘ﬂ‘— INV, v |2
20k
_E-—s' Sy Stg 18
L MF10 L
- —5,p Ao 2 -
il N o (T
+5v 1 vor |2 sV
0. 04
s so/100/ct q
li CLKy akg P2
aooen JLIL

fork = 100 kHz

TL/H/5645-30

FIGURE 16. Fourth-order Chebyshev low-pass filter from example in 3.1.
+5V power supply. 0-5V TTL or —5V =5V CMOS logic levels.

R1B
‘v‘v‘v
w | fug
Bxdl e, e 224K
a3k 708k
3k 2 19 704
A B, BP, AAA
R2A A 8 R2B
56k 3 18 197k
ANN—={ N/AP/HP, N/AP/HPg AN
RIA
iy 2y, wvg P2
20k
16
s, 15
MF10
s ety i n
= T o1
+10v e o L
10K
T 34 v v |2
o £
ke | = 2=
o,rr' S o7 |1|.3h. 50/100/CL
= 1
li CLKy cuxg P
aockn J LI L

forc = 100kHz

TL/H/5645-31

FIGURE 17. Fourth-order Chebyshev low-pass filter from example in 3.1. Single + 10V power supply. 0-5V TTL logic
levels. Input signals should be referred to half-supply or applied through a coupling capacitor.
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3.0 Applications Information (continued)

vt vt =10V

_E [

LM2931AZ-5.0

v 0.1
z I
TYPICAL VALUES: =

2k <R <100k

4.7 uF<C<470 4F

L

TL/H/5645-32
(a) Resistive Divider with
Decoupling Capacitor

(b) Voltage Regulator

v+

1/2 LM358

TL/H/5645-33

TL/H/5645-34
(c) Operational Amplifier
with Divider

v+
FIGURE 18. Three Ways of Generating e for Single-Supply Operation

3.2 SINGLE SUPPLY OPERATION

The MF10 can also operate with a single-ended power sup-
ply. Figure 17 shows the example filter with a single-ended
power supply. Vot and Vpt are again connected to the
positive power supply (8 to 14 volts), and Vo~ and Vp— are
connected to ground. The Agnp pin must be tied to V+/2
for single supply operation. This half-supply point should be
very “clean”, as any noise appearing on it will be treated as
an input to the filter. It can be derived from the supply volt-
age with a pair of resistors and a bypass capacitor (Figure
18a), or a low-impedance half-supply voltage can be made
using a three-terminal voltage regulator or an operational
amplifier (Figures 18b and 18c). The passive resistor divider
with a bypass capacitor is sufficient for many applications,
provided that the time constant is long enough to reject any
power supply noise. It is also important that the half-supply
reference present a low impedance to the clock frequency,
so at very low clock frequencies the regulator or op-amp
approaches may be preferable because they will require
smaller capacitors to filter the clock frequency. The main
power supply voltage should be clean (preferably regulated)
and bypassed with 0.1uF.

3.3 DYNAMIC CONSIDERATIONS

The maximum signal handling capability of the MF10, like
that of any active filter, is limited by the power supply volt-
ages used. The amplifiers in the MF10 are able to swing to
within about 1 volt of the supplies, so the input signals must
be kept small enough that none of the outputs will exceed
these limits. If the MF10 is operating on +5 volts, for exam-
ple, the outputs will clip at about 8V.p. The maximum input
voltage multiplied by the filter gain should therefore be less
than 8Vp.p.

Note that if the filter Q is high, the gain at the lowpass or
highpass outputs will be much greater than the nominal filter

gain (Figure 6). As an example, a lowpass filter with a Q of
10 will have a 20 dB peak in its amplitude response at f,. If
the nominal gain of the filter Ho| p is equal to 1, the gain at
fo will be 10. The maximum input signal at fo must therefore
be less than 800 mVp., when the circuit is operated on +5
volt supplies.

Also note that one output can have a reasonable small volt-
age on it while another is saturated. This is most likely for a
circuit such as the notch in Mode 1 (Figure 7). The notch
output will be very small at fo, so it might appear safe to
apply a large signal to the input. However, the bandpass will
have its maximum gain at fo and can clip if overdriven. If one
output clips, the performance at the other outputs will be
degraded, so avoid overdriving any filter section, even ones
whose outputs are not being directly used. Accompanying
Figures 7 through 75 are equations labeled “circuit dynam-
ics”, which relate the Q and the gains at the various outputs.
These should be consulted to determine peak circuit gains
and maximum allowable signals for a given application.

3.4 OFFSET VOLTAGE

The MF10’s switched capacitor integrators have a higher
equivalent input offset voltage than would be found in a
typical continuous-time active filter integrator. Figure 19
shows an equivalent circuit of the MF10 from which the out-
put dc offsets can be calculated. Typical values for these
offsets with Sa,p tied to V+ are:

Vos1 = opamp offset = =5mV

Vos2 = —150 mV @ 50:1 —300 mV @ 100:1
Vos3 = —70 mV @ 50:1 —140 mV @ 100:1
When Sp/p is tied to V—, Vg2 will approximately halve. The
dc offset at the BP output is equal to the input offset of the
lowpass integrator (Vos3). The offsets at the other outputs
depend on the mode of operation and the resistor ratios, as
described in the following expressions.
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3.0 Applications Information (continued)
Mode 1 and Mode 4

VosN) = Vosi (é +1+ “HOLPH) - !%g
Vos(er) = Voss
Vos(Lp) = Vos) — Vosz
Mode 1a
Vos(N.INV.BP) = (1 + l) Vosi — Jos3
Q Q
Vos(INV.BP) = Vg3
Vos(LP) = Vos(N.INV.BP) — Vps2

Mode 2 and Mode 5

Vosn) = (g—s + 1)Vos1 X .
+ Vosz-‘-—- -

1+R4/R2

Rp = R1//R3//R4

Vos(sP) = Vos3

Vos(Lp) = VosN) — Vosz

Mode 3

Vos(Hp) =Vos2

Vos(er) =Vos3

Vos(Lp)

R4
- Vosa(ﬁ)

Rp = R1//R2//R3

FIGURE 19. MF10 Offset Voltage Sources

SV SUPPLY

ne

Mo

4(17)
R1

Vin >—AA—]

TL/H/5645-13

FIGURE 20. Method for Trimming Vog

1
R2/R4

Voss

QA TR2/R4

R4 R4
=Vost |1+ =] — Vosa| ==
os1 [ Rp] osz(Rz)

TL/H/5645-12
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3.0 Applications Information (continued)

For most applications, the outputs are AC coupled and DC
offsets are not bothersome unless large signals are applied
to the filter input. However, larger offset voltages will cause
clipping to occur at lower ac signal levels, and clipping at
any of the outputs will cause gain nonlinearities and will
change f, and Q. When operating in Mode 3, offsets can
become excessively large if Ry and R4 are used to make
foLk/fo significantly higher than the nominal value, especial-
ly if Q is also high. An extreme example is a bandpass filter
having unity gain, a Q of 20, and fg k/fo = 250 with pin 12
tied to ground (100:1 nominal). R4/Rp will therefore be
equal to 6.25 and the offset voltage at the lowpass output
will be about + 1V. Where necessary, the offset voltage can
be adjusted by using the circuit of Figure 20. This allows
adjustment of Vg1, which will have varying effects on the
different outputs as described in the above equations. Some
outputs cannot be adjusted this way in some modes, how-
ever (Vos(gp) in modes 1a and 3, for example).

3.5 SAMPLED DATA SYSTEM CONSIDERATIONS

The MF10 is a sampled data filter, and as such, differs in
many ways from conventional continuous-time filters. An im-
portant characteristic of sampled-data systems is their ef-
fect on signals at frequencies greater than one-half the
sampling frequency. (The MF10’s sampling frequency is the
same as its clock frequency.) If a signal with a frequency
greater than one-half the sampling frequency is applied to
the input of a sampled data system, it will be “reflected” to
a frequency less than one-half the sampling frequency.
Thus, an input signal whose frequency is fg/2 + 100 Hz will
cause the system to respond as though the input frequency

was fg/2 - 100 Hz. This phenomenon is known as “alias-
ing”, and can be reduced or eliminated by limiting the input
signal spectrum to less than fs/2. This may in some cases
require the use of a bandwidth-limiting filter ahead of the
MF10 to limit the input spectrum. However, since the clock
frequency is much higher than the center frequency, this will
often not be necessary.

Another characteristic of sampled-data circuits is that the
output signal changes amplitude once every sampling peri-
od, resulting in “steps” in the output voltage which occur at
the clock rate. (Figure 21) If necessary, these can be
“smoothed” with a simple R-C low-pass filter at the MF10
output.

The ratio of fo k to fc (normally either 50:1 or 100:1) will
also affect performance. A ratio of 100:1 will reduce any
aliasing problems and is usually recommended for wide-
band input signals. In noise sensitive applications, however,
a ratio of 50:1 may be better as it will result in 3 dB lower
output noise. The 50:1 ratio also results in lower DC offset
voltages, as discussed in 3.4.

The accuracy of the fg k/f, ratio is dependent on the value
of Q. This is illustrated in the curves under the heading
“Typical Performance Characteristics”. As Q is changed,
the true value of the ratio changes as well. Unless the Q is
low, the error in fg k/fo will be small. If the error is too large
for a specific application, use a mode that allows adjustment
of the ratio with external resistors.

It should also be noted that the product of Q and f, should
be limited to 300 kHz when f, < 5 kHz, and to 200 kHz for
fo > 5 kHz.

100:1

§0:1

TL/H/5645-35

FIGURE 21. The Sampled-Data Output Waveform
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Analog Switch
Definition of Terms

Ron: Resistance between the output and the input of an
addressed channel.

Ig: Current at any switch input. This is leakage current when
the switch is ON.

Ip: Current at any switch input going into the switch. This is
leakage current when the switch is OFF.

Cg: Capacitance between any open terminal “S” and
ground.

Cp: Capacitance between any open terminal “D” and
ground.

Ip-lg: Leakage current that flows from the closed switch
into the body. This leakage is the difference between the
current Ip going into the switch and the current |g going out
of the switch.

tran: Delay time when switching from one address state to
another.

ton: Delay time between the 50% points of an enable input
and the switch ON condition.

torr: Delay time between the 50% points of the enable
input and the switch OFF condition.

SWwIa] Jo uonuyag — Youms Hojeuy



Analog Switch/Multiplexer Selection Guide
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Analog Switch/Multiplexer Selection Guide

Vs Ton/Torr Ron
Part Number Function Logic Input
gle’np (Typ) ns (Typ) Q
AH5011 QUAD SPST TTL, CMOS — 150/300 100
AH5012 TTL,CMOS — 150/300 150
CD4016 CMOS +7.5 20/40 850
CD4066 CMOS + 7.5 25/50 280
LF11201/LF13201 TTL +15 90/500 200
LF11202/LF13202 TTL +15 90/500 200
LF11331/LF13331 TTL +15 90/500 200
LF11332/LF13332 TTL +15 90/500 200
LF11333/LF13333 TTL *+15 90/500 200
MM74HC4016 CMOS +12 5/8 40
AH5020 DUAL SPDT TTL, CMOS 150/300 150
CD4053 TRIPLE SPDT CMOSs +7.5 160/75 300
MM74HC4053 CMOS +6.0 15/16 40
AH5009 4-CHANNEL TTL, CMOS — 150/300 100
AH5010 TTL, CMOS — 150/300 150
CD4052 4-CHANNEL CMOS +7.5 160/75 300
CD4529B DIFFERENTIAL CMOSs +7.5 50 350
LF13509 TTL, CMOS +18 1600/200 350
MM74HC4052 CMOSs +6.0 15/16 40
CD4051 8-CHANNEL CMOS +7.5 160/75 300
CD4529B CMOS +75 50 350
LF13508 TTL, CMOS +18 1600/200 350
MM74HC4051 CMOS +6.0 15/16 40
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AH0014/AH0014C DPDT/ AH0015/AH0015C Quad
SPST/ AH0019/AH0019C Dual DPST-TTL/DTL
Compatible MOS Analog Switches

General Description

Features

This series of TTL/DTL compatible MOS analog switches M Large analog voltage switching +10V
feature high speed with internal level shifting and driving.  ® Fast switching speed 500 ns
The package contains two monolithic integrated circuit  m Operation over wide range of power supplies
chips: the MOS analog chip consists of four MOS analog @ | ow ON resistance 2000
switch transistors; the second chip is a bipolar I.C. gate and g High OFF resistance 10110
level shifter. The series is available in hermetic dual-in-line ® Analog signals in excess of 25 MHz
package. . . .
T itch ricularly suited f in both milit m Fully compatible with DTL or TTL logic
e;e Swi c s ar(_a pa' icularly suitec for use in 9 miltary - g Includes gating and level shifting
and industrial applications such as commutators in data ac-
quisition systems, multiplexers, A/D and D/A converters,
long time constant integrators, sample and hold circuits,
modulators/demodulators, and other analog signal switch-
ing applications.
The AH0014, AHO015 and AH0019 are specified for opera-
tion over the —55°C to + 125°C military temperature range.
The AH0014C, AH0015C and AHO019C are specified for
operation over the —25°C to +85°C temperature range.
Block and Connection Diagrams
Quad SPST Dual DPST
r ________ - avatog_8 7 T T T T T T T ﬁl
ANALOG _8 [ mvmos_nf o b awaos N AT \
IN A1 \ 10 anaLos N1 | ouT1 anaLog 7 5 ('w?lioc
ANALOG ouT ANALOG _10 T~ _1 19 anawe o) ! !
W 81 | : N2 Loy T2 ANALOG : : l
ANALOG __7 I~ 8
M _“—' W3] [ s ANAI.OG Ol '0 ANALOG
AL ﬁ\ ———Q—S[}.’}"UG ANMOG Bl 11 1[5 Ao IN 82 I
”1» B2 [ LY | 1 Ty T, ours l l_v~
[ | I [ Y SR, £ ST ] u_y-
| 'L = | i i o183 y- 1 a__v“
| ;L Veo L4 Vee | L—.GND
! L3 cnp 13 ono
L _ 1 BREN T
1213 2] 1| 16| 5] umu: lOGIC
L06IC Lo6ic  LOGIC  Logic LOGIC loGIC mmc
A Losic 4 3 2
8 TL/H/5563-2 TL/H/5563-3

TL/H/5563-1
Note: All logic inputs shown at logic *“1”.
Order Number AH0014D or
AHO0014CD
See NS Package Number D14D

Note: All logic inputs shown at logic ““1”.

Order Number AH0015D or
AH0015CD
See NS Package Number D16C

Note: All logic inputs shown at logic “1".

Order Number AH0019D or
AH0019CD
See NS Package Number D14D

06100HY/6100HY/JG100HY/SL00HY/JV100HY /Y1 00HY



AH5009/AH5010/AH5011/AH5012

National
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AH5009, AH5010, AH5011, AH5012 Monolithic

Analog Current Switches

General Description

A versatile family of monolithic JFET analog switches eco-
nomically fulfills a wide variety of multiplexing and analog

switching applications.

Even numbered switches may be driven directly from stan-
dard 5V logic, whereas the odd numbered switches are in-
tended for applications utilizing 10V or 15V logic. The mono-
lithic construction guarantees tight resistance match and

track.

For voltage switching applications see LF13331, LF13332,
and LF13333 Analog Switch Family, or the CMOS Analog

Switch Family.

Applications

m A/D and D/A converters
m Micropower converters
m Industrial controllers

| Position controllers

m Data acquisition

m Active filters

| Signal multiplexers/demultiplexers
W Multiple channel AGC

m Quad compressors/expanders

m Choppers/demodulators

W Programmable gain amplifiers
m High impedance voltage buffer
® Sample and hold

Features
= Interfaces with standard TTL and CMOS

m “ON” resistance match 20
m Low “ON" resistance 100Q
| Very low leakage 50 pA
m Large analog signal range +10V peak
m High switching speed 150 ns
| Excellent isolation between 80 dB

channels at 1 kHz

Connection and Schematic Diagrams (All switches shown are for logical *“1” input)

Dual-In-Line Package

Dual-In-Line Package

J Y J 9.

el py log 10 2| I1s
JENTY 1. 4CHANNEL | 4SPST 7 %

LOGIC DRIVE : "

1~ » MUX SWITCHES v 1.

: " 5V LOGIC AH5010C | AH5012C X N

REN 1% 15V LOGIC AH5009C | AH5011C T %1

k] N S W L 21y e

F_ 3_{ LQ

TOP VIEW — |

AH5009C and AH5010C MUX Switches
(4-Channel Version Shown)
Order Number AH5009CM,
AH5009CN, AH5010CM or AH5010CN
See NS Package Number M14A or N14A

COMPENSATING FET
S [
20

y In
310

5 O

1d

p—0 11

Ujé‘

90

100

3o

1d

g

120

COMMON DRAINS

Note: All diode cathodes are internally connected to the substrate.

SN

TOP VIEW
AH5011C and AH5012C SPST Switches
(Quad Version Shown)
Order Number AH5011CM,
AH5011CN, AH5012CM or AH5012CN
See NS Package Number M16A or N16A

40~

?1—5'”
I
ﬁ_l_[“‘

120

130
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Absolute Maximum Ratings (ote 1)

If Military/Aerospace specified devices are required,
contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Input Voltage

AH5009/AH5010/AH5011/AH5012 30V
Positive Analog Signal Voltage 30V
Negative Analog Signal Voltage —15V
Diode Current 10 mA

Drain Current

Soldering Information:
N Package 10 sec
SO Package Vapor Phase (60 sec.)
Infrared (15 sec.)
Power Dissipation
Operating Temperature Range
Storage Temperature Range

Electrical Characteristics AHs5010 and AH5012 (Notes 2 and 3)

30 mA

300°C
215°C
220°C
500 mW

—25°Cto +85°C
—65°Cto +150°C

Symbol Parameter Conditions Typ Max Units

lgsx Input Current “OFF” 4.5V<Vgp<11V,Vgp=0.7V 0.01 0.2 nA
TA=85°C 10 nA

Ip(oFF) Leakage Current “OFF” Vgp=0.7V, Vgs=3.8V 0.02 0.2 nA
TA=85C 10 nA

laon) Leakage Current “ON” Vgp=0V,Ig=1mA 0.08 1 nA
TA=85°C 200 nA

laon) Leakage Current “ON” Vep=0V, Ig= 2mA 0.13 5 nA
TA=85"C 10 pA

laoN) Leakage Current “ON” Vgp=0V, Ig= —2mA 0.1 10 nA
TA=85C 20 pA

TDS(ON) Drain-Source Resistance Vgs=0.35V,Ig=2 mA 90 150 Q
Ta= +85°C 240 Q

Vbiobe Forward Diode Drop Ip=0.5mA 0.8 \
'DS(ON) Match Vgs=0,Ip=1mA 4 20 Q
Ton Turn “ON” Time See AC Test Circuit 150 500 ns
Torr Turn “OFF” Time See AC Test Circuit 300 500 ns
CT Cross Talk See AC Test Circuit 120 dB

Electrical Characteristics aH5009 and AH5011 (Notes 2 and 3)
Symbol Parameter Conditions Typ Max Units

lasx Input Current “OFF” 11V<Vgp<15V, Vgp=0.7V 0.01 0.2 nA
Tpo=85°C 10 nA
Ip(oFF) Leakage Current “OFF” Vgp=0.7V, Vgs=10.3V 0.01 0.2 nA
TA=85C 10 nA

lgon) Leakage Current “ON” Vgp=0V,Ig= 1 mA 0.04 0.5 nA
Ta=85C 100 nA

laon) Leakage Current “ON” Vep=0V,Ig=2mA 2 nA
To=85C 1 RA

lgon) Leakage Current “ON” Vep=0V,lg=—2mA 5 nA
Tpo=85C 2 pA

'DS(ON) Drain-Source Resistance Vgs=1.5V,Is=2mA 60 100 Q
Tao=85°C 160 0

VpIODE Forward Diode Drop Ip=0.5mA 0.8 v
TDS(ON) Match Vgs=,Ip=1mA 10 Q
Ton Turn “ON” Time See AC Test Circuit 150 50 ns
ToFF Turn “OFF” Time See AC Test Circuit 300 500 ns
CT Cross Talk See AC Test Circuit. f = 100 Hz. 120 dB

Note 1: Absolute maximum ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating

the device beyond its specified operating conditions.
Note 2: Test conditions 25°C unless otherwise noted.
Note 3: “OFF” and “ON" notation refers to the conduction state of the FET switch.
Note 4: Thermal Resistance:
AT
N14A, N16A 92°C/W
M14A, M16A 115°C/W

2-7

CL0SHV/110SHVY/010SHVY/600SHY



AH5009/AH5010/AH5011/AH5012

Test Circuits and Switching Time Waveforms

Cross Talk Test Circuit

+15V
O 0.1uF

10k

“ONY

+5V or +15V

Time Waveforms

+5V of +15V
Vin
AC Test Circuit
Va = £10V t =ty <0.1us 50% 50% ‘
OV e/ \
0.8v
Vour Y
Vour Va = +10V
s (CL <10 pF) 10%
6 o
Vin (oum) —tioFF) —==  toN)
0 0V e
- Vour
90%
Va =-10V -10v
— YorF) —= ton

TL/H/5659-2
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Typical Performance Characteristics

Parameter Interaction
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AH5009/AH5010/AH5011/AH5012

Applications Information

Theory of Operation

The AH series of analog switches are primarily intended for
operation in current mode switch applications; i.e., the
drains of the FET switch are held at or near ground by oper-
ating into the summing junction of an operational amplifier.
Limiting the drain voltage to under a few hundred millivolts
eliminates the need for a special gate driver, allowing the
switches to be driven directly by standard TTL (AH5010),
5V-10V CMOS (AH5010), open collector 15V TTL/CMOS
(AH5009).

Two basic switch configurations are available: 4 indepen-
dent switches (SPST) and 4 pole switches used for multi-
plexing (4 PST-MUX). The MUX versions such as the
AH5009 offer common drains and include a series FET op-
erated at Vgg= OV. The additional FET is placed in the
feedback path in order to compensate for the “ON" resist-
ance of the switch FET as shown in Figure 1.

The closed-loop gain of Figure 1 is:

R2 + rosone2

R1 +rpsion)at

For R1 = R2, gain accuracy is determined by the rpgon)
match between Q1 and Q2. Typical match between Q1 and
Q2 is 4 ohms resulting in a gain accuracy of 0.05% (for R1
= R2 = 10 kQ).

AvcL =

Noise Immunity

The switches with the source diodes grounded exhibit im-
proved noise immunity for positive analog signals in the

SERIES

ELEMENT

‘ANALOG
input VA

“OFF” state. With Vy=15V and the Vo=10V, the source
of Q1 is clamped to about 0.7V by the diode (Vgg=14.3V)
ensuring that ac signals imposed on the 10V input will not
gate the FET “ON.”

Selection of Gain Setting Resistors

Since the AH series of analog switches are operated in cur-
rent mode, it is generally advisable to make the signal cur-
rent as large as possible. However, current through the FET
switch tends to forward bias the source to gate junction and
the signal shunting diode resulting in leakage through these
junctions. As shown in Figure 2, Ig(on) represents a finite
error in the current reaching the summing junction of the op
amp.

Secondly, the rpg(on) of the FET begins to “round” as Ig
approaches Ipgs. A practical rule of thumb is to maintain Ig
at less than /o of Ipss.

Combining the criteria from the above discussion yields:
V, A
Rimin = YAMAX) 7D (22)
IG(ON)
or:
> YaMAY) (2b)
Ipss/10
whichever is larger.

COMPENSATION
FET

LT

ANALOG
OUTPUT

FIGURE 1. Use of Compensation FET

g UA
R1 C
—
Va =+10V +

Ip =ls - lgion)
—_—
o A2

L'mom

J

TL/H/5659-4

FIGURE 2. On Leakage Current, Ig(on)




Applications Information (continued)

Where: Vamax) =Peak amplitude of the analog

input signal
Ap =Desired accuracy
lgon)  =Leakage at a given Ig
Ipss = Saturation current of the FET
switch
=20 mA

In a typical application, Vp might = 10V, Ap=0.1%,

0°C<Ta<85°C. The criterion of equation (2b) predicts:
(10V)
R1 22—
MIN) (20 mA)

10
For R1 = 5k, Ig = 10V/5k or 2 mA. The electrical charac-
teristics guarantee an Igion) < 1pA at 85°C for the AH5010.
Per the criterion of equation (2a):

(10V)(10—3)
1X10-6
Since equation (2a) predicts a higher value, the 10k resistor

should be used.

The “OFF” condition of the FET also affects gain accuracy.
As shown in Figure 3, the leakage across Q2, Ip(oFF) repre-
sents a finite error in the current arriving at the summing
junction of the op amp.

=5k

R1miny2 =210k

A1 loorr_«

Accordingly:
Vaminy Ap
R1 (MAX) S_N_(I_)_
(N) IpoFr)
Where: Vaminy = Minimum value of the analog
input signal
Ap = Desired accuracy
N = Number of channels
Iporr) = “OFF” leakage of a given FET
switch

As an example, if N = 10, Ap = 0.1%, and Ip(oFr) <10 nA
at 85°C for the AH5008. R1(pmax) is:
< (1V)(10—3)

)>{10)(10x 10-9)
Selection of R2, of course, depends on the gain desired and
for unity gain R1=R2.

Lastly, the foregoing discussion has ignored resistor toler-
ances, input bias current and offset voltage of the op amp—
all of which should be considered in setting the overall gain
accuracy of the circuit.

TTL Compatibility

The AH series can be driven with two different logic voltage
swings: the even numbered part types are specified to be
driven from standard 5V TTL logic and the odd numbered
types from 15V open collector TTL.

R1(max =10k

lp =I5 + Ipiorr)

—

02
“QFE"

Vin = 5V

TL/H/5659-5

FIGURE 3
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AH5009/AH5010/AH5011/AH5012

Applications Information (continued)

Standard TTL gates pull-up to about 3.5V (no load). In order
to ensure turn-off of the even numbered switches such as
AH5010, a pull-up resistor, Rgx, of at least 10 kQ should

both cases, t(oFF) is improved for lower values of Rext at
the expense of power dissipation in the low state.

Definition of Terms

be placed between the 5V Vgc and the gate output as
shown in Figure 4.

Likewise, the open-collector, high voltage TTL outputs
should use a pull-up resistor as shown in Figure 5. In

The terms referred to in the electrical characteristics tables
are as defined in Figure 6.

ANALOG
INPUT (V4)

F——————

-

+5V

ANALOG
ouTPUT

|
T

5V TTL GATE

FIGURE 4. Interfacing with +5V TTL

+5V OR +15V

ANALOG
INPUT (V4)

ANALOG
OUTPUT

15V TTL GATE
TL/H/5659-6
FIGURE 5. Interfacing with + 15V Open Collector TTL

2-12




Applications Information (continued)

Rosiony COMPENSATING

ELEMENT
SERIES
ELEMENT
Is
R, — —
Va
S
SHUNT _—""
ELEMENT Is
Vin

FIGURE 6. Definition of Terms

Typical Applications

De-Glitched Switch for Noiseless Audio Switching

OFF
5V R
RC TYPICALLY
(1 ms—10 ms)
N
L T :
- - p
AUDIO RiN
SIGNAL
INPUT 1/4 AH5012

O 0uT

TL/H/5659-7
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AH5009/AH5010/AH5011/AH5012

Typical Applications (continued)

3-Channel Multiplexer with Sample and Hold

|_<z [ T awsoowamson |
1 T |
7 i
3 1 :‘_ 0.014F
10k 6 = |
| T | z
I 5 ) —o0 11 L
3
10k 9 -
ANALOG
O—AM—O L
INPUTS .Li_L | = Sk
| 1
| 10
w13 | = ———_'l"
I .l__F' |
| ‘ |
| S — —— — — —
CHARACTERISTICS: TYPICAL OUTPUT
12 01 071 ‘Ls b1 VOLTAGE DRIFT
= N —— <5 mV/sec
CHANNEL
SAMPLE/HOLD  SELECT
SELECT

8-Bit Binary (BCD) Multiplying D/A Converter*

125k [

Vg 01 l
| : |
w | = |
<L FULL'SCALE ADJUSTMENT
| ] 'Ej 2%
L @ 1
s | S r———
p 3 9.1k
S (Rp
|
L @

*Recommended resistor array connection for D/A application

)
.ﬁ
L - —

| = = Vg
L Mg
] 1 16
S0 VWV
& (180 FOR BCD) A VWA »>40R8
WAS SV 3087
W W
VWW—~9—VW\ SWITCH
VWV VW » 2 OR 6| CONNECTION
AAA—AAA.
TV W15
- 10RS5

2 Beckman resistor arrays
Part #698-1-R 100k B recommended

Ri(GTly + G2l + G313 + G Iy +
G5l  G6lg G717  GBlg
—_—2 =t —
16 16 16 16
L AWsoiz Note: The switch is “ON” when G is at OV (Logic “0")
Va

TL/H/5659-8
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Typical Applications (continued)

EIN!
|

Ens

16-Channel Multiplexer

AH5009

CHARACTERISTICS: ERROR=0.4p.V TYPICAL @ 25°C
10pV TYPICAL @ 70°C

Note: The analog switch between the op amp and the 16 input
switches reduces the errors due to leakage.

All resi .
esistors are 10k. TL/H/5659-9
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AH5009/AH5010/AH5011/AH5012

Typical Applications (continued)

Gain Programmable Amplifier

i
B

r;_ T T AH5009/AH5010

r————————

-E,
— —_ CHARACTERISTICS: GAIN= I:‘" = Reg
!
o1 o1 J.L 8 O (; 12
—_
GAIN SELECT =

TL/H/5659-10
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National
Semiconductor
Corporation

AH5020C Monolithic Analog Current Switch

General Description Applications

This versatile dual monolithic JFET analog switch economi- W A/D and D/A converters
cally fulfills a wide variety of multiplexing and analog switch- ~ m Micropower converters
ing applications. ® Industrial controllers
These switches may be driven directly from standard 5V m Position controllers
logic. m Data acquisition
The monolithic construction guarantees tight resistance  m Active filters
match and track. m Signal multiplexers/demultiplexers
m Multiple channel AGC
W Quad compressors/expanders
Features m Choppers/demodulators
m Interfaces with standard TTL m Programmable gain amplifiers
m “ON” resistance match 20 m High impedance voltage buffer
m Low “ON” resistance 1500  m Sample and hold
m Very low leakage 50 PA  For voltage switching applications see LF13201, LF13202,
W Large analog signal range +10V peak  LF13331, LF13332, and LF13333 Analog Switch Family, or
m High switching speed 150 ns  the CMOS Analog Switch Family.
m Excellent isolation between 80 dB
channels at 1 kHz

Connection and Schematic Diagrams (ai switches shown are for logical “1”)

Dual-In-Line Package
1 W) 8

LK

7
— o

3 5
4 5
TL/H/5166-1
Top View
Order Number AH5020CJ

See NS Package Number JOBA

3 1
,_T{—
6 8
L__}__‘Lf}_—

It

-

TL/H/5166-2

Note: All diode cathodes are internally connected to the substrate.

2-17
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AH5020C

Absolute Maximum Ratings (ote 1)

If Military/Aerospace specified devices are required,
contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Drain Current
Power Dissipation
Operating Temp. Range

30 mA
500 mW
—25°Cto +85°C

lnptft.Voltage . sov Storage Temperature Range —65°Cto +150°C
Positive Analog Signal Voltage sov Lead Temp. (Soldering, 10 seconds) 300°C
Negative Analog Signal Voltage —15V
Diode Current 10 mA
Electrical Characteristics (Notes2and3)
Symbols Parameter Conditions Typ Max Units
lgsx Input Current “OFF” Vap = 4.5V, Vgp = 0.7V 0.01 0.1 nA
i Vgp = 11V, Vgp = 0.7V 0.01 0.2 nA
Ta = 85°C,Vgp = 11V, Vgp = 0.7V 10 nA
Ip(oFF) Leakage Current “OFF” Vgp = 0.7V, Vgs = 3.8V 0.01 0.2 nA
Ta = 85°C 10 nA
1G(ON) Leakage Current “ON” Vgp = 0V, Ig = 1mA 0.08 1 nA
Ta = 85°C 200 nA
laoN) Leakage Current “ON" Vgp = 0V,Is = 2mA 0.13 5 nA
Ta = 85°C 10 pA
la(oN) Leakage Current “ON” Vgp = 0V,Ig = —2mA 0.1 10 nA
Tp = 85°C 20 pA
DS(ON) Drain-Source Resistance Vgs = 0.5V, Is = 2mA ’ 90 150 Q
Ta = +85°C 240 Q
VpiobE Forward Diode Drop Ip=0.5mA 0.8 \
'DS(ON) Match Vgs=0,Ip=1mA 2 20 Q
ToN Turn “ON” Time See ac Test Circuit 150 500 ns
Torr Turn “OFF” Time See ac Test Circuit 300 500 ns
CT Cross Talk See ac Test Circuit 120 dB

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating

the device beyond its specified operating conditions.
Note 2: Test conditions 25°C unless otherwise noted.

Note 3: “OFF"” and “ON" notation refers to the conduction state of the FET switch.

Note 4: Thermal Resistance:
6,4 (Junction to Ambient) .......... N/A
6,4c (Junctionto Case) ............. N/A




Test Circuits
AC Test Circuit Cross Talk Test Circuit
18V 01,5
Va=£10V
Vour
s (CL=10 pF)
G
ViN (ouT)
[}]

TL/H/5166-4

Q
20 Vp-p
f=100Hz

Switching Time Waveforms

5VOR15V /__\
Vin
t, =< 0.1ps ﬂ S0% \50%
o
0.8v
Vi 90%
out
Vg = +10V
10%
0V em——
~— t(0FF) —> toN)
OV commm
Vour
0%
Va=-10V
- t(omL— =—1(oN)

TL/H/5166-5

TL/H/5166-3
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AH5020C

Typical Performance Characteristics

100

DRAIN “‘ON’’ RESISTANCE ()
DRAIN CURRENT (mA)

T
200 > fpss
100 10

2

Parameter Interaction

0 Nesorn) @ Vos = — 15V, b= —Tma] 100
s @ b=—1mA, Vgs=0V
@ Vos = ~15V, Vs =0V PULS

==

Nrps

(ouww) 3INVLINANOISNVHL

10 1.0

rps(oN)—""ON"" RESISTANCE ()

=

GATE LEAKAGE CURRENT (pA)

-0 TA=25°C

Ip— DRAIN CURRENT (mA)
1
&
1

1.0 5 10 100
Vgs—GATE-SOURCE CUTOFF VOLTAGE (V)
TL/H/5166-6

“ON” Resistance, rpgon)
vs Temperature

lp=—1mA
125 SVTTL

150

100

SV CMOS -~
75

—
| |
15V TTL/10V-15V CMOS

25 35 45 55 65 75 85
TEMPERATURE (°C)
TL/H/5166-8

Leakage Current vs
Drain-Gate Voltage

[ra=25°C

-

-
=

]

0 50 10 15 2 25
DRAIN-GATE VOLTAGE (V)
TL/H/5166-10

Drain Current vs Bias
Voltage

Vps=—10V
f=1kHz

N
IPATAN
NN
o N
0 10 20 30

GATE-SOURCE VOLTAGE (V)

TL/H/5166-12

Leakage Current, Ip(oFF)

vs Temperature
10k

1k

100

IpoFF)—LEAKAGE CURRENT (pA)

]
10[ |
2% 3% 45 55 65 75 8

TEMPERATURE (°C)

TL/H/5166-7

Cross Talk, CT vs Frequency
0 Va=t10V

-10
~100

(dB)

[y
38
y

|
2

CT—CROSSTALK
]
g
J

-4
-3
-2
-10
00 1k 10k 100k 1M
FREQUENCY (Hz)

TL/H/5166-9

Transconductance vs
Drain Current

Ta=25°C +H
Vog=—5V
=1 kHz

100

10

5 [— 1L 1T
FTTHH
Ves(orr) =5V

liemarelll

-0 S0 -10
DRAIN CURRENT (mA)

TRANSCONDUCTANCE (mmho)

N
N

TL/H/5166-11

Normalized Drain Resistance

vs Bias Voltage
= 100 EVas(orr) @ — 10V, —10 pA—]
5 50 fome— 2 j
& ; 1-VG:16:FF
) !
3
-1
& 10
<
E 50 A
(=3
=z 4
L 20
g -

0 02 04 06 08 10

|Ves / Vas(orr) | —NORMALIZED
GATE-T0-SOURCE VOLYAGE (V)

TL/H/5166-13
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Applications Information

THEORY OF OPERATION

The AH5020 analog switches are primarily intended for op-
eration in current mode switch applications; i.e., the drains
of the FET switch are held at or near ground by operating
into the summing junction of an operational amplifier. Limit-
ing the drain voltage to under a few hundred millivolts elimi-
nates the need for a special gate driver, allowing the
switches to be driven directly by standard TTL.

If only one of the two switches in each package is used to
apply an input signal to the input of an op amp, the other
switch FET can be placed in the feedback path in order to
compensate for the “ON"” resistance of the switch FET as
shown in Figure 1.

The closed-loop gain of Figure 1 is:

_ R2 + mpgionya2

R1 + rpsionyai
For R1 = R2, gain accuracy is determined by the rpson
match between Q1 and Q2. Typical match between Q1 and
Q2is 2Q resulting in a gain accuracy of 0.02% (for R1 = R2
= 10 kQ2).

AvcL =

NOISE IMMUNITY

The switches with the source diodes grounded exhibit im-
proved noise immunity for positive analog signals in the
“OFF” state. With V)y = 15V and the Vo = 10V, the
source of Q1 is clamped to about 0.7V by the diode (Vgg =
14.3V) ensuring that ac signals imposed on the 10V input
will not gate the FET “ON".

SELECTION OF GAIN SETTING RESISTORS

Since the AH5020 analog switches are operated in current
mode, it is generally advisable to make the signal current as
large as possible. However, current through the FET switch
tends to forward bias the source to gate junction and the
signal shunting diode resulting in leakage through these
junctions. As shown in Figure 2, lg(on) represents a finite
error in the current reaching the summing junction of the op
amp.

Secondly, the rpgion) of the FET begins to “round” as Ig
approaches Ipss. A practical rule of thumb is to maintain Ig
at less than o of Ipss.

Combining the criteria from the above discussion yields:
V, A
Rii) > AI(MAX) D (2a)
G(ON)

or:

> Vamax) (2b)
Ipss/10
whichever is larger.

COMPENSATION
FET
R SERIES + sz
n 10k ELEMENT < R2
ANALOG Sk
INPUT o1
ANALOG
OuUTPUT
u-'ll vlu
= L
TL/H/5166-14
FIGURE 1. Use of Compensation FET
Is= L: lp=1s —la(on)
Rl —— . - —_— R2
VA =10V ==AAA~O- O

1’6(0'4)

TL/H/5166-15

FIGURE 2. On Leakage Current, Igon)

J020SHY



AH5020C

Applications Information (continued)

Where Vamax) = Peak amplitude of the analog input
signal

Ap = Desired accuracy
laion) = Leakage at a given I
Ipss = Saturation current of the FET switch

20 mA
In a typical application, Va might = +10V, Ap =0.1%, 0°C
< Ta < 85°C. The criterion of equation (2b) predicts:
10v
R 2 —=
1MIN) 20mA 5k
10
For R1 = 5k, Is = 10V/5k or 2 mA. The electrical charac-
teristics guarantee an Igon) < 1A at 85°C for the
AH5020. Per the criterion of equation (2a):

(1ov)(10-3)
1 X 10-6
Since equation (2a) predicts a higher value, the 10k resistor

should be used.

The “OFF” condition of the FET also affects gain accuracy.
As shown in Figure 3, the leakage across Q2, Ip(oFF) repre-
sents a finite error in the current arriving at the summing
junction of the op amp.

Rigviny = > 10 kQ

Accordingly:

Rlwax) < Vamin) Ap
(N) Ip(oFF)
Where Vamiy)y = Minimum value for the analog input sig-
nal
Desired accuracy
N Number of channels
Ip(oFF) “OFF” leakage of a given FET switch
As an example, if N=10, Ap=0.1%, and IpoFr) < 10 nA
at 85°C for the AH5020. R1(vAx) is:
(1V)(10-3)
—_—
(10)(10 X 10-9) Ok
Selection of R2, of course, depends on the gain desired and
for unity gain R1 = R2.
Lastly, the foregoing discussion has ignored resistor toler-
ances, input bias current and offset voltage of the op
amp — all of which should be considered in setting the
overall gain accuracy of the circuit.

Ap

o

R1 (MAX) <

ls= lp=lg+l I
. LN 3'1‘ =g +lo(oFn
Va1 O~ R2
Vin +
=
[0 = 2 oo} }
|
{
ViN=5V

TL/H/5166-16

FIGURE 3. Off Leakage Current, Ip(oFr)
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Applications Information (continued)

TTL COMPATIBILITY DEFINITION OF TERMS
Standard TTL gates pull-up to about 3.5V (no load). In order The terms referred to in the electrical characteristics tables
to ensure turn-off of the AH5020, a pull-up resistor, RgxT of are as defined in Figure 5.

at least 10 k2 should be placed between the 5V V¢ and the
gate output as shown in Figure 4.

ANALOG
INPUT (Vp)

I

l 1:10k
b
I | e
I OUTPUT
' | INPUT (Vi§)
lyvmes _ _5_ T |
TL/H/5166-17
FIGURE 4. Interfacing with +5V TTL
ros(on) COMPENSATING
SERIES ELEMENT
IV [§
{G e
- TL/H/5166-18

FIGURE 5. Definition of Terms
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AH5020C

Typical Applications

Deglitched Switch for Noiseless Audio Switching

RC TYPICALLY
1ms-10ms

1/2 AHS020

pe QUT

i}

TL/H/5166-19

Gain Programmable Amplifier

=| L T_‘}qr_w

-Aﬁm_. -— 13 10k

1

—O— N9
N |
| |
| L1
l 8 O= . lG o—&k\,_
| I
! |
l l Characteristics: Gain = ~Eour = Rgs
= N
L__ -—d

GMN SELECT
TL/H/5166-20
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National
Semiconductor
Corporation

CD4016BM/CD4016BC Quad Bilateral Switch

General Description

The CD4016BM/CD4016BC is a quad bilateral switch in-
tended for the transmission or multiplexing of analog or digi-
tal signals. It is pin-for-pin compatible with CD4066BM/
CD4066BC.

Features
m Wide supply voltage range 3V to 15V
m Wide range of digital and analog switching +7.5 Vpgak
m “ON” resistance for 15V operation 400Q (typ.)
W Matched “ON” resistance over 15V

signal input
m High degree of linearity

ARon=109Q (typ.)

0.4% distortion (typ.)

@ fig = 1kHz, Vis=5Vpp,
Vpp—Vss=10V, RL.=10kQ

m Extremely low “OFF” switch leakage 0.1 nA (typ.)
@ Vpp — Vgs=10V
Ta=25C

m Extremely high control input impedance 10120 (typ.)

m Low crosstalk between switches —50 dB (typ.)
@ fig=0.9 MHz, R_.= 1 kQ
m Frequency response, switch “ON” 40 MHz (typ.)

Applications
m Analog signal switching/multiplexing
o Signal gating
e Squelch control
e Chopper
® Modulator/Demodulator
¢ Commutating switch
® Digital signal switching/multiplexing
® CMOS logic implementation
® Analog-to-digital/digital-to-analog conversion
m Digital control of frequency, impedance, phase, and an-
alog-signal gain

Schematic and Connection Diagrams

CONTROL

o

]
i
T

Dual-In-Line Package

...,.m_' i,
ouT/IN =2 13 contaoL A
ouTN—= & CONTROL D
vt =4 ‘ L sour
CONTROL B —] [ swe ] L
CONTROL C 2 qur/n
Vss - @,- ﬂ_ IN/OUT
TOP VIEW

TL/F/5661-1

Cavity Dual-In-Line Package (J)
Order Number CD4016BMJ or CD4016BCJ
See NS Package Number J14A

Small Outline Package (M)
Order Number CD4016BCM
See NS Package Number M14A

Molded Dual-In-Line Package (N)
Order Number CD4016BMN or CD4016BCN
See NS Package Number N14A
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CD4016BM/CD4016BC

Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

(Note 7)

(Notes

1 and 2)

Vpp Supply Voltage
VN Input Voltage
Tg Storage Temperature Range

Pp Pac

Lead Temperature (Soldering, 10 seconds)

kage Dissipation

—0.5Vto +18V
—0.5Vto Vpp + 0.5V
—65°Cto + 150°C
500 mW
260°C

Recommended Operating

Conditions (Note 2)
Vpp Supply Voltage
VN Input Voltage

T Operating Temperature Range

CD4016BM
CD4016BC

DC Electrical Characteristics cpso168Mm (Note 2)

3Vto 15V
0V to Vpp

—55°Cto +125°C
—40°Cto +85°C

Symbol Parameter Conditions —55°C 25°C 126°C Units
Min | Max | Min Typ Max | Min [ Max
Ibp Quiescent Device Current | Vpp=5V, ViN=Vpp or Vss 0.25 0.01 0.25 7.5 HA
Vpp=10V, V|y=Vpp or Vgs 0.5 0.01 0.5 15 HA
Vpp=15V, V|y=Vpp or Vgs 1.0 0.01 1.0 30 HA
Signal Inputs and Outputs
Vpp—V.
Ron “ON” Resistance R.=10k to DD 7SS
Vc=Vop: Vis=Vss or Vpp
Vpp=10V 600 250 660 960 Q
Vpp=15V 360 200 400 600 0
Vpp—V
RL=10kQ to—22—7SS
Vc=Vop
Vpp=10V, Vig=4.75 t0 5.25V 1870 850 | 2000 2600 | Q
Vpp=15V, Vig=7.25t0 7.75V 775 400 | 850 1230 | O
Vpp—V
ARoN | A"ON” Resistance R =10k to Db 7ss
Between any 2 of Vc=Vpp, Vis=Vss to Vpp
4 Switches Vpp=10V 15 Q
(In Same Package) Vpp=15V 10 Q
lis Input or Output Leakage | V=0, Vpp=15V +50 *0.1 +50 +500 ( nA
Switch “OFF” Vis=15V and 0V,
Vos=0V and 15V
Control Inputs
ViLe Low Level Input Voltage | Vis=Vsggand Vpp
Vos=Vpp and Vsg
llg= +10 nA
Vpp=5V 0.9 0.7 0.5 \"
Vpp=10V 0.9 0.7 0.5 v
Vpp=15V 0.9 0.7 0.5 \Y
ViHe High Level Input Voltage | Vpp=5V 3.5 3.5 3.5 \
Vpp=10V (seeNote6and | 7.0 7.0 7.0 \
Vpp=15V  Figure 8) 11.0 11.0 11.0 \Y
N Input Current Vpp—Vss=15V +0.1 +10-5| +0.1 +1.0 [ pA
Vbb2Vis=Vss
Vop=Vc=Vss
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DC Electrical Characteristics co4o168c (Note 2) (Continued)

Symbol Parameter Conditions —40c 25°C 85°C Units
Min | Max | Min Typ Max | Min | Max
Ibp Quiescent Device Current | Vpp=5V, V|N=Vpp or Vgs 1.0 0.01 1.0 75 RA
VDD=10V, VIN=VDD or Vss 2.0 0.01 2.0 15 }.LA
Vpp=15V, V|y=Vpp or Vss 4.0 0.01 4.0 30 HA
Signal Inputs and Outputs
Vpp—V
Ron | “ON” Resistance RL=10kQ to D2 —*SS
Vc=Vpp, Vis=Vss or Vpp
Vpp=10V 610 275 660 840 Q
Vpp=15V 370 200 400 520 Q
-V
RL=10kq to YRR _VsS
Vc=Vop
Vpp=10V, V|g=4.75 t0 5.25V 1900 850 2000 2380 0
Vpp=15V, V|g=7.25t0 7.75V 790 400 850 1080 Q
Vpp—V.
ARoN A"ON” Resistance RL=10kQ to DD ¥SS
Between any 2 of Vea= —
: ¢=Vop: Vis=Vss to Vpp
4 Switches Vpp =10V 15 Q
(In Same Package) Vpp=15V 10 Q
lis Input or Output Leakage | Vc=0, Vpp=15V +50 +0.1 +50 +200| nA
Switch “OFF” V|s=0V or 15V,
Vos =15V or OV
Control Inputs
ViLe Low Level Input Voltage | Vis=Vsgs and Vpp
Vos=Vpp and Vsg
hs= +10 pA
Vpp=5Y 0.9 0.7 0.4 v
Vpp=10V 0.9 0.7 0.4 v
Vpp= 15V 0.9 0.7 0.4 v
ViHc High Level Input Voltage | Vpp=5V 35 3.5 3.5 \"
Vpp=10V (see Note6and | 7.0 7.0 7.0 \"
Vpp=15V Figure 8) | 11.0 11.0 11.0 Y
N Input Current Vecc—Vss=15V +0.3 +10-5| 0.3 +1.0 | pA
VppzVis2Vss
Vbp=Vg2Vss
AC Electrical Characteristics t,=25°C, t,=t;=20 ns and Vgg =0V unless otherwise specified
Symbol Parameter Conditions Min Typ Max Units
tpHL: tPLH Propagation Delay Time Vc=Vpp, CL =50 pF, (Figure 1)
Signal Input to Signal Output R =200k
Vpp=5V 58 100 ns
Vpp=10V 27 50 ns
Vpp=15V 20 40 ns
tpzH: tPzL Propagation Delay Time RL=1.0kQ, C_=50 pF, (Figures 2
Control Input to Signal and 3)
Output High Impedance to Vpp=5V 20 50 ns
Logical Level Vpp=10V 18 40 ns
Vpp=15V 17 35 ns
tPHz, tPLZ Propagation Delay Time Ry =1.0kQ, C =50 pF, (Figures 2
Control Input to Signal and 3)
Output Logical Level to Vpp=5V 15 40 ns
High Impedance Vpp=10V 11 25 ns
Vpp=15V 10 22 ns
Sine Wave Distortion Vc=Vpp=5V, Vgg=—5 0.4 %
RL=10kQ, Vis=5 Vp.p, f=1kHz,
(Figure 4)
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CD4016BM/CD4016BC

AC Electrical Characteristics (continued)
Ta=25°C, t,=t;=20 ns and Vgg=0V unless otherwise specified

Symbol Parameter Conditions Min Typ Max Units

Frequency Response — Switch Vc=Vpp=5V, Vgg=—5V, 40 MHz
“ON” (Frequency at —3 dB) RL=1k®, Vis=5 Vp.p,

20 Log1g Vos/Vos (1 kHz) —dB,

(Figure 4)
Feedthrough — Switch “OFF” Vpp=5V, Vg=Vgg= —5V, 1.25 MHz
(Frequency at —50 dB) R =1k, Vis=5 Vp.p,

20 Log1o (Vos/Vis)= —50dB,

(Figure 4)
Crosstalk Between Any Two Vpp= V@) =5V; Vss= V@)= —5V, 0.9 MHz

Switches (Frequency at —50 dB) RL=1kQV|g)=5 Vp.p,
20 Log1o (Vos(e)/Vos(a) ) = —50 dB,

(Figure 5)
Crosstalk; Control Input to Vpp=10V, RL.=10kQ 150 mVp.p
Signal Output Rin=1kQ, Vcc=10V Square Wave,
CL=50 pF (Figure 6)
Maximum Control Input Rp= 1kQ, G =50 pF, (Figure 7)
Vos = Y2 Vos(1 kHz)
Vpp=5V 6.5 MHz
Vpp=10V 8.0 MHz
Vpp=15V 9.0 MHz
Cis Signal Input Capacitance 4 pF
Cos Signal Output Capacitance Vpp=10V 4 pF
Cios Feedthrough Capacitance V=0V 0.2 pF
CiNn Control Input Capacitance 5 75 pF

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices
should be operated at these limits. The tables of “Recommended Operating Conditions” and “Electrical Characteristics” provide conditions for actual device
operation.

Note 2: Vgg=0V unless otherwise specified.

Note 3: These devices should not be connected to circuits with the power “ON”.

Note 4: In all cases, there is approximately 5 pF of probe and jig capacitance on the output; h: , this capacitance is included in G| wherever it is specified.
Note 5: Vg is the voltage at the in/out pin and Vpg is the voltage at the out/in pin. V¢ is the voltage at the control input.

Note 6: If the switch input is held at Vpp, Vixc is the control input level that will cause the switch output to meet the standard “B” series Vo and Ioy output levels.
If the analog switch input is connected to Vss, Vic is the control input level — which allows the switch to sink standard “B” series |Ion|, high level current, and still
maintain a Vg < “B” series. These currents are shown in Figure 8.

Note 7: Refer to RETS4016BX for military specifications.

AC Test Circuits and Switching Time Waveforms

Voo

Ve = Voo

TONTROL Vo

10F 4
Vg —u
IS m/ouTSWITCHES ouT/N Vos

vss o Ay

l __[- - -

Figure 1. tpLy, tpLH Propagation Delay Time Signal Input to Signal Output -

v Voo tpzH tPHZ
Voo v
0D Voo
CONTROL  Vpp 50% 50%
. 10F4 o ov

Vis = Vop IN/OUT ouTAN Vos

h— SWITCHES —>| PZH |a— —| tHz |+

Vss [ [ Vou

VoH

L L
50 pF 1% 90%
10%
ov o

FIGURE 2. tpzyy, tpz Propagation Delay Time Control to Signal Qutput

TL/F/5661-2
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AC Test Circuits and Switching Time Waveforms (continued)

t
ve Voo Voo FzL tPLZ
I tpzL e
CONTROL  Vpp " Yoo o oo "
5
Vig=0v In/ouT sv:l‘r,:u‘ss OUT/N, vas ov ov
Vgs s AN R o | iz |-

I T -
Vou VoL
FIGURE 3. tpzy, tpHz Propagation Delay Time Control to Signal Output

sV

Ve —I
I 25—

CONTROL  Vpp

o

e/t

-5V
Vc=Vgg for feedthrough test

FIGURE 4. Sine Wave Distortion, Frequency Response and Feedthrough

5V

CONTROL Vg

VelA) = Vg e——

10F4
SWITCHES ouTiN

Vss

Vis(A) —fIN/OUT Vos(A)

10F4 Vis
Vis IN/OUT oo rones OUT/N Vs
Vss -2.5v
l "
= Ve =Vpp for distortion and frequency response tests

Ry
*
_sv = 25V —————
Visy OV
Vi(B) = Vgs sv
I I ~2.5V ———
"
CONTROL  Vpp
Vis(8) = 0V 10F 4
I8 INOUT () O e OUT/IN Vos(8)
Vss AL
I 1k
= -5V =
FIGURE 5. Crosstalk Between Any Two Switches
10v
Ve ty = 20 ns —=| |<—
Vop ~
TONTROL  Vpp ] ve / e
10%
v, 10F4 - ov
1S INJouT SWITCHES ouT/n Vos
Rin Vss [ [
i L i

[=— t§- 20 ns

_l_ 10k

l 50pt
I - 1

| N
CROSfTALK

7

FIGURE 6. Crosstalk — Control to Input Signal Output

TL/F/5661-3
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CD4016BM/CD4016BC

AC Test Circuits and Switching Time Waveforms (continued)

Voo

CONTROL  Vpp

Ve

Vic = Vi —d 10F4
1§ * Voo ——]INOUT g 7 OUT/N

Vss

TL/F/5661-4
FIGURE 7. Maximum Control Input Frequency
Temperature Switch Input Switch Output
Range Voo Vis lis (MA) Vosw)
TLow 25°C THIGH Min Max
5 0 0.25 0.2 0.14 0.4
5 5 —0.25 —0.2 —0.14 4.6
10 0 0.62 0.5 0.35 0.5
MILITARY 10 10 —0.62 —0.5 —0.35 9.5
15 0 18 15 1.1 1.5
15 15 —-1.8 —-15 -1.1 13.5
5 0 0.2 0.16 0.12 0.4
5 5 —-0.2 —0.16 —-0.12 4.6
10 0 0.5 0.4 0.3 0.5
COMMERCIAL 10 10 —0.5 —-0.4 —-0.3 9.5
15 0 14 1.2 1.0 15
15 15 —1.4 —-1.2 —-1.0 135
FIGURE 8. CD4016B Switch Test Conditions for Vic
Typical Performance Characteristics
‘ON’ Resistance vs. Signal ‘ON’ Resistance Temperature ‘ON’ Resistance Temperature
Voltage Tp=25°C Variation for Vpp—Vgs= 10V Variation for Vpp—Vgg= 15V
900
) ] ] _ & T T,
3 800 Vdn-Vss=10V g 900 Py 2 500 K 712504 ,A\
< 700 T 800 K @ +85°C ">
g \ S = a0 t@ +255°CH& N
2 600 ] \ 2 2 \.
& 500 g \ E w4 NN
g 0 \N g o AN 2 /f DANA NN
EE) I S 7l N = w[ L4 LS -
o I Vs =15 |- S A NS £ et s A A AN
g W —F £ w0 NN @ -40°C 2 .0 [ @ -40°C M~
£ 0 < £ w2 @1 '5T° H i @ i—ssit.
-8-6-4-2 0 2 4 6 8 -8-6-4-20 2 4 6 8 -8 -6-4-2 0 2 4 6 8
SIGNAL INPUT (Vis)(V) SIGNAL INPUT (Vis)(V) SIGNAL INPUT (Vis)(V)

TL/F/5661-5
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Typical Applications

4 Input Multiplexer
10F 4
CHANNEL 1 SWITCHES
10F 4
CHANNEL 2 SWITCHES
—L COMMON
’—
10F4
CHANNEL 3 SWITCHES
10F 4
CHANNEL 4 SWITCHES
4 3 2 1
CONTROL
Sample/Hold Amplifier
b QUTPUT
10F 4
INPUT =1 swircHES
LF356
0.1uF

S/H

Special Considerations

The CD4016B is composed of 4, two-transistor analog
switches. These switches do not have any linearization or
compensation circuitry for “Ron” as do the CD4066B’s. Be-
cause of this, the special operating considerations for
the CD4066B do not apply to the CD4016B, but at low

1

TL/F/5661-6

supply voltages, <5V, the CD4016B’s on resistance be-
comes non-linear. It is recommended that at 5V, voltages
on the in/out pins be maintained within about 1V of either
Vpp or Vss; and that at 3V the voltages on the in/out pins
should be at Vpp or Vgs for reliable operation.
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CD4051BM/CD4051BC/CD4052BM/CD4052BC/CD4053BM/CD4053BC

National
Semiconductor
Corporation

CD4051BM/CD4051BC Single 8-Channel Analog

Multiplexer/Demultipiexer

CD4052BM/CD4052BC Dual 4-Channel Analog

Multiplexer/Demultiplexer

CD4053BM/CD4053BC Triple 2-Channel Analog

Multiplexer/Demultiplexer

General Description

These analog multiplexers/demultiplexers are digitally con-
trolled analog switches having low “ON” impedance and
very low “OFF” leakage currents. Control of analog signals
up to 15Vp.p can be achieved by digital signal amplitudes of
3-15V. For example, if Vpp=5V, Vgg=0V and Vgg= —5V,
analog signals from —5V to +5V can be controlled by digi-
tal inputs of 0-5V. The multiplexer circuits dissipate ex-
tremely low quiescent power over the full Vpp—Vsg and
Vpp—VEeg supply voltage ranges, independent of the logic
state of the control signals. When a logical “1" is present at
the inhibit input terminal all channels are “OFF”.
CD4051BM/CD4051BC is a single 8-channel multiplexer
having three binary control inputs. A, B, and C, and an inhibit
input. The three binary signals select 1 of 8 channels to be
turned “ON” and connect the input to the output.
CD4052BM/CD4052BC is a differential 4-channel multiplex-
er having two binary control inputs, A and B, and an inhibit
input. The two binary input signals select 1 or 4 pairs of
channels to be turned on and connect the differential ana-
log inputs to the differential outputs.
CD4053BM/CD4053BC is a triple 2-channel multiplexer
having three separate digital control inputs, A, B, and C, and

an inhibit input. Each control input selects one of a pair of
channels which are connected in a single-pole double-throw
configuration.

Features

m Wide range of digital and analog signal levels: digital
3-15V, analog to 15Vp.p

m Low “ON” resistance: 809 (typ.) over entire 15V, sig-
nal-input range for Vpp—Vgg= 15V

m High “OFF” resistance: channel leakage of +10 pA
(typ.) at Vpp—Vgg=10V

m Logic level conversion for digital addressing signals of
3-15V (Vpp—Vss=3-15V) to switch analog signals to
15 Vp.p (VDD—VEE=15V)

W Matched switch characteristics: ARon=50 (typ.) for
Vpp—Vee=15V

m Very low quiescent power dissipation under all digital-
control input and supply conditions: 1 puW (typ.) at
Vop—Vss=Vpp—Vee=10V

m Binary address decoding on chip

Connection Diagrams

Dual-In-Line Packages

CD4051BM/CD4051BC CD4052BM/CD4052BC CD4053BM/CD4053BC
IN/our INQUT gy IN/OUT UTIN  INjOUT
Vop 2 A c Voo 2x 1 O x A 8B Voo B Sy a A c
6 Pis Jia ha 2 o s 6 Jis pa b3 2 fn fo s 16 115 fia h3 Jiz | fio s
1 F F 5 (& |7 ¢ T 1T [ [F P 5 7 ¢ 1T F FFF TP
q OUT/IN INH Vgg Vs Oy 2y y 3y ty INH Vg Vs by  bx oy c ex INH Vg Vss
IN/OUT IN/OUT sout OUT/IN Srgur “TINGUT - QUT/IN INjoUT
TOP VIEW TOP VIEW TOP VIEW TL/F/5662-1

Cavity Dual-In-Line Package (J)
Order Number CD4051BMJ,
CD4051BCJ, CD4052BMJ,
CD4052BCJ, CD4053BMJ, or
CD4053BCJ
See NS Package Number J16A

Small Outline Package (M)
Order Number CD4051BCM,
CD4052BCM or CD4053BCM

See NS Package Number M16A

Molded Dual-In-Line Package (N)
Order Number CD4051BMN,
CD4051BCN, CD4052BMN,
CD4052BCN, CD4053BMN, or
CD4053BCN
See NS Package Number N16E
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Absolute Maximum Ratings
If Military/Aerospace specified devices are required,

Recommended Operating Conditions
Vpp DC Supply Voltage +5Vdcto +15Vdc

contact the National Semiconductor Sales Office/ ViN  Input Voltage 0V'to Vpp Vde
Distributors for availability and specifications. Ta  Operating Temperature Range
(Note 4) 4051BM/4052BM/4053BM —55°Cto +125°C
Vpp DC Supply Voltage —0.5Vdcto +18 Vdc 4051BC/4052BC/4053BC —40°Cto +85°C
ViN  Input Voltage —0.5 Vdc to Vpp+0.5 Vdc
Ts  Storage Temperature Range —65°Cto +150°C
Pp  Package Dissipation 500 mW
TL  Lead Temperature (soldering, 10 seconds) 260°C
DC Electrical Characteristics (ot 2
Symbol Parameter Conditions —55°C +25° H125C | ynits
Min| Max |Min| Typ | Max [ Min| Max
Ibop Quiescent Device Current | Vpp=5V 5 5 150 RA
Vpp=10V 10 10 300 | pA
Vpp=15V 20 20 600 | pA
Signal Inputs (V)s) and Outputs (Vog)
Ron “ON" Resistance (Peak | R_=10kQ Vpp=2.5V,
for VEg<Vis<Vpp) (any channel | Vgg= —2.5V
selected) orVpp=5V, 800 270 | 1050 1300 [}
VEg=0V
Vpp=5V
VEg= -5V
or Vpp= 10V, 310 120 | 400 550 Q
VEg=0V
Vpp=7.5V,
Vgg=—7.5V
orVipp=15V, 200 80 | 240 320 Q
VEg=0V
ARon | A“ON” Resistance RL=10kQ Vpp=2.5V,
Between Any Two (any channel | VEg= —2.5V 10 Q
Channels selected) orVpp=5V,
VEg=0V
Vpp=5V,
Vgg=—5V
orVpp=10V, 10 Q
VEg=0V
Vpp=7.5V,
Vgg=—7.5V
orVpp=15V, 5 o
VEg=0V
“OFF” Channel Leakage | Vpp=7.5V, Vgg=-—7.5V
Current, any channel O/l=£7.5V,1/0=0V +50 +0.01| =50 +500 nA
“OFF”
“OFF” Channel Leakage | Inhibit=7.5V ~ CD4051 +200 +0.08 | £200 +2000 | nA
Current, all channels Vpp=7.5V,
“OFF” (Common VEg=—7.5V, (CD4052 +200 +0.04 | £200 +2000| nA
OUT/IN) O/1=0V,
1/0=+75V  CD4053 +200 +0.02 | £200 +2000| nA
Control Inputs A, B, C and Inhibit
ViL Low Level Input Voltage | VEg=Vss RL.=1 k{2 to Vgg
lis<2 pA on all OFF channels
Vis=Vpp thru 1 kQ
Vpp=5V 15 1.5 15 v
Vpp=10V 3.0 3.0 3.0 \'
Vpp=15V 4.0 4.0 4.0 Vv
VIH High Level Input Voltage | Vpp=5 35 35 3.5 \
Vpp=10 7 7 7 Vv
Vpp=15 11 11 11 Vv

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range™
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device

operation.

Note 2: All voltages measured with respect to Vgg unless otherwise specified.
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CD4051BM/CD4051BC/CD4052BM/CD4052BC/CD4053BM/CD4053BC

DC Electrical Characteristics (Note 2) (Continued)

Symbol Parameter Conditions —40c +a5e +85°C Units
Min| Max |[Min| Typ Max | Min| Max
N Input Current Vpp=158V, VEg=0V _ _49-5| —01 _
Vin=0V 0.1 10 1.0 | pA
Vpp=15V, VEg=0V —5
Vin=15V 0.1 10 0.1 1.0 rA
lob Quiescent Device Current | Vpp=5V 20 20 150 LA
Vpp=10V 40 40 300 BA
Vpp=15V 80 80 600 BA
Signal Inputs (V)g) and Outputs (Vog)
Ron ““ON" Resistance (Peak R =10kQ Vpp=2.5V,
for VEg<V|s<Vpp) (any channel | Vgg=—2.5V
selected) orVpp=5V, 850 270 | 1050 1200 Q
VEg=0V
Vpp=5V,
VEg= -5V
orVpp=10V, 330 120 400 520 Q
VEg=0V
Vpp=7.5V,
Vgg= —7.5V
or Vpp=15V, 210 80 240 300 (1]
Veg=0V
ARoN | A"ON” Resistance RL=10kQ Vpp=2.5V,
Between Any Two (any channel | Vgg= —2.5V 10 Q
Channels selected) orVpp=5V,
VEg=0V
Vpp=5V
Vgg= -5V
orVpp=10V, 10 @
VEg=0V
Vpp=7.5V,
VEg= —7.5V
or Vpp=15V, 5 a
VEg=0V
“OFF” Channel Leakage Vpp=7.5V, Vgg=-7.5V
Current, any channel “OFF” | O/I= 7.5V, 1/0=0V +50 +0.01 | +50 +500 | nA
“OFF” Channel Leakage Inhibit=7.5vV  CD4051 +200 +0.08 | £200 +2000| nA
Current, all channels Vpp=7.5V,
“OFF” (Common VEg=—7.5V, CD4052 +200 +0.04 [ £200 +2000| nA
OUT/IN) o/1=0V
1/0=+7.5V  CD4053 +200 +0.02 | £200 +2000| nA
Control Inputs A, B, C and Inhibit
ViL Low Level Input Voltage Veg=Vgs RL=1kQ to Vgg
lis<2 nA on all OFF Channels
Vis=Vpp thru 1 kQ
Vpp=5V 1.5 1.5 1.5 \
Vpp=10V 3.0 3.0 3.0 \
Vpp=15V 4.0 4.0 4.0 \
ViH High Level Input Voltage Vpp=5 3.5 3.5 3.5 \)
Vpp=10 7 7 7 \
Vpp=15 11 1 1 \
Y] Input Current Vpp=15V, VEg=0V _ _40-5] —01 _
Vin=0V 0.1 10 1.0 | pA
Vpp=15V, VEg=0V —5
ViN=15V 0.1 10 0.1 1.0 pA

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range”
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device

operation.

Note 2: All voltages measured with respect to Vgg unless otherwise specified.
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AC Electrical Characteristics

Ta=25°C, ty=t;=20 ns, unless otherwise specified.

Symbol Parameter Conditions Vpp | Min | Typ | Max Units
tpzH Propagation Delay Time from VEg=Vgg=0V 5V 600 | 1200 ns
tpzL Inhibit to Signal Output RL=1kQ 10V 225 | 450 ns
(channel turning on) Cp=50pF 15V 160 | 320 ns
tPHZ Propagation Delay Time from Veg=Vsg=0V 5V 210 | 420 ns
tpLz Inhibit to Signal Output R =1k 10V 100 | 200 ns
(channel turning off) C_ =50 pF 15V 75 150 ns
CiN Input Capacitance
Control input 5 7.5 pF
Signal Input (IN/OUT) 10 15 pF
Cout Output Capacitance
(common OUT/IN)
CD4051 10V 30 pF
CD4052 VEg=Vgs=0V 1oV 15 pF
CD4053 1oV 8 pF
Cios Feedthrough Capacitance 0.2 pF
CpDp Power Dissipation Capacitance
CD4051 110 pF
CD4052 140 pF
CD4053 70 pF
Signal Inputs (V;g) and Outputs (Vos)
Sine Wave Response RL=10kQ
(Distortion) fis=1kHz 10V 0.04 %
Vis=5Vpp
Veg=Vg =0V
Erquenf:y Response, Channel | R_=1kQ, VEg=0V, V|g=5Vpp, 10V 0 MHz
ON" (Sine Wave Input) 20log1o Vos/Vis=—3dB
Feedthrough, Channel “OFF” RL=1kQ, VEg=Vgs=0V, Vig=5Vp.p,
20 l0g1o Vos/Vis = — 40 dB 1ov 10 MHz
Crosstalk Between Any Two RpL=1kQ, VEg=Vss=0V, Vis(A)=5Vpp 10V 3 MHz
Channels (frequency at 40 dB) | 20 log1o Vos(B)/V|s(A)= —40 dB (Note 3)
tPHL Propagation Delay Signal Veg=Vgg=0V 5V 25 55 ns
tpLH Input to Signal Output C_=50pF 10V 15 35 ns
15V 10 25 ns
Control Inputs, A, B, C and Inhibit
Control Input to Signal VEg=Vsgs=0V, RL=10 k2 at both ends
Crosstalk of channel. 10V 65 mV (peak)
Input Square Wave Amplitude= 10V
tPHL, Propagation Delay Time from VEg=Vgs=0V 5V 500 | 1000 ns
tPLH Address to Signal Output C_=50pF 0V 180 | 360 ns
(channels “ON” or “OFF”) 15V 120 | 240 ns

Note 3: A, B are two arbitrary channels with A turned “ON" and B “OFF”.
Note 4: Refer to RETS4051BX, RETS4052BX, RETS4053BX for military specifications.
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CD4051BM/CD4051BC/CD4052BM/CD4052BC/CD4053BM/CD4053BC

Block Diagrams

Voo

CD4051BM/CD4051BC

INH Oi—

CHANNEL IN/OUT

~

10
AO—

8 O]l

INH QL_.

7 6 5 4 3 2 1 0
16 0
‘——I__l 94 92 oﬁ ?l ﬁ)‘lz ?ﬁl ﬁ)ll 13
BINARY
10
LoGic
LEVEL DECO0ER
CONVERSION 00
INHIBIT
-
e H
o M
! )y
Ves Vee
CD4052BM/CD4052BC
X CHANNELS IN/OUT
3 2 1 0
Qo O
1 J1s Jia T2
Voo
1
BINARY
Logic oo
LEVEL
CONVERSION DECDOER
INHIBIT

]

7

o
Vee

Jﬁ)l

Y CHANNELS IN/OUT

3

COMMON
OUuT/IN

COMMON X
oUT/IN

COMMON Y
OUT/IN

TL/F/5662-2
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Block Diagrams (Continued)

CD4053BM/CD4053BC
IN/OUT
Voo -
T cy 3 by bx ay ax
-'E TJ 5 ?a 2
| ]
" BII\:AORFVZTD
AO DECODER
WITH INHIBIT
———————
L0GIC
BOL LEVEL
CONVERSION
———————
¢ 0—
6
INH O
l L ¢
8 7
[o]
Vss Vee
Truth Table
INPUT STATES “ON” CHANNELS
INHIBIT | C | B | A | CD4051B | CD4052B | CD4053B
0 0j{0]|0 0 0X, oY cx, bx, ax
0 0(0]1 1 1X,1Y cx, bx, ay
0 0|1]0 2 2X, 2Y cx, by, ax
0 o111 3 3X, 3Y cx, by, ay
0 100 4 cy, bx, ax
0 1101 5 cy, bx, ay
0 111]0 6 cy, by, ax
0 1(111 7 cy, by, ay
1 L NONE NONE NONE

*Don't Care condition.

15

4

OUT/IN
ax ORay

OUT/IN
O bx0Rby

QUT/IN
cx OR cy

TL/F/5662-3
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CD4051BM/CD4051BC/CD4052BM/CD4052BC/CD4053BM/CD4053BC

Switching Time Waveforms

Voo

| |
Vpp—»| | €—1 —»| | |[-——tf
1 | ADDRESS 0
17/ —90% 1 INPUTS
ABorC ypp
0
Voo
SIGNAL INPUT TO SIGNAL GUTPUT
Vos
0
ADDRESS TO SIGNAL OUTPUT
Vop Vop 90%
INHIBIT 50%
IN/OUT or Y 10%
OUT/IN ANY CHANNEL o yr/in or INJOUT
Vos
<€ tpzH
VDD - - -
50pF
vos
INHIBIT - = 0 10%
Vpp vop
INHIBIT i_
1KQ
ANY CHANNEL 0 E
IN/OUT or 1.Y0s 1 our/nor
OUT/IN IN/OUT —>
= \ 50pF
I
INHIBITo—-D— — 0

TL/F/5662-4
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Special Considerations

In certain applications the external load-resistor current may
include both Vpp and signal-line components. To avoid
drawing Vpp current when switch current flows into IN/OUT
pin, the voltage drop across the bidirectional switch must

Typical Performance Characteristics

“ON” Resistance vs Signal
Voltage for Tp=25°C
400

g
S 0
&
E 300
Z 250 (Voo - Vee = 5V al
2 \
2 a0 \
2
©<
5 150 Voo - Vee = 10V
ST N |
g 1
A
] 50 Voo - Vee = 15V
=) 0 I

-8 -6 -4 -2 0 2 4 6 8
SIGNAL VOLTAGE (Vis) (V)

“ON” Resistance as a
Function of Temperature for

Vpp—Veeg=10V
= 400
Z 350
<
w 300
=]
=
g 250
% 20
= Ta = #+125C A
HE et = 5
oo |-TaTSE =
H 1
z 50 N
H Ta- -557C
© bt

-8 6 4 -2 0 2 4 6 8
SIGNAL VOLTAGE (Vis) (V)

not exceed 0.6V at To< 25°C, or 0.4V at Tp>25°C (calcu-
lated from Rpy values shown). No Vpp current will flow
through Ry if the switch current flows into OUT/IN pin.

CHANNEL “ON" RESISTANCE (Rgy) (52)

CHANNEL “ON" RESISTANCE (Ron) (€2)

400
350
300
250
200
150
100
50
0

“ON” Resistance as a
Function of Temperature for
Vpp—VEg=15V

[ Ta = +125°C ”—m
l% |
H
Ta =+25°C ’,::.
et |
Ta=-55C o

-8 6 -4 -2 0 2 4 6 8

SIGNAL VOLTAGE (Vis) (V)

“ON” Resistance as a
Function of Temperature for

Vpp—VEg=5V
400

350
300
250
200
150
100

50

o
-8 -6 -4 -2 0 2 4 6 8

SUPPLY VOLTAGE (Vis) (V)

Allll

Pd Ta = +125°C

a—fe

TL/F/5662-5
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CD4066BM/CD4066BC

National
Semiconductor
Corporation

CD4066BM/CD4066BC Quad Bilateral Switch

General Description

The CD4066BM/CD4066BC is a quad bilateral switch in-
tended for the transmission or multiplexing of analog or digi-
tal signals. It is pin-for-pin compatible with CD4016BM/
CD4016BC, but has a much lower “ON” resistance, and
“ON” resistance is relatively constant over the input-signal
range.

Features

m Wide supply voltage range 3V to 15V

m High noise immunity 0.45 Vpp (typ.)

m Wide range of digital and +7.5 Vppak
analog switching

m “ON” resistance for 15V operation 800

m Matched “ON” resistance ARoN=5Q (typ.)

over 15V signal input
m “ON” resistance flat over peak-to-peak signal range

m High “ON"/“OFF” 65 dB (typ.)
output voltage ratio @ fig=10 kHz, R_. =10 kQ
m High degree linearity 0.1% distortion (typ.)
High degree linearity @ fis=1 kHz, Vis=5Vp.p,

High degree linearity Vpp—Vss=10V, R_.=10 kQ

m Extremely low “OFF” 0.1 nA (typ.)
switch leakage @ Vpp—Vgs=10V, To=25°C
m Extremely high control input impedance 1012Q(typ.)
B Low crosstalk ’ —50 dB (typ.)
between switches @ fig=0.9 MHz, R.=1 kQ

m Frequency response, switch “ON”

Applications
m Analog signal switching/multiplexing
 Signal gating
e Squelch control
® Chopper
* Modulator/Demodulator
e Commutating switch
m Digital signal switching/multiplexing
m CMOS logic implementation

40 MHz (typ.)

m Analog-to-digital/digital-to-analog conversion
m Digital control of frequency, impedance, phase, and an-

alog-signal-gain

Schematic and Connection Diagrams

coumm——D

INOUT

-l L

-
'li |

¥7

Vss

Dual-In-Line Package

Cavity Dual-In-Line Package (J) wiout - EQ 4 o
Order Number CD4066BMJ or ot 2 13
CD4066BCJ IN CONTROL A
Small Outline Package (M
See NS Package Number J14A oum 4 [} L= cowron o Order Number CDAGGEBCN
out O wiour See NS Package Number M14A
CONTROL B i m 10 OUT/N
Molded Dual-In-Line Package (N) R .
Order Number CD4066BMN or CONTROL € = [ ouTiN
CD4066BCN VSSLEL wiout
See NS Package Number N14A TL/F/5666-1
Top View
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Absolute Maximum Ratings

(Notes

1 and 2)

If Military/Aerospace specified devices are required,
contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

(Note 7)

Vpp Supply Voltage

VN Input Voltage

Tg Storage Temperature Range
Pp Package Dissipation

Ty Lead Temperature (Soldering, 10 seconds)

—0.5Vto +18V
—0.5Vto Vpp+0.5V
—65°Cto +150°C
500 mW
300°C

Recommended Operating

Conditions (Note 2)
Vpp Supply Voltage
VN Input Voltage

3Vto 15V
0V to Vpp

Ta Operating Temperature Range

CD4066BM
CD4066BC

DC Electrical Characteristics cp4osssm (Note 2)

—55°Cto +125°C
—40°C to +85°C

Symbol Parameter Conditions —55°C 25°C 125°C Units
Min | Max | Min Typ Max | Min | Max
Ipp Quiescent Device Current | Vpp=5V 0.25 0.01 0.25 7.5 LA
Vpp=10V 0.5 0.01 0.5 15 pA
Vpp=15V 1.0 0.01 1.0 30 A
Signal Inputs and Outputs
Vpp—V
Ron “ON” Resistance RL=10kQ to ~2D—*S8
Ve=Vpp, Vis=Vss to Vpp
Vpp=5V 800 270 1050 1300 [$}
Vpp=10V 310 120 400 550 Q
Vpp=15V 200 80 240 320 Q
Vpp—V.
ARoN A"ON” Resistance RL=10kQ to ZDD=7ss
Between any 2 of Vc=Vpp, Vis=Vss to Vpp
4 Switches Vpp=10V 10 Q
Vpp=15V 5 Q
lis Input or Output Leakage | Vc=0 +50 +0.1 +50 +500 | nA
Switch “OFF” Vis=15V and 0V,
Vos=0V and 15V
Control Inputs
ViLc Low Level Input Voltage Vis=Vgs and Vpp
Vos=Vpp and Vsg
lis=+10 pA
Vpp=5V 1.5 2.25 1.5 1.5 Vv
Vpp=10V 3.0 45 3.0 3.0 Y
Vpp=15V 4.0 6.75 4.0 4.0 v
ViHe High Level Input Voltage | Vpp=5V 3.5 3.5 2.75 3.5 v
Vpp= 10V (see note 6) 7.0 7.0 5.5 7.0 \%
Vpp=15V 11.0 11.0| 825 11.0 \Y
N Input Current Vpp—Vgs=15V +0.1 +10-5| +£0.1 +1.0 | pA
Vpbp=Vis2Vss
Vbp=Vc=Vss
DC Electrical Characteristics cp4osssc (Note 2)
Symbol Parameter Conditions —4orc 25c 85°C Units
Min Max Min Typ Max Min Max
Ibb Quiescent Device Current Vpp=5V 1.0 0.01 1.0 7.5 MA
Vpp=10V 2.0 0.01 2.0 15 pA
Vpp=15V 4.0 0.01 4.0 30 RA
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CD4066BM/CD4066BC

DC Electrical Characteristics (Continued) cD4066BC (Note 2)

Symbol Parameter Conditions —40c 25°¢ gsc Units
Min | Max | Min I Typ l Max | Min | Max
Signal Inputs and Outputs
Ron | “ON" Resistance RL=10 kq to 22— VsS
Vc=Vpp, Vss to Vpp
Vpp=5V 850 270 1050 1200 Q
Vpp=10V 330 120 400 520 o
Vpp=15V 210 80 240 300 Q
ARoN | A“ON” Resistance RL=10 k) to YRR _VsS
Between Any 2 of Vee=Vop, Vis=Vss to Vpp
4 Switches Vpp=10V 10 (1)
Vpp=15V 5 Q
lis Input or Output Leakage | Vo=0 +50 +0.1 +50 +200 | nA
Switch “OFF”
Control Inputs
ViLc Low Level Input Voltage | V)s=Vgg and Vpp
Vos=Vpp and Vsg
lis= £ 10pnA
Vpp=5V 1.5 2.25 1.5 1.5 \
Vpp=10V 3.0 45 3.0 3.0 \'
Vpp=15V 4.0 6.75 4.0 4.0 \
ViHc High Level Input Voltage | Vpp=5V 3.5 3.5 2.75 3.5 \"
Vpp= 10V (See note 6) 7.0 7.0 5.5 7.0 \'
Vpp=15V 11.0 11.0| 8.25 11.0 \'
N Input Current Vpp—Vgs=15V +0.3 +10-5| +0.3 +1.0 pA
VopVis=Vsg
Vpp=Vg2=Vssg
AC Electrical Characteristics 1,=25:C, t,=t=20 ns and Vgg= 0V unless otherwise specified
Symbol Parameter Conditions Min Typ Max Units
tPHL tPLH Propagation Delay Time Signal Vc=Vpp, CL=50 pF, (Figure 1)
Input to Signal Output R =200k
Vpp=5V 25 55 ns
Vpp=10V 15 35 ns
Vpp=15V 10 25 ns
tpzH, trzL Propagation Delay Time R =1.0kQ, C_ =50 pF, (Figures 2 and 3)
Control Input to Signal Vpp=5V 125 ns
Output High Impedance to Vpp=10V 60 ns
Logical Level Vpp=15V 50 ns
tpHz, tPLZ Propagation Delay Time R =1.0kQ, G =50 pF, (Figures 2 and 3)
Control Input to Signal Vpp=5V 125 ns
Output Logical Level to Vpp=10V 60 ns
High Impedance Vpp=15V 50 ns
Sine Wave Distortion Vc=Vpp=5V, Vgg=—5V 0.1 %
RL=10kQ, V|g=5Vpp, f=1kHz,
(Figure 4)
Frequency Response-Switch Vc=Vpp=5V, Vgg= —5V, 40 MHz
“ON” (Frequency at —3 dB) RL=1kQ, Vig=5Vp.p,
20 Log1o Vos/Vos (1 kHz) —dB,
(Figure 4)
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AC Electrical Characteristics (continued) To=25°C, t,=t;= 20 ns and Vgg =0V unless otherwise noted

Symbol Parameter Conditions Min Typ Max Units
Feedthrough — Switch “OFF” Vpp=5.0V, Vcc=Vgs= —5.0V, 1.25
(Frequency at —50 dB) RL=1kQ, Vig=5.0Vp.p, 20 Logyo,
Vos/Vis= —50dB, (Figure 4)
Crosstalk Between Any Two Vpp=Vcg(a)=5.0V; Vss=Vc@)=5.0V, 0.9 MHz
Switches (Frequency at —50 dB) RL1 kQ, Vig(a)=5.0 Vp.p, 20 Logyo,
Vos()/Vis(a)= —50 dB (Figure 5)
Crosstalk; Control Input to Vpp=10V, RL=10kQ, Ry=1.0 kQ, 150 mVp.p
Signal Output Vcg =10V Square Wave, C| =50 pF
(Figure 6)
Maximum Control Input RL=1.0kQ, C_=50 pF, (Figure 7)
Vos) = Y2 Vos(1.0 kHz)
Vpp=5.0V 6.0 MHz
Vpp=10V 8.0 MHz
Vpp=15V 8.5 MHz
Cis Signal Input Capacitance 8.0 pF
Cos Signal Output Capacitance Vpp=10V 8.0 pF
Cios Feedthrough Capacitance Ve=0V 0.5 pF
CiN Control Input Capacitance 5.0 7.5 pF

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices
should be operated at these limits. The tables of “Recommended Operating Conditions" and “Electrical Characteristics” provide conditions for actual device
operation.

Note 2: Vgg=0V unless otherwise specified.

Note 3: These devices should not be connected to circuits with the power “ON".

Note 4: In all cases, there is approximately 5 pF of probe and jig capacitance in the output; however, this capacitance is included in C|_ wherever it is specified.
Note 5: Vg is the voltage at the in/out pin and Vgg is the voltage at the out/in pin. V¢ is the voltage at the control input.

Note 6: Conditions for V|yg: a) Vis=Vpp, log=standard B series loy b) Vig=0V, lp_=standard B series lg|.

Note 7: Refer to RETS4066BX for military specifications.

AC Test Circuits and Switching Time Waveforms
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FIGURE 1. tpy, tpLH Propagation Delay Time Signal Input to Signal Output
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FIGURE 2. tpzy, tpHz Propagation Delay Time Control to Signal Output
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FIGURE 3. tpz) , tp z Propagtion Delay Time Control to Signal Output
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CD4066BM/CD4066BC

AC Test Circuits and Switching Time Waveforms (continued)
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Typical Performance Characteristics

“ON” Resistance vs Signal
Voltage for Tp=25°C
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Special Considerations

In applications where separate power sources are used to
drive Vpp and the signal input, the Vpp current capability
should exceed Vpp/R| (R = effective external load of the 4
CD4066BM/CD4066BC bilateral switches). This provision
avoids any permanent current flow or clamp action of the
Vpp supply when power is applied or removed from
CD4066BM/CD4066BC.

In certain applications, the external load-resistor current
may include both Vpp and signal-line components. To avoid
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Vpp—Vss= 15V
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]

A =+25°C
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SUPPLY VOLTAGE (V|g) (V)
TL/F/5665-4

drawing Vpp current when switch current flows into termi-
nals 1, 4, 8 or 11, the voltage drop across the bidirectional
switch must not exceed 0.6V at Tpo<25°C, or 0.4V at
Ta>25°C (calculated from Roy values shown).

No Vpp current will flow through Ry if the switch current
flows into terminals 2, 3, 9 or 10.
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CD4529BM/CD4529BC

National
Semiconductor
Corporation

CD4529BM/CD4529BC Dual 4-Channel or Smgle
8-Channel Analog Data Seiector

General Description

The CD4529B is a dual 4-channel or a single 8-channel
analog data selector, implemented with complementary
MOS (CMOS) circuits constructed with N- and P-channel
enhancement mode transistors. Dual 4-channel or 8-chan-
nel mode operation is selected by proper input coding, with
outputs Z and W tied together for the single 8-bit mode. The
device is suitable for digital as well as analog applications,
including various 1-of-4 and 1-of-8 data selector functions.
Since the device is analog and bidirectional, it can also be
used for dual binary to 1-of-4 or single 1-of-8 decoder appli-

cations.

Features

m Wide supply voltage range 3.0V to 15V

m High noise immunity 0.45 Vpp (typ.)

m Low quiescent 0.005 uW/package
power dissipation (typ.) @ 5.0 Vpc

10 MHz frequency operation (typ.)

Data paths are bidirectional

Linear ON resistance [1209 (typ.) @ 15V]
TRI-STATE® outputs (high impedance disable strobe)
Plug-in replacement for MC14529B

Connection Diagram

Dual-In-Line Package

Voo STy YO 12 vz ]

16 15 14 13 12

w z
11 ||n Is

y

TOP VIEW

Order Number CD4529BCJ, N or CD4529BMJ, W
See NS Package J16A, N16E, or W16A

Truth Table
STx |[STy|B|A| Z w
1 1 |10|0| XO YO Dual
1 10|11 X1 Y1 4-Channel
1 1 |1]0| X2 Y2 Mode
1 1 |1]1] X3 Y3 : 2 Outputs
1 0 |0fO X0
1 0 |01 X1
Single
1 g 1 (1) ig 8-Channel Mode
" 1Output
0 1 (0|0 YO (Zand W
0 1 (0|1 Y1 tied together)
0 1 {1]0 Y2
0 1 111 Y3 <
0 0 |X|X High
Impedance
(TRI-STATE)

X = Don’t care

Logic Diagram

§
p—-O12

"
¥0 O—

13
Y10~

n
Y20~

Y3 O

A

TL/F/5999-1
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

(Notes 1 and 2)

Vpp DC Supply Voltage

—0.5Vto +18V

Recommended Operating

Conditions (note 2)

Vpp DC Supply Voltage

V| Input Voltage

Ta Operating Temperature Range

Vin Input Voltage

Tgs Storage Temperature Range

Pp Package Dissipation

TL Lead Temp. (Soldering, 10 seconds)

CD4529BM
CD4529BC

—0.5V to Vpp +0.5V
—65°C to +150°C
500 mW

260°C

DC Electrical Characteristics cp4s298M (Note 2)

3Vto 15V
0to Vpp

—55°Cto +125°C
—40°C to +85°C

Symbol Parameter Conditions —55°C 25°c 125°C Units
Min | Max | Min Typ Max | Min | Max
Ibp Quiescent Device Vpp = 5V 1.0 0.001 1.0 60 nA
Current Vpp = 10V 1.0 0.002 | 1.0 60 HA
Vpp = 15V 2.0 0.003 | 20 120 | pA
VoL Low Level Output ViL= 0V, Vjq = Vpp, |lo] < 1 pA
Voltage Vpp = 5V 0.05 0 0.05 0.05 \
Vpp = 10V 0.05 0 0.05 005 | V
Vpp = 15V 0.05 0 0.05 0.05 \
VoH High Level Output ViL= 0V, V|4 = Vpp, |lo| < 1pA
Voltage Vpp = 5V 4.95 495| 5.0 4.95 \Y
Vpp = 10V 9.95 9.95| 10.0 9.95 v
Vpp = 15V 14.95 14.95| 15.0 14.95 \'
ViL Low Level Input Voltage |Vpp = 5V 15 2.25 15 1.5 \
(Note 3) Vpp = 10V 3.0 450 | 30 30 | V
Vpp = 15V 4.0 6.75 4.0 4.0 \
VIH High Level Input Voltage|Vpp = 5V 3.5 3.5 2.75 3.5 \
(Note 3) Vpp = 10V 7.0 7.0 5.50 7.0 \
Vpp = 15V 11.0 11.0 8.25 11.0 \
Y] Input Current Vpp = 15V
ViN =0V -0.1 —10-5| —0.1 —1.0 | pA
Vin = 15V 0.1 10-5 | 01 1.0 | pA
Ron ON Resistance Vpp = 5V, Vgg = —5V
ViN = 5V 400 165 480 640 a
ViN= —5V 400 100 | 480 640 | Q
ViN = +0.25V 400 155 480 640 Q
Vpp = 7.5V, Vgg = —7.5V
ViN = 7.5V 240 135 | 270 400 | Q
ViN = —7.5V 240 75 270 400 Q
VN = £0.25V 240 100 270 400 Q
Vpp = 10V, Vgg = OV
Vi = 10V 400 165 480 640 Q
ViN = 0.25V 400 100 | 480 640 | Q
ViN = 5.6V 400 160 480 640 Q
Vpp = 15V, Vgg = OV
ViN = 15V 250 135 270 400 Q
ViN = 0.25V 250 75 270 400 | @
VIN = 9.3V 250 110 270 400 Q
loFF Input to Output Leakage |Vgs = —5V, Vpp = 5V, V|y = 5V, +125 +0.001 | £125 +1250( nA
Current Vout = —5V
Vgs = —5V,Vpp = 5V,V|y = —5V, +125 +0.001 | =125 +1250( nA
Vout = 5V
Vgs = —7.5V, Vpp = 7.5V, +250 +0.0015| £250 +2500| nA
VN = 7.5V, VoyT = —7.5V
Vss = —7.5V, Vpp = 7.5V, +250 +0.0015| £250 +2500| nA
ViN = —7.5V, Voyt = 7.5V
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CD4529BM/CD4529BC

DC Electrical Characteristics cpss298c (Note 2) (Continued)

Symbol Parameter Conditions —40°C 25°C 85°C Units
Min | Max | Min Typ Max | Min | Max
Ipp Quiescent Device Current |Vpp = 5V 5.0 0.001 5.0 70 MA
Vpp = 10V 5.0 0.002 5.0 70 nA
Vpp = 15V 10.0 0.003 | 10.0 140 | pA
VoL Low Level Output Voltage | Vi = OV, Vi = Vpp, llo| < 1 pA
Vpp = 5V 0.05 0.05 0.05 v
Vpp = 10V 0.05 0.05 005 | V
Vpp = 15V 0.05 0.05 0.05 \Y%
VoH High Level Output Voltage | V). = 0V, V|4 = Vpp, |lo| < 1 pA
Vpp = 5V 4.95 495 5.00 4.95 \'
Vpp = 10V 9.95 9.95| 10.00 9.95 \
Vpp = 15V 14.95 14.95 15.00 14.95 Vv
ViL Low Level Input Voltage |Vpp = 5V 1.5 2.25 1.5 1.5 \"
(Note 3) Vpp = 10V 3.0 4.50 3.0 3.0 \"
Vpp = 15V 4.0 6.75 | 4.0 4.0 \
Vi High Level Input Voltage |Vpp = 5V 3.5 3.5 2.75 3.5 \
(Note 3) Vpp = 10V 7.0 7.0 5.50 7.0 \
Vpp = 15V 11.0 11.0| 8.25 11.0 v
IIN Input Current Vpp = 15V
ViN = 0V —-0.3 -10-5 | -0.3 —1.0 | pA
ViN = 15V 0.3 10-5 | 0.3 1.0 rA
Ron ON Resistance Vpp = 5V, Vgg = —5V
ViN = 5V 410 165 480 560 1)
ViN = —5V 410 100 480 560 (1)
VN = £0.25V 410 155 480 560 Q
Vpp = 7.5V, Vgg = —7.5V
ViN = 7.5V 250 135 270 350 Q
ViN= —7.5V 250 75 270 350 | Q
ViN = +0.25V 250 100 270 350 Q
Vpp = 10V, Vgg = OV
ViN = 10V 410 165 480 560 Q
Vin = 0.25V 410 - 100 480 560 a
ViN = 5.6V 410 160 | 480 560 | Q
Vpp = 15V, Vgg = OV
Vin = 15V 250 135 270 350 Q
ViN = 0.25V 250 75 270 350 (9}
VIN = 9.3V 250 110 270 350 Q
lorr Input-Output Leakage Vgg = —5V, Vpp = 5V
Current ViN = 5V, Vout = —5V +125 +0.001 | £125 £500 | nA
VIN = —5V, Vout = 5V +125 +0.001 | £125 +500 | nA
Vgg = —7.5V,Vpp = 7.5V
VIN = 7.5V, VouT = —7.5V +250 +0.0015| £250 +1000| nA
ViN = —7.5V,Vour=7.5V +250 +0.0015| £250 +1000| nA

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range”
they are not meant to imply that the devices should be operated at these limits. The tables of “Recommended Operating Conditions™ and “Electrical Characteris-
tics” provide conditions for actual device operation.

Note 2: Vgg = OV unless otherwise specified.
Note 3: Switch OFF is defined as [Io| < 10 pA, switch ON as defined by Roy specification.
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AC Characteristics cp4s298M/cD45398C
Ta = 25°C, R = 1kQ, t, = t = 20 ns, unless otherwise specified.

Symbol Parameter Conditions Min | Typ | Max Units
tpLHs tPHL | VIN to VouT Propagation Delay Vgs = OV, C| = 50 pF
Vpp = 5V 20 40 ns
Vpp = 10V 10 20 ns
Vpp = 15V 8 15 ns
tpLH, tpHL | Control to Output Propagation Delay ViN = Vpp or Vgs, CL = 50 pF
Vin < 10V
Vpp = 5V 200 | 400 ns
Vpp = 10V 80 160 ns
Vpp = 15V 50 120 ns
fmax Maximum Control Input Pulse Frequency | Vss = 0V, C_ = 50 pF
Vop = 5V 5 MHz
Vpp = 10V 10 MHz
Vpp = 15V 12 MHz
Crosstalk, Control to Output Rout = 10kQ,C| = 50pF,Vgg =0
Vpp = 5V 5.0 mV
Vpp = 10V 5.0 mV
Vpp = 15V 5.0 mV
Noise Voltage = 100 Hz, Vgg = OV
Vpp = 5V 24 nV/ycycle
Vpp = 10V 25 nV/Jcycle
Vpp = 15V 30 nV/ycycle
f = 100 kHz, Vgg = OV
Vpp = 5V 12 nV/ycycle
Vpp = 10V 12 nV/Jcycle
Vpp = 15V 15 nV/ycycle
Sine Wave (Distortion) V|N = 1.77Vrms Centered 0.36 %
atoV, R = 10kQ, f = 1 kHz,
Vss = —5V, Vpp = 5V
ILoss Insertion Loss, ViN = 177Vrms Centered
atoV,Vgs = —5V, Vpp = 5V
_ Vout RL = 1kQ 2.0 dB
lLoss = 20 Logo~y, = RL = 10kQ 0.8 dB
RL = 100 kQ 0.25 dB
RL = 1MQ 0.01 dB
BW Bandwidth, —3dB ViN = 177Vrms Centered
at0Vdc, Vgs = —5V, Vpp = 5V
RL=1kQ 35 MHz
RL = 10kQ 28 MHz
RL = 100k 27 MHz
RL = 1MQ 26 MHz
Feedthrough and Crosstalk, Vgs = —5V,Vpp = 5V
Vout _ RL=1kQ 850 KkHz
20 Logto~ F= ~50db RL = 10k 100 KHz
RL = 100 kQ 12 kHz
RL=1MQ 1.5 Khz

2-49

08625vA0/Ng625vad



CD4529BM/CD4529BC

Test Circuits and Switching Time Waveforms
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Typical Performance Characteristics
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LF11331/LF13331/LF11332/LF13332/LF11333/LF13333/LF11201/LF13201/LF11202/LF 13201

National
Semiconductor
Corporation

Quad SPST JFET Analog Switches

LF11331, LF13331 4 Normally Open Switches with Disable
LF11332, LF13332 4 Normally Closed Switches with Disable

BI-FET 1™ Technology

LF11333, LF13333 2 Normally Closed Switches and 2 Normally Open Switches with Disable

LF11201, LF13201 4 Normally Closed Switches
LF11202, LF13202 4 Normally Open Switches

General Description

These devices are a monolithic combination of bipolar and
JFET technology producing the industry’s first one chip
quad JFET switch. A unique circuit technique is employed to
maintain a constant resistance over the analog voltage
range of +10V. The input is designed to operate from mini-
mum TTL levels, and switch operation also ensures a break-
before-make action.

These devices operate from +15V supplies and swing a
+10V analog signal. The JFET switches are designed for
applications where a dc to medium frequency analog signal
needs to be controlled.

Features

® Analog signals.are not loaded

m Constant “ON” resistance for signals up to =10V and
100 kHz

m Pin compatible with CMOS switches with the advantage
of blow out free handling

m Small signal analog signals to 50 MHz

W Break-before-make action torr < ton
® High open switch isolation at 1.0 MHz —50 dB
m Low leakage in “OFF” state <1.0 nA

m TTL, DTL, RTL compatibility
| Single disable pin opens all switches in package on
LF11331, LF11332, LF11333

Test Circuit and Schematic Diagram

m LF11201 is pin compatible with DG201

Ia r—-"""= A
ANALOG o |S L]
INPUT (V) © | N | 1
\ [ =
o, Iyl
L0GIC "k =
INPUT 'y - |
(LOBIC “0” < 0.8V) R
{togic 1" > 2.0v) |

TL/H/5667-2

O +Vee

Vr

~Vee TL/H/5667-12

FIGURE 2. Schematic Diagram (Normally Open)
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

(Note 1)

Power Dissipation (Note 2)
Molded DIP (N Suffix)
Cavity DIP (D Suffix)

Operating Temperature Range

500 mW
900 mW

Supply Voltage (Vcc—VEE) 36V LF11201,2 and LF11331, 2,3 —55°Cto +125°C
Reference Voltage VEe<VR<Vce LF13201, 2and LF13331, 2,3 0°Cto +70°C
Logic Input Voltage VR—4.0V<V|N<VR+6.0V Storage Temperature —65°Cto +150°C
Analog Voltage VEESVASVe+6Y; Soldering Information
VA< VEg+36V N and D Package (10 sec.) 300°C
SO Package
Analog Current lial <20 mA Vapor Phase (60 sec.) 215°C
Infrared (15 sec.) 220°C
Electrical Characteristics (note 3)
LF11331/2/3 | LF13331/2/3
Symbol Parameter Conditions LF11201/2 LF13201/2 |Units
Min | Typ |Max| Min | Typ |Max
Ron “ON” Resistance Va=0,lp=1mA Tao=25C 150 | 200 150|250 @
200 | 300 200350 O
Ron Match|“ON" Resistance Matching Tp=25°C 5120 10| 50| Q@
Va Analog Range +10{ =11 +10{ =11 \
Ison) +  |Leakage Currentin “ON” Condition |Switch “ON,” Vg=Vp=+10V Tp=25°C 03| 5 03|10 | nA
IpoN) 3 [100 3 [30]| nA
IS(OFF) Source Currentin “OFF” Condition |Switch “OFF,” Vg= + 10V, Ta=25C 04| 5 0.4 10| nA
Vp=—10V 3 [100 3 (30| nA
Ip(OFF) Drain Current in “OFF”’ Condition Switch “OFF,” Vg= + 10V, TA=25C 01| 5 0.1 10| nA
Vp=—10V A 3 |100 3 30| nA
VINH Logical *“1” Input Voltage 2.0 2.0 Vv
VINL Logical ““0” Input Voltage 0.8 08| Vv
lINH Logical “1" Input Current ViN=5V Tao=25°C 36| 10 36|40 | pA
25 100 pA
IINL Logical “0" Input Current ViN=0.8 Tao=25°C 0.1 0.1 | pA
1 1| pA
ton Delay Time “ON" Vg= =10V, (Figure 3) Ta=25°C 500 500 ns
torr Delay Time “OFF"” Vg= =10V, (Figure 3) Ta=25°C 90 90 ns
ton—torr |Break-Before-Make Vg= =10V, (Figure 3) Ta=25°C 80 80 ns
CsorF)  |Source Capacitance Switch “OFF,” Vg= £10V Ta=25°C 4.0 4.0 pF
Cp(oFF) Drain Capacitance Switch “OFF,” Vp= =10V Ta=25C 3.0 3.0 pF
Cson) +  |Active Source and Drain Capacitance|Switch “ON,” Vg=Vp =0V Tao=25°C 5.0 5.0 pF
Cp(on)
IsooFF) |"OFF” Isolation (Figure 4), (Note 4) Tao=25°C -50 —-50 dB
cT Crosstalk (Figure 4), (Note 4) Ta=25°C —~65 —65 dB
SR Analog Slew Rate (Note 5) Ta=25°C 50 50 V/ps
lpis Disable Current (Figure 5), (Note 6) Ta=25°C 0.4|1.0 06 |1.5]| mA
06|15 09 (23| mA
lee Negative Supply Current All Switches “OFF,” Vg= £ 10V Tp=25°C 3.0(5.0 43 (7.0 mA
42175 6.0 [10.5[ mA
IR Reference Supply Current All Switches “OFF,” Vg= =10V Tp=25°C 2.0|4.0 2.7 (5.0 mA
2.8 6.0 38|75 mA
lcc Positive Supply Current All Switches “OFF,” Vg= 10V Tp=25°C 4.516.0 70|90 mA
6.3 | 9.0 9.8 |13.5] mA

Note 1: Refer to RETSF11201X, RETSF11331X, RETSF11332X and RETSF11333X for military specifications.
Note 2: For operating at high temperature the molded DIP products must be derated based on a + 100°C maximum junction temperature and a thermal resistance

of +150°C/W, devices in the cavity DIP are based on a +150°C

junction temp

and are derated at +100°C/W.

Note 3: Unless otherwise specified, Vo= + 15V, Vgg= —15V, VR=0V, and limits apply for —55°C<Tp< +125°C for the LF11331/2/3 and the LF11201/2,
—25°C<Tp< +85°C for the LF13331/2/3 and the LF13201/2.

Note 4: These parameters are limited by the pin to pin capacitance of the package.
Note 5: This is the analog signal slew rate above which the signal is distorted as a result of finite internal slew rates.
Note 6: All switches in the device are turned “OFF" by saturating a transistor at the disable node as shown in Figure 5. The delay time will be approximately equal
to the ton or torF plus the delay introduced by the external transistor.
Note 7: This graph indicates the analog current at which 1% of the analog current is lost when the drain is positive with respect to the source.
Note 8: 6, (Typical) Thermal Resistance

Molded DIP (N)
Cavity DIP (D)
Small Outline (M)

85°C/W
100°C/W
105°C/W

2-53

L02EL41/20211L47/102€141/102LLAT/e€€€LAT/€€EL L ATT/2eeEl A1/2EEL AT/ LEEELAT/LEEL LT



LF11331/LF13331/LF11332/LF13332/LF11333/LF13333/LF11201/LF13201/LF11202/LF13201

Connection Diagrams (rop View for SO and Dual-In-Line Packages) (All Switches Shown are For Logical “0”)

LF11331/LF13331

INg 04 54 DISABLE +Vcc S3 D3 INg
|1s |15 14 lu lu 1 bn Is
\a A
4!‘“& 7 ==
|| |z 3 |4 Is 3 |7 |s
INy D1 S1 Vg -Vge S2 02 N,
TL/H/5667-1
LF11333/LF13333
IN, D4  S4 DISABLE +Vcc S3 D3 INg
Ils ||5 14 ln 12 |n Im [9
Y_ - i & _-?
[aiadnt : Z ==
2 L
|1 |2 3 |4 Is 6 |7 |n
IN, DI S1 Vg -Veg S2 D2 N,
TL/H/5667-14
LF11202/LF 13202
IN, D4 S8 +Vec NC  S3 D3 INg
Ius ||s 14 ﬁ [12 1 Iw Is
Y. - lz ES ——d
4---- : 7 |
|1 |z 3 I [] Is 6 |7 la
IN, D1 SI Vg Vg S2 D2 IN,

TL/H/5667-16

LF11332/LF13332
IN, D4 S4 DISABLE+Voc S3 D3 INg
ls s lia Ls Dz | o s
| — & PR |
- -'-F z --9
|1 |2 3 ]a |5 6 | 7 ]a
W, D01 S Vg —Vge¢ S2 D2 N,
LF11201/LF13201
N, D8 S4 +Vec NC  S3 D3 INg

Js s Je Ji3 Jiz [ o

ay

3

N, D1 S1

3[4 Is

-Vee Va 82

| 8
IN,
TL/H/5667~-15

Order Number LF13201D, LF11201D, LF13202D,
LF11202D, LF13331D, LF11331D, LF13332D, LF11332D,

LF13333D or LF11333D
See NS Package Number D16C

Order Number LF13201M, LF13202M, LF13331M,

LF13332M or LF13333M
See NS Package Number M16A

Order Number LF13201N, LF13202N, LF13331N,

LF13332N or LF13333N
See NS Package Number N16A
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Test Circuit and Typical Performance Curves
Delay Time, Rise Time, Settling Time, and Switching Transients

5V -5V Va
5.0V ? ?
Vin fVec Jvee B

LI
Va =410V

St LI
Vo
% w — .
é Vin \ g —1—Vin
Viv \ 1\ Vo1
o
e : i \
= 3 we [ TI k
10pF
_-=E = 200 ns/div 200 ns/div
T T T T
Va=0v ] Vo= -5V 4 Va = -10v
Vo Vo Vo
: : \ A : (.
§ Vin E 1 ;[" \ I E —— Vin 1} I
X |
le \ ’
A N
200 ns/div 200 ns/div 200 ns/div
TL/H/5667-3
Additional Test Circuits
Vin
WV -
+ - “Va 50% 50%
15V 15v o w \ .
v °: mER Ve fvee s Yo

=

1]
i

0
Vo
1.0k
Va 20V

10pF

I

1.0 Vims.

v

/- Vo = 410V

1.0 Vims 0
Nl el
OFF ISOLATION = 2010 —% CROSSTALK = 20 log We!
Vg! Wal

FIGURE 4. “OFF” Isolation, Crosstalk, Small Signal Response

L,<10m
te<10m

TL/H/5667-4
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LF11331/LF13331/LF11332/LF13332/LF11333/LF13333/LF11201/LF13201/LF11202/LF13201

Typical Performance Characteristics

““ON” Resistance “ON” Resistance “ON” Resistance Break-Before-Make Action
LTI o " e 15V, -Vgg = -1V
Ve =15V, —Vgg = -
L RSrY™ pd w0 /| TIME MEASURED FROM
- v 160 o / 00 50% INPUT PULSE T0 80%
Vee - B OF OUTPUT PULSE
180 |t la=01mA ] A oo 18y 160 f—t - - \\
“Vee -1V | A - I
T T h=bima—| I L e t
AL e b Va0 z 120 M N ov
3 - & 8 « Vee =15V £ N
o |—1o L o 80 4= Vee = -1V —o
— VA =0
1+ a0 [ 100 1 tore
NEREN J
0 0 0
-0 -60 -20 20 60 10 -6 0 50 100 150 60 40 20 0 20 40 60 -0 -66 -20 20 60 10
Va (VOLTS) TEMPERATURE ( C) ANALOG CURRENT (mA) Va VOLTS)
Crosstalk and “OFF”
Isolation vs Frequency
Using Test Circuit
Switching Times of Figure 5 Supply Current Supply Current
1200 T -20 10 T T 10
Ve = 15V Va = Vee +5.0V Ve = 15V |
1000 | Vee = -15v / L ALL SWITCHES OFF Vee = 18V
/ " 1 z 80 = 80 AL OFF
800 }— Tion. Va= 10 = OFF ISDLATION E E
E z 'H/ | Z w0 ) R
) Tion. Va= +10V, g M L] £ POSITIVE (icc) g TSR POSITIVE (icc)
A Torn Vaz 0V | 2 4 ’];1/ ., £ \‘\;\
. ! a0
a0 [— - Txorn.V;—lllV g ( | L CRossaLk ] NEGATIVE (lge) z NEGATIVE (lge)
L -80 5 20 E
! 20
200 Ly L1 REFERENCE (I T Tt
/ nl REFERENCE (In)
0 -100 0 L L
50 0 50 100 150 100k ™ 1M 0 50 10 15 22 25 -100 50 0 50 10 150
TEMPERATURE ( €) FREQUENCY (Hz) SUPPLY VOLTAGE (V) TEMPERATURE ( C)
Supply Current Switch Leakage Currents Switch Leakage Current Switch Capacitances
100000 ey 06 Vcrls vl ]
OFF LEAKAGE CONDITIONS o
~ Vs = 10V, Vp = -10V = rosmvz cunnm
z 10000 1 o | ¢AKAGE CONDITIONS, g™ . DEFINEDINTONODE z ¥
s i z Vs = Vp = 1OV = s |s(°F,J / s
H NEGATIVE (1) Hitift-1 Z 1000 g .t: 74 e 60 r—
« = < ont * Loloni
s HlllIIIII‘JIIIIIH‘IIIIIM ||||||1H £ : - AT s — A
w — £
3 | 0 g N e \ |43 = 7
: II“l lI lm ) : | .)( 3 ’ Csorh
s <
23 [ S 02 // L—"Tts10m * oo 2 Tororn
) Vee = 15V
0t 1 . Vee =- 15V
0 10 100 10k 10k 100k 1.0M -100 50 0 50 100 150 10 60 20 20 60 10 10 60 20 20 60 10
FREQUENCY (H2) TEMPERATURE { C) Va (VOLTS) Ya (VOLTS)
Slew Rate of Analog Maximum Accurate
Voltage Above Which Analog Current Logical “1” Input Blas
Signal Loading Occurs Small Signal Response vs Temperature Current
" e AL -2 1 T
Vee = 15V
Vee = 15V ATTENUATION = 200G —“‘17‘3: i \ NOTE V§:= 15V
8 T Vee= v (SEE FIGURE 4) H -18 z 80 T vie=s0v ]
= @ =
3 2 =t 2 Va =0V
A e~ SR g ]
= = < « \
z ~ z NIl 2 £
g WOp - | — P~ % 3 g -80 S a0 ™
7 & ? W —
20 — -6 ey} 20
0 -9 ] 0
-100 50 0 50 100 150 ™ 10M 100M -100 50 0 50 100 150 -100 50 0 50 100 150
TEMPERATURE ( C) FREQUENCY (Hz) TEMPERATURE { C) TEMPERATURE ( C)
TL/H/5667-5
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Application Hints

GENERAL INFORMATION

These devices are monolithic quad JFET analog switches
with “ON” resistances which are essentially independent of
analog voltage or analog current. The leakage currents are
typically less than 1 nA at 25°C in both the “OFF”and “ON”
switch states and introduce negligible errors in most appli-
cations. Each switch is controlled by minimum TTL logic
levels at its input and is designed to turn “OFF” faster than
it will turn “ON.” This prevents two analog sources from
being transiently connected together during switching. The
switches were designed for applications which require
break-before-make action, no analog current loss, medium
speed switching times and moderate analog currents.

Because these analog switches are JFET rather than
CMQOS, they do not require special handling.

LOGIC INPUTS

The logic input (IN), of each switch, is referenced to two
forward diode drops (1.4V at 25°C) from the reference sup-
ply (VR) which makes it compatible with DTL, RTL, and TTL
logic families. For normal operation, the logic ““0” voltage
can range from 0.8V to —4.0V with respect to Vg and the
logic ““1” voltage can range from 2.0V to 6.0V with respect
to VR, provided V| is not greater than (Vgc—2.5V). If the
input voltage is greater than (Voo —2.5V), the input current
will increase. If the input voltage exceeds 6.0V or —4.0V
with respect to VR, a resistor in series with the input should
be used to limit the input current to less than 100uA.

ANALOG VOLTAGE AND CURRENT

Analog Voltage

Each switch has a constant “ON” resistance (Roy) for ana-
log voltages from (Vgg+5V) to (Vo —5V). For analog volt-
ages greater than (Vgg—5V), the switch will remain ON in-
dependent of the logic input voltage. For analog voltages
less than (Vgg+5V), the ON resistance of the switch will
increase. Although the switch will not operate normally
when the analog voltage is out of the previously mentioned
range, the source voltage can go to either (Vgg+36V) or
(Ve +6V), whichever is more positive, and can go as nega-
tive as Vgg without destruction. The drain (D) voltage can
also go to either (Vgg+36V) or (Voc+6V), whichever is
more positive, and can go as negative as (Vgc—36V) with-
out destruction.

Analog Current

With the source (S) positive with respect to the drain (D), the
Ron is constant for low analog currents, but will increase at
higher currents (>5 mA) when the FET enters the satura-
tion region. However, if the drain is positive with respect to
the source and a small analog current loss at high analog
currents (Note 6) is tolerable, a low Ron can be maintained
for analog currents greater than 5 mA at 25°C.

LEAKAGE CURRENTS

The drain and source leakage currents, in both the ON and
the OFF states of each switch, are typically less than 1 nA
at 25°C and less than 100 nA at 125°C. As shown in the
typical curves, these leakage currents are Dependent on
power supply voltages, analog voltage, analog current and
the source to drain voltage.

DELAY TIMES

The delay time OFF (torF) is essentially independent of
both the analog voltage and temperature. The delay time
ON (ton) will decrease as either (Vcc—Va) decreases or
the temperature decreases.

POWER SUPPLIES

The voltage between the positive supply (Vcc) and either
the negative supply (Vgg) or the reference supply (VR) can
be as much as 36V. To accommodate variations in input
logic reference voltages, Vg can range from Vgg to
(Vcc—4.5V). Care should be taken to ensure that the power
supply leads for the device never become reversed in polar-
ity or that the device is never inadvertantly installed back-
wards in a test socket. If one of these conditions occurs, the
supplies would zener an internal diode to an unlimited cur-
rent; and result in a destroyed device.

SWITCHING TRANSIENTS

When a switch is turned OFF or ON, transients will appear
at the load due to the internal transient voltage at the gate
of the switch JFET being coupled to the drain and source by
the junction capacitances of the JFET. The magnitude of
these transients is dependent on the load. A lower value R
produces a lower transient voltage. A negative transient oc-
curs during the delay time ON, while a positive transient
occurs during the delay time OFF. These transients are rela-
tively small when compared to faster switch families.

DISABLE NODE

This node can be used, as shown in Figure 5, to turn all the
switches in the unit off independent of logic inputs. Normal-
ly, the node floats freely at an internal diode drop (= 0.7V)
above VR. When the external transistor in Figure 5 is satu-
rated, the node is pulled very close to Vg and the unit is
disabled. Typically, the current from the node will be less
than 1 mA. This feature is not available on the LF11201 or
LF11202 series.

+Vee

DISABLE

]Vmsnu v
-0

TL/H/5667-6
FIGURE 5. Disable Function
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LF11331/LF13331/LF11332/LF13332/LF11333/LF13333/LF11201/LF13201/LF11202/LF 13201

Typical Applications
Sample and Hold with Reset
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SAMPLE RESET
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Typical Applications (continued)

Demuiltiplexer
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LF11331/LF13331/LF11332/LF13332/LF11333/LF13333/LF11201/LF13201/LF11202/LF 13201

Typical Applications (continued)

Chopper Channel Amplifier
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Typical Applications (continued)
Programmable Integrator with Reset and Hold
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LF11331/LF13331/LF11332/LF13332/LF11333/LF13333/LF11201/LF13201/LF11202/LF13201

Typical Applications (continued)

DSB Modulator-Demodulator
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National
Semiconductor
Corporation

LF13508 8-Channel Analog Multiplexer
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BI-FET 1™ Technology

LF13509 4-Channel Differential Analog Multiplexer

General Description

The LF13508 is an 8-channel analog multiplexer which con-
nects the output to 1 of the 8 analog inputs depending on
the state of a 3-bit binary address. An enable control allows
disconnecting the output, thereby providing a package se-
lect function.

This device is fabricated with National’s BI-FET technology
which provides ion-implanted JFETs for the analog switch
on the same chip as the bipolar decode and switch drive
circuitry. This technology makes possible low constant
“ON” resistance with analog input voltage variations. This
device does not suffer from latch-up problems or static
charge blow-out problems associated with similar CMOS
parts. The digital inputs are designed to operate from both
TTL and CMOS levels while always providing a definite
break-before-make action.

The LF13509 is a 4-channel differential analog multiplexer.
A 2-bit binary address will connect a pair of independent

analog inputs to one of any 4 pairs of independent analog
outputs. The device has all the features of the LF13508
series and should be used whenever differential analog in-
puts are required.

Features

m JFET switches rather than CMOS

m No static discharge blow-out problem

m No SCR latch-up problems

m Analog signal range 11V, —15V

m Constant “ON” resistance for analog signals between
—11V and 11V

m “ON” resistance 380 Q typ

m Digital inputs compatible with TTL and CMOS

m Output enable control

m Break-before-make action: topr=0.2 ps; ton=2 us typ

m Lower leakage devices available

Functional Diagrams and Truth Tables

LF13508

LF13509

EN Al A0
o

——0

L 10F 4 DECODER

SWITCH
EN | A2 | A1 | AO ON
|—0 -Vee H L L L St
H L L H S2
O GnD H L H L S3
H L H H S4
—O Ve H H L L S5
H H L H S6
H H H L S7
H H H H S8
L X X X NONE
SWITCH
EN | AT Ao PAIR ON
] Lo -vee L | x| X| None
H L L S1
Lo H L|H s2
H H L S3
—O Vg H H H S4
TL/H/5668-1
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LF13508/LF13509

Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
contact the National Semiconductor Sales Office/

Power Dissipation (Pp at 25°C)
(Notes 2 & 7)

Distributors for availability and specifications. Molded DIP (N) Pp 500 mW
Positive Supply — Negative Supply (Vcc—VEeg) 36V Cavity DIP (D) Pp 900 mW
Positive Analog Input Voltage (Note 1) Vee Maximum Junction Temperature (Tjmax) 100°C
Negative Analog Input Voltage (Note 1) —Vee Operating Temperature Range 0°C<Ta< +70°C
Positive Digital Input Voltage Voo Storage Temperature Range —65°Cto +150°C
Negative Digital Input Voltage —5V Lead Temperature (Soldering, 10 sec.) 300°C
Analog Switch Current [lg]<10 mA
Electrical Characteristics (ote 3)
LF13508
Symbol Parameter Conditions LF13509 Units
Min | Typ | Max
Ron “ON” Resistance Vout=0V, Ig=100 pA Ta=25°C 380 | 650 a
500 850 Q
ARoN évthgg with Analog Voltage —10V<Voyr< +10V,Ig=100 pA | Tpo=25°C 0.04 9 %
Ron Match | Ron Match Between Switches | Voyr=0V, Ig=100 pA Ta=25°C 20 150 aQ
Is(oFF) Source Currentin “OFF” Switch “OFF”, Vg=11,Vp=—11, | Tpo=25°C 5 nA
Condition (Note 4) 0.09 50 A
Ip(oFF) Drain Current in “OFF” Switch “OFF”, Vg=11,Vp=—11, | Tp=25°C 20 nA
Condition (Note 4) 0.6 500 A
Ipjon) Leakage Currentin “ON” Switch “ON” Vp=11V, (Note 4) Ta=25°C 20 nA
Condition 1 500 nA
VINH Digital “1” Input Voltage 20 \"
VINL Digital ‘0" Input Voltage 0.7 \
IINL Digital “‘0” Input Current ViN=0.7V Ta=25°C 1.5 30 pA
40 pA
INL(EN) Digital “0” Enable Current VEnN=0.7V Ta=25°C 1.2 30 rA
40 pA
tTRAN Switching Time of Multiplexer (Figure 1), (Note 5) Ta=25C 1.8 ns
toPEN Break-Before-Make (Figure 3) Ta=25°C 1.6 s
tON(EN) Enable Delay “ON” (Figure 2) Tao=25°C 1.6 ns
tOFF(EN) Enable Delay “OFF” (Figure 2) Tao=25°C 0.2 us
1S0(0FF) “OFF” Isolation (Note 6) Ta=25°C —66 dB
CT Crosstalk LF13509 Series, (Note 6) Ta=25C —66 dB
Cs(oFF) Source Capacitance (“OFF”) 3\év|tcg “OFF”, VouT=0V, Ta=25°C 25 pF
Cp(oFF) Drain Capacitance (“OFF”) \S/\gic(t)\v“OFF", VouT=0V, Ta=25°C 1.4 oF
lcc Positive Supply Current All Digital Inputs Grounded Tao=25°C 7.4 12 mA
7.9 15 mA
g Negative Supply Current All Digital Inputs Grounded Ta=25°C 2.7 5 mA
2.8 6 mA

Note 1: If the analog input voltage exceeds this limit, the input current should be limited to less than 10 mA.

Note 2: The maximum power dissipation for these devices must be derated at elevated temperatures and is dictated by T]MAX ja, and the ambient temperature,
Ta. The maximum available power dissipation at any temperature is Pp= (Tjmax— TA)IGIA or the 25°C Pppmax, whichever is less.

Note 3: These specifications apply for Vg= + 15V and over the absolute
Note 4: Conditions applied to leakage tests insure worse case leakages. Exceeding 11V on the analog input may cause an “OFF” channel to turn “ON”.

P g P

Note 5: Lots are sample tested to this parameter. The measurement conditions of Figure 7 insure worse case transition time.
Note 6: “OFF" isolation is measured with all switches “OFF" and driving a source. Crosstalk is measured with a pair of switches “ON”, driving channel A and

measuring channel B. R =200, C_ =

Note 7: Thermal Resistance 6j (Junction to Ambient)

Molded DIP (N)
Cavity DIP (D)

150°C/W
100°C/W

7 pF, V=3 Vrms, f=500 kHz.

range (TL<TA<TR) unless otherwise noted.

2-64




Connection Diagrams

LF13508 LF13509
Dual-In-Line Package Dual-In-Line Package
Al A2 GND Vee §5 S6 §7 S8 Al GND Vee S18 S28 S3B S48 Dg
llﬁ 15 14 13 12 1 10 I!’l lls 15 14 13 12 1" 10 9
l 1 2 3 q 5 6 7 l 8 1 2 3 ) 5 6 1 I 8
Al EN -VEe s1 S2 s3 sS4 1] A0 EN -VEge S1A S2A $3A S4A 17
TOP VIEW TOP VIEW
. TL/H/5668-2
Order Number LF13508D Order Number LF13509D
See NS Package Number D16C See NS Package Number D16C
Order Number LF13508N Order Number LF13509N

See NS Package Number N16A

See NS Package Number N16A

AC Test Circuits and Switching Time Waveforms

15V

Vee
v O—{En s1 =0 10v

LF13508

AO ]
GND -Vee
LOGIC
INPUT 50 T 10M

A2 §2-57 —O—j
At §8 PO -10v =

10 pF

Vst
08 Vgg

—] TRAN

FIGURE 1. Transition Time

TL/H/5668-3
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LF13508/LF13509

AC Test Circuit and Switching Time Waveforms (continued)

15V

Vee
A2 S1 O 10V
At $2-58 _01
1 ap  LF13508 1
EN 0 =
ENABLE Sup Ve
INPUT 50 J_ (L 1k 10 pF
4 - R 1 l
v FIGURE 2. Enable Times
10V
Vee
2V O=dq EN st
A2 s2-57
A1 LFI3508 g
Al
LoGIC
INPUT 50 10 pF

Transition Times and Transients
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2v/oIv

1uS/0IV
TL/H/5668-5
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1 48/00V
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Typical Performance Characteristics
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LF13508/LF13509

Application Hints

The LF11508 series is an 8-channel analog multiplexer
which allows the connection of a single load to 1 of 8 differ-
ent analog inputs. These multiplexers incorporate JFETSs in
a switch configuration which insures a constant “ON” resist-
ance over the analog voltage range of the device. Four TTL
compatible inputs are provided; a 3-bit binary decode to se-
lect a particular channel and an enable input used as a
package select. The switches operate with a break-before-
make action preventing the temporary connection of 2 ana-
log inputs during switching. Because these multiplexers are
fabricated with the BI-FET process rather than CMOS, they
do not require special handling.

The LF11509 series is a 4-channel differential multiplexer
which allows two loads to be connected to 1 of 4 different
pairs of analog inputs. The LF11509 series also has all the
features of the LF11508.

ANALOG VOLTAGE AND CURRENT

The "ON"” resistance, Ron, of the analog switches is con-
stant over a wide input range from positive (Vcc) supply to
negative (—Vgg) supply.

The analog input should not exceed either positive or nega-
tive supply without limiting the current to less than 10 mA;
otherwise the multiplexer may get damaged. For proper op-
eration, however, the positive analog voltage should be kept
equal to or less than Voc — 4V as this will increase the
switch leakage in both “ON” and “OFF” state and it may
also cause a false turn “ON” of a normally “OFF” switch.
This limit applies over the full temperature range.

The maximum allowable switch “ON” voltage (the drop
across the switch in the “ON” condition) is 0.4V over tem-
perature. If this number is to exceed the input current should
be limited to 10 mA.

The “ON” resistance of the multiplexing switches varies
slightly with analog current because they are JFETSs running
at OV gate to source. The JFET characteristics shown in
Figure 4 indicates how Roy tends to vary with current. A
lower Rop is possible when the source voltage is negative
with respect to the drain voltage because the JFET be-
comes enhanced. Caution should be used when operating
in this mode as this may forward-bias an internal transistor
and cause high currents to flow in the switches. Thus, the
drain voltage should never be greater than 0.4V positive
with respect to the source voltage without limiting the drain
current to less than 10 mA.

2 T
|- §

16
= = A
El 7
=§ 08 : /

’ /|

/’
04 /‘
pua!
0
-2 -1 0 1 2
Vsp (V)

LEAKAGE CURRENTS

Leakage currents will remain within the specified value as
long as the drain and source remain within the specified
analog voltage range. As the switch terminals exceed the
positive analog voltage range “ON” and “OFF” leakage
currents increase. The “ON” leakage increases due to an
internal clamp required by the switch structure. The “OFF”
leakage increases because the gate to source reverse bias
has been decreased to the point where the switch becomes
active. Leakage currents vary slightly with analog voltage
and will approximately double for every 10°C rise in temper-
ature.

SWITCHING TIMES AND TRANSIENTS

These multiplexers operate with a break-before-make
switch action. The turn off time is much faster than the turn
on time to guarantee this feature over the full range of ana-
log input voltage and temperature. Switching transients are
introduced when a switch is turned “OFF”. The amplitude of
these transients may be reduced by increasing the load ca-
pacitance or decreasing the load resistance. The actual
charge transfer in the transient may be reduced by operat-
ing on reduced power supplies. Examples of switching times
and transients are shown in the typical characteristic
curves. The enable function switching times are specified
separately from switch-to-switch transition times and may
be thought of as package-to-package transition times.

LOGIC INPUTS AND ENABLE INPUT

Switch selection in the LF11508 series is accomplished by
using a 3-bit binary decode while the LF11509 series uses a
2-bit decode. These binary logic inputs are compatible with
both TTL and CMOS logic voltage levels. The maximum
positive voltage applied to these inputs may exceed V¢ but
should not exceed —Vgg+36V. The maximum negative
voltage should not be less than 4V below ground as this will
cause an internal device to zener and all the switches will
turn “ON”.

As shown in the schematic diagram, the logic low bias cur-
rent will flow until the PNP input is raised above the 3 diode
reference (= 2.1V). Above this voltage the input device be-
comes reverse biased and the input current drops to the
leakage of the reverse biased junction (<0.1 pA).

T T 1
36 s
Isl
+ —
18
VSE
.
Z" D
{
-1.8
-36 ,I
-2 -1 0 1 2
Vsp (V)

TL/H/5668-12

FIGURE 4. JFET Characteristics
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Typical Applications

DATA ACQUISITION SYSTEM

A SIMPLIFIED SYSTEM DISCUSSION

Analog multiplexers (MUX) are usually used for multi-chan-
nel Data Acquisition Units (DAU). Figure 5 shows a system
in which 8 different analog inputs are sampled and convert-
ed into digital words for further processing. The sample and
hold circuit is optional, depending on input speed require-
ments and on A/D converter speed. )
Parameters characterizing the system are:

System Channels: The number of multiplexer channels.
Accuracy: The conversion accuracy of each individual sam-
ple with the system operating at the throughput rate.
Speed or Throughput Rate: Number of samples/second/
channel the system can handle.

For a discussion on system structure, addressing mode and
processor interfacing, see application note AN-159.

A. ACCURACY CONSIDERATIONS

1. Multiplexer’s Influence on System Accuracy (Figure 6).

a. The error, (E), caused by the finite “ON” resist-
ance, Roy, of the multiplexing switches is given
by:

100

E(%) =
(%) 1 + Rin/(Ron + Rs + ARonN)

where:

Ry = following stage input impedance

ARpoN = “ON?” resistance modulation which is

negligible for JFET switches like the LF11508
Example: Let Ron = 450 Q, ARoy = 0, Rg = 0, T
= 25°C and allowable E = 0.01% which is equivalent
to 1/2 LSB in a 12-bit system:

_ Ron(100 —E) _

Rin = 4.5MQ

min E

Note that if temperature effects are included, some
gain (or full scale) drift will occur; but effects on linearity
are small.
b. Multiplexer settling time (tg):
ts(ONy): is the time required for the MUX output to
settle within a predetermined accuracy, as
shown in Table .
Cgs (Figure 6): MUX output capacitance + fol-
lowing stage input capacitance + any stray ca-
pacitance at this node.

PRECONDITIONED

8-CHANNEL
ANALOG INPUTS Mux

A/D

PP7777%

CHANNEL SELECT FROM PROCESSOR

FIGURE 5. Random-Addressed, Multiplexed DAU

TABLE I
ts(ON)
L
ERROR % BITS 1O /2 LSB

0.2 8 6.2t
0.05 10 7.6t
0.01 12 ot
0.0008 16 11.8t

: ] nBITSWORD 0——0/0—1

i L-; CONVERSION COMPLETE o_._o/o-—“

t=Cs(Ron + Rs) | Rin

ts(oFF): is the time it takes to discharge Cg within
a tolerable error. The “OFF” settling time should
be taken into account for bipolar inputs where its
effects will appear as a worse case of doubling
of the tsony).

2. Sample and Hold Influence on System Accuracy

The sample and hold, if used, also introduces errors into

the system accuracy due to:

® Offset voltage of sample and hold

® Droop rate in the Hold mode

® Tx: Aperture time or time delay between the time of a
digital Hold command and the actual Hold occurance

e Taq: Acquisition time or time it takes to acquire an
analog input and settle within a predetermined error
band

e Hold step: Error created during the Sample to Hold
mode caused by an undesirable charge injected into
the Hold capacitor Cp,.

For more details on sample and hold errors, see the
LF198/LF298/LF398 data sheet.

3. A/D Converter influence on System Accuracy

The “accuracy” of the A/D converter is the best possible
system accuracy. In most data acquisition systems, the
A/D converter is the most expensive single component,
so its error will often dominate system error. Care should
be taken that MUX, S/H and input source errors do not
exceed system error requirements when added to A/D
errors. For instance, if an 8-bit accuracy system is desired
and an 8-bit A/D converter is used, the accuracy of the
MUX and S/H should be far better than 8 bits.

For details on A/D converter specifications, see AN-156.

Rs Ron

AAA
me ) oO——0~ o—¢
— 0——-0/0-0

oo

N
ol o o £
e

8-.CHANNEL MUX

T
4,
S
m
+

TL/H/5668-13
FIGURE 6. 8-Channel MUX
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LF13508/LF13509

Typical Applications (continued)

B. SPEED CONSIDERATIONS

In the system of Figure 5 with the S/H omitted, if n-bit accu-
racy is desired, the change of the analog input voltage
should be less than +1/2 LSB over the A/D conversion
time T¢. In other words, the analog input slew rate, (rate of
change of input voltage), will cause a slew-induced error
and its magnitude, with respect to the total system error, will
depend on the particular application. '

VEs
2n X Tg

AViN +1/2LSB
— < —
At Imax Tc

where VEg is the full scale voltage of the A/D. Note that
slew induced errors are not affected by the MUX switch time
since we can let the unit settle before starting conversion.

Example: Let Tc = 40 ps (MM4357), Vgs = 10V and n
= 8.

AViN imV’
At |max ps

which is a very small number. A 10 Vp-p sine wave of a
frequency greater than 32 Hz will have higher slew rate
than this. The maximum throughput rate of the above 8-
channel system would be calculated using both the A/D
conversion time and the sum of MUX switch “ON” time
and settling time, i.e.:

1

Th.R = e
max  8(Tc + Tmux)

= 3k samples/sec/
channel

Tmux = Ton + Ts(on)

Also notice that Nyquist sampling criteria would allow
each channel to have a signal bandwidth of 1.5 kHz max,
while the slew limit dictates a maximum frequency of 32
Hz. If the input signal has a peak-to-peak voltage less
than 10V, the allowable maximum input frequency can be
calculated by:

_ (Slew Rate)max

fmMAx 7 Vpp

On the other hand, if the input voltage is not band-limited a
low pass filter with an attenuation of 30 dB or better at 1.5
kHz, should be connected in front of the MUX.

1. Improving System Speed with a Sample and Hold
The system speed can be improved by using the

S/H shown in Figure 5. This allows a much greater
rate of change of V|n.

AV|N

At max

VEs
2n X Ta

where Tp is the aperture time of the S/H. This repre-
sents an input slew rate improvement by a factor: Tg/
Ta. Here again, the slew rate error is not affected by
the acquisition time of the Sample and Hold since con-
version will start after the S/H has settled. An impor-
tant thing to notice is that the sample and hold errors
will add to the total system error budget; therefore, the
inequality of the AVin/At expression should become
more stringent.

Example: Tgc = 40 us, Tp = 0.5 pus, n = 8: Tg/Tp = 80
So the use of a S/H allows a speed improvement by
nearly two orders of magnitude.

The maximum throughput rate can be calculated by:

1
™R o~ 80Ta + Taa T T
Notice that Tyyx does not affect the AV n/At expression
nor the throughput rate of the system since it may be
switched and settled while the Sample and Hold is in the
Hold mode. This is true, provided that: Tyux < Ta + Tc.

C. SYSTEM EXAMPLE (Figure 7)

The LF398 S/H with a 1000 pF hold capacitor, has an ac-
quisition time of 4 ps to 0.1% (1/4 LSB error for 8 bits) and
an aperture time of less than 200 ps. On the other hand,
after the hold command, the output will settle to +£0.056 mV
in 1 ps. This, together with the acquisition time, introduces
approximately a =1/4 LSB error. Allowing another 1/4 LSB
error for hold step and gain non-linearity, the maximum slew
error (AV|n/At) should not exceed 1/4 LSB or:

AViN 1 1 1

At < 7 X 556 X T =5mV/us
(which is the maximum slew rate of a 5 V peak sine wave.
Also notice that, due to the above input slew restrictions,
the analog delay caused by the finite BW of the S/H and the
digital delay caused by the response time of the controller
will be negligible. The maximum throughput rate of the sys-
tem is:

_ 1
max 8(5 + 40)10—6
If the system speed requirements are relaxed, but the A/D
converter is still too slow, then an inexpensive S/H can be
built by using just a capacitor and a low cost FET input op
amp as shown in Figure 8.

Th.R = 2800 samples/sec/ch.

2-70




Typical Applications (continued)
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FIGURE 7a. Sequentially Multiplexed DAU with Sample and Hold
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FIGURE 7b. Timing Diagram
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Typical Applications (continued)

D. DOUBLING THE SYSTEM CHANNEL CAPABILITY

This is done in two different ways. First, we can use second
level multiplexing with speed benefits, as shown in Figure 9.
A fast 2-channel multiplexer, made by the dual analog
switch AM182, accepts the outputs of each 8-channel MUX,
LF13508, and then feeds them sequentially into an 8-bit
successive approximation A/D converter. With this tech-
nique, the throughput rate of the system can again be made
independent of the LF13508 speed. Looking at the timing
diagram, when the A/D converter converts the analog value
of an upper multiplexer channel, we switch channels in the
lower multiplexer for the next conversion. This can be done
provided that:
Tmux < T+ 1CP

The LF356 connected as unity gain buffers are used be-
cause of the low input impedance of the A/D; they are con-
nected between multiplexers for speed optimization. With a
maximum clock frequency of 4.5 MHz:

106
h. = = .
Th.R 6x2 31.25k samples/sec/channel
and
AV|N 10 1
— < —_— >< — .
at 256 < ops 19.5 mV/pus for 10Vgg

15V -15V

227 &1

~

Vin <

(O

R

—

LF13508

PR

EN A0 A1 A2

SAMPLE -—I—r
HOLD —

[N ——
CHANNEL SELECT

An alternate way to increase the system channel is shown
in Figure 10, where the enable pins are used to disable one
MUX while the other is sampling. With this method, many 8-
channel multiplexers can be connected, but the parasitic
capacitance at the common output node will keep increas-
ing and will eventually degrade the settling time, tsion).
Also, the MUX speed will now affect the system throughput.
If, for instance, this method was used instead of second
level multiplexing, the system of Figure 9 will lose half of its
speed. If, however, speed is not the prime system require-
ment, the approach of Figure 70 is more cost effective.

E. DIFFERENTIAL INPUT SYSTEMS

Systems operating in industrial environments may require
an instrumentation amplifier to separate the desired analog
signal from any common-mode signal present. The
LF11509 was designed to provide 4 pairs of differential in-
put signals to the input of an instrumentation amplifier for
further process. A 4-channel preconditioning circuit is
shown in Figure 11 and a complete system is shown in Fig-
ure 12.

15V

= == =P T0A/D

TL/H/5668-15

® The acquisition time, T, of the Sample and Hold depends upon: Ron, Ipss of switches, ZoyT of switches

®lpss=1.5mA, ZoyTr=40 k2
© Viy=10V, C,=1000 pF, TA=20 ps t0 0.1%

 Error created by charge injection during Hold mode: AVEg=10 pF (14.5V—V|N)/Cp

FIGURE 8. Inexpensive Sample and Hold
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Typical Applications (continued)
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Typical Applications (continued)
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Schematic Diagrams (Continued)
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National
Semiconductor
Corporation

MM54HC4016/MM74HC4016
Quad Analog Switch

General Description

These devices are digitally controlled analog switches im-
plemented in microCMOS Technology, 3.5 micron silicon
gate P-well CMOS. These switches have low “on” resist-
ance and low “off” leakages. They are bidirectional
switches, thus any analog input may be used as an output
and vice-versa. The ‘4016 devices allow control of up to
12V (peak) analog signals with digital control signals of the
same range. Each switch has its own control input which
disables each switch when low. All analog inputs and out-
puts and digital inputs are protected from electrostatic dam-
age by diodes to Vg and ground.

— A3
%, P (R Yo
A -l l-

microCMOS

Features

Typical switch enable time: 15 ns

Wide analog input voltage range: 0—-12V

Low “‘on” resistance: 509 typ.

Low quiescent current: 80 pA maximum (74HC)
Matched switch characteristics

Individual switch controls

Connection Diagram

Dual-In-Line Package
4CTL 41/0 40/t 30/1 3i/0

1% 13 12 1" 10 9 8

Vee 1CTL

1 |2 3 |4 5|6 |7

/0 10/ 20/t 21/0 2CTL 3CTL GND
TL/F/5350-1

Top View

Order Number MM54HC4016J or MM74HC4016J, N
See NS Package J14A or N14A

Schematic Diagram

CONTROL

Truth Table

Input Switch
CTL 1/0-0/1

L “OFF”
H “ON"

I/O—I§}'0/l

T

TL/F/5350-2
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MM54HC4016/MM74HC4016

Absolute Maximum Ratings (otes 1 &2)

Operating Conditions

Supply Voltage (Vgo) —0.5t0 +15V Min Max Units
DC Control Input Voltage (Vi) —1.5t0 Vg + 1.5V Supply Voltage (Vcc) 2 12 v
DC Switch I/0 Voltage (Vio) —0.5t0 Vo +0.5V DC Input or Output Voltage 0 Veo v
Clamp Diode Current (I, lok) +£20 mA o (V'N;.VO}I‘_T) Rangs (T1)
’ 4 perating Temp. Range (Tp
DC Output Current, per pin (lO[:jT) +25 mA MM74HC —40 +85 oc
DC V¢ or GND Current, per pin (Icc) +50 mA MM54HC —55 +125 °C
Storage Temperature Range (TsTg) —65°Cto +150°C Input Rise or Fall Times
Power Dissipation (Pp) (Note 3) 500 mW (tt)  Voc=2.0V 1000 ns
Lead Temp. (T|) (Soldering 10 seconds) 260°C Vee=4.5V 500 ns
Vcc=6.0V 400 ns
DC Electrical Characteristics note 4
Ta=25°C 74HC 54HC
Symbol Parameter Conditions Vee A Ta=—401t0 85°C | Tpo=—5510 125°C | uUnits
Typ Guaranteed Limits
ViH Minimum High Level 2.0v 1.5 1.5 1.5 \
Input Voltage 4.5V 3.156 3.15 3.15 \'
9.0V 6.3 6.3 6.3 \"
12.0v 8.4 8.4 8.4 v
ViL Maximum Low Level 2.0V 0.3 0.3 0.3 \"
Input Voltage 4.5V 0.9 0.9 0.9 \
9.0V 1.8 18 18 v
12.0V 2.4 24 24 \"
Ron Maximum ‘ON’ Resistance | VoTL=V|H4,Is=1.0mA| 4.5V | 100| 170 200 220 Q
(See Note 5) Vis=Vcc to GND 9.0V | 50 | 85 105 120 Q
(Figure 1) 12.0v| 30 | 70 85 100 Q
2.0V | 100 | 180 215 240 Q
VerL=Vin, Is=1.0mA| 45V | 40 | 80 100 120 Q
Vis=Vgc or GND 9.0V | 35 60 75 80 Q
(Figure 1) 12.0vV| 20 | 40 60 70 Q
Ron Maximum ‘ON’ Resistance | Vo1 =V|4 45V | 10 15 20 20 Q
Matching Vis=Vcc to GND 90V | 5 | 10 15 15 Q
12V | 6 10 15 15 Q
N Maximum Control ViN=Vcc or GND 6.0V +0.1 +1.0 +1.0 pA
Input Current
liz Maximum Switch ‘OFF’ Vos=Vcc or GND 6.0V +60 +600 +600 nA
Leakage Current Vis=GND or Vg 9.0v +80 +800 +800 nA
VorL=ViL (Figure2) | 12.0V +100 +1000 +1000 nA
iz Maximum Switch ‘ON’ Vos=Vcc or GND 6.0V +40 +150 +150 nA
Leakage Current VerL=ViH 9.0V +50 +200 +200 nA
(Figure 3) 12.0V +60 +300 +300 nA
Icc Maximum Quiescent ViN=Vcc or GND 6.0V 2.0 20 40 pA
Supply Current loutT=0 pA 9.0V 4.0 40 80 pA
12.0v 8.0 - 80 160 pA

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur.

Note 2: Unless otherwise specified all voltages are referenced to ground.

Note 3: Power Dissi

ion temp

ing — plastic “N" package: —12 mW/°C from 65°C to 85°C; ceramic “J"” package: —12 mW/°C from 100°C to 125°C.

Note 4: For a power supply of 5V +10% the worst case on resistances (Ron) occurs for HC at 4.5V. Thus the 4.5V values should be used when designing with
this supply. Worst case V) and V|_occur at Vcg=5.5V and 4.5V respectively. (The V) value at 5.5V is 3.85V.) The worst case leakage current occur for CMOS at
the higher voltage and so these values should be used.

Note 5: At supply voltages (Vcc~VgE) approaching 2V the analog switch on resistance becomes extremely non-linear. Therefore it is recommended that these
devices be used to transmit digital only when using these supply voltages.
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AC Electrical Characteristics vcc = 2.0v-12.0v, G| = 50 pF (unless otherwise specified), (Notes 6 and 7)

Ta=25C 74HC 54HC
Symbol Parameter Conditions Vee | A Ta= —4010 85°C| Tp= —55 to 125°C| Units
Typ Guaranteed Limits
tpHL, tpLH [ Maximum Propagation 20V | 25 | 50 62 75 ns
Delay Switch In to 45V | 5 10 13 15 ns
Out 9.0V | 4 8 12 14 ns
12.0v| 3 7 11 13 ns
tpzL, tpzH | Maximum Switch Turn R =1kQ 20V | 32 (100 125 150 ns
“ON” Delay 45V | 8 20 25 30 ns
9.0V 6 12 15 18 ns
120V| 5 10 13 15 ns
tpHz, tpLz | Maximum Switch Turn RL = 1kQ 20V | 45 | 168 210 252 ns
“OFF” Delay 45V | 15 | 36 45 54 ns
9.0V | 10 | 32 40 48 ns
12.0v| 8 | 30 38 45 ns
Minimum Frequency R = 6009, Vis = 2Vpp | 45V | 40 MHz
Response (Figure 7) at (Voc/2) 9.0V | 100 MHz
20 log (Vos/V|s) = —3 dB|(Notes 6 & 7)
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