‘W TEXAS
{‘ INSTRUMENTS
Amplifiers, Comparators,

and Special Functions

Data Book

Volume A

suoipdsung jerdads pue
‘siojesedw o ‘stsonyndwy

1997 1997



General Information (Volume A)

Audio Power Amplifiers

Operational Amplifiers

Mechanical Data

General Information (Volume B)

Operational Amplifiers (Continued)

Comparators

Special Functions

Mechaniacal Data







Amplifiers, Comparators,
and Special Functions

Data Book
Volume A
MARGH Tab7
j
PRINTED WITH] b TEXAS
@ INSTRUMENTS Printed @im Paper



IMPORTANT NOTICE

Texas Instruments (Tl) reserves the right to make changes to its products or to discontinue any
semiconductor product or service without notice, and advises its customers to obtain the latest
version of relevant information to verify, before placing orders, that the information being relied
on is current.

Tlwarrants performance of its semiconductor products and related software to the specifications
applicable at the time of sale in accordance with TI's standard warranty. Testing and other quality
control techniques are utilized to the extent Tl deems necessary to support this warranty.
Specific testing of all parameters of each device is not necessarily performed, except those
mandated by government requirements.

Certain applications using semiconductor products may involve potential risks of death,
personal injury, or severe property or environmental damage (“Critical Applications”).

TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED, OR
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT APPLICATIONS, DEVICES
OR SYSTEMS OR OTHER CRITICAL APPLICATIONS.

Inclusion of Tl products in such applications is understood to be fully at the risk of the customer.
Use of Tl products in such applications requires the written approval of an appropriate Ti officer.
Questions concerning potential risk applications should be directed to Tl through a local SC
sales office.

In order to minimize risks associated with the customer’s applications, adequate design and
operating safeguards should be provided by the customer to minimize inherent or procedural
hazards.

Tl assumes no liability for applications assistance, customer product design, software
performance, or infringement of patents or services described herein. Nor does TI warrant or
represent that any license, either express orimplied, is granted under any patent right, copyright,
mask work right, or other intellectual property right of Tl covering or relating to any combination,
machine, or process in which such semiconductor products or services might be or are used.

Copyright © 1997, Texas Instruments Incorporated



INTRODUCTION

Texas Instruments (T1) offers an extensive line of industry-standard and leadership operational amplifier and
comparator products. The technologies represented in this book include traditional bipolar through BIiFET,
Excalibur, LINRCMOS™, Advanced LinCMOS™, and LinBiCMOS™ processes.

The Operational Amplifier/Comparator Data Books (Volumes A and B) provide information on an extensive
listing of Tl operational amplifier and comparator products:

Audio Power Amplifiers: Low Voltage, Low Power, High Output Power, and Low Distortion
Precision, Self-Calibration (Self-Cal]) Amplifiers

Advanced LinCMOS: Rail-to-Rail Output, High Output Drive, Low Noise, and Low Voltage
Internally Compensated Amplifiers: Single, Dual, and Quadruple

Noncompensated Amplifiers: Single and Dual

Excalibur: High Speed, Low Power, Precision, JFET Input, High Output Drive, and Low Noise
Various Temperature Ranges: Commercial, Industrial, Automotive, Military, and Extended

AUDIO POWER AMPLIFIERS

Since the release of our last databook, Texas Instruments has introduced several members of our new audio
power-amplifier product line. These devices are denoted with the TPA (T1 Power Amplifiers) prefix and offer
the designer high-fidelity output for low-voltage applications. Several products are optimized for 3-V and 5-V
operation and offer shutdown capability for extended life in battery-powered applications. Typical distortion
levels are <1% THD+N and along with high ac power supply rejection ratio (PSRR) provide the user with high-
fidelity outputs.

FEATURES IN THIS BOOK

New audio power amplifier product line (TPAxxxx)

New additions to our low-voltage CMOS rail-to-rail output operational amplifier family
Amplifier and comparator products available in the SOT-23 package

Precision Self-Calibration (Self-Cal]) amplifier products

New family of ultra-fast, low-power comparators

Expanded product characterization over supply voltage and temperature

Complete mechanical specifications

The first section of each volume contains an alphanumeric listing, a selection guide, and a cross reference
for each type of device. The alphanumeric listing in the book includes all the devices contained in volumes
A and B of the Operational Amplifier/Comparator Data Book. The sections in each book are numbered con-
secutively across volumes (Sections 1, 2, 3, and 4 are in Volume A and sections 5, 6, 7, 8, and 9 are in Volume
B). Thus, the reader can easily find the particular volume for a given device.

Due to the great number of devices available from T, the selection guide for the operational ampilifiers is bro-
ken down into nine primary categories with a complete alphanumeric listing at the end. The audio power am-
plifier, comparator and special function selection guides are a complete alphanumeric listing. The cross refer-
ences in Section 1 help to identify devices that are comparable to other manufacturers and older Tl parts.

The last section in each volume contains ordering information and mechanical data for the devices in that
particular volume.

LinCMOS, Advanced LinCMOS, LinBiCMOS, and Self-Cal are trademarks of Texas Instruments Incorporated.



While these volumes offer information only on the amplifier and comparator devices available now from TI,
complete technical data for upcoming analog or any other Tl semiconductor product is available from your
nearest Tl field sales office, local authorized distributor, or by writing directly to:

Texas Instruments Incorporated
Literature Response Center
P.O. Box 809066

Dallas, Texas 75380-9066

Also, please visit us on the world wide web at www.ti.com.
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ALPHANUMERIC INDEX

LF347 .. . 3-3 LM2903 ... . 7-27
LF347B ... 3-3 LM2903Q ... 7-27
LF351 .. 3-5 LM2904 ... ... ... 3-29
LF353 .. e 3-7 LM2904A ............ 3-29
LF411C .. 3-9 LM2904Q ... 3-29
LF412C ... ... e 3-11 LM3302 ... 7-45
LM 7-3 LM3900 ... ... 3-43
LM118 . e 3-13 LP11 7-49
LM124 . .. 3-17 LP211 ... . 7-49
LM124A ... e 3-17 LP239 ... . 7-53
LM139 ... 7-19 LP311 ... 7-49
LM139A ... 7-19 LP339 ... 7-53
LM148 ... . e 3-25 LP2901 ... . 7-53
LM158 ... e 3-29 LT1013 .. 3-51
LM158A ... .. 3-29 LT1013A .. 3-51
LM193 .. e 7-27 LT1013D ..o 3-51
LMI93A e 7-27 LT1013Y .o 3-51
LM211 . 7-3 MC1458 ... 3-75
LM218 .. e 3-13 MC1558 ... oo 3-75
LM224 ... . 3-17 MC3303 ... it 3-79
LM224A .. .. e 3-17 MC3403 ... .ot 3-79
LM239 ... 7-19 NE555 ...t 8-3
LM239A ... e 7-19 NE555Y .......cciiiiii 8-3
LM248 ... e e 3-25 NE556 ............ccovviiiiiiian, 8-17
LM258 ... e 3-29 NE5532 ... 3-85
LM258A ... . e 3-29 NEBS532A ... 3-85
LM293 ... . 7-27 NE5534 ... ... .. 3-89
LM293A ... e 7-27 NEBS534A ... i 3-89
LM306 ... 7-33 OPO7C .. i e 3-95
LM311 e 7-3 OPO7D ...t 3-95
LM311Y e 7-3 OPO7Y e 3-95
LM318 ... e 3-13 RC4136 ...ttt 3-101
LM324 ... e 3-17 RC4558 ... 3-105
LM324A ... . e 3-17 RC4558Y ... 3-105
LM324Y .. 3-17 RM4136 ...t 3-101
LM324x2 ... 3-39 RM4558 ... 3-105
LM339 ... e 7-19 RV4136 ... 3-101
LM339A ... . 7-19 RV4558 ... ...t 3-105
LM339Y e 7-19 SA555 ... 8-3
LM339%2 ... s 7-41 SA556 ... 8-17
LM348 ... 3-25 SEB55 ... 8-3
LM358 ... 3-29 SE555C ... 8-3
LM358A ... e 3-29 SE556 .............iiiiiiiiiiiia 8-17
LM358Y ... 3-29 SE556C ...t 8-17
LM393 ... 7-27 SE5534 ... . 3-89
LM393A .. e 7-27 SE5534A ... 3-89
LM393Y e 7-27 TLO22 .. e 3-111
LM2900 ... 3-43 TLO26 .........ccoiiiiiiiiiiiinnn 8-21
LM2901 ... e 7-19 TLOST e 3-115
LM2901Q .. 7-19 TLO31A e 3-115
LM2902 ... 3-17 TLOB2 ..o 3-115
LM2902Q ...t 3-17 TLO32A ... e 3-115
The devices in BOLD type are new to this data book.
3
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ALPHANUMERIC INDEX

.......... 3-115 TL592B ...t
.......... 3-115 TL712 o
.......... 3-115 TL714

.......... 3-169 TL2B28Z ...

.......... 3-307 TLC25M4 ... ...

.......... 3-169 TLV3016YT
.......... 3-169 TLV3116Yt
.......... 3-233 TLC25L2A
.......... 3-233 TLC25L2B
.......... 3-233 TLC25L2Y
.......... 3-265 TLC25M2A
.......... 3-279 . TLC25M2B
.......... 3-279 TLC25M2Y
.......... 3-279 TLC25L4A
.......... 3-279 TLC25L4B
.......... 3-295 TLC25L4Y
.......... 3-307 TLC25M4A
.......... 3-307 TLC25M4B
.......... 3-307 TLC25M4Y
........... 7-59 TLC27L1A
........... 7-59 TLC27L1B
........... 8-29 TLC27L2
TLC27L2A

The devices in BOLD type are new to this data book.
1T This device is in the Advanced Information stage of development.
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BRR 3-169 TLC139 . ..ooeeeeeeeaieie
.......... 3-233 TLC251 ..o
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ALPHANUMERIC INDEX

TLC27L2B ..ottt 3-551 TLC2202A ... .o 3-767
TLC27TM2 .. 3-583 TLC2202B .......civiiiiiien 3-767
TLC27M2A ... i 3-583 TLC2202Y ...t 3-767
TLC27TM2B ... . 3-583 TLC2252 .................. .. 3-821
TLC274 .. e 3-617 TLC2252A ..................cc.ut.. 3-821
TLC274A ... 3-617 TLC2252Y ................ i, 3-821
TLC274B ... . 3-617 TLC2254 ................ ... ... 3-821
TLC274Y . e 3-617 TLC2254A ................ ..ot 3-821
TLC274X2 ... i 3-653 TLC2254Y ........... ...l 3-821
TLC27L4 .. 3-669 TLC2262 .......cviiiiii i 3-875
TLC27L4A ... e 3-669 TLC2262A ... ... 3-875
TLC27L4B ... .. 3-669 TLC2262Y ...t 3-875
TLC27LAY .. i 3-669 TLC2264 ... 3-875
TLC27TM4 ... e 3-705 TLC2264A .. ... 3-875
TLC27TM4A .. . 3-705 TLC2264Y ...t 3-875
TLC27M4B .............. 3-705 TLC2272 .. 3-931
TLC27TMAY ... . 3-705 TLC2272A .. 3-931
TLC277 e e 3-485 TLC2272Y i 3-931
TLC279 e 3-617 TLC2274 ... 3-931
TLC27L7 e 3-551 TLC2274A ... i 3-931
TLC27L9 . i 3-669 TLC2274Y ... 3-931
TLC27TM7 e 3-583 TLC2652 ... .ot 3-983
TLC27TM9 ... 3-705 TLC2652A ... .o 3-983
TLCB39 .t 7-93 TLC2652Y .....ciiiiiie i 3-983
TLC339Q ..o 7-93 TLC2654 ...t 3-1007
TLC352 ..o 7-109 TLC2654A ..........c.co.... e 3-1007
TLCB54 .. e 7-117 TLC2654Y .......cciiiiiiiiian 3-1007
TLC354Y ... 7-117 TLC2801Y ..o 3-1031
TLC371 it e 7-127 TLC2801Z ... 3-1031
TLC371Y 7-127 TLC2810Y .iiiiiiiiie e 3-1043
TLC372 ... 7-137 TLC2810Z ...t 3-1043
TLC372Q ... i 7-137 TLC2872Y oo 3-1065
TLC372Y . 7-137 TLC2872Z ... i 3-1065
TLC374 . 7-149 TLC3702 .. 7177
TLC374Q ... 7-149 TLC3702Y .. 7-177
TLC374Y i 7-149 TLC3704 ... i 7-199
TLC393 . 7-161 TLC3704Y ... i 7-199
TLC393Y .. 7-161 TLC4501 ... ... ... ... .. ... ... 3-1081
TLC551 ... ... 8-49 TLC4501A ... i 3-1081
TLC551Y ... 8-49 TLC4501Y ... ... 3-1081
TLC552 ....... ..o 8-61 TLC4502 .................. it 3-1107
TLC555 .....ccvviiii 8-69 TLC4502A ........................ 3-1107
TLC555Y .......ccoviiiiiiiiiinn, ... 8-69 TLC4502Y ................... ... 3-1107
TLC556 .......ccovviiiiiiiniinnnn. 8-81 TLE2021 ... 6-3
TLC556Y ...t 8-81 TLE2021A ... 6-3
TLC1078 .. i e 3741 TLE2021B ... iiiieeiiii e 6-3
TLC1079 ... 3-741 TLE2021Y ... i 6-3
TLC2201 ... 3-767 TLE2022 ... i 6-3
TLC2201A .. . 3-767 TLE2022A ... ... 6-3
TLC2201B ... 3-767 TLE2022B .....cciiiiiiiii e 6-3
TLC2201Y ...t 3-767 TLE2022Y ... .. i 6-3
TLC2202 ... ... 3-767 TLE2024 . ... e 6-3
The devices in BOLD type are new to this data book.
b TEXAS
INSTRUMENTS
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ALPHANUMERIC INDEX

TLE2024A ... ... 6-3 TLE2237 ... 6-375
TLE2024B ... 6-3 TLE2237Y ... 6-375
TLE2024Y . ... . e 6-3 TLE2301 ... 6-405
TLE2027 ... 6-59 TLE2662 .........ccciviiiiiinnnnnn. 6-427
TLE2027A ... 6-59 TLE2682 ..........cciiiiiiiiienn 6-465
TLE2027Y i 3-59 TLS1233 ... 8-93
TLE2037 ... 6-59 TLS1233Y ... 8-93
TLE2037A .. 6-59 TLS1255 ...l 8-99
TLE2037Y i 6-59 TLVI391 ... .. 7-223
TLE2061 ... 6-93 TLVI391Y ... 7-223
TLE2061A ... i 6-93 TLVI393 ... 7-235
TLE2061Y ... e 6-93 TLVI393Y .. 7-235
TLE2062 .. ...iiiieieii e 6-93 TLV2211 . ... 6-513
TLE2062A ...... ...t 6-93 TLV2211Y ... 6-513
TLE2062B ..., 6-93 TLV2221 .. ... 6-541
TLE2062Y .. .iiiiiie e 6-93 TLV2221Y ... 6-541
TLE2064 .. ....cc'eiiieei et 6-93 TLV2231 ... 6-567
TLE2064A . ... ...t 6-93 TLV2231Y ... 6-567
TLE2064B ........... ..., 6-93 TLV2252 ... ... ... ... 6-593
TLE2064Y ... . 6-93 TLV2252A ............ ... ... ...... 6-593
TLE2071 ............ . 6-155 TLV2252Y ... ... 6-593
TLE2071A .. e 6-155 TLV2254 ... 6-593
TLE2071Y ... 6-155 TLV2254A ... ... ... . e 6-593
TLE2072 ... 6-155 TLV2254Y ... ... .. 6-593
TLE2072A ... ... ... 6-155 TLV2262 ... 6-639
TLE2072Y ... . 6-155 TLV2262A ... .. 6-639
TLE2074 ... . e "6-155 TLV2262Y ... 6639
TLE2074A ... ... 6-155 TLV2264 ... 6-639
TLE2074Y ... . 6-155 TLV2264A ... ... 6-639
TLE2081 ... 6-225 TLV2264Y ... .. 6-639
TLE2081A ... .. 6-225 TLV2322 ... e 6-687
TLE2081Y ... i 6-225 TLV2322Y .. e 6-687
TLE2082 .....ccoiiiieeeeiiie 6-225 TLV2324 ... 6-687
TLE2082A ..., 6-225 TLV2324Y ... .. 6687
TLE2082Y ...t 6-225 TLV2332 .. 6-715
TLE2084 ........ccvvviiiiiiiinn, 6-225 TLV2332Y .. 6-715
TLE2084A ..., 6-225 TLV2334 .. . 6-715
TLE2084Y ... ..ot 6-225 TLV2334Y ... 6-715
TLE2141 ... ... 6-287 TLV2341 ... 6-743
TLE2141A ... ... 6-287 TLV2341Y . 6-743
TLE2141Y ... 6-287 TLV2342 . ... e 6-793
TLE2142 ... .. 6-287 TLV2342Y ... 6-793
TLE2142A ... ... 6-287 TLV2344 ... .. 6-793
TLE2142Y ... 6—287 TLV2344Y ... ... 6-793
TLE2144 ... .. ... 6-287 TLV2352 ... 7-251
TLE2144A ... ... .. 6-287 TLV2352Y ... 7-251
TLE2144Y ... ... i 6-287 TLV2354 ... 7-265
TLE2161 ... i 6-347 TLV2354Y ... 7-265
TLE2161A ... . i 6-347 TLV2361 ... 6-823
TLE2161B ...... ..o 6-347 TLV2361Y ... 6-823
TLE2227 ... . 6-375 TLV2362 ... 6-823
TLE2227Y 6-375 TLV2362Y ... 6-823
The devices in BOLD type are new to this data book.
*ip
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ALPHANUMERIC INDEX

TLV2393 ... 7-203 TPA1S17Y 2-29
TLV2393Y .. 7-203 TPA1S17YY . 2-29
TLV2432 . ... 6-839 TPA4860 ........................... 2-41
TLV2432A .................ccccua.. 6-839 TPA4860Y ..................c.coiun.. 2-41
TLV2432Y ... ... 6-839 TPA4861 ........................... 2-67
TLV2442 .. .. ... ... ... ... 6-875 TPA4861Y .......... .. ... 2-67
TLV2442A ................ ... ..... 6-875 BA741 6-909
TLV2242Y ... ... . 6-875 RA733 . 8-105
TPAO102t ... ... 2-3
TPAOTO2YY ... ... 2-3
TPA302 ........ ... i 2-9
TPA302Y ... 2-9
The devices in BOLD type are new to this data book.
1 This device is in the Advanced Information stage of development.
N4
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AUDIO POWER AMPLIFIER

SELECTION GUIDE
AUDIO POWER AMPLIFIERS
' VooVee I&%"ce‘i OUTPUT | 1up. N | PsRR | 1sp | HEAD- PAGE
DEVICE ) chanr‘:el POWER @1kHz | (dB) |(uA) PHONE DESCRIPTION NO
min max | "4 ' w HA) | ENABLE -
TPAO102T 3t05.5 1.9 1.5 0.2% 75 1 Yes 1.5-W stereo audio power amplifier 2-3
TPA302 2.7t05.5 4 0.3 0.06% 55 0.6 No 300-mW stereo audio power amplifier 2-9
TPA1517T 6to 18 40 6 1% 62 No 6-W/ch. stereo audio power amplifier 2-29
TPA4860 271055 3.5 1 0.2% 56 0.6 Yes 1-W audio power amplifier 2-41
TPA4861 2.7t05.5 3.5 1 0.2% 56 0.6 No 1-W audio power amplifier 2-67
This device is in the Advanced Information stage of development.
3 1,
EXAS
INSTRUMENTS
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OPERATIONAL AMPLIFIER
SELECTION GUIDE

INTRODUCTION

This selection guide is designed to help you quickly identify which operational amplifiers best suit your needs.
This section includes specification tables for each operational amplifier, sorted by the primary performance
category; this permits a quick comparison of key specifications, enabling a final decision on which amplifier is
best for you. Also included in this section is a complete alphanumerically sorted list of all Texas Instruments
advanced linear amplifiers with key specifications.
DEFINITION OF TERMS

This selection guide is broken into eight primary-selection categories:

® DC precision
Single supply
Noise
Low voltage
High speed

Low power

Ralil to rail
® High temperature

These categories are then subdivided into secondary and tertiary groups combining performance indices. An
understanding of what is meant by each term is helpful when choosing the right amplifier for your application.

DC Precision

Precision refers to an amplifier’s inherent dc errors, the input offset voltage (V,p), its temperature coefficient
(ovj0), and long-term drift (AVp). In direct-coupled applications, these errors are amplified by the amplifier and
carried through the system. The magnitude of the input offset voltage limits the minimum signal level that can
be accurately measured. This document defines precision operational amplifiers as those having Vig <1 mV.
In the precision-operational-amplifiers specification table, these operational amplifiers are sorted in ascending
order of Viomax at 25°C; the a0 specification is also provided for comparison.

Single Supply

Single-supply operational amplifiers are those that are designed to operate well with only one power-supply rail,
typically 5 V. They are generally characterized as having a common-mode input voltage range (V|cg) that
includes ground and outputs that can swing to or very near ground (Vo = 0 V). Most single-supply operational
amplifiers are manufactured using CMOS technology, although some bipolar single-supply amplifiers are
available. Single-supply operational amplifiers can be used in systems with split supplies (e.g., +5 V), but care
must be taken not to exceed the maximum supply voltage across the device. For example, Vppmax for CMOS
operational amplifiers is 16 V. No more than +8 V should be applied to these devices in a split-supply system.
Also, some single-supply operational amplifier output stages are not designed to both source and sink current;
when used with split supplies, they may exhibit some crossover distortion as the signal passes through
midsupply.

Rail to Rail

Rail-to-rail operational amplifiers feature outputs that swing close to both the positive and negative supply rails.
To achieve expected results, maintain loading conditions within the specified drive capability of the amplifier;
output swing decreases as load increases.

‘t? TEXAS
INSTRUMENTS
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OPERATIONAL AMPLIFIER
SELECTION GUIDE

Noise

Noise in operational amplifiers typically has two components: voltage noise and current noise. Current noise
is primarily a function of input bias currents () and is negligible in JFET-input (BiFET) and CMOS amplifiers.
Voltage noise (V) is noise generated by the amplifier due to the thermal noise of the channel resistance in JFET
and CMOS amplifiers or the emitter resistance in bipolar amplifiers. Bipolar technology offers the lowest voltage
noise and offers the greatest advantage when interfacing to low-impedance sources. As source impedance
increases to about 10 kQ, system noise is dominated by the thermal noise of the source and feedback
resistances and selection of an amplifier is usually driven by other characteristics. At higher source impedances,
the noise contribution due to the high-input currents of bipolar amplifiers becomes prohibitive and eithera CMOS
or BiIFET amplifier should be chosen. Amplifiers in the low-noise operational amplifier sections have V, <
15 nV/AHz. Current noise, though not specified, can be approximated by:

In=V(@x qx1g), where q = 1.6 x 10~19

Low Voltage

Low-voltage amplifiers operate with Vg or Vpp < 3 V. Some CMOS amplifiers operate with Vpp = 1.4 V. When
using any supply voltage, you must ensure that input signals are within the common-mode input voltage range
(VicR) of the device. To address the emerging 3-V device market, Texas Instruments has introduced a full line
of 3-V operational amplifiers, the TLV series of devices.

High Speed

Speed refers to an operational amplifier’s slew rate (SR) and its bandwidth. Slew rate describes the ability of
the amplifier’s output to follow a large rapidly changing signal at its input, expressed in V/us. Slew rate is a
function of and inversely proportional to supply current (igc or Ipp); increased power consumption must often
be traded for faster output response. BIFET amplifiers have traditionally offered the best speed performance,
although new complementary bipolar technologies are gaining ground. The high-speed operational amplifiers
in this selection guide have a bandwidth > 6 MHz; the amplifiers’ slew rate is included in the specification tables
for reference.

Low Power

Low power in this document refers to amplifiers whose quiescent currents are less than 500 pA. This category
is further broken down to delineate micropower amplifiers, or those with Igc or Ipp <250 pA. The supply current
is specified under no-load conditions; the outputs neither sink nor source current. To minimize power
consumption, unused amplifiers should be connected as unity-gain followers with their inputs grounded.

High Temperature

High-temperature operational amplifiers are those manufactured using Texas Instruments patent-pending high
temperature and high-reliability process. These operational amplifiers perform reliably at temperatures up to
150°C and are well suited for automotive and geophysical (down-hole) applications where temperatures often
exceed the industrial or military temperature ranges.

"@ TEXAS
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HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

Ipp/icc Slew
DEVICE VD[(’\II‘)ICC (mA ':::)"“““' (\rlr:e) c(r::)n (::2) (nv‘/I«TE) (37 te) ((l;ﬂ?ivzv) DESCRIPTION PﬁgE
min max typ max max range typ typ typ tyL:)s typ )

LT1013 41044 0.32t0 0.5 0.25 t0 0.95 114 | -15000 22 0.4 Dual precision low-power 3-51
TLC251(H) 1.4t0 16 0.675t0 1.6 2to 10 80 0.6 25 3.6 1.7 Prog. low-voltage: high bias mode 3-357
TLC251(M) 1.4t0 16 0.105t00.28 2to 10 91 0.6 32 0.43 0.525 | Prog. low-voltage: medium bias mode 3-357
TLC251(L) 141016 0.01100.017 2to 10 94 0.6 68 0.03 0.085 | Prog. low-voltage: low bias mode 3-357
TLC252 141t0 16 0.7t0 1.6 2to 10 80 0.6 25 3.6 1.7 Dual low-voltage 3-375
TLC254 14to016 0.775t0 1.8 2to 10 80 0.6 25 3.6 1.7 Quad low-voltage 3-395
TLC25L2 14t016 0.01t00.017 2t0 10 94 0.6 68 0.03 0.085 | Dual micropower low-voltage 3-375
TLC25L4 1.4t0 16 0.012 to 0.021 2to 10 94 0.6 70 0.03 0.085 | Quad micropower low-voltage 3-395
TLC25M2 1.4t0 16 0.105t0 0.28 2t0 10 91 0.6 32 0.43 0.525 | Dual low-power low-voltage 3-375
TLC25M4 1.410 16 0.12510 0.32 2t0 10 91 0.6 32 0.43 0.525 | Quad low-power low-voltage 3-395
TLC271(H) 3to 16 0.675t0 1.6 2t0 10 80 0.6 25 3.6 1.7 Prog. low-power: high bias mode 3415
TLC271(M) 3to 16 0.105t0 0.28 2to 10 91 0.6 32 0.43 0.525 | Prog. low-power: medium bias mode 3-415
TLC271(L) 3to 16 0.01100.017 2t0 10 94 0.6 68 0.03 0.085 | Prog. low-power: low bias mode 3-415
TLC272 3to 16 0.7t0 1.6 2to 10 80 0.6 25 3.6 1.7 Dual single supply 3-485
TLC274 3to 16 0.675t0 1.6 2to 10 80 0.6 25 3.6 1.7 Quad single supply 3-617
TLC277 3to 16 0.7t0 1.6 t0 0.5 80 0.6 25 3.6 17 Dual precision single supply 3-485
TLC279 3to 16 0.675t0 1.6 to 0.9 80 0.6 25 3.6 1.7 Quad precision single supply 3617
TLC27L2 3t0 16 0.01100.017 2to 10 94 0.6 68 0.03 0.085 | Dual precision single supply micropower 3-551
TLC27L4 3to 16 0.011t00.017 2to 10 94 0.6 70 0.03 0.085 | Quad precision single supply micropower 3-669
TLC27L7 3to 16 0.011t00.017 10 0.5 94 0.6 68 0.03 0.085 | Dual precision single supply micropower 3-551
TLC27L9 3to 16 0.011t00.017 t0 0.9 94 0.6 70 0.03 0.085 | Quad precision single supply micropower 3-669
TLC27M2 3t0 16 0.105t00.28 2to 10 91 0.6 32 0.43 0.525 | Dual precision single supply low-power 3-583
TLC27M4 3to 16 0.105t00.28 2to 10 91 0.6 32 0.43 0.525 | Quad precision single supply low-power 3-705
TLC27M7 3to 16 0.105t0 0.28 t0 0.5 91 0.6 32 0.43 0.525 | Dual precision single supply low-power 3-583
TLC27M9 3to 16 0.105t0 0.28 100.9 91 0.6 32 0.43 0.525 | Quad precision single supply low-power 3-705
TLC1078 141016 0.01100.017 1.6100.45 95 0.6 68 0.032 0.085 | Dual micropower precision low-voltage 3-741
TLC1079 141016 0.01t0 0.017 1.9t00.85 95 0.6 68 0.032 0.085 | Quad micropower precision low-voltage 3-741
TLC2201 4.6t0 16 1to1.5 0.210 0.5 110 1 8 25 1.8 Low-noise precision rail-to-rail output 3-767
TLC2202 4.6t0 16 0.85t01.3 05t01 110 1 8 25 1.9 Dual low-noise precision rail-to-rail 3-767
TLC2252 44t016 ]0.035t00.0625 | 0.85t0 1.5 83 1 19 0.12 0.2 Dual rail-to-rail micropower 3-821
TLC2254 44t016 |0.035t00.0625 | 0.85t01.5 83 1 19 0.12 0.2 Quad rail-to-rail micropower 3-821
TLC2262 4.4t0 16 0.210 0.25 0.95102.5 83 1 12 0.55 0.82 | Dual advanced LinCMOS rail-to-rail 3-875
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HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS (continued)

Ippficc

Slew

DEVICE VDD(\I/\),cc (mA ':;’I)':“"" (\rlr:% c(n:Bn)n (:;ﬁ) (nv\;\?m) (CZ::) ((:IIBHVZV) DESCRIPTION jou
min max typ max max range typ typ typ typ - typ

TLC2264 441016 0.21t00.25 0.95t02.5 83 1 12 0.55 0.82 ' | Quad advanced LinCMOS rail-to-rail 3-875
TLC2272 441016 11t01.5 0.95t02.5 75 1 9 3.6 2.18 | Dual low-noise rail-to-rail 3-931
TLC2274 441016 11to15 0.95t02.5 75 1 9 3.6 2.18 | Quad low-noise rail-to-rail 3-931
TLC2654 +2.3t0+8 15t024 0.01 to 0.02 125 50 13 3.7 1.9 Low-noise chopper-stabilized 3-1007
TLC4501 4t06 1to 1.5 -0.08t00.08 | 100 1 12 25 4.7 Single self-calibrating precision 3-1081
TLC4502 4t06 12510 1.75 -0.1t00.1 100 1 12 2.5 4.7 Dual self-calibrating precision 3-1107
TLE2021 +2 to +20 0.2100.3 0.210 0.5 115 25000 15 0.65 2 Precision low-power single supply 6-3
TLE2022 +2 to +20 0.275100.35 0.15t0 0.5 106 35000 15 0.65 2.8 Dual precision low-power single supply 6-3
TLE2024 +2 to £20 0.2625 to 0.35 05t01 102 50000 15 0.7 2.8 Quad precision low-power single supply 6-3
TLE2027 +4 to +22 3.8105.3 0.025 to 0.1 131 15000 25 2.8 13 Low-noise precision 6-59
TLE2037 +4to £19 3.8t05.3 0.025to 0.1 131 15000 25 7.5 50 Low-noise high-speed precision decomp. 6-59
TLE2061 +3.5t0+19 0.29 10 0.35 05t03 90 4 40 34 2 JFET-input high-output-drive micropower 6-93
TLE2062 +3.5t0 £19 | 0.3125 to 0.345 1t04 90 4 40 3.4 2 Dual JFET-input high-output-drive micropower 6-93
TLE2064 +3.5t0+19 | 0.312510 0.35 2t06 90 4 40 3.4 2 Quad JFET-input high-output-drive micropower | 6-93
TLE2071 +2.25t0 £19 17t022 2to4 98 20 1.6 45 10 Low-noise high-speed JFET-input 6-155
TLE2072 +2.25t0 £19 155t0 1.8 35t06 98 20 1.6 45 10 Dual low-noise high-speed JFET-input 6-155
TLE2074 +2.25t0+19 | 1.4251t0 1.875 3t05 98 25 11.6 45 10 Quad low-noise high-speed JFET-input 6-155
TLE2081 +2.25to +19 1.7t02.2 3to6 98 20 11.6 45 10 high-speed JFET-input 6-225
TLE2082 +2.25t0 19 155t01.8 4t07 98 20 1.6 45 10 Dual high-speed JFET-input 6-225
TLE2084 +225t0+19 | 1.625to0 1.875 4t07 98 25. 1.6 45 10 Quad high-speed JFET-input 6-225
TLE2141 +2 to £22 3.5t045 0.5t00.9 108 | -700000 10.5 45 5.9 Low-noise high-speed precision single supply 6-287
TLE2142 +2 to +22 3.45t04.5 0.75t0 1.2 108 | -700000 10.5 45 59 Dual low-noise high-speed precision 6-287
TLE2144 +2 to £22 3.45t04.5 15t02.4 108 | -700000 10.5 45 5.9 Quad low-noise high-speed precision 6-287
TLE2161 | +35t0+19 | 0.29100.35 05103 90 4 40 10 6.4 :’;E:;’;ﬂ”‘ high-output-drive low-power decom- | ¢ 5,
TLE2227 +4to +19 3.65105.3 0.1t00.35 115 15000 25 25 13 Dual low-noise high-speed precision 6-375
TLE2237 +4 to £22 3.65t05.3 0.1t00.35 115 15000 25 5 50 Dual low-noise high-speed precision decomp. 6-375
TLE2301 +4.5 to 22 22t03.5 0.41t0 10 97 260000 44 14 8 Excalibur 3-state-output wide-bandwidth power | 6-405
TLE2662 351015 |03125100345| 1to5 90 4 40 3.4 2 g‘f/' o‘l‘t’;‘;‘gigf‘sﬂgr“p”t with switching-capaci- | ¢ 457
TLE2682 35t015 | 1551018 | 09t075 | 98 | 20 13 45 10 g;%g;pf;g;:gzcz%‘:"a' with switching-ca- | ¢ 4g5
TLV2211 2.7t0 10 0.013 to 0.025 to3 83 1 22 0.025 Single rail-to-rail micropower 6-513

0.065
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HIGH-PERFORMANCE CPERATIONAL AMPLIFIERS (continued)

Ipp/icc Slew
DEVICE VDDo,/‘)’cc (mA ':::u‘;“a“' (23) c(l\gg)n (::/B\) (nvﬁﬁ) (57":) gm) DESCRIPTION PﬁgE
min max typ max max range typ typ typ tyl; typ :

TLV2221 2.7t0 10 0.11100.15 to3 85 1 19 0.18 0.51 | Single rail-to-rail low-power 6-541
TLV2231 2.7t010 0.85t0 1.2 to3 70 1 15 1.6 2 Single rail-to-rail 6-567
TLV2252 2.7t08 0.034t00.0625 | 0.85t01.5 75 1 19 0.1 0.187 | Dual rail-to-rail low-voltage micropower 6-593
TLV2254 27t8 0.034t00.0625 | 0.85t0 1.5 75 1 19 0.1 0.187 | Quad rail-to-rail low-voltage micropower 6-593
TLV2262 27108 0.210 0.25 0.95t02.5 75 1 12 0.55 0.67 | Dual rail-to-rail low-voltage low-power 6-639
TLV2264 27108 0.2t0 0.25 0.95t02.5 75 1 12 0.55 0.67 | Quad rail-to-rail low-voltage low-power 6-639
TLV2322 2t08 0.006 to 0.017 1.1t09 88 0.6 68 0.02 0.027 | Dual low-voltage micropower 6-687
TLV2324 2t08 0.006 to 0.017 1.1t0 10 88 0.6 68 - 0.02 0.027 | Quad low-voltage micropower 6-687
TLV2332 2t08 0.08 t0 0.25 1.1t09 92 0.6 32 0.38 0.3 Dual low-voltage low-power 6-715
TLV2334 2to8 0.08 to 0.25 1.1t0 10 92 0.6 32 0.38 0.3 Quad low-voltage low-power 6-715
TLV2341(H) 2to8 0.325t0 1.5 1.1t08 78 0.6 25 2.1 0.79 | Programmable low-voltage: high bias mode 6-743
TLV2341(M) 2t08 0.065 to 0.25 1.1t08 92 0.6 32 0.38 0.3 Programmable low-voltage: Med bias mode 6-743
TLV2341(L) 2t08 0.005 to 0.017 1.1to8 88 0.6 68 0.02 0.027 | Programmable low-voltage: low bias mode 6-743
TLV2342 2t0 8 0.325t0 1.5 11t09 78 0.6 25 2.1 0.79 | Dual LinCMOS low-voltage high-speed 6-793
TLV2344 2t0 8 0.325t0 1.5 1.1t0 10 78 0.6 25 2.1 0.79 | Quad LinCMOS low-voltage high-speed 6-793
TLV2361 +1to+2.5 1.75t02.5 1to6 85 20000 8 3 7 Single high-performanC, low-voltage 6-823
TLV2362 +1to £3.5 1410225 1to 6 75 20000 9 25 6 Dual high-performanC, low-voltage 6-823
TLV2432 2.7t010 0.1t00.125 0.95t02 90 1 18 0.25 0.55 | Dual wide-input-voltage, high-output-drive 6-839
TLV2442 2.7t0 10 0.75t0 1.1 0.95t02 75 1 16 1.4 1.81 | Dual wide-input-voltage, high-output-drive 6-875
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PRECISION OPERATIONAL AMPLIFIERS

SLEW

Vio Vio Ipp/icc CMRR RATE GBW PAGE
DEVICE uv) uv) (mA per channel) (dB) (Vius) (MHz) DESCRIPTION NO.
typrange | max range typ max typ typ typ
TLC4501 —40 to 40 —80to 80 1t01.5 100 25 4.7 Single self-calibrating precision 3-1081
TLC4502 —-50 to 50 —-100 to 100 1.25t01.75 100 25 47 Dual self-calibrating precision 3-1107
TLE2024 500 to 1000 0.2625 to 0.35 102 0.7 2.8 Quad precision low-power single supply 6-3
TLE2027 10to 20 2510 100 3.8t05.3 131 2.8 13 Low-noise precision 6-59
TLE2037 10t0 20 25to 100 3.8t05.3 131 7.5 50 Low-noise high-speed precision decompensated 6-59
LT1013 60 to 250 250 to 950 0.321t00.5 114 0.4 Dual precision low-power 351
TLE2022 70 to 150 150 to 500 0.275t0 0.35 106 0.65 2.8 Dual precision low-power single supply 6-3
TLC2201 80 to 100 200 to 500 1t01.5 110 2.5 1.8 Low-noise precision rail-to-rail output 3-767
TLC2202 80 to 100 500 to 1000 0.85t01.3 110 25 1.9 Dual low-noise precision rail-to-rail 3-767
TLE2021 80 to 120 200 to 500 0.2100.3 115 0.65 2 Precision low-power single supply 6-3
TLC1078 160 450 0.01100.017 95 0.032 0.085 | Dual micropower precision low-voltage 3-741
TLE2141 175 to 200 500 to 900 351045 108 45 5.9 Low-noise high-speed precision single supply 6-287
TLC1079 190 850 0.01t0 0.017 95 0.032 0.085 | Quad micropower precision low-voltage 3-741
TLC2252 200 850 to 1500 0.035 to 0.0625 83 0.12 0.2 Dual rail-to-rail micropower 3-821
TLC2254 200 850 to 1500 10.035 to 0.0625 83 0.12 0.2 Quad rail-to-rail micropower 3-821
TLV2252 200 850 to 1500 0.034 to 0.0625 75 0.1 0.187 | Dual rail-to-rail low-voltage micropower 6-593
TLV2254 200 850 to 1500 0.034 to 0.0625 75 0.1 0.187 | Quad rail-to-rail low-voltage micropower 6-593
TLE2142 27510290 | 750 to 1200 3451045 108 45 5.9 Dual low-noise high-speed precision 6-287
TLC2262 300 950 to 2500 0.2100.25 83 0.55 0.82 | Dual advanced LinCMOS rail-to-rail 3-875
TLC2264 300 950 to 2500 0.2100.25 83 0.55 0.82 | Quad advanced LinCMOS rail-to-rail 3-875
TLC2272 300 950 to 2500 11t015 75 3.6 2.18 Dual low-noise rail-to-rail 3-931
TLC2274 300 950 to 2500 1.1t01.5 75 3.6 2.18 | Quad low-noise rail-to-rail 3-931
TLE2161 300 to 600 | 500 to 3000 0.29 10 0.35 90 10 6.4 JFET-input high-output-drive low-power decompensated 6-347
TLV2262 300 950 to 2500 0.2100.25 75 0.55 0.67 Dual rail-to-rail low-voltage low-power 6-639
TLV2264 300 950 to 2500 0.2100.25 75 0.55 0.67 Quad rail-to-rail low-voltage low-power 6-639
TLV2432 300 950 to 2000 0.1t00.125 90 0.25 0.55 Dual wide-input-voltage, high-output-drive 6-839
TLV2442 300 950 to 2000 0.75t0 1.1 75 1.4 1.81 Dual wide-input-voltage, high-output-drive 6-875
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LOW-NOISE OPERATIONAL AMPLIFIERS

SLEW
DEVICE (nV‘;\?Hz) (mA :a%?/éggnnel) (g?\) RATE (?n?lvzv) RAIL-TO-RAIL DESCRIPTION PAGE
typ typ max typ (\{c;s) typ OUTPUT NO.
TLE2027 25 3.8t05.3 15000 2.8 13 Low-noise precision 6-59
TLE2037 25 3.8t05.3 15000 75 50 Low-noise high-speed precision decompensated 6-59
TLE2227 25 3.65t05.3 15000 2.5 13 Dual low-noise high-speed precision 6-375
TLE2237 25 3.65105.3 15000 5 50 Dual low-noise high-speed precision decompensated 6-375
TLC2201 8 1to 1.5 1 25 1.8 X Low-noise precision rail-to-rail output 3-767
TLC2202 8 0.85t0 1.3 1 25 1.9 X Dual low-noise precision rail-to-rail 3-767
TLV2361 8 1.75t02.5 20000 3 7 single high-performanC, low-voltage 6-823
TLC2272 9 11to 1.5 1 3.6 2.18 X Dual low-noise rail-to-rail 3-931
TLC2274 9 11t01.5 1 3.6 2.18 X Quad low-noise rail-to-rail 3-931
TLV2362 9 1.4t02.25 20000 25 6 Dual high-performanC, low-voltage 6-823
TLE2141 10.5 35t04.5 —700000 45 59 Low-noise high-speed precision single supply 6-287
TLE2142 105 3.45t04.5 -700000 45 5.9 Dual low-noise high-speed precision 6-287
TLE2144 105 3.45t04.5 —700000 45 5.9 Quad low-noise high-speed precision 6287
TLE2071 11.6 17t022 20 45 10 Low-noise high-speed JFET-input 6-155
TLE2072 11.6 155t01.8 20 45 10 Dual low-noise high-speed JFET-input 6-155
TLE2074 11.6 1.42510 1.875 25 45 10 Quad low-noise high-speed JFET-input 6-155
TLC2262 12 0.2t00.25 1 0.55 0.82 X Dual advanced LinCMOS rail-to-rail 3-875
TLC2264 12 0.2100.25 1 0.55 0.82 X Quad advanced LinCMOS rail-to-rail 3-875
TLC4501 12 1t01.5 1 25 4.7 X Single self-calibrating precision 3-1081
TLC4502 12 1.25t01.75 1 25 4.7 X Dual self-calibrating precision 3-1107
TLV2262 12 0.2100.25 1 0.55 0.67 X Dual rail-to-rail low-voltage low-power 6-639
TLV2264 12 0.2t00.25 1 0.55 0.67 X Quad rail-to-rail low-voltage low-power 6-639
TLC2654 13 15t02.4 50 3.7 19 X Low-noise chopper-stabilized 3-1007
TLE2021 15 0.210 0.3 25000 0.65 2 Precision low-power single supply 6-3
TLE2022 15 0.27510 0.35 35000 0.65 2.8 Dual precision low-power single supply 6-3
TLE2024 15 0.2625 to0 0.35 50000 0.7 2.8 Quad precision low-power single supply 6-3
TLV2231 15 0.850t0 1.2 1 1.6 2 X Single rail-to-rail 6-567
TLV2442 16 0.75t0 1.1 1 1.4 1.81 X Dual wide-input-voltage, high-output-drive 6-875
TLC2252 19 0.035 to 0.0625 1 0.12 0.2 X Dual rail-to-rail micropower 3-821
TLC2254 19 1 0.12 0.2 X Quad rail-to-rail micropower 3-821

0.035 to 0.0625
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LOW-NOISE OPERATIONAL AMPLIFIERS (continued)

SLEW
DEVICE (nv‘;?uz) (mA :a%?/(':ggnnel) (::R) e (?n?-l‘g) A ToAlL DESCRIPTION PrSE
typ typ max typ ( ty”:) typ -
TLV2221 19 0.1101t0 0.15 1 0.18 0.51 X single rail-to-rail low-power 6-541
TLV2252 19 0.034 to 0.0625 1 0.1 0.187 X Dual rail-to-rail low-voltage micropower 6-593
TLV2254 19 0.034 to 0.0625 1 0.1 0.187 X Quad rail-to-rail low-voltage micropower 6-593
HIGH-SPEED OPERATIONAL AMPLIFIERS
GBW Slew Rate Ipp/icc B Vv
DEVICE (Mhz) (Vius) (mA per channel) (pA) (nVl«?I-H) DESCRIPTION Pﬁg E
) typ typ typ max typ typ )
TLE2037 50 7.5 3.8t05.3 15000 25 Low-noise high-speed precision decomp. 6-59
TLE2237 50 5 3.65t05.3 15000 2.5 Dual low-noise high-speed precision decomp. 6-375
TLV2361 7 3 1.75t02.5 20000 8 single high-performanC, low-voltage 6-823
TLV2362 6 25 1.4t02.25 20000 9 Dual high-performanC, low-voltage 6-823
TLE2141 5.9 45 351045 —700000 10.5 Low-noise high-speed precision single supply 6-287
TLE2142 5.9 45 3.45t04.5 —700000 105 Dual low-noise high-speed precision 6-287
TLE2144 5.9 45 3.45t04.5 ~700000 10.5 Quad low-noise high-speed precision 6-287
TLE2682 10 45 1.55t0 1.8 20 1.3 Dual high-speed JFET-input with switched-capacitor voltage converter 6465
TLE2071 10 45 171022 20 1.6 Low-noise high-speed JFET-input 6-155
TLE2072 10 45 1.55t0 1.8 20 11.6 Dual low-noise high-speed JFET-input 6-155
TLE2074 10 45 1.425t0 1.875 25 1.6 Quad low-noise high-speed JFET-input 6-155
TLE2081 10 45 1.7t02.2 20 1.6 High-speed JFET-input 6-225
TLE2082 10 45 1.55t01.8 20 11.6 Dual high-speed JFET-input 6-225
TLE2084 10 45 1.625 t0 1.875 25 11.6 Quad high-speed JFET-input 6-225
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RAIL-TO-RAIL OPERATIONAL AMPLIFIERS

Vpp/Vce Ippficc Vo Slew Rate | GBW V,
DEVICE ) | (uA per channel) v) Vi) | (MHz) | (Vi) DESCRIPTION e
min max typ max typ typ typ typ .

TLC2201 46t016 1000 to 1500 Oto4.8 2.5 1.8 8 Low-noise precision rail-to-rail output 3-767
TLC2202 4.61016 850 to 1300 Oto 4.8 25 1.9 8 Dual low-noise precision rail-to-rail 3-767
TLC2252 441016 3510 62.5 0.011t04.98 0.12 0.2 19 Dual rail-to-rail micropower 3-821
TLC2254 4.4t016 3510 62.5 0.01t04.98 0.12 0.2 19 Quad rail-to-rail micropower 3-821
TLC2262 441016 200 to 250 0.01t0 4.99 0.55 0.82 12 Dual advanced LinCMOS rail-to-rail 3-875
TLC2264 441016 200 to 250 0.01t0 4.99 0.55 0.82 12 Quad advanced LinCMOS rail-to-rail 3-875
TLC2272 441016 1100 to 1500 0.01t04.99 3.6 2.18 9 Dual low-noise rail-to-rail 3-931
TLC2274 4.41t016 1100 to 1500 0.01 to 4.99 3.6 2.18 9 Quad low-noise rail-to-rail 3-931
TLC4501 4t06 1000 to 1500 0.01t0 4.99 25 4.7 12 Single self-calibrating precision 3-1081
TLC4502 4t06 1250 to 1750 0.01 to 4.99 25 4.7 12 Dual self-calibrating precision 3-1107
TLV2211 27t 10 13t0 25 0.012t0 4.95 0.025 0.065 22 Single rail-to-rail micropower 6-513
TLV2221 27t 10 110 to 150 0.012t0 4.88 0.18 0.51 19 Single rail-to-rail low-power 6-541
TLV2231 2.7t0 10 850 to 1200 0.08t0 4.9 1.6 2 15 Single rail-to-rail 6-567
TLV2252 27t08 34 to 62.5 0.01t02.98 0.1 0.187 19 Dual rail-to-rail low-voltage micropower 6-593
TLV2254 27t08 34t062.5 0.01102.98 0.1 0.187 19 Quad rail-to-rail low-voltage micropower 6-593
TLV2262 27t8 200 to 250 0.01t02.99 0.55 0.67 12 Dual rail-to-rail low-voltage low-power 6-639
TLV2264 27t08 200 to 250 0.01t02.99 0.55 0.67 12 Quad rail-to-rail low-voltage low-power 6-639
TLV2432 2.7t010 100 to 125 0.01 to 4.97 0.25 0.55 18 Dual wide-input-voltage, high-output-drive 6-839
TLV2442 2.7t0 10 750 to 1100 0.011t04.97 1.4 1.81 16 Dual wide-input-voltage, high-output-drive 6-875
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SINGLE-SUPPLY OPERATIONAL AMPLIFIERS

Vpp/Vce Ipp/ice Vio SLEW RATE GBW V
DEVICE V) (mA per channel) (mV) (Vius) (MHz) | (nVAHZ) DESCRIPTION PﬁgE
min max typ max typ max typ typ typ 3
TLE2021 +2 to 20 0.21t00.3 0.12t0 0.5 0.65 2 15 Precision low-power single supply 6-3
TLE2022 +2 to +20 0.275t0 0.35 0.15t0 0.5 0.65 2.8 15 Dual precision low-power single supply 6-3
TLE2024 +2 to £20 0.2625 t0 0.35 0.7 2.8 15 Quad precision low-power single supply 6-3
TLE2141 +2 to £22 3.5t04.5 0.2t00.9 45 5.9 10.5 Low-noise high-speed precision single supply 6-287
TLE2142 +2 to £22 3.45t04.5 0.29t0 1.2 45 59 10.5 Dual low-noise high-speed precision 6-287
TLE2144 +2 to+22 3.45t04.5 0.6t02.4 45 5.9 105 Quad low-noise high-speed precision 6-287
TLV2211 2.7t0 10 0.013 to 0.025 0.45t03 0.025 '0.065 22 Single rail-to-rail micropower 6-513
TLV2221 2.7t010 0.11t00.15 0.61t03 0.18 0.51 19 Single rail-to-rail low-power 6-541
TLV2231 2.7t0 10 0.85t0 1.2 0.71t03 1.6 2 15 Single rail-to-rail 6-567
TLV2252 27t08 0.034 to 0.0625 02t01.5 0.1 0.187 19 Dual rail-to-rail low-voltage micropower 6-593
TLV2254 27t08 0.034 to 0.0625 02to 15 0.1 0.187 19 Quad rail-to-rail low-voltage micropower 6-593
TLV2262 27t08 0.2100.25 0.3t02.5 0.55 0.67 12 Dual rail-to-rail low-voltage low-power 6-639
TLV2264 2718 0.210 0.25 0.3t02.5 0.55 0.67 12 Quad rail-to-rail low-voltage low-power 6-639
TLV2432 2.7t0 10 0.11t00.125 0.300t0 2 0.25 0.55 18 Dual wide-input-voltage, high-output-drive 6-839
TLV2442 2.7t0 10 0.75t0 1.1 0.300to 2 1.4 1.81 16 Dual wide-input-voltage, high-output-drive 6-875
TLC4501 4t06 1t0 1.5 0.04 to 0.08 25 47 12 Single self-calibrating precision 3-1081
TLC4502 4t06 1.25t0 1.75 0.05t0 0.1 25 4.7 12 Dual self-calibrating precision 3-1107
TLC2252 4.4t0 16 0.035 to 0.0625 0.2t0 1.5 0.12 0.2 19 Dual rail-to-rail micropower 3-821
TLC2254 441016 0.035 to 0.0625 0.2t0 1.5 0.12 0.2 19 Quad rail-to-rail micropower 3-821
TLC2262 4.410 16 0.2100.25 0.3t02.5 0.55 0.82 12 Dual advanced LinCMOS rail-to-rail 3-875
TLC2264 441016 0.2t00.25 0.3t025 0.55 0.82 12 Quad advanced LinCMOS rail-to-rail 3-875
TLC2272 4.4t0 16 11t01.5 0.3t02.5 3.6 2.18 9 Dual low-noise rail-to-rail 3-931
TLC2274 441016 1.1t01.5 0.3t02.5 3.6 2.18 9 Quad low-noise rail-to-rail 3-931
TLC2201 461016 1to15 0.1t0 05 2.5 1.8 8 Low-noise precision rail-to-rail output 3-767
TLC2202 4.6to0 16 0.851t0 1.3 0.1t01 2.5 1.9 8 Dual low-noise precision rail-to-rail 3-767
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LOW-VOLTAGE OPERATIONAL AMPLIFIERS

Vpp/Vce Ipp/icc Vo SLEW RATE | GBW V,
DEVICE V) | (mA per channel) v) (Vis) (MHz) | (nVAH2) DESCRIPTION o
min max typ max typ typ typ typ '

TLC1078 141016 0.01t00.017 Oto 4.1 0.032 0.085 68 Dual micropower precision low-voltage 3-741
TLC1079 1.4t0 16 0.01t0 0.017 Oto4.1 0.032 0.085 68 Quad micropower precision low-voltage 3-741
TLC251(H) 1.4t0 16 0.675t0 1.6 0to 3.8 3.6 1.7 25 Prog. low-voltage: high bias mode 3-357
TLC251(M) 1.4t0 16 0.1051t00.28 0to 3.9 0.43 0.525 32 Prog. low-voltage: medium bias mode 3-357
TLC251(L) 1.41t0 16 0.01100.017 Oto 4.1 0.03 0.085 68 Prog. low-voltage: low bias mode 3-357
TLC252 1.4t0 16 0.7t0 1.6 0t0 3.8 3.6 1.7 25 Dual low-voltage 3-375
TLC254 14t016 0.775t0 1.8 0to 3.8 3.6 1.7 25 Quad low-voltage 3-395
TLC25L2 1.41t0 16 0.01t0 0.017 Oto4.1 0.03 0.085 68 Dual micropower low-voltage 3-375
TLC25L4 1.4t016 0.012 to 0.021 Oto 4.1 0.03 0.085 70 Quad micropower low-voltage 3-395
TLC25M2 1.4t016 0.105100.28 0t0 3.9 0.43 0.525 32 Dual low-power low-voltage 3-375
TLC25M4 1.4t0 16 0.125100.32 0t0 3.9 0.43 0.525 32 Quad low-power low-voltage 3-395
TLC271(H) 3to 16 0.675t0 1.6 0to 3.8 3.6 1.7 25 Prog. low-power: high bias mode 3-415
TLC271(M) 3to0 16 0.105t0 0.28 0to 3.9 0.43 0.525 32 Prog. low-power: medium bias mode 3-415
TLC271(L) 3to 16 0.01100.017 Oto4.1 0.03 0.085 68 Prog. low-power: low bias mode 3-415
TLC272 310 16 0.7t0 1.6 0t03.8 3.6 1.7 25 Dual single supply 3-485
TLC274 3to 16 0.675t0 1.6 0to 3.8 3.6 1.7 25 Quad single supply 3-617
TLC277 3to 16 0.7t0 1.6 0t03.8 3.6 1.7 25 Dual precision single supply 3-485
TLC279 3to 16 0.675t0 1.6 0t03.8 3.6 1.7 25 Quad precision single supply 3617
TLC27L2 3to 16 0.011t00.017 0to 4.1 0.03 0.085 68 Dual precision single supply micropower 3-551
TLC27L4 3to 16 0.01t00.017 O0to 4.1 0.03 0.085 70 Quad precision single supply micropower 3-669
TLC27L7 3to 16 0.01100.017 0to 4.1 0.03 0.085 68 Dual precision single supply micropower 3-551
TLC27L9 3to 16 0.01t00.017 0to 4.1 0.03 0.085 70 Quad precision single supply micropower 3-669
TLC27M2 3to 16 0.10510 0.28 0t0 3.9 0.43 0.525 32 Dual precision single supply low-power 3-583
TLC27M4 310 16 0.105100.28 0t03.9 0.43 0.525 32 Quad precision single supply low-power 3-705
TLC27M7 3to 16 0.10510 0.28 0t0 3.9 0.43 0.525 32 Dual precision single supply low-power 3-583
TLC27M9 3to 16 0.105t0 0.28 0to 3.9 0.43 0.525 32 Quad precision single supply low-power 3-705
TLV2211 2.7t0 10 0.013 t0 0.025 0.012t0 4.95 0.025 0.065 22 Single rail-to-rail micropower 6-513
TLV2221 2.7t 10 0.11t00.15 0.01210 4.88 0.18 0.51 19 Single rail-to-rail low-power 6-541
TLV2231 2.7t0 10 0.85t01.2 0.08t0 4.9 1.6 2 15 Single rail-to-rail 6-567
TLV2252 27t08 0.034 to 0.0625 0.01t02.98 0.1 0.187 19 Dual rail-to-rail low-voltage micropower 6-593
TLV2254 27t08 0.034 to 0.0625 0.011t02.98 0.1 0.187 19 Quad rail-to-rail low-voltage micropower 6-593
TLV2262 27t08 0.2t0 0.25 0.01t02.99 0.55 0.67 12 Dual rail-to-rail low-voltage low-power 6-639
TLV2264 27t08 0.2t00.25 0.01 t0 2.99 0.55 0.67 12 Quad rail-to-rail low-voltage low-power 6639
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LOW-VOLTAGE OPERATIONAL AMPLIFIERS (continued)

Vpp/Nce Ippficec Vo SLEW RATE | GBW V,
DEVICE V) (mA per channel) v) (Vius) (MHz) | (VAHz) DESCRIPTION PﬁgE

min max typ max typ typ typ typ :
TLV2322 2t08 0.006 to 0.017 0.115t0 1.9 0.02 0.027 68 Dual low-voltage micropower 6-687
TLV2324 2t08 0.006 to 0.017 0.115t0 1.9 0.02 0.027 68 Quad low-voltage micropower 6-687
TLV2332 2t08 0.08 to 0.25 0.115t0 1.9 0.38 0.3 32 Dual low-voltage low-power 6-715
TLV2334 2t08 0.08 to 0.25 0.115t0 1.9 0.38 0.3 32 Quad low-voltage low-power 6-715
TLV2341(H) 2to8 0.325t0 1.5 0.12t0 1.9 2.1 0.79 25 Programmable low-voltage: high bias mode 6-743
TLV2341(M) 2t08 0.065 t0 0.25 0.115t0 1.9 0.38 0.3 32 Programmable low-voltage: Med bias mode 6-743
TLV2341(L) 2t08 0.005 t0 0.017 0.115t0 1.9 0.02 0.027 68 Programmable low-voltage: low bias mode 6-743
TLV2342 2to08 0.325t0 1.5 0.12t0 1.9 21 0.79 25 Dual LinCMOS low-voltage high-speed 6-793
TLV2344 2t08 0.325t0 1.5 0.1210 1.9 2.1 0.79 25 Quad LinCMOS low-voltage high-speed 6-793
TLV2361 +1to+2.5 1.75t02.5 -2.4102.4 3 7 8 Single high-performance, low-voltage 6-823 |
TLV2362 +1to+3.5 1410225 -14to1.4 2.5 6 9 Dual high-performanC, low-voltage 6-823
TLV2432 2.7t0 10 0.1t00.125 0.01t04.97 0.25 0.55 18 Dual wide-input-voltage, high-output-drive 6-839
TLV2442 2.7t0 10 0.75t0 1.1 0.01 t0 4.97 1.4 1.81 16 Dual wide-input-voltage, high-output-drive 6-875
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LOW-POWER OPERATIONAL AMPLIFIERS

Vpp/Vce Ipp/icc Vio SLEW RATE | GBW V,
DEVICE ()} | (nA per channel) (mV) (Vius) (MHz) (nV/\?ﬁE) DESCRIPTION Pﬁg E
min max typ max typ max typ typ typ )
TLC27L1 3to 16 10to 17 111010 0.03 1 68 Single LInCMOS 3-521
TLC2252 441016 35t0 62.5 0.2t01.5 0.12 0.2 19 Dual rail-to-rail micropower 3-821
TLC2254 4.4t016 3510 62.5 02t01.5 0.12 0.2 19 Quad rail-to-rail micropower 3-821
TLC2262 441016 200 to 250 0.3t025 0.55 0.82 12 Dual advanced LinCMOS rail-to-rail 3-875
TLC2264 441016 200 to 250 0.3t025 0.55 0.82 12 Quad advanced LinCMOS rail-to-rail 3-875
TLE2021 +2 to +20 200 to 300 0.12t0 0.5 0.65 2 15 Precision low-power single supply 6-3
TLE2022 +2 to £20 275 to 350 0.15t0 0.5 0.65 2.8 15 Dual precision low-power single supply 6-3
TLE2024 +2 to +20 262.5 to 350 0.7 2.8 15 Quad precision low-power single supply 6-3
TLE2061 .| +3.5t0+19 290 to 350 0.6t03 3.4 2 40 JFET-input high-output-drive micropower 6-93
TLE2062 +3.5t0£19 312.510 345 0.9to4 3.4 2 40 Dual JFET-input high-output-drive micropower 6-93
TLE2064 +3.5t0 +19 312.5t0 350 09to6 3.4 2 40 Quad JFET-input high-output-drive micropower 6-93
TLV2211 271010 13to 25 045103 0.025 0.065 22 Single rail-to-rail micropower 6-513
TLV2221 2.7t0 10 110 to 150 0.61t03 0.18 0.51 19 Single rail-to-rail low-power 6-541
TLV2252 27t08 340 62.5 0.2t01.5 0.1 0.187 19 Dual rail-to-rail low-voltage micropower 6-593
TLV2254 27108 34 t0 62.5 02to 1.5 0.1 0.187 19 Quad rail-to-rail low-voltage micropower 6-593
TLV2262 27t08 200 to 250 0.3t025 0.55 0.67 12 Dual rail-to-rail low-voltage low-power 6-639
TLV2264 27138 200 to 250 0.3t025 0.55 0.67 12 Quad rail-to-rail low-voltage low-power 6-639
TLV2432 271010 100 to 125 0.3t02 0.25 0.55 18 Dual wide-input-voltage, high-output-drive 6-839
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GENERAL-PURPOSE BIPOLAR OPERATIONAL AMPLIFIERS

Vee Icc (‘r":e) CMRR | I Vo | SlewRate | GBW PAGE
DEVICE (mA per channel) max (dB) (pA) (nVHHz) (Vius) (MHz) DESCRIPTION NO.
min max typ max range typ typ typ typ typ

LM2902 41026 0.175t0 0.3 7 80 -20000 23 0.25 0.4 | Quad general-purpose 3-17
LM2904 41026 05101 7 80 —20000 23 0.15 0.4 | Dual general-purpose 3-29
LM318 +5 1o £20 5to 10 10 100 150000 23 70 15 Single high-speed 3-13
LM324 41032 0.175t0 0.3 7 80 —20000 23 0.25 0.4 | Quad general-purpose 3-17
LM324x2 41032 0.175t00.3 7 80 -20000 23 0.15 0.4 | Octal general-purpose 3-39
LM348 +4 to +18 0.6t0 1.125 6 90 30000 23 0.5 1 Quad general-purpose 3-25
LM358 4t032 0.5t01 3to7 80 -20000 23 0.4 | Dual general-purpose 3-29
MC1458 +5t0£15 1.7t02.8 6 920 80000 45 0.5 1 Dual general-purpose 3-75
MC3403 5to 30 0.7t0 1.75 10 90 —200000 0.6 1 Quad low-power general-purpose 3-79
NE5532 3t020 4t08 4 100 200000 5 9 10 Dual low-noise high-speed audio 3-85
NE5534 31020 4t08 4 100 500000 3.5 13 10 Low-noise high-speed audio 3-89
OP07 +3to+18 27t05 0.15 120 1800 9.8 0.3 0.6 | Precision 3-95
RC4136 +5t0£18 1.25102.825 6 90 140000 1.7 3 Quad general-purpose 3-101
RC4558 +5t0 +18 125t02.8 6 90 150000 1.7 3 Dual general-purpose 3-105
| TLO22 +5t0+18 0.065 to 0.125 5 72 100000 50 0.5 0.5 | Dual low-power general-purpose 3-111
TL2828 410 30 0.35t0 0.6 7 80 -15000 23 0.15 0.4 | Dual high temperature bipolar 3-337
TL2829 410 30 0.3t0 0.4 7 75 -15000 23 0.25 0.4 | Quad high temperature bipolar 3-343
pA741 +3.5t0£18 1.7t02.8 6 90 80000 0.5 General-purpose 6-909
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GENERAL-PURPOSE LinCMOS OPERATIONAL AMPLIFIERS

Vpbp Ipp Vio CMRR | I V, SLEW RATE | GBW
DEVICE (V) | (mA per channel) ‘:;Q ©@B) | eA) |(viRz) | (vis) | (Hz) DESCRIPTION ot
min max typ max range typ typ typ typ typ )

TLC1078 1.4t016 0.011t0 0.017 0.45 95 0.6 68 0.032 0.085 | Dual micropower precision low-voltage 3-741
TLC1079 141016 0.01t00.017 0.85 95 0.6 68 0.032 0.085 | Quad micropower precision low-voltage 3-741
TLC251(H) 1.4t0 16 0.675t0 1.6 2to 10 80 0.6 25 3.6 1.7 Prog. low-voltage: high bias mode 3-357
TLC251(M) 1.4t016 0.105t0 0.28 2t0 10 91 0.6 32 0.43 0.525 | Prog. low-voltage: medium bias mode 3-357
TLC251(L) 1.4t0 16 0.011t0 0.017 2to 10 94 0.6 68 0.03 0.085 | Prog. low-voltage: low bias mode 3-357
TLC252 14t016 0.7t01.6 2to 10 80 0.6 25 3.6 1.7 Dual low-voltage 3-375
TLC254 1.4t016 0.775t0 1.8 2to 10 80 0.6 25 3.6 1.7 Quad low-voltage 3-395
TLC25L2 141016 0.01t00.017 2t0 10 94 0.6 68 0.03 0.085 | Dual micropower low-voltage 3-375
TLC25L4 1.4t016 0.012t0 0.021 2t0 10 94 0.6 70 0.03 0.085 | Quad micropower low-voltage . 3-395
TLC25M2 1.4t0 16 0.105 to 0.28 2to 10 91 0.6 32 0.43 0.525 | Dual low-power low-voltage 3-375
TLC25M4 1.4t0 16 0.125t0 0.32 210 10 91 0.6 32 0.43 0.525 | Quad low-power low-voltage 3-395
TLC271(H) 3to 16 0.675t0 1.6 2to0 10 80 0.6 25 3.6 1.7 Prog. low-power: high bias mode 3-415
TLC271(M) 310 16 0.105t0 0.28 2to 10 91 0.6 32 0.43 0.525 | Prog. low-power: medium bias mode 3-415
TLC271(L) 3to 16 0.01100.017 2to 10 94 0.6 68 0.03 0.085 | Prog. low-power: low bias mode 3-415
TLC272 3to 16 0.7t0 1.6 21010 80 0.6 25 3.6 1.7 Dual single supply 3-485
TLC274 3to 16 0.675t0 1.6 2to 10 80 0.6 25 3.6 17 Quad single supply 3-617
TLC274x2 3to 16 0.675t0 1.6 10 80 0.6 25 3.6 1.7 Octal single supply 3-653
TLC277 3to 16 0.7t0 1.6 0.5 80 0.6 25 3.6 1.7 Dual precision single supply 3-485
TLC279 3to 16 0.675t0 1.6 0.9 80 0.6 25 3.6 17 Quad precision single supply 3-617
TLC27L2 3to 16 0.011t00.017 2to 10 94 0.6 68 0.03 0.085 | Dual precision single supply micropower 3-551
TLC27L4 3to 16 0.011t0 0.017 2to 10 94 0.6 70 0.03 0.085 | Quad precision single supply micropower 3-669
TLC27L7 3to 16 0.01t00.017 0.5 94 0.6 68 0.03 0.085 | Dual precision single supply micropower 3-551
TLC27L9 3to0 16 0.01t0 0.017 0.9 94 0.6 70 0.03 0.085 | Quad precision single supply micropower 3-669
TLC27M2 3to 16 0.105t0 0.28 2t0 10 91 0.6 32 0.43 0.525 | Dual precision single supply low-power 3-583
TLC27M4 3to 16 0.105t0 0.28 2t0 10 91 0.6 32 0.43 0.525 | Quad precision single supply low-power 3-705
TLC27M7 3t0 16 0.105t0 0.28 0.5 91 0.6 32 0.43 0.525 | Dual precision single supply low-power 3-583
TLC27M9 3to 16 0.105t0 0.28 0.9 91 0.6 32 0.43 0.525 | Quad precision single supply low-power 3-705
TLC2801 4.6t0 16 11to15 0.5 110 8 25 1.8 Low-noise precision high temperature 3-1031
TLC2810 41016 0.5t01.6 10 90 7 25 3.6 1.7 Dual high temperature 3-1043
TLC2872 441016 1.1to 1.5 25 75 9 3.6 2.18 | Dual low-noise high temperature 3-1065
TLV2322 2t08 0.006 to 0.017 9 88 0.6 68 0.02 0.027 | Dual low-voltage micropower 6-687
TLV2324 2t08 0.006 to 0.017 10 88 0.6 68 0.02 0.027 | Quad low-voltage micropower 6-687
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GENERAL-PURPOSE LinCMOS OPERATIONAL AMPLIFIERS (continued)

Vio

Vpp Ipp mv) CMRR | I Vv SLEW RATE | GBW PAGE

DEVICE ) (mA per channel) max (dB) | (pA) | (nVAHz) (Vius) (MHz) DESCRIPTION NO

min max typ max typ typ typ typ typ :

range

TLV2332 2t08 0.08 to 0.25 9 92 0.6 32 0.38 0.3 Dual low-voltage low-power 6-715
TLV2334 2t08 0.08 to 0.25 10 92 0.6 32 0.38 0.3 Quad low-voltage low-power 6-715
TLV2341(H) 2to8 0.325t0 1.5 8 78 0.6 25 2.1 0.79 | Programmable low-voltage: high bias mode 6-743
TLV2341(M) 2t08 0.065 to 0.25 8 92 0.6 32 0.38 0.3 Programmable low-voltage: Med bias mode 6-743
| TLV2341(L) 2t08 0.005 10 0.017 8 88 0.6 68 0.02 0.027 | Programmable low-voltage: low bias mode 6-743
TLV2342 2t08 0.325t0 1.5 9 78 0.6 25 2.1 0.79 Dual LinCMOS low-voltage high-speed 6-793
TLV2344 2t08 0.325t0 1.5 10 78 0.6 25 21 - 0.79 | Quad LinCMOS low-voltage high-speed 6793
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GENERAL-PURPOSE BiFET OPERATIONAL AMPLIFIERS

Vee Icc Vio CMRR | I \'/ SLEW RATE | GBW

DEVICE v) (mA per channel) (mV) (dB) | (pA) (nVl\?I-E) (Vlus) (MHz) DESCRIPTION Pﬁg E

min max typ max max range typ typ typ typ typ )
LF347 +3.5t0 £18 2t03.75 5t0 10 100 50 18 13 3 Quad general-purpose JFET-input 3-3
LF351 +3.5t0 +18 1.8t03.4 10 100 50 18 13 3 General-purpose JFET-input 3-5
LF353 +3.5to +18 1.8103.25 10 100 50 18 13 3 Dual general-purpose JFET-input 3-7
LF411 +3.5t0 +18 2t03.4 2 100 50 18 13 3 Precision JFET-input 3-9
LF412 +3.5t0+18 225t03.4 3 100 50 18 13 3 Dual JFET-input 3-11
TLO31 +5t0 +18 0.217 t0 0.28 08to 1.5 94 2 41 5.1 1.1 | Enhanced JFET low-power precision 3-115
TLO32 +5t0 +18 0.1111t00.28 08to 1.5 94 2 41 5.1 1.1 | Dual enhanced JFET low-power precision 3-115
TLO34 +5t0+18 0.2175100.28 15t04 94 2 43 5.1 1.1 | Quad enhanced JFET low-power precision 3-115
TLO51 +5t0+18 271032 08t01.5 93 30 18 20 3.1 | Enhanced JFET precision 3-169
TLO52 +5to +18 241028 08to 1.5 93 30 19 20.7 3 Dual enhanced JFET precision 3-169
TLO54 1510 +18 21t02.8 15t04 92 30 21 17.8 2.7 | Quad enhanced JFET precision 3-169
TLO61 +3.5t0 +18 0.2t00.25 3to 15 86 30 42 3.5 1 Low-power JFET-input general-purpose 3-233
TLO62 +3.5t0+18 0.2t00.25 3to 15 86 30 42 3.5 1 Dual low-power JFET-input general-purpose 3-233
TLOB4 +3.5t0+18 0.2t00.25 3to 15 86 30 42 3.5 1 Quad low-power JFET-input general-purpose 3-233
TLO64x2 | £3.5t0 £18 0.2t00.25 15 86 30 42 3.5 1 Octal low-power JFET-input general-purpose 3-255
TLO70 +3.5t0+18 1.4t025 10 100 65 18 13 3 Low-noise JFET-input decompensated 3-265
TLO71 +3.5t0 +18 1.4t025 3t0 10 100 65 18 13 3 Low-noise JFET-input general-purpose 3-279
TLO72 +3.5t0 18 1.4t025 3to 10 100 65 18 13 3 Dual low-noise JFET-input general-purpose 3-279
TLO74 +3.5to +18 1.4t025 3t0 10 100 65 18 13 3 Quad low-noise JFET-input general-purpose 3-279
TLO74x2 | £3.5t0 +18 1.4t025 10 100 65 18 13 3 Octal low-noise JFET-input general-purpose 3-295
TLO81 +3.5t0 +18 1.4t02.8 3to 15 86 30 18 13 3 JFET-input general-purpose 3-307
TLO82 +3.5t0 18 141028 3to 15 86 30 18 13 3 Dual JFET-input general-purpose 3-307
TLO84 +3.5t0 +18 141028 3to 15 86 30 18 13 3 Quad JFET-input general-purpose 3-307
TLO84x2 | +3.5t0 18 1.41t02.8 15 76 30 18 13 3 Octal JFET-input general-purpose 3-327
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AMPLIFIERS — PACKAGE AND TEMPERATURE AVAILABILITY

DEVICE D DB DBV DW FK J JG N NE P PW u W | Y(CHIP)

LF347 (14t 14yt

LF347B (14t 14t

LF351 et et

LF353 @t @t

LF411 (8)C (8)C

LF412 (8)C (8)C

LM118 (200 8

LM124 02 | (148 (143

LM148 205 | (148

LM158 (20)@ 8¢

LM218 ®1 (&)

LM224 @®1 @1

LM248 RO aal RN

LM258 ®1 ®1

LM2900 (14)#

LM2902 (14y% (14y% (14)% (14)%

LM2904 8% (8)% (8)* (8)*

LM318 T ©®t

LM324 (14)t (14t 4t (14t Y

LM324x2 , @0)t

LM348 (14t (14t (14)t

LM358 8t ®T @t (14)t Y

LM3900 (a4t

LT1013 (8, EM (20)M (8)M ®)c,itMm Y

MC1458 (8)C (8)C

MC1558 (20)M (8M (10)M

MC3303 (14)# (14)#

MC3403 14yt (14t

NE5532 @t

NE5534 @t @t

OP07 @t @t Y

RC4136 st aat

RC4558 et et @t ®t Y
SYMBOLS: Y =25°C, CorT=0Cto70°C §=-20°Cto 85°C =-25°C to 85°C I or # = —40°C to 85°C

$=-40°Ct0105°C  * =-40°C to 125°C

Z =-40°C to 150°C

M or & = —55°C to0 125°C
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AMPLIFIERS — PACKAGE AND TEMPERATURE AVAILABILITY (continued)

DEVICE D DB DBV DW FK J JG N NE P PW u W | Y(CHIP)

RM4136 2000 | (140 (14)0

RM4558 8~

RV4136 (14)# (14)#

RV4558 8)# 8)*

SE5534 (20)3 (89

TLO22 (8)C (&M (8)C (10)M

TLO31 (8)C.IM (20)M (&M (8)C,LM Y

TLO32 (8)C.IL,m (20)M (&M (8)C.L,M Y

TLO34 (14)C,I,M oM | (14M (14)C,IM (14)C Y

TLOS1 (8)C,I,M (20)M (&M (8)C,LM Y

TLO52 (8)C,I.M (20)M (8M (8)C.,M Y

TLOS4 (14)C,,M (20M | (14)M (14)C,IM Y

TLO61 8)C.I (20)M (&M (8)C, ®c | (1om Y

TLO62 (8)C.I (20)M (8M (8)C,I ®cC | (1om Y

TLO64 (14)C,l (20M | (14)M (14)C,I,M (14)C Y

TLOB4x2 (30)C

TLO70 (8)C,I,M ®)CILM | (8)C

TLOTA (8)C,I (20)M &M (8)C,i (8)c

TLO72 (8)C,I (20)M (8M (8)C.i (®)cC

TLO74 (14)C,| (20M | (14)M (14)C,IM (14ac | (1oMm

TLO74x2 (30)C

TLO81 (8, (20)M (&M @8)C,I (8)C

TLO82 (8)C.i (20)M (8M (8)C,! (8)C Y

TLO84 (14)C,l (20M | (14M (14)C,I,M (14)C Y

TLOB4x2 ) (30)C

TL2828 (8)z 8)z Y

TL2829 (14)Z (14)2 Y

TLC251 (8)c (8)C Y

TLC252 (8)c (8)C Y

TLC254 (14)C (14)C (14)C Y

TLC2512 (8)C (8)C Y

TLC25L4 (14)C (14)C (14)C Y

TLC25M2 8)C (8)C Y
SYMBOLS: Y = 25°C, Cort=0°Cto70°C § =-20°C to 85°C 9=-25°C to 85°C I or # = —40°C to 85°C

¥ =-40°C to 105°C

* = -40°C to 125°C

Z =-40°C to 150°C

Mor U = —55°C to 125°C
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AMPLIFIERS — PACKAGE AND TEMPERATURE AVAILABILITY (continued)

3aIND NOLLOA13S

$=-40°C to 105°C

*=—-40°C to 125°C

Z =-40°C to 150°C

M or U = —55°C to 125°C

DEVICE D DB | DBV W FK J JG N NE ) PW | U W |Y(CHIP)

TLC25M4 (14C (14C (14C Y

TLC271 @C.IM oM @M @C.iM

TLC272 @)CIM oM @M @CIM | ®c Y

TLC274 (14CIM oM @M | (4CiMm (14C Y

TLC274x2 @0)C

TLC277 @CIM 20M @M @CIM

TLC279 (14)C.IM @M | (14M (14CIM

TLC27L1 @C.IM @C.IM

TLC27L2 @)CIM oM @M B)C.IM

TLC27L4 (14C.IM @M | (14M (14CIM (4c Y

TLC27L7 @C.IM oM @M @C.IM

TLC27te (14C,IM @M | am (14C.IM

TLC2TM2 @CIM 20M @M @CIM

TLC27Ma (14CIM @OM | (14M (14C.iM (ac Y

TLC27M7 @C.IM 20M @M @C.IM

TLC27M9 (14CIM @M | (1aMm (14CIM

TLC1078 @C.IM 20M @M @CIM Y

TLC1079 (14)C,IM @M | (14M (141C.M Y

TLC2201 @C.IM oM @M @C.IM Y

TLC2202 (14C.IM 20M @M @CIM Y

TLC2252 ®Ci! 20M @M ®ci | @c) | (om Y

TLC2254 (aC* 20M | (14M (140, B)CI* oM |y

TLC2262 @)CI* 20M @M @C | ®Cr | (lom Y

TLC2264 (14)C.1* oM | (14Mm (14C % (4G oM | v

TLC2272 @CIM @CIM | ®cC Y

TLC2274 (14CIM @M | (14m (14)CIM (14Cl oM | v

TLC2652 (‘3)%,% com | dam | @m | qacim B)CIM Y

TLC2654 ((ﬁ)cc'm com | dam | @M | acim ®)C.IM y

TLC2801 ®)z ®)7Z Y

TLC2810 ©®)z ®)z Y

TLC2872 ©®)7z ®z ~ Y
SYMBOLS: Y =25°C, CorT=0°Cto70°C § =—20°C to 85°C 1= -25°C to 85°C | or # = —40°C to 85°C
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AMPLIFIERS — PACKAGE AND TEMPERATURE AVAILABILITY (continued)

DEVICE D DB DBV DW FK J JG N NE P PW u W | Y(CHIP)
TLC4501 (8)C,I Y
TLC4502 (8)C,I Y
TLE2021 (8)C,I,M (8)C (20)M (8)M ®)CIM | (8)C Y
TLE2022 (8)C,I.M (8)C (20)M (8)M 8)CIM | (8)C Y
TLE2024 (16)CIM | (200M | (14)M (14)C,IM Y
TLE2027 (8)C,EM (20M (&M (8)C,ItM Y
TLE2037 (8)C.IEM (20M (8M (8)C,IEM Y
TLE2061 (8)C,I,M (8)C (20)M (8M (®CIM | (8C Y
TLE2062 (8)C,I,M (20M (8)M (8)C,I,M Y
TLE2064 (14)C,IM (20M | (14)Mm (14)C,IM Y
TLE2071 (8)C,l (20)M (8)M (8 Y
TLE2072 (8)C,I (20M (8)M (8)C Y
TLE2074 (16)C,I (20M | (14M (14)C,l Y
TLE2081 (8)C (20)M (8)M (8)C Y
TLE2082 (8)C,I,M (20)M (8M (8)C.L,M Y
TLE2084 (16)C (20M | (14Mm (14)c,l Y
TLE2141 (8)C,IEM (20)M (8)M (8)C,1EM Y
TLE2142 (8)C,ItM (20)M (8)M @®ciEM]| (BC Y
TLE2144 (16)C,EM | oM | (14)m (14)C,IEM Y
TLE2161 (8)C,L,M (20)M (8)M (8)C,I,M
TLE2227 (16)C (8)C Y
TLE2237 (16)C (8)C Y
TLE2301 (16)l
TLE2662 (16)!
TLE2682 (16)l
TLV2211 (5B)C) Y
TLV2221 (B)C) Y
TLV2231 (5)C,| Y
TLV2252 @®) (20)M (8)M (@) ®)l (10M Y
TLV2254 (14)l (20M | (14)M (14)1 (14)1 (14M Y
TLV2262 @)l (20M (8)M @)l @) (10)M Y
TLV2264 (14)1 oM | (14)M (14)l (14l (14)M Y
TLV2322 8l @)l @) Y
SYMBOLS: Y = 25°C, Cort=0°Cto70°C =-20°C to 85°C =-25°C to 85°C 1 or # = —40°C to 85°C

$=-40°C to 105°C

* =—40°C to 125°C

=-40°C to 150°C

M or U = —55°C to 125°C
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AMPLIFIERS — PACKAGE AND TEMPERATURE AVAILABILITY (continued)

DEVICE D DB DBV DW FK J JG N NE P PW u Y(CHIP)
TLV2324 (14)l (14)1 (14)1 Y
TLV2332 @®)l @) @) Y
TLV2334 (14)1 (14)1 (14)l Y
TLV2341 @) @) @) Y
TLV2342 @®)l @) @) Y
TLV2344 (14)1 (14)1 (14) Y
TLV2361 (B)C,) Y
TLV2362 ®)8 88 ®8 Y
TLV2432 (8)C,! (20)M (8M @®c, | (10m Y
TLV2442 8c. (20)M (8)M ©®c,) | (1om Y
HA7A (8)C. : oM | (14M | (8M (8)CI ®Cc | (1oMm Y
SYMBOLS: Y =25°C, CorT=0°Cto70°C =-20°C to0 85°C 1=-25°C to 85°C 1 or # = —40°C to 85°C
=-40°C 10 105°C  * =-40°C to 125°C =-40°C to 150°C M or O = —55°C to 125°C
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OPERATIONAL AMPLIFIER
CROSS-REFERENCE GUIDE

Replacements are based on similarity of electrical and mechanical characteristics shown in currently published data.
Interchangeability in particular applications is not guaranteed. Before using a device as a substitute, the user should
compare the specifications of the substitute device with the specifications of the original.

Texas Instruments makes no warranty as to the information furnished and the buyer assumes all risk in the use
thereof. No liability is assumed for damages resulting from the use of the information contained herein.

Manufacturers are arranged in alphabetical order.

ADVANCED LINEAR DEVICES
PART NO. DIRECT TI SUGGESTED TI PAGE NO.
REPLACEMENT REPLACEMENT
Q:EIII;?;OQLm 702, TLC271 3-415
ANALOG DEVICES
AD510 or AD517 OPO7 3-95
AD712J TLE2082A 6—225
FAIRCHILD
pA714 OP07C 3-95
uA714L OPO7D 3-95
nA741 HA741 6-909
HA771 TLO71 3-279
HATT1A TLO71B 3-279
TLO81B 3-307
LA771B TLO71A 3-279
TLOS1A 3-307
WA771L TLO81 3-307
UA772 TLO72 3-279
UA7T72A TLO72B 3-279
LA7728B TLO72A 3-279
TLO82A 3-307
HA772L TLO82 3-307
uA774 TLO74 3-279
UA774B TLO74A or TLO74B 3-279
UA774L TLO84 3-307
BURR BROWN
OPA111 TLC2201 3-767
OPA211 TLC2202 3-767
GENERAL ELECTRIC
o e o415
ICL7621 TLC272 3-485
TLC274 3-617
ICL7641 TLC27L9 3-669
ICL7642 TLC27M9 3-705
X 1
EXAS
INSTRUMENTS
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OPERATIONAL AMPLIFIER

INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

CROSS-REFERENCE GUIDE
HARRIS
PART NO. DIRECT Tl SUGGESTED TI PAGE NO
REPLACEMENT REPLACEMENT i
HA2515 LM318 3-13
HA5127 TLE2027 6-59
HA5135-5 OP07C 3-95
HA5137 TLE2037 6-59
INTERSIL
ICL7611, ICL7612,
or ICL7643 TLC271 3-415
ICL7621 TLC272 3-485
ICL7641 TLC274 3-617
TLC27L9 3-669
ICL7642 TLC27M9 3-705
ICL7652 TLC2652 3-983
TLC2654 3-1007
LINEAR TECHNOLOGY
LT1001 OP07C or OPO7D 3-95
LT1007 TLE2027 6-59
LT1037 TLE2037 6-59
L
LTC1052 TLC2652 3-983
TLC2654 3-1007
MAXIM
ICL7611, ICL7612,
or ICL7613 TLC271 3-415
ICL7621 TLC272 3-485
ICL7641 TLC274 3-617
TLC27L9 3-669
ICL7642 TLC27M9 3-705
TL —
ICL7652 C2652 3-983
] TLC2654 3-1007
MOTOROLA
MC1458 MC1458 3-75
MC1558 MC1558 3-75
MC1741 uA741 6-909
MC3403 : RC4136 3-101
MC4558 RC4558 3-105
MC4741 LM348 3-17
MC34001 TLO71 3-279
LF351 3-5
{ip Tex
EXAS




OPERATIONAL AMPLIFIER

CROSS-REFERENCE GUIDE
MOTOROLA (CONTINUED)
PART NO. REPLAGEMENT | REDLAGEMENT | PAGENO.
MC34002 TLO72 3-279
LF353 3-7
MC34004 TLO74 3-279
LF347 3-3
TLO74A 3-279
MC34004B LF347B 33
MC34071 TLE2141 6-287
MC34072 TLE2142 6-287
MC34181 TLE2061 6-93
MC34182 TLE2062 6-93
MC34184 TLE2064 6-93
NATIONAL
LF347 3-3
LF347 TLO74 3-279
TLO84 3-307
LF347B 3-3
LF347B TLO74A or TLO74B 3-279
TLO84A 3-307
LF351 3-5
LF351 TLO71 3-279
TLO81A 3-307
LF353 3-7
LF353 TLO72 or TLO72A 3-279
TLO82A 3-307
LF411 LF411 3-9
TLO81A 3-307
TLO71A or TLO71B 3-279
LF411A
TLO81A or TL0O81B 3-307
LF412 3-11
LF412 TLO72A 3-279
TLO82A or TL082B 3-307
LF412-1A TLE2082 6-225
LFa41 TLO61 3-233
TLE2061 6-93
LF441A TLO61A or TLO61B 3-233
TLO62 3-233
LF442
TLE2062 6-93
X3 1,
EXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265
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OPERATIONAL AMPLIFIER

CROSS-REFERENCE GUIDE
, NATIONAL (CONTINUED)
PARTNO. | peplacEMENT | REPLAGEMENT | PAGENO.

LF442A TLO62B 3-233
| LFaga TLOB4 3-233
TLE2064 6-93
LF444A TLO64A 3-233
LHO044 OP07C 3-95
LH0044B OPO7D 3-95
LM201A LM201A 3-13
LM218 LM218 3-13
LM224 LM224 3-17
LM248 LM248 3-17
LM258 LM258 3-29
LM318 LM318 3-13
LM324 3-17

Lm324 TLE2024 6-3
LM348 LM348 3-17
LM358 3-29

LM358 , TLE2022 6-3
LM741 HA741 6-909
LM883 _ RC4558 3-105
LM1458 MC1458 3-75
LM2900 LM2900. 3-43
LM2902 LM2902 3-17
LM2904 LM2904 3-29
LM3900 LM3900 3-43
LMC660 TLC274 3-617
UMCe62 TLC2202 3-767

NEC

uPC159 LM318 3-13
uPC251 MC1458 3-75
uPC354 OP07 3-95
TLO71 3-279
uPC801 TLO81A 3-307

LF351 3-5

{’;’ TEXAS
INSTRUMENTS
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OPERATIONAL AMPLIFIER

CROSS-REFERENCE GUIDE
PMI
OP-02 nA741 6-909
OP-07C OPO7C 3-95
OP-07D OPO7D 3-95
OP-07F RC4136 3-101
OP-14C or OP-14E MC1458 3-75
OP-144 MC1558 3-75
TLO71 3-279
OP-15F TLO81A 3-307
LF351 3-5
TLO72 3-279
OP-215F TLO82A 3-307
LF353 3-7
TLE2082 6225
OP-215G TLE2082A 6-225
OP-21 TLE2021 6-3
OoP-27 TLE2027 6-59
OP-37 TLE2037 6-59
OP-221 TLE2022 6-3
OP-421 TLE2024 6-3
RAYTHEON
RC4136 RC4136 3-101
RC4156 LM348 3-17
RC4157 M348 3-17
RC4558 RC4558 3-105
RCA
CAO081A TLO81 3-307
CAO081A TLO81A 3-307
CA082 TLO82 3-307
CAO082A TLO82A 3-307
CA084 TLO84 3-307
¥ 1
EXAS
INSTRUMENTS
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OPERATIONAL AMPLIFIER

CROSS-REFERENCE GUIDE
SIGNETICS
PART NO. REPLAGEMENT | REPLACEMENT | PAGENO.

NE532 LM358 3-29

TLO22 3—-111
NE5532 NE5532 3-85
NE5532A NE5S532A 3-85
NE5534 NE5534 3-89

TLE2037 6-59
NE5534A NE5534A .3—89

TLE2037A 6—-59
SE5534 SE5534 3-89
SE5534A SE5534A 3-89

SGS-THOMSON
TS271 TLC271 3-415
TS271A TLC271A 3-415
TS271B TLC271B 3-415
TS272 TLC272 3-485
TS272A TLC272A 3-485
TS272B TLC272B 3-485
TS274 TLC274 3-617
TS274A TLC274A 3-617
TS274B TLC274B 3-617
TS27L2 TLC27L2 3-551
TS27L2A TLC27L2A 3-551
TS27L2B TLC27L2B 3-551
TS27L4 TLC27L4 3-669
TS27L4A TLC27L4A 3-669
TS27L4B TLC27L4B 3-669
TS27M2 TLC27M2 3-583
TS27M2A TLC27M2A 3-583
TS27M2B TLC27M2B 3-583
TS27M4 TLC27M4 3-705
TS27M4A TLC27M4A 3-705
TS27M4B TLC27M4B 3-705
¥ 1
EXAS

1-36
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OPERATIONAL AMPLIFIER
GLOSSARY

oo

avio

AVee

AVio

Om

Am

Ay

Avp

Bom

Ci

Average Temperature Coefficient of Input Offset Current

The ratio of the change in input offset current to the change in free-air temperature. This is an average value
for the specified temperature range.

(IIO at TA(1)) - (IIO at TA(2))

Tam ~ Ta@)

Yo =

where Ta(1) and Tp(2) are the specified temperature extremes.
Average Temperature Coeffiicient of Input Offset Voltage

The ratio of the change in input offset current to the change in free-air temperature. This is an average value
for the specified temperature range. The dc voltage that must be applied between the input terminals to force
the quiescent dc output voltage to zero or other level, if specified.

(VIO at TA(1)) - (VIO at TA(2))

Tam ~ Ta@)

%vio

where Tp(1) and Ta(2) are the specified temperature extremes.

See kgys

See kgys
Phase Margin

The absolute value of the open-loop phase shift between the output and the inverting input at the frequency
at which the modulus of the open-loop amplification is unity.

Gain Margin

The reciprocal of the open-loop voltage amplification at the lowest frequency at which the open-loop phase
shift is such that the output is in phase with the inverting input.

Large-Signal Voltage Amplification
The ratio of the peak-to-peak output voltage swing to the change in input voltage required to drive the output
Differential Voltage Amplification

The ratio of the change in output to the change in differential input voltage producing it with the common-mode
input voltage held constant

Unity-Gain Bandwidth

The range of frequencies within which the maximum output voltage swing is above a specified value.
Maximum-Output-Swing Bandwidth

The range of frequencies within which the maximum output voltage swing is above the specified value.
Input Capacitance

The capacitance between the input terminals with either input grounded

*9 TeEXAS
INSTRUMENTS
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OPERATIONAL AMPLIFIER
GLOSSARY

CMRR, kcmr

i

lcc+s

lio

los

Kemr

ksvs;

ksvr

Common-Mode Rejection Ratio

The ratio of differential voltage amplification to common-mode voltage amplification‘
NOTE: This is measured by determining the ratio of a change in input common-mode voltage to the resulting
change in input offset voltage.

Average Noise Figure

The ratio of an ideal current source (having an internal impedance equal to infinity) in parallel with the input
terminals of the device that represents the part of the internally generated noise that can properly be
represented by a current source.

Icgﬁpply Current
The current into the Vg4 or Voo - terminal of an integrated circuit
Input Bias Current
The average of the currents into the two input terminals with the output at the specified level
Input Offset Current
The difference between the currents into the two input terminals with the output at the specified level
Equivalent Input Noise Current

The current of an ideal current source (having internal impedance equal to infinity) in parallel with the input
terminals of the device that represents the part of the internally generated noise that can properly be
represented by a current source.

Low-Level Output Current

The current into an output with input conditions applied that according to the product specification will
establish a low level at the output.

Short-Circuit Output Current

The maximum output current available from the amplifier with the output shorted to ground, to either supply,
or to a specified point

See CMRR

AVecs AV
Sﬁgply %Itage Sensitivity

The absolute value of the ratio of the change in supply voltages to the change in input offset voltage.
NOTES: 1. Unless otherwise noted, both supply voltages are varied symmetrically.
2. This is the reciprocal of supply voltage sensitivity.

Supply Voltage Rejection Ratio

The absolute value of the ratio of the change in supply voltages to the change in input offset voltage.
NOTES: 1. Unless otherwise noted, both supply voltages are varied symmetrically.
2. This is the reciprocal of supply voltage sensitivity.

Total Power Dissipation

The total dc power supplied to the device less any power delivered from the device to a load.
NOTE: Atno load: Pp=Vgo+®lcc++Vec-1loc-

1-38
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OPERATIONAL AMPLIFIER
GLOSSARY

fi

fid

fo

SR

tot

Vi

Vio

Vic

Vicr

Voi/V,

VoL

Input Resistance

The resistance between the input terminals and either inbut grounded

Differential Input Resistance

The small-signal resistance between two ungrounded input terminals

Output Resistance

The resistance between an output terminal and ground

Slew Rate

The average time rate of change of the closed-loop amplifier output voltage for a step-signal input
Rise Time

The time required for an output voltage step to change from 10% to 90% of its final value
Total Response Time

The time between a step-function change of the input signal and the instant at which the magnitude of the
output signal reaches for the last time a specified level range (t€) containing the final output signal level.

Input Voltage Range

The range of voltage that if exceeded at either input terminal may cause the operational amplifier to cease
functioning properly.

Input Offset Voltage

The dc voltage that must be applied between the input terminals to force the quiescent dc output voitage to
zero or other level, if specified.

Common-Mode input Voltage
The average of the two input voltages
Common-Mode Input Voltage Range

The range of common-mode input voltage that if exceeded may cause the operational amplifier to cease
functioning properly.

Equivalent Input Noise Voltage

The voltage of an ideal voltage source (having internal impedance equal to zero) in series with the input
terminals of the device that represents the part of the internally generated noise that can properly be
represented by a voltage source.

O.
%:rosstalk Attenuation

The ratio of the change in output voltage of a driven channel to the resulting change in output voltage of
another channel

High-Level Output Voltage

The voltage at an output with input conditions applied that according to the product specification will establish
a high level at the output.

Low-Level Output Voltage

The voltage at an output with input conditions applied that according to the product specification will establish
a low level at the output.

Q’ Texas
INSTRUMENTS
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OPERATIONAL AMPLIFIER
GLOSSARY

Vip

Vom

Vo(rp)

Zic

Differential Input Voltage ,
The voltage at the noninverting input with respect to the inverting input
Maximum Peak Output Voltage Swing

The maximum positive or negative peak output voltage that can be obtained without waveform clipping when
quiescent dc output voltage is zero.

Maximum Peak-to-Peak Output Voltage Swing

The maximum peak-to-peak output voltage that can be obtained without waveform clipping when quiescent
dc output voltage is zero.

Common-Mode Input Impedance

The parallel sum of the small-signal impedance between each input terminal and ground
Output impedance

The small-signal impedance between the output terminal and ground

Overshoot Factor

The ratio of the largest deviation of the output signal value from its final steady-state value after a
step-function change of the input signal to the absolute value of the difference between the steady-state
output signal values before and after the step-function change of the input signal.

{’? TeExAs
INSTRUMENTS
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COMPARATORS (Listed Alphanumerically)

Vbp/Vce | Vbp/Vce Ipp/icc Vio | VicrR | VicR | loL tRESP PAGE
DEVICE (\{) ) (mA per channel) | (mV) (\{) V) (m.A) (us) . DESCRIPTION NO.
min max max max min max min low-to-high
LM111 3.5 30 6 3 -14.7 | 13.8 0.115 Single, strobed differential 7-3
LM139 3.5 30 0.8 5 0 6 0.3 Quad, general purpose differential 7-19
LM211 3.5 30 6 3 -14.7 | 13.8 0.115 Single, strobed differential 7-3
LM239 3.5 30 0.8 5 0 6 0.3 Quad, general purpose differential 7-19
LM306 -6 12 6.8 5 -5 5 100 0.028 Single, strobed, high speed differential 7-33
LM311 3.5 30 7.5 75 -14.7 | 13.8 0.115 Single, strobed differential 7-3
LM339 4 30 0.8 5 0 6 0.3 Quad, general purpose differential 7-19
LM339x2 4 30 0.5 5 0 35 6 - 0.3 Octal, general purpose differential 7-41
LM393 4 36 1 5 0 6 0.3 Dual, general purpose differential 7-27
LM2901 4 30 0.8 7 0 6 0.3 Quad, general purpose differential 7-19
LM2903 2 36 1 7 0 6 0.3 Dual, general purpose differential 7-27
LM3302 2 28 0.2 20 0 3.5 6 0.3 Quad, general purpose differential 7-45
LP111 4 30 0.3 75 -145 | 135 1.2 Single, low—power, strobed differential 7-49
LP211 4 30 0.3 7.5 -145 | 135 1.2 Single, low—power, strobed differential 7-49
LP239 5 30 0.1 +5 0 1.3 Quad, low—power, general purpose differential 7-53
LP311 4 30 0.3 7.5 -145 | 135 1.2 Single, low—power, strobed differential 7-49
LP339 5 30 0.1 +5 0 13 Quad, low—power, general purpose differential 7-53
LP2901 5 30 0.1 +5 0 1.3 Quad, low—power, general purpose differential 7-53
TL193 2 7 0.8 5 0 3.8 0.2 Dual, general purpose differential 7-59
TL293 2 7 0.8 5 0 3.8 0.2 Dual, general purpose differential 7-59
TL393 2 7 0.8 5 0 3.8 0.2 Dual, general purpose differential 7-59
TL712 4.75 5.25 20 5+ 0 5 16 0.025 Differential 7-65
TL714 4.75 5.25 - 12 10+ 0 5 16 0.006 High—speed differential 7-69
TL3016t -7 7 12.5 3 -375 |1 385 Ultra-fast low-power precision 7-73
TL3116T -7 7 14.7 3 -5 25 Ultra-fast low-power precision 7-83
TLC139 3 16 0.08 5 0 Quad, micropower, LinCMOS 7-93
TLC339 3 16 0.08 5 0 Quad, micropower, LInCMOS 7-93
J TLC352 1.4 16 0.15 5 0 4 6 0.2 Dual, low voltage, LinCMOS differential 7-109
TLC354 1.4 16 0.15 5 0 4 6 0.2 Quad, low voltage, LInCMOS differential 7-117
TLC371 3 16 0.15 5 0 4 6 0.2 Single general purpose LinCMOS differential 7-127
TLC372 3 16 0.15 5 0 4 6 0.2 Dual general purpose LinCMOS differential 7-137

T This device is in the Advanced Information stage of development.
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COMPARATORS (Listed Alphanumerically) (continued)

Ipp/icc

Vio

Vicr

loL

tRESP

Vbp/Vce | Vbp/Vee Vicr PAGE
DEVICE (\() ) (mA per channel) | (mV) (\O ) (mA) (us) . DESCRIPTION NO.
min max max max min max min low-to-high

TLC374 3 16 0.15 5 0 4 6 0.2 Quad general purpose LinCMOS differential 7-149
TLC393 3 16 0.02 5 0 4 6 1.1 Dual, micropower, LinCMOS voltage 7-161
TLC3702 3 16 0.02 5 0 4 4 1.1 Dual, micropower, push—pull outputs, LInCMOS voltage | 7-177
TLC3704 3 16 0.02 5 0 4 4 1.1 Quad, micropower, push—pull outputs, LinCMOS voltage | 7-199
TLV1391 2 7 0.150 5 0 3.8 0.600 0.65 Single differential 7-223
TLV1393 2 7 0.125 5 0 1.8 0.5 0.7 Dual low-voltage, low power differential 7-235
TLV2352 2 8 0.125 5 0 2 0.2 Dual low voltage LInCMOS differential 7-251
TLV2354 2 8 0.125 5 0 2 0.2 Quad low voltage LinCMOS differential 7-265
TLV2393 2 7 0.65 5 0 1.8 0.45 Dual low voltage differential 7-235

34N NOILO313S
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COMPARATORS — PACKAGE AND TEMPERATURE AVAILABILITY

DEVICE D DB DBV FK J JG N P PW u w Y(CHIP)
LM111 (208 (14)0 (8)0 (10)0
LM139 (149 (14)5 (145 (14)0
LM139A (14)0 (20)0 (14)0 (14)0
LM193 (8- (202 (8)H (8~
LM211 @1 (G
LM239 (14)8 (14)8
LM239A (14)8 (148
LM2901 (14y% (14)% (14)%
LM2901Q (14)% (14)%
LM2903 (8% (8)* (8)* (8%
LM2903Q (8)~ (8)*
LM293 ®)8 88§
LM293A ®8 )8
LM306 @®f e
LM311 @@t @®t e @®t Y
LM3302 aal @147 (14)1
LM339 (14t 14t (14)t (14t Y
LM339A (14t (14yt Y
LM339x2 (30)t
LM393 @®t @t @®f @®t Y
LM393A @t @ Y
LP111 (202 (8)2
LP211 ®8 88 ©®)8
LP239 (148 (14)8 (14)8
LP2901 R\ a1 141
LP311 @t et @®f
LP339 (1t (14t (14t
TL393 8y# (8)# (8)# Y
TL712 (8)C (8)C (8)C (8)C
TL714 (8)C 8)C
TL3016 (8)C,I (8)C, Y
TL3116 (8)C)l (8)C,! Y
TLC139 (20)M (14)M
SYMBOLS: Y = 25°C, Cort=0°Cto70°C =-25°C to 85°C I or T=—-40°C to 85°C

# = _40°C to 105°C

Qor* =-40°C to 125°C

M or B = —55°C to 125°C

3aIN9 NOILI313S
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COMPARATORS — PACKAGE AND TEMPERATURE AVAILABILITY (continued)

DEVICE D DB DBV FK J JG N P PW U w Y(CHIP)

TLC339 (14)C,1L,QM (14)C,1,QM

TLC352 (8)C, (20)M (8M (8)C,!

TLC354 (14)C,I,M (14)C,I,M (14)C Y

TLC371 (8)C,L,M (8)C,I,M Y

TLC372 (8)CL,aM (20)M (8M @®cLaM | @©cC Y

TLC374 (14)C,I.M,Q (20)M (14)M (14)C,IM,Q (14)C

TLC393 (8)CLM (20)M (8M (8)C,I,M

TLC3702 (8)C,! (20)M (8) QM (8)C,I

TLC3704 (14)C I 20M | (149QM (14)C,l

TLV1391 (5)C,I Y

TLV1393 8)# (8)# 8)# Y

TLV2352 @®) ®)l @) Y

TLV2354 (14)1 (14) (14) Y

TLV2393 (8)# 8)* (8)# Y
SYMBOLS: Y =25°C, Cort=0°Cto70°C §=-25°Ct0 85°C 1or 1=-40°C to 85°C

# = _40°C to 105°C

Q or * = -40°C to 125°C

Mor U = —55°C to 125°C

34INY NOILO313S
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COMPARATOR
CROSS-REFERENCE GUIDE

Replacements are based on similarity of electrical and mechanical characteristics shown in currently published data.
Interchangeability in particular applications is not guaranteed. Before using a device as a substitute, compare the
specifications of the substitute device with the specifications of the original.

Texas Instruments makes no warranty as to the information furnished and the buyer assumes all risk in the use

thereof. No liability is assumed for damages resulting from the use of the information contained herein.

Manufacturers are arranged in alphabetical order.

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

LINEAR TECHNOLOGY
DIRECT Ti SUGGESTED Tl
PART NO. REPLACEMENT | REPLACEMENT | PAGENO.
1017 TLC352 7-109
TLC3702 7177
TLC352 7-109
T101
LT1018 TLC3702 7-177
NATIONAL
LM311 LM311 7-3
30 LM339 7-19
TLC339 7-93
LM393 727
LM393 TLC393 7161
L2001 LM2901 719
TLC339 7-93
LM3302 LM3302 7-45
LP339 753
LP339
TLC339 793
PMI
LM339 719
LM2901 719
MPO4F
CMPO LM3302 7-45
TLC339 7-93
i
‘V TEXAS
INSTRUMENTS



COMPARATOR

GLOSSARY
ojo  Average Temperature Coefficient of Input Offset Current
The ratio of the change in input offset current to the change in free-alrtemperature Thisis an average value
for the specified temperature range.
(IIO at TA(1)) - (IIO at TA(Z))
o =
1o Ta() ~ TAQ@)
where Tp(1) and Tp(p) are the specified temperature extremes.
ayjo Average Temperature Coefficient of Input Offset Voltage
The ratio of the change in input offset current to the change in free-air temperature. This is an average value
for the specified temperature range.
(VIO at TAm) - (VIO at TA(2))
oL =
Vo Tay) ~ Ta@)
where Tp(1) and Ta(2) are the specified temperature extremes.
Ayp Differential Voltage Amplification
The ratio of the change in output to the change in differential input voltage producing it with the common-mode
input voltage held constant
CMRR
See kcpmr
Icc+ Ic
v gupply Current
The current into the Vg 4 or V- terminal of an integrated circuit
lings) High-Level Strobe Current
The current flowing into or out of t the strobe at a high-level voltage
T Input Bias Current
The average of the currents into the two input terminals with the output at the specified level
lis) Low-Level Strobe Current
The current flowing out of T the strobe at a low-level voltage
lio Input Offset Current
The difference between the currents into the two input terminals with the output at the specified level
loH High-Level Output Current
The current into an output with input conditions applied that according to the product specification will
establish a high level at the output.
loL Low-Level Output Current
The current into an output with input conditions applied that according to the product specification will
establish a low level at the output.
kcmpr or CMRR

Common-Mode Rejection Ratio

The ratio of differential voltage amplification to common-mode voltage amplification.

NOTE: Thisis measured by determining the ratio of a change in input common-mode voltage to the resulting
change in input offset voltage.

1 Current out of a terminal is given as a negative value.

1-46
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COMPARATOR
GLOSSARY

Vic

Vicr

Vip

Vip

Vi

ViH(s)

ViL(s)

Vio

VoH

VoL

Total Power Dissipation
The total dc power supplied to the device less any power delivered from the device to a load.
NOTE: Atnoload: Pp=Vgc+®lcc+ + Veec-*lce-

Output Resistance
The resistance between an output terminal and ground

Common-Mode Input Voltage
The average of the two input voltages

Common-Mode Input Voltage Range
The range of common-mode input voltage that if exceeded may cause the comparator to cease functioning
properly.

Differential Input Voltage
The voltage at the noninverting input with respect to the inverting input

Differential Input Voltage Range
The range of voltage between the two input terminals that if exceeded may cause the comparator to cease
functioning properly.

Input Voltage Range
The range of voltage that if exceeded at either input terminal may cause the comparator to cease functioning
properly.

High-Level Strobe Voltage
For a device having an active-low strobe, a voltage within that range is guaranteed not to interfere with the
operation of the comparator.

Low-Level Strobe Voltage
For a device having an active-low strobe a voltage within the range that is guaranteed to force the output
high or low, as specified, independently of the differential inputs.

Input Offset Voltage
The dc voltage that must be applied between the input terminals to force the quiescent dc output voltage to
the specified level.

High-Level Output Voltage
The voltage at an output with input conditions applied that according to the product specification will establish
a high level at the output.

Low-Level Output Voltage
The voltage at an output with input conditions applied that according to the product specification will establish
a low level at the output.

Response Time

The interval between the application of an input step function and the instant the output crosses the logic

threshold voltage.

NOTE: The input step drives the comparator from some initial condition sufficient to saturate the output (or
in the case of high-to-low-level response time, to turn the output off) to an input level just barely in
excess of that required to bring the output back to the logic threshold voltage. This excess is referred
to as the voltage overdrive.

Strobe Release Time
The time required for the output to rise to the logic threshold voltage after the strobe terminal has been driven
from its active logic level to its inactive logic level.

‘V TeEXAS
INSTRUMENTS
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SPECIAL FUNCTIONS

PRECISION TIMERS
Ipp/icc TIMING PAGE
DEV! T, KA E I
EVICE (mA) To RO A PACKAGES DESCRIPTION NO.
NE555 +200 10ps Hours 0°C to 70°C D,PY Single bipolar timer
NE556 +200 10 us Hours 0°C to 70°C D,N Dual bipolar timer
SA555 +200 10 s Hours —40°C to 85°C D,P Single bipolar timer
SA556 +200 10us Hours —40°C to 85°C D,N Dual bipolar timer
SE555 +200 1us Hours -55°C to 125°C D, FK, JG, P Single bipolar timer
SE555C +200 1ps Hours —-55°C to 125°C D,FK,JG, P Single bipolar timer
SE556 +200 1us Hours -55°C to 125°C D,FK,J,N Dual bipolar timer
SE556C +200 1us Hours -55°C to 125°C D, FK, J,N Dual bipolar timer
100 o o Single LinCMOS high-
TLC551 _10t 1us Hours 0°C to 70°C D,PY spoed timer
100 o o Dual LinCMOS high-speed
TLC552 _1ot 1ps Hours 0°C to 70°C D,N timer
0°C to 70°C . . .
TLC555 1% 1us Hours -40°Ct085°C | D,FK,JG,PY | Sindle LInCMOS high-
-55°C to 125°C P
0°C to 70°C . .
TLCS556 0 1ps Hours ~40°C to 85°C D,FK,J, N |DualLinGMOS high-speed
-55°C to 125°C )
T This parameter is at 1-V operation.
VIDEO AMPLIFIERS
Vpp/Vcc Ipp/icc AV
DEVICE v) (mA per channel) (3,_""’2 ) t'("'d”?,,/s ‘)f(videO) VIV DESCRIPTION PﬁgE
min max typ (max) -
TLS1233 11t013 84 100 3.5 7.8 video preamplifier system
TLS1255 11t0 13 110 100 35 7.6 Video preamplifier system
Video amplifier with internal fre-
HAT733 200 25 12 quency compensation

1-48
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TPA0102
STEREO 1.5-W AUDIO POWER AMPLIFIER

SLOS166 — MARCH1997

® High Power with PC Power Supply
- 1.5W/Chat5V
- 600 mW/Ch at3V

wox >0 ]
® Ultra-Low Distortion

< 0.05% THD+N at 1.5 W and 4-Q Load

® Bridge-Tied Load (BTL) or Single Ended
(SE) Modes

® Stereo Input MUX

11

|——
® Surface Mount Power Package T MUX :DL :j:[]
24-Pin TSSOP - 5
® Uncompensated Gains of 1 to 10 — I
® Shutdown Control ... ~Ilpp <1 puA f |
’ MUX SE/BTL
description L 2 | l 7 Y | _‘K ¢
The TPA0102 is a stereo audio power ampilifier in b
a 24-pin TSSOP thermal package capable of __%_f I
delivering greater than 1.5 W of continuous RMS 1

power per channel into 4-Q loads. This

functionality provides a very efficient upgrade

path from the TPA4860 and TPA4861 mono

amplifiers where two separate devices are

required for stereo speaker-driver applications plus a third device for headphone drive. This implementation
simplifies design and frees up board space for other features. Full power distortion levels of 200 m% THD+N
from a 5-V supply voltage are typical. This provides significant improvement in fidelity for speech and music over
the popular TPA4860/61 series. Low-voltage applications are also well served by the TPA0102 providing
600-mW per channel into 4-Q loads with a 3.3-V supply voltage.

Amplifier gain is externally configured by means of two resistors per input channel and does not require external
compensation for settings of 2 to 20 in BTL mode (1 to 10 in SE mode). An input MUX circuit is integrated to
allow two sets of stereo inputs to the amplifier. In notebook applications, where internal speakers are driven as
BTL and the line (often headphone drive) outputs are required to be SE, the TPA0102 automatically switches
into SE mode when SE/BTL input activated. Connection of the SE/BTL control signal to the HP/LINE select input
accomplishes automatic selection of different audio paths for headphone or internal-speaker drive. Using the
TPAO0102 to drive line outputs, up to 500 mW/Ch into external 4 Q loads at 200 m% THD is ideal for small
non-powered external speakers in portable multimedia systems. The TPA0102 also features a showdown
function for power sensitive applications holding the bias current below 1 pA. In speakerphone or other
monaural applications, the TPA0102 is configured through the power supply terminals to activate only half of
the amplifier which reduces quiescent current by approximately 1/2 for the given voltage.

ADVANCE INFORMATION

AVAILABLE OPTIONS
PACKAGE
TA Tssopt
(PWP)
—20°C to 85°C TPAO102PWP

T See the special instructions for PWP packages.

ADVANCE INFORMATION concerns m, ucts in the sampling or Copyright © 1997, Texas Instruments Incorporated

opeclﬁctﬂons n':emsuhlut to change wm\out mnotc?ﬂm data and other i TEXAS
INSTRUMENTS
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TPA0102
STEREO 1.5-W AUDIO POWER AMPLIFIER

SLOS166 - MARCH1997

PWP PACKAGE
(TOP VIEW) T T
GND/MHS I | 10 24" T7] GND/HS g g
Nc 1|2 23|11 NC O om
LOuUT+ I | 8 22|I'T7] ROUT+ . mm)
LLINEIN I | 4 21 |71 RLINEIN o .
LHPIN (I | 5 20 |17 RHPIN - Thermal =
LBYPASS (1| 6 19{[-T7 BYPASS e Pad -~
Lvpp 1| 7 187173 RVpp . -
SHUTDOWN [ | 8 17 {13 NC O ]
MUTE OUT I | 9 16 |17 HP/LINE O )
LOUT- I | 10 15|11 ROUT- m . am
MUTE IN CT | 11 14|13 SE/BTL
GND/ HS [T | 12 13 |1 GND/HS Figure 1. Bottom View of PWP Package,
Showing the Thermal Pad
Terminal Functions
TERMINAL
: [[[e} DESCRIPTION
NAME NO.
GND/HS 1 Provides ground connection for circuitry, directly connected to heat sink pad.
NC 2 No internal connection.
L Out + 3 O | Left channel + output in BTL mode, + output in SE mode.
L Line In 4 | Left channel line input, selected when UP/Line pin (16) is held low.
LHPIn 5 | Left channel headphone input, selected when IIP/Line pin (16) is held high.
L Bypass 6 Tap to voltage divider for left channel internal mid-supply bias.
LVpp 7 | | Supply voltage input for left channel and for primary bias circuits.
Shutdown 8 | | Places entire IC in shutdown mode when held high, Ipp < | uA.
Mute Out 9 O | Follows Mute In pin (14), provides buffered output.
L Out- 10 O | Left channel — output in BTL mode, high impedance state in SE mode.
Mute In " 1 Mute all amplifiers, hold low for normal operation, hold high to mute.
GND/HS -12,13 Provides ground connection for circuitry, directly connected to heat sink pad.
SE/BTL* 14 I | Hold low for BTL modc, hold high for SE mode.
ROut— 15 O | Left channel — output in BTL mode, high impedance state in SE mode.
BP/Line 16 | Input mux control input, hold high to select L/R BP In (5, 20), hold low to select L/R Line In (4, 2 1).
NC 17 No internal connection.
RVpp 18 I | Supply voltage input for right channel.
R Bypass 19 Tap to voltage divider for right channel internal mid-supply bias.
RBPIn 20 I Right channel headphone input, selected when HP/Line pin (16) is held high.
RlineIn 21 I | Fight channel line input, selected when BP/Line pin (16) is held low.
R Out + 22 O | Right channel + output in BTL mode, + output in SE mode.
NC 23 No internal connection.
GND/HS 24 Provides ground connection for circuitry, directly connected to heat sink pad.

{if TEXAS
INSTRUMENTS

2-4 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



TPA0102

STEREO 1.5-W AUDIO POWER AMPLIFIER

SLOS166 — MARCH1997

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

SUPPIY VORAGE, VDD  « v vttt ittt et ettt e e e e e 6V

Continuous total power dissipation

internally limited

t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not

implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

recommended operating conditions

MIN NOM MAX | UNIT
Supply Voltage, Vpp 3 5 5.5 \
Operating free-air temperature, Tp -20 85 °C
) Vpp=5V 125 45
Common mode input voltage, VicMm v
Vpp =33V 125 2.7
DC electrical characteristics at specified free-air temperature
PARAMETER TEST CONDITIONS MIN TYPT mAX| uNIT
ST, BTL 17 25| mA
ST, SE 9 15| mA
Vpp=5V
Mono, BTL 9 15 mA
Mono, SE 5 10 mA
DD Quiescent current
ST, BTL 5.5 10| mA
ST, SE 3.1 5| mA
Vpp=33V
Mono, BTL 3.1 5 mA
Mono, SE 1.9 3| mA
Vodiff DC different output voltage Gain =2, See Note 1 5 1 mV
[ Supply current in Mute mode Vpp=5V 670 A
U| Ui il e
DD(MUTE) pply VDD =33V 250 [z
Isp Ipp in shutdown 1 10 pA
‘V TEXAS
INSTRUMENTS
POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 2-5
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TPA0102
STEREO 1.5-W AUDIO POWER AMPLIFIER

SLOS166 —

MARCH1997

AC operating characteristic, Vpp =5V, Tp =25°C, RL =4 Q

PARAMETER TEST CONDITIONS MIN  TYP MAX UNIT
THD = 0.2%, BTL 125 W
P(ouT) | Output power (each channel) see Note 2 THD = 1%, BTL 15
THD = 0.2%, SE 500
THD = 1%, SE 600 mw
THD+N | Total harmonic distortion plus noise Po=1W, f=20-20kHz 200 m%
Bom Maximum output power bandwidth G=10, THD <5 % >20 kHz
BTL 66° 72°
Phase margin Open Load 56° 71°
SE 46° 52°
PSRR  Power supply ripple rejection 1=1khz, 0 ® dB
f=20-20kHz, 55 60
Mute attenuation 85 dB
Channel-to-channel output separation 65 dB
Line/HP input separation 100 dB
BTL attenuation in SE mode 100 dB
Z) Input impendance MQ
Vn Output noise voltage 25 uV(rms)
NOTES: 1. At3V <Vpp <5V the DC output voltage is approximately Vpp/2.
2. Output power is measured at the output pins of the IC at 1 kHz.
AC operating characteristic, Vpp = 3.3 V, Tp =25°C, R =4 Q
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
THD = 0.2% BTL 600
P(ouT) | Output power (each channel) see Note 2 THD = 1% BTL 750 mw
THD = 0.2%, SE 200
THD = 1%, SE 250
THD+N | Total harmonic distortion plus noise Po=600mW, {=20-20kHz 250 m%
Bom Maximum output power bandwidth G =10, THD <5 % >20 kHz
BTL 78° 92°
Phase margin Open Load 49° 70° deg
SE 52° 57°
. f=1kHz, 65 70
PSRR  Power supply ripple rejection dB
f=20-20kHz, 50 55
Mute attenuation 85 dB
Channel-to-channel output separation 65 dB
Line/HP input separation 100 dB
BTL attenuation in SE mode 100 dB
Z) Input impendance MQ
Vn Output noise voltage 25 uV(rms)
NOTES: 1. At3V<Vpp <5V the DC output voltage is approximately Vpp/2.
2. Output power is measured at the output pins of the 1 C at 1 kHz.
¥ 1,
EXAS
INSTRUMENTS
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TPA0102
STEREO 1.5-W AUDIO POWER AMPLIFIER

SLOS166 — MARCH1997

APPLICATION INFORMATION

22

FVW -
Line-R —| AN 21

MUX g

HP-R __% AN I 20 R ROUT+

* aa%Y%
q
19 | RBYPASS [ ROUT-
— _L—'\/\/» NV
14 | SE/BTL T ? T
11 | MUTEIN I__
L | Bias,
9 | MUTE OUT Clip and
P MUX
16 | HP/Line Select ™1 control
8 | SHUTDOWN
3 NC
i | l—w 4 In—
Line-L L 2
= MUX p

LOUT+

A%2%Y% 2
q
:l > LOUT-| 10
y g

_L—fw»—n———'vv\,———7—_tv LVpD

:
i
u

HP-L —)|

6 | LBYPASS

CB—J_
T

Figure 2. Typical Application Circuit

Q’ TeEXAS
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TPA302, TPA302Y
300-mW STEREO AUDIO POWER AMPLIFIER

SLOS174A — JANUARY 1997 — REVISED MARCH 1997

300-mW Stereo Output

PC Power Supply Compatibility 5-V and
3.3-V Specified Operation

Shutdown Control

Internal Mid-Rail Generation
Thermal and Short-Circuit Protection
Surface-Mount Packaging
Functional Equivalent of the LM4880

description

D PACKAGE
(TOP VIEW)

vor (O] P e[ m
SHUTDOWN [T_| GND
VoD

Vo2

g ® N o

1

2

BYPASS[ 1|3
IN2[T] 4

The TPA302 is a stereo audio power amplifier capable of delivering 250 mW of continuous average power into
an 8-Q load at less than 0.06% THD + N from a 5-V power supply or up to 300 mW at 1% THD +N. The TPA302
has high current outputs for driving smali unpowered speakers at 8 Q or headphones at 32 Q. For headphone
applications driving 32-Q loads, the TPA302 delivers 60 mW of continuous average power at less than 0.06%
THD+N. The amplifier features a shutdown function for power-sensitive applications as well as internal thermal
and short-circuit protection. The amplifier is available in an 8-pin SOIC (D) package that reduces board space

and facilitates automated assembly.

typical application circuit

-DO* TPA302 e OR

300 mW per Channel at 8 Q

e e . — — — 1
= AM }
! |
| et > D>
I ? > TPA4861
| Audio Active internal | 1W Per
i | Codec Passive Filter Speakers } Channel
ilter
I FWV_—L
| e > —H
| :—_[-_\ — ¢ — 7 |
&>

i Bass/Treble TPA4860 | |

Control | |
| | | 70 mW per Channel at 32 Q
| | |
} L ! !
| VW .‘[ >l(€—+11 !
|
|
|
|
|
|
|
L

PRODUCTION DATA information is current as of publication date.
Products

standard warranty.
testing of all parameters.

conform to specifications per the terms of Texas Instruments i
wal i does not include

Copyright © 1997, Texas Instruments Incorporated

TEXAS

INSTRUMENTS
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TPA302, TPA302Y

300-mW STEREO AUDIO POWER AMPLIFIER

SLOS174A — JANUARY 1997 — REVISED MARCH 1997

AVAILABLE OPTIONS
PACKAGED DEVICES
Ta SMALL OUTLINET CHIP FORM
(D)
—-20°C to 85°C TPA302D TPA302Y

tThe D packages are available taped and reeled. To order a taped
and reeled part, add the suffix R (e.g., TPA302DR)

TPA302Y chip information

This chip, when properly assembled, display characteristics similar to the TPA302. Thermal compression or
ultrasonic bonding may be used on the doped-aluminum bonding pads. This chip may be mounted with

conductive epoxy or a gold-silicon preform.

BONDING PAD ASSIGNMENTS
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CHIP THICKNESS: 15 MILS TYPICAL
BONDING PADS: 4 x 4 MILS MINIMUM
Tgmax = 150°C
TOLERANCES ARE +10%.
ALL DIMENSIONS ARE IN MILS.
PIN (7) IS INTERNALLY CONNECTED
TO BACKSIDE OF CHIP.
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TPA302, TPA302Y
300-mW STEREO AUDIO POWER AMPLIFIER

SLOS174A - JANUARY 1997 — REVISED MARCH 1997

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)#

SUPPIY VORAGE, VDD - ot vttt e e e e 6V
Input voltage , V| .. .o e -0.3VtoVpp+0.3V
Continuous total power dissipation .................... Internally Limited (See Dissipation Rating Table)
Operating junction temperature range, Ty ........ovviiiiiiii it —20°C to 150°C
Storage temperature range, Tgtg -« -« .- vvevini i —-65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for10seconds .............. . ...cooiiiiinin, 260°C

1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not

implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

DISSIPATION RATING TABLE
PACKAGE TA<25°C DERATING FACTOR Tp =70°C Tp = 85°C
POWER RATING ABOVE Tp = 25°C POWER RATING POWER RATING
D 731 mW 5.8 mW/°C 460 mW 380 mW
recommended operating conditions
MIN MAX | UNIT
Supply voltage, Vpp 27 5.5 \'
Operating free-air temperature, Tp -20 85 °C
dc electrical characteristics at specified free-air temperature, Vpp = 3.3 V (unless otherwise noted)
PARAMETER TEST CONDITION MIN TYP MAX| UNIT
IDD Quiescent current 2.25 5] mA
Vio Offset voltage 5 20| mv
PSRR  Power supply rejection ratio Vpp=32Vto34V 55 dB
IsD Quiescent current in shutdown 0.6 20 pA
ac operating characteristics, Vpp = 3.3 V, Ty = 25°C, R_ = 8 Q (unless otherwise noted)
PARAMETER TEST CONDITION MIN TYP MAX| UNIT
THD < 0.08% 100
Gain = -1 THD < 1% 125
P Output power ’ mw
° pute f=1kHz THD <0.08%, R =32Q 25
THD < 1%, RL=32Q 35
Bom Maximum output power bandwidth Gain =10, 1% THD 20 kHz
B4 Unity gain bandwidth. Open loop . 1.5 MHz
Channel separation ' f=1kHz .75 dB
ksyR  Supply ripple rejection ratio f=1kHz ‘ 45 dB
Vn Noise output voltage Gain = -1 10 pvrms
¥ 1, |
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TPA302, TPA302Y
300-mW STEREO AUDIO POWER AMPLIFIER

SLOS174A — JANUARY 1997 — REVISED MARCH 1997

dc electrical characteristics at specified free-air temperature, Vpp = 5 V (unless otherwise noted)

PARAMETER TEST CONDITION MIN TYP MAX| UNIT
Ipp Quiescent current 4 10 mA
Vio Offset voltage See Note 1 5 20| mv
PSRR  Power supply rejection ratio Vpp=49Vto51V 65 dB
Isp Quiescent current in shutdown 0.6 MA

ac operating characteristics, Vpp = 5 V, Tp = 25°C, R = 8 Q (unless otherwise noted)

PARAMETER TEST CONDITION MIN TYP MAX| UNIT
THD < 0.06% 250
Gain =1, THD < 1% 300
Po Output power f=1kHz THD <0.06%, R =32Q 60 mw
THD < 1%, R =32Q 80
Bom Maximum output power bandwidth Gain =10, 1% THD 20 kHz
B4 Unity gain bandwidth Open loop 1.5 MHz
Channel separation f=1kHz 75 dB
ksvR Supply ripple rejection ratio f=1kHz 45 dB
Vn Noise output voltage Gain =-1 10 nVrms

typical application

RF
A
[T T Ve
Stereo Audio : = T ©8
Input =
Ry ’
8 |IN1- Cc
R(O—wvw NG Votli !
3|BYpPass |
= c v

L
Cgi

From Shutdown Dc\ﬁ 2 Bias . RL

Control Circuit (TPA4860) Control

Stereo

Ry . .
4 ]IN2- C
"@ ) Vv '\ Vo2 |5 |c 250 mW per Channel at R_= 8 Q
= C _I/

| 60 mW per Channel at R =32 Q
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TPA302, TPA302Y
300-mW STEREO AUDIO POWER AMPLIFIER

SLOS174A — JANUARY 1997 — REVISED MARCH 1997

THD + N — Total Harmonic Distortion Plus Noise — %

TYPICAL CHARACTERISTICS

Table of Graphs
FIGURE
Fr 1-3, 7-9,
vs Frequency 13-15, 19-21
THD+N Total harmonic distortion plus noise
Outout 4-6,10-12
vs Qutput power 16-18, 22-24
i Supply current vs Supply voltage 25
DD Supply current distribution vs Free-air temperature 26
Vn Output noise voltage vs Frequency 27,28
Maximum package power dissipation | vs Free-air temperature 29
Power dissipation vs Output power 30, 31
Pomax Maximum output power vs Free-air temperature 32,33
vs Load resistance 34
Po Output power vs Supply voltage 35
Open loop response vs Frequency 36
Closed loop response vs Frequency 37
Crosstalk vs Frequency 38, 39
PSRR Power supply rejection ratio vs Frequency 40, 41
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TPA302, TPA302Y
300-mW STEREO AUDIO POWER AMPLIFIER

SLOS174A - JANUARY 1997 — REVISED MARCH 1997

THD + N - Total Harmonic Distortion Plus Noise — %

THD + N — Total Harmonic Distortion Plus Noise - %
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TYPICAL CHARACTERISTICS

TOTAL HARMONIC DISTORTION PLUS NOISE
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TPA302, TPA302Y
300-mW STEREO AUDIO POWER AMPLIFIER

SLOS174A — JANUARY 1997 — REVISED MARCH 1997

THD + N - Total Harmonic Distortion Plus Noise — %

THD + N - Total Harmonic Distortion Plus Noise — %

TYPICAL CHARACTERISTICS

TOTAL HARMONIC DISTORTION PLUS NOISE
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TPA302, TPA302Y
300-mW STEREO AUDIO POWER AMPLIFIER

SLOS174A — JANUARY 1997 — REVISED MARCH 1997

TYPICAL CHARACTERISTICS

TOTAL HARMONIC DISTORTION PLUS NOISE

TOTAL HARMONIC DISTORTION PLUS NOISE
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Figure 11
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TPA302, TPA302Y
300-mW STEREO AUDIO POWER AMPLIFIER

SLOS174A — JANUARY 1997 — REVISED MARCH 1997

THD + N - Total Harmonic Distortion Plus Noise — %

THD + N - Total Harmonic Distortion Plus Noise — %

TOTAL HARMONIC DISTORTION PLUS NOISE

TYPICAL CHARACTERISTICS
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TPA302, TPA302Y

300-mW STEREO AUDIO POWER AMPLIFIER

SLOS174A — JANUARY 1997 — REVISED MARCH 1997

TYPICAL CHARACTERISTICS
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~ TPA302, TPA302Y
300-mW STEREO AUDIO POWER AMPLIFIER
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THD + N — Total Harmonic Distortion Plus Noise — %

Ipp- Supply Current - mA

TOTAL HARMONIC DISTORTION PLUS NOISE

TYPICAL CHARACTERISTICS
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TPA302, TPA302Y
300-mW STEREO AUDIO POWER AMPLIFIER

SLOS174A — JANUARY 1997 — REVISED MARCH 1997

TYPICAL CHARACTERISTICS
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TPA302, TPA302Y
300-mW STEREO AUDIO POWER AMPLIFIER

SLOS174A — JANUARY 1997 — REVISED MARCH 1997

Power Dissipation - W

Tp - Free-Air Temperature - °C

TYPICAL CHARACTERISTICS
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TPA302,

TPA302Y

300-mW STEREO AUDIO POWER AMPLIFIER

SLOS174A - JANUARY 1997 — REVISED MARCH 1997

TYPICAL CHARACTERISTICS
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TPA302, TPA302Y
300-mW STEREO AUDIO POWER AMPLIFIER
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TYPICAL CHARACTERISTICS
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TPA302, TPA302Y
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APPLICATION INFORMATION

selection of components

Figure 42 is a schematic diagram of a typical application circuit.

> 50 kQ 50 kQ Vpp |6
’__/\/\/\,_0__./\/\/\ —T_ Vpp=5V

Cf § RF | = Vooi2 /_E Cs
D
Audio 4 =

9 R 8 | IN1 N vot |1 f(c
— i 3 | BYPASS / RL
il
e T -
O ) | 4| N2 \ voz|s ?/c
C /

CF ‘L——‘ T RF
T § I

2 | SHUTDOWN (see Note A) Bias

7
_L Control _1

NOTE A: SHUTDOWN must be held low for normal operation and asserted high for shutdown mode.

Figure 42. TPA302 Typical Notebook Computer Application Circuit
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TPA302, TPA302Y
300-mW STEREO AUDIO POWER AMPLIFIER

SLOS174A — JANUARY 1997 — REVISED MARCH 1997

APPLICATION INFORMATION

gain setting resistors, R and R;
The gain for the TPA302 is set by resistors Rg and R according to equation 1.

Gain = — (F;_T) (1)

Given that the TPA302 is a MOS amplifier, the input impedance is very high, consequently input leakage
currents are not generally a concern although noise in the circuit increases as the value of Rg increases. In
addition, a certain range of Rg values are required for proper startup operation of the amplifier. Taken together
it is recommended that the effective impedance seen by the inverting node of the amplifier be set between 5
kQ and 20 kQ. The effective impedance is calculated in equation 2.

Effective ReR,
Impedance = 5" (2
P Re + R,

As an example, consider an input resistance of 10 kQ and a feedback resistor of 50 kQ. The gain of the amplifier
would be -5 and the effective impedance at the inverting terminal would be 8.3 kQ, which is within the
recommended range.

For high performance applications metal film resistors are recommended because they tend to have lower noise
levels than carbon resistors. For values of Rg above 50 kQ2 the amplifier tends to become unstable due to a pole
formed from Rg and the inherent input capacitance of the MOS input structure. For this reason, a small
compensation capacitor of approximately 5 pF should be placed in parallel with Rg. This, in effect, creates a
low-pass filter network with the cutoff frequency defined in equation 3.

1
, foo(owpass) = xR 2rRCp (3)

For example if Rgis 100 kQ and Cg is 5 pF then foo(1owpass) is 318 kHz, which is well outside of the audio range.
input capacitor, C;

In the typical application an input capacitor, Cy, is required to allow the amplifier to bias the input signal to the
proper dc level for optimum operation. In this case, Cj and R, form a high-pass filter with the corner frequency
determined in equation 4.

_ 1
feo(highpass) = 2aR,C, (4)

The value of C; is important to consider as it directly affects the bass (low frequency) performance of the circuit.
Consider the example where R) is 10 kQ and the specification calls for a flat bass response down to 40 Hz.
Equation 4 is reconfigured as equation 5.
1

C‘ 2nR I f«::o(hlghpass) (5)
In this example, C; is 0.40 pF so one would likely choose a value in the range of 0.47 uF to 1 uF. A further
consideration for this capacitor is the leakage path from the input source through the input network (R), C;) and
the feedback resistor (Rg) to the load. This leakage current creates a dc offset voltage at the input to the amplifier
that reduces useful headroom, especially in high-gain applications (> 10). For this reason a low-leakage
tantalum or ceramic capacitor is the best choice. When polarized capacitors are used, the positive side of the
capacitor should face the amplifier input in most applications as the dc level there is held at Vpp/2, which is likely
higher that the source dc level. Please note that itis important to confirm the capacitor polarity in the application.
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APPLICATION INFORMATION

power supply decoupling, Cg

The TPA302 is a high-performance CMOS audio amplifier that requires adequate power supply decoupling to
ensure that the output total harmonic distortion (THD) is as low as possible. Power supply decoupling also
prevents oscillations for long lead lengths between the amplifier and the speaker. The optimum decoupling is
achieved by using two capacitors of different types that target different types of noise on the power supply leads.
For higher frequency transients, spikes, or digital hash on the line, a good low equivalent-series-resistance
(ESR) ceramic capacitor, typically 0.1 uF, placed as close as possible to the device Vpp lead, works best. For
filtering lower-frequency noise signals, a larger aluminum electrolytic capacitor of 10 uF or greater placed near
the power amplifier is recommended.

midrail bypass capacitor, Cg

The midrail bypass capacitor, Cp, serves several important functions. During startup or recovery from shutdown
mode, Cp determines the rate at which the amplifier starts up. This helps to push the start-up pop noise into
the subaudible range (so slow it can not be heard). The second function is to reduce noise produced by the
power supply caused by coupling into the output drive signal. This noise is from the midrail generation circuit
internal to the amplifier. The capacitor is fed from a 25-kQ2 source inside the amplifier. To keep the start-up pop
as low as possible, the relationship shown in equation 6 should be maintained.

1 R
(cg x 25) ~ (C|R)) | ©)
As an example, consider a circuit where Cg is 0.1 uF, C; is 0.22 pF and R, is 10 kQ. Inserting these values into
the equation 9 results in:
400 < 454

which satisfies the rule. Bypass capacitor, Cg, values of 0.1 uF to 1 uF ceramic or tantalum low-ESR capacitors
are recommended for the best THD and noise performance.

output coupling capacitor, Cc

In the typical single-supply single-ended (SE) configuration, an output coupling capacitor (Cc) is required to
block the dc bias at the output of the amplifier thus preventing dc currents in the load. As with the input coupling
capacitor, the output coupling capacitor and impedance of the load form a high-pass filter governed by equation
7.

_ 1
fouthign) = 2R g 0

The main disadvantage, from a performance standpoint, is that the load impedances are typically small, which
drive the low-frequency corner higher. Large values of Cg are required to pass low frequencies into the load.
Consider the example where a Cg of 68 pF is chosen and loads vary from 8 Q, 32 Q, and 47 kQ. Table 1
summarizes the frequency response characteristics of each configuration.
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APPLICATION INFORMATION

Table 1. Common Load Impedances Vs Low Frequency Output Characteristics in SE Mode

RL Cc Lowest Frequency
8Q 68 uF 293 Hz
32Q 68 puF 73 Hz
47,000 Q 68 uF 0.05 Hz

As Table 1 indicates, most of the bass response is attenuated into 8-Q loads while headphone response is
adequate and drive into line level inputs (a home stereo for example) is very good.

The output coupling capacitor required in single-supply SE mode also places additional constraints on the
selection of other components in the ampilifier circuit. The rules described earlier still hold with the addition of
the following relationship:

1 11
(Cox25 k) [GR) Ao ®

shutdown mode

The TPA302 employs a shutdown mode of operation designed to reduce quiescent supply current, Ippg), to
the absolute minimum level during periods of nonuse for battery-power conservation. For example, during
device sieep modes or when other audio-drive currents are used (i.e., headphone mode), the speaker drive is
not required. The SHUTDOWN input terminal should be held low during normal operation when the amplifier
is in use. Pulling SHUTDOWN high causes the outputs to mute and the amplifier to enter a low-current state,
Ipp(g) < 1 MA. SHUTDOWN should never be left unconnected because amplifier operation would be
unpredictable.

using low-ESR capacitors

Low-ESR capacitors are recommended throughout this applications section. A real capacitor can be modeled
simply as a resistor in series with an ideal capacitor. The voltage drop across this resistor minimizes the
beneficial effects of the capacitor in the circuit. The lower the equivalent value of this resistance the more the
real capacitor behaves like an ideal capacitor.
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APPLICATION INFORMATION

thermal considerations

A prime consideration when designing an audio amplifier circuit is internal power dissipation in the device. The
curve in Figure 43 provides an easy way to determine what output power can be expected out of the TPA302
for a given system ambient temperature in designs using 5-V supplies. This curve assumes no forced airflow
or additional heat sinking.

160
Vpp=5V
Two Channels Active

140

o b RL=16Q
1 N
e 120 ==
2 \
2 \
€ 100—x RL=8Q v
£ \\.—"
e
] 80
3
L 60
1
=
40
20
0 0.25 0.5 0.75

Po max ~ Maximum Output Power - W

Figure 43. Free-Air Temperature Versus Maximum Output Power

5-V versus 3.3-V operation

The TPA302 was designed for operation over a supply range of 2.7 V to 5.5 V. This data sheet provides full
specifications for 5-V and 3.3-V operation since are considered to be the two most common standard voltages.
There are no special considerations for 3.3-V versus 5-V operation as far as supply bypassing, gain setting, or
stability. Supply current is slightly reduced from 3.5 mA (typical) to 2.5 mA (typical). The most important
consideration is that of output power. Each ampilifier in the TPA302 can produce a maximum voltage swing of
Vpp — 1 V. This means, for 3.3-V operation, clipping starts to occur when Vo(pp) = 2.3 V as opposed when
Vo(pp) =4V while operating at 5 V. The reduced voltage swing subsequently reduces maximum output power
into the load before distortion begins to become significant.
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TDA1517P Compatible

Surface Mount Availability

6-W Stereo Output (10% THD+N)
Fixed Gain (20 dB)

Mute and Standby Operation

Thermal Protection

Wide Supply Range (9.5V - 18 V)

High Power Supply Rejection (65-dB PSRR)

description

The TPA1517 is a stereo audio power amplifier that contains two identical amplifiers capable of delivering 6-W
per channel of continuous average power into a 4-Q load at 10% THD+N or 5-W per channel at 1% THD+N.
The gain of each channel is fixed at 20-dB. The amplifier features a mute/standby function for power sensitive
applications. The amplifier is available in a special 20-pin surface-mount thermally-enhanced package (DWP)
that reduces board space and facilitates automated assembly while maintaining exceptional thermal

characteristics. ‘
NE PACKAGE DWP PACKAGE
(TOP VIEW) (TOP VIEW)

Nt g Y 20h anDms GND/HS ; o fg T GND/HS

sGND[[2 19l cNDHS +INt L +IN2
NC 1|3 18|13 NC
SVRR [ 3 18 ] GND/HS
ouT1 [ 4 17 ] GND/HS SGND LT 4 7|2 wsB
SVRR I} | 5 16| Ve

PGND[ 5 16 ] GND/HS e mm I 15T NC
OouT2[| 8 15[] GND/HS ouTi 1| 7 14|17 ouT?2

Vec[}7  14]] GND/HS ouTt CI]| s 13|13 ouT?2
M/SB[] 8 13[] GND/HS PGND CIT] | 9 12|13 PGND

-IN2[] o 12[] GND/HS GND/HS 1| 10 11|73 GND/HS

GND/HS[ 10 1 ] GND/HS
Cross Section View Showing Heat Sink
NC - No internal connection
AVAILABLE OPTIONS
PACKAGED DEVICES
THERMALLY THERMALLY
Ta ENHANCED ENHANCED CH'P(\':)ORM
PLASTIC DIP SURFACE MOUNT
0°C to 70°C TPA1517NE TPA1517DWP TPA1517Y
ADVANCE INFORMATION concerns new products in the sampling or . Copyright © 1997, Texas Instruments Incorporated
specifications aﬂ:ﬁ;l:&tochamwnlgﬁﬁw.sﬂc data and oiher W TEXAS
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TPA1517, TPA1517Y _
6 WATT/CHANNEL STEREO AUDIO POWER AMPLIFIER

SL0S162 — MARCH1997

TPA1517Y chip information

This chip, when properly assembled, displays characteristics similar to the TPA1517C. Thermal compression
or ultrasonic bonding may be used on the doped-aluminum bonding pads. Chips may be mounted with
conductive epoxy or a gold-silicon preform.

BONDING PAD ASSIGNMENTS

Vees
(1)

LATCH ENABLE ©)
ICEN ®
) >E

IN-

@)

o ol

out
- out
) '
vee-|®

GND

CHIP THICKNESS: 15 MILS TYPICAL
BONDING PADS: 4 x 4 MILS MINI-
MUM

Ty max = 150°C
TOLERANCES ARE +10%.
ALL DIMENSIONS ARE IN MILS.
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TPA1517, TPA1517Y
6 WATT/CHANNEL STEREO AUDIO POWER AMPLIFIER

SL0S162 - MARCH1997

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

SUPPIY VORBGE, VoG ot 2V
Continuous total power dissipation ..................... Internally limited (See Dissipation Rating Table)
Operating free-air temperature range, TA ... vvee ittt 0°C to 70°C
Storage temperature range, Tgtg - ..o vvvneiiii i —65°C to 150°C

1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

DISSIPATION RATING TABLE
PACKAGE Ta <25°C DERATING FACTOR Ta =70°C Tp =85°C
DWP 1930 mW 15.5 mW/°C 1233 mW 1000 mW
¥ With recommended copper heat sink pattern on PCB

recommended operating conditions

MIN NOM MAX | UNIT

Supply voltage, Vo 6 18 \

Operating free-air temperature, Tp 0 70 °C

electrical characteristics at specified free-air temperature, Voc = 12 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT

Icc Quiescent current 40 mA

NOTE 1: At6V <Vgc < 18V the DC output voltage is approximately Vcc/2.

*’P TeEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 2-31

ADVANCE INFORMATION



NOILVINHO4NI 3ONVAQVY

TPA1517, TPA1517Y

6 WATT/CHANNEL STEREO AUDIO POWER AMPLIFIER

SL0S162 — MARCH1997

operating characteristic, Voc =12V, R =4 Q, f=1 kHz, T = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
THD =0.2% 25 3.5 w
Po Output power, see Note 2
THD < 10% 3.75 4.25 W
lo(sm)  Non-repetitive peak output current A
Io(RM) Repetitive peak output current 2.5 A
Low-frequency roll-off -3dB 45 Hz
High-frequency roll-off -1dB 20 kHz
Supply voltage rejection M/SB = On 48 dB
z) Input impedance 60 kQ
Rs =0, M/SB = On 50 uV(rms)
Vn Noise output voltage, see Note 3 E&= 10 M/SB = On 70 100 | uV(rms)
M/SB = Mute 50 wv(rms)
Channel separation Rg = 10 kQ 40 60 dB
Channel balance 0.1 1 dB
NOTES: 2. Output power is measured at the output pins of the IC.
3. Noise voltage is measured in a bandwidth of 20 Hz to 20 kHz.
operating characteristic, Vogc =12V, R =4 Q, f =1 kHz, T = 25°C
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
THD = 0.2% 4 4.5 5 w
Po QOutput power, see Note 2
THD < 10% 55 6 6.5 W
lo(sm)  Non-repetitive peak output current 4 A
lo(RM)  Repetitive peak output current 25 A
Low-frequency roll-off -3dB 45 Hz
High-frequency roll-off -1dB 20 kHz
Supply voltage rejection M/SB = On 48 dB
Z| Input impedance 60 kQ
Rs =0, M/SB = On 50 uVv(rms)
Vn Noise output voltage, see Note 3 ITSS; 10 M/SB = On 70 100 | uV(rms)
M/SB = Mute 50 pV(rms)
Channel separation Rg =10kQ 40 60 dB
Channel balance 0.1 1 dB

NOTES: 3. Output power is measured at the output pins of the IC.
4. Noise voltage is mesured in a bandwidth of 20 Hz to 20 kHz.
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TPA1517, TPA1517Y
6 WATT/CHANNEL STEREO AUDIO POWER AMPLIFIER

SL0S162 - MARCH1997

TYPICAL CHARACTERISTICS

Table of Graphs
FIGURE
Icc Supply current vs Supply voltage 1
PSSR Power supply rejection ratio vs Frequency 2,3
- Voo=12V |12 b uput ot
THD + N  Total harmonic distortion plus noise
Voo =145V vs Frequency 7,8,9
vs Power output 12,13
Crosstalk vs Frequency 14,15
Gain margin vs Frequency 16
Phase shift vs Frequency 16
VN Noise voltage vs Frequency 17,18
PO Ouputpower ve Load vostanes 2
Pp Power dissipation vs Output power 21,22
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PSSR - Power Supply Rejection Ratio ~dB

TPA1517, TPA1517Y
6 WATT/CHANNEL STEREO AUDIO POWER AMPLIFIER

SL0S162 - MARCH1997

Icc — Supply Current — mA

TYPICAL CHARACTERISTICS

SUPPLY CURRENT
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PSSR - Power Supply Rejection Ratio — dB

THD+N - Total Harmonic Distortion + Noise
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TOTAL HARMONIC DISTORTION PLUS NOISE

TYPICAL CHARACTERISTICS
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THD+N - Total Harmonic Distortion + Noise

TPA1517, TPA1517Y

6 WATT/CHANNEL STEREO AUDIO POWER AMPLIFIER

SL0S162 — MARCH1997

TYPICAL CHARACTERISTICS
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THD+N - Total Harmonic Distortion + Noise

TYPICAL CHARACTERISTICS
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TPA1517, TPA1517Y

6 WATT/CHANNEL STEREO AUDIO POWER AMPLIFIER
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TYPICAL CHARACTERISTICS
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Pg — Output Power — W

Pp — Power Dissipation — W
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TYPICAL CHARACTERISTICS
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TPA4860, TPA4860Y
1-WATT AUDIO POWER AMPLIFIER

SLOS164 — SEPTEMBER 1996

1-W BTL Output (5 V, 0.2 % THD+N) D PACKAGE
3.3-V and 5-V Operation (TOP VIEW)
No Output Coupling Capacitors Required GND T ? 163 aND
Shutdown Control (Ipp = 0.6 1A) SHUTDOWNLI]2 15T Vvp2
Headphone Interface Logic HP-SENSE 1] 3 147177 IN+
Uncompensated Gains of 2 to 20 (BTL GNDCI]4 1313 IN-
Mode) BYPASS 5 121 Vpp
® Surface Mount Packaging HP-IN1 L] 6 1] GAIN
e Th | and Short-Circuit P . HP-IN2 T} 7 1011 Vo1
ermal an ort-Circuit Protection GNDC s o1 GND

® High Power Supply Rejection
(56-dB at 1 kHz)

® | M4860 Drop-In Compatible

description

The TPA4860 is a bridge-tied load (BTL) audio power amplifier capable of delivering 1 W of continuous average
power into an 8-Q load at 0.4 % THD+N from a 5-V power supply in voiceband frequencies (f < 5 kHz). A BTL
configuration eliminates the need for external coupling capacitors on the output in most applications. Gain is
externally configured by means of two resistors and does not require compensation for settings of 2 to 20.
Features of this amplifier are a shutdown function for power-sensitive applications as well as headphone
interface logic that mutes the output when the speaker drive is not required. Internal thermal and short-circuit
protection increases device reliability. It also includes headphone interface logic circuitry to facilitate headphone
applications. The amplifier is available in a 16-pin SOIC surface-mount package that reduces board space and
facilitates automated assembly.

typical application circuit

Vpp | 12
-L—\N\/—4HV\/V 3 Vbp
: = Vbp/2 % Cs
Audio RF 11| GAIN -
Input R r\/\/v
I
13 | IN-
O —b—w—o N vot |10
c /
- 14| IN+ j:[]
T EWM\j 1w
®T
= Vpp Vo215
5 | BYPASS [/
NG % Rpy T
6 | HP-IN1
fo ?C - 7 | HP-IN2 J ) Bias 1,4,8,9,16
= l _L 3 | HP-SENSE Control
Headphone ~ | 2| sHuroown -
Plug

PRODUCTION DATA information is current as of publication date. Copyright © 1996, Texas Instruments Incorporated
Products conform to specifications per the terms of Texas Instruments
standard warranty. ing does not include

testing of all par;:ymelefs.
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TPA4860, TPA4860Y
~ 1-WATT AUDIO POWER AMPLIFIER

SLOS164 — SEPTEMBER 1996

AVAILABLE OPTIONS
PACKAGED DEVICE
Ta SMALL OUTLINE CHIP FORM
(D)
—20°C to 85°C TPA4860D TPA4860Y

TPA4860Y chip information

This chip, when properly assembled, displays characteristics similar to the TPA4860C. Thermal compression
or ultrasonic bonding may be used on the doped-aluminum bonding pads. This chip may be mounted with
conductive epoxy or a gold-silicon preform.

BONDING PAD ASSIGNMENTS

'-w

a
~

|k.\;h,,

Torvtvtonaborvretoncbororoorcboneoncte oo oo

>
»

¢ 86
NN N O I

CHIP THICKNESS: 15 MILS TYPICAL
BONDING PADS: 4 x 4 MILS MINIMUM
Tymax = 150°C

TOLERANCES ARE +10%.

ALL DIMENSIONS ARE IN MILS.

TERMINAL (4) IS INTERNALLY
CONNECTED TO BACKSIDE OF CHIP.

{f TEXAS
INSTRUMENTS

2-42 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



TPA4860, TPA4860Y
1-WATT AUDIO POWER AMPLIFIER

SLOS164 - SEPTEMBER 1996

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

SUPPIY VORAGE, VDD - -t ottt ittt e e e e 6V
Inputvoltage, V| ... o -0.3VtoVpp +0.3V
Continuous total power dissipation ..................... internally limited (See Dissipation Rating Table)
Operating free-air temperature range, Ta - ..o ot v ittt —20°C to 85°C
Storage temperature range, Tgtg - -« ... vevveii —65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10seconds ............... ..., 260°C

1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

DISSIPATION RATING TABLE
PACKAGE Ta <25°C DERATING FACTOR TA =70°C TA =85°C
D 1250 mW 10 mW/°C 800 mW 650 mW
recommended operating conditions
MIN  MAX | UNIT
Supply voltage, Vpp 2.7 5.5 \%
. Vpp=33V 125 27| Vv
Common-mode input voltage, V|c
Vpp=5V 125 45| V
Operating free-air temperature, Tp -20 85 °C

‘V TeEXAS
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electri)cal characteristics at specified free-air temperature range, Vpp = 3.3 V (unless otherwise
noted

TPA4860
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX
Voo Output offset voltage See Note 1 5 20 mv
ksvR  Supply voltage rejection ratio (AVpp/AVoQ) Vpp=32Vt034V 75 dB
IDD(q)  Quiescent current 25 mA
IDD(m) Quiescent current, mute mode 750 uA
IDD(sd) Quiescent current, shutdown mode 0.6 uA
VIH High-level input voltage (HP-IN) ' 1.7 \
ViL Low-level input voltage (HP-IN) 1.7 \
VOH High-level output voltage (HP-SENSE) lo =100 pA 25 2.8 Vv
VoL Low-level output voltage (HP-SENSE) lp =-100 A 0.2 0.8 v
NOTE 1: At3V < Vpp <5 V the dc output voltage is approximately Vpp/2.
operating characteristics, Vpp =3.3 V, Tp = 25°C, R_ =8 Q
TPA4860
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX
—_ 10, -
X\r/ici ; 0.2%, f=1kHz, 350 -
Po Output power, see Note 2
THD = 2%, f=1kHz,
500 mwW
Ay =2
Bom Maximum output power bandwidth Gain =10, THD =2% 20 kHz
B4 Unity-gain bandwidth Open Loop 15 MHz
Supoly ribple rejecti BTL f=1kHz 56 dB
u ipple rejection
PRy ripp ! SE f=1kHz 30 dB
Vn Noise output voltage, see Note 3 Gain =2 20 uv

NOTES: 2. Output power is measured at the output terminals of the device.
3. Noise voltage is measured in a bandwidth of 20 Hz to 20 kHz.
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electrical characteristics at specified free-air temperature range, Vpp = 5 V (unless otherwise
noted)

TPA4860
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX
Voo Output offset voltage See Note 1 5 20| mv
kgyR  Supply voltage rejection ratio (AVpp/AVQQ) Vpp=49Vto51V 70 dB
IDD(q)  Quiescent current 3.5 mA
IDD(m) Quiescent current, mute mode 750 uA
IDD(sd) Quiescent current, shutdown mode 0.6 uA
VIH High-level input voltage (HP-IN) 25 \%
ViL Low-level input voltage (HP-IN) 25 \Y
VOH High-level output voltage (HP-SENSE) 1o = 500 pA 25 2.8 \
VoL Low-level output voltage (HP-SENSE) lo =—500 pA 0.2 0.8 \
NOTE 1: At3V < Vpp <5V the dc output voltage is approximately Vpp/2.
operating characteristic, Vpp =5V, Tp =25°C, RL =8 Q
TPA4860
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX
;;IE:) ; 0.2%, f=1kHz, 1000 mw
Po Output power, see Note 2
THD = 2%, f=1kHz,
1100 mw
Ay=2 X
Bom Maximum output power bandwidth Gain = 10, THD=2% 20 kHz
B1 Unity-gain bandwidth Open Loop 15 MHz
Supply ribple rejection BTL f=1kHz 56 dB
u ripple rejectio
PRIy rippie el SE f=1kHz 30 dB
Vn Noise output voltage, see Note 3 Gain=2 20 uv

NOTES: 2. Output power is measured at the output terminals of the device.
3. Noise voltage is measured in a bandwidth of 20 Hz to 20 kHz.
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electéi)cal characteristics at specified free-air temperature range, Vpp = 5 V (unless otherwise
note

TPA4860Y
PARAMETER TEST CONDITIONS UNIT
MIN  TYP MAX
Voo Output offset voltage See Note 1 5 mV
ksvR  Supply voltage rejection ratio (AVpp/AVOQ) Vpp=49Vto 51V 70 dB
IDD(q)  Quiescent current 3.5 mA
Ipp(m) Quiescent current, mute mode 750 pA
IDD(sd) Quiescent current, shutdown mode 0.6 - uA
ViH High-level input voltage (HP-IN) 25 \
ViL Low-level input voltage (HP-IN) 25 \
VOH High-level output voltage (HP-SENSE) lo =500 pA 2.8 v
VoL Low-level output voltage (HP-SENSE) lo =—500 pA 0.2 \
NOTE 1: At3V < Vpp <5V the dc output voltage is approximately Vpp/2.
operating characteristic, Vpp =5V, Tp =25°C, RL. =8 Q
TPA4860Y
PARAMETER TEST CONDITIONS UNIT
MIN  TYP MAX
- 0 -
‘;\I;Ilz ; 0.2%, f=1kHz, 1000 mw
Po Output power, see Note 2
THD =2%, f=1kHz,
1100 mw
Ay =2
Bom Maximum output power bandwidth Gain =10, THD = 2% 20 kHz
B4 Unity-gain bandwidth Open Loop 1.5 MHz
Supply ripole rejecti BTL f=1kHz 56 . dB
u ripple rejection
PRIy ripple ref SE f=1kHz 30 dB
Vn Noise output voltage, see Note 4 Gain=2 20 uv

NOTES: 2. Output power is measured at the output terminals of the device.
3. Noise voltage is measured in a bandwidth of 20 Hz to 20 kHz.
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TYPICAL CHARACTERISTICS

Table of Graphs
FIGURE
Voo Output offset voltage Distribution 1,2
Ibp Supply current distribution vs Free-air temperature 34
5,6,7,8,9,
vs Frequency 10,11,15,
THD+N Total harmonic distortion plus noise 16,17,18
vs Output power 113’12%;’
IbD Supply current vs Supply voltage 22
Vn Output noise voltage vs Frequency 23,24
Maximum package power dissipation | vs Free-air temperature 25
Power dissipation vs Output power 26,27
Maximum output power vs Free-air temperature 28
vs Load Resistance 29
Output power
vs Supply Voltage 30
Open loop frequency response vs Frequency 31
PSRR Power supply rejection ratio vs Frequency 32,33
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TYPICAL CHARACTERISTICS
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THD+N — Total Harmonic Distortion Plus Noise — %

THD+N - Total Harmonic Distortion Plus Noise — %

TOTAL HARMONIC DISTORTION PLUS NOISE

TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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THD+N - Total Harmonic Distortion Plus Noise — %

THD+N - Total Harmonic Distortion Plus Noise — %

TOTAL HARMONIC DISTORTION PLUS NOISE

TYPICAL CHARACTERISTICS
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THD+N — Total Harmonic Distortion Plus Noise — %

TYPICAL CHARACTERISTICS

TOQL HARMONIC DISTORTION PLUS NOISE

Vs
. FREQUENCY
10 —
Vpp=33V =
PO =350 mW —f
RL=8Q ]
N Ayp =20
N
1 \ Cg=0.1pF /
N
N
N
N i
—"/
0.1 Cg=1uF
0.01
20 100 1k 10k 20 k
f ~ Frequency - Hz
Figure 17

TOTAL HARMONIC DISTORTION PLUS NOISE

THD+N - Total Harmonic Distortion Plus Noise - %

TOTAL HARMONIC DISTORTION PLUS NOISE

Vs
FREQUENCY
10 =
F Vpp=33V
- Ayp=10
| Single Ended
1 o
RL=8Q —
PO = 250 mW 7
U
<L
~-../
0.1 RL=32Q  _|
Po=60mW —
0.01
20 100 1k 10k 20k

f - Frequency - Hz
Figure 18

TOTAL HARMONIC DISTORTION PLUS NOISE

vs vs
OUTPUT POWER OUTPUT POWER
2 10 e ; 2 10 :
| — Vpp=33V T 1 - Vpp=3.3V T
2 [— Ayp=2 ,3 — Ayp =2
2 | RL=8Q 3 | RL=8Q
0 f=20 Hz » f=1kHz
=3 - 3 —
t LU F
5 1l 5
g —+ Cg=0.1pF 'g
] @
=) (=)
Cg=0.1pF
2 ‘:E: - B W
<] bl
E E [
5 o1 Cg=1.0pF £ 01
3 3
8 2
1 1
=z =
& -y
I T
+ 0.01 F 0.01
0.02 0.1 1 2 0.02 0.1 1 2
Po - Output Power - W PQ — Output Power - W
Figure 19 Figure 20
3 1
EXAS
INSTRUMENTS
2-52 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



TPA4860,

TPA4860Y

1-WATT AUDIO POWER AMPLIFIER

SLOS164 — SEPTEMBER 1996

TYPICAL CHARACTERISTICS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

TOTAL HARMONIC DISTORTION PLUS NOISE SUPPLY CURRENT
vs vs
OUTPUT POWER SUPPLY VOLTAGE
2 10 7 5 i
] i
2 Tp=0°C /
©
z = —20°
2 - I 4 Ta =-20°C
a TN E
] =Vu. - O
5 1 Cg=0.1uF ; / TA =25°C
5 3 g e
17} - = 85°
a S A
o o
g 2
g g 2
s o1 ®
£ — Vpp=33V 8
(<] [ VDD =9. L
v L Avp=2 1
=z | RL=8Q
a f =20 kHz
F ool L 11111 0
20m 0.1 1 2 25 3 35 4 45 5 5.5
Po - Output Power - W Vpp - Supply Voltage - V
Figure 21 Figure 22
OUTPUT NOISE VOLTAGE OUTPUT NOISE VOLTAGE
vs vs
FREQUENCY FREQUENCY
103 - 103 —
Vee=5V - Vgc =33V
> >
= =
I [}
& 102 & 102
] £
o o
> > ~ Vo1 +Vg2
— K] 2
ﬁ = Vo1 +Vg2 = Vo2 3 ‘f Vo2
] 5 |
£ 10 v £ 10 = —
o
ol Vol ] Vo'
= =
1 1
20 100 1k 10k 20k 20 100 1k 10k 20k
f - Frequency — Hz f - Frequency — Hz
Figure 23 Figure 24
"J TEXAS
INSTRUMENTS

2-53



TPA4860, TPA4860Y
1-WATT AUDIO POWER AMPLIFIER

SLOS164 — SEPTEMBER 1996

TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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APPLICATION INFORMATION

bridged-tied load versus single-ended mode

Figure 34 shows a linear audio power amplifier (APA) in a bridge tied load (BTL) configuration. A BTL amplifier
actually consists of two linear amplifiers driving both ends of the load. There are several potential benefits to
this differential drive configuration but initially let us consider power to the load. The differential drive to the
speaker means that as one side is slewing up the other side is slewing down and vice versa. This in effect
doubles the voltage swing on the load as compared to a ground referenced load. Plugging twice the voltage
into the power equation, where voltage is squared, yields 4 times the output power from the same supply rail
and load impedance (see equation 1).

Vorp)
\ = 7
(rms) 2 /2
2
\'
Power = @— M
L

Vbbb

M }‘— N $ voer)
—\_,1

_,D_« V:m R|_§ \/\ I 2xVo(pp)

|

3—— ny ¢ -Vo(pp)
1

Figure 34. Bridge-Tied Load Configuration

In a typical computer sound channel operating at 5 V, bridging raises the power into a 8-Q speaker from a
singled-ended (SE) limit of 250 mW to 1 W. In sound power that is a 6-dB improvement — which is loudness
that can be heard. In addition to increased power there are frequency response concerns, consider the
single-supply SE configuration shown in Figure 35. A coupling capacitor is required to block the dc offset voltage
from reaching the load. These capacitors can be quite large (approximately 40 uF to 1000 uF) so they tend to
be expensive, occupy valuable PCB area, and have the additional drawback of limiting low-frequency
performance of the system. This frequency limiting effect is due to the high pass filter network created with the
speaker impedance and the coupling capacitance and is calculated with equation 2.
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APPLICATION INFORMATION
&)

1
f PR R—
(corner) 2nR _Cg

For example, a 68-pF capacitor with an 8-Q speaker would attenuate low frequencies below 293 Hz. The BTL
configuration cancels the dc offsets, which eliminates the need for the blocking capacitors. Low-frequency
performance is then limited only by the input network and speaker response. Cost and PCB space are also
minimized by eliminating the bulky coupling capacitor.

Vpp

_J U $ vopr)

‘D‘{:%—c’é% U § vorr)

Figure 35. Single-Ended Configuration

Increasing power to the load does carry a penalty of increased internal power dissipation. The increased
dissipation is understandable considering that the BTL configuration produces 4 times the output power of the
SE configuration. Internal dissipation versus output power is discussed further in the thermal considerations
section.

BTL amplifier efficiency

Linear amplifiers are notoriously inefficient. The primary cause of these inefficiencies is voltage drop across the
output stage transistors. There are two components of the internal voltage drop. One is the headroom or dc
voltage drop that varies inversely to output power. The second component is due to the sinewave nature of the
output. The total voltage drop can be calculated by subtracting the RMS value of the output voltage from Vpp.
The internal voltage drop multiplied by the RMS value of the supply current, Ipprms, determines the internal
power dissipation of the amplifier.

An easy to use equation to calculate efficiency starts out as being equal to the ratio of power from the power
supply to the power delivered to the load. To accurately calculate the RMS values of power in the load and in
the amplifier, the current and voltage waveform shapes must first be understood (see Figure 36).

Vo Ibp

Figure 36. Voltage and Current Waveforms for BTL Amplifiers

Virms) _ ©

Although the voltages and currents for SE and BTL are sinusoidal in the load, currents from the supply are very
different between SE and BTL configurations. In an SE application the current waveform is a half-wave rectified
shape whereas in BTL it is a full-wave rectified waveform. This means RMS conversion factors are different.
Keep in mind that for most of the waveform both the push and pull transistor are not on at the same time, which
supports the fact that each amplifier in the BTL device only draws current from the supply for half the waveform.
The following equations are the basis for calculating ampilifier efficiency.
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- F’|_
Efficiency = Po- (3)
SUP
where:
Y
V,rms = —&
L P2
b V| rms? Vp2
L R. 2R
Vpp 2V
- _ DD P
Psup = Vop lbp™s = — g — AL
2V
P
lnpms =
DD ™ RL
1/2
. (PLRL)
Effiency of a nVp - 2 “)
BTL Configuration = =
9 2Vpp 2Vpp

Table 1 employs equation 4 to calculate efficiencies for four different output power levels. Note that the efficiency
of the amplifier is quite low for lower power levels and rises sharply as power to the load is increased resulting
in a nearly flat internal power dissipation over the normal operating range. Note that the internal dissipation at
full output power is less than in the half power range. Calculating the efficiency for a specific system is the key
to proper power supply design. For a stereo 1-W audio system with 8-Q loads and a 5-V supply, the maximum
draw on the power supply is almost 3.25 W.

Table 1. Efficiency Vs Output Power in 5-V 8-Q BTL Systems

Output Power Efficiency Pe:;::t:: : ak D::;?;Ztailon
w oo v) W)
0.25 31.4 2.00 0.55
0.50 44.4 2.83 0.62
1.00 62.8 4.00 0.59
1.25 70.2 447t 0.53

T High peak voltages cause the THD to increase.

A final point to remember about linear amplifiers whether they are SE or BTL configured is how to manipulate
the terms in the efficiency equation to utmost advantage when possible. Note that in equation 4, Vpp is in the
denominator. This indicates that as Vpp goes down, efficiency goes up.

For example, if the 5-V supply is replaced with a 10-V supply (TPA4860 has a maximum recommended Vpp
of 5.5 V) in the calculations of Table 1 then efficiency at 1 W would fall to 31% and internal power dissipation
would rise to 2.18 W from 0.59 W at 5 V. Then for a stereo 1-W system from a 10-V supply, the maximum draw
would be almost 6.5 W. Choose the correct supply voltage and speaker impedance for the application.
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selection of components

Figure 37 is a schematic diagram of a typical notebook computer application circuit.

Cg 50 kQ 50 kQ Vpp | 12
L 4 Vpp=5V
( P 1
= ‘ Cs
. Voo T
Audio F 1 1 =
Input [ SdVAVAY, GAIN

} v'\a,'\, 13| IN- N\ Vol 10
Cy /

»
>
=
o]

14| IN+

iw
Internal
Speaker

5

5 | BYPASS \ voz2|1s

Rpy
Ne S~ % HP-IN1 T

6

7 | HP-IN2 Bias 1,4,8,9,16
1 3| Hpsense Control

2 | sHuTDOWN ' -

Figure 37. TPA4860 Typical Notebook Computer Application Circuit

\/

Headphone
Plug

gain setting resistors, Rg and R,

The gain for the TPA4860 is set by resistors Rg and R| according to equation 5.
Gain = Re) 5
ain = —2 _RT ; (5)

BTL mode operation brings about the factor of 2 in the gain equation due to the inverting amplifier mirroring the
voltage swing across the load. Given that the TPA4860 is a MOS amplifier, the input impedance is very high,
consequently input leakage currents are not generally a concern although noise in the circuit increases as the
value of Rg increases. In addition, a certain range of Rg values are required for proper startup operation of the
amplifier. Taken together it is recommended that the effective impedance seen by the inverting node of the
amplifier be set between 5 kQ and 20 kQ. The effective impedance is calculated in equation 6.

Effective ReR,

Impedance = R + R, , o (6)

As an example consider an input resistance of 10 kQ and a feedback resistor of 50 kQ. The gain of the amplifier
would be —10 and the effective impedance at the inverting terminal would be 8.3 kQ, which is well within the
recommended range.
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For high performance applications metal film resistors are recommended because they tend to have lower noise
levels than carbon resistors. For values of Rg above 50 kQ the amplifier tends to become unstable due to a pole
formed from Rg and the inherent input capacitance of the MOS input structure. For this reason, a small
compensation capacitor of approximately 5 pF should be placed in parallel with Rg. This, in effect, creates a low
pass filter network with the cutoff frequency defined in equation 7.

-1
fco(lowpass) - 2nRCg ™

For example, if Rg is 100 kQ and Cf is 5 pF then fq is 318 kHz, which is well outside of the audio range.
input capacitor, C;

In the typical application an input capacitor, Cy, is required to allow the amplifier to bias the input signal to the
proper dc level for optimum operation. In this case, C) and R, form a high-pass filter with the corner frequency
determined in equation 8.

=1
feothighpass) = 2xR.C, ©

The value of C, is important to consider as it directly affects the bass (low frequency) performance of the circuit.
Consider the example where R, is 10 kQ2 and the specification calls for a flat bass response down to 40 Hz.
Equation 8 is reconfigured as equation 9.

o1
G = 27R,fgo ©

In this example, C; is 0.40 uF so one would likely choose a value in the range of 0.47 pF to 1 pF. A further
consideration for this capacitor is the leakage path from the input source through the input network (R, Cj) and
the feedback resistor (Rfg) to the load. This leakage current creates a dc offset voltage at the input to the amplifier
that reduces useful headroom, especially in high gain applications. For this reason a low-leakage tantalum or
ceramic capacitor is the best choice. When polarized capacitors are used, the positive side of the capacitor
should face the amplifier input in most applications as the dc level there is held at Vpp/2, which is likely higher
that the source dc level. Please note that it is important to confirm the capacitor polarity in the application.

power supply decoupling, Cg

The TPA4860 is a high-performance CMOS audio amplifier that requires adequate power supply decoupling
to ensure the output total harmonic distortion (THD) is as low as possible. Power supply decoupling also
prevents oscillations for long lead lengths between the amplifier and the speaker. The optimum decoupling is
achieved by using two capacitors of different types that target different types of noise on the power supply leads.
For higher frequency transients, spikes, or digital hash on the line, a good low equivalent-series-resistance
(ESR) ceramic capacitor, typically 0.1 uF placed as close as possible to the device Vpp lead works best. For
filtering lower-frequency noise signals, a larger aluminum electrolytic capacitor of 10 uF or greater placed near
the power amplifier is recommended.
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midrail bypass capacitor, Cg

The midrail bypass capacitor, Cp, serves several important functions. During startup or recovery from shutdown
mode, Cpg determines the rate at which the ampilifier starts up. This helps to push the start-up pop noise into
the subaudible range (so slow it can not be heard). The second function is to reduce noise produced by the
power supply caused by coupling into the output drive signal. This noise is from the midrail generation circuit
internal to the amplifier. The capacitor is fed from a 25-kQ2 source inside the amplifier. To keep the start-up pop
as low as possible, the relationship shown in equation 10 should be maintained.

11
(Cg x 25kQ) ~ (C|R)) (10)

As an example, consider a circuit where Cgis 0.1 pF, C is 0.22 pF and R, is 10 kQ. Inserting these values into
the equation 9 we get:

400 < 454
which satisfies the rule. Bypass capacitor, Cg, values of 0.1 uF to 1 uF ceramic or tantalum low-ESR capacitors
are recommended for the best THD and noise performance.

single-ended operation

Figure 38 is a schematic diagram of the recommended SE configuration. In SE mode configurations, the load
should be driven from the primary amplifier output (OUT1, terminal 10).

Vpp| 12

—L——'\/\/\/——ﬂ——’\/\/\, j_ ]
B Vpp/2 /_]__\ s

Vo1
\ ol] 10 J' 250-mW
/ External
Speaker
' \ Vo2| 15 RSE=500Q

Cse ::-/WV_F_"I‘

5 | BYPASS

Figure 38. Singled-Ended Mode

Gain is set by the Rg and R resistors and is shown in equation 11. Since the inverting amplifier is not used to
mirror the voltage swing on the load, the factor of 2 is not included.

Gain = — (RR—':) (11)

The phase margin of the inverting amplifier into an open circuit is not adequate to ensure stability, so a
termination load should be connected to V2. This consists of a 50-Q resistor in series with a 0.1-uF capacitor
to ground. It is important to avoid oscillation of the inverting output to minimize noise and power dissipation.
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The output coupling capacitor required in single-supply SE mode also places additional constraints on the
selection of other components in the amplifier circuit. The rules described earlier still hold with the addition of
the following relationship:

1 1 1

(Cg x 25kQ) i} (ciRy) “RCo (12)

output coupling capacitor, Cc

In the typical single-supply SE configuration, an output coupling capacitor (Cc) is required to block the dc bias
at the output of the amplifier thus preventing dc currents in the load. As with the input coupling capacitor, the
output coupling capacitor and impedance of the load form a high-pass filter governed by equation 13.

1
fouthign = 27R, Cg (13)

The main disadvantage, from a performance standpoint, is that the load impedances are typically small, which
drive the low-frequency corner higher. Large values of C¢ are required to pass low frequencies into the load.
Consider the example where a C¢ of 68 uF is chosen and loads vary from 8 Q, 32 Q, and 47 kQ. Table 2
summarizes the frequency response characteristics of each configuration.

Table 2. Common Load Impedances Vs Low Frequency Output Characteristics in SE Mode

RL Ce Lowest Frequency
8Q 68 uF 293 Hz
32Q 68 uF 73 Hz
47,000 Q 68 puF 0.05 Hz

As Table 2 indicates, most of the bass response is attenuated into 8-Q loads while headphone response is
adequate and drive into line level inputs (a home stereo for example) is very good.

headphone sense circuitry, Rpy

The TPA4860 is commonly used in systems where there is an internal speaker and a jack for driving external
loads (i.e., headphones). In these applications, it is usually desirable to mute the internal speaker(s) when the
external load is in use. The headphone inputs (HP-1, HP-2) and headphone output (HP-SENSE) of the TPA4860
were specifically designed for this purpose. Many standard headphone jacks are available with an internal
single-pole single-throw (SPST) switch that makes or breaks a circuit when the headphone plug is inserted.
Asserting either or both HP-1 and/or HP-2 high mutes the output stage of the amplifier and causes HP-SENSE
to go high. In battery-powered applications where power conservation is critical HP-SENSE can be connected
to the shutdown input as shown in Figure 39. This places the amplifier in a very low current state for maximum
power savings. Pullup resistors in the range from 1 kQ to 10 kQ are recommended for 5-V and 3.3-V operation.
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Vpb
Rpu ‘

ne S~o 6 | HP-IN1 .
-L—o 4 7lwemne ] > —
T 1 3|up-sense Control

e |
Headphone L_ _ 2| SHUTDOWN

Plug -

Figure 39. Schematic Diagram of Typical Headphone Sense Application

Table 3 details the logic for the mute function of the TPA4860.

Table 3. Truth table for Headphone Sense and Shutdown Functions

INPUTST OUTPUT AMPLIFIER
HP-1 HP-2 SHUTDOWN | HP-SENSE STATE
Low Low Low Low Active
Low High Low High Mute
High " Low Low High Mute
High High Low High Mute
X X High X Shutdown

T Inputs should never be left unconnected.
X = do not care

shutdown mode

The TPA4860 employs a shutdown mode of operation designed to reduce quiescent supply current, Ipp(q), to
the absolute minimum level during periods of nonuse for battery-power conservation. For example, during
device sleep modes or when other audio-drive currents are used (i.e., headphone mode), the speaker drive is
not required. The SHUTDOWN input terminal should be held low during normal operation when the amplifier
is in use. Pulling SHUTDOWN high causes the outputs to mute and the amplifier to enter a low-current state,
Ipp(g) < 1 MA. SHUTDOWN should never be left unconnected because amplifier operation would be
unpredictable.

using low-ESR capacitors

Low-ESR capacitors are recommended throughout this applications section. A real capacitor can be modeled
simply as a resistor in series with an ideal capacitor. The voltage drop across this resistor minimizes the
beneficial effects of the capacitor in the circuit. The lower the equivalent value of this resistance the more the
real capacitor behaves like an ideal capacitor.

thermal considerations

A prime consideration when designing an audio amplifier circuit is internal power dissipation in the device. The
curve in Figure 40 provides an easy way to determine what output power can be expected out of the TPA4860
for a given system ambient temperature in designs using 5-V supplies. This curve assumes no forced airflow
or additional heat sinking.
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Figure 40. Free-Air Temperature Versus Maximum Continuous Output Power

5-V versus 3.3-V operation

The TPA4860 was designed for operation over a supply range of 2.7 V to 5.5 V. This data sheet provides full
specifications for 5-V and 3.3-V operation as these are considered to be the two most common standard
voltages. There are no special considerations for 3.3-V versus 5-V operation as far as supply bypassing, gain
setting, or stability. Supply current is slightly reduced from 3.5 mA (typical) to 2.5 mA (typical). The most
important consideration is that of output power. Each amplifier in TPA4860 can produce a maximum voltage
swing of Vpp — 1 V. This means, for 3.3-V operation, clipping starts to occur when Vo(pp) =2.3 V as opposed
to when Vo pp) =4 V while operating at 5 V. The reduced voltage swing subsequently reduces maximum output
power into an 8-Q load to less than 0.33 W before distortion begins to become significant.

Operation at 3.3-V supplies, as can be shown from the efficiency formula in equation 4, consumes
approximately two-thirds the supply power for a given output-power level than operation from 5-V supplies.
When the application demands less than 500 mW, 3.3-V operation should be strongly considered, especially
in battery-powered applications.
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1-W BTL Output (5 V, 0.2 % THD+N)

3.3-V and 5-V Operation

No Output Coupling Capacitors Required
Shutdown Control (Ipp = 0.6 nA)

Uncompensated Gains of 2 to 20 (BTL
Mode)

Surface Mount Packaging
Thermal and Short-Circuit Protection

® High Power Supply Rejection
(56 dB at 1 kHz)

® LM4861 Drop-In Compatible

description

D PACKAGE
(TOP VIEW)

U

SHUTDOWN I 1
BYPASS 1] 2
IN+ I3
4

IN- T

T Vp2
11 GND
T Vbp
[T Vot

o o N ®

The TPA4861 is a bridge-tied load (BTL) audio power amplifier capable of delivering 1 W of continuous average
power into an 8-Q load at 0.4 % THD+N from a 5-V power supply in voiceband frequencies (f < 5 kHz). A BTL
configuration eliminates the need for external coupling capacitors on the output in most applications. Gain is
externally configured by means of two resistors and does not require compensation for settings of 2 to 20.
Features of the amplifier are a shutdown function for power-sensitive applications as well as internal thermal
and short-circuit protection. The TPA4861 works seamlessly with TI's TPA4860 in stereo applications. The
amplifier is available in an 8-pin SOIC surface-mount package that reduces board space and facilitates

automated assembly.

1w
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AVAILABLE OPTIONS
PACKAGED DEVICE
Ta SMALL OUTLINE CHIP FORM
(D)
—20°C to 85°C TPA4861D TPA4861Y

TPA4861Y chip information

This chip, when properly assembled, displays characteristics similar to the TPA4861C. Thermal compression
or ultrasonic bonding may be used on the doped-aluminum bonding pads. This chip may be mounted with
conductive epoxy or a gold-silicon preform.

BONDING PAD ASSIGNMENTS

Iy

[1 R

(4]
~N

Petvtotntebvtonononc borerotord bt oot oo

¢ 86 »
N E L ER RN RA R

CHIP THICKNESS: 15 MILS TYPICAL
BONDING PADS: 4 x 4 MILS MINIMUM
Tgmax = 150°C

TOLERANCES ARE +10%.

ALL DIMENSIONS ARE IN MILS.

TERMINAL (4) IS INTERNALLY
CONNECTED TO BACKSIDE OF CHIP.
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

SUPPlY VORAGE, VDD  « vttt e e e 6V
Inputvoltage, V| ... -0.3Vto Vpp +0.3V
Continuous total power dissipation ..................... internally limited (see Dissipation Rating Table)
Operating free-air temperature range, TaA . ....ooviiiiii i i —~20°C to 85°C
Storage temperature range, Tagg « - -+« e vvernnnetnnt e —65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10seconds .............. ...t 260°C

T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

DISSIPATION RATING TABLE
PACKAGE Ta <25°C DERATING FACTOR TA=70°C Ta =85°C
D 731 mW 5.8 mW/°C 470 mW 383 mW

recommended operating conditions

MIN MAX | UNIT

Supply voltage, Vpp 2.7 5.5 \%
] Vec=3V 125 27| Vv

Common-mode input voltage, Vic
Vecc=5V 1.25 45 v
Operating free-air temperature, T -20 85 °C

electrical characteristics at specified free-air temperature, Vgg = 3.3 V (unless otherwise noted)

TPA4861
PARAMETER TEST CONDITIONS UNIT
MIN  TYP MAX
Voo Output offset voltage See Note 1 5 20| mVv
ksvR Supply voltage rejection ratio (AVpp/AVoQ) Vpp=32Vt034V 75 dB
IDD(q)  Quiescent current 25 mA
'DD(sd) Quiescent current, shutdown mode 0.6 pA
NOTE 1: At3V <Vpp <5V the dc output voltage is approximately Vpp/2.
operating characteristics, Vpp =3.3 V, Tp =25°C, R, =8 Q
TPA4861
PARAMETER TEST CONDITIONS UNIT
MIN  TYP MAX
- 0, -
';Htl ; 0.2%, f=1kHz, 350 mw
Po Output power, see Note 2 il
THD = 2%, f=1kHz,
500 mw
Ay =2
Bom Maximum output power bandwidth Gain = 10, THD = 2% 20 kHz
B4 Unity-gain bandwidth Open Loop 1.5 MHz
Supply ripple rejecti BTL f=1kHz 56 dB
u ripple rejection
PRy Tippie el SE f=1kHz 30 dB
Vn Noise output voltage, see Note 3 Gain=2 20 uv

NOTES: 2. Output power is measured at the output terminals of the device.
3. Noise voltage is measured in a bandwidth of 20 Hz to 20 kHz.
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electrical characteristics at specified free-air temperature range, Vpp = 5 V (unless otherwise
noted)

TPA4861
PARAMETER TEST CONDITION UNIT
MIN TYP MAX
Voo Output offset voltage See Note 1 5 201 mv
ksvR  Supply voltage rejection ratio (AVpp/AVp0) Vpp=49Vto51V 70 dB
IDD(q)  Quiescent current 3.5 mA
IDD(sd) Quiescent current, shutdown mode 0.6 uA
NOTE 1: At3V <Vpp <5V the dc output voltage is approximately Vpp/2.
operating characteristic, Vpp =5V, Tp =25°C, RL=8Q
TPA4861
PARAMETER TEST CONDITIONS UNIT
i MIN TYP MAX
- 0 -
ZH!E)- -2- 0.2%, f=1kHz, 1000 mw
Po Output power, see Note 2 Y
THD = 2%, f=1kHz,
1100 mwW
Ay =2
Bom Maximum output power bandwidth Gain = 10, THD = 2% - 20 kHz
B4 Unity-gain bandwidth Open Loop 1.5 MHz
Supplv fibole relectio BTL f=1kHz 56 dB
u ripple rejection
PRy rippie rel SE T=1KkHz 30 dB
Vn Noise output voltage, see Note 3 Gain=2 20 uv

NOTES: 2. Output power is measured at the output terminals of the device.
3. Noise voltage is measured in a bandwidth of 20 Hz to 20 kHz.
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electrical characteristics at specified free-air temperature range, Vpp = 5 V (unless otherwise

noted)
TPA4861Y
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX
Voo Output offset voltage See Note 1 5 mV
ksvR  Supply voltage rejection ratio (AVpp/AVQQ) Vpp=49Vto51V 70 dB
IDD(q) Quiescent current 35 mA
IDD(sd) Quiescent current, shutdown mode 0.6 HA
NOTE 1: At3V < Vpp <5V the dc output voltage is approximately Vpp/2.
operating characteristic, Vpp =5V, Tp =25°C, R_. =8 Q
TPA4861Y
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX
- 0 -
‘/-I;\I-IIIZEO.ZA, f=1kHz, 1000 mW
Po Output power, see Note 2
THD = 2%, f=1kHz,
1100 mW
Ay =2
Bom Maximum output power bandwidth Gain = 10, THD =2% 20 kHz
By Unity-gain bandwidth Open Loop 1.5 MHz
Subply ribple rejecti BTL f=1kHz 56 dB
u ripple rejection
PPy Tippie el SE f=1kHz 30 dB
Vn Noise output voltage, see Note 4 Gain =2 20 Ny
NOTES: 2. Output power is measured at the output pins of the device.
3. Noise voltage is measured in a bandwidth of 20 Hz to 20 kHz.
3 1,
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INSTRUMENTS
POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 2-71



TPA4861, TPA4861Y
1-WATT AUDIO POWER AMPLIFIER

SLOS163 — SEPTEMBER 1996

TYPICAL CHARACTERISTICS

Table of Graphs
FIGURE
Voo Output offset voltage Distribution 1,2
IbD Supply current distribution vs Free-air temperature 3,4
5,6,7,8,9,
vs Frequency 10,11,15,
THD+N  Total harmonic distortion plus noise 16,17,18
vs Output power 113”12%1241"
DD Supply current vs Supply voltage 22
Vn Output noise voltage. vs Frequency 23,24
Package power dissipation vs Free-air temperature 25
Power dissipation vs Output power 26,27
Maximum power output vs Free-air temperature 28
vs Load Resistance 29
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Open loop frequency response vs Frequency 31
Power supply rejection ratio vs Frequency 32,33
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Number of Amplifiers

I pp — Supply Current —mA

TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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APPLICATION INFORMATION

bridged-tied load versus single-ended mode '

Figure 34 shows a linear audio power ampilifier (APA) in a bridge tied load (BTL) configuration. A BTL amplifier
actually consists of two linear amplifiers driving both ends of the load. There are several potential benefits to
this differential drive configuration but initially let us consider power to the load. The diffetential drive to the
speaker means that as one side is slewing up the other side is slewing down and vice versa. This in effect
doubles the voltage swing on the load as compared to a ground referenced load. Plugging twice the voltage
into the power equation, where voltage is squared, yields 4 times the output power from the same supply rail
and load impedance (see equation 1).

v _ Vopp
(ms) = 5 2
2
\%
_ (rms) (1)
Power = ———
R

|
‘_[>{—_::: :}* U § voer)

1
= RL§ \/\ I 2xVo(pp)

joo
¢—V0pp
—C[>’—J—|____:;+l_ N $§ vorr)

Figure 34. Bridge-Tied Load Configuration

In a typical computer sound channel operating at 5 V, bridging raises the power into a 8-Q speaker from a
singled-ended (SE) limit of 250 mW to 1 W. In sound power that is a 6-dB improvement — which is loudness
that can be heard. In addition to increased power there are frequency response concerns, consider the
single-supply SE configuration shown in Figure 35. A coupling capacitor is required to block the dc offset voltage
from reaching the load. These capacitors can be quite large (approximately 40 pF to 1000 pF) so they tend to
be expensive, occupy valuable PCB area, and have the additional drawback of limiting low-frequency
performance of the system. This frequency limiting effect is due to the high pass filter network created with the
speaker impedance and the coupling capacitance and is calculated with equation 2.
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APPLICATION INFORMATION

bridged-tied load versus single-ended mode (continued)

-1 : 2)
f =
(corner) 2aR, Cg

For example, a 68-uF capacitor with an 8-Q speaker would attenuate low frequencies below 293 Hz. The BTL
configuration cancels the dc offsets, which eliminates the need for the blocking capacitors. Low-frequency
performance is then limited only by the input network and speaker response. Cost and PCB space are also
minimized by eliminating the bulky coupling capacitor.

VbD

J U 3 vorr)

Ab’i%-—it% U 4 vorr)

Figure 35. Single-Ended Configuration

Increasing power to the load does carry a penalty of increased internal power dissipation. The increased
dissipation is understandable considering that the BTL configuration produces 4 times the output power of the
SE configuration. Internal dissipation versus output power is discussed further in the thermal considerations
section.

BTL ampilifier efficiency

Linear amplifiers are notoriously inefficient. The primary cause of these inefficiencies is voltage drop across the
output stage transistors. There are two components of the internal voltage drop. One is the headroom or dc
voltage drop that varies inversely to output power. The second component is due to the sinewave nature of the
output. The total voltage drop can be calculated by subtracting the RMS value of the output voltage from Vpp.
The internal voltage drop multiplied by the RMS value of the supply current, Ipprms, determines the internal
power dissipation of the ampilifier.

An easy to use equation to calculate efficiency starts out as being equal to the ratio of power from the power
supply to the power delivered to the load. To accurately calculate the RMS values of power in the load and in
the amplifier, the current and voltage waveform shapes must first be understood (see Figure 36).

Vo Ibp

/

Figure 36. Voltage and Current Waveforms for BTL Amplifiers
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BTL amplifier efficiency (continued)

Although the voltages and currents for SE and BTL are sinusoidal in the load, currents from the supply are very
different between SE and BTL configurations. In an SE application the current waveform is a half-wave rectified
shape whereas in BTL it is a full-wave rectified waveform. This means RMS conversion factors are different.
Keep in mind that for most of the waveform both the push and pull transistor are not on at the same time, which
supports the fact that each amplifier in the BTL device only draws current from the supply for half the waveform.
The following equations are the basis for calculating amplifier efficiency.

P
Efficiency = l—,-'—— (3)
SUP
where:
v Ve
rms = —
L 2
b V| rms2 sz
L RL 2R,
Vhp 2V
_ _ 'pp “Vp
Psup = Vpp lpp™ms = — AL
2V
_ “vp
IDDrms = ﬁ
L
PR, 1/2
' T\z 4
Effiency of a n Vp
BTL Configuration = = )
gurad 2Vpp 2Vpp

Table 1 employs equation 4 to calculate efficiencies for four different output power levels. Note that the efficiency
of the amplifier is quite low for lower power levels and rises sharply as power to the load is increased resulting
in a nearly flat internal power dissipation over the normal operating range. Note that the internal dissipation at
full output power is less than in the half power range. Calculating the efficiency for a specific system is the key
to proper power supply design. For a stereo 1-W audio system with 8-Q loads and a 5-V supply, the maximum
draw on the power supply is almost 3.25 W.

Table 1. Efficiency Vs Output Power in 5-V 8-Q BTL Systems

Output Power Efficiency Pe?,'::;:: ak D::;?;ztailon
W) (%) W)
0.25 31.4 2.00 0.55
0.50 44.4 2.83 0.62
1.00 62.8 4.00 0.59
1.25 70.2 447t 0.53

1 High peak voltages cause the THD to increase.
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BTL ampilifier efficiency (continued)

A final point to remember about linear amplifiers whether they are SE or BTL configured is how to manipulate
the terms in the efficiency equation to utmost advantage when possible. Note that in equation 4, Vpp is in the
denominator. This indicates that as Vpp goes down, efficiency goes up.

For example, if the 5-V supply is replaced with a 10-V supply (TPA4861 has a maximum recommended Vpp
of 5.5 V) in the calculations of Table 1 then efficiency at 1 W would fall to 31% and internal power dissipation
would rise to 2.18 W from 0.59 W at 5 V. Then for a stereo 1-W system from a 10-V supply, the maximum draw
would be almost 6.5 W. Choose the correct supply voltage and speaker impedance for the application.

selection of components

Figure 37 is a schematic diagram of a typical notebook computer application circuit.

§ o JT:—/\/\/\,——«—'\N\, j_ o
Vpp/2 I

Vpp=5V

]

Audio 4

Input

@ o e Y vor|s
— G /

= 3] IN+ 46 kQ 1w
Internal
Speaker
s 1‘ 46 kQ
= 2 | BYPASS Vo2|s

1 | SHUTDOWN (see Note A) Bias

7
_L Control —1

NOTE A: SHUTDOWN must be held low for normal operation and asserted high for shutdown mode.

Figure 37. TPA4861 Typical Notebook Computer Application Circuit
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gain setting resistors, Rg and R,

The gain for the TPA4861 is set by resistors Rg and R, according to equation 5.
Gain = Re 5
ain = -2 ﬁl (5)

BTL mode operation brings about the factor of 2 in the gain equation due to the inverting amplifier mirroring the
voltage swing across the load. Given that the TPA4861 is a MOS amplifier, the input impedance is very high,
consequently input leakage currents are not generally a concern although noise in the circuit increases as the
value of Rg increases. In addition, a certain range of Rg values are required for proper startup operation of the
amplifier. Taken together it is recommended that the effective impedance seen by the inverting node of the
amplifier be set between 5 kQ and 20 kQ. The effective impedapce is calculated in equation 6.

Effective ReR
Impedance = ﬁ (6)

As an example consider an input resistance of 10 kQ and a feedback resistor of 50 kQ. The gain of the amplifier
would be —10 and the effective impedance at the inverting terminal would be 8.3 kQ, which is well within the
recommended range.

For high performance applications metal film resistors are recommended because they tend to have lower noise
levels than carbon resistors. For values of Rg above 50 kQ2 the amplifier tends to become unstable due to a pole
formed from Rg and the inherent input capacitance of the MOS input structure. For this reason, a small
compensation capacitor of approximately 5 pF should be placed in parallel with Rg. This, in effect, creates a low
pass filter network with the cutoff frequency defined in equation 7.

-1
fco(lowpass) - 2nR:Cp "

For example if Rg is 100 kQ and Cf is 5 pF then f, is 318 kHz, which is well outside of the audio range.

input capacitor, C;

In the typical application an input capacitor, C), is required to allow the amplifier to bias the input signal to the
proper dc level for optimum operation. In this case, Cj and R, form a high-pass filter with the corner frequency
determined in equation 8.

=1
fco(highpass) - 2xR,C, @

The value of C; is important to consider as it directly affects the bass (low frequency) performance of the circuit.
Consider the example where R is 10 k2 and the specification calls for a flat bass response down to 40 Hz.
Equation 8 is reconfigured as equation 9.

-1
C = ZRiTe ©

In this example, C; is 0.40 uF so one would likely choose a value in the range of 0.47 pF to 1 pF. A further
consideration for this capacitor is the leakage path from the input source through the input network (R, C;) and
the feedback resistor (RE) to the load. This leakage current creates a dc offset voltage at the input to the amplifier
that reduces useful headroom, especially in high gain applications. For this reason a low-leakage tantalum or
ceramic capacitor is the best choice. When polarized capacitors are used, the positive side of the capacitor
should face the amplifier input in most applications as the dc level there is held at Vpp/2, which is likely higher
that the source dc level. Please note that it is important to confirm the capacitor polarity in the application.
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power supply decoupling, Cg

The TPA4861 is a high-performance CMOS audio amplifier that requires adequate power supply decoupling
to ensure the output total harmonic distortion (THD) is as low as possible. Power supply decoupling also
prevents oscillations for long lead lengths between the amplifier and the speaker. The optimum decoupling is
achieved by using two capacitors of different types that target different types of noise on the power supply leads.
For higher frequency transients, spikes, or digital hash on the line, a good low equivalent-series-resistance
(ESR) ceramic capacitor, typically 0.1 uF placed as close as possible to the device Vpp lead works best. For
filtering lower-frequency noise signals, a larger aluminum electrolytic capacitor of 10 pF or greater placed near
the power amplifier is recommended.

midrail bypass capacitor, Cg

The midrail bypass capacitor, Cg, serves several important functions. During startup or recovery from shutdown
mode, Cp determines the rate at which the amplifier starts up. This helps to push the start-up pop noise into
the subaudible range (so slow it can not be heard). The second function is to reduce noise produced by the
power supply caused by coupling into the output drive signal. This noise is from the midrail generation circuit
internal to the amplifier. The capacitor is fed from a 25-kQ2 source inside the amplifier. To keep the start-up pop
as low as possible, the relationship shown in equation 10 should be maintained.

1 <1
(cg x 25k2) = (C/R)) (10)
As an example, consider a circuit where Cg is 0.1 uF, C is 0.22 pF and R; is 10 kQ. Inserting these values into
the equation 9 we get:
400 < 454

which satisfies the rule. Bypass capacitor, Cg, values of 0.1 uF to 1 uF ceramic or tantalum low-ESR capacitors
are recommended for the best THD and noise performance.
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single-ended operation

Figure 38 is a schematic diagram of the recommended SE configuration. In SE mode configurations, the load
should be driven from the primary amplifier output (OUT1, terminal 10).

Vpp |6

RFF ‘L—’\/\/\'—o—’\/\/\, ‘_-‘ECVDD
I S

- Vpp/2
| 250-mW
External
Speaker

Audio
Input

4
G
[
(2]

Vo1

=

7113

Vo2|s Rgg =50 Q

2 | BYPASS

y

Csg =0.1uF /_-L\

Figure 38. Singled-Ended Mode

Gain is éet by the Rg and R resistors and is shown in equation 11. Since the inverting amplifier is not used to
mirror the voltage swing on the load, the factor of 2 is not included.

Gain = - (RFT) (11)

The phase margin of the inverting amplifier into an open circuit is not adequate to ensure stability, so a
termination load should be connected to Vo2. This consists of a 50-Q resistor in series with a 0.1-uF capacitor
to ground. It is important to avoid oscillation of the inverting output to minimize noise and power dissipation.

The output coupling capacitor required in single-supply SE mode also places additional constraints on the
selection of other components in the amplifier circuit. The rules described earlier still hold with the addition of
the following relationship:

1 1 L1
(Co x25k) ~ (OR) ~ PiCo (12
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output coupling capacitor, Cc

In the typical single-supply SE configuration, an output coupling capacitor (C¢) is required to block the dc bias
at the output of the amplifier thus preventing dc currents in the load. As with the input coupling capacitor, the
output coupling capacitor and impedance of the load form a high-pass filter governed by equation 13.

1
founiah = 5o
auneh = 3R Cg (13)
The main disadvantage, from a performance standpoint, is that the load impedances are typically small, which
drive the low-frequency corner higher. Large values of C¢ are required to pass low frequencies into the load.
Consider the example where a Cg of 68 uF is chosen and loads vary from 8 Q, 32 Q, and 47 kQ. Table 2

summarizes the frequency response characteristics of each configuration.

Table 2. Common Load Impedances Vs Low Frequency Output Characteristics in SE Mode

RL Cc Lowest Frequency
8Q 68 uF 293 Hz
32Q 68 uF 73 Hz
47,000 Q 68 uF 0.05 Hz

As Table 2 indicates, most of the bass response is attenuated into 8-Q loads while headphone response is
adequate and drive into line level inputs (a home stereo for example) is very good.

shutdown mode

The TPA4861 employs a shutdown mode of operation designed to reduce quiescent supply current, Ipp(q), to
the absolute minimum level during periods of nonuse for battery-power conservation. For example, during
device sleep modes or when other audio-drive currents are used (i.e., headphone mode), the speaker drive is
not required. The SHUTDOWN input terminal should be held low during normal operation when the amplifier
is in use. Pulling SHUTDOWN high causes the outputs to mute and the amplifier to enter a low-current state,
IpD(g) < 1 HA. SHUTDOWN should never be left unconnected because amplifier operation would be
unpredictable.

using low-ESR capacitors

Low-ESR capacitors are recommended throughout this applications section. A real capacitor can be modeled
simply as a resistor in series with an ideal capacitor. The voltage drop across this resistor minimizes the
beneficial effects of the capacitor in the circuit. The lower the equivalent-value of this resistance the more the
real capacitor behaves like an ideal capacitor.
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TPA4861, TPA4861Y
1-WATT AUDIO POWER AMPLIFIER

SLOS163 - SEPTEMBER 1996

APPLICATION INFORMATION

thermal considerations

A prime consideration when designing an audio amplifier circuit is internal power dissipation in the device. The
curve in NO TAG provides an easy way to determine what output power can be expected out of the TPA4861
for a given system ambient temperature in designs using 5-V supplies. This curve assumes no forced airflow
or additional heat sinking.
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Figure 39. Free-Air Temperature Versus Maximum Continuous Output Power

5-V versus 3.3-V operation

The TPA4861 was designed for operation over a supply range of 2.7 V to 5.5 V. This data sheet provides full
specifications for 5-V and 3.3-V operation as these are considered to be the two most common standard
voltages. There are no special considerations for 3.3-V versus 5-V operation as far as supply bypassing, gain
setting or stability. Supply current is slightly reduced from 3.5 mA (typical) to 2.5 mA (typical). The mostimportant
consideration is that of output power. Each ampilifier in TPA4861 can produce a maximum voltage swing of
Vpp - 1 V. This means, for 3.3-V operation, clipping starts to occur when Vo(pp) = 2.3 V as opposed when
Vo(pp) =4V while operating at 5 V. The reduced voltage swing subsequently reduces maximum output power
into an 8-Q load to less than 0.33 W before distortion begins to become significant.

Operation at 3.3-V supplies, as can be shown from the efficiency formula in equation 4, consumes
approximately two-thirds of the supply power for a given output-power level than operation from 5-V supplies.
When the application demands less than 500 mW, 3.3-V operation should be strongly considered, especially
in battery-powered applications.
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LF347, LF3478B

JFET-INPUT

QUAD OPERATIONAL AMPLIFIERS

SLOS013B —~ MARCH 1987 — REVISED AUGUST 1994

® Low Input Bias Current . .. 50 pA Typ D OR N PACKAGE
® Low Input Noise Current (TOP VIEW)

0.01 pANHz Typ 10uT]] S 40UT
® Low Total Harmonic Distortion N- [ ; :g i
® Low Supply Current... 8 mA Typ 1N+l 3 12]] 41N +
® Gain Bandwidth . .. 3 MHz Typ Vee. ] 4 1l vee -
® High Slew Rate . . . 13 V/us Typ 2IN+[] 5 10[] 3IN+
® Pin Compatible With the LM348 22;'3;% o a gglJT

description

These devices are low-cost, high-speed, JFET-input operational amplifiers. They require low supply current yet
maintain a large gain-bandwidth product and a fast slew rate. In addition, their matched high-voltage JFET
inputs provide very low input bias and offset current.

The LF347 and LF347B can be used in applications such as high-speed integrators, digital-to-analog
converters, sample-and-hold circuits, and many other circuits.

The LF347 and LF347B are characterized for operation from 0°C to 70°C.

symbol (each ampilifier)

IN- -
ouT
IN + +
AVAILABLE OPTIONS
v PACKAGE
TA lomax  I™SMALL OUTLINE | PLASTIC DIP
AT 25°C
(D) (N)
vooroe | 10 LF347D LF347N
5mv LF347BD LF347BN

The D packages are available taped and reeled. Add R suffix to the device

type (e.g., LF347DR).

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

SUPPIY VORAGE, VoG 4 v vt e e et e e e e e e 18V
SUPPIY VORAGE VoG — + v e et -18V
Differential input voltage, VD ... .. e +30V
Input voltage, Vi (see NOte 1) ... .. i it e 15V
Duration of output ShOrt CIrCUIt ... ... . i ettt unlimited

Continuous total power dissipation

See Dissipation Rating Table

Operating temperature range . ..........utuiiiit ettt ettt e 0°C to 70°C
Storage temperature range . ........utet et ettt ettt e -65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10seconds ............. ... 260°C

NOTE 1: Unless otherwise specified, the absolute maximum negative input voltage is equal to the negative power supply voltage.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the ferms of Texas Instruments
standard wal 3 does not include
testing of all parameters.
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LF347, LF347B
JFET-INPUT
QUAD OPERATIONAL AMPLIFIERS

SLOS013B ~ MARCH 1987 — REVISED AUGUST 1994

DISSIPATION RATING TABLE
PACKAGE TA<25°C DERATING DERATE Ta=70°C
POWER RATING FACTOR ABOVETs  POWER RATING
D 608 mW 7.6 mW/°C 61°C 608 mW
N 680 mW N/A N/A 680 mW
recommended operating conditions
MIN  MAX [ UNIT
Supply voltage, VoG + 3.5 18 \
Supply voltage, VcC - -35 -18 \

electrical characteristics over operating free-air temperature range, Voc+ = 15 V (unless
otherwise specified) ' ;

PARAMETER TEST Tat LFaa7 L3478 uNIT
CONDITIONS A MIN TYP MAX| MIN TYP MAX
Vic =0, 25°C 5 10 3 5
Vio Input offset voitage R?: 10 kQ Full range T = mV
o :]\;i:agf?S:le;;zt:re coefficient of \F/xlsc_—.—106 ‘o 18 18 MY
o Input offset current Vic=0 s 2 1% 2 104 pA
70°C 4 4 nA
B Input bias currentt Vic=0 el X 20 0 20| pA
70°C 8 8 nA
-12 -12
VICR Common-mode input voltage range 11 to +11 to \
15 15
VoM Maximum peak output voltage swing | R =10 kQ +12 +135 +12 %135 \
. § ) Vo=%10V, 25°C 25 100 50 100
AvD Large-signal differential voltage sz 2kQ Full rangs P p VimV
1 Input resistance Ta = 25°C 1012 1012 Q
CMRR  Common-mode rejection ratio Rg <2kQ 70 100 80 100 dB
KSVR Supply-voltage rejection ratio See Note 2 70 100 80 100 dB
lcc Supply current 8 1 8 " mA

1 Full range is 0°C to 70°C.

¥ Input bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive. Pulse techniques
must be used that will maintain the junction temperatures as close to the ambient temperature as possible.

NOTE 2: Supply-voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously.

operating characteristics, Vog+ =15V

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Vo1/Vo2 Crosstalk attentuation f=1kHz 120 dB
SR Slew rate 8 13 Vius
B4 Unity-gain bandwidth ' 3 MHz
Vn Equivalent input noise voltage f=1kHz, Rg=20Q 18 nVAHz
In Equivalent input noise current f=1kHz 0.01 pANHZ
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LF351

JFET-INPUT
OPERATIONAL AMPLIFIER
SLOS014B ~ MARCH 1987 — REVISED AUGUST 1994
® Low Input Bias Current. . . 50 pA Typ D OR P PACKAGE
® Low Input Noise Voltage . . . 18 nVAHz Typ (TOP VIEW)
® Low Input Noise Current BAL1 1§ Y s[INC
0.01 pA~HZz Typ -2 70 Vee.
® Low Supply Current. .. 1.8 mA Typ IN+ Os 6] ouT
® High Input impedance . .. 1012 Q Typ Voe- [ 4 5[] BAL2
® Low Total Harmonic Distortion NC — No internal connection
® Internally Trimmed Offset Voltage

10 mV Typ
High Slew Rate ... 13 V/us Typ
Gain Bandwidth ... 3 MHz
® Pin Compatible With Standard 741

description

This device is a low-cost, high-speed, JFET-input operational amplifier with an internally trimmed input offset
voltage. It requires low supply current yet maintains a large gain-bandwidth product and a fast slew rate. In
addition, the matched high-voltage JFET input provides very low input bias and offset currents. It uses the same
offset voltage adjustment circuits as the 741.

The LF351 can be used in applications such as high-speed integrators, digital-to-analog converters,
sample-and-hold circuits, and many other circuits.

The LF351 is characterized for operation from 0°C to 70°C.

symbol (each ampilifier)

IN-
out
IN +
BAL1
BAL2
AVAILABLE OPTIONS
PACKAGE
T Vipomax
A AT 25°C SMALL OUTLINE | PLASTIC DIP
(D) (P)
0°C to 70°C 10 mV LF351D LF351P

The D packages are available taped and reeled. Add the suffix R to the
device type (i.e., LF351DR).

PRODUCTION DATA information is current as of publication date. Copyright © 1994, Texas Instruments Incorporated

:::{ingrgf all par:ymsms docs ot b TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 3-5



LF351
JFET-INPUT
OPERATIONAL AMPLIFIER

SLOS014B — MARCH 1987 — REVISED AUGUST 1994

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

NOTE

SUPPIY VORAGE, VO Oh  c vt vttt ittt et it it e s 18V
SUPPIY VORAGE, VoG o - -t v v e e ettt et e et e -18V
Differential input voltage, VID .. ... oo +30V
Input voltage, Vi (see Note 1) ... i +15V
Duration of output short circuit ............ o unlimited
Continuous total power dissipation . .......... ...t e 500 mW
Operating temperaturerange ................. PP 0°C to 70°C
Storage temperature range .. ... ..vettiin e e e e —65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10seconds ................coiiiiieninnn. 260°C
NOTE 1: Unless otherwise specified, the absolute maximum negative input voltage is equal to the negative power supply voltage.
recommended operating conditions
MIN  MAX | UNIT
Supply voltage, Vcc + 35 18 \
Supply voltage, Vo — -35 -18 Vv
electrical characteristics over operating free-air temperature range, Vgc+ = £15 V (unless
otherwise noted)
PARAMETER TEST CONDITIONS Tal MIN TYP MAX| UNIT
Vio Input offset voltage Vic=0, Rg = 10kQ 25°C 5 10 mv
Full range 13
®io 5:&;%6 temperature coefficient of input offset Vic=0, Rg = 10 k2 10 uveC
llo Input offset current® Vic=0 25 2 1001 pA
70°C 4 nA
B Input bias current Vic=0 25 0 201 A
70°C 8] nA
-12
VICR Common-mode input voltage range +11 to \
15
Vom Maximum peak output voltage swing RL =10 kQ +12 $135 \'
AvD Large-signal differential voltage : Vo=%10V, Ry =2kQ 25°C 2 200 V/imV
Full range 15 200
i Input resistance Ty=25°C 1012 Q
CMRR  Common-mode rejection ratio Rg <10 kQ 70 100 dB
ksyr  Supply-voltage rejection ratio See Note 2 70 100 dB
Icc Supply current 1.8 34| mA
T Full range is 0°C to 70°C.
¥ Input bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive. Pulse techniques
must be used that will maintain the junction temperatures as close to the ambient temperature as possible.

2: Supply-voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously.

operating characteristics, Voc+ =£t15V

PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT
SR Slew rate 8 13 Vius
B4 Unity-gain bandwidth 3 MHz
Vn Equivalent input noise voltage f=1kHz, Rg=20Q 18 nVAHz
In Equivalent input noise current f=1kHz 0.01 pANHz
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LF353
JFET-INPUT
DUAL OPERATIONAL AMPLIFIER

SLOS012B — MARCH 1987 — REVISED AUGUST 1994

® Low Input Bias Current . .. 50 pA Typ D OR P PACKAGE
® Low Input Noise Current (TOP VIEW)

0.01 pA~Hz Typ 1out ] 1 Y Voo
® Low Input Noise Voltage . . . 18 nV/NHz Typ 1IN- [} 2 7] 20UT
® Low Supply Current . .. 3.6 mA Typ 1IN+ [} 3 6] 2IN-
® High Input Impedance.. .. 1012 Q Typ Vee- 4 sl 2N+
@ Internally Trimmed Offset Voltage
® Gain Bandwidth . .. 3 MHz Typ
® High Slew Rate ... 13 V/us Typ

description

This device is a low-cost, high-speed, JFET-input operational amplifier with very low input offset voltage. It
requires low supply current yet maintains a large gain-bandwidth product and a fast slew rate. In addition, the
matched high-voltage JFET input provides very low input bias and offset currents.

The LF353 can be used in applications such as high-speed integrators, digital-to-analog converters,
sample-and-hold circuits, and many other circuits.

The LF353 is characterized for operation from 0°C to 70°C.
symbol (each amplifier

N- ——-
out
Nt ——+
AVAILABLE OPTIONS
v PACKAGE
Ta IomaX I SMALL OUTLINE | PLASTIC DIP
AT 25°C
(D) (P)

0°C1070°C | 10mV LF353D LFa53P

The D packages are available taped and reeled. Add the suffix R to the
device type (ie., LF353DR).

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

SUPPIY VORAGE, VoG 4 vttt ettt e e ettt e e e ettt e 18V
SUPPIY VORAGE, VoG =+ttt ettt e e -18V
Differential input voltage, VD ..o +30V
Input voltage, Vi (See NOte 1) ... .. i e e +15V
Duration of output Short CirCUit . ....... ... e e unlimited
Continuous total power dissipation ........ ... e 500 mW
Operating temperature range . .............oiintoii et 0°C to 70°C
Storage temperature range . ...... ...t e —65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10seconds ................c...coviiiii... 260°C

NOTE 1: Unless otherwise specified, the absolute maximum negative input voltage is equal to the negative power supply voltage.

PRODUCTION DATA information is current as of publication date. Copyright © 1994, Texas Instruments Incorporated
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LF353

JFET-INPUT

DUAL OPERATIONAL AMPLIFIER

SLOS012B — MARCH 1987 — REVISED AUGUST 1994

recommended operating conditions

MIN  MAX | UNIT
Supply voltage, Ve + 35 18 \%
Supply voltage, Vco — -35 -18 \

electrical characteristics over operating
otherwise specified)

free-air temperature range, Voc+ = 15 V (unless

PARAMETER TEST CONDITIONS TAT MIN TYP MAX| UNIT
Vio Input offset voltage Vic=0, Rg =10 kQ 25°C > 1 mv
Full range 13
®io C(\;zzgee temperature coefficient of input offset Vic=0, Rs = 10 k@ 10 uv/eC
o Input offset current¥ Vic=0 270 2 1% oA
70°C 4 nA
B Input bias currentt Vic=0 250 0 20 oA
70°C 8 nA
! -12
VICR Common-mode input voltage range +11 to \
15
Vom Maximum peak output voltage swing R =10kQ +12 *135 \
AvD Large-signal differential voltage Vo=%10V, R_=2kQ 25°C 2 100 V/imV
Full range 15
i Input resistance Ty =25°C 1012 Q
CMRR  Common-mode rejection ratio Rg <10 kQ 70 100 dB
ksyR  Supply-voltage rejection ratio See Note 2 70 100 dB
Icc Supply current 3.6 6.5 mA

1 Full range is 0°C to 70°C.
¥ Input bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive. Pulse techniques

must be used that will maintain the junction temperatures as close to the ambient temperature as possible.

NOTE 2: Supply-voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously.

operating characteristics, Vog+=+15 V, Tp = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT

Vo1/Vo2 Crosstalk attentuation f=1kHz 120 dB
SR Slew rate 8 13 Vius
B1 Unity-gain bandwidth 3 MHz
Vn Equivalent input noise voltage f=1kHz, Rg=20Q 18 nVAHz
In Equivalent input noise current f=1kHz 0.01 pAAHz
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LF411C
JFET-INPUT OPERATIONAL AMPLIFIER

SLOS011B ~ MARCH 1987 — REVISED AUGUST 1994

® Low Input Bias Current . . . 50 pA Typ D OR P PACKAGE
Low Input Noise Current (TOP VIEW)
0.01 pANHz Typ saLt 1~ sfinc

® Low Supply Current...2 mA Typ IN- ] 2 70 Vees
@ High Input impedance ... 1012 Q Typ IN+ [] 3 sl out
® Low Total Harmonic Distortion ‘Vee- [} 4 5|1 BAL2
® Low 1/f Noise Corner ... 50 Hz Typ

NC - No internal connection

description

This device is a low-cost, high-speed, JFET-input operational amplifier with very low input offset voltage and
amaximum input offset voltage drift. It requires low supply current yet maintains a large gain-bandwidth product
and a fast slew rate. In addition, the matched high-voltage JFET input provides very low input bias and offset
currents.

The LF411C can be used in applications such as high-speed integrators, digital-to-analog converters,
sample-and-hold circuits, and many other circuits.

The LF411C is characterized for operation from 0°C to 70°C.

symbol

IN-

out
IN +
BAL1
BAL2

AVAILABLE OPTIONS
v PACKAGE
Ta AP:S'?é SMALL OUTLINE | PLASTIC DIP
(D) P)
0°C to 70°C 2mvV LF411CD LF411CP

The D packages are available taped and reeled. Add the suffix R to the
device type (ie., LF411CDR).

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

SUPPIY VORAGE, VGG 4+ vttt e e 18V
SUPPlY VORAGE, VoG o vttt s -18V
Differential input voltage, Vip ... ..o +30V
Input voltage, Vi (see NOte 1) .. ... e e +15V
Duration of output short Circuit . ... ... ... o i e unlimited
Continuous total power dissipation . ........ ...t e 500 mW
Operating temperature range .. ... ......oun ettt 0°C to 70°C
Storage temperature range .. ...ttt e e —65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10seconds ..............cccoiiiiinnnnenn.. 260°C

NOTE 1: Unless otherwise specified, the absolute maximum negative input voltage is equal to the negative power supply voltage.

PRODUCTION DATA information is current as of publication date. Copyright © 1994, Texas Instruments Incorporated
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LF411C
JFET-INPUT OPERATIONAL AMPLIFIER

SLOS011B — MARCH 1987 — REVISED AUGUST 1994

recommended operating conditions

MIN MAX | UNIT
Supply voitage, Voo + 35 18 \
Supply voltage, Vce — -35 -18 \
electrical characteristics over operating free-air temperature range, Voo =115V (unless otherwise
specified)
PARAMETER TEST CONDITIONS Tat MIN TYP MAX | UNIT
Vio Input offset voltage Vic=0, Rg =10 kQ 25°C 0.8 2] mv
VIO c:;;zge temperature coefficient of input offset Vic=0, Rg = 10 k@ 10 20t VG
llo Input offset current§ Vic=0 2c 2101 A
70°C 2 nA
B Input bias current$ Vic=0 2T 20 2001 pA
70°C 4 nA
-11.5
VicR Common-mode input voltage range +11 to \
14.5
VoM  Maximum peak output voltage swing RL =10kQ +12 135 \'
AvD Large-signal differential voltage Vo=+10V, RL=2kQ 25°C e 200 Vimv
Full range 15 200
1 Input resistance Ty =25C 1012 Q
CMRR Common-mode rejection ratio Rg<10kQ 70 100 dB
ksvrR  Supply-voltage rejection ratio See Note 2 70 100 dB
Icc Supply current 2 3.4 mA

1 Full range is 0°C to 70°C.
% At least 90% of the devices meet this limit for a0
§ Input bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive. Pulse techniques

must be used that will maintain the junction temperatures as close to the ambient temperature as possible.

NOTE 2: Supply-v<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>