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IMPORTANT NOTICE

Texas Instruments Incorporated (TI) 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.

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

Please be aware that Tl products are not intended for use in life-support
appliances, devices, or systems. Use of Tl product in such applications requires
the written approval of the appropriate Tl officer. Certain applications using
semiconductor devices may involve potential risks of personal injury, property
damage, or loss of life. In order to minimize these risks, adequate design and
operating safeguards should be provided by the customer to minimize inherent
or procedural hazards. Inclusion of Tl products in such applications is
understood to be fully at the risk of the customer using Tl devices or systems.

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 or implied, is
granted under any patent right, copyright, mask work right, or other intellectual
property right of TI covering or relating to any combination, machine, or process
in which such semiconductor products or services might be or are used.

Copyright © 1992, Texas Instruments Incorporated
Printed in the U.K.



INTRODUCTION

Texas Instruments offers the industry’s first dedicated family of linear ICs that are specifically designed,
characterized, and tested for operation at 3.3 V of less. Prefixed with “TLV” to indicate low-voltage
operation, this family of analog circuits includes seven operational amplifiers, two voltage comparators,
and a low dropout (LDO) voltage regulator.

Built using Texas Instruments LinCMOS™ process, the new operational amplifiers and comparators are
optimized to operate down to 2V and the CMOS input stage ensures high impedance. The operational
amplifiers are available as singles, duals, and quads with three levels of ac performance. Likewise, the
comparators are offered as duals and quads.

All of the 3-V devices are available in the new thin-scaled small-outline package (TSSOP) as well as in
the standard small-outline and through-hole packages. The TSSOP surface mount package is just 1.1mm
(max) thick and can be a real space saver in densely packed designs.

While this manual only offers information on the first 3-V analog devices available for TI, complete
technical data for upcoming 3-V devices or any Tl semiconductor product is available from your nearest Tl
Field Sales Office, local authorized TI distributor, or by writing directly to:

Texas Instruments Incorporated

LITERATURE RESPONSE CENTRE

P.O. Box 809066

Dallas, Texas 75380-9066
We sincerely feel that the new 3-V Family Data Book will be a significant addition to your library of
technical literature for Texas Instruments.

LinCMOS is a trademark of Texas Instruments Incorporated.
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SELECTION GUIDE

voltage regulator Ta=25°C
OUTPUT | OUTPUT | OUTPUT VOLTAGE PAGE
DESCRIPTION VOLTAGE | CURRENT TOLERANCE TYPE PACKAGE | "yo
) RATING (£%)
Low-Dropout, 3.3 V Fixed 33 500 mA 1 TLV2217-33 | KC,N,PW | 2-3
operational amplifiers Vpp=3V,Ta=25°C
SUPPLY
DESCRIPTION VOL(‘:,I;GE (‘r’r:e) (::i) (\?/:R,) (‘3}1) (\2:3) TvPE | PACKAGES P:gs
MIN MAX | MAX | TYP MIN TYP TYP
Dual, Low-Power 2 8 9 0.6 50 27 0.03 | TLv2322l | D,P,PW 2-7
Quad, Low-Power 2 8 10 0.6 50 27 0.03 | TLv23241 | D,N,PW | 2-31
Dual, Medium-Power 2 8 9 0.6 25 300 0.43 TLV2332! D, P, PW 2-55
Quad, Medium-Power 2 8 10 06 25 300 043 |[TLv2334l | D,N,PW [ 2-79
Si'ngle,.Programmable
MediumBias Mode 2 | 8 | 8 | o6 | 25 | a0 | oa [TV DRPW | 2-03
Low-Bias Mode 2 8 8 06 50 27 0.03
Dual, High-Speed 2 8 9 0.6 3 790 21 | TLv2342l | D,PPW | 2-153
Quad, High-Speed 2 8 10 06 3 790 21 | TuLv2344l | DN, PW | 2-177
comparators Vpp=3V,Ta=25°C
SUPPLY VOLTAGE RESPONSE
Vio Iis loL TIME PAGE
DESCRIPTION MIN MAX MAX | TYP MIN TYP TYPE | PACKAGES | "\
\2 V) (mV) (PA) | (mA) (ns)
Dual, Differential 2 8 3 5 6 200 TLW2352 | D,PPW 2-201
Quad, Differential 2 8 5 5 6 200 TLv23s4 | D,N,PW | 2-213

‘9 TeXAS
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TLV2217-33

LOW-DROPOUT 3.3-V FIXED VOLTAGE REGULATOR

SLVS067-D4020. MARCH 1992

Fixed 3.3-V Output

1 1% Maximum Output Voltage Tolerance at
Ty= 25°C

500-mV Maximum Dropout Voltage at 500 mA
500-mA Output Current

1+ 2% Absolute Output Voltage Variation
Internal Overcurrent Limiting

Internal Thermal Overload Protection

Internal Overvoltage Protection

description

The TLV2217-33 is a low-dropout 3.3-V fixed
voltage regulator. The regulator is capable of
sourcing 500 mA of current with an input-output
differential of 0.5 V or less. The TLV2217-33
provides internal overcurrent limiting, thermal
overload protection, and overvoltage protection.

The 0.5-V dropout for the TLV2217-33 makes it

N PACKAGE
(TOP VIEW)
ne [+ Ui ne
NC [J2 13 ouTPUT
GND [J3  12[] GND
aND [l 115 GND
GND[]s  10f] aND
NC [Je of] INPUT
NC 7 sfINC

NC - No internal connection

PW PACKAGE
(TOP VIEW)
HEAT =f; 5 HEAT
SINK {z * 2 2} SINK
GND-= ==~ GND
INPUT -5 S~ OUTPUT
HEAT { < = | HEAT
SINK =011 SINK

HEAT SINK — These pins have

an internal resistive

connection to

ground and should be grounded

) N ) ) KC PACKAGE
ideal for battery appllcat|ons'|n 3.3-V logic (TOP VIEW)
systems. For example, battery input voltage to
the regulator may drop as low as 3.8 V, and the QUTPUT
TLV2217-33 will continue to regulate the O ——— G\,
system. For higher voltage systems, the
TLV2217-33 may be operated with a continuous
input voltage of 12 V.
The TLV2217-33N and TLV2217-33KC cannot
be harmed by temporary mirror image insertion.
This regulator is characterized for operation from
0°C to 125°C virtual junction temperature.
typical application schematic
INPUT OUTPUT Vo= 33V
GND
L
TS.&VIOJpF - IZZuF
AVAILABLE OPTIONS
[ ]  PACKAGE
T PLASTIC PLASTIC SURFACE
POWER DIP MOUNT
(KC) (N) (ew)t
0°C to 125°C TLV2217-33KC | TLV2217-33N | TLV2217-33PWLE

TThe PW package is only available left-end taped and reeled.

PRODUCTION DATA information is current as of
publication date. Products conformn to specifications
per the terins of Texas Instruments standard
warranty. Production processing does not
necessarily include testing of all paraineters.

‘t’? TEXAS
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Copyright © 1992, Texas Instruments Incorporated
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TLV2217-33
LOW-DROPOUT 3.3-V FIXED VOLTAGE REGULATOR

SLVS067-D4020, MARCH 1992

absolute maximum ratings over operating virtual junction temperature range (unless otherwise noted)

Continuous INPUL VOIRAGE . . . . . . 16V
Continuous total dissipation (see Note 1) ......... ... ... ... ... ....... See Dissipation Rating Table
Operating virtual junction temperature range . ......................... ... ... -55°C to 150°C
Storage temperature ranNge . . . . . ..ottt -65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds .. ......... ... ... ... ... ..... 260°C

NOTE 1: Refer to Figures 1 and 2 to avoid exceeding the design maximum virtual junction temperature; these ratings should not be exceeded
Due to variation in individual device electrical characteristics and thermal resistance, the built-in thermal overload protection may be
activated at power levels slightly above or below the rated dissipation

DISSIPATION RATING TABLE

PACKA;;F()WER RATING  T<25°C  DERATINGFACTOR  T=70°C T=85°C ~ T=125°C
AT POWER RATING  ABOVET=25°C POWERRATING POWER RATING POWER RATING
ke T T4 2000mW  16mWFC 1280 mW 1040 mW T 400 mW
TCT 20000 mW 182 mW/°C 14540 mW 11810 mW 4645 mW
N T Th 2250 mW 18mWrEC 1440 mW 170mW 450 mW |
Tc 11850 mW 94.8 mW/°C 7584 mW 6162 mW 2370 mW
pw'*’ T T, 9es0mW  76mWEC 608 MW 4%4mW  190mW
Tc 4625 mW 37 mW/eC 2960 mW 2405 mW 925 mW

tDerate above 40°C

DISSIPATION DERATING CURVE DISSIPATION DERATING CURVE
Vs Vs
FREE-AIR TEMPERATURE CASE TEMPERATURE
2400 25

H
z 2200 §|
L 2000 £ 0
‘% 1800 KC .E. \
';1600 '/f RQJA = 62.5°C/W g \ ke
S 1400 | FRE scw T
g \\ T N 3 +— Rpyc = 5.5°C/W
S ~— Rygga = 55.6°C/W _| 3 N !
E 1200 <_ ,E_ % =z 1/0.G°C/W
€ 1000 [}
3 N o 10 7 N
(é 800 \ N E \
3
E 600 \ \ £ \
5 o TS N\ 2 s ~ \
= 400 (— Rgyp = 133°C/W R ,
o 200 o PW\’“>Q
a o Rogc = 27°C/W \

0 0 1 L

25 50 75 100 125 150 25 50 75 100 125 150

Ta - Free-Air Temperature — °C Tc - Case Temperature — °C
Figure 1 Figure 2

recommended operating conditions

- [ mn mAx[ UNIT
Input voltage, V| 3.80 12.0 v
Output currem@ - T 0 500 mA

! Operathg VIrtUElT]uTci\on”temberaTL;e rréngeriTJ - - 0 125 °C

“? TEXAS
INSTRUMENTS
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TLV2217-33
LOW-DROPOUT 3.3-V FIXED VOLTAGE REGULATOR

SLVS067-04020 MARCH 1992

Output voltage

Input regulation | Vv
Ripple rejection
Output requlation

Output noise voltage

Dropout voltage

Bias current

=38V1o55V

-38Vt055V
1120 Hz, Vrpple = 1 Vpp
20 mA to 500 mA

I~
O

lo=250mA
[ 10-500mA

f-10Hz10 100 kHz

j-25¢C
Tj=0C10125C|

=4.5V, 19 =500 mA, T =25C (unless otherwise noted)

o-0
1o = 500 mA

_MINTYP
3267 330
,..3234 —
5
. =
5
500
2
77777 o 19

MAX | uNIT
3333
- Y
3366
15 | mV
I N
| dB
+
30 mV
1 ‘LL}/
400
- mV
SOQ o
5
mA
49

f Pulse-testing techniques are used to maintain the virtual junction temperature as close to the ambient temperature as possible Thermal etfects
must be taken into account separately  All characteristics are measured with a 0 1-uF capacitor across the input and a 22-uF tantalum capacitor
with equivalent series resistance of 1 5 Q2 on the output

COMPENSATION CAPACITOR SELECTION INFORMATION

The TLV2217-33 is a low-dropout regulator. This means that the capacitance loading is important to the performance
of the regulator because it is a vital part of the control loop. The capacitor value and the equivalent series resistance
(ESR) both affect the control loop and must be defined for the load range and the temperature range. Figures 3 and
4 can be used to establish the capacitance value and ESR range for best regulator performance.

ESR OF OUTPUT CAPACITOR
Vs
LOAD CURRENT

3 T T
28— L = ;2 uF —+C Not Recomended
? 26~ Cy= 0.1pF 1 XX Potential Instability _]
8 24— Ty=25°C
g 22
g 2
£ 18 Max ESR Boundary |
g 16
3 s
§ 1.2
ERRTN\N
g os N Min ESR
I 06 Boundary
§ 0.4 N NN\ N
0.2
0 N\ AN
0 0.1 0.2 0.3 0.4 0.5
I — Load Current - A
Applied Load sl
Current —_El ~
Load
Voltage AVe
4
AyL = ESR X o
Figure 3

STABILITY
vs
ESR

T T T T T T

T3 Not Recomended
K Potential Instability

® Recomended Min ESR

I

1000 pF

Region of
Best Stability

i

400 uF

2004 .<<<

F
I
100 pF

22 uF\
10 uF l

N

0.5

1 15 2 25 3

1/ESR

3.5

Figure 4

‘tv'i TEXAS
INSTRUMENTS
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TLV23221, TLV2322Y
LinCMOS™ LOW-VOLTAGE LOW-POWER
DUAL OPERATIONAL AMPLIFIERS

SLOS109-D4033, MAY 1992

Wide Range of Supply Voltages Over
Specified Temperature Range:
Ta = —40°Cto85°C...2Vto8V

Fully Characterized at 3V and 5V
Single-Supply Operation

Common-Mode Input-Voltage Range
Extends Below the Negative Rail and up to
Vpp — 1VatTp = 25°C

Output Voltage Range Includes Negative
Rail

High Input Impedance . . . 10'2 Q Typical
ESD-Protection Circuitry
Designed-In Latch-Up Immunity

description

The TLV2322 dual operational amplifieris one of a
family of devices that has been specifically
designed for use in low-voltage single-supply
applications. This amplifieris especially well suited
to ultra-low power systems that require devices to
consume the absolute minimum of supply
currents. Each amplifier is fully functional down to
a minimum supply voltage of 2 V, is fully
characterized, tested, and specified at both 3-V
and 5-V power supplies. The common-mode
input-voltage range includes the negative rail and
extends to within 1 V of the positive rail.

These amplifiers are specifically targeted foruse in
very low-power, portable, battery-driven
applications with the maximum supply current per
operational amplifier is specified atonly 27 uAover
its full temperature range of — 40°C to 85°C.

Low-voltage and low-power operation has been
made possible by using the Texas Instruments
silicon gate LinCMOS™ technology. The
LinCMOS process also features extremely high

SUPPLY CURRENT

Vs
FREE-AIR TEMPERATURE
\ Vic=1V
Vo=1V _]

30 \ No Load
3 \

25
.I- Vpp = § V\
€
]
s 20
3
> \\ S~——
g 15
3
(? Vpp = 3 V\
o 10 =
o

5

[

-7 -50 -25 0 25 50 75 100 125

AVAILABLE OPTIONS

TA - Free-Air Temperature - °C

D OR P PACKAGE

(TOP VIEW)
out [+ U e[ vpp
1IN-[]2 7[]20uT
1IN+ []3 6 % 2IN-
Vpp-,GND 4 s 2N
PW PACKAGE
(TOP VIEW)

PACKAGE
Viomax I —guail PLASTIC CHIP
A T OUTLINE ot Tssop FORM
25°C o) ®) (PW) )
T40°C1085°C | 9mV | TLv2322iD | TLV2322IP | TLV2322IPW | TLV2322Y

The D package is available taped and reeled. Add R suffix to the device type (e.g., TLV2322IDR).
The PW package is only available left-end taped and reeled (e.g., TLV2322IPWLE).

LinCMOS™ is a trademark of Texas Instruments Incorporated.

PRODUCTION DATA information is current as of
publication date. Products conform to specifications
per the terms of Texas Instruments standard
warranty. Production processing does not
necessarily include testing of all parameters.

*L‘ TEXAS
INSTRUMENTS

Copyright © 1992, Texas Instruments Incorporated
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TLV2322I, TLV2322Y
LinCMOS™ LOW-VOLTAGE LOW-PGWER
DUAL OPERATIONAL AMPLIFIERS

SLOS109-D4033, MAY 1992

description (continued)

input impedance and ultra-low bias currents making these amplifiers ideal for interfacing to high-impedance
sources such as sensor circuits or filter applications.

To facilitate the design of small portable equipment, the TLV2322 is made available in a wide range of package
options, including the small-outline and thin-scaled-small-outline packages (TSSOP). The TSSOP package has

sianificantlv reduced dimensions compared to a standard surface-mount nackaae. lts maximum height of only
signiticantly r imet ! ! mount package. s maximum neight ot only

cCuceC C 200 LLITPAICU 10 g StaniGai sulhiale

1.1 mm makes it particularly attractive when space is critical.

The device inputs and outputs are designed to withstand —100-mA currents without sustaining latch-up. The
TLV2322 incorporates internal ESD-protection circuits that will prevent functional failures at voltages up to
2000 V as tested under MIL-STD 883C, Method 3015.2; however, care should be exercised in handling these
devices as exposure to ESD may result in the degradation of the device parametric performance.

TLV2322Y chip information

These chips, properly assembled, display characteristics similartothe TLV2322I (see electrical tables). Thermal
compression or ultrasonic bonding may be used on the doped aluminumbonding pads. Chips may be mounted
with conductive epoxy or a gold-silicon preform.

BONDING PAD ASSIGNMENTS
Vpp (8)

»!
L

1IN+ (3) —+
10UT (1)
1IN= (2) —|—

2IN+ (5) ——+
2IN- (6) ——

20UT(7)

Vpp—/GND(4)

CHIP THICKNESS:
15 TYPICAL

BONDING PADS:
4 X 4 MINIMUM

Ty max = 150°C

TOLERANCES
ARE +10%

||l|llltIllmltl|l||l|llllllllml|l|Hhhlmll{llmlm
8

[
g

(72) > ALL DIMENSIONS
0 ARE IN MILS

(s
g

[EEERL T EEE L EEEE L P

Q’ TEXAS
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TLV23221, TLV2322Y
LinCMOS™ LOW-VOLTAGE LOW-POWER
DUAL OPERATIONAL AMPLIFIERS

SLOS109-D4033, MAY 1992

equivalent schematic (each amplifier)

COMPONENT COUNTT

Transistors 54 [
Diodes 4
Resistors 14 ‘
Oananitara n
VGPGVHU'S,, - f . ;

tincludes both amplifiers and all
ESD, bias, and trim circuitry

Vbp
o b o o
P3 P4 £
Fl [l $Re
P1 P2 N}5_
|N_——J\AA,—|F—‘ L F—
R1 '— —' R2 L —
i Rs | O {»—75 oy
'W:J—%—«» F >
ey
< — *
N3 out
il g e N4 |
N1 | N2 | N6
L]
R3S D1 A R4 D2 —> ¢ |~ N7
R7
¢ +——¢ 9 . ¢ |
b g
GND

absolute maximum ratings over operating free-air temperature (unless otherwise noted)T
Supply voltage, Vpp (see Note 1) ...

Differential input voltage (see Note 2). ... ... ... . . *Vpp
Input voltage range, Vi (any input) . ............ .. ... -03VtoVpp
Inputeurrent, Iy +5mA
Output current, i . . + 30 mA
Duration of short-circuit current at (or below) T =25°C (seeNote 3). . ............... .. ..... Unlimited
Continuous total dissipation ................ ... i See Dissipation Rating Table
Operating free-air temperature range, TA . . ..ottt - 40°C to 85°C
Storage temperature range .. ...t -65°C to 150°C

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D, P, or PW package

............ 260°C

tStresses 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 "reccommended operating conditions” is not

implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.
NOTES: 1. All voltage values, except differential voltages, are with respect to network ground.
2. Differential voltages are at the noninverting input with respect to the inverting input.

3. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure that the maximum

dissipation rating is not exceeded (see application section).

Q‘ TeEXxAs
INSTRUMENTS



TLV23221, TLV2322Y

LinCMOS™ LOW-VOLTAGE LOW-POWER
DUAL OPERATIONAL AMPLIFIERS

SLOS109-04033, MAY 1992

DISSIPATION RATING TABLE

TA<25C  DERATING FACTOR Tp = 85°C
PACKAGE  poWER RATING  ABOVE Tp =25°C  POWER RATING
D 725 mW 5.8 mW/°C 377 mW
P 1000 mW 8.0 mW/°C 520 mW
PW 525 mW 4.2 mWreC 273 mW

recommended operating conditions

Supply voltage, Vpp

Common-mode input voltage, V|c

Operating free-air temperature, fA

MIN MAX | UNIT
B 2 8| v
Vpp =3V -02 18
Vop =5V —02 ss | Y
- 40 85 | °c

2-10
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TLV2322I
LinCMOS™ LOW-VOLTAGE LOW-POWER
DUAL OPERATIONAL AMPLIFIERS

SLOS109-D4033, MAY 1992

electrical characteristics at specified free-air temperature (unless otherwise noted)

PARAMETER TESTCONDITIONS | Tat Vpp=3V__ Yop=SV UNIT
AMETE TR A MIN _ TYP MAX | MIN TYP MAX
Vo=1V,
o 25°C 119 119
Vic=1V,
Vio Input offset voltage Rg - 50 2 mV
' 1
RL = 1 MQ Full range 11 1
A 2 fficient 25°C to
avio v.erage temperature coetficien X 1 11 Ve
ofinput offsetvoltage | | 85C
Vo=1V, 25°C 0.1 0.1
o Input offset current (see Note 4) Vig-=1V 850 221000 241000 pA
Vo=1V, 25°C 0.6 06
i Input bias current (see Note 4) Vig=1V a5 175 2000 200 2000 pA
o ) 02 -03 02 -03
25°C to to to to \
v Common-mode input 2 2.3 4 4.2
ICR voltage range (see Note 5) -0.2 -0.2
Full range to to \
| 1.8 3.8
Vic=1V. 25°C 175 19 32 38
VOH High-level output voltage Vip = 100 mV, v
loL =—1mA Full range 1.7 3
Vic=1V. 25°C 15 150 95 150
VoL  Low-level output voltage Vip=-100mV, mv
loL=1mA Full range 190 190
| . Vig=1V, .
A Large-signal differential RlLC= § Mo 25°C S0 400 50 520 iy
vb voltage amplification Sce Notc 6 Full range 50 50
Vo=1V. 25°C 65 88 65 94
CMRR  Common-mode rejection ratio Vic = Vicrmin, dB
Rg =500 Full range 60 60
Vpp=3Vto5V, o
K Supply-voltage rejection ratio V:)CD— 1V, Vg =1V 25°C 70 86 70 86 a8
SVR N ' - '
(AVpp/ Vi) Rg = 50 Q Full range 65 65
Vo=1V, 25°C 12 34 20 34
Iob Supply current Vic=1V, KA
No load Full range 54 54

tFull range is — 40°C to 85°C.
NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically.
5. This range also applies to each input individually.
6. AtVpp=5V,Vopp=025Vto2V;atVpp=3V,Vo=05Vto15V.

{’f TEXAS
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TLV2322
LinCMOS™ LOW-VOLTAGE LOW-POWER

DUAL OPERATIONAL AMPLIFIERS

SLOS109-D4033, MAY 1992

operating characteristics at specified free-air temperature, Vpp =3 V

PARAMETER ~ TEST CONDITIONS TA | MIN TYP MAX | UNIT
;‘C :‘1,\;/' 25°C 002
- |
SR Slew rate at unity gain CL o S:‘ Vipp=1V — 1 Vs
L = 20pF, 85°C 0.02
See Figure 30
1= e | —— —
= = | —
Vi Equivalent input noise voltage f=1 k‘HZ‘ Rg =100, 25°C | 68 nV/vHz
See Figure 31 R o
, - 25°C 25
Bom  Maximum output swing bandwidth Vo =VoH. Ci=20pF, — — ——— KHz
RL =1 MQ, See Figure 30 85°C 2
- - 25°C 27
By Unity-gain bandwidth Vi=10mV. Ci = 20pF, S — — kHz
RL =1 MQ, See Figure 32 85°C 21
- Viotomv 1-8y, | -o¢ T
om Phase margin CL=20pF, R =1MQ, 25°C 34°
o See Figure32 85°C s o ~
operating characteristics at specified free-air temperature, Vpp =5V
~ PARAMETER ~ TEST CONDITIONS Ta | MIN TYP MAX | UNIT
25°C 0.03
Vic=1V, Vipp=1V — —
. : Rl =1 MQ 85°C 0.03
SR Slew rate at unity gain L= ' Vips
CL=20pF, 25°C 0.03
See Figure 30 Vipp=25V ——J
85°C 0.02
Vo Equivalent input noise voltage f=1kHz,  Rg=1000, 25°C 68 nV/VAz
. See Figure 31 - o
- - 25°C 5
Bom Maximum output swing bandwidth Vo=VoH. CL=20pF, kHz
RL =1 MQ, See Figure 30 85°C 4
- - 25°C 85
By Unity-gain bandwidth Vi=10mV, Cf =20pF, kHz
RL=1MQ, See Figure 32 85°C 55
 [vi=10mv, t=8y, —40°C S
m Phase margin CL=20pF, R =1MQ, 25°C 34°
o - See Figure 32 85°C 28°
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electrical characteristics at specified free-air temperature, Tp = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS Vop=3V Yop=5V uNIT
N o o MIN  TYP MAX MIN  TYP MAX
Vo=1V,Vic=1V,
1.1 9 11 9
7V7|(3777|rt|pinroffset voltage Rg =509, R = 1 MQ mVv
o Input offset current (see Note 4) Vo=1 V Vic=1V 0.1 0.1 pA
I8 _Input bias current (see Note 4) Vo=1V,Vic=1V 0.6 0.6 pA
-02 -03 -02 -03
Common-mode input
VIcR volta to to to to \"
ge range (see Note 5) 2 23 4 42
,__MM R T Vic=1V,V|p=100mV,
High-level out 1.75 1.9 3.2 38
VoH igh-level output voltagi oL = 1 mA \
Vic=1V,V|p=-100mV,
VoL Low-level output voltage ic ID " 115 150 95 150 mV
loL=1mA
Large-signal differential Vic=1V, R =1MQ,
A 50 400 50 520 /
Vo voltage amplification ) See Note 6 Vimv
Vo=1V,V|c =V in,
CMRR Common-mode rejection ratio O IC = YicRmIn 65 88 65 94 dB
Rg =50 Q B
K Supply-voltage rejection ratio Vpp=3Vto5YV, V'.C =1V, 70 86 70 86 a8
SVR  avpp/avip) Vo=1V,Rg =500
! Suppl Vo=1V.Vic=1V, 12 34 20 34
DD upply current No load | HA

NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically.
5. This range also applies to each input individually.
6. AtVpp=5V,Vp=025Vto2V;atVpp=3V,Vg5=05Vto15V.
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TYPICAL CHARACTERISTICS

table of graphs
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Vio Input offset voltage Distribution 2
av|o Input offset voltage temperature coefficient Distribution 3,4
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VoH High-level output voltage vs Supply voltage 6 B
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V Low-level output voltage - —
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vs Low-level output current 12
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is/lo Input bias and offset current vs Temperature 15
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V(oPP) Maximum peak-to-peak output voltage vs Frequency 7‘21 -
22
B4 Gain-bandwidth product vs Temperature
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TYPICAL CHARACTERISTICS
DISTRIBUTION OF TLV2322

INPUT OFFSET VOLTAGE
T T
Vpp = 3V B
Ta = 25°C
| P Package
B
[ |
B P
=
=]
K]
o
o
3
I3
g
[
Q
-5 -4 -3 -2 -1 0 1 2 3 4 5
V|o - Input Offset Voltage - mV
Figure 1
DISTRIBUTION OF TLV2322
INPUT OFFSET VOLTAGE
TEMPERATURE COEFFICIENT
L
Vpp =3V !
TA = 25°C to 85°C
| P Package
= B
' |
2
e
=)
S
[
s
c
8
]
-9
-10 -8 -6 -4 -2 0 2 4 6 8 10

ay|o - Temperature Coefficient — puV/°C

Figure 3
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DISTRIBUTION OF TLV2322

INPUT OFFSET VOLTAGE
T T
Vpp=5V
| TA = 25°C
P Package
-5 -4 -3 -2 -1 0 1 2 3 4 5
Vio - Input Offset Voltage — mV
Figure 2
DISTRIBUTION OF TLV2322
INPUT OFFSET VOLTAGE
TEMPERATURE COEFFICIENT
T T T T
Vpp=5V l
| Ta = 25°C 10 85°C
P Package
Outliers:
[~ (1) 19.2 mV/°C ——1
(1) 12.1 mv/°C :
r' :

0 .
-10 -8 -6 -4 -2 0

2 4 6 8 10

ayjo — Temperature Coefficient — pV/°C

Figure 4
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VoH - High-Level Output Voltage - V

VoH - High-Level Output Voltage — V

TYPICAL CHARACTERISTICS

HIGH-LEVEL OUTPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE
Vs Vs
HIGH-LEVEL OUTPUT CURRENT SUPPLY VOLTAGE
S 8 T
Vic=1V Vic=1V
Vip = 100 mV Vip = 100 mV

Tp =25°C

\w:sv
3V
\

RL = 1MQ /
6 |-Ta = 25°C /

‘\

oo - | Y

VoH — High-Level Output Voltage - V
P~

\
1 /
0 0
0 -2 -4 -6 -8 0 2 4 6 8
loH - High-Level Output Current — mA Vpp — Supply Voltage - V
Figure 5 Figure 6
HIGH-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE
Vs Vs
FREE-AIR TEMPERATURE COMMON-MODE INPUT VOLTAGE
3 i ; 700 ; ;
Vpp = 3V \ Vpp =5V
Vic=1V E 650 loL = SmA _|
p4l-ViD = 100mV | \ Tp = 25°C
E, 600
E 550
y 7 - \
18 [ 17 3 Vip = =100 mV
—— ] 7 A 3
-1 — 3 500 \
e K]
12T 1oy = =500 WA=~/ —/ /1 & as0 NN
loH = —1mA ———/ % \ \
IoH = —2mA —! < 400 \\\\
06T 1oy = —3mA ——] 2 ViD= =1V NN
S > 350 e
IoH = =4 mA \.\\\
0 300
-75 -50 -25 0 25 50 75 100 125 0 0.5 1 1.5 2 2.5 3 3.5 4
Ta - Free-Air Temperature — °C Vic - Common-Mode Input Voltage — V
Figure 7 Figure 8
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VoL - Low-Level Output Voltage - mV

VoL - Low-Level Output Voltage — mV

TYPICAL CHARACTERISTICS

LOW-LEVEL OUTPUT VOLTAGE

LOW-LEVEL OUTPUT VOLTAGE

Vs Vs
FREE-AIR TEMPERATURE DIFFERENTIAL INPUT VOLTAGE
200 v 800 T T
Vpp = 3V Vpp=5V
185 =
yc =1V E 700 Vic = IVip/ 2|
170 ID = —100 mV ' loL = 5mA
. loL=1 mA é’, 600 Tp = 25°C ]
1 =
// 2 500 \\
40 3
1 // .:é' \
125 e 8 400 N
/ ° \
> N~
110 7 3 300
s = :
"4
/ 7 200
80 |
>O 100
65
50 0
-75 -50 -25 0 25 50 75 100 125 0 -1 -2 -3 -4 -5 -6 -7 -8
Ta - Free-Air Temperature — °C V|p — Differential Input Voltage - V
Figure 9 Figure 10
LOW-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE
Vs Vs
FREE-AIR TEMPERATURE LOW-LEVEL OUTPUT CURRENT
900 , ; 1 . -
Vpp=5V Vic=1V
800 | Vic = 05V > 0'9—V|[)=—1V
Vip= -1V E o8l Ta=25°C /
700L—|OL= 5mA () VDD=5V
V g 0.7
600 // 3
y Z 06
500 /, 3 /
2 0.5
(o] 4 y’
P - Vpp=3V
400 DD
A S 04 //,/
i
300 £ 03 /,/
1
200 I 0.2 /'//
o
(e]
100 > 0.1 A/
0 0
-75 =50 -25 0 25 50 75 100 125 0 1 2 3 4 5 6 7 8

Ta — Free-Air Temperature — °C

Figure 11

loL — Low-Level Output Current — mA

Figure 12
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TYPICAL CHARACTERISTICS

LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION
vs
SUPPLY VOLTAGE

2000 T
T RL = 1MQ
> 1800
1
§ 1600
®
£ 1400
&
1200 |— Ta = -40°C
Q
& 1000 i
K e
800
s Vd
3 // X___Tp = 25°C
5 400 /
1 —
o 200 A
3 . V I;TA [: 85°C
0 2 4 6 8
Vpp - Supply Voltage - V
Figure 13
INPUT BIAS CURRENT AND INPUT OFFSET
CURRENT
vs
FREE-AIR TEMPERATURE
T 104 —
l FVpp=3V
g “Vic=1V
::)s 103 | See Note 4
o
v
&
3 102 1B S L
£ 7
©
: 7
8 0 A 4 o
@ 7 =
§_ ‘/’ 7
—I 100 ‘A’ "
o) = =
B 7
© ’
E 10—1 ra
= 25 45 65 85 105 125

TA — Free-Air Temperature — °C

Figure 15

2000

- -
D @
o o
o o

1400

1200

1000

©
o
o

600

Ayp - Differential Voltage Amplification — V/mV
F=9
o
o

o

-75

Vic - Common-mode Input Voltage - V
L]

LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION
vs
FREE-AIR TEMPERATURE

| RL=1MQ

~

-50 -25 0 25 50 75 100 125
Tp — Free-Air Temperature - °C

Figure 14

COMMON-MODE INPUT VOLTAGE
POSITIVE LIMIT
Vs
SUPPLY VOLTAGE

T
Tp = 25°C

/|

/

V4

2 4 6 8
Vpp - Supply Voltage - V

Figure 16

NOTE 4: The typical values of input bias current and input offset current below 5 pA were determined mathematically.
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Ipp — Supply Current - pA

o o

SR - Slew Rate - /s
o

o

[=]

TYPICAL CHARACTERISTICS

SUPPLY CURRENT

SUPPLY CURRENT
vs
FREE-AIR TEMPERATURE

T

\ Vic=1V
Vo=1V

\\ No Load
Vpp = § V\
N s
N

Ipp — Supply Current — pA

-50 =25 0 25 50 75

Ta - Free-Air Temperature — °C
Figure 18
SLEW RATE

Vs
FREE-AIR TEMPERATURE

Vic=1V

RL = 1 MQ
20 pF
~
\\ Vpp = 5V
~
| Vpp =3V P——

SR - Slew Rate — V/us

Vs
SUPPLY VOLTAGE
45 T
Vic=1V
W vg=1V 7
No Load
35 //
30
TA = -40°c// /
25 / v
Tp = 25°C
i / //
5 / ///
Tp = 85°C
10 ‘{// A
5 A/
0
0 2 4 6
Vpp - Supply Voltage - V
Figure 17
SLEW RATE
Vs
SUPPLY VOLTAGE
.07 r
Vic=1V
Vipp= 1V
06 AV =1
RL = 1MQ
| CL = 20pF
051 14 < 250C
.04 —
03 e r/
.02 //
.01
/
.00
1] 2 4 6

Vpp - Supply Voltage - V
Figure 19

-25 0 25 50 75
Ta — Free-Air Temperature — °C

Figure 20
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TYPICAL CHARACTERISTICS

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE UNITY-GAIN BANDWIDTH
Vs Vs
FREQUENCY FREE-AIR TEMPERATURE
5 140 —
1] Vi= 10my
Vpp=5V 125 RL = 1MQ
4 =5 I \ CL = 20pF
>I \ ‘ l€4-Tp = —40°C 'T 110 N
) \ \ £ \
g \ 2 95 N
3 3 Ta = 25°C e 3 Voo = 5V
: ] A\ 1 N
- c
3 Vpp = 3V ‘s
o
| 2 ] g. 65 \
g N\ s A
§ 1 50
1 -
Tp = 85°C—> @ N
A \:E:-.. 35 VoD = 3V
RL = 1MQ , W \’\
0 [N 20 [
0.1 1 10 100 -75 -50 -25 0 25 50 75 100 125
f — Frequency - kHz Tp — Free-Air Temperature — °C
Figure 21 Figure 22
UNITY-GAIN BANDWIDTH
vs
SUPPLY VOLTAGE
120 r .
Vi = 10 mV
M0FR, = 1MQ
T 400l CL = 20pF
= Tp = 25°C L~
90
5 P
2 w0 /
c
©
o 70
£
3 60
i
£ 50 /
1
~ 40
o
30
20

0 1 2 3 4 5 6 7 8
Vpp - Supply Voltage — V

Figure 23
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Ayp - Differential Voltage Amplification

Ayp - Differential Voltage Amplification

TYPICAL CHARACTERISTICS

LARGE-SIGNAL DIFFERENTIAL VOLTAGE
AMPLIFICATION AND PHASE SHIFT

Vs
FREQUENCY
7
10 T -60°
Vpp = 3V
106 RL = 1MQ - _30°
\ CL = 20 pF
10° N Ta= 25°C —o°
104 \\ 30 .
\ Avp 5
10° N 60° @
]
2 g
0
10 Phase Shm‘\ °
1 o
10 N 120
1 \\ 150°
180°

0.1

1 10 100 1k 10k 100k 1M
f - Frequency — Hz

Figure 24

LARGE-SIGNAL DIFFERENTIAL VOLTAGE
AMPLIFICATION AND PHASE SHIFT

vs
FREQUENCY
T -60°
Vpp =5V
RL= 1MQ | 4
\ CL = 20 pF
Ta= 25°C {40
\\ A 0
\ 30°
\ \Avo
\ 60°
N 90°
Phase Shift
R\ 120°
150°
N
L 180°
1 10 100 1k 10k 100k 1M

f - Frequency — Hz

Figure 25

Phase Shift
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TYPICAL CHARACTERISTICS

PHASE MARGIN

PHASE MARGIN

2-22

Vs vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
42 T 40 7 T
Vj= 10mv 38 [Vpp = 3V
R = 1MQ ~
» Y0 cL=20pF o 36 AN
§ Ta = 25°C ‘&} Vpp=5V
o o 34
3 38 S
1 I 32
c {=
D k<)
E 36 5 a0 \\
] o 28 A
£ a i &
1 v~ , 26
£ & ul
32 Vi=10mV
22 LRL = 1MQ
CL = 20pF
30 20 L L
0 2 4 6 8 -75 -50 -25 -0 25 50 75 100 125
Vpp - Supply Voltage - V Ta — Free-Air Temperature - °C
Figure 26 Figure 27
PHASE MARGIN EQUIVALENT INPUT NOISE VOLTAGE
Vs Vs
LOAD CAPACITANCE FREQUENCY
40 200 T T T TTTT7
38 E \ Vpp = 3V,5V
< 175 \ Rg = 100 Q
g 36 T \ Tp = 25°C
H I~ _ o 150
o 34| Vpp =3V o \
% / r— S __g \
| s ] S 125 t\
[
g) 0 Vpp=5V ,g \\
T 3 =z 100
f 8 .é. N
g 2 f 75 N
., 26 g
oE ‘g 50
2Fy = 10mv &
22 RL = 1MQ 25
TA = 25°C =
20 ! ! 0
0 10 20 30 40 50 60 70 80 90 100 1 10 100 1000
C| - Load Capacitance — pF f - Frequency — Hz
Figure 28 Figure 29
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PARAMETER MEASUREMENT INFORMATION

single-supply versus split-supply test circuits

Because the TLV2322 is optimized for single-supply operation, circuit configurations used for the various tests
often present some inconvenience since the input signal, in many cases, must be offset from ground. This
inconvenience can be avoided by testing the device with split supplies and the output load tied to the negative
rail. A comparison of single-supply versus split-supply test circuits is shown below. The use of either circuit
will give the same result.

VoD VDD+
v
Vi Vo VL °
CL RL CL RL
T
- - Vpp-
(a) SINGLE-SUPPLY (b) SPLIT-SUPPLY
Figure 30. Unity-Gain Amplifier
10 kQ 10 kQ
AN AM
Vpp VoD+
100 Q . -
112 vDD_{ — Vo — Vo
+
100 Q
100 Q
T = = Voo-
(a) SINGLE-SUPPLY (b) SPLIT-SUPPLY
Figure 31. Noise Test Circuit
10 kQ 10 kQ
AN AAA
VoD VoD+
100 Q 100 Q
Vi —AMN— - V; — WA =
Vo Vo
12Vpp —m8M8M8M8M8 —+ +
I * !
- - - Vpp-
(a) SINGLE-SUPPLY (b) SPLIT-SUPPLY

Figure 32. Gain-of-100 Inverting Amplifier
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PARAMETER MEASUREMENT INFORMATION

input bias current

Because of the high input impedance of the TLV2322 operational amplifier, attempts to measure the input bias
current can result in erroneous readings. The bias current at normal ambient temperature is typically less than
1 pA, a value that is easily exceeded by leakages on the test socket. Two suggestions are offered to avoid
erroneous measurements:

1. lIsolate the device from other potential leakage sources. Use a grounded shield around and between the
device inputs (see Figure 33). Leakages that would otherwise flow to the inputs will be shunted away.

2. Compensate for the leakage of the test socket by actually performing an input bias current test (using
a picoammeter) with no device in the test socket. The actual input bias current can then be calculated
by subtracting the open-socket leakage readings from the readings obtained with a device in the test
socket.

One word of caution, many automatic testers as well as some bench-top operational amplifier testers use
the servo-loop technique with a resistor in series with the device input to measure the input bias current
(the voltage drop across the series resistor is measured and the bias current is calculated). This method
requires that a device be inserted into the test socket to obtain a correct reading; therefore, an open-
socket reading is not feasible using this method.

0 ololo
olololo

1 4

5

V=V

Figure 33. Isolation Metal Around Device Inputs
(P Dual-In-Line Package)

low-level output voltage

To obtain low-supply-voltage operation, some compromise is necessary in the input stage. This compromise
results in the device low-level output being dependent on both the common-mode input voltage level as well
as the differential input voltage level. When attempting to correlate low-level output readings with those quoted
in the electrical specifications, these two conditions should be observed. If conditions other than these are to
be used, please refer to the Typical Characteristics section of this data sheet.

input offset voltage temperature coefficient

Erroneous readings often result from attempts to measure temperature coefficient of input offset voltage. This
parameter is actually a calculation using input offset voltage measurements obtained at two different
temperatures. When one (or both) of the temperatures is below freezing, moisture can collect on both the
device and the test socket. This moisture will result in leakage and contact resistance which can cause
erroneous input offset voltage readings. The isolation techniques previously mentioned have no effect on the
leakage since the moisture also covers the isolation metal itself, thereby rendering it useless. It is suggested

that these measurements be performed at temperatures above freezing to minimize error.

full power response

Full power response, the frequency above which the operational amplifier slew rate limits the output voltage
swing, is often specified two ways: full-linear response and full-peak response. The full-linear response is
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PARAMETER MEASUREMENT INFORMATION

generally measured by monitoring the distortion level of the output while increasing the frequency of a
sinusoidal input signal until the maximum frequency is found above which the output contains significant
distortion. The full-peak response is defined as the maximum output frequency, without regard to distortion,
above which full peak-to-peak output swing cannot be maintained.

Because there is no industry-wide accepted value for significant distortion, the full-peak response is specified
in this data sheet and is measured using the circuit of Figure 30. The initial setup involves the use of a
sinusoidal input to determine the maximum peak-to-peak output of the device (the amplitude of the sinusoidal
wave is increased until clipping occurs). The sinusoidal wave is then replaced with a square wave of the same
amplitude. The frequency is then increased until the maximum peak-to-peak output can no longer be
maintained (Figure 34). A square wave is used to allow a more accurate determination of the point at which
the maximum peak-to-peak output is reached.

/S L/l A

(a) f = 100 Hz (b) Bom > f > 100 Hz (e)t=Bom (d) f>Bom
Figure 34. Full-Power-Response Output Signal

test time

Inadequate test time is a frequent problem, especially when testing CMOS devices in a high-volume, short-
test-time environment. Internal capacitances are inherently higher in CMOS than in bipolar and BiFET devices,
and require longer test times than their bipolar and BIiFET counterparts. The problem becomes more
pronounced with reduced supply levels and lower temperatures.

TYPICAL APPLICATION DATA
single-supply operation

While the TLV2322 will perform well using dual-power supplies (also called balanced or split supplies), the
design is optimized for single-supply operation.

This includes an input common-mode voltage

range that encompasses ground as well as an VoD

output voltage range that pulls down to ground.
The supply voltage range extends down to 2 V,
thus allowing operation with supply levels AA
commonly available for TTL and HCMOS.

Many single-supply applications require that a R1

voltage be applied to one input to establish a Vi ——AA- >

reference level that is above ground. This virtual >——J>— Vo

ground can be generated using two large E@»‘“P

resistors, but a prefered technique is to use a Vo = (V'?P,',V.i_) Rz + Voo

virtual ground generator such as the TLE2426. _J 2 Ry 2

The TLE2426 supplies an accurate voltage equal = —

to Vpp/2, while consuming very little power, and

is suitable for supply voltages of greater than 4 V. Figure 35. Inverting Amplifier With Voltage
Reference
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TYPICAL APPLICATION DATA
The TLV2322 works well in conjunction with digital logic; however, when powering both linear devices and
digital logic from the same power supply, the following precautions are recommended:

1. Power the linear devices from separate bypassed supply lines (see Figure 36); otherwise, the linear
device supply rails can fluctuate due to voltage drops caused by high switching currents in the digital
logic.

2. Use proper bypass techniques to reduce the probability of noise-induced errors. Single capacitive
decoupling is often adequate; however, RC decoupling may be necessary in high-frequency applications.

1 T
Logic Logic Logic l gz\::I;
[ I 1 T l

(a) COMMON SUPPLY RAILS

— < Logi Logi Logi I Power
ogic ogic ogic
. g 9 T Supply

A W S— |

(b) SEPARATE BYPASSED SUPPLY RAILS (PREFERRED)

Figure 36. Common Versus Separate Supply Rails

input characteristics

The TLV2322 is specified with a minimum and a maximum input voltage that, if exceeded at either input, could
cause the device to malfunction. Exceeding this specified range is a common problem, especially in single-
supply operation. Note that the lower range limit includes the negative rail, while the upper range limit is
specified at Vpp — 1 V at Tp = 25°C and at Vpp — 1.2 V at all other temperatures.

The use of the polysilicon-gate process and the careful input circuit design gives the TLV2322 very good input
offset voltage drift characteristics relative to conventional metal-gate processes. Offset voltage drift in CMOS
devices is highly influenced by threshold voltage shifts caused by polarization of the phosphorus dopant
implanted in the oxide. Placing the phosphorus dopant in a conductor (such as a polysilicon gate) alleviates
the polarization problem, thus reducing threshold voltage shifts by more than an order of magnitude. The offset
voltage drift with time has been calculated to be typically 0.1 pV/month, including the first month of operation.

Because of the extremely high input impedance and resulting low-bias current requirements, the TLV2322 is
well suited for low-level signal processing; however, leakage currents on printed circuit boards and sockets
can easily exceed bias-current requirements and cause a degradation in device performance. It is good
practice to include guard rings around inputs (similar to those of Figure 33 in the Parameter Measurment
Information section). These guards should be driven from a low-impedance source at the same voltage level
as the common-mode input (see Figure 37).

The inputs of any unused amplifiers should be tied to ground to avoid possible oscillation.

2-26
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TYPICAL APPLICATION DATA

V. AAA 0
Vi VVV

AAA—
> : BN NN
Tﬁ__)—o— Vo )—«p— Vo vi‘—T::i—}_ﬂ_vo

(a) NONINVERTING AMPLIFIER (b) INVERTING AMPLIFIER (c) UNITY-GAIN AMPLIFIER

Figure 37. Guard Ring Schemes

noise performance

The noise specifications in operational amplifier circuits are greatly dependent on the current in the first-stage
differential amplifier. The low input bias current requirements of the TLV2322 results in a very low noise
current, which is insignificant in most applications. This feature makes the devices especially favorable over
bipolar devices when using values of circuit impedance greater than 50 k<, since bipolar devices exhibit
greater noise currents.

feedback
Operational amplifier circuits nearly always employ

feedback, and since feedback is the first prerequisite
for osciilation, a littie caution is appropriate. Most
oscillation problems result from driving capacitive
loads and ignoring stray input capacitance. A small- -

value capacitor connected in parallel with the . —
feedback resistor is an effective remedy (see

Figure 38). The value of this capacitor is optimized 3

empirically. i

electrostatic discharge protection = =

The TLV2322 incorporates an internal electrostatic Figure 38. Compensation for Input
discharge (ESD) protection circuit that will prevent Capacitance

functional failures at voltages up to 2000 V as tested under MIL-STD-883C, Method 3015.2. Care should be
exercised, however, when handling these devices as exposure to ESD may result in the degradation of the
device parametric performance. The protection circuit also causes the input bias currents to be temperature
dependent and have the characteristics of a reverse-biased diode.

latch-up

Because CMOS devices are susceptible to latch-up due to their inherent parasitic thyristors, the TLV2322
inputs and output are designed to withstand —100-mA surge currents without sustaining latch-up; however,
techniques should be used to reduce the chance of latch-up whenever possible. Internal protection diodes
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should not by design be forward biased. Applied input and output voltage should not exceed the supply voltage
by more than 300 mV. Care should be exercised when using capacitive coupling on pulse generators. Supply
transients should be shunted by the use of decoupling capacitors (0.1 uF typical) located across the supply
rails as close to the device as possible.

The current path established if latch-up occurs is usually between the positive supply rail and ground and can
be triggered by surges on the supply lines and/or voltages on either the output or inputs that exceed the supply
voltage. Once latch-up occurs, the current flow is limited only by the impedance of the power supply and the
forward resistance of the parasitic thyristor and usually results in the destruction of the device. The chance

of latch-up occuring increases with increasing temperature and supply voltages.

output characteristics

The output stage of the TLV2322 is designed to VbD

sink and source relatively high amounts of current

(see Typical Characteristics). If the output is %

subjected to a short-circuit condition, this high- Vi | Rp Vpp-Vo
current capability can cause device damage under ! +— 4 Rp = el elp
certain cor}ditions. Output current capability Vo Ip = Pullup current
increases with supply voltage. I required by the
Although theTLV2322 possesses excellent high-

are available for boosting this capability, if needed.
The simplest method involves the use of a pullup
resistor (Rp) connected from the output to the
positive supply rail (see Figure 39). There are two
disadvantages to the use of this circuit. First, the
NMOS pulldown transistor, N4 (see equivalent
schematic) must sink a comparatively large amount 2.5V
of current. In this circuit, N4 behaves like a linear
resistor with an on-resistance between
approximately 60 Q and 180 €, depending on how Vo
hard the operational amplitier input is driven. With Vi *

very low values of Rp, a voltage offset from 0 V at

- R typically 500 pA
level output voltage and current capability, methods im 2 'Llinl_ (typically 500 puA)

?———’V\/\r—_ﬂ operational amplifier

Figure 39. Resistive Pullup to Increase VgH

the output will occur. Secondly, pullup resistor Rp CL
acts as a drain load to N4 and the gain of the Tp = 25°C

operational amplifier is reduced at output voltage f=1kHz

levels where N5 is not supplying the output current. Vipp=1V a5y

All operating characteristics of the TLV2322 are

measured using a 20-pF load. The devices will drive Figure 40. Test Circuit for
higher capacitive loads; however, as output load Output Characteristics

capacitance increases, the resulting response pole
occurs at lower frequencies, thereby causing
ringing, peaking, or even oscillation (see Figures 41,
42, and 43). In many cases, adding some

compensation in the form of a series resistor in the
feedback loop will alleviate the problem.
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(a) CL_ = 20 pF, R_ = NO LOAD (b) C_ = 130 pF, R|_ = NO LOAD (¢) CL = 150 pF, R|_= NO LOAD

Figure 41. Effect of Capacitive Loads in High-Bias Mode

m

LLLLLLLL OO .

(a) Cp_ =20 pF, R|_= NO LOAD (b) C{_=170 pF, R_= NO LOAD (¢) CL =190 pF, R|_= NO LOAD

Figure 42. Effect of Capacitive Loads in Medium-Bias Mode

(a) CL = 20 pF, R = NO LOAD (b) CL_ = 260 pF, R = NO LOAD (c) C =310 pF, R|_= NO LOAD

Figure 43. Effect of Capacitive Loads in Low-Bias Mode
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SUPPLY CURRENT
vs
FREE-AIR TEMPERATURE

e Wide Range of Supply Voltages Over
Specified Temperature Range:
Tao = —40°C to85°C...2Vto8V

120 T T
e Fully Characterizedat3Vand5V Vic=1V
. R Vo=1V
e Single-Supply Operation 100 NS Load
e Common-Mode Input-Voltage Range <
Extends Below the Negative Rail and up to Y
Vpp — 1Vat25°C 5
e Output Voltage Range Includes Negative g ~
Rail > 90 AN
g \ Vpp =5V
e High Input Impedance . . . 1012 Q Typical 3 DD =
. 40
ESD-Protection Circuit
* . i . —8 \\\
e Designed-In Latch-Up Immunity 20 Vpp = 3V —~—
description
The TITV2324 qu.ad operational amplifier is one of 975 50 -25 0 25 50 75 100 125
a family of devices that has been specifically T - Free-Air Temperature — °C
designed for use in low-voltage, single-supply
applications. This amplifier is especially well suited D OR N PACKAGE
to ultra-low power systems that require devices to (TOP VIEW)
consume the absolute minimum of supply
currents. Each amplifier is fully functional down to rout 1 Ura[Jaout
a minimum supply voltage of 2 V, is fully UN-[]2  13[]aIN-
characterized, tested, and specified at both 3-V 1|N+f[;3 12[] 4N+
and 5-V power supplies. The common-mode vep. [+ 11HlVpp /GND
input-voltage range includes the negative rail and 2iN+[]s  10[JaIN+
extends to within 1 V from the positive rail. 2N-[J6 o[ ]aIN-
20UT []7 8[]3ouT
These amplifiers are specifically targeted foruse in
very low-power, portable, battery-driven PW PACKAGE
applications with the maximum supply current per TOP VIE
operational amplifier specified at only 27 uA over ( W)
its full temperature range of — 40°C to 85°C. 10UT 40UT
== S =5\
- - i 1IN+ =3 =]
Low vonagg and low power operation has been Vpp. e — VDS_/GND
made possible by using the Texas Instruments INT = > 3iNG
2IN- = e 3IN-—
20UT = = 30UT
AVAILABLE OPTIONS
' PACKAGE
Viomax SMALL PLASTIC cHiP
Ta AT OUTLINE DIP TSSOP FORM
0 PW
25°C D) N) (PW) (Y)
- 40°C to 85°C 10mV | TLV2324ID | TLV2324IN | TLV2324IPW | TLV2324Y

The D package is available taped and reeled. Add R suffix to the device type (e.g., TLV2324IDR).
The PW package is only available left-end taped and reeled (e.g., TLV2324IPWLE).

LinCMOS™ is a trademark of Texas Instruments Incorporated.

“v’f TEXAS
INSTRUMENTS

PRODUCTION DATA information is current as of publication date. Copyright © 1992, Texas Instruments Incorporated
Products conform to specilications per the terms of Texas
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.
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description (continued)

silicon gate, LiInCMOS™ technology. The LinCMOS process also features extremely high inputimpedance and
ultra-low bias currents making them ideal for interfacing to high-impedance sources such as in sensor circuits
or filter applications.

To facilitate the design of small portable equipment, the TLV2324 is made available in a wide range of package
options, including the small-outline and thin-scaled-small-outline packages (TSSOP). The TSSOP package has
significantly reduced dimensions compared to a standard surface-mount package. Its maximum height of only
1.1 mm makes it particularly attractive when space is critical.

The device inputs and outputs are designed to withstand —100-mA currents without sustaining latch-up. The
TLV2324 incorporates internal ESD-protection circuits that will prevent functional failures at voltages up to
2000 V as tested under MIL-STD 883C, Method 3015.2; however, care should be exercised in handling these
devices as exposure to ESD may result in the degradation of the device parametric performance.

TLV2324Y chip information
These chips, properly assembled, display characteristics similartothe TLV2324| (see electricaltables). Thermal
compression or ultrasonic bonding may be used on the doped aluminumbonding pads. Chips may be mounted
with conductive epoxy or a gold-silicon preform.

Vpp (4)
1IN+ (3) —>
10UT (1)
1IN- (2) —=
BONDING PAD ASSIGNMENTS
2IN+ (5) —{+
o 20UT(7)
—4 2IN- (6) ——
— 3IN+ (10) ——>
= 30UT (8)
= 3IN- (9) —=
= 4N+ (12)
= -J e 13 40UT (14)
x -1
= 1) ol = S C R T N AN- (13
— (59) ] ] L . ginnnnnnl [ ] |
= - AU—"’k[D Vpp-/GND (11)
— ) :L, O‘E >|: CHIP THICKNESS:
= £ S 15 TYPICAL
— ! BONDING PADS:
ﬂLmlmmmmmlm a4 M
— X - 72) > Tgmax =150'C
}||l|“\||’lm’|1|!!|}|||1\|\]|]\|l;||\||||)’|\||’!M TOLERANCES
ARE +10%

ALL DIMENSIONS

ARE IN MIL C
ANC OV VLS
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equivalent schematic (each amplifier)

| COMPONENT COUNTt |
Transistors 108 f
Diodes 8 |
Resistors 28 |
Capacitors 4 |

tincludes all amplifiers, ESD,
bias, and trim circuitry

lb—l_H—qﬂ 3
w
— o4
&
VWA—4
3

P1 P2 N5
IN- — —Www—‘ —
R1 '+ rq R2 < /)
IN+ Rs | ©1 P5 P6
[ Sl p
>
0—‘:& l——‘
N3 out
L — N4
- —
—J
N1 | N2 | N6
L —
R3S D1 R4 m? W W [ R4
$nr
J S el i
GND

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

Supply voltage, Vpp (see Note 1) . ... ... ... ... L 8V
Differential input voltage (see Note 2). . .. .. ... .. .. .. ... ... ...l +*Vpp
Input voltage range, Vi (anyinput) ... . ... ... .. ... . ... -0.3VitoVpp
Inputcurrent, I +5mA
Outputcurrent, lo +30 mA
Duration of short-circuit current at (or below) Tp =25°C (seeNote 3). ................... . ... Unlimited
Continuous total dissipation ......... ... .. ... ... . .. See Dissipation Rating Table
Operating free-air temperature range, TA . ... ... ... —40°C to 85°C
Storage temperature range . .. ... ...t —-65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D, N, or PW package ............ 260°C

tStresses 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 “reccommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. All voltage values, except differential voltages, are with respect to network ground.

2. Differential voltages are at the noninverting input with respect to the inverting input.
3. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure that the maximum
dissipation rating is not exceeded (see application section).

‘W TeEXAS
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DISSIPATION RATING TABLE

PACKAGE Tp £25°C DERATING FACTOR Ta =85°C
POWER RATING ABOVE Tp = 25°C POWER RATING
D 950 mW 7.6 mW/°C 494 mW
N 1575 mW 12.6 mW/°C 819 mW
PW 700 mW 5.6 mW/°C 364 mW

recommended operating conditions

MIN MAX | UNIT
Supply voltage, Vpp 2 8 v
: Vpp =3V -0.2 1.8
Common-mode input voltage, V - .
P ge. vic Vpp =5V _ ]-o02 ss | Y
Operating free-air temperature, Tp —20 85 o

J@ TEXAS
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electrical characteristics at specified free-air temperature (unless otherwise noted)

PARAMETER TESTCONDITIONS | Tat Vop=3V Vop=3V UNIT
) 7 A MIN _TYP MAX | MIN _TYP MAX
Vo=1V,
25°C 1.1 10 1.1 10
Vic=1V, v
Vio Input offset voltage Rg =500, — ~ ~ m
RL=1MQ Fuii range i2 i2
ici 25°C t
o Avgrage temperature coefficient (o] 1 11 §VeC
of input offset voltage 85°C
I Input offset t Note 4 Vo=1V. 25°0 01 01 A
10 nput offset current (see Note 4) Vig=1V 85°C 22 1000 241000 p
| Input bi tsoeNoted) |0V 25°¢ 08 08 A
B nput bias current (see Note 4) Vic=1V 85°C 175 2000 200 2000 p
-02 -03 -02 -03
25°C to to to to \
v Common-mode input 2 2.3 4 4.2
ICR voltage range (see Note 5) -02 -0.2
Full range to to v
1.8 3.8
Vic=1V. 25°c | 175 1.9 32 38
VOH High-level output voltage Vip = 100 mV, - v
loL = -1 mA Full range 1.7 3
Vic=1V. 25°C 115 150 95 150
VoL Low-level output voltage Vip = - 100 mV, mvV
loL =1mA Full range 190 190
S Vic=1V. 25°C 50 400 50 520
AvD Large-signal élfferentlal R = 1MQ, VimV
voltage amplification See Note 6 Full range 50 50
Vo=1V. 25°C 65 88 65 94
CMRR Common-mode rejection ratio Vic = Vicrmin, dB
Rg =50 Q Full range 60 60
Vpp=3Vto5V, o
: Supply-voltage rejection ratio VI%D= 1V,Vg=1V 25°C 70 86 70 86 dB
SVR (avpp/avio) R ' | Ful 65 65
5=50Q ull range
Vo=1V. 25°C 24 68 39 68
Ibp Supply current Vic=1V, HA
No load Full range 108 108

tFull range is — 40°C to 85°C.

NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically.
5. This range also applies to each input individually.
6. AIVDD=5V, Vopp =025Vto2V;atVpp=3V,Vo=05Vto1.5V.
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operating characteristics at specified free-air temperature, Vpp =3 V

PARAMETER TEST CONDITIONS TA MIN  TYP MAX UNIT
Vic = ’AX' 25°C 002
SR Slew rate at unity gain g'— = ;O S;‘ Vipp=1V Vius
L=<oph 85°C 0.02
See Figure 30
Vn Equivalent input noise voltage f=1 k_HZ' Rg =100, 25°C 68 nV/Az
See Figure 31
- _ 25°C 25
Bom  Maximum output swing bandwidth Vo=Vou CL= ?O PF, kHz
RL=1MQ, See Figure 30 85°C 2
- _ 25°C 27
By Unity-gain bandwidth Vi=10mV, CL = 2_0 PF. kHz
RL =1 MQ, See Figure 32 85°C 21
- o Vi=10mv, t=By, | —40°C 39°
m Phase margin CL=20pF, RL=1MQ, 25°C 34°
See Figure 32 85°C 28° |
operating characteristics at specified free-air temperature, Vpp =5V
[ PARAMETER | TEST CONDITIONS TA MIN TYP MAX | UNIT
25°C 0.03
Vic=1V, Vipp=1V
R = 1MQ 85°C 0.03
SR Slew rate at unity gain L= ' Vips
CL =20pF, 250C 0.03
See Figure 30 Vipp=25V
85°C 0.02
Vp Equivalent input noise voltage f=1kHz  Rg=100Q, 25°C 68 nVAZ
See Figure 31
- - 25°C 5
Bom Maximum output swing bandwidth Vo=VoH. C=20pF, KHz
RL =1 MQ, See Figure 30 85°C 4
Ittt main banduaidih Vi=10mV, C| =20pF, 25°C 85
Bj Unity-gain bandwidth ! L=« KHz
RL =1MQ, See Figure 32 85°C 55
Tlvoiomy, f-8 “ioc 3
[ Phase margin CL=20pF, R =1MQ, 25°C 34°
~See Figure 32 85°C 28°

2-36
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electrical characteristics at specified free-air temperature, Tp = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS Yop=3V Vop=5V UNIT
- B S MIN TYP MAX MIN  TYP MAX
Vo=1V.Vic=1V,
\" ff | 1.1 10 1.1 10 \
10 Inputofisetvoliage Rg = 50 Q, R| = TMQ m
o Input offset current (see Note 4) | Vo =1V, V|g=1V 0.1 0.1 pA
B Input bias current (see Note 4) Vo=1V,Vig=1V 0.6 ] 0.6 pA
. -02 -038 -02 -03
Common-mode input
VicR Itage range (see Note 5) 0 0 © © v
| volagerangels » B 2 23 4 42
Vic=1V,V|p=100mV,
VOH  High-level output voltage Ic ID 175 1.9 32 38 v
- loL=-1mA
Vic =1V, V|p=-100mV,
VoL Low-level output voltage ic D 115 150 95 150 mV
- loL=1mA -
L -signal diff tial Vie =1V, R =1MQ,
Ayp  crgessignd cfferenta ic L 50 400 50 520 VimV
) voIEage gmpllflcatlon See Note 6
Vo=1V,Vic=V min,
CMRR  Common-mode rejection ratio % Ic=YICcR 65 88 65 94 dB
\ Rg=50Q
ly- jecti i \ =3Vto5V,Vic=1V,
ksvR Supply-voltage rejection ratio DD o Ic 70 86 70 86 dB
|~ Vpp/Avio) Vo=1V.Rg=500
i Suppl Vo-1V.Vic=1V. 24 68 39 68
, DD upply currentr B __,No load HA

NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically.
5. This range also applies to each input individually.
6. AtVpp=5V,Vp=025Vto2V;atVpp=3V,Vp=05Vto15V.
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table of graphs

- ~ FIGURE
Vio _Input offset voltage - Distribution o 1,2
a0 Input offset voltage temperature coefficient Distribution 3,4
vs Output current o 5
VoH High-level output voltage | _vsSupply voltage B L 6 N B
- vs Temperature - 7
vs Common-mode input voltage 8
T ture 9,11
VoL Low-level output voltage vs ?mporé Ur_" .
vs Differential input voltage 10
vs Low-level output current 12
. . Supply volt 13 -
AyvD Differential voltage amplification VS Supply voltage —
- . o vs Temperature B 14 |
lig/lio Input bias and offset current _ vs Temperature s 15
Vic Common-moderinpu( voltage vs Supply voltage - 16 B
vs Supply voltage 17
| Supply current
ob i vs Temperature 18
SR Slew rate vs Supply voltage 19
- vs Temperature - 20
V(Opp) Maximum peak-to-peak output voltage vs Frequency 1 21
. . T t 22
By Gain-bandwidth product vs _emperature
B ) vs Supply voltage 23
Ayvp Differential voltage amplification and phase shift vs Frequency 24,25
vs Supply voltage 26
om Phase margin vs Temperature - 27
vs Load capacitance 28
Vi Equivalent input noise voltage vs Frequency 29
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TYPICAL CHARACTERISTICS

Percentage of Units — %

Percentage of Units - %

DISTRIBUTION OF TLV2324

DISTRIBUTION OF TLV2324

INPUT OFFSET VOLTAGE INPUT OFFSET VOLTAGE
50 —— 70 T
Vpp = 3V ] Vpp = 5V
TA = 25°C 60 | TA = 25°C
40 | N Package N Package
| * 50
2
30 5 a0
)
&
20 g 30
g L
& 20 :
i 10 _i_l 3
0 =
-5 -4 -3 -2 -1 0 1 2 3 4 5 -5 -4 -3 -2 -1 0 1 2 3 4 5
Vio - Input Offset Voltage - mV Vio - Input Offset Voltage — mV
Figure 1 Figure 2
DISTRIBUTION OF TLV2324 DISTRIBUTION OF TLV2324
INPUT OFFSET VOLTAGE INPUT OFFSET VOLTAGE
TEMPERATURE COEFFICIENT TEMPERATURE COEFFICIENT
50 T T 1 70 T T T
Vpp = 3V | | Vpp=5V |
Ta = 25°C to 85°C 60 | Ta = 25°Cto 85°C
s LN Package N Package
. Outliers:
B T 50~ (1) 19.2 mV/eC ——
2 (1) 12.1 mV/°C
30 == <
> 40
S
&
20 'g 30
g
ﬂL | & 20
10 3
10 -Jr
0 0 : :
-10 -8 -6 -4 -2 0 2 4 6 8 10 -10 -8 -6 -4 -2 0 2 4 6 8 10

ayjo — Temperature Coefficient — uv/°C

Figure 3

ay|o — Temperature Coefficient — uV/°C

Figure 4
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VoH - High-Level Output Voltage — V

VoH - High-Level Output Voltage — V

24

1.8

1.2

0.6

0

-75

Vs

TYPICAL CHARACTERISTICS
HIGH-LEVEL OUTPUT VOLTAGE

HIGH-LEVEL OUTPUT CURRENT

Vic=1V
Vip =100 mV
\\ Ta =25°C
\ Vpp = 5V
‘\
%3 v
\\
0 -2 -4 -6 -8
loH - High-Level Output Current - mA
Figure 5
HIGH-LEVEL OUTPUT VOLTAGE
vs
FREE-AIR TEMPERATURE
T T
Vpp = 3V
Vic=1V
 Vip = 100 mV
2.
L 17
—— A
— 7L
FloH = =500 pA=Y~/—— />
IoH= -1mA —/
IoH = -2mA ]
[loH = —3mA —
IOH = —4mA —
-50 -25 0 25 50 75 100 125

Ta — Free-Air Temperature — °C

Figure 7

VoH - High-Level Output Voltage - V

VoL - Low-Level Output Voltage — mV

700

600

550

500

450

400

HIGH-LEVEL OUTPUT VOLTAGE

Vs

SUPPLY VOLTAGE

T

Vic=1V
Vip = 100 mV
RL = 1MQ
—Ta = 25°C

/

)

/

/

/

0 2

4 6 8

Vpp - Supply Voltage — V

Figure 6

LOW-LEVEL OUTPUT VOLTAGE

Vs

COMMON-MODE INPUT VOLTAGE

Vpp =5V
loL = 5mA _|

Tp = 25°C

Vip = =100 mV

N

N

N

N

e

T~

\E\

0 0.5 1 1.5

2 25 3 35 4

Vic = Common-Mode Input Voltage — V

Figure 8

2-40

{'P TEXAS
INSTRUMENTS



TLV2324I
LinCMOS™ LOW-VOLTAGE LOW-POWER
QUAD OPERATIONAL AMPLIFIERS

SLOS111-D4034, MAY 1992

TYPICAL CHARACTERISTICS

LOW-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE
vs vs
FREE-AIR TEMPERATURE DIFFERENTIAL INPUT VOLTAGE
200 - 800 T I
Vpp = 3V Vpp=5V
> 185F Vic= 1V > 700 I ] or—
£ ic € /00 Vic = IVip/ 2]
1 170l Vip = =100 mV \ loL = 5mA
-3 loL =1 mA 3 600 Ta = 25°C ]
S 155 4 2 \
o o
> / > 500
5 140 e 5 \
=3 e =3 \
=3 =2
O 125 Ve o 400 N
[ / 2 \\
o 110 e >
- - 300
% 95 // g
- )
200
sl )
o
> 65 > 100
50 0
-75 -50 -25 0 25 50 75 100 125 0 -2 -4 -6 -8
Tp - Free-Air Temperature — °C Vip - Differential Input Voltage — V
Figure 9 Figure 10
LOW-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE
Vs Vs
FREE-AIR TEMPERATURE LOW-LEVEL OUTPUT CURRENT
900 T T i . T
Vpp=5V Vic=1V
> 800 Vic= 05V > %% vp=-1v
|E Vip= -1V IE 0.8} TAa = 25°C A
o 0oL = 5mA P Vpp=5V
fo2] fe)}
s // s 0.7
S 600 3
2 / Z 06
5 e 5
2 500 - 2 /
) L~ 393 a4
g 400 7 5 Vop = 3V / /
F 7 s 04 <
3 - %
: 300 % 0a //,
| -
1 200 I 0.2 /,/
- -
>o 100 9 0.1 1/
0 0
-75 -50 -25 0 25 50 75 100 125 0 12 3 4 5 6 7 8
T. _ Cean_Air Tamnasatiiea . 0N las — 1 awl aual Ouitnint Cuirrant — m A
Ta - Free-Air Temperature — °C loL - Low-Level Output Current - mA
Figure 11 Figure 12
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TYPICAL CHARACTERISTICS

LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION
vs
SUPPLY VOLTAGE

2000 T

E RL = 1MQ
S 1800
1
.g 1600
®
2 1400
a
5 1200 Tp = -40°C
L9
2 1000 g
3 800 /
®
£ o /// L —
3 // X Tp = 25°C
Z 400 /
|
o 200 V/: -
<> . F— A l: 85°C

0 2 4 6 8

Vpp - Supply Voltage - V
Figure 13
INPUT BIAS CURRENT AND INPUT OFFSET
CURRENT
Vs

« FREE-AIR TEMPERATURE
a 104 ;
L =Vpp = 3V
s [ Vic=1V
8 103 | See Note 4
z e
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NOTE 4: The typical values of input bias current and input offset current below 5 pA were determined mathematically.
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TYPICAL CHARACTERISTICS
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Ayp - Differential Voltage Amplification

Ayp - Differential Voltage Amplification

TYPICAL CHARACTERISTICS
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PARAMETER MEASUREMENT INFORMATION

single-supply versus split-supply test circuits

Because the TLV2324 is optimized for single-supply operation, circuit configurations used for the various tests
often present some inconvenience since the input signal, in many cases, must be offset from ground. This
inconvenience can be avoided by testing the device with split supplies and the output load tied to the negative
rail. A comparison of single-supply versus split-supply test circuits is shown below. The use of either circuit

will give the same result.

Voo VDD+
v
Vi Vo VL o
I
cL RL CL RL
T
- - VoD -
(a) SINGLE-SUPPLY (b) SPLIT-SUPPLY
Figure 30. Unity-Gain Amplifier
10 kQ 10 kQ
AN AN
VoD VoD+
100 Q ~
1/2 VDD-{ — Vo . — Vo
+
100 Q
100 Q 100 Q
- - = Vbp-
(a) SINGLE-SUPPLY (b) SPLIT-SUPPLY
Figure 31. Noise Test Circuit
10 kQ 10 kQ
AAA AN
VoD VpD+
100 Q 100 Q
Vi—wW\, - V; —VWA» =
Vo Vo
12Vpp —4m8M8M8 —+ +
I * "’
- - - Vpp-—
(a) SINGLE-SUPPLY (b) SPLIT-SUPPLY

Figure 32. Gain-of-100 Inverting Amplifier
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PARAMETER MEASUREMENT INFORMATION

input bias current

Because of the high input impedance of the TLV2324 operational amplifier, attempts to measure the input bias
current can result in erroneous readings. The bias current at normal ambient temperature is typically less than
1 pA, a value that is easily exceeded by leakages on the test socket. Two suggestions are offered to avoid
erroneous measurements:

1. Isolate the device from other potential leakage sources. Use a grounded shield around and between the
device inputs (see Figure 33). Leakages that would otherwise flow to the inputs will be shunted away.

2. Compensate for the leakage of the test socket by actually performing an input bias current test (using
a picoammeter) with no device in the test socket. The actual input bias current can then be calculated
by subtracting the open-socket leakage readings from the readings obtained with a device in the test
socket.

One word of caution, many automatic testers as well as some bench-top operational amplifier testers use
the servo-loop technique with a resistor in series with the device input to measure the input bias current
(the voltage drop across the series resistor is measured and the bias current is calculated). This method
requires that a device be inserted into the test socket to obtain a correct reading; therefore, an open-
socket reading is not feasible using this method.

7 1

o] e e el e
OI0[01010]0|0

8 14

V=Vic

Figure 33. Isolation Metal Around Device Inputs
(N Dual-In-Line Package)

low-level output voltage

To obtain low-supply-voltage operation, some compromise is necessary in the input stage. This compromise
results in the device low-level output being dependent on both the common-mode input voltage level as well
as the differential input voltage level. When attempting to correlate low-level output readings with those quoted
in the electrical specifications, these two conditions should be observed. If conditions other than these are to
be used, please refer to the Typical Characteristics section of this data sheet.

input offset voltage temperature coefficient

Erroneous readings often result from attempts to measure temperature coefficient of input offset voltage. This
parameter is actually a calculation using input offset voltage measurements obtained at two different
temperatures. When one (or both) of the temperatures is below freezing, moisture can collect on both the
device and the test socket. This moisture will result in leakage and contact resistance which can cause
erroneous input offset voltage readings. The isolation techniques previously mentioned have no effect on the
leakage since the moisture also covers the isolation metal itself, thereby rendering it useless. It is suggested
that these measurements be performed at temperatures above freezing to minimize error.

full power response

Full power response, the frequency above which the operational amplifier slew rate limits the output voltage
swing, is often specified two ways: full-linear response and full-peak response. The full-linear response is
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PARAMETER MEASUREMENT INFORMATION

generally measured by monitoring the distortion level of the output while increasing the frequency of a
sinusoidal input signal until the maximum frequency is found above which the output contains significant
distortion. The full-peak response is defined as the maximum output frequency, without regard to distortion,
above which full peak-to-peak output swing cannot be maintained.

Because there is no industry-wide accepted value for significant distortion, the full-peak response is specified
in this data sheet and is measured using the circuit of Figure 30. The initial setup involves the use of a
sinusoidal input to determine the maximum peak-to-peak output of the device (the amplitude of the sinusoidal
wave is increased until clipping occurs). The sinusoidal wave is then replaced with a square wave of the same
amplitude. The frequency is then increased until the maximum peak-to-peak output can no longer be
maintained (Figure 34). A square wave is used to allow a more accurate determination of the point at which
the maximum peak-to-peak output is reached.

/S L JL A x

(a) f = 100 Hz (b) Bom > > 100 Hz (c)f=Bom (d)>Bom
Figure 34. Full-Power-Response Output Signal

test time

Inadequate test time is a frequent problem, especially when testing CMOS devices in a high-volume, short-
test-time environment. Internal capacitances are inherently higher in CMOS than in bipolar and BiFET devices,
and require longer test times than their bipolar and BIiFET counterparts. The problem becomes more
pronounced with reduced supply levels and lower temperatures.

TYPICAL APPLICATION DATA
single-supply operation

While the TLV2324 will perform well using dual-power supplies (also called balanced or split supplies), the
design is optimized for single-supply operation.
This includes an input common-mode voltage
range that encompasses ground as well as an
output voltage range that pulls down to ground.
The supply voltage range extends down to 2 V, R2

thus allowing operation with supply levels AAA—
commonly available for TTL and HCMOS.

Many single-supply applications require that a R1
voltage be applied to one input to establish a
reference level that is above ground. This virtual
ground can be generated using two large E@—
resistors, but a prefered technique is to use a
virtual ground generator such as the TLE2426.
The TLE2426 supplies an accurate voltage equal = —
to Vpp/2, while consuming very little power, and i
is suitable for supply voltages of greaterthan 4 V. Figure 35. Inverting Amplifier With Voltage
Reference

VpD

— Vo

Vpp - V, Ry +V
vo=(,,DD ,_‘)l‘ﬂ)

2 Ry 2

The TLV2324 works well in conjunction with
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digital logic; however, when powering both linear devices and digital logic from the same power supply, the
following precautions are recommended:

1. Power the linear devices from separate bypassed supply lines (see Figure 36); otherwise, the linear
device supply rails can fluctuate due to voltage drops caused by high switching currents in the digital
logic.

2. Use proper bypass techniques to reduce the probability of noise-induced errors. Single capacitive
decoupling is often adequate; however, RC decoupling may be necessary in high-frequency applications.

! ! ! 1
_ﬁt]: Logic Logic Logic l gﬁ;v,f.'y
s Gl SR W

(a) COMMON SUPPLY RAILS

l — o
[ I I l
__\]: T Logic Logic Logic % gz:;ry

‘ : —
]

b) SEPARATE BYPASSED SUPPLY RAILS (preferred)

Figure 36. Common Versus Separate Supply Rails

input characteristics

The TLV2324 is specified with a minimum and a maximum input voltage that, if exceeded at either input, could
cause the device to malfunction. Exceeding this specified range is a common problem, especially in single-
supply operation. Note that the lower range limit includes the negative rail, while the upper range limit is
specified at Vpp — 1 V at Tp = 25°C and at Vpp — 1.2 V at all other temperatures.

The use of the polysilicon-gate process and the careful input circuit design gives the TLV2324 very good input
offset voltage drift characteristics relative to conventional metal-gate processes. Offset voltage drift in CMOS
devices is highly influenced by threshold voltage shifts caused by polarization of the phosphorus dopant
implanted in the oxide. Placing the phosphorus dopant in a conductor (such as a polysilicon gate) alleviates
the polarization problem, thus reducing threshold voltage shifts by more than an order of magnitude. The offset
voltage drift with time has been calculated to be typically 0.1 uV/month, including the first month of operation.

Because of the extremely high input impedance and resulting low-bias current requirements, the TLV2324 is
well suited for low-level signal processing; however, leakage currents on printed circuit boards and sockets
can easily exceed bias-current requiremems and cause a degradation in device performance. It is good
practice to include guard rings around inputs (similar to those of Figure 33 in the Parameter Measurment

Information section). These guards should be driven from a low-impedance source at the same voltage level
as the common-mode input (see Figure 37).

The inputs of any unused amplifiers should be tied to ground to avoid possible oscillation.
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AA%% AV

a n \ v, A

) v, TS ) v ) —V
— — (o]
e )—‘ o )—< o Vi’f:ﬁ_)«

(a) NONINVERTING AMPLIFIER (b) INVERTING AMPLIFIER (c) UNITY-GAIN AMPLIFIER

Figure 37. Guard Ring Schemes

noise performance

The noise specifications in operational amplifier circuits are greatly dependent on the current in the first-stage
differential amplifier. The low input bias current requirements of the TLV2324 results in a very low noise
current, which is insignificant in most applications. This feature makes the devices especially favorable over
bipolar devices when using values of circuit impedance greater than 50 kQ, since bipolar devices exhibit
greater noise currents.

feedback
Operational amplifier circuits nearly always employ

feedback, and since feedback is the first prerequisite
for osciilation, a iillie caution is appropriaie. Most
oscillation problems result from driving capacitive
loads and ignoring stray input capacitance. A small- -

value capacitor connected in parallel with the . —
feedback resistor is an effective remedy (see

Figure 38). The value of this capacitor is optimized i

empirically.

electrostatic discharge protection

Figure 38. Compensation for Input

The TLV2324 incorporates an internal electrostatic .
Capacitance

discharge (ESD) protection circuit that will prevent
functional failures at voltages up to 2000 V as tested under MIL-STD-883C, Method 3015.2. Care should be
exercised, however, when handling these devices as exposure to ESD may result in the degradation of the
device parametric performance. The protection circuit also causes the input bias currents to be temperature
dependent and have the characteristics of a reverse-biased diode.

latch-up

Because CMOS devices are susceptible to latch-up due to their inherent parasitic thyristors, the TLV2324
inputs and output are designed to withstand —100-mA surge currents without sustaining latch-up; however,
techniques should be used to reduce the chance of latch-up whenever possible. Internal protection diodes
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should not by design be forward biased. Applied input and output voltage should not exceed the supply voltage
by more than 300 mV. Care should be exercised when using capacitive coupling on pulse generators. Supply
transients should be shunted by the use of decoupling capacitors (0.1 pF typical) located across the supply

rails as close to the device as possible.

The current path established if latch-up occurs is usually between the positive supply rail and ground and can
be triggered by surges on the supply lines and/or voltages on either the output or inputs that exceed the supply
voltage. Once latch-up occurs, the current flow is limited only by the impedance of the power supply and the
forward resistance of the parasitic thyristor and usually results in the destruction of the device. The chance
of latch-up occuring increases with increasing temperature and supply voltages.

output characteristics

The output stage of the TLV2324 is designed to
sink and source relatively high amounts of current
(see Typical Characteristics). If the output is
subjected to a short-circuit condition, this high-
current capability can cause device damage under
certain conditions. Output current capability
increases with supply voltage.

Although theTLV2324 possesses excellent high-
level output voltage and current capability, methods
are available for boosting this capability, if needed.
The simplest method involves the use of a pullup
resistor (Rp) connected from the output to the
positive supply rail (see Figure 39). There are two
disadvantages to the use of this circuit. First, the
NMOS pulldown transistor, N4 (see equivalent
schematic) must sink a comparatively large amount
of current. In this circuit, N4 behaves like a linear
resistor with an on-resistance between
approximately 60 Q and 180 Q, depending on how
hard the operational amplifier input is driven. With
very low values of Rp, a voltage offset from 0 V at
the output will occur. Secondly, pullup resistor Rp
acts as a drain load to N4 and the gain of the
operational amplifier is reduced at output voltage
levels where N5 is not supplying the output current.

All operating characteristics of the TLV2324 are
measured using a 20-pF load. The devices will drive
higher capacitive loads; however, as output load
capacitance increases, the resulting response pole
occurs at lower frequencies, thereby causing
ringing, peaking, or even oscillation (see Figures 41,
42, and 43). In many cases, adding some
compensation in the form of a series resistor in the
feedback loop will alleviate the problem.

I éRP Vpp -V
p a. . Voo-Vo

p P ipsi +1p
—Vo Ip = Pullup current
¢ I require.d by the -
1‘——'\/\/\/——1' operational amplifier

(typically 500 pA)
Ry 'Ll iRL

25V
Vo
Vi +
CL
Ta =25°C
=1kHz
Vipp=1V

-25V

Figure 40. Test Circuit for
OutputCharacteristics
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(a) CL_ = 20 pF, R_= NO LOAD

(b) C|_ = 130 pF, R = NO LOAD

(c) C =150 pF, R = NO LOAD

Figure 41. Effect of Capacitive Loads in High-Bias Mode

(a) CL =20 pF, R = NO LOAD

(b) CL = 170 pF, R|_ = NO LOAD

(c) C_ =190 pF, R|_= NO LOAD

Figure 42. Effect of Capacitive Loads in Medium-Bias Mode

(a) CL_ = 20 pF, R_= NO LOAD

(b) C_ = 260 pF, R|_= NO LOAD

(c) C =310 pF, R|_= NO LOAD

Figure 43. Effect of Capacitive Loads in Low-Bias Mode
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e Wide Range of Supply Voltages Over LARGE-SIGNAL DIFFERENTIAL VOLTAGE
Specified Temperature Range: AMPLIFICATION AND PHASE SHIFT
- - o o Vs
Tao = —40°C t085°C...2Vto8V FREQUENCY
e Fully Characterized at 3V and 5 V 107 . -60°
Vpp =3V

e Single-Supply Operation

10° R = 100 kQ —{-30°

10! AN 120°
AN

e Designed-In Latch-Up Immunity

\ 150°

c
2
¢ Common-Mode Input-Voltage Range i CL = 20 pF
Extends Below the Negative Rail and up to :i 10° < Ta= 25°C —{0°
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DD A LI \ J -
e Output Voltage Range Includes Negative §, \\ wo &
- 8 =
Rail s 103 . 60° %
e High Input Impedance . . . 10'2 Q Typical s \ \ 2
. . E 102 P — 90° @
e ESD-Protection Circuitry 5 Phase Shift
E
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[=]
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description 1 \
The TLV2332 dual operational amplifieris one of a 0.1 180°
family of devices that has been specifically 1 10 100 1k 10k 100k 1M
designed for use in low-voltage, single-supply f - Frequency — Hz
applications. Unlike the TLV2322 which is
optimized for ultra-low power, the TLV2332 is
designedto provide a combintion of low power and D OR P PACKAGE PW PACKAGE
good ac performance. Each amplifier is fully (TOP VIEW) (TOP VIEW)
functional down to a minimum supply voltage of

. ' s 10uT [t 8]V

2V, is fully characterized, tested, and specified at e ,[; . g P
both 3-V and 5-V power suppiies. The common- 1IN+ E 3 Bile—
mode mputvoltagg range mcludesth(_a .negat'tve rail Vpp._/GND[]4 5[] 2iN+
and extends to within 1 V of the positive rail.

Having a maximum supply current of only 310 pA
per amplifier over full termperature range, the
TLV2332 devices offer a combination of good ac performance and microampere supply currents. From a 3-V
power supply, the amplifiers typical slew rate is 0.38 V/us and its bandwidth is 300 kHz. These ampliiiers offer
a level of ac performance greater than that of many other devices operating at comparable power levels. The
TLV2332 operational amplifiers are especially well suited for use in low current or battery-powered applications.

Low-voltage and low-power operation has been made possible by using the Texas Instruments silicon gate
LinCMOS™ technology. The LiInCMOS process also features extremely high inputimpedance and ultra-low bias
currents making these amplifiers ideal for interfacing to high-impedance sources such as sensor circuits or filter
applications.

AVAILABLE OPTIONS

PACKAGE
V'a’:a" SMALL PLASTIC Tes0P F%H’;;
Ta sec OUTLINE DIP W) v
o | @ ™
—40°C1085°C | 9mV | TLV2332iD | TLV2332/P | TLV2332IPW | TLV2332Y

The D package is available taped and reeled. Add R suffix to the device type (e.g., TLV2332IDR).
The PW package is only available left-end taped and reeled (e.g., TLV2332IPWLE).

LinCMOS™ is a trademark of Texas Instruments Incorporated.

PRODUCTION DATA information is current as of publication date. .

Products conform to specilications per the terms of Texas l

Instruments standard warranty. Production processing does not T

necassarily include testing of ail parameters. l EXAS

Copyright ® 1992, Texas Instruments Incorporated
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description (continued)

To facilitate the design of small portable equipment, the TLV2332 is made available in a wide range of package
options, including the small-outline and thin-scaled-small-outline packages (TSSOP). The TSSOP package has
significantly reduced dimensions compared to a standard surface-mount package. Its maximum height of only

1.1 mm makes it particularly attractive when space is critical.

The device inputs and outputs are designed to withstand —100-mA currents without sustaining latch-up. The
TLV2332 incorporates internal ESD-protection circuits that will prevent functional failures at voltages up to
2000 V as tested under MIL-STD 883C, Method 3015.2; however, care should be exercised in handling these

devices as exposure to ESD may result in the degradation of the device parametric performance.

TLV2332Y chip information

These chips, properly assembled, display characteristics similartothe TLV2332I (see electricaltables). Thermal
compression or ultrasonic bonding may be used on the doped aluminumbonding pads. Chips may be mounted

with conductive epoxy or a gold-silicon preform.

BONDING PAD ASSIGNMENTS

»!
L

g

H
3|

— I .
Ili,_‘;“’bh——?%% Gl —

d

g | )

{\IMH\||iIH\Im‘|MH|H|||IH|I1[|||I|1|||||§||||1IH|

[y
<

e (72)

»

[l

PETEEEE P EEEEEEEE U LT TP PR

»
H

Vpp (8)
1IN+ (3)
10UT (1)
1IN=(2)
2N+ (3) 20UT (7)
2IN- (6)
Vpp_/GND (4)

CHIP THICKNESS:
15 TYPICAL
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4 X 4 MINIMUM

Ty max = 150°C
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TLV23321, TLV2332Y
LinCMOS™ LOW-VOLTAGE MEDIUM-POWER
DUAL OPERATIONAL AMPLIFIERS

SLOS112-D4035, MAY 1992

equivalent schematic (each amplifier)

[ COMPONENT COUNTt |
‘ Transistors 54 |
| Diodes 4

| Resistors 14

| Capacitors 2
1

Includes both amplifiers and all

ESD, bias, and trim circuitry

Vbp
. o .
P3 Pg
Fl [l R6
P1 P2 NfJ
IN- — >y ol
%H—«m\I
R1 ' —i' R2 L
IN+ C1
RS
A+ L~y g
W F —
— .
N3 out
i g i Nd
N1 | N2 J N6
L —
— N7
R3S D1 A R4 D2 Lo
R7
& & & & o & &
é — 4 o9 " é
GND

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

Supply voltage, Vpp (see Note 1) .. .. .. . 8V
Differential input voltage (see Note 2). . .. .. .. ... . . . *Vpp
Input voltage range, V| (any input) ........... .. ... .. -03VtoVpp
Inputcurrent, Iy t5mA
Outputcurrent, lo +30 mA
Duration of short-circuit current at (or below) Tp =25°C (seeNote 3). . ...................... Unlimited
Continuous total dissipation . ............ ... .. ... ... ... . .. .. ... See Dissipation Rating Table
Operating free-air temperature range, TA . ...ttt —40°C to 85°C
Storage temperature range . ... ... - 65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D, P, or PW package ............ 260°C

tStresses 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 “reccommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. All voltage values, except differential voltages, are with respect to network ground.

2. Differential voltages are at the noninverting input with respect to the inverting input.
3. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure that the maximum
dissipation rating is not exceeded (see application section).
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TLV2332I, TLV2332Y

LinCMOS™ LOW-VOLTAGE MEDIUM-POWER

DUAL OPERATIONAL AMPLIFIERS

SLOS112-D4035, MAY 1992

DISSIPATION RATING TABLE

Tp <25°C DERATING FACTOR Tp = 85°C
PACKAGE  pOWERRATING ABOVETp =25°C  POWER RATING
D 725 mW 5.8 mW/°C 377 mW
P 1000 mW 8.0 mW/C 520 mW
PW 525 mW 4.2 mW/°C 273 mW

recommended operating conditions

MIN MAX | UNIT
Supply voltage, Vpp o 2 8 \"
. Vpp =3V -0.2 1.8
Common-mode input voltage, V :
p g ‘ IC Vpp =5V -0.2 3.8 v
Operating free-air temperature, Tp - 40 85 °C
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TLV2332I
LinCMOS™ LOW-VOLTAGE MEDIUM-POWER
DUAL OPERATIONAL AMPLIFIERS

SLOS112-D4035, MAY 1992

electrical characteristics at specified free-air temperature (unless otherwise noted)

PARAMETER TEST COND;H‘(A)NS ‘I:N:I’ . 'w_V_D_[;: v [ Vop=5V UNIT
A ~DD
MIN  TYP MAX MIN  TYP MAX
B Vo=1V, N
Vﬁ: Y 25°C 06 9 119
Vio Input offset voltage Rg = 50 2, o » mV
7 RL = 100 k2 ull range "
a Average temperature coefficient 25°Cto 1 17 VoG
VIO input offset voltage . o 85°C B ) ) #
Vo=1V, 25°C 0.1 0.1
o Input offset current (see Note 4) Vig=1V 85°C 22 1000 241000 pA
— Voo V. e | os 06
IT:) Input bias current (see Note 4) Vig=1V 85°C 175 2000 200 2000 pA
-02 -03 -02 -03
25°C to to to to \Y
v Common-mode input 2 23 4 4.2
ICR voltage range (see Note 5) -0.2 -0.2
Full range to to v
1.8 3.8
Vic=1V. 25°C | 175 19 32 39
VOH High-level output voltage Vip = 100 mV, —_— - \
7 7 loL = -1 mA Full range 1.7 3
Vig=1V. 25°C 15 150 95 150
VoL Low-level output voltage Vip =-100mV, t mv
- loL=1mA Full range 190 190
(anal differenti Vig=1V. 25°C 25 83 25 170
AD Large-signal ‘c:l.ltferentlal RL - 100 k2, VimV
voltage amplification Soe Note & Full range 15 15
Vo=1V. 25°C 65 92 65 9
CMRR  Common-mode rejection ratio Vic = Vicrmin, dB
Rg =50 Q Full range 60 60
Vpp=3Vto5YV, o
Supply-voltage rejection ratio Db 25°C 70 94 70 94
ksz N v VIC =1V, VO =1V, dB
(aVpp/ AVio) Rg =500 Full range 65 65
Vo=1V, 25°C 160 500 210 560
Iop Supply current Vic=1V, - HA
No load Full range 620 800

tFull range is — 40°C to 85°C.

NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically.
5. This range also applies to each input individually.
6. AtVpp=5V,Vp=025Vto2V;atVpp=3V,Vg =05Vto1.5V.
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TLV2332I
LinCMOS™ LOW-VOLTAGE MEDIUM-POWER

DUAL OPERATIONAL AMPLIFIERS

SLOS112-D4035, MAY 1992

operating characteristics at specified free-air temperature, Vpp =3 V

PARAMETER TEST CONDITIONS Ta MIN  TYP MAX UNIT
=1V
::/?IC 1100 ’kQ 25°C 0.38
SR Slew rate at unity gain CL : 20 oF ' Vipp=1V Vius
L=pm 85°C 0.29
See Figure 30
f=1kHz, Rg =100 Q,
Vn Equivalent input noise voltage See FigLZJI’Q a1 S 25°C 32 nV/VHz
. . ‘ Vo =VoH. CL=20pF, 25°C 34
tput bandwidth
Bom  Maximum output swing bandwi R = 100 kQ, See Figure 30 85°C 22 kHz
Vi=10mV, C| =20pF 25°C 300
B4 Unity-gain bandwidth | my. ML= evpr KHz
RL = 100 kS, Sce Figure 32 85°C 235
Vi=10mV, f=By, —-40°C 42°
m Phase margin CL=20pF, RL =100k, 25°C 39°
See Figure 32 85°C 36°
operating characteristics at specified free-air temperature, Vpp =5V
PARAMETER TESTCONDITIONS Ta MIN  TYP MAX UNIT
25°C 0.43
Vic=1V, Vipp=1V
I RL = 100 kQ 85°C 0.35
SR Slew rate at unity gain L= J Vips
CL =20pF, 25°C 0.40
See Figure 30 Vipp=25V
9 ! 85°C 0.32
Vn Equivalent input noise voltage f=1kHz,  Rg=1000, 25°C 32 nVANHz
See Figure 31
, - - Vo =Von, CL =20 pF 25°C 55
BoM Maximum output swing bandwidth O=VYOH. ~L : KHz
RL = 100 kQ, See Figure 30 85°C 45
) 25°C 525
B4 Unity-gain bandwidth Vi=10mV, € =20pF, KHz
R = 100 kQ, See Figure 32 85°C 370
Vi=10mV, =8By, -40°C 43°
9m  Phase margin CL=20pF, R =100k, 25°C 40°
See Figure 32 85°C 38°
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TLV2332Y

LinCMOS™ LOW-VOLTAGE MEDIUM-POWER
DUAL OPERATIONAL AMPLIFIERS

SLOS112-D4035, MAY 1992

electrical characteristics at specified free-air temperature, Tp = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS Vop=3V Vop=5V UNIT
MIN  TYP MAX MIN TYP MAX
Vio Input offset voltage Vo=1V.Vic=1V, 0.6 9 1.1 9 mV
Rg =500, R =100 kQ
o Input offset current (see Note 4) Vo=1V,Vic=1V 0.1 0.1 pA
B Input bias current (see Note 4) Vo=1V.Vic=1V 0.6 0.6 pA
Common-mode input -0z -03 -0z -03
Vicr to to to to v
voltage range (see Note 5)
2 2.3 4 4.2
VoH High-level output voltage Vic=1V.Vip=100mV, 1.75 1.9 3.2 3.9 \"
loL =-1mA
VoL Low-level output voltage Vic=1V. Vip =-100mV, 115 150 95 150 mV
IOL =1mA
Large-signal differential Vic =1V, R =100 kQ
AvD ge-signa’ aifler ic=1V. " : 25 83 25 170 VimV
voltage amplification See Note 6
- . Vo=1V,V|¢c =V|crmin,
CMRR Common-mode rejection ratio 65 92 65 91 dB
Rg=50Q
Supply-voltage rejection ratio =3V Vic=1V
KSVR o 9o ' Vop=3Vto3V. Vic =1 V. 70 94 70 94 dB
(AVpp / AVip) Vo=1V,Rg=50Q
Vo=1V,Vic=1V,
Supp!
Ibp upply current No load 160 500 210 560 MA

NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically.
5. This range also applies to each input individually.
6. AtVpp=5V,Vp=025Vto2V;atVpp=3V,Vo=05Vto15V.
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TLV2332I

LinCMOS™ LOW-VOLTAGE MEDIUM-POWER
DUAL OPERATIONAL AMPLIFIERS

SLOS112-D4035, MAY 1992

TYPICAL CHARACTERISTICS

table of graphs
FIGURE
Vio Input offset voltage Distribution 1,2
ayvio Input offset voltage temperature coefficient Distribution 3,4
vs Output current 5
VOH High-level output voltage vs Supply voltage 6
vs Temperature 7
vs Common-mode input voltage 8
VoL Low-level output voltage v T(Vampera-tur.e 511
vs Differential input voltage 10
vs Low-level output current 12
AvD Differential voltage amplification vs Supply voltage 13
» vs Temperature 14
hg/lio Input bias and offset current vs Temperature 15
Vic Common-mode input voltage vs Supply voltage 16
vs Supply voltage 17
'op Supply current vs Temperature 18
SR Slew rate vs Supply voltage 19
vs Temperature 20
V(oppP) Maximum peak-to-peak output voltage vs Frequency 21
By Gain-bandwidth product vs Temperature 22
vs Supply voltage 23
Ayp Differential voltage amplification and phase shift vs Frequency 24,25
vs Supply voltage 26
Om Phase margin vs Temperature 27
vs Load capacitance 28
Vi Equivalent input noise voltage vs Frequency 29
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TLV2332I

LinCMOS™ LOW-VOLTAGE MEDIUM-POWER

DUAL OPERATIONAL AMPLIFIERS

SLOS112-D4035, MAY 1992

TYPICAL CHARACTERISTICS

DISTRIBUTION OF TLV2332

DISTRIBUTION OF TLV2332

INPUT OFFSET VOLTAGE INPUT OFFSET VOLTAGE
50 —1— 60 |
Vpp = 3V Vpp=5V
Ta=25°C Tp = 25°C
D Dot o pose en b
40| © racrage - i P Package
X °
! T a0
» | | —
£ 30 _ £ :
3 5
° S 30
s °
] fo:]
T 20 g
g 8 20
o e
e -
10
10
-5 -4 -3 -2 -1 0 1 2 3 4 5 -5 -4 -3 -2 -1 0 1 2 3 4 5
Vio - Input Offset Voltage — mV Vio — Input Offset Voltage — mV
Figure 1 Figure 2
DISTRIBUTION OF TLV2332 DISTRIBUTION OF TLV2332
INPUT OFFSET VOLTAGE INPUT OFFSET VOLTAGE
TEMPERATURE COEFFICIENT TEMPERATURE COEFFICIENT
50 T T 60 T T T T
Vpp=3V r ! Vpp =5V |
TA = 25°C10 85°C Ta = 25°C to 85°C
40 |- P Package 50T p package
* 2 Outliers:
] | (1)33mvVieC
P é 40
e 30 c
=} =
o - 5 30
& g
£ 20 ©
8 8 20 1]
& '_“- &
10 NEE
At 10 _l
0 : 0 —t —_I—-—1
-10 -8 -6 -4 -2 0 2 4 6 8 10 -10 -8 -6 -4 -2 0 2 4 6 8 10
ayjo - Temperature Coefficient = uV/°C ayjo - Temperature Coefficient — uV/°C
Figure 3 Figure 4
i
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TLV2332I

LinCMOS™ LOW-VOLTAGE MEDIUM-POWER

DUAL OPERATIONAL AMPLIFIERS

SLOS112-D4035, MAY 1992

TYPICAL CHARACTERISTICS
HIGH-LEVEL OUTPUT VOLTAGE

HIGH-LEVEL OUTPUT VOLTAGE

2-64

Vs Vs
HIGH-LEVEL OUTPUT CURRENT SUPPLY VOLTAGE
5 . 8 |
Vic=1V Vic=1V
> Vip = 100 mV > Vip = 100 mV
] TA = 25°C | =
[N A s o RL = 100 kQ /
g ‘ 2 Tp = 25°C
g \ Vpp=5V § /
S 3 —] E
o 9 4
§ 2 VDD =3V § /
£ _\\ £ /
= o
I s
] — .2
r 1 T /
o o
> >
0 0
0 -2 -4 -6 -8 0 2 4 6 8
loH - High-Level Output Current — mA Vpp - Supply Voltage - V
Figure 5 Figure 6
HIGH-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE
Vs vs
FREE-AIR TEMPERATURE COMMON-MODE INPUT VOLTAGE
3 ; . 700 I ]
= V
Vop = 3 \ Vpp=5V
> Vic=1V E 650 loL = 5mA
! 24f ViD= 100mV | \ Tp = 25°C
5 ’ g_;, 600 [—\;
é’ ’ £ E’ 550 \
g 19 i, 3 )
3 — Fd =
o —~— 3 500
g 7L — v \ Vijp =-100 mV
- 1-2'IOH= =500 A=~/ b 450 N N
= -l
5 [ion--1ma _/ 1 NN
o
) loH = —2mA — -: 400 \\\\
T 06 - - P s—4
° loH = -3 mA 5 Vip=-1 N\\>
IoH = —4mA — > 350 \\\
|| | 3~
0 300
-75 -50 -25 0 25 50 75 100 125 0 05 1 1.5 2 25 3 35 4
Ta - Free-Air Temperature - °C Vic — Common-Mode Input Voltage - V
Figure 7 Figure 8
i
‘U TEXAS
INSTRUMENTS



TLV2332I

LinCMOS™ LOW-VOLTAGE MEDIUM-POWER

DUAL OPERATIONAL AMPLIFIERS

SLOS112-D4035, MAY 1992

VoL - Low-Level Output Voltage — mV

v oL~ Low-Level Output Voltage - mV

TYPICAL CHARACTERISTICS

LOW-LEVEL OUTPUT VOLTAGE
Vs
FREE-AIR TEMPERATURE

200 —
Vpp = 3V
185 “Vic=1V
170 | Vip= -100 mV
loL = 1mA
155
140 /1/
125
110 ///
95 ,/
e
80
65
50
-75 -50 -25 0 25 50 75 100 125
TA - Free-Air Temperature — °C
Figure 9
LOW-LEVEL OUTPUT VOLTAGE
Vs
FREE-AIR TEMPERATURE
900 . T
Vpp=5V
800 - Vic = 0.5V
Vip= -1V
7007 15 = 5mA
600 vd
500 /,/
A
400 >
7
300
200
100
0
-75 -50 -25 0 25 50 75 100 125

Ta — Free-Air Temperature - °C

Figure 11

\ oL™ Low-Level Output Voltage - mV

VoL~ Low-Level Output Voltage — V

LOW-LEVEL OUTPUT VOLTAGE
vs
DIFFERENTIAL INPUT VOLTAGE

800 T T
\ Vpp= 5V
700 Vic = [Vip/2| ]
IOL = 5mA
600 \ TA= 25°C
500 \
400 \\
\\
300
200
100
0
0 -1 -2 -3 -4 -5 -6 -7 -8
V|p - Differential input Voltage - V
Figure 10
LOW-LEVEL OUTPUT VOLTAGE
Vs
LOW-LEVEL OUTPUT CURRENT
1 I 1
| Vic=1V
09 vip = -100mV
0.8} Tp = 25°C A
0.7
Vpp=5V
0.6 /
0.5 7
Vpp=3V
0.4 oo v ,/
0.3 // ,/
0.2 //r/
0.1 /
0

0 1 2 3 4 5 6 7 8

Figure 12
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LinCMOS™ LOW-VOLTAGE MEDIUM-POWER

DUAL OPERATIONAL AMPLIFIERS

SLOS112-D4035, MAY 1992

vs
SUPPLY VOLTAGE
500 .
z R = 100 kQ
S 450
1
c 400
2
S 350
%_ 200 /
E Tp = - 40°C
]
o 250
g // Ta = 25°C
> 200
T 150 ]
T e
£ 100
(=]
[}
50
g V
)
0 2 4 6
Vpp - Supply Voltage -V
Figure 13
INPUT BIAS CURRENT AND INPUT
OFFSET CURRENT
VS
FREE-AIR TEMPERATURE
EFRERTIF==————
_L = Vpp =3V
g —Vic=1V
::; 103 | See Note 4
T
0N
& ;]
‘é. 102 v /
£ 7
g
g 10! ,‘/ A~ o
o 2 =
2 i -
‘T: 100 L] ad
o =
2 =
m 10-1Le?
= 25 45 65 85 105

TYPICAL CHARACTERISTICS

LARGE-SIGNAL

DIFFERENTIAL VOLTAGE AMPLIFICATION

Tp - Free-Air Temperature - °C

Figure 15

125

Ayp - Differential Voltage Amplification — V/mV

Vic - Common-Mode Input Voltage — V

LARGE-SIGNAL

DIFFERENTIAL VOLTAGE AMPLIFICATION

Vs
FREE-AIR TEMPERATURE
500 T T
RL = 100 kQ
450
400
350
300
250 ‘\
150 T P~
N Vpp=3V T~
100
50
0
-75 -50 -25 0 25 50 75 100 125

Tp - Free-Air Temperature - °C

Figure 14

COMMON-MODE INPUT VOLTAGE
POSITIVE LIMIT
Vs
SUPPLY VOLTAGE

8 |
Ta = 25°C

/

s /

S

2 /

0 2 4 6
Vpp - Supply Voltage - V

Figure 16

NOTE 4: The typical values of input bias current and input offset current below 5 pA were determined mathematically
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TLV2332I
LinCMOS™ LOW-VOLTAGE MEDIUM-POWER
DUAL OPERATIONAL AMPLIFIERS

SLOS112-D4035, MAY 1992

TYPICAL CHARACTERISTICS

SUPPLY CURRENT SUPPLY CURRENT
Vs Vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
450 r 400 T T
V|c =1V Vic=1V
400 Vg = 1V Tp = -40°C asol Vo= 1V
No Load No Load
< 30 < 200 L\
[ i
L1 300 ! Vpp = 5V
) g
5 250 Ta = 25°C 5 \
2 / Q. 200 VoD =3V N
> ! > ~J
§ 200 7/ § \ \'\
a // T - 85 _| » 150 ~]
1 150 4 | N~
8 y/ L 2 ~
o 8 100
100 7
50 // 50
0 0
0 2 4 6 8 -75 -50 =25 0 25 50 75 100 125
Vpp - Supply Voltage — V Tp- Free-Air Temperature — °C
Figure 17 Figure 18
SLEW RATE SLEW RATE
Vs Vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
0.2 T 0.9 T T
Vic=1V Vic=1V
Vipp= 1V 08_V|pp=1V
08 _AV =1 ) Av =1
RL = 100 kQ R = 100 kQ
4 CL = 20pF 1 071 ¢ 20 pF
> 07 . s L=
. Tp = 25°C ,
2 2 06
€ o6 - <
i;-‘ ‘% 0.5 > v 5V
[72] H
' o5 / ' \Q Do
& e & 04 S <
0.4 e 03 -
0.3 0.2
0 2 4 6 8 -75 -50 -25 0 25 50 75 100 125
Vpp - Supply Voltage - V Tp - Free-Air Temperature - °C
Figure 19 Figure 20
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TYPICAL CHARACTERISTICS
MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE UNITY-GAIN BANDWIDTH
Vs Vs
FREQUENCY FREE-AIR TEMPERATURE
5 T 1000 T Y
RL = 100 kQ Vi = 10mV
Vor = 5V 900 R = 100 kQ]
> 3 DD = £ CL = 20pF
. \\N\ | 800
g \ L7, - —a0cc £
S 3 é 700
3 \ 5
5 \ 2 o0 Vop = 5V
? 2 Yoo =32 \ \ 8 \
e [T TR i
3 \ g N
= A ¥ |f|5°c \ 1 400 N‘\
! 1l \ ) & Vop = 3V
Ta = 25°C \ \ 300
il M ~
0 200
1 10 100 1000 -75 -50 -25 0 25 50 75 100 125
f - Frequency — kHz Ta — Free-Air Temperature — °C
Figure 21 Figure 22
UNITY-GAIN BANDWIDTH
Vs
SUPPLY VOLTAGE
1000 . .
Vi = 10 mV
900 |- RL = 100 kQ
N CL = 20 pF
T 800} TA = 25°C
£
2 700
©
c
0
@ 600 —
T
¢ w0 ]
E /
| 400 A
@
300
200

0 1 2 3 4 5 6 7 8
Vpp - Supply Voltage - V

Figure 23

‘U TEXAS

INSTRUMENTS



TLV2332I

LinCMOS™ LOW-VOLTAGE MEDIUM-POWER
DUAL OPERATIONAL AMPLIFIERS

SLOS112-D4035, MAY 1932

Ayp - Differential Voltage Amplification

Ayp - Differential Voltage Amplification

TYPICAL CHARACTERISTICS

LARGE-SIGNAL DIFFERENTIAL VOLTAGE
AMPLIFICATION AND PHASE SHIFT

Vs
FREQUENCY
107 T -60°
Vpp = 3V
108 R = 100 kQ | -30°
CL = 20 pF
10° < Ta= 25°C —0°
104 ™ \ 30°
\ N
X
103 \ \\ 60°
102 90°

Phase Shift

101 \\ 120°

; \“ 150°
o A\
AR 10 100 1k 10k 100k 1M

f-Frequency — Hz

Figure 24

LARGE-SIGNAL DIFFERENTIAL VOLTAGE
AMPLIFICATION AND PHASE SHIFT

Vs
FREQUENCY
107 ~ —60°
Vpp=5V
108 R = 100 kQ - —30°
Cy = 20 pF

N\

) \\\
10 \ -

vD
3 \ \
10 - 60°
102 \ 90°

Phase Shift ‘\\\

1’ 120°

1 \\\ 150°

0.1 180°
00 ik 0k 100 k 1M

Tp= 25°C o°

30°

i
f — Frequency - Hz

Figure 25

Phase Shift

Phase Shift
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TYPICAL CHARACTERISTICS

PHASE MARGIN

PHASE MARGIN

vs vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
50 T T 45 T T
Vi: 10 mV Vi= 10mV
48 RL = 100 kQ 7| RL = 100 kQ
CL = 20pF | CyL = 20 pF
o 46 L P 43 L pF
g Tp = 25°C $ \
[~ 2V =)
O ® \
© ©
a2 Loa N
E'., w0 \ E’ \ VDD =5V
© 0
=
; 38 ] ¢ 39
© ©
a & Vpp = 3IN\
36 0 DD = N
| £ \
E 37 S
32 N
30 35
0 2 3 4 5 6 7 8 75 -50 -25 0 25 50 75 100 125
Vpp - Supply Voltage — V Ta — Free-Air Temperature - °C
Figure 26 Figure 27
PHASE MARGIN EQUIVALENT INPUT NOISE VOLTAGE
vs Vs
LOAD CAPACITANCE FREQUENCY
44 T 7 300 T T 1717
Vi = 10mV P4 X Rg = 100 Q
42 = 250 — > Ta = 25°C
R ;A = fgocksz T 250 A L
§ a0 L G W
Q o
g oo =Y 3 200 A\
° 2 \
38 N ; \\
g, Vpp = 3V s \\
5 36 Z 150
f \ é' \:N
] = N Vpp = 5
E 3 N £ 100 NP
' a2 E %
13 E) N
° N G g Vpp = 3 VIR
30 1
N - ’
28 0
0 20 40 60 80 100 1 10 100 1000
Cp - Load Capacitance - pF f — Frequency - Hz
Figure 28 Figure 29
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PARAMETER MEASUREMENT INFORMATION

single-supply versus split-supply test circuits

Because the TLV2332 is optimized for single-supply operation, circuit configurations used for the various tests
often present some inconvenience since the input signal, in many cases, must be offset from ground. This
inconvenience can be avoided by testing the device with split supplies and the output load tied to the negative
rail. A comparison of single-supply versus split-supply test circuits is shown below. The use of either circuit
will give the same result.

Voo VDD+
v
vi Yo \ °
cL RL CL RL
T
- - Vpp-
(a) SINGLE-SUPPLY (b) SPLIT-SUPPLY
Figure 30. Unity-Gain Amplifier
10 kQ 10 kQ
AAMN AN
v
VDD DD+
100 Q ~ |
1/2 VDD—{ — Vo . ¢ Vo
+
100 Q
100 Q 100 Q
= = = V-
(a) SINGLE-SUPPLY (b) SPLIT-SUPPLY
Figure 31. Noise Test Circuit
10kQ 10 kQ
AAA— A
Vbp VoD+
100 Q 100 Q
Vi—wWA - V; —AMN— -
Vo Vo
12Vpp —m8 8 —+ +
I * !
- - - Vpp-
(a) SINGLE-SUPPLY (b) SPLIT-SUPPLY

Figure 32. Gain-of-100 Inverting Amplifier
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PARAMETER MEASUREMENT INFORMATION

input bias current

Because of the high input impedance of the TLV2332 operational amplifier, attempts to measure the input bias
current can result in erroneous readings. The bias current at normal ambient temperature is typically less than
1 pA, a value that is easily exceeded by leakages on the test socket. Two suggestions are offered to avoid

erroneous measurements:

1. Isolate the device from other potential leakage sources. Use a grounded shield around and between the
device inputs (see Figure 33). Leakages that would otherwise flow to the inputs will be shunted away.

2. Compensate for the leakage of the test socket by actually performing an input bias current test (using
a picoammeter) with no device in the test socket. The actual input bias current can then be calculated
by subtracting the open-socket leakage readings from the readings obtained with a device in the test
socket.

One word of caution, many automatic testers as well as some bench-top operational amplifier testers use
the servo-loop technique with a resistor in series with the device input to measure the input bias current
(the voltage drop across the series resistor is measured and the bias current is calculated). This method
requires that a device be inserted into the test socket to obtain a correct reading; therefore, an open-
socket reading is not feasible using this method.

‘0 ofelo
olololo

1 4

5

V=Vic

Figure 33. Isolation Metal Around Device Inputs
(P Dual-In-Line Package)

low-level output voltage

To obtain low-supply-voltage operation, some compromise is necessary in the input stage. This compromise
results in the device low-level output being dependent on both the common-mode input voltage level as well
as the differential input voltage level. When attempting to correlate low-level output readings with those quoted
in the electrical specifications, these two conditions should be observed. If conditions other than these are to
be used, please refer to the Typical Characteristics section of this data sheet.

input offset voltage temperature coefficient

Erroneous readings often result from attempts to measure temperature coefficient of input offset voltage. This
parameter is actually a calculation using input offset voltage measurements obtained at two different
temperatures. When one (or both) of the temperatures is below freezing, moisture can collect on both the
device and the test socket. This moisture will result in leakage and contact resistance which can cause
erroneous input offset voltage readings. The isolation techniques previously mentioned have no effect on the

leakage since the moisture also covers the isolation metal itself, thereby rendering it useless. ltis s

that these measurements be performed at temperatures above freezing to minimize error.

uaaested
uggesicl

full power response

Full power response, the frequency above which the operational amplifier slew rate limits the output voltage
swing, is often specified two ways: full-linear response and full-peak response. The full-linear response is
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generally measured by monitoring the distortion level of the output while increasing the frequency of a
sinusoidal input signal until the maximum frequency is found above which the output contains significant
distortion. The full-peak response is defined as the maximum output frequency, without regard to distortion,
above which full peak-to-peak output swing cannot be maintained.

Because there is no industry-wide accepted value for significant distortion, the full-peak response is specified
in this data sheet and is measured using the circuit of Figure 30. The initial setup involves the use of a
sinusoidal input to determine the maximum peak-to-peak output of the device (the amplitude of the sinusoidal
wave is increased until clipping occurs). The sinusoidal wave is then replaced with a square wave of the same
amplitude. The frequency is then increased until the maximum peak-to-peak output can no longer be
maintained (Figure 34). A square wave is used to allow a more accurate determination of the point at which
the maximum peak-to-peak output is reached.

(a)f=100 Hz (b) Bop > f > 100 Hz () f=Bom (d) f>Bom
Figure 34. Full-Power-Response Output Signal

test time

Inadequate test time is a frequent problem, especially when testing CMOS devices in a high-volume, short-
test-time environment. Internal capacitances are inherently higher in CMOS than in bipolar and BiFET devices,
and require longer test times than their bipolar and BiFET counterparts. The problem becomes more

pronounced with reduccd supply levels and lower temperatures.

TYPICAL APPLICATION DATA
single-supply operation

While the TLV2332 will perform well using dual-power supplies (also called balanced or split supplies), the
design is optimized for single-supply operation.

This includes an input common-mode voltage

range that encompasses ground as well as an VbD

output voltage range that pulls down to ground.

The supply voltage range extends down to 2 V, R2

thus allowing operation with supply levels AAA

commonly available for TTL and HCMOS.

Many single-supply applications require that a R1

voltage be applied to one input to establish a Vi ——AAA I

reference level that is above ground. This virtual >—‘<'—‘ Vo

ground can be generated using two large E‘@—?

resistors, but a prefered technique is to use a Ve < { VoD = Vi \ Ry + VDD

virtual ground generator such as the TLE2426. l oF\ 7 Ry 2

The TLE2426 supplies an accurate voltage equal = =

to Vpp/2, while consuming very little power, and

is suitable for supply voltages of greaterthan 4 V. Figure 35. Inverting Amplifier With Voltage
Reference
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The TLV2332 works well in conjunction with digital logic; however, when powering both linear devices and
digital logic from the same power supply, the following precautions are recommended:

1. Power the linear devices from separate bypassed supply lines (see Figure 36); otherwise, the linear
device supply rails can fluctuate due to voltage drops caused by high switching currents in the digital
logic.

2. Use proper bypass techniques to reduce the probability of noise-induced errors. Single capacitive
decoupling is often adequate; however, RC decoupling may be necessary in high-frequency applications.

]

Power
Supply

-

1T 1

Logic Logic Logic ,{'\

. : :

(a) COMMON SUPPLY RAILS

~I
N

Power

Logic Logic Logic : : Supply

(b) SEPARATE BYPASSED SUPPLY RAILS (PREFERRED)

Figure 36. Common Versus Separate Supply Rails

input characteristics

The TLV2332 is specified with a minimum and a maximum input voltage that, if exceeded at either input, could
cause the device to malfunction. Exceeding this specified range is a common problem, especially in single-
supply operation. Note that the lower range limit includes the negative rail, while the upper range limit is
specified at Vpp — 1 V at Ty = 25°C and at Vpp — 1.2 V at all other temperatures.

The use of the polysilicon-gate process and the careful input circuit design gives the TLV2332 very good input
offset voltage drift characteristics relative to conventional metal-gate processes. Offset voltage drift in CMOS
devices is highly influenced by threshold voltage shifts caused by polarization of the phosphorus dopant
implanted in the oxide. Placing the phosphorus dopant in a conductor (such as a polysilicon gate) alleviates
the polarization problem, thus reducing threshold voltage shifts by more than an order of magnitude. The offset
voltage drift with time has been calculated to be typically 0.1 uV/month, including the first month of operation.

Because of the extremely high input impedance and resulting low-bias current requirements, the TLV2332 is
well suited for low-level signal processing; however, leakage currents on printed circuit boards and sockets
can easily exceed bias-current requirements and cause a degradation in device performance. It is good
practice to include guard rings around inputs (similar to those of Figure 33 in the Parameter Measurment
Information section). These guards should be driven from a low-impedance source at the same voltage level
as the common-mode input (see Figure 37).

The inputs of any unused amplifiers should be tied to ground to avoid possible oscillation.
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A% MV

Py > Vi—AM Y = ® 4 =
L—cv ) — Vg —Vy L;—é —Vo
i + + Vi +

(a) NONINVERTING AMPLIFIER (b) INVERTING AMPLIFIER (c) UNITY-GAIN AMPLIFIER

Figure 37. Guard Ring Schemes

noise performance

The noise specifications in operational amplifier circuits are greatly dependent on the current in the first-stage
differential amplifier. The low input bias current requirements of the TLV2332 results in a very low noise
current, which is insignificant in most applications. This feature makes the devices especially favorable over
bipolar devices when using values of circuit impedance greater than 50 kQ, since bipolar devices exhibit
greater noise currents.

feedback
Operational amplifier circuits nearly always employ

feedback, and since feedback is the first prerequisite
for oscillation, a little caution is appropriate. Most
oscillation problems result from driving capacitive
loads and ignoring stray input capacitance. A small- =

value capacitor connected in parallel with the . —
feedback resistor is an effective remedy (see

Figure 38). The value of this capacitor is optimized i

empirically.

electrostatic discharge protection

The TLV2332 incorporates an internal electrostatic Figure 38. Compensation for Input
discharge (ESD) protection circuit that will prevent Capacitance

functional failures at voltages up to 2000 V as tested under MIL-STD-883C, Method 3015.2. Care should be
exercised, however, when handling these devices as exposure to ESD may result in the degradation of the
device parametric performance. The protection circuit also causes the input bias currents to be temperature
dependent and have the characteristics of a reverse-biased diode.

latch-up

Because CMOS devices are susceptible to latch-up due to their inherent parasitic thyristors, the TLV2332
inputs and output are designed to withstand —100-mA surge currents without sustaining latch-up; however,
techniques should be used to reduce the chance of latch-up whenever possible. Internal protection diodes
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should not by design be forward biased. Applied input and output voltage should not exceed the supply voltage
by more than 300 mV. Care should be exercised when using capacitive coupling on pulse generators. Supply
transients should be shunted by the use of decoupling capacitors (0.1 pF typical) located across the supply
rails as close to the device as possible.

The curreni paih estabiished if iatch-up occurs is usuaily between the positive supply raii and ground and can
be triggered by surges on the supply lines and/or voltages on either the output or inputs that exceed the supply
voltage. Once latch-up occurs, the current flow is limited only by the impedance of the power supply and the
forward resistance of the parasitic thyristor and usually results in the destruction of the device. The chance

of latch-up occuring increases with increasing temperature and supply voltages.

output characteristics

The output stage of the TLV2332 is designed to VbD

sink and source relatively high amounts of current

(see Typical Characteristics). If the output is %

subjected to a short-circuit condition, this high- v: | Rp Vpo-Vo
current capability can cause device damage under ! +— 4 Rp = el slp
certain conditions. Output current capability ®—V0 |- Pullup current
increases with supply voltage. IF ,uni,ed by the
Although theTLV2332 possesses excellent high- ’ operational amplifier

are available for boosting this capability, if needed.

The simplest method involves the use of a pullup —

resistor (Rp) connected from the output to the T o

positive supply rail (see Figure 39). There are two Figure 39. Resistive Pullup to Increase Vo
disadvantages to the use of this circuit. First, the
NMOS pulldown transistor, N4 (see equivalent
schematic) must sink a comparatively large amount 25V
of current. In this circuit, N4 behaves like a linear
resistor with an on-resistance between
approximately 60 Q and 180 €, depending on how Vo
hard the operational amplifier input is driven. With Vi— ¢ ,

very low values of Rp, a voltage offset from 0 V at

- R ically 500 pA
level output voltage and current capability, methods im 2 'LliRL (typlcally 500 uA)

the output will occur. Secondly, pullup resistor Rp CL
acts as a drain load to N4 and the gain of the Tp = 25°C

operational amplifier is reduced at output voltage f=1kHz

levels where N5 is not supplying the output current. Vipp=1V sy

All operating characteristics of the TLV2332 are

measured using a 20-pF load. The devices will drive Figure 40. Test Circuit for
higher capacitive loads; however, as output load Output Characteristics

capacitance increases, the resulting response pole
occurs at lower frequencies, thereby causing
ringing, peaking, or even oscillation (see Figures 41,
42, and 43). In many cases, adding some

compensation in the form of a series resistor in the
feedback loop will alleviate the problem.
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(8) CL_ = 20 pF, R|_= NO LOAD (b) C_ = 130 pF, R_ = NO LOAD (c) CL = 150 pF, R = NO LOAD

Figure 41. Effect of Capacitive Loads in High-Bias Mode

(a) CL_ = 20 pF, R_= NO LOAD (b) Cf_ = 170 pF, R|_ = NO LOAD (c) C =190 pF, R|_= NO LOAD

Figure 42. Effect of Capacitive Loads in Medium-Bias Mode

(a) Cp_ =20 pF, R = NO LOAD (b) C|_ =260 pF, R = NO LOAD (c) C =310 pF, R = NO LOAD

Figure 43. Effect of Capacitive Loads in Low-Bias Mode
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Wide Range of Supply Voltages Over
Specified Temperature Range:
TA = —40°Cto85°C...2Vto8YV

LARGE-SIGNAL DIFFERENTIAL VOLTAGE
AMPLIFICATION AND PHASE SHIFT

vs

FREQUENCY

Fully Characterized at 3V and 5 V 107 T -60°
. Vpp =3V
Single-Supply Operation £ 105 RL = 100 k@ | -30°
Common-Mode Input-Voltage Range s CL = 20 pF
Extends Below the Negative Rail and up to % 10° —< Ta= 25°C —{0°
Vpp - 1Vat25°C £ \
oD . s 104 —\ N 30°
Output Voltage Range Includes Negative § N wo £
Rail s 3 \ o 0
2 10 N 60° ‘o
High Input Impedance . . . 1012 Q Typical s \ \ :
. . E 402 r— 90 &
ESD-Protection Circuitry 5 Phase Shift \
Designed-In Latch-Up Immunity 8 40! 120°
[} \
o
description z 1 N 150°
The TLV2344 quad operational amplifier is one of 180°
a family of devices that has been specifically 0.1 10 100 1k 10k 100k 1M
designed for use in low-voltage, single-supply f - Frequency - Hz
applications. Unlike the TLV2324 which is
optimized for ultra-low power, the TLV2334 is D OR N PACKAGE
designed to provide a combination of low power (TOP VIEW)
and good ac performance. Each ampilifier is fully
functional down to a minimum supply voltage of tout[fr Ureour
2V, is fully characterized, tested, and specified at TIN-[J2 13 ;]1 4IN-
both 3-V and 5-V supplies over a temperature tiNels r2[]ains
range of — 40°C to 85°C. The common-mode input Vpp.[J4+  11[JVpp-/GND
voltage range includes the negative rail and 2IN+ Ez 10013 1IN+
extends to within 1 V of the positive rail. 2IN-[] oH13 IN-
20uT[]7 s[]aout
Having a maximum supply current of only 300 pA
per amplifier over the full temperature range, the
TLV2334 devices offer a combination of good ac P“Tlg'fs:;f!s
performance and microampere supply currents. { )
From a 3-V power supply, the amplifiers typical 10UT 40UT
slew rate is 0.38 V/us, and its bandwidth is } ”\tzi O — 2 m;
300 kHz. These amplifiers offer a level of ac Vpps = = Vpp_/ GND
2 IN+ =5 = 3N+
perf.ormance greater than that of many other 2 IN- = = 3 IN-
devices operating at comparable power levels. 20UT 30UT
AVAILABLE OPTIONS
Vipmax PACKAGE CHIP
SMALL PLASTIC
Ta 2'5‘30 OUTLINE DIP T;SWOP Fo:m
) ) : M
-40°C1t085°C | 10mV | TLV2334ID | TLV2334IN | TLV2334IPW | TLV2334Y

The D package is available taped and reeled. Add R suffix to the device type (e.g., TLV2334IDR).
The PW package is only available left-end taped and reeled (e.g., TLV2334IPWLE).

LinCMOS™ is a trademark of Texas Instruments Incorporated.

PRODUCTION DATA information is current as of publication date.

Copyright © 1992, Texas Instruments Incorporated

Products conform to specifications per the terms of Texas
Instruments standard warranty. Production processing does not

necessarily include testing of all parameters.

"w'r‘ TEXAS
INSTRUMENTS

2-79



TLV2334l, TLV2334Y
LinCMOS™ LOW-VOLTAGE MEDIUM-POWER
QUAD OPERATIONAL AMPLIFIERS

SLOS113-D4036, MAY 1932

description (continued)

The TLV2334 operational amplifiers are especially well suited for use in low-current or battery-powered
applications.

Low-voltage and low-power operation has been made possible by using Texas Instruments silicon gate
LinCMOS technology. The LInCMOS process also features extremely high input impedance and ultra-low input
bias currents making them ideal for interfacing to high-impedance sources such as in sensor circuits or filter

applications.

To facilitate the design of small portable equipment, the TLV2334 is made available in a wide range of package
options, including the small-outline and thin-scaled-small-outline packages (TSSOP). The TSSOP package has
significantly reduced dimensions compared to a standard surface-mount package. Its maximum height of only
1.1 mm makes it particularly attractive when space is critical.

The device inputs and outputs are designed to withstand —100-mA currents without sustaining latch-up. The
TLV2334 incorporates internal ESD-protection circuits that will prevent functional failures at voltages up to
2000 V as tested under MIL-STD 883C, Method 3015.2; however, care should be exercised in handling these
devices as exposure to ESD may result in the degradation of the device parametric performance.

TLV2334Y chip information

These chips, properly assembled, display characteristics similarto the TLV2334lI (see electricaltables). Thermal
compression or ultrasonic bonding may be used on the doped aluminumbonding pads. Chips may be mounted
with conductive epoxy or a gold-silicon preform.

IN+ (3) —
ouT (1)
IN- (2) —
BONDING PAD ASSIGNMENTS
IN+ (5) —

A IN-(6) —
IN+ (10) —

ouT(7)

ouT (8)
IN= (9) —

IN+ (12) —
ouT (14)
IN- (13) —

<
| + | + 1 + 1 + o)

o

=

(59)
Vpp-/GND (11)

CHIP THICKNESS:
15 TYPICAL

BONDING PADS:
4 X 4 MINIMUM

)1Irl||;|||||||||||||||r||[|||||l||

Py
iV

R (72) . Tgmax =150 C

FUIU'I'!'M[%W"!'\\I‘I'|'1‘I}UUJ'I'I(I‘II)H] TOLERANCES
ARE *10%

ALL DIMENSIONS
ARE IN MILS
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equivalent schematic (each amplifier)

[ COMPONENT COUNTT
Transistors 108
Diodes 8
Resistors 28
Capacitors” 4

tincludes all amplifiers, ESD,
bias, and trim circuitry

»
p—

m

P1 P2 Ni]
TR

Ly
N—-
— —i' R2 ’ “—J
IN+

RS C1 P5 P6
o __l 4: g
o l—-v —
L — .
N3 out
s . w]
= e
N1 | N2 J N6
L —
R3S D1A R4 D2 — ¢ |re N7
R7
— - ¢ . |
’ ¢ é
GND

absolute maximum ratings over operating free-air temperature (uniess otherwise noted)f

Supply voltage, Vpp (See Note 1) .. ... 8V
Differential input voltage (see Note 2). . .. ... ... .. +V

Input voltage range, Vi (any input) . .......... . ... -03Vto Vpp
Inputcurrent, Iy t5mA
Outputcurrent, lo +30 mA
Duration of short-circuit current at (or below) Tp =25°C (seeNote 3)........................ Unlimited
Continuous total dissipation ............ . ... ... ... . . i See Dissipation Rating Table
Operating free-air temperature range, Ta . ... ..ottt —40°C to 85°C
Storage temperature range . ... ... —65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D, N, or PW package ............ 260°C

tStresses 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 "reccommended operating conditions" is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.
NOTES: 1. All voltage values, except differential voltages, are with respect to network ground.
2. Differential voltages are at the noninverting input with respect to the inverting input.
3. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure that the maximum
dissipation rating is not exceeded (see application section).
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DISSIPATION RATING TABLE

PACKAGE Tp £25°C DERATING FACTOR Tp =85°C
POWER RATING ABOVE Tp = 25°C POWER RATING

D 950 mW 7.6 mW/°C 494 mW

N 1575 mW 12.6 mW/°C 819 mW

PW 700 mW 5.6 mW/°C 364 mW

recommended operating conditions

MIN MAX | UNIT
Supply voltage, Vpp 2 8 Vv
. Vpp=3V -0.2 1.8
Common-mode input voltage, V :
P 9. ie Vpp =5V -0.2 3.8 v
Operating free-air temperature, Tp —40 85 oC
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electrical characteristics at specified free-air temperature (unless otherwise noted)

\ =3V \" =5V
PARAMETER TEST CONDITIONS | Tpt DD ol UNIT
MIN TYP MAX MIN TYP MAX
Vo=1V,
Vig=1V 25°C 06 10 1110
Vio Input offset voltage Rg = 50 €, p - mV
B RL = 100 ka2 ull range 12
Average temperature coefficient 25°C to o
IO input offset voltage o 85°C ! 7 uvree
Vo=1V, 25°C 0.1 0.1
I
o nput offset current (see Note 4) Vig=1V 85°C 22 1000 24 1000 pA
Vo=1V. 25°C 0.6 0.6
| . .
T2} nput bias current (see Note 4) Vig=1V 85°C 175 2000 2002000 PA
-02 -03 -02 -03
25°C to to to to v
v Common-mode input 2 2.3 4 4.2
ICR voltage range (see Note 5) -0.2 -0.2
Full range to to v
1.8 3.8
Vig=1V. 25°C 175 19 32 39
VOH High-level output voltage Vip = 100 mV, - - \%
loL = -1 mA Full range 1.7 3
Vig=1V. 25°C 15 150 95 150
VoL Low-level output voltage Vip =-100mV, mv
loL = 1 mA Full range 190 190
o . Vic=1V, 25°C 25
. 83 25 170
AvD Large-signal énfferentlal RL = 100 kQ, s VimV
voltage amplification See Note 6 Full range 15 15
Vo=1V. 25°C 65 92 65 ot
CMRR Common-mode rejection ratio Vic = Vicgmin, dB
Rg =50 Q Full range 60 60
T Vpp=3V1o5V, .
" Supply-voltage rejection ratio V%D IV Va1V 25°C 70 94 70 94 "
SVR iIc=tvivo=1Vv,r——— - o
(AVpp / aV|0) Rg = 50 Q Full range 65 65
Vo=1V. 25°C 320 1000 420 1120
Iop Supply current Vic=1V. JA
No load Full range 1200 1600

trul range is — 40°C to 85°C.

NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically.
5. This range also applies to each input individually.

6. AtVpp=5V,Vg=025Vto2V;atVpp=3V,Vg =05Vto1.5V.

‘vf TEXAS

INSTRUMENTS

2-83



TLV2334l
LinCMOS™ LOW-VOLTAGE MEDIUM-POWER

QUAD OPERATIONAL AMPLIFIERS

SLOS113-D4036, MAY 1992

operating characteristics at specified free-air temperature, Vpp =3 V

PARAMETER TEST CONDITIONS TA MIN  TYP MAX UNIT
Vic=1V,
Ic 25°C 0.38
. RL =100 kQ,
SR Slew rate at unity gain Vipp=1V Vips
CL = 20 pF,
85°C 0.29
See Figure 30
f=1kHz, RAg=100Q —
V Equivalent i i It: ' ' 25°C 32
n quivalent input noise voltage See Figure 31 nV/NHz
25°C 34
Vo =VoH, CL =20pF,
Bom Maximum output swing bandwidth 0 OH L P kHz
RL = 100 k<, See Figure 30 85°C 32
. 25°C 300
Vi=10mV, C| =20pF,
B4 Unity-gain bandwidth ! Y. L P KHz
RL = 100 k2, See Figure 32 85°C 235
Vi=10mV, t=By, —40°C 42°
m Phase margin CL =20pF, R =100kQ, 25°C 39°
See Figure 32 85°C | 36°
operating characteristics at specified free-air temperature, Vpp =5V
PARAMETER TESTCONDITIONS TA MIN  TYP MAX UNIT
25°C 0.43
Vic=1V, Vipp=1V
. RL = 100 ke 85°C 035
SR Slew rate at unity gain L= ' Vs
CL=20pF, 25°C 0.40
See Figure 30 Vipp=25V
85°C 0.32
Vo Equivalent input noise voltage f=1kHz,  Rg=1004Q, 25°C 32 nVNHz
See Figure 31
25°C 55
Bom Maximum output swing bandwidth Vo =VoH. CL=20pF, KHz
R = 100 kQ, See Figure 30 85°C 45
- _ 25°C 525
By  Unity-gain bandwidth Vi=10mV, Cp =20pF, KHz
R = 100 kQ, See Figure 32 85°C 370
Vi=10mV, f=By, -40°C 43
¢m  Phase margin CL =20 pF, R( = 100kQ, 25°C 40°
See Figure 32 85°C 38°
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electrical characteristics at specified free-air temperature, Ty = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS Vop=3V Vop=5V¥ uNIT
MIN  TYP MAX MIN  TYP MAX
Vo=1V.Vic=1V,

v Input offset volta 0.6 10 1.1 10 \%
lo Inputofisetvolage Rg = 50 Q, R = 100 kQ2 m
o Input offset current (see Note 4) | Vo =1V,V|c=1V 0.1 0.1 pA
) Input bias current (see Note 4) Vo=1V,Vic=1V 0.6 0.6 pA

-0. -0. -0. -0.3
Common-mode input 0-2 03 02
VicR voltage range (see Note 5) © 0 0 © v
ge rang 2 23 4 42
Vic=1V,V)p=100mV
Vou  High-level output voltage Ic=1%. ¥p = T mY, 175 19 32 39 v
loL =-1mA
Vic=1V,V|p=-100mV,
VoL Low-level output voltage Ic 1D m 115 150 95 150 mV
loL =1mA
Large-signal differential Vic =1V, R =100kQ,
A 5 170
VD voltage amplification See Note 6 = 8 2 VimV
- . Vo=1V,V|g = V|cgmin,
CMRR  Common-mode rejection ratio 65 92 65 91 dB
Rg=50Q
Supply-voltage rejection ratio Vpp=3Vto5V, Vic=1V,
ki 94 94 d
SVR  (avpp/AVio) Vo=1V,Rg=50Q 70 o 8
I Suppl t Vo=1V.Vic=1V, 320 1000 420 1120
DD upply curren No load HA

NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically.
5. This range also applies to each input individually.

6. AtVpp=5V,Vp=025Vto2V;atVpp=3V,V5=05Vto1.5V.
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TYPICAL CHARACTERISTICS
DISTRIBUTION OF TLV2334

DISTRIBUTION OF TLV2334
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HIGH-LEVEL OUTPUT VOLTAGE

TYPICAL CHARACTERISTICS
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VoL - Low-Level Output Voltage - mV

VoL - Low-Level Output Voltage — mV
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TYPICAL CHARACTERISTICS

LOW-LEVEL OUTPUT VOLTAGE
vs
FREE-AIR TEMPERATURE

T T
Vpp =3V
“Vic=1V

| ViD= —100 mV
loL= 1mA

/l/
///
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Ta — Free-Air Temperature — °C

Figure 9
LOW-LEVEL OUTPUT VOLTAGE
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Figure 11

VoL - Low-Level Output Voltage — mV

VoL — Low-Level Output Voltage - V

LOW-LEVEL OUTPUT VOLTAGE
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VDD =5V
700 Vic = IVip/2( ]
loL = 5mA
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400 \\
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Vip — Ditferential Input Voitage — V

Figure 10

LOW-LEVEL OUTPUT VOLTAGE
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LOW-LEVEL OUTPUT CURRENT
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0.7
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N I %
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0.2 ///
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loL — Low-Level Output Current - mA

Figure 12
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LARGE-SIGNAL LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION DIFFERENTIAL VOLTAGE AMPLIFICATION
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INPUT BIAS CURRENT AND INPUT COMMON-MODE INPUT VOLTAGE
OFFSET CURRENT POSITIVE LIMIT
vs vs
FREE-AIR TEMPERATURE SUPPLY VOLTAGE
< 4
a 10 —r —— 8 I
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= —» >
m 1071Le 0
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Figure 15 Figure 16

NOTE 4: The typical values of input bias current and input offset current below 5 pA were determined mathematically.
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SUPPLY CURRENT SUPPLY CURRENT
vs vs
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MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE UNITY-GAIN BANDWIDTH
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Figure 21 Figure 22
UNITY-GAIN BANDWIDTH
vs
SUPPLY VOLTAGE
1000 r .
Vi =10 mV
900 |- RL = 100 kQ
£ CL = 20 pF
= o
, 800 . Ta = 25°C
£
i)
S 700
2
é 600 —
T
2 s00 jd
E /
400 /
& /
300
200

0 1 2 3 4 5 6 7 8
Vpp - Supply Voltage - V

Figure 23
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Ayp - Differential Voltage Amplification

Ayp - Differential Voltage Amplification

TYPICAL CHARACTERISTICS

LARGE-SIGNAL DIFFERENTIAL VOLTAGE
AMPLIFICATION AND PHASE SHIFT

vs
FREQUENCY
107 T —60°
Vpp =3V
6 _ 300
10 RL = 100 kQ —{-30
CL = 20 pF
10° ——<g Tp= 25°C —0°

NN -

10 N
DN
3 60°

N \ \\
102 & 90°
Phase Shift

. AN
\

120°

; \“ 150°
. WNoaoe
1 10 100 1k 10k 100k 1M
f - Frequency - Hz
Figure 24
LARGE-SIGNAL DIFFERENTIAL VOLTAGE
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Figure 25
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PARAMETER MEASUREMENT INFORMATION

single-supply versus split-supply test circuits

Because the TLV2334l is optimized for single-supply operation, circuit configurations used for the various tests
often present some inconvenience since the input signal, in many cases, must be offset from ground. This
inconvenience can be avoided by testing the device with split supplies and the output load tied to the negative
rail. A comparison of single-supply versus split-supply test circuits is shown below. The use of either circuit
will give the same result.

Vop VoD+
v
Vi Vo VL °
cL RL CL RL
T
= = Vpp-
(a) SINGLE-SUPPLY (b) SPLIT-SUPPLY
Figure 30. Unity-Gain Amplifier
10 kQ2 10 kQ
AV A
v
Vpp DD+
100 Q >| _\L
1/2 VDD—{ — Vo . — Vo
+
100 Q
100 Q 100 Q
- - - Vop-
(a) SINGLE-SUPPLY (b) SPLIT-SUPPLY
Figure 31. Noise Test Circuit
10 kQ 10 kQ
AN AAA
VoD VDD«
100 Q 100 Q
Vi—wWA - V; — WV -
Vo Vo
1/2Vpp + +
l ==c ll TC

Vpp-
(a) SINGLE-SUPPLY (b) SPLIT-SUPPLY

Figure 32. Gain-of-100 Inverting Amplifier
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PARAMETER MEASUREMENT INFORMATION

input bias current

Because of the high input impedance of the TLV2334! operational amplifier, attempts to measure the input bias
current can result in erroneous readings. The bias current at normal ambient temperature is typically less than
1 pA, a value that is easily exceeded by leakages on the test socket. Two suggestions are offered to avoid

erroneous measurements:

1. lIsolate the device from other potential leakage sources. Use a grounded shield around and between the
device inputs (see Figure 33). Leakages that would otherwise flow to the inputs will be shunted away.

2. Compensate for the leakage of the test socket by actually performing an input bias current test (using
a picoammeter) with no device in the test socket. The actual input bias current can then be calculated
by subtracting the open-socket leakage readings from the readings obtained with a device in the test

socket.

One word of caution, many automatic testers as well as some bench-top operational amplifier testers use
the servo-loop technique with a resistor in series with the device input to measure the input bias current
(the voltage drop across the series resistor is measured and the bias current is calculated). This method
requires that a device be inserted into the test socket to obtain a correct reading; therefore, an open-
socket reading is not feasible using this method.

7

o] o

0

0

0

0

0

1

0|0

8

0

0

0

0

V=Vic

14

Figure 33. Isolation Metal Around Device Inputs
(N Dual-In-Line Package)

low-level output voltage

input offset voltage temperature coefficient

To obtain low-supply-voltage operation, some compromise is necessary in the input stage. This compromise
results in the device low-level output being dependent on both the common-mode input voltage level as well
as the differential input voltage level. When attempting to correlate low-level output readings with those quoted
in the electrical specifications, these two conditions should be observed. If conditions other than these are to
be used, please refer to the Typical Characteristics section of this data sheet.

Erroneous readings often result from attempts to measure temperature coefficient of input offset voltage. This
parameter is actually a calculation using input offset voltage measurements obtained at two different
temperatures. When one (or both) of the temperatures is below freezing, moisture can collect on both the
device and the test socket. This moisture will result in leakage and contact resistance which can cause
erroneous input offset voltage readings. The isolation techniques previously mentioned have no etffect on the
leakage since the moisture also covers the isolation metal itself, thereby rendering it useless. It is suggested
that these measurements be performed at temperatures above freezing to minimize error.

full power response

Full power response, the frequency above which the operational amplifier slew rate limits the output voltage
swing, is often specified two ways: full-linear response and full-peak response. The full-linear response is
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PARAMETER MEASUREMENT INFORMATION

generally measured by monitoring the distortion level of the output while increasing the frequency of a
sinusoidal input signal until the maximum frequency is found above which the output contains significant
distortion. The full-peak response is defined as the maximum output frequency, without regard to distortion,
above which full peak-to-peak output swing cannot be maintained.

Because there is no industry-wide accepted value for significant distortion, the full-peak response is specified
in this data sheet and is measured using the circuit of Figure 30. The initial setup involves the use of a
sinusoidal input to determine the maximum peak-to-peak output of the device (the amplitude of the sinusoidal
wave is increased until clipping occurs). The sinusoidal wave is then replaced with a square wave of the same
amplitude. The frequency is then increased until the maximum peak-to-peak output can no longer be
maintained (Figure 34). A square wave is used to allow a more accurate determination of the point at which
the maximum peak-to-peak output is reached.

/S L/ A a

(a) f = 100 Hz (b) Boy > f > 100 Hz (c)f=Bom (d) f>Bom
Figure 34. Full-Power-Response Output Signal

test time

Inadequate test time is a frequent problem, especially when testing CMOS devices in a high-volume, short-
test-time environment. Internal capacitances are inherently higher in CMOS than in bipolar and BiFET devices,
and require longer test times than their bipolar and BiFET counterparts. The problem becomes more
pronounced with reduced supply levels and lower temperatures.

TYPICAL APPLICATION DATA
single-supply operation

While the TLV2334! will perform well using dual-power supplies (also called balanced or split supplies), the
design is optimized for single-supply operation.

This includes an input common-mode voltage

range that encompasses ground as well as an VoD

output voltage range that pulls down to ground.
The supply voltage range extends down to 2V,
thus allowing operation with supply levels AAA
commonly available for TTL and HCMOS.

Many single-supply applications require that a R1
voltage be applied to one input to establish a Vi ——AAA >

reference level that is above ground. This virtual >——<
ground can be generated using two large E@__‘y

resistors, but a prefered technique is to use a Vo = (@_;V_i)
virtual ground generator such as the TLE2426. 2

The TLE2426 supplies an accurate voltage equal = =

to Vpp/2, while consuming very little power, and

is suitable for supply voltages of greater than 4 V. Figure 35. Inverting Amplifier With Voltage
Reference

— Vo

Ry + Vpp
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The TLV2334I works well in conjunction with digital logic; however, when powering both linear devices and
digital logic from the same power supply, the following precautions are recommended:

1. Power the linear devices from separate bypassed supply lines (see Figure 36); otherwise, the linear
device supply rails can fluctuate due to voltage drops caused by high switching currents in the digital
iogic.

2. Use proper bypass techniques to reduce the probability of noise-induced errors. Single capacitive
decoupling is often adequate; however, RC decoupling may be necessary in high-frequency applications.

1

Logic Logic Logic l gz:’s{y
I~ 1 i T ]

(a) COMMON SUPPLY RAILS

ol Lo Lo Loai Power
. ogic ogic ogic : : Supply

(b) SEPARATE BYPASSED SUPPLY RAILS (preferred)

Figure 36. Common Versus Separate Supply Rails

input characteristics

The TLV2334l is specified with a minimum and a maximum input voltage that, if exceeded at either input, could
cause the device to malfunction. Exceeding this specified range is a common problem, especially in single-
supply operation. Note that the lower range limit includes the negative rail, while the upper range limit is
specified at Vpp — 1 V at Tp = 25°C and at Vpp — 1.2 V at all other temperatures.

The use of the polysilicon-gate process and the careful input circuit design gives the TLV2334I very good input
offset voltage drift characteristics relative to conventional metal-gate processes. Offset voltage drift in CMOS
devices is highly influenced by threshold voltage shifts caused by polarization of the phosphorus dopant
implanted in the oxide. Placing the phosphorus dopant in a conductor (such as a polysilicon gate) alleviates
the polarization problem, thus reducing threshold voltage shifts by more than an order of magnitude. The offset
voltage drift with time has been calculated to be typically 0.1 pV/month, including the first month of operation.

Because of the extremely high input impedance and resulting low-bias current requirements, the TLV2334l
is well suited for low-level signal processing; however, leakage currents on printed circuit boards and sockets
can easily exceed bias-current requirements and cause a degradation in device performance. It is good
practice to include guard rings around inputs (similar to those of Figure 33 in the Parameter Measurment
Information section). These guards should be driven from a low-impedance source at the same voltage level
as the common-mode input (see Figure 37).

The inputs of any unused amplifiers should be tied to ground to avoid possible oscillation.
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MV A%

- \ .

2 v Vi— VWA > v > -y
b — — (o]
= S e Loy |

(a) NONINVERTING AMPLIFIER (b) INVERTING AMPLIFIER (c) UNITY-GAIN AMPLIFIER

Figure 37. Guard Ring Schemes

noise performance

The noise specifications in operational amplifier circuits are greatly dependent on the current in the first-stage
differential amplifier. The low input bias current requirements of the TLV2334l results in a very low noise
current, which is insignificant in most applications. This feature makes the devices especially favorable over
bipolar devices when using values of circuit impedance greater than 50 k2, since bipolar devices exhibit
greater noise currents.

feedback
Operational amplifier circuits nearly always employ AAA

feedback, and since feedback is the first prerequisite
for osciliation, a iittie caution is appropriate. Most
oscillation problems result from driving capacitive
loads and ignoring stray input capacitance. A small- -

value capacitor connected in parallel with the . —
feedback resistor is an effective remedy (see

Figure 38). The value of this capacitor is optimized i

empirically.

electrostatic discharge protection

Figure 38. Compensation for Input

The TLV2334lI incorporates an internal electrostatic .
Capacitance

discharge (ESD) protection circuit that will prevent
functional failures at voltages up to 2000 V as tested under MIL-STD-883C, Method 3015.2. Care should be
exercised, however, when handling these devices as exposure to ESD may result in the degradation of the
device parametric performance. The protection circuit also causes the input bias currents to be temperature
dependent and have the characteristics of a reverse-biased diode.

latch-up

Because CMOS devices are susceptible to latch-up due to their inherent parasitic thyristors, the TLV2334l
inputs and output are designed to withstand —100-mA surge currents without sustaining latch-up; however,
techniques should be used to reduce the chance of latch-up whenever possible. Internal protection diodes
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should not by design be forward biased. Applied input and output voltage should not exceed the supply voltage
by more than 300 mV. Care should be exercised when using capacitive coupling on pulse generators. Supply
transients should be shunted by the use of decoupling capacitors (0.1 uF typical) located across the supply

rails as close to the device as possible.

The current path established if latch-up occurs is usually between the positive supply rail and ground and can
be triggered by surges on the supply lines and/or voltages on either the output or inputs that exceed the supply
voltage. Once latch-up occurs, the current flow is limited only by the impedance of the power supply and the
forward resistance of the parasitic thyristor and usually results in the destruction of the device. The chance
of latch-up occuring increases with increasing temperature and supply voltages.

output characteristics

The output stage of the TLV2334l is designed to
sink and source relatively high amounts of current
(see Typical Characteristics). If the output is
subjected to a short-circuit condition, this high-
current capability can cause device damage under
certain conditions. Output current capability
increases with supply voltage.

Although theTLV2334!l possesses excellent high-
level output voltage and current capability, methods
are available for boosting this capability, if needed.
The simplest method involves the use of a pullup
resistor (Rp) connected from the output to the
positive supply rail (see Figure 39). There are two
disadvantages to the use of this circuit. First, the
NMOS pulldown transistor, N4 (see equivalent
schematic) must sink a comparatively large amount
of current. In this circuit, N4 behaves like a linear
resistor with an on-resistance between
approximately 60 Q and 180 Q, depending on how
hard the operational amplifier input is driven. With
very low values of Rp, a voltage offset from 0 V at
the output will occur. Secondly, pullup resistor Rp
acts as a drain load to N4 and the gain of the
operational amplifier is reduced at output voltage
levels where N5 is not supplying the output current.

All operating characteristics of the TLV2334l are
measured using a 20-pF load. The devices will drive
higher capacitive loads; however, as output load
capacitance increases, the resulting response pole
occurs at lower frequencies, thereby causing
ringing, peaking, or even oscillation (see Figures 41,
42, and 43). In many cases, adding some
compensation in the form of a series resistor in the
feedback loop will alleviate the problem.

VbD
Vi P Ro < Vbo-Vo
b p= IE+1L+1p
Vo Ip = Pullup curent
¢ IF requirgd by the -
r—VN—— operational amplifier
R2

(typically 500 pA)

25V
'—I'Vo
Vi +
CL
Tp =25°C
f=1kHz
Vipp=1V

-25V

Figure 40. Test Circuit for
OutputCharacteristics
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TYPICAL APPLICATION DATA

(a) CL = 20 pF, R|_= NO LOAD (b) Cp_ = 130 pF, R__= NO LOAD (c) C = 150 pF, R|_= NO LOAD

Figure 41. Effect of Capacitive Loads in High-Bias Mode

.. TR

W

(a) C = 20 pF, R = NO LOAD (b) CL = 170 pF, R_= NO LOAD (c) C =190 pF, R|_= NO LOAD

Figure 42. Effect of Capacitive Loads in Medium-Bias Mode

(a) CL = 20 pF, R = NO LOAD (b) CL_ = 260 pF, R_ = NO LOAD (c) C = 310 pF, R = NO LOAD

Figure 43. Effect of Capacitive Loads in Low-Bias Mode
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e Wide Range of Supply Voltages Over e High Input Impedance... 1012 Typical

Specified Temperature Range: e Low Noise . .. 25 nVANAZ T
= ° ° e ypically at
Tao = —40°Cto85°C...2Vto8YV f= 1KHz (High-Bias Mode)

e Fully Characterizedat3Vand5V e ESD-Protection Circuitry
e Single-Supply Operation e Designed-In Latch-Up Immunity
e Common-Mode Input-Voltage Range

: e Bias-Select Feature Enables Maximum
Extends Below the Negative Rail and up to
Vpp - 1V at 25°C Supply Current Range From 17 pA to

1.5 mA at 25°C
e Output Voltage Range Includes Negative

Rail
D OR P PACKAGE PW PACKAGE
(TOP VIEW) (TOP VIEW)
OFFSET N1[]1 8] BIAS SELECT
N-2 70 Voo
IN+[]3 s[]Jout
GND []4 5[] OFFSET N2
description

The TLV2341 operational amplifier has been specifically developed for low-voltage, single- supply applications
and is fully specified to operate over a voltage range of 2 Vto 8 V. The device uses the Texas Instruments silicon-
gate LInCMOS™ technology to facilitate low-power, low-voltage operation and excellent offset-voltage stability.
LinCMOS™ technology also enables extremely high input impedance and low bias currents allowing direct
interface to high-impedance sources.

The TLV2341 offers a bias-select feature, which allows the device to effectively be programmed with a wide
range of different supply currents, and therefore different levels of ac performance. The supply current can be
setat 17 pA, 250 pA, or 1.5 mA, which results in a slew-rate specifications between 0.02 and 2.1 V/us (at 3 V).

The TLV2341 operational amplifiers are especially well suited to single-supply applications and are fully specified
and characterized at 3-V and 5-V power supplies. This low-voltage single-supply operation combined with low
power consumption makes this device a good choice for remote, inaccessible, or portable battery-powered
applications. The common-mode input range includes the negative rail.

AVAILABLE OPTIONS

PACKAGE
V'O':a" SMALL PLASTIC ssOp f:;:‘
Ta 2‘5\“0 OUTLINE DIP W) )
(D) (P)
~40°C 10 85°C 8mV | TLV2341ID | TLV2341IP | TLV2341IPW | TLV2341Y

The D package is available taped and reeled. Add R suffix to the device type (e.g., TLV2341IDR).
The PW package is oniy available left-end taped and reeled (e.g., TLV2341IPWLE).

LInCMOS™ is a trademark of Texas Instruments Incorporated
PRODUCTION DATA information is current as of publication date.

Products conlorm to specilications per the terms of Texas i
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters. l I EXAS

Copyright © 1992, Texas Instruments Incorporated
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description (continued)

bias

The device inputs and outputs are designed to withstand —100-mA currents without sustaining latch-up.

The TLV2341 incorporates internal ESD-protection circuits that will prevent functional failures at voltages up to
2000 V as tested under MIL-STD 883 C, Methods 3015.2; however, care should be exercised in handling these
devices as exposure to ESD may result in the degradation of the device parameric performance.

-select feature

The TLV2341 offers a bias-select feature that allows the user to select any one of three bias levels, depending
on the level of performance desired. The tradeoffs between bias levels involve ac performance and power
dissipation (see Table 1).

Table 1. Effect of Bias Selection on Performance

TYPICAL PARAMETER VALUES MODE
Ta = 25°C. Vi = 3V HIGH-BIAS MEDIUM-BIAS LOW-BIAS UNIT
A » 0D RL=10kQ R( =100 kQ RL=1MQ
Pp Power dissipation 975 195 15 uw
SR Slew rate 2.1 0.38 0.02 Vius
Vi Equivalent input noise voltage atf = 1 kHz 25 32 68 nVAHz
B4 Unity-gain bandwidth 790 300 27 kHz
om Phase margin 49° 39° 34°
Ayp Large-signal ditferential voltage amplification 11 83 400 V/imV
bias selection

Bias selection is achieved by connecting the bias-select pin to one of three voltage levels (see Figure 1). For
medium-bias applications, it is recommended that the bias-select pin be connected to the midpoint between
the supply rails. This procedure is simple in split-supply applications since this point is ground. In single-
supply applications, the medium-bias mode will necessitate using a voltage divider as indicated in Figure 1.
The use of large-value resistors in the voltage divider will reduce the current drain of the divider from the supply
line. However, large-value resistors used in conjunction with a large-value capacitor will require significant
time to charge up to the supply midpoint after the supply is switched on. A voltage other than the midpoint
may be used if it is within the voltages specified in the following table.

VbD
3
3 BIAS-SELECT VOLTAGE
Low g1mM BIAS MODE :

To the Medium (Single Supply)
Bias- e Low Vbp
Select High [ Medium 1VtoVpp-1V
Pin Mo High GND

0.01 uF

"

Figure 1. Bias Selection for Single-Supply Applications
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high-bias mode

In the high-bias mode, the TLV2341 series features low offset voltage drift, high input impedance, and low
noise. Speed in this mode approaches that of BiFET devices but at only a fraction of the power dissipation.

medium-bias mode

-rl__-r \l’\f\“'.‘A - PR R

he TLV2341 in the medium-bias mode features low offse
Speed in this mode is similar to general-purpose |pol r
that consumed by bipolar devices.

L,_ and low noise

t voitage drift, high input imped , and low noise.
devices but p we rdlssnpatno y fraction of

low-bias mode

In the low-bias mode, the TLV2341 features low offset voltage drift, high input impedance, extremely low power
consumption, and high differential voltage gain.

ORDER OF CONTENTS

TOPIC BIAS MODE
schematic all
absolute maximum ratings all
recommended operating conditions all

electrical characteristics
operating characteristics
typical characteristics

electrical characteristics

high
(Figures 2 - 31)

medium

operating ch teristics )
perating characterst (Figures 32 — 61)

typical characteristics
electrical characteristics

low

. N teristics
operatng characteristics (Figures 62 — 91)

typical characteristics
parameter measurement information all

application information all
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TLV2341Y chip information
These chips, properly assembled, display characteristics similartothe TLV234 11 (see electrical tables). Thermal
compression or ultrasonic bonding may be used on the doped aluminumbonding pads. Chips may be mounted
with conductive epoxy or a gold-silicon preform.

BONDING PAD ASSIGNMENTS

‘F OFFSET N1 (1) Vpp (7)
T m IN+ (2) ouT
x IN-(3)
Ix
" I OFFSET N2 (5) GND (3)
BIAS
T SELECT (8)

CHIP THICKNESS:
15 TYPICAL

BONDING PADS:
4 X 4 MINIMUM

iehranlll =
T

[« (55) > ALL DIMENSIONS
[EEEL LU LU LT ARE IN MILS

TOLERANCES
ARE +10%

[

—
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equivalent schematic

COMPONENT COUNTt
Transistors 27
Diodes 2
Resistors 7
Capacitors 1
tincludes the amplifier and all Vv
ESD, bias, and trim circuitry TD
l:P:G P1§
— P9A
> Re t_‘_*:r o8 11
r P4 PS5 P9B — P11l
l___ —
P1 P2 R2 — o
IN- = L oull _I
4 ,_] —
R1I ™ —t Ng— ,_J di—: L —4 P10 I._
M N == N11
IN+ Rs | c1 P6A p;] ’;;B Fn P8
Ll . b
: e 696 . H4—
s —
N3 ] N12
4 N9
L — N6 ’—jr—<
= s =i - —l Jawg |
N1 N2 i+ = ] -
N4 .
Rai | DI¥F R4| &D2 R7 ,J: N13
4
N10
{ i |
OFFSET OFFSET ouTt GND BIAS
N1 N2 SELECT

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

Supply voltage, Vpp (see Note 1) . ... 8V
Differential input voltage (see Note 2). . .. ... ... +*Vpp
Input voltage range, Vi (@ny iNput) . ... ... -03VtoVpp
Input current, 1| +5mA
Outputcurrent, lo .. £30mA
Duration of short-circuit current at (or below) Tp =25°C (seeNote 3)........................ Unlimited
Continuous total dissipation . ........ ... ... .. .. . See Dissipation Rating Table
Operating free-air temperature range, TA . ... .. oo oottt e —40°C to 85°C
Storage temperature TanNQe . ... ...ttt -65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D, P, or PW package ............ 260°C

tStresses 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 “reccommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.
NOTES: 1. Allvoltage values, except differential voltages, are with respect to network ground.
2. Differential voltages are at the noninverting input with respect to the inverting input.
3. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure that the maximum
dissipation rating is not exceeded (see application section).

{‘ TeEXAS
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DISSIPATION RATING TABLE

Tp <25°C DERATING FACTOR Tp = 85°C

PACKAGE pOWERRATING ABOVE Tp =25°C  POWER RATING
) 725 mW 5.8 mW/°C 377 mW
P 1000 mW 8.0 mW/°C 520 mW
PW 5256 mW 4.2 mWrC 273 mW

recommended operating conditions

MIN MAX | UNIT
Supply voltage, Vpp B 2 8 Vv
: Vpp =3V -02 1.8
Common-mode input voltage, V :
i 9 e Vpp=5V -0.2 38 v
Operating free-air temperature, Tp — 40 85 °C

2-108
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HIGH-BIAS MODE

electrical characteristics at specified free-air temperature (unless otherwise noted)

Vpp=3V Vpp=5V
PARAMETER TEST CONDITIONS Tat MIN_ TYP MAX MIN_ TYP MAX UNIT
Vo=1V,
Y 25°C 06 8 11 8
ic=1Vv,
Vio Input offset voltage Rg =50 Q, p o o mV
RL = 10 kO ull range
@ Average temperature coefficient 25°C to 27 27 VIG
VIO o input offset voltage 1 - 85°C ‘ ) K
Vo=1V, 25°C 0.1 0.1
o Input offset current (see Note 4) Vig=1V 85°C 25 1600 241000 pA
. Vo=1V, 25°C 0.6 0.6
B Input bias current (see Note 4) Vig=1V 85°C 175 2000 200 2000 pA
-02 -03 -02 -03
25°C to to to to v
v Common-mode input 2 2.3 4 4.2
ICR voltage range (see Note 5) -02 -0.2
Full range to to \
18 3.8
Vig=1V. 25°C 175 19 32 a7
VoH High-level output voltage Vip =100 mV, — — Vv
loL =1 mA Full range 1.7 3
Vic=1V 25°C 120 150 90 150
VoL Low-level output voltage Vip =-100mV, - mv
. loL=1mA Full range 190 190
Vig=1V, 25°0 3 11 5 23
Avp Large-signal ‘ci_nvterentnal R = 10kQ, VimV
voltage amplification ) See Note & Full range 2 - 35
Vo=1V, 25°C 65 78 65 80
CMRR Common-mode rejection ratio Vic = Vicgmin, ds
Rg=50Q Full range 60 60
Vpp=3Vto5V, o
v Supply-voltage rejection ratio VE;D V.Vg=1V 25°C 70 95 70 95 B
SVR =tv.vVo=1V,
(AVDD/ AV|0) Rs = 50 Q Fullrange | 65 65
l(SEL) Bias select current VI(SEL) =0 25°C ~1.2 —14 WA
Vo=1V. 25°C 325 1500 675 1600
oo Supply current Vig=1V, WA
No load Full range 2000 2200

tFull range is — 40°C to 85°C.
NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically.

5. This range also applies to each input individually.
6. AtVpp=5V,Vg=0.25Vto2V;atVpp=3V,Vg=05VIo15V.
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HIGH-BIAS MODE

operating characteristics at specified free-air temperature, Vpp =3 V

PARAMETER TEST CONDITIONS TA MIN TYP MAX UNIT
Vic=1V,
Ic 25°C 2.1
N RL = 10k,
SR Slew rate at unity gain A an e Vipp=1V Vius
L= 85°C 17
See Figure 92 ’

f=1kHz, Rg=100Q,

Vn Equivalent input noise voltage See Figure 93 25°C 25 nV/VHz
. . . Vo=VoH. CL=20pF, 25°C 170
tput bandwidth
BoMm Maximum output swing bandwi RL = 10kQ, See Figure 92 805G " kHz
Vi=10mV, C =20pF, 25°C 790
B4 Unity-gain bandwidth RL=10kQ, kHz
See Figure 94 85°C 690
Vi=10mV, =By, —-40°C 53°
m Phase margin CL=20pF, R_=10kQ 25°C 49°
See Figure 94 85°C 47°

operating characteristics at specified free-air temperature, Vpp =5 V

PARAMETER TEST CONDITIONS TA MIN TYP MAX UNIT
25°C 3.6
Vic=1V, Vipp=1V
o i RL = 10kQ 85°C 28
SR Slew rate at unity gain L g Vins
CL =20pF, 25°C 29
See Figure 92 Vipp=25V
85°C 23
Vi Equivalent input noise voltage f=1kHz,  Rg=1000Q, 25°C 25 nVINFZ
See Figure 93 o
= = 25°C 320
Bom  Maximum output swing bandwidth Vo=VoH. CL=20pF, KHz
RL = 10k, See Figure 92 85°C 250
L _ 25°C 1.7
By  Unity-gain bandwidth Vi=10mV, C| =20pF, MHz
RL = 10kQ, See Figure 94 85°C 1.2
Vi=10mV, f=By, -40°C 49°
om Phase margin C| =20pF, R| =10kQ, 25°C 46°
See Figure 94 85°C 43°
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HIGH-BIAS MODE

electrical characteristics at specified free-air temperature, Tp = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS Vop =3V Vop=5V UNIT
MIN TYP MAX MIN  TYP MAX
v Input offset volt Vo=1V.Vic=1V, 06 8 11 8 v
Te) nput offset voltage B Rs =500, R = 10k . . m
o Input offset current (see Note 4) | Vo =1V, Vic=1V - 0.1 0.1 pA
| 1|g_Inputbias current (see Noted) | Vo=1V.Vic=1V 0.6 06 PA
-02 -03 -02 -03
Common-mode input
Vicr voltage range (see Note 5) o 0 o 0 v
9 9 2 2.3 4 4.2
. V|C =1V, le =100 mV,
VoH High-level output voltage 1.75 1.9 3.2 3.7 \"
B loL=-1mA
Vic=1V.V)p=-100mV,
VoL Low-level output voltage 120 150 90 150 mV
| loL =1 mA
Large-signal differential Vic =1V, RL=10kQ,
A 3 11 3 V
VD voltage amplification See Note 6 5 2 mv
Vo=1V,Vic=V min,
CMRR Common-mode rejection ratio 0 IC = ICR 65 78 65 80 dB
. Rg=50Q
Supply-voltage rejection ratio Vpp=3Vto5V Vic=1V,
7 95
KSVR  (avpp/avi) Vo=1V,Rg=50Q 0 0% a8
lysgL)  Bias select current Vi(SEL) =0 -1.2 -1.4 A
| s | Vo=1V,Vig=1V, 325
DD upply current No load 1500 675 1600 HA

NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically.

5. This range also applies to each input individually.
6. AtVpp=5V,Vp=025V1to2V;atVpp=3V,Vg=05Vto 15V.
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TYPICAL CHARACTERISTICS (HIGH-BIAS MODE)

table of graphs

FIGURE
Vio Input offset voltage Distribution 2,3
ay|o Input offset voltage temperature coefficient Distribution 4,5
vs Output current 6
VOH High-level output voltage vs Supply voltage 7
vs Temperature 8
vs Common-mode input voltage 9
vs Temperature 10, 12
\ Low-level output voltage
oL P 9 vs Differential input voltage 1
vs Low-level output current 13
. . I vs Supply voltage 14
A Differential voltage amplification
VD ge amp vs Temperature 15
s/lio Input bias and offset current ~vs Temperature 16
Vic Common-mode input voltage vs Supply voltage 17
vs Supply voltage 18
! Supply current
DD PPY vs Temperature 19
0
SR Slew rate vs Supply voltage 2
vs Temperature 21
Bias select current vs Supply voltage 22
ViopPpP) Maximum peak-to-peak output voltage vs Frequency 23
4
B4 Gain-bandwidth product vs Temperature 2
vs Supply voltage 25
AvD Differential voltage amplification and phase shift vs Frequency 26, 27
vs Supply voltage 28
Om Phase margin vs Temperature 29
vs Load capacitance 30
Vp Equivalent input noise voltage vs Frequency 31
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TYPICAL CHARACTERISTICS (HIGH-BIAS MODE)

DISTRIBUTION OF TLV2341 DISTRIBUTION OF TLV2341
INPUT OFFSET VOLTAGE INPUT OFFSET VOLTAGE
50 T T 60 T T
Vpp = 3V Vpp=5V
TA = 25°C Ta = 25°C
40 | P Package 50 p Package
ES ES
£ % 5
5 S 30
o o
% 20 £
o g 20
S a
10 :
10
0 o 0 R R —l
-5 -4 -3 -2 -1 0 1 2 3 4 5 -5-4-3 -2 -1 0 1 2 3 4 5
Vio - Input Offset Voltage — mV Vio - Input Offset Voitage — mV
Figure 2 Figure 3
DISTRIBUTION OF TLV2341 DISTRIBUTION OF TLV2341
INPUT OFFSET VOLTAGE INPUT OFFSETVOLTAGE
TEMPERATURE COEFFICIENT TEMPERATURE COEFFICIENT
50 —T 60 T T ]
Vpp = 3V | Vpp =5V |
TA = 25°C to 85°C TA = 25°C to 85°C
b P Package 50-p Package
o o Outliers:
o =
: 5 (1) 20.5 mV/°C
» P 40
= 30 =
5 M 5
5 T 30
£ 20 ‘q&;
8 S 20 .
g : & ::‘,
10 ﬁ 1LY
_..r 1 10 s e T-—'I_
-10 -8 -6 -4 -2 0 2 4 6 8 10 -10 -8 -6 -4 -2 0 2 4 6 8 10
ayjo — Temperature Coefficient — uVv/°C ayjo — Temperature Coefficient — pV/°C
Figure 4 Figure 5
i
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TYPICAL CHARACTERISTICS (HIGH-BIAS MODE)
HIGH-LEVEL OUTPUT VOLTAGE

HIGH-LEVEL OUTPUT VOLTAGE

Vs vs
HIGH-LEVEL OUTPUT CURRENT SUPPLY VOLTAGE
5 - 8 T
Vic=1V Vic=1V
> Vip = 100 mV S Vip = 100 mV
1 - o, Ry = 10kQ
4N Ta = 25°C 4 | L
§ \ l § 6| Ta = 25°C /
3 3
= DD = =
3 s = H
o o 4
g g
% 2 Vpp = 3V o
rA G z
' T~ P2
1 I
3 3 /
0 0
0 -2 -4 -6 -8 0 2 4 6 8
loH — High-Level Output Current — mA Vpp - Supply Voitage — V
Figure 6 Figure 7
HIGH-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE
vs Vs
FREE-AIR TEMPERATURE COMMON-MODE INPUT VOLTAGE
3 T T 700 T T
Vpp = 3V \ Vpp = 5V
> Vic=1V E lop = SmA -
L 24} ViD= 100mV 5 \ Tp = 25°C
g % 600
: , A
2 18 A 3 ) Vip = =100 mV
5 — A s
% e 7 3 500 \
> o —
3 12F1gy = ~500 pA =/ — _g.j NN
% IoH = - 1TmA —/ % \ \
i IoH = ~2mA — 7 400 —o— ><\\
z 06 1oy = ~3mA - . ID= - \
> IoH = —4mA ————— > \\\\\‘
o I l N~
300
-75 =50 -25 0 25 50 75 100 125 1 2 3 4
TA — Free-Air Temperature — °C Vic = Common-Mode Input Voltage — V
Figut? Riov.tat Figure 9
i
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TYPICAL CHARACTERISTICS (HIGH-BIAS MODE)

VoL - Low-Level Output Voltage - mV

VoL - Low-Level Output Voltage - mV

LOW-LEVEL OUTPUT VOLTAGE
Vs
FREE-AIR TEMPERATURE

LOW-LEVEL OUTPUT VOLTAGE
vs
DIFFERENTIAL INPUT VOLTAGE

200 T , 800 T T
Vpp = 3V Vpp =5V
Vic=1V z 700 Vic = Vip/ 2|
1-"‘-"Vm: -100 mV I loL = 5mA
loL= 1mA & 600 TA = 25°C —
V s
150 A s
/ 5 500 —\]
Q.
/] 3 AN
125 / O 400 ~
[
v 3 300 T~
_ :
100 — §
1200
-
75 o
100
50 0
-75 -50 -25 0 25 50 75 100 125 0 -2 -4 -6 -8
TA - Free-Air Temperature — °C V|p - Differential Input Voltage - V
Figure 10 Figure 11
LOW-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE
vs vs
FREE-AIR TEMPERATURE LOW-LEVEL OUTPUT CURRENT
300 . T i T T
Vpp=5V Vic=1V
800 [ Vic=05V > 0.9 Vip = =100 mV
V|D= -1V | 0.8—TA= 25°C V.
700_Io|_=5mA & Vpp =5V
V 2 0.7
P = 0.
600 7 S
/1 3 0.6
500 - 2 /
v S o5 S
400 e g VoD = 3V/] /
/ 5.’ 0.4 v
300 3 o3 /,/
200 ' o2 ///
3 i
100 > 0.1 4/
0 0
-75 -50 -25 0 25 50 75 100 125 0o 1 2 3 4 5 6 7 8

Ta — Free-Air Temperature - °C

Figure 12

loL — Low-Level Output Current — mA

Figure 13
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TYPICAL CHARACTERISTICS (HIGH-BIAS MODE)

LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION

o Tp = 25°C
//X_ IA
10 ®—— Tp = 85°C ——

L7

0 2 4 6
Vpp - Supply Voltage — V

Vs
SUPPLY VOLTAGE
60 T
E RL = 10kQ
>
! 50
c
S
3 Tp = —40°C —|
3 ’ e —
Q.
£
< /
5 30 "
8 rd L~
s
2 20 7
[
2
a
[}
(=]
>
g

©

Figure 14
INPUT BIAS CURRENT AND INPUT OFFSET
CURRENT
vs
FREE-AIR TEMPERATURE

3 g0t
é § Vpp =3V
g [ Vic=1V
3 103 | See Note 4
3
5
3 102 sl ~
g —
o Z
&
2 1ot v
s 1 = == lio
E] = 2
a2 K4 ’
£ ”
Io 109 o2 ‘3_"'
5 =
g P4
m10-1 LeZ
- 25 45 65 85 105 125

Ta - Free-Air Temperature — °C

Figure 16

A VD~ Differential Voltage Amplification - V/mV

Vic - Common-Mode Input Voltage — V

LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION

Vs
FREE-AIR TEMPERATURE
50 T T
R = 10kQ
45 L
40
35
30 N \
Vpp=5V
25 P~
20 \\‘\
N
15 ™~Vpp = 3V
10
5
0
-75 -50 -25 0 25 50 75 100 125
Ta - Free-Air Temperature — °C
Figure 15
COMMON-MODE INPUT VOLTAGE
POSITIVE LIMIT
Vs
SUPPLY VOLTAGE

8 T
Ta = 25°C

| W
4 /
/

/

2 /

0 2 4 6 8
Vpp - Supply Voltage - V

Figure 17

NOTE 4: The typical values of input bias current and input offset current below 5 pA were determined mathematically.

{L‘ TEXAS
INSTRUMENTS

2-116



TLV23411
LinCMOS™ PROGRAMMABLE LOW-VOLTAGE
OPERATIONAL AMPLIFIERS

SLOS110-D4018, MAY 1992

Ipp - Supply Current — mA

SR - Slew Rate - V/us

TYPICAL CHARACTERISTICS (HIGH-BIAS MODE)

1.6

1.2

0.8

0.4

0

Vpp — Supply Voltage - V
Figure 20

TaA - Free-Air Temperature — °C

Figure 21

SUPPLY CURRENT SUPPLY CURRENT
vs Vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
2
T [
Vic=1V Vic=1V
Vo=1V - Vo= 1V
No Load No Load
T = -40°C _\ FER
1
// ‘é
TA = 25°C — 8 1
] £ ~N Vpp=5V
A V> H
//— : v\\
/ ﬂ\ = 85°C 8 0.5 .y Vpp =3V —
P’ - \\
=4 —_ [
% 0 -
2 4 6 8 -75 -50 -25 0 25 50 75 100 125
Vpp — Supply Voltage - V Ta — Free-Air Temperature — °C
Figure 18 Figure 19
SLEW RATE SLEW RATE
Vs Vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
T 8 T T
Vipp=1V Vipp=1V
- Ay = 1 7F Ay =1
RL = 10kQ RL = 10kQ
— CL = 20 pF 6 CL=20pF
Ta = 25°C E
>| 5
) ~
S 4 Vpp=5V
2 \
[
B / i - N
|
/ o« I —
/ o2 Vpp = 3V —~—
1
0
2 4 6 8 -75 -50 -25 0 25 50 75 100 125
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TYPICAL CHARACTERISTICS (HIGH-BIAS MODE)

BIAS SELECT CURRENT

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE

vs vs
SUPPLY VOLTAGE FREQUENCY
-3 T 5 T TTTTIT
TA = 25°C RL = 10kQ
| Vi(seL) = ©
-24 > 4 Vpp=5V
1 N
< Y \
1 S
§ -1.8 >o 3
5 ]
© g Vpp = 3V \
3_12 ] ° ,
3 — L \ \—Ta = -40°C
» o \
3 [ \
o o8 S Tp = 25°C \
-0. 1
IT”” 85°C \ \\\
(1 T M
0 0
0 2 4 6 8 10 100 1000 10000
VpDp - Supply Voltage - V f — Frequency — kHz
Figure 22 Figure 23
UNITY-GAIN BANDWIDTH UNITY-GAIN BANDWIDTH
vs vs
FREE-AIR TEMPERATURE SUPPLY VOLTAGE
35 ; . 2.1 o ;
Vi=10mV Vi=3mV A
RL = 10kQ 19FR = 10kQ
E Lol cL=20pF ¥ ,7LCL=20pF
= = Ta = 25°C
I I
£ c 15
¢ : /
3 23 ‘\DD =5V 2 13
c c
© ©
@ Qo 11
£ £ /
[} ©
¢ 17 ¢ 09 7
= = /
c S 07
=1 = .
- 14 \\ ! /
R &D =3V 5 05
[ —— 0.3
0.5 0.1
-75 -50 -25 0 25 50 75 100 125 0o 1 2 3 4 s 6 7 8
TA — Free-Air Temperature — °C Vpp — Supply Voltage — V
Figure 24 Figure 25
i
“«‘ TEXAS
INSTRUMENTS

2-118



TLV23411
LinCMOS™ PROGRAMMABLE LOW-VOLTAGE
OPERATIONAL AMPLIFIERS

SLOS110-D4018, MAY 1992

TYPICAL CHARACTERISTICS (HIGH-BIAS MODE)

LARGE-SIGNAL DIFFERENTIAL VOLTAGE
AMPLIFICATION AND PHASE SHIFT

VS
FREQUENCY
107 T -60°
6 Vpp=3V
10 RL = 10 kQ —{-30°
s CL = 20 pF
10

\ Tp= 25°C —{0°

10 \\ 30°
A
103 VD

@
<
Phase Shift

Ayp - Differential Voltage Amplification

N
102 Phase Shift 90
~
101 \ 120°
1 \ 150°
AN
0.1 180°
10 100 1k 10k 100 k iMm 10M
f — Frequency - Hz
Figure 26
LARGE-SIGNAL DIFFERENTIAL VOLTAGE
AMPLIFICATION AND PHASE SHIFT
Vs
FREQUENCY
107 , -60°
Vpp=5V
106 RL = 10 kQ 4-30°
CL = 20 pF

Tp= 25°C +0°

10 N 30°
\\

Avp
\ 60°

2 \*\\\

10
Phase Shift Y\
10! \\\ 120°

N 150°

\ o

10 100 1k 10k 100k 1M 10M
f — Frequency - Hz

Phase Shift

o
[=]
°

Ayp - Differential Voltage Amplification
=]

©
-

Figure 27
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53

51

49

47

¢m — Phase Margin — degrees

45

50

45

40

35

6m — Phase Margin - degrees

30

25

TYPICAL CHARACTERISTICS (HIGH-BIAS MODE)T

PHASE MARGIN

vs

SUPPLY VOLTAGE

\

e

\v

v

2 4

6 8

Vpp - Supply Voltage - V

Figure 28

PHASE MARGIN

Vs

LOAD CAPACITANCE

A\ N

AN ~

AN

/

~Vi= 10m
RL = 10k

TA = 25°C
1 |

v
Q

Om — Phase Margin — degrees

V|, - Equivalent Input Noise Voltage —nVYyHz

PHASE MARGIN
vs
FREE-AIR TEMPERATURE

60 T T
Vi = 10mV
S8-R, = 10kQ
561 Cp = 20 pF
54
52 \‘\
Vpp = 3V
50 ™
48
46 Vpp=5V
™.
44
N
42
40
-75 -50 -25 -0 25 50 75 100 125
Ta - Free-Air Temperature — °C
Figure 29
EQUIVALENT INPUT NOISE VOLTAGE
Vs
FREQUENCY
400 T LELLBLAA
Rg = 100 Q
Ta = 25°C
300
\
\
\
200 \
NN
\‘:QID =5V
100 \\
Vpp = 3V §;§7
0
1 10 100 1000
f — Frequency - Hz
Figure 31

tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.

2-120

{’:‘ TEXAS
INSTRUMENTS



TLV2341]
LinCMOS™ PROGRAMMABLE LOW-VOLTAGE
OPERATIONAL AMPLIFIERS

SLOS110-D4018, MAY 1992

MEDIUM-BIAS MODE

electrical characteristics at specified free-air temperature (unless otherwise noted)

) Vpp=3V Vpp=5V
PARAMETER TEST CONDITIONS Tat UNIT
A MIN _TYP MAX | MIN TYP MAX
Vo =1V,
Vig=1V 25°C 0.6 8 1.1 8
Vio Input offset voltage Rg =50 Q, iy o mV
, RL = 100 ka2 ull range 10
Average temperature coefficient 25°C to
[ 1.7 V/°C
Vio of input offset voltage 85°C ! H
Vo=1V, 25°C 0.1 0.1
o Input offset current (see Note 4) Vig=1V 85°C 22 1000 241000 pA
i Vo=1V, 25°C 0.6 0.6
[1T:) Input bias current (see Note 4) ) )’Ei‘ v 85°C 175 2000 200 2000 pA
-02 -03 -02 -03
25°C to to to to Vv
v Common-mode input 2 2.3 4 4.2
ICR voltage range (see Note 5) -0.2 -0.2
Full range to to \
) 1.8 38
Vic=1V. 25°C 175 19 32 39
VoH High-level output voltage Vip = 100 mV, v
loL =—1mA Full range 1.7 3
Vic=1V 25°C 15 150 95 150
VoL Low-level output voltage Vip =-100mV, - mV
lo = 1 mA Full range 190 190
Vic=1V, o
AVD Large-signal .d'ifferential RILC= 100 k2, 25°C 25 83 25 170 VimV
voltage amplification See Note & Full range 15 15
Vo=1V. 25°C 65 92 65 o1
CMRR  Common-mode rejection ratio Vic = Vicrmin, dB
Rg=50Q Full range 60 60
Vpp=3Vto5V, o
Supply-voltage rejection ratio b , 25°C 70 94 70 94
ksvR Vi / AV Vic=1V.Vo=1V, | —- e e dB
(AVpp/avio) Rg =50 Q Full range 65 65
ISEL) Bias select current Vi(SEL) =0 25°C -100 -130 nA
Vo=1V. 25°C 65 250 105 280
oD Supply current Vic=1V, pA
No load Full range 360 400
tFull range is — 40°C to 85°C.

NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically.
5. This range also applies to each input individually.

6. AtVpp=5V,Vp=025V102V;atVpp=3V,Vg =05Vio 1.5V.

"w’;‘ TEXAS

INSTRUMENTS

2-121



TLV23411

LinCMOS™ PROGRAMMABLE LOW-VOLTAGE

OPERATIONAL AMPLIFIERS

SLOS110-D4018, MAY 1992

MEDIUM-BIAS MODE

operating characteristics at specified free-air temperature, Vpp =3 V

PARAMETER TEST CONDITIONS TA MIN TYP MAX UNIT
Vic=1V,
Ic 25°C 0.38
SR Slew rate at unity gain R =100k, Vipp=1V v/
Y 9 CL =20 pF, PP a5 020 us
See Figure 92 ’
f=1kHz, Rg=100Q,
Vi Equivalent input noise voltage See Figlere 93 s 25°C 32 nVANHz
. . ) Vo =VoH. CL=20pF, 25°C 34
tput bandwidth
BoM  Maximum output swing bandwi RL = 100 kO, See Figure 92 P -~ kHz
B , Vi=10mV, C| =20 pF, 25°C 300
B Unity-gain bandwidth ' ) kH
1 y-9 R = 100 kQ, See Figure 94 85°C 235 z
Vi=10mv, =By, —40°C 420
m Phase margin CL =20pF, R =100k, 25°C 39°
See Figure 94 85°C 36°
operating characteristics at specified free-air temperature, Vpp =5V
PARAMETER TESTCONDITIONS Ta MIN TYP MAX UNIT
25°C 0.43
Vic=1V, Vipp=1V
Ri = 100 k& 85°C 0.35
SR Slew rate at unity gain L= ' Vips
CL = 20pF, 25°C 0.40
See Figure 92 Vipp=25V
85°C 0.32
Vo Equivalent input noise voltage f=1khz, Rg=1000 25°C 32 nV/VHz
See Figure 93
- - 25°C 55
Bom Maximum output swing bandwidth Vo=VoH. CL=20pF, kHz
RL = 100 kQ, See Figure 92 85°C 45
25°C 525
By  Unity-gain bandwidth Vi=10mV, € =20pF, KHz
R = 100 kQ, See Figure 94 85°C 370
Vi=10mV, f=By, -40°C 43°
#m  Phase margin CL=20pF, R_=100kQ, 25°C 40°
See Figure 94 85°C 38°
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MEDIUM-BIAS MOD

E

electrical characteristics at specified free-air temperature, Tp = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS Vop=3V Yop=5V uNIT
MIN TYP MAX MIN  TYP MAX
Vo=1V,V|0=1V,
V|
10 Input offset voltage Rg - 50 2, R_ = 100 k@ 0.6 8 1.1 8 mV
llo Input offset current (see Note 4) | Vo =1V, Vic=1V 0.1 0.1 pA
B Input bias current (see Note 4) Vo=1V,Vic=1V 0.6 0.6 pA
v Common-mode input -02 -o03 -02 - 0;3 v
ICR voltage range (see Note 5) to to to °
2 2.3 4 4.2
i V|C =1V, V|p=100mV,
V, -
OH High-level output voltage oL =1 mA 1.75 1.9 3.2 3.9 V'
Vic=1V,V|p=-100mV, )
V, |
oL Low-level output voltage ot = 1 mA ’ 115 150 95 150 mV
Large-signal differential Vic =1V, RL =100 kQ,
A L Vi
VD voltage amplification See Note 6 25 83 25 170 mV
L . Vo =1V, V¢ = Vicgrmin,
CMRR -
Common-mode rejection ratio Rg = 50 Q 65 92 65 91 dB
Supply-voltage rejection ratio Vpp=3Vto5V Vig=1V,
k
SVR (avpp/avio) Vo=1V,Rg=500 70 94 70 o4 dB
l(SEL)  Bias select current ViSey =0 — 100 ~130 nA
| Suopl Vo=1V,V|c=1V,
DD upply current No load 65 250 105 280 HA

NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically.
5. This range also applies to each input individually.
6. AtVpp=5V,Vp=025Vto2V;atVpp=3V, Vo=05Vto15V.
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TYPICAL CHARACTERISTICS (MEDIUM-BIAS MODE)

table of graphs
) B FIGURE
Vio Input offset voltage Distribution 32,33
ayio Input offset voltage temperature coefficient Distribution 34,35
vs Output current 36
VOH High-level output voltage vs Supply voltage 37
vs Temperature 38
vs Common-mode input voltage 39
VoL Low-level output voltage vs T«lempera'tur'e 40, 42
vs Differential input voltage 41
vs Low-level output current 43
AvDp Differential voltage amplification :: _?;s:;lir::f:e :g
isho Input bias and offset current vs Temperature 46
Vic Common-mode input voltage vs Supply voltage 47
vs Supply voltage 48
oD Supply current vs Temperature 49
SR Slew rate vs Supply voltage 50
vs Temperature 51
Bias select current vs Supply voltage 52
V(opp) Maximum peak-to-peak output voltage vs Frequency 53
By Gain-bandwidth product vs Temperature >4
vs Supply voltage 55
Ayp Differential voltage amplification and phase shift vs Frequency 56, 57
vs Supply voltage 58
Om Phase margin vs Temperature 59
vs Load capacitance 60
Vn Equivalent input noise voltage vs Frequency 61
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Percentage of Units — %

Percentage of Units — %

TYPICAL CHARACTERISTICS (MEDIUM-BIAS MODE)

DISTRIBUTION OF TLV2341

INPUT OFFSET VOLTAGE
50 T T
Vpp=3V
Ta=25°C
40 | P Package
30
20
10
-5 -4 -3 -2 -1 0 1 2 3 4
Vio - Input Offset Voltage — mV
Figure 32
DISTRIBUTION OF TLV2341
INPUT OFFSET VOLTAGE
TEMPERATURE COEFFICIENT
50 T T
!
Vpp =3V |
Ta = 25°Cto 85°C
40 |- P Package
30
20
10
0

-10 -8 -6 -4 -2 0 2 4 6 8
ay|o - Temperature Coefficient — pV/°C

Figure 34

DISTRIBUTION OF TLV2341

INPUT OFFSET VOLTAGE
60
| | ]
Vpp=5V
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T 40 S
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S 30
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o
S
|
8 20
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-5 -4 -3 -2 -1 0 1 2 3 4 5
V|0 - Input Offset Voltage — mV
Figure 33
DISTRIBUTION OF TLV2341
INPUT OFFSET VOLTAGE
TEMPERATURE COEFFICIENT
60 T T T T
Vpp=5V |
Tp = 25°C to 85°C
50 [ p package
Outliers:
® (1) 33 mv/°C
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£
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g 30
o
8
c
@ -
o 20 — -
o
$ r :
10 _I
=T T

0
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Figure 35
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vOH - High-Level Output Voltage — V

TYPICAL CHARACTERISTICS (MED

HIGH-LEVEL OUTPUT VOLTAGE
Vs
HIGH-LEVEL OUTPUT CURRENT

IUM-BIAS MODE)

HIGH-LEVEL OUTPUT VOLTAGE

/

Vs
SUPPLY VOLTAGE
[
Vic=1V
Vip = 100 mV
R = 100 kQ /
— Tp = 25°C

/

/

/

/

5 T 8
V|c= 1V
Vin = 100 mV
ViD 100 mV S
a M Ta = 25°C |
S
\ Vpp=5V g
3 \\ E_
3 4
(o]
2 *ﬂ’:sv §
\ £
2
M ~— I 2
1 'L
[¢]
>
0 0
0 -2 -4 -6 -8 0

loH — High-Level Output Current — mA

2 4
Vpp - Supply Voltage -V

6 8
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Figure 36 Figure 37
HIGH-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE
vs Vs
FREE-AIR TEMPERATURE COMMON-MODE INPUT VOLTAGE
3 . ’ 700 l T
zDD_= 13VV \ Vpp =5V
> VIC : 100 my E loL= 5mA
o 24f'ID=100m : \ Tp = 25°C
g o 600
S B \
> o
3 z \
-8 =3
g s
3 500
° o
% o \ le =-100 mV
4 E NN
5 2 ANAN
T 3 400 ANEAN
1 ) NN
o
>o ;_)' VID =-1 V\E\\
| B
300
-75 -50 -25 0 25 50 75 100 125 0 1 2 3 4
Tp - Free-Air Temperature — °C V|c - Common-Mode Input Voltage - V
Figure 38 Figure 39
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TYPICAL CHARACTERISTICS (MEDIUM-BIAS MODE)

LOW-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE
Vs Vs
FREE-AIR TEMPERATURE DIFFERENTIAL INPUT VOLTAGE
200 T T 800 | I
Vpp=3V Vpp=5V
DD =
185} >
2 Vic= 1V E 700 Vic = Mip/2l7]
v 170} VID = —100mV ) loL = 5mA
Y loL=1mA 2 600 TA = 25°C ]
8 155 g
o >
2 140 S 5 500 Y]
2 / £ N
3 125 O 400 g
T // s \\
s 110 K]
-l / - 300
g o5 // §
"’ ~ 200
g 80 3
> 65 > 100
50 0
-75 -50 -25 0 25 50 75 100 125 0 -2 -4 -6 -8
Ta — Free-Air Temperature — °C V|p - Differential Input Voltage - V
Figure 40 Figure 41
LOW-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE
Vs vs
FREE-AIR TEMPERATURE LOW-LEVEL OUTPUT CURRENT
900 T T 1 T T
Vpp=5V Vic=1V
o %0 vc=osv > 99 vp= —100mv
E Vip= -1V '\ 08l Ta=25C /
¢ 700, ¢ O
° oL = 5mA s
<3 “ 5 07
Ve
% 600 7 > Vpp=5V,
> P 3 06
5 500 /, £ /
g O o5 <
8 400 " 5 Vop=3v/ /]
pt /r 3 04 7
> 0
;,; 300 § 03 /, /
S 200 ' o2 ,,//
| o Y
3 100 Y /
>
0 0
-75 -50 -25 0 25 50 75 100 125 0o 1 2 3 4 5 6 7 8
Tp — Free-Air Temperature - °C loL — Low-Level Output Current — mA
Figure 42 Figure 43
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TYPICAL CHARACTERISTICS (MEDIUM-BIAS MODE)

LARGE-SIGNAL

DIFFERENTIAL VOLTAGE AMPLIFICATION

Vs
SUPPLY VOLTAGE
500 :
Ry = 100 kQ
450
400
350 /
300 Tp = - 40°C

250 L Ta = 25°C

AVD - Differential Voitage Amplification — V/mV

200 // //
150 / /’_‘r 85°C
A =
100 A
50 7
0
0 2 4 6

Vpp - Supply Voltage -V

Figure 44
INPUT BIAS CURRENT AND INPUT
OFFSET CURRENT
Vs
FREE-AIR TEMPERATURE

< 100
2 = Vpp = 3V
§ [ V|c =1V
g 103 | See Note 4
°
2
o s
3 102 = £ =:
2 =
; 7.
&
8 10t ;,/ A lio
& = =
3 z Z
2 7 7
T 100 L] d
o =
2
;10—1 Pid
= 25 a5 65 85 105

Ta - Free-Air Temperature - °C

Figure 46

125

AVD - Differential Voltage Amplification — V/imV

Vic - Common-Mode Input Voltage — V

LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION
Vs
FREE-AIR TEMPERATURE

500

450

400

350

300

250 ~
200 \'T v
150 ~

100

50

0
-75 -50 -25 0 25 50 75 100 125
Tp — Free-Air Temperature — °C

Figure 45

COMMON-MODE INPUT VOLTAGE
POSITIVE LIMIT
Vs
SUPPLY VOLTAGE

8 T
Tp = 25°C

e /
4 /
4

I

/

o

0 2 4 6 8
Vpp - Supply Voltage -V

Figure 47

NOTE 4: The typical values of input bias current and input offset current below 5 pA were determined mathematically.
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TYPICAL CHARACTERISTICS (MEDIUM-BIAS MODE)

SUPPLY CURRENT SUPPLY CURRENT
vs vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
250 T 175 {/ T v
- = 1
200 --zg:_— :-;I // \ Vlé:z v
= 150 ]
No Load / N No Load
< V5T / < \
a4 __ ape <
1 s Ta = 40/C o125 \\
< =
(3 - o
5 125 g Ta= ZV £ 100 N
o (&) Vpp=5V
2 100 / M —] z | > ~~
] A T ;
@ @ =
v 75 /// Ta = 85°C | s0 Vpp=3V \\‘
o
L 50 7/ 8
25 P 25
0 0
0 2 4 6 8 -75 =50 -25 0 25 50 75 100 125
Vpp - Supply Voltage - V Tp - Free-Air Temperature - °C
Figure 48 Figure 49
SLEW RATE SLEW RATE
vs vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
0.9 T 0.8 T T
Vic=1V Vic=1V
Vipp= 1V 0.8} Vipp =1V
0.8 ~Ay =1 Ay =1
R = 100 kQ Ry =
L = 100 kQ
507_CL=20,;F ‘;:”"OJ—CL:ZOpF
\ : TA = 25°C )
2 L 0.6
o ©
‘; 0.6 ‘;
% 205 S
v =5V
| 0.5 / 1 \‘§ DD
& L~ & 0.4 ™ ~_
/ Vpp=3V N
0.4 —— 0.3 -
0.3 0.2
0 2 4 6 8 -75 -50 -25 0 25 50 75 100 125
Vpp - Supply Voltage - V Ta — Free-Air Temperature - °C
Figure 50 Figure 51
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TYPICAL CHARACTERISTICS (MEDIUM-BIAS MODE)

BIAS SELECT CURRENT

Vs
SUPPLY VOLTAGE
-300 ,
Ta = 25°C
-270}
VI(SEL) = 1/2Vpp
- 240
<-210
[}
E -180
3 -150
% -120 ,//
(72}
“ /
& -9
2]
- 60
-30
0
(i} 2 4 6 8
Vpp - Supply Voltage -V
Figure 52
UNITY-GAIN BANDWIDTH
Vs
FREE-AIR TEMPERATURE
1000 . .
Vi=10mV
900 RL = 100 kQ-
£ CL = 20 pF
-
, 800
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°
c
@ 600
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©
‘3, 500 N
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| 400 \‘\
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Ta — Free-Air Temperature — °C

Figure 54

Vo(pp) — Output Voltage - V
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400

B4 — Unity-Gain Bandwidth — kHz

300

200

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE
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FREQUENCY
RL = 100 k2
Vpp=5V
\\\
\ \l-—TA = —-40°C|
\
Vpp =3V \ \
[T ‘
\
i i=i ifais - \\ \
Tp = 25°C N
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1 10 100 1000

f - Frequency — kHz

Figure 53
UNITY-GAIN BANDWIDTH
Vs
SUPPLY VOLTAGE

Vi = I10 m\)
| R = 100kQ

CL = 20 pF
L Ta = 25°C

/

0 1 2 3 4 5 6 7 8

Vpp - Supply Voltage — V
Figure 55
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TYPICAL CHARACTERISTICS (MEDIUM-BIAS MODE)

Ayp - Differential Voltage Amplification

Ayp - Differential Voltage Amplification

LARGE-SIGNAL DIFFERENTIAL VOLTAGE
AMPLIFICATION AND PHASE SHIFT

Vs
FREQUENCY
107 T —60°
Vpp =3V
108 RL = 100 kQ —{-30°
CpL = 20 pF
10% —<g Tp= 25°C - 0°
10t -\\\\ 30°
Ayvp £
3 \ o6
10 N 60 ©
73
\ \ 2
102 P 90°
Phase Shift
10 \\ 120°
; N 150°
; 180°

0.1
1 10 100 1k 10k 100k 1M

f - Frequency — Hz

Figure 56

LARGE-SIGNAL DIFFERENTIAL VOLTAGE
AMPLIFICATION AND PHASE SHIFT

Vs
FREQUENCY
107 T -60°
Vpp=5V
108 RL = 100 kQ -{-30°
CL = 20 pF
103N Ta= 25°C oe

\\
104 \\

\ Avp

3 \
10 ~
102 \\
Phase Shift \\\

10" N \ 120°
1 \\ 150°

0.1 180°
1 10 100 1k 10k 100k 1M

f — Frequency — Hz

w
(=]
°

[~
<
Phase Shift

©0
(=]
°

Figure 57
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TYPICAL CHARACTERISTICS (MEDIUM-BIAS MODE)
PHASE MARGIN

PHASE MARGIN

Vs Vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
50 T T 45 T T
Vi= 10 mV Vi= 10 mV
48 R = 100 kQ | Ry = 100 kQ
Cp = 20pF ] Cp = 20pF ]
o 46 L P 43 L p
8 TA = 25°C § \
o 44 >
3 $ N
' 42 3 N
c -
_g, © \ :_6) \ Vpp=5V
© ©
= =
% 38 > 8 39
©
£ & Vpp = :JN\
| 36 |E DD = \ N
& > 37 N
N
32
30 35
0 2 3 4 5 6 7 8 =75 -50 -25 0 25 50 75 100 125
Vpp - Supply Voltage - V TA — Free-Air Temperature — °C
Figure 58 Figure 59
PHASE MARGIN EQUIVALENT INPUT NOISE VOLTAGE
Vs Vs
LOAD CAPACITANCE FREQUENCY
a4 T 1 300 T 77T
8 Vi = 10mV FS \ Rg = 100Q
A N Ta = 25°C ] T 50 Ta=25°C ||
v \\ RL = 100 kQ !
g 40 \ 8
2 \' =5V =
@ DD o 200
o \\
° 38 \\ ; \\
£ Vpp = 3V °
g 36 Z 150 \ Y
= 3
o o NN
9 34 \\ ::_ \\\VDD =5V
£ c i
[-% o 100
' 32 2 q
£ 3 N
A ch- 50 Vpp = 3V N .
30 N 1
N = ‘
28 0
0 20 40 60 80 100 1 10 100 1000
C| - Load Capacitance — pF f — Frequency — Hz
Figure 60 Figure 61
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LOW-BIAS MODE

electrical characteristics at specified free-air temperature (unless otherwise noted)

PARAMETER TESTCONDITIONS | Tat Vop=3V Vop=5Y uNIT
A MIN  TYP MAX MIN  TYP MAX
Vo=1V. 25°C 06 8 11 8
v Vic=1V,
10 Input offset voltage Rg =500 mV
RL=1MQ Full range 10 10
@ Average temperature coefficient 25°C to 1 1 VoG
VVIO _of input offset voltage - 85°C ] H
Vo=1V, 25°C 0.1 0.1
ho Input offset current (see Note 4) Vig=1V 85°C 221000 241000 PA
. o |Vo=1V. 25°C 06 06
-3 Input bias current (see Note 4) Vig=1V 85°C 175 2000 200 2000 pA
o - - 02 -03 02 -03
25°C to to to to v
v Common-mode input 2 2.3 4 4.2
ICR voltage range (see Note 5) -0.2 -0.2
Full range to to \
S o o 1.8 3.8
Vic=1V. 25°C 175 19 32 38
VOH High-level output voltage Vip = 100 mV, v
loL =-1mA Full range 1.7 3
Vic=1V, 25°C 115 150 95 150
VoL Low-level output voltage Vip =- 100 mV, mV
loL=1mA Full range 190 190
Vig=1V. oo |
A Large-signal differentiai RlLC= 1 MQ 25°C 50 400 50 520 VimV
vD voltage amplification See Note 6 Full range 50 50
Vo=tV 25°C 65 88 65 94
CMRR  Common-mode rejection ratio Vic = VicRmin, dB
Rg =50 Q Full range 60 60
Vpp=3Vt5V, o
K Supply-voltage rejection ratio VI%D‘ 1V, V=1V 25°C 70 86 70 86 B
SVR = =
(AVpp/ AVip) Rg =50 O Full range 65 65
lSEL) Bias select current ViseL) =0 25°C 10 65 nA
Vo=1V, 25°C 5 17 0 17
'pb Supply current Vic=1V, HA
No load Full range 27 27

TFull range is — 40°C to 85°C.
NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically.
5. This range also applies to each input individually.
6. AtVpp=5V, Vopp=025Vto2V;atVpp=3V,Vo=05Vto15V.
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LOW-BIAS MODE

operating characteristics at specified free-air temperature, Vpp =3 V

PARAMETER TEST CONDITIONS Ta MIN  TYP MAX UNIT
\élc =1"\;" 25°C 0.02
SR Slew rate at unity gain CL = 0 S;’ Vipp=1V Vius
L=<Ph 85°C 0.02
See Figure 92
Vi Equivalent input noise voltage t=1 k,HZ’ Rs=1000Q, 25°C 68 nV/VHz
See Figure 93
_ ~ 25°C 25
Bom  Maximum output swing bandwidth Vo=Vou. CiL= 2_0 PF. kHz
RL =1MQ, See Figure 92 85°C 2
. _ 25°C 27
By  Unity-gain bandwidth Vi=10mV, C =20pF, KHz
RL =1 MQ, See Figure 94 85°C 21
Vi=10mvV, f=By, Z40°C 39°
®m Phase margin CL=20pF, R_=1MQ, 25°C 34°
See Figure 94 85°C 28° o
operating characteristics at specified free-air temperature, Vpp =5V
PARAMETER TEST CONDITIONS Ta MIN TYP MAX UNIT
25°C 0.03
Vic=1V, Vipp=1V
. . R =1MQ 85°C 0.03
SR Slew rate at unity gain L= ' Vius
C| = 20pF, 25°C 0.03
See Figure 92 Vipp=25V
85°C 0.02
Vq Equivalent input noise voltage f=1kHz  Rg=1000, 25°C 68 nVAHzZ
B See Figure 93 - |
- _ 25°C 5
BoM  Maximum output swing bandwidth Vo =VoH. Ci=20pF, KHz
RL =1 MQ, See Figure 92 85°C 4
L 25°C 85
By Unity-gain bandwidth Vi=10mV, Ci = 20pF, KHz
RL =1MQ, See Figure 94 85°C 55
Vi=10mV, f=B;, —40°C 38°
m Phase margin CL=20pF, R_=1MQ, 25°C 34°
See Figure 94 85°C | 28°
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electrical characteristics at sified free-air temperature, Tp = 25°C (unless otherwise noted)

LOW-BIAS MODE

Vpp=3V Vpp=5V
PARAMETER TEST CONDITIONS MIN — TYP MAX MIN TP MAX UNIT
Yoot oo o] v o]
A__IE,,,,,,, nput offset voltage RS =500, R = 1 MQ . .
o Input offset current (see Note 4) | Vo =1V, V|c =1 \ 0.1 0.1 pA
1123 Input bias current (see Note 4) Vo=1V,Vig=1V 0.6 0.6 pA
-0. -03 -0. -0.
Common-mode input 0-2 2 03
Vicr voltage range (see Note 5) to 0 o 0 v
9 g 2 2.3 4 4.2
v High-level output volt Vic =1V, Vip = 100 mV. 175 19 32 38 v
A OH ig utput voltage B loL = -1 mA 1 . . .
Vic = 1 V V|D ——100mV
VoL Low-level output voltage 115 150 95 150 mV
lo=1mA B
Large-signal differential Vic=1V,RL=1MQ,
A 0
)’D ) voltage amplification See Note 6 50 400 50 52 VimV
o X Vo =1V, Vg =V|crmin,
CMRR Common-mode rejection ratio 65 88 65 94 dB
- Rg=50Q
Supply voltage re;echon rano Vpp=3Vto5V, V=1V,
KSVR  (avpp/avio) Vo=1V,Rg=500Q 086 0 86 dB
IysELy  Bias select current Vi(SEL) = 10 65 nA
Vo=1V, V=1V, .
Ibp Supply current 5 17 10 17 HA

No load

NOTES: 4. The typical values of mput blas current and input offset current below 5 pA were determined mathematically.
5. This range also applies to each input individually.

6. AtVpp=5V,Vp=025Vto2V;atVpp=3V,Vg=05V1o15V.
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TYPICAL CHARACTERISTICS (LOW-BIAS MODE)

table of graphs
FIGURE
Vio Input offset voltage Distribution 62, 63
ayvio Input offset voltage temperature coefficient Distribution 64, 65
vs Qutput current 66
VoH High-level output voltage vs Supply voltage 67
vs Temperature 68
vs Common-mode input voltage 69
VoL Low-level output voltage vs T.empera.turle 70.72
vs Differential input voltage 71
vs Low-level output current 73
Avp Differential voltage amplification vs Supply voltage 74
vs Temperature 75
hs/Mo Input bias and offset current vs Temperature 76
Vic Common-mode input voltage | vs Supply voltage 77
vs Supply voltage 78
'op Supply current vs Temperature 79
SR Slew rate vs Supply voltage 80
vs Temperature 81
Bias select current vs Supply voltage 82
V(orp) Maximum peak-to-peak output voltage vs Frequency 83
B4 Gain-bandwidth product vs Temperature 84
vs Supply voltage 85
Avp Ditferential voltage amplification and phase shift vs Frequency 86, 87
vs Supply voltage 88
Om Phase margin vs Temperature 89
vs Load capacitance 80
Vn Equivalent input noise voltage vs Frequency 91
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TYPICAL CHARACTERISTICS (LOW-BIAS MODE)

DISTRIBUTION OF TLV2341

DISTRIBUTION OF TLV2341

INPUT OFFSET VOLTAGE INPUT OFFSET VOLTAGE
50 T T 70 T T
Vpp = 3V ] Vpp=5V
TA = 25°C 60 | _TA = 25°C
40| P Package P Package
R ® 50
1
2 . 2
5 5 a0
S k]
o Q
g 20 s 30
c c
e S 2
10 :
10 _jr—
0 0 -
-5 -4 -3 -2 -1 0 1 2 3 4 5 -5 -4 -3 -2 -1 0 1 2 3 4 5
Vio - Input Offset Voltage — mV V|0 - Input Offset Voltage - mV
Figure 62 Figure 63
DISTRIBUTION OF TLV2341 DISTRIBUTION OF TLV2341
INPUT OFFSET VOLTAGE INPUT OFFSET VOLTAGE
TEMPERATURE COEFFICIENT TEMPERATURE COEFFICIENT
50 T T T 70 T T T
Vpp =3V | Vpp=5V
TA = 25°C 10 85°C 60l TA = 25°Ct085°C
a0l P Package P Package
2 . Outliers:
: = 8 80 (1)19.2mvree ——
2 . | e (1) 121 mV/°C .
5 ' 5 40
S ]
o G)
o o
g 2 g 30
8 8
& & 20
10
10
0 : 0 R R
-10 -8 -6 -4 -2 0 2 4 6 8 10 -10 -8 -6 -4 -2 0 2 4 6 8 10
ayjo - Input Offset Voltage — puV/°C ay|o — Temperature Coefficient — puV/°C
Figure 64 Figure 65
i
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VoH - High-Level Output Voltage -~ V

TYPICAL CHARACTERISTICS (LOW-BIAS MODE)
HIGH-LEVEL OUTPUT VOLTAGE

Vs

HIGH-LEVEL OUTPUT CURRENT

4\

Vic=1V
Vip =100 mV
Ta =25°C

T~

v =5V
\\DDS
3V

\

‘.\

VoH — High-Level Output Voltage — V

HIGH-LEVEL OUTPUT VOLTAGE

Vs
SUPPLY VOLTAGE
8 T
Vic=1V
Vip = 100 mV
RL = 1MQ
6 |-Ta = 25°C /

/

/

2 /

/

\
1 /
0 0
0 -2 -4 -6 -8 0 2 4 6 8
loH - High-Level Output Current — mA Vpp - Supply Voltage - V
Figure 66 Figure 67
HIGH-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE
Vs Vs
FREE-AIR TEMPERATURE COMMON-MODE INPUT VOLTAGE
3 r - 700 r .
Vpp = 3V \ Vpp =5V
> Vic=1V E loL = 5mA _|
I 94 | Vip = 100 mV ) \ Ta = 25°C
g % 600
: SN\
E] = \
_g- 32 Vip = -100mV
o 3 500
g 3 \
Z : \\\\
£ v
2 2
I S NN
1 | 400 Vin = =1V NN
g 6, ID \\
> = > \\\\
l 300 \E\
-75 -50 =25 0 25 50 75 100 125 0 1 2 3 4
Ta — Free-Air Temperature - °C Vic = Common-Mode Input Voltage - V
Figure 68 Figure 69
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VoL - Low-Level Output Voltage — mV

VoL - Low-Level Output Voltage - mV

TYPICAL CHARACTERISTICS (LOW-BIAS MODE)

LOW-LEVEL OUTPUT VOLTAGE
Vs
FREE-AIR TEMPERATURE

200 -
Vpp = 3V
185 vig= 1V
170l Vip = =100 mV
|0L =1 mA
155 7
140 //
125 //
110 ,/
95 ///
80
65
50
-75 -50 =25 0 25 50 75 100 125
Ta - Free-Air Temperature — °C
Figure 70
LOW-LEVEL OUTPUT VOLTAGE
Vs
FREE-AIR TEMPERATURE
900 : .
Vpp =5V
800 [ Vic = 05V
Vip= -1V
700 - loL = 5mA
600 /’ o
500 /,/
1
400 e
7
300
200
100
0
-75 -50 -25 0 25 50 75 100 125

Tp — Free-Air Temperature — °C

Figure 72

VoL - Low-Level Output Voltage -~ mV

VoL — Low-Level Output Voltage — mV

LOW-LEVEL OUTPUT VOLTAGE
Vs
DIFFERENTIAL INPUT VOLTAGE

800 T T
Vpp = 5V
7ee Vic = Vip/2i 7}
\ loL = 5mA
600 \ Tp = 25°C ]
500
\\
400 \\
300 =
200
100
0
0 -2 -4 -6 -8
Vip - Differential Input Voltage — V
Figure 71
LOW-LEVEL OUTPUT VOLTAGE
vs
LOW-LEVEL OUTPUT CURRENT
1 T T
Vic=1V
0.9~ Vip=-1V
0.8l Ta = 25°C A
Vpp=5V
0.7
0.6
0.5 /
¥
Vpp = 3V
0.4 // ,/
0.3 //,Z
0.2 /,/
0

0 1 2 3 4 5 6 7 8
loL — Low-Level Output Current — mA

Figure 73
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TYPICAL CHARACTERISTICS (LOW-BIAS MODE)

LARGE-SIGNAL LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION DIFFERENTIAL VOLTAGE AMPLIFICATION
vs vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
2000 T 2000 T T
E RL= 1MQ z R = 1MQ
> 1800 S1800fF
| I
§ 1600 § 1600
® ®
£ 1400 £ 1400
= =
£ 1200 TA = -40°C E 1200
[ Q
1000 /’ § 1000
o o
> 800 > 800 ™
S =} =
Z 600 // L = coo \\V bp =5V
o —— 1 N
3 // X___Tp = 25°C 3 VoD = 3V TN
5 400 5 400 —
1 //("'7 1 %
o 200 o 200
g, Vd I;—TA': 85°C :,
0 2 4 6 8 ~75 -5 -25 0 25 50 75 100 125
Vpp - Supply Voltage - V TA - Free-Air Temperature ~ °C
Figure 74 Figure 75
INPUT BIAS CURRENT AND INPUT OFFSET COMMON-MODE INPUT VOLTAGE
CURRENT POSITIVE LIMIT
vs vs
FREE-AIR TEMPERATURE SUPPLY VOLTAGE
T 104 ; 8 T
l =Vpp =3V Ta = 25°C
g; —Vic=1V >
g 103 | See Note 4 é)
3 s 6
£ g 4
e 4 5
2 102 B 5 2
£ — .
° - 4
c =]
® E
3 10 ,‘/ - li0 £ /
3 === g
o 7 7 ]
v 2
_'I: 100 o2 o ? /
] ‘ Q
= -~ >
c rd
C td
m10~1 L2 0
= 25 45 65 85 105 125 0 2 4 6 8
TA - Free-Air Temperature — °C Vpp - Supply Voltage - V
Figure 76 Figure 77

NOTE 4: The typical values of input bias current and input offset current below 5 pA were determined mathematically.
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TYPICAL CHARACTERISTICS (LOW-BIAS MODE)

SUPPLY CURRENT SUPPLY CURRENT
Vs vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
45 | 30 —
Vic= 1V Vic=1V
0FH va=-1V Vo=1V
No Load 25 |- No Load
35
3 3
L 30 o2
:
5 25 5
4 Pl FE N
a 20 s \
a a =
2 Tp = —40°C_}— , Vpp = 5V
T 1s e -~ ®? 10 ~
a /// a l\\
- Ta = 25°C ] - v =3V N~
10 / A ; — DD
5 Tp = 85°C
0 I 0
0 2 q 6 8 -75 =50 -25 0 25 50 75 100 125
Vpp - Supply Voltage - V Ta - Free-Air Temperature — °C
Figure 78 Figure 79
SLEW RATE SLEW RATE
Vs vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
0.07 T 0.07 T T
Vic=1V Vic=1V
Vipp= 1V Vipp= 1V
0.06 1 o077 0.06— ay =
R = 1MQ RL = 1MQ
L) CL = 20pF ) CL = 20pF
% 0.05 ] % 0.05
3 Ta = 25°C S
1 1
[ 1 )
=« 0.04 = 0.04
a — a \\
z / z ~VoD =5V
? 0.03 # 0.03 I~
n 0.
] d | \ ‘\
5 5 o~ ~
0.02 / 0.02}—Vpbp =3V
0.01 / 0.01
0.00 0.00
1] 2 4 6 8 -75 =50 -25 0 25 50 75 100 125
Vpp — Supply Voltage - V Ta - Free-Air Temperature - °C
Figure 80 Figure 81
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TYPICAL CHARACTERISTICS (LOW-BIAS MODE)

BIAS SELECT CURRENT

vs
SUPPLY VOLTAGE
150 T
TaA = 25°C
| Vi(SEL) = VDD
120
<
c
1
‘g 90
H /
o —
% 60
(72}
3
s
30
()}
0 2 4 6 8
Vpp - Supply Voltage — V
Figure 82
UNITY-GAIN BANDWIDTH
vs
FREE-AIR TEMPERATURE
140 y T
Vi=10mV
125 RL= 1MQ
N
T \\ CL = 20 pF
. 110
£ \
©
3 95 N
3 \VDD =5V
S NG
@ go
£ N
@
g 65 \
- N
2
1 50
o
35 \\ Vpp = 3V
\
20 ——

-75 -50 -25 0 25 50 75 100 125

Ta — Free-Air Temperature — °C

Figure 84

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE
Vs
FREQUENCY

3 TA = 25°C \

Vpp =3V

Vo(pp) — Output Voltage - V
v 4 3 ,,
—— 1

Ta = 85°C—¥
) AR
RL = 1MQ ‘
0 Lol
0.1 1 10 100
f - Frequency ~ kHz
Figure 83
UNITY-GAIN BANDWIDTH
Vs
SUPPLY VOLTAGE
120 . .
Vi=10mV

M0g - 1Mo
N
I 100 | CL = 20 pF
= Ta = 25°C =
£ 90
b}
Z 80 //
(=
o
o 70
£
©
¢ 60
£ /
5 50 /
]
~ 40
@

30

20

0 1 2 3 4 5 6 7 8
Vpp - Supply Voltage — V

Figure 85

2-142

{:‘ TEXAS

INSTRUMENTS



TLV23411
LinCMOS™ PROGRAMMABLE LOW-VOLTAGE
OPERATIONAL AMPLIFIERS

SLOS110-D4018, MAY 1992

TYPICAL CHARACTERISTICS (LOW-BIAS MODE)

LARGE-SIGNAL DIFFERENTIAL VOLTAGE
AMPLIFICATION AND PHASE SHIFT

Vs
FREQUENCY
7
10 T -60°
Vpp = 3V

c .6 CL = 20 pF

10 L PF _|_ag0
?'g \ RL = 1MQ 30
Q Ta= 25°C
£ 5 A o
= 10 S o
3
S 10? 30°
o \ E=
] Avp &
S 103\ N 60° @
3 \ j
§ 10° — 900 *
g Phase Shift
a 1 o

10 120
! \Y
o \\
< 1 150°

\ 180°

0.1
1 10 100 1Kk 10k 100k 1M

f — Frequency — Hz

Figure 86

LARGE-SIGNAL DIFFERENTIAL VOLTAGE
AMPLIFICATION AND PHASE SHIFT

Vs
FREQUENCY
107 r —-60°
Vpp=5V
c 6 CL = 20 pF | R
8,10 RL = 1 M |30
K] 5\ Ta= 25°C
'E_ 10 N 0°
j 104 \ 30°
& \ &
ECN (o :
= 10 AN 60° ¢
= s
E o2 N 900 &
8 Phase Shift
Q' 101 R 120°
g \
Z 4 N 150
\_ 180°

0.1
1 10 100 1k 10k 100k 1M

f — Frequency — Hz

Figure 87
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TYPICAL CHARACTERISTICS (LOW-BIAS MODE)

PHASE MARGIN

PHASE MARGIN

2-144

Vs 5
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
42 T 40 T T
Vij= 10mv v =3V
Ry = 1MQ 38 ~ - 00
40
° CL 20 pF w 36 x
s Ta = 25°C ] Vpp = 5V
o 34
3 38 §)
1 I 30 N
£ £
B - AN
= = N
8 g 28 N
£ 34 — £
1 ~ ;%6
eE cg 24 |
32 Vi= 10mV
22 L RL= 1MQ
CL = 20pF
30 20 ! I
0 2 4 6 8 -75 -50 -25 -0 25 50 75 100 125
VpD - Supply Voltage - V Tp — Free-Air Temperature — °C
Figure 88 Figure 89
PHASE MARGIN EQUIVALENT INPUT NOISE VOLTAGE
Vs Vs
LOAD CAPACITANCE FREQUENCY
40 200 T T T TTT117
38 % Vpp=3V,5V
S 175 \ Rg = 100 Q
o o
] 36 \ | \ Ta = 25°C
@ o 150
= P Vpp = 3V \
> 34 g
g / r\-\_,\ S h
e —t—— (<
| 32 — > 125 N
c o \
) Vop = 5V 2 N
g 30 E 100
o 3
@ 28 o NS
£ £ 75 —
T 26 5
"V = 10 mV z
22 RL = 1MQ \ 25
TA = 25°C >=
20 1 1 0
0 10 20 30 40 50 60 70 80 90 100 10 100 1000
CL - Load Capacitance - pF f - Freauency — Hz
Figure 90 Figure 91
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PARAMETER MEASUREMENT INFORMATION

single-supply versus split-supply test circuits

Because the TLV2341 is optimized for single-supply operation, circuit configurations used for the various tests
often present some inconvenience since the input signal, in many cases, must be offset from ground. This
inconvenience can be avoided by testing the device with split supplies and the output load tied to the negative
rail. A comparison of single-supply versus split-supply test circuits is shown below. The use of either circuit
will give the same result.

VpD VpD+
v Yo VL Yo
i
CL RL CL RL
T
= = VpD-
(a) SINGLE-SUPPLY (b) SPLIT-SUPPLY

Figure 92. Unity-Gain Amplifier

10 kQ 10 kQ
AN AN
v
Vbp DD+
100 Q | N
12 VDD—{ — Vo . — Vo
+
100 @
100 Qi 100 Q
= = T VDbD-
(a) SINGLE-SUPPLY (b) SPLIT-SUPPLY

Figure 93. Noise Test Circuit

10 kQ 10 kQ

AN A

Vob VDD+

100 Q 100 Q
Vi—ww - v Vi —Wv - Yo
12Vpp—8M8 1+ o +
I * "’
= - = VDD—
(a) SINGLE-SUPPLY (b) SPLIT-SUPPLY

Figure 94. Gain-of-100 Inverting Amplifier
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inpu

PARAMETER MEASUREMENT INFORMATION

t bias current

Because of the high input impedance of the TLV2341 operational amplifier, attempts to measure the input bias
current can result in erroneous readings. The bias current at normal ambient temperature is typically less than
1 pA, a value that is easily exceeded by leakages on the test socket. Two suggestions are offered to avoid
erroneous measurements:

1. lIsolate the device from other potential leakage sources. Use a grounded shield around and between the
device inputs (see Figure 95). Leakages that would otherwise flow to the inputs will be shunted away.

2. Compensate for the leakage of the test socket by actually performing an input bias current test (using
a picoammeter) with no device in the test socket. The actual input bias current can then be calculated
by subtracting the open-socket leakage readings from the readings obtained with a device in the test
socket.

One word of caution, many automatic testers as well as some bench-top operational amplifier testers use
the servo-loop technique with a resistor in series with the device input to measure the input bias current
(the voltage drop across the series resistor is measured and the bias current is calculated). This method
requires that a device be inserted into the test socket to obtain a correct reading; therefore, an open-
socket reading is not feasible using this method.

8 5

1 4

V=Vic

Figure 95. Isolation Metal Around Device Inputs
(P Dual-In-Line Package)

low-level output voltage

inpu

To obtain low-supply-voltage operation, some compromise is necessary in the input stage. This compromise
results in the device low-level output being dependent on both the common-mode input voltage level as well
as the differential input voltage level. When attempting to correlate low-level output readings with those quoted
in the electrical specifications, these two conditions should be observed. If conditions other than these are to
be used, please refer to the Typical Characteristics section of this data sheet.

t offset voltage temperature coefficient

Erroneous readings often result from attempts to measure temperature coefficient of input offset voltage. This
parameter is actually a calculation using input offset voltage measurements obtained at two different
temperatures. When one (or both) of the temperatures is below freezing, moisture can collect on both the
device and the test socket. This moisture will result in leakage and contact resistance which can cause
erroneous input offset voltage readings. The isolation techniques previously mentioned have no effect on the

Ia tha ala < tho alatin atal Htealf thara ndarina it 1icnlneg I ig quinnoctad
lcar\ayc ollluc the lHU!Dl\JIC aiso Covers ne isoialtion meliai iisen, ulnncuy |c||uc||||5 ILUDTITOO. 1L 10 duyyloicu

that these measurements be performed at temperatures above freezing to minimize error.

full power response

Full power response, the frequency above which the operational amplifier slew rate limits the output voltage
swing, is often specified two ways: full-linear response and full-peak response. The full-linear response is
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PARAMETER MEASUREMENT INFORMATION

generally measured by monitoring the distortion level of the output while increasing the frequency of a
sinusoidal input signal until the maximum frequency is found above which the output contains significant
distortion. The full-peak response is defined as the maximum output frequency, without regard to distortion,
above which full peak-to-peak output swing cannot be maintained.

Because there is no industry-wide accepted value for significant distortion, the full-peak response is specified
in this data sheet and is measured using the circuit of Figure 92. The initial setup involves the use of a
sinusoidal input to determine the maximum peak-to-peak output of the device (the amplitude of the sinusoidal
wave is increased until clipping occurs). The sinusoidal wave is then replaced with a square wave of the same
amplitude. The frequency is then increased until the maximum peak-to-peak output can no longer be
maintained (Figure 96). A square wave is used to allow a more accurate determination of the point at which
the maximum peak-to-peak output is reached.

/S L/ A x

(a) f = 100 Hz (b) Bom > f > 100 Hz (c)f=Bom (d) f>Bom
Figure 96. Full-Power-Response Output Signal

test time

Inadequate test time is a frequent problem, especially when testing CMOS devices in a high-volume, short-
test-time environment. Internal capacitances are inherently higher in CMOS than in bipolar and BiFET devices,
and require longer test times than their bipolar and BIFET counterparts. The problem becomes more
pronounced with reduced supply levels and lewer temperatures.

TYPICAL APPLICATION DATA
single-supply operation

While the TLV2341 will peform well using dual-power supplies (also called balanced or split supplies), the
design is optimized for single-supply operation.

This includes an input common-mode voltage Voo

range that encompasses ground as well as an

output voltage range that pulls down to ground. R2

The supply voltage range extends down to 2 V, AN

thus allowing operation with supply levels

commonly available for TTL and HCMOS.

Many single-supply applications require that a Vi — n 2

voltage be applied to one input to establish a E@——+ >*—“*— Vo
reference level that is above ground. This virtual LT

ground can be generated using two large vo=(vDiD_»‘7er)Bg"Y9£)
resistors, but a prefered technique is to use a 2 Ry 2
virtual ground generator such as the TLE2426. = =

The TLE2426 supplies an accurate voltage equal

to Vpp/2, while consuming very little power, and Figure 97. Inverting Amplifier With Voltage
is suitable for supply voltages of greater than 4 V. Reference
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The TLV2341 works well in conjunction with digital logic; however, when powering both linear devices and
digital logic from the same power supply, the following precautions are recommended:

1. Power the linear devices from separate bypassed supply lines (see Figure 98); otherwise, the linear

device supply rails can fluctuate due to voltage drops caused by high switching currents in the digital
iogic.

2. Use proper bypass techniques to reduce the probability of noise-induced errors. Single capacitive
decoupling is often adequate; however, RC decoupling may be necessary in high-frequency applications.

el rer R
g Il

Logic Logic Supply

. . : |

(a) COMMON SUPPLY RAILS
- Logi Logi Loai Power
— ogic ogic ogic
. d g g I Supply

(b) SEPARATE BYPASSED SUPPLY RAILS (preferred)

Figure 98. Common Versus Separate Supply Rails

input offset voltage nulling

The TLV2341 offers external input offset null control. Nulling of the input offset voltage may be achieved by
adjusting a 25-kQ potentiometer connected between the offset null terminals with the wiper connected as
shown in Figure 99. The amount of nulling range varies with the bias selection. In the high-bias mode, the

nulling range will allow the maximum offset voltage specified to be trimmed to zero. In low-bias and medium-
bias modes, total nulling may not be possible.

N1

>
i

(a) SINGLE-SUPPLY (b) SPLIT-SUPPLY

Figure 99. Input Offset Voltage Null Circuit
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bias selection

Bias selection is achieved by connecting the bias-select pin to one of the three voltage levels (see Figure 100).
For medium-bias applications, it is recommended that the bias-select pin be connected to the midpoint
between the supply rails. This is a simple procedure in split-supply applications, since this point is ground.
In single-supply applications, the medium-bias mode will necessitate using a voltage divider as indicated. The
use of large-value resistors in the voltage divider will reduce the current drain of the divider from the supply
line. However, large-value resistors used in conjunction with a large-value capacitor will require significant time
to charge up to the supply midpoint after the supply is switched on. A voltage other than the midpoint may be
used if it is within the voltages specified in the following table.

VoD

BIAS-SELECT VOLTAGE
To the Bias- BIAS MODE ___ (Single Supply)
Select Pin Low . Voo
MEDIUM 1VioVpp-1V
HIGH GND

Figure 100. Bias Selection for Single-Supply Applications

input characteristics

The TLV2341 is specified with a minimum and a maximum input voltage that, if exceeded at either input, could
cause the device to malfunction. Exceeding this specified range is a common problem, especially in single-
supply operation. Note that the lower range limit includes the negative rail, while the upper range limit is
specified at Vpp — 1 V at Tp = 25°C and at Vpp — 1.2 V at all other temperatures.

The use of the polysilicon-gate process and the careful input circuit design gives the TLV2341 very good input
offset voltage drift characteristics relative to conventional metal-gate processes. Offset voltage drift in CMOS
devices is highly influenced by threshold voltage shifts caused by polarization of the phosphorus dopant
implanted in the oxide. Placing the phosphorus dopant in a conductor (such as a polysilicon gate) alleviates
the polarization problem, thus reducing threshold voltage shifts by more than an order of magnitude. The offset
voltage drift with time has been calculated to be typically 0.1 pV/month, including the first month of operation.

Because of the extremely high input impedance and resulting low bias current requirements, the TLV2341 is
well suited for low-level signal processing; however, leakage currents on printed circuit boards and sockets
can easily exceed bias-current requirements and cause a degradation in device performance. It is good
practice to include guard rings around inputs (similar to those of Figure 95 in the Parameter Measurment
Information section). These guards should be driven from a low-impedance source at the same voltage level
as the common-mode input (see Figure 101).

The inputs of any unused amplifiers should be tied to ground to avoid possible oscillation.
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—VWV\- ——VWA——

o y\! - Vi—’\N\/ n 2 o 0 -
—V —V, —V,
TW—“_§_+ o . 0 viA:%_+ 0

(a) NONINVERTING AMPLIFIER (b) INVERTING AMPLIFIER (c) UNITY-GAIN AMPLIFIER

Figure 101. Guard Ring Schemes

noise performance

feed

The noise specifications in operational amplifier circuits are greatly dependent on the current in the first-stage
differential amplifier. The low input bias current requirements of the TLV2341 results in a very low noise
current, which is insignificant in most applications. This feature makes the devices especially favorable over
bipolar devices when using values of circuit impedance greater than 50 kQ, since bipolar devices exhibit
greater noise currents.

back
Operational amplifier circuits nearly always employ ‘ AMA

feedback, and since feedback is the first prerequisite
for oscillation, a little caution is appropriate. Most
oscillation problems result from driving capacitive

loads and ignoring stray input capacitance. A small- -
value capacitor connected in parallel with the N —

feedback resistor is an effective remedy (see
Figure 102). The value of this capacitor is optimized >
empirically. i

electrostatic discharge protection

Figure 102. Compensation for Input

The TLV2341 incorporates an internal electrostatic N
Capacitance

discharge (ESD) protection circuit that will prevent
functional failures at voltages up to 2000 V as tested under MIL-STD-883C, Method 3015.2. Care should be
exercised, however, when handling these devices as exposure to ESD may result in the degradation of the
device parametric performance. The protection circuit also causes the input bias currents to be temperature
dependent and have the characteristics of a reverse-biased diode.

latch-up

Because CMOS devices are susceptible to latch-up due to their inherent parasitic thyristors, the TLV2341
inputs and output are designed to withstand —100-mA surge currents without sustaining latch-up; however,
techniques should be used to reduce the chance of latch-up whenever possible. Internal protection diodes
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should not by design be forward biased. Applied input and output voltage should not exceed the supply voltage
by more than 300 mV. Care should be exercised when using capacitive coupling on pulse generators. Supply
transients should be shunted by the use of decoupling capacitors (0.1 uF typical) located across the supply
rails as close to the device as possible.

The current path established if latch-up occurs is usually between the positive supply rail and ground and can
be triggered by surges on the supply lines and/or voltages on either the output or inputs that exceed the supply
voltage. Once latch-up occurs, the current flow is limited only by the impedance of the power supply and the
forward resistance of the parasitic thyristor and usually results in the destruction of the device. The chance
of latch-up occuring increases with increasing temperature and supply voltages.

output characteristics

The output stage of the TLV2341 is designed to VbD

sink and source relatively high amounts of current

(see Typical Characteristics). If the output is %

subjected to a short-circuit condition, this high- v p TP Voo -Vo
current capability can cause device damage under ! . m— § Rp = el +lp
certain conditions. Output current capability *+—Vo Ip = Pullup current
increases with supply voltage. Ig required by the
Although theTLV2341 possesses excellent high- ¢ ’ operational amplifier

are available for boosting this capability, if needed.
The simplest method involves the use of a pullup
resistor (Rp) connected from the output to the
positive supply rail (see Figure 103). There are two Figure 103. Resistive Pullup to Increase Voy
disadvantages to the use of this circuit. First, the
NMOS puildown transistor, N4 (see equivalent
schematic) must sink a comparatively large amount 25V
of current. In this circuit, N4 behaves like a linear
resistor with an on-resistance between
approximately 60 Q and 180 Q, depending on how Vo
hard the operational amplifier input is driven. With Vi s

very low values of Rp, a voltage offset from 0 V at

- R i 00
level output voltage and current capability, methods im 2 ILliRL (typically 500 uA)

the output will occur. Secondly, pullup resistor Rp C
acts as a drain load to N4 and the gain of the Tp =25°C

operational amplifier is reduced at output voltage f=1kHz

levels where N5 is not supplying the output current. Vipp=1V .

All operating characteristics of the TLV2341 are o
measured using a 20-pF load. The devices will drive Figure 104. Test Circuit for
higher capacitive loads; however, as output load OutputCharacteristics

capacitance increases, the resulting response pole
occurs at lower frequencies, thereby causing
ringing, peaking, or even oscillation (see Figures
105, 106, and 107). In many cases, adding some
compensation in the form of a series resistor in the
feedback loop will alleviate the problem.
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(a) CL = 20 pF, R = NO LOAD {b) C(_ =130 pF, R = NO LOAD {c) CL_= 150 pF, R = NO LOAD

Figure 105. Effect of Capacitive Loads in High-Bias Mode

(a) C = 20 pF, R = NO LOAD (b) CL = 170 pF, R = NO LOAD (c) CL =190 pF, R = NO LOAD

Figure 106. Effect of Capacitive Loads in Medium-Bias Mode

(a) CL = 20 pF, R_= NO LOAD (b) C{_ = 260 pF, R = NO LOAD (c) CL = 310 pF, R_= NO LOAD

Figure 107. Effect of Capacitive Loads in Low-Bias Mode
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® Wide Range of Supply Voltages Over EQUIVALENT INPUT NOISE VOLTAGE
Specified Temperature Range: &
-40°Ct085°C...2Vto8V 200 FREQUENCY
e Fully Characterized at3Vand 5V E Rg = 100 Q
Tp = 25°C
e Single-Supply Operation z A
I
e Common-Mode Input-Voltage Range & 300
Extends Below the Negative Rail and up to _—g \\
VDD - 1Vat 25°C >
g \
e Output Voltage Range Includes Negative ] \
Rail 3 200 \!
e High Input Impedance . .. 102Q Typical = A
. o 5 \\ Vpp =5V
e ESD-Protection Circuitry % 100 ~§|
e Designed-In Latchup Immunity ullg' VoD = 3V
description s meaa
The TLV2342 dualoperational amplifierisone of a 01 10 100 1000
family of devices that has been specifically f - Frequency - Hz
designed for use in low-voltage, single-supply
applications. Unlike other products in this family D OR P PACKAGE PW PACKAGE
designed primarily to meet aggressive power (TOP VIEW) (TOP VIEW)
consumption specifications, the TLV2342 was
developed to offer ac performance approaching 1ouT 1 U 8[]Vpp
that of a BIiFET operational amplifier while 1IN-[]2 7[J20uT
operating from a single-supply rail. At 3 V, the 1IN+[]3 6[]2IN-
TiLV2342 has a typical slew rate of 2.1 V/us and Vpp -/GND [}4 5[2IN+

790 kHz unity-gain bandwidth.

Each ampilifier is fully functional down to a minimum supply voltage of 2 V, and is fully characterized, tested, and
specified at both 3-V and 5-V power supplies over a temperature range of — 40°C to 85°C. The common-mode
input voltage range includes the negative rail and extends to within 1 V of the positive rail.

Low-voltage and low-power operation has been made possible by using Texas Instruments silicon gate
LinCMOS™ technology. The LinCMOS process also features extremely-high input impedance and ultra-low
input bias currents. These parameters combined with good ac performance make the TLV2342 effectual in
applications such as high-frequency filters and wide-bandwidth sensors.

To facilitate the design of small portable equipment, the TLV2342 is made availabe in a wide range of package
options, including the small-outline and thin-scaled-small-outline packages (TSSOP).The TSSOP package has
significantly reduced dimensions compared to a standard surface-mount package. Its maximum height of only
1.1 mm makes it particularly attractive when space is critical.

AVAILABLE OPTIONS

PACKAGE
Vio max suAlT PLASTIC Tss0p Fc;:’vu
Ta 2‘5\°Tc OUTLINE DIP . Y
(D) (P) (Pw "
—40°C1085°C | OmV | TLV2342iD | TLV2342ip | TLV2342IPW | TLV2342Y

The D package is available taped and reeled. Add R suffix to the device type (e.g., TLV2342IDR).
The PW package is only available left-end taped and reeled (e.g., TLV2342IPWLE).

LInCMOS™ is a trademark of Texas Instruments Incorporated.
PRODUCTION DATA documents contain information current as of ‘ Copyright © 1992, Texas Instruments Incorporated

publication date. Products conform to specifications per the terms
of Texas Instruments standard warranty. Production processing
does not necessarily include testing of all parameters.
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description (continued)

The device inputs and outputs are designed to withstand —100-mA currents without sustaining latch-up. The
TLV2342 incorporates internal ESD-protection circuits that will prevent functional failuresqat voltages up to
2000 V as tested under MIL-STD-883C, Method 3015.2; however, care should be exercised in handling these
devices as exposure to ESD may result in degradation of the device parametric performance.

TLV2342Y chip information
These chips, properly assembled, display characteristics similartothe TLV2342! (see electrical tables). Thermal
compression or ultrasonic bonding may be used on the doped aluminumbonding pads. Chips may be mounted
with conductive epoxy or a gold-silicon preform.

BONDING PAD ASSIGNMENTS

Vpp (8)
LY

1IN+ (3) “ouT (1)
1IN=(2)
2IN+ (5)

20UT (7)
2IN-(6)

Vpp-/GND (4)

CHIP THICKNESS:
15 TYPICAL

BONDING PADS:
4 X 4 MINIMUM

Ty max = 150°C

TOLERANCES
ARE +10%

A O A
g

[P
Il

e (72) > ALL DIMENSIONS
[P EEEEEEEEEE L LR L L 1] ARE IN MILS
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equivalent schematic (each amplifier)

COMPONENT COUNTfWW
Transistors 54
Diodes 4
Resistors 14
Capacitors 2]

tincludes both amplifiers and all
ESD, bias, and trim circuitry

Vop
o F . .
P3 P4 l
i_J [l 2R
P1 P2 Ns
IN-—vA— — r—
R1 — —' R2 L —
IN+ P5 P6
R5 C1
(¢ 5?
— 1—4 —
0——-1:; ®
N3 out
. . N4
> r— il
N1 | N2 J N6
L—i ]
— N7
R3 D1 R4 D2 L—o——-l
o
Iy . Py e
. . ® oo ¢ ¢
GND

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

Supply voltage, Vpp (see Note 1) . ... ... ... 8V
Differential input voltage (see Note 2). ... ... ... ... ... . *Vpp
Input voltage range, Vi (@ny input) ... -03VtoVpp
Inputeurrent, Iy t5mA
Outputcurrent, lo +30 mA
Duration of shont-circuit current at (or below) Ta =25°C (seeNote 3). ....................... Unlimited
Continuous total dissipation . ........... .. .. ... ... . See Dissipation Rating Table
Operating free-air temperature range, TA . ... ..ot —40°C to 85°C
Storage temperature range . ... ..ottt -65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D, P, or PW package ............ 260°C

$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 “reccommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. All voltage values, except ditferential voltages, are with respect to network ground.

2. Differential voltages are at the noninverting input with respect to the inverting input.
3. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure that the maximum
dissipation rating is not exceeded (see application section).

“? TEXAS
INSTRUMENTS

2-1565



TLV23421, TLV2342Y
LinCMOS™ LOW-VOLTAGE HIGH-SPEED
DUAL OPERATIONAL AMPLIFIERS

SLOS114-D4037, MAY 1992

DISSIPATION RATING TABLE

PACKAGE Tp £25°C DERATING FACTOR Tp =85°C
POWER RATING ABOVE Tp = 25°C POWER RATING
D 725 mW 5.8 mW/°C 377 mW
P 1000 mW 8.0 mW/°C 520 mW
PW 525 mW 4.2 mW/°C 273 mW

recommended operating conditions

MIN MAX | UNIT
Supply voltage, Vpp B 2 8 v
- Vpp=3V -02 1.8
Common-mode input voltage, V : :
P % Me Vbp=5V ) -0.2 3s| Y
Operating free-air temperature, Tp — 40 85 °C
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electrical characteristics at specified free-air temperature (unless otherwise noted)

PARAMETER T estconpimons | 74t Vop=3V Vop=5YV UNIT
A MIN  TYP MAX | MIN TYP MAX
Vo=1V,
o 25°C 06 9 11 9
Vic=1V,
Vio Input offset voltage Re = 50 O mV
2 I 11 11
RL = 10k Full range
o Average temperature coetficient 25°C to 27 27 Ve
VIO o input offset voltage 85°C ) ) #
Vo=1V, 25°C 0.1 0.1
o Input offset current (see Note 4) Vig=1V —T 551000 24 1000 pA
. Vo=1V, 25°C 06 06
s Input bias current (see Note 4) Vig=1V 85°C 175 2000 260 2000 pA
-02 -03 -02 -03
25°C to to to to \
v Common-mode input 2 2.3 4 4.2
ICR voltage range (see Note 5) -0.2 -0.2
Full range to to "
1.8 3.C
Vic=1V. 25°C 175 19 32 37
VoH High-level output voltage Vip =100 mV, — v
- - loL = -1 mA Full range ) 1.7 3
Vic=1V 25°C 120 150 90 150
VoL Low-level output voltage Vip == 100 mV, R mV
loL = 1mA Full range 190 190
Vic=1V, . '
A Large-signal differential RILC 10KO 25°C 3 1 5 23 iy
. . = ’ - 'm
Vo voltage amplification Sce Notc & Full range 2 35
Vo=1V. 25°C 65 78 65 80
CMRR Common-mode rejection ratio Vic = Vicgmin, - dB
Rg =50 Q Full range 60 60
Vpp=3Vto5V, o
" Supply-voltage rejection ratio VS;D 1V, V=1V 25°C 70 95 70 95 B
VR =1V.Vg=1V,
s (aVpp/avio) Rg = 50 O Full range 65 65
Vo=1V C 0.65 3
25° . 1.4 3.2
DD Supply current Vic=1V, R mA
No load Full range 4 4.4

tFull range is - 40°C to 85°C.
NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically.
5. This range also applies to each input individually.
6. AtVpp=5V,Vp=025Vto2V;atVpp=3V,Vo=05Vto1.5V.
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operating characteristics at specified free-air temperature, Vpp =3 V

PARAMETER TEST CONDITIONS TA MIN TYP MAX | UNIT
Vic=1V,
RIC~ 10 k€2 25 21
SR Slew rate at unity gain L= ' Vipp=1V Vius
CL = 20pF, 85°C 17
See Figure3o | ]
. f=1kHz, Rg =100 Q,
Vi Equivalent input noise voltage See Figjre a1 S 25°C 25 nViNHz
: . Vo =VoH. CL=20pF, 25 170
Bom  Maximum output swing bandwidth 0= YOH L P kHz
R = 10kQ, See Figure 30 85°C 145
Vi=10mV, C( = 20pF, 250G 790
B4 Unity-gain bandwidth RL = 10kQ, kHz
See Figure 32 85°C 690
Vi=10mV, f=By, -40°C 53°
[ Phase margin CL=20pF, R_=10kQ 25°C 49°
See Figure 32 85°C 47°
operating characteristics at specified free-air temperature, Vpp =5V
PARAMETER TEST CONDITIONS Ta MIN  TYP MAX UNIT
25°C 3.6
Vic=1V, Vipp=1V
- 85°C 2.8
SR Slew rate at unity gain RL=10kQ, Vips
CL =20pF, 25°C 29
See Figure 30 Vipp=25V
85°C 23
Vi Equivalent input noise voltage f=1KkHz  Rg=1000, 25°C 25 nVAHz
See Figure 31
- - 25°C 320
BoM Maximum output swing bandwidth Vo =VoH. Ci=20pF, KHz
RL = 10kQ, See Figure 92 85°C 250
- - 25°C 1.7
By  Unity-gain bandwidth Vi=10mV. C = 20pF, MHz
RL = 10KQ, See Figure 32 85°C 1.2
Vi=10mV, f=Bj, -40°C 49°
¢m  Phase margin CL=20pF, R_=10KQ, 25°C 46°
See Figure 32 85°C 43°
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electrical characteristics at specified free-air temperature, Tp = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS Vop=3V Vop=5V UNIT
MIN TYP MAX MIN TYP MAX
Vio Input offset voltage Vo=1V.Vig=1V. 0.6 9 1.1 9 mV
, Rg =50 Q, R| = 10kQ B
o Input offset current (see Note 4) Vo=1V,Vig=1V 0.1 0.1 pA
B Input bias current (see Note 4) Vo=1V,Vjg=1V 0.6 0.6 pA
. -02 -03 -02 -03

Common-mode input
Vicr to to to to Vv

voltage range (see Note 5)

2 2.3 4 4.2
V High-level output voltage Vic=1V.Vip =100mV. 1.75 1.9 3.2 3.7 Vv
OH loL =-1mA
VoL Low-level output voltage Vic=1V. Vip =-100mV, 120 150 90 150 mV
lop=1mA o

Large-signal differential =1V =
Avp ge-signa’ aifler Vic =1V, R =10k, 3N 5 23 VimV

voltage amplification See Note 6

L . Vo =1V, V¢ =V|crmin,
CMRR Common-mode rejection ratio Re 50 0 65 78 65 80 dB
S =

Supply-voltage rejection ratio Vpp=3Vto5V, Vic=1V

3 ' ! 7 95 70 95 dB
SVR  (avpp/avio) Vo=1V,Rg=500 0
Vo=1V,Vic=1V,

oo Supply current Ngload Ic 065 3 14 32 | mA

NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically.
5. This range also applies to each input individually.
6. AtVpp=5V,Vp=025Vto2V;atVpp=3V,V5=05Vto15V.
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TYPICAL CHARACTERISTICS

FIGURE
Vio Input offset voltage Distribution 1,2
ayio Input offset voltage temperature coefficient Distribution 3,4
vs Output current 5
VOH High-level output voltage vs Supply voltage 6
vs Temperature 7
vs Common-mode input voltage ) 8
vs Temperature 9, 1
Vou Low-level output voltage vs Differential input voltage 10
vs Low-level output current 12
Ayp Differential voltage amplification »-:Z ?:2:::2:::?50 13
iglo  Inputbias and offset current vs Temperature B 15
Vic Common-mode input voltage vs Supply voltage 16
vs Supply voltage
'oo Supply current vz T:r?w'::):lzratureg :;
SR Slew rate vs Supply voltage 19
vs Temperature 20
V(OPP) Maximum peak-to-peak output voltage vs Frequency 21
By Gain-bandwidth product vs Temperature 22
vs Supply voltage 23
Ayp Differential voltage amplification and phase shift vs Frequency 24,25
vs Supply voltage 26
om Phase margin vs Temperature 27
vs Load capacitance 28
A Equivalent input noise voltage vs Frequency 20
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Percentage of Units - %

Percentage of Units - %

TYPICAL CHARACTERISTICS

DISTRIBUTION OF TLV2342 DISTRIBUTION OF TLV2342
INPUT OFFSET VOLTAGE INPUT OFFSET VOLTAGE
50 ——— 60 [y
Vpp = 3V Vpp =5V
TA = 25°C TA = 25°C
a0 F P Package S0k p Package
2
..J' 40
30 c
=]
F-L o 30
r o
20 c —
B s @Q
_l - S 20
s 5
e o
10 T
l 10
i 0 -
-5 -4 -3 -2 -1 0 1 2 3 4 5 -5-4-3 -2-1 0 1 2 3 4 5
Vio - Input Offset Voltage — mV V|o - Input Offset Voltage - mV
Figure 1 Figure 2
DISTRIBUTION OF TLV2342 DISTRIBUTION OF TLV2342
INPUT OFFSET VOLTAGE INPUT OFFSET VOLTAGE
TEMPERATURE COEFFICIENT TEMPERATURE COEFFICIENT
50 T
VDD=3IVI I 60 V[—ISVI |
Ta = 25°C to 85°C DD = '
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o
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ayjo — Temperature Coefficient — uV/°C ay]o — Temperature Coefficient — pV/°C
Figure 3 Figure 4
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TYPICAL CHARACTERISTICS
HIGH-LEVEL OUTPUT VOLTAGE

Vs
HIGH-LEVEL OUTPUT CURRENT
S T
Vic=1V
- Vin = 100 mV
> Vi = 100 mV
AN Tp = 25°C
& \ l
3
> T~ vop-sv
3 3 L
g \
K
3 2 w =3V
£
o
E \
| B
5 1
(¢}
>
0
0 -2 -4 -6 -8
loH = High-Level Output Current — mA
Figure 5
HIGH-LEVEL OUTPUT VOLTAGE
VS
FREE-AIR TEMPERATURE
3 T T
Vpp = 3V
> Vic=1V
:’ 24 | Vip = 100 mV
o
]
o
> 7
IR e s i,
; e ———
S ———
[
S —
3 12T1oH = -500 pA =~/ —/—/—
_‘5’ loH = -1mA —
z loH = -2mA I
) = -
g 0.6 loH = -3mA —J—:-‘
= IoH = —4mA —
-75 -50 -25 0 25 75 100 125

TA - Free-Air Temperature — °C

Figure 7

VoH - High-Level Output Voltage - V

VoL — Low-Level Output Voltage — mV

HIGH-LEVEL OUTPUT VOLTAGE

Vs
SUPPLY VOLTAGE
8 T
Vic=1V
Vip = 100 mV
RL = 10kQ
6 Ta = 25°C /

/

/

2 /

/

/

0

0 2 4 6 8

Vpp - Supply Voltage - V
Figure 6
LOW-LEVEL OUTPUT VOLTAGE
Vs
COMMON-MODE INPUT VOLTAGE

700 T T

\ Vpp = 5V
650 loL = SmA

\ Tp = 25°C
600 \
550
\ Vip = =100 mV
500 i
450 \\\\
400 [ _h\\\
350 \E\\\
\\\

005 1 15 2 25 3 35 a4

Vic — Common-Mode Input Voltage - V

Figure 8
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TYPICAL CHARACTERISTICS
LOW-LEVEL OUTPUT VOLTAGE

LOW-LEVEL OUTPUT VOLTAGE

vs vs
FREE-AIR TEMPERATURE DIFFERENTIAL INPUT VOLTAGE
200 —t 800 T T
Vpp=3V Vpp=5V
> Vic= 1V Z 700 Vic = Vip /21—
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Figure 9 Figure 10
LOW-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE
vs Vs
FREE-AIR TEMPERATURE LOW-LEVEL OUTPUT CURRENT
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-
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Ta - Free-Air Temperature — °C lot - Low-Level Output Current — mA
Figure 11 Figure 12
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LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION
Vs
SUPPLY VOLTAGE

60 T
z RL = 10 kQ
S
! 50
c
L
£ a0
Q.
E
<
[
g 30
°
>
8
[
k3
"? 10
[a]
>
<
0
0
Vpp - Supply Voltage - V
Figure 13
INPUT BIAS CURRENT AND INPUT OFFSET
CURRENT
vs
FREE-AIR TEMPERATURE
T 100
l E Vpp =3V
§ Vic=1V
3 103 L See Note 4
°
2
o
3 02 sl
(=3 o~
; Z
&
s 1 v
g 10 = A =, o
5 Va L
2 —7 7
o100l 2
o S =
e 7
@ 101 L’
- 25 a5 65 85 105 125

Ta - Free-Air Temperature — °C

Figure 15

AVD - Differential Voltage Amplification — V/mV

Vic - Common-Mode Input Voltage — V

LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION
Vs
FREE-AIR TEMPERATURE
50 T T

Ri = 10kQ
45

40

35
30 A

™\ Vop = 5V
™.

25 ~

20 -

15 \" =3V
~"'DD
10 —

-75 -50 -25 0 25 50 75 100 125
TA - Free-Air Temperature — °C

Figure 14

COMMON-MODE INPUT VOLTAGE
POSITIVE LIMIT
Vs
SUPPLY VOLTAGE

8 T
TA = 25°C

| V%
L
/

/

2 /

0 2 4 6 8
Vpp - Supply Voltage - V

Figure 16

NOTE 4: The typical values of input bias current and input offset current below 5 pA were determined mathematically.
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Ipp - Supply Current — mA

SR - Slew Rate - V/us

TYPICAL CHARACTERISTICS

SUPPLY CURRENT

Vs
SUPPLY VOLTAGE
2.5
Vic=1V
Vo=1V
2 No Load /
Tp = —40°C /
1.5 ~
Tp = 25°C —/ /
1 //
/ Ta = 85°C
0.5
0
0 2 4 6
Vpp - Supply Voltage — V
Figure 17
SLEW RATE
VS
SUPPLY VOLTAGE
8 1
Vipp= 1V
7+ Ay =1
RL = 10kQ
6 |- CL =20 pF
Ta = 25°C
5
4 / /
3 »
2 //
1
0
0 2 4 6

Vpp - Supply Voltage - V

Figure 19

Ipp - Supply Current - mA

SR — Slew Rate - V/us

SUPPLY CURRENT

Vs
FREE-AIR TEMPERATURE
3 T T
Vic=1V
Vo=1V
25T No Load
2
\\
—
1.5 ~
Vpp = 5 \l\
\\
1
Vpp =3V [ ————
.5
-075 -50 -25 0 25 50 75 100 125
TA - Free-Air Temperature - °C
Figure 18
SLEW RATE
Vs
FREE-AIR TEMPERATURE
S (A
Vipp= 1V
7r AV =1
RL = 10kQ
6 CL=20pF
S
~
4 Vpp=5V
3 N\
~N
VDD =3V ‘\~
1
0
-75 -50 -25 0 25 50 75 100 125

Ta - Free-Air Temperature - °C

Figure 20
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MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE UNITY-GAIN BANDWIDTH
Vs Vs
FREQUENCY FREE-AIR TEMPERATURE
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0 0.5
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Figure 21 Figure 22
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Vpp — Supply Voltage - V

Figure 23
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Ayp - Differential Voltage Amplification

Ayp - Differential Voltage Amplification

TYPICAL CHARACTERISTICS

LARGE-SIGNAL DIFFERENTIAL VOLTAGE
AMPLIFICATION AND PHASE SHIFT

Vs
FREQUENCY
107 T -60°
6 Vpp =3V
10 RL = 10 kQ —-30°
s CL = 20 pF
10 \ Tpa= 25°C —0°
104 N 30°
3 \ Avp . &
10 N 60° g
Phase Shift 2
102 — 90° [y
~
10! \\ 120°
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0.1 180°
10 100 1k 10k 100k 1M 10M
f — Frequency - Hz
Figure 24
LARGE-SIGNAL DIFFERENTIAL VOLTAGE
AMPLIFICATION AND PHASE SHIFT
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FREQUENCY
107 1 —60°
Vpp=5V
10° RL = 10ko |-30°
CL = 20 pF
10° N Ta= 25°C 0°
4 AN 300
10 \ \ =
3 \ \AVD 6
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o
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Figure 25
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PHASE MARGIN

PHASE MARGIN

Vs Vs
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Figure 26 Figure 27
PHASE MARGIN EQUIVALENT INPUT NOISE VOLTAGE
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PARAMETER MEASUREMENT INFORMATION

single-supply versus split-supply test circuits

Because the TLV2342 is optimized for single-supply operation, circuit configurations used for the various tests
often present some inconvenience since the input signal, in many cases, must be offset from ground. This
inconvenience can be avoided by testing the device with split supplies and the output load tied to the negative
rail. A comparison of single-supply versus split-supply test circuits is shown below. The use of either circuit
will give the same result.

Vpp VDD+
\7
Y o
Vi ° Vi
cL RL CL RL
T
- - Vbp -
(a) SINGLE-SUPPLY (b) SPLIT-SUPPLY
Figure 30. Unity-Gain Amplifier
10 kQ 10 kQ
A AN
v
Vpp DD+
wa || SN
112 VDD—{ — Vo . — Vo
+

100 Q
100 Qi 100 Q

- Vpp-
(a) SINGLE-SUPPLY (b) SPLIT-SUPPLY
Figure 31. Noise Test Circuit
10 kQ 10 kQ
AN A

VDD+

Vop
100 Q 100 Q
Vi—wWA - Vi —VW -
Vo Vo
12Vpp —M8 1+ r——___+
~ 1~ Ci

l I ) ,l,
- - - VDD—

(a) SINGLE-SUPPLY (b) SPLIT-SUPPLY

Figure 32. Gain-of-100 Inverting Amplifier
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PARAMETER MEASUREMENT INFORMATION

t bias current

Because of the high input impedance of the TLV2342 operational amplifier, attempts to measure the input bias
current can result in erroneous readings. The bias current at normal ambient temperature is typically less than
1 pA, a value that is easily exceeded by leakages on the test socket. Two suggestions are offered to avoid
ernmoneous redsuiciiienins.

1. Isolate the device from other potential leakage sources. Use a grounded shield around and between the
device inputs (see Figure 33). Leakages that would otherwise flow to the inputs will be shunted away.

2. Compensate for the leakage of the test socket by actually performing an input bias current test (using
a picoammeter) with no device in the test socket. The actual input bias current can then be calculated
by subtracting the open-socket leakage readings from the readings obtained with a device in the test
socket.

One word of caution, many automatic testers as well as some bench-top operational amplifier testers use
the servo-loop technique with a resistor in series with the device input to measure the input bias current
(the voltage drop across the series resistor is measured and the bias current is calculated). This method
requires that a device be inserted into the test socket to obtain a correct reading; therefore, an open-
socket reading is not feasible using this method.

0 oofo
olololo

1 4

V:Vlc

Figure 33. Isolation Metal Around Device Inputs
(P Dual-In-Line Package)

low-level output voltage

inpu

To obtain low-supply-voltage operation, some compromise is necessary in the input stage. This compromise
results in the device low-level output being dependent on both the common-mode input voltage level as well
as the differential input voltage level. When attempting to correlate low-level output readings with those quoted
in the electrical specifications, these two conditions should be observed. If conditions other than these are to
be used, please refer to the Typical Characteristics section of this data sheet.

t offset voltage temperature coefficient

Erroneous readings often result from attempts to measure temperature coefficient of input offset voltage. This
parameter is actually a calculation using input offset voltage measurements obtained at two different
temperatures. When one (or both) of the temperatures is below freezing, moisture can collect on both the
device and the test socket. This moisture will result in leakage and contact resistance which can cause
erroneous input offset voltage readings. The isolation techniques previously mentioned have no effect on the

that these measurements be performed at temperatures above freezing to minimize error.

full power response

Full power response, the frequency above which the operational amplifier slew rate limits the output voltage
swing, is often specified two ways: full-linear response and full-peak response. The full-linear response is
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PARAMETER MEASUREMENT INFORMATION

generally measured by monitoring the distortion level of the output while increasing the frequency of a
sinusoidal input signal until the maximum frequency is found above which the output contains significant
distortion. The full-peak response is defined as the maximum output frequency, without regard to distortion,
above which full peak-to-peak output swing cannot be maintained.

A An~artad : LY O R | iy U Ay PRIy iy

Because there is no industry-wide accepted value for significant distortion, the full-peak response is specified
in this data sheet and is measured using the circuit of Figure 30. The initial setup involves the use of a
sinusoidal input to determine the maximum peak-to-peak output of the device (the amplitude of the sinusoidal
wave is increased until clipping occurs). The sinusoidal wave is then replaced with a square wave of the same
amplitude. The frequency is then increased until the maximum peak-to-peak output can no longer be
maintained (Figure 34). A square wave is used to allow a more accurate determination of the point at which
the maximum peak-to-peak output is reached.

/S L/l A

(a) f = 100 Hz (b) Bom > f > 100 Hz (c)f=Bom (d) f>Bom
Figure 34. Full-Power-Response Output Signal

test time

Inadequate test time is a frequent problem, especially when testing CMOS devices in a high-volume, short-
test-time environment. Internal capacitances are inherently higherin CMOS than in bipolar and BiFET devices,
and require longer test times than their bipolar and BiFET counterparts. The problem becomes more
pronounced with reduced supply levels and lower temperatures.

TYPICAL APPLICATION DATA
single-supply operation

While the TLV2342 will perform well using dual-power supplies (also called balanced or split supplies), the
design is optimized for single-supply operation.

This includes an input common-mode voltage

range that encompasses ground as well as an VDD

output voltage range that pulls down to ground.

The supply voltage range extends down to 2 V, R2

thus allowing operation with supply levels AAA

commonly available for TTL and HCMOS.

Many single-supply applications require that a R

voltage be applied to one input to establish a Vi A >

reference level that is above ground. This virtual >—<'—“ Vo

ground can be generated using two large E@—y

resistors, but a prefered technique is to use a v fVDOD-Vi\Ry+ VoD

virtual ground generator such as the TLE2426. N2 )Ry 2

The TLE2426 supplies an accurate voltage equal = =

to Vpp/2, while consuming very little power, and

is suitable for supply voltages of greater than 4 V. Figure 35. Inverting Amplifier With Voltage
Reference
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TYPICAL APPLICATION DATA
The TLV2342 works well in conjunction with digital logic; however, when powering both linear devices and
digital logic from the same power supply, the following precautions are recommended:

1. Power the linear devices from separate bypassed supply lines (see Figure 36); otherwise, the linear
device supply rails can fluctuate due to voltage drops caused by high switching currents in the digital
logic.

2. Use proper bypass techniques to reduce the probability of noise-induced errors. Single capacitive
decoupling is often adequate; however, RC decoupling may be necessary in high-frequency applications.

L L

Logic Logic Logic Supply
! ! : T |

(a) COMMON SUPPLY RAILS

) ! ! ! i l . 1
| l—i—l—ﬁil

(b) SEPARATE BYPASSED SUPPLY RAILS (PREFERRED)

Figure 38. Common Versus Separate Supply Rails

t characteristics

The TLV2342 is specified with a minimum and a maximum input voltage that, if exceeded at either input, could
cause the device to malfunction. Exceeding this specified range is a common problem, especially in single-
supply operation. Note that the lower range limit includes the negative rail, while the upper range limit is
specified at Vpp — 1 V at Tp = 25°C and at Vpp - 1.2 V at all other temperatures.

The use of the polysilicon-gate process and the careful input circuit design gives the TLV2342 very good input
offset voltage drift characteristics relative to conventional metal-gate processes. Offset voltage drift in CMOS
devices is highly influenced by threshold voltage shifts caused by polarization of the phosphorus dopant
implanted in the oxide. Placing the phosphorus dopant in a conductor (such as a polysilicon gate) alleviates
the polarization problem, thus reducing threshold voltage shifts by more than an order of magnitude. The offset
voltage drift with time has been calculated to be typically 0.1 uV/month, including the first month of operation.

Because of the extremely high input impedance and resulting low-bias current requirements, the TLV2342 is
well suited for low-level signal processing; however, leakage currents on printed circuit boards and sockets
can easily exceed bias-current requirements and cause a degradation in device performance. It is good
practice to include guard rings around inputs (similar to those of Figure 33 in the Parameter Measurment
Information section). These guards should be driven from a low-impedance source at the same voltage level
as the common-mode input (see Figure 37).

The inputs of any unused amplifiers should be tied to ground to avoid possible oscillation.
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A% WA%%

?—v:§_>—‘L—Vo R >—<r—vo R >Lv°

(a) NONINVERTING AMPLIFIER (b) INVERTING AMPLIFIER (c) UNITY-GAIN AMPLIFIER

Figure 37. Guard Ring Schemes

noise performance

The noise specifications in operational amplifier circuits are greatly dependent on the current in the first-stage
differential amplifier. The low-input bias current requirements of the TLV2342 results in a very low noise
current, which is insignificant in most applications. This feature makes the devices especially favorable over
bipolar devices when using values of circuit impedance greater than 50 kQ, since bipolar devices exhibit
greater noise currents.

feedback
Operational amplifier circuits nearly always employ AN

feedback, and since feedback is the first prerequisite
for oscillation, a little caution is appropriale. Most
oscillation problems result from driving capacitive
loads and ignoring stray input capacitance. A small- h

value capacitor connected in parallel with the . —
feedback resistor is an effective remedy (see

Figure 38). The value of this capacitor is optimized i

empirically.

electrostatic discharge protection = -

The TLV2342 incorporates an internal electrostatic Figure 38. Compensation for Input
discharge (ESD) protection circuit that will prevent Capacitance

functional failures at voltages up to 2000 V as tested under MIL-STD-883C, Method 3015.2. Care should be
exercised, however, when handling these devices as exposure to ESD may result in the degradation of the
device parametric performance. The protection circuit also causes the input bias currents to be temperature
dependent and have the characteristics of a reverse-biased diode.

latch-up

Because CMOS devices are susceptible to latch-up due to their inherent parasitic thyristors, the TLV2342
inputs and output are designed to withstand —100-mA surge currents without sustaining latch-up; however,
techniques should be used to reduce the chance of latch-up whenever possible. Internal protection diodes
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should not by design be forward biased. Applied input and output voltage should not exceed the supply voltage
by more than 300 mV. Care should be exercised when using capacitive coupling on pulse generators. Supply
transients should be shunted by the use of decoupling capacitors (0.1 puF typical) located across the supply

rails as close to the device as possible.

The current path established if latch-up occurs is usually between the positive supply rail and ground and can
be triggered by surges on the supply lines and/or voltages on either the output or inputs that exceed the supply
voltage. Once latch-up occurs, the current flow is limited only by the impedance of the power supply and the
forward resistance of the parasitic thyristor and usually results in the destruction of the device. The chance
of latch-up occuring increases with increasing temperature and supply voltages.

output characteristics

The output stage of the TLV2342 is designed to
sink and source relatively high amounts of current
(see Typical Characteristics). If the output is
subjected to a short-circuit condition, this high-
current capability can cause device damage under
certain conditions. Output current capability
increases with supply voltage.

Although theTLV2342 possesses excellent high-
level output voltage and current capability, methods
are available for boosting this capability, if needed.
The simplest method involves the use of a pullup
resistor (Rp) connected from the output to the
positive supply rail (see Figure 39). There are two
disadvantages to the use of this circuit. First, the
NMOS pulldown transistor, N4 (see equivalent
schematic) must sink a comparatively large amount
of current. In this circuit, N4 behaves like a linear
resistor with an on-resistance between
approximately 60 © and 180 €, depending on how
hard the operational amplifier input is driven. With
very low values of Rp, a voltage offset from 0 V at
the output will occur. Secondly, pullup resistor Rp
acts as a drain load to N4 and the gain of the
operational amplifier is reduced at output voltage
levels where N5 is not supplying the output current.

All operating characteristics of the TLV2342 are
measured using a 20-pF load. The devices will drive
higher capacitive loads; however, as output load
capacitance increases, the resulting response pole
occurs at lower frequencies, thereby causing
ringing, peaking, or even oscillation (see Figures 41,
42, and 43). In many cases, adding some
compensation in the form of a series resistor in the
feedback loop will alleviate the problem.

- ®

Vbp
Rp
1 Vpp-V
DL ap= 0D7V0
4 I+l +1p
Vo Ip = Pullup current

IF required by the

'YV o s— i ifi
4 operational amplifier

Ro (typically 500 pA
Rq 'Ll im_ )

Figure 39. Resistive Pullup to Increase VgH

25V
V
Vi + °
1
CL
Tp =25°C
f=1kHz
Vipp=1V

-25V

Figure 40. Test Circuit for
Output Characteristics
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i

(a) CL = 20 pF, R__= NO LOAD (b) CL = 130 pF, R__= NO LOAD (c) CL = 150 pF, R = NO LOAD

Figure 41. Effect of Capacitive Loads in High-Bias Mode

(a) CL = 20 pF, R|_= NO LOAD (b) C|_= 170 pF, R|_= NO LOAD (c) =190 pF, R|_= NO LOAD

Figure 42. Effect of Capacitive Loads in Medium-Bias Mode

(a) C = 20 pF, R = NO LOAD (b) C_ = 260 pF, R|_= NO LOAD (c) CL =310 pF, R|_= NO LOAD

Figure 43. Effect of Capacitive Loads in Low-Bias Mode
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TLV2344l, TLV2344Y

LinCMOS™ LOW-VOLTAGE HIGH-SPEED

QUAD OPERATIONAL AMPLIFIERS

SLOS115-D4038, MAY 1992

Wide Range of Supply Voltages Over
Specified Temperature Range:
—-40°Cto85°C...2Vto8V

Fully Characterized at 3V and 5 V
Single-Supply Operation

Common-Mode Input-Voltage Range
Extends Below the Negative Rail and up to
VDD -1Vat25°C

Output Voltage Range Includes Negative
Rail

High Input Impedance . . . 1012 Q Typical
ESD-Protection Circuitry
Designed-In Latch-Up Immunity

description

The TLV2344 quad operational amplifier is one of
a family of devices that has been specifically
designed for use in low-voltage, single-supply
applications. Unlike other products in this family
designed primarily to meet aggressive power
consumption specifications, the TLV2344 is

EQUIVALENT INPUT NOISE VOLTAGE

vs
FREQUENCY
400 T LA

E Rg = 100 Q
Z Ta = 25°C

c

Y 300 \\

8 \

3 \\

o \

2 \

Z 200 \

2 N

£ NN

E \PN Vpp=5V

3 ~\

2 100 \\

o

u"’ Vpp =3V

c

>

0
1 10 100 1000

t — Frequency - Hz

D OR N PACKAGE
(TOP VIEW)

tAvailable in tape-and-reel. Add “R* suffix to the device type when ordering (e.g., TLV2344IDR).
$The PW packages are only available left-end taped and reeled (e.g., TLV2344IPWLE).

LinCMOS™ is a trademark of Texas Instruments Incorporated.

designedto offer ac performance approaching that 10Ut []1 U14 []4 0UT
of a BiFET operational amplifier while operating 1IN-[J2  13[J4IN-
from a single-supply rail. At 3V, the TLV2344 has TIN+[3  12[J4IN+
a typical slew rate of 2.1 V/us and 780-kHz unity- vpp. 4  11[J Vpp-/GND
gain bandwidth. 2IN+[]5  10[]3IN+
e ) 2IN- -
Each amplifier is fully functional down to a ke s
g X 20UT[]7  s[]aour
minimum supply voltage of 2 V, is fully
characterized, tested, and specified at both 3-V
and 5-V power supplies over atemperature range PW PACKAGE
of —40°C to 85°C. The common-mode input (TOP VIEW)
voltage range includes the negative rail and 1oUT
extends to within 1 V of the positive rail. viss Ig) T
1IN + £ Fra4IN +
VDD + = = Vpp _/GND
2IN + = Fr= 3N +
2IN - =3 3N —
20UT 30UT
AVAILABLE OPTIONS
PACKAGE CcH
Vio max AL PLASTIC P
Ta AT TSSOP FORM
A 2;°'c OUTLINE DIP I;w + y
oyt N (PW) (Y)
—40°Ct085°C | 10mV | TLV2344ID | TLV2344IN | TLV2344IPW | TLV2344Y

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of Texas Instruments
standard warranty. Production processing does not necessatily
include testing of all parameters.

{"P TEXAS
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Copyright © 1992, Texas Instruments Incorporated

2-177



TLV2344l, TLV2344Y
LinCMOS™ LOW-VOLTAGE HIGH-SPEED
QUAD OPERATIONAL AMPLIFIERS

SLOS115-D4038, MAY 1992

description (continued)

Low-voltage and low-power operation has been made possible by using Texas Instruments silicon gate
LinCMOS™ technology. The LInCMOS process also features extremely high input impedance and ultra-low
input bias currents. These parameters combined with good ac performance make the TLV2344 effectual in
applications such as high-frequency filters and wide-bandwidth sensors.

To facilitate the design of small portable equipment, the TLV2344 is made available in a wide range of package
options, including the small-outline and thin-scaled-small-outline packages (TSSOP). The TSSOP package has
significantly reduced dimensions compared to a standard surface-mount package. Its maximum height of only
1.1 mm makes it particularly attractive when space is critical.

The device inputs and outputs are designed to withstand —100-mA currents without sustaining latch-up. The
TLV2344 incorporates internal ESD-protection circuits that will prevent functional failures at voltages up to
2000 V as tested under MIL-STD-883C, Method 3015.2; however, care should be exercised in handling these
devices as exposure to ESD may result in degradation of the device parametric performance.

TLV2344Y chip information

These chips, properly assembled, display characteristics similarto the TLV23441 (see electrical tables). Thermal
compression or ultrasonic bonding may be used on the doped aluminumbonding pads. Chips may be mounted
with conductive epoxy or a gold-silicon preform.

BONDING PAD ASSIGNMENTS

Vpp (4)
=4 1N+ (3) —1+
- 10UT (1)
= 1IN- (2) —=
= 2IN+ (5) —>
p— 20UT(7)
= 2IN- (6) —|-
= 3IN+ (10) —+ oUT 8
=59 3IN= (9) —— ®
= 4IN+ (12) ——>
= 40UT (14)
— 4IN- (13) —=
__E Vpp-/GND (11)
=Y
(72) CHIP THICKNESS:
15 TYPICAL

[

P EL LT L L L
BONDING PADS:

4 X 4 MINIMUM

Ty max = 150°C

TOLERANCES
ARE *+10%

ALL DIMENSIONS
ARE IN MILS

{'f TEXAS
INSTRUMENTS
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TLV2344l, TLV2344Y
LinCMOS™ LOW-VOLTAGE HIGH-SPEED
QUAD OPERATIONAL AMPLIFIERS

SLOS115-D4038, MAY 1992

equivalent schematic (each amplifier)

COMPONENT COUNTt
Transistors 8
Diodes 28 |
Resistors 4
Capacitors 108

tincludes both amplifiers and all
ESD, bias, and trim circuitry

,
[ o

g
:

P1 P2 NS
IN- —WA— —4’—A/w—| r—
R1 ' — —i' R2 0_""—
IN+ Rs | ct P5 P
p & _aaa I i —o @
YWAT—/ % | | H
— F —
[
*——¢ .
N3 out
—
—:[_‘ | e —y N:‘__
N1 | N2 ] N6
-
R3S D1 A Ra sz > Lm——J?m
R7
Pe ¢ Py é—o — ¢ ¢ |
o . ¢
GND

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

Supply voltage, Vpp (see Note 1) ... ... 8V
Differential input voltage (see Note 2). . . . .. .. . *VpD
Input voltage range, Vy(any input) .......... .. .. -03VtoVpp
Inputcurrent, Iy £5mA
Output current, o ... + 30 mA
Duration of short-circuit current at (or below) Tp =25°C (seeNote 3)...................... .. Unlimited
Continuous total dissipation ....... ... ... ... .. .. .. .. .. . See Dissipation Rating Table
Operating free-air temperature range, Ta . . —40°C to 85°C
Storage temperature range . ........... .. - 65°C to 150°C

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D, P, or PW package

............ 260°C

tStresses 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 "reccommended operating conditions” is not

implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.
NOTES: 1. All voltage values, except differential voltages, are with respect to network ground.
2. Differential voltages are at the noninverting input with respect to the inverting input.

3. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure that the maximum

dissipation rating is not exceeded (see application section).

“? TEXAS
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TLV23441, TLV2344Y
LinCMOS™ LOW-VOLTAGE HIGH-SPEED
QUAD OPERATIONAL AMPLIFIERS

SLOS115-D4038, MAY 1992

DISSIPATION RATING TABLE

PACKAGE Tp £25°C DERATING FACTOR Tp =85°C
POWER RATING ABOVE Tp = 25°C POWER RATING
D 950 mW 7.6 mW/°C 494 mW
N 1575 mW 5.6 mW/°C 364 mW
PW 700 mW 12.6 mW/°C 819 mW J
recommended operating conditions
- MIN MAX | UNIT
Supply voltage, Vpp - 2 8 Vv
Common-mode input voltage, V Vop =3V — =02 18 v
$YIe VoD =5V -02 38

Operating free-air temperature, Tp ~40 85 °C

{'f TEXAS
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TLV2344|
LinCMOS™ LOW VOLTAGE HIGH SPEED
QUAD OPERATIONAL AMPLIFIERS

SLOS115-D4038, MAY 1992

electrical characteristics at specified free-air temperature (unless otherwise noted)

Vpp=3V Vpp=5V
PARAMETER TEST CONDITIONS TAf MIN_ TYP MAX MIN_ TYP MAX UNIT
Vo<1V
Y 25°C 11 10 1110
Ic=1V,
Vio Input offset voltage Rg =50, . " " mvV
RL = 10kQ ull range
@ Average temperature coefficient 25°C to 27 P VoG
VIO o input offset voltage 85°C ) ) s
Vo=1V, 25°C 0.1 0.1
o Input offset current (see Note 4) Vig=1V 85°C 22 1000 241000 pA
bi Vo=1V, 25°C 0.6 0.6 A
B Input bias current (see Note 4 Vig=1V 85°C 175 2000 200 2000 p
-02 -03 -02 -03
25°C to to to to v
v Common-mode input 2 23 4 42
ICR voltage range (see Note 5) -02 -02
Full range to to \
1.8 3.8
Vic=1V. 25°C | 175 19 32 37
VoH High-level output voltage Vip = 100 mV, S Vv
loL =-1mA Full range 17 3
Vic=1V 25°C 120 150 90 150
VoL Low-level output voltage Vip =—100 mV, mvV
loL=1mA Full range 190 190
o . Vic=1V, 25°C 3 mn 5 23
A Large-signal Ad_affgentml RL = 10k, VimV
voltage amplification See Note 6 Full range 2 35
Vo=1V. 25°C 65 78 65 80
CMRR  Common-mode rejection ratio Vic = Vicrmin, dB
Rg=50Q Full range 60 60
Vpp=3Vto5V, o
" Supply-voltage rejection ratio VED. 1V, V=1V 25°C 70 95 70 95 o8
SVR =N = )
(AVpp/ AVi0) Rg=500Q Full range 65 65
0 25°C 13 6 27 64
Ibp Supply current Vic=1V, mA
No load Full range 8 8.8

tFull range is — 40°C to 85°C.
NCTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically.

5. This range also applies to each input individually.
6. AtVpp=5V,Vp=025V1to2V;atVpp=3V,Vo=05Vto 1.5V.
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TLV2344I

LinCMOS™ LOW-VOLTAGE HIGH-SPEED

QUAD OPERATIONAL AMPLIFIERS

SLOS115-D4038, MAY 1992

operating characteristics at specified free-air temperature, Vpp =3 V

 PARAMETER - TEST CONDITIONS Ta MIN_ TYP MAX | UNIT
Vic=1V
ic="" 25°C 2.1
. RL = 10kQ,
SR Slew rate at unity gain Vipp=1V Vips
CL =20pF,
. 85°C 1.7
See Figure 30
\Y Equivalent input noise voltage f=tkHz  Rg=100Q, 25°C 25 ViVHz
uivalent input noise voltage
n g o “fr —g _____ See Figure 31 nvivnz
_ A Vo =VoH, Cp=20pF, 25°C 170
M tput bandwidtt
Bom aximum output swing bandwidth RL - 10kQ, See Figure 30 P . kHz
- B Vi=10mV, C[ = 20pF, 25°C 790
B4 Unity-gain bandwidth RL = 10kQ, kHz
- o See Figure 32 - 85°C 690
Vi=10mV, f=Bj, Z40°C 53°
om Phase margin CL=20pF, R =10kQ 25°C 49°
- - - See Figure 32 85°C 47°
operating characteristics at specified free-air temperature, Vpp =5V
PARAMETER | TEST CONDITIONS TA MIN TYP MAX | UNIT
25°C 3.6
Vic=1V, Vipp=1V
- 85°C 2.8
SR Slew rate at unity gain R =10k, Vips
CL =20 pF, 25°C 29
See Figure 30 Vipp=25V
85°C 2.3
Vi Equivalent input noise voltage f=1kHz,  Rg=1000Q, 25°C 25 nVANFZ
[ B See Figure 31
- _ 25°C 320
Bom  Maximum output swing bandwidth Vo=VoH. CL=20pF, KkHz
RL = 10kQ, See Figure 92 85°C 250
- - 25°C 1.7
By Unity-gain bandwidth Vi=10mV, Cp = 20pF, MHz
RL = 10kQ, See Figure 32 85°C 1.2
- Vi=10mV, f=By, —40°C ag°
9m  Phase margin CL=20pF, RL=10kQ, 25°C | 46°
85°C 43°

See Figure 32
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TLV2344Y

LinCMOS™ LOW VOLTAGE HIGH SPEED
QUAD OPERATIONAL AMPLIFIERS

SLOS115-D4038, MAY 1992

electrical characteristics at specified free-air temperature, Tp = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS Yop=3V Vop=5V¥ uNIT
- o MIN  TYP MAX MIN  TYP MAX
Vio Input offset voltage Vo=1V.Vig=1V. 1.1 10 1.1 10 mV
o E$=50§2,RLv=j0kSVZV
o Input offset current (see Note 4) | Vo =1V, Vic =1V o1 0.1 PA
1) Input bias current (see Noted) | Vo=1V,V|g=1V 0.6 0.6 PA
. -02 -03 -02 -03
Common-mode input
Vicr to to to to v
voltage range (see Note 5)
o - - ) 2 2.3 4 4.2
VoH High-level output voltage Vig=1V. Vip=100mV, 1.75 1.9 3.2 3.7 \
loL=-1mA
VoL Low-level output voltage Vic=1V. Vip = -100mV, 120 150 90 150 mV
o loL=1mA
Large-signal differential Vic =1V, R =10k
A ' Vi
VD voltage amplification See Note 6 8 " 5 23 mv
o . Vo =1 V,V;C = V|cgrmin,
CMRR Common-mode rejection ratio 65 78 65 80 dB
Rg =500
Supply-voltage rejection ratio Vpp=3Vto5V,Vig=1V,
K 70 5 70 95 dB
SVR  (avpp/avio) Vo=1V,Rg=500 °
Vo=1V,Vic=1V,
Ibp Supply current No load 1.3 6 27 6.4 HA

NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically.
5. This range also applies to each input individually.
6. AtVpp=5V,Vp=025Vto2V;atVpp=3V,Vo=05Vto15V.
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TLV2344I

LinCMOS™ LOW-VOLTAGE HIGH-SPEED

QUAD OPERATIONAL AMPLIFIERS

SLOS115-D4038, MAY 1992

TYPICAL CHARACTERISTICS

FIGURE
Vio Input offset voltage Distribution 1,2
ay|o Input offset voltage temperature Eoefficient Distribution 3,4
vs Output current 5
VOH High-level output voltage vs Supply voltage 6
vs Temperature 7
vs Common-mode input voltage 8
V, Low-level output voltage vs Temperature 81
oL ° P 9 vs Differential input voltage 10
- vs Low-level output current 12
. ) e o vs Supply voltage o 13
f tial volta lification
Ayp Differential voltage amplificati vs Temperature v
ig/lo Inputbias and offset current vs Temperature 15
Vic Common-mode input voltage vs Supply voltage 16
‘vs Supply voltage 17
Supply current
'oo uPpYy vs Temperature 18
Suppl It
SR Slew rate vs Supply voltage 19
vs Temperature 20
Vioppy Maximum peak-to-peak output voltage vs Frequency 21
T t
B Gain-bandwidth product Vs “emperature 22
vs Supply voltage 23
Avp Ditferential voltage amplification and phase shift vs Frequency 24,25
vs Supply voltage 26
m Phase margin vs Temperature 27
vs Load capacitance 28
Vn Equivalent input noise voltage vs Frequency 29
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TLV2344l

LinCMOS™ LOW-VOLTAGE HIGH-SPEED

QUAD OPERATIONAL AMPLIFIERS

SLOS115-D4038, MAY 1992

TYPICAL CHARACTERISTICS

DISTRIBUTION OF TLV2344

DISTRIBUTION OF TLV2344

INPUT OFFSET VOLTAGE INPUT OFFSET VOLTAGE
50 — 60 —
Vpp = 3V Vpp=5V
Ta = 25°C Ta = 25°C
a0 | N Package S0 N Package
8 &
| . 40
2 30 z
2 s
s 30
H 8
g 2 g
S g 20
& 4
10
10
o 0 St sha
-5 -4 -3 -2 -1 0 1 2 3 4 5 -5-4-3 -2-1 0 1 2 3 4 5
Vio - Input Offset Voltage — mV V|0 - Input Offset Voltage - mV
Figure 1 Figure 2
DISTRIBUTION OF TLV2344 DISTRIBUTION OF TLV2344
INPUT OFFSET VOLTAGE INPUT OFFSET VOLTAGE
TEMPERATURE COEFFICIENT TEMPERATURE COEFFICIENT
50 T | O— T T T
Vpp = 3V i Vpp =5V
TA = 25°C to 85°C TA = 25°C to 85°C
a0 |- N Package _ S0[" N Package
Outliers:
o ® (1) 20.5 mV/°C
) I An k-
i K] hid
2 30 €
5 i =
K] :6 30
Q
g 20 2
§ g 20
@ a
o
10 | | =
10 ) ) B
0 L e
-10 -8 -6 -4 -2 0 2 4 6 8 10 -10 -8 -6 -4 -2 0 2 4 6 8 10
ayjo - Temperature Coefficient — uV/°C ay)o - Temperature Coefficient — uv/°C
Figure 3 Figure 4
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TLV2344]
LinCMOS™ LOW-VOLTAGE HIGH-SPEED
QUAD OPERATIONAL AMPLIFIERS

SLOS115-D4038, MAY 1992

TYPICAL CHARACTERISTICS

HIGH-LEVEL OUTPUT VOLTAGE

Vs
HIGH-LEVEL OUTPUT CURRENT

5 T 8
Vic=1V
Vip = 100 mV

4 Ta = 25°C

\ l 6
3 \"\DD =5V

R

2w=3v
\

VoH — High-Level Output Voltage - V
VoH — High-Level Output Voitage - V
&

HIGH-LEVEL OUTPUT VOLTAGE
Vs
SUPPLY VOLTAGE

T
Vic=1V
Vip = 100 mV

RL = 10kQ /
- Tp = 25°C

y4

//

\ 2
1 /
0 ]
0 -2 -4 -6 -8 0 2 4 6 8
loH — High-Level Output Current — mA Vpp — Supply Voltage — V
Figure 5 Figure 6
HIGH-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE
Vs Vs
FREE-AIR TEMPERATURE COMMON-MODE INPUT VOLTAGE
3 T ~T 700 T T
Vpp = 3V \ Vpp = 5V
> Vic=1V > loL= 5mA -]
|yl ViD= 100mV E X Tp = 25°C
[} - i
g o 600
= ]
z 2 \
5_ 1.8 A 5 Vip = =100 mV
3 ——] s
g —] # — S 500 \
> P °
3 12f10y = -500 pA H—/—/— H NN\
- pa |
g loH = -1 mA —/ r % \ \
I loH = —2mA = 400 Voo _h\\\
?): 061 loH = -3mA 61 \\
> lop = —4mA ——— S NS
OH = —-4m \v\\\
I } N~
(] 300
-75 -50 -25 0 25 50 75 100 125 o S5 1 15 2 25 3 35 4
Ta - Free-Air Temperature - °C Vic = Common-Mode Input Voltage - V
Figure 7 Figure 8
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TLV2344I

LinCMOS™ LOW-VOLTAGE HIGH-SPEED

QUAD OPERATIONAL AMPLIFIERS

SLOS115-D4038, MAY 1992

VoL — Low-Level Output Voltage — mV

VoL - Low-Level Output Voitage — mV

TYPICAL CHARACTERISTICS

LOW-LEVEL OUTPUT VOLTAGE
Vs
FREE-AIR TEMPERATURE

200 —
Vpp =3V
Vic=1V
1751 vip = -100 mv
|0|_ = 1mA
150 /‘/
125 /
100 //
7
75
50
-75 -50 -25 0 25 50 75 100 125
TA — Free-Air Temperature — °C
Figure 9
LOW-LEVEL OUTPUT VOLTAGE
vs
FREE-AIR TEMPERATURE
900 ey
Vpp=5V
800 - vic = 05V
Vip= -1V
700 1D
loL = 5mA
pd
600 /
500 /,/
7
400
>
7
300
200
100
0
~75 -50 -25 0 25 50 75 100 125

Ta — Free-Air Temperature — °C

Figure 11

VoL - Low-Level Output Voltage - mV

VoL — Low-Level Output Voltage — V

800

LOW-LEVEL OUTPUT VOLTAGE
Vs
DIFFERENTIAL INPUT VOLTAGE

Ll 1
Vpp=5V
700 Vic = Vi /2l —
loL = 5mA
600 \ Tp = 25°C —]
500 \
400 \\
\\
300
200
100
0
0 -2 -4 -6 -8
Vip — Differential Input Voltage - V
Figure 10
LOW-LEVEL OUTPUT VOLTAGE
Vs
LOW-LEVEL OUTPUT CURRENT
1
I 1
09l Vic=1V
Vip = -100 mV
0.8} Tp = 25°C
Vpp=5V
0.7
0.6 /
0.5}
74 P’
0.4 Voo = S/V,/
0.3 // ,/
0.2 /,/
0.1 1[
0

0 1 2 3 4 5 6 7 8

loL — Low-Level Output Current — mA

Figure 12
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TLV2344I
LinCMOS™ LOW-VOLTAGE HIGH-SPEED
QUAD OPERATIONAL AMPLIFIERS

SLOS115-D4038, MAY 1992

TYPICAL CHARACTERISTICS

LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION
Vs
SUPPLY VOLTAGE

> 60 T
£ RL = 10kQ
S
-1
c
.2
©
kil Tp = —40°C —
Q
E
<
L
g 30 /,4
S /
>
£ 200 o
[
Q
K
i? 10
[a]
>
<
0
0 2 4 6 8
Vpp - Supply Voltage — V
Figure 13
INPUT BIAS CURRENT AND INPUT OFFSET
CURRENT
vs
FREE-AIR TEMPERATURE
T 08 —
L EVpbp=3V
§ - Vic=1V
3 103 L See Note 4
°
2
o
3 02 sl
£ 7
- Z
&
p 1 v
L] 10 v
o = == lo
-é_ ] "4 v"
| 100 _ ’ i
g A
= —
c rd
@ 101 L2’
- 25 45 65 85 105 125

Ta - Free-Air Temperature - °C

Figure 15

A VD~ Differential Voltage Amplification — V/mV

Vic - Common-Mode Input Voltage - V

LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION
vs
FREE-AIR TEMPERATURE
50 T T
RL = 10kQ

45

40

35
30 N

\ Vpp=5V
.

25 ~

20 M~

15 a Vpp = 3V
~NGVDD =
10 B

-75 =50 -25 0 25 50 75 100 125
TA — Free-Air Temperature — °C

Figure 14

COMMON-MODE INPUT VOLTAGE
POSITIVE LIMIT
Vs
SUPPLY VOLTAGE

8 T
TA = 25°C

| V%
D
/

/

: /

0 2 4 6 8
Vpp - Supply Voltage - V

Figure 16

NOTE 4: The typical values of input bias current and input offset current below 5 pA were determined mathematically.
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TLV2344]
LinCMOS™ LOW-VOLTAGE HIGH-SPEED
QUAD OPERATIONAL AMPLIFIERS

SLOS115-D4038, MAY 1992

Ipp — Supply Current - mA

SR - Slew Rate — V/us

TYPICAL CHARACTERISTICS
SUPPLY CURRENT SUPPLY CURRENT
vs vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
5 4 T T
Vic=1V Vic=1V
Vo=1V 3.5 \ Vo=1V
4| No Load / \ No Load
Ta = -40°C g 3 N
| Vpp =5V \
3 V. ‘g 2.5 ‘\
TA = 25°C — 5 NS
o 2
/ E ~
2 o ——
AA = 85°C a 18 \\
1
/ e Vpp = 3V S~
1 V -
// 0.5
0 L= 0
0 2 4 6 8 -75 =50 -25 0 25 50 75 100 125
Vpp - Supply Voltage — V Tp — Free-Air Temperature — °C
Figure 17 Figure 18
SLEW RATE SLEW RATE
vs vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
8 T 8 T T
Vipp= 1V Vipp=1V
7HAy =1 7F Ay =1
RL = 10 kQ RL = 10kQ
6 - CL = 20pF 6 CL = 20 pF
Ta = 25°C o
5 >| 5
/ 2 ™~ :
4 S 3 Vpp=5V
2 N
Q
\ '/ : ~
| ~N
/ & T —
2 / 2 Vpp =3V e T—
1 1
0 0
0 2 4 6 8 -75 =50 -25 O 25 50 75 100

Vpp - Supply Voltage - V
Figure 19

TaA - Free-Air Temperature — °C

Figure 20

125
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TLV2344]
LinCMOS™ LOW-VOLTAGE HIGH-SPEED
QUAD OPERATIONAL AMPLIFIERS

SLOS115-D4038, MAY 1992

TYPICAL CHARACTERISTICS
MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE UNITY-GAIN BANDWIDTH
Vs Vs
FREQUENCY FREE-AIR TEMPERATURE
5 TTTTT 35 T
RL = 10kQ Vi= 10mv
RL = 10kQ
N
S 4 Vpp = 5V § 29} CL = 20pF
] A\ \ |
& £ \
s h-]
3 3 % 23 N-VDD=5V
> c
3 @
'g- Vpp =3V \\ £
o ]
2 o 17
' N «Tp = —40°C 2
o \ ‘c
3 \ 5
S Tp = 25°C \ \ [y \\
1 oy ~ 1 -
I \ \ (-] ~ VYDD=3V
[—)
Tp = 85°C N \
07 TN T
0 0.5
10 100 1000 10000 -75 -50 -25 0 25 50 75 100 125
f — Frequency - kHz TA — Free-Air Temperature — °C
Figure 21 Figure 22

UNITY-GAIN BANDWIDTH
vs
SUPPLY VOLTAGE

21 : .
Vi=3mV
19FR, - 10ka
| CL = 20 pF

Tp = 25°C
1.5

1.3 /

1.1

1.7

o /
/

0.3

B4 — Unity-Gain Bandwidth - MHz

0.1

0 1 2 3 4 5 6 7 8
Vpp - Supply Voltage - V

Figure 23
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TLV2344l

LinCMOS™ LOW-VOLTAGE HIGH-SPEED
QUAD OPERATIONAL AMPLIFIERS

SLOS115-D4038, MAY 1992

TYPICAL CHARACTERISTICS

LARGE-SIGNAL DIFFERENTIAL VOLTAGE
AMPLIFICATION AND PHASE SHIFT

Vs
FREQUENCY
107 T —60°
6 Vpp=3V
10 RL = 10kQ —{-30°
CL = 20 pF

\ Ta= 25°C —{0°

10 \\ 30°
A

3 N vD 60°

2 Phase Shift

10 \ 90°

120°

™

AN
1 A\ 150°
0.1 \\ 180°

10 100 1k 10k 100k 1M 10M
f - Frequency - Hz

Ayp - Differential Voltage Amplification
3

Figure 24

LARGE-SIGNAL DIFFERENTIAL VOLTAGE
AMPLIFICATION AND PHASE SHIFT

Vs
FREQUENCY
107 . —60°
Vpp = 5V
10° RL = 10 kQ --30°
CL = 20 pF

10 Ta= 25°C 40°
4 \\
10 \\\ 30°

AvD
\ 60°

NN

2 — 90°

Phase Shift \\
10’ \\ 120°
\\ 150°
04 \\ 180°

10 100 1k 10k 100k 1M 10M
f - Frequency — Hz

Ayp - Differential Voltage Amplification
=]

-

Figure 25
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Phase Shift
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TYPICAL CHARACTERISTICS

PHASE MARGIN

PHASE MARGIN

Vs Vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
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Figure 26 Figure 27
PHASE MARGIN EQUIVALENT INPUT NOISE VOLTAGE
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PARAMETER MEASUREMENT INFORMATION

single-supply versus split-supply test circuits

Because the TLV2344 is optimized for single-supply operation, circuit configurations used for the various tests
often present some inconvenience since the input signal, in many cases, must be offset from ground. This
inconvenience can be avoided by testing the device with split supplies and the output load tied to the negative
rail. A comparison of single-supply versus split-supply test circuits is shown below. The use of either circuit
will give the same result.

Vpb VpD+
v Vo VL Yo
i
cL RL CL RL
T
- - VpD-
(a) SINGLE-SUPPLY (b) SPLIT-SUPPLY

Figure 30. Unity-Gain Amplifier

10 kQ
ANV
VoD i)lm
— Vo
.
100 Q % 100 Q

L —_ — VDD—

1/2Vpp I Vo

(a) SINGLE-SUPPLY (b) SPLIT-SUPPLY

Figure 31. Noise Test Circuit

10 kQ 10 kQ
A A~
Vpp VDD+
100 Q I 100 Q
Vi — M- - Vi —VWWv -

\'
12Vpp ——48M8 —+ Vo . (o]
C T~CL

Vpp-
(a) SINGLE-SUPPLY (b) SPLIT-SUPPLY

Figure 32. Gain-o0f-100 Inverting Amplifier
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PARAMETER MEASUREMENT INFORMATION

t bias current

Because of the high input impedance of the TLV2344 operational amplifier, attempts to measure the input bias
current can result in erroneous readings. The bias current at normal ambient temperature is typically less than
1 pA, a value that is easily exceeded by leakages on the test socket. Two suggestions are offered to avoid
erroneous measurements:

1. lIsolate the device from other potential leakage sources. Use a grounded shield around and between the
device inputs (see Figure 33). Leakages that would otherwise flow to the inputs will be shunted away.

2. Compensate for the leakage of the test socket by actually performing an input bias current test (using
a picoammeter) with no device in the test socket. The actual input bias current can then be calculated
by subtracting the open-socket leakage readings from the readings obtained with a device in the test
socket.

One word of caution, many automatic testers as well as some bench-top operational amplifier testers use
the servo-loop technique with a resistor in series with the device input to measure the input bias current
(the voltage drop across the series resistor is measured and the bias current is calculated). This method
requires that a device be inserted into the test socket to obtain a correct reading; therefore, an open-
socket reading is not feasible using this method.

7 1

0[0[0|0[0|0]0
OI0I0|R|0|0|0

8 14

V=V|C

Figure 33. Isolation Metal Around Device Inputs
(N Dual-In-Line Package)

low-level output voltage

inpu

To obtain low-supply-voltage operation, some compromise is necessary in the input stage. This compromise
results in the device low-level output being dependent on both the common-mode input voltage level as well
as the differential input voltage level. When attempting to correlate low-level output readings with those quoted
in the electrical specifications, these two conditions should be observed. If conditions other than these are to
be used, please refer to the Typical Characteristics section of this data sheet.

t offset voltage temperature coefficient

Erroneous readings often result from attempts to measure temperature coefficient of input offset voltage. This
parameter is actually a calculation using input offset voltage measurements obtained at two different
temperatures. When one (or both) of the temperatures is below freezing, moisture can collect on both the
device and the test socket. This moisture will result in leakage and contact resistance which can cause
erroneous input offset voltage readings. The isolation techniques previously mentioned have no effect on the
leakage since the moisture also covers the isolation metal itself, thereby rendering it useless. It is suggested
that these measurements be performed at temperatures above freezing to minimize error.

full power response

Full power response, the frequency above which the operational amplifier slew rate limits the output voltage
swing, is often specified two ways: full-linear response and full-peak response. The full-linear response is
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PARAMETER MEASUREMENT INFORMATION

generally measured by monitoring the distortion level of the output while increasing the frequency of a
sinusoidal input signal until the maximum frequency is found above which the output contains significant
distortion. The full-peak response is defined as the maximum output frequency, without regard to distortion,
above which full peak-to-peak output swing cannot be maintained.

Because there is no industry-wide accepted value for significant distortion, the full-peak response is specified
in this data sheet and is measured using the circuit of Figure 30. The initial setup involves the use of a
sinusoidal input to determine the maximum peak-to-peak output of the device (the amplitude of the sinusoidal
wave is increased until clipping occurs). The sinusoidal wave is then replaced with a square wave of the same
amplitude. The frequency is then increased until the maximum peak-to-peak output can no longer be
maintained (Figure 34). A square wave is used to allow a more accurate determination of the point at which
the maximum peak-to-peak output is reached.

s/ A

(a) f = 100 Hz (b) Bop > f > 100 Hz (c) f=Bom (d) f> Bom
Figure 34. Full-Power-Response Output Signal

test time

Inadequate test time is a frequent problem, especially when testing CMOS devices in a high-volume, short-
test-time environment. Internal capacitances are inherently higher in CMOS than in bipolar and BiFET devices,
and require longer test times than their bipolar and BiFET counterparts. The problem becomes more
pronounced with reduced supply levels and lower temperatures.

TYPICAL APPLICATION DATA
single-supply operation

While the TLV2344 will perform well using dual-power supplies (also called balanced or split supplies), the
design is optimized for single-supply operation.

This includes an input common-mode voltage

range that encompasses ground as well as an VDD

output voltage range that pulls down to ground.
The supply voltage range extends down to 2 V,
thus allowing operation with supply levels AA
commonly available for TTL and HCMOS.

Many single-supply applications require that a R1

voltage be applied to one input to establish a Vi ——AAA >

reference level that is above ground. This virtual >—J»— Vo
ground can be generated using two large E@——+/

resistors, but a prefered technique is to use a Vo = {Vop - V; \ Ry + Vpp

virtual ground generator such as the TLE2426. \ 2 ) Ry 2

The TLE2426 supplies an accurate voltage equal = =

to Vpp/2, while consuming very little power, and

is suitable for supply voltages of greater than 4 V. Figure 35. Inverting Amplifier With Voltage
Reference
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TYPICAL APPLICATION DATA

The TLV2344 works well in conjunction with digital logic; however, when powering both linear devices and
digital logic from the same power supply, the following precautions are recommended:

1. Power the linear devices from separate bypassed supply lines (see Figure 36); otherwise, the linear
device supply rails can fluctuate due to voltage drops caused by high switching currents in the digital

Innic
1W0giC.

2. Use proper bypass techniques to reduce the probability of noise-induced errors. Single capacitive
decoupling is often adequate; however, RC decoupling may be necessary in high-frequency applications.

1T T
g g 9 ’I

. . .

Power
Supply

(a) COMMON SUPPLY RAILS

—_— LOgiC LOgiC Logic
I

(b) SEPARATE BYPASSED SUPPLY RAILS (PREFERRED)

Figure 36. Common Versus Separate Supply Rails

input characteristics

The TLV2344 is specified with a minimum and a maximum input voltage that, if exceeded at either input, could
cause the device to malfunction. Exceeding this specified range is a common problem, especially in single-
supply operation. Note that the lower range limit includes the negative rail, while the upper range limit is
specified at Vpp — 1 V at Tp = 25°C and at Vpp — 1.2 V at all other temperatures.

The use of the polysilicon-gate process and the careful input circuit design gives the TLV2344 very good input
offset voltage drift characteristics relative to conventional metal-gate processes. Offset voltage drift in CMOS
devices is highly influenced by threshold voltage shifts caused by polarization of the phosphorus dopant
implanted in the oxide. Placing the phosphorus dopant in a conductor (such as a polysilicon gate) alleviates
the polarization problem, thus reducing threshold voltage shifts by more than an order of magnitude. The offset
voltage drift with time has been calculated to be typicaily 0.1 pV/month, including the first month of operation.

Because of the extremely high input impedance and resulting low-bias current requirements, the TLV2344 is
well suited for low-level signal processing; however, leakage currents on printed circuit boards and sockets
can easily exceed bias-current requirements and cause a degradation in device performance. It is good
practice to include guard rings around inputs (similar to those of Figure 33 in the Parameter Measurment
Information section). These guards should be driven from a low-impedance source at the same voltage level
as the common-mode input (see Figure 37).

The inputs of any unused amplifiers should be tied to ground to avoid possible oscillation.
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TYPICAL APPLICATION DATA

'2%% 2 'A%%

o n o V; AAA 0 o Py -
¢ é 'V, ! — Vg L& —Vo
Vi + + Vi +

(a) NONINVERTING AMPLIFIER (b) INVERTING AMPLIFIER (c) UNITY-GAIN AMPLIFIER

Figure 37. Guard Ring Schemes

noise performance

The noise specifications in operational amplifier circuits are greatly dependent on the current in the first-stage
differential amplifier. The low input bias current requirements of the TLV2344 results in a very low noise
current, which is insignificant in most applications. This feature makes the devices especially favorable over
bipolar devices when using values of circuit impedance greater than 50 k<, since bipolar devices exhibit
greater noise currents.

feedback )
Operational amplifier circuits nearly always employ

feedback, and since feedback is the first prerequisite
for osciilation, a iitlie caution is appropriate. Most
oscillation problems result from driving capacitive

loads and ignoring stray input capacitance. A small- h
value capacitor connected in parallel with the N r—

feedback resistor is an effective remedy (see
Figure 38). The value of this capacitor is optimized
empirically. i

electrostatic discharge protection

Figure 38. Compensation for Input

The TLV2344 incorporates an internal electrostatic i
Capacitance

discharge (ESD) protection circuit that will prevent
functional failures at voltages up to 2000 V as tested under MIL-STD-883C, Method 3015.2. Care should be
exercised, however, when handling these devices as exposure to ESD may result in the degradation of the
device parametric performance. The protection circuit also causes the input bias currents to be temperature
dependent and have the characteristics of a reverse-biased diode.

latch-up

Because CMOS devices are susceptible to latch-up due to their inherent parasitic thyristors, the TLV2344
inputs and output are designed to withstand —100-mA surge currents without sustaining latch-up; however,
techniques should be used to reduce the chance of latch-up whenever possible. Internal protection diodes
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should not by design be forward biased. Applied input and output voltage should not exceed the supply voltage
by more than 300 mV. Care should be exercised when using capacitive coupling on pulse generators. Supply
transients should be shunted by the use of decoupling capacitors (0.1 uF typical) located across the supply

rails as close to the device as possible.

The current path established if latch-up occurs is usually between the positive supply rail and ground and can
be triggered by surges on the supply lines and/or voltages on either the output or inputs that exceed the supply
voltage. Once latch-up occurs, the current flow is limited only by the impedance of the power supply and the
forward resistance of the parasitic thyristor and usually results in the destruction of the device. The chance
of latch-up occuring increases with increasing temperature and supply voltages.

output characteristics

The output stage of the TLV2344 is designed to
sink and source relatively high amounts of current
(see Typical Characteristics). If the output is
subjected to a short-circuit condition, this high-
current capability can cause device damage under
certain conditions. Output current capability
increases with supply voltage.

Although theTLV2344 possesses excellent high-
level output voltage and current capability, methods
are available for boosting this capability, if needed.
The simplest method involves the use of a pullup
resistor (Rp) connected from the output to the
positive supply rail (see Figure 39). There are two
disadvantages to the use of this circuit. First, the
NMOS pulldown transistor, N4 (see equivalent
schematic) must sink a comparatively large amount
of current. In this circuit, N4 behaves like a linear
resistor with an on-resistance between
approximately 60 Q and 180 Q, depending on how
hard the operational amplifier input is driven. With
very low values of Rp, a voltage offset from 0 V at
the output will occur. Secondly, pullup resistor Rp
acts as a drain load to N4 and the gain of the
operational amplifier is reduced at output voltage
levels where N5 is not supplying the output current.

All operating characteristics of the TLV2344 are
measured using a 20-pF load. The devices will drive
higher capacitive loads; however, as output load
capacitance increases, the resulting response pole
occurs at lower frequencies, thereby causing
ringing, peaking, or even oscillation (see Figures 41,
42, and 43). In many cases, adding some
compensation in the form of a series resistor in the
feedback loop will alleviate the problem.

Vbp
| é Rp
Vi P |
[ *—Vo
Us
<+
R2

im

1'———’\/\/\/—————0

_ Voo-Vo

- Ip+1 +1p

Ip = Pullup current
required by the
operational amplifier
(typically 500 pA)

Rp

Figure 39. Resistive Pullup to Increase Von

Tp =25°C
f=1kHz
Vipp=1V

-2

e

CL

5V

Figure 40. Test Circuit for
Output Characteristics
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(a) CL = 20 pF, R = NO LOAD (b) Ci_ =130 pF, R_ = NO LOAD (c) C = 150 pF, R|_= NO LOAD

Figure 41. Effect of Capacitive Loads in High-Bias Mode

(a) Cp = 20 pF, R_= NO LOAD (b) C =170 pF, R = NO LOAD (c) CL =190 pF, R|_ = NO LOAD

Figure 42. Effect of Capacitive Loads in Medium-Bias Mode

(a) C|_ = 20 pF, R = NO LOAD (b) C|_ = 260 pF, R_= NO LOAD {c) CL = 310 pF, R_= NO LOAD

Figure 43. Effect of Capacitive Loads in Low-Bias Mode
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Wide Range of Supply Voltages D OR P PACKAGE
2Vto8V (TOP VIEW)
Fully Characterized at 3V and 5V 10UT[] 1 % 8] Voo
1 IN- 20UT
Very Low Supply Current Drain 1 'N+E i ; E]lz IN—
120 tA Typ at 3V GND[] 4 sh2ing
Output Compatible With TTL, MOS, and
CMOS PW PACKAGE
Fast Response Time ... 200 ns Typ for (TOP VIEW)
TTL-Level Input Step 1outll 1© 8[]Voo
High Input Impedance . .. 1012 Q Typ TIN-j2 72out
1IN+[] 3 6[]2IN-
Extremely Low Input Bias Current GND[] 4 s[2IN+

5 pA Typ
Common-Mode Input Voltage Range NG — Nonteral connection
Includes Ground symbol (each comparator)

Built-In ESD Protection
IN+

description ouT

The TLV2352 consists of two independent, IN-

low-power comparators specifically designed for
single power supply applications and to operate
with power supply rails as low as 2 V. When
powered from a 3-V supply, the typical supply

T = atd 120 A
CUricniv o Urity 1«v A,

The TLV2352 is designed using the Texas Instruments LinCMOS™ technology and therefore features an
extremely high input impedance (typically greater than 1012 Q), which allows direct interfacing with
high-impedance sources. The outputs are N-channel open-drain configurations that require an external pullup
resistor to provide a positive output voltage swing, and they can be connected to achieve positive-logic
wired-AND relationships. The TLV2352 is fully characterized at 3 V and 5 V for operation from — 40°C to 85°C.

The TLV2352 has internal electrostatic discharge (ESD) protection circuits and has been classified with a 2000-V
ESD rating tested under MIL-STD-883C, Method 3015.1. However, care should be exercised in handling this
device as exposure to ESD may result in degradation of the device parametric performance.

AVAILABLE OPTIONS

Y PACKAGE CHIP
TA ;Pz??:x SMALL OUTLINE PLASTIC DIP TSSOP FORM
(D)t (P) (PW)$ )
-40°C t0 85°C 5mV TLV2352ID TLV2352IP TLV2352IPW TLV2352Y

tThe D package is available taped and reeled. Add the suffix “R" to the device type (e.g., TLV2352IDR).
t PW packages are only available left-ended taped and reeled, (e.g., TLV2352IPWLE)

A This device has limited built-in gate protection. The leads should be shorted together or the device should be placed in conductive

Aa

LiInCMOS is a trademark of Texas Instruments Incorporated.

foam during storage or handling to prevent electrostatic damage to the MOS gates.

Copyright © 1992, Texas Instruments Incorporated

PRODUCTION DATA information is current as of publication date. .

Products conform to specifications per the terms of Texas I

Instruments standard warranty. Production processing does not I

necessarily include testing of all parameters. l EXAS
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TLV2352Y chip information

These chips, properly assembled, display characteristics similar to the TLV2352. 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.

'y Voo
®)
)
IN+ + o)
(73} ouTt
IN- -
5
o T
ouT
e .

(@)

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

TOLERANCES ARE = 10%

ALL DIMENSIONS ARE IN MILS

PIN (4) INTERNALLY CONNECTED
TO BACKSIDE OF CHIP

Illlll|I|l||||‘li|ll’(||(1lIllli|I|t(|||tl||||||l!|||ll|l1
13
N
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage, Vpp (see NOte 1) .. 8V
Differential input voltage, Vip (see NOte 2) ... .. . +8V
Input voltage range, V| ... -03to8V
Output voltage, Vo ..o 8V
IMPUL CUITENY, L o =5 mA
OUtpUt CUITENE, [ oo 20 mA
Duration of output short circuit to ground (see Note 3) ... ... .. . . . unlimited
Continuous total power dissipation ........... ... . i See Dissipation Rating Table
Operating free-air temperaturerange ............... . i —-40°C to 85°C
Storage temperature range ... -65°Cto 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D, P, or PW package ........... 260°C

T Stress 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.

NOTES: 1. All voltage values, except differential voltages, are with respect to network ground.

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal
3. Short circuits from outputs to Vpp can cause excessive heating and eventual device destruction.

DISSIPATION RATING TABLE

TA =< 25°C DERATING Ta =85C
PACKAGE o6 WER RATING FACTOR POWER RATING
D 725 mW 5.8 mW/°C 377 mW
P 1000 mW 8.0 mW/°C 520 mW
PW 525 mW 4.2 mW/°C 273 mW

recommended operating conditions

I-SUFFIX
MIN max | UNTT
Supply voltage, Vpp 2 8 \
) Vpp =3V 0 1.75
Common-mode input voltage, V| \
Vpp=5V 0 3.75
Operating free-air temperature, Ta | -4 85 °C
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electrical characteristics at specified free-air temperature?

=3V Vpp=5V .
PARAMETER TEST CONDITIONS Tat Vop =3 pp =S uNIT
MIN TYP MAX | MIN TYP MAX
Input offset _ 25°C 1 5 1 5
Vio voltage V¢ = VicR min, See Note 4 Full range 7 7 mv
o  Inputoffset 25°C 1 1 pA
current 85°C 1 1 nA
| Input bias 25°C 5 5 pA
B current 85°C 2 2 nA
c q 25°C 0to2 Oto4
ommon-mode
VICR input voltage range Full range 10;05 g;c; v
| High-level Vv v 25°C 0.1 0.1 nA
OH  Gutput current D= Full range 1 1 uA
Low-level 25°C 115 300 150 400
VoL Vip=-1V, loL=2mA mV
output voltage Full range 600 700
Low-level N
0L gutput current Vip=-1V, VoL =15V 25°C 6 16 6 16 mA
| s | v y No load 25°C 120 250 140 300 A
DD Supply current D=1V oloa Full range 350 40|

T All characteristics are measured with zero common-mode input voltages unless otherwise noted.

¥ Full range is -40°C to 85°C. IMPORTANT: See Parameter Measurement Information.

NOTE 4: The offset voltage limits given are the maximum values required to drive the output above 4 V with Vpp =5V, 2 V with Vpp =3 V, or
below 400 mV with a 10-k<2 resistor between the output and Vpp. They can be verified by applying the limit value to the input and
checking for the appropriate output state.

switching characteristics, Vpp =3V, Ta =25°C

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
T R =5.1 kQ, CL=15 F§,
Response time L=s L P 100-mV input step with 5-mV overdrive 640 ns
o See Note 5
switching characteristics, Vpp =5V, T = 25°C
PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
RL =5.1kQ, CL=15 pF§. 100-mV input step with 5-mV overdrive 650
Response time - ns
See Note 5 TTL-level input step 200

§ Cy includes probe and jig capacitance.

NOTE 5. The response time specified is the interval between the input step function and the instant when the output crosses Vg = 1 V with
Vpp=3VorVp=14VwithVpp=5V.
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electrical characteristics at specified free-air temperature, Tp = 25°ct

PARAMETER TEST CONDITIONS Vop=3V Vbp=5V UNIT
MIN TYP MAX | MIN TYP MAX
Vio Input offset voltage Vic = Vicrmin, See Note 4 1 5 1 5 mV
ITe) Input offset current 1 1 pA
B Input bias current 5 5 pA
VicR S;lggm:gg;de nput 0to2 0to4 v
I0H High-level output current Vip=1V 0.1 0.1 nA
VoL Low-level output voltage Vip=-1V loL=2mA 115 300 150 400 mV
loL Low-level output current Vip=-1V, VoL=15V 6 16 6 16 mA
Iop _ Supply current Vip=1V No load 120 250 140 300 | pA

t All characteristics are measured with zero common-mode input voltages unless otherwise noted.

NOTE 4: The offset voltage limits given are the maximum values required to drive the output above 4 V with Vpp =5V, 2V with Vpp =3V, or
below 400 mV with a 10-kQ resistor between the output and Vpp. They can be verified by applying the limit value to the input and

checking for the appropriate output state.
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VoL - Low-Level Output Voltage — mV

Vicr — Common-Mode Input Voltage Range — V

TYPICAL CHARACTERISTICS

LOW-LEVEL OUTPUT VOLTAGE SUPPLY CURRENT
VS VS
LOW-LEVEL OUTPUT CURRENT FREE-AIR TEMPERATURE
1100 T T 200 T T
VDD =3V / No Load
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TYPICAL CHARACTERISTICS

HIGH-TO-LOW-LEVEL OUTPUT
PROPAGATION DELAY
FOR VARIOUS OVERDRIVE VOLTAGES

HIGH-TO-LOW-LEVEL OUTPUT
PROPAGATION DELAY
FOR VARIOUS CAPACITIVE LOADS

2-208

Vpp=3V Vpp =3V ]
CL=15pF Overdrive = 10 mV | |
— RL =5.1kQ (Pullup to Vpp) ~ RL=5.1kQ (PulluptoVpp) T
Ta=25°C Ta =25°C
- . - I —
3> 3 25 3 1
5 5 C|L = 100 pF
(S 20 mv 5mV o g CL=15pF
[ [ | |
o3 oZ
> >
> 0 L - ‘
10 mv | CL =50pF |
| | | |
- > _ > : [ i i
o € [} [ | I i
= E= !
& 100 $ @100
g g8
ER 52 o
2 g 28 | |
S e > £
0 100 200 300 400 500 600 700 800 900 1000 . 0 100 200 300 400 500 600 700 800 900 1000
tpHL — High-to-Low-Level Output tpHL — High-to-Low-Level Output
Propagation Delay Time — ns Propagation Delay Time - ns
Figure 5 Figure 6
LOW-TO-HIGH-LEVEL OUTPUT LOW-TO-HIGH-LEVEL OUTPUT
PROPAGATION DELAY PROPAGATION DELAY
FOR VARIOUS OVERDRIVE VOLTAGES FOR VARIOUS CAPACITIVE LOADS
| I T 1 1 1 T T T T ! I 1
Vpp=3V Vpp=3V
CL=15pF Overdrive = 10 mV
[ R =5.1kQ (Pullup to Vpp) [ RL =5.1kQ (Pullup to Vpp)
Tp =25°C Ta=25°C C| =50 pF
5 T 5 | | il
a> 3 L1 a> 3 ‘
8‘ Cl’ 20 mV g q‘; |
I 1 g CL=15pF
23 ) 23 | ) J
0 0 ; \
10mv | CL = 100 pF
|
_ > _ > [
8 E S E
g <L 100 ;E’ : 100 i
]
$8 s8 |
2s o I —— - ;
o3 a3
s g s g |
0 100 200 300 400 500 600 700 800 900 1000 0 100 200 300 400 500 600 700 800 900 1000
tpLH — Low-to-High-Level Output tpLH — Low-to-High-Level Output
Propagation Delay Time — ns Propagation Delay Time — ns
Figure 7 Figure 8
+3 1
EXAS
INSTRUMENTS



TLV2352|
LinCMOS™ DUAL LOW-VOLTAGE DIFFERENTIAL COMPARATOR

SLCS011-D4021, MAY 1992

PARAMETER MEASUREMENT INFORMATION

The digital output stage of the TLV2352 can be damaged if it is held in the linear region of the transfer curve.
Conventional operational amplifier/comparator testing incorporates the use of a servo loop that is designed to
force the device outputto a level within this linear region. Since the servo-loop method of testing cannot be used,

the following alternatives for measuring parameters such as input offset voltage, common-mode rejection, etc.,
are offered.

To verify that the input offset voltage falls within the limits specified, the limit value is applied to the input as shown
in Figure 9(a). With the noninverting input positive with respect to the inverting input, the output should be high.
With the input polarity reversed, the output should be low.

A similar test can be made to verify the input offset voltage at the common-mode extremes. The supply voltages

can be slewed as shown in Figure 9(b) for the V|gR test, rather than changing the input voltages to provide
greater accuracy.

5V 1V

5.1 kQ _ o 5.1 kQ

!

Applied V|0 ]

; ' i Applied V|o — -
Li‘mit i | \,’0 Limit Vo
| |
il 1 L4 Il | | 1
= = = E - - -av -
(@) Vo WITHV|c =0 (b) Vio WITHV|c =4V

Figure 9. Method for Verifying That Input Offset Voltage Is Within Specified Limits

A close approximation of the input offset voltage can be obtained by using a binary search method to vary the
differential input voltage while monitoring the output state. When the applied input voltage differential is equal
but opposite in polarity to the input offset voltage, the output will change states.
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PARAMETER MEASUREMENT INFORMATION

Figure 10 illustrates a practical circuit for direct dc measurement of input offset voltage that does not bias the
comparator in the linear region. The circuit consists of a switching-mode servo loop in which U1a generates a
triangular waveform of approximately 20-mV amplitude. U1b acts as a buffer with C2 and R4 removing any
residual dc offset. The signal is then applied to the inverting input of the comparator under test while the
noninverting input is driven by the output of the integrator formed by U1c through the voltage divider formed by
R9 and R10. The loop reaches a stable operating point when the output of the comparator under test has a duty
cycle of exactly 50%, which can only occur when the incoming triangle wave is sliced symmetrically or when the
voltage at the noninverting input exactly equals the input offset voltage.

Voltage divider R9 and R10 provides a step up of the input offset voltage by a factor of 100 to make measurement
easier. The values of R5, R8, R9, and R10 can significantly influence the accuracy of the reading; therefore, it
is suggested that their tolerance level be 1% or lower.

Measuring the extremely low values of input current requires isolation from all other sources of leakage current
and compensation for the leakage of the test socket and board. With a good picoammeter, the socket and board
leakage can be measured with no device in the socket. Subsequently, this open-socket leakage value can be
subtracted from the measurement obtained with a device in the socket to obtain the actual input current of the
device.

U1b 1/4 VoD c3
R5
TLC2344 1.8kQ, 1% 0'6?[-“':
c2 I\
Buffer 1 uF r
Uic 1/4
TLC2344
Vio
P— (X100)
2421'(9 Integrator
Uta1/4
o I\ TLc23as W
c1 L
T~
Triangle
Generator R9
R10 10k, 1%
100 Q, 1%
R2
R3 10 kQ L
100

Figure 10. Circuit for Input Offset Voltage Measurement
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PARAMETER MEASUREMENT INFORMATION

Propagation delay time is defined as the interval between the application of an input step function and the instant
when the output crosses Vg = 1 V with Vpp = 3 V or when the output crosses Vg = 1.4 V with Vpp = 5 V.
Propagation delay time, low-to-high-level output, is measured from the leading edge of the input pulse, while
propagation delay time, high-to-low-level output, is measured from the trailing edge of the input pulse.
Propagation delay time measurement atlow input signal levels can be greatly affected by the input offset voltage.
The offset voltage should be balanced by the adjustment at the inverting input (as shown in Figure 11) so that
the circuit is just at the transition point. Then a low signal, for example 105-mV or 5-mV overdrive, will cause
the output to change state.

Vpp

Pulse -
Generator
= 50 Q
Input Offset Voitage + 1V 109 =
Compensation 10 Turn ——/\/\/\,——I_*
Adjustment 1kQ
-1V ? 0.1 uF
TEST CIRCUIT
Overdrive Overdrive
Input s Input 100 mv '
nP ? 100 mV P | _‘_

High-to-Low
Level Output

Vo =1VwithVpp=3Vor

|
I
|
Low-to-High I
Level Output |
| Vo=14VwithVpp =5V

|

|
|
|

]
|
|
| I
14'— t } _’[
I

4

— tpy b tpyL
VOLTAGE WAVEFORMS

NOTE A: C includes probe and jig capacitance.
Figure 11. Propagation Delay, Rise, and Fall Times Test Circuit and Voltage Waveforms
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TLV23541, TLV2354Y
LinCMOS™ QUADRUPLE LOW-VOLTAGE DIFFERENTIAL COMPARATORS

SLCS012-D4017, MAY 1992

¢ Wide Range of Supply Voltages D OR N PACKAGE
2Vto8V (TOP VIEW)
® Fully Characterized at3V and 5V 10uT(] 1 U 1af] 30Ut
*  Very Low Supply Current Drain 20UT(}2 13[] 4 OUT
Vv
240 A Typ at3V legEi f%fﬁ
¢ Common-Mode Input Voltage Range 2IN+[] 5 10[] 4 IN-
Includes Ground 1IN-[] 6 o[l 3 IN+
* Fast Response Time ... 200 ns Typ for 1IN+ 7 8f] 3 IN-
TTL-Level Input Step PW PACKAGE
® High Input Impedance ... 1012 Q Typ (TOP VIEW)
¢ Extremely Low Input Bias Current 10UT]] 1o 1l 3 out
5pATyp 20uT[] 2 13l 4 ouT
* Output Compatible With TTL, MOS, and Vpp[] 3 12[] GND
CMOsS 2IN-[} 4 11[] 4 IN+
2IN+[] 5 10 4 IN-
¢ Buiit-in ESD Protection 1IN-[] 6 of] 31N+
N 1IN+[} 7 8] 3 IN-
description

The TLV2354 consists of four independent,
low-power comparators specifically designed for
single power supply applications and to operate

symbol (each comparator)

with power supply rails as low as 2 V. When IN+
powered from a 3-V supply, the typical supply out
current is only 240 pA. IN-

The TLV2354 is designed using the Texas Instruments LInCMOS™ technology and therefore features an
extremely high input impedance (typically greater than 1012 Q), which allows direct interfacing with
high-impedance sources. The outputs are N-channel open-drain configurations that require an external pullup
resistor to provide a positive output voltage swing, and they can be connected to achieve positive-logic
wired-AND relationships. The TLV2354 is fully characterized for operation from - 40°C to 85°C.

The TLV2354 has internal electrostatic discharge (ESD) protection circuits and has been classified with a 2000-V
ESD rating tested under MIL-STD-883C, Method 3015.1. However, care should be exercised in handling this
device as exposure to ESD may result in degradation of the device parametric performance.

AVAILABLE OPTIONS

Vio max PACKAGE CHIP
TA at2scc | SMALLOUTLINE | PLASTIC DIP TSSOP FORM
Oyt (N) (PW)t ]
-40°C 10 85°C 5mv TLV23541D TLV2354IN TLV2354IPW TLV2354Y

tThe D package is available taped and reeled. Add the suffix “R” to the device type (e.g., TLV2352IDR).

t PW packages are only available left-ended taped and reeled, (e.g., TLV2354IPWLE)

A This device has limited built-in gate protection. During storage or handling, the device leads should be shorted together or the device

\ should be placed in conductive foam.

LinCMOS is a trademark of Texas Instruments Incorporated.

PRODUCTION DATA I asof p date. N

Products conform to specifications per the terms of Texas ’

Instruments standard warranty. Production processing does not I

necessarily include testing of all parameters. EXAS

INSTRUMENTS

Copyright © 1992, Texas Instruments Incorporated
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TLV2354Y
LinCMOS™ QUADRUPLE LOW-VOLTAGE DIFFERENTIAL COMPARATOR

SLCS012-D4017, MAY 1992

TLV2354Y chip information

These chips, properly assembled, display characteristics similar to the TLV2354. 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.
Voo
(3)
iNe DI "
IN- —] - 5
@ & IN+
ouT (@)
© IN-
IN+ — + (14)
® out
S IN- — _
=— ) )
ti‘ l-ll'lll‘l\_ljﬂ out (13) + IN+
= = (10) |n-
I oU] 2V 5 = Immmay 4
, ﬂi—i@—g‘ GOad) (12)
=l = = GND

CHIP THICKNESS: 15 TYPICAL

BONDING PAD ASSIGNMENTS

[+2]
(5]

BONDING PADS: 4 x 4 MINIMUM
TJMA)(=150°C
- 90 > TOLERANCES ARE =10%
|l|||!||]||)|I|||I|I|||I||l||||l||]||I|0|||l|||I]l|||l|||!|I|I|!|I|I|||1|l||||||!!jl|||l|||
ALL DIMENSIONS ARE IN MILS

hlnlllll||llmhl|||I|I|I||1'|||Illllllxl|l|l|l|||!||:l|l|]|l|l|

4

PIN (11) INTERNALLY CONNECTED
TO BACKSIDE OF CHIP
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TLV2354]
LinCMOS™ QUADRUPLE LOW-VOLTAGE DIFFERENTIAL COMPARATOR
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage, Vpp (S€e NOte 1) ... o 8V
Differential input voltage, Vip (see Note 2) . ... ... +8V
Input voltage range, V| ... -03to8V
OUutput VOIAGE, VO .. oo 8V
INPUE CUITENE, [ e e +5mA
OUtPUL CUITENE, 10 e 20 mA
Duration of output short circuit to ground (see Note 3) ... ... unlimited
Continuous total power dissipation ... See Dissipation Rating Table
Operating free-air temperature range ........... .ttt —40°C to 85°C
Storage temperature raNGE .. ...ttt et e —-65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D, N, or PW package ............ 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.

NOTES: 1. All voltage values, except differential voltages, are with respect to network ground.

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.
3. Short circuits from outputs to Vpp can cause excessive heating and eventual device destruction.

DISSIPATION RATING TABLE

TA=25°C DERATING Ta =85°C
PACKAGE POWER RATING FACTOR POWER RATING
D 950 mwW 7.6 mW/°C 494 mW
N 1150 mW 9.2 mW/°C 598 mW
PW 700 mW 5.6 mW/°C 346 mW

recommended operating conditions

I-SUFFIX
MIN max | UNIT
Supply voltage, Vpp 2 8 \
Common-mode input voltage, V|G Vbp =3V 0 175 v
Vpp=5V 0 375
Operating free-air temperature, Ta -40 85 °C

2-216
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TLV23541
LinCMOS™ QUADRUPLE LOW-VOLTAGE DIFFERENTIAL COMPARATOR

SLCS012-D4017, MAY 1992

electrical characteristics at specified free-air temperaturet

PARAMETER TEST CONDITIONS Tat Vop =3V Vpp=5V UNIT
MIN TYP MAX | MIN TYP MAX
Input offset ) 25°C 1 5 1 5
Vio voltage Vic = VIcR min, See Note 4 Full range 7 7 mv
e 'mputoffset 25°C 1 1 pA
' current 85°C 1 1 nA
| Input bias 25°C 5 5 PA
1B current 85°C 2 2| nA
25°C Oto2 Oto4
v Common-mode
ICR input voltage range Full range ?;‘; 3;05 v
High-level v v 25°C 0.1 0.1 nA
I0H output current D= Full range 1 1 HA
v Low-level v v | o mA 25°C 115 300 150 400 mv
oL output voltage ID=-1% oL==m Full range 600 700
Low-level j
0L qutput current Vip=-1V, VoL=15V 25°C 6 16 6 16 mA
25°C 240 500 290 600
IDD  Supply current Vip=1V, No load Full range 700 300 uA

t All characteristics are measured with zero common-mode input voltages unless otherwise noted.

¥ Full range is —40°C to 85°C. IMPORTANT: See Parameter Measurement Information.

NOTE 4: The offset voltage limits given are the maximum values required to drive the output above 4 V with Vpp =5V, 2V withVpp =3V, or
below 400 mV with a 10-kQ resistor between the output and Vpp. They can be verified by applying the limit value to the input and
checking for the appropriate output state.

switching characteristics, Vpp =3V, Ta = 25°C

PARAMETER ~ TESTCONDITIONS MIN TYP MAX]| UNIT
RL = 5.1kQ, CL=15pFS
See Note 5

Response time 100-mV input step with 5-mV overdrive 640 ns

switching characteristics, Vpp =5V, Ta = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
RL =5.1kQ, C = 15 pF$, 100-mV input step with 5-mV overdrive 650
Response time L L P .p 4 veran ns
See Note 5 TTL-level input step 200

§ C|_includes probe and jig capacitance.
NOTE 5: The response time specified is the interval between the input step function and the instant when the output crosses Vg = 1 V with
Vpp =3V or when the output crosses Vg = 1.4 with Vpp =5 V.
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LinCMOS™ QUADRUPLE LOW-VOLTAGE DIFFERENTIAL COMPARATOR
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electrical characteristics at specified free-air temperature, Tp = 25°C*

Vpp=3V Vpp=5V

PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX | MIN TYP MAX
Vio Input offset voltage Vic = Vicrmin, See Note 4 1 5 1 5 mV
o Input offset current 1 1 pA
s Input bias current 5 5 pA
VicR f;g’g“e"g:‘g":e nput 0t02 Oto4 v
10H High-level output current Vip=1V 0.1 0.1 nA
VoL Low-level output voltage Vip=-1V loL =2mA 115 300 150 400 mV
loL Low-level output current Vip=-1V, VoL=15V 6 16 6 16 mA
DD Supply current Vip=1V No load 240 500 L 290 600 WA

t All characteristics are measured with zero common-mode input voltages unless otherwise noted.

NOTE 4: The offset voltage limits given are the maximum values required to drive the output above 4 V with Vpp =5V, 2V with Vpp =3V, or
below 400 mV with a 10-kQ resistor between the output and Vpp. They can be verified by applying the limit value to the input and
checking for the appropriate output state.
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TYPICAL CHARACTERISTICS

LOW-LEVEL OUTPUT VOLTAGE
Vs
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FREE-AIR TEMPERATURE

1100 T T 400 T T
Vpp=3V No Load
s 990 Ta=25°C 380
: / I
o 880 / 360 Vpp =5V
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3 50
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o2 25 Positive Limit 45— Overdrive = 10 mV
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TYPICAL CHARACTERISTICS

HIGH-TO-LOW-LEVEL OUTPUT
PROPAGATION DELAY
FOR VARIOUS OVERDRIVE VOLTAGES

HIGH-TO-LOW-LEVEL OUTPUT
PROPAGATION DELAY
FOR VARIOUS CAPACITIVE LOADS

2-220

V,DD;SVYﬁ e VVDD;SVﬁ Tt
CL=15pF Overdrive = 10 mV
= R{ =5.1kQ (Pullup to Vpp) — R( =5.1kQ (Pullup to Vpp)
Ta =25°C Ta=25°C
- ] | - I ! ! | |
2 N & T M
5 CL =100 pF
Q ) 20 mvV 5mvV - CL=15pF
£g £
0 0
10 mVv Cp =50pF
-2 _ >
8 E 8 E
€ | € |
E % 100 é § 100
oS o 22 o
a3 o3
s g s g
0 100 200 300 400 500 600 700 800 900 1000 0 100 200 300 400 500 600 700 800 900 1000
tpHL — High-to-Low-Level Output tpHL — High-to-Low-Level Output
Propagation Delay Time - ns Propagation Delay Time - ns
Figure 5 Figure 6
LOW-TO-HIGH-LEVEL OUTPUT LOW-TO-HIGH-LEVEL OUTPUT
PROPAGATION DELAY PROPAGATION DELAY
FOR VARIOUS OVERDRIVE VOLTAGES FOR VARIOUS CAPACITIVE LOADS
| 1 i 1 I [ 1 T T T i I i T
Vpp=3V Vpp=3V
CL=15pF Overdrive = 10 mV
— RL = 5.1kQ (Pullup to Vpp) Ry = 5.1 kQ (Pullup to Vpp)
Ta =25°C Ta=25°C C| =50 pF
> 3 — > o
3 20 mvV f 3 ! [ f
(o3 o 9
g B CL=15pF
L9 J J 5mV oS3 ] j
0 0
10mVv CL =100 pF
- > - >
S E & E
E | € |
L 9 2 [
g E 100 g E‘ 100
o9 a o
120 1z 0
o 3 a3
s2 s g
0 100 200 300 400 500 600 700 800 900 1000 0 100 200 300 400 500 600 700 800 900 1000
tpLH — Low-to-High-Level Output tpLH - Low-to-High-Level Output
Propagation Delay Time - ns Propagation Delay Time - ns
Figure 7 Figure 8
3 1,
EXAS
INSTRUMENTS



TLV23541
LinCMOS™ QUADRUPLE LOW-VOLTAGE DIFFERENTIAL COMPARATOR

SLCS012-D4017, MAY 1992

PARAMETER MEASUREMENT INFORMATION

The digital output stage of the TLV2354 can be damaged if it is held in the linear region of the transfer curve.
Conventional operational amplifier/comparator testing incorporates the use of a servo loop that is designed to
force the device output to a level within this linear region. Since the servo-loop method of testing cannot be used,
the following alternatives for measuring parameters such as input offset voltage, common-mode rejection, etc.,

arn nffarad
arc viicicu.

To verify that the input offset voltage falls within the limits specified, the limit value is applied to the input as shown
in Figure1(a). With the noninverting input positive with respect to the inverting input, the output should be high.
With the input polarity reversed, the output should be low.

A similar test can be made to verify the input offset voltage at the common-mode extremes. The supply voltages

canbeslewed as shownin Figure1(b) forthe V|crtest, rather than changing the input voltages to provide greater
accuracy.

5V 1V

5.1 kQ 5.1 kQ

I

Applied V|0

iy

Applied V|0
Limit

Vo
(a) Vio WITHVic = 0 (b) Vip WITHV|c =4V
Figure 9. Method for Verifying That Input Offset Voltage Is Within Specified Limits

lo

.|}_

-av

A close approximation of the input offset voltage can be obtained by using a binary search method to vary the
differential input voltage while monitoring the output state. When the applied input voltage differential is equal
but opposite in polarity to the input offset voltage, the output will change states.
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LinCMOS™ QUADRUPLE LOW-VOLTAGE DIFFERENTIAL COMPARATOR

SLCS012-D4017. MAY 1992

PARAMETER MEASUREMENT INFORMATION

Figure 2 illustrates a practical circuit for direct dc measurement of input offset voltage that does not bias the
comparator in the linear region. The circuit consists of a switching-mode servo loop in which U1a generates a
triangular waveform of approximately 20-mV amplitude. U1b acts as a buffer, with C2 and R4 removing any
residual dc offset. The signal is then applied to the inverting input of the comparator under test while the
noninverting input is driven by the output of the integrator formed by U1c through the voltage divider formed by
R9 and R10. The loop reaches a stable operating point when the output of the comparator under test has a duty
cycle of exactly 50%, which can only occur when the incoming triangle wave is sliced symmetrically or when the

voltage at the noninverting input exactly equals the input offset voltage.

Voltage divider R9 and R10 provides a step up of the input offset voltage by a factor of 100 to make measurement
easier. The values of R5, R8, R9, and R10 can significantly influence the accuracy of the reading; therefore, it
is suggested that their tolerance level be 1% or lower.

Measuring the extremely low values of input current requires isolation from all other sources of leakage current
and compensation for the leakage of the test socket and board. With a good picoammeter, the socket and board
leakage can be measured with no device in the socket. Subsequently, this open-socket leakage value can be
subtracted from the measurement obtained with a device in the socket to obtain the actual input current of the
device.

Vpp (o]

Utb 1/4 RS
TLV2354 1.8KQ, 1% O.G?KpF
AN
Buffer
Uic1/4
TLV2354
\ o
/ o100
R1 +
240 k2 Integrator
R8
Utla1/4 — 1.8k, 1%
- —- C4
P TLV2354 T ot uF
¢ /< ) B
0.1 uF
Triangle
Generator R9
| R10 10KQ, 1%
100 Q, 1%
R2 1

R3 10 kQ L
100 Q@

Figure 10. Circuit for Input Offset Voltage Measurement
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PARAMETER MEASUREMENT INFORMATION

Propagation delay time is defined as the interval between the application of an input step function and the instant
when the output crosses Vg = 1 V with Vpp = 3 V or when the output crosses Vg = 1.4 V with Vpp = 5 V.
Propagation delay time, low-to-high-level output, is measured from the leading edge of the input pulse, while
propagation delay time, high-to-low-level output, is measured from the trailing edge of the input pulse.
Propagation delay time measurement atlow input signal levels can be greatly affected by the input offset voltage.
The offset voltage should be balanced by the adjustment at the inverting input (as shown in Figure 3) so that
the circuit is just at the transition point. Then a low signal, for example 105-mV or 5-mV overdrive, will cause

the output to change state.

Vbbp

Pulse a
Generator
= 50 Q
Input Offset Voltage *+1V 100 = CL
Compensation 10 Turn (see Note A)
Adjustment 1kQ
-1V T 0.1 uF
TEST CIRCUIT
Overdrive Overdrive
Input Input 100 mV
:‘] |
|
Low-to-High High-to-Low

Vo =1VwithVpp=3Vor
Vo =1.4VwithVpp =5V |

Level Output Level Output

VOLTAGE WAVEFORMS

NOTE A: Ci includes probe and jig capacitance.
Figure 11. Propagation Delay, Rise, and Fall Times Test Circuit and Voltage Waveforms
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MECHANICAL DATA

D008, D014, and D016
plastic small outline packages

Each of these small outline packages consists of a circuit mounted on a lead frame and encapsulated within
a plastic compound. The compound will withstand soldering temperature with no deformation, and circuit
performance characteristics will remain stable when operated in high-humidity conditions. Leads require no
additional cleaning or processing when used in soldered assembly.

D008, D014, and DO16

6op H d for Nustratl Designation per JEDEC Std 30:
n package used for o
(16-pin p. ge us ustration) PDSO-G8
A PDSO-G14
4,00 (0.157) PDSO-G16
3,81 (0.150)

HdHHAHHAE

6,20 (0.244)
5,80 (0.228)
1 8
5,21 (0.205)
 Now 4,60 (0.181)
—
1,75 (0.069) 3P 0,229 (0.0090
1,35 (0.053) aces %::—g—%g%'fg% X 45° NOM \ af%%m%
1\
i} M=N=I=1=1=1=1=T ) =
LR _,{ 0,51 (0.020)
0,203 (0.008)
0,102 (0.004) | 0,36 (0.014) PR
g ;3 (g'gﬂ) "l i 1,12 (0.044)
’ . Pin Spacing 4 Places .
le— 1,27 (0.050) 0,51 (0.020)
(see Note A)
DIM PINS 8 14 16

480 | 855 | 980
AMIN | (0189) | (0.337) | (0.386)

500 | 874 | 10,00
AMAX | 5497) | (0.384) | (0.394)

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTES: A. Leads are within 0,25 (0.010) radius of true position at maximum material condition.
B. Body dimensions do not include mold flash or protrusion.
C. Mold flash or protrusion shall not exceed 0,15 (0.006).
D. Lead tips to be planar within 0,051 (0.002) exclusive of solder.
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MECHANICAL DATA

MECHANICAL DATA

KCo003
plastic flange-mount package

This package consists of a circuit mounted on a lead frame and encapsulated within a plastic compound. The
compound will withstand soldering temperature with no deformation, and circuit performance characteristics will
remain stable when the package is operated under high-humidity conditions.

KC003 Designation per JEDEC Std 30:
R-PSFM-T3
81+ 0,08
(0"032 s 303) 0,64 (0.025) R NOM
"3 Places 2 Places 3,96 (0.156)
2,79 (0.110) 1,78 (0.070 (see Note A) 3,71 (0.146)
2,29 (0.090) l’ 1,14 (0.045) ’
; Y T
= —
5,34 (0.210) i _ —— L) | 1067 04209
4,82 (0.190) 0 = | 9,65 (0.380)
]
// \‘\
Pin Spacing 3 0:0 120
2,79 (0.110) 4_+ 3,05 (0.120)
2,29 (0.090) — 6,35 (0.250) 2,54 (0.100)
(see Note B) 14,27 (0.562) MAX

12,70 (0.500)

15,88 (0.625
" 14,22 (0.560) g

0,64 (0.025) a5° | 6,86 (0.270)
0,30 (0.012) (see Note A)_ ¢ > 5,84 (0.230)
\

% c — 4,83 (0.190)
s 3,56 (0.140)
T 11
&
2,92 (0.115) 1,40(0.055) | 556 (0.140)
2,03 (0.080) 0,51 (0.020) 3,05 (0.120)

The center terminal is in electrical contact with the mounting tab.
Falls within JEDEC TO-220AB dimensions

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTES: A. Notches and/or mold chamfer may or may not be present.
B. Leads are within 0,13 (0.005) radius of true position (T.P.) at maximum material conditions.
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MECHANICAL DATA

MECHANICAL DATA

NO14, NO16, NO18, and N020
300-mil plastic dual-in-line package

These dual-in-line packages consists of a circuit mounted on a lead frame and encapsulated within a plastic
compound. The compound will withstand soldering temperature with no deformation and circuit performance
characteristics will remain stable when operated in high-humidity conditions. These packages are intended for
insertion in mounting-hole rows on 7,62 (0.300) centers . Once the leads are compressed and inserted, sufficient
tension is provided to secure the package in the board during soldering. Leads require no additional cleaning
or processing when used in soldered assembly.

Designation per JEDEC Std 30:

NO14, NO16, NO18, AND N020
PDIP-T14

(20-pin package used for illustration)

20 1
NANANANANIANANANANA

Y
P

LH\/RH\KVKRV\/V\J

2,4 (0.093) RNOM -
B p—

¢

2

2

10

Al
[ 1,78 (0.070) MAX 20 Places

ﬁﬁﬂﬁﬁﬁﬁmﬁ'

0,25 (0.010) NOM
TE
= 1

0,51 (0.020)
MIN

X
5,08 (0.200) MAX & L

Parts may be supplied in accordance
with the alternate side view at the
option of TI. European-manufactured

Seating
Plane T
o e L 0,36(0.014)
20 Places o
e 0,25 (0.010) g_v‘;l;_(g-_:% J 16 Places
20 Places 170125, g Pin Spaclng 2,54 (0.100) T.P.
(see Notes B and C) 4 Places (see Note A) 0,533 (0.021)
- o 381 (0.015)
20 Places
(see Notes B and C)
A2 »
T‘H 1,91 (0.075) 0,51 (o 020) Alternate Side View
1,02 (0.040) —¥ [ 1,78 (0.070) MAX 20 Places
4 Places | 1
VIEW A 5,08 (0.200) MAX l

i,

parts may have pin 1 as shown in view 3,94 (0.155) “—

A. Alternate-side-view parts 3,17 (0.125)

manufactured outside of the USA H Pin Spacing 2,54 (0.100) T.P. 0,533 (0.021
may have a maximum package length 4 Places (see Note A) E:W%ﬁn—s‘}
of 26,7 (1.050). 20 Places

(see Notes B and C)

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position.
B. This dimension does not apply for solder-dipped leads.
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to atleast 0,51 (0.020) above seating plane.
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MECHANICAL DATA

NO14, NO16, NO18, and N020

MECHANICAL DATA

300-mil plastic dual-in-line package (continued)

PIN 14 1. 18
DIiM - o G
A MIN 180 (0.710) eeNole A) | (seeNoteA) | 23.22(0914)
MAX 19,8 (0.780) 19,8 (0.780) 23,4 (0.920 l2a77(0975)
B NOM 2,8 (0.110) 1 2,8(0.110) 4,06 (0,160 . (
MIN 7,37 (0.290) 7,37 (0.290) 7,37 (0.280)
MAX 7,87 (0.310) 7,87 (0.310) 7,87 (0.310)
D MIN 6,10 (0.240) 6,10 (0.240) {see Note A)
MAX 6,60 (0.260) 6,60 (0.260) 6,99 (0.275)
NOM 2,0 (0.080) 2,0 (0.080) 2,03 (0.080)
MIN 0,84 (0.033) 0,84 (0.033) . 0,89 (0.035)
G MIN (see Note B) 0,38 (0.015) ' (SeeNote B)
MAX (see Note B) 1,65 (0.065) (see Note B) 0 -
H MIN 2,54 (0.100) 1,02 (0.040) 0,23 (0.009) 0380ty
MAX 1,52 (0.060) 2,41 (0.095) 1,91 (0.075) 1,27 (0.050)

NOTES: A. This packaging characteristic is not specified.
B. The 14-pin and 18-pin plastic dual-in-line package is only offered with the external pins shaped
in their entirety.
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MECHANICAL DATA

P008
plastic dual-in-line package

This package consists of a circuit mounted on an 8-pin lead frame and encapsulated within a plastic
compound.The compound will withstand soldering temperature with no deformation, and circuit performance
characteristics will remain stable when operated in high-humidity conditions. The package is intended for
insertion in mounting-hole rows on 7,62.(0.300) centers. Once the leads are compressed and inserted,
sufficient tension is provided to secure the package in the board during soldering. Solder-plated lead require
no additional cleaning or processing when used in soldered assembly.

P008
l¢— 10,2 (0.400) MAX —¥
o
8 5
Index Dot —]
PO s

& & 7,87 (0.310

7,37 {0.250)

— $6.60(0.260 1,78 (0,070) MAX

[ 6,10 (0.240)

8 Places
x
5,08 (0.200)
MAX &__
—}——— Seating Plane F
: Gaugo Plane 0,51 (0.020) —’I l‘- 0,84 (0.033) MIN
6 0.030] v MIN 8 Places
8 Pl.c.’ o 00 (o mo)
- 3,17 (0.125) _,l 0,533 (0.021
MIN 0,381 (0.015)
0,36 (0.014) 2,54 (0.100) T. P. (see Note B and C)
0200008 6 Places
fena Nata R and 0O) lena Mata A)
{see Note Band C) (see Note A)
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN NINCHES

NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position.
B. This dimension does not apply for solder-dipped leads.
C. Whensolder-dipped leads are specified, dipped area ofthe lead extends fromthe leadtipto atieast0,51 (0.020) above seating
plane.
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MECHANICAL DATA

MECHANICAL DATA

PWO008, PW014, PW016, PW020
shrink small-outline packages

These shrunk small-outline packages consist of a circuit mounted on a lead frame and encapsulated within a
plastic compound. The compound will withstand soldering temperature with no deformation, and circuit
performance characteristics will remain stable when operated in high-humidity conditions. Leads require no
additional cleaning or processing when used in soldered assembly.

PWO008, PW014, PW016, PW020
(14-pin package used for illustration)

Designation per JEDEC Std 30:
PDSO-G8
PDSO-G14

— A—p PDSO-G16
PDS0-G20

EEEEEL
14 B_T

J
T

T
HLJ o)

Pin Spaclng
0,65 NOM
(see Note A)

PF
W
Sle
o
SN
olo

(2] o.10] 1,10 MAX

See Detail "A" 0,0
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS

NOTES: A. Leads are within 0,25 mm radius of true position at maximum material condmon
B. Body dimensions include mold flash or protrusion.

C. Mold flash or protrusion shall not exceed 0,15 mm.

D. Lead tips to be planar within 0,051 mm exclusive of solder.

DIM PINS 8 14 16 20

A MIN 2,99 4,99 4,99 6,40
A MAX 3,03 5,30 5,30 6,80
B MAX 0,65 0,70 0,38 0,48
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ALABAMA: Huntsville: 4960 Corporate Drive,
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