"3 TEXAS

INSTRUMENTS
Linear Circuils
3-V Family

Data Book

1994 Linear Products




General Information

Operational Amplifiers

Comparators

Voltage Regulators

P-Channel MOSFETs

Analog-to-Digital Converters

Line Driver/Receiver

Mechanical Data




"FWF‘ R T T AT

|
¢!

l

noﬂmmo!nl !meneﬂ f

e zisitiigma lmonmeqo 5
2 210/818GM0D ‘

2roisiupef spsﬂo\l - !

& “ZT3A20M lonnerdd-9 | & !
| \:mshwnoﬁ lsﬂam-qs-golsm\- | |
| evieoeRAwevha snu: | | |
6150 IoinarioeM UL

r:.I ’ B 1 & V.A o A F \ 4 Ll et : .A‘ Bl ¢ 7."-" ‘,"."‘:\‘,-7- |“: ~.‘ = Il ‘; g <'.»;‘v'v L R _| g
i 3 .:_'-:_1? E 5 ‘Iﬁ ull;ll Tﬂh‘* ru’ i ey N J‘:_'_:”‘,‘l..’:l.-_‘f?'l, ":' o= .-;l;:' = -dr :""t‘j“i - ‘I 'r 1 :




A\,

SOVINK]_

Linear Circuits
Data Book

3-V Family

EXAS
INSTRUMENTS

Printed on recycied paper.



IMPORTANT NOTICE

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

Tl warrants performance of its semiconductor products and related software to the specifications applicable at
the time of sale in accordance with TI's standard warranty. Testing and other quality control techniques are
utilized to the extent 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.

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

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

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

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

Tl assumes no liability for applications assistance, customer product design, software performance, or
infringement of patents or services described herein. Nor does Tl 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 Tl covering or relating to any combination, machine, or process in which such semiconductor products
or services might be or are used.

Copyright © 1994, Texas Instruments Incorporated



INTRODUCTION

Texas Instruments offers the industry’s first dedicated family of linear integrated circuits (ICs) that are
specifically designed, characterized, and tested for operation at 3.3 V or less. This revised edition of the 3-V
data book is expanded to include analog data converters and multichannel RS232 circuits, in addition to new
offerings of operational amplifiers and comparators.

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

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

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

Dallas, Texas 75380-9066

We feel that this revised 3-V Family Data Book will be a significant addition to your library of technical
literature from Texas Instruments.



)
2 : ' I it ) ’ il i
i - it L o S : T '
: Vo I o 4 Nl B S r . b |
RTRLL i sk e Rl o R L L e o8
A O TR . By ] = = B
-:_..',- B L ‘ : o
‘
3 & v “‘ i
y £l
e L
N
o
o B
camie i
o TR
L.
g i ‘
8
il .
Al e
i ) .
i S
g »‘ :
|
: .
.
|
=) Il (8
.
. .
‘\\‘ L
B i
i
o il
B
!
‘
il
o
5 SR
.
.
d e
‘ .
w3 !
:
!
, L7 Fall 3
LI Rk e ) _ = ‘ o T iy ‘ _ .
|
.
|
.
|
.
!
‘

b 'ii'_ |.€'




General Information

Operational Amplifiers

Comparators

Voltage Regulators

P-Channel MOSFETs

Analog-to-Digital Converters

Line Driver/Receiver

Mechanical Data




g R RUE TLE T 7 RN  E Y S
g - - o = g _ . Fi

s __noltsmotni Ievened

~ zveftiigmA IsncitsreqO

2101816GMod

siotiugefl egsfloV

 2T3320M lennsrd-9

219hevnod laﬂelﬂ:-ol-golsnA'

mvieaoﬂ\wha onil

sisQ IssinerioeM




ALPHANUMERIC INDEX

SNTOINTIE =0 iic sl s s a o S oS e iaha in o Where! alais: &) on 7-3
VIO Lo oimd W aeissen i tox e b o o s 3-3
TEVEIRY . ovciiiiiinra b e sm s s vamsehe i ans 3-3
RVERRBE: | . . . 5o 5 BB iy b e e ik 3. okl 6-3
TENVIEAIM . ocovscrannlun s in e b Sin s et o i ety o 6-3
MEVEBRBEE. .o oot ialnmsvin ol s Do s see s ns 41 6-21
TVERITED o oo v bonisdonle bnebm s M b aiie u o b b g e sl 4-3
SRENVIRATERRYY | orilins srsivin st it e an s 2t s ta A s STty 4-3
A e L SN e 2-3
TR | sicmy o8 e i i e WA e A i 2-3
ANVERBOY. v i 5 b b e AR A L L T eE e 2-3
e R R B S e T R e 2-33
L G i W W s S I N TS T N 2-33
BENVERBEY ... L. oo shiicr e ts T e bk e e ¥ 2-33
e T E s o e o R S 2-63
MIVEIIRN . ovisranmnasiasnnenssssnees dasssssnes 2-63
IREVRIIAE ... oloil Dtiaim el T e e R L et i 2-87
TN OROANY oo s bl e e oA 5 B R T A e e o 2-87
WENQRBRN . oot e alsints i uainie o maen et eat et e e aE e 2-111
L L (A TR R GRS A< el S L S SR TE S e 2-111
0T e Ry b S s o LS e SR T - 2-135
AV ERIEY . . cniinsmsion sk somins s eees st 2-135
DRI o ne e ci e sy b b et O gt b 2-159
T 7 b O g L e o e e 18 o g 2-159
L L Y e N et | 2-209
NI [ oinw v s e e L s T taeh T b e 2-209
SREOPRIIINE . < -5k s 5 A i R S A S e M 2-233
RN EIINY. i ines i e T R e e e e 2-233
IR ERERE i snive o deasiremed IRt A Lol ol 3-17
RV IR & ¥ S5k R i A A e P g 3-17
VR . oo cico siomsaan bens ek simnins rasinmensd 3-29
SNDABAN | ron voi b vivvin ool abd el e Gt e SN S VAL 81 5 3-29
e SR (e D SO B L TR SR 2-257
BV IBEY v i ik e e a4 I MU e AT A 2-257
IR & o bgiavhe v il 0 o i el G i i 3-3
SNRNADIRIN. _ 5 i ih i o s B R 2 20T bbb a5y gl 33
MRSV .. ccnnnes smnnedassoniaes s esns s ay e asss 5-3

~ ks ST CSUMTRRER 1= FIPE T el g o e RO S 511

TeExAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 1-3



ATty e COEPRNT
YeerIT

R

saeame e by

e een

PR T

LaAY K.

R

R ]

R e e

R

e

wAedaa

ey

e b

MrrwEns

CeaeEas
B
LR e

e m N

T L

D

Y
S
EE
Rk
YevaikEs
L

NRpninw s

PR

Awh emay

Ay
T
=L A

D

R
A . e
AR e
W s

TREEs

wn el

-

.

e
v ua
e
“hw
»lag
Vs
A

ak

Fasemdeny vae

R

R A

e T




SELECTION GUIDE

operational amplifiers

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

Vece Vio | lcc | is |CMRR V‘?_ S/IR | GBW
DEVICE (V) (mV) | (uA) | (PA) | (dB) | (nViWH2) | (Vips) | (kH2) DESCRIPTION
MIN MAX | MAX | MAX | TYP TYP TYP TYP TYP
TLV2262 o 8 25| 250 1 75 12 0.55 800 | Dual, low noise, micropower, rail-to-rail
TLV2262A 27 8| 095| 250 1 77 12 0.55 800 | Dual, precision, low noise, micropower, rail-to-rail
TLV2264 2.7 8 2.5 250 1 75 12 0.55 800 | Quad, low noise, micropower, rail-to-rail
TLV2264A 27 8| 095| 250 1 77 12 0.55 800 | Dual, precision, low noise, micropower, rail-to-rail
TLV2322 2 8 9 w7 0.6 88 68 0.02 27 | Quad, micropower
TLV2332 2 8 9| 250 0.6 92 32 0.38 300 | Dual, low power
TLV2342 2 8 9| 1500 0.6 78 25 2.1 790 | Dual, high speed
TLV2324 2 8 10 17 0.6 88 68 0.02 27 | Quad, micropower
TLV2334 2 8 10| 250 0.6 92 32 0.38 300 | Quad, low power
TLV2344 2 8 10 | 1500 0.6 78 25 2.1 790 | Quad, high speed
TLV2341 2 8 8| 1500 0.6 78 25 2.1 790 | Single, programmable power (high bias)
TLV2341 2 8 8| 250 0.6 92 32 0.38 300 | Single, programmable power (medium bias)
TLV2341 2 8 8 7 0.6 88 68 0.02 27 | Single, programmable power (low bias)
TLV2362 15 28 6 | 2250 | 2000 75 9 25 6000 | Dual, low noise, high-speed
comparators
Vee Vio |lcc | IB | loL | tpd
DEVICE ) (mV) | (wA) | (nA) [ (mA) | (ns) DESCRIPTION
MIN MAX | MAX | MAX | TYP MIN | TYP
TLV1393 2 7 5 125 40 0.5 650 | Dual, low power
TLV2352 2 8 5 125 | 0.005 6 640 | Dual, general purpose
TLV2254 2 8 5| 250 |0.005 6 640 | Quad, general purpose
TLV2393 2 % 5 300 100 4 450 | Dual, high speed
voltage regulators
Vo o lo DROPOUT
VOLTAGE | TOLERANCE
mA mA
DEVICE M e mA) | (&%) DESCRIPTION
TYP | MAX | TYP MAX
TLv2217-33 | 33 [ 500 [ 2 500 1 Fixed 3.3 V, low dropout
p-channel MOSFETs
Vps DS(on) 'DS(on) DS(on) Ip
=-10V =—4.5V, =-2.7
pevice | ¥ | Ves b ) [Ves ~ ) | Ves = '@ DESCRIPTION
MAX TYP TYP TYP MAX
TPS1100 -15 0.18 0.291 0.606 +1.58 | Single p-channel enhancement-mode MOSFET
TPS1101 -15 0.09 0.134 0.232 +2.12 | Single p-channel enhancement-mode MOSFET
INSTRUMENTS



SELECTION GUIDE

data acquisition and conversion

ADDRESS | ANALOG CONVERSION
DEVICE | ANDDATA | SIGNAL nes(g#glou speep | TOTAL DESCRIPTION
/O FORMAT | INPUTS (1s)
TLV1543 Serial 1 10 21 +1LSB 10-bit analog-to-digital converter
TLV1549 Serial 1 10 21 +1LSB 10-bit analog-to-digital converter
data-transmission circuits
DRIVERS/RECEIVERS
DEVICE APPLICATION BUS /IO PER PACKAGE DESCRIPTION
SN75LV4735 | EIA Standard RS-232-D | Single ended 3/5 Multichannel RS232 line driver/receiver
1-8
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TLV2262, TLV2262A, TLV2262Y
ADVANCED LinCMOS™ RAIL-TO-RAIL
DUAL OPERATIONAL AMPLIFIERS

SLOS129B — AUGUST 1993 — REVISED FEBRUARY 1994

available features

® Qutput Swing Includes Both Supply Rails ® Common-Mode Input Voltage Range
® Low Noise...12nV/VHz Typ at f = 1 kHz Includes Negative Rail
® Low Input Bias Current ... 1 pA Typ . L‘;“S'A“F:;‘:Jg"s:t_rv‘m;g?c
e Fully Specified for Both Single-Supply and IFGRRAN ) A %
Split-Supply Operation ® Wide Supply Voltage Range
® Low Power. .. 500 pA Max 27Vt 8V
® Macromodel Included
description HIGH-LEVEL OUTPUT VOLTAGE
Vs
The TLV2262 and TLV2262A are dual operational HIGH-LEVEL OUTPUT CURRENT
amplifiers manufactured using Texas Instruments 4
Advanced LinCMOS™ process. These devices Vpp=3V
are optimized and fully specified for single-supply 35

3-V and 5-V operation. For this low-voltage
operation combined with ppower dissipation
levels, the input noise voltage performance has
been dramatically improved using optimized
design techniques for CMOS-type amplifiers.
Another added benefit is that these amplifiers
exhibit rail-to-rail output swing. Figure 1
graphically depicts the high-level output voltage
for different levels of output current for a 3-V single
supply. The output dynamic range can be
extended using the TLV2262 with loads
referenced midway between the rails. The 0.5

common-mode input voltage range is wider than \
typical standard CMOS-type amplifiers. To take 0
advantage of this improvement in performance ° e - =0
and to make this device available for a wider range L06: + B ipesl it Ourient — g

of applications, V|cR is specified with a larger Figure 1

maximum input offset voltage test limit of £ 5 mV,

allowing a minimum of 0 to 2-V common-mode input voltage range for a 3-V supply. Furthermore, at 200 pA
(typical) of supply current per amplifier, the TLV2262 family can achieve input offset voltage levels as low as
950 pV, outperforming existing CMOS amplifiers. The Advanced LinCMOS process uses a silicon-gate
technology to obtain input offset voltage stability with temperature and time that far exceeds that obtainable
using metal-gate technology. This technology also makes possible input-impedance levels that meet or exceed
levels offered by top-gate JFET and expensive dielectric-isolated devices.

25

I
Ta =85°C

=Y

Ta=25°C

1.5

p—
p—
—

TA = —40°C

Von — High-Level Output Voltage —V
»
]

»
3

AVAILABLE OPTIONS
PACKAGED DEVICES SHIPEORM
T Viomax | SMALL OUTLINE | PLASTICDIP TSSOP )
A AT 25°C (1)) ®) (PW)
L A - 950 pV TLV2262AID TLV2262AIP TLV2262AIPWLE
i 25mVv TLV2262ID TLV2262IP = b

The D packages are available taped and reeled. Add R suffix to device type, (e.g., TLV2262IDR).

The PW package is available only left-end taped and reeled. Chips are tested at 25°C.
Advanced LinCMOS™ is a trademark of Texas Instruments Incorporated.
PRODUCTION DATA Information is cument as of publication date. Copyright © 1994, Texas Instruments Incorporated
Products conform to specifications per the o:" m:' exas Instruments %
i ot . oo TEXAS

INSTRUMENTS
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TLV2262, TLV2262A, TLV2262Y
ADVANCED LinCMOS™ RAIL-TO-RAIL
DUAL OPERATIONAL AMPLIFIERS

SLOS129B - AUGUST 1993 — REVISED FEBRUARY 1994

description (continued)

The TLV2262 and TLV2262A, exhibiting high input impedance and low noise, are excellent for small-signal
conditioning for high-impedance sources such as piezoelectric transducers. Because of the low power
dissipation levels combined with 3-V operation, these devices work well in hand-held monitoring and
remote-sensing applications. In addition, the rail-to-rail output feature with single or split supplies makes these
devices great choices when interfacing directly to ADCs. All of these features combined with its temperature
performance make the TLV2262 family ideal for remote pressure sensors, temperature control, active VR
sensors, accelerometers, hand-held metering, and many other applications.

The device inputs and outputs are designed to withstand a 100-mA surge current without sustaining latch-up.
In addition, internal ESD-protection circuits prevent functional failures up to 2000 V as tested under
MIL-STD-883C, Method 3015.2; however, care should be exercised when handling these devices as exposure
to ESD may result in degradation of the device parametric performance. Additional care should be exercised
to prevent Vpp . supply-line transients under powered conditions. Transients of greater than 20 V can trigger
the ESD-protection structure, inducing a low-impedance path to Vpp-/GND. Should this condition occur, the
sustained current supplied to the device must be limited to 100 mA or less. Failure to do so could result in a
latched condition and device failure.

D OR P PACKAGE PW PACKAGE

(TOP VIEW) (TOP VIEW)
1out [+ ~ 8l Voo, 1out £ 10 81 Voo,
1IN-[] 2 7[] 20uT 1IN- 12 7 13 20UT
1IN+ [] 3 6 [] 2IN- 1IN+ CTH3 6 T 2IN-
Vpp-/GND [] 4 5[] 2IN+ Vpp -/GND T4 5T 2IN+

2-4
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TLV2262, TLV2262A, TLV2262Y
ADVANCED LinCMOS™ RAIL-TO-RAIL
DUAL OPERATIONAL AMPLIFIERS

SLOS129B — AUGUST 1993 — REVISED FEBRUARY 1994

TLV2262Y chip information

This chip, when properly assembled, displays characteristics similar to the TLV2262. Thermal compression or
ultrasonic bonding may be used on the doped aluminum bonding pads. The chip may be mounted with
conductive epoxy or a gold-silicon preform.

BONDING PAD ASSIGNMENTS

¢ 56 L g

A B Y TR 1A ON R Y R O I R L O R T U R T TN L (L O A

VoD +
8
3]
1IN+ © - )
() 10UT
1IN- —] =
m + ﬂ 2IN+
20UT ©)
— —— 2IN-
)
Vpp-/GND

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

TOLERANCES ARE +10%.

ALL DIMENSIONS ARE IN MILS.

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

{’P TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265
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TLV2262, TLV2262A, TLV2262Y
Advanced LinCMOS™ RAIL-TO-RAIL
DUAL OPERATIONAL AMPLIFIERS

SLOS129B - AUGUST 1993 - REVISED FEBRUARY 1994
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equivalent schematic (each amplifier)
s
ﬂ
I %:

VDD-/GND

COMPONENT COUNTt

Transistors

Capacitors
T Includes both amplifiers and all

ESD, bias, and trim circuitry

Resistors

b TEXAS
INSTRUMENTS
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TLV2262, TLV2262A, TLV2262Y
Advanced LinCMOS™ RAIL-TO-RAIL
DUAL OPERATIONAL AMPLIFIERS

SLOS129B —AUGUST 1993 — REVISED FEBRUARY 1994

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

Supply.venagei np.(SeeNOtERIME . ., 2. . e Lo o apmitiaesactommins « « 4hon o 4 oo Erkeraio s s suissls 8V
Diffetentidlinput voltage, Wip (868 NOteI2) - ..ol oo in oo ininincndociiisnuieianssnas +Vpp
Input voltage range, V| (any input, see Note 1) .......ccoviiiiiiiiiiiiiiniiii i, -0.3Vto Vpp
InbGlisurent) (i{eacnimot) ~. . ... oo o b agelRE . 0L i S et s e b s« e s +5 mA
(@1 T ol o . (RS R S A SRS S TR PR =TI S e +50 mA
Tatal current IO VDD, v o vwnic s v vnde SBROL LR osiics rkesviaie s 4 s els o aidie« SORUENL SR His +50 mA
TRERUCUTCNVOUEOT VD L. -« 5 wisimis 5%+ s s sls o loioes biseat e i e e hgs b e oo o v - + GOREND e g2 +50 mA
Duration of short-circuit current (at or below) 25°C (see Note 3) ........covviiiniiiiinnnn.. unlimited
Continueus total diSSIBRLION. <. i b i i s = i = s = & esls 5 5w 5 5 See Dissipation Rating Table
Operating free-air temperature range, TA -« vvreeinneneriiiii i i i —40°C to 85°C
Stofage temperature range. ., . ...t IRV (L iy o s s s b s s s —-65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10seconds ............coviiiiiiiinnnnnnnn 260°C

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

NOTES: 1. Allvoltage values, except differential voltages, are with respect to Vpp —.

2. Differential voltages are at the noninverting input with respect to the inverting input. Excessive current flows if input is brought below
Vpp--0.3V.

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.

DISSIPATION RATING TABLE

PACKAGE Ta <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 5256 mW 4.2 mW/°C 273 mW

recommended operating conditions

MIN MAX UNIT
Supply voltage, Vpp + (see Note 1) 2.7 8 Vv
Input voltage range, V| Vpp- Vpp+-1.3 \'
Common-mode input voltage, Vg . Vpp- VDp+-1.3 \
Operating free-air temperature, Tp -40 85 °C

NOTE 1: All voltage values, except differential voltages, are with respect to Vpp —.

‘@ TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 2-7



TLV2262, TLV2262A, TLV2262Y
Advanced LinCMOS™ RAIL-TO-RAIL
DUAL OPERATIONAL AMPLIFIERS

SLOS129B — AUGUST 1993 — REVISED FEBRUARY 1994

electrical characteristics at specified free-air temperature, Vpp = 3 V (unless otherwise noted)

PARAMETER TEST CONDITIONS Tat LLC TSR UNIT
A MIN TYP MAX| MIN TYP MAX
25°C 300 2500 300 950
Vv Input offset volta Vv
FBE Full range 3000 oo |
Temperature coefficient 25°C .
IO of input offset voltage to 85°C 2 2 VG
Input offset voltage " s
long-term drif i ek, e 25°C 0.003 0.003 V/mo
(see Note 4) Ol S=
o Input offset current e s a8 pA
Full range 150 150
B Input bias current i : . pA
Full range 150 150
0 -03 0 -03
25°C to to to to
Common-mode input o 2 22 2 22
VICR voltage range Rg=50Q, Vol £5mV 5 5 '
Full range to to
e 17
IOH = —20 pA 25°C 2.99 2.99
25°C 2.85 2.85
igh-| loH =-100
VOH vc',?tz ;Z"e' auty O HA Fullrange | 2.825 2.825 v
25°C 2.7 2.7
loH = -200
ik WA Fullrange | 2.65 2.65
Vic=15YV, loL= 50 pA 25°C 10 10
25°C 100 100
- Vic=15YV, loL = 500
VoL \';g,‘f’a;z'e' Ay 1c oL W 150 50| mv
Vig=15V, loL= 1mA = 20 o=
Full range 300 300
i ignal differential |Vic =15V, RL = 50 k¥ L .. o .
arge-signal differential | Vic=1.5V, L=
Avb voltage amplification Vo=1Vto2V Full range 20 90 Vimy.
RL =1 MQt 25°C 100 100
Differential input
lid resistance - 25°C 1012 1012 @
Common-mode =
{ input resistance 25°C 1012 1012 Q
= Common-mode f=10KkH Eoask 25°C 8 8 F
1 input capacitance e = pacikpge B
Closed-loop
Zo output impedance f=100 kHz, Ay =10 25°C 270 270 Q
CMRR Common-mode Vic=0to 1.7V, 25°C 65 75 65 77 dB
rejection ratio Vo=15YV, Rs=50Q  [Fullrange | 60 60
Supply voltage 25°C 80 95 80 100
ksyR rejection ratio xg%ﬂ d2'7 i < 8\\//’ —Vpp/2 dB
(AVpD /AV|Q) J IC=VDD/e Fulirange | 80 80
25°C 400 500 400 500
| Supply current Vo=15V, No load
" o Full range 500 0] ™

1 Full range is — 40°C to 85°C.

¥ Referenced to 1.5V

NOTE 4: Typical values are based on the input offset voltage shift observed through 500 hours of operating life test at Ta = 150°C extrapolated
to TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV.

‘Vf TEXAS
INSTRUMENTS
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TLV2262, TLV2262A, TLV2262Y
Advanced LinCMOS™ RAIL-TO-RAIL
DUAL OPERATIONAL AMPLIFIERS

SLOS129B ~AUGUST 1993 - REVISED FEBRUARY 1994

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

TLV2262 TLV2262A
PARAMETER TEST CONDITIONS Tat UNIT
MIN TYP MAX | MIN TYP MAX
0 25°C | 0.35 0.55 0.35 0.55
SR Slew rate atunity |Vo=1.1Vto1.9V, Vis
gain RL = 50 k¥, CL=100pF | Full | 44 03
range
Equiva[em |nput f=10Hz 25°C 43 43
V o
e noise voltage f=1kHz 25°C 2 = nVAHz
Peak-to-peak f=0.1Hzto1Hz 25°C 0.6 0.6
VN(pPP) equivalent input nv
noise voltage f=0.1Hzto 10 Hz 25°C 1 1
Equivalent input "
In noise current 25°C 0.6 0.6 fANHZ
Total harmonic Vo=05Vto25V, [Ay=1 0.03% 0.03%
THD + N distortion plus f=20 kHz, 25°C
noise RL = 50 kot Ay =10 0.05% 0.05%
Gain-bandwidth f=1 kHz, RL = 50 kQ¥, o
product CL =100 pF* 25°C 0.67 0.67 MHz
Maximum output- | Vopp) =1V, Ay =1, -
BOM  gwingbandwidth | Ry = 50 k¥, cy =100 pFt | 25°C e =0 e
Ay =-1, To 0.1%
e Step=1Vto2V, s . e -y
Settling time RL = 50 kot 25°C us
CL = 100 pF¥ To 0.01% 125 12,5
Phase margin at
R ; 25°C 61° 61°
m unity gain RL = 50 kQ¥, Cy = 100 pF¥
Gain margin 25°C 14 14 dB
T Full range is — 40°C to 85°C.
% Referenced to 1.5V
INSTRUMENTS
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TLV2262, TLV2262A, TLV2262Y
Advanced LinCMOS™ RAIL-TO-RAIL
DUAL OPERATIONAL AMPLIFIERS

SLOS129B — AUGUST 1993 — REVISED FEBRUARY 1994

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

TLV2262 TLV2262A
PARAMETER TEST CONDITIONS Tat MIN_ TYP MAX| MIN _TYP MAX UNIT
25°C 300 2500 300 950
Ny [Reteant Full range 3000 00| W
Temperature coefficient 25°C 5
IO of input offset voltage to 85°C e £ BVC
Input offset voltage long- | Vpp+=+25V, V|c=0, =
term drift (see Note 4) |V =0, Rg =50 Q = A S o
25°C 0.5 0.5
llo Input offset current Full range 750 150 pA
) 25°C 1 1
B Input bias current T 150 %0 pA
0 -03 0 -03
25°C to to to to
Common-mode input 4 42 4 42
VIGH ™ votaos range R Vol <5mV Rg=50Q " - v
Full range to to
3.5 3.5
IoH =—-20 pA 25°C 4.99 4.99
| 100 pA 25°C 485 494 485 494
VoH High-level output voltage | O~ Fullrange | 4.82 4.82 v
| 200 25°C 47 485 47 485
2.l b Full range 4.6 4.6
Vic=25V, loL= 50 pA 25°C 0.01 0.01
N I 500 pA 25°C 0.09 0.15 0.09 0.15
VoL  Low-level output voltage a5 OL= Full range 0.15 0.15 v
Vi 25V | . 25°C 0.2 0.3 0.2 0.3
=28V, =1m
x oL Full range 03 0.3
Ri = 50 kot 25°C 80 170 80 170
Large-signal differential | V|c=2.5V, L=
Avb voltage amplification Vo=1Vto4V Pt fivge = e Wy
RL =1 MQ¥ 25°C 550 550
Differential input o 12 12
fid resistance 25 o 19 2
Common-mode
i o 12 12
fi input resistance 25°C 10 10 2
i S f=10kH P pack 25°C 8 8 F
Gi input capacitance ¥ &5 PacEgS. p
Closed-loop 1
%0 outputimpedance f=100kHz,  Ay=10 25°C 240 240 Q
CMRR Common-mode Vic=0t027V, 25°C 70 83 70 83 &
rejection ratio Vo=25V, Rg=50Q Full range 70 70
K Supply voltage rejection |Vpp=4.4Vto8Y, 25°C 80 95 80 95
SVR ratio (AVDD/AVID) | Noload, Vic=VDD/2 [Furangs | 80 80 "
25°C 400 500 400 500
IDD Supply current Vpo=25V, No load Pl — e pA

1 Full range is — 40°C to 85°C.
¥ Referenced to 2.5 V

NOTE 4: Typical values are based on the input offset voltage shift observed through 500 hours of operating life test at Tp = 150°C extrapolated
to TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV.
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TLV2262, TLV2262A, TLV2262Y
Advanced LinCMOS™ RAIL-TO-RAIL
DUAL OPERATIONAL AMPLIFIERS

SLOS129B — AUGUST 1993 - REVISED FEBRUARY 1994

operating characteristics at specified free-air temperature, Vpp =5V
PARAMETER TEST CONDITIONS Tat Ll RREEA UNIT
A" 'MIN TYP MAX| MIN TYP MAX
Slewrateatunity |Vo=15Vt035V, Ry =50ka# go lie 0% 058 .08 !
ew rate at uni o=1. 035V, L= ¥
o gain Cy =100 pF¥ Full 03 0.3 Vius
range .
Equivalentinput | f=10Hz 25°C 40 40
\ .
4 noise voltage f=1kHz 25°C PPy P nVAHzZ
Peak-to-peak f=0.1Hzto 1 Hz 25°C 07 0.7
VN(PP)  equivalent input v
noise voltage f=0.1 Hzto 10 Hz 25°C 1.3 1.3
b 5;‘;2’2':;;;’1"”‘ 25°C 0.6 0.6 ANFZ
Total harmonic Vo=05Vt025V, [Ay=1 0.017% 0.017% ‘
THD + N distortion plus f=20 kHz, 25°C
noise RL =50 kQ¥ Ay =10 0.03% 0.03%
Gain-bandwidth | f=50 kHz, R = 50 kQ¥, .
i CL = 100 pF¥ 25°C 0.71 0.71 MHz
Maximum output- | Vopp) =2V, Ay=1, o
BOM  swingbandwidth | Ry = 50 kat, C=100pF% | 25°C i a5 ko
é¥=_é'5w asy, | 01% 6.4 6.4
Settling time pr__so .k.Qi 0.£2.%, 25°C us
Gl = 100 pF¥ To 0.01% 14.1 14.1
Phase margin at
ety 25°C 63° 63°
$m unity gain R| = 50 kQt, CL = 100 pF¥
Gain margin 25°C 14 14 dB
1 Full range is — 40°C to 85°C.
¥ Referenced to 2.5 VV
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TLV2262, TLV2262A, TLV2262Y
Advanced LinCMOS™ RAIL-TO-RAIL
DUAL OPERATIONAL AMPLIFIERS

SLOS129B ~ AUGUST 1993 - REVISED FEBRUARY 1994

electrical characteristics at Vpp = 3 V, Ta = 25°C (unless otherwise noted)

TLV2262Y
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX
Vio Input offset voltage 300 2500 uv
Vppt=x15YV, Vic=0,
llo Input offset current Vo =0, Rg =500 05 150| pA
B Input bias current 1 150 pA
0 -03
VICR Common-mode input voltage range IVioIs5mV, Rg=50Q to to Vv
2 22
loH =-20 2.99
VOH High-level output voltage Ot uh v
IoH =—200 pA 27 275
Vic=0V, loL =50 pA 10
VoL Low-level output voltage Vic=0V, loL =500 pA 100 125 V'
Vic=0V, loL=1mA 200 250
i i i Ry =50 kot 60 100
AVD Large-signal .dllffel_'entlal Vo=1Vto2V L Vimy
voltage amplification RL =1MQt 100
fid Differential input resistance 1012 Q
T Common-mode input resistance 1012 Q
[ Common-mode input capacitance f=10kHz 8 pF
Zo Closed-loop output impedance f =100 kHz, Ay =10 270 Q
CMRR  Common-mode rejection ratio Vic=0to 1.7V, Vo =0, Rg =50 Q 65 77 dB
Supply voltage rejection ratio
k Vpp=2.7Vto8YV, Noload, Vic=0 80 100 dB
SVR (AVpp/AV|0) DD IC
IpD Supply current Vo =0, No load 400 500 pA

T Referenced to 1.5 V

{5’ TEXAS
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TLV2262, TLV2262A, TLV2262Y
Advanced LinCMOS™ RAIL-TO-RAIL
DUAL OPERATIONAL AMPLIFIERS

SLOS129B —~ AUGUST 1993 - REVISED FEBRUARY 1994

electrical characteristics at Vpp =5V, Tp = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS i o UNIT |
MIN TYP MAX |
Vio Input offset voltage 300 2500 ny
lio Input oftset current ng_iof e \F"?_‘ 500' o 05 150| pA
B Input bias current 1 150| pA ||
0 -03
VICR Common-mode input voltage range IVio1<5mV, Rg=50Q to to \'
4 4.2
loH =-20 pA 4.99
VOH High-level output voltage loH =—100 pA 485 494 Vv
IOH = —200 pA 47 485
Vig=25V, loL = 50 pA 0.01
VoL Low-level output voltage Vic=25V, loL =500 pA 009 0.15 Vv
Vic=25V, loL=1mA 0.2 0.3
A Large-signal differential Vic=25V, RL = 60 kf 80 170 ViV
voltage amplification Vo=1Vto4V RL = 1Mot 550
nid Differential input resistance 1012 Q
5 Common-mode input resistance 1012 Q
Cj Common-mode input capacitance f=10kHz 8 pF
Zo Closed-loop output impedance f = 100 kHz, Ay =10 240 Q
CMRR  Common-mode rejection ratio Vic=0t02.7V, Vo=25V, Rg=50Q 70 83 dB
KSVR (SA‘(IPSKK’\'/';‘:;" s Vpp=44Vto8Y, Noload, Vic=Vpp/2| 8 95 dB
[5]») Supply current Vo=25V, No load 400 500 pA
1t Referenced to 2.5 V
i
b TEXAS
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TLV2262, TLV2262A, TLV2262Y
Advanced LinCMOS™ RAIL-TO-RAIL
DUAL OPERATIONAL AMPLIFIERS

SLOS129B — AUGUST 1993 — REVISED FEBRUARY 1994

TYPICAL CHARACTERISTICS

Table of Graphs
FIGURE
Distribution 2,3
Vio NVRCEON iinge vs Common-mode voltage 4,5
[ViVie) Input offset voltage temperature coefficient Distribution 8,7
is/llo Input bias and input offset currents vs Free-air temperature 8
vi T m— vs Supply. voltage 9
vs Free-air temperature 10
VOH High-level output voltage vs High-level output current 11,14
VoL Low-level output voltage vs Low-level output current 12,13, 15
Vo(PP) Maximum peak-to-peak output voltage vs Frequency 16
T vs Supply voltage 17
los Short-circuit output current =
vs Free-air temperature 18
Vip Differential input voltage vs Output voltage 19, 20
vs Load resistance 21
AvD Differential voltage amplification vs Frequency 22,23
vs Free-air temperature 24,25
Zo Output impedance vs Frequency 26,27
e . vs Frequency 28
CMRR Common-mode rejection ratio -
vs Free-air temperature 29
kSVR Supply-voltage rejection ratio b Freque.ncy L
vs Free-air temperature 32
[[5]5) Supply current vs Free-air temperature 33
vs Load capacitance 34
SR Slew rate -
vs Free-air temperature 35
Vo Large-signal pulse response vs Time 36, 37, 38, 39
Vo Small-signal pulse response vs Time 40, 41, 42, 43,
Vn Equivalent input noise voltage vs Frequency 44, 45
Noise voltage (referred to input) Over a 10-second period 46
Integrated noise voltage vs Frequency 47
THD + N Total harmonic distortion plus noise vs Frequency 48
Gaiivbandioty prociuct vs Free-air temperature 49
vs Supply voltage 50
e Phassmigin vs Frequency 22,23
vs Load capacitance 51
Gain margin vs Load capacitance 52
B4 Unity-gain bandwidth vs Load capacitance 53
Overestimation of phase margin vs Load capacitance 54
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TLV2262, TLV2262A, TLV2262Y
Advanced LinCMOS™ RAIL-TO-RAIL
DUAL OPERATIONAL AMPLIFIERS

SLOS129B -~ AUGUST 1993 — REVISED FEBRUARY 1994

TYPICAL CHARACTERISTICST

DISTRIBUTION OF TLV2262 DISTRIBUTION OF TLV2262
INPUT OFFSET VOLTAGE INPUT OFFSET VOLTAGE
15 T T 15 T T
841 Amplifiers From 2 Wafer Lots 841 Amplifiers From 2 Wafer Lots
Vpp+=+15V Vpp+=+25V
Ta = 25°C % | Ta =25°C
12 12
ES i £
1 1
$ §
3 g °
£ E
< <
S k]
Q ()
=] = 6
.g §
o o 3
-1.6 -0.8 0 0.8 1.6 -1.6 -0.8 0 0.8 1.6
Vo - Input Offset Voltage — mV Vo - Input Offset Voltage - mV
Figure 2 Figure 3
INPUT OFFSET VOLTAGE INPUT OFFSET VOLTAGE
Vs 2 vs
COMMON-MODE INPUT VOLTAGE COMMON-MODE INPUT VOLTAGE
T 1
Vpp=3V Vpp =5V
Rg=50 Q Rg=50 Q
Ta=25°C Ta =25°C
05 / %
E 2 / 1 0.5
1 / -
S / 8
8 s
(=] o
pe 3 o0 P4
3 = e
5 5 /
‘é' £ /
£ -o0s : ~
I o -05
o) = L~
i /
= -1
-1 -05 0 05 1 15 & ey 3 -1 0 1 2 3 4 5
Vic - Common-Mode Input Voltage - V V¢ — Common-Mode Input Voltage — V
Figure 4 Figure 5
T For all curves where Vpp = 5V, all loads are referenced to 2,5 V. For all curves where Vpp =3V, all loads are referenced to 1.5 V.
3 13
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TLV2262, TLV2262A, TLV2262Y
Advanced LinCMOS™ RAIL-TO-RAIL
DUAL OPERATIONAL AMPLIFIERS

SLOS129B —~AUGUST 1993 — REVISED FEBRUARY 1994

Percentage of Amplifiers — %

I and l|o - Input Bias and Input Offset Currents — pA

TYPICAL CHARACTERISTICST

DISTRIBUTION OF TLV2262 INPUT OFFSET
VOLTAGE TEMPERATURE COEFFICIENT

128 Amplifiers From 2 Wafer Lots
Vpp+=115V |

25} P Package

Ta = 25°C to 85°C

20

15

10

0
-5 -4 -3 -2 -1 0 1 2 3 4 5
ay|o - Temperature Coefficient — pV/°C

Figure 6
INPUT BIAS AND INPUT OFFSET CURRENTS

Vs
FREE-AIR TEMPERATURE

20
Vpp+=+25V
Vic=0
15| Vo=0
Rg=50Q
10
» B ]
‘4—-11‘0—
0
-5
-10
-15
25 45 65 85

Ta — Free-Air Temperature — °C

Figure 8

Percentage of Amplifiers — %

V) —Input Voltage -V

DISTRIBUTION OF TLV2262 INPUT OFFSET
VOLTAGE TEMPERATURE COEFFICIENT

128 Amplifiers From 2 Wafer Lots|
Vpp+=125V .
P

Ta = 25°C to 85°C

15

10

0 -
-6 -4 -3 -2 -1 01T 2 3 4 5

25

-0.5
-1
-1.5

ayjo - Temperature Coefficient — pV/°C

Figure 7
INPUT VOLTAGE
Vs
SUPPLY VOLTAGE
Rg = .'I)O Q
— Ta = 25°C

15 2 25 3 3.5 4
I Vpp + | — Supply Voltage -V

Figure 9

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

2-16

ﬂ’ TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



TLV2262, TLV2262A, TLV2262Y
Advanced LinCMOS™ RAIL-TO-RAIL
DUAL OPERATIONAL AMPLIFIERS

SLOS129B - AUGUST 1993 - REVISED FEBRUARY 1994

TYPICAL CHARACTERISTICSt#
INPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE
vs vs
FREE-AIR TEMPERATURE HIGH-LEVEL OUTPUT CURRENT
5 T T T 4 T
Vpp=3V
3.5
>
| 3
o
c £ N\
o & T
g : s~ \\\
2 g 2 :
E : AR |
3 = 25%
: 3 o1s -
: + R\
=
S %’ 1
| Ta =-40°C =\
>‘<'§ 05 \
0
-55 =36 -15 5 25 45 65 85 0 100 200 300 400 500 600
TA - Free-Air Temperature - °C | loH | —High-Level Output Current —pA
Figure 10 Figure 11
LOW-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE
vs Vs
LOW-LEVEL OUTPUT CURRENT LOW-LEVEL OUTPUT CURRENT
1.2 T 1.4 T
Vpp=3V Vpp=3V
Ta =25°C / Vic=15V
1 >| 1.2 /
>
1 o
g, Vic=0 / ,/ g 1 .4
g 0.8 | S Ta = 85°C —/ /
e Vic=0.75V ﬂ/ 2 os } i
g 0.6 / 3 Ta=25 C;{ /
3 T o0s A
% / / e Vic=15V s
=4 04 - F3 Y A
z 7 S o4 ,
b i /
4 oo A 3 / Ta =-40°C
=
0 0
0 1 2 3 4 5 0 1 2 3 4 5
loL - Low-Level Output Current - mA loL — Low-Level Output Current - mA
Figure 12 Figure 13

1 Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
¥ For all curves where Vpp = 5V, all loads are referenced to 2.5 V. For all curves where Vpp =3V, all loads are referenced to 1.5 V.
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TLV2262, TLV2262A, TLV2262Y
Advanced LinCMOS™ RAIL-TO-RAIL
DUAL OPERATIONAL AMPLIFIERS

SLOS129B -~ AUGUST 1993 — REVISED FEBRUARY 1994

TYPICAL CHARACTERISTICST

HIGH-LEVEL OUTPUT VOLTAGE
Vs
HIGH-LEVEL OUTPUT CURRENT

6
Vpp=5V
> 5
| >
g |
8 A ;\ )
O 3
E] TA = 85°C — >
2 5
o g
K] (]
2 TA =25°C — k)
= 3
= 2 |
= 2
I N o
I Ta = -40°C s
5 1 \ y
>
\ O
0

0 200 400 600 800
| loH | — High-Level Output Current — pA

Figure 14

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE

VS
FREQUENCY
>
TN T TTT1]
g Vpp=5V \ R| = 50 kQ
= DD
S Ta = 25°C ‘é
2 4 il
F N B
3 \ 3
x \ =
B2 8
o
= N
$ Vpp=3V \\ 8
4 I =
=3
£ 2 N 3
(5]
E \\ s
E s
g N\ %
[ \\ 8
E R ]
D0
103 104 105 106

f — Frequency — Hz

Figure 16

LOW-LEVEL OUTPUT VOLTAGE
Vs
LOW-LEVEL OUTPUT CURRENT

1.4 ” T o
DD=5
=25V
/
] / A
To=85°C 7/ /
0.8 /A
TA = 25°C < % / /
0.6 / 7 v
0.4 /
7 X
aa A TA = —40°C
0
0 1 2 3 4 5 6
loL — Low-Level Output Current - mA
Figure 15
SHORT-CIRCUIT OUTPUT CURRENT
vs
SUPPLY VOLTAGE
12 T
Vic = Vpp/2
TIAC= 25°DCDI Vip =-100 mV
10
8 /Z
6 ,/
4
2
o Vip =100 mV
=2
2 3 4 ] 6 7 8

Vpp - Supply Voltage - V

Figure 17

1 For all curves where VDD =5V, all loads are referenced to 2.5 V. For all curves where Vpp = 3 V, all loads are referenced to 1.5 V.
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TLV2262, TLV2262A, TLV2262Y
Advanced LinCMOS™ RAIL-TO-RAIL
DUAL OPERATIONAL AMPLIFIERS

SLOS129B — AUGUST 1993 — REVISED FEBRUARY 1994

TYPICAL CHARACTERISTICST#

SHORT-CIRCUIT OUTPUT CURRENT DIFFERENTIAL INPUT VOLTAGE
vs vs
FREE-AIR TEMPERATURE OUTPUT VOLTAGE
13 T 1000 T
12 Vo=2.5V £ VDD=3V
< Vpp=5V 800 Ri=50kQ 1
E L B8 > oo Vic=15V
- 10 a4 Ta =25°C
5 o[ VID=-100mv etk 3 A
-] > 400
o 8 . %
b S 200
£ 1 3
o 6 £ o~
_E R § —-200
g s
5 3 -
& o
I . h —600
3 1 >
£ é Vip = 100 mV -800
]
= ! -1000
-50 -25 0 25 50 75 100 0 0.5 1 1.5 2 25 3
Ta —Free-Air Temperature -°C Vo - Output Voitage -V
Figure 18 Figure 19
DIFFERENTIAL INPUT VOLTAGE DIFFERENTIAL VOLTAGE AMPLIFICATION
vs vs
OUTPUT VOLTAGE LOAD RESISTANCE
1000 : 5 1000
Vpp=5V £ =
800 Vigc=25V SI 7
> RL =50 kQ
% 6800 Ty = 25°C % LT i A
— VDD = h 1
S 400 K \,/ Ui
S 3 100 az
g £
T 200 <
a ) . b N
= 0 & Vpp=3V
£ = 8 ’
© (=]
T -200 = /
- : /
2 10 .
£ -400 2
a ]
g 600 E
> 1
-800 a Vopp)=2V
= Ta = 25°C
e 1 1 ) TSR T
1()000 . 2 3 7i 5 1 10 100 1000
Vo —Output Voltage - V RL - Load Resistance - kQ
Figure 20 Figure 21

1 Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
¥ For all curves where Vpp =5 V, all loads are referenced to 2.5 V. For all curves where Vpp =3V, all loads are referenced to 1.5 V.
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TLV2262, TLV2262A, TLV2262Y
Advanced LinCMOS™ RAIL-TO-RAIL
DUAL OPERATIONAL AMPLIFIERS

SLOS129B — AUGUST 1993 — REVISED FEBRUARY 1994

TYPICAL CHARACTERISTICST

LARGE-S!IGNAL DIFFERENTIAL VOLTAGET
AMPLIFICATION AND PHASE MARGIN

Vs
FREQUENCY
80 T T TTTT] 180°
Vpp=5V
RL =50 kQ
B 60 Cp=100pF { 135°
= N ‘A =25°C
ET LD L
£5 40 ‘-..\ W LU g £
= TSN Phase Margin 2
® § \\ h g
E’ ‘=; 20 \~ \ 45° g
1z ] E
9% Gain [N\ \ -
- N £
8 0 | &
S
g2 *
<
=20 i —-45°
-40 N -90°
103 104 108 106 107
f — Frequency — Hz
Figure 22
LARGE-SIGNAL DIFFERENTIAL VOLTAGE
AMPLIFICATION AND PHASE MARGIN
V'L %
FREQUENCY
80 T T T TTTT] 180°
Vpp=3V
RL =50 kQ
v 60 CL=100pF | 135°
S m Y Ta = 25°C
Bl ™ L
s & 40 T T 90° £
= 0 ~N 9
Qs N Phase Margin S
58 N N =
5= N ™ 3
=a 20 N 45° 8
$< i
g g Gain \\\ 1
28 o o &
g3 N
v N
-20 —45°
-40 ‘ -90°
103 104 108 106 107

f — Frequency — Hz
Figure 23

1 For all curves where Vpp = 5V, all loads are referenced to 2.5 V. For all curves where Vpp =3V, all loads are referenced to 1.5 V.
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TLV2262, TLV2262A, TLV2262Y
Advanced LinCMOS™ RAIL-TO-RAIL
DUAL OPERATIONAL AMPLIFIERS

SLOS129B —AUGUST 1993 — REVISED FEBRUARY 1994

TYPICAL CHARACTERISTICST#

LARGE-SIGNAL DIFFERENTIAL LARGE-SIGNAL DIFFERENTIAL
VOLTAGE AMPLIFICATION VOLTAGE AMPLIFICATION
vs vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
1000 1000 —— Sy
=T R =1MQ
P ———
(] T — ]
g = RL=1MQ g =
s e S
Z \\ ; ~—
[} —
= > €z ey
E = s E RL=50kQ |
g E \\ g3 L ~—~—l_
£ 1100 — 5 o100
olg RL =50 kQ =&
E 2 T 5
58 2
o =
1% 13
<
gL g3
T i
= . Vpp=3V o - Vpp=5V
> Vic=15V z Vic=25V
X Vo=05Vto25V Vo=1Vto4V
10 1 1 10 1 1
-50 -25 0 25 50 75 100 -50 -25 0 25 50 75 100
Ta - Free-Air Temperature - °C Ta — Free-Air Temperature - °C
Figure 24 Figure 25
OUTPUT IMPEDANCE OUTPUT IMPEDANCE
vs vs
FREQUENCY FREQUENCY
1000 == 1000
FVpp=3V S FVpp=5V
[ Ta=25°C : [ Tp =25°C
iy bl = -
MUY 7 - >
a 100| Ay =100 e c 100
1 A H I 4 A
8 g | E
-i ,1' // § A V_
B r0p AVl e : = E MEaysioes =
? BAshwrT A
L = GO — -
0.1 0.1
102 103 104 105 102 103 104 105
f- Frequency — Hz f-Frequency — Hz
Figure 26 Figure 27
1 Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
% For all curves where Vpp = 5 V, all loads are referenced to 2.5 V. For all curves where Vpp =3V, all loads are referenced to 1.5 V.
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TLV2262, TLV2262A, TLV2262Y
Advanced LinCMOS™ RAIL-TO-RAIL
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SLOS129B - AUGUST 1993 — REVISED FEBRUARY 1994

TYPICAL CHARACTERISTICSTt

COMMON-MODE REJECTION RATIO

vs
FREQUENCY
100
,, [T TT HLNAL
'll’ Vpp=5V Ta =25°C
o - Vic=25V
kS T
5 Vpp=5V "
§ Vic=15V
2= T N
3 N
3 iy
é = N
E \?‘“\
3 M
1 20
0©
[
=
(5]
0
101 102 103 104 105 106
f - Frequency - Hz
Figure 28
SUPPLY-VOLTAGE REJECTION RATIO
vs
FREQUENCY
100 T TTTT
Vpp=3V
& Ta = 25°C
1 sty
o 80 ‘i.
= \
o N
= N
§ 60 N
2 N | ksvR+
T N N
£ a0 .
g N
s ksvR- N M
3 2 3
[-3
s ™
U]) M
e 0
(7]
-
-20
101 102 103 104 105 106

f - Frequency — Hz

Figure 30

CMMR - Common-Mode Rejection Ratio — dB

kSVR - Supply-Voltage Rejection Ratio —dB

COMMON-MODE REJECTION RATIO

vs
FREE-AIR TEMPERATURE
90
88
86
84— Vpp=5V
82
80
78 —
= E—
P VDD =3V m—]
74
72
70
=50 -25 0 25 50 75 100
Ta —Free-Air Temperature - °C
Figure 29
SUPPLY-VOLTAGE REJECTION RATIO
vs
FREQUENCY
100 T T T 1T
Vpp=5V
Ta =25°C
=~ WEn
80 —$:: Y
60
M ksvR+
N
40 b
N
N
kSVR- TN\ I
20
\\\
o b
-20
101 102 103 104 105 106

f — Frequency — Hz

Figure 31

1 Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
¥ For all curves where VpD =5V, all loads are referenced to 2.5 V. For all curves where Vpp = 3 V, all loads are referenced to 1.5 V.
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SLOS129B -~ AUGUST 1993 ~ REVISED FEBRUARY 1994

TYPICAL CHARACTERISTICST#
SUPPLY-VOLTAGE REJECTION RATIO SUPPLY CURRENT
Vs Vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
MO pp=27Vio8V e
2; Vic=Vo=Vpp/2
o
& 105 < 500
§ ='L Vpp=5V
2 E Vo=25V
. 100 = - S 400l
.% - £ T Vpp 3V \:
s s Vo=15V
>l (7]
2= I
a (=]
S 95 92 300
9
g
w
3
20 200
-50 -25 0 25 50 75 100 -50 -25 0 25 50 75 100
Ta —Free-Air Temperature - °C Ta — Free-Air Temperature - °C
Figure 32 Figure 33
SLEW RATE SLEW RATE
Vs Vs
LOAD CAPACITANCE FREE-AIR TEMPERATURE
1 1.2
—
\
SR-
0.8 1 o ~—
z B! SR- \
2 \\ L \
S N 2 08
4 06 N s &
N
se- LT 2 =g
\ T 06
5 \SR + g
(II> 0.4 @
x \ o 04
\ 7}
0.2 Ny Vpp=5V
Vpp =5V N 021~ B, "= 50 k2
Ay=-1 \“ CL = 100 pF
oLTAz 25, oLAV=]
101 102 103 104 -50 =25 0 25 50 75 100
CL - Load Capacitance - pF TA - Free-Air Temperature — °C
Figure 34 Figure 35

T Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
¥ For all curves where Vpp =5 V, all loads are referenced to 2.5 V. For all curves where Vpp =3V, all loads are referenced to 1.5 V.
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e s s —

TYPICAL CHARACTERISTICSt#
INVERTING LARGE-SIGNAL PULSE

Vo —Output Voltage - V

Vo —Output Voltage -V

RESPONSE
3 L
Vpp=3V
RL =50 kQ
25— CL = 190 pF
Av =-1
Ta = 25°C
2
1.5 /,\ \
| l \
0.5 74
0
0 2 4 6 8 10 12 14 _ 16; .38 20
t-Time —pus
Figure 36
VOLTAGE-FOLLOWER LARGE-SIGNAL
PULSE RESPONSE
3 |
Vpp=3V
RL =50 kQ
2.5 — CL =100 pF
Ay=-1
TA =25°C >
2 1
&
S
o
>
1.5 5
/ 2
=
(o]
1 1
0.5
0
0 2 4 6 8 10 12 14 16 18 20
t-Time —pus
Figure 38

Vo —Output Voltage -V

INVERTING LARGE-SIGNAL PULSE

RESPONSE

Lo
Vpp=3V
RL =50 kQ

»

CL =100 pF

— Ay=-1
Ta=25°C

02 -udh

6

8 10 12
t-Time-ps

14

Figure 37

16

18 20

VOLTAGE-FOLLOWER LARGE-SIGNAL
PULSE RESPONSE

Vpp=3V
R =50 kQ
Cp =100 pF

- Ay=-1
Ta = 25°C

\

\

21 “414|.

8 10 12
t-Time —pus

14 16

Figure 39

18 20

T Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
% For all curves where Vpp = 5V, all loads are referenced to 2.5 V. For all curves where Vpp =3V, all loads are referenced to 1.5 V.
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TYPICAL CHARACTERISTICST

INVERTING SMALL-SIGNAL INVERTING SMALL-SIGNAL
PULSE RESPONSE PULSE RESPONSE
0.95 Ty 2.65
Vpp=3V VotI) _sy
RL =50 kQ RL = 50 kQ
0.9 CL =100 pF CpL =100 pF
Ay=-1 261 ay =1
2l opsls e = TA = 25°C
[+
[=2] ()
3 0.8 N g 255 AN
2 s /
A 5
3 075 8
° c? 2.5
L o7 7 K
2.45 7
0.65 “
0.6 2.4
0 2 4 6 8 10 12 14 16 18 20 0 2 {4lije '8 10112 14 16 118 20
t-Time -pus t-Time—-pus
Figure 40 Figure 41
VOLTAGE-FOLLOWER SMALL-SIGNAL VOLTAGE-FOLLOWER SMALL-SIGNAL
PULSE RESPONSE PULSE RESPONSE
0.95 2.65 AR
Vpp=3V Vpp=5V
RL = 50 kQ RL =50 kQ
Ci =100 pF Cy =100 pF
09 Ay=1 26 Ay=1
- Ta =25°C - Ta =25°C
i 4
g 085 8 255
: ( : !
5 5
g e g 25
I I
2 2
0.75 2.45
0.7 2.4
0 i 24l 6 sl 10142 141116, |18 20 0 2 4 6 8 10 12 14 16 18 20
t—-Time-ps t-Time —pus
Figure 42 Figure 43

T For all curves where Vpp = 5 V, all loads are referenced to 2.5 V. For all curves where Vpp =3V, all loads are referenced to 1.5 V.
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TYPICAL CHARACTERISTICST

EQUIVALENT INPUT NOISE VOLTAGE EQUIVALENT INPUT NOISE VOLTAGE
vs vs
FREQUENCY FREQUENCY
60 — 1T T T
lg Vpp=3V l}i Vpp=5V
> Rg=20Q > Rg=20Q
3 50| 1p=25C 3 50 1p=25C
i 1
& (]
g a0 5 40
S 2
8 1 3
2 3 \ 2 1
s s
g \ g N
E 20 0l E 20 N|
[}
E 10 s 10
e e
> 2§
0 0
101 102 103 104 101 102 103 104
f —Frequency - Hz f —Frequency - Hz
Figure 44 Figure 45
INTEGRATED NOISE VOLTAGE
INPUT NOISE VOLTAGE OVER Vs
A 10-SECOND PERIOD FREQUENCY
1000
R === i R
Calculated Using Ideal Pass-Band Filter
750 Lower Frequency = 1 Hz
I TA = 25°C
500 1 ?
> o 10
T 250 + 5
& =)
2 o " E
S V 3
% -250(} t 3 AT
z ' 8 1
-500 : g H
Vpp=5V £
f=0.1 Hz
=750 4010 Hz /
Ta = 25°C /
-1000 0.1
0 2 4 6 8 10 1 101 102 103 104 105
t—Time-s f — Frequency — Hz
Figure 46 Figure 47

T For all curves where Vpp = 5V, all loads are referenced to 2.5 V. For all curves where Vpp =3V, all loads are referenced to 1.5 V.
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TYPICAL CHARACTERISTICST#

TOTAL HARMONIC DISTORTION PLUS NOISE

GAIN-BANDWIDTH PRODUCT

Vs Vs
FREQUENCY FREE-AIR TEMPERATURE
X -1 T 1200 T
b kg i Vpp=5V
8 f=10 kHz
2 — Ay = 100 L =60Ma
g CL =100 pF
o g 1000
§ 3
= S N
S °
5 g \\
o
10-2 L
[ —F Ay =10 g™ e
g H \
g m g
£ / 2 \
g Av =1 % 600 N
e (L]
zl Vpp=5V
+ RL =50 kQ
[=) TA =25°C
£*10=3 400
101 102 103 104 104 -50 —25 0 25 50 75 100
f - Frequency - Hz Ta — Free-Air Temperature — °C
Figure 48 Figure 49
GAIN-BANDWIDTH PRODUCT PHASE MARGIN
vs vs
SUPPLY VOLTAGE LOAD CAPACITANCE
200 75° TaA =25°C
n | ]
N 860 60° Rpull = 100 Q
‘:I' I 111 ’lﬂ
: e
'g 820 £ 45°
o N
r- $
=] g Bl
H
S 780 ! 30° T
5 // E Rnull =20 Q Hi
£ L~ 50 ka ' | N
v } oul Rnull =10 Q"N
Cy| = %
= Vpp_JGND ¥ HI” Rpyli =0
700 o° | Lot Liils
N T U T YR T R e 10 102 103 104
Vpp - Supply Voltage -V CL - Load Capacitance — pF
Figure 50 Figure 51
T Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
% For all curves where Vpp =5V, all loads are referenced to 2.5 V. For all curves where Vpp =3V, all loads are referenced to 1.5 V.
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POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 2-27



TLV2262, TLV2262A, TLV2262Y
Advanced LinCMOS™ RAIL-TO-RAIL
DUAL OPERATIONAL AMPLIFIERS

SLOS129B — AUGUST 1993 — REVISED FEBRUARY 1994

TYPICAL CHARACTERISTICS

GAIN MARGIN UNITY-GAIN BANDWIDTH
Vs vs
LOAD CAPACITANCE LOAD CAPACITANCE
20 el R 1000
RL = 50 kQ % / " oko
rpemee Rnull =100Q / / Ta = 25°C
Tp =25°C v
1 / £
15 ; 1 800
£
3 Rpull =50 Q / / 5
|'= 1 N / / 2
§’ Rnull=20Q N s
g 10 , | =g 2 600 R q
£ & 3 N
8 Rnu" =10Q \\ é. \
! N €
E NN =5 \
< 5 & s 1 400 N
null = & \
N
\\
N
N
0 200
10 102 103 104 10 102 103 104
C|. - Load Capacitance — pF CL - Load Capacitance - pF
Figure 52 Figure 53

OVERESTIMATION OF PHASE MARGINt
\
LOAD CAPACITANCE

10° ‘

8° Rpull =100 Q /
& /W \‘

Rnull = 50 Q \

Overestimation of Phase Margin

4° / /”— N
= yd
“5:" Rpull =20 Q
] LN n
0 T [ ——
Rpunn=10Q
-2 {1
10 102 103 104

CL - Load Capacitance — pF
t See application information

Figure 54
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APPLICATION INFORMATION

loading considerations

The TLV2262 is a low-voltage, low-power version of the TLC2272 with the appropriate design changes relative
to the lower power level. The output drive performance to the negative rail for the TLV2262 is similar to the
TLC2272 and is capable of driving several milliamperes.

The design topology used for the TLV2262 or the TLV2272 limits the drive to the positive rail to a value very close
to the Ipp for the amplifier. While the TLV2272 is capable of greater than 1-mA drive from the positive rail, the
TLV2262 is capable of only a few hundred microamperes. When designing with lower impedance loads (less
than 50 kQ) with the TLV2262, the lower drive capability to the positive rail needs to be taken into consideration.
Although the TLV2262 topology provides lower drive to the positive rail than other high-output-drive rail-to-rail
operational amplifiers, it is a more stable topology.

driving large capacitive loads

The TLV2262 is designed to drive larger capacitive loads than most CMOS operational amplifiers. Figure 51
and Figure 52 illustrate its ability to drive loads greater than 400 pF while maintaining good gain and phase
margins (Rpy) = 0).

A smaller series resistor (R at the output of the device (see Figure 55) improves the gain and phase margins
when driving large capacitive loads. Figure 51 and Figure 52 show the effects of adding series resistances of
10 ©, 20 @, 50 ©, and 100 Q. The addition of this series resistor has two effects: the first is that it adds a zero
to the transfer function and the second is that it reduces the frequency of the pole associated with the output
load in the transfer function. :

The zero introduced to the transfer function is equal to the series resistance times the load capacitance. To
calculate the improvement in phase margin, equation (1) can be used.

A6, = tan™' (2 x m x UGBW x R X CL) (1
where : A8, = improvement in phase margin
UGBW = unity-gain bandwidth frequency
R, = output series resistance
C, = load capacitance

The unity-gain bandwidth (UGBW) frequency decreases as the capacitive load increases (see Figure 53). To
use equation (1), UGBW must be approximated from Figure 53.

Using equation (1) alone overestimates the improvement in phase margin, as illustrated in Figure 54. The
overestimation is caused by the decrease in the frequency of the pole associated with the load, providing
additional phase shift and reducing the overall improvement in phase margin. The pole associated with the load
is reduced by the factor calculated in equation (2).

b
F e
1 + gm Rnull @
where : F = factor reducing frequency of pole

small-signal output transconductance (typically 4.83 x 1038 mhos)

Om

- output series resistance
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APPLICATION INFORMATION

driving large capacitive loads (continued)

For the TLV2262, the pole associated with the load is typically 6 MHz with 100-pF load capacitance. This value
varies inversely with C; : at C| = 10 pF, use 60 MHz, at C|_ = 1000 pF, use 600 kHz, and so on.

Reducing the pole associated with the load introduces phase shift, thereby reducing phase margin. This results
in an error in the increase in phase margin expected by considering the zero alone [equation (1)]. Equation (3)
approximates the reduction in phase margin due to the movement of the pole associated with the load. The result
of this equation can be subtracted from the result of the equation (1) to better approximate the improvement in
phase margin.

PN [UGBW] i (UGBW) 5
(FxP,) P2
where : A8, = reduction in phase margin
UGBW = unity-gain bandwidth frequency
F = factor from equation (2)
P, = unadjusted pole (60 MHz @ 10 pF, 6 MHz @100 pF, etc.)

Using these equations with Figure 54 and Figure 55 enables the designer to choose the appropriate output
series resistance to optimize the design of circuits driving large capacitive loads.

50 kQ

vi

CL
Vpp-/GND I

Figure 55. Series-Resistance Circuit
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APPLICATION INFORMATION

macromodel information

Macromodel information provided is derived using PSpice® Parts™ model generation software. The Boyle
macromodel and subcircuit in Figure 56 are generated using the TLV2262 typical electrical and operating
characteristics at Tp = 25°C. Using this information, output simulations of the following key parameters can be
generated to a tolerance of 20% (in most cases):

Unity-gain frequency

Common-mode rejection ratio

Phase margin

DC output resistance

AC output resistance

Short-circuit output current limit

® Maximum positive output voltage swing
Maximum negative output voltage swing
Slew rate

Quiescent power dissipation

Input bias current

Open-loop voltage amplification

NOTE 5: G. R. Boyle, B. M. Cohn, D. O. Pederson, and J. E. Solomon, “Macromodeling of Intergrated Circuit Operational Amplifiers”, IEEE
Journal of Solid-State Circuits, SC-9, 353 (1974).

3
Vce+—o s
>
Rssg él ISs
RP
2] 10
IN- — < - vC
A op ) ‘EJ
IN+ —@
: 1 (-9 12 pC
>
RD1 %j‘ RD2
60
vao *(D L DE
Vee- ® ®
4 _K./,., N
VE ouT
SUBCKTTLV226212345 RDI 60 11 15.92E3
G4 12 5.004E-12 RD2 60 12 1592E3
c2 s 7 20.00E-12 RO1 8 5 135
DC 5 53 DX RO2 7 99 135
DE 54 5 DX RP 38 4 | 1587E3
pip." | e0 8l - DX RSS 10 99  18.18E6
DIN 92 90 ox VAD - 60| 4 =B
DP Ak g VB g 119 1iBCO
EGND 99 0 POLY ©@ @, 0) 4,0)0.5.5 VC al 535 iDC.8
FB 99 POLY (5) VB VC VE VLP VE 54 4 DC.6
+VLN0589E6 —10E6 10E6 10E6 —10E6 VIM 7 8  DCO
GA 0 11 1262.83E-6 MIRL: g1l | DGO
GCM o 6 10 9922.34E-9 VIN 0 92 DC94
1SS 3 10 DC 11.00E-6 MODEL DX D (1S=800.0E~18)
HUOM 90 0  VLIMiK "MODEL JX PJF (1S=500.0E~15 BETA=717.8E-6
J1 # e 04X + VTO=—04)
J2 12l 1 10X ENDS
R2 6 9  100.0E3

Figure 56. Boyle Macromodel and Subcircuit

PSpice is a registered trademark of MicroSim Corporation.
Parts is a trademark of MicroSim Corporation.
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TLV2264, TLV2264A, TLV2264Y
Advanced LinCMOS™ RAIL-TO-RAIL
QUAD OPERATIONAL AMPLIFIERS

SLOS132B — DECEMBER 1993 — REVISED FEBRUARY 1994

available features

® Qutput Swing Includes Both Supply Rails

® Low Noise...12nV/VHz Typ atf = 1 kHz

® Low Input Bias Current... 1 pA Typ

® Fully Specified for Both Single-Supply and
Split-Supply Operation

® Low Power...1mA Max

description

The TLV2264 and TLV2264A are quad
operational amplifiers manufactured using Texas
Instruments Advanced LinCMOS™ process.
These devices are optimized and fully specified
for single-supply 3-V and 5-V operation. For this
low-voltage operation combined with ppower
dissipation levels, the input noise voltage
performance has been dramatically improved
using optimized design techniques for CMOS-
type amplifiers. Another added benefit is that
these amplifiers exhibit rail-to-rail output swing.
Figure 1 graphically depicts the high-level output
voltage for different levels of output current for a
3-V single supply. The output dynamic range can
be extended using the TLV2264 with loads
referenced midway between the rails. The
common-mode input voltage range is wider than
typical standard CMOS-type amplifiers. To take
advantage of this improvement in performance
and to make this device available for a wider range
of applications, V|cR is specified with a larger
maximum input offset voltage test limit of

VoH — High-Level Output Voltage -V

Common-Mode Input Voltage Range
Includes Negative Rail
Low Input Offset Voltage
950 pV Max at Tp = 25°C
Wide Supply Voltage Range
27Vto8V

Macromodel Included
HIGH-LEVEL OUTPUT VOLTAGE

vs
HIGH-LEVEL OUTPUT CURRENT

|
Vpp=3V

3.5

25 §

TA=85C — \\

. \
S Do AR
1 B

TA = —40°C :\

0.5

0 100 200 300 400 500
| loH | — High-Level Output Current — pA

600

Figure 1

+ 5 mV, allowing a minimum of 0 to 2-V common-mode input voltage range for a 3-V supply. Furthermore, at
200 pA (typical) of supply current per amplifier, the TLV2264 family can achieve input offset voltage levels as
low as 950 uV outperforming existing CMOS amplifiers. The Advanced LinCMOS process uses a silicon-gate
technology to obtain input offset voltage stability with temperature and time that far exceeds that obtainable
using metal-gate technology. This technology also makes possible input-impedance levels that meet or exceed
levels offered by top-gate JFET and expensive dielectric-isolated devices.

AVAILABLE OPTIONS
PACKAGED DEVICES s
& Viomax | SMALL OUTLINE | PLASTIC DIP TSSOP )
A AT 25°C ) (N) (PW)
i .~ | 950 pv TLV2264AID TLV2264AIN | TLV2264AIPWLE
it £ 1T TLV2264ID TLV2264IN £ TRy

The D packages are available taped and reeled. Add R suffix to device type, (e.g., TLV2264IDR).
The PW package is available only left-end taped and reeled. Chips are tested at 25°C.

Advanced LinCMOS™ is a trademark of Texas Instruments Incorporated.

PRODUCTION DATA Information Is cument as of publication date.
specifications exas Instruments

Products to per the terms of
standard warranty. Production does not
testing of all parameters.

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

Copyright © 1994, Texas Instruments Incorporated
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description (continued)

The TLV2264 and TLV2264A, exhibiting high input impedance and low noise, are excellent for small-signal
conditioning for high-impedance sources such as piezoelectric transducers. Because of the low
power-dissipation levels combined with 3-V operation, these devices work well in hand-held monitoring and
remote-sensing applications. In addition, the rail-to-rail output feature with single or split supplies makes these
devices great choices when interfacing directly to analog-to-digital converters (ADCs). All of these features,
combined with its temperature performance make the TLV2264 family ideal for remote pressure sensors,
temperature control, active VR sensors, accelerometers, hand-held metering, and many other applications.

The device inputs and outputs are designed to withstand a 100-mA surge current without sustaining latch-up.
In addition, internal ESD-protection circuits prevent functional failures up to 2000 V as tested under
MIL-STD-883C, Method 3015.2. Care should be exercised in handling these devices as exposure to ESD may
resultin degradation of the device parametric performance. Additional care should be exercisedto prevent Vpp .
supply-line transients under powered conditions. Transients of greater than 20 V can trigger the ESD-protection
structure, inducing a low-impedance path to Vpp—/GND. Should this condition occur, the sustained current

supplied to the device must be limited to 100 mA or less. Failure to do so could result in a latched condition and
device failure.

D OR N PACKAGE Rl toec
(TOP VIEW) HoR v
1OUT[ 1 e 14 ] 40UT 110"EJJT —}[O1 14— 3%[_”'
-U2 13 - - = = | 3
:ll: E 3 12%::: 1IN + o T 4IN +
: : Vpp+ &+ == Vpp _/GND
Vpp. 14  11[]Vpp_/GND gt = Yoo-
2IN+ [l 5 10[] 3IN+ N7 ey
ZIN_E 4 9f] 3IN- 20UT |7 8 = 30UT
20UT[17 8f] s3ouT
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TLV2264Y chip information

This chip, when properly assembled, displays characteristics similar to the TLV2264. Thermal compression or
ultrasonic bonding may be used on the doped aluminum bonding pads. The chip may be mounted with
conductive epoxy or a gold-silicon preform.

BONDING PAD ASSIGNMENTS VDD+
4)
3)
1IN+ — + 1
10UT
1IN- —
21N+
20UT
—— 2IN-
= 10]
= L - ) e = 3IN+ ( ) )
= 3 : ( )
= _; = - 30UT
= 3IN- —
3 (12)
= (14) 4IN+
= 13
z i 4IN-
= (11)
z 67 Vpp-/GND
= CHIP THICKNESS: 15 TYPICAL
= BONDING PADS: 4 x 4 MINIMUM
=Y
P 109 > Tgmax = 150°C

U U U O U U N U N U U U U U U U U e TOLERANCES ARE +10%.
ALL DIMENSIONS ARE IN MILS.

PIN (11) IS INTERNALLY CONNECTED
TO BACKSIDE OF THE CHIP.
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3
(gl i § T
IS TITE o—
Tl 1y o
A <} ===~ 3 e A x
>8 —® _/vx\,___.“ [
€

.

equivalent schematic (each ampilifier)
'__
a1
_‘
_‘
Q2
f R

IN+
IN-

76
18
52

COMPONENT COUNTT

Transistors

Diodes
bias, and trim circuitry

Resistors

Capacitors
tincludes all amplifiers, ESD,
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

SHpplyXGlage. VppeeNOIE ) ol - s m s oL - oo DABIIBHODERET - -« < oo ¢ » < -« SRE[EGAELAR > 5 8V
Differential input voltage, Vip (S NOt€2) ........cccivuiimiimeneeinereecnnennecnneenecnnens +Vpp
Input voltage range, V) (any input, seeNote 1) ...........ccccveiiiininneennnenn, Vpp-—0.3 Vto Vpp+
InplEEltent lideach dnmen: . . ... .. ESEOEMER . 0 (e s ekt b e s s s +5 mA
(0 T T = T S R i Soie . i R TR R - TR RS +50 mA
TAEANCUNSHE IND M.  «civs moissionscasstn SoRBIE L uosiuits o8 dnmaloniesmnnss s s/hei PRRLGE /0 LTI +50 mA
TR CBTOMEOUEOTNIED . ~ - - =i s s s s waies ol oo e g b i g ol s e = | <BRENDY JERN, B +50 mA
Duration of short-circuit current at (or below) 25°C (see Note 3) ........ovviureiiinnennnnnnn. unlimited
ConiBUpUS olRl OISSIMBHDN . ot i st oianmmimal = == o ol e s sl a8 a s See Dissipation Rating Table
Operating free-air temperature range, TA  ....cevenrerinirieniinnerennernnerennnenes -40°C to 85°C
Storafis temparature 1aNge . ... ...  SEEUELE . e kel s e -65°C to 150°C
Lead temperature 1.6 mm (1/16 inch) from case for 10seconds ...........c.coviieineiinnnnnnn. 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. Allvoltage values, except differential voltages, are with respect to Vpp —.

2. Differential voltages are at the noninverting input with respect to the inverting input. Excessive current flows if input is brought below
Vpp--0.3V.

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.

DISSIPATION RATING TABLE

PACKAGE Ta<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 1150 mW 9.2 mW/°C 598 mW

PW 700 mW 5.6 mW/°C 364 mW

recommended operating conditions

MIN MAX UNIT
Supply voltage, Vpp + (see Note 1) 2.7 8 "
Input voltage range, V| Vpp- Vpp+-1.3 Vv
Common-mode input voltage, V|c Vpp- VpD+-13 Vv
Operating free-air temperature, Tp -40 85 °C

NOTE 1: All voltage values, except differential voltages, are with respect to Vpp —.
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electrical characteristics at specified free-air temperature, Vpp = 3 V (unless otherwise noted)

TLV2264 TLV2264A
PARAMETER TEST CONDITIONS Tat MIN _TYP _MAX| MIN _TYP MAX UNIT
25°C 300 2500 300 950
HDs [T CistesSRge Full range 3000 woo| WY
Temperature coefficient 25°C o
VIO of input offset voltage to 85°C z e G
Input offset voltage
long-term drift o n By 25°C 0.003 0.003 V/mo
(see Note 4) D S =
2670 0.5 0.5
o Input offset current Fallfange 50 50l PA
) 25°C 1 1
B Input bias current Fill e 150 150 pPA
0 -03 0 =03
25°C to to to to
Common-mode input 2 22 2 22
VICR voltage range Rs =50 Q, Vio | £5mV 5 5 \
Full range to to
e T
1OH = —20 pA 25°C 2.99 2.99
) 25°C 2.85 2.85
Yoy TER-esup IOk =100 uA Full range | 2.825 2.825 v
i 25°C . 2.7 . 2.7
Ok =200 uA Fullrange | 2.65 2.65
Vic=15V, loL= 50 pA 25°C 10 10
25°C 100 100
v Low-level output Vic=15V, oL = 500 kA Feiange 150 150 | mv
e N 25°C 200 200
Mg = 18, gL~ 1 mA Full range 300 300
L ignal differential [Vic =15V, RL =50 kQ¥ ok I 0
arge-signal differential IC=15V, |
AVD  yoltage amplification | Vo =1Vto2V O pa M
RL =1 MQ?F 25°C 100 100
e Differential input o 12 12
fid resistance RC 19 10 S
Common-mode
! 12 12
fi input resistance 25°0 0 10 a
Common-mode .
Cj input capacitance f=10kHz, N package 25°C 8 8 pF
Closed-loop o
Zo output impedance f = 100 kHz, Ay =10 25°C 270 270 Q
CMRR Common-mode Vic=0t01.7V, Vo=15V, 25°C 65 75 65 77
rejection ratio Rs=50Q Full range 60 60 -
Syl el Was Srvesy il I R el @
(AVDD/AV|0) N, Vic=VDD/2 [Fulirange | 80 80
Supply current b, 25°C 0.8 1 0.8 1
'op (four amplifiers) o= 18V, g Full range 1 1 o

1 Full range is — 40°C to 85°C.
% Referenced to 1.5 V

NOTE 4: Typical values are based on the input offset voltage shift observed through 500 hours of operating life test at Tp = 150°C extrapolated

to Tp = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV.
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operating characteristics at specified free-air temperature, Vpp =3 V

TLV2264 TLV2264A
PARAMETER TEST CONDITIONS Tal UNIT
MIN TYP MAX | MIN TYP MAX
Slewrateatunity |Vo=07Vio 17V, RL=80k, foos - el ‘
ew rate at uni 0=07Vto 1.7V, L= \
e gain CL = 100 pF¥ Full | g3 0.3 W
range
Equivalent input f=10Hz 25°C 43 43
\" ¢
n noise voltage f=1KkHz 25°C 2 e nVAHz
Peak-to-peak f=0.1 Hzto 1 Hz 25°C 0.6 0.6
VN(PP) equivalent input Y
noise voltage f=0.1Hzto 10 Hz 25°C 1 1
ir ﬁgi::it’;mp“t 25°C 0.6 0.6 tAWFzZ
Total harmonic Vo=05Vt025V, |Ay=1 0.03% 0.03%
THD + N distortion plus f=20 kHz, 25°C
noise RL = 50 kQ¥ Ay =10 0.05% 0.05%
Gain-bandwidth f=1 kHz, R =50 kQ¥, .
product CL =100 pFi 26°C 0.67 0.67 MHz
Maximum output- | Vopp) =1V, Ay =1, o
BOM  swingbandwidth | R( = 50 kat, cL=100pFt | 25 00 900 iz
Ay =~1, To 0.1% 56 56
ts Settling time 3?8 Z(; ;;g 2Y, 25°C ps
C[ = 100 pF ¥ To 0.01% 125 125
Phase margin at
§ 3 25°C 61° 61°
n unity gain RL = 50 kQ¥, Cp =100 pF ¥
Gain margin 25°C 14 14 dB
1 Full range is — 40°C to 85°C.
1 Referenced to 1.5 V
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electrical characteristics at specified free-air temperature, Vpp = 5 V (unless otherwise noted)

TLV2264 TLV2264A
TEST CONDITIONS
Y — Tat MIN TYP MAX| MIN TYP MAX e
# : : 25°C 300 2500 300 950 "
10 gt olfge® vetage Full range 3000 1500 i
Temperature coefficient 25°C i
WIO o input offset voltage to 85°C & 2 e
Input offset voltage
long-term drift xDD_i; e ‘F’K'C =5°0' 2 25°C 0.003 0.003 WV/mo
(see Note 4) =t S =
: A " 25°C 0.5 0.5 X
10 NPALOVIBEY CUITEn Full range 150 0| P
| Input bi t 6 g . A
1B il et Full range 150 50| P
0 -03 0 -03
25°C to to to to
Common-mode input 4 4.2 4 4.2
VICR voltage range Niol s5mV, Rg=50Q o o \'
Full range to to
35 3.5
IOH = —20 pA 25°C 4.99 4.99
. | 100 25°C 485 4.94 485 494
Vg | [ Ia-ieveiiaetpo OH = =108 uA Fullrange | 4.82 482 v
voltage
0 200 25°C 47 485 47 485
ot > = A Fulrange | 4.6 4.6
Vic=25V, loL = 50 pA 25°C 0.01 0.01
v —— | 500 25°C 0.09 0.15 0.09'2 10.15
o Low-level output IcC=25YV, or= BA e range 0.15 0.15 A
voltage
v . | e 25°C 0.2 0.3 0.2 0.3
G a2t oL=1m Full range 0.3 0.3
! snal dierential | v e R =50 kat 25°C 80 170 80 170
arge-signal differential | Vic=2.5V, L=
AvD voltage amplification Vo=1Vto4V Full mnge L 2 L
RL = 1 MQt 25°C 550 550
Differential input I 12 12
fid resistance i s b 5
Common-mode
12 12
f input resistance ik e Lo B
gy TP f=10 kHz N pack 25°C 8 8 F
A input capacitance 5 : pacrage &
Closed-loop a0
2o output impedance f =100 kHz, Ay =10 25°C 240 240 Q
CMRR Common-mode Vic=0to2.7V, Vo=25V, 25°C 70 83 70 83
rejection ratio Rg =50 Q Full range 70 70 dB
ksVR i?:gii’z:c:::ge i e s ol dB
(AVpD/AV|0) fbilond, VIC=VDD”2 Fyiirange | 80 80
Supply current 25°C 0.8 1 0.8 1
| =
DD (four ampilifiers) V=26V, i Full range 1 1 i
T Full range is — 40°C to 85°C.
% Referenced to 2.5 V

NOTE 4: Typical values are based on the input offset voltage shift observed through 500 hours of operating life test at Tp = 150°C extrapolated
to Tp = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV.
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operating characteristics at specified free-air temperature, Vpp =5V

TLV2264 TLV2264A
PARAMETER TEST CONDITIONS Tat UNIT
MIN TYP MAX| MIN TYP MAX
) 25°C | 0.35 055 0.35 055
SR Slewrate atunity [Vo=1.4Vt02.6V, R =50kQ¥, Vi
gain CL = 100 pF¥ Pl - gl 03 e
range
Equivalentinput | f=10Hz 25°C 40 40
V . i
B noise voltage f=1KHz 25°C 2 = nVAHz |
Peak-to-peak f=0.1Hzto1Hz 25°C 0.7 0.7
VN(PP)  equivalentinput uv
noise voltage f=0.1 Hzto 10 Hz 25°C 1.3 1.3
In 5;‘;:1'::;’::’“‘ 25°C 0.6 0.6 fANFZ
Total harmonic Vo=05Vto25V, |A/=1 0.017% 0.017%
THD + N distortion plus f=20 kHz, 25°C
noise RL =50 ket Ay =10 0.03% 0.03%
Gain-bandwidth [ =50 kHz, RL = 50 kQ¥, »
i CL= 100 pF 25°C 0.71 0.71 MHz
Maximum output- | Vo(pp) =2V, Ay =1, -
BOM  gwing bandwidth | Ry = 50 k3, cL=100pFt | 2°C s $es oo
Av=—1; To 0.1% 6.4 6.4
ts Settling time i‘f‘i ’E’g"fgf 25V, 25°C us
CL=100pF# To 0.01% 14.1 14.1
Phase margin at
Geagt 25°C 63° 63°
s unity gain RL =50 k¥, CL =100 pF¥
Gain margin 25°C 14 14 dB
1 Full range is — 40°C to 85°C.
¥ Referenced to 2.5 V
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electrical characteristics at Vpp = 3 V, Ta = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS AL UNIT
MIN TYP MAX

Vio Input offset voltage 300 2500 ny

o Input offset current ng:O:, b \I!(ISC:SO(; & 05 150| pA

B Input bias current 1 150 pA
0 -03

VICR Common-mode input voltage range IVio1<5mV, Rg =50Q to to \'
2 22
. loH =-20 pA 2.99

VOH High-level output voltage IOH = 200 pA 27 575 V)
Vic=0, loL =50 pA 10

VoL Low-level output voltage Vic=0, loL = 500 pA 100 125 V'

Vic=0, loL=1mA 200 250
AD Large-signal differential Vo=1Vto2V RL = 50 kaf 60 100 VimV

voltage amplification RL =1 MQT 100

fid Differential input resistance 1012 Q

fi Common-mode input resistance 1012 Q

i Common-mode input capacitance f=10kHz 8 pF

Zo Closed-loop output impedance f = 100 kHz, Ay =10 270 Q

CMRR  Common-mode rejection ratio Vic=0t0 1.7V, Vo=0, Rg =50Q 65 L4 dB

KSVR (SAU\?Sg/Vf\I/?gf i e Vpp=27V108Y, Nokad,  Vig=0 80 100 dB

IbD Supply current (four amplifiers) Vo =0, No load 0.8 1 mA

1 Referenced to 1.5 V
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electrical characteristics at Vpp =5V, Ta = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS Lo i UNIT
MIN TYP MAX
Vio Input offset voltage 300 2500 ny
lio Input offset current ngiio'.‘ il ;ISC::B 5 05 150 pA
B Input bias current 1 150 pA
0 -03
VICR Common-mode input voltage range IVioI<5mV, Rs =50Q to to Vv
4 4.2
IOH = =20 pA 4.99
VoH  High-level output voltage IOH =—100 pA 485 4.94 v
IoH =—200 pA 47 485
Vic=25V, IoL = 50 pA 0.01
VoL Low-level output voltage Vic=25V, loL =500 pA 0.09 0.15 '
Vic=25YV, loL=1mA 0.2 0.3
ayp  Laroesignal diferential Vig=25V, Ry = 50 kat 80 170 Vi
voltage amplification Vo=1Vto4V RL =1 MQt 550
fid Differential input resistance 1012 Q
ni Common-mode input resistance 1012 Q
[ Common-mode input capacitance f=10kHz 8 pF
Zo Closed-loop output impedance f = 100 kHz, Ay =10 240 Q
CMRR  Common-mode rejection ratio Vic=0to27V, Vo=25V, Rg=50Q 70 83 dB
KSVR ZQ'A"\?S'SE%" il VpD=44Vto8Y, Noload, Vic=Vpp2| 80 95 dB
IDD Supply current (four amplifiers) Vo=25V, No load 0.8 1 mA
T Referenced to 2.5 V
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICST
DISTRIBUTION OF TLV2264 DISTRIBUTION OF TLV2264
INPUT OFFSET VOLTAGE INPUT OFFSET VOLTAGE
202272 Amplifiers From 2 Wafer Lots 203272 Ampilliers From 2 Wafer Lots
Vpp+=+15V Vpp+=125V
Ta =25°C TA =25°C
1
a.e 16 af 6
§
= =
E 12 E 12
< <
k] S
5’ 8 §: 8
§ 4 § 4
0 0
-16 -0.8 0 0.8 1.6 -16 -0.8 0 0.8 1.6
V|0 - Input Offset Voitage — mV V|0 - Input Offset Voltage — mV
Figure 2 Figure 3
INPUT OFFSET VOLTAGE INPUT OFFSET VOLTAGE
Vs Vs
COMMON-MODE INPUT VOLTAGE COMMON-MODE INPUT VOLTAGE
1 r 1
Vpp=3V Vpp =5V
Rg=50 Q Rg=50 Q
TA = 25°C T A = zsuc
05 / (-
>|IE 7 i 0.5
3 7 g
£ ] s W
S % /|
§ i3 g L~
£ & /
S s
= o5 l
| o —-0.5]
o s L~
[ /
=1 -1

-1 =05 0 05 1 1.5 2 25
Vic — Common-Mode Input Voltage - V

Figure 4

3

-1 0 1 2 3 4 5
Vic - Common-Mode Input Voltage — V

Figure 5

1 For all curves where Vpp = 5 V, all loads are referenced to 2.5 V. For all curves where Vpp =3V, all loads are referenced to 1.5 V.
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DISTRIBUTION OF TLV2264 INPUT OFFSET

TYPICAL CHARACTERISTICSt

VOLTAGE TEMPERATURE COEFFICIENT

DISTRIBUTION OF TLV2264 INPUT OFFSET
VOLTAGE TEMPERATURE COEFFICIENT

35728 Amplifiers From Sl T Amplifiers From
2 Wafer Lots 2 Wafer Lots
30} VDp+=£15V 30| Vpp+=+25V
N Package N Package
a«lz - TA = 25°C to 125°C af i TA = 25°C to 125°C
g §
€ 2
= 20 o
% £ 20
< <
% S
15 1
g g
2 g
g 10 8 10
K &
5 5
0 % G S e 22 0 3 & 5 i
5.4 -3 -2 -1 0,.1 2 3 4 5 -5 -4 -3 =1 0 ghe 2 Fp.4 B
ayjo - Temperature Coefficient ay|o - Temperature Coefficient
of Input Offset Voltage — uV/°C of Input-Offset Voltage — pV/°C
Figure 6 Figure 7
INPUT BIAS AND INPUT OFFSET CURRENTS INPUT VOLTAGE
vs vs
i FREE-AIR TEMPERATURE SUPPLY VOLTAGE
s 20 - = 25 T
8 v:::D:t; $2.5 Rg =50 Q
= 2 = 0|
§ 15|/vo=0 i g
3 Rg=50Q 1.5
10
I
5 0.5
g2 5 B ] 3’
E —To| 5 ©
£ i > 1Vig 1<5mV
o 2 -05 -
[} =3 1
- £
5 =5 .
= s
b -1.5
o -1
=5 -2
&
m =15 e,
= 25 45 65 85 - 1.5 2

25 3
IVpp+! - Supply Voltage -V

3.5 4
Ta — Free-Air Temperature - °C

Figure 8 Figure 9

1 Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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TYPICAL CHARACTERISTICST#

INPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE
vs vs
FREE-AIR TEMPERATURE HIGH-LEVEL OUTPUT CURRENT
5 [ 4 T
Vpp=5V & Vpp=3V
35
4
>
! 3
& —
>| 2 £ 25 \
o i I
; SRR\
= &
g ek \ \
Z bt Ta = 25°C
a 2 15
3 3 3 1\
£
s IE’ 1
1 Ta =-40°C %\
3 5 o5
® \
-1 | 0
=55 -35 -15 5 25 45 65 85 0 100 200 300 400 500 600
Ta - Free-Air Temperature — °C + lloH | = High-Level Output Current — p A
Figure 10 Figure 11
LOW-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE
Vs vs
LOW-LEVEL OUTPUT CURRENT LOW-LEVEL OUTPUT CURRENT
1.2 T 1.4 T
Vpp=3V Vpp=3V
Ta = 25°C / Vic=15V
1 | 1.2

Vic=0 / /
0.8 i /
Vic=075V ILﬁ/
0.6 /
4

/
A p
HINE (8 S

4 //

VoL — Low-Level Output Voltage — V

>

1

(]

o
S
S

5 l

é Ta = 25=c74
o
pe 0.6

[ I~
3 o4 / / Vic=15V /

2 f/ 04 i i
G / / TA = — 40°C
L 02 ;e 7

(o] 0.2 >
>

0 0
0 1 2 3 4 5 0 1 2 3 4 5
loL - Low-Level Output Current - mA loL — Low-Level Output Current — mA
Figure 12 Figure 13

T Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
¥ For all curves where Vpp = 5V, all loads are referenced to 2.5 V. For all curves where Vpp =3V, all loads are referenced to 1.5 V.
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TYPICAL CHARACTERISTICST

HIGH-LEVEL OUTPUT VOLTAGE

LOW-LEVEL OUTPUT VOLTAGE

vs vs
HIGH-LEVEL OUTPUT CURRENT LOW-LEVEL OUTPUT CURRENT
6 1.4 T v
Vpp=5V Vpp=5
Vic=25V
o 12} Fi
| 5 > /
e 1
g g %
s - P Ta=85°C '7 /
- o
3 Tas e "’\ \\ b T A 4
] 2 Ta =25°C
8 3 g. A N / /
§ TA =25°C 1 3 s 7 7
1 @
% f FEY /
] Ta = -40°C K 7 \
- [ o
5 1 i o /4 Ta = —40°C
. \ ) 3
0 0
0 200 400 600 800 0 1 2 3 4 5 6
| loH | = High-Level Output Current — pA loL - Low-Level Output Current — mA
Figure 14 Figure 15
MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE SHORT-CIRCUIT OUTPUT CURRENT
vs vs
FREQUENCY SUPPLY VOLTAGE
E . l 1 v/ n] ISOIKIA - V|c-IVDDI2
Vpp=5V 1= i =—
i DD \ e iy < jo| TAz25C Vip =-100 mV
2\ 4 ' i
5 L
g \ E oo /
2 \ S > o
3 3 E] 6
% Vpp=3V N £
- N (o]
i N 2 a4
2 2 \ g
E \ o
i 5 2
g N @
- N & 0 Vip = 100 mV
= NN o
3 i
2 o ol
103 104 105 106 2 3 4 5 6 7 8

f - Frequency — Hz

Figure 16

Vpp - Supply Voltage -V

Figure 17

1 For all curves where Vpp =5V, all loads are referenced to 2.5 V. For all curves where Vpp = 3 V, all loads are referenced to 1.5 V.
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TYPICAL CHARACTERISTICST#

SHORT-CIRCUIT OUTPUT CURRENT DIFFERENTIAL INPUT VOLTAGE
vs vs
FREE-AIR TEMPERATURE OUTPUT VOLTAGE
13 T 1000 T
12 Vo=2.5V VDD=3V
< Vpp=5V 800 Rj=50kQ -
£ o1 > Vic=15V
4 10 — 2 600 TA=25°C |
§ 0 Vip =-100 mV N~ é
E g 400
o 8 — 5
= > 200
§ 8 F
5 ]
g ¢ T -200
g ¢ 8
£t 3 £ —400
5 (=]
g .18 L -600
@ 1 >
° & Vip = 100 mV -800
el i -1000
-50 -25 0 25 50 75 100 0 0.5 1 15 2 2.5 3
TA — Free-Air Temperature — °C Vo — Output Voltage -V
Figure 18 Figure 19
DIFFERENTIAL INPUT VOLTAGE DIFFERENTIAL VOLTAGE AMPLIFICATION
Vs Vs
OUTPUT VOLTAGE LOAD RESISTANCE
1000 - 5 1000
Vpp=5V 3 —
800 Vic=25V ;l 5
RL =50 kQ
? 600 - Tk =25°C s q =
® — Vpp=5V H =
e 8 21
B £ 100 t’ e
o
> 200 E
: b 3 2h
£ 0 g Vpp=3V
- ) =
[ o
2 -200 = 4
S /
g 2 |10 .
g 8 7
()
g ~600 a
> I
-800 o Vopp)=2V
<> 1 TAI= 215°Icl Ll
-10000 . - 5 . A 1 10 100 1000
Vo —Output Voltage - V RL - Load Resistance - kQ
Figure 20 Figure 21

1 Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
% For all curves where Vpp =5 V, all loads are referenced to 2.5 V. For all curves where Vpp = 3 V, all loads are referenced to 1.5 V.
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TYPICAL CHARACTERISTICST

LARGE-SIGNAL DIFFERENTIAL VOLTAGET
AMPLIFICATION AND PHASE MARGIN
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Figure 22
LARGE-SIGNAL DIFFERENTIAL VOLTAGE
AMPLIFICATION AND PHASE MARGIN
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Figure 23

T For all curves where Vpp = 5V, all loads are referenced to 2.5 V. For all curves where Vpp = 3V, all loads are referenced to 1.5 V.
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TYPICAL CHARACTERISTICST#

LARGE-SIGNAL DIFFERENTIAL LARGE-SIGNAL DIFFERENTIAL
VOLTAGE AMPLIFICATION VOLTAGE AMPLIFICATION
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FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
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Figure 24 Figure 25
OUTPUT IMPEDANCE OUTPUT IMPEDANCE
Vs Vs
FREQUENCY FREQUENCY
1000 1000
Vpp=3V VDD=5V@
Ta =25°C Ta=25°C
W an
I 7 A -
o 100 Ay =100 a 100
| [——— s 1 Ay =100
§ o § —— 7
i ,1' // i A 7
| Ay =10 1l !
eSS Ei 9% AL Lk ESii 2|
5 = -
g A :  FHHHED
o = b’ o L
. f - Ay =1 : [ Ay =1 A
N N E x|
0.1 0.1
102 103 104 108 102 103 104 105

f — Frequency — Hz

Figure 26

f — Frequency — Hz

Figure 27

1 Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
% For all curves where Vpp = 5 V, all loads are referenced to 2.5 V. For all curves where Vpp =3V, all loads are referenced to 1.5 V.
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TYPICAL CHARACTERISTICStT#
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Figure 28 Figure 29
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Figure 30 Figure 31

1 Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
% For all curves where Vpp = 5 V, all loads are referenced to 2.5 V. For all curves where Vpp =3V, all loads are referenced to 1.5 V.
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TYPICAL CHARACTERISTICST#

SUPPLY-VOLTAGE REJECTION RATIO SUPPLY CURRENT
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FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
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Figure 32 Figure 33
SLEW RATE SLEW RATE
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Figure 34 Figure 35

1 Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
¥ For all curves where Vpp =5 V, all loads are referenced to 2.5 V. For all curves where Vpp =3V, all loads are referenced to 1.5 V.
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TYPICAL CHARACTERISTICST

INVERTING LARGE-SIGNAL PULSE INVERTING LARGE-SIGNAL PULSE
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Figure 36 Figure 37
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Figure 38 Figure 39

T For all curves where Vpp =5V, all loads are referenced to 2.5 V. For all curves where Vpp = 3 V, all loads are referenced to 1.5 V.
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TYPICAL CHARACTERISTICST

INVERTING SMALL-SIGNAL
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Figure 40

VOLTAGE-FOLLOWER SMALL-SIGNAL
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Figure 42

Vo - Output Voltage - V

Vp — Output Voltage - V
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Figure 41
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Figure 43

T For all curves where Vpp =5 V, all loads are referenced to 2.5 V. For all curves where Vpp = 3 V, all loads are referenced to 1.5 V.

*”TEXAS

INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

2-55



TLV2264, TLV2264A, TLV2264Y
Advanced LinCMOS™ RAIL-TO-RAIL
QUAD OPERATIONAL AMPLIFIERS

SLOS132B - DECEMBER 1993 — REVISED FEBRUARY 1994

TYPICAL CHARACTERISTICST
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Figure 46 Figure 47

1 For all curves where Vpp =5 V, all loads are referenced to 2.5 V. For all curves where Vpp =3V, all loads are referenced to 1.5 V.
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TYPICAL CHARACTERISTICST#
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Figure 51

1 Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
1 For all curves where Vpp =5V, all loads are referenced to 2.5 V. For all curves where Vpp =3V, all loads are referenced to 1.5 V.
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TYPICAL CHARACTERISTICS
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APPLICATION INFORMATION

loading considerations

The TLV2264 is a low-voltage, low-power version of the TLC2274 with the appropriate design changes relative
to the lower power level. The output drive performance to the negative rail for the TLV2264 is similar to the
TLC2274 and is capable of driving several milliamperes.

The design topology used for the TLV2264 or the TLC2274 limits the drive to the positive rail to a value very close
to the Ipp for the amplifier. While the TLC2274 is capable of greater than 1-mA drive from the positive rail, the
TLV2264 is capable of only a few hundred microamperes. When designing with lower impedance loads (less
than 50 kQ) with the TLV2264, the lower drive capability to the positive rail needs to be taken into consideration.
Although the TLV2264 topology provides lower drive to the positive rail than other high-output-drive rail-to-rail
operational amplifiers, it is a more stable topology.

driving large capacitive loads

The TLV2264 is designed to drive larger capacitive loads than most CMOS operational amplifiers. Figure 51
and Figure 52 illustrate its ability to drive loads greater than 400 pF while maintaining good gain and phase
margins (Rpy = 0).

A smaller series resistor (Rpy)) at the output of the device (see Figure 55) improves the gain and phase margins
when driving large capacitive loads. Figure 51 and Figure 52 show the effects of adding series resistances of
10 Q, 20 ©, 50 ©, and 100 Q. The addition of this series resistor has two effects: the first is that it adds a zero
to the transfer function and the second is that it reduces the frequency of the pole associated with the output
load in the transfer function.

The zero introduced to the transfer function is equal to the series resistance times the load capacitance. To
calculate the improvement in phase margin, equation (1) can be used.
= tan—1
A8y =tan™! (2 x m x UGBW x R x C) ) )

where : A8, = improvement in phase margin
UGBW
R

unity-gain bandwidth frequency

il output series resistance

C, = load capacitance

The unity-gain bandwidth (UGBW) frequency decreases as the capacitive load increases (see Figure 53). To
use equation (1), UGBW must be approximated from Figure 53.

Using equation (1) alone overestimates the improvement in phase margin, as illustrated in Figure 54. The
overestimation is caused by the decrease in the frequency of the pole associated with the load, providing
additional phase shift and reducing the overall improvement in phase margin. The pole associated with the load
is reduced by the factor calculated in equation (2).

b g e @
where : F = factor reducing frequency of pole
gm = small-signal output transconductance (typically 4.83 x 103 mhos)
Rpy = output series resistance
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APPLICATION INFORMATION

driving large capacitive loads (continued)

For the TLV2264, the pole associated with the load is typically 6 MHz with 100-pF load capacitance. This value
varies inversely with C| : at C| = 10 pF, use 60 MHz, at C; = 1000 pF, use 600 kHz, and so on.

Reducing the pole associated with the load introduces phase shift, thereby reducing phase margin. This results
in an error in the increase in phase margin expected by considering the zero alone [equation (1)]. Equation (3)
approximates the reduction in phase margin due to the movement of the pole associated with the load. The result
of this equation can be subtracted from the result of the equation (1) to better approximate the improvement in
phase margin.

A6, = tan™! EJ:(—E\;V) - tan™ (U%%) ®)
where : A8, = reduction in phase margin
UGBW = unity-gain bandwidth frequency
F = factor from equation (2)
P, = unadjusted pole (60 MHz @ 10 pF, 6 MHz @100 pF, etc.)

Using these equations with Figure 54 and Figure 55 enables the designer to choose the appropriate output
series resistance to optimize the design of circuits driving large capacitive loads.

50 kQ

vi

CL
Vpp-/GND I

Figure 55. Series-Resistance Circuit
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APPLICATION INFORMATION

macromodel information

Macromodel information provided is derived using PSpice® Parts™ model generation software. The Boyle
macromodel and subcircuit in Figure 56 are generated using the TLV2264 typical electrical and operating
characteristics at Ta = 25°C. Using this information, output simulations of the following key parameters can be
generated to a tolerance of 20% (in most cases):

® Maximum positive output voltage swing ® Unity-gain frequency
® Maximum negative output voltage swing ® Common-mode rejection ratio
® Slew rate ® Phase margin
® (Quiescent power dissipation ® DC output resistance
® |nput bias current ® AC output resistance
® Open-loop voltage amplification ® Short-circuit output current limit
NOTE 5: G.R.Boyle, B.M.Cohn, D. O. Pederson, and J. E. Solomon, “Macromodeling of Integrated Circuit Operational Amplifiers”, IEEE Journal
of Solid-State Circuits, SC-9, 353 (1974).
3
VDD + L 4 ®
>
RSS g él ISS
RP <
IN E a1 1° -
A op li‘ ‘El
IN+ . 2
1 1 oo 12
>
RD1 %j’ RD2
60
w 3P
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4 i,
VE out
SUBCKTTLV226412345 RD1 60 11 47.51E3
c1 1.372E-12 RD2 '60 12 47.51E3
C2 6 7 10.00E-12 RO1 &6y 120
DC 5 53 DX R02 7 -.498 . 120
DE 54 5 DX RP 3 4 1542E3
DLP 90 91 DX RSS 10 99  36.36E6
DLN 92 90 DX VAD 60 4 -6
DP 5 92 - DX VB g b DGO
EGND 99 0 POLY @) (30) go&o 5.5 VC 3 &3 DC.58
99 Y (5) VB VE 54 4 DC.58
+VLN01979E6-40E640E640E6-40E6 VEM. 7 8 . DCO
GA 0 11 1221.05E-6 VLP 91 0 DCO
GCM o 6 10  997.486E-9 VLN 0 92 DC54
1SS 3 10 DC5.500E-6 .MODEL DX D (IS=800.0E-18)
HUM 9 0 VLMIK .MODEL JX PJF (1S=500.0E-15 BETA=161.1E-6
J1 T 2 10 +VTO=—.
J2 121 4 10 JX .ENDS
R2 6 9  100.0E3

Figure 56. Boyle Macromodel and Subcircuit

PSpice is a registered trademark of MicroSim Corporation.
Parts is a trademark of MicroSim Corporation.
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TLV2322|, TLV2322Y
LinCMOS™ LOW-VOLTAGE LOW-POWER
DUAL OPERATIONAL AMPLIFIERS

SLOS109 — MAY 1992

o Wide Range of Supply Voltages Over D OR P PACKAGE
Specified Temperature Range: (TOP VIEW)
= -40° PG a2V v
Ta = —40°C to 85°C to8 1ouT [ U P

® Fully Characterized at3Vand5V 1IN- i  20UT
® Single-Supply Operation 1IN+ [] ] 2IN-
® Common-Mode Input Voltage Range Vpp-/GND [] ] 2IN+
Extends Below the Negative Rail and up to
Vpp -1V atTy =25°C PW PACKAGE
e Output Voltage Range Includes Negative (TOP VIEW)
Rail
® High Input Impedance . . . 1012 Q Typical 1?#: % ;
e ESD-Protection Circuitry 1IN+ CI13
® Designed-In Latch-Up Immunity Vpp -/GND I3 4

B WN =
O o N

= T Vpp.+

T 20UT
11 2IN-
C 1] 2IN+

O o N ™

description SUPPLY CURRENT
vs
The TLV2322 dual operational amplifier is one of FREE-AIR TEMPERATURE

a family of devices that has been specifically 35 : :
designed for use in low-voltage single-supply \ Vig=1V
applications. This amplifier is especially well Vo=1V
suited to ultra-low-power systems that require No Load
devices to consume the absolute minimum of - \

Vpp=5

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.

20

N
15 ~

Vpp=3V \

10

Ipp - Supply Current - pA
/
I

These amplifiers are specifically targeted for use
in very low-power, portable, battery-driven
applications with the maximum supply current per 5
operational amplifier specified at only 27 pA over
its full temperature range of —40°C to 85°C.

0
Low-voltage and low-power operation has been =75 -50 -25 0 25 50 75 100 125
made possible by using the Texas Instruments TA —Free-Alr Temperature - °C
silicon-gate LinCMOS™ technology. The LinCMOS process also features extremely high input impedance and
ultra-low bias currents making these amplifiers ideal for interfacing to high-impedance sources such as sensor
circuits or filter applications.

AVAILABLE OPTIONS

- PACKAGED DEVICES
TA A s | SMALLOUTLINE | PLASTICDIP | TSSOP CH'F;)C’RM
(D) (P) (PW)
—40°C1085°C | omv TLV2322ID TIV2322iP | TLV2322IPWLE | 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
ST W Toyas
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TLV2322|, TLV2322Y
LinCMOS™ LOW-VOLTAGE LOW-POWER
DUAL OPERATIONAL AMPLIFIERS

SLOS109 — MAY 1992

description (continued)

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-shrink small-outline packages (TSSOP). The TSSOP package has
significantly reduced dimensions compared to a standard surface-mount package. lts 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
TLV2322 incorporates internal ESD-protection circuits that 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 can result in the degradation of the device parametric performance.

TLV2322Y chip information

This chip, when properly assembled, displays characteristics similar to the TLV2322|. Thermal compression or
ultrasonic bonding may be used on the doped aluminum bonding pads. Chips may be mounted with conductive
epoxy or a gold-silicon preform.

BONDING PAD ASSIGNMENTS
Vbp
(8)

Bl
Lal

1Ne BT

9! 10UT
et L8hrie

2N+ B I

20UT
pea 1

4)
Vpp-/GND

CHIP THICKNESS:
15 TYPICAL

BONDING PADS:
4 x 4 MINIMUM

Tymax = 150°C

& 72 1l TOLERANCES
(V1 PR TP ML SO Y PR P e e ARE +10%.

ALL DIMENSIONS
ARE IN MILS.

0 B il L Lo oL sk o e
o
@

7

4
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TLV2322l, TLV2322Y
LinCMOS™ LOW-VOLTAGE LOW-POWER
DUAL OPERATIONAL AMPLIFIERS

SLOS109 — MAY 1992

TLV2322I equivalent schematic (each amplifier)

IN+

Vbp
£ % A
Eps P4
| i R6
F = 9
P1 P2
froe - M/
Rt —i! A2 0—‘|—
RS c1 P5 _ P6
i ¢ re
AN ¢ f;:}r'j»
] gt
o g
L o ®
s ouT
L —
— g Sam N4
e = |
N1 | N2 b
L — — N7
R3 D1 R4 D2 "I ®
{m

GND

COMPONENT COUNT T

Transistors 54
Diodes 4
Resistors 14
Capacitors 2

T Includes both, amplifiers and
all ESD, bias, and trim circuitry
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LinCMOS™ LOW-VOLTAGE LOW-POWER
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absolute maximum ratings over operating free-air temperature (unless otherwise noted)t

Supply vollage  Mpp(See NOIB 1) - . ... . o Taee L a T o Mg N s e aiviiis bslsiie s st mimbpea simial oot m el s 8V
Differential INpUE N O O SR IO D ) . N e ceee s s sanres oo cnens o be ngers ».amp sl inlorn o/arwios ala e Vppt
inputvoltagerangs, \B ARV INPUL) . .. .. g e oaisesios s isametanssn pas 4 » = sasinda s -0.3VtoVpp
Input CUEEEnt IR s Tor bt & . T L S R e atass e P o R T e e A +5 mA
T T e S S RS, ey e TS e S e (R TR A S e +30 mA
Duration of short-circuit current at (or below) Ta =25°C (seeNote 3) ...........ccvviivinnn... unlimited
ContinupUSHBIalCISSIDBUONY .« . &, <ol o b et s e simissn «oabsl e aisme me See Dissipation Rating Table
Operating free-air temperature range, TA | -« ... .. annmnsspais s sosiossssvales hosmmahimns —40°C to 85°C
Storage temperalure teange 1. P . i sinn B e R —-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

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

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).

DISSIPATION RATING TABLE
PACKAGE Ta<25°C DERATING FACTOR Ta =85°C
POWER RATING ABOVE Tp =25°C POWER RATING
D 725 mV 5.8 mW/°C 377 mW
P 1000 mV 8.0 mW/°C 520 mW
PW 525 mV 4.2 mW/°C 273 mW
recommended operating conditions
MIN MAX | UNIT
Supply voltage, Vpp 2 8 Vv
Vpp=3V -0.2 T
Common-mode input voltage, V|c . : : '
Vpp=5V -02 38
Operating free-air temperature, Tp -40 85 °C

2-66
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electrical characteristics at specified free-air temperature

TLV2322]
PARAMETER TEST CONDITIONS Taf Vpp=3V Vpp=5V UNIT
MIN TYP MAX MIN TYP MAX
Vo=1V, 25°C 1.1 9 1.1 9
Vic=1V,
Vio Input offset voltage Rs =509, mV
RL=1MQ Full range 1 1
Average temperature coefficient 25°C to N
VIO o input offset voltage 85°C ! il i
Vo=1V, 25°C 0.1 0.1
| Input offset current (see Note 4 2 A
i . : : Vic=1V 85°C 22 1000 24 1000]|
L Vo=1V, 25°C 0.6 0.6
| Input bias current (see Note 4 ’ A
o s : ] Vic=1V 85°C 175 2000 200 2000| "
-02 -03 -02 -03
25°C to to to to Vv
v Common-mode input 2, 23 4142
ICR voltage range (see Note 5) -0.2 -0.2
Full range to to v
1.8 3.8
Vic=1V, 25°C 1.75 1.9 3.2 3.8
VoH  High-level output voltage V|p =100 mV, '
IOH =—-1mA Full range 17 3
Vic=1V, 25°C 115 150 95 150
VoL Low-level output voltage Vip =-100 mV, mV
loL=1mA Full range 190 190
. Large-signal differential ;'C W 1‘~¥ ' 25°C 50 400 50 520 g
VD \oltage amplification s LG /mV.
See Note 6 Full range 50 50
Vo=1V, 25°C 65 88 65 94
CMRR Common-mode rejection ratio V|c = VICRmin, dB
Rg=50Q Full range 60 60
” Supply-voltage rejectionratio  [Vic=1V, Vo=1V, 25°C 70 86 70 86 o
SVR  (avpp/avipo) Rg=500Q Fulrange | 65 65
Vo=1V, Vig=1V, | 25°C 12 34 20 34
| Supply current
e iy No load Full range 54 54 A

1 Full range is —40°C to 85°C.

NOTES: 4. The typical values of input bias current and input offset current below 5 pA are determined mathematically.
5. This range also applies to each input individually.
6. AtVpp=5V,VopPp)=025Vto2V;atVpp=3V,Vo=05Vto 1.5
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operating characteristics at specified free-air temperature, Vpp =3 V

PARAMETER TEST CONDITIONS T i UNIT
o MIN _TYP MAX
Vic=1V, Vipp)=1V, 25°C 0.02
SR Slew rate at unity gain RL=1MQ, Cp =20 pF, Vius
See Figure 30 85°C 0.02
: . : f=1KkHz, Rg =100, .
Vn Equivalent input noise voltage See Figure 31 25°C 68 nVAHz
: ? . Vo =VOoH: CL=20pF, 25°C 2.5
Bom Maximum output swing bandwidth AL=1MQ, See Figure 30 35°C 7y kHz
o b : Vi=10mV, CL =20 pF, 25°C 27
B4 Unity-gain bandwidth RL=1MQ See Figure 32 35°C Y kHz
Vi=10mv, f=By, —40°C 3¢
om Phase margin CL =20 pF, RL=1MQ, 25°C 34°
See Figure 32 85°C 28°
operating characteristics at specified free-air temperature, Vpp =5V
PARAMETER TEST CONDITIONS T, — I UNIT
A MIN _TYP MAX
25°C 0.03
;IG ¢ 1J- Vipp) =1V 5°C =
—— =1MQ, e .
SR Slew rate at unity gain L \
ity g CL=20pF, [0 M 25°C 0.03 =
See Figure 30 5 e 85°C 0.02
f=1kHz, Rg = 100
Vn Equivalent input noise voltage 1 ? 8 <% 25°C 68 nVAWHz
See Figure 31
BoMm Maximum output swing bandwidth Vo =VoH. O =20 5, - kHz
RL=1MQ, See Figure 30 85°C 4
. . Vi=10mV, CL =20 pF, 25°C 85
B4 Unity-gain bandwidth RL=1MQ See Figure 32 s P kHz
Vi=10my, f=By, —40°C 38°
om Phase margin C| =20 pF, RL=1MQ 25°C 34°
See Figure 32 85°C 28°
s INSTRUMENTS
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TLV2322l, TLV2322Y

LinCMOS™ LOW-VOLTAGE LOW-POWER
DUAL OPERATIONAL AMPLIFIERS

SLOS109 — MAY 1992

electrical characteristics, Tp = 25°C

TLV2322Y
PARAMETER TEST CONDITIONS Vpp=3V Vpp=5V UNIT
MIN TYP MAX| MIN TYP MAX
Vo=1V,Vic=1V,
Vio Input offset voltage Rg =500, RL=1MQ 1.4 9 1.1 9 mV
o Input offset current (see Note 4) | Vo =1V, Vic=1V 0.1 0.1 pPA
B Input bias current (see Note4) |Vo=1V,Vic=1V 0.6 0.6 pA
" Common-mode input voltage PRE e s
ICR Note 5) to to to to v
range (see 2 2.3 4 4.2
! Vic=1V, Vip=-100mV,
VOH High-level output voltage Ior =—1mA 1 .7?’: 1.9 3.2 3.8 Vv
. Vic=1V, V|p = 100 mV,
VoL Low-level output voltage oL =1 mA 115 150 95 150 | mVv
Large-signal differential voltage |Vic =1V, RL=1MQ,
Avp amplification See Note 6 50 400 50 520 oy
CMRR Common-mode rejection ratio Vo =1V, Vic = Vicrmin, 65 88 65 94 dB
Rg=50Q
Supply-voltage rejection ratio Vo=1V, Vic=1V,
ksVR (AVpD /AViD) Rg =500 70 86 70 86 dB
Vo=1V,Vigc=1V,
IbD Supply current No load 12 34 20 34 pA

NOTES: 4. The typical values of input bias current offset current below 5 pA are 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

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 pjenperpre AL
vs Differential input voltage 10
vs Low-level output current 12
! . vs Supply voltage 13
AVD Large-signal differential voltage amplification
vs Temperature 14
lig/lio  Input bias and offset currents vs Temperature 15
Vic Common-mode input voltage vs Supply voltage 16
50 P — vs Supply voltage 17
vs Temperature 18
SR s vs Supply voltage 19
vs Temperature 20
Vo(pp) Maximum peak-to-peak output voltage vs Frequency 21
5 : e vs Temperature 22
B4 Unity-gain bandwidth
vs Supply voltage 23
AvD Large-signal differential voltage amplification vs Frequency 24,25
vs Supply voltage 26
om Phase margin vs Temperature 27
vs Load capacitance 28
Vn Equivalent input noise voltage vs Frequency 29
Phase shift vs Frequency 24,25
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TYPICAL CHARACTERISTICS

DISTRIBUTION OF TLV2322 DISTRIBUTION OF TLV2322
INPUT OFFSET VOLTAGE INPUT OFFSET VOLTAGE
50 ] [ 70 T T
Vop =3V TaD25C
Ta = 25°C 60 PAP;cka e
40 P Package "
; f®
2 2
s 5 4
s F
§= = g 3
8 8
: g
10
10
0 0 -
-5 -4 -3 -2 4 0 1 2 83 .].4 & -5 -4 -3 -2 4 0 1 23394 5
Vio - Input Offset Voltage — mV Vo - Input Offset Voltage — mV
Figure 1 Figure 2
DISTRIBUTION OF TLV2322 DISTRIBUTION OF TLV2322
INPUT OFFSET VOLTAGE INPUT OFFSET VOLTAGE
TEMPERATURE COEFFICIENT TEMPERATURE COEFFICIENT
50 it gl A | 70 ey
Vpp=3V Vpp=5V
Ta = 25°C to 85°C Ta =25°C t0 85°C
P Package 60 P Package
40 Outliers:
a | (1) 19.2mv/°C
. S 5 (1)12.1 mvre
2 2
5 % S 40
L] k]
g g
30
o & 20
10
10
0
-10-8 -6 -4 -2 0 2 4 6 8 10 -10 -8 -6 -4 -2 0 2 4 6 8 10
ay]o — Temperature Coefficient — pV/°C ay|o — Temperature Coefficient — uV/°C
Figure 3 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

Vs

TYPICAL CHARACTERISTICS
HIGH-LEVEL OUTPUT VOLTAGE

HIGH-LEVEL OUTPUT CURRENT

Vic=1V
Vip = 100 mV
& Ta =25°C
\\ Vpp=5V
1\
Vpp=3V
\N
0 -2 -4 -6 -8
loH - High-Level Output Current - mA
Figure 5
HIGH-LEVEL OUTPUT VOLTAGE
Vs
FREE-AIR TEMPERATURE
F
Vpp=3V
Vic=1V
L Vip =100 mV
,
1
—— |4
T i
IoH = -500 pA U
IoH=-1mA -
— loH=-2mA
loH=-3mA o L /
IoH=-4mA
-75 -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

HIGH-LEVEL OUTPUT VOLTAGE
vs
SUPPLY VOLTAGE

1
Vic=1V
Vip = 100 mV
RL=1MQ
Ta =25°C

Vi

i

A"

7

N

%

2 4

6

Vpp - Supply Voltage -V

Figure 6

LOW-LEVEL OUTPUT VOLTAGE
vs
COMMON-MODE INPUT VOLTAGE

TA

[ |
Vpp=5V
loL=6mA 1

=25°C

N

.

\y\\

e, Y

05 1 16 2 25 '3 35 4
V|c — Common-Mode Input Voltage — V

Figure 8
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VoL —Low-Level Output Voltage — mV

VoL —Low-Level Output Voltage — mV

TYPICAL CHARACTERISTICS

LOW-LEVEL OUTPUT VOLTAGE
Vs
FREE-AIR TEMPERATURE
200 T T
Vpp=3V
185 yia=1v
| Vjp=-100mV
e loL=1mA
155 v
140 ,/
125 ,/
110 /,/
95 7
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
200 T T
Vpp=5V
800 = yic=05V
Vip=-1V
700 = o =5 mA
-
600 //
500 ]
400 /,//
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 — mV

700

600

500

400

300

200

100

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

LOW-LEVEL OUTPUT VOLTAGE
VS
DIFFERENTIAL INPUT VOLTAGE

T T
Vpp=5V
Vic=IVip/2l |

loL=5mA
Ta =25°C

0 =1

-2 -3 -4 -5 -6
V|p - Differential Input Voltage -V

-7 -8

Figure 10

LOW-LEVEL OUTPUT VOLTAGE
Vs
LOW-LEVEL OUTPUT CURRENT

| Vic=1V
Vip=-1V
| TA=25°C

p—
VDDﬂ/Vé

Vpp=3V

y 4

P

P

0 1 2 3 4 5 6 7 8

loL — Low-Level Output Current - mA

Figure 12

*’?TEXAS

INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

2-73



TLV2322l, TLV2322Y
LinCMOS™ LOW-VOLTAGE LOW-POWER
DUAL OPERATIONAL AMPLIFIERS

SLOS109 - MAY 1982

TYPICAL CHARACTERISTICS
LARGE-SIGNAL LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION DIFFERENTIAL VOLTAGE AMPLIFICATION
Vs vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
2000 2000 T
RL =1MQ RL=1MQ
}‘,!’, 1800 g 1800
g 1600 g 1600
£ 3
£ > 1400 =5 1400
SE 5 A SE
27 1200 A= S35 1200
o g =) é
T S 1000 =S 1000
53 e 53 i
2Z 800 ?E 800
8§ 600 // cdpeetgis |~ BE L ™, Voo=sV
<
i ///(TA =25°C . VDD =3V SN
e 400 o 400 §§
: 71 :
200 200
V Ta = 85°C
0 L 0
0 2 4 6 8 -75 -50 -25 0 25 50 75 100 125
Vpp - Supply Voltage - V Ta - Free-Air Temperature - °C
Figure 13 Figure 14
INPUT BIAS CURRENT AND INPUT OFFSET COMMON-MODE INPUT VOLTAGE
3 CURRENT POSITIVE LIMIT
VS Vs
FREE-AIR TEMPERATURE SUPPLY VOLTAGE
Al — = — —————— 8
\ E Vpp=3V TA =25°C
,2 - Vic=1V
" See Note A
§ g ———————— I .
- o
: : 4
>
o 102 e=———— B E “ /
[ (<%
: X x4
© o
E 101 2 /
2 = === o F=——— 4 /
£ Z - 2
| 7 7
o E 2
- 1 4 8 /
= 1
- s ]
@ e >
0.1 LL 0
25 45 65 85 105 125 0 2 4 6 8
Ta — Free-Air Temperature — °C Vpp - Supply Voltage -V
NOTE A: The typical values of input bias current and input offset current Figure 16

below 5 pA were determined mathematically.

Figure 15
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Ipp - Supply Current —pA

SR - Slew Rate — V/us

45

40

30

25

20

15

10

0.07

0.06

0.05

0.04

0.08

0.02

0.01

TYPICAL CHARACTERISTICS

SUPPLY CURRENT SUPPLY CURRENT
vs vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
35 I
Vic=1V |
Vo=1V v af y z|c =11\)l
No Load 0= i
i3 / i ‘\ No Load
=
7 et W
Ta =—40°C // / E DD =
TA=25°C | a |0
/ /,/ 'E 1 \\ N~
7 N
/ /// c N
////TA = 85°C 8 1w Vbp=3V
.
/// 5
0
0 2 4 6 8 -75 -50 -25 0 25 50 75 100 125
Vpp - Supply Voltage -V TA —Free-Air Temperature - °C
Figure 17 Figure 18
SLEW RATE SLEW RATE
vs Vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
: 0.07 T
Vic=1V Vic=1V
L Viep)=1V Vipp)=1V
A\;=1) 006 al7]
RL=1MQ RL =1MQ
| CL=20pF 0.05| CL=20pF
Ta =25°C 2
] >
= é 0.04 \\
/ S5 \&D =5V
2 0.03 ~
/ f ﬁ? \\ T~
/ =002 [~ VDDI= 8 V& — =
0.01
/
0
o 2 4 6 8 -75 -50 -25 0 25 50 75 100 125
Vpp - Supply Voltage - V TA - Free-Air Temperature — °C
Figure 19 Figure 20
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VO(PP) —Maximum Peak-to-Peak Output Voltage — V

TYPICAL CHARACTERISTICS

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE UNITY-GAIN BANDWIDTH
Vs Vs
FREQUENCY FREE-AIR TEMPERATURE
5 140
[ lv
T
4 g \\ Cp =20pF
TA = —40°C T \
3 Ta =25°C| g 95 \Vno 5V
& N
Vpp=3V 2 = N
2 3 65 \
2 N
[
1 el
Ta = 85°C ol =
\:::_ -] o \\ Vpp=3V
RL=1MQ l B .
N - ” T
0.1 1 10 100 -75 -50 -25 0 25 75 100 125
f - Frequency — kHz Ta - Free-Air Temperature - °C
Figure 21 Figure 22
UNITY-GAIN BANDWIDTH
Vs
SUPPLY VOLTAGE «
120 T T
Vi=10mV
10— R =1 MQ
£ CL =20pF
z 1001~ 15 =25°C =
£ o
g 80 //
a
e 10 /
g S /
:'-Ii 50
g . /
30
20
O Wi~ 28 g g %e g Tig

Vpp - Supply Voltage -V

Figure 23
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TYPICAL CHARACTERISTICS

LARGE-SIGNAL DIFFERENTIAL VOLTAGE
AMPLIFICATION AND PHASE SHIFT

POST OFFICE BOX 665303 ® DALLAS, TEXAS 75265

Vs
FREQUENCY
7 r e
8 Vpp=3V -
6 RL=1MQ _| R
10 cL=20pF |30
. Ta=25°C
] 10 N -0°
-
o
g % 104 \ ¥
£ 3 £
8 g \ \\AVD @
g g 103 60> &
2 g £
(73 o
g § 102 90°
8% Phase Shift
>
g 101 120°
>
¥ 1 \ 150°
0.1 180°
1 10 100 1k 10k 100k 1M
f — Frequency — Hz
Figure 24
LARGE-SIGNAL DIFFERENTIAL VOLTAGE
AMPLIFICATION AND PHASE SHIFT
Vs
FREQUENCY
107 T -60°
Vpp=3V -
o RL=1MQ | "
100 CL=20pF |~
i \ Tp = 25°C
] 10 N -0°
-
$ § \
k-] 104 300 £
£ 8 N =
SE NAvD H
T o 3 o
Eg 10 60
S
g3 N -
3 g 102 90°
S Phase Shift
3s
] 101 120°
(=]
<
1 N 150°
0.1 & 180°
1 10 100 1k 10k 100k 1M
f - Frequency - Hz
Figure 25
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TYPICAL CHARACTERISTICS

PHASE MARGIN PHASE MARGIN
vs vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
42° °
Vi=10 mll - Vi l 3 {[
| RL=1Mma 38 ~N i
40°— ¢ =20 pF =
Ta =25°C Vpp=5V
34°
£ 38 £
[=] o
e - 320
2 2 \
g e g N
z [ AN
[ 1 28°
E g4 —— E
= / < 26°
24°
32° Vi=10 mV
22° — RL=1MQ
CL =20 pF
3°° 200 1 1
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° 290 T T T 1
age lé Vpp=3V,5V
S 175 N\ Rg =100 Q e
= Ta = 25°C
36° ]
T~ Vpp=3V % 150 \
e WP ——— 3 \
® -N\‘\ T T N
s 32 8 N
= Vpp=5V B \.
E 30° § 100
(-8
::- 28° .'E.- 75 \\\
S o S g
2 50
=
24° o
Vi=10mV w
220 | RL=1MQ e 25
Ta = 25°C -
20° Il L 0
0 10 20 30 40 50 60 70 80 90 100 1 10 100 1000
C\. - Load Capacitance - pF f - Frequency — Hz
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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 gives

the same result.

Vbp

o vt g
+

Vo
i "—t T
CL = RL /l CL SRL

1 1 T
= = Vpp-
(a) SINGLE SUPPLY (b) SPLIT SUPPLY
Figure 30. Unity-Gain Amplifier
10 kQ 10 kQ
AN AAA-
Vpp VDD +

100 Q

12 VDD—{ [ — Vo N — Vo
+

100Q
100 Q 100 Q
;3 Vpp-
(a) SINGLE SUPPLY (b) SPLIT SUPPLY
Figure 31. Noise Test Circuits
10 kQ 10 kQ
AA AAA
Vop VoD +
100Q 100 Q
VI— WA~ = Vi —\WA- >
el Vo Vo
] R/ T —— ) £
I CL ~CL
T 7= = Vpp-
(a) SINGLE SUPPLY (b) SPLIT SUPPLY

Figure 32. Gain-of-100 Inverting Amplifier
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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:

® |solate 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 are shunted away.

® 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.

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 a test socket to obtain a correct reading; therefore, an open-socket reading
is not feasible using this method.

1 4

Figure 33. Isolation Metal Around Device Inputs
(P Package)

V=Vic

low-level output voltage

To obtain low-level supply-voltage operation, some compromise is necessary in the input stage. This
compromise results in the device low-level output voltage 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 the 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 results in leakage and contact resistance that 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. These measurements should 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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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.

VA RVE T B

(a) f = 100 Hz (d) Bom > f > 100 Hz (d)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.

APPLICATION INFORMATION
single-supply operation

While the TLV2322 performs well using dual- Vpp
power supplies (also called balanced or split
supplies), the design is optimized for single- R2
supply operation. This includes an input common- VWV
mode voltage range that encompasses ground as
well as an output voltage range that pulls down to R1
ground. The supply voltage range extends down Vi A N
to 2 V, thus allowing operation with supply levels >0 Vp
commonly available for TTL and HGMOS. [TLER426 | —— 2 s
DD~

Many single-supply applications require that a Vo= ( 2 )
voltage be applied to one input to establish a i
reference level that is above ground. This virtual = =

v
Rz _ Yoo

R1 2

ground can be generated using two large
resistors, but a preferred 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 is
suitable for supply voltages of greater than 4 V.
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single-supply operation (continued)

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:

® 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.

® 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.
! ) ! |
Logic Logic Logic = ga\::{y
: . _ e |
i i 5 K

(a) COMMON-SUPPLY RAILS

2 ki |
[ ? IR e 87
Power

| . : t oot

(b) SEPARATE-BYPASSED SUPPLY RAILS (PREFERRED)

\|
YAl
Al

Logic Logic Logic =

e

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 the range limit includes the negative rail, while the upper range limit
is specified at Vpp — 1 V at Ta = 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 Measurement 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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input characteristics (continued)
AN A

¢ V| —W——4
— Vo I — Vo — Vo
Vi v

noise performance

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

Figure 37. Guard-Ring Schemes

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 result in a very low noise current,
which is insignificant in most applications. This feature makes the device 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 _Cb_

employ feedback, and since feedback is the first
prerequisite for oscillation, 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 i»

capacitor is optimized empirically.

electrostatic-discharge protection * g

The TLV2322 incorporates an internal Figure 38. Compensation for Input Capacitance

electrostatic-discharge (ESD)-protection circuit

that prevents 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 can 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 outputs 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
should not by design be forward biased. Applied input and output voltage should not exceed the supply voltage
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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 occurring increases with increasing temperature and supply voltages.

output characteristics

The output stage of the TLV2322 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 the TLV2322 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 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 occurs. 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 TLV2322 are
measured using a 20-pF load. The device drives

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 Figure 41). In many cases, adding

Vpbp

L

| Vap -V
V P i (o]
' $— o Rp =+ +1g
FTL™'p
— Vo
I Ip = Pullup Current
« QL S Required by the
g Vil ' Operational Amplifier
9 (typlcally 500 A)

i’m lLli’nL

Figure 39. Resistive Pullup to Increase Vgu

Vi *

TA=25°C
f=1kHz
Vipp)=1V

Vo

=25V

Figure 40. Test Circuit for Output Characteristics

some compensation in the form of a series resistor in the feedback loop alleviates the problem.
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output characteristics (continued)

B
} by

(a) CL = 20 pF, R = NO LOAD (b) C = 260 pF, R = NO LOAD (¢) CL =310 pF, R = NO LOAD

Figure 41. Effect of Capacitive Loads
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Wide Range of Supply Voltages Over
Specified Temperature Range:

D OR N PACKAGE

(TOP VIEW)
Ta=-40°Ct085°C...2Vto8V
® Fully Characterizedat3Vand 5V 10ouTll 1 ~ 14[] 40UT
e Single-Supply Operation 1N-l2 134N~
e Common-Mode Input-Voltage Range IN+[l3 12 4N+
Extends Below the Negative Rail and up Vpp,fJ4  11]]Vpp/GND
to Vpp -1 V at 25°C 2IN+[l 5 10{] 3:: +
L] IC:‘);.lltlput Voltage Range Includes Negative :(;TJ;E 3 Z % ";OUT
® High Input Impedance . . . 1012 Q Typical
® ESgD-PrztectI:n Circuitry . i sy
(TOP VIEW)
® Designed-In Latch-Up Immunity
10UT ——|°1 14/F— 40UT
description TIN=EE —=— 4IN—
1IN + &= T 4IN +
The TLV2324 quad operational amplifier is one of Vpp:+ B —— Vpp -/GND
a family of devices that has been specifically gm+ ;'i E g:r’j +
designed for use in low-voltage single-supply = o
applications. This amplifier is especially well AT ol R oaut
suited to ultra-low power systems that require
devices to consume the qb_solyte minimur_‘n of SUPPLY CURRENT
supply currents. Each amplifier is fully functional S
down to a minimum supply voltage of 2 V, is fully FREE-AIR TEMPERATURE
characterized, tested, and specified at both 3-V 120 R
and 5-V power supplies. The common-mode Vic=1V
input-voltage range includes the negative rail and “0: 1 L’
extends to within 1 V of the positive rail. 4 | s
These amplifiers are specifically targeted for use T !
in very low-power, portable, battery-driven E
applications with the maximum supply current per §
operational amplifier is specified at only 27 pA ‘i 60 AN
over its full temperature range of —40°C to 85°C. g \ Vpp=5V
Low-voltage and low-power operation has been K e 3l
made possible by using the Texas Instruments 2 ‘\)\
silicon-gate, LinCMOS™ technology. The Y Vpp =3V T
LinCMOS process also features extremely high
input impedance and ultra-low bias currents 0 I I
making them ideal for interfacing to high- -75 -50 -25 0 25 50 75 100 125
impedance sources such as in sensor circuits or Ta — Free-Air Temperature —°C
filter applications.
AVAILABLE OPTIONS
AR S PACKAGED DEVICES bt o
TA A¥°25°c SMALL OUTLINE [ PLASTIC DIP TSSOP ™
(D) (N) (PW)
-40°C to 85°C 10 mV TLV2324ID TLV2324IN | TLV2324IPWLE | 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.

PRODUCTION DATA information Is current as of publication date.
Products col mmmomwmmor exas Instruments i

warranty. P y Include
testing of all parameters.
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description (continued)

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-shrink small-outline package (TSSOP). The TSSOP package has
significantly reduced dimensions compared to a standard surface-mount package. lts 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 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

This chip, when properly assembled, display characteristics similar to the TLV2324l. 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.

A AR A A A A AN

BONDING PAD ASSIGNMENTS
Vbp

@)
1IN+ & + (1)
@ 10UT
1IN- — =

2IN+ i +

@)

20UT
2IN- —‘9’——>
8

y 3ouT

»l
Ll

&

ane (19

3|N_(_9)__._

KE < 4IN 19y +
< | L B ! * 09 sour
rm;u._- lf: ' (3\(4 5) = v e 09|
¢ 108 (11)

|III|I|I||ll|||I|I|I|I'I'I|l|l|||I|llI|l|I|I|l|||I|l|I|||l|I|||I|I|I|l|l|||l|ll||||l||'l|l|l|l| VDD_[GND

[”)
N

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

TOLERANCES ARE +10%.

ALL DIMENSIONS ARE IN MILS.

PIN (12) IS INTERNALLY CONNECTED
TO BACKSIDE OF CHIP.
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TLV2324I equivalent schematic (each amplifier)

I
i

doa

-\WN—@

P4
I’T

P1 P2 N5

IN- == =i =
R1 = —i! R2 0—,!——
IN+ -
C1 5 P6
At BT
= —
= e
q e Py
L ouT
— —
s O | e N
e b=
N1 | N2 | -
L — —
R3 D1 R4 D2 P N7
g R
@ & & B o <
GND
COMPONENT COUNTT
Transistors 108
Diodes 8
Resistors 28
Capacitors 4

tincludes all amplifiers, ESD,
bias, and trim circuitry
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absolute maximum ratings over operating free-air temperature (unless otherwise noted)t

BRI ORI R MBS 1) ..« oo ol o R s dialelimin = mdistm o alazora plo i e 981e 8 gcssbin b obalon e v7a18 5 8V
Differentialinpit voltage . Vip-(866 NOte.2).. ..ot il oesuimmmmievmvmniodBury o o o s s s0n o s woie s VpD+
inpuil vollage renge; iV (anyianpul) .. oucb. s oeea Bl oo s oniehae s ainlain. oo B8 BB L -0.3VtoVpp
DR U A S S Rt B . . st |9 e e SR S +5 mA
TR T T R S R e ISR LT R KBRS SRS - o T e L +30 mA
Duration of short-circuit current at (or below) Ta =25°C (seeNote 3) ........ccovvuiinninnnnn.. unlimited
Continueus oIl dIBSIDAHON: ... . .. .« b« eresednnnsimnsnesaissssasetsssse See Dissipation Rating Table
Operating free-air temperaturerange, TA  «...voiuriiiiiiiininiiiiniiiiineeennnnenns —40°C to 85°C
Storagetemperaturarante - - . .. . o pediib oo s do volos o oo diiome » o Sl —-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 “recommended operating conditions” is notimplied.
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).

DISSIPATION RATING TABLE

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

recommended operating conditions

MIN MAX | UNIT
Supply voltage, Vpp ' 2 a8l Vv
. Vpp=3V -0.2 1.8
Common-mode input voltage, V|c v
Vpp=5V -0.2 3.8
Operating free-air temperature, Ta -40 85 °C
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electrical characteristics at specified free-air temperature

TLV2324]
PARAMETER TEST CONDITIONS Taf Vpp=3V Vpp=5V UNIT
MIN TYP MAX| MIN TYP MAX
x0=‘1‘<; 25°C 11 10 11 10
Vio  Inputoffset voltage RISC:SO - mV
RL=1 MO Full range 12 12
Average temperature coefficient 25°C to o I
WIO input offset voltage 85°C s i i
I Input offset current (see Note 4) Vor 1Y, = - . pA
- . Vic=1V 85°C 22 1000 24 1000
| Input bias current (see Note 4) Vo=1V, 2% s o A
- " Vic=1V 85°C 175 2000 200 2000] "
-02 -03 -02 -03
25°C to to to to Vv
v Common-mode input 2 2.3 & 4.2
ICR voltage range (see Note 5) -0.2 -0.2
Full range to to Vv
1.8 3.8
Vic=1V, 25°C 1.75 1.9 3.2 3.8
VoH High-level output voltage Vip =100 mV, Vv
IoH=-1mA Full range 17 3
Vic=1V, 25°C 115 150 95 150
VoL Low-level output voltage Vip ==100 mV, mV
loL=1mA Full range 190 190
e Large-signal differential \F/i:f:—-11h\1,§’2. 25°C 50 400 50 520 "
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=50Q Full range 60 60
. Supply-voltage rejection ratio Vic=1V,Vo=1V, 25°C 70 86 70 86 &
SVR  (avpp/avio) Rg=50Q Fulrange | 65 65
Vo=1V, Vic=1YV, 25°C 24 68 39 68
| Supply current
0 y No load Full range 108 e M
T Full range is —40°C to 85°C.
NOTES: 4. The typical values of input bias current and input offset current below 5 pA are determined mathematically.
5. This range also applies to each input individually.
6. AtVpp=5V,Vpopp)=025Vto2V;atVpp=3V,Vo=05Vto1.5V.
¥ Texas
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operating characteristics at specified free-air temperature, Vpp =3 V

PARAMETER TEST CONDITIONS T, b e UNIT
A MIN _TYP MAX
Vic=1V, Vipp) =1V, 25°C 0.02
SR Slew rate at unity gain RL=1MQ, CL =20 pF, Vlus
See Figure 30 85°C 0.02
‘ ! » f=1kHz, Rs=100Q, %
Vn Equivalent input noise voltage See Figure 31 25°C 68 nVV7/Hz
. 3 2 Vo =VOH, CL =20 pF, 25°C 25
Bom Maximum output swing bandwidth RL=1MQ, See Figure 30 50 % kHz
s : Vi=10mV, CL =20 pF, 26°C 27
B4 Unity-gain bandwidth RL=1MQ See Figure 32 35°C 21 kHz
Vj=10my, f=By, ~40°C 39°
om Phase margin CL =20 pF, RL=1MQ 25°C 34°
See Figure 32 85°C 28°
operating characteristics at specified free-air temperature, Vpp =5V
TLV2324|
PARAMETER TEST CONDITIONS TA MIN  TYP  MAX UNIT
25°C 0.03
Vic=1V, Vipp)=1V
SR Slew rate at unity gain AL = 106, e . Vips
i <A 17 $5G 25°C 0.03
See Figure 30 I(PP) = &- 85°C 0.02
3 . . f=1kHz, Rs =100Q, -
Vn Equivalent input noise voltage See Figure 31 25°C 68 nVAHz
; ; ; Vo =VOH: CL =20 pF, 26°C 5
Bom Maximum output swing bandwidth RL=1MQ See Figure 30 o T kHz
L . Vi=10mV, CL =20 pF, 25°C 85
B4 Unity-gain bandwidth RL=1MQ, See Figure 32 = — kHz
Vy=10mv, =By, —40°C 38°
om Phase margin CL =20 pF, RL=1MQ 25°C 34°
See Figure 32 85°C 28°
=t INSTRUMENTS
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electrical characteristics,Tp = 25°C

TLV2324Y
PARAMETER TEST CONDITIONS Vpp=3V Vpp=5V UNIT
MIN TYP MAX MIN TYP MAX

Vio Inputoffset voltage ;g - AOVA ;'&‘1’&"‘1 1.1 %40 11 10| 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

Common-mode input voltage g <ba <
VICR range (see Note 5) to to to to Vv

2 23 4 42
s Vic=1V, Vip =100 mV,
VoH High-level output voltage lop =1 mA 1.75 1.9 3.2 3.8 Vv
Vic=1V, V|p =100 mV,

VoL Low-level output voltage loL =1mA 115 150 95 150 mV

Large-signal differential voltage |Vic=1V, R =1MQ, J
AvD amplification (see Note 6) 50 400 50 520 V/imV
CMRR  Common-mode rejection ratio ‘F"O =LY Vic = Vicrmin, 65 88 65 94 dB

s=50Q

Supply-voltage rejection ratio Vo=1V, Vic=1V,

ksVR ¢ AVDD/AVID) Rg =500 70 86 70 86 dB
Vo=1V, Vic=1V,

IbD Supply current No loadd 24 68 39 68 HA

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

6. AtVpp=5V,V0=025Vto2V;atVpp=3V,Vo=05Vto15V.

*3
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TYPICAL CHARACTERISTICS
Table of Graphs
FIGURE
Vio Input offset voltage Distribution 1,2
ayjo Inputoffset 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 2 T?mperémré s
vs Differential input voltage 10
vs Low-level output current 12
AvD Large-signal differential voltage amplification 2 Supphy S 13
vs Temperature 14
Ig/io  Input bias and offset currents vs Temperature 15
Vic Common-mode input voltage vs Supply voltage 16
- g vs Supply voltage 17
vs Temperature 18
SR P— vs Supply voltage 19
vs Temperature 20
Vo(pp) Maximum peak-to-peak output voltage vs Frequency 21
By il gl Blcat vs Temperature 22
vs Supply voltage 23
AvD Large-signal differential voltage amplification vs Frequency - 24,25
vs Supply voltage 26
om Phase margin vs Temperature 27
vs Load capacitance 28
Vn Equivalent input noise voltage vs Frequency 29
Phase shift vs Frequency 24,25
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Percentage of Units — %

Percentage of Units — %

TYPICAL CHARACTERISTICS

DISTRIBUTION OF TLV2324 DISTRIBUTION OF TLV2324
INPUT OFFSET VOLTAGE INPUT OFFSET VOLTAGE
50 T T 70
Vpp=3V Vpp=5V
Ta =25°C TA =25°C
N Package 60 N Package
40
af 50
2
. 5 40
s
g
20
s
10
10
0 - 0 : .
-5 -4 -3 -2 -1 0 1 2 3 4 5§ -5 -4 -3 -2 -1 0 1 2 3 4 5
V|o - Input Offset Voltage — mV V|o - 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 T 70 T y
Vpp=3V Vpp=5V
TA =25°C to 85°C TA =25°C to 85°C
N Package 60| N Package Outllers:
40 (1) 19.2 mV/°C
(1) 12.1 mv/°C

30

S
Percentage of Units — %
S

10 -

10

) o & .
-10 -8 -6 -4 -2 2 A8 10 -10 -8 -6 -4 -2 0 2 4 6 8 1
ay|o — Temperature Coefficient — pV/°C ay|o - Temperature Coefficient — uv/°C
Figure 3 Figure 4
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TYPICAL CHARACTERISTICS
HIGH-LEVEL OUTPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE
vs vs
HIGH-LEVEL OUTPUT CURRENT SUPPLY VOLTAGE
5 T 8 T
Vic=1V Vic=1V
Vip =100 mV Vip =100 mV
> Ta =25°C > RL=1MQ
1 4™ | — DEO,
% % ’ Ta = 25°C /
§ \ Vpp=5V ;) /
- e 5
3 3 4
3 3
$ 2 wb =3V ;.‘.’
= =
) | ) /
T T~ T2
- 1 x
5 5 7
> >
0 0
-2 rA -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
Vpp=3V \ Vpp=5V
Vic=1V loL=5mA
> Vip = 100 mV o e o TA = 25°C
> 24 v E
g g °*
S 8 i
5 18 ——_4F=— S \
g — 7 5 \ Vip = -100 mV
o —— b g' 500
3 = 8 N
2 1.2 T N. N
5 IoH = —500 pA J g \ \
= loH=-1mA S 400 \\\\
T 06| loH=-2mA
2 loH=-3mA —/ / '6' Vip=-1V \\\\
IoH=-4mMA — > 350 ‘\‘\‘
™ o et ~—
-75 -50 -25 0 25 75 100 125 0 05 1 1.5 ST 25 3 35 4
Ta —Free-Air Temperature — °C V|c - Common-Mode Input Voltage — V
Figure 7 Figure 8
ul
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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
800
it Vpp=3V Vpp=5V
185} Vic=1V Vic=IVip/ 2!
Vip = -100 mV L loL=5mA ]
170} lopL=1mA 1 Ta = 25°C
8 600
1e8 . AN
/ 2 500
140 7 B
Pl 1 N\
125 7 O 400 S
] s \\
110 /, 5 300
2
95 7 o
/] 7 200
80 -l
= 100
65 "
50 0
-75 -50 -25 0 25 50 75 100 125 D i i it D sl sl s i G i . B
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 : T
VD[[)=5V[ Vic=1V
800 Vic=05V 2 0.9} ¥|p_.—.2;:cv
Vip=-1V = A=
700 loL=5mA g Vpp=5V
P4 s 07
600 7 S
e =
500 > g
/ o 0.5 4 /
A
400
— E 0.4 Vpp=3V // r/
300 F / /
5 o3 / -
200 16' s 1'/
>
100 01 /
0 0
-75 -50 -25 0 25 50 75 100 125 [ U] s A SO T S e N S
Ta — Free-Air Temperature —°C loL — Low-Level Output Current — mA
Figure 11 Figure 12
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Ayp - Large-Signal Differential Voltage
Amplification — V/mV

ljg and ljo— Input Bias and Offset Currents — pA

NOTE A: The typical values of input bias current and input offset current

TYPICAL CHARACTERISTICS
LARGE-SIGNAL LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION DIFFERENTIAL VOLTAGE AMPLIFICATION
Vs Vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
2000 2000 ——
RL=1MQ RL=1MQ
1800 o 1800
g
1600 £ 1600
S
1400 T 1400
Ta =-40°C 8%
1200 A=- 0/4 £s 1200
o
1000 / 3 é 1000
800 28 800 —
7 eE ™N_ Vop=5V
600 / WE el L Y Lk
E ~
///CTA=25°C §< VDD=3V TN
400 W 400 ‘\
/ g
200 < 200
/ Ta =85°C
0 - 0
0 2 4 6 8 -75 -50 -25 0 25 50 75 100 125
Vpp - Supply Voltage -V Ta - Free-Air Temperature - °C
Figure 13 Figure 14
INPUT BIAS CURRENT AND INPUT COMMON-MODE INPUT VOLTAGE
OFFSET CURRENT POSITIVE LIMIT
Vs Vs
FREE-AIR TEMPERATURE SUPPLY VOLTAGE
104 8
Vpp=3V Ta =25°C
Vic=1V 4
See Note A 1
103 g
P} 6
s *a
102 é
B = °
-
; : /
b % e = . §
———— g
7 : §
A o 2
1 2 o /
.’t g
A
01LZ (]
25 45 65 85 105 125 0 2 4 6 8

Ta - Free-Air Temperature — °C Vpp - Supply Voltage - V

below 5 pA were determined mathematically. Flgure 16

Figure 15
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TYPICAL CHARACTERISTICS
SUPPLY CURRENT SUPPLY CURRENT
Vs Vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
20 120
Nios 1t ¥ / Vic 1V
sof Vo=1V v'o =1V
No Load 100| No Load
70
5 3
1 60 1 80
- TA = -40°C / b -
§ 50 7 ¥ _ch §
3
i 40 / A/ 27 N
§-' / / § \ Vpp=5V
7] 30 o'a @\ 4o ——
e Ta = 85°C a il
[=] A [=) \\
- 20 7 = el
20 Vpp=3V —
10
0 0
0 2 4 6 8 -75 -50 -25 0 25 50 75 100 125
Vpp - Supply Voltage -V Ta - Free-Air Temperature - °C
Figure 17 Figure 18
SLEW RATE SLEW RATE
Vs Vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
.07 .07 r T
- Vic=1V e Vic=1V
Vipp)=1V Vipp)=1V
0.06 AJ";% 0.06| Ay =1
RL=1MQ RL =1MQ
=20 pF CL =20pF
o oos} ?k s o 005 -=—F
: :
2 0.04 e 0.04 b=
ﬁ e 0 g S~ Vpp=5V
H 3 i TN
2 o003 = 2 0.03 AN "~
. / I \. ™
9 0.02 / & o02|— Vpp=3V
0.01 / 0.01
0 0
0 2 4 6 8 -75 -50 -25 0 25 50 75 100 125
Vpp - Supply Voltage -V TA - Free-Air Temperature — °C
Figure 19 Figure 20
u’
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TYPICAL CHARACTERISTICS
MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE UNITY-GAIN BANDWIDTH
Vs Vs
FREQUENCY FREE-AIR TEMPERATURE
5 140
1 [ 1T Vi=10mv
=) Vpp=5V RL =1MQ
& = ™ \ CL =20pF
S 4 i A
5 Ta = -40°C X 110
4 £ N
3 95 N Vpp=5V
3 3 TA =25°C z \ DD =
3 il i - N
0 v 3 v 1= \
3 2 DD = E = \
E £ N
E 2 s0
1 -
Ta = 85°C :*\ o N
é T NNR 35 S Vpp=3V
E RL=1MQ |“
5o Lol Ll % s
> o1 1 10 100 -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
120 T T
Vi=10 mV
110~ R =1MQ
§ CL =20 pF
= 100 — T, = 25°C
£ 92
2 w A
3 /
e 10 /
3
60
£ [
y e /
g 40
30
20
- @~ 2 3 %4 &5 ®e- 7 ¥p
Vpp - Supply Voltage - V
Figure 23
¥ 1
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TYPICAL CHARACTERISTICS

LARGE-SIGNAL DIFFERENTIAL VOLTAGE
AMPLIFICATION AND PHASE SHIFT
Vs

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

FREQUENCY
=
=] 7 T -60°
g . Vpp=3V -
& é RL=1MQ |
g cL=20pF |30
< V2 Ta = 25°C
1 °°
£ ‘\
S 4
> 10 3 &
8 \ \\ Avp &
§ 103 60° &
= =
E o
5 102 90°
g Phase Shift
2 101 120°
2
? 1 \ 150°
o \
7 0.1 180°
1 10 100 1k 10k 100k 1M
f — Frequency - Hz
Figure 24
LARGE-SIGNAL DIFFERENTIAL VOLTAGE
AMPLIFICATION AND PHASE SHIFT
Vs
FREQUENCY
S 107 T -60°
§ Vpp=3V
= RL =1MQ 4 ‘s
£ 108 c =20pF |~
E \ Ta=25°C
® 105 N 0°
g N
S 104 30° £
- \ N Avp s
= N
g 108 60° §
2 \\ &
o 102 90°
E Phase Shift
%’ 101 120°
2
s 1 150°
' . 3
S o4 180°
= 1 10 100 1k 10k 100k 1M
f - Frequency — Hz
Figure 25
¥ 7
EXAS
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TYPICAL CHARACTERISTICS
PHASE MARGIN PHASE MARGIN
vs vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
4z 40° T T
V=10 mV Vpp=3V
RL=1MQ 38° < +
40°| CL=20pF
Ta = 25°C 36°
Vpp =
o pp=5V
£ 38 £
P 4
32°
3 S N
§ oo g a0 N
= L
= 2 2 A
E g40 e E
- / <  26°
24°
32° Vi=10mV
22° - RL=1MQ
CL=20pF
30° 20° &
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 .
pp=3V,5
38° L='§ 176 Rg =100 Q
S \ TA=25°C
36° |I= \
£ a4 o Vpp=3V $ TN
g W —=0% 2
2 T 2 128 N N
3 Vpp=5V 8 N
g 3 2 100
I -
5 28° E- \\~
£ 15
26° S §
£ .50
24° 3
Vi=10mV i
22° |- RL=1MQ B
Ta =25°C >
20° 0
0 10 20 30 40 50 60 70 80 90 100 1 10 100 1000
CL - 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 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 gives
the same result.

~ Voo VDD +
v Vo % v
vi—+ v —]+ 23
(' RL CL RL
il 3. W
7 % Vpp-
(a) SINGLE SUPPLY (b) SPLIT SUPPLY

Figure 30. Unity-Gain Amplifier

10 kQ 10 kQ
AN A A'AG
Vbp VDD +

1/2Vpp —{ — Vo — Vo

4
+

100 Q I
100 Q 100 Q
Vpp-
(a) SINGLE SUPPLY (b) SPLIT SUPPLY
Figure 31. Noise Test Circuit
10 kQ 10 kQ
AN AN
Vpbp VDD +
100 Q 100 Q
V| — W\ i . Vi —W\ B “
172Vpp—— |+ v I 0 + ’——f o
I CL CL
= T = 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:

® |solate 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 are shunted away.

® 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.

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 a test socket to obtain a correct reading; therefore, an open-socket reading
is not feasible using this method.

Y 4 1

8 14

V=Vic

Figure 33. Isolation Metal Around Device Inputs
(N Package)

low-level output voltage

To obtain low-level supply-voltage operation, some compromise is necessary in the input stage. This
compromise results in the device low-level output voltage 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, 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 results 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. These measurements should 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.

VA RVETSE: B

(a) f= 100 Hz (b) Bom > f > 100 Hz (c)f=BoMm (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.

APPLICATION INFORMATION

single-supply operation

Vbp
While the TLV2324 performs well using dual-
power supplies (also called balanced or split R2
supplies), the design is optimized for single- AN

supply operation. This includes an input common-
mode voltage range that encompasses ground as
well as an output voltage range that pulls down to R1 N

Vi % By
ground. The supply voltage range extends down >—4>— Vo
to 2 V, thus allowing operation with supply levels TLE2426 |

commonly available for TTL and HCMOS.

Voo ~ Vi) r2 , Yop
Many single-supply applications require that a Yorr (_z_) Rt
voltage be applied to one input to establish a = =
reference level that is above ground. This virtual . d
ground can be generated using two large Figure 35. Inverting Amplifier With Voltage

resistors, but a preferred technique is to use a Reference
virtual-ground generator such as the TLE2426.

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.
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APPLICATION INFORMATION

single-supply operation (continued)

The TLV2324 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:

® 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.

® 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 P |

Logic Logic Logic

A
]

Supply

: i e { o ]

(a) COMMON-SUPPLY RAILS

Logic Logic Logic S Eg‘:&'y

| = i . .
ad a ﬁr\é_"

(b) SEPARATE-BYPASSED SUPPLY RAILS (PREFERRED)

|
Al

o

i

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 pV/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 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 Measurement 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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APPLICATION INFORMATION

input characteristics (continued)

NN AN

’_EED_A— w10 S e a0 — Vo VHD—‘L— Vo
i

(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 resuilts in a very low noise current,
which is insignificant in most applications. This feature makes the device especially favorable over bipolar

devices when using values of circuit impedance greater than 50 k<, since bipolar dgvices exhibit greater noise
currents. L]b

feedback

Operational amplifier circuits nearly always
employ feedback, and since feedback is the first T
prerequisite for oscillation, 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 3
capacitor is optimized empirically.

Figure 38. Compensation for Input
Capacitance :
electrostatic-discharge protection

The TLV2324 incorporates an internal electro-

static-discharge (ESD)-protection circuit = that

prevents 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 paraéitic thyristors, the TLV2324 inputs
and outputs are designed to withstand —100-mA surge currents without sustaining latch-up; however,
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APPLICATION INFORMATION

techniques should be used to reduce the chance of latch-up whenever possible. Internal protection diodes
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 rail
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 occurring increases with the increasing temperature and supply voltages.

output characteristics Vop

The output stage of the TLV2324 is designed to

sink and source relatively high amounts of current é Rp

(see Typical Characteristics). If the output is vi > "P 5 R. = Voo ~ Vo

subjected to a short-circuit condition, this high- X 4 P lg+I +1p

current capability can cause device damage : ?— VO ip= Pullup Current

under certain conditions. Output current capability ‘L Required by the

increases with supply voltage. | TR 0\ A Operational Amplifier
3 - L (typlcally 500 pA)

Although the TLV2324 possesses excellent R1 ILl AL

high-level output voltage and current capability,

methods are available for boosting this capability = =
if needed- The simplest method inVo'Ves the use F'gure 39. Res'stlve Pu“up to |ncrease VOH
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. 25V
First, the NMOS pulldown transistor N4 (see
equivalent schematic) must sink a comparatively }k
large amount of current. In this circuit, N4 behaves

like a linear resistor with an on resistance between vi
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 Ta = 25°C

0V at the output occurs. Secondly, pullup resistor f=1kHz

Rp acts as a drain load to N4 and the gain of the Vipp) =1V

operational amplifier is reduced at output voltage -25V

levels where N5 is not supplying the output  giq.re 40, Test Circuit for Output Characteristics
current.

Vo

+

V=

'—\'CL

All operating characteristics of the TLV2324 are measured using a 20-pF load. The device drives 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 Figure 41). In many cases, adding some
compensation in the form of a series resistor in the feedback loop alleviates the problem.

¥ Texas
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APPLICATION INFORMATION

output characteristics (continued)

[
[

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

Figure 41. Effect of Capacitive Loads
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e Wide Range of Supply Voltages Over LARGE-SIGNAL DIFFERENTIAL VOLTAGE

Specified Temperature Range: AMPLIFICATION AND PHASE SHIFT

Tao=-40°Ct085°C...2Vto 8V vs
e Fully Characterized at 3V and 5V FREQUENCY
® Single-Supply Operation § 107 g —60°
® Common-Mode Input-Voltage Range 3 106 REZ 100kQ | 30°

Extends Below the Negative Rail and up to ¢=E; CL=20pF |

Vpp -1V atTy =25°C < 105 Ta=25°C |l

o i 0
® Output Voltage Range Includes Negative g ey \

Rail S 104 N AvD o o
® High Input Impedance . . . 1012 Q Typical k) o \ \ Py
e ESD-Protection Circuitry g \ ‘\ ]
® Designed-In Latch-Up Immunity E 102 p— o &

= Phase Shift \
description ‘% 101 N 120°
The TLV2332 dual operational amplifier is one of g’ 1 A\ 150°
a family of devices that has been specifically ?
designed for use in low-voltage single-supply g 0.1 180°
<

applications. Unlike the TLV2322 which is FERIETCCTIRE YK TR 100 T
optimized for ultra-low power, the TLV2332 is fim frequency —Hz

designed to provide a combination of low power and good ac performance. 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. .

Having a maximum supply current of only 310 pA per amplifier over full temperature range, the TVL2332 devices
offer a combination of good ac performance and microampere supply currents. From a 3-V power supply, the
amplifier’s typical slew rate is 0.38 V/us and its bandwidth is 300 kHz. These amplifiers 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 LinCMOS 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.

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-shrink small-outline package (TSSOP). The TSSOP package has
significantly reduced dimensions compared to a standard surface-mount package. lts maximum height of only
1.1 mm makes it particularly attractive when space is critical.

AVAILABLE OPTIONS
PACKAGED DEVICES e
Viomax [ SMALL | PLASTIC
TA AT 25°C | OUTLINE DIP 'rsPsop Fc(’:;M
©) ®) .
—40°C1085°C | 9mV | TLV2332ID | TLV2332IP | TLV2332IPWLE | 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 specifications per the terms of Texas Instruments i
ird warranty. does not Include TEXAS

standat

Copyright © 1992, Texas Instruments Incorporated

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
TLV2332 incorporates internal ESD-protection circuits that prevents 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.

D OR P PACKAGE PW PACKAGE
(TOP VIEW) (TOP VIEW)
10UT [] 1 8|l Vop 10UT 10 813 Vpp,
1IN=-[] 2 7 [] 20UT 1IN- 12 713 20uT
1IN+ [] 3 6 [] 2IN- 1IN+ C1 3 6 17 2IN-
Vpp-/GND [] 4 5 921N+ Vpp -/GND CIT] 4 5T 2IN+

TLV2332Y chip information

This chip, when properly assembled, display characteristics similar to the TLV2332I. Thermal compression or
ultrasonic bonding may be used on the doped aluminum bonding pads. Chips may be mounted with conductive
epoxy or a gold-silicon preform.

BONDING PAD ASSIGNMENTS

Bl
Lal

(4]
©

@

Vbp
()]
(3)
foon 1o i L 10UT
2
1IN- @ =
ST ) + ﬂ 2IN+
| (6) 2IN—
)
Vpp-/GND

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

@
1l

|I|I|||l|||I|I|I|I'l'||I|I|I|I|I|||I|I|I‘I|I|I|I‘I|I|III|I|I|I|I|I|III|

72 P TOLERANCES ARE +10%.
i
! ALL DIMENSIONS ARE IN MILS.

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

2112

i3
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equivalent schematic (each amplifier)

IN+

R1

Vbbb

P1
= G
H—4

r“ﬂ =

oL

ouTt

= g
i Ic/1 “:5 P?—!P
ANV I L+ |_'—| -
= —
5 g
L —e ®
N3
— —
> H— N4
— = —
N1 | N2 - -
Ly =
R3 D1 R4 D2 : ._,
R7
& ® ® e © &
GND
COMPONENT COUNTT
Transistors 54
Diodes 4
Resistors 14
Capacitors 2

1 Includes both amplifiers and all
ESD, bias, and trim circuitry
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absolute maximum ratings over operating free-air temperature (unless otherwise noted)t

Supply vollage Vpp (BOE INGIB 1) . . ..o iRt sk s 0o sieiaisis iaisiminsrs sresivis < wieeiaias marerswaaa/ssisis.s 8V
Differential input' Voltage, Vip (See Note 2) ... ... . . i . i ittt aironnnaenensnens VpD+
Inputivoltage range; Vi (BNYINPUL) . Jv. - + o ginsl sl s sasmiaimstiamisisinisssmnehsinth s 1 3eisi5 013 3 b1 -0.3Vto Vpp
L sl eyl T Gt S G SO B PR, | SR R T R R - O S +5 mA
N LOGEAEREERN SRR SR . . o e R e e T e o e +30 mA
Duration of short-circuit current at (or below) T =25°C (see Note 3) ...........ccovvviuvnnn... unlimited
ContNUOUSIOIRIISSIDAUOM. -2 i clisiss 5+ o §mis 5o simnio s & e wnmlass s doismiors e imsis See Dissipation Rating Table
Operating free-air temperature range, TA .. c.vvuriiiitiiiiirinne i eninreainncnnns —40°C to 85°C
SOranoIoMPEUTE TARGD. - - - -F < i ve <= o5 50 TR o blmb s ware 3 o a o » ¢ = g magle o 8 -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

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

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).

DISSIPATION RATING TABLE

0 TA <25°C DERATING FACTOR T = 85°C
POWERRATING  ABOVETA=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 2 8 A
Vpp=3V -0.2 1.8
Common-mode input voltage, Vic Bo v
Vpp=5V -0.2 3.8
Operating free-air temperature, Ta -40 85 °C

2-114
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electrical characteristics at specified free-air temperature

TLV2332|
PARAMETER TEST CONDITIONS Tat Vpp=3V Vpp=5V UNIT
MIN TYP MAX| MIN TYP MAX
xo e ‘1‘0 26°C 0.6 9 1.1 9
Vio Input offset voltage ng '50 !’l mV
RL = 100 kQ Full range 11 1
Average temperature coefficient 25°C to -
WIO o input offset voltage 85°C . e wre
I Input offset current (see Note 4) Vor 1V, ] L = A
» . Vic=1V 85°C 22 1000 24 1000| "
g Vo=1V, 25°C 0.6 0.6
I Input bias current (see Note 4 !
. " ¢ ; Vic=1V 85°C 175 2000 200 2000] ™
-02 -03 -02 -03
25°C to to to to Vv
v Common-mode input 2 23 4 4.2
ICR voltage range (see Note 5) -02 -0.2
Full range to to Vv
1.8 38
Vic=1V, 25°C 1.76 1.9 3.2 3.9
VoH High-level output voltage Vip =100 mV, v
IoH =—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
Large-signal differential P 25°C 25 83 25 170
AVD  \oltage amplification AL # 100k, VimV|
" r See Note 6 Full range 15 15
Vo=1V, 25°C 65 92 65 91
CMRR = Common-mode rejection ratio V|c = Vicrmin, dB
Rs=50Q Full range 60 60
4 Supply-voltage rejection ratio Vic=1V,Vo=1V, 25°C 70 94 70 94 -
SVR  (avpp/avio) Rg=50Q Fullrange | 65 65
Vo=1V, Vig=1V, 25°C 160 500 210 560
I Su current
i " No load Full range 620 so| ™

1 Full range is —40°C to 85°C.
NOTES: 4. The typical values of input bias current and input offset current below 5 pA are determined mathematically.
5. This range also applies to each input individually.

6. AtVpp=5V,V0=025Vto2V;atVpp=3V,Vo=05Vto1.5V.

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

PARAMETER TEST CONDITIONS T, Kok e UNIT
A MIN _TYP MAX
Vic=1V, Vipp) =1V, 25°C 0.38
SR Slew rate at unity gain RL=100kQ,  CL=20pF, Vius
See Figure 30 85°C 0.29
) ; v f=1kHz, Rg=100Q, .
Vn Equivalent input noise voltage See Figure 31 25°C 32 nVAWHz
! ; . Vo = VOH, CL =20 pF, 25°C 34
Bom Maximum output swing bandwidth RL = 100 kQ, See Figure 30 B5°C 2 kHz
NEE. i Vi =10mV, CL =20 pF, 25°C 300
B4 Unity-gain bandwidth RL = 100 kO, See Figure 32 Baec e kHz
Vj=10my, f=By, —40°C 42°
om Phase margin CL =20pF, RL = 100 kQ, 25°C 39°
See Figure 32 85°C 36°
operating characteristics at specified free-air temperature, Vpp =5V
PARAMETER TEST CONDITIONS T, i UNIT
A MIN _TYP MAX
25°C 0.43
XIC =110(\)/,kg' Viipp) =1V e~ 5%
. . L = ot
SR Slew rate at unity gain cL= ?0 oF, - v 30 e Vius
See Figure 30 I(PP) = 2. 85°C 0.32
" = f =1 kHz, Rg=100Q, "
Vn Equivalent input noise voltage See Figure 31 25°C 32 nVAHz
; - Vo =VOH, CL =20 pF, 26°C 55
Bom Maximum output swing bandwidth RL =100 kQ, See Figure 30 85°C yrs kHz
Vi=10mV, CL =20 pF, 25°C 525
B4 Unity-gain bandwidth RL =100 kQ, See Figure 32 85°C 370 kHz
Vi=10mV, f=Bq, —40°C 43°
®m Phase margin C| =20 pF, RL =100 kQ, 25°C 40°
See Figure 32 85°C 38°
¥ Texas
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electrical characteristics, Tp = 25°C

TLV2332Y
PARAMETER TEST CONDITIONS Vpp=3V Vpp=5V UNIT
MIN TYP MAX| MIN TYP MAX
Vo=1V, Vic=1V,
Vio Input offset voltage Rg=50Q, Ry =100kQ 0.6 9 153 9 mV
lio 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
Mo Common-mode input voltage -oii _oi?, _Oi _oig 2
range (see Note 5) 2 23 4 42
§ Vic=1V, Vip =100 mV,
VOH High-level output voltage IoH = -1 mA 1.75 1.9 3.2 3.9 Vv
Vic=1V, Vip = 100 mV,
VoL Low-level output voltage loL = 1 mA 115 150 95 150 | mV
Large-signal differential voltage Vic=1V, R =100 kQ,
Avp amplification See Note 6 s i = i b
CMRR  Common-mode rejection ratio \éo Ty e e 65 o dB
s=50Q
Supply-voltage rejection ratio Vo=1V, Vic=1V,
kSVR (AVpD/AV|D) Rg =500 70 94 70 94 dB
Vo=1V, Vic=1V,
IbD Supply current No Toad 160 500 210 560 pA
NOTES: 4. The typical values of input bias current and input offset current below 5 pA are determined mathematically.
5. This range also applies to each input individually.
6. AtVpp=5V,Vp=025Vto2V;atVpp=3V,Vo=05Vto15V.
‘b TEXAS
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TYPICAL CHARACTERISTICS
Table of Graphs
FIGURE
Vio Input offset voltage Distribution 1,2
[iV]Te) 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, 11
VoL Low-level output voltage - —
vs Differential input voltage 10
vs Low-level output current 12
AvD Large-signal differential voltage amplification s Sunply velows =
vs Temperature 14
liB/lo Input bias and offset currents vs Temperature 15
Vic Common-mode input voltage vs Supply voltage 16
igh Sy e vs Supply voltage 17
vs Temperature 18
SR i s vs Supply voltage 19
vs Temperature 20
Vo(pp) Maximum peak-to-peak output voltage vs Frequency 21
) X 4 vs Temperature 22
B1 Unity-gain bandwidth
vs Supply voltage 23
AD I;:‘rjg;::g:aslh?;lﬁerentlal voltage amplification ve Frequency 24,25
vs Supply voltage 26
om Phase margin vs Temperature 27
vs Load capacitance 28
Vn Equivalent input noise voltage vs Frequency 29
Phase shift vs Frequency 24,25
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Percentage of Units — %

Percentage of Units — %

TYPICAL CHARACTERISTICS

DISTRIBUTION OF TLV2332 DISTRIBUTION OF TLV2332
INPUT OFFSET VOLTAGE INPUT OFFSET VOLTAGE
50 60 T T
Vpp=3V Vpp=5V
TaA = 25°C Ta =25°C
P Package 50 P Package
40
3
8 40
30 [
=]
;; 30
20 g
8§ 20
&
10 10
0 " o
-5 -4 -3 -2 -1 0 1 2 3 4 5 -5 -4 -3 - 0 4 5
V|o - Input Offset Voltage — mV V|0 - Input Offset Voltage — mV
Figure 1 Figure 2
DISTRIBUTION OF TLV2332 DISTRIBUTION OF TLV2332
INPUT OFFSET VOLTAGE INPUT OFFSET VOLTAGE
TEMPERATURE COEFFICIENT TEMPERATURE COEFFICIENT
B0 [T =T €0 AR
Vpp=3V Vpp=5V
TA = 25°C to 85°C TA = 25°C to 85°C
P Package 501 p Package
- Outliers:
® {1) 33 mV/°C
40
2
30 =
=
S 30
g
20 [
8 20
e
10 10
0 0 - .
-10 -8 -6 -4 -2 0 2 4 6 8 10 -10-8 -6 -4 -2 0 2 4 6 8 10
ay]o — Temperature Coefficient — pV/°C ay|o — Temperature Coefficient — uV/°C
Figure 3 Figure 4

“’f TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 2-119



TLV2332l, TLV2332Y
LinCMOS™ LOW-VOLTAGE MEDIUM-POWER

DUAL OPERATIONAL AMPLIFIERS

SLOS112 — MAY 1992

VoH - High-Level Output Voltage — V

TYPICAL CHARACTERISTICS
HIGH-LEVEL OUTPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE
Vs Vs
HIGH-LEVEL OUTPUT CURRENT SUPPLY VOLTAGE
8
Vic=1V Vic=1V
Vip =100 mV Vip = 100 mV
2% Ta=25°C >l RL =100 kQ /
° TA=25°C
\\ 5 6 /
]
\VDD =5V ;
o 4
°
2P Vop =3V 3 /
=~ 1l
I
5 /
>
0
0 -2 =4 -6 -8 0 2 4 6 8

loH — High-Level Output Current — mA

Figure 5

HIGH-LEVEL OUTPUT VOLTAGE

Vs

FREE-AIR TEMPERATURE

LOW-LEVEL OUTPUT VOLTAGE

Vpp - Supply Voltage -V

Figure 6

Vs

COMMON-MODE INPUT VOLTAGE

v TE vl 700 I |
pp=3 \ Vpp=5V
3 Vic=1V 650 loL=5mA 4
: s Vip =100 mV E \ TA = 25°C
- ! 600
2 S
(=
= o L) 3 ss0
i & S
g —_— 17 - E Vip = -100 mV
9 \r-‘ e 5 500 \
2 T g
2 12 2 e NN
§ ! 3 NN
= loH = -500 pA 2 \ \
S ook ionas ot L ™ g o
.61 loH=-2m 1 Vip=-1V
>° :OH = _i m: _/ >E" - \é\\
OH=-4m NS
P4 0 e [~
-75 -50 -25 0 25 50 75 100 125 OGS T S| 02 e Gl 4
Ta —Free-Air Temperature — °C V|c — Common-Mode Input Voltage - V
Figure 7 Figure 8
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Vg - Low-Level Output Voltage — mV

VoL — Low-Level Output Voltage —mV

1

TYPICAL CHARACTERISTICS

LOW-LEVEL OUTPUT VOLTAGE

vs
FREE-AIR TEMPERATURE
200 T T
Vpp=3V
185} Vig=1V
Vip =-100 mV
L loL=1mA
155
140 / -
125 /‘
110 //
95 ,/
g
80
65
50
=75 =50 -25 0 25 50 75 100 125
TA — Free-Air Temperature — °C
Figure 9
LOW-LEVEL OUTPUT VOLTAGE
\'E
FREE-AIR TEMPERATURE
900 T T
Vpp=5V
gool Vic=05V
Vip=-1V
700} 'OL=5mA
-
600 A
e ll
500 /r
1
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

700

600

500

400

300

200

100

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

LOW-LEVEL OUTPUT VOLTAGE
Vs
DIFFERENTIAL INPUT VOLTAGE

Vpp=5V
Vic=IVip/2l

loL=5mA
Ta =25°C

0o -1

-2 -3 -4 -5 -6
V|p - Differential Input Voltage -V

-7 -8

Figure 10

LOW-LEVEL OUTPUT VOLTAGE
Vs
LOW-LEVEL OUTPUT CURRENT

Vic=1V
- Vip =-100 mV
TA = 25°C

Vpp=3V

\\\‘\

574

o

0 1 2 3 4 5 6 7 8

loL — Low-Level Output Current —mA

Figure 12
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TYPICAL CHARACTERISTICS
LARGE-SIGNAL LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION DIFFERENTIAL VOLTAGE AMPLIFICATION
vs Vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
500 T 500 —T
Ry = 100 kQ RL = 100 kQ
450 450
) g
£ 400 8 400
5 2
> S
® 350 - 350
=2 >
SE Ta =-40°C SE
5> 300 S 300
€ | ]
8§ 250 E 5 250 .
=2 =i ~N
£3 / Ta = 25°C £3 J !
@ E 200 > 22 200 ~ DD=5
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INPUT BIAS CURRENT AND INPUT COMMON-MODE INPUT VOLTAGE
OFFSET CURRENT POSITIVE LIMIT
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NOTE: The typical values of input bias current and input offset
current below 5 pA were determined mathematically.

Figure 15

Figure 16
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TYPICAL CHARACTERISTICS
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Vo(pp)— Maximum Peak-to-Peak Output Voltage - V

TYPICAL CHARACTERISTICS
MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE UNITY-GAIN BANDWIDTH
Vs VS
FREQUENCY FREE-AIR TEMPERATURE
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Figure 22
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Figure 23
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Ayp - Large-Signal Differential Voltage Amplification

Ayp - Large-Signal Differential Voltage Amplification

TYPICAL CHARACTERISTICS

LARGE-SIGNAL DIFFERENTIAL VOLTAGE
AMPLIFICATION AND PHASE SHIFT
Vs

FREQUENCY
107 T -60°
Vpp=3V
108 RL=100kQ | 40
CL =20 pF
Tp = 25°C 1
105 \\ 0
104 \\ 30°
\ an
103 \ N 60°
102 N— \ 90°
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f - Frequency — Hz
Figure 24
LARGE-SIGNAL DIFFERENTIAL VOLTAGE
AMPLIFICATION AND PHASE SHIFT
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Figure 25

Phase Shift

Phase Shift
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TYPICAL CHARACTERISTICS
PHASE MARGIN PHASE MARGIN
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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 gives

the same result.

Vpp VDD +
k = v Sy vo
v v W v —+
CL=< RL CL. RL
= = Vpp-
(a) SINGLE SUPPLY (b) SPLIT SUPPLY
Figure 30. Unity-Gain Amplifier
10 kQ 10 kQ
AN
Vbb VoD +
100 Q
1/2 Vpp —{ i : — Vo i — Vo
+
100 Q
100 Q 100 Q
Vpp-
(a) SINGLE SUPPLY (b) SPLIT SUPPLY
Figure 31. Noise Test Circuit
10 kQ 10 kQ
AN —AAA-
Vpp VDD +
100 Q 100 Q
VI —AAM o V| —W P
v Vv
1/2 Vpp -+ . I ° o o
I CL ~CL
- - VDD-
(a) SINGLE SUPPLY (b) SPLIT SUPPLY
Figure 32. Gain-of-100 Inverting Amplifier

¥
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

2-127



TLV2332l, TLV2332Y
LinCMOS™ LOW-VOLTAGE MEDIUM-POWER
DUAL OPERATIONAL AMPLIFIERS

SLOS112 — MAY 1992

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:

® |solate 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 are shunted away.

® 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.

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 a test socket to obtain a correct reading; therefore, an open-socket reading
is not feasible using this method.

8 5
V=Vic
. 4

Figure 33. Isolation Metal Around Device Inputs
(P Package)

low-level output voltage

To obtain low-level supply-voltage operation, some compromise is necessary in the input stage. This
compromise results in the device low-level output voltage 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 results 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. These measurements should 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.

JE I JHEH 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 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.

APPLICATION INFORMATION

single-supply operation

While the TLV2332 performs 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, thus allowing operation with supply levels
commonly available for TTL and HCMOS.

Many single-supply applications require that a
voltage be applied to one input to establish a
reference level that is above ground. This virtual
ground can be generated using two large
resistors, but a preferred 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 is
suitable for supply voltages of greater than 4 V.

V|

[Fie

Vbp
R2
AAA~
R1
FAAA EE
—— Vo
—
2426 | b
Vi ly v
~ L XPD=Y]\. R2 . ¥BD
Vo= (“’2"‘) R1 T2

Figure 35. Inverting Amplifier With Voltage
Reference
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APPLICATION INFORMATION

single-supply operation (continued)

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:

® 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.

® 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.
SRR S S5 T
1 ¢ I |
Logic Logic Logic =S gg:;lry
. . . « |
b=, = b4 NN\
(a) COMMON-SUPPLY RAILS
&
I I 1 |
= . —— | Power
—< 2 -~ Logic Logic Logic T~ | supply
I Ji Ji il |
s ol T Y

(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 the range limit includes the negative rail, while the upper range limit
is specified at Vpp — 1 V at Ta = 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 pV/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 Measurement 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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APPLICATION INFORMATION

input characteristics (continued)

W\

V| —VW\—=¢
— Vo !
v

(a) NONINVERTING AMPLIFIER

M

A%

(b) INVERTING AMPLIFIER

— Vo

— Vo
vi

(c) UNITY-GAIN AMPLIFIER

Figure 37. Guard-Ring Schemes

noise performance

The noise specifications in operational amplifiers 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 device especially favorable over bipolar
devices when using values of circuit impedance greater than 50 k<, since bipolar devices exhibit greater noise

currents.

feedback

Operational amplifiers circuits nearly always
employ feedback, and since feedback is the first
prerequisite for oscillation, 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 empirically.

electrostatic-discharge protection

The TLV2332 incorporates an internal electro-
static-discharge (ESD)-protection circuit that
prevents functional failures at voltages up to

s (80 el o1
>ﬁ._

Figure 38. Compensation for Input Capacitance

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 outputs are designed to withstand —100-mA surge currents without sustaining latch-up; however,
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techniques should be used to reduce the chance of latch-up whenever possible. Internal protection diodes
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 occurring increases with increasing temperature and supply voltagesYpD

p

é iy Vo — ¥

: ; i R R,=—D20 O
The output stage of the TLV2332 is designed to 4 P ig+I +1p
sink and source relatively h_igh amounts of currept *— Vo Ip = Pullup Current
(see Typical Characteristics). If the output is < I Required by the
subjected to a short-circuit condition, this high- 00— Operational Amplifier
current capability can cause device damage L R2 s (typically 500 yA)
under certain conditions. Output current capability i"" '-l ERL
increases with supply voltage.

Although the TLV2332 possesses excellent Figure 39. Resistive Pullup to Increase Vg
high-level output voltage and current capability,
methods are available for boosting this capability
if needed. The simplest method involves the use 25V
of a pullup resistor (Rp) connected from the output

to the positive supply rail (see Figure 39). There }K
are two disadvantages to the use of this circuit.

First, the NMOS pulldown transistor N4 (see Vi
equivalent schematic) must sink a comparatively

large amount of current. In this circuit, N4 behaves

like a linear resistor with an on resistance between Ta = 25°C o,
approximately 60 Q and 180 Q, depending on f=1kHz T
how hard the operational amplifier input is driven. Vipp) =1V

With very low values of Rp, a voltage offset from -25V
0V at the output occurs. 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.

output characteristics

\'/
*// o

~ CpL

)

Figure 40. Test Circuit for Output Characteristics

All operating characteristics of the TLV2332 are measured using a 20-pF load. The device drives 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 Figure 41). In many cases, adding some
compensation in the form of a series resistor in the feedback loop alleviates the problem.
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output characteristics (continued)

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

Figure 41. Effect of Capacitive Loads
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Wide Range of Supply Voltages Over
Specified Temperature Range:
Tpo=-40°Ct085°C...2Vto8V

Fully Characterized at3Vand 5V
Single-Supply Operation

Common-Mode Input-Voltage Range
Extends Below the Negative Rail and up to
Vpp -1V atTp = 25°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 the TLV2324 which is
optimized for ultra-low power, the TLV2334 is
designed to provide a combination of low power
and good ac performance. Each amplifier 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.

Having a maximum supply current of only 300 pA
per amplifier over full temperature range, the
TLV2334 devices offer a combination of good ac
performance and microampere supply currents.
From a 3-V power supply, the amplifier’s typical
slew rate is 0.38 V/us and its bandwidth is
300 kHz. These amplifiers offer a level of ac
performance greater than that of many other
devices operating at comparable power levels.

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

Ayp - Large-Signal Differential Voltage Amplification

107
106
108
104
103
102

101

D OR N PACKAGE
(TOP VIEW)
10UT[] 1 b aour
1IN=[] 2 13]] 4IN-
1IN+[] 3 12[] 4IN+
Vppo+l}4 11 Vop—/anp
2IN+[] 5 10[] 3IN+
2N-[l 6 of] 3IN-
20UT[]| 7 8[] souT
PW PACKAGE
(TOP VIEW)
10UT = O1 14| == 40UT
1IN- =4 = 4IN-
1IN+ =5 = 4IN +
Vpp+ =5 —— Vpp-/GND
2IN+ = o 3IN+
2IN- =3 1 3IN—
20UT =+ 7 8= 30UT

LARGE-SIGNAL DIFFERENTIAL VOLTAGE

AMPLIFICATION AND PHASE SHIFT
Vs
FREQUENCY
T —60°
Vpp=3V
RL = 100 kQ 2
cL=20pF |30
Ta =25°C 1
~ 0° |
e \ =
N AvD 30° o
N\ \ .
\ ‘\ g
~— 00> |
Phase Shift |
\\ 120° |
I
|
X 150° |
|
180° |
10 100 1k 10k 100k 1M |

f — Frequency — Hz

AVAILABLE OPTIONS
PACKAGED DEVICES ey ‘
Viomax | SMALL PLASTIC
Ta AT 25°C | OUTLINE DIP Ts;:sop F%SM |
©) ™) i ;‘
—40°Ct0 85°C | 10mV | TLV2334ID | TLV2334IN | TLV2334IPWLE | 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.
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description (continued)

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 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-shrink small-outline packages (TSSOP). The TSSOP package has
significantly reduced dimensions compared to a standard surface-mount package. Ilts 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 prevents 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

This chip, when properly assembled, displays characteristics similar to the TLV2334l. Thermal compression or
ultrasonic bonding may be used on the doped aluminum bonding pads. Chips may be mounted with conductive
epoxy or a gold-silicon preform.

BONDING PAD ASSIGNMENTS Vbb
@)
¥ Ne BN h
10UT
= Wy
| ane BN @
20UT
an- O | _
: . RSP ane SO ®
L - i? - g & 30UT
W) 5| Sl o e o\l e {"L (12)
s G| el [=n 4IN+ — 14
2 ‘ N . . B T (13) }"’ 40UT
: W ]l )| = ! ) Bgdiad e
’ .'= 108 > m

III!||II|I|l||'l[||||||I|||IIIIIIIIIIlII‘II||IIIII]IIIIIII'IllIIIIIlIIIIlIIIIIIIII'IIII|'III|II VDD_IGND

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

TOLERANCES ARE +10%.

ALL DIMENSIONS ARE IN MILS.
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TLV2334l, TLV2334Y

LinCMOS™ LOW-VOLTAGE MEDIUM-POWER
QUAD OPERATIONAL AMPLIFIERS

SLOS113 — MAY 1892

equivalent schematic (each amplifier)

out

VbD
- L &
P3 P4
IN _\M_I”.‘_ E... "fJ
Rt — R2 ‘ 0—‘
IN+
R5 C1 1)—‘1’5 P'S_‘
)
AN L+ S
S RELS
2 s
[ =6 ®
i N3
— ]
=Ly [_‘ sz - 'fJ
o |
N1 | N2 _.'ﬂ = o
R3 D1 R4S D2 — |_0_, N7
@ & & e &
GND
COMPONENT COUNTT
Transistors 108
Diodes 8
Resistors 28
Capacitors 4

tincludes all amplifiers, ESD,
bias, and trim circuitry
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TLV2334l, TLV2334Y
LinCMOS™ LOW-VOLTAGE MEDIUM-POWER
QUAD OPERATIONAL AMPLIFIERS

SLOS113 — MAY 1992

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

Supply voltage, Vpp, (S8 NOte 1) ......ccuiiiiiiiiieiiiiiiiiiiiiiieiie e iiiie e 8V
Differential input voltage, Vip (SeoNote2) ..........coceieiiriiiiienacnncinarecesnancasanens Vpp+
INpUtvOIRGE rENGge Srl@NVIDUT) . . 35 <o ad sjaia s s siaroiaomistoiasstorsiam mis s agas A ek olaikisiais -0.3VtoVpp
[pe Tl R Bt S NS RS S SO S B S I T S B +5 mA
Outout cumenbilol- 1 o b o B L s e e s e e e s e +30 mA
Duration of short-circuit current at (or below) Ta =25°C (seeNote 3) ..........ccovivviinnn... unlimited
Continuous total disSIpation .. . .. . evrgeecicrnfadamemt o oo soomsne safesens See Dissipation Rating Table
Operating free-air temperature range, TA  .«..vrvinniiiiiiiiiiiiiiiiiiiieeneennnnnns —40°C to 85°C
Storage EEMpPeratureTaNGe - . ...« .8 s cobvot s ooy PRI L e vsis sals s1gS5s —-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

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

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).

DISSIPATION RATING TABLE
PACKAGE Ta<25°C DERATING FACTOR Ta =85°C
POWER RATING ABOVE Tp = 25°C POWER RATING
D 950 mV 7.6 mW/°C 494 mW
N 1575 mV 12.6 mW/°C 819 mwW
PW 700 mV 5.6 mW/°C 364 mW
recommended operating conditions
MIN MAX | UNIT
Supply voltage, Vpp . 2 8 Vv
Vpp=3V A g
Common-mode input voltage, V|c op — = \'
Vpp=5V -0.2 3.8
Operating free-air temperature, Tp -40 85 C
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TLV2334l, TLV2334Y

LinCMOS™ LOW-VOLTAGE MEDIUM-POWER
QUAD OPERATIONAL AMPLIFIERS

SLOS113 -~ MAY 1992

electrical characteristics at specified free-air temperature

TLV2334|
PARAMETER TEST CONDITIONS Tatl Vpp=3V Vpp=5V UNIT
MIN TYP MAX| MIN TYP MAX
Vo=1V, Vic=1V, | 25C 06 10 s 10
Vio Input offset voltage Rg=50Q, mV
RL = 100 kQ Full range 12 12
Average temperature coefficient 25°Cto
VIO o input offset voltage 85°C ! s VPG
I Input offset current (see Note 4) |Vo=1V, Vig=1V Cn % L A
o v o 85°C 22 1000 24 1000| "
| Input bi nt(seeNoted) |Vo=1V, Vig=1V ot 22 oL A
- sl ik O S il 85°C 175 2000 200 2000| "
-02 -03 -02 -03
25°C to to to to Vv
v Common-mode input 2" 23 4TTR2
ICR voltage range (see Note 5) 0.2 =02
Full range to to Vv
1.8 3.8
Vig=1V, 25°C 1.76 1.9 3.2 3.9
VOH High-level output voltage Vip =100 mV, Vv
IOH =—-1mA Full range 17 3
Vic=1YV, 25°C 16| 150 95 150
V Low-level output voltage VD =-100 mV, mV
ay loL=1mA Full range 190 190
ol Large-signal differential :‘ll'f:-110(\ll'l<n. 25°C 25 83 251170 21
voltage amplification SoeNolo 8 Full range 15 15
Vo=1V, 25°C 65 92 65 91
CMRR Common-mode rejection ratio Vic = ViCRmin, dB
Rg =50Q Full range 60 60
Mo Supply-voltage rejection ratio x:?:n: 13Vv :7; V’1 g 25°C 70 94 70 94 i
(AVDD/AV|0) Rg = 50 Q " |Fullrange | 65 65
Vo=1V, Vig=1V, 25°C 320 1000 420 1120 |
I Supply current
ol i No load Full range 1200 e00] ™

1 Full range is —40°C to 85°C.
NOTES: 4. The typical values of input bias current and input offset current below 5 pA are determined mathematically.
5. This range also applies to each input individually.

6. AtVpp=5V,Vp0=025Vto2V;atVpp=3V,Vo=05Vto1.5V.

s
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TLV2334l, TLV2334Y

LinCMOS™ LOW-VOLTAGE MEDIUM-POWER

QUAD OPERATIONAL AMPLIFIERS

SLOS113 — MAY 1992

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

PARAMETER TEST CONDITIONS T, b : UNIT
A MIN _TYP MAX
Vic=1V, Vipp) =1V, 25°C 0.38
SR Slew rate at unity gain RL = 100 kK, CL =20 pF, Vius
See Figure 30 85°C 0.29
o 2 . f-1kHZ, RS=100Q o
Vn Equivalent input noise voltage See Figure 31 25°C 32 nVAWHz
A : : VO = VOH, CL =20 pF, 25°C 34
Bom Maximum output swing bandwidth RL = 100 k&2, See Figure 30 35°C = kHz
. ; Vi=10mV, CL =20 pF, 25°C 300
B4 Unity-gain bandwidth R = 100 kQ, See Figure 32 35°C — kHz
V) =10mV, f=By, —40°C 42
om Phase margin CL =20 pF, RL = 100 kQ, 25°C 39°
See Figure 32 85°C 36°
operating characteristics at specified free-air temperature, Vpp =5V
TLV2334|
PARAMETER TEST CONDITIONS TA MIN TYP  MAX UNIT
25°C 0.43
\F:IC -1:X\>,'k£1 Vipp) =1V g s
SR Slew rate at unity gain L= - Vi,
ity g CL =20 pF, g p 25°C 0.40 P
See Figure 30 (PP)#<; 85°C 0.32
- ; b f=1kHz, Rg=100Q, =
Vn Equivalent input noise voltage See Figure 31 25°C 32 nVWHz
) : VO = VOH: C| =20 pF, 25°C 55
Bom Maximum output swing bandwidth R = 100 k2, See Figure 30 550 % kHz
; Vi=10mV, CL =20 pF, 25°C 525
B4 Unity-gain bandwidth RL = 100 kQ, See Figure 32 = P kHz
Vi=10mV, f=Bq, —40°C 43°
om Phase margin CL =20 pF, RL = 100 kQ, 25°C 40°
See Figure 32 85°C 38°
i INSTRUMENTS
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TLV2334l, TLV2334Y

LinCMOS™ LOW-VOLTAGE MEDIUM-POWER
QUAD OPERATIONAL AMPLIFIERS

SLOS113 — MAY 1992

electrical characteristics, Tp = 25°C

TLV2334Y
PARAMETER TEST CONDITIONS Vpp=3V Vpp=5V UNIT
MIN TYP MAX| MIN TYP MAX
Vo=1V, Vic=1V
Vio Input offset voltage Rg =500, R = 100 kQ 0.6 10 1.1 10| mv
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
v Common-mode input voltage ST SR R
ICR Note 5) to to to to \'
range (see 2 23 4 4.2
i Vic=1YV, Vip =100 mV,
VOH High-level output voltage lop ==1mA 1.75 1.9 3.2 39 Vv
E Vic=1V, Vip=-100 mV,
VoL Low-level output voltage loL= 1 mA 115 150 95 150 | mVv
Large-signal differential voltage |Vic=1V, RL = 100 kQ,
AVD  amplification See Note 6 ... B 5. 170 b d
CMRR Common-mode rejection ratio Hely Vic = Vicrmin, 65 92 65 91 dB
Rg=50Q
Supply-voltage rejection ratio Vic=1V, Vo=1V,
KSVR  (aVpp/AViD) Rg =500Q L. AR et s -
Vo=1V, Vic=1V,
IDD Supply current M 320 1000 420 1120 pA
NOTES: 4. The typical values of input bias current offset current below 5 pA are determined mathematically.
5. This range also applies to each input individually.
6. AtVpp=5V,Vp=025Vto2V;atVpp=3V,Vo=05Vto1.5V.
INSTRUMENTS
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TLV2334l, TLV2334Y

LinCMOS™ LOW-VOLTAGE MEDIUM-POWER

QUAD OPERATIONAL AMPLIFIERS

SLOS113 — MAY 1992

TYPICAL CHARACTERISTICS

Table of Graphs
FIGURE
Vio Input offset voltage Distribution 1,2
/|0 Input offset voltage temperature coefficient Distribution 3,4
vs Output current 5
VoH High-level output voltage vs Supply voltage 6
vs Temperature b 4
vs Common-mode input voltage 8
VoL Low-level output voltage = Telmpera'tur'e AL
vs Differential input voltage 10
vs Low-level output current 12
AVD Large-signal differential voltage amplification R pyteg 12
vs Temperature 14
i/lio Input bias and offset currents vs Temperature 15
Vic Common-mode input voltage vs Supply current 16
s s vs Supply current 17
vs Temperature 18
SR Slew rate bt s =
vs Temperature 20
Vo(pp) Maximum peak-to-peak output voltage vs Frequency 21
By Unity-gain bandwidth b e =
vs Supply voltage 23
AvD Large-signal differential voltage amplification vs Frequency 24,25
vs Supply voltage 26
Om Phase margin vs Temperature 27
vs Load capacitance 28
Vn Equivalent input noise voltage vs Frequency 29
Phase shift vs Frequency 24,25
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TLV2334l, TLV2334Y
LinCMOS™ LOW-VOLTAGE MEDIUM-POWER
QUAD OPERATIONAL AMPLIFIERS

SLOS113 — MAY 1992

Percentage of Units — %

Percentage of Units — %

TYPICAL CHARACTERISTICS
DISTRIBUTION OF TLV2334 DISTRIBUTION OF TLV2334
INPUT OFFSET VOLTAGE INPUT OFFSET VOLTAGE
50 T T 60 ==
Vpp=3V Vpp=5V
Ta =25°C Ta =25°C
N Package 50 | N Package
40
i
40
%0 £
D
-
g
b :
20
&
10
10
: 0 ; e
-5 -4 -3 -2 -1 0 1 2 3 4 5§ -5 -4 -3 -2 14 0 1 2 3 4 5
V|0 - Input Offset Voltage - mV Vio - Input Offset Voltage — mV
Figure 1 Figure 2
DISTRIBUTION OF TLV2334 DISTRIBUTION OF TLV2334
INPUT OFFSET VOLTAGE INPUT OFFSET VOLTAGE
TEMPERATURE COEFFICIENT TEMPERATURE COEFFICIENT
50 T T T 60 T T
Vpp=3V Vpp=5V
TA = 25°C to 85°C TA = 25°C to 85°C
N Package 50| N Package
40 Outliers:
2 (1) 33 mv/°C
1
40
» £
]
% a0
20
20
10
10
0 0 —
-10-8 -6 -4 -2 0 2 4 6 8 10 -10 -8 -6 -4 2 0 2 4 6 8 10
ay]o - Temperature Coefficient — uVv/°C ayjo — Temperature Coefficlent — pV/°C
Figure 3 Figure 4
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F sws vEm s SRS RSN § B T W

HIGH-LEVEL OUTPUT VOLTAGE

HIGH-LEVEL OUTPUT VOLTAGE

vs vs
HIGH-LEVEL OUTPUT CURRENT SUPPLY VOLTAGE
8 v
e Vic=1V Vic=1V
Vip = 100 mV Vip = 100 mV
- Ta =25°C > RL = 100 kQ
! 4 P Ta =25°C
s‘ \ g 6 A /
8 E]
3 \\VDD =5V S
‘é' : ‘\ g /
g g
3 2| Vpp=3V %
S il 3
T —~~ T2
X 1 I
3 3 i
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
T T 700 T L}
Vpp=3V Vpp=5V
Vic=1V 650 l loL=5mA |
> Vip = 100 mV > Ta =25°C
o 24 E
g [
(=]
> =
5 18 — 5 o
g 7 ) Vip =-100 mV
s e 3 N
3 12 3 NN
z Iy § ® NS
3 ioH= EE 4 i NN
T os-:g:f:;m '? o Vip= 1V\\\\
! lsin A —U S 350 S
OH =~ ] S
Y P Y ~I~
300
=75 -50 =25 0 25 50 75 100 125 0 i 2 3 4
Ta —Free-Air Temperature - °C Vic — Common-Mode Input Voltage - V
Figure 7 Figure 8
lu
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TLV2334l, TLV2334Y

LinCMOS™ LOW-VOLTAGE MEDIUM-POWER

QUAD OPERATIONAL AMPLIFIERg

SLOS113 — MAY 19

VoL - Low-Level Output Voltage — mV

VgL - Low-Level Output Voltage — mV

TYPICAL CHARACTERISTICS

LOW-LEVEL OUTPUT VOLTAGE
Vs
FREE-AIR TEMPERATURE

200 T
Vpp=3V
185 Vic=1V
V|p =-100 mV
1701 \oL=1mA
155 /
140 A
125 / /
110 /1
95 ,/
]
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 : :
Vpp=5V
800 Vic=05V
Vip=-1V
700 |- loL=5mA
-
600 //
500 . /r/
P
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

700

600

500

400

300

200

100

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

LOW-LEVEL OUTPUT VOLTAGE
Vs
DIFFERENTIAL INPUT VOLTAGE

T 1
Vpp=5V
Vic=IVip/2l
loL=5mA
Ta =25°C
\\
N
\\
0 -2 -4 -6 -8
Vip - Differential Input Voltage — V
Figure 10
LOW-LEVEL OUTPUT VOLTAGE
Vs
LOW-LEVEL OUTPUT CURRENT
V|c‘= 1 VI
- Vip = —100 mV
Ta = 25°C Y
Vpp=5V
/ /’ /
Vpp=3V ey
Y.
Slea
Vil
.

0 1 2 3 4 5 6 7 8

loL — Low-Level Output Current - mA

Figure 12
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TLV2334l, TLV2334Y
LinCMOS™ LOW-VOLTAGE MEDIUM-POWER
QUAD OPERATIONAL AMPLIFIERS

SLOS113 — MAY 1992

TYPICAL CHARACTERISTICS
LARGE-SIGNAL LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION DIFFERENTIAL VOLTAGE AMPLIFICATION
VS vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
RL = 100 kQ RL = 100 kQ
450 450
[ o
=] o>
8 400 8 400
o (=
3 350 5. 30
£ E Ta = -40°C b E
2SS 300 235 300
o
E . Ta = 25°C 5 <
S § 250 A =2 S5 250 N
£% ‘/ SF Vpp=5V
K- = 200 > 2 = 200 ~
'g-g_ - / / / (é, TE" e '\
T —
L iy =" Tp=85C 8« N vpp=3vV =
1 100 / e ! 100
a =)
> >
< 50 < 50
0 0
0 2 4 6 8 -75 -50 -25 0 25 50 75 100 125
Vpp - Supply Voltage -V Ta - Free-Air Temperature — °C
Figure 13 Figure 14
INPUT BIAS CURRENT AND INPUT COMMON-MODE INPUT VOLTAGE
OFFSET CURRENT POSITIVE LIMIT
vs ; vs
FREE-AIR TEMPERATURE SUPPLY VOLTAGE
< 104 8
i Vpp=3V Ta =25°C
a Vic=1V >
§ See Note A 1
E 103 &
o -} 6
3 : /
3
§ 102 B 2
s - g L
8 (-]
E 101 I Eé /
3 = 0 g /
£ 8
! 7 Z 1 3
e} 4 2
0 o /
s >
@
0.1 0
25 45 65 85 105 125 0 2 4 6 8
Ta - Free-Air Temperature — °C Vpp - Supply Voltage -V
NOTE A: The typical values of input bias current and input offset current below 5 pA are determined mathematically.
Figure 15 Figure 16
‘!’? TEXAS
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TLV2334l, TLV2334Y

LinCMOS™ LOW-VOLTAGE MEDIUM-POWER

QUAD OPERATIONAL AMPLIFIERS

SLOS113 — MAY 1992

TYPICAL CHARACTERISTICS
SUPPLY CURRENT SUPPLY CURRENT
vs vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
200 T 700 T T
Vic=1V Ta =-40°C Vic=1V
80 Vo=1V Vo=1V
No Load / 600 \\ NoLoad
700 e \ Vpp=5V
1 < 500 -
5 e E S0 #4 ‘T’\\
Bl s v L L ,/ E o i AN
3 / - 3 N
2 ] 2 N N
5 400 . / s 300 \\
] / / 7 @ N
® 300 = N
2 Pl _~  Ta=85C L 200
(=] 200 /4 / o
—_ / —_
100 A 100
NV t
0 2 4 6 8 -75 -50 -25 0 25 50 75 100 125
Vpp - Supply Voltage - V TA - Free-Alr Temperature - °C
Figure 17 Figure 18
SLEW RATE SLEW RATE
vs vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
0.9 0.9 T T
Vic=1V Vic=1V
X|(pp1) =1V Vipp) =1V
8- DV= 08l Av=1
" RL = 100 kQ & RL = 100kQ
i $L = :50 %F - CL=20pF
A = 25°
S o7 s o7
1 1
5 0.6 5 0.6
: : =
T . B I e e Ll
7] L~ % \‘\
/ VDD =3V [N
0.4 / 0.4
0.3 0.3
0 2 4 6 -75 -50 -25 0 25 50 75 100 125
Vpp - Supply Voltage -V TA - Free-Alr Temperature - °C
Figure 19 Figure 20
I'J
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TLV2334l, TLV2334Y
LinCMOS™ LOW-VOLTAGE MEDIUM-POWER
QUAD OPERATIONAL AMPLIFIERS

SLOS113 — MAY 1992

TYPICAL CHARACTERISTICS
MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE UNITY-GAIN BANDWIDTH
Vs Vs
FREQUENCY FREE-AIR TEMPERATURE
P TTTTT - Ly I
2 RL =100 kQ Vi=10 mV
- 900 RL=100kQ —|
§ % Vop =5V . CL = 20 pF
‘é Q\\ = a0
— Ta =—40°C £
= Y 2 700
% \ 5 Vpp=5V
o =
$ i \ | \ g e DD
8 2 L 8 \
o N T 500
E [l £ N
£ Ta =85°C \ > 400 \
| \ ! I~
E 1 RN ks Vpp=3V
R A= \\ 300
& | NN S—
=y 200
1 10 100 1000 -75 -50 -25 0 25 50 75 100 125
f—Frequency —kHz Ta - Free-Alr Temperature — °C
Figure 21 Figure 22

UNITY-GAIN BANDWIDTH
Vs

SUPPLY VOLTAGE
1000 ——r——
Vi=10mV
| RL=100ka
9001 o =20 pF
g Ta = 25°C
2 800
§ 700
]
8 e e —
= 2
: /
2 400 /
& /
300
200

-75 =50 -25 O 25 50 75 100 150
Vpp - Supply Voltage -V

Figure 23
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Ayp - Large-Signal Differential Voltage Amplification

Ayp —Large-Signal Differential Voltage Amplification

TYPICAL CHARACTERISTICS

LARGE-SIGNAL DIFFERENTIAL VOLTAGE
AMPLIFICATION AND PHASE SHIFT

vs
FREQUENCY
7 T -60°
e Vpp=3V
RL = 100 kQ ’
106 CL=20pF |-30
TA = 25°C
105 \\ -0°
104 '\\ \ 30°
Avp
103 \ \\ 6
102 - < 90°
Phase Shift \
101 \ 120°
1 \\ 150°
0.1 180°
1 10 100 1k 10k 100k 1M

f - Frequency — Hz
Figure 24

LARGE-SIGNAL DIFFERENTIAL VOLTAGE
AMPLIFICATION AND PHASE SHIFT

vs
FREQUENCY
7 - _680°
10 Vop <5V 60
i RL = 100 kQ
10 CL=20pF |-30°
IBE Ta = 25°C
108 \\\ -0°
104 N o
\\ an »
103 ‘\ 60°
102 < 90°
Phase Shift \‘\
101 ‘\ 120°
1 150°
N
0.1 180°
1 10 100 1k 10k 100k 1M

f — Frequency — Hz

Figure 25

Phase Shift

Phase Shift

3
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TLV2334l, TLV2334Y

LinCMOS™ LOW-VOLTAGE MEDIUM-POWER

QUAD OPERATIONAL AMPLIFIERS

SLOS113 — MAY 1992

TYPICAL CHARACTERISTICS
PHASE MARGIN PHASE MARGIN
vs vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
50° r T 45° T T
Vi=10mV Vi=10mV
48° RL=100kQ — RL = 100 kQ
k Cp =20pF CL =20pF
46 TaA=25C — 43° \
440
£ £ N
- ™ PR N
© ©
g 40° \ E \ Vpp=5V
8 N £ N
nl. 38° °|' 39°
£ £ N
e 3 - 4 = Vpp=3V \ N
34° a7 N
32°
30° 35°
0 2 i3l TR Vg eamgriasiguioang =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
i 0% A e W EEL
Vi=10mVv 3 .
42° RL=100kQ —| '; .?s_' ;:.?cﬂ
Ta = 25°C S 250 e
40° o
£ " \VDD =5V g 200
" o 3 A
= Vpp=3V s \
82 36 Z 150
2 a N
* N £ NN Voo =5V
1 34° N = N N L
E & 100
32° “_5 i
o
s \ ..':: 50 Vpp=3V "*‘"N-
s ||
28° 0
20 40 60 80 100 1 10 100 1000
C\. - Load Capacitance - pF f - Frequency — Hz
Figure 28 Figure 29
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TLV2334l, TLV2334Y
LinCMOS™ LOW-VOLTAGE MEDIUM-POWER
QUAD OPERATIONAL AMPLIFIERS

SLOS113 — MAY 1992

PARAMETER MEASUREMENT INFORMATION

single-supply versus split-supply test circuits d

~ 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 gives

the same result.
VDD +
+

Vbp
+

T Vo Vo
Vi—= W=
CL =< RL CL=< RL
T

L Vpp-
(a) SINGLE SUPPLY (b) SPLIT SUPPLY
Figure 30. Unity-Gain Amplifier
10 kQ 10 kQ
Vv ANN
Vbp VDD +
100 Q
12 VDD—{ f : — Vo A B Vo
| +
100 Q L
100 Q i 100 Q
1 Vpp -
(a) SINGLE SUPPLY (b) SPLIT SUPPLY
Figure 31. Noise Test Circuit
10 kQ
AN
Vbp
100 Q 100 Q
V| —A g V| —\WA
Vo
eNAR— s I
I "
= =~ . Vpp -
(a) SINGLE SUPPLY (b) SPLIT SUPPLY

Figure 32. Gain-of-100 Inverting Amplifier
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TLV2334l, TLV2334Y
LinCMOS™ LOW-VOLTAGE MEDIUM-POWER
QUAD OPERATIONAL AMPLIFIERS

SLOS113 - MAY 1992

PARAMETER MEASUREMENT INFORMATION

input bias current ,

Because of the high input impedance of the TLV2334I 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:

® |solate 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 are shunted away.

® 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.

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 a test socket to obtain a correct reading: therefore, an open-socket reading
is not feasible using this method.

y é 1

8 14

Figure 33. Isolation Metal Around Device Inputs
(N Package)

V=Vic

low-level output voltage

To obtain low-level supply-voltage operation, some compromise is necessary in the input stage. This
compromise results in the device low-level output voltage 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 results 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. These measurements should 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.

Y RWETET: B

(a) f = 100 Hz (d) Bom > f > 100 Hz (d)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.

APPLICATION INFORMATION

single-supply operation
While the TLV2334l performs 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 R2
well as an output voltage range that pulls down to AAA
ground. The supply voltage range extends down
to 2 V, thus allowing operation with supply levels
commonly available for TTL and HCMOS. R1

Many single-supply applications require that a i _>—<L—V
y sing pply app q sy 3 o

Vbp

voltage be applied to one input to establish a VeV Vv
reference level that is above ground. This virtual Vo= (-%—') '—;% g %
ground can be generated using two large

resistors, but a preferred technique is to use a i Ll
virtual-ground generator such as the TLE2426. v b

The TLE2426 supplies an accurate voltage equal Figure 35. Inverting Amplifier With
to Vpp/2, while consuming very little power and is Voltage Reference

suitable for supply voltages of greater than 4 V.
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APPLICATION INFORMATION

single-supply operation (continued)

The TLV2334| 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:

® 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.

® 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. :

T ) t i I
% gg;‘:{y

. . - % |
- == = NN
(a) COMMON-SUPPLY RAILS

g A e

Power
Supply

lbrtisl o R

(b) SEPARATE-BYPASSED SUPPLY RAILS (PREFERRED)

)|
y/

Logic Logic Logic

Logic Logic Logic

\|
Il

e

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 the 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 uV/month, including the first month of operation.

Because of the extremely high input impedance and resulting low bias-current requirements, the TLV2334I 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 Measurement Information
section). These guards should be driven from a low-impedance source at the same voltage level at 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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APPLICATION INFORMATION

input characteristics (continued)

Vi —WA— @ N ‘
— Vo I — Vo GRS — Vo
vi vi p

(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 TLV2334I results in a very low noise current,
which is insignificant in most applications. This feature makes the device especially favorable over bipolar
devices when using values of circuit impedance greater than 50 kS, since bipolar devices exhibit greater noise
currents.

feedback ' !E

electrostatic-discharge protection

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 T > o
+

driving capacitive loads and ignoring stray input
capacitance. A small-value capacitor connected
in parallel with the feedback resistor is an effective i’

remedy (see Figure 38). The value of this
capacitor is optimized empirically.

Figure 38. Compensation for Input Capacitance

The TLV2334 incorporates an internal electro-static-discharge (ESD)-protection circuit that prevents 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 TLV2334|
inputs and outputs 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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APPLICATION INFORMATION

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 occurring increases with increasing temperature and supply voltages.

output characteristics

Vpbp
The output stage of the TLV2334l is designed to
sink and source relatively high amounts of current i é Rp Ve — V
(see Typical Characteristics). If the output is VI = ] Rp = iR O
subjected to a short-circuit condition, this high- L E+iL+lp
current capability can cause device damage under i Vo Ip = Pullup Current
certain conditions. Output current capability ) «— b geqlrl;:le:n::lr ‘t\h': has
increases with supply voltage. [ R2 [ (ty";m"y e M")
Although the TLV2334l possesses excellent R1 'Ll RL
high-level output voltage and current capability,

methods are available for boosting this capability = =
if needed. The simplest method involves the use Figure 39. Resistive Pullup to Increase Vo
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. 25V
First, the NMOS pulldown transistor N4 (see
equivalent schematic) must sink a comparatively 2

large amount of current. In this circuit, N4 behaves v ) Vo
5 = o T g ]

like a linear resistor with an on resistance between §

approximately 60 Q and 180 Q, depending on CL
how hard the operational amplifier input is driven. Ta = 25°C

With very low values of Rp, a voltage offset from A

0V at the output occurs. Secondly, pullup resistor Vipp)=1V _25V

Rp acts as a drain load to N4 and the gain of the

operational amplifier is reduced at output voltage  Figure 40. Test Circuit for Output Characteristics
levels where N5 is not supplying the output

current.

All operating characteristics of the TLV2334| are measured using a 20-pF load. The device drives 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 Figure 41). In many cases, adding some
compensation in the form of a series resistor in the feedback loop alleviates the problem.
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output characteristics (continued)

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

Figure 41. Effect of Capacitive Loads
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® Wide Range of Supply Voltages Over ® High Input Impedance . . . 1012 Q Typical
Specified Temperature Range: ® Low Noise . .. 25 nV/VHz Typically at
TA = —40°C to 85°c P 2 v to 8 V f = 1 kHz (HIgh.Blas Mode)
e FuIIy Characterizedat3Vand5V e ESD-Protection clrcu"ry
® Single-Supply Operation ® Designed-In Latch-Up Immunity
® Common-Mode Input-Voltage Range ® Bias-Select Feature Enables Maximum
Extends Below the Negatlve Ra" and up to 5upply cl"'rent Ranga From 17 ,J.A to
Vpp -1V at25°C 1.5 mA at 25°C
® Output Voltage Range Includes Negative
Rail
D OR P PACKAGE PW PACKAGE
(TOP VIEW) (TOP VIEW)
OFFSET N1 |: 1 J 8 ]BIAS SELECT OFFSETN1 1410 8 T BIAS SELECT
IN-[] 2 700 Voo : IN- O] 2 71 Vpp
IN+ ] 3 6 f]OUT IN+ 3 6 13 ouT
GND [] 4 5[] OFFSET N2 GND 4 57T 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 V to 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 be programmed with a wide range of
different supply currents and therefore different levels of ac performance. The supply current can be set at
17 pA, 250 pA, or 1.5 mA, which results in 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.

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

TLV2341 incorporates internal ESD-protection circuits that prevents functional failures at voltages up to ‘

2000V 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 parametric performance.

AVAILABLE OPTIONS
PACKAGED DEVICES

CHIP
Viomax [ SMALL | PLASTIC
T " FORM
A AT25°C | QUTLINE DIP 'r(spsv%P m
(D) (P)

—40°C to 85°C 8mV | TLV2341ID | TLV2341IP | TLV2341IPWLE TLV2341Y

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

LinCMOS™ is a trademark of Texas Instruments Incorporated.
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The TLV2342 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 o
Ta =25°C,Vpp =3V HIGH-BIAS | MEDIUM-BIAS | LOW-BIAS | UNIT
RL =10 kQ R =100 kQ RL =1MQ

Pp Power dissipation 975 195 15 pWw
SR Slew rate 241 0.38 0.02 Vlus
Vn Equivalent input noise voltage at f = 1 kHz 25 32 68 nVAWHz
B Unity-gain bandwidth 790 300 27 kHz
om Phase margin 46° 39° "34°
Ayp Large-signal differential 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 necessitates using a voltage divider as indicated in Figure 1. The use of
large-value resistors in the voltage divider reduces the current drain of the divider from the supply line. However,
large-value resistors used in conjunction with a large-value capacitor 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.

Vbp
3
S1MQ BIAS-SELECT VOLTAGE
LP:ewdlum i gy (Single Supply)
—-/' Low VpD
To the Bias-Select Pin High e el
High GND
1MQ2

- 0.01puF

—

e

Figure 1. Bias Selection for Single-Supply Applications

s
INSTRUMENTS

2-160 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



TLV2341l, TLV2341Y
LinCMOS™ PROGRAMMABLE LOW-VOLTAGE
OPERATIONAL AMPLIFIERS

SLOS110 — MAY 1992

high-bias mode

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

medium-bias mode

The TLV2341 in the medium-bias mode features a low offset voltage drift, high input impedance, and low noise.
Speed in this mode is similar to general-purpose bipolar devices but power dissipation is only a fraction of that
consumed by bipolar devices.

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
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recommended operating conditions all
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TLV2341Y chip information

This chip, when properly assembled, displays characteristics similar to the TLV23411. Thermal compression or
ultrasonic bonding may be used on the doped aluminum bonding pads. Chips may be mounted with conductive
epoxy or a gold-silicon preform.

BONDING PAD ASSIGNMENTS
Y
OFFSETN1 (1) Vbp
IN+
out
iy
OFFSETN2 (5) 4
rod GND
BIAS SELECT

CHIP THICKNESS: 15 TYPICAL
BONDING PADS: 4 x 4 MINIMUM

T T e i e e L - e e

TJmax = 150°C
< TOLERANCES ARE +10%.
& 55 B ALL DIMENSIONS ARE IN MILS.
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INSTRUMENTS

2-162 POST OFFICE BOX 656303 ® DALLAS, TEXAS 752656



SINTWMAISN]

S92SL SYX3L 'SVTIVA e€0£SS9 XOE 301440 1SOd

€91-¢

equivalent schematic

Vbb

[ &

2731
147

%
l—‘ R6

ANV

T¥]

|_0 POA le
4 & PB £4 e
P1 P2 R2 ut l_',— ,r

—i
IN- — — L ﬂr ]';_
iy
5 L‘_"T »-lEp P10 24
8

M = N5 1>—l

[ —!
IN+ P6A P6B| I—P;B Fn P
R5 Cc1
AN 1t

=t
H4

N3 N:ﬂ

'_..
>_‘|.4 No
B . L3 k.
= — e | w7

N1 N2 — T
N4

el

OFFSET OFFSET out GND BIAS
N1 N2 SELECT
COMPONENT COUNTT
Transistors 27
Diodes 2
Resistors T
Capacitors 1

tincludes the amplifier and all
ESD, bias, and trim circuitry

FOVLIOA-MOT IT1aVINNYHOOUd v:SOWIUIT

4314IMdINY TYNOILYH3dO
IHPECA1L

2661 AVN = 01LSOTS



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

Siipply voltage, Vpp (888 INOLE 1) 5 et oo fon . B0, s dions v o Blogimn s o lee v e o owooNe 28 e e eiaiaie s 8V
Pifferential inputiveltagei (SR INOYE 2) L. i s s .« v ¢ s anieiome wpisisisate s gibraesasiss s o/sjaeisl o ojsremmesss VboD+
input voltage range, Vi (ARYMIPULY . - - - 1= - oiccrnoresessmmmesansfonsneenissbdimorlsons -0.3VtoVpp
ST TTE L AR B et R e e . e S i RIS e 5 mA
Ouipitciiment B S E b (L L T G R LR SRR, R e b +30 mA
Duration of short-circuit current at (or below) Ta = 25°C (see Note 3) ........ LTy wyr Y unlimited
Coninuous IIAlAISSIRataN . . . . . - s o2 R (fuision slieren B uteip s lats wivs See Dissipation Rating Table
Operating free-air temperature range, Ta . .i. .. «. i S e ermm T er T e o o o —-40°C to 85°C
Storage temperature TaANGBE: <« - ocdin: oo dif s o insisioios i sl sisserieiolisssaionoismissio —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

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 conditions beyond those indicated under “recommended operating conditions” is not implied.
Exposure to absolute-maximum-rated conditions for extended periods may effect 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).

DISSIPATION RATING TABLE
PACKAGE TA<25°C DERATING FACTOR Ta =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 2 gl
: Vpp=3V -0.2 1.8
Common-mode input voltage, V| Vv
o . Vop =5V —02 38
Operating free-air temperature, T -40 85 -

2-164
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=e=
HIGH-BIAS MODE
electrical characteristics at specified free-air temperature ;
TLV23411 ‘
PARAMETER TEST CONDITIONS | Tat Vpp=3V Vpp=5V UNIT
MIN TYP MAX| MIN TYP MAX
Vo=1V, Vig=1V, | 25°C 0.6 8 1.1 8
Vio Input offset voltage Rg=50Q, Al
RL =10 kQ Full range 10 10
Average temperature of 25°Cto
IO input offset voltage 85°C il il = V’oq
| Input (;ﬁset current (see Note 4) |Vo=1V, V 1V i i . A
e o M. 85°C 22 1000 24 _1000]| "
| Input bias current (see Note4) |Vo=1V, Vigc=1V T o = pA |
- i L 85°C 175 2000 200 2000 ‘
-02 -03 -02 -03
25°C to to to to Vv
v Common-mode input 2 23 g A2
IcR voltage range (see Note 5) —02 -02
Full range to to v
1.8 3.8 |
Vic=1V, 25°C 1.78 1.9 3.2 3.7
VoH  High-level output voltage Vip =100 mV, \"}
IoH=-1mA Full range s 4 3
Vig=1V, 25°C 120 150 90 150 1
VoL Low-level output voltage Vip=-100 mV, mv
loL=1mA Full range 190 190
. Large-signal differential \F,l||_C:110 \':’Q 25°C 3 i 5 23 Vil
voltage amplification See Note 6’ Full range 2 35
Vo=1V, 25°C 65 78 65 80
CMRR Common-mode rejection ratio V|c = VIcRmin, dB
Rg=50Q Full range 60 60
A Supply-voltage rejection ratio Vic=1V, Vo=1V, | 25°C 70 95 70 95 -
SVR (AVDD/AV|O) RS =50Q Full range 65 65
li(SEL) Bias select current VI(SEL) = 0 25°C -1.2 -1.4 pA |
i - 25°C 325 1500 675 1600 |
IpD Supply current xol- o pA
o load Full range 2000 2200

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

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

PARAMETER TEST CONDITIONS T, il UNIT
A MIN TYP MAX
Vic=1V, Vipp) =1V, 25°C 2.1
SR Slew rate at unity gain RL=10kQ, CL =20 pF, Vips
See Figure 92 85°C 1.7
) : ; f = kHz, Rg=100Q, .,
Vn Equivalent input noise voltage See Figure 93 25°C 25 nVAHz
: : . Vo =VOH, CL =20 pF, 25°C 170
Bom Maximum output swing bandwidth RL = 10 kD, See Figure 92 85°C 46 kHz
Vi=10mV,  CL =20pF, 25°C 790
B4 Unity-gain bandwidth RL =10k, kHz
See Figure 94 85°C 690
Vj=10mV, =By, —40°C 53°
om Phase margin CL =20pF, RL=1MQ 25°C 49°
See Figure 94 85°C 47°
operating characteristics at specified free-air temperature, Vpp =5V
PARAMETER TEST CONDITIONS ) Lo UNIT
A MIN _TYP MAX
25°C 3.6
::/‘lc =1:)\|/(’n' Vipp) =1V 5°C 58
SR Slew rate at unity gain L= - Vi
ity g oL-20pF, [ e 25°C 29 ¥3
See Figure 92 I(PP) = 2. 85°C 23
. . . f=1kHz, Rg =1009, g
Vn Equivalent input noise voltage See Figure 93 25°C 25 nVWHZ
; : ) VO = VOH, CL =20 pF, 25°C 320
Bom Maximum output swing bandwidth AL = 10 kD, See Figure 92 0 s kHz
L ol . Vi=10mV,  C|=20pF, 25°C 17
B4 Unity-gain bandwidth AL = 10k0, See Figure 94 e o MHz
Vi=10mV,  f=Bj, —40°C 49°
om Phase margin C| =20 pF, R =10kQ, 25°C 46°
See FIgUfG 94 85°C 43°
b INSTRUMENTS
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HIGH-BIAS MODE
electrical characteristics, Tp = 25°C
TLV2341]
PARAMETER TEST CONDITIONS Vpp=3V Vpp=5V UNIT
MIN TYP MAX| MIN TYP MAX
Vo=1V, Vic=1V,
Vio Input offset voltage Rg=50Q, RL=10kQ 0.6 8 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 voltage =E L
ICR Note 5) to to to to Vv
range (see 2 . 28 4 42
. Vic=1V, Vip = 100 mV,
VoH ngh—level output voltage lop =—1 mA 1.7 1.9 3.2 3.7 Vv
. Vic=1V, Vip =-100 mV,

VoL Low-level output voltage loL =1 mA 120 150 90 150 mV

Large-signal differential voltage |Vic=1V, RL=10kQ,
AvD amplification See Note 6 $ ” - ol
CMRR Common-mode rejection ratio \F/‘O =N ma Mg = VicRmin, 65 78 80 dB

s =50Q

Supply-voltage rejection ratio Vo=1V, Vic=1V,
KeVR (AVDD/AV|Q) Rg =50 Q 70 95 70 95 dB
lSEL) Bias select current VI(SEL) =0 -1.2 -1.4 pA

Vo=1V, Vic=1V,

IbD Supply current No load 325 1500 675 1600 pA

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

6. AtVpp=5V,V0=0.25Vt02V;atVpp=3V,Vo=05Vto1.5V.
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TLV2341l, TLV2341Y
LinCMOS™ PROGRAMMABLE LOW-VOLTAGE
OPERATIONAL AMPLIFIER

SLOS110 — MAY 1992

TYPICAL CHARACTERISTICS (HIGH-BIAS MODE)

Table of Graphs
FIGURE
Vio Input offset voltage Distribution 23
ayio Input offset voltage temperature coefficient Distribution 4,5
vs Output current 6
VOH High-level output voltage vs Supply voltage Z
vs Temperature 8
vs Common-mode input voltage 9
VoL Low-level output voltage W e 1012
vs Differential input voltage 1
vs Low-level output current 13
AvD Large-signal differential voltage amplification ve Supplyivoliage e
vs Temperature 15
IIg/llo  Input bias and offset currents vs Temperature 16
Vic Common-mode input voltage vs Supply voltage 17
oD Supply carent vs Supply voltage 18
vs Temperature 19
SR Slew rate 2 By -
vs Temperature 21
Bias select current vs Supply voltage 22
Vo(pp) Maximum peak-to-peak output voltage vs Frequency 23
By Uty i it vs Temperature 24
vs Supply voltage 25
AvD Large-signal differential voltage amplification vs Frequency 26,27
vs Supply voltage 28
om Phase margin vs Temperature 29
vs Load capacitance 30
Vn Equivalent input noise voltage vs Frequency 31
Phase shift vs Frequency 26, 27
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LinCMOS™ PROGRAMMABLE LOW-VOLTAGE
OPERATIONAL AMPLIFIER

SLOS110 — MAY 1992

Percentage of Units - %

Percentage of Units — %

TYPICAL CHARACTERISTICS (HIGH-BIAS MODE)

DISTRIBUTION OF TLV2341 DISTRIBUTION OF TLV2341
INPUT OFFSET VOLTAGE INPUT OFFSET VOLTAGE
50 = 60
Vpp=3V Vpp=5V
Ta = 25°C Ta = 25°C
P Package 50 | P Package
40
3
40
30 H _
; 30
" :
5 20
o
10
10
0 0 —
-5 -4 -3 -2 14 0 1 2 3 4 5 -5 -4-3 -2 -1 0 1 2 3 4 5
V|o - Input Offset Voltage — mV V|o - Input Offset Voltage — mV
Figure 2 Figure 3
DISTRIBUTION OF TLV2341 DISTRIBUTION OF TLV2341
INPUT OFFSET VOLTAGE INPUT OFFSET VOLTAGE
TEMPERATURE COEFFICIENT TEMPERATURE COEFFICIENT
50 T T T w
Vpp=3V Vpp=5V
Ta =25°C to 85°C TA =25°C to 85°C
P Package 50 P Package
40 Outliers:
(1) 20.5 mV/°C
)i
40
» £
=
S 30
20 o
20 -
10
10
0 0 s —
-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 4

ayjo — Temperature Coefficlent — uV/°C

Figure 5
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TLV2341l, TLV2341Y
LinCMOS™ PROGRAMMABLE LOW-VOLTAGE
OPERATIONAL AMPLIFIER

SLOS110 — MAY 1992

TYPICAL CHARACTERISTICS (HIGH-BIAS MODE)

HIGH-LEVEL OUTPUT VOLTAGE
Vs

HIGH-LEVEL OUTPUT VOLTAGE

Vs

HIGH-LEVEL OUTPUT CURRENT SUPPLY VOLTAGE
5 T 8 T
Vig=1V Vic=1V
Vip = 100 mV \ém =11 aOQmV
> TA = 25°C > L=
é o i | A=z /
3 8
S \ Vpp=5V S /
5 3 L Sy 5
o 4
3 3
3 2] Vpp=3V ;I?
= =
T T~ T 2
- gl - 7
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 6 Figure 7
HIGH-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE
vs Vs
FREE-AIR TEMPERATURE COMMON-MODE INPUT VOLTAGE
T T 700 T
Vpp=3V \ Vpp=5V
Vic=1V 650 loL=5mA
> Vip = 100 mV = Ta=25°C
° 24 E
5 & 600
S x g s
B ¥ s>
é 1.8 — ’r ] = \Im =-100 mV
4 I £ 500
E S N
8. 42 3 N IN
z 1/ g 450
2| lon=-soou : b W
| loH=-1mA S 400 Y
I 06 lon=-2mA : Vip=-1V \\
1| R 8 = >
OH=-4m
-75 -50 -25 0 25 50 75 100 125 1 2 3 4
Ta — Free-Air Temperature —-°C Vic = Common-Mode Input Voltage - V
Figure 8 Figure 9
‘b’ TEXAS
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VoL —Low-Level Output Voltage — mV

VoL — Low-Level Output Voltage — mV

TYPICAL CHARACTERISTICS (HIGH-BIAS MODE)

LOW-LEVEL OUTPUT VOLTAGE
vs
FREE-AIR TEMPERATURE
200 T T
Vpp=3V
Vic=1V
185} Vip=-100mV
loL=1mA
v
150 /
125 /
100 7
75
50
-75 =50 =25 0 25 50 75 100 125
Ta — Free-Air Temperature -°C
Figure 10
LOW-LEVEL OUTPUT VOLTAGE
Vs
FREE-AIR TEMPERATURE
900 T T
Vpp=5V
800} Vic=05V
Vip=-1V
700} loL=5mA
-
600 /J
500 L~
400
T
300
200
100
0
-75 -50 -25 0 25 50 75 100 125

TA —Free-Air Temperature —°C

Figure 12

VoL —Low-Level Output Voltage — mV

VoL — Low-Level Output Voltage -V

700

200

100

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0

LOW-LEVEL OUTPUT VOLTAGE
Vs
DIFFERENTIAL INPUT VOLTAGE

Vpp=5V
Vic=IVp/2l
loL=5mA
TA =25°C

" WM EC TR Y S MR A

V|p - Differential Input Voitage - V

-7 -8

Figure 11

LOW-LEVEL OUTPUT VOLTAGE
vs
LOW-LEVEL OUTPUT CURRENT

Vic=1V
- Vip =-100 mV
Ta =25°C

Vpp=5V

Vpp=3V 7
/,//
-
0 1 2 3 4 5 6 7 8
loL — Low-Level Output Current — mA

Figure 13
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LinCMOS™ PROGRAMMABLE LOW-VOLTAGE

OPERATIONAL AMPLIFIER

SLOS110 — MAY 1992

TYPICAL CHARACTERISTICS (HIGH-BIAS MODE)

LARGE-SIGNAL LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION DIFFERENTIAL VOLTAGE AMPLIFICATION
vs vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
60 50 T T
RL =10 kQ RL = 10 kQ
45
) )
2L % £ 4
s s
s -_ Ta =-40°C — - 148 35
€EE SE
1 R L n e
& E Vpp=5V
85 a0 / — 8§ 55 S e
£3 At - I S
?E BE 20
g, E' 20 — g g' N
< Eaq 15 Vpp=3V
;IT K TA =25°C ;‘T \
o o 10
Q=19 T >
< — Ta =85°C < 5
[} l 0
0 2 4 6 8 -75 =50 =25 0 25 50 75 100 125
Vpp - Supply Voltage -V Ta - Free-Air Temperature - °C
Figure 14 Figure 15
INPUT BIAS CURRENT AND INPUT OFFSET COMMON-MODE INPUT VOLTAGE
CURRENT POSITIVE LIMIT
Vs vs
FREE-AIR TEMPERATURE SUPPLY VOLTAGE
< 104E 8
i F VoD =3V Ta =25°C
§ 103 See Note A g
3 £ o
& s /
& g
i — —— — L % g
2 7 s —1
©
@ 1ol o s /
5 = £
= = E
3 7 ,/ 3 2
4
- S 3 /
2 >
@ 9
= okt 0
25 35 45 55 65 75 85 95 105 115 125 0 2 4 6 8
Ta — Free-Air Temperature —°C Vpp - Supply Voltage - V
NOTE: The typical values of input bias current and input offset
current below 5 pA were determined mathematically. Flgure 17
Figure 16
:’
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LinCMOS™ PROGRAMMABLE LOW-VOLTAGE
OPERATIONAL AMPLIFIER
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TYPICAL CHARACTERISTICS (HIGH-BIAS MODE)

SUPPLY CURRENT SUPPLY CURRENT
vs Vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
2 T
” Vig=1V Vic=1V
Vo=1V 175} Vo=1V
Lk No Load No Load
< 1 T 15 '
; H0L0 Daid 8
E 12 E 1.25
3 /
g Ta=25°C 7( g 1
[ = Vpp=5V
3 o8 st 3 B
ulz 7 - UIJ 0.75
a / / L I\\\
[=] o Vpp=3V —
= /A = 85°C = 05 o
0.4 A L e ——r—
/// ==
0 0
0 2 4 6 8 -75 -50 -25 0 25 50 75 100 125
Vpp - Supply Voitage -V Ta — Free-Air Temperature —°C
Figure 18 Figure 19
SLEW RATE SLEW RATE
vs vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
8 T 8 T ]
x'(p-p) =1V XI(P-P1) =1V
o= 7} ove
RL =10kQ RL =10kQ
CL=20pF CL =20pF
. 6 Tp=25°C . 6
N8 75
g 2 ~~ Vpp=5V
[ 4 T 4
: / SN
‘T|) 3 > % 3 ~
Z / & e
7] 7]
2 Va 2 VDD = 9V
1 1
0 0
0 2 4 6 8 -75 -50 -25 0 25 50 75 100 125
Vpp - Supply Voltage -V TA — Free-Air Temperature —°C
Figure 20 Figure 21
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TYPICAL CHARACTERISTICS (HIGH-BIAS MODE)

BIAS SELECT CURRENT MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE
vs vs
SUPPLY VOLTAGE FREQUENCY
-3 >I 5 i . S0 LA
Ta = 25°C RL=10kQ
Vi(seL) =0 5’ fal el
-24 2 4 L2
< 8 V)
4 3
5 -18 § 3
o
3
- / / $ Vpp=3V \
g 3 N
3 -12 e 3 2
- £ TA = -40°C
o (] TA =25°C \
iy . - UL \
2 x TA = 85°C \\
3 N
SO0
0 2 4 6 8 10 100 1000 10000
Vpp - Supply Voltage -V f — Frequency — kHz
Figure 22 Figure 23
UNITY-GAIN BANDWIDTH UNITY-GAIN BANDWIDTH
vs vs
FREE-AIR TEMPERATURE SUPPLY VOLTAGE
3.5 =1 T 24 T T
1=10mV Vi=10mV =
RL =10kQ 1.9—RI|_=10kﬂ S
. CL=20pF & CL=20pF
EI 29 : E 1.7 TA = 25°C
L
g - \ S
. 1.3
: :
3 - a8 14
& Vpp=5V < /
5 1.7 ‘3 0.9 ,
2 2 /
£ \\ g 0.7 /
Lo - 05
] \\ Vpp=3V -] &
0.3
0.5 0.1
-75 -50 -25 0 25 50 75 100 125 oF 4 ra- s g TR e Sy 8
Ta - Free-Air Temperature - °C Vpp - Supply Voltage -V
Figure 24 Figure 25
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TLV2341l, TLV2341Y

LinCMOS™ PROGRAMMABLE LOW-VOLTAGE
OPERATIONAL AMPLIFIER

SLOS110 — MAY 1992

TYPICAL CHARACTERISTICS (HIGH-BIAS MODE)

Ayp - Large-Signal Differential Voltage Amplification

Ayp - Large-Signal Differential Voltage Amplification

LARGE-SIGNAL DIFFERENTIAL VOLTAGE
AMPLIFICATION AND PHASE SHIFT
Vs

FREQUENCY
107 T -60°
Vpp=3V
RL=10kQ _| _
108 cL=20pF |30
Ta =25°C
108 0
104 N 30°
AvD
103 N 60°
Phase Shift
102 \\ 90°
101 \\ 120°
' \\
180°

0.1
10 100 1K 10K 100K 1M 10M

f — Frequency - Hz
Figure 26
LARGE-SIGNAL DIFFERENTIAL VOLTAGE

AMPLIFICATION AND PHASE SHIFT
Vs

FREQUENCY
107 T -60°
Vpp=5V
RL=10kQ _] &
1068 cL=20pF |~
T = 25°C
105 N 0
\
104 \\ \ 4 30°
VD
103 \\\ 60°
102 e . 90°
Phase Shift \S \
101 ™ 120°
N\
1 \\ 1500
0.1 180°

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

Figure 27

Phase Shift

Phase Shift
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TLV2341l, TLV2341Y
LinCMOS™ PROGRAMMABLE LOW-VOLTAGE
OPERATIONAL AMPLIFIER

SLOS110 — MAY 1992

TYPICAL CHARACTERISTICS (HIGH-BIAS MODE)t

PHASE MARGIN PHASE MARGIN
vs vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
e Vi=10mv = Vi=10mv
RL =10 kQ 58° | RL=10kQ
CL=20pF CL=20pF
TA = 25°C 56°
51°
c s 54°
§’ _E 52° \
g g . L Vpp=3V
g 40 g 50 <
& £ ~
= -9 48° N
1 1 N L
y / s
Vpp=5V
47° DD N
\\// - ‘\
42°
45° 40°
0 2 4 6 8 -75 =50 -25 -0 25 50 75 100 125
Vpp - Supply Voltage -V Ta — Free-Air Temperature —-°C
Figure 28 Figure 29
PHASE MARGIN EQUIVALENT INPUT NOISE VOLTAGE
vs vs
LOAD CAPACITANCE FREQUENCY
5°° 400 T R
\ N\ L}_: Rg=100Q
\ \ > Ta = 25°C
>
45° N &
\\ Vpp=3V % 300 Y
£ °
P N\ > \
£ N T 8 \
Vpp=5V -]
E \ \ Z 200 N
e , \\ ::,_ \N\ Vpp=5V
5 \ E N}
? N § 100 1
Vi=10mV N o Vpp=3V \...
RL=10kQ \ e "
Ta =25°C =
250 o2 iy 0
0 10 20 30 40 50 60 70 80 90 100 1 10 100 1000
CL ~- Load Capacitance - pF f - Frequency — Hz
Figure 30 Figure 31

1 Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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TLV2341l, TLV2341Y

LinCMOS™ PROGRAMMABLE LOW-VOLTAGE

SLOS110 - MAY 1992
MEDIUM-BIAS MODE
electrical characteristics at specified free-air temperature
TLV2341I
PARAMETER TEST CONDITIONS Tal Vpp=3V Vpp=5V UNIT
MIN TYP MAX MIN TYP MAX
Vo=1V, Vic=1V, 25°C 0.6 8 1ot 8
Vio Input offset voltage Rg =509, mV
RL = 100 kQ Full range 10 10
Average temperature coefficient 25°C to ™
WIO o input offset voltage 85°C ' iad i
I | offset current (see Note 4) |Vo =1V, V, 1V — sk ~ pA
g o AR 85°C 22 1000 24 1000
| Input bias current (see Note 4) |Vo=1V, Vig=1V e - — A
ias cu =1V, -
- » . i 85°C 175 2000 200 2000 °©
-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 -0.2
Full range to to v
1.8 3.8
Vic=1YV, 25°C 1.75 1.9 3.2 3.9
VoH  High-level output voltage V|p =100 mV, Vv
IoH =—1mA Full range 17 3
Vic=1V, 25°G 115 150 95 150
VoL Low-level output voltage Vip =-100 mV, mvV
loL=1mA Full range 190 190
44 Large-signal differential \F?LG n 110(\)/'@ 25°C 25 83 25 170 s
voltage amplification Ses Note 6 Full range 15 15
Vo=1V, 25°C 65 92 65 91
CMRR Common-mode rejection ratio Vic = VIcRrmin, dB
Rg =50 Q Full range 60 60
K Supply-voltage rejection ratio Vic=1V, Vo=1V, 25°C 70 94 70 94 4
SVR  (avpp/avio) Rs =500 Fulrange | 65 &
l|(SEL) Bias select current VI(SEL) =0 25°C -100 -130 nA
Vo=1V, Vig=1V, 25°C 65 250 105 280
I Suj current
oo o No load Full range 360 e

1 Full range is —40°C to 85°C.
NOTES: 4. The typical values of input bias current and input offset current below 5 pA are determined mathematically.
5. This range also applies to each input individually.
6. AtVpp=5V,Vp=025Vto2V;atVpp=3V,Vo=05Vto1.5V.

“.’P TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

2-177



TLV2341l, TLV2341Y
LinCMOS™ PROGRAMMABLE LOW-VOLTAGE
OPERATIONAL AMPLIFIER

SLOS110 — MAY 1992

MEDIUM-BIAS MODE

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

TLV2341|
PARAMETER TEST CONDITIONS TA MIN _TYP  WAX UNIT
Vic=1V, Vipp) =1V, 25°C 0.38
SR Slew rate at unity gain RL=100kQ, Cp =20pF, Vius
See Figure 92 85°C 0.29
. ' X f = kHz, Rg=100Q, "
Vn Equivalent input noise voltage See Figure 83 25°C 32 nVWHz
g : ; Vo = VOH, CL =20pF, 25°C 34
Bom Maximum output swing bandwidth RL=100ke, See Figure 92 B5°C 20 kHz
£ i Vi=10mV,  Cp=20pF, 25°C 300
B4 Unity-gain bandwidth RL=100k, See Figure 94 85°C e kHz
Vj=10mV,  f=Bjy, —40°C 42°
om Phase margin Cp =20 pF, RL = 100 k3, 25°C 39°
See Figure 94 85°C 36°
operating characteristics at specified free-air temperature, Vpp =5V
PARAMETER TEST CONDITIONS T, 10 UNIT
& MIN _TYP MAX
25°C 0.43
Vic=1V, Vipp) =1V = —
SR Slew rate at unity gain g g+ - Vips
CL = 20 pF, i Ao 25°C 0.40
See Figure 92 | VI(PP) =2- 85°C 0.32
3 : : f =1 kHz, Rg=100Q, 3
Vn Equivalent input noise voltage See Figure 93 25°C 32 nVWHz
: ] . Vo=VOH,  CL=20pF, 25°C 55
Bom Maximum output swing bandwidth RL=100kQ, See Figure 92 85°C pes kHz
SE: . Vi=10mV,  C =20pF, 25°C 525
B4 Unity-gain bandwidth RL=100kQ, See Figure 94 35°C 370 kHz
Vj=10mV,  f=Bjy, —40°C 43°
om Phase margin CL =20 pF, R =100 kQ, 25°C 40°
See Figure 94 85°C 38°
o INSTRUMENTS
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TLV2341l, TLV2341Y

LinCMOS™ PROGRAMMABLE LOW-VOLTAGE

SLOS110 — MAY 1992
MEDIUM-BIAS MODE
electrical characteristics, Ta = 25°C
TLV2341]
PARAMETER TEST CONDITIONS Vpp=3V Vpp=5V UNIT
MIN TYP MAX| MIN TYP MAX
Vo=1V, Vic=1V,
Vio Input offset voltage Rg=50Q, RL=100kQ 0.6 8 154 8| mv
llo Input offset current (see Note4) |[Vpo=1V, Vic=1V 0.1 0.1 pPA
B Input bias current (see Note 4) Vo=1V, Vic=1V 0.6 0.6 pA
) -02 -03 -02 -03
VicR Common—mﬁdte lrsnput voltage b ) to i v
rangs (see Note 5) 2 23 4 42
" Vic=1V, V|p =100 mV,
VOH High-level output voltage lop =—1 mA 1.75 1.9 3.2 39 v
. Vic=1V, V|p =—-100 mV,
VoL Low-level output voltage loL =1 mA 115 150 95 150 | mv
Large-signal differential voltage |Vic=1V, RL = 100 kQ,
Avp amplification See Note 6 » - 25 oy i
CMRR  Common-mode rejection ratio VoAl Vig =MicRmIn, 65 92 65 91 dB
Rg =50Q
Supply-voltage rejection ratio Vo=1V, Vic=1V,
KSVR  (avpp/AVID) Rs =500 LB & 7004 -
l(SEL) Bias select current Vi(SEL) =0 -100 -130 nA
Vo=1V, V|g=1V,
DD Supply current No Joad 65 250 105 280 pA

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

6. AtVpp=5V,V0=025Vto2V;atVpp=3V,Vo=05Vto1.5V.

“’r‘TEXAs

INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

2-179
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LinCMOS™ PROGRAMMABLE LOW-VOLTAGE
OPERATIONAL AMPLIFIER
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TYPICAL CHARACTERISTICS (MEDIUM-BIAS MODE)

Table of Graphs
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
vs Temperature 40, 42
vVou i s il vs Differential input voltage 41
vs Low-level output current 43
AvD Large-signal differential voltage amplification va S\t wiage =
vs Temperature 45
i/lio  Input bias and offset currents vs Temperature 46
Vic Common-mode input voltage vs Supply voltage 47
vs Supply voltage 48
IpD Supply current
vs Temperature 49
SR Slewrate L -
vs Temperature 51
Bias select current vs Supply current 52
Vo(pp) Maximum peak-to-peak output voltage vs Frequency 53
B4 Unity-gain bandwidth v Tty .
vs Supply voltage 55
AvD Large-signal differential voltage amplification 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
Phase shift vs Frequency 56, 57
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Percentage of Units ~ %

Percentage of Units — %

TYPICAL CHARACTERISTICS (MEDIUM-BIAS MODE)

DISTRIBUTION OF TLV2341 DISTRIBUTION OF TLV2341
INPUT OFFSET VOLTAGE INPUT OFFSET VOLTAGE
g Vpp=3V - Vpp=5V
Ta =25°C TA =25°C
P Package 50 - P Package
40
b
40
) g
2
; 30
20 8
i
10
10
0 4 0 : b b
-5 -4 -3 -2 -1 0 1 2 3 4 5 -6 -4 -3 -2 -1 0.1 2 3 .4 6§
V|0 - Input Offset Voltage — mV Vio - Input Offset Voitage — mV
Figure 32 Figure 33
DISTRIBUTION OF TLV2341 DISTRIBUTION OF TLV2341
INPUT OFFSET VOLTAGE INPUT OFFSET VOLTAGE
TEMPERATURE COEFFICIENT TEMPERATURE COEFFICIENT
50 T T T 60 T T
Vpp=3V Vpp=5V
TA =25°C to 85°C TA = 25°C to 85°C
P Package 50| P Package
40 = Outliers: .
2 (1) 33 mv/°C '
1
40
20 £ ,
= o
s ao 557
20
20
10
10
0 e 0 .
-10-8 -6 -4 -2 0 2 4 6 8 10 -10 -8 -6 -4 -2 0 2 4 6 8 10

ay]o — Temperature Coefficient — uV/°C

Figure 34

ay|o — Temperature Coefficient — uV/°C

Figure 35
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VoH —High-Level Output Voltage -V

TYPICAL CHARACTERISTICS (MEDIUM-BIAS MODE)

HIGH-LEVEL OUTPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE
Vs Vs
HIGH-LEVEL OUTPUT CURRENT SUPPLY VOLTAGE
v 8 v
Vic=1V Vic=1V
Vip =100 mV Vip =100 mV
Ta =25°C RL =100 KQ
™ Ta=25°C
\ Vpp=5V /
—
~— /

\

\

e

i

VoH — High-Level Output Voltage — V
»

7
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() -2 -4 -6 -8 () g 4 6 8
loH — High-Level Output Current - mA Vpp - Supply Voltage -V
Figure 36 Figure 37
HIGH-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE
vs vs
FREE-AIR TEMPERATURE COMMON-MODE INPUT VOLTAGE
3 T T 700 T
Vpp=3V \ Vpp=5V
Vic=1V loL=5mA _|
> Vip =100 mV of 980 TA = 25°C
o 24 ?
g < 600 \
S x § 550
5 18 7 S
g‘ ;) 5 Vip =-100 mV
3 o — > £ 500
: 1.2 [ § X \\
2 | ] § SN
2 loH = —500 pA 3 \\
i loH=-1mA S 400 N
r 06| Ioy=-2mA i V|n=-1v\\
S IoH=-3mA — >5' o \\\‘
loH=-4mA )
e b d ol Y —
-75 -50 -25 0 25 50 75 100 125 0 1 2 3 4
TA - Free-Air Temperature —-°C V|c — Common-Mode Input Voitage - V
Figure 38 Figure 39
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LOW-LEVEL OUTPUT VOLTAGE

LOW-LEVEL OUTPUT VOLTAGE

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

vs vs
FREE-AIR TEMPERATURE DIFFERENTIAL INPUT VOLTAGE
200 T 800 T
Vpp=3V Vpp=5V
185} Vic=1V Vic=IVip/2l
2 Vip = -100 mV B ™ loL =5 mA
] 170 loL=1mA 1 Ta=25°C
5 '
185 g \
S & V > 500
=
g 125 / g 400 \
~
2 o L H ~
| v 4 300
F e 3
° ~ °
3 ol 7. 200
=4 80 o
2 = od
65
50 0
-75 -50 -25 0 25 50 75 100 125 0 -2 -4 -6 -8
TA — Free-Alr 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 1000
Vpp=5V Vic=1V
> 800 Vjg=05V > 900| Vjp=-100mV
B Vip=-1V [= Ta=25°C
| D ] 800 A
§ 700 loL=5mA §
Vpp=5V
3 oo = P 3 700 DD
b P S 600
£ 500 - 2 Vpp=3V
3 L~ 3 500 r
€ 400 - 2 2/
3 T ol & 400
= o / <
g 300 - y. 4
- = //7
L 200 i P,
2 2 A
100 100
0 (]
-75 -50 -25 0 25 50 75 100 125 Ot f-ia-g=agi=han- 47 . B
Ta — Free-Air Temperature —°C IoL — Low-Level Output Current — mA
Figure 42 Figure 43
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LARGE-SIGNAL LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION DIFFERENTIAL VOLTAGE AMPLIFICATION
vs vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
500 y 500 - -
RL =100 kQ RL = 100 kQ
450 450
(] (]
=] =]
S 400 2 400
S S
T . 350 ] 350
T E TA =-40°C / = E
g > 300 é > 300
s
S 8 250 / S8 250 ~
53 / Ta=25°C 2 ™
FE 200 4 - SE 200 Vpp=5V
28 10 / i Ml 28 10 \!\‘
< | //VTA=85°C 3 N Vpp=3V T
o 100 b 100
Z L
50 7 50
0 (]
0 2 4 6 8 -75 -50 -25 0 25 50 75 100 125
Vpp - Supply Voltage -V TA - Free-Air Temperature -°C
Figure 44 Figure 45
INPUT BIAS CURRENT AND INPUT COMMON-MODE INPUT VOLTAGE
OFFSET CURRENT POSITIVE LIMIT
vs vs
FREE-AIR TEMPERATURE SUPPLY VOLTAGE
< 104 8
I E Vpp=3V Ta =25°C
2 - Vic=1V
8 [ See Note A S
L —————————— ] 3
o e
< s
E 3 /
o £
T 102 IiB ~ /
& 7 3
8 - .
o 101 - é /
2 Z+ lio E /
_IO 4 - // (? 2
3} e /
& 2
-] 7
.01 0
25 45 65 85 105 125 0 2 4 6 8
TA — Free-Air Temperature —°C Vpp - Supply Voltage - V
Figure 46 Figure 47

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

SUPPLY CURRENT SUPPLY CURRENT
vs vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
PO wet 1w e T
IC= Vic=1V
200} VO=1V 2% \ Vo=1V
No Load / 150 \ No Load
175 - ]
= TA = -40°C / \
L 150 = 125 N
] / TA=25C __— g \
3 125 : /‘ L 3 100
> > Vpp=5V
g 100 / //// g 75 o Il 754 \\
3 a
wn
i 75 ///'rA=ss°c A a2 Vop=3V |~
(=] // =] 50
=] / £
50 //
25 <~ »
0 0
0 2 = 6 8 -75 50 25 0 25 50 75 100 125
VpD - Supply Voltage - V TA - Free-Air Temperature — °C
Figure 48 Figure 49
SLEW RATE SLEW RATE
VS vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
0-9 T o 9 T T
Vic=1V “l igc=1V
Vipp)=1V Vipp)=1V
08l Ay=1 08I Ay=1
RL =100 kQ R =100 kQ
CL=20pF 0.7} CL=20pF
2 T = 25°C 2y
s o7 A s
é o 06
0.6 3
% § 0.5 §
Vpp=5V
%I o L#1 / nl: \\\\
% 04 e
/ \\\
. / ~ 0.3 . S
0.3 0.2
0 2 4 6 8 -7 -50 -25 O 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 MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE
vs vs
SUPPLY VOLTAGE FREQUENCY
-300 ¥ > 5 =TTTTY
TA =25°C 3 RL =100 kQ
—-270} VI(SEL) = 1/2VpD -3
% Vpp=5V
-240 S 4 <
< g, \\
€ -210 3 W-— Ta = —40°C
€ x
§ -180 3 3
- o A
O -150 8 \
g el Q™ =N W Y
3 -120 — K
(i D™ : Il
o E Ta = 85°C \ \
% |
-80 8 1
p T l- 25°C \ N
-30 E Ao N \
] g, L LI
0 2 4 6 8 R 10 100 1000
Vpp - Supply Voltage -V f — Frequency - kHz
Figure 52 Figure 53
UNITY-GAIN BANDWIDTH UNITY-GAIN BANDWIDTH
vs vs
FREE-AIR TEMPERATURE SUPPLY VOLTAGE
1000 . ' 1000 T :
Vi=10mv Vi=10 mV
RL =100 kQ 900 |- RL =100kQ
%9 CL =20pF CL =20pF
N N - 0,
I
F £
g 700 g 700
8 600 v 5V g 600
m DD =
£ . 2 //
g 500 A\ 3 500
£ N £ /
T 400 a N 3 40 A
I Vpp=3V N~ I.,_
o o
300 300
\
200 200
-75 -50 -25 0 25 50 75 100 125 Dlig W vy 85 AL igdS, TBight” | 8
Ta — Free-Air Temperature — °C Vpp - Supply Voltage - V
Figure 54 Figure 55
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TYPICAL CHARACTERISTICS (MEDIUM-BIAS MODE)

Ayp —Large-Signal Differential Voltage Amplification

Ayp - Large-Signal Differential Voltage Amplification

LARGE-SIGNAL DIFFERENTIAL VOLTAGE
AMPLIFICATION AND PHASE SHIFT

vs
FREQUENCY
107 T -60°
Vpp=3V
106 RL =100 kQ -30°
CL =20 pF
Ta=25°C .
105 \\ [}
o \\ 4] N .
\ yvn :
103 N 60° 8
102 S— o =
Phase Shift
101 \\ 120°
; \\ -
0.1 180°
1 10 100 ik 10k 100k 1M
f - Frequency - Hz
Figure 56
LARGE-SIGNAL DIFFERENTIAL VOLTAGE
AMPLIFICATION AND PHASE SHIFT
vs
FREQUENCY
107 - —60°
Vpp=5V
6 RL = 100 kQ E
it cL=20pF |~
Rl TA =25°C
105 .\\ 0°
104 \ 300
\\ ‘\Avo -
(7]
108 \\ 60° §
£
102 S~ N 90° o
Phase Shift \ N\
101 N 120°
1 \ 150°
\ 50
0.1 180°
1 10 100 1k 10k 100k 1M

f — Frequency — Hz

Figure 57
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TYPICAL CHARACTERISTICS (MEDIUM-BIAS MODE)

PHASE MARGIN PHASE MARGIN
vs vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
50° | | o T T
Vi=10mV @ Vi=10mVv
48° RL=100kQ RL =100 kQ
" CL =20pF CL=20pF
46 TA = 25°C 43° \
o e £ \
B B N
S 42 S 41
% \ ;o \ Vpp=5V
g w \J s
T e T e \
I ° o
& " £ Vpp=3V \\\
\
34° 3r N
32°
30° 350
0 1 2 3 4 5 6 T =75 -50 25 0 25 50 75 100 125
Vpp - Supply Voltage -V Ta — Free-Air Temperature — °C
Figure 58 Figure 59
PHASEV':ARG'N EQUIVALENT INPUT NOISE VOLTAGE
vs
LOAD CAPACITANCE FREQUENCY
44° e o 300 L AL
Vi=10mv - 4 kb g
2 h TA=25°C - l; R Ta Sis
RL =100 kQ = 250
40° é \
=
g 3 Vpp=5V % 360 \
g » N = \\
@
§ Vpp=3V S
£ % = 150
I ‘é_ \\
E P \\ £ \ \, VoD =5V
§ 100 \\
©
32° 2 §\
& Vpp =3 V| NN
30° AN u'.n i |
= \ >= A
28° 0
0 10 20 30 40 50 60 70 80 90 100 1 10 100 1000
CL - Load Capacitance — pF f - Frequency — Hz
Figure 60 Figure 61
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LOW-BIAS MODE
electrical characteristics at specified free-air temperature
; TLV23411
PARAMETER TEST CONDITIONS Tat Vpp=3V Vpp=5V UNIT
MIN TYP MAX| MIN TYP MAX
Vo=1V, Vic=1V, 25°C 0.6 8 1.1 8
Vio Input offset voltage Rg=50Q, mV
RL=1MQ Full range 10 10
Average temperature of 25°C to
VIO input offset voltage 85°C 5 1'1 e
1 Input offset current (see Note 4) |Vo =1V, Vig=1V L - . A
nput offset cul =1V, -
5 s 9 » 85°C 22 1000 24 1000 .
| Input bias current (see Note 4) [Vo=1V, Vig=1V o .- oL A
" - i 85°C 175 2000 200 2000 ©
-02 -03 -02 =03
25°C to to to to Vv
v Common-mode input 2 23 4 42
ICR voltage range (see Note 5) -0.2 =02
Full range to to Vv
1.8 3.8
Vic=1V, 25°C 1.75 1.9 3.2 3.8
VOH High-level output voltage Vip =100 mV, v
IoH=-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
g Large-signal differential ;:_C 2 11": A 25°C B0} 400 50 520 By
voltage amplification See Note 6 Full range 50 50
Vo=1YV, 25°C 65 88 65 94
CMRR Common-mode rejection ratio Vic = Vicrmin, dB
Rs=50Q Full range 60 60
5 Supply-voltage rejection ratio Vic=1V,Vo=1V, 25°C 70 86 70 86 5
VR (avpp/avio) Rg=50Q Fullrange | . 65 o5
l(SEL) Bias select current VI(SEL) =0 25°C 10 65 nA
Vo=1V, Vig=1V, 25°C 5 17 10 17
1 Supply current
0 . No load Full range 27 27 -

1 Full range is —40°C to 85°C.
NOTES: 4. The typical values of input bias current and input offset current below 5 pA are determined mathematically.
5. This range also applies to each input individually.
6. AtVpp=5V,Vo(pp)=0.25Vto2V;atVpp=3V,Vp=05Vto1.5V.
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LOW-BIAS MODE

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

PARAMETER TEST CONDITIONS i ot e UNIT
A MIN _TYP MAX
Vic=1V, Vipp) =1V, 25°C 0.02
SR Slew rate at unity gain RL=1MQ, CL =20 pF, Vips
See Figure 92 85°C 0.02
" N " f = kHz, Rg =100, -
Vn Equivalent input noise voltage See Figure 93 25°C 68 nVWHz
! : . VO=VOH,  CL=20pF, 25°C 2.5
Bom Maximum output swing bandwidth RL=1MQ, See Figure 92 S0 — kHz
L b Vi=10mV,  Cp =20pF, 25°C 27
B4 Unity-gain bandwidth RL=1MQ See Figure 94 35°C . kHz
Vi=10mV, f=By, —40°C 39°
om Phase margin CL =20 pF, RL=1MQ, 25°C 34°
See Figure 94 85°C 28°
operating characteristics at specified free-air temperature, Vpp =5V
PARAMETER TEST CONDITIONS T, Ll UNIT
A MIN _TYP MAX
25°C 0.03
\F;IC - 1?\:\1’, V|(pp) =1V e o0S
TR, =1MQ, 2 !
SR Slew rate at unity gain L Vi
W TRIS AL Unity G CL=20pF, [0 W 25°C 0.03 .
See Figure 92 I(PP) = 2- 85°C 0.02
- 2 2 f=1kHz, Rg =100Q, 4
Vn Equivalent input noise voltage See Figure 93 25°C 68 nVAWHz
BoM  Maximum output swing bandwidth Vo = VoH Gyl = 20 pF, S > kHz
R =1MQ, See Figure 92 85°C 4
- - Vi=10mV,  CL=20pF 25°C 85
B4 Unity-gain bandwidth RL=1MQ, See Figure 94 7 = kHz
Vi=10mV, f=Bq, —40°C 38°
om Phase margin CL =20 pF, RL=1MQ, 25°C 34°
See Figure 94 85°C 28°
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LinCMOS™ PROGRAMMABLE LOW-VOLTAGE

SLOS110 — MAY 1992
LOW-BIAS MODE
electrical characteristics, Tp = 25°C
TLV2341Y
PARAMETER TEST CONDITIONS Vpp=3V Vpp=5V UNIT
MIN TYP MAX| MIN TYP MAX
Vo=1V, Vic=1V,
Vio Input offset voltage Rg =500, RL=1MQ 0.6 8 1l 8| mv
lio Input offset current (see Note 4) | Vo =1V, Vic=1V 0.1 0.1 pA
B Input bias current (see Note 4) |Vp=1V, Vic=1V 0.6 0.6 pA
: -02 -03 -02 -03
VIcR Common—mﬁdte |2put voltage e i to 5 v
[ ey 3 .93 4 42
" Vic=1V, Vip =100 mV,
VOH High-level output voltage loh'= 1 mA 1.78 1.9 32 38 Vv
" Vic=1V, Vip=-100 mV,
VoL Low-level output voltage loL =1 mA 115 150 95 150 | mv
Large-signal differential voltage |Vic=1V, RL=1MQ,
AvD amplification See Note 6 - _— - - i
CMRR Common-mode rejection ratio Yo =1¥, Vic = Vicrmin, 65 88 65 94 dB
Rg =50 Q
Supply-voltage rejection ratio Vpp=3Vto5V, Vic=1V,
KSVR  (avpp/avip) Vo=1V, Rg=500Q . . % n__% et
l(SEL) Bias select current Vi(SEL) =0 10 65 nA
Vo=1V, Vic=1V,
IDD Supply current No load 5 17 10 17 pA

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

6. AtVpp=5V,Vp=025Vto2V;atVpp=3V,Vp=05Vto15V.
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TYPICAL CHARACTERISTICS (LOW-BIAS MODE)

Table of Graphs
FIGURE
Vio Input offset voltage Distribution 62, 63
a0 Input offset voltage temperature coefficient Distribution . 64, 65
vs Output current 66
VoH High-level output voltage vs Supply voltage 67
vs Temperature 68
vs Common-mode input voltage 69
vs Temperature 70,72
VoL Low el ot volago vs Differential input voltage 74|
vs Low-level output current 73
’ y y ! vs Supply voltage 74
AvD Large-signal differential voltage amplification
vs Temperature 7%
I/llo  Input bias and offset currents vs Temperature 76
Vic Common-mode input voltage vs Supply voltage 77
- F— vs Supply voltage 78
vs Temperature 79
SR Slew rate . S O s
vs Temperature 81
Bias select current vs Supply current 82
Vo(pp) Maximum peak-to-peak output voltage vs Frequency 83
X n X vs Temperature 84
B4 Unity-gain bandwidth
vs Supply voltage 85
Avp Large-signal differential voltage amplification vs Frequency 86, 87
vs Supply voltage 88
om Phase margin vs Temperature 89
vs Load capacitance 90
Vn Equivalent input noise voltage vs Frequency 91
Phase shift vs Frequency 86, 87
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Percentage of Units — %

Percentage of Units - %

TYPICAL CHARACTERISTICS (LOW-BIAS MODE)

DISTRIBUTION OF TLV2341 DISTRIBUTION OF TLV2341
INPUT OFFSET VOLTAGE INPUT OFFSET VOLTAGE
50 T 70 sl
Vpp=3V Vpp=5V
Tp =25°C Ta = 25°C
P Package 60" p Package
40
af 50
2
o S
s
g 30
. i
[
a 20
10
10
0 0
-5 -4 -3 -2 -1 0 1 2 3 4 5 -5 -4 -3 -2 4 0 1 2 3 4 5
V|o - Input Offset Voltage — mV Vo - 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 ye— 7
Vpp=3V " Vpp=5V
Ta = 25°C to 85°C TA = 25°C to 85°C
P Package 60 | P Package
40 Outllers:
(1) 19.2 mV/°C
& 50/ (1) 12.1 mvrrC
2
- 5 4
s
g
20
I
10
10
0 ° 1
-10-8 -6 -4 -2 0 2 4 6 8 10 10 -8 -6 -4 -2 0 2 4 6 8 10

ay|o — Temperature Coefficient — pV/°C

Figure 64

ay]0 — Temperature Coefficient — pV/°C

Figure 65
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TYPICAL CHARACTERISTICS (LOW-BIAS MODE)

HIGH-LEVEL OUTPUT VOLTAGE
Vs

HIGH-LEVEL OUTPUT VOLTAGE

Vs

HIGH-LEVEL OUTPUT CURRENT SUPPLY VOLTAGE
5 T 8 r
Vic=1V Vic=1V
Vip =100 mV Vip = 100 mV
> Ta=25°C > RL=1MQ
1. 1s ‘\ 3 | A= /
g E:
s T~ ¥o0=5v $
5 3 — 5
3 8 s
3 3
5 2 ﬂbb =3V L
= E=
T T~ ] 2
r 1 = /
O o
> >
0 0
0 «~2 -4 -6 -8 0 2 4 6 8
IoH — 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 T T 700 .
Vpp=3V \ Vpp=5V
Vic=1V 650 loL=5mA
> Vip = 100 mV > Ta = 25°C
LS E
g g T \
° >
S X 2
5 18 S 550
i
‘g' / 5 Vip =-100 mV
S B e £ 500
H 7 S N
g 12 _/ 5 NN
fx loH =- 500 pA — / / -il \ \
% IoH=-1mA /] 3 400 N <
T 06| loH=-2mA i v \
S IOH = -3 mA _/ 2 s ID=-1V iy
loH =-4 mA > V
ol gl ol 3 -, S
-75 -850 -25 0 25 50 75 100 125 0 1 2 3 4
TA — Free-Air Temperature —°C V|c — Common-Mode Input Voltage — V
Figure 68 Figure 69
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TYPICAL CHARACTERISTICS (LOW-BIAS MODE)

LOW-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE
vs vs
FREE-AIR TEMPERATURE DIFFERENTIAL INPUT VOLTAGE
200 800
Vpp=3V Vpp=5V
185| Vic=1V Vic=IVip/2l
2 Vip = -100 mV - o loL = 5mA
1 170 lopL=1mA 1 TA=25°C
S & 600
£ 1 = g \
o
s 15 pd = 500
3 v 3
g / g \
3 125 7 8 400 N
3 110 e 3 300
= / =
g2 o - &
= /] < 200
o 80 =
65
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 Voitage - V
Figure 70 Figure 71
LOW-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE
vs vs
FREE-AIR TEMPERATURE LOW-LEVEL OUTPUT CURRENT
900 T T 1
Vpp=5V Vic=1V
> 800F Vic=05V > 09} Vip=-1V
E =~ € Ta =25°C
; Vip=-1V ; 08 Y
g 700} loL=5mA @ b Vpp=5V
£ pd g oz
S 600 7 S
= So=0e
£ 500 L~ Z
o o] 0.5 4
3 -~ 3 Vpp = i
! e g 04 po=3v /[ /]
7 -3 //r
g - % 0.3 /
; 1 it
6‘ 200 |5' 0.2 /'
> >
100 0.1 ﬂ
0 0
-75 -50 -25 0 25 50 75 100 125 0 1 2 3 4 5 6 7 8
TA —Free-Alr Temperature —°C loL — Low-Level Output Current — mA
Figure 72 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 2000 T
RL=1MQ RL=1MQ
o 1800 1800
5 1600 & 1600
s g
S, 1400 2 1400
5 g / .:-; >
.§>| 1200 TA=-40°C/ 55 1200
oS >y [ 1
3 S 1000 £ L 1000
£3 e = .
% % 800 / £§ 800
%E 600 A e g% 600 \\ Vooas v
) £ Vpp=3V|
1 . { Ta = 25°C L | ol ™ pe: N
[=]
> | — L ~
< 200 /< S 200
g v — Tp=85C s A
0 2 4 6 8 -75 -50 -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
Rl — — == ———————| 8
I F Vpp=3V Ta =25°C
a L Vic=1V
E - See Note A g
s 10 8
o ] 6
>
E 3 /
S 102 'IBE r /
T % 5 4
5 = lio £
<
i 7° 7 ‘? i -
4
3 i 0 4
& o >
£ 7
0.1LL 0
25 35 45 55 65 75 85 95 105 115 125 0 2 4 6 8
TA - Free-Alr Temperature -°C Vpp - Supply Voltage -V
Figure 76 Figure 77

NOTE A: The typical values of input bias current and input offset current below 5 pA are determined mathematically.
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TYPICAL CHARACTERISTICS (LOW-BIAS MODE)
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SUPPLY CURRENT SUPPLY CURRENT
VS Vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
] T - !
Ic= Vic=1V
40t Vo=1V Vg: =1V
No Load 25| No Load
9.5 g §
} ]
S 30 £ 20
£ .
o 2 o o
> > 15
s ~N
,,,§ o Ta = —40°C // § N\ Voo=5V
1 15 / / | 10 \]
8 . 8 Iy
=25°C 2 Vpp=3V
’ Pt |l L
5 TA =85C —
0 l 0
0 2 4 6 8 -75 -50 -25 0 25 50 75 100 125
VpD - Supply Voltage -V T - 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
zlc=1v1v Vic=1V
=NPR)S | Vipp)=1V
0.06~ Ay=1 0.06— ‘; o 1)
gt = ;o m’:: RL=1MQ
OGPl =<0P 0.05 CL=20pF
aQ o9 Ta=25°C Q * v
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TYPICAL CHARACTERISTICS (LOW-BIAS MODE)
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1 !
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Figure 82 Figure 83
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LARGE-SIGNAL DIFFERENTIAL VOLTAGE
AMPLIFICATION AND PHASE SHIFT
Vs

TYPICAL CHARACTERISTICS (LOW-BIAS MODE)

FREQUENCY
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Figure 86
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TYPICAL CHARACTERISTICS (LOW-BIAS MODE)
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Figure 88 Figure 89
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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.

<

DD+

L.

Vbp

L :

Vo e ! 2 Vo
vi—% o—1t
CL/=< RL CL= RL
1 L T
> = Vpbp-
(a) SINGLE SUPPLY (b) SPLIT SUPPLY
Figure 92. Unity-Gain Amplifier
10 kQ 10 kQ
AN
Vpp VDD +
100 Q
12V _{ i e F?
DD o — Vo # —Vo
100 Q L
100Q i 100 Q
1 il il Vbp-
(a) SINGLE SUPPLY (b) SPLIT SUPPLY
Figure 93. Noise Test Circuits
10 kQ 10 kQ
ARA AN
Vbp VbD+

100Q . 100 Q
Vi — W = Vi —W\ =
Vo Vo
1/2Vpp + +
I > :

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

A

)
O
&

Figure 94. Gain-of-100 Inverting Amplifier
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PARAMETER MEASUREMENT INFORMATION

input 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:

® |solate 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 are shunted away.

® 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.

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=V

Figure 95. Isolation Metal Around Device Inputs
(P Package)

low-level output voltage

To obtain low-level supply-voltage operation, some compromise is necessary in the input stage. This
compromise results in the device low-level output voltage 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 results 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. These measurements should 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.

JE i /FEAD Y

(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 lower temperatures.

APPLICATION INFORMATION
single-supply operation

While the TLV2341 performs well using dual-pow-
er supplies (also called balanced or split supplies),
the design is optimized for single-supply R2

operation. This includes an input common-mode ANA-
voltage range that encompasses ground as well
as an output voltage range that pulls down to
ground. The supply voltage range extends down R1 9
to 2 V, thus allowing operation with supply levels Y| =¥ = > —vo

commonly available for TTL and HCMOS. TLE2426 |—— %,

Many single-supply applications require that a
Va=
o~

Vbbb

voltage be applied to one input to establish a
reference level that is above ground. This virtual b =i

Vop - "l) r , Yoo
2 R1 2

ground can be generated using two large
resistors, but a preferred 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 is
suitable for supply voltages of greater than 4 V.

Figure 97. Inverting Amplifier With Voltage
Reference
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APPLICATION INFORMATION

single-supply operation (continued)

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:

® 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
logic.

® 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.
® ° e << ®
il i 1 J_ |
Logic Logic Logic T g:::&
. . . &« |
® @ L & ®
(a) COMMON-SUPPLY RAILS
© ° i e
| i I I
———< :l =~ | Logic Logic Logic = gggpefy
l . . whiv<- |
G = ‘I’ R

(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 can 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
allows the maximum offset voltage specified to be trimmed to zero. In low-bias and medium-bias modes, total
nulling may not be possible.

w | >

!

GND
. (b) SPLIT SUPPLY

(a) SINGLE 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, itis 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 pointis ground. In single-supply
applications, the medium-bias mode necessitates using a voltage divider as indicated. The use of large-value
resistors in the voltage divider reduces the currentdrain of the divider from the supply line. However, large-value
resistors used in conjunction with a large-value capacitor 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.

Vbp
BIAS-SELECT VOLTAGE
,_:,edl 1MQ BIAS MODE (Single Supply)
um
To BIAS SELECT ——9 Low VbD
High ‘ Medium 1VtoVpp-1V
f High GND
1MQ
I 0.01 puF

Figure 100. Bias Selection for Single-Supply Applications

input charac¢ teristics

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 the range limit includes the negative rail, while the upper range limit
is specified at Vpp —1 V at T = 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 good input offset
voltage drift characteristics relative to conventional metal-gate processes. Offset voltage driftin 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 Measurement 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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input characteristics (continued)
A AAA

V| —VW\—
— v° ; D—VO — Vo
Vi Vi
i’

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

Figure 101. Guard-Ring Schemes

noise performance

The noise specifications in operational amplifiers 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 device especially favorable over bipolar
devices when using values of circuit impedance greater than 50 k<, since bipolar devices exhibit greater noise
currents.

feedback Li(r—l
Operational amplifier circuits nearly always —e@

employ feedback, and since feedback is the first
prerequisite for oscillation, caution is appropriate.
Most oscillation problems result from driving
capacitive loads and ignoring stray input -> finecs
capacitance. A small-value capacitor connected +

in parallel with the feedback resistor is an effective

remedy (see Figure 102). The value of this
capacitor is optimized empirically.

Figure 102. Compensation for Input

The TLV2341 incorporates an internal electro- Capacitance

static-discharge (ESD)-protection circuit that

prevents 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.

electrostatic-discharge protection

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 should not by
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design be forward biased. Applied input and output voltage should not exceed the supply voltage by more that
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 occurring increases with increasing temperature and supply voltages.

output characteristics Vbp
The output stage of the TLV2341 is designed to %
sink and source relatively high amounts of current v p Rp vaEe
(see Typical Characteristics). If the output is ' < % Rp = ,—T’,—f,)
subjected to a short-circuit condition, this - Vo Bl
high-current capability can cause device damage b 'F"’ = Pullup Current
under certain conditions. Output currentcapability ¢ s — ¢ o:':’;:"‘;‘l’ :::plmer
increases with supply voltage. L R2 L (typically 500 pA)
Although the TLV2341 possesses excellent i r 'LliRL
high-level output voltage and current capability, aE

methods are available for boosting this capability = &

if needed. The simplest method involves the use Figure 103. Resistive Pullup to Increase Voy
of a pullup resistor (Rp) connected from the output
to the positive supply rail (see Figure 103). There
are two disadvantages to the use of this circuit. 25V
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 Vi
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 TaA = 25°C
0V at the output occurs. Secondly, pullup resistor f=1 kHz
Rp acts as a drain load to N4 and the gain of the Vipp) =1V
operational amplifier is reduced at output voltage e

levels where N5 is not supplying the output Figure 104. Test Circuit for Output Characteristics
current.

Vo

|

CL

All operating characteristics of the TLV2341 are measured using a 20-pF load. The device drives 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 105, 106 and 107). In many
cases, adding some compensation in the form of a series resistor in the feedback loop alleviates the problem.
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output characteristics (continued)

IR

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

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

(a) CL = 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

)

| B
| —

i

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

Figure 107. Effect of Capacitive Loads in Low-Bias Mode

*’.‘ TEXAS
INSTRUMENTS

2-208 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



TLV2342l, TLV2342Y
LinCMOS™ LOW-VOLTAGE HIGH-SPEED
DUAL OPERATIONAL AMPLIFIERS

SLOS114 — MAY 1992

Wide Range of Supply Voltages Over
Specified Temperature Range:
—-40°Ct0 85°C...2Vto8V

Fully Characterizedat3V and 5V
Single-Supply Operation

Common-Mode Input-Voltage Range
Extends Below the Negative Rail and
Latch-Up to Vpp -1V at 25°C

Output Voltage Range Includes Negative
Rail

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

description

The TLV2342 dual 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 TLV2342 was
developed to offer ac performance approaching
that of a BIiFET operational amplifier while
operating from a single-supply rail. At 3 V, the
TLV2342 has a typical slew rate of 2.1 V/us and
790-kHz unity-gain bandwidth.

Each amplifier 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-

Vn— Equivalent Input Noise Voltage -nV/\Hz

D OR P PACKAGE
(TOP VIEW)

~ sllvop

] 20UT
] 2IN-
] 2IN+

10UT ] 1
1IN=[] 2
1IN+ [} 3
Vpp-/GND E 4

O oo N ®

PW PACKAGE
(TOP VIEW)

10uUT I3 10
1IN- 12
1IN+ I8

Vpp -/GND 1 4

(T Vpp.,
11 20UT
1] 2IN-
C 1] 2IN+

g oo N ®

EQUIVALENT INPUT NOISE VOLTAGE
Vs

FREQUENCY
m T [yl (B 00
Rg=100Q
Ta =25°C
300 \\
200 \
N
\\\\ Vpp=5V
.l
100 Tt N
Vpp=3V \.
0
1 10 100 1000

f —Frequency — Hz

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.

AVAILABLE OPTIONS

PACKAGED DEVICES
TA X'TO;":‘?; SMALL OUTLINE | PLASTIC DIP TSSOP CH":Y';ORM
(D) (P) (PW)
—40°C 10 85°C 9mv TLV2342ID TLV2342IP | TLV2342IPWLE | 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 Information Is current as of
Products conform to specifications per the terms of Texas Instruments

standard 3
teing o i parsetars.

blication date.

P g does not Include
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description (continued)

To facilitate the design of small portable equipment, the TLV2342 is made available in a wide range of package
options, including the small-outline and thin-shrink 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
TLV2342 incorporates internal ESD-protection circuits that 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.

TLV2342Y chip information

This chip, when properly assembled, displays characteristics similar to the TLV2342l. Thermal compression or
ultrasonic bonding may be used on the doped aluminum bonding pads. Chips may be mounted with conductive
epoxy or a gold-silicon preform.

BONDING PAD ASSIGNMENTS
—=3
= VoD
E 8]
£ e N ®
= 1IN+ + ™)
= ) 10UT
= 1IN- — 5
=so
5= 2IN+ L Y]
= © 20UT
= 2IN- —
o= “)
= Vpp-/GND
= CHIP THICKNESS: 15 TYPICAL
5 BONDING PADS: 4 x 4 MINIMUM
e ¢ 72 > Tymax = 150°C
|I|I|I|I|I|||I|l|III|l|l|I|I|l|I|I|I|IIIIIII|||I|I|I|I|I|I|I|||||I|I|III|| TOLERANCESARE11W0-
ALL DIMENSIONS ARE IN MILS.
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equivalent schematic (each amplifier)

Vbp
= I .
P3 P4
| | Ao
r‘ I—! 3
P1 P2
IN- — — hlli
R1 i —i R2 o—lv—
ps| O {0 B4
AN 1C 4.||_‘ —||_>
— F e
&
[ e P
N3 out
— L
— ——— N4
— —
N1 | N2 | Ne
[ L —
R3 D1 R4 D2 > o I N7
%:7
@ & & ¢ © o
GND
COMPONENT COUNTT
Transistors 54
Diodes 4
Resistors 14
Capacitors 2

1 Includes both amplifiers and all
ESD, bias, and trim circuitry
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absolute maximum ratings over operating free-air temperature (unless otherwise noted)t

SupplyYalRge NRH (SABNELE 1)/ .. . . oo s iichie BB il 40 58 mimie s armaimisia s oot fike s rsra st sachia 8V
Differential-inputvoitage-(seeNote-2) i ol e ot rr et o i s e s s Vpp+
Inpuitveltagerange: ¥V @MYINPUL) & .o wuben oo vt BRI oy sunmo v uteons s oMl ot s ol -0.3 Vto Vpp
g0 0T =g ol INERET R e SR 0 SR by~ | (e USRI, | 7 o) IR +5 mA
(20 e I [T 2 RS A i AT St SRR oo R B e e A I e (8 5 B e +30 mA
Duration of short-circuit current at (or below) Tp =25°C (see Note 3) ...........ccciiniinnnnn. unlimited
ConRupuSotBldISSIPRtON): 1. . - - . - 1. .- decs s ool domamneeth nanse s vdatime o s See Dissipation Rating Table
Operating free-air temperature range, TA  .c..cineriiiiiiin it enneneinnennenaeanns —40°C to 85°C
Storage temperaturefange .......J..zoWil. .. doie ccvnn s foam s siTTrEr TR -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

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. 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).

DISSIPATION RATING TABLE

— TA <25°C DERATING FACTOR Ta = 85°C
POWERRATING  ABOVETa=25°C  POWER RATING
D 725 mV 5.8 mW/°C 377 mW
P 1000 mV 8.0 mW/°C 520 mW
PW 525 mV 4.2 mW/°C 273 mW

recommended operating conditions

MIN MAX | UNIT
Supply voltage, Vpp 2 8 \'
Vpp=3V -0.2 1.8
Common-mode input voltage, V|G o Vv
Vpp=5V -0.2 3.8
Operating free-air temperature, Ta -40 85 °C

2-212
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electrical characteristics at specified free-air temperature

TLV2342I
PARAMETER TEST CONDITIONS Tat Vpp=3V Vpp=5V UNIT
MIN TYP MAX| MIN TYP MAX
Vo=1V, Vic=1V,'| 25°C 0.6 9 1.1 9
Vio Input offset voltage Rg=50Q, mV
R = 10 kQ Full range 1 11
Average temperature coefficient 25°C to
WIO input offset voltage 85°C bl il e
| Input offset current (see Note 4) [Vo=1V, Vig=1V e : -4 A
- i i B 85°C 22 1000 24_1000] "
| Input bias current (see Note 4) |Vo=1V, Vig=1V s — — A
ot il il S 85°C 175 2000 200 2000| "
-02 -03 -02 =03
25°C to to to to Vv
v Common-mode input 2 23 S
ICR voltage range (see Note 5) -0.2 -0.2
Full range to to \';
1.8 3.8
Vic=1V, 25°C 1.756 1.9 3.2 3.7
VoH  High-level output voltage V|p =100 mV, '
IoH=-1mA Full range 1.7 3
Vic=1V, 25°C 120 150 90 150
VoL Low-level output voltage V|p =-100mV, mV
loL=1mA Full range 190 190
pyp  Large-signal diterenta ;:_C r 110"’('9. 25°C g M 5 23 Lt
voltage amplification See Note 6 Full range 2 35
Vo=1V, 25°C 65 78 65 80
CMRR Common-mode rejection ratio V|c = VicRrmin, dB
Rg=50Q Full range 60 60
ks Supply-voltage rejection ratio Vic=1V,Vo=1V, 25°C 70 95 70 95 &
VR (AVpp/AVi0) Rg=50Q Full range 65 65
Vo=1V, Vig=1V, | 25°C 0.65 14 82
1 Su current mA
- e No load Full range 4.4

T Full range is —40°C to 85°C.
NOTES: 4. The typical values of input bias current and input offset current below 5 pA are determined mathematically.
5. This range also applies to each input individually.

6. AtVpp=5V,V0=025Vto2V;atVpp=3V,Vo=05Vto15V.

Jy TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

2-213



TLV2342l, TLV2342Y
LinCMOS™ LOW-VOLTAGE HIGH-SPEED
DUAL OPERATIONAL AMPLIFIERS

SLOS114 — MAY 1992

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

TLV2342|
PARAMETER TEST CONDITIONS Ta MIN_ TYP  MAX UNIT
Vic=1V, Vipp) =1V, 25°C 2.1
SR Slew rate at unity gain RL=10kQ, CL =20 pF, Vius
See Figure 30 85°C 1.7
Vn Equivalent input noise voltage fs';; l:g:re 5 PR 1000 25°C 25 nVAHz
: : : VO =VOH, CL =20 pF, 25°C 170
Bom Maximum output swing bandwidth RL =10k, See Figure 30 35°C 145 kHz
it B ; Vi=10mV, CL =20 pF, 25°C 790
B4 Unity-gain bandwidth RL = 10k, See Figure 32 35°C 890 kHz
Vi=10mV,  f=By, S40°C 58°
om Phase margin C| =20 pF, RL = 10kQ, 25°C 49°
See Figure 32 85°C 47°
operating characteristics at specified free-air temperature, Vpp =5V
TLV2342|
PARAMETER TEST CONDITIONS TA MIN_ TYP  MAX UNIT
25°C 3.6
Vic=1V, V|(PP) =1V
SR Slew rate at unity gain =it o as Vips
CL =20 pF, y s 25°C 2.9
See Figure 30 I(PP) = 2. 85°C 23
Vn Equivalent input noise voltage fS-e; :igtzjlre 31 Rs = 1004, 25°C 25 nVAHz
: ; : Vo = VOH: C| = 20 pF, 25°C 320
Bom Maximum output swing bandwidth RL =10k, See Figure 30 s 250 kHz
Sy e e Vi=10mV, CL =20 pF, 25°C 1.7
B4 Unity-gain bandwidth RL = 10kQ, See Figure 32 35°C 12 kHz
Vi=10mV,  f=Bj, —~40°C 45°
Om Phase margin CL =20 pF, RL =10kQ, 25°C 46°
See Figure 32 85°C 43°
¥ Texas
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electrical characteristics, Tp = 25°C

TLV2342Y
PARAMETER TEST CONDITIONS Vpp=3V Vpp=5V UNIT
MIN TYP MAX| MIN TYP MAX
Vio Inputofiset voltage \F/ig : ;ovh, XE’_’110\':'Q 0.6 9 1.1 9| mv
o Input offset current (see Note4) |Vpo =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 voltage =020 =03 SU2 i 0s
VicR range (see Note 5) o L. o L N
2 23 4 4.2
" Vic=1V, V|p = 100 mV,
VOoH High-level output voltage IoH ==1mA 1.75 1.9 3.2 3.7 Vv
VoL  Low-level output voltage be b Al el L 120 150 90 150 mv
oL=1mA
Large-signal differential voltage |Vic=1V, RL=10kQ,
AVD  amplification See Note 6 8. .11 5. 23 Vimv
CMRR  Common-mode rejection ratio ‘F"CS’ L el 65 78 65 80 B
Supply-voltage rejection ratio Vo=1V, Vic=1V,
KSVR  (Vpp/AViD) Re =500 70 95 70 95 dB
Ipb  Supply current xglz.j dV. o4V, 0.65 3 1.4 2| mA

NOTES: 4. The typical values of input bias current and input offset current below 5 pA are determined mathematically.
5. This range also applies to each input individually.
6. AtVpp=5V,V0=0.25Vt02V;atVpp=3V,Vo=0.5Vto1.5V.
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TYPICAL CHARACTERISTICS
Table of Graphs
FIGURE

Vio Input offset voltage Distribution 1,2
ayjo  Inputoffset 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, 11
vou Siaii At vs Differential input voltage 10

vs Low-level output current 12

" : i L vs Supply voltage 13

AvD Large-signal differential voltage amplification

vs Temperature 14
I/ljlo  Input bias and offset currents vs Temperature 15
Vic Common-mode input voltage vs Supply voltage 16

vs Supply voltage 17
IbD Supply current

vs Temperature 18
SR Slewrate R s

vs Temperature 20
Vo(pp) Maximum peak-to-peak output voltage vs Frequency 21
B4 Unity-gain bandwidth bl o =

vs Supply voltage 23
Avp Large-signal differential voltage amplification vs Frequency 24,25

vs Supply voltage 26
om Phase margin vs Temperature 27

vs Load capacitance 28
Vn Equivalent input noise voltage vs Frequency 29

Phase shift vs Frequency 24,25
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TYPICAL CHARACTERISTICS
DISTRIBUTION OF TLV2342 DISTRIBUTION OF TLV2342
INPUT OFFSET VOLTAGE INPUT OFFSET VOLTAGE
P )i
DD = e
TA =25°C ¥2 2 ;55";’
P Paciage 50 [ P Package
40
; :
40
% 30 %
= =]
] s
: 1B
1B ;
[ o 20
o o
10
- 10
0 . o L -
-5 =4 -3 =2/-14 0 1.2 .3'4 5 =5 =4 -3, =2 -1..0.1..2..83 .4 5§
V|0 - Input Offset Voltage — mV V|0 - 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 Wy
Vpp=3V e Vpp=5V
Ta = 25°C to 85°C TA = 25°C to 85°C
P Package s0| P Package
40 Outliers:
ale af (1) 20.5 mv/°C
40
2
£ g
= 3
2 s 7 :
b 8
3 B o -
& & *
10
10
0 s # ] 0 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 - uV/°C ay]o - Temperature Coefficient — uV/°C
Figure 3 Figure 4
u’
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TYPICAL CHARACTERISTICS
HIGH-LEVEL OUTPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE
vs vs
HIGH-LEVEL OUTPUT CURRENT SUPPLY VOLTAGE
5 i 8
Vic=1V Vic=1V
Vip =100 mV Vip =100 mV
> Ta =25°C > RL = 10kQ
Y S . Ta = 25°
FH | § o 4
S [T, | Vpp=5V S /
£ s = 5
g e f L/
o (] 4
3 3
$ 2 Vpp=3V $
£ £
$ | 5 4
3 [T~ i 2
- — S
(] o /
> >
0 0
0 -2 = 8 -8 0 2 4 6 8
IoH — 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 2 T s T 700 T T
DD = Vpp =
TR AL oLsm -
ID= m = 959
é 24 ? \ TA =25°C
> 600
S §
= 1.8 >
g —_—T F E \v.D =-100 mV
—
500
E Wmya 8 N
3 12 3 NN
- Y f Y TITIINCS
2 IoH = ~500 kA 3 NN
- :OH =-1 m: L NN
0.6} loH=-2m ] Vip=-1V
> loH=-3mA — L/ / 3 ss0 \\\\
IoH=-4mA — = \\\\
I s ~~
-75 -50 -25 0 25 50 75 100 125 07« -0l 1.5 2 25 3 35 4
Ta —Free-Alr Temperature — °C V|c — Common-Mode Input Voltage — V
Figure 7 Figure 8
3 1
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TYPICAL CHARACTERISTICS
LOW-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE
vs vs
FREE-AIR TEMPERATURE DIFFERENTIAL INPUT VOLTAGE
200 ; . 800 . .
Vpp=3V Vpp=5V
Vic=1V Vic=IVip/2l
% 175} Vip=-100mv ™ loL =5 mA
| loL=1mA 1 Ta =25°C
) s 600
5 150 b 2 \
5 5 \
=3 / =3 \
= =
o 125 S 400 p
3 L] 3 R
< A < 300
2 i K :
3 7 200
6‘ 75 5'
> > 100
50 0
-75 -50 -25 0 25 50 75 100 125 -] -2 -3 -4 -5 -6 -7 -8
Ta — 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 1 T T
Vpp=5V Vig=1V
> 800} Vic=05V 0.9} Vip=-100 mV
£ Vip=-1V = ol TAZ25C
§ 700} loL=5mA % . VoD =5V
S 0 /,/ s o7
S 2 os
£ 500 L~ | 4 /
3 L~ © o5 A
3 ] 2 /
2 400 > 3 vop=3v| /]
] 7 = 0.4 bb
- * , Yy
£ 300 3 / /
S _ll 0.3 / g
'6: 200 2 o2 /'/
> > &
100 0.1 /
0 0
-75 -50 -25 0 25 50 75 100 125 C S e i 0L A B s A
Ta - Free-Air Temperature - °C loL — Low-Level Output Current - mA
Figure 11 Figure 12
3 7
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TYPICAL CHARACTERISTICS
LARGE-SIGNAL LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION DIFFERENTIAL VOLTAGE AMPLIFICATION
vs vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
60 50 o™
g RL=10kQ
RL =10 kQ 45
o
5 ° § w
o °
> = 35
;S 4 40 Ta =-40°C — ™ ;E =
§E L= | BE 2 N
5> / 5> N Vop=5V
£. a0 e E 1 25 \\
o
i3 ATt o |
.92 D= 20 [
23 20 7 i %8 ~N
BE TaA = 25°C 2E 15 ~~/Vpbp=3V
s < | s < 1 N —
ol = [Ty =86C | —] a
> 2.8
< | <
0 0
0 2 4 6 8 -75 -50 -25 0 25 50 75 100 125
Vpp — Supply Voltage -V TA - Free-Air Temperature - °C
Figure 13 Figure 14
INPUT BIAS CURRENT AND INPUT COMMON-MODE INPUT VOLTAGE
OFFSET CURRENT POSITIVE LIMIT
Vs Vs
FREE-AIR TEMPERATURE SUPPLY VOLTAGE
< 104 8
¥ = Vpp =3V L Ta = 25°C
H - Vic=1V \
'5 103 = See Note A X
o ¥ 86
; s /
=
& el L g
& i 8 4
- o
= =
o :
e — - o == 5 Fa
= Z 7z E
g g
o) S 2
s ! o A
& 2 >
o 7
01 LL (]
25 35 45 55 65 75 85 95 105 115 125 0 ;s 4 6 8
TA — Free-Air Temperature — °C Vpp - Supply Voltage - V
NOTE: The typical values of input bias current and input offset Figure 16
current below 5 pA were determined mathematically. 9
Figure 15
3 1,
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TYPICAL CHARACTERISTICS
SUPPLY CURRENT SUPPLY CURRENT
vs vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
BTV SMic=1v
Vo=1V xo: 1 :”
0 Loal
) No Load / 25
& Ta =-40°C s
T / T 2
1
£ 15 < g N
::; TA =25°C f/ / :3- l \\\
> / 2 P
§ 1 1/ 2 Vpp=5V \\
] Ta = 85°C B 4 |
1 / | ~
(=] [=]
£ os 2 Vpp=3V [ ————
; 5
0 0
0 2 4 6 8 -75 -50 -25 0 25 50 75 100 125
Vpp - Supply Voltage - V TA - Free-Air Temperature - °C
Figure 17 Figure 18
SLEW RATE SLEW RATE
VS Vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
8 r .
Vipp) =1 ,V Vipp) =1V
7} Ay=1 ol Ay =1
RL =10 kQ R =10kQ
CL=20pF CL =20 pF
'] 6 Tp=25C 6
3 3
ARE 75
2 8 =~ Vpp=5V
e 4 g .
F P F ™~
v (7]
3 - 3
[ | ~
[\ / o« —
7] 2 / w : Vpp =3V e~ e —
1 1
(] 0
0 2 4 6 8 -75 -50 -25 0 25 50 75 100 125
Vpp - Supply Voltage -V TA —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 —TTTTTT 3.5
1 R =10 kQ Vi=10mV
s, RL=10kQ
Vop=5V CL =20 pF
S 44— o ;‘ 2.9
FESEREEEE
g \ '
=
e g 2.3
& é
o 3 Vpp=5V
§ Vpp=3V \ - pe
3 2 8§ 17
a \ TA = -40°C >
: \ :
g TA = 25°C \ \ = \\
1 Ll Lilll = 1.1
E Tp = 85°C N @ ~~—_ Vop=3V
L NN
3 L LT ™Y
3’ 0 L 0.5 !
- Y 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
2.1 . .
Vi=3mV R
19| RL=10kQ ~
CL =20 pF
; 1.7| Tp=25°C
é 1.5
b=}
Z 13
§
Q@ q4
=
3 o9
2 /
5 07
1 /
= |0
0.3
0.1
.20 8 ATh TRy g
Vpp - Supply Voltage -V
Figure 23
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Ayp - Large-Signal Differential Voltage Amplification

Ayp - Large-Signal Differential Voltage Amplification

TYPICAL CHARACTERISTICS

LARGE-SIGNAL DIFFERENTIAL VOLTAGE
AMPLIFICATION AND PHASE SHIFT

vs

FREQUENCY
107 -60°
Vpp=3V
RL=10kQ :
108 cL=20pF |30
Ta = 25°C
105 P 0
104 30° £
A &
VD
103 N 60° 2
Phase Shift &
2 .
2 \\\ e
101 \\ 120°
: N
0.1 180°
10 100 1K 10K 100K 1M 10M
f - Frequency — Hz
Figure 24
LARGE-SIGNAL DIFFERENTIAL VOLTAGE
AMPLIFICATION AND PHASE SHIFT
vs
FREQUENCY
107 T -60°
Vpp=5V
RL=10kQ _| 2
108 cL=20pF |~
TaA = 25°C
"R - o
104 ‘\ 30° 3_'.:
\\\Avo a
103 \ \ 60° §
=
o
102 N\ 90°
Phase Shift \S \
101 \\\ 120°
0.1 180°

10

100 1k 10k 100k 1M 10M

f — Frequency — H
Figure 25
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TYPICAL CHARACTERISTICS
PHASE MARGIN PHASE MARGIN
VS Vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
o 60° P
Vi=10mV Vi=10mV
520 RL=10kQ _| 58°I" R =10kQ
CL=20pF CL=20pF
Ta =25°C 56°[~
51° 5]
“0
£ N £
p 50° 2 52° \
© ©
= \ = \ Vpp=3V
2 49 § 50°
© N
: \ : ~.
1 o 1 48° ~
L3 < 46° ¥
47° Vpp=5
l \
\ / F. T o,
pre SN a2
45° 40°
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
50° . 400 TTTI
N \\ |§ Rg=100Q
\ S 30 Ta =25°C
45° N =
Vpp=3V S 300
\\ B \
= ]
® L. N > 250 \
- B " FTINC 8
2 \ Vpp=5V \ 2 200
é 35° \ E. \\
I N £ 150
E \ § Vpp=5V
[
e AN . NI
Vi=10mV N o ¥pg=3¥ sl
RL =10 kQ \ c ™S
Ta = 25°C >
25° 0
0 10 20 30 40 50 60 70 80 90 100 1 10 100 1000
CL - 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 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 gives
the same result.

Vbp VoD +
vi—i+ e
CL—F RL CL RL
i/
= = VbD-
(a) SINGLE SUPPLY (b) SPLIT SUPPLY

Figure 30. Unity-Gain Amplifier

10 kQ 10 kQ
VWA~ AN/
Vbbb VbD+
100 Q
12V, _{ ' , "
DD g — Vo 1 — Vo
100 Q
>
100Q i 100 Q
ne dy Ay VbD-
(a) SINGLE SUPPLY (b) SPLIT SUPPLY
Figure 31. Noise Test Circuits
10 kQ 10 kQ
AAA; A
Vpp VbD+
100Q 100 Q
Vi —WA & V| —\WA i,
Vo Vo

1/2Vpp + | +

o

=)
o
)|

= = = VpD-
(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 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
erroneous measurements:

® |[solate 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 are shunted away.

® 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.

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 a test socket to obtain a correct reading: therefore, an open-socket reading
is not feasible using this method.

8

1 4

Figure 33. Isolation Metal Around Device Inputs
(P Package)

V=Vic

low-level output voltage

To obtain low-level supply-voltage operation, some compromise is necessary in the input stage. This
compromise results in the device low-level output voltage 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. Whenone (or both) of the temperatures is below freezing, moisture can collect on both the device
and the test socket. This moisture results 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. These measurements should 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.

VA RVEET )

(d)f>Bom

(a) = 100 Hz (b) Bom > f > 100 Hz

(c) 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.

APPLICATION INFORMATION

single-supply operation

While the TLV2342 performs well using dual-pow-
er 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, thus allowing operation with supply levels
commonly available for TTL and HCMOS.

Many single-supply applications require that a
voltage be applied to one input to establish a
reference level that is above ground. This virtual
ground can be generated using two large
resistors, but a preferred 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 is
suitable for supply voltages of greater than 4 V.

Vbp

V| —

R1
—VVv

S

2

~ %
@—;

Vpp =V
- (-BD 1

R2
Ri

Figure 35. Inverting Amplifier With

Voltage Reference

v
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APPLICATION INFORMATION

single-supply operation (continued)

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:

® 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.

® 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.
e
I 1 I |
= = Power
__< i Logic Logic Logic Supply
] i oy ki (g © |
(a) COMMON-SUPPLY RAILS
- g J'. Y2
I N 1 |
4 Akl 4 | P
<3: == | Logic Logic Logic T sg‘gglry
l l l . romoiend

(b) SEPARATE-BYPASSED SUPPLY RAILS (PREFERRED)

Figure 36. Common Versus Separate Supply Rails

input 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 the range limit includes the negative rail, while the upper range limit
is specified at Vpp —1 V at Ta = 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 pV/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 Measurement 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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APPLICATION INFORMATION

input characteristics (continued)

AMA— AN
q VI.— V4 o b
— V V V
1 o () Vi o}
>
(a) NONINVERTING AMPLIFIER (b) INVERTING AMPLIFIER (c) UNITY-GAIN AMPLIFIER

Figure 37. Guard-Ring Schemes

noise performance

The noise specifications in operational amplifiers 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 device especially favorable over bipolar
devices when using values of circuit impedance greater than 50 kS, since bipolar devices exhibit greater noise

currents.

feedback

Operational amplifier circuits nearly always
employ feedback, and since feedback is the first
prerequisite for oscillation, 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 empirically.

electrostatic-discharge protection

s sl

s
=

Figure 38. Compensation for Input Capacitance

The TLV2342 incorporates an internal electrostatic-discharge (ESD)-protection circuit that prevents 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 outputs 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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output characteristics

APPLICATION INFORMATION

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 occurring increases with increasing temperature and supply voltages.

Vbp
The output stage of the TLV2342 is designed to é
sink and source relatively high amounts of current p S Rp vy
(see Typical Characteristics). If the output is Vi s ==l | Rp =%?—
subjected to a short-circuit condition, this high- ) o SR
current capability can cause device damage I Ip = Pullup Current
under certain conditions. Output current capability ¢ a—€— ¢ g;z‘r‘;t'f:n:’,’:‘; v
increases with supply voltage. L R2 L (typically 500 pA)
Although the TLV2342 possesses excellent i ik "'lin'-
high-level output voltage and current capability, 1

methods are available for boosting this capability T ?
if needed. The simplest method involves the use Figure 39. Resistive Pullup to Increase Voi
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 Vi
approximately 60 Q and 180 @, depending on

how hard the operational amplifier input is driven. Ta = 25°C
With very low values of Rp, a voltage offset from f=1kHz
0V at the output occurs. Secondly, pullup resistor VipR)=1V —25V

Rp acts as a drain load to N4 and the gain of the

operational amplifier is reduced at output voltage ~ Figure 40. Test Circuit for Output Characteristics
levels where N5 is not supplying the output

current.

All operating characteristics of the TLV2342 are measured using a 20-pF load. The device drives 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). In many cases, adding some
compensation in the form of a series resistor in the feedback loop alleviates the problem.
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output characteristics (continued)

......... |

i

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

Figure 41. Effect of Capacitive Loads
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e Wide Range of Supply Voltages Over D OR N PACKAGE
Specified Temperature Range: (TOP VIEW)
-40°Ct085°C...2Vto8YV O
® Fully Characterized at 3V and 5 V 10UT(} 1 14]] 4OUT
® Single-Supply Operation 1::‘E 2 } 3::‘
+
® Common-Mode Input-Voltage Range Neoul i :? v E
Extends Below the Negative Rail and up to 2?'3 ‘“[ ] 3|?le—/ GND
Vpp -1V at 25°C B D o
DD 2N-[l 6 of] 3IN-
° gultlput Voitage Range Includes Negative 20UT[] 7 8[] souT
al
e High Input Impedance. . . . 1012 Q Typical PW PACKAGE
® ESD-Protection Circuitry e
® Designed-In Latch-Up Immunity 10UT ==—|°1 14— 40UT
1IN - = F— 4IN -
R 1IN + (T 4IN +
description Ve — Vipp /GND
The TLV2344 quad operational amplifier is one of gm + z E gm +
a family of devices that has been specifically o o
designed for use in low-voltage single-supply 20UT 7 8 == sout
applications. Unlike other products in this family
designed primarily to meet aggressive power
consumption specifications, the TLV2344 is EQUIVALENT INPUT NOISE VOLTAGE
designed to offer ac performance approaching VS
that of a BiFET operational amplifier while FREQUENCY
operating from a single-supply rail. At 3 V, the L:E 400 = T
TLV2344 has a typical slew rate of 2.1 V/us and > Rg=100Q
790-kHz unity-gain bandwidth. >$ TA=25°C [
Each amplifier is fully functional down to a §; 300 AN
minimum supply voltage of 2 V, is fully = \
characterized, tested, and specified at both 3-V ;
and 5-V power supplies over a temperature range s \
of —40°C to 85°C. The common-mode input £ 200 0N
voltage range includes the negative rail and 5 \\ Vpp=5V
extends to within 1 V of the positive rail. = 1
3 % Ny
g 100 :
u;',' Vpp=3V N
=

1 10 100 1000
f - Frequency — Hz

AVAILABLE OPTIONS

PACKAGED DEVICES
Viomax CHIP FORM
Ta AT 25°C | SMALL OUTLINE | PLASTIC DIP TSSOP s
& ™ )
—40°C1085°C | 10mV TLV23441D TLV2344IN_| TLV2344IPWLE | TLV2344Y

Available in tape and reel. Add R suffix to the device type when ordering (e.g., TLV2344IDR).
The PW package is only available left-end taped and reeled (e.g., TLV2344IPWLE).

LinCMOS™ is a trademark of Texas Instruments Incorporated.

PRODUCTION DATA Information Is cumrent &s of Tpu Copyright © 1992, Texas Instruments Incorporated
contorn o specifcaions por the s of Tasss b
A iy e I TEXAS
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description (continued)

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 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-shrink 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 prevents 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.

TLV2344Y chip information

This chip, when properly assembled, displays characteristics similar to the TLV2344l. Thermal compression or
ultrasonic bonding may be used on the doped aluminum bonding pads. Chips may be mounted with conductive
epoxy or a gold-silicon preform. °

BONDING PAD ASSIGNMENTS Vbp
r 3 @) )
1IN+ * (1) ]
10UT
e ¥, 13
(5)
2IN+ hed
2
2N~ &
68
10,
3IN+ a9
3IN- — @
(12)
4IN + * (14)
(13) 40UT
4IN- — -
b 4 (11)
& 108 Vpp-/GND

||||||||||||||||||||I||||||||||||||||||||||||||||||||||||||||||||||||||||||||||l|||||t|||||||||
CHIP THICKNESS: 15 TYPICAL

BONDING PADS: 4 x 4 MINIMUM
Tymax = 150°C

TOLERANCES ARE +10%.

ALL DIMENSIONS ARE IN MILS.
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equivalent schematic (each amplifier)

Vpbp
23 P b 2
P3 P4 ;
P1 P2 N5
IN- — — —!
A1 — R2 o——-||——
IN
1 RS ¢ e Pve—o
MWV ks <—c|—' |
— —
o1 g
[ —o <
N3 our
e —
i —— N4
— E— |l—'
N1 | N2 -
| — [
R3 D1 R4 D2 ‘—"‘| i N7
{m
. 2 L L 2 . 2 1‘, @ . 4
GND
COMPONENT COUNTT
Transistors 8
Diodes 28
Resistors 4
Capacitors 108

1 Includes both amplifiers and all
ESD, bias, and trim circuitry
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absolute maximum ratings over operating free-air temperature (unless otherwise noted)t

Supplyvolage; Vpp (SERINOte 1) . ... ... St Sl e iR b wis saionis s pamsias B Ak ws s AR m s oot 8V
Differential input voltage, Vip (see Note 2) ..........ccviuiiiiiiiiiiiiiiirieniiirienranennn. Vpp+
Inpuit-vollEBHe TANGE V| ANYIIDUL) - . .- - c-co e Jeiesiesassinessnnsesssnassis dentoininisss -0.3Vto Vpp
e e N SRR RS SSSRRS 5. v D Tt RPER e Stet 0 40 S RS A +5 mA
(0170 1) 2T 1 T T SRR RN IS SR, - T, O SR o I +30 mA
Duration of short-circuit current at (or below) T =25°C (see Note 3) ...........ccvvvviuennnnn. unlimited
GContinugus totalidISSIDAUON . . ; « wsrwrehrpmrrvnesmmimiyrest s sie & & 4 siaiis i wiam s s See Dissipation Rating Table
Operating free-air temperature range, TA  «...ocveeriniieinntinntieenninesneesnsnnnns —40°C to 85°C
Storagetemperatirg range ...... . ...vebic e duees oo one AR o ovin e rsneh o hred —-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

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 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 selection).

DISSIPATION RATING TABLE
PACKAGE Ta<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 5.6 mW/°C 364 mW
PW 700 mW 12.6 mW/°C 819 mW
recommended operating conditions
MIN MAX | UNIT
Supply voltage, Vpp 2 8 Vv
Vpp=3V -0.2 1.8
Common-mode input voltage, V| R0 v
Vpp =5V -02 38
Operating free-air temperature, T -40 85 °C
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electrical characteristics at specified free-air temperature

TLV2344|
PARAMETER TEST CONDITIONS Tal Vpp=3V Vpp=5V UNIT
MIN TYP MAX| MIN TYP MAX
Vo=1V, Vic=1V, | 25°C 1.1 10 1.1 10
Vio Input offset voltage Rg=50Q, mV
R =10kQ Full range 12 12
Average temperature coefficient 25°C to 2
VIO of input offset voltage 85°C 27 oy Y/e
I Input offset current (see Note 4) |Vo=1V, Vig=1V L i A pA
nput offset current (see Note =1V, -
- - o 85°C 22 1000 24 1000
25°C 0.6 0.6
| Input bias current (see Note 4, Vo=1V, Vig=1V A
IB " ¢ ) 5 " 85°C 1756 2000 200 2000 ?
-02 -03 -02 =03
25°C to to to to v
v Common-mode input SO 4 42
ICR voltage range (see Note 5) =02 =02
Full range to to Vv
1.8 3.8
Vic=1V, 25°C 1.78 1.9 3.2 3.7
VoH  High-level output voltage V|p = 100 mV, Vv
IoH =—1mA Full range 1.7 3
Vic=1V, 25°C 120 150 9 150
VoL Low-level output voltage VD =-100 mV, mV
loL=1mA Full range 190 190
A Large-signal differential \F/(IC 3 110\'l<h 25°C 3 1 5 23 Sikin’
VD yoltage amplification L= >
See Note 6 Full range 2 3.5
Vo=1V, 25°C 65 78 65 80
CMRR Common-mode rejection ratio V|c = Vicrmin, dB
Rg=50Q Full range 60 60
? Supply-voltage rejection ratio Vic=1V, Vo=1YV, 25°C 70 95 70 95 -
SVR  (avpp/avio) Rg =50 Q Fulrange | 65 65
Vo=1V, Vig=1V, | 25°C 1.3 27 64
| Supply current mA
DD PP No load Full range 8.8

1 Full range is —40°C to 85°C.
NOTES: 4. The typical values of input bias current and input offset current below 5 pA are determined mathematically.
5. This range also applies to each input individually.

6. AtVpp=5V,Vo0=025Vt02V;atVpp=3V,Vo=05Vto15V.

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

PARAMETER TEST CONDITIONS T, Ll UNIT
A MIN _TYP MAX
Vic=1V, Vipp) =1V, 25°C 2.1
SR Slew rate at unity gain RL=10kQ, C| =20 pF, Vips
See Figure 30 85°C 17
" E z f=1kHz, Rg =100 Q, =
Vn Equivalent input noise voltage Soe Figue 31 25°C 25 nVAWHz
) l E VO = VOH, CL =20 pF, 25°C 170
Bom Maximum output swing bandwidth RL = 10 kD, See Figure 30 35°C 45 kHz
B . Vi=10mV, CL =20 pF, 25°C 790
B4 Unity-gain bandwidth RL=10kQ, See Figure 32 35°C 90 kHz
Vi=10mV,  f=By, —40°C 53°
om Phase margin CL =20 pF, RL =10kQ, 25°C 49°
See Figure 32 85°C 47°
operating characteristics at specified free-air temperature, Vpp =5V
TLV2344|
PARAMETER TEST CONDITIONS TA MIN_ TYP  MAX UNIT
25°C 3.6
il e § 1 85°C 28
SR Slew rate at unity gain L= . Vi
ity g CL=20pF, [0 Pk 25°C 2.9 i
See Flgufe 30 I{PP) = 85°C 23
! : . f=1kHz, Rs =100Q, 5
Vn Equivalent input noise voltage I gt 25°C 25 nVAHz
? : i Vo = VOH, CL =20 pF, 25°C 320
Bom Maximum output swing bandwidth RL = 10 kS, See Figure 30 36°C 50 kHz
s Bl Vi=10mV, CL =20 pF, 25°C 1.7
i Uiy Neh RL = 10kQ, See Figure 32 85°C 1.2 s
V) =10mv, f=Bq, —40°C 49°
om Phase margin CL =20 pF, RL = 10 kQ, 25°C 46°
See Figure 32 85°C 43°
INSTRUMENTS
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electrical characteristics, Tp = 25°C

TLV2344Y
PARAMETER TEST CONDITIONS Vpp=3V Vpp=5V UNIT
MIN TYP MAX| MIN TYP MAX
Vio Inputoffset voltage Xg B ;ova’ Ic=1 \SL e 11, 150 11 10| mv
o Input offset current (see Note 4) [Vo=1V,Vig=1V 0.1 0.1 pA
B Input bias current (see Note4) |Vo=1V,Vic=1V 0.6 0.6 pA
v Common-mode input voltage -0i2 o s
ICR O] to to to Vv
range (see Note 5) P 23 4 42
y Vic=1V, Vip =100 mV,
VoH  High-level output voltage s 175 19 39037 v
Vic=1V, Vip =-100 mV,

VoL Low-level output voltage loL = 1mA 120 150 90 150 | mv

Large-signal differential voltage |Vic=1V, RL =10k,
Avp amplification See Note 6 3 - & i Vimy
CMRR Common-mode rejection ratio | YO = 1 V» ViC = ViCRmin, 65 78 65 80 dB

Rg=50Q

Supply-voltage rejection ratio Vo=1V, Vic=1V,
kSVR (AVDD/AVID) Rs =500 70 95 70 95 dB
Ibp  Supply current xg’;;dv' b 13 6 27 64| A

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

6. AtVpp=5V,Vo0=025Vto2V;atVpp=3V,Vo=05Vto1.5V.
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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 &
VoH High-level output voltage vs Supply voltage 6
vs Temperature 7
vs Common-mode input voltage 8
VoL Low-level output voltage 19 Temperire Ll
vs Differential input voltage 10
vs Low-level output current 12
X r e vs Supply voltage 13
AvD Large-signal differential voltage amplification
vs Temperature 14
Iig/llo - Input bias and offset currents vs Temperature 15
Vic Common-mode input voltage vs Supply voltage 16
o o vs Supply voltage 17
vs Temperature 18
SR prmp—) vs Supply voltage 19
vs Temperature 20
Vo(pp) Maximum peak-to-peak output voltage vs Frequency 21
) i 5 vs Temperature 22
B4 Unity-gain bandwidth
vs Supply voltage 23
AyD Large-signal differential voltage amplification vs Frequency 24,25
vs Supply voltage 26
om Phase margin vs Temperature 27
vs Load capacitance 28
Vn Equivalent input noise voltage vs Frequency 29
Phase shift vs Frequency 24,25
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TYPICAL CHARACTERISTICS
DISTRIBUTION OF TLV2344 DISTRIBUTION OF TLV2344
INPUT OFFSET VOLTAGE INPUT OFFSET VOLTAGE
50 Fe— 60
Vpp=3V Vpp=5V
Ta=25°C Ta =25°C
N Package s0 | NPackage ,
: ;
1
40
% 30 %
S =
S S
§ i
il 8
5 20
& 4
10 o
10
0 - 0
-5 -4-8 -2-1 0 1 2 3 4 5 5.-4-3 -2 -1.0.1 .2 .3 '4 5
Vjo - 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
Vpp=3V i Vpp=5V
TA = 25°C to 85°C TA =25°C to 85°C
N Package 50 | N Package
40 Outllers:
af Bf (1) 20.5 mv/°C
40
£ w £
= | S
] S 30
3 §
: § »
(-4
10 - 1o
0 0 2
-0 -8 -6 -4 -2 0 2 4 6 8 10 -10 -8 -6 -4 -2 0 2 4 6 8 10
ay|o — Temperature Coefficient — pV/°C ayjo —- Temperature Coefficient — puV/°C
Figure 3 Figure 4
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VoH —High-Level Output Voltage -V

TYPICAL CHARACTERISTICS

HIGH-LEVEL OUTPUT VOLTAGE

Vs

HIGH-LEVEL OUTPUT CURRENT

Vic=1V
Vip = 100 mV
Ta=25°C

Vpp=5V

‘\

—

VoH — High-Level Output Voltage — V

HIGH-LEVEL OUTPUT VOLTAGE

Vs

SUPPLY VOLTAGE

Vic=1V
Vip =100 mV
RL =10kQ
Ta=25°C

/

/

%

A

v

i
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) -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 T—
Vpp=3V \ Vpp=5V
Vic=1V 650 loL=5mA _
> Vip =100 mV > Ta = 25°C
o 24 E
g g T
S 3
>
o g S 550
E 1.8 —_%Fr ; \ Vip = —100 mV
=
8 ~N7L_ 77 g 500 N
3 12 [ /4 3 NN
3 1 I THITNCN
3 Lot = -S004A 3 NON
I o6 e 4 W ey
6 loH=-2m [l ID=-
= loH=-3mA ——t/ / £ o \Q\\
loH=-4mA — > N~
=75 -50 =25 0 25 50 75 100 125 0 05 1 1.5 2o 2B 3 35 4
Ta — Free-Air Temperature - °C Vic — Common-Mode Input Voltage — V
Figure 7 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 T 800 v -
il 3°°=|3v/2|
Vig=1V ic=Vip
E 175} Vip=-100mV E 0 loL=5mA
! loL=1mA I Ta=25°C
S 2 600
W / B\
S L7 Z 500
5 5 N
g P i £ N
3 125 o 400 N
< / 4 \!\
§ s Zatl § oo
W :
5 7| 200
- -
o 2 100
50 0
-75 -50 -25 0 25 50 75 100 125 0 ot Bl i =P =B
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 T T 1 T T
Vpp=5V Vic=1V
> 800} Vic=05V o 09} Vip=-100 mV
$ Vip=-1V i Ta = 25°C
700} loL=5mA e 0.8
% 8 Vpp=5V
38 v S o7
S 600 v 2
i 3 06
£ s00 L~ 2 /
o | S os A
3 < g /
H 400 /, 2 /
=5 ;‘ 0.4 Vpp=3V [ ¥
£ 300 3 /
b -Il 0.3 / 4
'5. 200 T /,/
= > X
100 0.1 /
(] (]
-75 -50 -25 0 25 50 75 100 125 ] O TR A 7 WS R A
TA — Free-Air Temperature - °C loL — Low-Level Output Current — mA
Figure 11 Figure 12
3 1
EXAS
INSTRUMENTS

2-243



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

SLOS115 — MAY 1992

TYPICAL CHARACTERISTICS
LARGE-SIGNAL LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION DIFFERENTIAL VOLTAGE AMPLIFICATION
Vs Vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
60 50 T
RL =10 kQ
RL =10 kQ 45
o o
g e g 40
S Gl
; 40 TA = -40°C =N ; 35
E E )’—— % E 30 N
&7 — ] &7 N\_ Vop=5V
£ B2 e = N
og 3 ra = og§ 25 ~
T B s ~
58 / / 58 20 ~
23 20 — e N
E’E TA=25“C EE 15 \ VDD=3V
1 Ta =85°C 1 10
a 10 o
> >
< < 5
0 0
0 2 4 6 8 -75 -50 -25 0 25 850 75 100 125
Vpp - Supply Voltage -V Ta - Free-Air Temperature — °C
Figure 13 Figure 14
INPUT BIAS CURRENT AND INPUT OFFSET COMMON-MODE INPUT VOLTAGE
CURRENT POSITIVE LIMIT
Vs Vs
FREE-AIR TEMPERATURE SUPPLY VOLTAGE
< 104 8
o =
— Vpp=3V A
% | Vic=1V >I Ta =25°C
E 103 SeeNoted .~ &
< .
g /
9 1P =—=B 2
5 = r
8 : ¢
2 el L § /
] = e g
= z E
1
e A 6; 2
3 o /
- >
© ‘g
@ —
0.1 Ll 0
25 45 65 85 105 125 0 2 4 6 8
Ta — Free-Air Temperature - °C Vpp - Supply Voltage - V
NOTE: The typical values of input bias current and input offset Fiqure 16
current below 5 pA were determined mathematically. 9
Figure 15
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SUPPLY CURRENT SUPPLY CURRENT
vs vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
we=1v . -
IC= Vic=1V
xo : °1ax 35 vlé: =1V _
4 o / No Load
Ta = -40°C
: / / - N
I - N
I~ 3 S § 25 Vpp=5V N
5 Ta =25°C / 8 \\
2
£ L~ £
a a ~d
8 2 A 15 o
@ / Ta =85°C & o u S
pp=3V
-8 / 8 1 \\
1 V =
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0 2 4 6 8 -75 -50 -25 0 25 50 75 100 125
Vpp - Supply Voltage -V TA — Free-Alr Temperature - °C
Figure 17 Figure 18
SLEW RATE SLEW RATE
vs vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
8 T 8 T g
Vippy=1V Vippp) =1V
71 Av=1 7k Ay=1
RL = 10 kQ RL =10 kQ
CL=20pF . popr
o 6]~ Ta=25°C 6
2 &
> >
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) 2 =~
Vpp=5V
gt (s N I e
ki 3 § 2
" 4
~
. 2 / @ T~
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Vpp - Supply Voltage - V Ta — 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 e 3.5 — .
® RL =10 kQ Vi=10mV
g RL=10kQ
S Vpp=5V CL =20 pF
21 4 4 ¥ 29
2 S
g . \
- g
=
3 2.3
§ 3 P
o Vpp =3V N @ VDp=5V
2 2 % 3 17
E i TA = -40°C >
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g 1 Lo Ly
1 Ta = 85°C \ @ ~—]_Vbp=3V
3 0 LT
o N
o 05
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
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Z 13
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Figure 23
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Ayp —Large-Signal Differential Voltage Amplification

Ayp - Large-Signal Differential Voltage Amplification

TYPICAL CHARACTERISTICS
LARGE-SIGNAL DIFFERENTIAL VOLTAGE

AMPLIFICATION AND PHASE MARGIN

Vs

FREQUENCY
107 VDD?G v il
RL=1MQ
106 CL=20pF |-30°
Ta = 25°C
105 el 0o
104 30°
Avp
103 N 60°
102 90°
Phase Shift \\\
101 \\ 120°
' L
0.1 180°
10 100 1k 10k 100k 1M 10M
f - Frequency — Hz
Figure 24
LARGE-SIGNAL DIFFERENTIAL VOLTAGE
AMPLIFICATION AND PHASE MARGIN
Vs
FREQUENCY
7 —B80°
his Vbp l= 5V -
RL=1MQ
108 CL=20pF |—30°
Ta =25°C
108 N o
104 30°
AN
108 \ \ 60°
102 P~ 20°
Phase Shift Q\
101 \\\ 120°
1 \\\ 150°
180°

100 1k 10k

100

f - Frequency — Hz
Figure 25

k 1M 10M

Phase Shift

Phase Shift
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TYPICAL CHARACTERISTICS
PHASE MARGIN PHASE MARGIN
vs vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
) T 60° T T
Vi=10 mV Vi=10mV
RL=10kQ | 58°F RL=10kQ
CL=20pF CL =20pF
TA =25°C 56°
51°
= 4%
& ™ 2 s N
2 \ =T N\ Voo=3V
§ = g T~
£ \ T e e
I IE \ —
& \ < e
47° Vpp=5V
I w -
N,
T — 420
45° 40°
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
50 400 g
\ nl L;E‘ Rg=100Q
\ N T 350 Ta =25°C
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\\ Vpp=3V % 300
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= N > 250 \
o 40 N 8
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CL - 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 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.

Vpp VDD +
5 ° Vo J\ ® Vo
V| —_— VI e |
CL—T RL CL=< RL
1 1 T
= = Vpp-
(a) SINGLE SUPPLY (b) SPLIT SUPPLY
Figure 30. Unity-Gain Amplifier
10 kQ 10 kQ
AN AN
Vpp VDD +
100 Q
12V - 5 — V. i
i _Ex____ A ° i — Vo
100 Q
100Q i 100 Q
= = = Vop-
(a) SINGLE SUPPLY (b) SPLIT SUPPLY
Figure 31. Noise Test Circuit
10 kQ 10 kQ
ANA AN
Vbp VbD+
100 Q 100 Q
V| —W\ b Vi —W\ i
Vo ’—r Vo
12NpD —————————1t, | +
I cL CL
= = — 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 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:

® |solate 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 are shunted away.

® 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.

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 a test socket to obtain a correct reading; therefore, an open-socket reading

is not feasible using this method.

7

1

8

V=Vic

14

Figure 33. Isolation Metal Around Device Inputs
(N Package )

low-level output voltage

To obtain low-level supply-voltage operation, some compromise is necessary in the input stage. This
compromise results in the device low-level output voltage 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 results 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 These measurements should 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

bTEXAS
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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.

i N BIEIEIE el |

(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 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.

APPLICATION INFORMATION

single-supply operation

While the TLV2344 performs well using dual- Vbp
power supplies (also called balanced or split
supplies), the design is optimized for single- R2
supply operation. This includes an input common- MW
mode voltage range that encompasses ground as
well as an output voltage range that pulls down to R1
ground. The supply voltage range extends down

‘ ’ : V| WA N
to 2V, thus allowing operation with supply levels >——<»— Vo

commonly available for TTL and HCMOS. [ TLE2426 |2,

Many single-supply applications require that a %= (VD_D;_V') % +Y_g_9
voltage be applied to one input to establish a

reference level that is above ground. This virtual = =
ground can be generated using two large

resistors, but a preferred technique is to use a Figure 35. Inverting Amplifier With Voltage
virtual-ground generator such as the TLE2426. Reference

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.

“’) TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 2-251




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

SLOS115 — MAY 1992

APPLICATION INFORMATION

single-supply operation (continued)

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:

® 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.

® 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.

= - = ;i

I 1 I - |

Power

Logic Logic Logic Supply
)t . . ¢ [ |
— b i N

(a) COMMON-SUPPLY RAILS
. & |
l I I s
—< :l == | Logic Logic Loglc 7= | &oper,
I . & g, ]
. - K

(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 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 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 Measurement 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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input characteristics (continued)

— Vo — Vo
vi

I

(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 device especially favorable over bipolar
devices when using values of circuitimpedance greater than 50 k<, since bipolar devices exhibit greater noise
currents.

feedback

Operational amplifiers circuits nearly always

employ feedback, and since feedback is the first >_4._
prerequisite for oscillation, a little caution is -

appropriate. Most oscillation problems result from
driving capacitive loads and ignoring stray input s
capacitance. A small-value capacitor connected i
in parallel with the feedback resistor is an effective

remedy (see Figure 38). The value of this
capacitor is optimized empirically.

Figure 38. Compensation for Input Capacitance

electrostatic-discharge protection

The TLV2344 incorporates an internal electrostatic-discharge (ESD)-protection circuit that prevents 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 outputs 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
should not by design be forward biased. Applied input and output voltage should not exceed the supply voltage
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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 occurring increases with increasing temperature and supply voltages.

output characteristics Vpp
The output stage of the TLV2344 is designed to
sink and source relatively high amounts of current Rp
(see Typical Characteristics). If the output is v, a1 oniibiYo
subjected to a short-circuit condition, this d P i +T +1p
high-current capability can cause device damage ¢ Vo Ip = Pullup Current
under certain conditions. Output current capability ‘ ar | g:‘:f::n:}!m i
; ; —————N—————4
increases with supply voltage. by (typically 500 uﬁ'\,)
Although the TLV2344 possesses excellent R1 n,_l > AL
high-level output voltage and current capability, i

methods are available for boosting this capability = =

if needed. The simplest method involves the use

of a pullup resistor (Rp) connected from the output B e
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 25V
equivalent schematic) must sink a comparatively
large amount of current. In this circuit, N4 behaves =

like a linear resistor with an on resistance between Vi
approximately 60 Q and 180 Q, depending on

how hard the operational amplifier input is driven. T~ CL
With very low values of Rp, a voltage offset from

0V at the output occurs. Secondly, pullup resistor Ta=25°C

Rp acts as a drain load to N4 and the gain of the L=l

operational amplifier is reduced at output voltage ViR = 1 2 S8V
levels where N5 is not supplying the output
current.

Vo

Figure 40. Test Circuit for Output Characteristics

All operating characteristics of the TLV2344 are measured using a 20-pF load. The device drives 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 Figure 41). In many cases, adding some
compensation in the form of a series resistor in the feedback loop alleviates the problem.
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TYPICAL APPLICATION DATA

output characteristics (continued)

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

(b) CL = 130 pF, R = NO LOAD

Figure 41. Effect of Capacitive Loads

(c) CL = 150 pF, R = NO LOAD
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TLV2362l, TLV2362Y

DUAL HIGH-PERFORMANCE, LOW-VOLTAGE
OPERATIONAL AMPLIFIERS

SLOS126 —APRIL 1993

® Low Supply Voltage Operation
Veec=+1VMin

® Wide Output Voltage Swing
+2.4V Typ atVger =125V, R = 10 kQ

® Wide Bandwidth
7MHz Typ atVgg: =25V

Low Noise...8nV/VHz Typ atf = 1 kHz

High Slew Rate

4 Vipsec Typ atVgor =125V

® Available In Small TSSOP Packages

description

The TLV2362l is a high-performance dual
operational amplifier built using an original Texas
Instruments bipolar process. This device can be

D OR P PACKAGE
(TOP VIEW)
10UT([] 1 Y 8ll Ve
1IN-[] 2 7]] 20uT
1IN+[} 3 6f] 2IN-
Veo-[l 4 5[] 2IN+
PW PACKAGE
(TOP VIEW)
10UT 1 81T Voo,
1IN- 2 7 13 20UT
1IN+ I3 6 T 2IN-
Voo - O 4 5T 2IN+

operated at a very low supply voltage (+1 V), while maintaining a wide output swing. The TLV2362I offers a
dramatically improved dynamic range of signal conditioning in low-voltage systems. Coupled with this high
performance, the TLV2362l provides a wider unity-gain bandwidth and higher slew rate than other
general-purpose operational amplifiers. With its low distortion and low noise performance, this device is well
suited for audio applications. The TLV2362I is available in the thin-shrink small-outline package (TSSOP) to

reduce board space requirements.

AVAILABLE OPTIONS
PACKAGED DEVICES
CHIP FORM
Ta SMALL OUTLINE PLASTIC DIP TSSOP )
(D) (P) (PW)
—20°C TO 85°C TLV2362ID TLV2362IP TLV2362IPWLE TLV2362Y

The D packages are available taped and reeled. Add an R to the package suffix (e.g., TLV2362IDR).
The PW packages are only available left-ended taped and reeled, (e.g., TLV2362IPWLE).
Chip forms are specified for operation at 25°C only.

PRODUCTION DATA Information Is cument as of
specifications

blication date.

Copyright © 1993, Texas Instruments Incorporated

Products conform to wm‘m Instruments
testing of all parameters. y
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TLV2362l, TLV2362Y
DUAL HIGH-PERFORMANCE, LOW-VOLTAGE

SLOS126 —APRIL 1993

equivalent schematic (each amplifier)
Vee+

OPERATIONAL AMPLIFIERS

\__Z—_“

A N,
IN f
+
NG
IN- *
E{ N o out
® o—o *——o—o T 'Y & ~
Vee-
ACTUAL DEVICE
COMPONENT COUNT
Capacitors 4
Diodes 1
Resistors i
J-FET 1
Transistors 46
‘t’# TEXAS
INSTRUMENTS
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TLV2362l, TLV2362Y
DUAL HIGH-PERFORMANCE, LOW-VOLTAGE
OPERATIONAL AMPLIFIERS

SLOS126 — APRIL 1993

TLV2362Y chip information

This chip, when properly assembled, displays characteristics similar to the TLV2362l. Thermal compression or
ultrasonic bonding may be used on the doped aluminum bonding pads. Chips may be mounted with conductive
epoxy or a gold-silicon preform.

BONDING PAD ASSIGNMENTS

B

Vees
®)
1Ns _C I “r
10UT
-2
@) * ﬂ' 2IN+
20UT
39 o LT
4)
Vee-

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

TOLERANCES ARE +10%.

ALL DIMENSIONS ARE IN MILS.

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

F

39 —»i
CRCHRCHTTRCR TR IR A 1 T R W A R R T T i
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TLV2362l, TLV2362Y
DUAL HIGH-PERFORMANCE, LOW-VOLTAGE
OPERATIONAL AMPLIFIERS

SLOS126 —APRIL 1993

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

Supply voltageigc i@eeiNote 1) L wlinin culesenivude syaingih. hsldmesss e nadw. il 2 35V
SupplyvoltageyVMgeausesNote 1) chsa polunsd sauninuis Sanebartl.nn beeu otmm polnod sisoas =3.5V
Differential input voltage, Vip(see Note 2) ...........viuievsine o SRS A0SESHIOg.B 2000 8.5V
Inputvoltage-range,V(any-input)-(ee-Notes 1-aN0.3 ) uwn siimeis sursmmss s msmnissmeoassss Voot
Ol B e T i e RS R e B B e s e e e e e e o 3.5V
CUIRULICUEIBNY, B nse vis s areinia i s o wimio s bisimsins s s bvne s o miws v s« MTAMMNCEA OMS CNBOMAR. ..o 20 mA
Duration of short-circuit current at (or below) 25°C (output shortedto GND) ................... unlimited
Continuous total dissipation, Pp (TA<25°C) .......civiviiinniinnnennnnnn. See Dissipation Rating Table
Operating free-air temperature range, TA . ...vvueiiiiiiietiniinnerenneanneenanns —20°C to 85°C
Storage temperatlre range .. .. ..cv.seowevs v vnnt dinms AN IOHIRE | oo GO0 —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

NOTES: 1. Allvoltage values, except differential voltages, are with respect to the midpoint between Vg 4+ and Voo -

2. Differential voltages are at the noninverting input with respect to the inverting input.
3. Allinput voltage values must not exceed Vcc.

recommended operating conditions

MIN MAX | UNIT

Supply voltage, Voo o - 1) Vv

Operating free-air temperature, Ta -20 85 °C

DISSIPATION RATING TABLE

PACKAGE Ta<25°C DERATING FACTOR TA <85°C
POWER RATING ABOVE TA = 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

2-260
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TLV2362l, TLV2362Y

DUAL HIGH-PERFORMANCE, LOW-VOLTAGE

OPERATIONAL AMPLIFIERS

SLOS126 - APRIL 1993

electrical characteristics, Vgc+ = +1.5 V (uniess otherwise noted)

PARAMETER TEST CONDITIONS TA b UNIT
MIN TYP MAX
Vio Input offset voltage Vo =0, Vic=0 o . - mV
—20°C to 85°C 7.5
llo Input offset current Vo =0, Vic=0 i - = nA
—20°C to 85°C 150
B Input bias current Vo =0, Vic=0 s - o nA
—-20°C to 85°C 250
; 25°C +0.5
ViCR Common-mode input voltage Vol £7.5mV PWDNEED.._ gy '
RL = 10 kQ 25°C 1.2 1.4
VOM+  Maximum positive-peak output voltage \
RL>10kQ -20°Ct085°C | 1.2
RL = 10 kQ 25°C 112, (=14
VOM-  Maximum negative-peak output voltage A
RL 210 kQ -20°Ct0o85°C | —1.2
25°C 2.8 4.5
Icc Supply current (both amplifiers) Vo=0, No load e =& mA
AvD Large-signal differential voltage amplification |Vo=+1V, R =10kQ 25°C 55 dB
CMRR  Common-mode rejection ratio Vic=+05V 25°C 75 dB
KSVR Supply-voltage rejection ratio Voct=+15Vto+t25V 25°C 80 dB
operating characteristics, Vog+ =+1.5V, T = 25°C
PARAMETER TEST CONDITIONS Ao UNIT
MIN TYP MAX
SR  Slewrate Ay=1, Vi=105V 25 Vips
B4 Unity-gain bandwidth Ay =40, RL=10kQ, C| =100 pF 6 MHz
Vn  Equivalent input noise voltage Rg =200, RE =2kQ, f=1kHz @ nVAWHz

%TEXAS
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TLV2362l, TLV2362Y
DUAL HIGH-PERFORMANCE, LOW-VOLTAGE
OPERATIONAL AMPLIFIERS

SLOS126 —APRIL 1993

electrical characteristics, Vgog+ =+2.5 V (unless otherwise noted)

TLV2362!
PARAMETER TEST CONDITIONS TA UNIT
MIN TYP MAX
Vv Input offset volta V 0 Vv 0 i . g mV
o B T — S - —20°C to 85°C 75
| Input offset current Vo =0 V 0 i - o nA
1o L e o —20°C 10 85°C 150
| Input bi rrent Vo =0, Vv 0 = o 10 nA
B i SERES 1o —20°C to 85°C 250
Vv Common-mode input voltage Vol £ 7.5 mV i 2= v
1 S
o T 0 —20°Ct085°C | 1.4
RL = 10kQ 25°C 2 24
VOM+  Maximum positive-peak output voltage \
RL>10kQ ~20°C to 85°C 2
RL=10kQ 25°C -2 -24
VOM-  Maximum negative-peak output voltage V'
RL210kQ -20°C to 85°C -2
25°C 3.5 5
| Supply current (both lifiers; Vo =0, No load A
o oo R o —20°C 0 85°C s "
AvD Large-signal differential voltage amplification Vo=%1V, R =10kQ 25°C 60 dB
CMRR  Common-mode rejection ratio Vic=+05V 25°C 85 dB
kSVR Supply-voltage rejection ratio Voct=+15Vto+25V 25°C 80 dB
operating characteristics, Vg1 = 2.5V, Tp = 25°C
TLV2362!
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX
SR  Slewrate Ay =1, V=105V 3 Vips
B4 Unity-gain bandwidth Ay = 40, RL =10kQ, CL =100 pF 7 MHz
Vn  Equivalent input noise voltage Rg=20Q, RF =2 kQ, f=1kHz 8 nVAHz
INSTRUMENTS
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TLV2362l, TLV2362Y

DUAL HIGH-PERFORMANCE, LOW-VOLTAGE
OPERATIONAL AMPLIFIERS

SLOS126 - APRIL 1993

electrical characteristics, Voc+ = 1.5 V, Ta = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS i UNIT
MIN TYP MAX
Vio Input offset voltage Vo =0, Vic=0 1 6| mVv
llo Input offset current Vo =0, Vic=0 5 100 nA
B Input bias current Vo=0, Vic=0 20 150 nA
VICR Common-mode input voltage Vol £7.5 mV +0.5 Vv
VOM+  Maximum positive-peak output voltage RL=10kQ 1.2 1.4 :
VOM-  Maximum negative-peak output voltage RL=10kQ -12 -14
Icc Supply current (both amplifiers) Vo =0, No load 2.8 45| mA
AvD Large-signal differential voltage amplification Vo=%1V, RL =10kQ 55 dB
CMRR  Common-mode rejection ratio Vic=+105V 75 dB
kSVR Supply-voltage rejection ratio Vocr=115Vto+25V 80 dB
operating characteristics, Voc+ =+1.5V, Ta = 25°C
PARAMETER TEST CONDITIONS i UNIT
MIN TYP MAX
SR  Slewrate Ay =1, V=105V 25 Vips
B4 Unity-gain bandwidth Ay = 40, RL=10kQ, C =100pF 6 MHz
Vn  Equivalent input noise voltage Rg=20Q, RF=2kQ, f=1kHz 9 nVAHz
electrical characteristics, Vgg+ = £2.5 V, Tp = 25°C (unless otherwise noted)
TLV2362Y
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX
Vio Input offset voltage Vo =0, Vic=0 1 6| mv
llo Input offset current Vo =0, Vic=0 5 100 nA
B Input bias current Vo =0, Vic=0 20 150 nA
VICR Common-mode input voltage Vol £7.5 mV +1.5 Vv
VOM+  Maximum positive-peak output voltage RL=10kQ 2 24 ¥
VOM-  Maximum negative-peak output voltage RL=10kQ -2 -24
lcc Supply current (both amplifiers) Vo =0, No load 3.5 5| mA
Avp Large-signal differential voltage amplification Vo=%1V, RL =10kQ 60 dB
CMRR  Common-mode rejection ratio Vic=+105V 85 dB
kSVR Supply-voltage rejection ratio Voct=+15Vto+25V 80 dB
operating characteristics, Vgc+ =+2.5 V, Tp = 25°C
TLV2362Y
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX
SR  Slew rate Ay =1, V=105V 3 Vius
B4 Unity-gain bandwidth Ay = 40, RL=10kQ, C =100pF 7 MHz
Vn  Equivalent input noise voltage Rg=20Q, RF=2kQ, f=1kHz 8 nVAHz
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General Information

Operational Amplifiers

Comparators

Voltage Regulators

P-Channel MOSFETs

Analog-to-Digital Converters

Line Driver/Receiver

Mechanical Data
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TLV1393, TLV1393Y, TLV2393, TLV2393Y
DUAL DIFFERENTIAL COMPARATORS

SLCS121 -~AUGUST 1993

® [ow-Voltage and Single-Supply Operation D OR P PACKAGE
Vec=2Vto7V (TOP VIEW)
® Common-Mode Voltage Range That 10Ut 1 @) 8[] Voo
Includes Ground 1n=f 2 7[ 2007
® Fast Ressponse Time 1IN+E 3 6 [] 2IN-
450 ns Typ (TLV2393) GND[] 4 5[] 21N+
® Low Supply Current
0.7 mA Typ (TLV1393) PW PACKAGE
® Specified Fully at 3-V and 5-V Supply il i
Voltages 10UT CI4 10 8 13 Vpp.:
descripti 1IN- £ 2 7 [E3 20Ut
escription 1IN+ 13 6 17 2IN-
The TLV1393 and the TLV2393 are dual GND T4 S 2N+

differential comparators built using a new Texas

Instruments developed low-voltage, high-speed bipolar process. These devices have been specifically
developed for low-voltage, single-supply applications. Their enhanced performance makes them excellent
replacements for the LM393 in today’s improved 3-V and 5-V system designs.

The TLV1393, with its typical supply current of only 0.16 mA, is ideal for low-power systems. Response time
has also been improved to 0.7 ps. For higher-speed applications, the TLV2393 features excellent ac
performance with a response time of just 0.45 ps, three times that of the LM393.

Package availability for these devices includes the TSSOP (thin-shrink small-outline package). With a maximum
thickness of 1.1 mm and a package area that is 25% smaller than the standard surface-mount package, the
TSSOP is ideal for high-density circuits, particularly in hand-held and portable equipment.

AVAILABLE OPTIONS

PACKAGED DEVICES CHIP FORM
Ta SUPPLY CURRENT | RESPONSE TIME | SMALL OUTLINE | PLASTIC DIP TSSOP )
(TYP) (TYP) (D) (P) (PW)
—40°C to 105°C 0.16 mA 0.7 ps TLV1393ID TLV1393IP TL1393IPWLE TLV1393Y
1.1 mA 0.45 ps TLV2393ID TLV2393IP TLV2393IPWLE TLV2393Y
PW packages are only available left-ended taped and reeled, (e.g., TLV1393IPWLE).
symbol (each comparator)
IN+
ouTt
IN-

PRODUCTION DATA Information Is current as of publi e.ﬂon date.
Products conform to specifications per d:.mo exas Instruments b
warranty. not Include
o e TEXAS

Copyright © 1993, Texas Instruments Incorporated

INSTRUMENTS
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TLV1393, TLV1393Y, TLV2393, TLV2393Y
DUAL DIFFERENTIAL COMPARATORS

SLCS121 ~AUGUST 1993

TLV1393, TLV1393Y equivalent schematic (each comparator)

Vee

e

IN+
IN- 1
GND OuT

COMPONENT COUNT
Transistors 44
Resistors 1
Diodes 7
Epi-FET 2

2% INSTRUMENTS
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TLV1393, TLV1393Y, TLV2393, TLV2393Y
DUAL DIFFERENTIAL COMPARATORS

SLCS121 -AUGUST 1993

TLV2393, TLV2393Y equivalent schematic (each comparator)

Vee

l

pm—— s

",
S

] L L 4"—{

IN +

N

GND OuUT

COMPONENT COUNT

Transistors 44

Resistors 1

Diodes 7

Epi-FET 2

{f
b TEXAS
INSTRUMENTS
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TLV1393, TLV1393Y, TLV2393, TLV2393Y
DUAL DIFFERENTIAL COMPARATORS

SLCS121 ~AUGUST 1993

TLV1393Y chip information

These chips, when properly assembled, display characteristics similar to the TLV1393. Thermal compression
or ultrasonic bonding may be used on the doped aluminum bonding pads. Chips may be mounted with
conductive epoxy or a gold-silicon preform.

BONDING PAD ASSIGNMENTS

F 3 Vce
(8)
1Ns G é
2 10uUT
1IN- @]
5,
@ + L 2IN+
20UT ©
- 2IN-
4
GND

CHIP THICKNESS: 13 TYPICAL
BONDING PADS: 3.54 x 3.54 MINIMUM
Tygmax = 150°C

TOLERANCES ARE +10%.

ALL DIMENSIONS ARE IN MILS.

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

bt gaw et el mks ® il o Fa bndwwmlete vt
(%]
(-]

@
L

r 3

32 P
LR T P AR S R O [ T

Q’ TEXAS
INSTRUMENTS
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TLV1393, TLV1393Y, TLV2393, TLV2393Y
DUAL DIFFERENTIAL COMPARATORS

SLCS121 —AUGUST 1993

TYLV2393Y chip information

These chips, when properly assembled, display characteristics similar to the TLV2393. 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.

L |

QSR £77% 50 & () SO R ST Rl SRl (e SRl P SN [

BONDING PAD ASSIGNMENTS

'y

32 g
|

Vce
8)
1Ne &S o
10UT
it RPN
m g L Ny
20UT ©
Ly e g1 ol
)
GND

CHIP THICKNESS: 15 TYPICAL
BONDING PADS: 3.6 x 3.6 MINIMUM
Tgmax = 150°C

TOLERANCES ARE +10%.

ALL DIMENSIONS ARE IN MILS.

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

‘3 TExAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265
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TLV1393, TLV1393Y, TLV2393, TLV2393Y
DUAL DIFFERENTIAL COMPARATORS

SLCS121 —AUGUST 1993

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

Supply:voltage] VggSeaNote d) ik anifziwistedo wioele boldmazan vhagong 00w egity saerll 7V
Differentiabinput voltage! Vipi(see:Notei2) .. Lrulle, Dagan arl, 0o, Dol Ad {RglL I0nor DInossiiy .q 7V
Input voltage, Vi @Ry input). «:. . cc.occoomeness snnsss s os-NINRENG NGRSO 5.0 EX008 SUEIHDMOG 7V
QUIPUL-VORRGO, NV smvmsmrmemisirsmimes + s s smimemers o oA s s e S B U i Hoa O ¥ R S P e BT 7V
Output current, lg (8aChOUPUL)  ..... - oot viieis s o FININSIRNR HAR PRIORNR < oo e coaae 20 mA
Duration of short-circuit currentto GND (see Note 3) ........ccoiiiniiiiiiiiiiiiiienennnnn unlimited
Continuous toil@ldissipation’ ............. SEEEEEEEEE . ..t See Dissipation Rating Table
Operating free-air temperature range, TA  ...vooeeriiii i iiiiiiiiiiennnennnnnnns —40°C to 105°C
Stortige'temperatura range .. ........... L e | G K. .. —-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

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

NOTES: 1. Allvoltage values, except differential voltages, are with respect to the network GND.

2. Differential voltages are at the noninverting input with respect to the inverting input.
3. Short circuits from the outputs to Vo can cause excessive heating and eventual destruction of the chip.

DISSIPATION RATING TABLE

PACKAGE Ta<25°C DERATING FACTOR Ta =70°C TA =85°C
POWER RATING ABOVETp =25°C POWER RATING POWER RATING
D 725 mW 5.8 mW/°C 464 mW 377 mW
P 1000 mW 8.0 mW/°C 640 mW 520 mW
PW 525 mW 4.2 mW/°C 336 mW 273 mW

recommended operating conditions

MIN MAX | UNIT
Supply voltage, Vg 2 7 Vv
Operating free-air temperature, Tp y -40 105 °C

{’P TEXAS
INSTRUMENTS
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TLV1393, TLV1393Y, TLV2393, TLV2393Y
DUAL DIFFERENTIAL COMPARATORS

SLCS121 —~AUGUST 1993

electrical characteristics, Vgc = 3 V (unless otherwise noted)

TLV1393
PARAMETER TEST CONDITIONS Tat UNIT
MIN TYP MAX
v Input offset voltage Vo=14V, V|g=V|cRrmi s o o v
nput offset voltage =14V, = in m
1o o - o 1G=¥ICR Full range 120 9
o Oto Oto
25°C Vcc-156 Vgc-1.2
VICR Common-mode input voltage range "
Fullrange | gc§°-2
VoL Low-level output voltage Vip=-1V, loL =500 pA Full range 120 300 | mv
| Input offset it Vo=14V o . = nA
nput offset curren =1.
10 i 0 Full range 150
: 25°C -40 -250
B Input bias current Vo=14V nA
Full range -400
: Vip=1V, VoH=3V 25°C 0.1
IoH High-level output current nA
Vip=1V, VoH=5V Full range 100
loL low-level output current Vip=-1V, VpoL=15V 25°C 500 pA
i Hich-level ly o VooV 25°C 160 250
igh-level supply curre =
GoH o i AN 4 4 Full range 300 b
| Low-level supply current Vo =V, L i o
-level sy u =
CoL e oy Full range 300
1 Full range is —40°C to 105°C.
switching characteristics, Vg =3 V, C_ = 15 pF, Ta = 25°C
TLV1393
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX
Response time 100-mV input step with 5-mV overdrive, R| connected to 5 V through 5.1 kQ 0.7 us

¥ 1
INSTRUMENTS
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TLV1393, TLV1393Y, TLV2393, TLV2393Y
DUAL DIFFERENTIAL COMPARATORS

SLCS121 —AUGUST 1993

electrical characteristics, Vgg = 5 V (unless otherwise noted)

PARAMETER TEST CONDITIONS Tat LU UNIT
. MIN TYP MAX
% Input offset volt Vo=14V, Vig=V i st L= 2 Y
=14V, = min m
10 nput oriset voltage (0} IC = VICR Full range 9
o Oto Oto
: 5°C lvgg-15 vVgg-12
VicR Common-mode input voltage range Vv
Full range V. 8 (;0_2
VoL  Low-level output voltage Vip=-1V, IgL =500 pA Full range 120 300 | mV
| Input offset ct it Vo=14V 20 2 X A
nput offset curren =1.
ok ;. @ Full range 150 .
: 25°C, -40 —250
B Input bias current Vo=14V nA
Full range —400
1 Vip=1V, VoH=3V 263 0.1
loH High-level output current nA
Vip=1V, VoH=5V Full range 100
loL  Low-level output current Vip=-1V, VoL=15V 25°C 600 pA
25°C 200 300
lccH High-level supply current Vo =VoH
Full range 350 A
| Low-level supply current Vi Vi 2bes it 209
ot ik GRIOL Full range 350
T Full range is —40°C to 105°C.
switching characteristics, Vgc =5V, C = 15 pF, Tp = 25°C
TLV1393
PARAMETER TEST CONDITIONS T UNIT
i 100-mV input step with 5-mV overdrive, R|_ connected to 5 V through 5.1 kQ 0.65
Response time - us
TTL-level input step, R|_connected to 5 V through 5.1 kQ 0.18
‘b TEXAS
L INSTRUMENTS
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TLV1393, TLV1393Y, TLV2393, TLV2393Y
DUAL DIFFERENTIAL COMPARATORS

SLCS121 —AUGUST 1993

electrical characteristics, Vgg =3 V, Ta = 25°C (unless otherwise noted)

TLV1393Y
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX
Vio  Input offset voltage Vo=1.4V, V|c=V|crmin 1.5 5| mV
i Oto Oto
Vicr Common-mode input voltage range Vec-15 Vog-12 \"
llo Input offset current Vo=14V 5 50 nA
B Input bias current Vo=14V -40 —250 nA
loH  High-level output current Vip=1YV, VoH=3V 0.1 nA
loL low-level output current Vip==1V, VoL=15V 500 pA
lccH High-level supply current Vo =VoH 160 250 =
IlccL  Low-level supply current Vo=VoL 160 250
switching characteristics, Vg =3 V, C = 15 pF, Tp = 25°C
TLV1393Y
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX
Response time 100-mV input step with 5-mV overdrive, R| connected to 5V through 5.1 kQ 0.7 us
electrical characteristics, Vgg =5 V, Ta = 25°C (unless otherwise noted)
PARAMETER TEST CONDITIONS e e UNIT
MIN TYP MAX
Vio Input offset voltage Vo=14V, V|c=V|crmin 1.5 5 mV
i Oto Oto j
VICR Common-mode input voltage range Voc-15 Vog—12 Vv
llo Input offset current Vo=14V 5 50 nA
B Input bias current Vo=14V -40 -250 nA
IOH High-level output current Vip=1V, VoH=3V 0.1 nA
loL Low-level output current Vip=-1V, VoL=15V 600 pA
IcCH High-level supply current Vo =VoH 200 300 o
lccL Low-level supply current Vo=VoL 200 300
switching characteristics, Vgg =5V, C = 15 pF, T = 25°C
TLV1383Y
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX
Y 100-mV input step with 5-mV overdrive, R connected to 5 V through 5.1 kQ 0.65
Response time - us
TTL-level input step, RL connected to 5 V through 5.1 kQ 0.18

“’PTEXAS
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TLV1393, TLV1393Y, TLV2393, TLV2393Y
DUAL DIFFERENTIAL COMPARATORS

SLCS121 ~AUGUST 1993

electrical characteristics, Vgg = 3 V (unless otherwise noted)

PARAMETER TEST CONDITIONS Tat Lo UNIT
. MIN TYP MAX
v I fiset Vo=14V, V| =V|crmi ot g2 L [y
=14V, = min
10 nput offset voltage (o} IC =VICR Full range 9
= 0to 0to
2 TVoc-15 - Vopmid
VicR Common-mode input voltage range e Vv
Full range Vec -2
Vip=-1V, loL=1mA 25°C 80 300
VoL Low-level output voltage mV
Vip=-1V, loL=4mA Full range 250 700
25°C 5 50
o Input offset current Vo=14V nA
Full range 150
. 25°C -100 —250
B Input bias current Vo=14V nA
Full range —-400
Vip=1V, VoH=3V 25°C 0.1
loH  High-level output current 0 L nA
Vip=1YV, VoH=5V Full range 100
loL low-level output current Vip=-1V,  VoL=15V 25°C 4 mA
! High-level supply current Vo =V £ 2 = A
CCH g pply O=VOH Full range 700
| Low-level supply current Vo =V = L = mA
GOt " i Full range 1.4
T Full range is —40°C to 105°C.
switching characteristics, Vgc =3 V, C_ = 15 pF, T = 25°C
TLV2393
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX
Response time 100-mV input step with 5-mV overdrive, R connected to 5 V through 5.1 kQ 0.45 1 ps
¥ Texas
i INSTRUMENTS
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TLV1393, TLV1393Y, TLV2393, TLV2393Y
DUAL DIFFERENTIAL COMPARATORS

SLCS121 —~AUGUST 1993

electrical characteristics, Vgg = 5 V (unless otherwise noted)

TLV2393
PARAMETER TEST CONDITIONS Tat UNIT
MIN TYP MAX
Vv Input offset vol: Vo=14V, V|c=V|crmin = A
nput offset voltage =14V, = i
10 P ) o IC=VICR Full range 9
= Oto Oto
%0 fvec-15 Vog-1.2
VICR Common-mode input voltage range T Y
Full range Vo -2
* Ll & Vip=-1V, loL=1mA 25°C 70 300 e
w-level o VO
e mitnenl culoc voiince Vib=—1V, loL=4 mA Full range 200 700
| Input offset current Vo=14V L 2 R nA
Ui = 1.
1o N 0 Full range 150
| Input bias current Vi 14V i e i A
nput DI Ui = 1. n
1B " 2 Full range —400
" Vip=1V, VoH=3V 25°C 0.1
IoH High-level output current nA
Vip=1V, VoH=5V Full range 100
loL low-level output current Vip=-1V, VoL=15V 25°C 6 mA
| High-level supply current V V i 860 N HA
igh-level su u =
CCH v i Ly ¥Ou Full range 800
I Low-level supply current Vo=V i e v
CoL PRy O+ 0k Full range 1.6
T Full range is —40°C to 105°C.
switching characteristics, Vgg =5V, C_ = 15 pF, T = 25°C
TLV2393
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX
: 100-mV input step with 5-mV overdrive, R|_ connected to 5 V through 5.1 kQ 0.4 0.8
Response time - us
TTL-level input step, R|_connected to 5 V through 5.1 kQ 0.15 0.3

“’P TEXAS
INSTRUMENTS
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TLV1393, TLV1393Y, TLV2393, TLV2393Y
DUAL DIFFERENTIAL COMPARATORS

SLCS121 —AUGUST 1993

electrical characteristics, Vgc =3 V, Ta = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS L UNIT
MIN TYP MAX
Vio Input offset voltage Vo=14V, V|c=V|crmin 1.5 5| mV
Vicr  Common-mode input voltage range v Cg tf 1B 02?1 P \Y
VoL Low-level output voltage Vip=-1V, loL=1mA 80 300 | mVv
o Input offset current Vo=14V 5 50 nA
B Input bias current Vo=14V -100 -250 nA
loH  High-level output current Vip=1V, VoH =3V 0.1 nA
loL low-level output current Vip=-1V, VoL=15V 4 mA
IccH High-level supply current Vo =VoH 450 600 pA
lccL  Low-level supply current Vo=VoL 1.1 13| mA
switching characteristics, Vgg =3 V, C_ = 15 pF, Tp = 25°C
TLV2393Y
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX
Response time 100-mV input step with 5-mV overdrive, R|_connected to 5 V through 5.1 kQ 0.45 1 us
electrical characteristics, Vgg =5 V, Ta = 25°C (unless otherwise noted)
) TLV2393Y
PARAMETER TEST CONDITIONS UNIT
| MIN TYP MAX
Vio Input offset voltage Vo=14V, V|c=V|crmin 1.5 5| mV
VICR Common-mode input voltage range ch t_°1 5 ch?,' 2 v
VoL Low-level output voltage Vip=-1V, lgL=1mA 70 300 mVv
llo Input offset current Vo=14V 5 50 nA
B Input bias current Vo=14V -100 -250 nA
IoH High-level output current Vip=1V, VoH=3V 0.1 nA
loL low-level output current Vip=-1V, VoL=15V 6 mA
IcCH High-level supply current Vo =VoH 550 700 pA
lccL Low-level supply current Vo=VoL 1.2 1.5 mA
switching characteristics, Vg =5 V, C|_ = 15 pF, Tp = 25°C
PARAMETER TEST CONDITIONS e UNIT
MIN TYP MAX
. 100-mV input step with 5-mV overdrive, R|_ connected to 5 V through 5.1 kQ 0.4 0.8
Response time ; us
TTL-level input step, R connected to 5 V through 5.1 kQ 0.15 0.3
3 Texas
INSTRUMENTS
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TLV1393, TLV1393Y, TLV2393, TLV2393Y
DUAL DIFFERENTIAL COMPARATORS

SLCS121 —~AUGUST 1993

Vo — Output Voltage -V

V|p - Differential
Input Voltage - mV

Vo - Output Voltage — V

V|p - Differential
Input Voltage - mV

TYPICAL CHARACTERISTICS

LOW-TO HIGH-LEVEL OUTPUT RESPONSE

HIGH-TO LOW-LEVEL OUTPUT RESPONSE
FOR VARIOUS INPUT OVERDRIVES

FOR VARIOUS INPUT OVERDRIVES

>
1
(-]
[=2]
3 8 3
40 mV f S
20 mv = 40 mV
10mv g_ 20 mV
— 5mV 3 — 10mV
2mv o} 2 5mV J
2mv
i JiJ 1 g 1 e
== Vec=3V
100 8" TA=25°C |
2 (]
Vec=3V | £ E 0
0 TA=25°C as
ns
SE
0 0.5 1 15 2 25 0 0.2 0.4 0.6 0.8
tpLH — Low-to High-Level Output tpHL — High-to Low-Level Output
Response Time —us Response Time — us
Figure 1 Figure 2
LOW-TO HIGH-LEVEL OUTPUT RESPONSE HIGH-TO LOW-LEVEL OUTPUT RESPONSE
FOR VARIOUS INPUT OVERDRIVES FOR VARIOUS INPUT OVERDRIVES
>
I
-3
5 S 5
40 mv S
20 mV —) 5 ;g m¥
10 mv m
= R \
2mv . 5mV
(o] 2mv >
. U £ W
L> Vec=5V
i =§$ i TA=25°C |
-3
o Vec=5V | £S8
TA=25°C ag o0
a2
SE
0 0.5 1 1.5 2 25 0 0.2 0.4 0.6 0.8
tpLH — Low-to High-Level Output tpHL — High-to Low-Level Output

Response Time —us Response Time — us

Figure 3 Figure 4
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TLV1393, TLV1393Y, TLV2393, TLV2393Y
DUAL DIFFERENTIAL COMPARATORS

SLCS121 —~AUGUST 1993

TYPICAL CHARACTERISTICS

LOW-TO HIGH-LEVEL OUTPUT RESPONSE

HIGH-TO LOW-LEVEL OUTPUT RESPONSE
FOR VARIOUS INPUT OVERDRIVES

FOR VARIOUS INPUT OVERDRIVES

> >

| .

Q

o =]

2 3 8 3

S 4Omv —H S

= 20 mV 5 40 mV —»

F 10 mV B 20 mV

8 F— smv —— ’ 8 10 mV

1 2mv >, T gmz —-\-H—’\ \

o } j o m >

>0 > 9 WL

> > e
SE 100 FE 100 VoomdV 34
£ g1 TA=25 Cc
o8 25
] ]
eS8 0 Vec=3V | g8 0
as TA=25°C es

- Ll
28 34

0 0.2 0.4 0.6 0.8 1 0 0.1 0.2 0.3 0.4

tpLH — Low-to High-Level Output

tpHL — High-to Low-Level Output
Response Time - us

Response Time — s

Figure 5 Figure 6

LOW-TO HIGH-LEVEL OUTPUT RESPONSE

HIGH-TO LOW-LEVEL OUTPUT RESPONSE
FOR VARIOUS INPUT OVERDRIVES

FOR VARIOUS INPUT OVERDRIVES

>I >
[}
Q (]
(=] {=2]
g 40 mv i
~ !
= 20 mV [ [ T 40my \ \
10 mV m
g — 5mV ’ :o% 10 mVv
1 2mv = f gmx \
. o)
g 1 $ e
> > -
SE 100 SE 100 Vec=5V .
=¥ ! TA=25°C
(S s
g% 0 Vec=5V | £§
as TA=25°C ag o0
0 02 04 06 08 . 0 0.1 0.2 0.3 0.4

tpLH — Low-to High-Level Output

tpHL — High-to Low-Level Output
Response Time - us

Response Time - s

Figure 7 Figure 8
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TLV2352l, TLV2352Y
LinCMOS™ DUAL LOW-VOLTAGE DIFFERENTIAL COMPARATORS

SLCS011 — MAY 1992

® Wide Range of Supply Voltages D OR P PACKAGE
2Vto8V (TOP VIEW)
® Fully Characterizedat3Vand 5V 1outl 1 J 8] Voo
® Very-Low Supply-Current Drain 1IN-[] 2 7] 20UT
120 yA Typ at3V 1IN+E3 6 [] 2IN-
® Output Compatible With TTL, MOS, and GND [] 4 5[] 2IN+
CMOs
® Fast Response Time. .. 200 ns Typ for PW PACKAGE
TTL-Level Input Step (TOP VIEW)
® High Input Impedance . .. 1012 Q Typ 5
® Extremely Low Input Bias Current 1331 ; 3 %\Z’SBT
Siph Typ 1IN+ 3 6 [|2IN-
® Common-Mode Input Voltage Range aND [ 4 s [l2IN+
Includes Ground

® Built-ln ESD Protection
description

NC — No internal connection

symbol (each comparator)
The TLV2352 consists of two independent,

low-power comparators specifically designed for IN+
single power-supply applications and to operate ouT
with power-supply rails as low as 2 V. When IN-

powered from a 3-V supply, the typical supply
current is only 120 pA.

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
" PACKAGED DEVICES CHIP
TA a't"z';‘fé‘ SMALL OUTLINE | PLASTIC DIP TSSOP FORM
(D) (P) (PW) (v)
—40°C 10 85°C 5 mV TLV23521D TLV2352iP | TLV2352IPWLE | TLV2352Y

The D package is available taped and reeled. Add the suffix R to the device type (e.g., TLV2352IDR).
PW packages are only available left-ended taped and reeled, (e.g., TLV2352IPWLE)

A Caution. These devices have limited built-in protection. The leads should be shorted together or the device placed in conductive foam
\ during storage or handling to prevent electrostatic damage to the MOS gates.

LinBiCMOS 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 Instru

standard warranty. p g does not ly include i

testing o llparametars. I EXAS
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TLV2352l, TLvV2352Y
LinCMOS™ DUAL LOW-VOLTAGE DIFFERENTIAL COMPARATORS
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TLV2352|, TLV2352Y
LinCMOS™ DUAL LOW-VOLTAGE DIFFERENTIAL COMPARATORS

SLCS011 — MAY 1992

TLV2352Y chip information

These chips, when 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.

BONDING PAD ASSIGNMENTS

B
Lg

(®)

1
. out

)

— IN+

L ©) -

CHIP THICKNESS: 15 TYPICAL

BONDING PADS: 4 x 4 MINIMUM

Tygmax = 150°C

TOLERANCES ARE +10%.

A . 57 » ALL DIMENSIONS ARE IN MILS.

0t 5 1l A0l K IR R Y A PIN (4) INTERNALLY CONNECTED
TO BACKSIDE OF CHIP.

Llatabitelanata el bturen ot s el s st i
o
4

™
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TLV2352l, TLV2352Y
LinCMOS™ DUAL LOW-VOLTAGE DIFFERENTIAL COMPARATORS

SLCS011 — MAY 1992

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

Supply:valtagei Npgisea Note 1) uiimie scdichmasiatausnaibheldmasss viganis sods agie oaall 8V
Differential input voltage, Vip (SEe NOte2) ..ottt ittt ira e ieanans 8V
INPUt VORAGB TAMGE, V| o v ne oo vnnnnosinsseesnsmisssnsnss shomaeG Saitabias 550 VR00E SR -0.3to8V
DU DIy wiecorsarimimmsms wsrsnssomiirsmimuearsvresshyminessnonessrarer s s it e o S e s 8V
e R I e S« iah 5Tl o i s At eis g S adhata W s ke v el I S ot U +5 mA
S oI e aRENIR e e i, o vy st s s e N L N e 0. S R 20 mA
Duration of output short-circuit current to GND (see Note 3) ........ccviiiiiiiiiiiiiiennnn.. unlimited
Continuous total power dissipation ...:.......swromivcovsasiveses See Dissipation Rating Table
Operating free-air temperature range, TA . ... vuivvmmetnnnetinseeenneeenueeenaerssans -40°C to 85°C
Storage tempPerature TaNGS: -« .. ... .:cccs s ensls e sl = = imeh = 2 ubiliienl LB Jibiksetets/srmsibts —65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D, P orPWpackage .......:...: 260°C

1 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. Allvoltage 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  oOWERRATING  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 mWPPC 273 mW

recommended operating conditions

MIN MAX | UNIT
Supply voltage, Vpp 2 8 \'
Vpp=3V 0 125
Common-mode input voltage, V|c BD Vv
Vpp=5V 0 3.75
Operating free-air temperature, Ta -40 85 C

3
INSTRUMENTS
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TLV2352l, TLV2352Y
LinCMOS™ DUAL LOW-VOLTAGE DIFFERENTIAL COMPARATORS

SLCS011 — MAY 1992

electrical characteristics at specified free-air temperaturet

TLV2352]
PARAMETER TEST CONDITIONS TAt Vpp=3V Vpp=5V UNIT
MIN TYP MAX | MIN TYP MAX
3 25°C 1 5 1 5
Vio  Inputoffset voltage Vic = Vicrmin, See Note 4 Fall range = = mV
25°C 1 1 pA
o Input offset current 35°C 7 1 =5
; 25°C 5 5 pA
B Input bias current 85°C 2 Y
25°C Oto2 Oto4
v Common-mode ot ot v
ICR  input voltage range Full range | 4 7‘; . 7‘;

: High-level output iy Vg 25°C 0.1 0.1 nA
OH  current ID Full range 1 11 pA
Low-level output 25°C 115 300 150 400
V Vip=-1V, loL=2mA mV

oL voltage D oL Full range 600 700
Low-level output .
- Rlisw - Vip=-1V, VoL=15V | 25°C 6 16 6 16
25°C 120 250 140 300
IDD  Supply current Vip=1V, No load Fallvangs — %00 HA

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-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, Tp = 25°C

TLV2352]
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX
Responsetime |R =5.1kQ, C| =15 pFS, SeeNote5 l 100-mV input step with 5-mV overdrive 640 ns
switching characteristics, Vpp =5V, Tp = 25°C
TLV2352]
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX
i 100-mV input step with 5-mV overdrive 650
Response time | R =5.1 CL=15pFS, SeeNote5
i ERORAR 1~ 180 o8 N0 S N evel input step 200 o

§ 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 Vo = 1 V with

Vpp =3VorVo=1.4Vwith Vpp =5 V.

{'P TExXAS
INSTRUMENTS
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TLV2352l, TLV2352Y

LinCMOS™ DUAL LOW-VOLTAGE DIFFERENTIAL COMPARATORS

SLCS011 — MAY 1992

electrical characteristics at specified free-air temperature, Tp = 25°CT

TLV2352Y
PARAMETER TEST CONDITIONS Vpp=3V Vpp=5V UNIT
MIN TYP MAX | MIN TYP MAX

Vio Input offset voltage Vic = Vicrmin, See Note 4 1 5 il 5| mV
llo Input offset current il 1 pA
B Input bias current 5 5 pA
VicrR Common-mode input voltage range Oto2 Oto4 v

loH  High-level output current Vip=1V 0.1 0.1 nA
VoL  Low-level output voltage Vip=-1V loL=2mA 115 300 150 400 mVv
loL Low-level output current Vip=-1V, VoL=15V 6 16 6 16 mA
IbD Supply current Vip=1V No load 120 250 140 300 pA

1 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, 2 V with Vpp =3 V,
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.

3-22
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TLV2352l, TLV2352Y
LinCMOS™ DUAL LOW-VOLTAGE DIFFERENTIAL COMPARATORS

SLCS011 — MAY 1992

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 200 T
Vpp=3V No Load
990 | Tp =25°C // 190
880 /’ 180 Vpp=5V
770 % 10
1
660 E 160 N
Vpp=3V
550 /// 3 150 N
]
[-%
440 a 140
A 3
330 I 130
il 8
220 / - 120 N
110 110
0 100 \\
0 2 4 6 8 10 12 14 16 -75 -50 -25 O 25 50 75 100 125
loL — Low-Level Output Current - mA Ta - Free-Air Temperature - °C
Figure 1 Figure 2
COMMON-MODE INPUT VOLTAGE RANGE OUTPUT FALL TIME
vs vs
FREE-AIR TEMPERATURE CAPACITIVE LOAD
3 T 50 R e i
Vpp=3V Vpp=3V
25 Positive Limit 45 - Overdrive = 10 mV
s Ry = 5.1 kQ (pullup to Vpp)
2 c— g TA =25°C /
1 35 —
15 ¢ — |
F 30
3 pa il
1 o2
g
0.5 S
LT 18
0 Negative Limit i
10
-0.5 5
| 0
-75 -50 -25 O 25 50 75 100 125 0 10 20 30 40 50 60 70 80 90 100
Ta — Free-Air Temperature —°C C| - Capacitive Load - pF
Figure 3 Figure 4
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TLV2352l, TLV2352Y
LinCMOS™ DUAL LOW-VOLTAGE DIFFERENTIAL COMPARATORS

SLCS011 — MAY 1992

TYPICAL CHARACTERISTICS

HIGH-TO-LOW-LEVEL OUTPUT HIGH-TO-LOW-LEVEL OUTPUT

PROPAGATION DELAY PROPAGATION DELAY
FOR VARIOUS OVERDRIVE VOLTAGES FOR VARIOUS CAPACITIVE LOADS
Vpp=3V Vpp=3V
CL=15pF Overdrive = 10 mV
RL = 5.1 kQ (pullup to Vpp) RL =5.1 kQ (pullup to Vpp)
Ta=25°C Ta =25°C
5 3 = 5 3 e i
g7 A £ [T ) ez o0
C|> g, 20 mV 5mV C'JE, CL=15pF
oo O%
l

10 mV CL =50 pF

3 E 3t
§ 2100 & 0100
:s gg
BE 0 a2 o
- od
> 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
Vpp=3V Vpp=3V
CL=15pF Overdrive = 10 mV
[ RL = 5.1 kQ (pullup to Vpp) RL = 5.1 kQ (pullup to Vpp)
TA =25°C TA =25°C CL =50 pF
£> 3 i 5> 3 —
g3 20 mv [ g7 ’ | f
o B o
' § ' 8 CL=15pF
g >° J 5mV >O g I I

o
o

10mv ‘ CL = 100 pF

> >
S E S E
5 2100 § 2100
25 o
28 g 8
92 0 T8 9
a3 od
5 € 5 £
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
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TLV2352l, TLV2352Y
LinCMOS™ DUAL LOW-VOLTAGE DIFFERENTIAL COMPARATORS

SLCS011 — 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 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., 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|cR test, rather than changing the input voltages to provide greater
accuracy.

5V 1V
5.1 kQ 5.1 kQ
| | ’
Applied Vio Applied V|0 -
LIm Vo L-IJT“ Vo
- - - - - - -4V -
(@) VioWITHV|c =0 () VioWITHV|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 changes states.
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SLCS011 — MAY 1992

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 Uia 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 dividers R9 and R10 provide 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 c3

U1b.1/4 R5
0.68
TLC2344 1.8k0. 1% ”"F
c2 ST b T

Buffer

Vio
(x100)
27" Integrator

R1
240 kQ
'A%

Uta1/4
TLC2344

C1 L
0.1 pF

Triangle

Generator R9
S R10 10kQ, 1%
AN 100 Q, 1%
R2
R3 10 kQ e
100 Q

Figure 10. Circuit for Input Offset Voltage Measurement

g
INSTRUMENTS

3-26 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



TLV2352l, TLV2352Y
LinCMOS™ DUAL LOW-VOLTAGE DIFFERENTIAL COMPARATORS
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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 Vo = 1 V with Vpp =3 V or when the output crosses Vo = 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
at low 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, causes the output to change states.

Vbp

1pF
Pulse - stk L
Generator
= 50 Q
1V =
Input Offset Voltage 100 CL
Compensation 10 Turn % s I (see Note A)
Adjustment 1kQ -

=g j': 0.1 pF

TEST CIRCUIT
Overdrive Overdrive
T RS L Input 100 mV
Wy _T 100 mV e WERE 2 L

- ipan, 3 UG

| Vo=1VwithVpp =3V
or

Low-to-High
Level Output

High-to-Low
Level Output
Vo=14VwithVpp=5V

o | e 4

| | |
| : | : | } fi
| | | [l
e R e e ) el
| | | Ml
j—» tpLH —>— tpHL

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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TLV2354l, TLV2354Y

LinCMOS™ QUADRUPLE LOW-VOLTAGE DIFFERENTIAL COMPARATORS

SLCS012 — MAY 1992

e Wide Range of Supply Voltages
2Vto8V
® Fully Characterizedat3Vand 5V
® Very-Low Supply-Current Drain
240 pA Typ at3V
® Common-Mode Input Voltage Range
Includes Ground
® Fast Response Time. .. 200 ns Typ for
TTL-Level Input Step
e High Input Impedance . .. 1012 Q Typ
e Extremely Low Input Bias Current
5 pA Typ
® Output Compatible With TTL, MOS, and
CcMos
® Built-In ESD Protection
description

The TLV2354 consists of four independent,

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
current is only 240 pA.

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

D OR N PACKAGE

(TOP VIEW)
10UT {} 1 i 14]] 30UT
20UT [] 2 13[] 40UT
Vop[Ja  12[JGND
2IN-[] 4 11[] 4IN+
2IN+ | 5 10{] 4IN-
1IN-} 6 o] 3IN+
1IN+ [} 7 8[] 3IN-
PW PACKAGE
(TOP VIEW)
1out(] ° 1a] 3ouT
20UT[] 2 13[] 40UT
Vpp[] 3 12[] GND
2IN-[] 4 11 [] 4IN+
2IN+[} 5 10[] 4IN-
1IN-[} 6 o[] 3IN+
1IN+|: 7 3IN-
symbol (each comparator)
IN+
ouT
IN-

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
PACKAGED DEVICES CHIP
Vipomax
TA at25°Cc | SMALLOUTLINE | PLASTIC DIP TSSOP FORM
(0) (N) (PW) )
—40°C 10 85°C 5mV TLV2354ID TLV2354IN TLV2354/PWLE TLV2354Y

The D package is available taped and reeled. Add the suffix R to the device type (e.g., TLV2352IDR).
PW packages are only available left-ended taped and reeled, (e.g., TLV2354|PWLE)

A
Atad

LinCMOS is a trademark of Texas Instruments Incorporated.

Caution. These devices have limited built-in protection. The leads should be shorted together or the device placed in conductive foam
during storage or handling to prevent electrostatic damage to the MOS gates.

PRODUCTION DATA Information Is current as of 1publluﬂcn date. =

Pmducucom":n";mwﬂwlrompuﬂimol mm. '
testing of all parameters.
INSTRUMENTS

Copyright © 1992, Texas Instruments Incorporated
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TLV2354, TLV2354Y
LinCMOS™ QUADRUPLE LOW-VOLTAGE DIFFERENTIAL COMPARATORS

SLCS012 — MAY 1992

TLV2354Y chip information

These chips, when 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.

BONDING PAD ASSIGNMENTS
Vbp

(3)
IN+ @ o o
ouT
. I por
@ *xIN+
ouT fa @) b
IN+ —(9-)—J + (14)
ouT
-8 (1)
+ IN
ouT 19 :
L T
(12)
GND

> %0 > CHIP THICKNESS: 15 TYPICAL
U e T e T T N U U RO ROMDING PART: A1 4 MMM
Tymax = 150°C
TOLERANCES ARE +10%.
ALL DIMENSIONS ARE IN MILS.

PIN (11) INTERNALLY CONNECTED
TO BACKSIDE OF CHIP.

Bl
Lal

Lt stebstatditatobatesptanateabstitons bt dinig
&

>
<

*’f TExXAS
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TLV2354l, TLV2354Y
LinCMOS™ QUADRUPLE LOW-VOLTAGE DIFFERENTIAL COMPARATORS

SLCS012 — MAY 1992

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

Supply:voltage! VppibeeNated) = vin ealizaainsada paeh Lwldroszss, viebog.ondn AQid.eestll. 8V
Differential input voltage, Vip (see Note 2) ........cciiiiiiiniiiiiniiiiinn el i, +8V
Input VOHAGO ranGe; V| .vc - cuieviesscnsnsnossseonasss STORNEE NOAlE-HI00 8 30.NK009 60 -03to8V
(@701 70 1 AV 1 /-7 = W8 1/ S ———— B s L s a 8V
L e e e o TR R e g e e SR e R S o e ) +5mA
IR CURBEI oyt o e o i s s ST B e mirs S Ealae o T St A Sl s Fr e sy A et s 20 mA
Duration of output short-circuit current to GND (see Note 3) ... .. ... ittt unlimited
Continuousiotalipower diSSIDation: . .qr s sma e ————————— See Dissipation Rating Table
Operating free-air temperature range, TA  «...v vt oein et iiueinninn e naness AWl Tk —40°C to 85°C
Storage temperatire range ........ . .s.58, 8. -8 Seind B0 SR S8 tollC 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

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

NOTES: 1. Allvoltage 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  boWER RATING FACTOR POWER RATING
D 950 MW 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

MIN MAX | UNIT

Supply voltage, Vpp 2 8 v
Vpp=3V 0 1.75

Common-mode input voltage, Vic 20 v
Vpp=5V 0 3.75

Operating free-air temperature, Ta -40 85 °C

% TEXAS
INSTRUMENTS
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TLV2354l, TLV2354Y
LinCMOS™ QUADRUPLE LOW-VOLTAGE DIFFERENTIAL COMPARATORS

SLCS012 — MAY 1992

electrical characteristics at specified free-air temperaturet

TLV2354]
PARAMETER TEST CONDITIONS Tat Vpp=3V Vpp=5V UNIT
MIN TYP MAX | MIN TYP MAX
’ 25°C 1 5 1 5
Vio Input offset voltage Vic = Vicrmin, See Note 4 Full rari = 7 mV
llo Input offset current ki : : ol
85°C 1 1 nA
B Input bias current . $ B ph
85°C 2 2 nA
. 25°C | Oto2 Oto4
Nic Common-mode input Y 50 v
voltage range Fullrange | ; 2¢ 3.75
B High-level output Vip=1V 25°C 0.1 0.1 nA
current Full range 1 1] pA
VOL Low-level output V|D <1 |O|_ <O A 25°C 115 300 150 400 A
voltage Full range 600 700
lop  owdevelouPdt  lyp--1V,  VoL=15V | 25C | 6 16 5 16 mA
IDD  Supply current Vip=1V, No load e o = i . pA
Full range 700 800

T All characteristics are measured with zero common-mode input voltage unless otherwisé 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 =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 =3 V, Tp = 25°C

¥ I
PARAMETER EST CONDITIONS TLV2354| UNIT
MIN TYP MAX
Rp =5.1 = §
Response time S!e_e Notekffl e 100-mV input step with 5-mV overdrive 640 ns
switching characteristics, Vpp =5V, T = 25°C
TLV2354]
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX
§ RL =5.1kQ, CL=15 pF§ 100-mV input step with 5-mV overdrive 650
Response time A
" See Note 5 TTL-level input step 200 4

§ 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 Vo = 1.4 with Vpp =5 V.

s
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TLV2354I, TLV2354Y
LinCMOS™ QUADRUPLE LOW-VOLTAGE DIFFERENTIAL COMPARATORS

SLCS012 — MAY 1992

electrical characteristics at specified free-air temperature, T = 25°Ct

TLV2354Y
PARAMETER TEST CONDITIONS Vpp=3V Vpp=5V UNIT
MIN TYP MAX | MIN TYP MAX

Vio  Input offset voltage V|c = Vicrmin, See Note 4 1 5 1 5| mv
llo Input offset current 1 1 pA
B Input bias current 5 5 pA
VicrR Common-mode input voltage range Oto2 Oto4 \

IoH 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
IpD Supply current Vip=1V No load 240 500 290 600 pA

T All characteristics are measured with zero common-mode input voltage 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, 2 VwithVpp =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.

hld
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: TLV2354l, TLV2354Y
LinCMOS™ QUADRUPLE LOW-VOLTAGE DIFFERENTIAL COMPARATORS

SLCS012 - MAY 1992

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 i T 400 T
Vpp=3V /] No Load
990 - Ta =25°C / 380
880 < 360 \VDD =5V
770 < a0 \
1
660 E 320 S
= Vpp=3V \
550 v o 300 N
2 N,
440 7 & 280 N
330 / T 260 N
/ a o
/Z o A,
220 / = 240 N
110 g 220 \
0 200 N
0 2 4 6 8 10 12 14 16 -75 -50 -25 0O 25, 80 75 100 125
loL — Low-Level Output Current — mA TA — Free-Air Temperature - °C
Figure 1 Figure 2
COMMON-MODE INPUT VOLTAGE RANGE OUTPUT FALL TIME
vs vs
FREE-AIR TEMPERATURE CAPACITIVE LOAD
? ' i AT S N S,
Vpp=3V | | Vpp=3V
25 Positive Limit 45T Overdrive = 10 mV
| R =5.1kQ (pullup to Vpp)
2 =t i Ta = 25°C —
» L~
c 35 o
15 é . —
E —
1 E 25
05 18
O e
0 Negative Limit -
10
-0.5
5
-1 0
-75 -50 -25 0 25 50 75 100 125 0 10 20 30 40 50 60 70 80 90 100
TA — Free-Air Temperature - °C CL - Capacitive Load - pF
Figure 3 Figure 4
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LinCMOS™ QUADRUPLE LOW-VOLTAGE DIFFERENTIAL COMPARATORS
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TYPICAL CHARACTERISTICS
HIGH-TO-LOW-LEVEL OUTPUT HIGH-TO-LOW-LEVEL OUTPUT
PROPAGATION DELAY PROPAGATION DELAY
FOR VARIOUS OVERDRIVE VOLTAGES FOR VARIOUS CAPACITIVE LOADS
V‘Dp='3V' &K VD'D=5V ' i
| CL=15pF Overdrive = 10 mV

RL = 5.1 kQ (pullup to Vpp) RL = 5.1 kQ (pullup to Vpp)

TA = 25°C TA = 25°C
= et 4 5. 3 o i
g M | l\ ! g i | 'm CL =100 pF
°8 20mv 5mv %8 CL=15pF
% % ]

0 0

10 mv Cp =50 pF

100

-
o
o

o

Vip - Differential
Input Voltage — mV

Vip - Differential
Input Voltage - mV

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
Vpp=3V Vpp=3V «oiiot
| CL=15pF | Overdrive = 10 mV
Ry = 5.1 kQ (pullup to Vpp) RL = 5.1 kQ (pullup to Vpp)
» Ta = 25°C o Ta = 25°C CL =50 pF
g> 3 t 5> 3 A 18
g 20 mv g | I | [
o & o &
1 8 1 8 CL=15pF
o8 smv X |
0 0
10 mV CL =100 pF
>
5 E 3E
e | e
2 S100 £ 5100
28 £ S
o o e
;) 0 i ?:.' 0
a
sE £
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
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TLV2354l, TLV2354Y
LinCMOS™ QUADRUPLE LOW-VOLTAGE DIFFERENTIAL COMPARATORS

SLCS012 - 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., 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
5.1kQ 5.1 kQ
| ’ [ ’
Applied Vio - Applied Vio -
(@ VioWITHV|c=0 (b) VioWITHV|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 changes states.

*’? TEXAS
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POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 3-37



TLV2354l, TLV2354Y
LinCMOS™ QUADRUPLE LOW-VOLTAGE DIFFERENTIAL COMPARATORS

SLCS012 — MAY 1992

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 dividers R9 and R10 provide 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.

v
Ub 1/4 a8 RS e
TLV2354 ‘ 1.8kQ, 1% ot
s
Buffer i
Utc 1/4
TLV2354

Vio
(x100)
> Integrator

R1
240 kQ »
Uta 1/4
L c4
« TLV2354 o1 uF

e ]
0.1 uF
Triangle Ny
Generator L R9
R10 10kQ, 1%
M 100 Q, 1%
R2
R3 10 kQ e

Figure 10. Circuit for Input Offset Voltage Measurement
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TLV2354l, TLV2354Y
LinCMOS™ QUADRUPLE LOW-VOLTAGE DIFFERENTIAL COMPARATORS

SLCS012 — MAY 1992

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
at low 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, cause the output to change state.

Vbp

1pF
Pulse 2 e /‘—_E
Generator
= 50 Q
Input Offset Voltage *+1V — 75 T il
Compensation 10 Turn (see Note A)
Adjustment 1kQ
=Y T 0.1 pF
TEST CIRCUIT
Overdrive Overdrive
1 A G L Input 100 mV
e _? 100 mV e EERR L o NI o
d B
|

Low- to High-
Level Output

Vo=1VWithVpp=3V High- to Low-
4 i or Level Output

Vo=14VWithVpp=5V |

10% : | i I

) : | I |l

| I | ||

| i | i | N | -

—>— tpry je—— tpHL
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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General Information

Operational Amplifiers

Comparators

Voltage Regulators

P-Channel MOSFETs

Analog-to-Digital Converters

Line Driver/Receiver

Mechanical Data
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TLV2217-33, TLV2217-33Y

LOW-DROPOUT 3.3-V FIXED VOLTAGE REGULATORS

SLVS067A - MARCH 1992 — REVISED NOVEMBER 1992

Fixed 3.3-V Output

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

500-mV Maximum Dropout Voltage at

500 mA

500-mA Dropout Current

+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
ideal for battery applications in 3.3-V logic
systems. For example, battery input voltage to the
regulator may drop as low as 3.8 V, and the
TLV2217-33 will continue to regulate the system.
For higher voltage systems, the TLV2217-33 may
be operated with a continuous input voltage of
12 V.

N PACKAGE
(TOP VIEW)

U

NC[]
NC[]
GND[
GND]
GND[]
NC[l
NC[]

14[]] NC

13[] OUTPUT
12[] GND

11{] GND
10{] GND
of] INPUT
8[INC

N oOsE WO =

NC - No internal connection

PW PACKAGE
(TOP VIEW)

HEAT SINK

GND
15[] QUTPUT

HEAT SINK

- © 0O N A ON =

HEAT SINK — These pins have an internal resistive
connection to ground and should be grounded.

The TLV2217-33N and TLV2217-33KC cannot be "gg;f,‘l‘é“v?f
harmed by temporary mirror-image insertion. This
regulator is characterized for operation from 0°C e e TPOT
to 125°C virtual junction temperature. O = GND
AR & e = ——= INPUT
application schematic
TLV2217-33
INPUT OUTPUT Vo=33V
GND
= .38V I 0.1pF _TL I
AVAILABLE OPTIONS
PACKAGED DEVICES CHIP
Ty PLASTIC POWER | PLASTICDIP | SURFACE MOUNT FORM
(KC) (N) (PW) )
0°C to 125°C TLV2217-33KC TLV2217-33N | TLV2217-33PWLE TLV2217-33Y

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

PRODUCTION DATA Information Is current as of publication date.
Prod m to specifications

testing of all plnmvhu

ucu

per ﬂhulml of Texas Instruments

b'ﬂ-:XAS

Include

Copyright © 1992, Texas Instruments Incorporated
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TLV2217-33, TLV2217-33Y
LOW-DROPOUT 3.3-V FIXED VOLTAGE REGULATORS

SLVS067A -~ MARCH 1992 — REVISED NOVEMBER 1992

TLV2217-33Y chip information

These chips, when properly assembled, display characteristics similar to the TLV2217-33 (see electrical tables).
Thermal compression or ultrasonic bonding may be used on the doped aluminum bonding pads. Chips may be
mounted with conductive epoxy or a gold-silicon preform.

BONDING PAD ASSIGNMENTS

»l
L

INPUT (1)

Current

Limiting

OUTPUT
@ 5%

Bandgap

oo

-
»n
«

GND (2, 3)T

CHIP THICKNESS: 11 TYPICAL
BONDING PADS: 7 x 7 MINIMUM
Tymax= 150°C
= l;
I. ”[- ¥ TOLERANCES ARE +10%.
N | ‘i {r.,,-‘ : ALL DIMENSIONS ARE IN MILS.

T B I e R e L e e e e

v t Must connect pads 2 and 3 together
92 B ¥ Must connect pads 4 and 5 together
| 1 | | I 1 I 1 I 1 | ! I 1 ' 1 | 1 | 1 | 1 ' 1 I 1 I 1 I 1 | 1 I 1 I ! I I I 1 | ) I |

3
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TLV2217-33, TLV2217-33Y
LOW-DROPOUT 3.3-V FIXED VOLTAGE REGULATORS

SLVS067A - MARCH 1992 — REVISED NOVEMBER 1992

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

noted)
CORMGBOUSSMPUE VOHBEID . .. .5 . ooow. ol s disciome itsim sidlaisleins o's ssicleslhiaiistos: o' isicms ol NG HNNE 16V
Continuous total dissipation (see Note 1) ........c.ccoviiiiiiiiiiiiiinnn. See Dissipation Rating Table
Operating virtual junction temperature range ............ooiiniiiiiiiiiieriiinninns -55°C to 150°C
35 S5 1 005 S D | g e e M AR S P -65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ...........ccvuviniiiinnineann.n. 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

PACKAGE POWER RATING T<25°C DERATING FACTOR T=70°C T=85C T=125°C
AT POWER RATING ABOVET=25°C  POWER RATING POWER RATING POWER RATING
= TA 2000 mW 16.0 mW/°C 1280 mW 1040 mW 400 mW
Tct 20000 mW 182.0 mW/°C 14540 mW 11810 mW 4645 mW
- TA 2250 mW 18.0 mW/°C 1440 mW 1170 mW 450 mW
TG 11850 mW 94.8 mW/°C 7584 mW 6162 mW 2370 mW
e TA 950 mW 7.6 mW/°C 608 mwW 494 mW 190 mwW
Tc 4625 mW 37.0 mW/°C 2960 mW 2405 mW 925 mW
T Derate above 40°C
DISSIPATION DERATING CURVE DISSIPATION DERATING CURVE
Vs VS
FREE-AIR TEMPERATURE CASE TEMPERATURE
2400 25
= 2200
€ \ g
L 2000 5
S S 2
£ 1800 KC adil ) N
k-3 - RgJA = 62.5°C/W 2
g 1600 2 KC
o RgJC = 5.5°C/W
g 1400 \\ N 3 % . o e
3 - RgJA = 55.6°C/W
3 1200 N — - ReJc = 10.6°C/W
§ 1000 N § 10 \\ Y
2 E
E 600
3 \ § s \‘
= 400 |~ PW \
| Reya = 133°C/W ——
200 PW
i 0 l l o oL_Resc=2r°cIW >\
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

"’J TEXAS
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TLV2217-33, TLV2217-33Y

LOW-DROPOUT 3.3-V FIXED VOLTAGE REGULATORS

SLVS067A - MARCH 1992 — REVISED NOVEMBER 1992

recommended operating conditions

MIN MAX | UNIT
Input voltage, V| 3.8 12 Vv
Output current, Io 0 500 | mA
Operating virtual junction temperature range, T 0 125 °C
electrical characteristics at V| = 4.5 V, Ig = 500 mA, T = 25°C (unless otherwise noted)
PARAMETER TEST CONDITIONST L UNIT
MIN  TYP MAX
lo =20 mAto500mA, |TJ=25°C 3.267 3.30 3.333
ShA . \51) =38Vto55V Ty =0°C to 125°C 3.234 3.366 .
Input regulation V|=3.8Vto55V 5 15| mv
Ripple rejection f=120 Hz, Vripple = 1 V peak-to-peak -62 dB
Output regulation o =20 mA to 500 mA 5 30| mv
Output noise voltage f=10 Hz to 100 kHz 500 ny
o =250 mA 400
Dropout voltage mV
o =500 mA 500
Bias current =0 g - mA
o = 500 mA 19 49
electrical characteristics at V| = 4.5V, Ig = 500 mA, T = 25°C (unless otherwise noted)
PARAMETER TEST CONDITIONST e UNIT
MIN TYP MAX
Output voltage lo=20mAto500mA, V|=38Vto55V 3267 3.30 3.333 V
Input regulation V|=38Vto55V 5 15 mV
Ripple rejection f=120 Hz, Vripple = 1 V peak-to-peak -62 dB
Output regulation o =20 mA to 500 mA ) 30 mV
Output noise voltage f=10 Hz to 100 kHz 500 uv
lo =250 mA 400
Dropout voltage mV
o = 500 mA 500
Bias current o2f 2 i mA
lp =500 mA 19 49

T Pulse-testing techniques are used to maintain the virtual junction temperature as close to the ambient temperature as possible. Thermal effects
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 Q on the output.

4-6
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TLV2217-33, TLV2217-33Y
LOW-DROPOUT 3.3-V FIXED VOLTAGE REGULATORS

SLVS067A ~ MARCH 1992 — REVISED NOVEMBER 1992

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 STABILITY
Vs Vs
LOAD CURRENT ESR

3 { § i ¢ T T T T
? :.8 L_ oéf uF Not Recommended . g::e':mll'r‘\mﬂletdy
8 281 712%C | == _Potential nstability "  Memensene—— |
3 22 0.03 ! ! ! |
-g 2 Region of
; 1.8 Max ESR Boundary_‘ 0.025 BeﬂShtllltyi V§
3 :: E 0.02) bad &\
§ b N N \\\‘\Q
_§ 1 \\\ 0.015 — l200uF Q\\\ \ ‘Q
u;"' g-: i\%\\\\ %"L’Lffa“ry 0.01 bl \§&\\\m k\\
T NN O - Rikinn
SRS NN NN ARNNANN 0.005 =€ 220F SRNRN\Y NNAN
7 A R R A AR A RN AN A
0 0.1 0.2 0.3 0.4 0.5 0 05 1 15 2 2863 38 4 45 5
IL - Load Current — A 1/ESR
JIFE A Al Figure 4
Gl (:urremll
Load
Voltage
AV
o~
AV = ESR X AlL
Figure 3

i3
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General Information

Operational Amplifiers

Comparators

Voltage Regulators

P-Channel MOSFETs

Analog-to-Digital Converters

Line Driver/Receiver

Mechanical Data
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TPS1100

SINGLE P-CHANNEL ENHANCEMENT-MODE MOSFET

SLVS078A— DECEMBER 1993 — REVISED FEBRUARY 1994

Low rpg(on) - - - 0.18 Q Typ atVgg = -10V
3-V Compatible

Requires No External Vo

TTL and CMOS Compatible Inputs

Vas(th) = —1.5 V Max

Available in Ultrathin TSSOP Package (PW)
ESD Protected

description

The  TPS1100 is a single  p-channel
enhancement-mode MOSFET. The device has
been optimized for 3-V or 5-V power distribution in
battery-powered systems by means of the Texas
Instruments LinBiCMOS™ process. With a
maximum Vgsth) of —=1.5 V and an Ipgg of only
0.5 pA, the TPS1100 is the ideal high-side switch
for low-voltage, portable battery-management
systems where maximizing battery life is a primary
concern. The low rpg(en) and excellent ac
characteristics (rise time 10 ns typical) make the
TPS1100 the logical choice for low-voltage
switching applications such as power switches for
pulse-width-modulated (PWM) controllers or
motor/bridge drivers.

The ultrathin TSSOP (PW) version, with its
smaller footprint and reduction in height, fits in
places where other p-channel MOSFETs cannot.
The size advantage is especially important where
board real estate is at a premium and height
restrictions do not allow for an SOIC package.
Such applications include notebook computers,
personal digital assistants (PDAs), cellular
telephones, and PCMCIA cards. For existing
designs, the D-packaged version has a pinout
common with other p-channel MOSFETs in SOIC

packages.
AVAILABLE OPTIONS
PACKAGED DEVICESt
Ty SMALL OUTLINE TSSOP
() (PW)
—40°C to 150°C TPS1100D TPS1100PWLE

T The D package is available taped and reeled. Add an R suffix
to device type (e.g., TPS1100DR). The PW package is
available only left-end taped and reeled (indicated by the LE
suffix on the device type; e.g., TPS1100PWLE).

LinBiCMOS is a trademark of Texas Instruments Incorporated.

D OR PW PACKAGE
(TOP VIEW)

SOURCE ]
SOURCE ]
SOURCE [

GATE [}

DRAIN
DRAIN
DRAIN
DRAIN

AW N =
o o N ®

D PACKAGE

e

PW PACKAGE

*

I Protection I
Circuitry | Wi,

schematic

NOTE: For all applications, all source pins should be connected
and all drain pins should be connected.

PRODUCTION DATA Information Is current as of publication date,
Products conform to specifications per the terms of Texas Instruments
standard warranty. does not
testing of all parameters.

P! 9

Copyright © 1994, Texas Instruments Incorporated
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TPS1100
SINGLE P-CHANNEL ENHANCEMENT-MODE MOSFET

SLVS078A- DECEMBER 1993 — REVISED FEBRUARY 1994

absolute maximum ratings at Ta = 25°C (unless otherwise noted)t

UNIT
Drain-to-source voltage, Vps =15 Vv
Gate-to-source voltage, Vs 2,-15 Y
TA=26°C +0.41
D package
TA = 126°C +0.28
Vgs=-2.7V
TA = 25°C +0.4
PW package
TA = 125°C +0.23
TA =25°C +0.6
D package A
TA = 125°C +0.33
Vgs=-3V
TA = 25°C +0.53
PW package
: T TA = 125°C +0.27
Continuous drain current (T,j = 150°C), Ip¥ A
Ta =25°C +1
D package
Ta = 125°C +0.47
Vgs=-45V
TA = 256°C +0.81
PW package
TA = 125°C +0.37
Ta = 25°C £1.6
D package
TA=125°C | +0.72
Vgs=-10V
Ta = 25°C +1.27
PW package
TA = 125°C +0.58
Pulsed drain current, Ipm¥ +7 A
Continuous source current (diode conduction), I 1 A
Storage temperature range, Tstg -55to0 150 °C
Operating junction temperature range, T —40 to 150 °C
Operating free-air temperature range, Ta -40to 125 °C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 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.

¥ Maximum values are calculated using a derating factor based on Rga = 158°C/W for the D package and Rg a = 248°C/W for the PW package.
These devices are mounted on an FR4 board with no special thermal considerations.

DISSIPATION RATING TABLE

NG TA<25°C  DERATING FACTORT  Tp=70°C TA =85°C Ta = 125°C
POWERRATING ABOVETp=25°C POWER RATING POWER RATING POWER RATING
D 791 mW 6.33 mW/°C 506 mW 411 mW 158 mW
PW 504 mW 4.03 mMW/°C 323 mW 262 mW 100 mW

¥ Maximum values are calculated using a derating factor based on RgJA = 158°C/W for the D package and Rg A = 248°C/W
for the PW package. These devices are mounted on an FR4 board with no special thermal considerations.

*5’ TExXAS
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TPS1100
SINGLE P-CHANNEL ENHANCEMENT-MODE MOSFET

SLVS078A - DECEMBER 1993 — REVISED FEBRUARY 1994

electrical characteristics at Tj = 25°C (unless otherwise noted)

static
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
VGs(th) Gate-to-source threshold voltage Vps=Vags, ID=-250pA -1.-1256 -1.50 \'
Vsp ?:g:z—)?—dram voltage (diode forward Ig==1A, Vgs =0V ~09 v
lgss SH::recr.:se gate current, drain short circuited to Vps =0V, Vas =-12V +100 A
Ipss Zero-gate-voltage drain current Vps=-12V, Vgs=0V 14 9:251C = pA
TJ=125°C -10
Vgs=-10V |Ip=-15A 180
Vgs=-45V |Ip=-0.5A 291 400
'DS(on) Static drain-to-source on-state resistanceT Vas -3V 276 700 mQ
e 606 850
dfs Forward transconductanceT Vps=-10V, Ip=-2A 25 S
T Pulse test: pulse duration < 300 ps, duty cycle < 2%
dynamic
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Qg Total gate charge 5.45
Qgs Gate-to-source charge Vps=-10V, Vgs=-10V, Ip=-1A 0.87 nC
Qqd Gate-to-drain charge 1.4
td(on) Turn-on delay time 45 ns
t_d_(pﬁ) Turn-off delay time Vpp=-10V, R_=10Q Ip=-1A, 13 ns
tr Rise time Rg=69 See Figures 1 and 2 10
tf Fall time 2 ns
tr(SD)  Source-to-drain reverse recovery time | IF =5.3 A, di/dt = 100 A/us 16
PARAMETER MEASUREMENT INFORMATION
Vas | | | ov
oy / \_/

Figure 1. Switching-Time Test Circuit

10%

I
|
|
f
|

Vps | /‘ \
td(on) H

tr ——>|

|\— -0V

Figure 2. Switching-Time Waveforms

‘Q‘ TeExAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



TPS1100

SINGLE P-CHANNEL ENHANCEMENT-MODE MOSFET

SLVS078A - DECEMBER 1993 — REVISED FEBRUARY 1994

TYPICAL CHARACTERISTICS

Table of Graphs
FIGURE
Drain current vs Drain-to-source voltage 3
Drain current vs Gate-to-source voltage 4
Static drain-to-source on-state resistance vs Drain current 5
Capacitance vs Drain-to-source voltage 6
Static drain-to-source on-state resistance vs Junction temperature 7
Source-to-drain diode current vs Source-to-drain voltage 8
Static drain-to-source on-state resistance vs Gate-to-source voltage 9
Gate-to-source threshold voltage vs Junction temperature 10
Gate-to-source voltage vs Gate charge 11
DRAIN CURRENT DRAIN CURRENT
Vs vs
DRAIN-TO-SOURCE VOLTAGE GATE-TO-SOURCE VOLTAGE
= -7
T T
Vgs=-8V Vps=-10V
(_VGS =-7V —T . 5 | }/
-6 3 1 e -6 ]
Vas =/—6‘V/ Vgs=-4V Ty =25°C -ﬁ / Ty = 150°C
-5 | s |
5 = < x
- ﬁ-/&es:—SV = Ty =-40°C ///
E -4 / Bro-a
3 Vgs=-3V 3 / / /
c o] £
s -3 o E -3 /
a L1
1 // ] ////
= -2 Vo o wi
1 Vgs=-2V ;
-_——-—_——_—- |
s " Tg=26°C
1 L o
0 -1 -2 -3 -4 -5 -6 -7 -8 -9 -10 0 — =2 wg  I4 =l =8 =7
Vps - Drain-to-Source Voltage -V Vgs - Gate-to-Source Voltage — V
Figure 3 Figure 4
¥ Texas
INSTRUMENTS
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TPS1100

SINGLE P-CHANNEL ENHANCEMENT-MODE MOSFET

SLVS078A - DECEMBER 1993 — REVISED FEBRUARY 1994

rDS(on) — Static Drain-to-Source

On-State Resistance - Q

TYPICAL CHARACTERISTICS
STATIC DRAIN-TO-SOURCE ON-STATE RESISTANCE CAPACITANCET
vs vs
DRAIN CURRENT DRAIN-TO-SOURCE VOLTAGE
0.7 e 350 gy
= 25° GS=
L |25T $\ f=1MHz
0.6 5o p 300 \ ~l Ty=28C ]
Vas= -27V L1 / \ Tt Clss
0.5 v W 260 ==
L = \
g
04| Vgs=-3V 200
iyl / 8 ~— Coss
Vgs= -45V S
PPY M it == 2 150
1] S
Vgs=-10V
02| 'GS O 400 —— Crss T
0.1 50
0 0
-0.1 = -10 TR e e e e e e e

Ip — Drain Current - A

Vps - Drain-to-Source Voltage - V

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

Figure 5 T Ciss = Cgs + Cgd: Cds(shorted):
Cnl
Crss = Cgds Coss = Cds + 98 “99 ~Cys+C
s = Ugd: Coss T 1 0g ds + Cgd
Figure 6
STATIC DRAIN-TO-SOURCE ON-STATE RESISTANCE SOURCE-TO-DRAIN DIODE CURRENT
vs vs
JUNCTION TEMPERATURE SOURCE-TO-DRAIN VOLTAGE
- A Y hal =te LB
§ | ves=-tov F Pulse Test
'g 141 Ip=-1A / <
[ / 3
]
5 1.3 ]
@ / 3 /
c (&)
o g 12 ®
g s 3
5% 11 a Ty =150°C
(3 é g -1 y A Y -
e r Ty=25°C
£E Pl 2 o
E= oo W 8 [ Tu=-a0c
o =
£ 3 [1 1]
S 0.8 @
7
v : [1]
g o7 > I I
8 o6 -0.1
= -50 0 50 100 150 0 [=02-0/4'-0/6/=0i8 =1 12 ~1.4 1.6 1.8
Ty —Junction Temperature - °C Vsp - Source-to-Drain Voltage - V
Figure 7 Figure 8
Iu
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TPS1100
SINGLE P-CHANNEL ENHANCEMENT-MODE MOSFET

SLVS078A - DECEMBER 1993 — REVISED FEBRUARY 1994

TDS(on) — Static Drain-to-Source On-State

Resistance - O

STATIC DRAIN-TO-SOURCE ON-STATE RESISTANCE

TYPICAL CHARACTERISTICS

GATE-TO-SOURCE THRESHOLD VOLTAGE

Dl

vs vs
GATE-TO-SOURCE VOLTAGE JUNCTION TEMPERATURE
0.7 : s -15 T
Ip=-1A | Ip =-250 pA
Ty =25°C &
0.6 8 _14
S
°
0.5 e W
girk
0.4 e
\ 8 -2
=]
o \ 3 \
\ 8
=11
0.2 P ¢ N
9
0.1 g !
3
0 o)1
o el i m i B, i R ST -50 0 50 100
Vgs — Gate-to-Source Voltage — V Ty —Junction Temperature - °C
Figure 9 Figure 10
GATE-TO-SOURCE VOLTAGE
vs
GATE CHARGE
=10 T
Vps=-10V /
Ip=-1A
> | Tu=25C /
Q
=]
g /
o
>
g o /
=
9 /
§ - A
8 - 4
7]
o /
0

i

1 2

Qg

3 4
- Gate Charge - nC

Figure 11

150
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TPS1100
SINGLE P-CHANNEL ENHANCEMENT-MODE MOSFET

SLVS078A - DECEMBER 1993 — REVISED FEBRUARY 1994
THERMAL INFORMATION
TRANSIENT JUNCTION-TO-AMBIENT

DRAIN CURRENT THERMAL IMPEDANCE
vs vs
DRAIN-TO-SOURCE VOLTAGE PULSE DURATION
- 10 —r—r——rrrr—— T 100 =
t Single Pulse > 0.001s 17 C Single Pulse snn
[ See Note A ¥\ 1 y ZSeeNoteA g
11 NI | [] =
NN o018 ]l |
< 4 M N @il l | % O‘E’ 10
- A 5 |
£ S IO 1.8 g 8 -
E Z ] T g c A
3 — g 3
= ™ 1s 3 g-
g NN 1 5z d Lu
S o4 10s 3§ 14 il
_Q ) | E E il |
bc Lo - il
<
~ Ty=150°C
— Ta =25°C "?
o Wi ST e sk
-0.1 -1 -10 -100 0.001 0.01 0.1 1 10
Vps - Drain-to-Source Voltage -V tw — Pulse Duration - s
Figure 12 Figure 13
NOTE A: Values are for the D package and are FR4-board mounted only.
APPLICATION INFORMATION
3Vor5V l
= wvp—1
Microcontroller =
:_[ Driver
" J Charge e U As FET I
tcad Micr oller Pun?].'; (Ii\am:llﬂer
1 T I -
Figure 14. Notebook Load Management Figure 15. Cellular Phone Output Drive
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TPS1101

SINGLE P-CHANNEL ENHANCEMENT-MODE MOSFET

SLVS079A - DECEMBER 1993 — REVISED FEBRUARY 1994

Low rps(on) - - - 0.09 Q Typ at Vgg = -10 V
3-V Compatible

Requires No External Vgc

TTL and CMOS Compatible Inputs

Vas(th) = —1.5 V Max

Available in Ultrathin TSSOP Package (PW)

ESD Protected

description

The TPS1101 is a single, low-rpgon), P-channel,
enhancement-mode MOSFET. The device has
been optimized for 3-V or 5-V power distribution in
battery-powered systems by means of the Texas
Instruments LinBiCMOS™ process. With a
maximum Vggh) of —1.5 V and an Ipgg of only
0.5 pA, the TPé1 101 is the ideal high-side switch
for low-voltage, portable battery-management
systems where maximizing battery life is a primary
concern. The low rpgn) and excellent ac
characteristics (rise time 5.5 ns typical) of the
TPS1101 make it the logical choice for low-voltage
switching applications such as power switches for
pulse-width-modulated (PWM) controllers or
motor/bridge drivers.

The ultrathin TSSOP (PW) version fits in
height-restricted places where other p-channel
MOSFETs cannot. The size advantage is
especially important where board height
restrictions do not allow for an SOIC package.
Such applications include notebook computers,
personal digital assistants (PDAs), cellular
telephones, and PCMCIA cards. For existing
designs, the D-packaged version has a pinout
common with other p-channel MOSFETs in SOIC

packages.
AVAILABLE OPTIONS
PACKAGED DEVICEST
Ty SMALL OUTLINE TSSOP
(D) (PW)
-40°C to 150°C TPS1101D TPS1101PWLE

T The D package is available taped and reeled. Add an R suffix
to device type (e.g., TPS1101DR). The PW package is only
available left-end taped and reeled (indicated by the LE suffix
on the device type; e.g., TPS1101PWLE).

LinBiCMOS is a trademark of Texas Instruments Incorporated.

D PACKAGE
(TOP VIEW)

source [[1 ¥
SOURCE [| 2
SOURCE [| 3

GATE E 4

] DRAIN
] DRAIN
] DRAIN
] DRAIN

e

o O N

PW PACKAGE
(TOP VIEW)

NC I
SOURCE I

10 16 1] NC
2 15 [T DRAIN
SOURCE I3 14 7173 DRAIN
SOURCE I 4 13 [T DRAIN
SOURCE I 5 12 [T DRAIN
SOURCE I 6 11 I DRAIN
GATE 147 10 [T DRAIN
NC I8 9T NC

NC - No internal connection

*

schematic
SOUFICE
r___ES_D- |
| Protection I
| Circuitry Jeie
_____ M |
GATE —e
-
f—.
[
DRAIN

NOTE: For all applications, all source pins should be connected
and all drain pins should be connected.

PRODUCTION DATA Information Is current as of publication date.
Products conform to specifications per the terms of Texas Instruments
standard warranty. P g does not Include
testing of all parameters.

b TEXAS

Copyright © 1994, Texas Instruments Incorporated
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absolute maximum ratings at Ta = 25°C (unless otherwise noted)t

UNIT
Drain-to-source voltage, VDS =15 Vv
Gate-to-source voltage, VGs ' 2,-15 \Y
Ta =25°C +0.62
D package
Ta =125°C +0.39
Vgs=-27V
Ta =25°C +0.61
PW package
Ta = 125°C +0.38
TA =25°C +0.88
D package
TA = 125°C +0.47
Vgs=-3V
TA=25°C +0.86
PW package
Continuous drain current (T = 150°C), Ipt a0 2048 A
i e Ta =25°C £1.62
D package
Ta = 125°C +0.71
Vgs=-45V
TA = 25°C +1.44
PW package
Ta = 125°C +0.67
TaA = 25°C +2.30
D package
TA = 125°C +1.04
Vgs=-10V
TA=25°C +2.18
PW package
TA = 125°C +0.98
Pulsed drain current, Ipm+ +10 A
Continuous source current (diode conduction), I -1.1 A
Storage temperature range, Tstg -55to 150 °C
Operating junction temperature range, T —40 to 150 °C
Operating free-air temperature range, Ta —40 to 125 °C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 260 °C

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

¥ Maximum values are calculated using a derating factor based on Rg j = 158°C/W for the D package and RgJA = 176°C/W for the PW package.
These devices are mounted on an FR4 board with no special thermal considerations.

DISSIPATION RATING TABLE

O TA<25°C  DERATING FACTORF  Tp=70°C TA=85°C Ta = 125°C
POWER RATING ABOVETA=25°C POWERRATING POWER RATING POWER RATING
D 791 mW 6.33 MW/°C 506 mW 411 mW. 158 mW
PW 710 mW 5.68 MW/°C 454 mW 369 mW 142 mW

* Maximum values are calculated using a derating factor based on Rg = 158°C/W for the D package and RgJa = 176°C/W
for the PW package. These devices are mounted on an FR4 board with no special thermal considerations.

*’f TEXAS
INSTRUMENTS
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TPS1101

SINGLE P-CHANNEL ENHANCEMENT-MODE MOSFET

SLVS079A - DECEMBER 1993 ~ REVISED FEBRUARY 1994

electrical characteristics at Tj = 25°C (unless otherwise noted)

static
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
VGs(th) Gate-to-source threshold voltage Vps=VGgs: Ip=-250pA -1 =126 -15 \
Vsp 3:;:9::;tfc>-dram voltage (diode forward Ig==14, Vgs =0V —1.04 v
lass SR::recr:e gate current, drain short circuited to Vps =0V, Vas =-12V 100 A
- Ty=25°C -0.5
Ipss Zero-gate-voltage drain current Vps=-12V, Vggs=0V T = 125°C e pA
Vgs=-10V |Ip=-25A 90
Vgs=-45V |Ip=-15A 134 190
TDS(on) Static drain-to-source on-state resistancet r— e sl ™
re— e A 232 400
Ofs Forward transconductance Vps=-10V, Ip=-2A 43 S
T Pulse test: pulse duration < 300 ps, duty cycle < 2%.
dynamic
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Qg Total gate charge 11.25
Qgs Gate-to-source charge Vps=-10V, Vgs=-10V, Ip=-1A 1.5 nC
Qqd Gate-to-drain charge 26
td(on) Turn-on delay time 6.5 ns
td(off) Tumn-off delay time Vpp=-10V, R =10Q, Ip=-1A, 19 ns
tr Rise time Rg=6Q, See Figures 1 and 2 55
tf Fall time 13 ns
tr(SD)  Source-to-drain reverse recovery time | IF =5.3 A, di/dt = 100 A/ps 16
PARAMETER MEASUREMENT INFORMATION
el ¥ / Y e, P
|
l |
l 1 |
l | |
i | |
10% t
Vpg —— /i \ /i | N-tov
td(on) —p—b: : td(off) —M—Jl :
. 2 tr j¢—>| tp ———

Figure 1. Switching-Time Test Circuit

Figure 2. Switching-Time Waveforms

X3
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TPS1101
SINGLE P-CHANNEL ENHANCEMENT-MODE MOSFET

SLVS079A - DECEMBER 1993 — REVISED FEBRUARY 1994

TYPICAL CHARACTERISTICS
Table of Graphs
FIGURE
Drain current vs Drain-to-source voltage 3
Drain current vs Gate-to-source voltage 4
Static drain-to-source on-state resistance vs Drain current 5
Capacitance vs Drain-to-source voltage 6
Static drain-to-source on-state resistance vs Junction temperature 7
Source-to-drain diode current vs Source-to-drain voltage 8
Static drain-to-source on-state resistance vs Gate-to-source voltage 9
Gate-to-source threshold voltage vs Junction temperature 10
Gate-to-source voltage vs Gate charge 1
DRAIN CURRENT DRAIN CURRENT
vs vs
DRAIN-TO-SOURCE VOLTAGE GATE-TO-SOURCE VOLTAGE
-y 10 T v = 10 T
5 V(I;s=-l-8VI Vps=-10V 4
' Iq/— Vgs=-5V Ty=25°C /
-8 } } -8 !
|| [ves=-4v 4 — | g
< -7 < Ty =-40°C
! I L —"Vgs=-3V i) Ty=150°C
§ -6 = E -6
3 st A 3
£ £
5 - e
1 1
o -3 o .
Vgs=-2V
-2 253 -2
et
-2
Ty=25°C
0 - L 0
0 -1 -2 -3 -4 -5 -6 -7 -8 -9 -10 0 =i ~2 -3 —~4 -5
Vps - Drain-to-Source Voltage -V Vgs — Gate-to-Source Voltage -V
Figure 3 Figure 4
‘b TEXAS
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TPS1101

SINGLE P-CHANNEL ENHANCEMENT-MODE MOSFET

SLVS079A - DECEMBER 1993 — REVISED FEBRUARY 1994

STATIC DRAIN-TO-SOURCE ON-STATE RESISTANCE

vs

TYPICAL CHARACTERISTICS

DRAIN CURRENT
0.5 T
Tg=25°C

]
E }
3
& 0.4
3 /
-
3% os /
23 /
e €
T8 Vgs= -27V 1
- 8 o2 —
5 Vgs= -3V vas=-45v | | [
' L
T 01 l L
f% Vgs= -10V
" | ||

0 L

-0.1 -1 -10

Ip —Drain Current - A

C - Capacitance - pF

CAPACITANCET
vs
DRAIN-TO-SOURCE VOLTAGE
- 8
Vgs=0V
f=1MHz _|
b (L Ty=25°C
S~
\
600 —~t—
\ \\\5\
G
500 \\oss
N
400 S~
P—
300
200 Crss
100

0-1-2-3-4-5-6-7-8-9-10 -11-12
Vps - Drain-to-Source Voltage — V
1 Ciss = Cgs + Cgd: Cds(shorted):

Figure 5
Cgs C,
Crss = Cgd» Coss = C gs~gd . (cye +C,
rss = Lgd: Voss = Lds + Cgs * Cad ds + “gd
Figure 6
STATIC DRAIN-TO-SOURCE ON-STATE RESISTANCE SOURCE-TO-DRAIN DIODE CURRENT
vs vs
3 JUNCTION TEMPERATURE SOURCE-TO-DRAIN VOLTAGE
5 1.5 T -10 = T
k7] Vgs=-10V [ Pulse Test ﬁ
§ 14 Ip=-1A / < 77
- /]
§ 1.3 /, E oy
(1 =
T : 7 717
g2 / 3 Ty=1 50,7
38141 a Ty=25°C
‘§ E ’E -1 = = » 4
v 4 y
£3 I 8 i
S 09 8 J& Ty=-40:C 7]
£ Pl : ] I
s 08 ]
% iy a / [l |
» 4 [1 1] ]
@
8 o6 -0.1
-50 0 50 100 150 =01 -03 -05 -07 -08 -11 -13
TJ = Junction Temperature — °C Vgp - Source-to-Drain Voltage — V
Figure 7 Figure 8
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TPS1101
SINGLE P-CHANNEL ENHANCEMENT-MODE MOSFET

SLVS079A - DECEMBER 1993 — REVISED FEBRUARY 1994

STATIC DRAIN-TO-SOURCE ON-STATE RESISTANCE

DS(on) — Static Drain-to-Source On-State
Resistance - Q

TYPICAL CHARACTERISTICS
GATE-TO-SOURCE THRESHOLD VOLTAGE

150

Vs vs
GATE-TO-SOURCE VOLTAGE JUNCTION TEMPERATURE
0.5 T > -15 I
Ip=-1A 14 Ip = —-250 pA
TJ=28°
Hpasec 8 4
0.4 S
b/
2 -1.3
0.3 .§
3
-1.
Bi'F N
o
0.2 ‘g \
3 -14
0.1 . — b =
ARE \
3
0 > _os
-1 -3 -5 -7 -9 -1 -13 -15 -50 0 50 100
V@s - Gate-to-Source Voltage — V Ty —Junction Temperature — °C
Figure 9 Figure 10
GATE-TO-SOURCE VOLTAGE -
vs
GATE CHARGE
-10 T
Vps=-10V
|D =-1A /
4 Ty=25°C /
1 =8
[
[=]
B /
(<]
= /
-6
- /
o
p
- A
: £
(7]
8 oA
0

2 4 6 8
Qg - Gate Charge —nC

10 12

Figure 11
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TPS1101
SINGLE P-CHANNEL ENHANCEMENT-MODE MOSFET

SLVS079A - DECEMBER 1993 - REVISED FEBRUARY 1994
THERMAL INFORMATION
TRANSIENT JUNCTION-TO-AMBIENT

DRAIN CURRENT THERMAL IMPEDANCE
vs vs
DRAIN-TO-SOURCE VOLTAGE PULSE DURATION
7 100 E :
E Single Pulse C Single Pulse
[ See Note A - See Note A —
R = i [l
5 A
-10 0.001s =}
. Sy £ A
< T 11T O 10
1 | N % )
= 0.01s 7] il
s 8
£ NIH g A g2 Z
3 - 01s e 3 A f
£ N == i
P e = § E //
= N 1s 2.8 1
' NN Yo s 2 E B2
£ o 10s =l s 2
== bo 1,
F Ty =150°C s
| TA=25°C N
ooy ks LLE 0.1
-0.1 -1 -10 -100 0.001 0.01 0.1 1 10
Vps - Drain-to-Source Voltage - V tw —Pulse Duration - s
Figure 12 Figure 13
NOTE A: Values are for the D package and are FR4-board-mounted only.
APPLICATION INFORMATION
3Vor5V
= a =
Microcontroller —_
]_: Driver
—I Charge| ~*V |GaasFeT
Load Microcontroller Pump Aapiiier
. 0
=2 i 5 &
Figure 14. Notebook Load Management Figure 15. Cellular Phone Output Drive
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General Information

Operational Amplifiers

Comparators

Voltage Regulators

P-Channel MOSFETs

Analog-to-Digital Converters

Line Driver/Receiver

Mechanical Data
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TLV1543C, TLV1543M
3.3-V 10-BIT ANALOG-TO-DIGITAL CONVERTERS
WITH SERIAL CONTROL AND 11 ANALOG INPUTS

SLAS072A - DECEMBER 1992 — REVISED DECEMBER 1993

® Advanced LinEPIC™ Technology DW, FK, J, OR N PACKAGE

® 3.3-V Supply Operation (TOP VIEW)

® 10-Bit-Resolution A/D Converter ol 1 I Voo

® 11 Analog Input Channels Al ll 2 ] EOC

® Three Built-In Self-Test Modes A2[l 3 ] I/0 CLOCK

® Inherent Sample and Hold A3[] 4 ] ADDRESS

® Total Unadjusted Error . ..+1 LSB Max A4lls ] DATA OUT

e On-Chip System Clock 22 P %gzﬁ

® End-of-Conversion (EOC) Output a7ll s ) REF-

® Pin Compatible With TLC1543 Asflo ] A10

GND ] 1 ] A9

description

The TLV1543C and TLV1543M are Advanced LinEPIC™ 10-bit, switched-capacitor, successive-approximation,
analog-to-digital converters. These devices have three inputs and a 3-state output [chip select (CS),
input-output clock (/O CLOCK), address input (ADDRESS), and data output (DATA OUT)] that provide a direct
four-wire interface to the serial port of a host processor. The devices allow high-speed data transfers from the
host.

In addition to a high-speed A/D converter and versatile control capability, these devices have an on-chip
14-channel multiplexer that can select any one of 11 analog inputs or any one of three internal self-test voltages.
The sample-and-hold function is automatic. At the end of A/D conversion, the end-of-conversion (EOC) output
goes high to indicate that conversion is complete. The converter incorporated in the devices features differential
high-impedance reference inputs that facilitate ratiometric conversion, scaling, and isolation of analog circuitry
from logic and supply noise. A switched-capacitor design allows low-error conversion over the full operating
free-air temperature range.

The TLV1543C is characterized for operation from 0°C to 70°C. The TLV1543M is characterized for operation
over the full military temperature range of —-55°C to 125°C.

AVAILABLE OPTIONS
PACKAGED DEVICES
Ta SMALL OUTLINE | CHIP CARRIER | CERAMIC DIP PLASTIC DIP
(ow) (FK) ) (N)
0°C to 70°C TLV1543CDW — — TLV1543CN
—55°C to 125°C - TLV1543MFK TLV1543MJ —

Advanced LIinEPIC is a trademark of Texas Instruments Incorporated.

PRODUCTION DATA Information is current as of

blication date.

Products conform to specifications per the terms of Texas Instruments
does not Include i

‘wal o
anoﬂllr:r“ztml.
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TLV1543C, TLV1543M

3.3-V 10-BIT ANALOG-TO-DIGITAL CONVERTERS
WITH SERIAL CONTROL AND 11 ANALOG INPUTS

SLAS072A - DECEMBER 1992 — REVISED DECEMBER 1993
T T N Y Ny S

functional block diagram

REF + REF -
|14 I 13
1 10-Bit
A= Sample and Analog-to-Digital
Al Hold - Converter
A2 2_ (switched capacitors)
ol ¥
At 6] 14-Channel ¥ 10
A6 & 41 Analog a
o 8 Multiplexer
9 | Output 10 10-to-1 Data
ﬁg ET] Data Selectorand |18 gﬁTrA
A10 E Al Input Address Register Driver
S Register
A 4 A
3
3 A
| System Clock,
Self-Test Control Logic,
and /O
S = Counters 18 - 5o
ADDRESS 7 4
A &
1o cLock 8
cs 15
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TLV1543C, TLV1543M
3.3-V 10-BIT ANALOG-TO-DIGITAL CONVERTERS
WITH SERIAL CONTROL AND 11 ANALOG INPUTS

SLAS072A - DECEMBER 1992 — REVISED DECEMBER 1993

Terminal Functions

NAME

TERMINAL

NO.

o

DESCRIPTION

ADDRESS

17

Serial address. A 4-bit serial address selects the desired analog input or test voltage that is to be converted
next. The address data is presented with the MSB first and is shifted in on the first four rising edges of /O
CLOCK. After the four address bits have been read into the address register, this input is ignored for the
remainder of the current conversion period.

A0-A10

1-9, 11,
12

Analog signal. The 11 analog inputs are applied to these terminals and are internally multiplexed. The driving
source impedance should be less than or equal to 1 kQ.

Chip select. A high-to-low transition on this input resets the internal counters and controls and enables DATA
OUT, ADDRESS, and I/O CLOCK within a maximum of a setup time plus two falling edges of the internal
system clock. A low-to-high transition disables ADDRESS and 1/0 CLOCK within a setup time plus two
falling edges of the internal system clock.

DATA OUT

The 3-state serial output for the A/D conversion result. This output is in the high-impedance state when CcsS
is high and active when CS is low. With a valid chip select, DATA OUT is removed from the high-impedance
state and is driven to the logic level corresponding to the MSB value of the previous conversion result. The
next falling edge of I/O CLOCK drives this output to the logic level corresponding to the next most significant
bit, and the remaining bits are shifted out in order with the LSB appearing on the ninth falling edge of I/O
CLOCK. On the tenth falling edge of I/O CLOCK, DATA OUT is driven to a low logic level so that serial
interface data transfers of more than ten clocks produce zeroes as the unused LSBs.

EOC

19

End of conversion. This output goes from a high- to a low- logic level on the trailing edge of the tenth I/O
CLOCK and remains low until the conversion is complete and data are ready for transfer.

GND

10

The ground return terminal for the internal circuitry. Unless otherwise noted, all voltage measurements are
with respect to this terminal.

I/0 CLOCK

Input/output clock. This terminal receives the serial I/O CLOCK input and performs the following four

functions:

1) It clocks the four input address bits into the address register on the first four rising edges of /0
CLOCK with the multiplex address available after the fourth rising edge.

2) On the fourth falling edge of I/O CLOCK, the analog input voltage on the selected multiplex input begins
charging the capacitor array and continues to do so until the tenth falling edge of I/O CLOCK.

3) It shifts the nine remaining bits of the previous conversion data out on DATA OUT.

4) Ittransfers control of the conversion to the internal state controller on the falling edge of the tenth clock.

REF +

14

The upper reference voltage value (nominally Vo) is applied to this terminal. The maximum input voltage
range is determined by the difference between the voltage applied to this terminal and the voltage applied
to the REF — terminal.

REF-

13

The lower reference voltage value (nominally ground) is applied to this terminal.

Vce

20

Positive supply voltage

detailed description

With chip select (CS) inactive (high), the ADDRESS and 1/O CLOCK inputs are initially disabled and DATA OUT
is in the high-impedance state. When the serial interface takes CS active (low), the conversion sequence begins
with the enabling of I/O CLOCK and ADDRESS and the removal of DATA OUT from the high-impedance state.
The host then provides the 4-bit channel address to ADDRESS and the /O CLOCK sequence to I/O CLOCK.
During this transfer, the host serial interface also receives the previous conversion result from DATA OUT. I/O
CLOCK receives an input sequence that is between 10 and 16 clocks long from the host. The first four I/O clocks
load the address register with the 4-bit address on ADDRESS selecting the desired analog channel and the next
six clocks providing the control timing for sampling the analog input.

“’f TExAS
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TLV1543C, TLV1543M
3.3-V 10-BIT ANALOG-TO-DIGITAL CONVERTERS

WITH SERIAL CONTROL AND 11 ANALOG INPUTS

SLAS072A - DECEMBER 1992 — REVISED DECEMBER 1993
=

detailed description (continued)

There are six basic serial interface timing modes that can be used with the device. These modes are determined
by the speed of I/O CLOCK and the operation of CS as shown in Table 1. These modes are (1) a fast mode with
a 10-clock transfer and CS inactive (high) between conversion cycles, (2) a fast mode with a 10-clock transfer
and CS active (low) continuously, (3) a fast mode with an 11- to 16-clock transferand CSinactive (high) between
conversion cycles, (4) a fast mode with a 16-bit transfer and CS active (low) continuously, (5) a slow mode with
an 11- to 16-clock transfer and CS inactive (high)-between conversion cycles, and (6) a slow mode with a
16-clock transfer and CS active (low) continuously.

The MSB of the previous conversion appears on DATA OUT on the falling edge of CS in mode 1, mode 3, and
mode 5, on the rising edge of EOC in mode 2 and mode 4, and following the 16th clock falling edge in mode 6.
The remaining nine bits are shifted out on the next nine falling edges of I/O CLOCK. Ten bits of data are
transmitted to the host through DATA OUT. The number of serial clock pulses used also depends on the mode
of operation, but a minimum of ten clock pulses is required for conversion to begin. On the 10th clock falling edge,
the EOC output goes low and returns to the high logic level when conversion is complete and the result can be
read by the host. On the 10th clock falling edge, the internal logic takes DATA OUT low to ensure that the
remaining bit values are zero if the I/O CLOCK transfer is more than ten clocks long.

Table 1 lists the operational modes with respect to the state of CS, the number of I/O serial transfer clocks that
can be used, and the timing edge on which the MSB of the previous conversion appears at the output.

Table 1. Mode Operation

MODES cs /o oroeks | MsB ATDATAOUTH | TMING
Mode 1 | High between conversion cycles 10 CS falling edge Figure 9
Pt Aol Mode 2 | Low continuously 10 E)C rising edge Figure 10
Mode 3 | High between conversion cycles 11 to 16% CS falling edge Figure 11
Mode 4 | Low continuously 16t EOC rising edge Figure 12
Slow Modss Mode 5 | High between conversion cycles 11 to 16% CS falling edge Figure 13
Mode 6 | Low continuously 16% 16th clock falling edge Figure 14

T These edges also initiate serial interface communication.
¥ No more than 16 clocks should be used.

fast modes

The device is in a fast mode when the serial /O CLOCK data transfer is completed before the conversion is
completed. With a 10-clock serial transfer, the device can only run in a fast mode since a conversion does not
begin until the falling edge of the 10th 1/O CLOCK.

mode 1: fast mode, CS inactive (high) between conversion cycles, 10-clock transfer

Inthis mode, CS is inactive (high) between serial /O CLOCK transfers and each transfer is ten clocks long. The
falling edge of CS begins the sequence by removing DATA OUT from the high-impedance state. The rising edge
of CS ends the sequence by returning DATA OUT to the high-impedance state within the specified delay time.
Also, the rising edge of CS disables the I/0 CLOCK and ADDRESS terminals within a setup time plus two falling
edges of the internal system clock.

mode 2: fast mode, CS active (low) continuously, 10-clock transfer

In this mode, CS is active (low) between serial I/O CLOCK transfers and each transfer is ten clocks long. After
the initial conversion cycle, CS is held active (low) for subsequent conversions; the rising edge of EOC then
begins each sequence by removing DATA OUT from the low logic level, allowing the MSB of the previous
conversion to appear immediately on this output.

b TEXAS
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TLV1543C, TLV1543M
3.3-V 10-BIT ANALOG-TO-DIGITAL CONVERTERS
WITH SERIAL CONTROL AND 11 ANALOG INPUTS

SLAS072A - DECEMBER 1992 - REVISED DECEMBER 1993

mode 3: fast mode, CS inactive (hjgh) between conversion cycles, 11- to 16-clock transfer

In this mode, CS is inactive (high) between serial I/O CLOCK transfers and each transfer can be 11 to 16 clocks
long. The falling edge of CS begins the sequence by removing DATA OUT from the high-impedance state. The
rising edge of CS ends the sequence by returning DATA OUT to the high-impedance state within the specified
delay time. Also, the rising edge of CS disables the /O CLOCK and ADDRESS terminals within a setup time
plus two falling edges of the internal system clock.

mode 4: fast mode, CS active (low) continuously, 16-clock transfer

In this mode, CS is active (low) between serial I/0 CLOCK transfers and each transfer must be exactly 16 clocks
long. After the initial conversion cycle, CS is held active (low) for subsequent conversions; the rising edge of
EOC then begins each sequence by removing DATA OUT from the low logic level, allowing the MSB of the
previous conversion to appear immediately on this output.

slow modes

In a slow mode, the conversion is completed before the serial /O CLOCK data transfer is completed. A slow
mode requires a minimum 11-clock transfer into I/O CLOCK, and the rising edge of the 11th clock must occur
before the conversion period is complete; otherwise, the device loses synchronization with the host serial
interface, and CS has to be toggled to initialize the system. The 11th rising edge of the I/O CLOCK must occur
within 9.5 us after the 10th 1/O clock falling edge.

mode 5: slow mode, CS inactive (high) between conversion cycles, 11- to 16-clock transfer

In this mode, CS is inactive (high) between serial I/O CLOCK transfers and each transfer can be 11 to 16 clocks
long. The falling edge of CS begins the sequence by removing DATA OUT from the high-impedance state. The
rising edge of CS ends the sequence by returning DATA OUT to the high-impedance state within the specified
delay time. Also, the rising edge of CS disables the /0 CLOCK and ADDRESS terminals within a setup time
plus two falling edges of the internal system clock.

mode 6: slow mode, CS active (low) continuously, 16-clock transfer

In this mode, CS is active (low) between 1serial I/O CLOCK transfers and each transfer must be exactly 16 clocks
long. After the initial conversion cycle, CS is held active (low) for subsequent conversions. The falling edge of
the 16th 1/O CLOCK then begins each sequence by removing DATA OUT from the low state, allowing the MSB
of the previous conversion to appear immediately at DATA OUT. The device is then ready for the next 16-clock
transfer initiated by the serial interface.

address bits

The 4-bit analog channel-select address for the next conversion cycle is presented to the ADDRESS terminal
(MSB first) and is clocked into the address register on the first four leading edges of I/O CLOCK. This address
selects one of 14 inputs (11 analog inputs or 3 internal test inputs).

analog inputs and test modes

The 11 analog inputs and the 3 internal test inputs are selected by the 14-channel multiplexer according to the
input address as shown in Tables 2 and 3. The input multiplexer is a break-before-make type to reduce
input-to-input noise injection resulting from channel switching.

Sampling of the analog input starts on the falling edge of the fourth I/0 CLOCK, and sampling continues for six
I/0 CLOCK periods. The sample is held on the falling edge of the 10th I/O CLOCK. The three test inputs are
applied to the multiplexer, sampled, and converted in the same manner as the external analog inputs.
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Table 2. Analog-Channel-Select Address

VALUE SHIFTED INTO
ANALOG INPUT ADDRESS INPUT
SELECTED
BINARY HEX
A0 0000 0
Al 0001 1
A2 0010 2
A3 0011 3
A4 0100 4
A5 0101 5
A6 0110 6
A7 0111 (4
A8 1000 8
A9 1001 9
A10 1010 A

Table 3. Test-Mode-Select Address

INTERNAL
VALUE SHIFTED INTO
SELF-TEST
VOLTAGE ooy OUTPUT RESULT (HEX)
SELECTEDT BINARY | HEX
Vref+ ; Vref— 1011 B 500
Vref— 1100 C 000
Vref+ 1101 D 3FF
1 Ve 4+ isthe voltage appliedtothe REF +input, and Vref—isthe voltage applied tothe REF —
input.

¥ The output results shown are the ideal values and vary with the reference stability and with
internal offsets.

converter and analog input

The CMOS threshold detector in the successive-approximation conversion system determines each bit by
examining the charge on a series of binary-weighted capacitors (see Figure 1). In the first phase of the
conversion process, the analog input is sampled by closing the Sg switch and all St switches simultaneously.
This action charges all the capacitors to the input voltage.

In the next phase of the conversion process, all St and Sg switches are opened and the threshold detector
begins identifying bits by identifying the charge (voltage) on each capacitor relative to the reference (REF-)
voltage. In the switching sequence, ten capacitors are examined separately until all ten bits are identified and
the charge-convert sequence is repeated. In the first step of the conversion phase, the threshold detector looks
at the first capacitor (weight = 512). Node 512 of this capacitor is switched to the REF+ voltage, and the
equivalent nodes of all the other capacitors on the ladder are switched to REF-. If the voltage at the summing
node is greater than the trip point of the threshold detector (approximately one-half the Vg voltage), a bit 0 is
placed in the output register and the 512-weight capacitor-is switched to REF-. If the voltage at the summing
node is less than the trip point of the threshold detector, a bit 1 is placed in the register and the 512-weight
capacitor remains connected to REF + through the remainder of the successive-approximation process. The
process is repeated for the 256-weight capacitor, the 128-weight capacitor, and so forth down the line until all
bits are counted.

{5’ TExAS
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converter and analog input (continued)

With each step of the successive-approximation process, the initial charge is redistributed among the
capacitors. The conversion process relies on charge redistribution to count and weigh the bits from MSB to LSB.
Sc

p—

To Output

512 256 128 Latches

Node 512 tn.en tR.EF+ ﬁsn ﬁsh tR.EF+ ﬁsn t".EF*
3] %) o] oal oh] rohl ol ol

REF- REF- REF- REF- REF - REF - REF- REF - REF -
st st st st st st st sr st

Figure 1. Simplified Model of the Successive-Approximation System
chip-select operation

The trailing edge of CS starts all modes of operation, and CS can abort a conversion sequence in any mode.
A high-to-low transition on CS within the specified time during an ongoing cycle aborts the cycle, and the device
returns to the initial state (the contents of the output data register remain at the previous conversion result).
Exercise care to prevent CS from being taken low close to completion of conversion because the output data
can be corrupted.

reference voltage inputs

There are two reference inputs used with these devices: REF + and REF-. These voltage values establish the
upper and lower limits of the analog input to produce a full-scale and zero reading, respectively. The values of
REF +, REF—, and the analog input should not exceed the positive supply or be lower than GND consistent with
the specified absolute maximum ratings. The digital output is at full scale when the input signal is equal to or
higher than REF + and at zero when the input signal is equal to or lower than REF—.
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)’

Supply voltage range, Vg (see Note 1): TLV15643C ...............ooooiiiiii... -05Vto6.5V
LUl L b i e b o e £ A gl b g i -05Vto6V

Inpltivoltage range, Vi (@YU . .. cuvs o swuis o opssins s s oeisiss s s s oas -03VtoVgc+03V
OIINVOREBIERIIEN L s avic oo o« o sasioss. s o sjbrels & aravaiaialsls o/ otnbia o shatesi o sts 4wl efbnels -03VtoVgg+0.3V
Posiensloranee VOHHEOE, Vgt oo« vioms s boos suiswomsee s bieiaive s soss s sraeoie s oy Voo +0.1V
NeaatiNSITRIEVBNCE NORBEE. Vhaf— '~ +ovox » oaisihie ossimmiis s 2 oein il eisisiss i /e s oie atsl fiaisiniers s:n iofalal s s -0.1V
Beakinput cuNeRt (anEMBIR). . ot irmaiisiiovmmaswiie syt s +20 mA
Regk total iNpur Corent (AIIDPUIS) J-o .- o cgosssmnmntag sinms s pugmess s nobmap o5 -toagss i ol +30 mA
Operating free-air temperature range, Ta: TLV1543C .......c.ooeiiiiiiiiiiiiiinnnn... 0°C to 70°C
TLVASASM .2 . oo oGt im0 ey SO o5 —-55°C to 125°C

Storage temperature range . .#:. .. f. .8 Lo s BT BT b B —-65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from the case for 10seconds ................cocuvinenn... 260°C

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

NOTE 1: All voltage values are with respect to digital ground with REF — and GND wired together (unless otherwise noted).
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recommended operating conditions

MIN NOM MAX UNIT
o TLV1543C 3 3.3 5.5 \
upply voliage, VCC TLV1543M 3 33 3.6 Vv
Positive reference voltage, Vref + (see Note 2) \ole} \'
Negative reference voltage, Vief— (see Note 2) 0 "
‘Differential reference voltage, Vref+ — Vref— (see Note 2) 25 Vgcc Veo+0.2 \'
Analog input voltage (see Note 2) Vee Vv
. . TLV1543C |Vcc=3Vto 5.5V Vv
High-level control input voltage, V|H
TLV1543M |Vcc=3V103.6V \%
y TLV15643C |Voc=3Vto5.5V 0.6 v
Low-level control input voltage, V)i
TLV1543M  |Vcc=3V1t0o 3.6V 0.8 \
Setup time, address bits at data input before /0 CLOCKT, tsu(A) 100 ns
Hold time, address bits after I/O CLOCKT, th(A) 0 ns
Hold time, CS low after last /O CLOCKL, th(cs) 0 ns
Setup time, CS low before clocking in first address bit, tsu(Cs) (see Note 3) 1.425 us
TLC1543C 0 B
Clock frequency at /O CLOCK (see Note 4) MHz
TLC1543M 0 2:1
Pulse duration, /O CLOCK high, twH(1/0) 190 ns
Pulse duration, I/O CLOCK low, twL (1/0) 190 ns
Transition time, I/O CLOCK, t()/0) (see Note 5) 1 us
Transition time, ADDRESS and CS, t(Cs) 10 ps
X TLV1543C 0 70
Operating free-air temperature, Tp °©
TLV1543M -55 125

NOTES: 2. Analoginput voltages greater than that applied to REF+ convert as all ones (1111111111), while input voltages less than that applied
to REF-convert as all zeros (0000000000). The device is functional with reference voltages down to 1 V (Vyef.. — Vyef—); however,
the electrical specifications are no longer applicable.

3. To minimize errors caused by noise at CS, the internal circuitry waits for a setup time plus two falling edges of the internal system
clock after CS! before responding to control input signals. Therefore, no attempt should be made to clock in an address until the
minimum CS setup time has elapsed.

4. For 11- to 16-bit transfers, after the 10th /O CLOCK falling edge (< 2 V), at least 1 I/O clock rising edge (= 2 V) must occur within

9.5 ps.

5. This is the time required for the clock input signal to fall from Vjmin to V) max or to rise from V| max to Vjqmin. In the vicinity of
normal roomtemperature, the devices function with input clock transition time as slow as 1 ps for remote data-acquisition applications
where the sensor and the A/D converter are placed several feet away from the controlling microprocessor.
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electrical characteristics over recommended operating free-air temperature range,
Vee = Viefs =3 V 1o 5.5 V, I/0 CLOCK frequency = 1.1 MHz for the TLV1543C,
Ve =Vrefs =3V 103.6V,1/0 CLOCK frequency = 2.1 MHz for the TLV1543M (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPt MAX | UNIT
Vecc=3V, loH=-1.6 mA 24 \
TLV1543C |28 i
- High-level output Voc=3Vto55V, IoH =20 pA Vec—-0.1 \
voltage Ve =3V, loH=-1.6 mA 24 \
TLV1543M ge ol
Vec=3Vto36V, loH =20 pA Vce-0.1 \
Vecc=3V, loL=1.6 mA 0.4 Y
TLV1543C eQ QL
vox Low-level output Vcc=38Vte55YV, loL =20 pA 0.1 v
voltage Vec=3V, IoL = 1.6 mA 04| V
TLV1SaIM |28 oL
Vcc=3Vto36V, loL =20 pA 0.1 \
- Off-state (high-impedance-state) | VO = VcC, CSatVce 10 b
O output current Vo =0, CS at Voo -10
IIH High-level input current Vi=Vce 0.005 2.5 pA
liL Low-level input current Vi=0 -0.0056 -25 pA
Icc Operating supply current CSatoV 0.8 2.5 mA
Selected channel at Vo, Unselected channel at 0 V 1
Selected channel leakage current pA
Selected channel at 0 V, Unselected channel at Voo -1
Maximum static analog reference
current into REF + Vref+ =VCC, Vet s §
Input capacitance, TLV1543C 7 55 oF
& Analog inputs TLV1543M 7
i
Input capacitance, TLV1543C 5 15 F
Control inputs TLV1543M 5 F

T All typical values are at VoG = 5 V, Ta = 25°C.
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operating characteristics over recommended operating free-air temperature range,
Vee = Vief+ =3V t0 5.5 V, /0 CLOCK frequency = 1.1 MHz for the TLV1543C,
Vee = Vrefs =3 V t0 3.6 V, /0 CLOCK frequency = 2.1 MHz for the TLV1543M

PARAMETER TEST CONDITIONS MIN TYPT MAX UNIT
Linearity error (see Note 6) +1 LSB
Zero error (see Note 7) See Note 2 1 LSB
Full-scale error (see Note 7) See Note 2 24 LSB
Total unadjusted error (see Note 8) -] LSB
ADDRESS = 1011 512
Seli-test output code (see Table 3 and Note 9) ADDRESS = 1100 0
ADDRESS = 1101 1023
teonv Conversion time See timing diagrams 21 us
21
te Total cycle time (access, sample, and conversion) aS:: :’3291 g ol é:_%lé?( us
periods
P See timing diagrams o
tacq Channel acquisition time (sample) and Note 10 6 CLQCK
periods
ty Valid time, DATA OUT remains valid after /O CLOCK! See Figure 6 10 ns
td(1/0-DATA) Delay time, I/0 CLOCK. to DATA OUT valid See Figure 6 240 ns
td(1/0-EOC) Delay time, 10th I/O CLOCK. to EOC. See Figure 7 70 240 ns
td(EOC-DATA) Delay time, EOCT to DATA OUT (MSB) See Figure 8 100 ns
tpzH, tPZL Enable time, CS. to DATA OUT (MSB driven) See Figure 3 1.3 us
tpHZ, tPLZ Disable time, CST to DATA OUT (high impedance) See Figure 3 150 ns
tr(EOC) Rise time, EOC See Figure 8 300 ns
H(EOC) Fall time, EOC > See Figure 7 300 ns
tr(bus) Rise time, data bus See Figure 6 300 ns
t(bus) Fall time, data bus See Figure 6 300 ns
Delay time, 10th I/O CLOCK. to CS\ to abort conversion
t4(/0-Cs) (see Note 11) 9| ms

T All typical values are at Tp = 25°C.
NOTES: 2. Analoginputvoltages greater than that applied to REF + convert as all ones (1111111111), while input voltages less than that applied
to REF—convert as all zeros (0000000000). The device is functional with reference voltages downto 1V (Vyef 4+ — Vref—); however,
the electrical specifications are no longer applicable.
6. Linearity error is the maximum deviation from the best straight line through the A/D transfer characteristics.
7. Zero error is the difference between 0000000000 and the converted output for zero input voltage; full-scale error is the
difference between 1111111111 and the converted output for full-scale input voltage.
8. Total unadjusted error comprises linearity, zero, and full-scale errors.

9. Both the input address and the output codes are expressed in positive logic.
10. 1/O CLOCK period = 1/(1//O CLOCK frequency) (see Figure 6).
11. Anytransitions of CS are recognized as valid only if the level is maintained for a setup time plus two falling edges of the internal clock
(1.425 ps) after the transition.
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PARAMETER MEASUREMENT INFORMATION

Test Point V Test Point

cc Vee
RL =2.18kQ RL =2.18 kQ
EOC DATA OUT
cL=5opFI 12kQ C|_=100pFI 12kQ

Figure 2. Load Circuits

¢ Address |
| Valid |
| |
cs # ADDRESS £y
viL l s viL
l | [l
tpzH, tpzL —¢—H ' | 4
| ﬂ—ﬂl— tPHZ, tPLZ 1,,,(”_{4___”' [ th(a)

DATA e R /0 CLOCK
out 0.4V 10% ViL

Figure 3. DATA OUT to Hi-Z Voltage Waveforms Figure 4. ADDRESS Setup Voltage Waveforms

211 \ 2V f
Ccs ViL b I

1) |
tsu(Cs) == IC—H— th(cs)

|
IO CLOCK Y amu e '
IL#F Clock Clock “NVIL

Figure 5. CS and I/0 CLOCK Voltage Waveforms

%
INSTRUMENTS

6-14 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



TLV1543C, TLV1543M
3.3-V 10-BIT ANALOG-TO-DIGITAL CONVERTERS
WITH SERIAL CONTROL AND 11 ANALOG INPUTS

SLAS(072A - DECEMBER 1992 — REVISED DECEMBER 1993

PARAMETER MEASUREMENT INFORMATION

n(l/O)—Jl :4— "| i‘ t(o)

|
wocrock 2V N LEC P viL
ViU ViL

le—— 1o cLock Perlod—b}

td(/0-DATA) —(¢—>!
ty —k—>|l I
24V 24V
BATRRT 0.4V x 0.4V

| |
—® & Ur(bus) t(bus)
Figure 6. DATA OUT and I/0 CLOCK Voltage Waveforms

/0 CLOCK _/1_0",—\
Clock I ViL
td(llO-EOC)H

EOC 24V N\

tieoC) —b: IQ—

Figure 7. 1/0 CLOCK and EOC Voltage Waveforms

—Nl l¢— t(eoc)
||
04V /| |

[&—— > — td(EOC-DATA)
| F2av
N 0.4V

|ﬂ— Valid MSB —p

DATA OUT

Figure 8. EOC and DATA OUT Voltage Waveforms
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timing diagrams

(see Note A) |
cmé’:ﬁ | 1 2 3 4 5 6 7 8 9 10 : |1 I
h— Access Cycle B —bh— Sample Cycle B —-——H
Hi-Z State
D&Tﬁ_(“ X as X a7 X as X as X a4 X aa X az X a1 X 40 )\_/—55.-(
- |
h Previous Conversion Data |
| MSB LSB
| 4 |
orsss Z22XDKIOKOONNL. | XX
| B3 B2 B1 BO | | c3
| MSB LsB | |

EOCJ I ,—I_%

Shift in New Multiplexer Address, |
Simultaneously Shift Out Previ Pie ¥
Conversion Value A/D Conversion

Initialize Bt Initialize

Figure 9. Timing for 10-Clock Transfer Using CS

&S Must be High on Power Up
(see Note A) P‘,
I
L
)

cLocK —'H
“— Access Cycle B —bh—- Sample Cycle B —————-Dl

- f;nx»x»x“x—xuxuxnxmxmk it KX

besq

|
le Previous Conversion Data | |
| MsB LsB |
| B3 B2 B1 BO | |° cs
| MsB LSB | |
( —
EOC §
Shift in New Multiplexer Address, |
Simultaneously Shift Out Previous »ie
r Conversion Value A/D Conversion
Initialize Interval | ialize

Figure 10. Timing for 10-Clock Transfer Not Using CS

NOTE A: To minimize errors caused by noise at CS, the internal circuitry waits for a setup time plus two falling edges of the internal system clock
after CS. before responding to control input signals. Therefore, no attempt should be made to clock in an address until the minimum
CS setup time has elapsed.

¢ TEXAS
INSTRUMENTS

6-16 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



TLV1543C, TLV1543M
3.3-V 10-BIT ANALOG-TO-DIGITAL CONVERTERS
WITH SERIAL CONTROL AND 11 ANALOG INPUTS

SLAS072A - DECEMBER 1992 - REVISED DECEMBER 1993

timing diagrams (continued)

See Note C
cs I
(see Note A)l |
l I
o ' | 1 2 3] [+ 5| [e 71 [l [*] [l [+] [ R E
CLOCK
| IIQ— Access Cycle B —Dh— Sample Cycle B —-bl
. |
DATA Leval Hi-Z ‘,_<——X
o _I( A9 XAa XA7 XAa XA5 XM XA3 X AzXA1 X Ao)\
[ Previous Conversion Data ,
| MsB "y I
§
wooness Z2XOXOODODNL. o |
| B3 B2 B1 BO | I ‘c3
| MsB LSB | |
l |
EOC I
Shift in New Multiplexer Address, | |
Simultaneously Shift Out Previous
Conversion Value A/D Conversion
Initialize i Initialize

Figure 11. Timing for 11- to 16-Clock Transfer Using CS (Serial Transfer Interval Shorter Than Conversion)

Sy Must be High on Power Up
cs 6 L
(see Note A) M )

o 1 2 3 4 5 6 7 8 9 10 14 15 16 1
CLOCK -
h— Access Cycle B —Jt——— Sample Cycle B —D' See Note B

mammnmnmn Lowlevel A ®
)

Previous Conversion Data

DATA
ouT

rgY-

LSB

| MsSB I
[

e, [

|

|

B2 B1 B0
| MSB LSB

L
EOC ] a
Shift in New Multiplexer Address, | e ;
|4— Simultaneously Shift Out Previous ————————p¢— A/D Conversion _,
Conversion Value Interval

Initialize Initialize

Figure 12. Timing for 16-Clock Transfer Not Using CS (Serial Transfer Interval Shorter Than Conversion)

NOTES: A. To minimize errors caused by noise at CS, the internal circuitry waits for a set up time plus two falling edges of the internal system
clock after CS. before responding to control input signals. Therefore, no attempt should be made to clock in an address until the
minimum CS setup time has elapsed.

B. The first I/O CLOCK must occur after the rising edge of EOC.
C. A low-to-high transition of CS disables ADDRESS and the I/O CLOCK within a maximum of a setup time plus two falling edges of
the internal system clock.
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timing diagrams (continued)

—‘1 1

(see Note A)

I 3 5 6 7 8 9] [ 16 I
cLoCK ENEAR |‘| I | [ | I | | HENENE |_} a
:4— Access Cycle B —’h—— Sample Cycle B —’II SeeNoteB |

|
no X as X a7 X ae X as X ae X as X a2 X A1 Xont_“gzz;t:t:g

B I

DATA
out |
]
Previous Conversion Data | |
MSB LSB | | |
wooness 720N 0
| B3 B2 B1 BO o= e | § | c3
| MsB LSB | |

|
EOCJ

Shift in New Multiplexer Address,

Simultaneously Shift Out Previous —-——ﬂ‘———ﬂ

Conversion Value A/D Conversion
Initialize Interval Initialize

NOTES: A. To minimize errors caused by noise at CS, the internal circuitry waits for a set up time plus two falling edges of the internal system
clock after CS. before responding to control input signals. Therefore, no attempt should be made to clock in an address until the
minimum CS setup time has elapsed.

B. The 11th rising edge of the I/O CLOCK sequence must occur before the conversion is complete to prevent losing serial interface
synchronization.

Figure 13. Timing for 11- to 16-Clock Transfer Using CS (Serial Transfer Interval Longer Than Conversion)
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timing diagrams (continued)

L

cs—p— Must be High on Power Up
(see Note A)
i |

5 6 7

8 9 10 14 15

CcLOCK
_H 14— Access Cycle B —hi Sample Cycle B —»I See Note B

|
°sa¢—<ﬁ mamnmnmmn

Previous Conversion Data

17

16 1

SeeNoteC |

MSB
MSB LSB

LSB

_Lﬁ(
EOC |

ol ot

Initialize

Shift in New Multiplexer Address,
Simultaneously Shift Out Previous
Conversion Value

444—"
A/D Conversion
Interval

NOTES: A. To minimize errors caused by noise at CS, the internal circuitry waits for a set up time plus two falling edges of the internal system
clock after CS. before responding to control input signals. Therefore, no attempt should be made to clock in an address until the

minimum chip CS setup time has elapsed.

B. The 11th rising edge of the I/O CLOCK sequence must occur before the conversion is complete to prevent losing serial interface

synchronization.

C. The I/O CLOCK sequence is exactly 16 clock pulses long.

Figure 14. Timing for 16-Clock Transfer Not Using CS (Serial Transfer Interval Longer Than Conversion)
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T e T O S

APPLICATION INFORMATION

1111111111 T T 1023
See Notes A and B -y /w/
1111111110 \ 1022
111111101 I e : ' 1021
Y
: ~L 8 S A
° |~ ! o
8 A VET=VEs-1/2LSB
; 513
8 1000000001 v I
H ! 2 8
£ 1000000000 1 5122
o VzT=Vzs +1/2LSB I
s
o 0111111111 // : ot
[=]
[ d / / |
° Vzs : @
g P I -
/ d I
0000000010 = ' 2
/ »/ l
0000000001 J : 1
|
]
0000000000 0
0 g 0.0048 0.0096 ©®® 24528 24576 2.4624 'Y 4.9056 g 4.9104 4.9152
P <

V| - Analog Input Voltage - V

NOTES: A. This curve is based on the assumption that Vyef and Vyef— have been adjusted so that the voltage at the transition from digital 0
to 1 (VzT) is 0.0024 V and the transition to full scale (VFT) is 4.908 V. 1 LSB = 4.8 mV.
B. The full-scale value (VEg) is the step whose nominal midstep value has the highest absolute value. The zero-scale value (Vzg) is
the step whose nominal midstep value equals zero.

Figure 15. Ideal Conversion Characteristics

TLV1543
2115
T | | oS —
2 18
s A1 1/0 CLOCK 17 s
A2 ADDRESS < Control
: o Processor Circuit
P s A4 DATA OUT :: e
nalog s
inputs < = :: EOC >
g A7
9 A8 14
1 REF + [—<— 3-V DC Regulated
s A9 REF 13
—_—1 A10
e GND
10

To Source 4 et ey
Ground

Figure 16. Serial Interface
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® Advanced LIinEPIC™ Technology D OR P PACKAGE
® 3.3-V Supply Operation (TOP VIEW)
e 10-Bit-Resolution A/D Converter REE+ [l.1 8l Voo
® Inherent Sample and Hold ANALOG IN [] 2 7[] /o cLock
® Total Unadjusted Error. ..+1LSB Max REF-[] 3 6 ] DATA OUT
e On-Chip System Clock GND[J4  s[ITS
® Pin Compatible With TLC1549

description

The TLV1549C is a 10-bit, switched-capacitor, successive-approximation analog-to-digital converter. The
device has two digital inputs and a 3-state output [chip select (CS), input-output clock (/O CLOCK), and data
output (DATA OUT)] that provide a three-wire interface to the serial port of a host processor.

The sample-and-hold function is automatic. The converter incorporated in the device features differential
high-impedance reference inputs that facilitate ratiometric conversion, scaling, and isolation of analog circuitry
from logic and supply noise. A switched-capacitor design allows low-error conversion over the full operating

free-air temperature range.
The TLV1549C is characterized for operation from 0°C to 70°C.

functional block diagram
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Converter
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Advanced LinEPIC is a trademark of Texas Instruments Incorporated.
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::1“ m 2:‘:: Irnonmor:' l;" eum": :'1 p l‘:a.mlauoﬂ date. l Copyright © 1993, Texas Instruments Incorporated
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Terminal Functions

g I[e} DESCRIPTION
NAME NO.
ANALOG IN 2 | | Analog signal. The driving source impedance should be < 1 kQ. The external driving source to ANALOG IN should

have a current capability > 10 mA.

] | Chip select. A high-to-low transition on this input resets the internal counters and controls and enables DATA OUT
and I/0O CLOCK within a maximum of a setup time plus two falling edges of the internal system clock. A low-to-high
transition disables I/O CLOCK within a setup time plus two falling edges of the internal system clock. [

DATA OUT 6 O | This 3-state serial output for the A/D conversion result is in the high-impedance state when CS is high and active

when CS is low. With a valid chip select, DATA OUT is removed from the high-impedance state and is driven to
the logic level corresponding to the MSB value of the previous conversion result. The next falling edge of /0 CLOCK
drives this output to the logic level corresponding to the next most significant bit, and the remaining bits are shifted
outin order with the LSB appearing on the ninth falling edge of I/O CLOCK. On the tenth falling edge of /0 CLOCK,
DATA OUT isdriven to a low logic level so that serial interface data transfers of more than ten clocks produce zeroes

as the unused LSBs.

GND 4 | | The ground return for internal circuitry. Unless otherwise noted, all voltage measurements are with respect to this
terminal.

/O CLOCK 7 I | The input/output clock receives the serial I/O CLOCK input and performs the following three functions:

1) On the third falling edge of /O CLOCK, the analog input voltage begins charging the capacitor array and
continues to do so until the tenth falling edge of I/O CLOCK.

2) It shifts the nine remaining bits of the previous conversion data out on DATA OUT.

3) It transfers control of the conversion to the internal state controller on the falling edge of the tenth clock.

REF + 1 | The upper reference voltage value (nominally Vo) is applied to this terminal. The maximum input voltage range
is determined by the difference between the voltage applied to this terminal and the voltage applied to REF—.

REF- 3 | The lower reference voltage value (nominally ground) is applied to this terminal.

Vce 8 | Positive supply voltage

detailed description

With chip select (CS) inactive (high), the I/O CLOCK input is initially disabled and DATA OUT is in the high-
impedance state. When the serial interface takes CS active (low), the conversion sequence begins with the
enabling of I/O CLOCK and the removal of DATA OUT from the high-impedance state. The serial interface then
provides the /O CLOCK sequence to I/O CLOCK and receives the previous conversion result from DATA OUT.
I/O CLOCK receives an input sequence that is between 10 and 16 clocks long from the host serial interface.
The first ten 1/O clocks provide the control timing for sampling the analog input.

There are six basic serial interface timing modes that can be used with the TLV1549. These modes are
determined by the speed of /O CLOCK and the operation of CS as shown in Table 1. These modes are
(1) afast mode with a 10-clock transfer and CS inactive (high) between transfers, (2) a fast mode with a 10-clock
transfer and CS active (low) continuously, (3) a fast mode with an 11-to 16-clock transfer and CSinactive (high)
between transfers, (4) a fast mode with a 16-bit transfer and CS active (low) continuously, (5) a slow mode with
an 11-to 16-clock transfer and CS inactive (high) between transfers, and (6) a slow mode with a 16-clock transfer
and CS active (low) continuously.

The MSB of the previous conversion appears on DATA OUT on the falling edge of CS in mode 1, mode 3, and
mode 5, within 21 ps from the falling edge of the tenth I/O CLOCK in mode 2 and mode 4, and following the
16th clock falling edge in Mode 6. The remaining nine bits are shifted out on the next nine falling edges of the
I/O CLOCK. Ten bits of data are transmitted to the host serial interface through DATA OUT. The number of serial
clock pulses used also depends on the mode of operation, but a minimum of ten clock pulses is required for
conversion to begin. On the tenth clock falling edge, the internal logic takes DATA OUT low to ensure that the
remaining bit values are zero if the I/O CLOCK transfer is more than ten clocks long.
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detailed description (continued)

Table 1 lists the operational modes with respect to the state of CS, the number of 1/O serial transfer clocks that
can be used, and the timing on which the MSB of the previous conversion appears at the output.

Table 1. Mode Operation
MODES cs uoNcg.'::Ks MSB AT DATA ouTT D}m';‘fm
Mode 1 | High between conversion cycles 10 CS falling edge Figure 6
Mode 2 | Low continuously 10 Within 21 ps Figure 7
Fast Modes bads
Mode 3 | High between conversion cycles 11 to 16% CS falling edge Figure 8
Mode 4 | Low continuously 16+ Within 21 ps Figure 9
LA & Mode 5 | High between conversion cycles 11to 16% | CS falling edge Figure 10
Mode 6 | Low continuously 16% 16th clock falling edge Figure 11

T This timing also initiates serial interface communication.
¥ No more than 16 clocks should be used.

All the modes require a minimum period of 21 us after the falling edge of the 10th /O CLOCK before a new
transfer sequence can begin. During a serial I/O CLOCK data transfer, CS must be active (low) so that the I/O
CLOCK input is enabled. When CS is toggled between data transfers (modes 1, 3, and 5), the transitions at CS
are recognized as valid only if the level is maintained for a minimum period of 1.425 us after the transition. If
the transfer is more than 10 1/O clocks (modes 3, 4, 5, and 6), the rising edge of the 11th clock must occur within
9.5 ps after the falling edge of the 10th I/O CLOCK; otherwise, the device could lose synchronization with the
host serial interface and CS has to be toggled to restore proper operation.

fast modes

The device is in a fast mode when the serial I/O CLOCK data transfer is completed within 21 us from the falling
edge of the tenth I/O CLOCK. With a 10-clock serial transfer, the device can only run in a fast mode.

mode 1: fast mode, CS inactive (high) between transfers, 10-clock transfer

In this mode, CS is inactive (high) between serial I/O-CLOCK transfers, and each transfer is ten clocks long.
The falling edge of CS begins the sequence by removing DATA OUT from the high-impedance state. The rising
edge of CS ends the sequence by returning DATA OUT to the high-impedance state within the specified delay
time. Also, the rising edge of CS disables I/O CLOCK within a setup time plus two falling edges of the internal
system clock.

mode 2: fast mode, CS active (low) continuously, 10-clock transfer

In this mode, CS is active (low) between serial I/0-CLOCK transfers and each transfer is 10 clocks long. After
the initial conversion cycle, CS is held active (low) for subsequent conversions. Within 21 ps after the falling edge
of the 10th I/O CLOCK, the MSB of the previous conversion appears at DATA OUT.

mode 3: fast mode, CS inactive (high) between transfers, 11- to 16-clock transfer

In this mode, CS is inactive (high) between serial I/O-CLOCK transfers and each transfer can be 11 to 16 clocks
long. The falling edge of CS begins the sequence by removing DATA OUT from the high-impedance state. The
rising edge of CS ends the sequence by returning DATA OUT to the high-impedance state within the specified
delay time. Also, the rising edge of CS disables I/O CLOCK within a setup time plus two falling edges of the
internal system clock.

mode 4: fast mode, CS active (low) continuously, 16-clock transfer

In this mode, CS is active (low) between  serial /O-CLOCK transfers and each transfer must be exactly 16 clocks
long. After the initial conversion cycle, CS is held active (low) for subsequent conversions. Within 21 ps after
the falling edge of the tenth /O CLOCK, the MSB of the previous conversion appears at DATA OUT.
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slow modes

In a slow mode, the serial I/O CLOCK data transfer is completed after 21 us from the falling edge of the 10th
I/O CLOCK.

mode 5: slow mode, CS active (high) between transfers, 11- to 16-clock transfer

In this mode, CS is active (high) between serial I/0-CLOCK transfers and each transfer can be 11 to 16 clocks
long. The falling edge of CS begins the sequence by removing DATA OUT from the high-impedance state. The
rising edge of CS ends the sequence by returning DATA OUT to the high-impedance state within the specified
delay time. Also, the rising edge of CS disables /0 CLOCK within a setup time plus two falling edges of the
internal system clock.

mode 6: slow mode, CS active (low) continuously, 16-clock transfer

In this mode, CS is active (low) between 1 serial I/O-CLOCK transfers and each transfer must be exactly 16 clocks
long. After the initial conversion cycle, CS is held active (low) for subsequent conversions. The falling edge of
the 16th 1/0 CLOCK then begins each sequence by removing DATA OUT from the low state, allowing the MSB
of the previous conversion to appear immediately at DATA OUT. The device is then ready for the next 16-clock
transfer initiated by the serial interface.

analog input sampling

Sampling of the analog input starts on the falling edge of the third I/O CLOCK, and sampling continues for seven
I/0 CLOCK periods. The sample is held on the falling edge of the tenth I/O CLOCK.

converter and analog input

The CMOS threshold detector in the successive-approximation conversion system determines each bit by
examining the charge on a series of binary-weighted capacitors (see Figure 1). In the first phase of the
conversion process, the analog input is sampled by closing the Sg switch and all St switches simultaneously.
This action charges all the capacitors to the input voltage.

In the next phase of the conversion process, all St and Sg switches are opened and the threshold detector
begins identifying bits by identifying the charge (voltage) on each capacitor relative to the reference (REF-)
voltage. In the switching sequence, ten capacitors are examined separately until all ten bits are identified and
then the charge-convert sequence is repeated. In the first step of the conversion phase, the threshold detector
looks at the first capacitor (weight = 512). Node 512 of this capacitor is switched to the REF+ voltage, and the
equivalent nodes of all the other capacitors on the ladder are switched to REF-. If the voltage at the summing
node is greater than the trip point of the threshold detector (approximately one-half V), a bit 0 is placed in the
output register and the 512-weight capacitor is switched to REF-. If the voltage at the summing node is less
than the trip point of the threshold detector, a bit 1 is placed in the register and this 512-weight capacitor remains
connected to REF + through the remainder of the successive-approximation process. The process is repeated
for the 256-weight capacitor, the 128-weight capacitor, and so forth down the line until all bits are determined.

With each step of the successive-approximation process, the initial charge is redistributed among the
capacitors. The conversion process relies on charge redistribution to determine the bits from MSB to LSB.
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Figure 1. Simplified Model of the Successive-Approximation System
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chip-select operation

The trailing edge of CS starts all modes of operation, and CS can abort a conversion sequence in any mode.
A high-to-low transition on CS within the specified time during an ongoing cycle aborts the cycle, and the device
returns to the initial state (the contents of the output data register remain at the previous conversion result).
Exercise care to prevent CS from being taken low close to completion of conversion because the output data
may be corrupted.

reference voltage inputs

There are two reference inputs used with the TLV1549: REF+ and REF-. These voltage values establish the
upper and lower limits of the analog input to produce a full-scale and zero reading, respectively. The values of
REF+, REF—, and the analog input should not exceed the positive supply or be lower than GND consistent with
the specified absolute maximum ratings. The digital output is at full scale when the input signal is equal to or
higher than REF+ and at zero when the input signal is equal to or lower than REF-.

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

Supply voltage range, Vo (See@ Note 1) ...vvnriiiiiiini i i ieae e -05Vto6.5V
1070 V)8 o1 Lo - = (e (- AT 10" 1370 1) (PRS- CCu gary  Tpeu o SN G P -0.3VtoVgc+0.3V
O T L S L e S e S s o B b e ok e B -0.3VtoVgc+03V
Positive relerenco volBge Vesr s oo m rr s T T T T T T T e s Veg +0.1V
Nogative.referance.Moltage, Vrgfc - « « vvv viven v e rssmrgrovmrs it red st e e s Ter e s T e TS -01V
o 4L TR G e T T 1) 3 T SRRSO 1% RISV RS SRS s ool Sl +20 mA
PealttolaliBputl CUrrent (AUINDULS). ... . . s inisinsis s o ohsidintas s misisnssn i sk sl sees s e ey et o e +30 mA
Operating frec-air-temperatire range, TA  ....... b Sl oo onainasioes o s s 0°C to 70°C
S T T S e e P s et -65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from the case for 10seconds .........covviivvvuneeeennn. 260°C

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

NOTE 1: All voltage values are with respect to ground with REF— and GND wired together (unless otherwise noted).
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recommended operating conditions

MIN NOM MAX UNIT
Supply voltage, VGG 3 3.3 3.6 Vv
Positive reference voltage, Vef,. (See Note 2) Vce '
Negative reference voltage, Vyef— (see Note 2) 0 Vv
Differential reference voltage, Vref+ — Vref— (see Note 2) 25 Vgc Vec+0.2 Vv
Analog input voltage (see Note 2) 0 \ole] Vv
High-level control input voltage, V|H Vcc=3Vto36V 2 \"
Low-level control input voltage, V|| Vocc=3Vto36V 0.6 Vv
Clock frequency at I/0 CLOCK (see Note 3) 0 2.1 MHz
Setup time, CS low before first /0 CLOCKT, ts,(Cs) (see Note 4) 1.425 us
Hold time, CS low after last I/0 CLOCKL, th(cs) 0 ns
Pulse duration, /O CLOCK high, twH(1/0) 190 ns
Pulse duration, I/O CLOCK low, tw\ (1/0) 190 ns
Transition time, I/0O CLOCK, t(/0) (see Note 5 and Figure 5) 1 us
Transition time, CS, tycs) 10 us
Operating free-air temperature, Ta 0 70 °C

NOTES: 2. Analoginput voitages greater than that applied to REF + convert as all ones (1111111111), while input voltages less than that applied
to REF —convert as all zeros (0000000000). The TLV1549 is functional with reference voltages downto 1V (Vyef 4+ — Vref—); however,
the electrical specifications are no longer applicable.

3. For 11-to 16-bit transfers, after the tenth I/O CLOCK falling edge (< 2 V), at least one I/O CLOCK rising edge (= 2 V) must occur
within 9.5 ps.

4. To minimize errors caused by noise at CS, the internal circuitry waits for a setup time plus two falling edges of the internal system
clock after CS | before responding to the /0 CLOCK. Therefore, no attempt should be made to clock out the data until the minimum
CS setup time has elapsed.

5. This is the time required for the clock input signal to fall from V|min to V| max or to rise from V|| max to Vj4min. In the vicinity of
normal room temperature, the device functions with input clock transition time as slow as 1 ps for remote data-acquisition applications
where the sensor and the A/D converter are placed several feet away from the controlling microprocessor.

electrical characteristics over recommended operating free-air temperature range,
Vee = Vref. =3 V 10 3.6 V, /0 CLOCK frequency = 2.1 MHz (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT
Vee =3V, | =-1.6mA 24
VoH High-level output voltage CC OH Vv
Voc=3V1t036V, Ipy=—-20pA |Vcc-0.1
Vec=3V, loL=1.6mA 0.4
VoL Low-level output voltage cc Ol Vv
Vec=3V1t36V, IoL=20pA 0.1
A Vo =Vce, CSatVgo 10
! Off-state (high-impedance-state) output current —
- g e Vo-0, CSatvee £ ol
IIH High-level input current Vi=Vce 0.005 2.5 pA
L Low-level input current V=0 -0.005 -25 pA
Icc  Operating supply current CSatoV 0.4 25 mA
] Vi=Vce 1
Analog input leakage current Vieo - uA
J= I
IF\:;;(;Tum static analog reference current into Vrets = VGO, Vyef— = GND 10 uA
Analog input | Duri
Ci Input capacitance - I. - o - - pF
Control inputs 5 15

1 All typical values are at Vo = 3.3 V, Tp = 25°C.
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speratlng characteristics over recommended operati
cc = Vref+ =3V 10 3.6 V, /0 CLOCK frequency = 2.1

n'g free-air temperature range,
Hz

PARAMETER TEST CONDITIONS | MIN MAX | UNIT
Linearity error (see Note 6) 1 LSB
Zero error (see Note 7) See Note 2 +1 LSB
Full-scale error (see Note 7) See Note 2 +1 LSB
Total unadjusted error (see Note 8) +1 LSB
teonv Conversion time See timing diagrams 21 us
21
tc Total cycle time (access, sample, and conversion) 2:3 ggggg diagrams E l1. ?)ga -
periods
ty Valid time, DATA OUT remains valid after /O CLOCKL See Figure 5 10 ns
td(/0-DATA) Delay time, I/0 CLOCK! to DATA OUT valid See Figure 5 240 ns
tpzH,tpzL  Enable time, CS. to DATA OUT (MSB driven) See Figure 3 1.3 us
tpHz, tpLz  Disable time, CST to DATA OUT (high impedance) See Figure 3 180 ns
tr(bus) Rise time, data bus See Figure 5 300 ns
t(bus) Fall time, data bus See Figure 5 300 ns
td4(/0-cs)  Delay time, 10th I/O CLOCK/ to S to abort conversion (see Note 10) 9 us
NOTES: 2. Analoginputvoltages greater than that applied to REF + convertas all ones (1111111111), while input voltages less than that applied
to REF- convert as all zeros (0000000000). The device is functional with reference voltages downto 1 V (Vyef + — Vref-); however,
the electrical specifications are no longer applicable.
6. Linearity error is the maximum deviation from the best straight line through the A/D transfer characteristics.
7. Zero error is the difference between 0000000000 and the converted output for zero input voltage; full-scale error is the difference
between 1111111111 and the converted output for full-scale input voltage.
8. Total unadjusted error comprises linearity, zero, and full-scale errors.
9. 1/O CLOCK period = 1/(1/O CLOCK frequency). Sampling begins on the falling edge of the third I/O CLOCK, continues for seven
1/0 CLOCK periods, and ends on the falling edge of the tenth I/O CLOCK (see Figure 5).
10. Any transitions of CS are recognized as valid only if the level is maintained for a minimum of a setup time plus two falling edges of

the internal clock (1.425 ps) after the transition.
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PARAMETER MEASUREMENT INFORMATION

Test Point Vee

RL = 2.18kQ
DATA OUT

cL=100pFI 12kQ

Figure 2. Load Circuit

o 2V
cs 0.6V |

tpZH, tPzL —¢—H %
¥ tpHz tpLZ
| |
24V 90%
DATA OUT
0.4V 10%

Figure 3. DATA OUT to Hi-Z Voltage Waveforms
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Figure 4. CS to I/0 CLOCK Voltage Waveforms
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Figure 5. /0 CLOCK and DATA OUT Voltage Waveforms
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timing diagrams

<] —

(see Note A)
|
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I h————— Sample Cycle B =:
Hi-Z State
DATA
OUT—K” X ae X a7 X as X as X a4 ><A3XA2XA1XA0 (,-.(
Previous Conversion Data ~" Converslon —>|

r MSB LSB | Interval

<21
Initialize (21 ps) Initialize

Figure 6. Timing for 10-Clock Transfer Using CS
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CS . v
(see Note A) 3,
l
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om—yc XXX I TR ¢
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Figure 7. Timing for 10-Clock Transfer Not Using CS
See Note B

cs I
(see Note A)| |

| ” |
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cLocK

| h— Sample Cycle B —ﬂ

8 D XX E m »—(_X

2
¢ MSE Previous Conversion Data T T"‘ Converslon _,|
Interval
Initialize (£218) |nitialize

Figure 8. Timing for 11- to 16-Clock Transfer Using CS (Serial Transfer Completed Within 21 ps)

NOTES: A. To minimize errors caused by noise at CS, the internal circuitry waits for a setup time plus two falling edges of the internal system
clock after CSL before responding to the I/0 CLOCK. Therefore, no attempt should be made to clock out the data until the minimum
CS setup time has elapsed.
B. A low-to-high transition of CS disables I/O CLOCK within a maximum of a setup time plus two falling edges of the internal system
clock.
C. The first I/O CLOCK must occur after the end of the previous conversion.
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timing diagrams (continued)

Must be High on Power Up
cs i
(see Note A) ),
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Figure 9. Timing for 16-Clock Transfer Not Using CS (Serial Transfer Completed Within 21 ps)
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Figure 10. Timing for 11- to 16-Clock Transfer Using CS (Serial Transfer Completed After 21 ps)

Must be High on Power Up
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Figure 11. Timing for 16-Clock Transfer Not Using CS (Serial Transfer Completed After 21 us)

NOTES: A. To minimize errors caused by noise at CS, the internal circuitry waits for a set up time plus two falling edges of the internal system
clock after CS. before responding to the /0 CLOCK. Therefore, no attempt should be made to clock out the data until the minimum
CS setup time has elapsed.
B. A low-to-high transition of CS disables /O CLOCK within a maximum of a setup time plus two falling edges of the internal system
clock. 4
C. The first I/O CLOCK must occur after the end of the previous conversion.

{‘ TEXAS
INSTRUMENTS
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TLV1549C
10-BIT ANALOG-TO-DIGITAL CONVERTER
WITH SERIAL CONTROL

SLAS071A - JANUARY 1993 — REVISED DECEMBER 1993

APPLICATION INFORMATION

111111111 T T 1028
See Notes A and B /‘(
1111111110 \ 1022
1111111101 I v : Y 1021
@ : 7 /] | VFs °
o °
° g ! °
8 A  Vpr=Vgs-1/2LSB
S 1000000001 . : 513
S 7 |
2 o | 512 §
1000000000 t =
3 VzT = Vzs + 1/2 LSB : @
=
B 011111111 P4 e : 511
[=]
. ~ | g
° Vzs //, 7 i :
/] Z |
0000000010 / / v I 2
|
0000000001 J t 1
|
0000000000 -L :
0 20003 0006 ©@® 15315 1.5345 1.5375 YY) 3.066 1o 3.069 3.072
B g
o «

V| - Analog Input Voltage — V

NOTES: A. This curve is based on the assumption that Vyef . and Vyef— have been adjusted so that the voltage at the transition from digital 0
to 1 (VzT) is 0.0015 V and the transition to full scale (VFT) is 3.0675 V. 1 LSB = 3 mV.
B. The full-scale value (VFg) is the step whose nominal midstep value has the highest absolute value. The zero-scale value (Vzg) is
the step whose nominal midstep value equals zero.

Figure 12. Ideal Conversion Characteristics

TLV1549C
2 os Pe
Analog Input —»—] ANALOG IN 7
/0 CLOCK %
P Control
b Circuit
6,
DATA OUT e
3.V DC Regulated ——| REF+
> - REF -
GND
4

To Source g
Ground

Figure 13. Typical Serial Interface

{’? TEXAS
INSTRUMENTS
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General Information

Operational Amplifiers

Comparators

Voltage Regulators

P-Channel MOSFETs

Analog-to-Digital Converters

Line Driver/Receiver

Mechanical Data
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SN75LV4735
3.3-V MULTICHANNEL RS232 LINE DRIVER/RECEIVER

SLLS135D — FEBRUARY 1992 — REVISED FEBRUARY 1994

® Meets ANSI/EIA-232-D-1986 Specifications DB PACKAGE
(Revislon of EIA Standard RS-232-C) (FORNEw)
® Operates With Single 3.3-V Power Supply Vooll 1 sl ca+
® LinBICMOS™ Process Technology C2+l]2 ~ 27[]GND
Veell 3 26[] C3-
® Three Drivers and Five Receivers c2-[1 4 25[] Vs
® +30-V Input Levels (Receiver) ' GND{j 24J C1-
Ci+|] 6 23| STBY
® ESD Protection on RS-232 Lines Exceeds DIN1{} 7 22]] DOUT1
6 kV Per MIL-STD-883C, Method 3015 DIN2[} 8. 21[] DOUT2
e Applications DIN3|] fg ] DOUT3
EIA-232 Interface ROUT14 e : -
Battery-Powered Systems ROUT2( RiN2
Notebook PC ROUT3]] 17]] RIN3
Computers ROUTA4/(] 16{] RIN4
Terminals ROUT5 15 I RIN5S
Modems
® Voltage Converter Operates With L.ow
Capacitance . . . 0.47 pF Min
description
The SN75LV4735t is a low-power 3.3-V multichannel RS232 line driver/receiver. It includes three independent
RS232 drivers and five independent RS232 receivers. It is designed to operate off a single 3.3-V supply and
has an internal switched-capacitor voltage converter to generate the RS232 output levels. The SN75LV4735
provides a single integrated circuit and single 3.3-V supply interface between the asynchronous
communications element (ACE or UART) and the serial-port connector of the data terminal equipment (DTE).
This device has been designed to conform to standard ANSI/EIA-232-D-1986.
The switched-capacitor voltage converter of the SN75LV4735 uses five small external capacitors to generate
the positive and negative voltages required by EIA-232 line drivers from a single 3.3-V input. The drivers feature
output slew-rate limiting to eliminate the need for external filter capacitors. The receivers can accept +30 V
without damage.
The device also features a reduced power or standby mode that cuts the quiescent power to the integrated
circuits when not transmitting data between the CPU and peripheral equipment. The STBY input is driven high
for standby (reduced power) mode and driven low for normal operating mode. When in the standby mode, all
driver outputs (DOUT1-3) and receiver outputs (ROUT1-5) are in the high-impedance state. If the standby
feature is not used in an application, STBY should be tied to GND.
The SN75LV4735 has been designed using LinBiCMOS™ technology and cells contained in the Texas
Instruments LinASIC™ library. The SN75LV4735 is characterized for operation from 0°C to 70°C.
t Patent-pending design

LinBiCMOS and LinASIC are trademarks of Texas Instruments Incorporated.

PRODUCTION DATA Information Is curent as of Copyright © 1994, Texas Instruments Incorporated
Products conform to specifications per the

standard warranty, g

testing of all parameters. I

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 7-3



SN75LV4735
3.3-V MULTICHANNEL RS232 LINE DRIVER/RECEIVER

-SLLS135D — FEBRUARY 1992 — REVISED FEBRUARY 1994

logic symbolt

Vee

s %
sT8Y 22| (pwR DOWN]
C1+%)(— Ci+ 95V —)(—1
C1- 1l Gk
c2e 25 c2e v |2
c2- 2 5 Cc2-
C3+ —28+ C3+
c3- 2850 4heqL
RINT —2 ” T o G
RIN2 —18 T NS
RING 17 T b
RINg 18 T -
RINS —> T 1t
DIN1 e > —>—22
DIN2 —& N > Jig et
DIN3 —2 > Jeg el

>|( 5,27

GND

logic diagram (positive logic)

Vbp

Vss

ROUT1
ROUT2
ROUT3
ROUT4
ROUTS
DOUT1
DOUT2
DOUT3

T This symbol is in accordance with ANSI/IEEE Std. 91-1984 and
|IEC Publication 617-12.

RINT 12 10 Rourt
1
RNz 18 ROUT2
RING 7 2 Routs
RN 18 13 Routs
1
RINs 25 14 Rrouts
DIN1 LDO—” pouT1
piN2 -2 2 pourz
DIN3 —2 2 bouts
Vpp, Vss
1| 28l
Vcc—:i- Switched-
Capacitor
s-rayﬁ Circuit

7-4

IN

‘ltx.t\s¢
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SN75LV4735

3.3-V MULTICHANNEL RS232 LINE DRIVER/RECEIVER

SLLS135D ~ FEBRUARY 1992 — REVISED FEBRUARY 1994

schematics of inputs and outputs

EQUIVALENT OF STBY INPUT EQUIVALENT OF RECEIVER INPUT
Vee
? el 8, 515"
Input = forv
REC IN
Vss —— GND GND
EQUIVALENT OF DRIVER INPUT TYPICAL OF ALL DRIVER OUTPUTS | TYPICAL OF ALL RECEIVER OUTPUTS

——~NEe == VpD ——;I——— Vece

Input —_— _| — RECOUT
DOUT
300Q
Vss ——— GND j — — GND
—= Ng§

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

Supply voltage, Voo
Positive output supply voltage, Vpp (see Note 1)
Negative output supply voltage, Vgsg
Input voltage range,V|: DIN1-DINS3, STBY
RIN1-RIN5
Output voltage range,Vo: DOUT1-DOUT3
ROUT1-ROUT5
Continuous total power dissipation
Operating free-air temperature range, Tp
Storage temperature range
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds

............................................. -03to7V

-30Vto30V

Vgg—-0.3VtoVpp +0.3V
........................................... -03Vto7V
See Dissipation Rating Table
.............................................. 0°C to 70°C
—-65°C to 150°C
............................... 260°C

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

NOTE 1: All voltages are with respect to network GND.

DISSIPATION RATING TABLE

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

PACKAGE TA <25°C DERATING FACTOR TA =70°C
POWER RATING ABOVE Tp = 25°C POWER RATING
DB 668 mW 53 mW/°C 430 mW
TEXAS '@
INSTRUMENTS

76



SN75LV4735
3.3-V MULTICHANNEL RS232 LINE DRIVER/RECEIVER

SLLS135D — FEBRUARY 1992 — REVISED FEBRUARY 1994
T T T N ] P T S S —

recommended operating conditions

MIN NOM MAX | UNIT

Supply voltage, Voo 3 33 36 Vv
Positive output supply voltage, Vpp 8 10 \'
Negative output supply voltage, Vgs -7 -8 v
Input voltage, V| (see Note 2) RIN1-5 +30 Vv
High-level input voltage, V|4 DIN1-3, STBY 2 v
Low-level input voltage, V|| 0.8

External capacitor 0.47 1 wF
Operating free-air temperature, Tp 0 70 °C

NOTE 2: The algebraic convention, where the more positive (less negative) limit is designated as maximum, is used in this data sheet for logic
levels only, e.g., if —10 V is a maximum, the typical value is a more negative voltage.

supply currents

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
i No load, STBY at0 V,
lec Supply_ current from Vo (normal operating mode) All other inputs open 85 20| mA
No load, STBY atVge,

lcc Supply current (standby mode) All other inputs open 10 pA

TExAs ”
INSTRUMENTS
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SN75LV4735
3.3-V MULTICHANNEL RS232 LINE DRIVER/RECEIVER

SLLS135D — FEBRUARY 1992 — REVISED FEBRUARY 1994

DRIVER SECTION

electrical characteristics over operating free-air temperature range, Vgg = 3.3 V £0.3 V (unless
otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPT MAX| UNIT
VOH High-level output voltage RL =3 kQ 5.5 T Vv
VoL Low-level output voltage (see Note 2) RL=3kQ -5 -55 Vv
IiH High-level input current ViatVge 1 pA
) STBY V| at GND -1 pA
L Low-level input current :

Other inputs | V| at GND -10| pA
log(H) High-level short-circuit output current (see Note 3) Vcc=38V, ' Vo=0 -10  -20| mA
los(L) Low-level short-circuit output current (see Note 3) Vcc=36V, Vo=0 10 20| mA

. Vcc=Vpp=Vss =0,
fo Output resistance Vo=-2V1t02V, SeeNote4 300 Q

NOTES: 2. Thealgebraic convention, where the more positive (less negative) limit is designated as maximum, is used in this data sheet for logic

levels only.

3. Not more than one output should be shorted at one time.

4. Test conditions are those specified by EIA-232-D.

switching characteristics, Vgg = 3.3 V £0.3 V, T = 0°C to 70°C

PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT
tPLH Propagation delay time, low-to-high-level output RL=3kQto GND, C| =50pF, 200 400 600 ns
tPHL Propagation delay time, high-to-low-level output See Figure 2 100 200 350 ns
tpzL Output enable time to low level (see Note 5) 3 i g ms
tpzH Output enable time to high level (see Note 5) RL=3kQtoGND, C| =50pF, 1 5 ms
tPHZ Output disable time from high level (see Note 5) See Figure 3 1 3 us
tpLz Output disable time from low level (see Note 5) 0.5 3 us

RL=3kQto7kQ, C =50pF,
SR Output slew rate (see Note 6) See Figure 2 ! 3 30| Vips
o . RL=3kQto GND, C| =2500 pF,
SR(tr)  Transition region slew rate See Figure 4 3 Vlus

T Al typical values are at VoG = 3.3 V, Ta = 25°C.
NOTES: 5. Output enable occurs when STBY is driven low. Output disable occurs when STBY is driven high.
6. Measured between 3-V and —3-V points of output waveform (EIA-232-D conditions); all unused inputs are tied either high or low.

TEXAS"?

INSTRUMENTS
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SN75LV4735
3.3-V MULTICHANNEL RS232 LINE DRIVER/RECEIVER

SLLS135D — FEBRUARY 1992 — REVISED FEBRUARY 1994

RECEIVER SECTION

electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPT MAX| UNIT
ViT+ Positive-going input threshold voltage 22 2.6 V'
ViT- Negative-going input threshold voltage 0.6 1 Vv
Vhys Input hysteresis (V|T+ - V|T-) 0.5 1.2 1.8 \
VOH High-level output voltage IoH =—2 mA, See Note 7 2.4 26 Vv
VoL Low-level output voltage loL=2mA 0.2 0.4 \
T Input resistance Vi=+3Vto+25V 3 5 7 kQ

NOTE 7: |f the inputs are left unconnected, the receiver interprets this as an input low, and the receiver outputs remains in the high state.

switching characteristics over recommended ranges of supply voltage and operating free-air
temperature, C|_ = 50 pF

PARAMETER TEST CONDITIONS MIN TYPT MAX| UNIT

t Propagation delay time, low-to-high-level output 45 80 130 ns
. = - 4 - - g up RL =3kQto GND, See Figure 5
tPHL Propagation delay time, high-to-low-level output 70 100 170 ns
tpzL Output enable time to low level (see Note 5) 160 250 ns
! Output enable time to high level (see Note 5! 4 10

Paxl - - . g - g ) R =3 kQto GND, See Figure 6 =
tPHZ Output disable time from high level (see Note 5) 300 500 ns
tpLz Output disable time from low level (see Note 5) 140 200 ns

1 All typical values are at Vg = 3.3 V, Ta = 25°C.
NOTE 5: Output enable occurs when STBY is driven low. Output disable occurs when STBY input is driven high.

TEXAS »
INSTRUMENTS
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SN75LV4735
3.3-V MULTICHANNEL RS232 LINE DRIVER/RECEIVER

SLLS135D — FEBRUARY 1992 — REVISED FEBRUARY 1994

APPLICATION INFORMATION

c1
+ | =
11
Yvop cas |- 22
+
et EF
= 2} c2. ano |2 T= o 1
tJ.. 3|y 26 =
c2 cC C3-
L c2 %5 -
i Vss 1
5 24
J_—— GND Ci-
= 6 23 Mode-
Cls+ STBY Control
Vee Logic
22
DIN1 (TTL In) DOUT1 (EIA-232 Out)
Vee
8 21
DIN2 (TTL In) v DOUT2 (EIA-232 Out)
Vee
20
DIN3 (TTL In) —— DOUT3 (EIA-232 Out)
10 19
ROUT1 (TTL Out) —— RIN1 (EIA-232 In)
= 18
ROUT2 (TTL Out) o< g RIN2 (EIA-232 In)
12 i 17
ROUTS (TTL Out) o< % RIN3 (EIA-232 In)
13 b 16
ROUT4 (TTL Out) % RIN4 (EIA-232 In)
5 15
ROUTS (TTL Out) L RIN5 (EIA-232 In)

Figure 1. Typical Operating Circuit

INSTRUMENTS
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SN75LV4735
3.3-V MULTICHANNEL RS232 LINE DRIVER/RECEIVER

SLLS135D — FEBRUARY 1992 — REVISED FEBRUARY 1994
e

PARAMETER MEASUREMENT INFORMATION

—————— 3V
Waut 50% 50%
Output :4_ Sus —PI ov
Generator (EIA-232) '-PHL"I‘" [ toLy
(see Note A) iy || | e
RL Cy =50 pF ttHL ¥ & & T
(see Note B) | | . Viou
oV s M
= = - 10% _1 0_9’0_ | VOL
TEST CIRCUIT VOLTAGE WAVEFORMS
SR= 0.8 (VoH - VoL) 0.8 (VoL - VoH)
tTLH o tTHL
Figure 2. Driver Test Circuit and Voltage Waveforms, Slew Rate at 5-us Input
————— 3V
Input 15V 15V
o I I ov
3Vorov Miput | n
1A-232 t
% . tPHZ —JI PN e
. epdsopE - . 4 €38 L . - g 18| BT
L p L -
(see Note B) Output | aV | —
Generator | T _ﬁ
(see Note A) = | |
5V
tpLz—P| IH— tpzL ¥ |‘— n
= Output -5V e -
—————————— E— V,
TEST CIRCUIT 1 oL
VOLTAGE WAVEFORMS
Figure 3. Driver Test Circuit and Voltage Waveforms
l —————— 3 V
Output (o I 15V 15V ' N
Generator (EIA-232)
(see Note A) 50Q de Sadakiih j[— 20 us —p|
R L= p —,l e il
L I (see Note B) tTHL L | ¢ tTLH
ov |
| | VOH
= = Output 3V | 3V
-3V £ i I
TEST CIRCUIT
VOLTAGE WAVEFORMS
6V
e
tTHL or tTLH

Figure 4. Driver Test Circuit and Voltage Waveforms, Slew Rate at 20-ps Input

NOTES: A. The pulse generator has the following characteristics: 50% duty cycle, tr < 10 ns, tf = 10 ns.
B. C includes probe and jig capacitance.

Tixas WP
IN
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SN75LV4735
3.3-V MULTICHANNEL RS232 LINE DRIVER/RECEIVER

SLLS135D — FEBRUARY 1992 — REVISED FEBRUARY 1994

PARAMETER MEASUREMENT INFORMATION

—————— 3v
g 50% 50%
| | ov
Output [{¢—— 500 ns —p|
Generator | | |
(see Note A) s AL CL =50 pF tPHL—e—>| |<—>J|- tPLH
(see Note B) | | VoH
ov Output 1.5V 15V
= = ———— VoL
TEST CIRCUIT VOLTAGE WAVEFORMS

Figure 5. Receiver Test Circuit and Voltage Waveforms

_____ 3V
l¢—— 255 —p) ov

Vee
L é | 25 s |
A s1 tpHz —» le— —»| le¢— tpzH
S1atGND | | || statanD
CL=50pF | GND | | Vo
Note B,
I (see Note B) Output __} | F 1.5v
Generator = = i !
(see Note A) o e I
0.3V I S1atVee
Output — -_— I 15V
1 [ VoL
t
TEST CIRCUIT B
S1atVee
VOLTAGE WAVEFORMS

Figure 6. Receiver Test Circuit and Voltage Waveforms Enable and Disable Times

NOTES: A. The pulse generator has the following characteristics: PRR = 1 MHz, 50% duty cycle, ty < 10 ns, tf = 10 ns.
B. CL includes probe and jig capacitance.

Tixas WO
INSTRUMENTS
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General Information

Operational Amplifiers

Comparators

Voltage Regulators

P-Channel MOSFETs

Analog-to-Digital Converters

Line Driver/Receiver

Mechanical Data
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MECHANICAL DATA

MARCH 1994

Electrical characteristics presented in this data book, unless otherwise noted, apply for the circuit type(s) listed in the
page heading regardless of package. The availability of a circuit function in a particular package is denoted by an
alphabetical reference above the pin-connection diagram(s). These alphabetical references refer to mechanical

outline drawings shown in this section.

Factory orders for circuits described in this data book should include a four-part type number as shown in the following

SN 75189 N -00

example.

Example:
Prefix
MUST CONTAIN TWO, THREE, OR FOUR LETTERS
o 1 R s S Tl Special Functions or Interface Products
I - o Rt chs seaies R tarts b ssien s 6 Tl Linear Products
STANDARD SECOND-SOURCE PREFIXES
T R R e Advanced Micro Devices
BRPOrDS iciirans SRS PR (¥ National
] e e e S, . IO Linear Technology
BARXE o v s e Maxim Integrated Products
oG RS SRS L Ty )| P SN Motorola
S e e ARy - s Signetics
7 SRR S T e A Fairchild/National

Unique Circuit Description

MUST CONTAIN THREE TO EIGHT CHARACTERS
(From Individual Data Sheets) .

Examples: 232 75160B
3695 75C1154
TS 75ALS180
Package

MUST CONTAIN ONE OR TWO LETTERS

D, DW, FK, J, KC, N, P, PW
(From Pin-Connection Diagrams on Individual Data Sheet)

Instructions (Dash No.)

MUST CONTAIN TWO NUMBERS

-00 No special instructions
-10 Solder-dipped leads (N, package only)

Circuits are shipped in one of the carriers below. Unless a specific method of shipment is specified by the customer
(with possible additional costs), circuits will be shipped via the most practical carrier.

Dual-In-Line (D, DW, J, N, P, PW)

- Slide Magazines - Anti-Static Plastic Tubing
— A-Channel Plastic Tubing - Flat
- Sectioned Cardboard Box — Wells Carrier

- Individual Cardboard Box

{l’TEXAS

INSTRUMENTS
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MECHANICAL DATA

MARCH 1994
D/R-PDSO-G** PLASTIC NARROW-BODY SMALL-OUTLINE PACKAGE
16-PIN SHOWN
A
HHHHHAHAA DIM
0.244 (6,20) 0.197 | 0.344
0.228 (5,80) T A MAX 5,00 | (8,75)
0.157 (4,00)
0.150 (3,81 0.189 | 0.337
s A MIN @480) | (855)
1 8
0.000.(1,75) Seating Plane —> 2088 0.50) x 45°
0.053 (1,35) [=[00040:10)] "_ 0.010 (0,25)
7y
minliElninininli g’ L_l
0.010 (0,25) ﬁo.m (0,23)
0.004 (0,10) 0.020 (0,508) 0°-8° m 0.044 (1,12)
0.014 (0,356) 0.016 (0,40)
0.050 (1,27) TYP
(see Note C)
4040047/A-10/93

NOTES: All linear dimensions are in inches (millimeters).

This drawing is subject to change without notice.

Leads are within 0.005 (0,127) radius of true position at maximum material condition.
Body dimensions do not include mold flash or protrusion.

Mold protrusion shall not exceed 0.006 (0,15).

moowm>»

%3
INSTRUMENTS
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MECHANICAL DATA

MARCH 1994
DW/R-PDSO-G** PLASTIC WIDE-BODY SMALL-OUTLINE PACKAGE
20-PIN SHOWN
A
20 1 '
i PINS*™| .
ARAAAAAAAA [l » :
0.419 (10,65) A MIN 0.500
0.400 (10,15) (12,70) :
0.510
0.299 (7,59) A MAX
0.293 (7,45) o | (12,95)

QHHHHHHHHE

0.364 (9,24)
0.104 (2,65) Seating Plane 0.338 (8,58)
0.093 (2,35) : 0.004 (0,10)
A /

mlmmmmmunﬁr B\ |

0.012 (0,30) ﬁoma (0,30)
0.004 (0,10) 0.020 (0,51) 0°-8° 0.009 (0,23) 0.050 (1,27)
0.016 (0,40)

0.014 (0,35)

0.050 (1,27)
(see Note C)

4040000/A-10/93

NOTES: A. Alllinear dimensions are in inches (millimeters).

B. This drawing is subject to change without notice.

C. Leads are within 0.005 (0,127) radius of true position at maximum material condition.
D

. Body dimensions do not include mold flash or protrusion not exceed 0.006 (0,15).

i
INSTRUMENTS
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MECHANICAL DATA

MARCH 1994

FK/S-CQCC-N** LEADLESS CERAMIC CHIP CARRIER PACKAGE
28-TERMINAL PACKAGE SHOWN

18 47 16 16 14 13 12 JEDEC NUMBERS A B
OUTLINE OF **
DESIGNATION| TERMINALS| MIN | MAX | MIN | MAX

0.342 | 0.358 | 0.060 | 0.100
(8,69) | (9,09) | (1,52) | (2,54)

MS004CB 20

0.020 (0,51)
0.010 (0,25)

¥ 0.020(051)

0.010 (0,25)

0.055 (1,40)

. 0.045 (1,14)

| 0.035 (0,89)
¥ N 52 & 1

0.028 (0,71) i l 0.045 (1,14)
0.022 (0,54) "l I“ oMU |"’ 0.035 (0,89)

NOTES: A. All linear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.
C. This package can be hermetically sealed with a metal lid.
D. The terminals will be gold plated.

3

4040140/A-10/93

{’P TEXAS
INSTRUMENTS
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MECHANICAL DATA

MARCH 1994

J/R-GDIP-T**
14-PIN SHOWN

CERAMIC DUAL-IN-LINE PACKAGE

(9]

0.065 (1,65)
0.045 (1,14)

— o e 0:100(2,54)

0.070 (1,78) 0.020 (0,51) MIN

-

‘T’

0.200 (5,08) MAX

v

Seating Plane

0.310
(7,87)
0.290
(7,37)

0.975
(24,77)

0.930
(23,62)

| 0.300
(7,62)
0.245
(6,22)

- Lo.m.s.mjL

-

et W

0.130 (3,30) MIN

0.023 (0,58)
0.015 (0,38)
(see Note C & D)

\‘/ 0°-15°

0.015 (0,38)
0.008 (0,20)
4040083/A-10/93

NOTES: A. All linear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.
C. This package can be hermetically sealed with a ceramic lid using glass frit.
D. Index point is provided on cap for terminal identification only on press ceramic glass frit seal only.
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MECHANICAL DATA

MARCH 1994
KC/R-PSFM-T3 PLASTIC FLANGE-MOUNT PACKAGE
| 0.420 (10,67) _ 0.120(3,05) 0.185(4,70) |
0.150.6,99) DIA\‘ 0.380 (9,65) » 0.100 (2,54) 0.175 (4,46)
0.146 (3,71) ¢ 0.052 (1,32)
\ (see Note H) "I 0.048 (1,22)
0 . N
Fe N T B
0.270 (6,86)
0.230 (5,84) T o
(see Note H) .
0.625 (15,88) Q
0.560 (14,22) NS ase kol F)
&
3
0.125 (3,18)
(see Note C) 0.250 (6,35)
MAX
£ S ¢
0.562 (14,27)
0.500 (12,70)
0.035 (0,89) 0.070 (1,78) | | 0.422(3,10)
0020074 | | ™| * Soas (19 0.102 (2,59)
0025 (004
o - [a00 54 | e
[0z @08
4040207/A-10/93

NOTES: A. Alllinear dimensions are in inches (millimeters).

B. This drawing is subject to change without notice.

C. Lead dimensions are not controlled within this area.

D. All lead dimensions apply before solder dip.

E. The center lead is in electrical contact with the mounting tab.
F. Chamfer optional
G. Falls within JEDEC TO-220AB
H

. Tab contour optional within these dimensions
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MECHANICAL DATA

MARCH 1994
N/R-PDIP-T** PLASTIC DUAL-IN-LINE PACKAGE
16-PIN SHOWN
A
16 9 -
R AT A A DIM""S - %5
0.260 (6,60) 0.775 0.975
D 0.240 (6,10) A MAX 1 (19,69) @4.77)
s 0.745 0.940
R S o N A (18,92) (23,88)
1 8

4.. L~ 0.070 (1,778) MAX
= r’ 0.035 (0,89) MAX 0.020 (0,51) MIN %(%l
|
[ W“L T f )
e

0.200 (5,08) MAX

¢ Seating Plane
Sy~ &
‘D‘ L— 0.100 (2,54) TYP 0.125 (3,18) MIN < \ 0°-15°

(see Note C)

) 0.014 (0,356) 0.014 (0,356)
0.010 (0,254) 0.010 (0,254)

4040049/A-10/93

NOTES: A. Alllinear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.
C. Each lead centerline is located within 0.010 (0,254) of its true longitudinal position.
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MECHANICAL DATA

MARCH 1994

P/R-PDIP-T8 PLASTIC DUAL-IN-LINE PACKAGE

l¢— 0.400 (10,20) —|
MAX

8 5
e ] |

0.260 (6,60)
0.240 (6,10)
©)
e spe T
1
—J 0.070 (1,78) MAX
0.310 (7,87)
0. ozo'(o 51) MIN 0.290 (7,37)
f

0.200 (5,08) MAX
’% ¢ Seating Plane
it TN

0.125 (3,18) MIN
0.100 (2,54) TYP 0735

0.021 (0,53) ) 0.014 (0,36)
¥ [ %.015 (0,38) 0.008 (0,20)

4040082/A-10/93

NOTES: A. Alllinear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.
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MECHANICAL DATA

MARCH 1994
PW/R-PDSO-G** PLASTIC THIN SHRINK SMALL-OUTLINE PACKAGE
8-PIN SHOWN
— A —p
PINS*
8 5 8 14 16 20
T 'HHAH s
A MAX 33 | 530 | 53 | 680
870
810 470 A MIN 290 | 49 | 490 | 640
4,30
it 4
1,20 MAX
Seating Plane
I8 - aiwinie SR TAE WSS
0,05 ‘vtbl L— g’—?"; 0°-10° 9% J L 0,70
; 5 0,40
0,65 TYP
4040064/A—10/93

NOTES: A. Alllinear dimensions are in millimeters.

This drawing is subject to change without notice.

Leads are within 0,127 radius of true position at maximum material condition.
Body dimensions do not include mold flash or protrusion, not to exceed 0,15.
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