Q‘ TEXAS

{5’ INSTRUMENTS
Linear Circuits
3-V Family

Data Book

S
)
o
S)
Q
Y

Ajjweq A-g

SHN2JIY) Jeaury

1994 1994 Linear Products



General Information

Operational Amplifiers

Comparators

Voltage Regulators

P-Channel MOSFETs

Analog-to-Digital Converters

Line Driver/Receiver

Mechanical Data







A\,

Linear Circuits
Data Book

3-V Family

“{’ TeExAS
INSTRUMENTS

Printed on recycled paper.



IMPORTANT NOTICE

Texas Instruments (T1) 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 Tl’s standard warranty. Testing and other quality control techniques are
utilized to the extent Tl deems necessary to support this warranty. Specific testing of all parameters of each
device is not necessarily performed, except those mandated by government requirements.

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

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

Inclusion of Tl products in such applications is understood to be fully at the risk of the customer. Use of Ti
products in such applications requires the written approval of an appropriate T 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 T1 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 T Field Sales Office, local authorized T 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.
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SELECTION GUIDE

operational amplifiers

Vee Vio | lcc | iB |CMRR Vn S/R | GBW
DEVICE v) (mV) | (uA) | (pA) | @B) |(nViHz) | (Vius) | (kHZ) DESCRIPTION
MIN MAX | MAX | MAX | TYP TYP TYP TYP TYP
TLV2262 2.7 8 25| 250 1 75 12 0.55 800 | Dual, low noise, micropower, rail-to-rail
TLV2262A 2.7 81 095 250 1 77 12 0.55 800 | Dual, precision, low noise, micropower, rail-to-rail
TLV2264 27 8 25| 250 1 75 12 0.55 800 | Quad, low noise, micropower, rail-to-rail
TLV2264A 2.7 8| 095| 250 1 77 12 0.55 800 | Dual, precision, low noise, micropower, rail-to-rail
TLV2322 2 8 9 17 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 91 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 25 241 790 | Quad, high speed
TLV2341 2 8 8| 1500 0.6 78 25 21 790 | Single, programmable power (high bias)
TLV2341 2 8 81 250 0.6 92 32 0.38 300 | Single, programmable power (medium bias)
TLV2341 2 8 8 17 0.6 88 68 0.02 27 | Single, programmable power (low bias)
TLV2362 +1 125 6 | 2250 { 2000 75 9 2.5 | 6000 | Dual, low noise, high-speed
comparators
Vee Vio [lcc | B | loL | tpd
DEVICE (V) (mV) | (bA) | (0A) | (mA) | (ns) DESCRIPTION
MIN MAX | MAX | MAX | TYP MIN | TYP
TLV1393 5 125 40 0.5 650 | Dual, low power
TLV2352 2 8 5| 125]0.005 6 640 | Dual, general purpose
TLV2254 2 8 51 250 |0.005 6 640 | Quad, general purpose
TLV2393 2 7 5| 300 100 4 450 | Dual, high speed
voltage regulators
Yo | lo | o |\Voirace TOLERANCE
DEVICE V) | mA) 1 mA) | ") %) DESCRIPTION
TYP | MAX | TYP MAX
TLV2217-33 3.3 500 500 1 Fixed 3.3 V, low dropout
p-channel MOSFETs
vV 'DS(on) 'DS(on) DS(on) |
pevice | O | Ves 5710V | Mas=-45W | Wes=-2TV) @ 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
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SELECTION GUIDE

data acquisition and conversion

ADDRESS | ANALOG CONVERSION
DEVICE | ANDDATA | SIGNAL REs(g::r‘g'o" sPEep | TOTAL DESCRIPTION
/0 FORMAT INPUTS (us)
TLV1543 Serial 11 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 /10 PER PACKAGE DESCRIPTION
SN75LV4735 | EIA Standard RS-232-D | Single ended 3/5 Multichannel RS232 line driver/receiver
1-6
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TLV2262, TLV2262A, TLV2262Y
ADVANCED LinCMOS™ RAIL-TO-RAIL
DUAL OPERATIONAL AMPLIFIERS

SLOS129B - AUGUST 1993 — REVISED FEBRUARY 1994

available features

® Output Swing Includes Both Supply Rails ¢ Common-Mode Input Voltage Range

® Low Nolse ... 12 nV/VHz Typ at f = 1 kHz Includes Negative Rail

® Low Input Bias Current. .. 1 pA Typ ® Low Input Offset Voltage

e Fully Specified for Both Single-Supply and 950 uV Max at Tp = 25°C
Split-Supply Operation A Wizd; 3‘:2':;“\'/%"393 Range

® Low Power. .. 500 pA Max
® 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
common-mode input voltage range is wider than
typical standard CMOS-type amplifiers. To take 0
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 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 260 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

Ta =25°C

1.5

TA =—40°C

==

0.5

VoH — High-Level Output Voltage -V

p—

0 200 400 600 800
| ioH | —High-Level Output Current — nA

AVAILABLE OPTIONS
PACKAGED DEVICES CHIP EORM
T Viomax | SMALL OUTLINE | PLASTIC DIP TSSOP ™
A AT 25°C ®) @ (PW)
400 o 950 pVv TLV2262AID TLV2262AIP TLV2262AIPWLE
40°C1o85°C | 5 5 my TLV2262ID TLV2262IP — TLvaz62y

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 I8 current as of publication date. Copyright © 1994, Texas Instruments Incorporated
Standird wananty. roducion rociaeing does not ecessary noude i
testing of all parameters. TEXAS
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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)
10UT ] 1 8|l Vop+ 10UT 10 8 F3 Vpo.,
iN-fJ2  7[j20uT 1IN- £ 2 73 2007
1IN+ ] 3 6l 2IN- 1IN+ E 3 6 T 2IN-
Vpp-/GND [] 4 5[] 2IN+ Vpp -/GND 4 5T 2IN+

24
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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.

Feveratatabotvtoronaboramaran o borvananona borvrononcboronanona bor i o

BONDING PAD ASSIGNMENTS

< 56 <
I 1

PUP R e

VDD +
@)
1IN+ 9 + )
) 10UT
1IN- —1 -
m + ﬂ 2N+
20UT
- .ﬂ 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.

{if TEXAS
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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
%:

COMPONENT COUNTT

Transistors

Diodes
ESD, bias, and trim circuitry

Capacitors

1 Includes both amplifiers and all

Resistors

‘t’f TEXAS
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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 voltage, Vpp (SEENOte 1) ..o iei i e e et it it 8V
Differential input voltage, Vip (SEE NOte 2) ... ..ottt e +Vpp
Input voltage range, V| (any input,see Note 1) ..ot -0.3VtoVpp
Input current, lj (€ACh INPUL) . ..o oet it e +5 mA
OUtPUL CUITENE, 10+ vt e i et e +50 mA
Total CUITENt N0 VDD 4+« v vt vttt ittt e et +50 mA
Total current OUt Of VDD .o e +50 mA
Duration of short-circuit current (at or below) 25°C (see Note 3) .......coovviiiiiiiinnnnnnn.. unlimited
Continuous total dissipation .......... ...ttt e See Dissipation Rating Table
Operating free-air temperature range, TA < .vvvvntvierne i e aeanenneanens -40°C to 85°C
Storage temperature range . ..........oiueritinte it e e -65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10seconds ..........ccoviiiiiiienennn... 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 Tp <25°C DERATING FACTOR Ta = 85°C
POWER RATING  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 + (see Note 1) 2.7 8 \'
Input voltage range, V| Vpp- VpD+-1.3 \
Common-mode input voltage, Vic Vpp- Vpp+-—1.3 v
Operating free-air temperature, Tp -40 85 °C
NOTE 1: All voltage values, except differential voltages, are with respect to Vpp —.
%3
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 = 3 V (unless otherwise noted)

PARAMETER TEST CONDITIONS Tat TLvaae2 TLV2252 UNIT
A MIN TYP MAX]| MIN TYP MAX
25°C 300 2500 300 950
\ Input offset voltage \
10 P vorag Full range 3000 1500 "
Temperature coefficient 25°C o
VIO of input offset voltage to 85°C 2 2 wIrG
Input offset voltage
long-term drit VD& =218V, ¥IG=0, 25°C. 0.003 0.003 uV/mo
(see Note 4) 0="5 S =
25°C 0.5 . 05
| Input offset current A
1o P Full range 150 150 P
25°C 1 1
| Input bias current A
B P Full range 150 wo| P
0 -03 0 -03
25°C to to to to
Common-mode input _ 2 22 2 22
VICR voltage range Rg =509, NViol <5mV 5 5 '
Full range to to
1.7 1.7
1OH = —20 pA 25°C 2.99 2.99
25°C 2.85 2.85
High-level output 10H =-100 pA
VOH Vo?tag Sveloup Fal ragge 2.82: 2.8225; v
25° 2. R
I0H = -200
OH wA Fullrange | 2.65 2.65
Vic=15V, 1oL = 50 pA 25°C 10 10
25°C 100 100
- Vic=15YV, loL = 500
VoL tg;:«a ;e;/el output Ic oL A MEaTrange 150 150 | mv
25°C 200 200
Vic=15V, loL= 1mA
Ic oL Full range 300 300
L ignal differential | V 1.5V, RL =50 kQ¥ 25°C 60 100 g0 100
arge-signal differential |Vic=1.5V, L=
AVD  \oltage amplification | VG =1V 102V Fullrange | 30 30 Vimy
RL =1 MQ#F 25°C 100 100
X Differential input o 12 12
fid resistance 25°C 10 10 Q
Common-mode
) o 12 12
fi input resistance 25°C 10 10 Q
. Common-mode o
[ input capacitance f=10kHz, P package 25°C 8 8 pF
Closed-loop o
2o 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 a8
rejection ratio Vo=15V, Rs=50Q  [Fullrange | 60 60
Supply voltage - 25°C 80 95 80 100
ksVR  rejection ratio xg%;dZJ Vio 8\\//' —Vhn/2 dB
(AVDD /AV|0) g IC=VDD/2 |Fulirange.| 80 80
25°C 400 500 400 500
[ Supply current Vo=15YV, No load
bD id ° Full range 500 s0] M

T 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.

*’? TEXAS
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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
N 25°C | 0.35 0.55 0.35 0.55
SR Slewrateatunity |Vo=1.1Vto1.9YV, Vius
gain RL =50 kQt, CL=100pFF | Full | o4 03
range
Equivalentinput | f=10Hz 25°C 43 43
Vv .
n noise voltage f=1kHz 25°C 12 Py nVAHz
Peak-to-peak f=0.1Hzto1Hz 25°C 06 0.6
VN(PP)  equivalentinput uv
noise voltage f=0.1 Hzto 10 Hz 25°C 1 1
In ﬁ;‘;‘;’fﬁ;’eﬁ’t’m 25°C 06 0.6 tANFZ
Total harmonic Vo=05V1t025V, [Ay=1 0.03% 0.03%
THD + N distortion plus f=20 kHz, 25°C
noise RL = 50 kQF Ay =10 0.05% 0.05%
Gain-bandwidth f=1 kHz, RL = 50 kQ¥, .
product CL =100 pFi 25°C 0.67 0.67 MHz
Maximum output- | Vopp) =1V, Ay=1, o
BOM  swingbandwidth | Ry = 50 ka¥, oL =100pFt | 25°C 300 300 kHz
Ay =-1, To 0.1% 56 56
Settling time Step=1V102V, 25°C us
R( = 50 kQ¥,
oL = 100 pF¥ To 0.01% 125 125
Phase margin at
. . 25°C 61° 61°
¢m unity gain RL = 50 kQt, C =100 pF¥
Gain margin 25°C 14 14 dB
1 Full range is — 40°C to 85°C.
¥ Referenced to 1.5 V
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 Tal TR T AN TR T UNIT
Vio Input offset voltage 26%C 3002500 300 950 uv
Full range 3000 1500
WO of mput afse vollage B 2 2 W0
igg;t :rflf:?;;/:l:\lag; l:)ng xgcl io’= 25V, \élg:s% o 25°C 0.003 0.003 rV/mo
’ 25°C 05 0.5
lo  Inputoffsef current Full range 150 5 pA
B Input bias current 26°C ! ! PA
Full range 150 150
0 -03 0 -03
25°C to to to to
VICR g;)“r:rgneo:\a-rr:\goede input Vol s5mV Rg=50Q : 42 : 42 \Y)
Full range to to
3.5 3.5
IOH = —20 pA 25°C 499 4.99
25°C 485 4.94 485 4.94
VoH  High-level output voltage 10K = ~100 uA Fullrange | 4.82 4.82 \
25°C 47 485 47 485
OH =~200 pA Fullrangs | 4.6 46
Vig=25V, loL = 50 pA 25°C 0.01 0.01
25°C 0.09 0.15 0.09 0.15
VoL Low-level output voltage Vic=25V. oL = 500 uA Full range 0.15 015 Vv
Vig=25V, loL= 1mA 25°C 0.2 0.3 0.2 0.3
Full range .03 0.3
Large-signal differential | V|c =25V, RL = 50 kot 257 £ M % 1
ND  otageamplficaton | Vg1V 104V Fullrange | %5 55 VimV
RL = 1 MQ* 25°C 550 550
fid ?;22{222:' input 25°C 1012 1012 Q
T iputresisance 25°C 1012 1012 Q
Common-mode
i input capacitance f=10 kHz, P package 25°C 8 8 pF
20 gg{;ﬁf{,‘;’:ﬁdm o f=100kHz,  Ay=10 25°C 240 240 Q
CMRR Cqmrpon-mpde Vic=0t027V, 25°C 70 83 70 83 B
 rejection ratio Vo=25V, Rg=50Q Full range 70 70
Supply voltage rejection |Vpp=4.4Vto8YV, 25°C 80 95 80 95
KSVR  ratio (aVpD/AVIQ) No load, VIc=VDD/2 [Fullrange | 80 80 B
Ibp Supply current Vo=25V, No load 25°C 400 800 400 500 uA
Full range 500 500

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 Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV.

X
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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

TLV2262 TLV2262A
PARAMETER TEST CONDITIONS Tat UNIT
MIN TYP MAX | MIN TYP MAX
. 25°C | 0.35 0.55 0.35 0.55
SR Slewrateatunity |Vo=15Vt035V, R =50kQ%, v
gain CL = 100 pF¥ Ful | o3 03 us
range
Equivalentinput [f=10Hz 25°C 40 40
V 8
n noise voltage f=1kHz 25°C 12 2 nVAHz
Peak-to-peak f=0.1Hzto 1 Hz 25°C 0.7 0.7
VN(PP) equivalentinput uv
noise voltage f=0.1Hzto 10 Hz 25°C 1.3 1.3
In r'fgi‘:;’ifr’:‘e':tp“t 25°C 06 06 ANz
Total harmonic Vo=05Vto25V, [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, RL =50 kQ¥, .
product CL= 100 pF 25°C 0.71 0.71 MHz
Maximum output- [ Vopp) =2V, Ay =1, o
BOM  gwingbandwicth | Ry = 50 keat, cp = 100 pFt | 25°C 185 185 kHz
Av=-1, To 0.1% 6.4 6.4
Settling time ﬁfgzg .f(;gto 25V, 25°C us
CL = 100 pF¥ To 0.01% 14.1 14.1
Phase margin at
. . 25°C 63° 63°
¢m unity gain RL = 50 kQ#, 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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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)

PARAMETER TEST CONDITIONS TLv2262y UNIT
MIN TYP MAX

Vio Input offset voltage 300 2500 uv

o Input offset current ng-iO? 15V, \é'g::d Q 05 150| pA

B Input bias current 1 150 pA
0 -03

VICR Common-mode input voltage range IVio <5 mV, Rg =50Q to to Vv
2 2.2

VOH High-level output voltage loH =~20 pA 299 v
I0H =—200 pA 27 275
Vic=0V, loL = 50 pA 10

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

. Vig=0V, loL=1mA ' 200 250
AVD Large-signal differential Vo=1Vio2V RL = 50 kot 60 100 Vimv

voltage amplification R = 1 MQT 100

rid Differential input resistance 1012 Q

f Common-mode input resistance 1012 Q

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

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

CMRR  Common-mode rejection ratio Vic=0t01.7V, Vo =0, Rg=50Q 65 77 dB

KSVR (s;‘\fgg/‘;‘i}%e rejection ratio VpD=27Vto8Y, Noload, Vig=0 80 100 8

IbD Supply current Vo =0, No load 400 500 pA

t Referenced to 1.5V

“i’ 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 (uniess otherwise noted)

TLV2262Y
PARAMETER TEST CONDITIONS
MIN TYP MAX UNIT
Vio Input offset voltage 300 2500 nv
VpD+=125V, Vic=0,
o Input offset current Vo =0, Rg = 50 Q 0.5 150 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
IOH =—20 pA 4.99
VOH High-level output voltage loH =—100 pA 485 4.94 \'
IOH = —200 pA 47 485
Vic=25V, loL =50 pA 0.01
VoL Low-level output voltage Vic=25V, oL = 500 pA 0.09 0.15 \
Vic=25V, loL=1mA 0.2 0.3
A Large-signal differential Vic=25V, RL = 50 kot 80 170 Vimv
VD voltage amplification Vo=1Vto4V R =1MQt 550
fid Differential input resistance 1012 Q
fi 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=0to2.7V, Vo=25V, Rg=50Q 70 83 dB
Supply voltage rejection ratio
k Vpp=4.4Vto8V, Noload, Vic =Vpp/2 80 95 dB
SVR (AVDD/AVIO) DD IC DD
Ibb Supply current Vo=25V, No load 400 500 pA
1 Referenced to 2.5 V
‘V TEXAS
INSTRUMENTS
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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 Input offsst voltage vs Common-mode voltage 4,5
avio Input offset voltage temperature coefficient Distribution 6,7
is/llo Input bias and input offset currents vs Free-air temperature 8
vi Input voltage 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
los Short-éircuit output current A Supply. voltage 7
vs Free-air temperature 18
ViD 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
L . vs Frequency 28
CMRR Common-mode rejection ratio -
vs Free-air temperature 29
ksvR Supply-voltage rejection ratio vs Frequency 80,31
vs Free-air temperature 32
Ibb Supply current vs Free-air temperature 33
SR Slew rate vs Load c.apacitance 34
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
Gain-bandwidth product vs Free-air temperature 49
vs Supply voltage 50
om Phase margin 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 - 15
841 Ampllfllers From 2 VI\later Lots 841 Ampllﬂlers From 2 V'Vafer Lots
Vpp+=+15V Vpp+=125V
Ta =25°C Ta =25°C
o . 12
ES ES
1 |
|4 4
2 2
Z g 9
E 13
< <
2 F
(-]
o = 6
a o 3
- - 0 L .
-1.6 -0.8 0 0.8 1.6 -1.6 -0.8 0 0.8 1.6
V|0 - Input Offset Voltage - 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
T 1
Vpp=3V Vpp =5V
Rg=50 Q Rg=50 Q
Ta =25°C TA =25°C
0.5 / E
E . / N 0.5
I / s
g S
5 7 s N
g 5 o0 /|
3 -~
£ 5 /
o 5
a g /
£ _os IO 0.5 ~
1 -0.
o = L~
] /
-1 -1
-1 =05 0 05 1 15 2 25 3 -1 0 1 2 3 4 5

V|c - Common-Mode Input Voltage - V

Figure 4

V|c - Common-Mode Input Voltage — V

Figure 5

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

SLOS129B ~AUGUST 1993 — REVISED FEBRUARY 1994

DISTRIBUTION OF TLV2262 INPUT OFFSET

TYPICAL CHARACTERISTICSt

VOLTAGE TEMPERATURE COEFFICIENT

128 Amplifiers From 2 Wafer Lots
Vpp+=115V
25 P Package
R Ta = 25°C to 85°C
ES
1
g2 20
£
s
3
< 15
o
(]
g
1] 10
:
o
5
0
-5 -4 -3 -2 -1 0 1 2 3 4 5
ay|o - Temperature Coefficient — uV/°C
Figure 6
INPUT BIAS AND INPUT OFFSET CURRENTS
vs
< FREE-AIR TEMPERATURE
Q 20
| Vpp+=125V
2 Vic=0
g 15[vpo=0
8 Rg =50 Q
10
g
b
g s s ]
o 4‘—%"
s 0
g
o
3 -5
&
1
o -1
°
[
©
m =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
25} P Package
Ta = 25°C to 85°C
20
15
10
5
0 - .
-5 -4 -3 -2 -1 0 1 2 3 4 5
ay]o — Temperature Coefficient — uV/°C
Figure 7
INPUT VOLTAGE
vs
SUPPLY VOLTAGE
25 T
Rg=50Q
2|-Tp=25C
15
1
0.5
0
IVipls5mV
-0.5
-1
-1.5
-2
-25

1 1.5 2
1Vpp+

25 3 3.5
| - Supply Voltage -V

Figure 9

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

SLOS1298 - AUGUST 1993 - REVISED FEBRUARY 1994
TYPICAL CHARACTERISTICSt#

INPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE
vs Vs
FREE-AIR TEMPERATURE HIGH-LEVEL OUTPUT CURRENT
5 4 T
Vpp=3V
35
4
>
[ 3
> f . N\
(<] 8 T T
) = Ta=85C — \\
s 2 |
2 s ° L\
3 E 15 TA =25°C
5o 2 B
s ® 1
0 * TA = —40°C :\
>5 05 \
-1 0
-55 -3 -15 5 25 45 65 85 0 100 200 300 400 500 600
TA —Free-Air Temperature - °C lloH | —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 / 12 Vic=15V
. ;o 7
1 v > /| /
S ic=0 y k:! 1
g 08 l 2 Tp = 85°C —/ /
S 5 | / y.
5 Vic=075V .g,- 0.8 T 1 250 4
g o / S N
= 2 06
s / / ™ vic=15v 5 /
2 04 < F3 s A
z / S o4 L
4 / L L~ TA = - 40°C
L2 A ) 1 A
3 ’ > 02 <
>
0 0
(] 1 2 3 4 5 (] 1 2 3 4 5
IoL — 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 = 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

HIGH-LEVEL OUTPUT VOLTAGE
vs
HIGH-LEVEL OUTPUT CURRENT

N
|
(=

TA =-40°C

Von — High-Level Output Voltage -V
w

\

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

Figure 14

\

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE

Vs

FREQUENCY

1 === T
Vpp=5V | =
S \ Ta = 25°C
(<]
2 4
=
2 \
3 \
x \
g 3 q
[-% "
8 Vpp=3V \\\
N
3 \
£
=3
\
»
g N
L N
2 NN
S o
103 104 105 106

f — Frequency — Hz

Figure 16

VoL —Low-Level Output Voltage - V

1og — Short-Circuit Output Current — mA

1.4

LOW-LEVEL OUTPUT VOLTAGE
vs
LOW-LEVEL OUTPUT CURRENT

T
Vpp=5V

Vig=25V /

1.2
1 //
Tp =85°C 7/ /
0.8 / e
TA=25°C N % / Ve
0.6 7 //
0.4 /
. \
0.2 7/ 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 V] I\I /2 I |
Toe 285G Vip = =100 mV
10
8 /
4
4
2
0 Vip = 100 mV
-2
2 3 4 5 6 7 8

Vpp - Supply Voltage -V

Figure 17

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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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
12 Vo=25V | VDDI=3V
T 4 Vpp=5V 800 R/ =50kQ T
? 10 N ; 00 Vic=15V ]
£ ViD= 100mV ~p—___ i Ta=25°C
E ° & 400
8
o 8 e 3
5 > 200
g 7 3
o 6 2 o~
._?z s ‘% -200
g 5
5 £ -400
P2 4 -600
8 1 >
= 0 Vip = 100 mV -800
-1 i -1000
-50 -25 0 25 50 75 100 0 0.5 1 1.5 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 T 5 1000
Vpp=5V E P
800 Vic=25V 51 /
RL =50 kQ
3 e00f1yiosc s ’ =
é’ § [— Vpp=5V "\’ ’,--,
g £ 100 . =
5 ;
> 200 E
2 2 Z
£ 0 g Vpp=3V
= ) =
K] ]
= -200 = /
: 2 oA
£ -400 ] T
5 2
o -600 b5
> 1
-800 a Vopp)=2V
<> Ta = 25°C
-1000 1 L1 111l
0 1 2 3 4 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 = 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

LARGE-SIGNAL DIFFERENTIAL VOLTAGEt
AMPLIFICATION AND PHASE MARGIN

vs
FREQUENCY
80 TT—T"TTTTT] 180°
Vpp=5V
RL =50 kQ
_ 60 CL=100 pF i 135°
2 \\ TA = 25°C
c T N
£l Wl T LU . <
52 N/ Phase Margin 24
[~] N ]
= N N =
c = \\ 3
23 20 N 45 @
z £
‘éi g Gain \J \ |
©
) N
-il 8 0 0° _eE_
S
o2 y
<
-20 K| —45°
-40 IL -90°
103 104 105 106 107
f - Frequency - Hz
Figure 22
LARGE-SIGNAL DIFFERENTIAL VOLTAGE
AMPLIFICATION AND PHASE MARGIN
vs .
FREQUENCY
80 TIT—T"T"TTT 180°
Vpp=3V T
RL =50 kQ
- 60 CL=100pF | 135°
u‘é @ \K Tp =25°C
N
g: w b - ” 000 5
o "N Phase Margin -]
s § N MW =
55 ! N 3
28 20 N a5 G
$ £ | &
% 8 Gain \\ 1
o E
-"D% 0 0 <
> N
< N
-20 ~45°
-40 l -90°
103 104 105 106 107

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 T
——— RL=1MQ
e —
(] T — (]
g = AL = 1MQ g ==
s S— S
1] P
> = > ——
§ E \\ § g RL =50 kQ \\
o > —
E 1100 \\% E L 100
S Ry =50 kQ —— <~ w2
- c®
58 58
b E 2 £
‘2 s [
o E o 5
S < s
n [
n | Vpp=3V g | Vpp=5V
10 o= - OL 10 Vo=1|Vto4\II
-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 B = F Vpp=5V ===
[ Ta = 25°C [ Ta = 25°C
(A - - T
L UL < A
o 100] Ay =100 - c 100
1 - 1 —+ 2
§ § g;‘ 00 L4 +
3 < 3 4 =
4 4
. | Ay =10 L] ‘ [ - L
£ wopY¥ = =: E OERy=10ES =%sse
5 5 .
g - 2
3 7 3 4
o —Ay =1 L o
| et 1 Ay =1
K LEEEE K Y _/ = s
0.1 0.1
102 103 104 105 102 103 104 108
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 = 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#

COMMON-MODE REJECTION RATIO COMMON-MODE REJECTION RATIO
vs vs
FREQUENCY FREE-AIR TEMPERATURE
100 90
o T 1T 11T @
'? Vpp=5V TA=25°C '? 88
8 Vic=25V e o6
g 8 ‘} it R ‘|, I N &
S DD = I S 84— Vpp=5V
i Vic=15V % DD
g 60 “‘n \ E 82
| S 80
1 I : 78
e 40 é g
g W g Vop=3Vv | __—
£ F\ \ E 76
3 \ 3
120 1 74
£ £
5 5 72
0 70
101 102 103 104 105 106 -50 -25 0 25 50 75 100
f - Frequency - Hz TA — Free-Air Temperature ~ °C
Figure 28 Figure 29
SUPPLY-VOLTAGE REJECTION RATIO SUPPLY-VOLTAGE REJECTION RATIO
vs vs
FREQUENCY FREQUENCY
100 h T 1 1T 100 T T 1117
Vpp=3V Vpp=5V
g Tp = 25°C g = Ta =25°C
1 80 S ] == -
o "N N % ™ N
g h
o
) A il N § e > S
g N | ksvR+ '8 N kv
) ™ h ) ™
o 40 N o 40 N
E N g N
2 ksyR- N ‘L S ksvR—N h
N N
> 2 3 3 2
[-3 [-3
2 \\ 3 \\
(7] N 'L (7] N 1
1
& 0 I§ 0
1) )
- &
-20 -20
101 102 103 104 105 106 101 102 103 104 105 106
f - Frequency — Hz f - Frequency — Hz
Figure 30 ' Figure 31

C
1t 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?

SUPPLY-VOLTAGE REJECTION RATIO SUPPLY CURRENT
Vs s
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
MOy pp=27Vto8V 600
ei Vic=Vo=Vpp/2
2
2 105 < 500
c 8
2 L Vpp=5V
8 8 Vo=25V
> e 3 ———
E 100 Q 400 ] - ~
g — 2 ~ Vpp=3V [~
3 g Vo=15V ™~
> 7]
> i
[3 Q
3 2 300
=
>
n
£
90 200
-50 -25 [ 25 50 75 100 -50 -25 0 25 50 75 100
Ta —Free-Air Temperature - °C TA —Free-Alr Temperature — °C
Figure 32 Figure 33
SLEW RATE SLEW RATE
Vs Vs
LOAD CAPACITANCE FREE-AIR TEMPERATURE
1 1.2 4
1 \\ SR-
0.8 =q o~
0 TN SR- T~
EX \\ (] \
3 N N s % SR
5 06 \N N 7 —
E \ ™ ‘3 \\
\ ) x 06
é \SR + : g
\ 0.4 @
B \ . o
\ 7]
0.2 N Vpp=5V
Vpp=5V N 0.2~ B, =50k
Ay =-1 \P~ CL = 100 pF
ol TAZ25C | 0 Av=]
101 102 103 104 -50 -25 0 25 50 75 100
CL - Load Capacitance — pF TA - Free-Air Temperature - °C
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.
1 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 o 1.5 V.
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SLOS129B - AUGUST 1993 — REVISED FEBRUARY 1994

TYPICAL CHARACTERISTICST#

INVERTING LARGE-SIGNAL PULSE

RESPONSE
3 L
Vpp=3V
RL =50 kQ
25— C‘_ =100 pF
Ay=-1
Tp = 25°C
T 2
(]
g
; 1.5 £\
g
=
o 1
>° / i \
0.5 7 g
0
0 2 4 6 8 10 12 14 16 18 20
t-Time—us
Figure 36
VOLTAGE-FOLLOWER LARGE-SIGNAL
PULSE RESPONSE
3 T T
Vpp=3V
RL =50 kQ
2.5 | C.=100 pF
Ay=-1
> Ta = 25°C
[ 2
g
S
5 15
g
=
9 / \
1
g / \
0.5
0
0 2 4 6 8 10 12 14 16 18 20
t-Time —us
Figure 38

Vo -Output Voltage -V

Vo -Output Voltage -V

41 Ay=-1

INVERTING LARGE-SIGNAL PULSE
RESPONSE

T T
VDD=5V
RL =50 kQ
C|'_=1Q0 pF
— Ay =-1
Ta =25°C

»

0 2 4 6 8 10 12 14 16 18 20
t-Time —-pus

Figure 37

VOLTAGE-FOLLOWER LARGE-SIGNAL
PULSE RESPONSE

Vpp=3V
RL =50 kQ
CL =100 pF

TA = 25°C

0 2 4 6 8 10 12 14
t-Time —ps

Figure 39

16 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 = 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
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TYPICAL CHARACTERISTICST

INVERTING SMALL-SIGNAL INVERTING SMALL-SIGNAL
PULSE RESPONSE PULSE RESPONSE
0.95 T 2.65
Vpp=3V VDll) - 5IV
AL =50 k@ RL = 50 kQ
0.9 C_=100 pF CL = 100 pF
Ay=-1 2.6 Ay =1
7 oss| A=%C > Ta=25°C
(]
o [
g s \ Y A\
> . o
= >
H 3 /
8 0.75 g' 25
! 1
L o7 7 ) \
245 4
0.65 L
0.6 24
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
t-Time-pus t-Time -us
Figure 40 ~ Figure 41
VOLTAGE-FOLLOWER SMALL-SIGNAL VOLTAGE-FOLLOWER SMALL-SIGNAL
PULSE RESPONSE PULSE RESPONSE
0.95 g T 2.65 r
Vpp=3V Vpp=5V
RL =50 kQ RL =50 kQ
CL =100 pF CL =100 pF
091 Ay=1 261 Ay=1
> Ta =25°C > TA =25°C
® ®
g o085 g 255
: s { \
g H
DT 0.8 OT 25
2 2
0.75 245
0.7 2.4
02 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
t-Time-ps t-Time-ps
Figure 42 Figure 43

1 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

EQUIVALENT INPUT NOISE VOLTAGE

vs
FREQUENCY
SO —TTTT
lﬁ Vpp=3V
> Rg=20Q
5 50| tp=25C
I
S
8 a0\
S
8
S a0—N
3 \
g \
e 20
5
£ ~
,?' 10
=
>
0
101 102 103 104
f — Frequency — Hz
Figure 44
INPUT NOISE VOLTAGE OVER
A 10-SECOND PERIOD
1000
750
500 1
>
T 250 }
[
T
: |
‘5 -250 1 ' t
4
~500
Vpp=5V
f=0.1 Hz
=7501" 110 Hz
Tp =25°C
-1000
0 2 4 6 8 10
t-Time-s
Figure 46

Vn - Equivalent Input Noise Voltage —nV/ VHz

Integrated Noise Voltage —pV

EQUIVALENT INPUT NOISE VOLTAGE

vs
- FREQUENCY
80 —TT717
Vpp=5V
Rg=20Q
50} 15 = 25°C
40 \
PTIN
20
™M
\\
10
0
101 102 103 104
f —Frequency — Hz
Figure 45
INTEGRATED NOISE VOLTAGE
vs
FREQUENCY
R ==c: i maiiiimaRiii===
Calculated Using Ideal Pass-Band Filter
Lower Frequency = 1 Hz
TA =25°C
10 3
’f
1 — -
y.
0.1
1 101 102 103 104 105

f - Frequency — Hz
Figure 47

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#

TOTAL HARMONIC DISTORTION PLUS NOISE GAIN-BANDWIDTH PRODUCT

VS Vs
FREQUENCY FREE-AIR TEMPERATURE
® 10-1 1200 T
| 10 m H:I Vpp=5V
8 H A i =10 kHz
2 — Ay =100 A RL = 50 kQ
s N Cp =100 pF
-1
z T 1000
g 1
£ m g N
o °
2 < \\
8 45-2| | a
2 " Ay : g %@ ~
o H \
E m J,l! ]
] ]
x Av=1 y a \\
£ Ui £ 600
= )
zl Vpp=5V
+ RL =50 kQ
a 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
900 ' 75° Ta =25°C
| | | T
N 860 60° , Rpyi = 100 Q
z ‘ 11184
5 £ Rnull=50Q 4
3 o NI \| U
B 8 g o vy
& N —
£ g
s = —“i
£ 780 T a0 HING
H // E Rnull =20 Q i
§ L~ 50 ka ‘ | N
740 15° e
I m T T
v Y } Sl Rpul =10 Q \L.
G Rnull = 0
= Vpp/GND ¥ null =
700 oo L1 1111l
6 1 2 3 4 5 6 7 8 10 102 103 104
Vpp - Supply Voltage -V C|. - Load Capacitance — pF
Figure 50 Figure 51

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 CHARACTERISTICS

GAIN MARGIN UNITY-GAIN BANDWIDTH
Vs
LOAD CAPACITANCE LOAD CAPACITANCE
20 T TTTTT 1000
RL = 50 kQ _ - 250
Prs Ruu=1000 £l 1/ Ta = 25°C
TA =25°C ) v .
| L
15 1 800
- ! / £
s Rnull = 50 Q / ’ g
o KR \ / / %
® Rpull =20 Q N / £
§ 0 e 2 600
£ I | & 3 |
3 Rpull =10Q \\ > \
e ™ 5
< 5 " : 1 400
null =0 &
\\
N
0 200 h
10 102 103 104 10 102 103 104
CL - Load Capacitance — pF CL - Load Capacitance - pF
Figure 52 Figure 53
OVERESTIMATION OF PHASE MARGINT
VS
LOAD CAPACITANCE
10° l
c 8° : Rnpull = 100 Q -
5 *'
5 \
= & / A\
? l \
g / \
o / Rpull =50 Q
) 4°
c / N
o 1
2 "
] /1
£ = =
8 “:" Rnu“ =20Q
s ot n
o LA T L11]
o LILRLI 1 L =
Rpuli =10 Q
2 W 111
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 (Rpyj = 0).

A smaller series resistor (Rp,)) 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 Q, 50 Q, 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.

= -1
A6y =tan™ (2 x 7 x UGBW x Ry x G\ Q)

i

where : A8, = improvement in phase margin

UGBW = unity-gain bandwidth frequency
Rpy = 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).

L @
where : F = factor reducing frequency of pole
dm = small-signal output transconductance (typically 4.83 x 10-3 mhos)
Rpy = 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.

A8 . = tan—1 [UGBW | _ ;-1 [ UGBW 3
m2 (FxP,) Py @
where : A8, = reduction in phase margin
UGBW = unity-gain bandwidth frequency

F
P>

Il

factor from equation (2)
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
macromode! and subcircuit in Figure 56 are generated using the TLV2262 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

Slew rate

NOTE &:

Maximum negative output voltage swing

Quiescent power dissipation
Input bias current
Open-loop voltage amplification

Journal of Solid-State Circuits, SC-9, 353 (1974).

Unity-gain frequency
Common-mode rejection ratio
Phase margin

DC output resistance

AC output resistance
Short-circuit output current limit

3
Ve« —9 *
nss§ éi 1SS
RP S .
2 10
N- -2 « > ve (D re
Ao |91 2
IN+ —@
11 ¢—(e 12 oc A
RD1 S €13 Rp2
60
vao *(]D) s DE
Vee- a O+ ® N
VE out
SUBCKTTLV226212345 RD1 60 11 1592E3
3 M 12 5.004E-12 RD2 60 12 1592E3
@ ¢ L gt woP L
DE 54 5 DX RP. 3 4 1587E3
DLP 90 91 DX RSS 10 99 18.18E6
DIN %2 % DX VAD 60 4 -5
DP 4 3 VB 9 0 DGO
B % 5 Bvpansonss £ g s K
+VLN0589E6—10E610E610E6-—10E6 VUM 7 8 DGO
GM 6 & 10 oemmaee VIN o % DGSa
8§ 3 10 DC 11.00E-6 MODEL DX D (S-800.0810)
HUM 90 0  VLUMIiK MODEL X PJ '5=500.0E—15 BETA=717.8E-6
a 12 10X + VTO=—!
92 121 100X .
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.

G. R. Boyle, B. M. Cohn, D. O. Pederson, and J. E. Solomon, “Macromodeling of Intergrated Circuit Operational Amplifiers”, /EEE
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Advanced LinCMOS™ RAIL-TO-RAIL
QUAD OPERATIONAL AMPLIFIERS
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available features

® Output 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...1 mA 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

Vo — High-Level Output Voltage - V

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

Macromodel Included
HIGH-LEVEL OUTPUT VOLTAGE

vs
HIGH-LEVEL OUTPUT CURRENT

4 T
Vpp=3V
3.5
3
25 “

|
TA = 85°

2 =N \\

s Ta = 25°C —\-> \
1 B\
Ta = -40°C =\

0.5 \

0
0 100 200 300 400 500 600
I ioH | - High-Level Output Current —pA

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 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.

AVAILABLE OPTIONS
PACKAGED DEVICES
T Viomax | SMALL OUTLINE | PLASTIC DIP TSSOP CH'P;)“M
A AT 25°C ) (N) (PW)
_ [ e50av | TLv2264ADD TLV2264AIN | TLV2264AIPWLE
40°Ct085°C |, gy TLV2264ID TLV2264IN — TLv2264Y

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 current as of publication date.
specifications per
standard warranty. Production processing does not necessarlly include

Products conform to
testing of all parameters.

the terms

of Texas Instruments

{'.PTEXAS

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 smali-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 PW PACKAGE
(TOP VIEW) (TOP VIEW)
10UT [ 1 14[] 40UT 10UT =—H©1 14[F= 40UT
1IN - == ET 4IN -
-] 2 13 -
::: : 12%::',;‘ 1IN + o 4N+
+ + Vpps = — Vpp -/GND
Vpo+[[4  11[] Vpp—/GND 2IN + o — 3IN +
2IN+ [} 5 10[] 3IN+ 2IN - - 3IN -
2IN-] 6 9[] 3IN- 20UT |7 8 = 30UT
20UT[l7 8 Fl 30UT

2-34

“.’P TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



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

SLOS132B - DECEMBER 1993 — REVISED FEBRUARY 1994

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+ @

1OUT
1IN- —
2IN+

20UT
(10) 2IN -

o
| o

3IN+ —
3OUT

3IN- —

(14) N+
40UT (1 3)
4IN-
(11)

t” | L Vpp-/GND

WHI

[-]
~

E’ CHIP THICKNESS: 15 TYPICAL
BONDING PADS: 4 x 4 MINIMUM
' ¢ 100 N Tymax = 150°C

U R O Oy Ny N O I U N U U N IO U IO U OY TOLERANCES ARE +10%.

ALL DIMENSIONS ARE IN MILS.

PIN (11) IS INTERNALLY CONNECTED
TO BACKSIDE OF THE CHIP.

A AN AN A A AN

-
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equivalent schematic (each amplifier)

ouT

'_
P
'—

(g 13l

Q16

Q17|

Q15

—

r—g

o 1]

Q

Q9

2 491

I
ly
c1
| —s
'—
Q13
‘—-0
R1 T

RS%

[

'.—

]
9

—
Qt
L4
—
f R3

IN+

VDD-/GND

COMPONENT COUNTT

Transistors

Diodes

Resistors
Capacitors

tincludes all amplifiers, ESD,

bias, and trim circuitry
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R

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

Supply voltage, Vpp (888 NOte 1) ..o e et et eet et ae s 8V
Differential input voltage, Vip (see Note 2) ... ... +Vpp
Input voltage range, V| (any input, seeNote 1) ..............cooviiiiiiiiiin, Vpp--0.3 Vto Vpp,
Input current, ) (€aCh INPUL) . ...t i i e e i e e +5mA
OUIPUE CUITENE, IO - e vttt et e e et et et et a e naeaaeaas +50 mA
Total CUITENt INtO VDD 4+ v v ettt e e i et it e +50 mA
Total current OUt Of VDD .o e +50 mA
Duration of short-circuit current at (or below) 25°C (see Note 3) ...........ccoviiiiiiiiinn unlimited
Continuous total dissipation ............. ..o See Dissipation Rating Table
Operating free-air temperature range, TA .. cvvvneiiiiini it iaeaens —-40°C to 85°C
Storage temperature range . ...........oiiii i e -65°C to 150°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.

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 Vv
Input voltage range, V| Vpp- Vpp+-1.3 \
Common-mode input voltage, Vic Vpp- VppD+-1.3 \'
Operating free-air temperature, To -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)

PARAMETER TEST CONDITIONS Tat TLV2264 TLya2ein UNIT
A MIN TYP MAX| MIN TYP MAX
v Inout offset volta 25°C 300 2500 300 950 v
10 Inputofisetvoliage Full range 3000 1s00|
Temperature coefficient 25°C o
QIO of input offset voltage to 85°C 2 2 WVFC
Input offset voltage
long-term drif yDDL=£18V, VG=9 25°C 0.003 0.003 wV/mo
(see Note 4) 0=0 S =
| Inout offset t 25°C 05 0.5 A
10 Inputolisetcurren Fullrange 150 w0 | P
| Input bi t 25°C ! ! A
1B nputbias curren Full range 150 150 P
0 -03 0 -03
25°C to to to to
Common-mode input 2 2.2 2 2.2
VICR voltage range Rg =50, Vio| £5mv 5 5 Vv
Full range to to
17 1.7
IOH = —20 pA 25°C 2.99 2.99
! 25°C | 2.85 2.85
voy High-level output IOH =-100 pA Full range | 2.825 2.625 v
voltage
| 200 25°C 2.7 2.7
OH =-200 kA Fullrange | 2.65 2.65
Vic=15V, loL = 50 pA 25°C 10 10
v 15V | 500 25°C 100 100
VoL Low-level output Ic=15V, oL = KA Full range 150 150 | mv
voltage
v 15V, | 1 mA 25°C 200 200
ic=1-5% oL=1m Full range 300 300
L ignal differential |Vic =15V, RL = 50 k¥ 250 S 10 %0100
arge-signal differential |Vic =15V, L=
AvD voltage amplification Vo=1Vto2V Full range 30 30 VimV
RL=1 [YTe53 25°C 100 100
Differential input o 12 12
fid resistance 25°C 10 10 Q
i Common-mode 25°C 1012 1012 Q
input resistance
. Common-mode o
(] 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=011.7V, Vo=15V, 25°C 65 75 65 77 4B
rejection ratio Rg=50Q Full range 60 60
Supply voltage - 25°C 80 95 80 100
ksyRr rejection ratio xg% ad2.7 Vio 8\\//’ -Vpp/2 dB
(AVpD/AV|0) ’ IC=VDD Full range 80 80
Supply current _ 25°C 0.8 1 0.8 1
'bd (four ampilifiers) Vo=15V, Noload Full range 1 1 mA

1 Full range is — 40°C to 85°C.
¥ Referencedto 1.5V
NOTE 4: Typical values are based on the input offset voltage shift observed through 500 hours of operating life test at T = 150°C extrapolated

to Tp = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV.
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SLOS132B - DECEMBER 1993 — REVISED FEBRUARY 1994

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

TLV2264 TLV2264A
PARAMETER TEST CONDITIONS TAT UNIT
MIN TYP MAX | MIN TYP MAX
. 25°C | 0.35 0.55 0.35 0.55
SR Slewrate atunity |Vo=0.7Vto 1.7V, Ry =50ka, Viss
gain Ci =100 pF¥ Ful g4 0.3
range
Equivalentinput [f=10Hz 25°C 43 43
\ L
n noise voltage f=1kHz 25°G 2 P nVAHz
Peak-to-peak f=0.1Hzto1 Hz 25°C 0.6 0.6
VN(PP)  equivalent input uv
noise voltage f=0.1 Hzto 10 Hz 25°C 1 1
Equivalent input o
In noise current 25°C 0.6 0.6 fANHZ
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¥, s
product CL=100pFt 25°C 0.67 0.67 MHz
Maximum output- | Voppy =1V, Ay =1, o
BOM  gwing bandwidth | R[ = 50 kat, cL=100pFt | 800 800 kHz
/s\¥=_11'v1 sy T 01% 56 56
tg Settling time Rf’f 0 mg ' 25°C us
Ol = 100 pF To 0.01% 125 125
Phase margin at
. . 25°C 61° 61°
$m unity gain RL = 50 kO, CL = 100 pF¥
Gain margin 25°C 14 14 dB
T Full range is — 40°C to 85°C.
¥ Referenced to 1.5V
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electrical characteristics at specified free-air temperature, Vpp = 5 V (unless otherwise noted)

TLV2264 TLV2264A
PARAMETER TEST CONDITIONS U
Ta MIN TYP MAX| MIN TYP MAX UNIT
v Inout offset volt 25°C 300 2500 300 950 v
10 Inputolisetvoliage Fullrangs 3000 1500 *
Temperature coefficient 25°C
WIO o input offset voltage to 85°C 2 2 wvrG
Input offset voltage
long-term drif vDDx=+28V. Hic=9 25°C 0.003 0.003 uV/mo
(see Note 4) 0=5 S =
| Inout offset " 25°C 0.5 0.5 A
10 nput offset curren Full range 150 150 P
| Input bi t 25°C ! ! A
1B Inputiias curren Full range 150 0| P
0 -03 0 -03 }
25°C to to to to
Common-mode input 4 4.2 4 42
VICR voragerange . |Miol<5mV, Rg=500 > > v
Full range to to
35 35
IOH = —20 pA 25°C 4.99 4.99
. | 100 25°C 4.85 4.94 485 4.94
VOH C';?;;ive' output OH = =100 1A Fullrange | 4.82 482 v
| 200 25°C 47 485 47 485
OH = =200 kA Fullrange | 4.6 26
Vic=25V, loL = 50 pA 25°C 0.01 0.01
v 25V | 500 25°C 0.09 0.15 0.09 0.15
VoL Low-level output Ic=25V, oL= PA Tange 0.15 0.15 v
voltage
Vie =25V, Iof = 1mA 25°C 0.2 0.3 0.2 0.3
Ic=so%,  foL= Full range 0.3 0.3
L sanal diff sal |v 25V R < 50 kot 25°C 80 170 80 170
arge-signal differential | Vic =25V, L=
AvD voltage amplification Vo=1Vto4V Full range %% % Vimy
RL =1 Mot 25°C 550 550
Differential input o 12 12
fid resistance 25°C 10 10 o
Common-mode
o 12 12
fi input resistance 25°C 10 10 Q
. Common-mode o
[ input capacitance f=10kHz, N package 25°C 8 8 pF
Closed-loop o
25 output impedance f =100 kHz, Ay =10 25°C 240 240 Q
CMRR Common-mode Vic=0t02.7V, Vo=25V, 25°C 70 83 70 83 @B
rejection ratio Rg=50Q Full range 70 70
Supply voltage v 25°C 80 95 80 95
L . DD=44Vto8YV,
ksvR rejection ratio dB
(AVDD/AV|O) No load, VIC=VDD”2 |Fuirange [ 80 80
Supply current _ 25°C 0.8 1 0.8 1
'bp (four ampilifiers) Vo=25V, No load Full range 1 1 mA
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 T = 150°C extrapolated
to Ta = 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 0.55 0.35 0.55
SR Slewrate atunity |Vo=14Vt02.6V, R=50kQt, Vius
gain CL =100 pFi Full 0.3 0.3
range
Equivalentinput |f=10Hz 25°C 40 40
Vv .
n noise voltage f=1kHz 25°C P P nVAHz
Peak-to-peak f=0.1 Hzto 1 Hz 25°C 0.7 0.7
VN(PP)  equivalentinput pv
noise voltage f=0.1 Hzto 10 Hz 25°C 1.3 1.3
Equivalent input o
In noise current 25°C 0.6 0.6 fAWHz
Total harmonic Vo=05Vt025V, |ay=1 0.017% 0.017%
THD + N distortion plus f=20 kHz, 25°C
noise Ry =50 kQ¥ Ay =10 0.03% 0.03%
Gain-bandwidth | f=50 kHz, RL =50 kQ¥, o
product CL =100 pFt 25°C 0.71 0.71 MHz
Maximum output- | Vopp)=2V, Ay =1, o
BOM  gwing bandwidth | Rp = 50 k¥, cL=100pFt | 2 185 185 kHz
Ay=-1, To 0.1% 6.4 6.4
ts Settling time iSRth ;3 :S;/ xto 25V, 25°C us
CL = 100pF# To 0.01% 14.1 14.1
Phase margin at
N . 25°C 63° 63°
¢m unity gain RL =50 kQ¥, CL =100 pF¥
Gain margin : 25°C 14 14 dB
1 Full range is — 40°C to 85°C.
1 Referenced to 2.5 V
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electrical characteristics at Vpp =3V, Tp = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS TLV2264Y UNIT
MIN TYP MAX
Vio Input offset voltage 300 2500 nv
o Input offset current xgzi; 1.5V, X?:s% o 05 150| pA
B Input bias current 1 150 pA
0 -03
VICR Common-mode input voltage range IVioI<5mV, Rg =50Q to to v
2 2.2
VoH  High-level output voltage l0H = 220 kA 299 v
IOH =—200 pA 27 275
Vic=0, 1oL = 50 pA 10
VoL Low-level output voltage Vic=0, loL =500 pA 100 125 Vv
) Vig=0, loL =1 mA 200 250
AD Large-signal differential Vo=1Vio2V RL =50 kat 60 100 Ny
voltage amplification RL =1 Mt 100
rid Differential input resistance 1012 Q
I 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=0t0 1.7V, Vo =0, Rg=50Q 65 77 dB
KSVR f:\;’gg/‘/ Ao\'/tlag)e relocton ratlo Vpp=27Vto8V, Noload, Vic=0 80 100 dB
IbD Supply current (four amplifiers) Vo =0, No load 0.8 A mA

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

PARAMETER TEST CONDITIONS TLv2264Y UNIT
MIN TYP MAX
Vio Input offset voltage 300 2500 pv
o Input offset current ://gziof 25V, \l:!'scjsod Q 05 150 | pA
B Input bias current 1 150 pA
0 =03
VICR Common-mode input voltage range IVio|<5mV, Rg=50Q to to Vv
4 42
IoH = =20 pA 4.99
VOH High-level output voltage IoH =—100 pA 485 4.94 v
loH =—200 pA 47 485
Vic=25YV, loL =50 pA 0.01
VoL Low-level output voltage Vic=25V, loL =500 pA 0.09 0.15 v
Vic=25YV, loL=1mA 0.2 0.3
AD Large-signal differential Vic=25V, RL =50 kot 80 170 Vimv
voltage amplification Vo=1Vtod4V RL =1 MQf 550
rid Differential input resistance 1012 Q
ri Common-mode input resistance 1012 Q
[ Common-mode input capacitance f=10kHz 8 pF
2 Closed-loop output impedance f=100 kHz, Ay =10 240 Q
CMRR  Common-mode rejection ratio Vic=0t027V, Vpo=25V, Rg=50Q 70 83 dB
KSVR (SA‘{/";:;’/‘Z:}%" rejection ratio VDD=44Vto8Y, Noload, Vic=Vpp/2| 8 95 dB
Ibb Supply current (four amplifiers) Vo=25V, No load 0.8 11 mA
1 Referenced to 2.5 V
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TYPICAL CHARACTERISTICS

Table of Graphs
FIGURE
Vio Input offset voltage Distribution 23
vs Common-mode voltage 4,5
ayio Input offset voltage temperature coefficient Distribution 6,7
is/lio Input bias and input offset currents vs Free-air temperature 8
vi Input voltage Vs Suppl)i 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 12,138,156
Vo(PP) Maximum peak-to-peak output voltage vs Frequency 16
los Short-circuit output current b Supply. voltage 17
vs Free-air temperature 18
ViD Differential input voltage vs Qutput voltage 19,20
vs Load resistance 21
AvVD Differential voltage amplification vs Frequency 22,23
vs Free-air temperature 24,25
Zo Output impedance vs Frequency 26,27
CMRR Common-mode rejection ratio b Freque.ncy 28
vs Free-air temperature 29
L ) vs Frequency 30, 31
ksvR Supply-voltage rejection ratio vs Free-air temperature 32
IbD Supply current vs Free-air temperature 33
SR Slew rate vs Load c.apacitance 34
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
Gain-bandwidth product vs Free-air temperature 49
vs Supply voltage 50
om Phase margin 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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TYPICAL CHARACTERISTICSt

DISTRIBUTION OF TLV2264 DISTRIBUTION OF TLV2264
INPUT OFFSET VOLTAGE INPUT OFFSET VOLTAGE
e Amplifiers From 2 Wafer Lots 22 Amplifiers From 2 Wafer Lots
Vpp+=115V Vpp+=125V
Ta =25°C TA=25°C
< 16 2 16
g g
£ £
z 12 3 12
E E
< <
k] S
% 8 %» 8
: :
0 . i 0 o
-1.6 -0.8 0 0.8 1.6 -1.6 -0.8 0 0.8 1.6
V|o - Input Offset Voitage - mV Vjo - Input Offset Voitage — mV
Figure 2 Figure 3
INPUT OFFSET VOLTAGE INPUT OFFSET VOLTAGE
vs Vs
COMMON-MODE INPUT VOLTAGE COMMON-MODE INPUT VOLTAGE
1 L 1
Vpp=3V Vpp =l5 v
Rg=50 Q Rg =50 Q
TA = 25°C Ta = 25°C
y, >
05 E o
E / ; 0.5
] L -3
8 S
g -~ g N
g 5
S 5 /
E g /
—T -0.5 IO —0.5 -
o s L~
] /
-1 -1
-1 -05 0 05 1 1.5 2 25 3 -1 0 1 2 3 4 5

Vic — Common-Mode Input Voitage - V

Figure 4

Vic - Common-Mode Input Voltage ~ V

Figure 5

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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Percentage of Amplifiers — %

)

1B and I} - Input Bias and Input Offset Currents — pA

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

TYPICAL CHARACTERISTICSt

DISTRIBUTION OF TLV2264 INPUT OFFSET
VOLTAGE TEMPERATURE COEFFICIENT

DISTRIBUTION OF TLV2264 INPUT OFFSET

VOLTAGE TEMPERATURE COEFFICIENT

5

35728 Amplifiers From 3 128 Amplifiers From
2 Wafer Lots 2 Wafer Lots '
30} VDD+ =15V 30| Vpp+=125V
N Package N Package
Ta = 25°C to 125°C £ TA = 25°C to 125°C
25 é 25 t
(]
&
20 8
E- 20
<
15 e 15
o
S
c
10 g 10
o
5 5
-5 -4 -3 -2 -1 0 1 2 3 4 5 -5 -4 -3 -1 0 1 2 3 4
ayl0 - Temperature Coefficient ayjo - Temperature Coefficient
of Input Offset Voltage — uV/°C of Input Offset Voltage — uV/°C
Figure 6 Figure 7
INPUT BIAS AND INPUT OFFSET CURRENTS INPUT VOLTAGE
vs Vs
FREE-AIR TEMPERATURE SUPPLY VOLTAGE
20 25
Vpp+=+25V Rg= 500
Vic=0 21— Tp=25C
15| vo=0
Rg=50Q 15
10
> 1
5 g —] g’ 0.5
— —Tio| s 0
0 3 -o0s
£
-5 Lo
>
-1.5
-10
-2
-15 -2.5
25 45 65 85 1.5 2 25 3 3.5 4

Ta - Free-Air Temperature - °C

Figure 8

IVpp+! - Supply Voltage - V

Figure 9
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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=3V
3.5
4
>
4 3
Tl £ N\
o . 1
§> ; TA =85°C —P \\\
= |
= ¢ BRRAN |
2 s 15 A=
P + 1)
-
> %’ 1
0 1 TA = -40°C =\
5 os
> \
-1 0
-55 =35 -15 5 25 45 65 85 0 100 200 300 400 500 600
TA - Free-Air Temperature - °C 1oH | - High-Level Output Current — A
Figure 10 Figure 11
LOW-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE
vs vs
LOW-LEVEL OUTPUT CURRENT LOW-LEVEL OUTPUT CURRENT

-

et | /) (/

1.2 T 1.4 T
Vpp=3V Vpp=3V
TA =25°C / Vic=15V
| 1.2
V.

>

> :

1
o

S S /

g 0.8 | S Ta= sfs*’c ——/ /

= Vic=0.75V é. 0.8 —— /

§- 0.6 / / 9 A= 74 P /
[

et > 0.6

[ (3

3 o4 / ) Vig=15V 1 / (

£ 7 3 o4 /7/

4 \ lb‘ // TA = - 40°C

g " /' > 02 s

>

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.
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 CHARACTERISTICSt

HIGH-LEVEL OUTPUT VOLTAGE

Vs
- HIGH-LEVEL OUTPUT CURRENT

Vpp=5V

VoH — High-Level Output Voltage —V
N (2] » o
— J

——

—
-

TA =85°C ]

TA = 25°C

TA = -40°C

0 200 400 600 800
| loH | - High-Level Output Current - pA
Figure 14
MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE
vs
FREQUENCY
i o0t
Vpp=5V 1=
g y Ta =25°C
3 4
=
H \
3
3 N\
§ s
o N
& Vpp=3V \\
< h
5, N
o N
E
=
e \
P \
. NN
T NN |
e n
L o
103 104 105 106

f - Frequency — Hz

Figure 16

VoL —Low-Level Output Voltage - V

log — Short-Circuit Output Current —mA

LOW-LEVEL OUTPUT VOLTAGE
vs
LOW-LEVEL OUTPUT CURRENT

1.4 T
Vpp=5V

Vic=25V
1.2 Ic

TA = 85°C 7/
0.8 /|

TA

IR

NN

7t
0.4
7N
0.2 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
TAc= 25000 V|D =-100 mV
10 /
8 Vi
6
4
2
Vip =100 mV
° 1D m
—al
2 3 4 5 6 7 8

Vpp - Supply Voltage -V

Figure 17

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#

SHORT-CIRCUIT OUTPUT CURRENT DIFFERENTIAL INPUT VOLTAGE
vs V'
FREE-AIR TEMPERATURE OUTPUT VOLTAGE
13 T 1000 T
12 Vo=25V Vpp=3V
= Vpp=5V 800 R =50kQ
& [ > 00 Vic=15V
- 10 2 TA=25°C ]
§ ° Vip=-100mV S~ é, w00
=
o 8 . 2
5 > 200
g 7 5
o 6 g o~
3 5 £ 200
g 5
5 3 £ -400
(.’E, [=}
P2 L 600
g ! >
£ 0 Vip = 100 mV -800
]
-1 L -1000
-50 -25 0 25 50 75 100 0 0.5 1 1.5 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 T 5 1000
Vpp=5V [ ~
800 Vic=25V SI
RL = 50 kQ
? 600 |- T:\- =25°C s ! j d -1
k] [ VDD =5V ; =
& 400 S 41
8 5 100 F
2 200 E
2,k g -
g 0 g Vpp=3V
- ) =
8 ]
- _200 2 /
g T oA
£ -400 § 7
< 2
g —600 a
> 1
-800 a Vopp)=2V
< Ta =25°C
_1000 1 - 1 Lol Ll
0 1 2 3 4 5 1 10 100 1000
Vo - Output Voitage -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 = 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 VOLTAGET
AMPLIFICATION AND PHASE MARGIN

vs
FREQUENCY
80 T TTTT 180°
Vpp=5V
RL = 50 kQ
_ 60 CL=100 pF { 135°
. \K T = 25°C
c o N
§1 oD LU <
a2 ™| Phase Margin [
58 N ™ S
T O N =
5= ™ Tﬂ\ ., 8
23 20 N 4 2
s & N &
<] ° Gain \\‘L N
3 g 0 o &
e J
-20 -~45°
-40 l\ =90°
103 104 105 106 107
f - Frequency —Hz
Figure 22
LARGE-SIGNAL DIFFERENTIAL VOLTAGE
AMPLIFICATION AND PHASE MARGIN
Vs
FREQUENCY
80 TIIT—T—T-TTTT] 180°
Vpp=3V
RL =50 kQ
- 60 CL=100pF || 135
S N TA = 25°C
§° NN
g w b I s £
= O I (]
Qs Phase Margin )
8 \\ b\~L~ g 2
5= ™ . B
‘2 g. 20 N\ 45 ki
53 Gain [N \ 5
] > N €
1 % 0 0 &
g5 N
< N
-20 -45°
-40 \J -90°
108 104 105 106 107

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 = 3 V, all loads are referenced to 1.5 V.
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TYPICAL CHARACTERISTICSt#

LARGE-SIGNAL DIFFERENTIAL LARGE-SIGNAL DIFFERENTIAL
VOLTAGE AMPLIFICATION VOLTAGE AMPLIFICATION
VS \')
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
1000 1000 r
S— RL=1MQ
o —
—
33 —— RL=1MQ 5z T
t s — E S
£ ~ O
5 S a8 B
5 § T 5 38 RL=50kQ |~~~
[ \ £ = —
2 = 100 P 2 = 100
2 E RL = 50 kQ o g
b
B3 &3
«©
TE T8
X 83
Vpp=3V Vpp=5V
Vic=15V Vic=25V
w0 Vo=05Vto25V 10 Vo=1Vto4V
-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
Vpp=3V Vpp=5V = T
TA=25°C TA = 25°C I
T T H i
1 < A
g 100 Ay =100 a 100 === E
] [——— i i Ay =100 Hf = i
§ § = i %
H AP ] i i i
| Ay =10 Y | -
E oY : E 1°5Av=1o§%= =
5 5 L
g A S R
o - = (o) L
1 1 Av =1 1 Ay =1 L~
R =i o B ==:
0.1 0.1
102 103 104 105 102 103 104 105
f - Frequency — Hz f - Frequency — Hz
Figure 26 Figure 27

t 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 CHARACTERISTICSt%

COMMON-MODE REJECTION RATIO COMMON-MODE REJECTION RATIO
Vs Vs
FREQUENCY FREE-AIR TEMPERATURE
100 90
[T T 1T
Vpp=5V Ta =25°C 88
Vic=25V
i 86
Vpp=3V ™ 84— vpp=5V
Vic=15V

CMRR - Common-Mode Rejection Ratio —dB
CMMR - Common-Mode Rejection Ratio — dB

80 B F- ~N 82
80
\\
40 78 -
- —
M\ 76 VD=3V | ]
N J
20 74
72
0 70
102

101 103 104 105 106 -50 -25 0 25 50 75 100
f - Frequency — Hz TA —Free-Air Temperature - °C
Figure 28 Figure 29
SUPPLY-VOLTAGE REJECTION RATIO SUPPLY-VOLTAGE REJECTION RATIO
Vs Vs
FREQUENCY FREQUENCY
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g g
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f - Frequency — Hz 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.
% 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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TLV2264, TLV2264A, TLV2264Y
Advanced LinCMOS™ RAIL-TO-RAIL
QUAD OPERATIONAL AMPLIFIERS

SLOS1328 - DECEMBER 1993 — REVISED FEBRUARY 1994

TYPICAL CHARACTERISTICSt#
SUPPLY-VOLTAGE REJECTION RATIO

vs
FREE-AIR TEMPERATURE
110 - g 1
Vpp=27Vto8V 200
e; Vic=Vo=Vpp/2
L
S 105 < 1000
e =
S -
i g
o - 3
o
2 100 > 800
S a
] s
> ]
2 |
o a
S o5 2 600
e
«
>
N
=
90 400
-~50 -25 0 25 50 75 100
TA ~ Free-Air Temperature - °C
Figure 32
SLEW RATE
vs
LOAD CAPACITANCE
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Figure 34

SUPPLY CURRENT
Vs
FREE-AIR TEMPERATURE

Vpp=5V
Vo=25V

A\
\

Vpp=3V
Vo=15V
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-25 0 25 50
TA — Free-Air Temperature - °C

Figure 33

75 100

SLEW RATE
vs
FREE-AIR TEMPERATURE

\\ SR-

SR+

\\
B

-25 0 25 50 75
TA - Free-Air Temperature ~ °C

100

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 = 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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TLV2264, TLV2264A, TLV2264Y

Advanced LinCMOS™ RAIL-TO-RAIL
QUAD OPERATIONAL AMPLIFIERS

SLOS132B - DECEMBER 1993 ~ REVISED FEBRUARY 1994

TYPICAL CHARACTERISTICST

INVERTING LARGE-SIGNAL PULSE

RESPONSE
3 T T T
Vpp=3V
Rp =50 kQ
2.5 |- CL =100 pF
Ay=-1
TA = 25"0
T 2
Q
g
S 15 D\
5
=
? 1
0.5 7
0
0 2 4 6 8 10 12 14 16 18 20
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Figure 36
VOLTAGE-FOLLOWER LARGE-SIGNAL
'PULSE RESPONSE
3SrTr—T— T
Vpp=3V
RL = 50 kQ
2.5 = CL =100 pF
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s s
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Figure 38

16 18 20

Vo - Output Voltage -V

INVERTING LARGE-SIGNAL PULSE

RESPONSE
5 T r T
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RL = 50 kQ
Cp = 100 pF
4 Ay=-1
TA =25°C
3
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0
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Figure 37
VOLTAGE-FOLLOWER LARGE-SIGNAL
PULSE RESPONSE
VBD=§V K
RL = 50 kQ
CL =100 pF
4} Ay=-1
Ta =25°C
3
s
) ) \
1 y \
/ \
0
0 2 4 6 8 10 12 14 16 18 20
t-Time —-ps
Figure 39

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

SLOS132B — DECEMBER 1993 — REVISED FEBRUARY 1994

TYPICAL CHARACTERISTICSt

INVERTING SMALL-SIGNAL

INVERTING SMALL-SIGNAL
PULSE RESPONSE PULSE RESPONSE
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Figure 40 Figure 41
VOLTAGE-FOLLOWER SMALL-SIGNAL VOLTAGE-FOLLOWER SMALL-SIGNAL
PULSE RESPONSE PULSE RESPONSE
0.95 Y 2.65 T—
Vpp=3V Vpp=5V
RL =50 kQ RL =50 kQ
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Figure 42 Figure 43

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

SLOS132B — DECEMBER 1993 — REVISED FEBRUARY 1994

TYPICAL CHARACTERISTICSt

EQUIVALENT INPUT NOISE VOLTAGE EQUIVALENT INPUT NOISE VOLTAGE
Vs vs
FREQUENCY FREQUENCY
R A ' O =TI
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Figure 44 Figure 45
INTEGRATED NOISE VOLTAGE
INPUT NOISE VOLTAGE OVER vs
A 10-SECOND PERIOD - FREQUENCY
1000 100% T O T 11T 1 1 T
C Calculated Using Ideal Pass-Band Filter
750 [ Lower Frequency = 1 Hz
I I g Ay =100
500 H— >=|L
& 10
>‘,= 250 1 g
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t-Time-s f ~Frequency - Hz
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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TLV2264, TLV2264A, TLV2264Y

Advanced LinCMOS™ RAIL-TO-RAIL

QUAD OPERATIONAL AMPLIFIERS

SLOS132B -~ DECEMBER 1993 - REVISED FEBRUARY 1994

TYPICAL CHARACTERISTICSt#

TOTAL HARMONIC DISTORTION PLUS NOISE

GAIN-BANDWIDTH PRODUCT

Vs VS
FREQUENCY FREE-AIR TEMPERATURE
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31 ltm =4 i Vpp=5V
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Figure 48 Figure 49
GAIN-BANDWIDTH PRODUCT PHASE MARGIN
vs vs
SUPPLY VOLTAGE LOAD CAPACITANCE
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Vpp - Supply Voltage -V

Figure 50

CL - Load Capacitance - pF

Figure 51

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

SLOS132B - DECEMBER 1993 — REVISED FEBRUARY 1994

TYPICAL CHARACTERISTICS
GAIN MARGIN UNITY-GAIN BANDWIDTH
vs vs
LOAD CAPACITANCE LOAD CAPACITANCE
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Figure 52 Figure 53
OVERESTIMATION OF PHASE MARGINT
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T See application information

Figure 54
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TLV2264, TLV2264A, TLV2264Y
Advanced LinCMOS™ RAIL-TO-RAIL
QUAD OPERATIONAL AMPLIFIERS

SLOS132B - DECEMBER 1993 — REVISED FEBRUARY 1994

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 (Rp)) 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 Q, 50 Q, 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
80y = tan™" (2 x 7 x UGBW x R, x C\ ) M
where : A8, = improvement in phase margin
UGBW = unity-gain bandwidth frequency
Rnu" = output series resistance
CL = 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 improvemant 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).

1
F= et o 2
1 + gm X Rnull @)
where : F = factor reducing frequency of pole

small-signal output transconductance (typically 4.83 x 108 mhos)

Im

Rnull

= output series resistance
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TLV2264, TLV2264A, TLV2264Y
Advanced LinCMOS™ RAIL-TO-RAIL
QUAD OPERATIONAL AMPLIFIERS

SLOS132B - DECEMBER 1993 -~ REVISED FEBRUARY 1994

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 reductionin 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.

O = R (Uggvv) ®
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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TLV2264, TLV2264A, TLV2264Y
Advanced LinCMOS™ RAIL-TO-RAIL
QUAD OPERATIONAL AMPLIFIERS

SLOS132B — DECEMBER 1993 — REVISED FEBRUARY 1994

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
® Input 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
VbD + * *
RSS 3 él iss
RP
IN - g < 10 -
A op |4 ‘El
IN+ L g
1 1 (e 12
> >
RD1 %j‘ RD2
60
VAD * ) ~
VDD-/GND
A .,
VE out
SUBCKTTLV226412345 RD1 60 11  47.51E3
ci 1.372E-12 RD2 60 12  47.51E3
c2 e 10,00E-12 RO1 8 5 120
DC 5 53 DX RO2 7 99 120
DE 54 5 DX RP 3 4 15.42E3
DLP 90 91 DX RSS 10 99 36.36E6
DLN 92 90 DX VAD 60 4 -6
DP 4 3 VB 9 0 DGO
EGND 99 0 POLY @ (30) 40)0.5.5 VC 3 53 DC.58
99 OLY (5) VB VC VE VLP VE 54 4  DC.58
+VLN01979E6—40E640E640E6—4OE6 VM 7 8 DGO
GA 6 0 11 1221.056-6 VLP 91 0 DCO
GCM 0 6 10 997.486E-9 VLN 0 92 DC54
ISS 3 10  DC 5.500E-6 .MODEL DX D (1S=800.0E~18)
HLM 9 0  VLIM1K .MODEL JX PJF (IS=500.0E~15 BETA=161.1E-6
J1 11 2 104X +VTO=-.09)
J2 12 1 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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~ TLV2322l, TLV2322Y
LinCMOS™ LOW-VOLTAGE LOW-POWER
DUAL OPERATIONAL AMPLIFIERS

SLOS109 — MAY 1992

e Wide Range of Supply Voltages Over D OR P PACKAGE
Specified Temperature Range: (TOP VIEW)
TA=—4OCtO.85C...2Vt08V 10UT [ W) Voo
® Fully Characterizedat 3V and 5 V 1IN= ] ] 20UT
® Single-Supply Operation 1IN+ ] ] 2IN-
e Common-Mode Input Voltage Range Vpp-/GND [} [] 2IN+
Extends Below the Negative Rail and up to

Vpp -1V at Ty = 25°C PW PACKAGE
® Output Voltage Range includes Negative (TOP VIEW)

Rail
® High Input Impedance . .. 1012 Q Typical 1?&1 %

1
2
® ESD-Protection Circuitry 1IN+ CI13
® Designed-In Latch-Up Immunity Vpp -/GND I3 4

S W N =
o o N ™

© 1] Vpp.
[T 20UT
1] 2IN-

T3 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 | 1

designed for use in low-voltage single-supply \ Vig=1V

applications. This amplifier is especially well 20 Vo=1V

suited to ultra-low-power systems that require ‘\ No Load
25

devices to consume the absolute minimum of
supply currents. Each amplifier is fully functional
down to a minimum supply voltage of 2'V, is fully
characterized, tested, and specified at both 3-V
and 5-V power supplies. The common-mode input
voltage range includes the negative rail and
extends to within 1 V of the positive rail.

o
</

Vpp =

20

15

/

Vpp =

10

Ipp - Supply Current - yA
//
/
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.

(]
Low-voltage and low-power operation has been -76 -50 -25 0 25 50 75 100 125
made possible by using the Texas Instruments Ta - Free-Air 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
Viomax PACKAGED DEVICES CHIP FORM
TA AT 25°C SMALL OUTLINE | PLASTIC DIP TSSOP ™
(D) (P) (PW)
—40°C to 85°C 9 mV TLV2322ID TLV2322IP | 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., TLV2322|PWLE).
LinCMOS™ is a trademark of Texas Instruments Incorporated.
PRODUCTION DATA Information is current as of publication date. . Copyright © 1992, Texas Instruments Incorporated
Products conform to specifications per the terms of Texas Instruments

standard warran g does not ly Include I

testing of all plr;lymm EXAS
INSTRUMENTS
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TLV2322I, 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 TLV2322l. 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

(8)
1INe B

2 10uT
R C N

2N+ B

6 20UT

@
Vpp-/GND

CHIP THICKNESS:
15 TYPICAL

BONDING PADS:
4 x 4 MINIMUM

Tgmax = 150°C

¢ 72 B TOLERANCES
||Il'||III“I.Illll'll'Il""‘lllIIIIll'lIIII"""lI|'I'II|II'II|'|III|III ARE +£10%.

Lttt it ool

) 2

ALL DIMENSIONS
ARE IN MILS.
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TLV2322|, TLV2322Y
LinCMOS™ LOW-VOLTAGE LOW-POWER
DUAL OPERATIONAL AMPLIFIERS

SLOS109 — MAY 1992

TLV2322] equivalent schematic (each amplifier)

P3

[

P1 P2 NS
IN- — — =
Rt — —  R2 0—, Bl
N+ P5 P6
\/R\i 7, i —e
v X B —|i->-
! [
-
e Py
N3 out
L —
—>- H— N4
— — ll—
N1 | N2 N6
L — — N7
R3 D1 R4 D2 ’ |_4,_’
{m
GND
COMPONENT COUNTT
Transistors 54
Diodes 4
Resistors 14
Capacitors 2

tIncludes both, amplifiers and
all ESD, bias, and trim circuitry
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TLV2322l, TLV2322Y
LinCMOS™ LOW-VOLTAGE LOW-POWER
DUAL OPERATIONAL AMPLIFIERS

SLOS109 — MAY 1992

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

Supply voltage, Vpp (SEE NOtE 1) .ottt e et e e e it 8V
Differential input voltage (SEe NOtE 2) ......c.iiii i i it e i it e i Vppt
Input voltage range, Vi (@ny input) ..o e -0.3 Vto Vpp
Inputeurrent, I] ... e ettt eaaaaaa, +5 mA
OUIPUL CUITENE, 1O v vttt i i it it ittt i i e eaas +30 mA
Duration of short-circuit current at (or below) Ty =25°C (see Note 3) ...........cooviivneinnnn, unlimited
Continuous total dissipation ........................ e, See Dissipation Rating Table
Operating free-air temperature range, TA  ..vvvviiitiniiiiii ittt iiiieeens —-40°C to 85°C
Storage temperature range ...ttt ittt it e —-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 7256 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 v
Vpp=3V -02 - 1.
Common-mode input voltage, V|c DD 0 8 Vv
Vpp=5V -0.2 3.8
Operating free-air temperature, Ta —-40 85 °C

¥
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TLV2322l, TLV2322Y

LinCMOS™ LOW-VOLTAGE LOW-POWER
DUAL OPERATIONAL AMPLIFIERS

SLOS109 - MAY 1992

electrical characteristics at specified free-air temperature

TLV2322|
PARAMETER TEST CONDITIONS Tat 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 R =500, mV
RL=1MQ Full range 11 11
Average temperature coefficient 25°C to o
WIO o input offset voltage 85°C ! 11 KVrC
| Input offset current (see Note 4) Vo=1V, 25°C 01 o1 A
10 P Vic=1V 85°C 22 1000 24 1000| P
. Vo=1V, 25°C 0.6 0.6
| Input bias current (see Note 4, ’ A
1B P ¢  lvg=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 42
ICR voltage range (see Note 5) -0.2 -0.2
Full range to to \
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 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
p  Laroesignal difterental ‘F;'LC_’ 11,\)" o 25°C 50 400 50 520 Vimy
voltage amplification See Note 6 Full range 50 50
Vo=1V, 25°C 65 88 65 94
CMRR Common-mode rejection ratio V|G = VICRmin, dB
Rg=50Q Full range 60 60
K Supply-voltage rejection ratio Vic=1V, Vo=1V, 25°C 70 86 70 86 B
SVR  (avpp/avip) Rs=50Q Fullrange | 65 65
Vo=1V, Vig=1V. 25°C 12 34 20 34
| Supply current
DD i No load Full range 54 ]
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,VoPp)=025Vto2V;atVpp=3V,Vpo=05Vto1.5
{’ TEXAS
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operating characteristics at specified free-air temperature, Vpp =3V

TLV2322]
PARAMETER TEST CONDITIONS TA MIN _TYP MAX UNIT
Vic=1V, Vippy =1V, 25°C 0.02
SR Slew rate at unity gain Ry =1MQ, CL =20 pF, Vips
See Figure 30 85°C 0.02
) . ' f=1kHz, Rg=100Q "
Vn Equivalent input noise voltage See Figure 31 25°C 68 nVAWHz
) . . VO =VOH, CL =20 pF, 26°C 25
Bom Maximum output swing bandwidth RL=1MQ, See Figure 30 550 > kHz
I . V) =10mv, CL =20 pF, 25°C 27
B4 Unity-gain bandwidth RL=1MQ, See Figure 32 850 =1 kHz
Vi=10mV, f= By, -40°C 39°
om Phase margin Cp =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, TLv2s22) UNIT
A MIN _TYP MAX
25°C 0.03
v 85°C 0.03
SR Slew rate at unity gain L= - Vi,
ityg CL=20pF, [ 5V 25°C 0.03 ue
See Figure 30 |(PP) = &- 85°C 0.02
f=1kHz, Rg =100
Vn Equivalent input noise voltage ) 8 s @ 25°C 68 nVAHz
See Figure 31
) ) ) VO = VOH, CL =20 pF, 25°C 5
Bom Maximum output swing bandwidth RL=1MQ, See Figure 30 35°0 4 kHz
N ) Vi=10mv, CL =20pF, 25°C 85
By Unity-gain bandwidth AL =1MQ, See Figure 32 550 55 kHz
Vi=10mv, =By, -40°C 38°
om Phase margin CL =20 pF, RL=1MQ, 25°C 34°
See Figure 32 85°C 28°
*J TEXAS
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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 =50, RL=1MQ 1.1 9 1.1 9| 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 —02 -03 -02  -03
ICR (see Note 5) to to to to Vv
range 2 23 4 42
b ’ Vic=1V, Vip =-100mV,
VOH High-level output voltage loty =—1mA 1.75 1.9 3.2 3.8 \"
. Vic=1V, Vip = 100 mV,
VoL Low-level output voltage oL =1 mA 115 150 95 150 mv
Large-signal differential voltage |Vic=1V, RL =1MQ,
AvD amplification See Note 6 50 400 50 520 Vimv
CMRR Common-mode rejection ratio Vo =1V, V|c = Vicrmin, 65 88 65 94 dB
Rs=50Q.
Supply-voltage rejection ratio Vo=1YV, Vic=1V,
ksvR (AVDD / AV|D) Rg=50Q 70 86 70 86 dB
Vo=1V,Vigc=1V,
IbD Supply current No load 12 34 20 34 uA
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=0.25Vt02V;atVpp=3V,Vo=05Vto1.5V.
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS

DISTRIBUTION OF TLV2322 DISTRIBUTION OF TLV2322
INPUT OFFSET VOLTAGE INPUT OFFSET VOLTAGE
50 | | 70 T T v
Vpp=5
¥RE ;,,3(‘:’ ool TA=25°C
40| P Package P Package
:  w
£ 2
5 % 5 4w
: :
[]
£ g w
1] 20 c
g g
& & 2
10
10
0 0
-5 -4 -3 -2 4 0 1 2 3 4 5 -5 -4 -3 -2 4 0 1 2 3 4 5
V|0 - Input Offset Voltage - mV V|0 - 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 T T 1 70 T T
Vpp=3V Vpp=5V
TA = 25°C to 85°C Ta =25°Cto 85°C
P Package 60 P Package
40 Outliers:
2 ° i (1)19.2mV/°C
3 S 5T (@)1z1mvee
2 2
5 % 5 w
] k]
g $ 30
£ £
g g
e & 20
10
10
-10-8 -6 -4 -2 0 2 4 6 8 10 -10 -8 -6 -4 -2 0 2 4 6 8 10
ay|0 - Temperature Coefficient — pV/°C ay|0 - Temperature Coefficient — pV/°C
Figure 3 ’ Figure 4
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vs

TYPICAL CHARACTERISTICS
HIGH-LEVEL OUTPUT VOLTAGE

HIGH-LEVEL OUTPUT VOLTAGE
vs

HIGH-LEVEL OUTPUT CURRENT SUPPLY VOLTAGE
5 T 8
Vic=1V Vic=1 V'
Vip = 100 mV Vip =100 mV
> TaA=25°C > RL=1MQ
1 4 1 - DR
s \\ Vpp=5V S /
5 3 —~— ‘g’_
o o 4
§ Vpp=3V °
3 2P 8
z I z
=] T ~—~——_ 5 /
T — T 2
5 5 /
> >
0 0
0 -2 -4 -6 -8 0 2 4 6 8
loH - High-Level Output Current - mA Vpp - Supply Voltage - V
Figure 5 Figure 6
HIGH-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE
Vs Vs
FREE-AIR TEMPERATURE COMMON-MODE INPUT VOLTAGE
3 700
[ I
Vpp=3V \ Vpp=5V
> Vic=1V 650 loL=5mA 1
1 241 Vip=100mV E \ TA=25°C
S 1 600
2 g
S 8
5 18 — e ] ] 550
g — INIE) = \Im =-100 mV
o — £ 500
g 7 ] N\
g 12 ® N \
z / I B RN
i—? IoH = —500 pA - ‘;‘ NG INL
1 IoH=-1mA © 400 Vin=—1V N N
I 06 |°H=—2 mA _II D=~ \\
>O loH=-3mA |/ - .
IoH=-4mA >O 350 NN
0 300
~75 -50 -25 0 25 50 75 100 125 0 05 1 1.5 2 25 3 35 4
TA — Free-Air Temperature - °C V|c - Common-Mode Input Voltage - V
Figure 7 Figure 8
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VoL — Low-Level Output Voltage — mV

VoL —Low-Level Output Voltage —mV

TYPICAL CHARACTERISTICS

LOW-LEVEL OUTPUT VOLTAGE
Vs
FREE-AIR TEMPERATURE
Vpp=3V
1851 yic=1v
| Vip=-100mV
170 loL=1mA
155 7
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
800 T
Vpp=5V
800~ yic=05V
Vip=-1V
700 [~ |g =5mA
/
600 /’
500 /'/
400 ]
T
300
200
100
(]
-75 -50 -25 0 25 50 75 100 125

Ta —Free-Alr Temperature — °C

Figure 11

VoL —Low-Level Output Voltage — mV

VoL —Low-Level Output Voltage —~mV

LOW-LEVEL OUTPUT VOLTAGE
vs
DIFFERENTIAL INPUT VOLTAGE

800 I I
Vpp=5V
Vic=WVp/2t ]
7
00 loL=5mA
TA =25°C
600 \
500 \\
400 N
\\
300
200
100
0
0 -1 -2 -3 -4 -5 -6 -7 -8
Vip - Differential Input Voltage - V
Figure 10
LOW-LEVEL OUTPUT VOLTAGE
G
LOW-LEVEL OUTPUT CURRENT
1 PR
| VIC=
095 yp=-1V
08} TA =25°C V.
0.7 Vpp=5V
0.6
0-5 ,/'/
0.4 Vpp=3V //r
o3 .4
. / e
0.2 A r/
a2
0

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
2000 2000 T
RL =1MQ RL =1 MQ
§, 1800 g, 1800
S 1600 % 1600
= >
£ 3
‘S E 1400 = E 1400
27 1200 Ta=-40°C §5 1200
T:= 1000 w2 1000
58 / gﬁ
2% 800 BE 800 =
§5 600 - _—1 8¢ 600 Ll
G <
[ Ta = 25°C n Vpp=3V \\\
g 400 g 400 —
< <
200 200
V 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-Alr 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
< 8
T E Vpp=3V TA =25°C
2 - Vic=1V
g 103 See Note A >
o o 6
g g /
(=]
>
9 102 B 5 /
[ A [-%
H ~ £ #
© (-]
8 ot L g
5 ——— = /
=% - €
£ — g
| 7 yd
] 7 7 E 2
g ¢ /
[ ‘.d': [$]
@ 4 >
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
3 15
EXAS
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Ipp — Supply Current —pA

SR - Slew Rate — V/us

TYPICAL CHARACTERISTICS

SUPPLY CURRENT SUPPLY CURRENT
Vs vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
45 35
Vic=1V I |
40} Vo=1V e Vic=1V
oom / o o
35 / <=Ii- 25 \
30 - - \
Ta=—d0c f A § Vpp=5V
25 / TA = 25°C 3 20
/ ) // 2 N
/ a p—
20 / > 2 15 &\
15 A / 7 N
////TA = 85°C 8 1w Vpbp=3V
10 7
5 A/ 5
o 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 0.07 T T
Vic=1V \‘;lc=1v1v
Vippy=1V | YI(PP) =
0.06|- A‘} P 006 af2]
RL=1MQ RL=1MQ
0.05[- CL =20 pF 0.05 [~ CL=20pF
Ta = 25°C a
>
0.04 ] 4 oo S
/ g \\ Vpp=5V
0.03 < 003 < \‘\
/ i NS ~
0.02 / © 0.02[— Vpp=3V —=—
0.01 0.01
/
Y 0
Y 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
> 5 140
! IR
g, Vpp=5V 125 Vi=iomv _|
5 \ RL=1MQ
3 4 g Ci =20 pF
3 Ta =-40°C ¢ 10
g g \\
§ 3 TA =25°C| o 3 95 Vpp=5V
-8 e
$ ' \ S w N
.§ Vpp=3V £ \
A e 3
E 2 N
g 5
§ 1 Ta= 85°C L
. RTINS R B s N
'y RL=1MQ l R -
& oLl LIl | 2 —
> 0.1 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=10mv
10|~ RL=1MQ
g 100 CL=20pF :
N Ta =25°C /
£ 9
3
2 8 //
a 70
s
§ /
g 7
:? 50
P /
30

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

Figure 23
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Voltage Amplification

Ayp - Large-Signal Differential

Ayp - Large-Signal Differential
Voltage Amplification

TYPICAL CHARACTERISTICS

LARGE-SIGNAL DIFFERENTIAL VOLTAGE
AMPLIFICATION AND PHASE SHIFT

vs

FREQUENCY
107 T -60°
Vpp=3V 60
106 RL=1MQ _] 30°
CL=20pF |~
\ TA =25°C
105 \\ -0°
104 \ A o £
VD s
s\ N o §
o
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
1 7 L -60°
0 L Vpp=3V 60
RL=1Me |
108 CL=20pF |~%
\ Ta =25°C
108 N -0°
104 \\ 30° £
\ NAVD &
103 6 &
N\ 2
102 Q 90°
v Phase Shift
101 120°
1 N 150°
0.1 & 180°

1 1

0 100 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° T 40°
Vi=1omv Vpp=3V
| RL=1M@ a8 N oD
40°l- ¢| =20 pF a6°
Ta=25°C Vpp=5V
340
£ 38 £
o [
T T 320
2 -
g 36 g a0 N
£ =
& T oo N
=3 / P 26°
24°
32° Vi=10mV
22° |- RL=1MQ
CL =20pF
3°° 200 L 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° N 200 LU
o '; \ Vpp=3V,6V
38 s 175 Rg =100 Q -
[ = 25°
36° — é \ Ta =25°C
D= 150
c 34° 7& g ‘w
- I——— (=] \
< . : I — > 125
] 32 N 3 N
;o Vpp=5V g \\
@ 30 S 100
& 3 N
| 28° £ 75 SN
£ NG £
< 26° -f‘;?
2 50
24° o
Vi=10 mV u
220 | RL=1MQ L 25
Ta =25°C >
200 L — | o
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 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 resuit.

Vbp VDD +
i vo i Vo
Vj——o% v —*
CL RL CL 2R
1 L T
- = VpD-
(a) SINGLE SUPPLY (b) SPLIT SUPPLY

Figure 30. Unity-Gain Amplifier

10 kQ 10 kQ

2%2%% AN

Vbp VDD +
100 Q

1/2 VDD—{ : — Vo - — Vo
+
100 Q L
100 Q 100 Q
1 VpD-
(a) SINGLE SUPPLY (b) SPLIT SUPPLY

Figure 31. Noise Test Circuits

10 kQ 10 kQ
AN A/
Vbp VDD +

100 Q 100 ©
VI—WA > Vi —WA >

—t Vo Vo
12Vpp———— 1+ +
I ! ;

-

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

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

input bias current

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

® |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
thata 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 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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PARAMETER MEASUREMENT INFORMATION

generally measured by monitoring the distortion level of the output while increasing the frequency of a sinusoidal
input signal until the maximum frequency is found above which the output contains significant distortion. The
full-peak response is defined as the maximum output frequency, without regard to distortion, above which full

peak-to-peak output swing cannot be maintained.

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

peak-to-peak output is reached.

/S L/ A

(d) f>Bom

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

‘test time

(d)f=Bom

Figure 34. Full-Power-Response Output Signal

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-
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.

Vpp

R1

Vi YWV

il

\+

o

;

—— Vo

\"

Ve
pp~Vi\ R2
2 )m*

Vpp

2

Figure 35. Inverting Amplifier With Voltage

Reference
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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.
1 ) ) < l |
Power

Logic Logic Logic Supply
. . . ¢ T J
(a) COMMON-SUPPLY RAILS
R R L
l 1 1
Z 1 L |P
<j: =< | Logic Logic Logic T sﬂ"',":l",
I . . R |
@ - J AN

(b) SEPARATE-BYPASSED SUPPLY RAILS (PREFERRED)

Figure 36. Common Versus Separate Supply Rails

input characteristics

The TLV2322 is specified with a minimum and a maximum input voltage that, if exceeded at either input, could
cause the device to malfunction. Exceeding this specified range is a common problem, especially in
single-supply operation. Note that the lower 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 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 uV/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)

M MV

"W\~

> V| —N——
— Vo — Vo — Vo
Vi + vi

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

Figure 37. Guard-Ring Schemes

noise performance

The noise specifications in operational amplifier circuits are greatly dependent on the current in the first-stage
differential amplifier. The low input bias current requirements of the 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 -> S
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 = -

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 v
DD
The output stage of the TLV2322 is designed to
sink and source relatively high amounts of current R
(see Typical Characteristics). If the output is v Ip P Vob ~ Vo
subjected to a short-circuit condition, this 4 ] Rp = e+ +1p

high-current capability can cause device damage 1»—— Vo
under certain conditions. Output current capability - Ip = Pullup Current

X . <4+— Required by the
increases with supply voltage. p o:gratlonalyAmpllﬂer

Although the TLV2322 possesses excellent < 'Ll inl_ (typlcally 500 A)

high-level output voltage and current capability
methods are available for boosting this capability,
if needed. The simplest method involves the use
of a pullupresistor (Rp) connected from the output
to the positive supply rail (see Figure 39). There
are two disadvantages to the use of this circuit.
First, the NMOS pulldown transistor N4 (see
equivalent schematic) must sink a comparatively
large amount of current. In this circuit, N4 behaves
like a linear resistor with an on resistance between

approximately 60 Q and 180 Q depending on how v

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 Ta=25°C

operational amplifier is reduced at output voltage f=1kHz

levels where N5 is not supplying the output Vipp) =1V 25V

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
some compensation in the form of a series resistor in the feedback loop alleviates the problem.

Figure 40. Test Circuit for Output Characteristics
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output characteristics (continued)

B
(o

H

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

(b) CL = 260 pF, R = NO LOAD

Figure 41. Effect of Capacitive Loads

(c) CL = 310 pF, R = NO LOAD
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® Wide Range of Supply Voltages Over D OR N PACKAGE
Specified Temperature Range: (TOP VIEW)
. TA=-40°Ct0 85°C...2Vto8V
® Fully Characterizedat3Vand5V 1OUTE 1 - 14[] 40UT
® Single-Supply Operation iN=-lJ2  13[l4aN-
® Common-Mode Input-Voltage Range IN+lfs  r2flaN+
Extends Below the Negative Rail and up Vop:[l4  11JJVop-/GND
to Vpp -1V at 25°C 2n +5§ 12:]'2:: +
® Output Voltage Range Includes Negative - -
Rail 2OUT|; 7 8]] 30uUT
® High Input Impedance . . . 1012 Q Typical
gn np P vp PW PACKAGE
o ESD-Protection Circuitry (TOP VIEW)
® Designed-In Latch-Up Immunity cm————
10UT ec|01 14/F— 40UT
description . “'I;l - z E :m -
+ +
The TLV2324 quad operational amplifier is one of Vpps+ —— Vpp -/GND.
a family of devices that has been specifically g::‘: z z gm*‘
designed for use in low-voltage single-supply - -
applications. This amplifier is especially well 20UT =17 8 = sout
suited to ultra-low power systems that require
devices to consume the ap_sol_ute minimum of SUPPLY CURRENT
supply currents. Each amplifier is fully functional vs
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 xof 1 L’
extends to within 1 V of the positive rail. < 100 [~ NoLoa
These amplifiers are specifically targeted for use v 80
in very low-power, portable, battery-driven ‘5
applications with the maximum supply current per 5
operational amplifier is specified at only 27 pA O 60 2
over its full temperature range of —40°C to 85°C. a \ Vpp=5V
! =
Low-voltage and low-power operation has been @ 40 —_—
made possible by using the Texas Instruments a \\N B
silicon-gate, LINCMOS™  technology. The T 20 Vpp=3V = —
LinCMOS process also features extremely high | I
input impedance and ultra-low bias currents 0
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
PACKAGED DEVICES
TA X!IP;;’é SMALL OUTLINE | PLASTIC DIP TSSOP ‘ c"“:YF)ORM
(D) N) (PW)
—40°C to 85°C 10 mvV TLV23241D 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 ication date.
Products conform to specifications per the terms of Texas Instruments
oes
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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. its maximum henght 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.

71

BONDING PAD ASSIGNMENTS

o

1IN+ —
1IN- —

2IN+ —
2IN- —

3IN+ ——

3IN- —

4IN+

¢ 108
IIII|ll||III|I|I|l|I|I|I'||l|III|lll'l|Illll’IlllIlllI|I|I|ll||I|I|I'IIIII“|I|I|I|l|lll|0|l]

= 4

| Vpp-/GND

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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TLV2324l equivalent schematic (each amplifier)
Vbp

. b o o
P3 P4 ;
l_'f | R6
P1
IN- — _P'z e |
R1 = —l R2 cr—ln—
IN+
RS ci L_|'=5 P6
AN IL L 4_‘l--i ;’
] AN _—| e
e
{ —e Py
N3 out
— —
—> F—— N4
— — —
N1 | N2 ] NG
— —
R3 D1 R4 D2 > '|_4._l N7
{ -
® ® 3 M ( ® *
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

Supply voltage, Vpp (seeNote 1) ....oiiriiiiiiiii i e 8V
Differential input voltage, Vip (seeNote2) .................coiiiiiint. i Vpp+
Input voltage range, V| (@ny iNPut) ......oeiiniiiiiiiii it -0.3Vto Vpp
INPUL CUITBNE, 1] .t e it it ettt ea i +5 mA
OUPUL CUITENE, 10« e et it i et ettt +30 mA
Duration of short-circuit current at (or below) Tp =25°C (seeNote3) ............cccvivvnnnn. unlimited
Continuous total dissipation .............c..iciiiiiiiiiiii i See Dissipation Rating Table
Operating free-air temperature range, TA <. vvoeeieenmren et eai e e enenns ~40°C to 85°C
Storage temperature range . ........ciiiit ittt e —-65°C to 160°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 8 \
Vpp=3V -0.2 1.8
Common-mode input voltage, V Vv
nputvotage, Vic Vop =5V ~ 02 38
Operating free-air temperature, Tp -40 85 °C
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electrical characteristics at specified free-air temperature

TLV2324]
PARAMETER TEST CONDITIONS Tat Vpp=3V Vpp=5V UNIT
MIN TYP MAX| MIN TYP MAX
\\;0=’1‘<; 25°C 11 10 11 10
Vio  Inputoffset voltage ng—=50 o mv
RL=1 MQ Full range 12 12
Average temperature coefficient 25°C to
WIO o input offset voltage 85°C 1 11 A
Vo=1V, 25°C 0.1 0.1
| Input offset current (see Note 4 ' A
10 P ( ) [vig-1v 85°C 22 1000 24 1000| "
] Vo=1YV, 25°C 0.6 0.6
| Input bi t Note 4, ’ A
B nput blas current (see Note 4) Vic=1V 85°C 175 2000 200 2000 P
-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 -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, \"
loH=-1mA Full range 1.7 3
Vic=1V, 25°C 115 150 95 150
VoL Low-level output voltage Vip =-100mV, mV
loL=1mA Full range 190 190
AD Large-signal differential \Fg'f_' 11N\Il§'2, 25°C 50 400 50 520 VimV
voltage amplification 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
K Supply-voltage rejection ratio Vic=1V,Vo=1V, 25°C 70 86 70 86 dB
SVR  (avpp/avio) Rg=50Q Fulrange | 65 65
Vo=1V, Vic=1V, 25°C 24 68 39 68
| Supply current
DD id No load Full range 108 s] 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,Vopp)=025Vto2V;atVpp=38V,Vo=05Vto1.5V.
‘V TEXAS
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operating characteristics at specified free-air temperature, Vpp =3 V

TLV23241
PARAMETER TEST CONDITIONS TA MIN _ TYP MAX UNIT
, Vic=1V, Vippy =1V, 25°C 0.02
SR Slew rate at unity gain RL=1MQ, CL =20 pF, Vius
See Figure 30 85°C 0.02
Vn Equivalent input noise voltage f82e1 r::ﬁ;e 31 Rs=100Q, 25°C 68 nVWTHzZ
= = 25°C 25
BOM Maximum output swing bandwidth \F/‘E= :’aa g;e ingu‘:z,so = > kHz
I . Vi=10mV, CL =20 pF, 26°C 27
=] Unity-gain bandwidth AL =1 Mg, See Figure 32 35°C 1 kHz
vi=1omv,  f=By, —40°C 39°
om Phase margin Cp =20 pF, RL=1MQ 25°C 34°
See Figure 32 85°C 28°
operating characteristics at specified free-air temperature, Vpp =5V
TLV23241
PARAMETER TEST CONDITIONS TA MIN_ TYP  MAX UNIT
25°C 0.03
\F/IIC = 1|\)1/, Vipp)=1V 3G 008
- =1MQ, ° .
SR Slew rate at unity gain L Vi
v untty gai CL =20 pF, 25°C 0.03 us
See Figure 30 | Vi(PP) =25V 350 002
Vn Equivalent input noise voltage fSZe1 l::z’re a1 Rs =100, 25°C 68 nVAHz
. . : VO =VOH CL = 20 pF, 25°C 5
Bom Maximum output swing bandwidth RL=1MQ, See Figure 30 850 2 kHz
o ) Vi=10mvV, CL =20pF, 25°C 85
By Unity-gain bandwidth RL=1MQ, See Figure 32 350 55 kHz
Vi=10mv, f=B4, —40°C 38°
Om Phase margin CL =20pF, RL=1MQ 25°C 34°
See Figure 32 85°C 28°
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
Vo=1V, Vic=1V,
Vio Input offset voltage Rg =500, RL=1MQ 1.1 10 1.1 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) |Vpo =1V, Vic=1V 0.6 0.6 pA
_ _ _ _ &
Common-mode input voltage 02 0.3 0.2 0.3
VicR range (see Note 5) to 1o to to v
2 23 4 4.2
g Vic=1V, Vip =100 mV,
VoH High-level output voltage loF = —1 mA 1.75 1.9 3.2 3.8 Vv
g Vic=1V, Vip = 100 mV,
VoL Low-level output voltage loL =1mA 115 150 95 150 mv
Large-signal differential voltage |Vic=1V, RL =1MQ,
AVD  amplification (see Note 6) 5 400 5 520 Vimv
CMRR  Common-mode rejection ratio | 1O =1V: Vic=VicRmin, | g5 gg 65 94 )
Rg=50Q
Supply-voltage rejection ratio Vo=1V, Vic=1YV,
kSVR (AVDD/AVID) Rg =500 70 86 70 86 dB
Vo=1V, Vic=1V,
IbD Supply current No load 24 68 39 68 uA
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,Vp0=025Vto2V;atVpp=3V,Vpo=05Vto1.5V.
b
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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 vs Temperature 5n

vs Differential input voltage 10

vs Low-level output current 12

. . " T vs Supply voltage 13

AvD Large-signal differential voltage amplification

vs Temperature 14
I/ll0  Input bias and offset currents vs Temperature 15
Vic Common-mode input voltage vs Supply voltage 16

vs Supply voltage 17
' Supply current vs Temperature 18
SR Slew rate vs Supply voltage 19

vs Temperature 20
Vo(pp) Maximum peak-to-peak output voltage vs Frequency 21
B4 Unity-gain bandwidth vs Temperature 2

vs Supply voltage 23
AvVD 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 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
zlz a‘li 50
2 2
5 % 5 40
] ]
) - S
g 2 £
: :
.4 a 20
10
10
0 : 0 - At
-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 Vio - Input Offset Voltage — mV
Figure 1 Figure 2
DISTRIBUTION OF TLV2324 DISTRIBUTION OF TLV2324
INPUT OFFSET VOLTAGE INPUT OFFSET VOLTAGE
TEMPERATURE COEFFICIENT TEMPERATURE COEFFICIENT
50 T T T 70 T T
Vpp=3V Vpp=5V
Tp = 25°C to 85°C TA = 25°C to 85°C
N Package 60| N Package Outliers:
40 (1) 19.2 mv/°C
(1) 12.1 mv/°C
: : "
5 ¥ 5 w
‘g S
g 30
& 3‘
4 g 20
10
10
-10-8 -6 -4 -2 0 2 4 6 8 10 -10-8 -6 -4 -2 0 2 4 6 8 10
aylo — Temperature Coefficient — uv/°C ay]o — Temperature Coefficient — uv/°C
Figure 3 Figure 4
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VoH- High-Level Output Voltage - V

HIGH-LEVEL OUTPUT VOLTAGE
vs

TYPICAL CHARACTERISTICS

HIGH-LEVEL OUTPUT VOLTAGE

vs

HIGH-LEVEL OUTPUT CURRENT SUPPLY VOLTAGE
5 1 8 I
Vic=1V Vic=1V
Vip =100 mV V|p = 100 mV
Ta =25°C > RL=1MQ
4 - I - O
Vpp=5V S
. \\ DD ; /
o 4
- 2 /
2 Vpp=3V
—~ T
1 T
3 /
0 0
0 -2 -4 -8 0 2 4 6 8

loH - High-Level Output Current — mA

Figure 5

HIGH-LEVEL OUTPUT VOLTAGE
vs

Vpp - Supply Voltage -V

Figure 6

LOW-LEVEL OUTPUT VOLTAGE

Vs

FREE-AIR TEMPERATURE COMMON-MODE INPUT VOLTAGE
T T 700 T r
Vpp=3V \ Vpp=5V
Vic=1V loL=5mA
> Vip = 100 mV 5 950 Ta = 25°C
o 24 E
2 \ 600
= =]
: AN
5 18 ——_=¥?==— 8 55 \
g — ANAL) 5 \ Vip =-100 mV
: / s N
2 12 T>> 450 N
3 s . [
® IoH = - 500 uA J 3 NN
T IoH = ~1mA 3 400 \\\\
T 0.6 loH=-2mA 1
K IoH=-3mA —ﬂ 3 Vp=-1V \\\\
IoH==-4mA — . > 350 \\\\
oL 1 | ” ~~
-75 -50 -25 O 25 50 75 100 125 0 05 1 15§ 2 25 3 35 4
TA — Free-Air Temperature — °C V|c - Common-Mode Input Voltage - V
Figure 7 Figure 8
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VoL - Low-Level Output Voltage - mV

VoL~ Low-Level Output Voitage — mV

TYPICAL CHARACTERISTICS

LOW-LEVEL OUTPUT VOLTAGE
vs
FREE-AIR TEMPERATURE
200 Vpp=3V
185} Vic=1V
Vip =-100 mV
170} loL=1mA
155 v
140 ,/
125 ,/
110 ,/
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 T T
Vpp=5V
800 vic=05V
Vip=-1V
700 loL=5mA
V
600 /’
500 /'/
400 /,/
300
200
100
0
-75 -50 -25 O 25 50 75 100 125

TA - Free-Air Temperature -°C

Figure 11

VoL - Low-Level Output Voltage —mV

VoL - Low-Level Output Voltage — mV

800
700
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0.4
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LOW-LEVEL OUTPUT VOLTAGE
vs
DIFFERENTIAL INPUT VOLTAGE

Vpp=5V
Vic=IVip/2l
loL=5mA
Ta =25°C

0 -1 -2 -3 -4 -5 -6
V|p - Differential Input Voltage — V

-7

Figure 10

LOW-LEVEL OUTPUT VOLTAGE
vs
LOW-LEVEL OUTPUT CURRENT

Vic=1V
- Vip=-1V
TA =25°C

Vpp=5V

A

o 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
2000 2000 T
RL =1MQ . RL=1MQ
1800 - o 1800
g, o
& 1600 % 1600
S >
S 1400 S 1400
> § z
S E 1200 TA =-40°C | §E 1200
g3 £7
& ! 1000 2 ¢ 1000
55 / 5 S
c S (=] E S
SF 800 28 800
D& v b E ~N\_ Vbp=5V
$35 e00 — Pg 00 P
JE A Ta=25°C 5< Vop=3V N
T 400 b 400 = —
o / s X
& 200 < 200
Vd N—— Tp =85C
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 COMMON-MODE INPUT VOLTAGE
OFFSET CURRENT POSITIVE LIMIT
Vs Vs
FREE-AIR TEMPERATURE SUPPLY VOLTAGE
< 104 T 8
o Vpp =3V TA =25°C
) Vic=1V >
s See Note A \
E 108 5 /
5 o
o 8 6
3 s /
5 102 2
g 1 %ﬁﬁ g
= B I
: - § -
a £ /
s 10 o 8 /
o 7 13
£ = E
o 4 ~ 3|> 2
z ) /
£ >
o = v
01LL 0
25 45 65 85 105 125 0 2 4 6 8
TA — Free-Air Temperature — °C Vpp - Supply Voltage — V

NOTE A: Thetypical values of input bias current and input offset current
below 5 pA were determined mathematically.

Figure 15

Figure 16
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Ipp - Supply Current - pA

SR - Slew Rate - V/us

TYPICAL CHARACTERISTICS
SUPPLY CURRENT SUPPLY CURRENT
vs vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
90 120 T
Vic=1V _
Vo=1V ‘ pd Vic=1V
801 No Load Vo=1V
100 | No Load
70
3
60 " 1 80
Ta =-40 c/ Ta=2c_~] %
50 yl-' g
40 / s S,. 80 \\
[ =
/7 g Yo =5V
74 P —
Ta = 85°C ] -
20 / -9 \\.
20 Vpp=3V T
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
X .07 T
0.07 Vig=1V 0.0 Vig=1V
Viep)=1V i Vipp)=1V
0.06[ A\§P= 2 0.06| Ay =1
RL=1MQ RL=1MQ
CL=20pF CL =20 pF
0.05[ 1, - 25°¢ g 005
i
e
0.04 2 0.04 <
— 5 S VDD =5V
0.03 ,/ § o003 \\‘
0.02 / % 002|— Vpp=3V T
0.01 / 0.01
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 19 Figure 20
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TYPICAL CHARACTERISTICS
MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE UNITY-GAIN BANDWIDTH
vs Vs
FREQUENCY FREE-AIR TEMPERATURE
> 5 140 T T
R W= tom
Vpp=5V ) L=
% DD 125 \ CL =20 pF
s 4 i A\
g' TA =-40°C \ 110 \
g A,
% 3 TA = 25°C H 95 \VDD =5V
Iy 5
SRIITRENN : ™S
x DD = 3
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E T 50
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] \t:::r 35 S Vpp=3V
E RL =1MQ , ‘
& ol 1111 20 -
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f - Frequency —- kHz TA - Free-Air Temperature - °C
Figure 21 Figure 22
UNITY-GAIN BANDWIDTH
vs
SUPPLY VOLTAGE
120 T T
V=10 mV
10— RL =1MQ
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T L P
100 |— = 259
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£ 9
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©
g ¥ V4
m
e 10
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& 40
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Vpp - Supply Voltage -V

Figure 23
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TYPICAL CHARACTERISTICS

LARGE-SIGNAL DIFFERENTIAL VOLTAGE
AMPLIFICATION AND PHASE SHIFT
vs

: FREQUENCY
2 107 T -60°
3 Vpp=3V
£ 6 RL=1MQ |
g 10 cL=20pF |3
< \ Tp = 25°C
g 105 AV 0°
8 \
g 104 o &
3 =
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5 102 — 90°
5 Phase Shift \
2 101 120°
= \\
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Figure 24
LARGE-SIGNAL DIFFERENTIAL VOLTAGE
AMPLIFICATION AND PHASE SHIFT
vs
FREQUENCY
§ 107 T —60°
§ Vpp=3V
= RL =1MQ 4 °
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TYPICAL CHARACTERISTICS
PHASE MARGIN PHASE MARGIN
Vs vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
42° T 40° T T
Vi=1omv Vpp=3V
RL=1MQ 38° < +
40°] CL=20pF
Tp = 25°C 36°
Vpp=5V
e DD
£ 38 £
2 2
& 32°
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© / °  26°
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CL=20pF
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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 .‘-Iu -3‘-, 5-‘.,
N DD=9YV,
38 |§ 175 Rg=100Q
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i i \
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=
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5 80
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20° 0
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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.

Vbp VbD+
k - vo * o v
vVi—% Vi —% o
CL—/< RL CL R RL
1 L T
= - VpD-
(a) SINGLE SUPPLY (b) SPLIT SUPPLY
Figure 30. Unity-Gain Amplifier
10 kQ 10 kQ
VbD VoD +
100 Q
112 Vpp y : — Vo : —Vo
100 Q
100 Q. 100 Q
VpD-
(a) SINGLE SUPPLY (b) SPLIT SUPPLY
Figure 31. Noise Test Circuit
10 kQ 10 kQ
AN AN
Vpp VbD+

100 Q 100 Q
Vi—WA > Vi —WA -

v v
112vpp— 1+ ’ I -Yo . o}
ICL ~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 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 adevice 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 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.

/S L/ A

test time

(a) f = 100 Hz

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

Figure 34. Full-Power-Response Output Signal

(d)f>Bom

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.

single-supply operation

APPLICATION INFORMATION

While the TLV2324 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.

Vbp
R2
A
R1
Vi WA [
—— Vo
TLE2426

Vap - V v
_ (VYoo ~Vi\ r2 . VDD
"0‘( 2 )m*z

Figure 35. Inverting Amplifier With Voltage
Reference
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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.
* * * S
i 1 I |
Logic Logic Logic -~ gg::lry
. l : ¢ |
(a) COMMON-SUPPLY RAILS
. 1«
I 1 I
- —L — | P
—-—< +| -~ Logic Logic Loglc -~ sg;’:{y
T I . ]

{b) SEPARATE-BYPASSED SUPPLY RAILS (PREFERRED)
Figure 36. Common Versus Separate Supply Rails

input characteristics

The TLV2324 is specified with a minimum and a maximum input voltage that, if exceeded at either input, could
cause the device to malfunction. Exceeding this specified range is a common problem, especially in
single-supply operation. Note that the lower range limit includes the negative rail, while the upper range limit
is specified at Vpp — 1V at Ty = 26°C and at Vpp — 1.2 V at all other temperatures.

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

Because of the extremely high input impedance and resulting low bias-current requirements, the TLV2324 is
well suited for low-level signal processing; however, leakage currents on printed-circuit boards and sockets can
easily exceed bias-current 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.

@ TEXAS
INSTRUMENTS

2-106 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265




TLV2324, TLV2324Y
LinCMOS™ LOW-VOLTAGE LOW-POWER
QUAD OPERATIONAL AMPLIFIERS

SLOS111 - MAY 1992

APPLICATION INFORMATION

input characteristics (continued)

4'%A'A% MV
VI— W —4 * =
— Vo ! — Vo ¢ — 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 TLV2324 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 kQ, since bipolar d%ices exhibit greater noise
A

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

The TLV2324 incorporates an internal electro-
static-discharge (ESD)-protection circuit that

\' A4

>

Figure 38. Compensation for Input
Capapgltance

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 TLV2324 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 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 VoD
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 v "_P_ . = Yoo~ Vo
subjected to a short-circuit condition, this high- ¢ P lg+1 +1p
current capability can cause device damage e | VO ip=Ppuilup Current
under certain conditions. Output current capability ‘L Required by the
increases with supply voltage. | SO A A S— Operational Amplifier

. R2 i
Although the TLV2324 possesses excellent s R1 ||_l Ln,_ (typically 500 uA)
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 Voy
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 \J\

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 L
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 -28V

::elﬁl;twhere N5 is not supplying the output  gyq,re 40, Test Circuit for Output Characteristics

Vo

+

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.
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output characteristics (continued)

B
M

— |h
N B i

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

(b) CL = 260 pF, R = NO LOAD

Figure 41. Effect of Capacitive Loads

(c) CL = 310 pF, R, = NO LOAD
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® Wide Range of Supply Voltages Over LARGE-SIGNAL DIFFERENTIAL VOLTAGE

Specified Temperature Range: AMPLIFICATION AND PHASE SHIFT
Tao=-40°C1t085°C...2Vto8YV vs

® Fully Characterizedat3Vand5V FREQUENCY

® Single-Supply Operation 107 - -60°

® Common-Mode Input-Voltage Range 106 REZ 100k 1 e
Extends Below the Negative Rail and up to CL =20 pF -0
Vpp -1V atTp =25°C 105 - Ta = 25°C

{0
® Output Voltage Range Includes Negative
Rail

104 \\ AvD 30° o
® High Input Impedance . .. 1012 Q Typical 103 \ \ 60° &
® ESD-Protection Circuitry \ ‘\ §

F
® Designed-In Latch-Up Immunity 102 fo— < 90> &
Phase Shift \
description 101 AN 120°
The TLV2332 dual operational amplifier is one of 1 A\ 150°
a family of devices that has been specifically
designed for use in low-voltage single-supply 0.1 180°

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

Ayp - Large-Signal Differential Voltage Amplification

applications. Unlike the TLV2322 which is
optimized for ultra-low power, the TLV2332 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 2V, 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. Its maximum height of only
1.1 mm makes it particularly attractive when space is critical.

AVAILABLE OPTIONS
PACKAGED DEVICES CHIPV
Viomax [ SMALL PLASTIC
Ta AT 25°C | OUTLINE DIP Tspilc’)" F%':)M
©) ® (
T40C1085°C | OmV | TLV2302ID | 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 ication date.
Products conform to spoelﬂcalions per the terms of Texas Instruments

%m ﬂ';aa'::vym rodu uction processing does not necessarily include % TEXAS
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SLOS112 — MAY 1992

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 E 1 8] Vop 1ouT 110 8 vpp.,
1IN-[] 2 7] 20uT 1IN- £ 2 7 13 20uT
1IN+ [} 3 6] 2IN- 1IN+ CI] 8 6 17 2IN-
Vpp-/GND [] 4 5[] 2IN+ Vpp -/GND 14 513 2IN+

TLV2332Y chip information

This chip, when properly assembled, display characteristics similar to the TLV2332l. 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

——
@ a 10UT

()
20UT [y +— 2IN+
_-© o

@)
Vpp-/GND

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

[ 2 72 | TOLERANCES ARE +10%.
II|I|I|I|I|I|I|I|I|Ill|l|l|l|Ill'l|I|l|I‘I'I|I|I|I|I|I|I|I|I|I|I|I|I|I|I|l ALL DIMENSIONS ARE IN MILS.

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

|||t||||||||||||||l|l||||1|||||||||||||||n||l||||||||||||||||

v
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equivalent schematic (each amplifier)

Vbp

° oo °
P3 P4
| | R6
l—'| [
P1 P2
IN- — > NS
e ||
R =l R 1 —
IN
" RS ?1 4}—75 Ps»—o
A e[ T
— [—'! [
4
[ = ®
N3 out
L —
—i | N4
— —— —
N1 | N2 | N6
< e e N7
R3 D1 R4 D2 |_0_,
® * L o L L
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 voltage, Vpp (SEENOtE 1) .. vttt i e et s 8V
Differential input voltage, Vip (see Note 2) .......oeiiniii i e Vbop+
Input voltage range, V| (any input) .............. e -0.3Vto Vpp
7o |10 =T o 5 mA
OUPUL CUITENE, [0+t vt vttt ettt e e e e et e e i a e eaaas +30 mA
Duration of short-circuit current at (or below) Tp =25°C (see Note 3) .........covvvvininnnne.. unlimited
Continuous total dissipation ...t et See Dissipation Rating Table
Operating free-air temperature range, Ta -+ .ovvveirvnnennennnnnnnnn e —40°C to 85°C
Storage temperature range ...ttt e e e, -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 mW 5.8 mW/°C 377 mW
P 1000 mW 8.0 mW/°C 520 mwW
PW 525 mW 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|c DD \
Vpp=56V -0.2 38
Operating free-air temperature, Tp -40 85 °C

2-114
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electrical characteristics at specified free-air temperature

TLV23321
PARAMETER TEST CONDITIONS TaT Vpp=3V Vpp=5V UNIT
MIN TYP MAX| MIN TYP MAX
\‘;0 = ‘1‘(} 25°C 06 9 11 9
Vio Inputoffset voltage R'C:50 Q mv
Rf =100 kQ Full range 1 1
Average temperature coefficient 25°Cto
WIO input offset voltage 85°C ! 17 wrc
| Input offset current (see Note 4) Vo=1V, 25°C 01 0.1 A
10 P Vig=1V 85°C 22 1000 24 1000| "
| Input bias current (see Note 4) Vo=1V, 25°C 08 06 A
'B P Vic=1V 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) -0.2 -0.2
Full range to to "
1.8 3.8
Vic=1V, 25°C 1.75 1.9 3.2 3.9
VoH  High-level output voltage Vip =100 mV, \"
IoH=-1mA Full range 1.7 3
Vig=1V, 25°C 115 150 95 150
VoL Low-level output voltage Vip=-100 mV, mVv
loL=1mA Full range 190 190
pyp  Laroesignal diftrential ;:_6:110 (\J/,m 25°C 2% 83 25 170 -
voltage amplification See Note 6 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
ke Supply-voltage rejection ratio Vic=1V,Vo=1V, 25°C 70 94 70 94 @B
SVR  (avpp/avio) Rg=50Q Fulrange | 65 65
Vo=1V, Vig=1V, | 25°C 160 500 210 560
l Supply current
bb PRy No load Full range 620 soo| 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,Vo=025Vto2V;atVpp=3V,Vpo=05Vto1.5V.
INSTRUMENTS
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operating characteristics at specified free-air temperature, Vpp =3V

TLV23321
PARAMETER TEST CONDITIONS TA MIN_ TYP  MAX UNIT
Vic=1V, Vipp) =1V, 25°C 0.38
SR Slew rate at unity gain RL=100kQ,  CpL=20pF, Vius
See Figure 30 85°C 0.29
. . ) f=1kHz, Rg=100Q, .
Vn Equivalent input noise voltage See Figure 31 25°C 32 nVWHz
. . . VO = VOH: CL =20pF, 25°C 34
BoMm Maximum output swing bandwidth AL =100 kQ, See Figure 30 350 > kHz
. . Vi=10mv, CL =20 pF, 25°C 800
By Unity-gain bandwidth RL = 100 kO, See Figure 32 350 P kHz
Vj=10mv, =By, -40°C 42°
om Phase margin Cp =20pF, R =100 kQ, 25°C 39°
See Figure 32 85°C 36°
operating characteristics at specified free-air temperature, Vpp =5V
PARAMETER TEST CONDITIONS T, TLvassa UNIT
A MIN _TYP MAX
25°C 0.43
Vic=1V, Vippy =1V
'SR Slew rate at unity gain R =100kQ, 85°C 035 Vius
v CL =20 pF, v 25V 25°C 0.40
See Figure 30 I(PP) =& 85°C 0.32
| . . f =1 kHz, Rs =100Q, o
Vn Equivalent input noise voitage See Figure 31 25°C 32 nVWHz
] A Vo =VOH, CL =20 pF, 25°C 55
Bom Maximum output swing bandwidth RL=100kG,  See Figure 30 350 ) kHz
L Vi=10mV, CL =20pF, 25°C 525
By Unity-gain bandwidth RL = 100 kQ, See Figure 32 550 370 kHz
Vj=10mvV,  f=By, -40°C 43
om Phase margin CL =20pF, R =100 kQ, 25°C 40°
See Figure 32 85°C 38°
JU 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 R§=50Q R =100 kQ 0.6 9 1.1 9 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
VicR Common-mode input voitage 'oii _oig 'oii -Oi?, v
range (see Note 5) v 2 23 4 40
. Vic=1V, Vip =100 mV,
VOH High-level output voltage IoH =—1 mA 1.75 1.9 3.2 3.9 \
Vic=1V, Vip =100 mV,
VoL Low-level output voltage loL = 1mA 115 150 95 150 mV
Large-signal differential voltage Vig=1V, R =100 kQ,
AvD amplification See Note 6 25 83 25 170 Vimv
CMRR  Common-mode rejection ratio \'40 =1V, Vig=Vicrmin, 65 92 65 91 dB
s=50Q
Supply-voltage rejection ratio Vo=1V, Vic=1V,
kSVR (AVDD/AVID) Rg =500 70 94 70 94 dB
Vo=1V, Vic=1YV,
IbD Supply current NG load 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=05Vio1.5V.
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TYPICAL CHARACTERISTICS

Table of Graphs
FIGURE
Vio Input offset voltage Distribution 1,2
a0 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 A Temperatur.e 8.1
vs Differential input voltage 10
vs Low-level output current 12
AvD Large-signal differential voltage amplification vs Supply voltage 13
vs Temperature 14
IB/llo  Input bias and offset currents vs Temperature 15
Vic Common-mode input voltage vs Supply voltage 16
vs Supply voltage 17
' Supply current vs Temperature 18
SR Slew rate vs Supply voltage 19
vs Temperature 20
Vo(pp) Maximum peak-to-peak output voltage vs Frequency 21
’ X X vs Temperature 22
B4 Unity-gain bandwidth v Supply voltage >
AVD l;::’g:l-;lg:aslhdifl:ferentlal voltage amplification vs Frequency 24,25
vs Supply voltage 26
om Phase margin vs Temperature 27
vs Load capacitance 28
Vi Equivalent input noise voltage vs Frequency 29
Phase shift vs Frequency 24,25
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TYPICAL CHARACTERISTICS
DISTRIBUTION OF TLV2332 DISTRIBUTION OF TLV2332
INPUT OFFSET VOLTAGE INPUT »OFFSET VOLTAGE
50 60
Vpp=3V VDlD = 5rV
TA =25°C TA =25°C
P Package 50} P Package
40
* *
! 40
2 2
k] S 3
: :
g 20 1
g 8 2
4 4
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
Vo - Input Offset Voltage — mV Vio ~ Input Offset Voltage — mV
Figure 1 Figure 2
DISTRIBUTION OF TLV2332 DISTRIBUTION OF TLV2332
INPUT OFFSET VOLTAGE INPUT OFFSET VOLTAGE
TEMPERATURE COEFFICIENT TEMPERATURE COEFFICIENT
50 —T 60 | I —
Vpp=3V Vpp=5V
TA = 25°C to 85°C Ta = 25°C to 85°C
P Package 50 p package
40 o Outllers:
ES = (1) 33 mvI°C
1 | 40
2 4 2
5 5
k3 S 30
: 3
'g 20 1
8 g 2
4 &
10 10
0 = 0 03068 % i . % ]
~-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 Coefficlent — uV/°C aylo — Temperature Coefficient — uv/°C
Figure 3 Figure 4
3 e
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Vs

TYPICAL CHARACTERISTICS
HIGH-LEVEL OUTPUT VOLTAGE

HIGH-LEVEL OUTPUT VOLTAGE

vs

HIGH-LEVEL OUTPUT CURRENT SUPPLY VOLTAGE
8
8 Vic=1V Vic=1V
Vip =100 mV Vip = 100 mV
> Ta=25°C > RL =100 kQ
| 4 P |
) o Ta =25°C /
é \'\VDD =5V f
3 3 ~—] 3
3 3 4
E E
3 2 >‘VDD =3V ]
= £
b T~ i 2
I 1 I
3 3 /
> >
0 0
[1] -2 -4 -6 -8 0 2 4 6 8
loH — High-Level Output Current - mA Vpp - Supply Voitage -~V
Figure 5 Figure 6
HIGH-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE
vs vs
FREE-AIR TEMPERATURE COMMON-MODE INPUT VOLTAGE
U n 700 | 1
Vpp =3V \ Vpp=5V
Vic=1V lo,=5mA 4
> Vip =100 mV > 650 TOL_ 25°C
o 24 E A=
%" g, 600
S x 8
3 18 T S 5%
g L 5 \VID =-100 mV
o —~ 74_%#—— g s N
3 12 T NN
: T/7 } NN
g 10H = -500 pA 2 NG N\
L ool ion-—2ma S A
.6 loH=-2m 1 Vip=-1V
S IoH = -3 mA ﬂ 3 ss0l—1" \\\\
IoH = -4 mA = \\\\
o [ 200 [~
-75. -50 -25 0 25 50 75 100 125 0 05 1 1.5 2 25 3 35 4
TA — Free-Air Temperature - °C V¢ - Common-Mode Input Voltage - V
Figure 7 Figure 8
‘V’ TEXAS
INSTRUMENTS
2-120 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



TLV2332l, TLV2332Y

LinCMOS™ LOW-VOLTAGE MEDIUM-POWER

DUAL OPERATIONAL AMPLIFIERS

SLOS112 — MAY 1992

VoL~ Low-Level Output Voltage — mV

VoL~ Low-Level Output Voltage — mV

TYPICAL CHARACTERISTICS

LOW-LEVEL OUTPUT VOLTAGE
vs
FREE-AIR TEMPERATURE
200 T y
Vpp=3V
185 Vic=1V
Vip =-100 mV
1701 loL=1mA
156
140 / /
125 /‘
W
110 7
95 A
-
g
80
65
50
-75 -50 -25 0 25 50 75 100 125
TA - Free-Air Temperature - °C
Figure 9
LOW-LEVEL OUTPUT VOLTAGE
vs
FREE-AIR TEMPERATURE
900 T T
Vpp=5V
800} Vic=05V
Vip=-1V
700 |0L =5mA
-
600 7
500 /'/
]
400 "
1
300
200
100
o -
-7 -50 -25 O 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

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=Vip/2l 4
loL=5mA

Ta = 25°C

0 -1 -2 -3 -4 -5 -6 -7

V|p - Differential Input Voltage - V

-8

Figure 10

LOW-LEVEL OUTPUT VOLTAGE
vs
LOW-LEVEL OUTPUT CURRENT

Vic=1V
- Vip =-100 mV
Ta = 26°C y

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 A"
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
500 =T 500 T -
RL = 100 kQ RL = 100 kQ
450 450
g’ [
o
£ 00} 8 400
= S
5. 350 =~ 350
£2 s>
§E Ta =-40°C 3
£S 300 s§E a0
e 1! Q
8§ 250 Sg 250
-9 =9 N
53 200 ‘/TA =28%C 58 200 Vpp=5V
aD = P \ DD =
b2 N =
DE 150 Z /A/ $E 150 \‘\
3 " Tp=85C &< Vpp=3V =
7 _# 3 DD
W 100 ] 100
S r g
< 50 7 < 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
T 108 8
‘2 — Vpp=3V Ta =25°C
g [ Vic=1V >I
3 103 L SeeNote A g )
3 £
5 2 /
B 102 1 a
3 18 £
= ()
B 3 4
© =
£ ool L 5 4
o =10 s /
E] E
g 75 Z 8§ :
n 1 LA d 1 /
2 )
5 7 >
s 7
2 g4ls 0
25 45 65 85 105 125 2 4 6 8

TA - Free-Air Temperature — °C

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

Figure 15

Vpp - Supply Voltage -V

Figure 16
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Ipp —Supply Current—p A

SR -Slew Rate - Vius

TYPICAL CHARACTERISTICS
SUPPLY CURRENT SUPPLY CURRENT
VS vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
450 400 T
Vig=1V Vic=1V
4 Vo=1V | Vo=1V
. Ng Load Ta =-40°C 350" No Load
350 / < 300 AN
3 N
300 & N
/ / g ‘\V 5V
d = O 1= DD =
- / )% 8 SDD =3V N\
> 200 NS N
200 = g S~
/ e /‘ﬁ @ 150
150 7 A= — ! ~—_
Q
A / 2 100
100 // 7
50 / 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 17 Figure 18
SLEW RATE SLEW RATE
') Vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
09 Vic=1V' 0.9 V|c'=1 v
Vipp) =1V Vipp)=1V
08| Av=1 0.8 Ay =1
I RL =100 kQ RL = 100 kQ
CL =20 pF CL=20pF
Ta =25°C @ 07
0.7 3
]
0.6
2
0.6 E
@ 05 S -
o SN~ Vpp=5V
0.5 ] . N DD
~ % 04 P
. T~
/ Vop =3 VN, N
0.4 /4 03 -
0.3 0.2
0 2 4 6 8 -75 -50 -25 0 25 50 75 100 125
Vpp - Supply Voltage - V T - Free-Air Temperature — °C
Figure 19 Figure 20
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TYPICAL CHARACTERISTICS
MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE UNITY-GAIN BANDWIDTH
Vs Vs
FREQUENCY FREE-AIR TEMPERATURE
> 5 T T T 1000 B
. RL = 100 kQ Vi=1iomv
g 900 Rp = 100 kQ
5 . Vpp=5V . CL=20pF
>
i ™ 2
3 \ \m— Ta =-40°C £
o ]
X 3 3 700
g H
8 \ @ 600 Vpp=5V
§ Vpp=3V §
2 N
| ? 500
: I AN
£ Ta = 85°C —H \ 5 40 N
% LU ! N~
2 1 i \ iy Vpp=3V
L = 0B N 300
3 Rt ‘J\ hi | —
= 0 200
1 10 100 1000 -75 50 -25 0 25 50 75 100 125
f - Frequency - kHz Ta - Free-Air Temperature — °C
Figure 21 Figure 22
UNITY-GAIN BANDWIDTH
Vs
SUPPLY VOLTAGE
1000 T r
Vi=10mV
| Ry =100 kQ
800 CL =20 pF
i;’ a00 |_TA=25C
£
E 700
&
@ 600
£
3 500
: 50
[
3 400 A
&
300
200

0 1 2 3 4 5 6 7 8
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 T -60°
Vpp=3V
106 RL =100 kQ -30°
CL =20pF
TA =25°C
105 [y A 0

\\vo
600

N

S \ 900
Phase Shift
101 AN 120°

AN

1 \ 150°
0.1 180°
1 10 100 1k 10k 100k 1M

f - Frequency —Hz
Figure 24

104 IR \ 30°
N\

LARGE-SIGNAL DIFFERENTIAL VOLTAGE
AMPLIFICATION AND PHASE SHIFT

V'3
FREQUENCY
107 -60°
Vbp =‘5 \
106 RL =100 kQ ~30°
CL =20 pF
105 \\\ Ta= 25 C 0
104 \ o
\ ‘an *

103 N

Phase Shift ‘\‘\
101 ‘\ 120°

8

1 1500
N
0.1 180°
1 10 100 - 1k 10k 100k 1M

f — Frequency — Hz
Figure 25

8
Phase Shift

Phase Shift
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TYPICAL CHARACTERISTICS
PHASE MARGIN PHASE MARGIN
Vs Vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
50° T T 45° T T
Vi=10mv Vi=10mv
48° RL=100kQ - RL =100 kQ
CL=20pF CL=20pF
46° TaA=25°C | 43° \
g £ N
E 42° E 43 \\
8 40° \ 2 i Vpp=56V
© \ ] '
& £ \\
| 38 1 39° ™
E E Vpp=3V
© 36° © \\\\
34° 37° N
N
32°
30° 35°
1 2 3 4 5 6 7 8 -75 -50 -25 0 25 50 75 100 125
Vpp - Supply Voltage - V TA - Free-Air Temperature - °C
Figure 26 Figure 27
PHASE MARGIN EQUIVALENT INPUT NOISE VOLTAGE
vs vs
LOAD CAPACITANCE FREQUENCY
44° T 1 300 T 17
Vi=10mvV N Rg =100 Q
42° RL=100KQ l% Ta=25°C
N Ta = 25°C = 250
a0 [ o \
5 ) \VDD =5V % 200 A
5 38 N > \\
= Vpp =3V &
E 36° g 150 \
o N
E oo \\ £ \ N,
- § 100 Vbp=5V
32 2 \Q\\
g s Vpp=3V TN
30° N i ...
\ c
>
28° 0
0 20 40 60 80 100 1 10 100 1000

CL - Load Capacitance - pF

Figure 28

f —’Frequency -Hz
Figure 29
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PARAMETER MEASUREMENT INFORMATION

single-supply versus split-supply test circuits

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

the same result. ‘ )
Vpp VbD+
* o V, . * o vo
VF___'+ o V) —+
CL/\ RL CL/\ RL
= = VDD—
(a) SINGLE SUPPLY (b) SPLIT SUPPLY
Figure 30. Unity-Gain Amplifier
10 kQ 10 kQ
AN Yy
Vbp VoD +
100 Q

112 Vpp —{ v : — Vo : — Vo

100 Q >
100 Q 100 Q
Vpp-

(a) SINGLE SUPPLY (b) SPLIT SUPPLY

Figure 31. Noise Test Circuit

10 kQ 10 kQ
AN AN
Vbp VDD +

100 : 100
VI—WA > Vi —AM >

v
1m12vpp— |+ ’ I °
I "’

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 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
thata 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=V|c
1 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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generally measured by monitoring the distortion level of the output while increasing the frequency of a sinusoidal
input signal until the maximum frequency is found above which the output contains significant distortion. The
full-peak response is defined as the maximum output frequency, without regard to distortion, above which full

peak-to-peak output swing cannot be maintained.

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

peak-to-peak output is reached.

/S L/ A

(a) f = 100 Hz (b) Bom > £ > 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 BiIFET
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.

VpbD

—— Vo

Figure 35. Inverting Amplifier With Voltage
Reference
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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.
) ) ) l
Logic Logic Logic = gﬁ;‘&"y
T T o« |
(a) COMMON-SUPPLY RAILS
° o o w :
| 1 ) l
-—-——< : =< | Logic Logic Logic = gg‘g&'&
| . . L |

. . <&

(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 = 256°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.

{f TEXAS
INSTRUMENTS

2-130 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



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

SLOS112 - MAY 1992

APPLICATION INFORMATION

input characteristics (continued)

M aAA%
V] — VWA —4
— Vo — Vo — Vo
V| V)
>
(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 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

I
>AF_

i

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

ofa 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 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 voltagesYpb

output characteristics é Rp
_ vi—|° <2 ] Rp = 00~ Yo

The output stage of the TLV2332 is designed to + 4 P g+ +1p
sink and source relatively high amounts of current ®— VO |p=Pullup Current
(see Typical Characteristics). If the output is <'L Required by the
subjected to a short-circuit condition, this high- | G AA S Operational Amplifier
current capability can cause device damage > R2 3 (typically 500 pA)
under certain conditions. Output current capability i“‘ "'lin'-
increases with supply voltage.

Although the TLV2332 possesses excellent Figure 39. Resistive Pullup to Increase VgH
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 \J\

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 vi
equivalent schematic) must sink a comparatively L
large amount of current. In this circuit, N4 behaves

like a linear resistor with an on resistance between Ta = 25°C
approximately 60 Q and 180 Q, depending on f=1kHz

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.

Vo

+

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)

i

(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...2Vto 8V

® Fully Characterizedat3V and 5V

Single-Supply Operation

e Common-Mode Input-Voltage Range
Extends Below the Negative Rail and up to
Vpp -1V at Ty =25°C

e 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

D OR N PACKAGE

(TOP VIEW)
10UT[] 1 ™ 14[] 40UT
1IN-[] 2 13[] 4IN-
1IN+[] 3 12[] 4IN+
Vop+l]4  11[] Voo-/anD
2IN+[] 5 10f] 3IN+
2N-[] 6 o[] 3IN-
20UT[| 7 s} 3oUT
PW PACKAGE
(TOP VIEW)
10UT = O1 14| 40UT
1IN- = = 4IN-
1IN+ = — 4IN+
Vpp+ =5 = Vpp-/GND
2IN+ = — 3IN+
2IN- = 1 3IN-
20UT = 7 8|F=3ouTt

LARGE-SIGNAL DIFFERENTIAL VOLTAGE
AMPLIFICATION AND PHASE SHIFT

and good ac performance. Each amplifier is fully FREQ‘{JSENCY
functional down to a minimum supply voltage of . 107 . —60°
2 V and is fully characterized, tested, and § Vpp=3V
specified at both 3-V and 5-V power suppliesover € 106 RL=100kQ | .0,
a temperature range of -40°C to 85°C. The & ?'-fi;%"
common-mode input voltage range includes the < 105 < A= 0
negative rail and extends to within 1 V of the g’ \
positive rail. 5 104 -\\ AvD W .
Having a maximum supply currentof only 300 pA & \ \ i s
per amplifier over full temperature range, the § 103 N 60° @
TLV2334 devices offer a combination of good ac E \¥ \ §
performance and microampere supply currents. 2 102 90°
From a 3-V power supply, the amplifier's typical & Phase Shift N )
slew rate is 0.38 V/us and its bandwidth is @ 10 AN 120
300 kHz. These amplifiers offer a level of ac © N) )
performance greater than that of many other 3 1 150
devices operating at comparable power levels. :g 04 180°
The TLV2334 operational amplifiers are < 1 10 100 1k 10k 100k 1M
especially well suited for use in low current or f - Frequency — Hz
battery-powered applications.
AVAILABLE OPTIONS
PACKAGED DEVICES CHIP
Viomax :
A AT25°C | QUTLINE | | DB Tssop s
© ) W)
-40°Ct085°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., TLV233
LinCMOS™ is a trademark of Texas Instruments Incorporated.

4IPWLE).

PRODUCTION DATA information is current as of publication date.
Products conform to per the terms of Texas Instruments H
does not
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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. Its maxlmum 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.

|Ill‘lhllllh'Ill'lllllll'lII|I|I|lhlllllI|I|l|l||'l|l||'l|l|l|

BONDING PAD ASSIGNMENTS Vpp
4)
3 1Ne BN
o 10UT
- 2
2IN + —(5’)— + u)
x & 20UT
" y G an- &1
68 5 ‘
- - : : aiNe 19 @
; \ “’/ _' , © 30UT
18§ o 3IN- —] -
[ Tk “"‘u{ N | ane L2
‘—[ =D NI ‘ 14
— - T (19) ?ﬁ a0UT
Al = aN- ] _
¥l
108 > (11)

ll|||||||||||||||||1|||||a|||||»|||||lllll|||||||||||||||||||||||||||||||||l||||||||||||||||||| Vpp-/GND

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)

VbD
. = .
P3 P4 ;
[_'I | R6
P1 P2 N5
IN- — — —
R1 i — —! R2 0—'!—
IN+
R5 > 0_|'=5 P6 |
AN | «I_'—Hj
o’ l—' ]
0——| mr .
N3 ouT
_.|
—-—Hl_‘ F—— N4
N1 | N2 | _N‘s R
R3 D1 R R4S D2 — »—I N7
I 7
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 range (unless otherwise noted)t

Supply voltage, Vpp, (SeBNOte 1) ... e 8V
Differential input voltage, Vip (see Note 2) ...t i i VbD+
Input voltage, range V| (@ny input) ..ot e -0.3Vto Vpp
701V o1 = o) O +5 mA
OUtPUL CUITENE, |0 oot i e e it i it i e +30 mA
Duration of short-circuit current at (or below) T =25°C (see Note 3) .............ccoovvvnint, unlimited
Continuous total dissipation ...........ccooiiiiiiiiiii i See Dissipation Rating Table
Operating free-air temperature range, TA  ...vvviiiiiiii ittt —-40°C to 85°C
Storage temperature range ........oviiiiiiiiiii i e e s —-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 15756 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 8 \
Vpp=3V -0.2 1.8
Common-mriode input voltage, Vic DD \"
Vpp=5V -0.2 3.8
Operating free-air temperature, Tp -40 85 °C
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electrlcai characteristics at specified free-air temperature

TLV23341
PARAMETER TEST CONDITIONS Tat Vpp=3V Vpp=5V UNIT
MIN TYP MAX| MIN TYP MAX
Vo=1V, Vic=1V, | 25°C 0.6 10 1.1 10
Vio Input offset voltage Rg=50Q, mV
R = 100 kQ Full range 12 12
Average temperature coefficient 25°C to o
IO o input offset voltage 85°C ! 7 wvrG
I Input offset current (see Note 4) |Vo=1V, Vig=1V 25°C 01 01 A
Ul = , =
10 put ofts ) [Vo 1c 85°C 22 1000 24 1000] "
1 Input bias current (see Note 4) |Vo=1V, Vig=1V 25°C 06 06 A
n ias ci =1V, =
1B P 0o Ic 85°C 175 2000 200 2000| "
-02 -03 -02 -03
25°C to to to to "
v Common-mode input 2 23 4 42
ICR voltage range (see Note 5) -0.2 -0.2
Full range to to v
1.8 3.8
vVig=1V, 25°C 175 19 32 39
VoH  High-level output voltage V|p =100 mV, \
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
pyp  Laroe-signal dferental \F/*IE-: 1‘03’ @ 25°C 25 83 25 170 Vi
voltage amplification See Note 6 Full range 15 15
Vo=1V, 25°C 65 92 65 91
CMRR Common-mode rejection ratio V|c = VICRmiIn, dB
Rg=50Q Full range 60 60
Supply-voltage rejection ratio | VDD =3V 105V, 25°C 70 o4 70 %4
kSVR AVPRR/AV Vic=1V, Vo=1V, dB
(AVDD/AVIQ) Rg=500Q Full range 65 65
Vo=1V, Vg=1V, | 25°C 320 ° 1000 420 1120
[ Supply current
bD it No load Full range 1200 Te00] 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,V0=025Vto2V;atVpp=3V,Vo=05Vto15V.
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operating characteristics at specified free-air temperature, Vpp =3 V

TLV23341

PARAMETER TEST CONDITIONS TA MIN_TYP MAX UNIT
Vic=1V, Vipp) =1V, 25°C 0.38
SR Slew rate at unity gain RL = 100 kQ, CL =20 pF, Vips
See Figure 30 85°C 0.29
y . f=1kHz, Rg=100Q, o
Vn Equivalent input noise voltage See Figure 31 25°C 32 nVWHz
} . . Vo = VOoH: CL = 20 pF, 25°C 34
Bom Maximum output swing bandwidth RL = 100 kO, See Figure 30 85°C = kHz
; . Vi=10mV, CL =20pF, 25°C 300
B4 Unity-gain bandwidth R = 100 kQ, See Figure 32 35 2% kHz
Vi=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 MINTYP MAX UNIT
Vic=1V.  |vppy=1V 250 043
R = 100 kQ, I(PP) 85°C 0.35
SR Slew rate at unity gain = - Vi,
fty gai CL = 20pF, y 5y 25°C 0.40 us
See Figure 30 I(PP) =< 85°C 0.32
] ) . f=1kHz, Rs=100Q, .
Vn Equivalent input noise voltage See Figure 31 25°C 32 nVAHz
. . ) Vo = VOH: CL =20 pF, 25°C 55
Bom Maximum output swing bandwidth RL = 100 kO, See Figure 30 350 % kHz
N ) Vi=10mV, Cp =20pF, 26°C 526
B1 Unity-gain bandwidth RL=100kQ,  See Figure 32 85°C 370 kHz
. Vi =10my, f=B1, ~40°C 43
om Phase margin Ci =20 pF, RL = 100 kQ, 25°C 40°
' See Figure 32 85°C 38°
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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, RL = 100 kQ 0.6 10 1.1 10| mv
o Input offset current (see Note 4) |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
y Common-mode input voltage -0z -03 -02 -03
ICR Note 5) to to to to v
range (see 2 23 4 42
. Vic=1YV, Vip =100 mV,
VOH High-level output voltage lot =—1mA 1.75 1.9 3.2 39 \
Vic=1V, Vip =-100mV,
VoL Low-level output voitage loL =1 mA 116 150 95 150 | mv
Large-signal differential voltage |Vic=1V, RL =100 kQ,
Avp amplification See Note 6 25 83 2 170 Vimv
CMRR Common-mode rejection ratio Vo=1V, Vic = Vicrmin, 65 92 65 91 dB
Rg=50Q
Supply-voltage rejection ratio Vic=1V, Vo=1V,
kSVB (AVpD/AV|D) Rg =50Q 7 . 9 0 b d8
Vo=1V, Vic=1V,
IpD Supply current No load 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,Vp0=025Vto2V;atVpp=3V,Vo=05Vto1.5V.
INSTRUMENTS
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TYPICAL CHARACTERISTICS

2-142,

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 7
vs Common-mode input voltage 8
vs Temperature ' 9,11
vou Low-level output voftage vs Differential input voltage 10
vs Low-level output current 12
AvVD Large-signal differential voltage amplification vs Supply voltage 13
vs Temperature 14
Is/ll0  Input bias and offset currents vs Temperature 15
Vic Common-mode input voltage vs Supply current 16
vs Supply current 17
' Supply current vs Temperature 18
SR Slew rate vs Supply voltage 19
vs Temperature 20
Vo(pp) Maximum peak-to-peak output voltage vs Frequency 21
By Unity-gain bandwidth 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 TLV2334 DISTRIBUTION OF TLV2334
INPUT OFFSET VOLTAGE INPUT OFFSET VOLTAGE
— 60 L
Vpp=3V Vpp=5V
Ta =25°C Tp = 25°C
N Package s0 | N Package
40
3
40
20 £
2
:.’, 30
20 ‘g
20
&
10
10
0 0
-5-4 -3 -2 -1 0 1 2 3 4 5§ -5 4 -3 -2 4 0 t 2 3 4 5
Vio - 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 60 —
Vpp=3V Vpp=5V
TA =25°C to 85°C TA = 25°C to 85°C
N Package 50| N Package
40 - Outliers:
. £ (1) 33 mv/°C
|
40
30 g
S
)
20
20
10 10
0 i 0 S 2 o
-10-8 -6 -4 -2 0 2 4 6 8 10 -10 -8 -6 -4 -2 0 2 4 6 8 10
aylo — Temperature Coefficient — uV/°C oy|o — Temperature Coefficient — pV/°C
Figure 3 Figure 4

i
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TYPICAL CHARACTERISTICS
HIGH-LEVEL OUTPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE
vs vs
HIGH-LEVEL OUTPUT CURRENT SUPPLY VOLTAGE
5 8 -
VI& =1V Vic=1V
V|p =100 mV Vip = 100 mV
>| TA=25°C >I R =100 kQ
4 TA =25°C /
‘% \ % 6
g \ Vpp=5V S /
5 3 ~— 5
o 4
® °
§ 2P~ YooV 3 /
T —~ T2
T 1 T /
(o] o
> >
0 0
0 -2 -4 -6 -8 0 2 4 6 8
loH — High-Level Output Current - mA Vpp - Supply Voltage -V
Figure 5 Figure 6
HIGH-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE
vs vs
FREE-AIR TEMPERATURE COMMON-MODE INPUT VOLTAGE
3 T T 700 T T
Vpp=3V \ Vpp=5V
Vic=1V 650 loL=5mA
> Vip = 100 mV > TA = 25°C
é’ 24 E
% e 600
S P
5 18 = g e
g - J— 5 \ Vip =-100 mV
S —1] 3 o N
2 12 J 3 .0 NN
= °
S —— AN
\ loH=-1mA S 400 NN
Z 06[ loH=-2mA 7 ! Vip=-1V \\
> IoH=-3mA _/ 3 350 NN
IOH = -4 mA > N
oL | | ~
300
~75 -50 -25 0 25 50 75 100 125 1 2 3 4
TA — Free-Air Temperature - °C Vic - Common-Mode Input Voltage — V
Figure 7 Figure 8
*l’
S
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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] yig=1v
Vip = -100 mV
170 loL=1mA
155 %
140 5
125 / /
110 <
v
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
vs
FREE-AIR TEMPERATURE
900 T T
Vpp=5V
800| Vic=05V
Vip=-1V
700 loL=5mA
/
600 //
500 /'/
400 =
Py
300
200
100
0
-75 -50 -25 0 25 50 75 100 125

Ta - Free-Air Temperature - °C

Figure 11

VoL - Low-Level Output Voitage — 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

I 1
Vpp=5V
Vic=IVip/2l
loL=5mA
Ta =25°C
\\
N
\\
0 -2 -4 -6 -8
V|p - Differential Input Voltage - V
Figure 10
LOW-LEVEL OUTPUT VOLTAGE
Vs
LOW-LEVEL OUTPUT CURRENT
V|cl= 1V I
- Vip = =100 mV
Ta =25°C )
Vpp=5V
/ / '/
Vpp=3V ey 4
Y.
///

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

Figure 12

¥ 1
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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 T
RL =100 kQ RL =100 kQ
450 450
8 S
£ 00 g 400
] o
> >
= 350 = 350
S S
= Tp = —40°C 22
g £ 300 — < a00
] o
5 é Ta =25°C g 'I=
8 S 250 = 8o 250 N
] ‘/ / 2% Vpp=5V
;%':v_E 200 > (%’g 200 .y
3.‘3' 150 / /A/ fé% 150 \‘\
34: / /TA=85°C 3< AN Vpp =3V —
| 100 ! 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
g. 104 8
0 Vpp=3V Ta =25°C
] vVic=1V >
S See Note A 1
E 108 S
3 8 s
F s /
S 102 2
° ] £
H ~ $ 4
o
8 - =
@ 7 : /
g 10 o === §
g Z £
-<T) . 3 2
124 |
g 1 % (3} /
>
@ ,zl'
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
3 13
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TYPICAL CHARACTERISTICS
SUPPLY CURRENT SUPPLY CURRENT
vs vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
900 T 700 T T
Vic= 1‘\II TA= -40°C/ \ Vic=1V
soof Vo=1 Vo=1V
No Load Ve 600 N NoLoad
700 A \ Vpp=5V
1 < 500 !
1 600 [
- - Vpp=3 R
§ //I'A =25°C § \D P N
E 500 400 ~
3 / — 3 N
2 400 // - £ w0 ~
;%00 V L~ Tp=85C 1 N
a A A= a 200
8, /4 a
ey 00 / -
100 // 100
0 0
0 2 4 6 8 -75 =50 -25 O 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
0.9 0.9 T T
Vic=1V Vic=1V
XI(PP1) =1V Vipp) =1V
. v = o8| Av=1
081" R =100k RL = 100kQ
" $L=:°2F " CL =20 pF
ES A = 25° ES
s 07 s 0.7
1 1
]
E 0.6 g 0.6
3 3 ~l
] ] =
i el I \\ Vop=5V
o 0.5 0@ - NG SN
7] v ] ~
/ Vpp=3V \\\
0.4 / 0.4 -
0.3 X
0 2 4 6 ~-75 -50 -25 O 25 50 75 100 125
Vpp - Supply Voitage -V Ta - Free-Alr Temperature — °C
Figure 19 Figure 20
3 15
EXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 2-147



TLV2334], 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
> 8 TTTTT 1000 1
g RL =100 kQ V=10 mv
- 900 RL=100kQ —
g 4 Vpp=5V N CL=20pF
s N \\\ :fl‘ 800 |—
g \ \%— Ta = -40°C ]
2 700
x 3 H
3 °
% § v 5V
3 Vop=3V \ \ ° 600 \ DD =
3 2 111 8 \
a N : 500
E Il £ N
E TA=85°C \ > 40 N
| \ ! S~
E 1 1? BPA Y & Vpp=3V
[y 7 W\ 300
3 | NN _
o0 200
1 10 - 100 1000 -75 -50 -25 0 25 50 75 100 125
f — Frequency - kHz Ta — Free-Air Temperature - °C
Figure 21 Figure 22
UNITY-GAIN BANDWIDTH
Vs
SUPPLY VOLTAGE
1000 T T
Vi=10mV
R = 100 kQ
900 C =20pF
g Ta =25°C
¢ 800
£
3 700
°
]
£ 600 T
3 500 ’/
2 /
5 /
7 400
[} /
300
200

-756 -50 -26 0 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°
10 Vpp=3V
Ry = 100 kQ "
106 CL=20pF |-%0
TA =25°C
105 — -0°

\ 30°
AvD

S 60°

N\

103

104\\
AN
N

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 — —60°
10 Vpp=5V 60
RL =100 kQ
108 CL=20pF |-30°
I TA = 25°C :
105 l\\ -0°
104 \\ ‘yvn %
103 S 60°
102 90°
Phase Shift ‘\‘\
101 ‘\ 120°
1 -]
N 150
0.1 180°
1 10 100 1k 10k 100k 1M

f - Frequency — Hz
Figure 25

Phase Shift

Phase Shift
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TYPICAL CHARACTERISTICS
PHASE MARGIN PHASE MARGIN
vs vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
50° ' r 45° T T
Vij=10mv Vi=10mv
48° RL=100kQ —] RL = 100 kQ
CL =20pF CL=20pF
46° TA=25°C 43° \
44°
£ £ N
E 42° \ E 41° \\
8 a0 § Vpp=5V
g N :
38° 39°
| 1
£ E N
< 36 © Vpp=3V \ N
3¢° 37 S
az° N
30° 35°
0 2 3 4 5 6 7 8 ~75 -50 -25 0 25 50 75 100 125
Vpp - Supply Voltage - V Ta = Free-Air Temperature ~ °C
Figure 26 Figure 27
PHASE MARGIN EQUIVALENT INPUT NOISE VOLTAGE
Vs vs
LOAD CAPACITANCE FREQUENCY
44° T T 300 TTT1
Vi=10mv 1 R;,!=1oon
42° RL=100kQ —] S TA = 25°C
TA =25°C S 250
40° ]
c N Vop=5V g 200
B 1 3 W\
g Vpp=3V 2 \
g 36° % 150
T s AN £ h:\ Vop =5V
eE ;§ 100 NN |
32° E
¥ 50 Vpp=3V LT
30° N '= ‘ DD = -
N ¢ |
28° 0
20 40 60 80 100 1 10 100 1000
CL - Load Capacitance — pF f - Frequency -~ Hz
Figure 28 Figure 29
'Ji
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PARAMETER MEASUREMENT INFORMATION

single-supply versus split-supply test circuits

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

Vpp VDD +
L . 1 -
V) ——% vy —{&
CL =< RL CL—< RL
!
T
= = VDD—
(a) SINGLE SUPPLY (b) SPLIT SUPPLY
Figure 30. Unity-Gain Amplifier
_10kQ 10 kQ
A
Vpp VbD+
100 Q
12 vDD_{ - — Vo - — Vo
+, |+
100 Q |
100 @ 100 Q
1 Vpp-
(a) SINGLE SUPPLY (b) SPLIT SUPPLY
Figure 31. Noise Test Circuit
10 kQ 10 kQ
AN A
Vpp : VDD +
100 Q@ 100 ©
VI—W 2 Vi — W\ D

A
]
(9]
is

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

v Vo
12Vpp —8M8M8M8M8 |+ . ° - +
ICL _

Figure 32. Gain-of-100 Inverting Amplifier

‘@‘ TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 2-151



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 betweenthe
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 14

Figure 33. Isolation Metal Around Device Inputs
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 fuil-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.

/S L/l A

(d) f=Bom (d) f>Bom

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

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 TLV2334I 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 2V, 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.

Vpbp

vi —P\R:\f N

Voo~V
—2

R2
Ri

Figure 35. Inverting Amplifier With
Voltage Reference

Vv
+ Voo

2
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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.

I I I l |
Logic Logic Logic gﬁ;’:{y

. . . T |

(a) COMMON-SUPPLY RAILS
A

| I i |

j:_ aE L |p
< . =< | Logic Logic Logic T Sﬁg:lry

L s 1 . |
I

(b) SEPARATE-BYPASSED SUPPLY RAILS (PREFERRED)
Figure 36. Common Versus Separate Supply Rails
input characteristics

The TLV2334l is specified with a minimum and a maximum input voltage that, if exceeded at either input, could
cause the device to malfunction. Exceeding this specified range is a common problem, especially in
single-supply operation. Note that the lower the range limit includes the negative rail, while the upper range limit
is specified at Vpp —1 V at Tp = 26°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 TLV2334l very good input
offset voltage drift characteristics relative to conventional metal-gate processes. Offset voltage drift in CMOS
devices is highly influenced by threshold voltage shifts caused by polarization of the phosphorus dopant
implanted in the oxide. Placing the phosphorus dopant in a conductor (such as a polysilicon gate) alleviates the
polarization problem, thus reducing threshold voltage shifts by more than an order of magnitude. The offset
voltage drift with time has been calculated to be typically 0.1 pV/month, including the first month of operation.

Because of the extremely high input impedance and resulting low bias-current requirements, the TLV2334l is
well suited for low-level signal processing; however, leakage currents on printed-circuit boards and sockets can
easily exceed bias-current requirements and cause a degradation in device performance. It is good practice to
include guard rings around inputs (similar to those of Figure 33 in the Parameter 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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input characteristics (continued)
AN AN

! V| —A—— * >
— Vo ! — Vo | S — Vo

v v )/
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 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 circuitimpedance greater than 50 k<, since bipolar devices exhibit greater noise
currents. :

feedback I !E |

Operational amplifier circuits nearly always
employ feedback, and since feedback is the first
prerequisite for oscillation, a little caution is
appropriate. Most oscillation problems result from >_‘,_
driving capacitive loads and ignoring stray input +

capacitance. A small-value capacitor connected
in parallel with the feedback resistor is an effective i

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

electrostatic-discharge protection 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

Vpp
The output stage of the TLV2334l is designed to
sink and source relatively high amounts of current | é Rp Ve =V
(see Typical Characteristics). If the output is VI PL <b Rp = 20O
subjected to a short-circuit condition, this high- — E+iL+lp
current capability can cause device damage under " Vo Ip = Pullup Current
certain conditions. Output current capability . e | geqtgzle:nl;}! ‘t\':: ifior
increases with supply voltage. R2 | (typ;ca"y 500 u:)
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 Vou
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 *
large amount of current. In this circuit, N4 behaves
like a linear resistor with an on resistance between
approximately 60 Q and 180 Q, depending on T C
how hard the operational amplifier input is driven. Ta = 25°C
With very low values of Rp, a voltage offset from f=1kKHz
0V at the output occurs. Secondly, pullup resistor Vipp) =1V
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.

V
V'l * °

-25V

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 () 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
Tpo=-40°Cto85°C...2Vto8V f = 1 kHz (High-Bias Mode)
® Fully Characterized at3Vand 5V e ESD-Protection Circuitry
® Single-Supply Operation ® Designed-In Latch-Up Immunity
® Common-Mode Input-Voltage Range ® Bias-Select Feature Enables Maximum
Extends Be'ow the Negatlve Ra“ and up to 3upp|y cl"-rent Range From 17 l.lA 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 8] BIAS SELECT OFFSET N1 1§10 8 11 BIAS SELECT
IN-[] 2 70 Voo IN- 12 713 vpp
IN+ ] 3 sfjouTt IN+ I3 6 T OUT
GND ] 4 5[] OFFSET N2 GND 14 5 [F1T] 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
2000 V as tested under MIL-STD 883 C, Methods 3015.2; however, care should be exercised in handling these
devices as exposure to ESD may result in the degradation of the device parametric performance.

AVAILABLE OPTIONS

PACKAGED DEVICES P
Viomax [ SMALL | PLASTIC

Ta AT25°C | OUTLINE DIP Tf,’,sv?)P F%SM
(D) (P)

_40°C1085°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.

Pﬁooucnon DATA Informoﬁon Is cument as of publication date. Copyright © 1992, Texas Instruments Incorporated
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bias-select feature

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 MODE
Ta =25°C, Vpp =3V HIGH-BIAS | MEDIUM-BIAS | LOW-BIAS | UNIT
RL =10 kQ RL =100 kQ RL =1MQ

Pp Power dissipation 975 195 15 uw
SR Slew rate 2.1 0.38 0.02 Vius
Vi Equivalent input noise voltage at f = 1 kHz .25 32 68 nVAWHz
B4 Unity-gain bandwidth 790 300 27 kHz
om Phase margin 46° 39° 34°
Ayp Large-signal differential voltage amplification 1 83 400 VimV

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, itis 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
>
S1MQ BIAS-SELECT VOLTAGE
I-P::’dlum i BIAS MODE (Single Supply)
Vv
To the Blas-Select Pin S Low DD
High < Medium 1VtoVpp—1V
High GND
1MQ S
0.01 uF

Figure 1. Bias Selection for Single-Supply Applications

{5’ TEXAS
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 BiFET 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 inputimpedance, extremely low power
consumption, and high differential voltage gain.

ORDER OF CONTENTS
TOPIC BIAS MODE
schematic all
absolute maximum ratings all
recommended operating conditions all
electric;al characteri.stif:s high
operating characteristics

typical characteristics (Figures 2-31)

electrical characteristics
operating characteristics
typical characteristics

electrical characteristics

medium
(Figures 32 - 61)

operating characteristics (Fi gureI: \gz ~91)
typical characteristics

parameter measurement information all
application information 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
= '
—= OFFSETN1 (1) Vbp
= IN+
= out
= IN- ——]
= OFFSETN2 () @
-4 GND
= BIAS SELECT
:: CHIP THICKNESS: 15 TYPICAL
= BONDING PADS: 4 x 4 MINIMUM
= Tymax = 150°C
= v TOLERANCES ARE +10%.
" 56 > ALL DIMENSIONS ARE IN MILS.
II|I|I|I|I|I|I|I|I|III|l|I|I|I|I|I|I|I'(II|I|I|I|I|I|I|I
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage, Vpp (888 NOtE 1) .. .vi i e ittt ettt s 8V
Differential input voltage (see Note 2) . ... ..o i e it VpD+
Input voltage range, Vi (@ny input) ..ot e e e -0.3VtoVpp
InpuUt CUITENE, || ..o i e it +5 mA
Outputcurrent, 1o ... ooie i e +30 mA
Duration of short-circuit current at (or below) Ta = 25°C (see Note 3) ........ e unlimited
Continuous total dissipation .............c.. i See Dissipation Rating Table
Operating free-air temperature range, TA  ..coviiiitiiiiiiiiiiii ittt eiiiiiaannens —40°C to 85°C
Storage temperature range ......... ...l e -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 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 ABOVETA =25°C - POWER RATING
D 725 mW 5.8 mW/°C 377 mW
P 1000 mW 8.0 mW/°C 520 mwW
PW 525 mW 4.2 mW/°C 273 mW

recommended operating conditions

MIN MAX | UNIT

Supply voltage, Vpp 2 8 v
Vpp=3V -0.2 1.8

Common-mode input voltage, V|ic DD '
Vpp=5V -0.2 3.8

Operating free-air temperature, Ta -40 85 °C
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HIGH-BIAS MODE

electrical characteristics at specified free-air temperature

TLV2341I

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 =50, mV
RL=10kQ Full range 10 10
Average temperature of 25°C to o
IO input offset voltage 85°C a7 27 uvrc
| Input offset current (see Note 4) [Vo=1V, Vic=1V 25 01 0.1 A
10 P o="% Jic= 85°C 22 1000 24 1000] P
| Input bias current (see Note 4) [Vo=1V, Vig=1V 25°C 08 06 A
1B P o=1% Y= 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 —0.2
Full range to to \
1.8 3.8
Vic=1V, 25°C 175 19 32 37
VoH  High-level output voltage V|p = 100 mV, Vv
IoH=-1mA Full range 1.7 3
Vic=1V, 25°C 120 150 90 150
VoL Low-level output voltage Vip =-100 mV, mVv
loL=1mA Full range 190 190
AD Large-signal differential ;‘Ej 110 Y&L 25°C 3 1 5 23 vy
voltage amplification See Note 6 Full range 2 35
Vo=1YV, 25°C 65 78 65 80
CMRR Common-mode rejection ratio V|G = VicRrmin, dB
Rg=50Q Full range 60 60
K Supply-voltage rejection ratio Vic=1V, Vo=1V, 25°C 70 95 70 95 &8
SVR  (avpp/avio) Rs=50Q Fullrange | 65 85
l|(SEL) Bias select current VI(SEL) = 0 25°C -1.2 -1.4 pA
= = 25°C 325 1500 675 1600
DD Supply current x°| 1V, Vig=1V, 2 pA
o load Full range 2000 2200
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.
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HIGH-BIAS MODE

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

TLV2341|

PARAMETER TEST CONDITIONS TA MINTYP  MAX UNIT
Vic=1V, Vippy =1V, 25°C 2.1
SR Slew rate at unity gain RL=10kQ, CL =20pF, Vius
See Figure 92 85°C 1.7
. . . f = kHz, Rs =100 Q, o
Vn Equivalent input noise voltage See Figure 93 25°C 25 nVAHz
Mo : . Vo=VOH,  CL=20pF, 25°C 170
Bom Maximum output swing bandwidth RL=10kQ, See Figure 92 35 145 kHz
Vi=10mV,  CL=20pF, 25°C 790
B4 Unity-gain bandwidth RL=10kQ, kHz
See Figure 94 85°C 690
Vi=10mV, f=By, -40°C 53°
om Phase margin CL =20 pF, RL=1MQ, 25°C 49°
See Figure 94 85°C 47°
operating characteristics at specified free-air temperature, Vpp =5V
TLV23411
PARAMETER TEST CONDITIONS TA N TYP MAX UNIT
25°C 3.6
Vic=1V, Vippy=1V —
SR Slew rate at unity gain R =10k, 85°C 28 Vips
‘ CL= gO pF, v 25V 25°C 2.9
See Figure 92 I(PP) = 2. 85°C 23
) . . f=1kHz, Rg=100Q, .
Vn Equivalent input noise voltage See Figure 93 25°C 25 nVAWHz
. B . VO =VOH: CL=20pF, 26°C 320
Bom Maximum output swing bandwidth RL=10ka, See Figure 92 5°C 250 kHz
S . Vi=10mV, CL = 20 pF, 25°C 1.7
B4 Unity-gain bandwidth RL = 10k, See Figure 94 35°C ” MHz
Vj=10mV, f=By, —40°C 49°
om " Phase margin ) CL =20 pF, RL =10 kQ, 25°C 46°
See Figure 94 85°C 43°
. 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 1.1 8| mv
o Input offset current (see Note 4) |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
v Common-mode input voltage —02  -03 -02  -03
ICR Note 5) to to to to \
range (see 2 2.3 4 4.2
b Vic=1V, V|p =100 mV,
VOH High-level output voltage loH = —1mA 1.75 1.9 3.2 3.7 v
, g Vic=1V, Vip=-100 mV,
VoL Low-level output voltage oL = 1 mA 120 150 90 150 | mVv
Large-signal differential voltage |Vic=1V, RL = 10kQ,
AvD amplification See Note 6 8 " 50 28 Vimv
CMRR Common-mode rejection ratio \FI‘O =1V, Vic = Vicrmin, 65 78 65 80 dB
s =50Q
Supply-voltage rejection ratio Vo=1V, Vic=1V,
KSVR  (avpp/avio) Rg=500Q 0% no % d8
li(SEL) 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,Vp=025Vto2V;atVpp=3V,Vo=05Vto15V.
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TYPICAL CHARACTERISTICS (HIGH-BIAS MODE)

Table of Graphs
FIGURE
Vio Input offset voltage Distribution 2,3
avio Input offset voltage temperature coefficient Distribution 4,5
vs Output current 6
VOoH High-level output voltage vs Supply voltage 7
vs Temperature 8
vs Common-mode input voltage 9
VoL Low-level output voltage vs Temperature 10,12
vs Differential input voltage 1
vs Low-level output current 13
. § . X vs Supply voltage 14
AvD Large-signal differential voltage ampilification
vs Temperature 15
IIB/lio  Input bias and offset currents vs Temperature 16
Vic Common-mode input voltage vs Supply voltage 17
D Supply current vs Supply voltage 18
vs Temperature 19
SR Slew rate vs Supply voltage 20
vs Temperature 21
Bias select current vs Supply voltage 22
Vo(pp) Maximum peak-to-peak output voltage vs Frequency 23
By Unity-gain bandwidth 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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Percentage of Units - %

Percentage of Units — %

TYPICAL CHARACTERISTICS (HIGH-BIAS MODE)

DISTRIBUTION OF TLV2341 DISTRIBUTION OF TLV2341
INPUT OFFSET VOLTAGE INPUT OFFSET VOLTAGE
50 T T 60 -
Vpp=3V Vpp=5V
Ta=25°C Ta=25°C
P Package 50 b P Package
40
i
40
30 % )
=
]
% 30
20 §
5 20
4
10
10
0 . ° mt 1] et
-5 -4 -3 -2 4 0 1 2 3 4 5 -5 -4 -3 -2 414 0 1 2 3 4 5
Vio - Input Offset Voltage ~ mV Vio - 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 60
Vpp=3V Vpp=5V
TA = 25°C to 85°C Ta =25°C to 85°C
P Package 50| P Package
40 |- Outllers:
” (1) 20.5 mv/°C
1
40
30 %
S
S 30
20
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 Coefficlent — uv/°C aylo - Temperature Coefficient — pV/°C
Figure 4 Figure5

*’) TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 2-169



TLV2341l, TLV2341Y

LinCMOS™ PROGRAMMABLE LOW-VOLTAGE

OPERATIONAL AMPLIFIER

SLOS110 — MAY 1992

TYPICAL CHARACTERISTICS (HIGH-BIAS MODE)

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
3 TaA = 25°C > RL=1 Mé)
4 Ta = 25°
g T~ $ ol — /
P 8
S . \ Vpp=5V S
‘5 3 — 5
£ — £
] ) 4
K] K]
= >
g 2p~<Yoorsv g , /
T £
5 ~— 5 /
T ~~ T2
T 1 T
(=] (<] /
> >
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
3 T T 700 r
Vpp=3V Vpp=5V
Vic=1V 650 loL=5mA
> Vip =100 mV > TA=25°C
s 24 E
g g
2 )
. 7 >
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3 —— 7y £ 500
3 7 3 N
3 1.2 s NN\ ’
2' J 5 450 \
£ loH =-500 pA 3 \\
I 06 :°H=—;m: 3 40 Vip=-1V ‘
01~ 'OH =—<m. 1 ==
O IOH = -3 mA 3 &
loH =-4 mA = 3% V\
0 L 1 %00 —~
-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
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TYPICAL CHARACTERISTICS (HIGH-BIAS MODE)

LOW-LEVEL OUTPUT VOLTAGE
vs

LOW-LEVEL OUTPUT VOLTAGE
vs

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265
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-75 -50 -25 0 25 50 75 100 125 0 -1 -2 -3 -4 -5 -6 -7 -8
Ta - Free-Air Temperature —°C V|p - Differential Input Voltage - V
Figure 10 Figure 11
LOW-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE
vs vs
FREE-AIR TEMPERATURE LOW-LEVEL OUTPUT CURRENT
900 — 1 T T
Vpp=5V Vlc =1V
800} Vic=05V 0.9} Vip=-100 mV
E i Vip=-1V > TA=25°C
! 700 |0|_ =5mA ! 0.8 A
g; s Vpp=5V
3 00 y s 07
= v =
3 0.6
E s00 ~ g /]
< / o o5 A
T 40 ] [ /1./]
g — 3 o4 VoD =3V A~
g 300 £ s /
- - - / y
1 ! /
g 20 3 o2 Ay
> .
100 Z oa //
0 0
-75 -50 -25 0 25 50 75 100 125 o 1 2 38 4 5 6 7 8
TA — Free-Alr Temperature —°C loL - Low-Level Output Current - mA
Figure 12 Figure 13
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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 =10kQ RL =10 kQ
45
& &
g § o«
> >
s TA=-40°C —| ]
s> 40 s> :
EE SE
2s )/" £5 a0 ™
‘§= é 30 // // .E- é 25 \\\VDD i
£3 £3
‘%“—E / / | ZE 20 e G =
BE 20 <= g’ | 15 e Vpp=3V
§< < DD =
_IT // % Ta =25°C .? \\
2 10 /< | =] 10
< V — Ta =85°C < 5
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 14 Figure 15
INPUT BIAS CURRENT AND INPUT OFFSET COMMON-MODE INPUT VOLTAGE
CURRENT POSITIVE LIMIT
vs vs
. FREE-AIR TEMPERATURE 8 SUPPLY VOLTAGE
10 -

103 See Note A

102 e E

y .-

5 /
%

L
1/

V|c - Common-Mode Input Voltage -V

ligand ljo - Input Bias and Offset Currents —-pA

4
1 % /
l"
0.1l Z 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.

Figure 16

Figure 17
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TYPICAL CHARACTERISTICS (HIGH-BIAS MODE)

SUPPLY CURRENT SUPPLY CURRENT
vs vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
2 2 —
Vic=1V Vic=1V
Vo=1V 175} Vo=1V
6 No Load No Load
T T 15
J TA =-40°C —&/ L
1.25
R el
> Ta =25°C J—X > 1
[-3 Q. -
g‘ 0.8 / % \\VIDD =5V
,,l, X 7 ,/_ 0|> 0.75 ]\
8 / 8 Vpp=3V T~
- Ta = 85°C = 05 ~—
04 Z - \‘\
// o
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 18 Figure 19
SLEW RATE SLEW RATE
vs '
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
T 8 T ]
Vipp) =1V Vipp)=1V
Ay =1 | Ay=1
I RL=10ka [ RL=10ka
CL =20 pF CL =20 pF
6| Ta=25C 6
2 2
T s s
3 2 =~ Vpp=5V
[ 4 4 x 4
F F ~
Z : f I : \\
o«
& / &
2 / 2 Vpp=3V ~~——1
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 (HlGH-BIAS MODE)

BIAS SELECT CURRENT MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE
Vs vs
SUPPLY VOLTAGE FREQUENCY
- 3 >' 5 T T
Ta = 25°C ® RL =10kQ
Vi(SEL) =0 g L
—24 S 4 Do =
5 g \‘
4 o
§ -1.8 § 3
g / / $ Vpp=3V: \
E 12 - ‘§ 2——-- e i\
3 — o \ TA = -40°C
2 g \ A
o _§ TA=25°C \ \
_ 1 L
06 = TA = 86°C \\\
3 e
S o
) 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
35 T T 2.1 —T
Vi=10mv Vi=10mV A
RL =10kQ 1.9 RL=10kQ
CL=20pF CL =20pF /
¥ 29 £ 17 14z25C
3 3
1.5
§ 2.3 \ $
. 1.3
H AN 2
E Vpp=5V g 11 /
3 7 8 oo /
2 ‘ 2 /
DT \L :ll: 0.7 /
Ey 11 — iy 0.5
Vpp=3V
e 0.3
0.5 0.1
-75 -50 -25 0 25 50 75 100 125 o 1 2 3 4 5 6 7 8
Ta — Free-Alr Temperature — °C Vpp - Supply Voitage -V
" Figure 24 Flguré 25
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TYPICAL CHARACTERISTICS (HIGH-BIAS MODE)

Ayp —Large-Signal Differential Voltage Amplification

Ayp - Large-Signal Differential Voitage Amplification

LARGE-SIGNAL DIFFERENTIAL VOLTAGE
AMPLIFICATION AND PHASE SHIFT

vs
FREQUENCY
107 T -60°
Vpp=3V
RL =10 kQ
6 L — _ag°
10 CL =20pF 30
TA = 25°C
105 0
N
104 30°
Avp
103 N 60°
Phase Shift
AN
101 N 120°
1 \\\\ 150°
180°

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

f —Frequency - Hz

Figure 26

LARGE-SIGNAL DIFFERENTIAL VOLTAGE
AMPLIFICATION AND PHASE SHIFT

'L
FREQUENCY
107 T -60°
Vpp=56V
RL =10 kQ
6 L - _age
10 CL =20 pF 30
TA =25°C
105 \ 0°
\
104 N \ 30°
AvD
103 \\\\ 60°
102 P~ 920°
Phase Shift \S \
101 \\\ 120°
1 \\‘ 150°
0.1 180°

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

Figure 27

Phase Shift

Phase Shift

%
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

2-175



TLV2341I, TLV2341Y
LinCMOS™ PROGRAMMABLE LOW-VOLTAGE
OPERATIONAL AMPLIFIER

SLOS110 - MAY 1992

TYPICAL CHARACTERISTICS (HIGH-BIAS MODE)t

PHASE MARGIN PHASE MARGIN
vs Y]
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
53° Vi=10mv O v=10mv
RL=10kQ 58° - RL=10kQ
Cp =20 pF CL=20pF
TA =25°C 56°
51°
£ £ 54 N
" | Vpp=3V
é 49° |- g 50 RN
°|' n|' 48° \
& S e ™~
° Vpp=5V
47 bD
\\// a4 \\\
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
50° 400 T
N 12 Ra-00q|
N N z Ta=25°C
>
45° tl:
\\ Vpp=3V 5’ 300 [N
£ \’\ s \
>
g 40° N 1 ]
= Vpp=5V K] \
8 N Z 200 N\
2 Vpp=5V
EI 35° \\ Eﬁ \\\ DD
E \ £ i
30° AN § 100 \ ‘
Vi=10mv N 0 VDD=3V | TN
RL =10k \ L N
Ta = 25°C >
259 - A o
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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MEDIUM-BIAS MODE

electrical characteristics at specified free-air temperature

TLV2341I
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 =509, mVv
RL =100 kQ Full range 10 10
Average temperature coefficient 25°C to o
WIO o input offset voltage 85°C 1 17 wrc
| Input offset current (see Note 4) |Vo=1V, Vjg=1V 250 01 01 A
10 P o=1t%Ye= 85°C 22 1000 24 1000] "
| Input bias current (see Note 4) |Vo=1V, Vigc=1V 25°C 06 06 A
B P o=1%c= 85°C 175 2000 200 2000]
-02 -03 -02 -03
25°C to to to to Vv
Vi Common-mode input 2 23 4 42
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 3.9
VoH  High-level output voltage V|p =100 mV, \
IoH=-1mA Full range 1.7 3
Vic=1V, 25°C 115 150 95 150
VoL Low-level output voltage Vip =-100 mV, mvV
loL=1mA Full range 190 190
AD Large-signal differential ;‘f: 110ng 25°C 25 83 25 170 my
voltage amplification See Note 6 Full range 15 15
. Vo=1V, 25°C 65 92 65 91
CMRR Common-mode rejection ratio V|G = VIcRmin, dB
Rg=50Q Full range 60 60
- Supply-voltage rejection ratio Vic=1V, Vo=1V, 25°C 70 94 70 94 dB
SVR  (avpp/avio) Rg =50 Q Fullrange | 65 65
l(SEL) Bias select current VI(SEL) = 0 25°C -100 ~130 nA
Vo=1V, Vig=1V, 25°C 65 250 105 280
| Supply current
bb 4 No load Full range 360 0] M
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=0.25Vto2V;atVpp=3V,Vo=05Vto1.5V.
{f TEXAS
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MEDIUM-BIAS MODE

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

TLV2341I
PARAMETER TEST CONDITIONS TA MIN_ TYP  MAX 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
) . ) f = kHz, Rg=100Q, .
Vn Equivalent input noise voltage See Figure 93 25°C ‘ 32 nVWHz
) ) . Vo = VOH, CL =20pF, 25°C 34
Bom Maximum output swing bandwidth RL=100ka, See Figure 82 Py = kHz
' N . Vi=10mV,  CL=20pF, 25°C 300
B1 Unity-gain bandwidth RL=100k, See Figure 94 350 295 kHz
Vi=10mV, =By, -40°C 42°
om Phase margin CL =20 pF, RL = 100 kQ, 25°C : 39°
See Figure 94 85°C 36°
operating characteristics at specified free-air temperature, Vpp =5V
PARAMETER TEST CONDITIONS T, TLV23411 UNIT
' A MIN _TYP MAX
25°C 0.43
Vic=1V, V|(pp) =1V 550 0.35
{SR Slew rate at unity gain AL = 100kQ, - Vips
Ol = 20 pF, v 25V 25°C 0.40
See Figure 92 | VI(PP) =2 85°C 0.32
. . . f=1kHz, Rg=100%Q, o
Vn Equivalent input noise voltage See Figure 93 25°C 32 nVAHz
. ) . Vo=VoH.  CL=20pF, 25°C 55
Bom Maximum output swing bandwidth RL =100k, See Figure 92 550 P kHz
: . . Vi=10mV,  CL=20pF, 25°C 525
By Unity-gain bandwidth RL=100kO, See Figure 94 35°C 370 kHz
Vj=10mV, f=Bq, -40°C 43
[ Phase margin CL = 20 pF, R =100 kQ, 25°C 40°
See Figure 94 85°C 38°
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MEDIUM-BIAS MODE
electrical characteristics, Tp = 25°C
TLV23411
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 8 1.1 8l 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
. -02 -03 -02 -03

VicR Common—mﬁdte |r;put voltage to to to to v

range (see Note 5) 2 23 4 42

oy Vic=1V, Vip =100 mV,
VoH High-level output voltage lot =—1mA 1.75 1.9 3.2 3.9 \
-~ V|C =1V, VlD = —190 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 2 8 B 170 Vimy
CMRR  Common-mode rejection ratio ‘ég = ;ovéz Vic = VicRmin, 65 o2 65 91 dB

Supply-voltage rejection ratio Vo=1V, Vic=1YV,
kKSVR  (AVpD/AVID) RS =500 70 94 70 94 dB
liSeL) Bias select current Vi(SEL) =0 -100 -130 nA

Vo=1V, Vic=1V,

IpD Supply current No load 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,Vo=0.25Vto2V;atVpp=3V,Vo=05Vto1.5V.
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TYPICAL CHARACTERISTICS (MEDIUM-BIAS MODE)

Table of Graphs
FIGURE
Vio Input offset voltage Distribution 32,33
ayvio 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
VoL Low-level output voltage - —
vs Differential input voltage 41
vs Low-level output current 43
X . . — vs Supply voltage 44
AvD Large-signal differential voltage amplification
vs Temperature 45
i/lj0  Input bias and offset currents vs Temperature 46
Vic Common-mode input voltage vs Supply voltage 47
vs Supply voltage 48
'op Supply current vs Temperature 49
SR Slew rate vs Supply voltage 50
vs Temperature 51
Bias select current vs Supply current 52
Vo(pp) Maximum peak-to-peak output voltage vs Frequency 53
§ . . vs Temperature 54
B4 Unity-gain bandwidth
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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DISTRIBUTION OF TLV2341 DISTRIBUTION OF TLV2341
INPUT OFFSET VOLTAGE INPUT OFFSET VOLTAGE
80 Vpp=3V &0 Vpp=5V
TA = 25°C Ta =25°C
P Package 50 | P Package
40
: *
40
) %
= =]
: 2 w
£ 2 £
g g 2
& d
10
10
0 0
-5 -4 -3 -2 1 0 1 2 3 4 5 -5 -4 -3 -2 14 0 1 2 3 4 5
Vio - Input Offset Voltage - mV V|0 - 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 T
Vpp=3V Vpp=5V
TA = 25°C to 85°C TA = 25°C to 85°C
P Package 50| P Package
40 Outllers:
< £ (1) 33 mv/°C
1 |
40
% 30 %
> S
k] S 30
[
=]
£ 2
: 2
a
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
ayjo - Temperature Coefficient — V/°C ayio — Temperature Coefficient — pV/°C
Figure 34 Figure 35
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TYPICAL CHARACTERISTICS (MEDIUM-BIAS MODE)
HIGH-LEVEL OUTPUT VOLTAGE ‘HIGH-LEVEL OUTPUT VOLTAGE
vs vs
HIGH-LEVEL OUTPUT CURRENT SUPPLY VOLTAGE
v 8 T
s Vic=1V Vic=1V
Vip =100 mV Vip =100 mV
> Tp = 25°C > RL = 100 KQ -
4 Ta =25°C
8 S
g \ VDD =5V g /
5 3 — 5
8 \ g' /
o (<) 4
T,} k]
3 2 woo =3V 3
T —~~ 1 2 ‘
r 1 T /
(] (]
> >
0 0o
0 -2 -4 -6 -8 0 2 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 r T 700 — T -
Vpp=3V Vpp=5V
Vic=1V \ loL=5mA _|
> Vip =100 mV 5 650 TA = 25°C
é, 2.4 &
8 % 600 \
f X 5 550
3 18 T >
g 77 5 \ Vip =-100 mV
2 [T7 S N
3 1.2 [} AERAN
P _/ g 0 N
o loH = -500 A 3 \\
1 osk SNz ama S 1VY
T 0.6 loH=-2mA [ D=
g IoH=-3mA — >6' 250 &V
loH=-4mA
N I %00 =~
, =75 -50 -25 0 25 50 75 100 125 0 1 2 3 4
TA ~ Free-Air Temperature -°C Vic - Common-Mode Input Voltage - V
Figure 38 Figure 39
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VoL - Low-Level Output Voltage — mV

VoL~ Low-Level Output Voltage — mV
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TYPICAL CHARACTERISTICS (MEDIUM-BIAS MODE)

LOW-LEVEL OUTPUT VOLTAGE
vs

FREE-AIR TEMPERATURE
T T 800
Vpp=3V
-Vic=1V
Vip = =100 mV z T00
- loL=1mA |
gg, 600
/ 2 500
=
v g
/ O 400
vl g
4 300
pe
7 ',' 200
)
> 100
0
~75 -50 -25 0 25 50 75 100 125
Ta - Free-Air Temperature —-°C
Figure 40
LOW-LEVEL OUTPUT VOLTAGE
vs
FREE-AIR TEMPERATURE
T T 1000
Vpp=5V
- Vic=05V > 900
Vip=-1V E
[ loL=5mA g 800
- P g 700
5 600
e 8
v 3 500
S 3
1 g a0
E o
]
o 200
S
100
0

0
~76 -50 -25 0 25 50 75 100 125

TA —Free-Alr Temperature ~°C

Figure 42

LOW-LEVEL OUTPUT VOLTAGE

Vip-

Vs
DIFFERENTIAL INPUT VOLTAGE

Vpp=5V
Vic=IVip/2l
loL=5mA

Ta =25°C

\\\
0 -2 -4 -6 -8

Differential Input Voltage - V

Figure 41

LOW-LEVEL OUTPUT VOLTAGE

vs

LOW-LEVEL OUTPUT CURRENT

Vic=1V

Ta = 25°C

Vip =-100 mV

Vpp=5V

V.

Vi

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

Figure 43
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TYPICAL CHARACTERISTICS (MEDIUM-BIAS MODE)

LARGE-SIGNAL LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION DIFFERENTIAL VOLTAGE AMPLIFICATION
Vs Vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
500 r 500 r T
Rp =100 kQ RL = 100 kQ
450 450
S -3
.§ 400 % 400
3 350 3 350
[} [+
= > =>
[ TA = -40°C €E
£5 00 / £5 300
E ! E!
oc oS 5
5 2 250 TA=25C 5 % 250 "G
5_,3__3 200 A -E’E 200 Vpp=5V
n= o = =
%:E: 150 / A §§ 150 \!\‘\
: //VTA=35°C 3 NN_Vbp=3V ~
T 400 o 100
[=] Q
> >
< 50 - < 50
0 0
0 2 4 6 8 © -75 =50 -25 0 25 50 75 100 125
Vpp - Supply Voitage -V TA ~Free-Alr 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 F Vpp=3V Ta = 25°C
2 - Vigc=1V
§ " See Note A 5
5 10 g .
° S
3 3 /
S 102 B <
& Z 2 4
[} A .
g 101 “ é /
a2 = Z—F lio £ /
-— 7 Q
N 4 Z S .
3 g /
& 7
@ 7
.01LL 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
20 Vig=1V 175 T
200} VO =1V e \ 3'5: W
No Load // 150 No Load
g ' Ta =-40°C / E \
! 150 ,!. 125 \
5 / Ta=25°C g \
£ 125 —A A ] 3 100
= / /, 2 Vpp=5 v\\
| — g ~N ~
g 100 / /// 3 15
7]
i 75 // TA=85C —] & VD=3V [~
a // o 50
o / £
50 / - :
25 / 25
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 48 Figure 49
SLEW RATE SLEW RATE
vs VS
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
0.9 r
Vic=1V 0.9 V|cT= 1V I
Viipp) =1V Vipp) =1V
o8t :ﬁioom ll S‘F:oom
L= L=
CL =20 pF 07l CL=20pF
4 Tp=25°C £
S 0.7} 'A S
] 1
g o 06
E 0.6 §
0.5 S
» T @ ~N Vpp=5V
1 05 | \\ DD =
& - & o4 S S
/ Vpp=3 V\ ~
0.4 —— 0.3
0.3 0.2
0 2 4 6 8 75 =50 -25 0 25 50 75 100 125
Vpp - Supply Voitage -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 T > 5 T T T7TT
TA =25°C l RL = 100 k2
-270} VI(SEL)=1/2VpD <)
% Vpp=5V
-240 > 4
5 NN
< =3 \
3 - 3 - T4 =-40°C
= £
g -180 g 3
=
3 150 8
§ 120 /./ _§ . VDD. = 3V \ \
o fm— a N
K] -90 - 3
[ £ Ta = 85°C
60 E 1 | \\
30 %E Ta =25°C LN
s L1 )
0 - 0
0 2 4 6 8 10 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 —
Vi=10mvV Vi=10mV
RL = 100 kQ | R =100 kQ
900 CL =20 pF 800 L = 20pF
N N Ta = 259c
ff 800 L soof A
£ £
2 700 S 700
z z
] vV, 5V E 600
m 600 DD =
£ ‘2 //
3 500 A i 500
2 N 2 /
[ =
7 a0 SN S 400 /
- Vpp=3V -
o o
300 300
N~
200 200
-75 -50 -25 0 25 50 75 100 125 o 1 2 3 4 & 6 7 8
TA - Free-Air Temperature - °C Vpp - Supply Voltage -V
Figure 54 Figure 55
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TYPICAL CHARACTERISTICS (MEDIUM-BIAS MODE)

LARGE-SIGNAL DIFFERENTIAL VOLTAGE
AMPLIFICATION AND PHASE SHIFT
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vs
FREQUENCY
g 107 T -60°
'§ Vpp=3V
£ 100 RL=100kQ | _soe
Z CL =20pF
£ 108 Ta = 25°C o
) \
% 104 N 30°
B IRNENNG :
s %
g 103 \ N 6 g
2 N\ g
5 102 " 900 &
= Phase Shift \
[
.‘% 101 \ 120°
§’ 1 N 150°
. \
2 o1 180°
< 1 10 100 1k 10k 100k 1M
f - Frequency — Hz
Figure 56
LARGE-SIGNAL DIFFERENTIAL VOLTAGE
AMPLIFICATION AND PHASE SHIFT
vs
FREQUENCY
= 107 T -60°
% Vpp=56V
R = 100 kQ .
£ 108 cL=20pF |~%
— TA =25°C
g w0 N 0
B IRANAN
= 404
s N N Aw -
g 3 \ 0 @
g 10 60 ]
N g
o 102 D 90°
S Phase Shift N\
‘? 101 ‘\ 120°
g 1 150°
|
g od 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
V'L Vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
50° I— o —
i’ Vi=10mv 4 Vi=10mv
48 RL=100kQ T RL =100 kQ
o CL =20 pF CL=20pF
46 TA = 25°C 43 :
N
) ) \\
S 42 S a1
= =
o \ 2 \ Vpp=5V
[v] 40° ]
= \ £
5 S a0 \\L
£ 36 & Vpp=3V \\
34° 37° \\
32°
30° - 35°
o 1 2 3 4 5§ 6 7 8 -75 -50 -25 0 25 50 75 100 125
Vpp - Supply Voltage - V Ta - Free-Air Temperature - °C
Figure 58 Figure 59
PHASEV':ARG'N EQUIVALENT INPUT NOISE VOLTAGE
Vs
LOAD CAPACITANCE FREQUENCY
44° T 1 300 - T TTT
Vi=10mV 2 s =100Q
42° ;\ TA = 25°C — I; TA =25°C
RL = 100 kQ e 250 \
40° [ \
= [~/
® Vpp=5V S \
5 o o 200
= 38 N E \\
§ Vpp=3V 5
g 36° E 150
1 \ é. V\
£ N = NI\ VoD =5V
£ 100
3 \\
©
32° = N
:.l. 50 Vpp=3V \\:~.
30° N | —r ]|
. c ™
N =
28° ' 0
0 10 20 30 40 50 60 70 80 90 100 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
TLV2341I
PARAMETER TEST CONDITIONS Tat Vpp=3V Vpp=5V UNIT
MIN TYP MAX MIN TYP MAX
Vo=1V, Vic=1V, | 25°C 06 '8 1.1 8
Vio Input offset voltage Rg=50Q, mV
RL=1MQ Full range 10 10
Average temperature of 25°C to o
avio input offset voltage 85°C 1 11 wvreG
| Input offset current (see Note 4) |V =1V, Vig=1V 250 0.1 0.1 A
10 P o=1%Ye= 85°C 22 1000 24 1000] "
| Input bias current (see Note 4) |Vo =1V, Vig=1V 25°C 06 06 A
ias cul =1V, =
1B P ° 1c 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) -02 -0.2
Full range to to \
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 1.7 3
Vig=1V, 25°C 115 150 95 150
VoL Low-level output voltage Vip =-100 mV, mV
loL=1mA Full range 190 190
AD Large-signal differential \Flllf-=11lv\|/§z. 25°C 50 400 50 520 .y
voltage amplification See Note 6 Full range 50 50
o Vo=1V, 25°C 65 88 65 94
CMRR Common-mode rejection ratio Vic = VicRmin, dB
Rg =50 Q Full range 60 60
K Supply-voltage rejection ratio Vic=1V,Vo=1V, 25°C 70 86 70 86 @B
SVR  (avpp/avip) Rg=50Q Fullrange | 65 65
l|(SEL) Bias select current VI(SEL) =0 25°C 10 65 nA
Vo=1V, Vic=1V, 25°C 5 17 10 17
| Supply current
oD PPy No load Full range 27 27 nA
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.
INSTRUMENTS
POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 2-189



TLV2341l, TLV2341Y
LinCMOS™ PROGRAMMABLE LOW-VOLTAGE
OPERATIONAL AMPLIFIER

SLOS110 — MAY 1992

LOW-BIAS MODE

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

TLV2341I
PARAMETER » TEST CONDITIONS TA MIN _ TYP MAX UNIT
Vic=1V, Vippy =1V, 25°C 0.02
SR Slew rate at unity gain RL =1MQ, CL =20 pF, Vius
See Figure 92 85°C 0.02
] . ) f=kHz, Rg=100Q, .
Vn Equivalent input noise voltage See Figure 93 25°C 68 nVAHz
. . Vo=VOH, CL=20pF, 25°C 25
Bom Maximum output swing bandwidth R = 1MQ, See Figure 92 350 > kHz
. Vi=10mV, G| =20pF, 26°C 27
B4 Unity-gain bandwidth AL=1MQ See Figure 94 35°C 1 kHz
Vi=10mV, f=By, -40°C 39°
om Phase margin C =20pF, RL =1MQ, 25°C 34°
See Figure 94 85°C 28°
operating characteristics at specified free-air temperature, Vpp =5V
PARAMETER TEST CONDITIONS T, TLv2s4nl UNIT
A MIN _TYP MAX
25°C 0.03
\F/{IC =11l\>ll, ‘ VipP) =1V 0 503
. . L= Q, .|
SR Slew rate at unity gain cL-= 2-0 oF, N rov 25°C 0.0 Vius
See Figure 92 | VI(PP) = & 85°C 0.02
) . ! f=1kHz, Rg=100Q, .
Vn Equivalent input noise voltage See Figure 93 25°C 68 nVWHz
) ) ) Vo=VOoH,  CL=20pF, 25°C 5
Bom Maximum output swing bandwidth RL=1MQ, See Figure 92 35°C 3 kHz
N ) Vi=10mV,  C_=20pF, 25°C 8
B4 Unity-gain bandwidth RL=1MQ, See Figure 94 35 % kHz
Vj=10mV,  f=By, -40°C 38°
om Phase margin C| =20 pF, RL=1MQ, 25°C 34°
See Figure 94 85°C o8°
‘b TEXAS
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LOW-BIAS MODE
electrical characteristics, T = 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 =1 MQ 0.6 8 1.1 8] mv
llo Input offset current (see Note 4) | Vo =1V, Vic=1V 0.1 0.1 pA
B Input bias current (see Note 4) |Vo =1V, Vic=1V 0.6 0.6 pA
v Common-mode input voltage -02  -03 —02  -03
ICR Note 5) to to to to \
range (see , 2 23 4 42
- Vic=1V, V|p = 100 mV,
VOH High-level output voltage lof =—1mA 1.75 1.9 3.2 3.8 Vv
] 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=1MQ,
AvD amplification See Note 6 50 400 50 520 Vimv
CMRR  Common-mode rejection ratic | O =1V Vic=VicRmin, | g5 gg 65 94 B
Rg=500Q ,
Supply-voltage rejection ratio Vpp=3Vto5V,Vic=1V,
KSVR  (aVpp/aViD) Vo=1V, Rg =50 Q o 86 o 8 dB
l(SEL) Bias select current Vi(SEL) =0 10 65 nA
Vo=1V, Vig=1V,
IbD 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.
‘V TEXAS
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TYPICAL CHARACTERISTICS (LOW-BIAS MODE)

Table of Graphs
FIGURE
Vio Input offset voltage Distribution 62, 63
ayvio Input offset voltage temperature coefficient Distribution 64, 65
vs Output current 66
VoH High-level output voltage vs Supply voltage 67
vs Temperature 68
vs Gommon-mode input voltage 69
vs Temperature 70,72
VoL Low-level output voltage - e
vs Differential input voltage 71
vs Low-level output current 73
Ayp  Large-signal differential voltage amplification vs Supply voltage 7
vs Temperature 75
ig/ilo  Input bias and offset currents vs Temperature 76
Vic Common-mode input voltage vs Supply voltage 77
vs Supply voltage 78
IbD Supply current
vs Temperature 79
SR Slew rate vs Supply voltage 80
vs Temperature 81
Bias select current vs Supply current 82
Vo(pp) Maximum peak-to-peak output voltage vs Frequency 83
B4 Unity-gain bandwidth vs Temperature e
vs Supply voltage ‘ 85
AvD 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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TYPICAL CHARACTERISTICS (LOW-BIAS MODE)

DISTRIBUTION OF TLV2341 DISTRIBUTION OF TLV2341
INPUT OFFSET VOLTAGE INPUT OFFSET VOLTAGE
50 T T 70 T T
Vpp=3V Vpp=5V
TA =25°C Ta =25°C
P Package 60" p package
40
: 5w
2 2
5 % S wf
H H
-] > 30
P i
b4 e 2
10
10
0 0 st b
-5 -4 -3 -2 1 0 1 2 3 4 5 -5 -4 -3 -2 4 0 1 2 3 4 5
V|0 - Input Offset Voltage - mV V|0 - Input Offset Voltage — mV
Figure 62 Figure 63
DISTRIBUTION OF TLV2341 DISTRIBUTION OF TLV2341
INPUT OFFSET VOLTAGE INPUT OFFSET VOLTAGE
TEMPERATURE COEFFICIENT ) TEMPERATURE COEFFICIENT
50 T T T 7
Vpp=3V *NVpp=5Vv
Ta = 25°C to 85°C Ta = 25°C to 85°C
P Package 60 | P Package
40 Outliers:
(1) 19.2mV/°C
® ¥ 80 (1)12.1 mvrrC
2 2
5 % 5 w
k] k]
[
30
£ o
g
e 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
ayjo — Temperature Coefficient — uv/°C ayjo - Temperature Coefficient — uv/°C
Figure 64 Figure 65
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VoH — High-Level Output Voltage - V

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

Vs

HIGH-LEVEL OUTPUT VOLTAGE

Vs

HIGH-LEVEL OUTPUT CURRENT SUPPLY VOLTAGE
—— 8 T
Vic=1V Vic=1V
Vip =100 mV Vip =100 mV
A =25°C RL=1MQ
4 TA=25°C
~ . Y4
Vpp=5V
\‘
\

/

/

/

VoH - High-Level Output Voltage -V
S

0 -2

e
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-4 -6 -8 0 2 4 6 8
loH - High-Level Output Current — mA Vpp - Supply Voltage -V
Figure 66 Figure 67
HIGH-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE
Vs vs
FREE-AIR TEMPERATURE COMMON-MODE INPUT VOLTAGE
3 T . 700 T
Vpp=3V \ Vpp=5V
Vic=1V 650 loL=5mA
> Vip = 100 mV > TA =25°C
& 24 E
§ 2 600
S 3
5 18 = S 5%
g- —_— 7 5 V|p =-100 mV
o — - g' 500 \
° (]
3 12 [/ '3 NN
z Y g 40 AN
5 IOH = - 500 uA 1 \
x IoH=-1mA L NG <
r 06| loH=-2mA i \
Vip=-1V
7 i = 3 s — &Q
L1 %00 \\
=75 -50 -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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VoL — Low-Level Output Voltage —~ mV

VoL — Low-Level Output Voltage — mV

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=IVjp/2l
Vip = ~100 mV z 70 loL =5 mA
170 loL=1mA | Ta =25°C
S 600
155 7 8 \
140 ,/ .>°.. 500
3
g \
125 O 400 N
/ 3 \
1o /’ 2 300
]
95 74 o
/] < 200
80 -
(o]
>
65 100
§0 0
~75 -50 -25 O 25 50 75 100 125 0 -2 ~4 . -6 -8
TA = Free-Air Temperature —~°C V|p - Differential Input Voltage ~ V
Figure 70 Figure 71
LOW-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE
Vs vs
FREE-AIR TEMPERATURE LOW-LEVEL OUTPUT CURRENT
800 n=BV MVe=1v
Vpp=5V IC=
800} vic=05V > 09} Vpp=-1V
Vip=-1V ? Ta=25°C )
700} loL=5mA g 08 Vpp=5V
600 / § 0.7
v z :
3 06
e V'/ g 05— /]
g "
400 L g Vpp=3V / /
g ° 0.4 /,
300 § 03 A,
200 ! ///
o 02 / 7
>
100 0.1 /
0 0
-75 -50 -25 O 25 50 75 100 125 0 1 2 3 4 5 6 7 8
TA ~ Free-Air Temperature -°C oL — Low-Level Output Current — mA
Figure 72 Figure 73 '

‘E’ TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 2-195



TLV2341l, TLV2341Y
LinCMOS™ PROGRAMMABLE LOW-VOLTAGE
OPERATIONAL AMPLIFIER

SLOS110 - MAY 1992

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 =1 MQ RL=1MQ
o 1800 - 1800
=]
g 1600 & 1600
2 ]
% > 1400 — 2° 1400
s S
> -
g > 1200 TA=-40°C/ §§ 1200
oS ]
= S 1000 % £ | 1000
£3 ) =
58 52 ~
BE 800 £g§ 800 N
g(g w00 // B %’ £ 00 \\ Vpp=5V
5 £ Vpp=3V| ~
L, % { Ta =25°C § < oo SN
g o0 I 1 400 [
< 200 /4( S 200
\ <
0 V — Tp =85°C o
0 2 4 6 8 -75 -50 -26 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
< 104 8
N E Vpp=3V Ta =25°C )
@ L Vic=1V i
S - See Note A [
QR Baedid § /
o ] 6
% é é
[ °
@ ~ 2 4
'E%j; 101 4 ' § /
E = = o S € /
—6 i // 8; 2
4
- 1 [3)
2 = 2 /
]
] 7
01L<Z ' 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
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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Ipp — Supply Current — pA

SR - Slew Rate — V/us

TYPICAL CHARACTERISTICS (LOW-BIAS MODE)

SUPPLY CURRENT SUPPLY CURRENT
\' Vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
BMe=1v %0 !
wl Voo1V Ve=17
. 0=
No Load 25| No Load
35 <
}
30 £ 20
£
25 3 R
> 15
2 TA= -4o°c// 2 "\l Vop=5V
) Ve L e
a
10 Y Th=sc | T —L_ Vbp=3V S~
//'/_— 5 P ——
5 TA=85C —
o | 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 78 Figure 79
SLEW RATE SLEW RATE
Vs Vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
0.07 T 0.07 T T
Vic=1V Vic=1V
0.06— vaﬂ =1V 006~ VIPP) =1V
RL=1MQ n{ =1MQ
0.05|— CL=20pF 0.05 C| =20 pF
Ta = 25°C [
>
]
0.04 — 5 004 Sy
/ & ~_VpD=5V
0.03 2 z 003 AN \‘\
/ i ~
]
|— Vpp=3V P —
0.02 / x 002 DD
0.01 / 0.01
] 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 80 Figure 81
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TYPICAL CHARACTERISTICS (LOW-BIAS MODE)

BIAS SELECT CURRENT MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE
vs Vs
SUPPLY VOLTAGE FREQUENCY
150 T > 5
T [T
ViseL) = Voo § Vpp=5V
120 2 ¢ Ne— T = —40°C
- A= 0
: \IN
£ w0 % 3 Tp =25°C ‘
E
g % ) Vpp=3V \
3 2 S
2 £ I
o E
1
% g Ta = 85°C THH— NN
= AL=1MQ i
0 % ol—L L 111!
0 2 4 6 8 > 0.1 1 10 100
Vpp - Supply Voltage -V f - Frequency — kHz
Figure 82 Figure 83
UNITY-GAIN BANDWIDTH UNITY-GAIN BANDWIDTH
Vs Vs
FREE-AIR TEMPERATURE SUPPLY VOLTAGE
140 120
Vi=10 mV "o__V|=10mV
=TT nema | op Ao
=2 100} CL=20p
i; 110 AN Ot =209F 3 Tp = 25°C =
S
£ \\ Vpp=5V g %
5 95 .E /7
% 80
g N a /
é 80 AN € 70 /
5 8
3 N ¢ w 1
2 N E
c = 50
3 so0 - /
& \\ o 40
35 ~+ Vpp=3V 0
20 = 20
-75 =50 -25 0 25 50 75 100 125 o 1 2 3 4 5 6 7 8
TA - Free-Air Temperature —-°C Vpp - Supply Voltage ~ V
Figure 84 Figure 85
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Ayp —Large-Signal Differential Voltage Amplification

TYPICAL CHARACTERISTICS (LOW-BIAS MODE)

LARGE-SIGNAL DIFFERENTIAL VOLTAGE
AMPLIFICATION AND PHASE SHIFT

Vs
FREQUENCY
7 —60°
10 Voo |= 3V 60
CL =20 pF
108 RL=1MqQ |-30°
\ Ta = 25°C
105 \\ 0°
104 \ 30°
3\ N .
10 60
102 90°
Phase Shift

101 120°

1' \ 150°
N\

0.1 180°
1 10 100 1k 10k 100k 1M
f - Frequency — Hz
Figure 86

LARGE-SIGNAL DIFFERENTIAL VOLTAGE
AMPLIFICATION AND PHASE SHIFT

Phase Shift

vs
FREQUENCY
7 —60°
% 10 vop=sv |
CL=20pF o
g 106 RL=1MQ | —30
g \ Ta = 25°C
E’ 105 Y 0°
8 \
§ 104 \ 30° E
3 .l N 2
2 403 60° &
©
s N z
£ 102 R — 90°
o
E= Phase Shift
[
o 101 120°
(7]
% 1 N 150°
3 N\
g o1 180°
g 1 10 100 1k 10k 100k 1M
f - Frequency — Hz
Figure 87
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TYPICAL CHARACTERISTICS (LOW-BIAS MODE)

PHASE MARGIN PHASE MARGIN
vs vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
42° T 40° T
Vi=10mV Vpp=3V
RL =1MQ 38° N
ol g
A= 36° Vpp=5V
5 -3
g g o \
§ 36° § 30° N
T T N\
] 128
é 34° / é 26°
24°
32° Vi=10mv
22° |- RL=1MQ
CL =20 pF
300 2°° 1 Il
0 2 4 6 8 -75 -50 -25 0 25 50 75 100 125
Vpp - Supply Voltage -V TA —Free-Air Temperature —°C
Figure 88 Figure 89
PHASE MARGIN EQUIVALENT INPUT NOISE VOLTAGE
vs vs
LOAD CAPACITANCE FREQUENCY
d 200 T T T117]
3g° E4 Vpp=3V,5V
T 15[\ Rg =100 Q
o z Ta = 25°C
o] A AN
Vpp=3V o 150 \
o . =]
g WP — 8 N\
E 32 N — 2 \ N
3 o Vpp=5V TN 3 N
E ~J E 100
I 28 < g aat
£ :
S 50
24° &
Vi=10mv ]
22°} R =1MQ - i 25
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 90 Figure 91
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PARAMETER MEASUREMENT INFORMATION

single-supply versus split-supply test circuits

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

<

Vbbp DD+

k P VO * —O- VO
vi—1y Vi p
CL= RL CL == RL

1 1 T
= - Vpp-
(a) SINGLE SUPPLY (b) SPLIT SUPPLY
Figure 92. Unity-Gain Amplifier

10 kQ 10 kQ

MWV : AAA

Vbb VbD +

100 Q
12V ’ - — v -
DD + (o] . — Vo
100 Q L
100 Q i 100 Q
L 1 1 Vbp-
(a) SINGLE SUPPLY (b) SPLIT SUPPLY
Figure 93. Noise Test Circuits
10 kQ 10 kQ
AM AN\V
. Vbp VDD +
100 Q 100 Q
Vi —W 2 Vi —W\ D
Vo Vo
12Vpp ——8 1+ +
-~ CL

I "’
= Vpp-

(a) SINGLE SUPPLY (b) SPLIT SUPPLY

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|c

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.

/S L/ A u

(a)f=100 Hz (b) Bom > > 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 BiIFET 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 AN
voltage range that encompasses ground as well
as an output voltage range that pulls down to
ground. The supply voltage range extends down Ri N
to 2V, thus allowing operation with supply levels Vi VW = > — Vo
commonly available for TTL and HCMOS. TLE@—— [+

Many single-supply applications require that a
v (
(o]

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.
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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.

) { [ N |
Logic Logic Logic -~ gﬁ‘;’&’y

: . : % !

(a) COMMON-SUPPLY RAILS
o o<
I 1 1 |
% :l == | Logic Logic Logic = ';3;‘;;

m I — |

(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 [ S

!

GND
(b) SPLIT SUPPLY

(a) SINGLE SUPPLY
Figure 99. Input Offset Voltage Null Circuit
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APPLICATION INFORMATION

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 point is 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 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.

Vpp
BIAS-SELECT VOLTAGE
Low 1MQ BIAS MODE (Single Supply)
Medium
To BIAS SELECT ——¢ Low VDD
High } Medium 1VtoVpp-1V
L High GND
1MQ
I 0.01 pF
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 Tp = 25°C and at Vpp —1.2 V at all other temperatures.

The use of the polysilicon-gate process and the careful input circuit design gives the TLV2341 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 uV/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)

MV ) M\

- - VI— WA~ b
— Vo ! 4 r— Vo — Vo
v p) vi

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

VW~

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 resuits 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 v —:’/B_
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 = L_
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. i

electrostatic-discharge protection

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.

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 voitage 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 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 Vbp
The output stage of the TLV2341 is designed to %
sink and source relatively high amounts of current v Ip Rp Ve —V
(see Typical Characteristics). If the output is ' <« | Rp =20 —2
subjected to a short-circuit condition, this — Vo FrLop
high-current capability can cause device damage e P ";‘r‘;""‘z Current
under certain conditions. Output current capability ¢ aan—€— ¢ Oparationa) Amblifier
increases with supply voltage. R2 (typically 500 pA)

high-level output voltage and current capability,
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.
First, the NMOS pulldown transistor N4 (see
equivalent schematic) must sink a comparatively

Although the TLV2341 possesses excellent im 'LliRL

large amount of current. In this circuit, N4 behaves v

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

how hard the operational amplifier input is driven.

With very low values of Rp, a voltage offset from TA =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

-25V

operational amplifier is reduced at output voltage
levels where N5 is not supplying the output Figure 104. Test Circuit for Output Characteristics

current.

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)

M - | T

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

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

LI

B =

{a) CL = 20 pF, R = NO LOAD (b) CL = 170 pF, RL = NO LOAD {¢) CL = 190 pF, R = NO LOAD

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

% L

§

i

(a) Cy = 20 pF, Ry = NO LOAD {b) CL = 260 pF, R = NO LOAD (¢) CL = 310 pF, R = NO LOAD

Figure 107. Effect of Capacitive Loads in Low-Bias Mode
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Wide Range of Supply Voltages Over
Specified Temperature Range:

-40°Ct0 85°C...2Vto8V
Fully Characterized at3Vand 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 -nviVHz

D OR P PACKAGE
(TOP VIEW)

~ ] Voo

] 20UT
] 2IN-
] 2IN+

10UT

1IN—-

1IN+
Vpp-/GND

SO N -
o o N

PW PACKAGE
(TOP VIEW)

10UT I
1IN- T

1
2
1IN+ I8
4

Vpp —/GND I

1] Vpp.,
1] 20UT
1 2IN-
1] 2IN+

g o N ™

EQUIVALENT INPUT NOISE VOLTAGE

Vs
FREQUENCY
400 T TTTT
Rg=100Q
Ta =25°C
300 \
200
\
\\ Vpp=5V
~::
" N
VDD =3V | TNy
N
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.'P;g?é SMALL OUTLINE | PLASTIC DIP TSsoP cnu:;)oam
(D) (P) (PW)
—20:C1085C | _9mV TIV2342ID TIV23421P | TLVZ2342IPWLE | 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.

blication date.
per the terms of Texas Instruments H
include U

PRODUCTION DATA Information is cument as of
Products conform to the

:mlng ofall pcmm"

g does not

Copyright © 1992, Texas Instruments Incorporated
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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. 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
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

Vbb
@®
3
1iN+ 9 | + (1)
1IN- —] 5
Q]
2N+ ——+ )
© 20UT
2IN- —
@
Vpp -/GND

CHIP THICKNESS: 15 TYPICAL
BONDING PADS: 4*4 MINIMUM
72 > Tymax = 150°C

PR T P e e e e e e e e ey e TOLERANCES ARE +10%.

ALL DIMENSIONS ARE IN MILS.

I|‘l|l|llll'llllllhll'l|Ill'lllllll|I|I|I|Ill|l|l|||||llllll

3
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equivalent schematic (each amplifier)

Vbp
- oo -
P3 P4
I | R6
[—I L g
P1 P2
IN- — Ly yd
Rl —i! A2 cr——-' —
e Rs | 0—7 > PL;
A I
VWA L&+ S
— " F I—'—l (mn
4
< Hr o
N3 out
e e N4
—> —
— e | —
N1 | N2 N6
’ > Sl e
R3 D1 R4 D2 N7
{m
® ® ? 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 voltage, Vpp (€8 NOte 1) ...t i i i e 8V
Differential input voltage (See NOte 2) .........ouiiiiinii i Vpop+
Input voltage range, Vi (any input) . .....cveiieiiii i e e -0.3 Vto Vpp
INPUE CUITENT, |] e i e i e e +5 mA
OUtPUL CUITENE, 10 o v it i e it ettt caa i e e +30 mA
Duration of short-circuit current at (or below) Tp =25°C (see Note 3) ..........cvvevininnne.. unlimited
Continuous total dissipation ........... ..ottt See Dissipation Rating Table
Operating free-air temperaturerange, TaA  ....ccvviiiiiiiiiiiiii it —40°C to 85°C
Storage temperature range . ...... ...t e i e i -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
PACKAGE TA <25°C DERATING FACTOR Tp =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 \"
Vpp=3V -0.2 1.8
Common-mode input voltage, V| DD \
Vpp=5V -0.2 3.8
Operating free-air temperature, Tp -40 85 °C
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electrical characteristics at specified free-air temperature

TLV2342|
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
RL = 10kQ Full range 1 1
Average temperature coefficient 25°C to o
WIO o input offset voltage 85°C 27 a7 wvrG
25°C 0.1 0.1
| Input offset nt Noted) |Vo=1V, Vic=1V A
10 nput offset current (see Note 4) 1 Vo Ic 85°C 22 1000 24 1000| P
| Input bias current (see Note 4) |Vo=1V, Vigc=1V 25°C 08 06 A
1B P o=1% Jic= 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 \
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, Vv
IoH=-1mA Full range 1.7 3
Vic=1V, 25°C 120 150 90 150
VoL Low-level output voltage Vip =~100 mV, mV
loL=1mA Full range 190 190
AD Large-signal differential \R/'Ej 110 \lig. 25°C 3 1 5 23 Vi
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
Rs=50Q Fulirange | 60 60
" Supply-voltage rejectionratic [ Vic=1V,Vg=1V, 25°C 70 9 70 95 ®
SVR  (avpp/avio) Rg =50 Q Fullrange | 65 65
Vo=1V, Vig=1V, 25°C 0.65 3 1.4 3.2
| Sy current mA
DD s No load Full range 4 4.4

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=05Vtio15V.
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operating characteristics at specified free-air temperature, Vpp =3 V

TLV23421
PARAMETER TEST CONDITIONS TA MIN  TYP  MAX UNIT
Vic=1V, ViPp) =1V, 25°C 21
SR Slew rate at unity gain RL =10k, CL =20 pF, Vius
See Figure 30 85°C 1.7
i . ) f=1kHz, Rg=100Q, o~
Vn Equwalentvmput noise voltage See Figure 31 25°C 25 nVAHz
. . . VO = VOH, CL =20 pF, 26°C 170
Bom Maximum output swing bandwidth RL =10k, See Figure 30 350 195 kHz
N . Vi=10mv, CL =20 pF, 25°C 790
B4 Unity-gain bandwidth RL =10k, See Figure 32 350 590 kHz
Vi=10mV,  f=Bj, -40°C 58°
om Phase margin C =20 pF, Ry =10kQ, 25°C 49°
See Figure 32 85°C 47°
operating characteristics at specified free-air temperature, Vpp =5V
TLV2342i
PARAMETER TEST CONDITIONS TA NN VP MAX UNIT
25°C 3.6
Vic=1V,  |vipp =1V 85°C 28
SR Slew rate at unity gain Rl =10k, - Vips
CL = 20 pF, v 25V 25°C 29
See Figure 30 I(PP) = 2. 85°C 23
i . f=1kHz, Rg =100, ,
Vn Equivalent input noise voltage See Figure 31 25°C 25 nVAHz
. ) . Vo =VoH, Cp =20pF, 26°C 320
Bom Maximum output swing bandwidth RL =10k, See Figure 30 35 250 kHz
. . Vi=10mV, CL =20pF, 26°C 1.7
B4 Unity-gain bandwidth RL = 10 kO, See Figure 32 350 12 kHz
Vi=10mV,  f=Bq, —40°C 49
om Phase margin CL =20pF, RL =10k, 25°C 46°
See Figure 32 85°C 43°
1 INSTRUMENTS
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electrical characteristics, Ta = 25°C

TLV2342Y
PARAMETER TEST CONDITIONS Vpp=3V Vpp=5V UNIT
MIN TYP MAX| MIN TYP MAX
Vo=1V, Vic=1V,

Vio Input offset voltage Rg=500Q, RL=10kQ 0.6 9 1.1 9| mVv
o Input offset current (see Note 4) |Vo=1V, Vic=1V 0.1 0.1 pA
B Input bias current (see Note 4) Vo=1V, Vic=1V 0.6 0.6 pA

Common-mode input voltage -02  -03 -02 -03
VICR range (see Note 5) to to to to \

2 23 4 4.2
oy Vig=1YV, Vip = 100 mV,
VoH High-level output voltage ion =—1mA 1.75 1.9 3.2 3.7 \
g Vic=1V, Vip =100 mV,

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

Large-signal differential voltage |Vic=1V, Rp = 10kQ,
AvD amplification See Note 6 s " 5 2 VimV
CMRR  Common-mode rejection ratio ‘F"O =1V, Vic=VicRmin, 65 78 65 80 B

s =50Q

Supply-voltage rejection ratio Vo=1V, Vic=1V,
ksVR (AVDD/AV|D) Rg =50 Q 70 95 70 95 dB
' Vo=1V, Vic=1V,
IbD Supply current NG load 0.65 3 1.4 32] 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=025Vto2V;atVpp=3V,Vg=05Vto1.5V.
INSTRUMENTS
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TYPICAL CHARACTERISTICS

Table of Graphs -
FIGURE
Vio Input offset voltage Distribution 1,2
ayjo  Input offset voltage temperature coefficient Distribution 3,4
vs Output current 5
VOH High-level output voltage vs Supply voltage 6
vs Temperature 7
vs Common-mode input voltage 8
vs Temperature 9,1
vou Low-level output voltage vs Differential input voltage 10
vs Low-level output current 12
AvD Large-signal differential voltage ampilification vs Supply voltage 13
vs Temperature 14
IB/llo  Input bias and offset currents vs Temperature 15
Vic Common-mode input voltage vs Supply voltage 16
[[>)») Supply current vs Supply voltage 7
vs Temperature 18
SR Slew rate ve Supply voltage 19
vs Temperature 20
Vo(pp) Maximum peak-to-peak output voltage vs Frequency 21
B4 Unity-gain bandwidth 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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TYPICAL CHARACTERISTICS
DISTRIBUTION OF TLV2342 DISTRIBUTION OF TLV2342
INPUT OFFSET VOLTAGE INPUT OFFSET VOLTAGE
o 80T 1 '
DD = =
Ta = 25°C ¥°E ;5".’,:
P Package | A=
50 [ P Package
40
’ *
40
£ w :
S S
o S 30
(=] o
’g 20 2
B 2
4 &
10
10
° o et -
-5 -4 -3 -2 -1 0 1 2 3 4 5 -5 -4 -3 -2 4 0 1 2 3 4 5
Vjo - 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 T T T 60 . r
Vpp=3V Vpp=5V
Ta = 25°C to 85°C TA = 25°C to 85°C
P Package 50| P Package
40 Outillers:
Bf SIZ (1) 20.5 mv/°C
40
£ £
2 2
a §’ 30
% 20 g
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 — uV/°C ay)o - Temperature Coefficient — uV/°C
Figure 3 Figure 4
b TEXAS
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TYPICAL CHARACTERISTICS
HIGH-LEVEL OUTPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE
. Vs vs
" HIGH-LEVEL OUTPUT CURRENT SUPPLY VOLTAGE
5 8
Vic=1V Vic=1V
Vip = 100 mV Vip =100 mV
>' . ) TA=25°C >| RL =10 kQ
TA =25°C
§’ \ l g o — /
8 8
L \ Vpp=5V S /
g ° = i
3 \ g /
o 4 -
§ ®
5 2 WDD =3V 3
£ . £
T — L
3 35 /
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
DD = Vpp=5V
S Vic=1V 650 \ ICI;)LD=5mA E
- Vip = 100 mV 2 \ TA = 25°C
g’ L e00
S E
- —— — (=]
5 K ﬁF——_ >
g 18 pa— 1 3 \v,D =-100 mV
o —
2 117 /’l g N
8 12 3 NN
3 Y ERTNON
z loH=-500uA 3 NCIN
g: 0.6 :°H=-;m: 3 00 V] V\ N
X OH=-2m 1 Ip=-1
S loH=-3mA — 1/ / = \\\
O 350
loH=-4mA — > \4\\\
L 1 | 0 ~—
~-75 -50 -25 0 25 50 75 100 125 ' 0 05 1 15 2 25 3 35 4
TA —Free-Air Temperature —°C ~ ~ Vic - Common-Mode Input Voltage — V
Figure 7 Figure 8
3 1
EXAS
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VoL~ Low-Level Output Voltage — mV

VoL - Low-Level Output Voltage — mV

TYPICAL CHARACTERISTICS
LOW-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE
Vs vs
FREE-AIR TEMPERATURE DIFFERENTIAL INPUT VOLTAGE
200 T T 800 -r T
Vpp=3V Vpp=5V
Vic=1V Vic=IVip/2l
175+ Vip = -100 mV E 700 loL=5mA
loL=1mA 1 Ta=25°C
g 600
150 ‘/ 2 \
]
/ = 500
pd £ \\
125 - 3 400 N
A g -~
y. { 300
100 7 g
< 200
)
75
> 100
50 0
-75 -50 -256 0 25 50 75 100 125 0 -1 -2 -3 -4 -5 -6 -7 -8
TA — Free-Air Temperature - °C V|p - Differential Input Voltage -V ’
Figure 9 Figure 10
LOW-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE
vs Vs
FREE-AIR TEMPERATURE LOW-LEVEL OUTPUT CURRENT
900 T T 1 T T
Vpp=5V Vic=1V
800} Vic=05V 5 09[ Vip=-100mV
Vip=-1V | 08 Ta =25°C y
700} loL=5mA > é} ) Vpp=5V
500 / A é 0.7
P a8 o6
500 /f é 05 » '/
P
400 — 3 0.4 Vpp=3V / /
a / Yy
300 H / /
_Il 0.3 / e
200 5' 0.2 '/
£ .
100 0.1 //
0 0
-7 -50 -25 0 25 50 75 100 125 0 1 2 3 4 5 6 7 8
Ta —Free-Air Temperature —°C loL — Low-Level Output Current - mA
Figure 11 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
60 50 T
_- RL=10kQ
RL =10 kQ 45
g, 50 g, 40
o 7}
> >
_‘Tg - 40 Ta =—-40°C ™ _E; - 3
§E L= | §E 3% AN
s> / g > \ Vpp=5V
£ ! 30 ] E —
= 7 = of 25 ~
T = |
£3 / | BEw ——
%:i 20 v — %:a N
oE Ta = 25°C oE 18 ~~|VpbD=3V
s < | s < ” -__4
o 1 — Tp=85C — ] a
> > 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 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
,‘IB = vpp=3V . TA =25°C
S - Vic=1V |
g 103 E See Note A o
(&) ;i S 6
= o
i | s /
=
5 102 ==t B g
& 7 g 4
8 <]
s 10t - T /
5 llo 6
e Z— > £
5 Vd Z 8
h24 /] 1
s ! ) /
& Z >
Q 7"
01L<L 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 Figure 16
current below 5 pA were determined mathematically.
Figure 156
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Ipp — Supply Current — mA

TYPICAL CHARACTERISTICS
SUPPLY CURRENT SUPPLY CURRENT
vs vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
Vic=1V 8 Vic=1V
Vo=1V Vo=1V
No Load / 25 No Load
Ta =-40°C <
/ ? 2
- 5 N
Ta =25°C 7Z7/ / g 1.5 N
/ 2 . \\
A E Vpp=5V \
1 =85C @ | ~
/ 8 B
o Vpp=3V | =l
5
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
T 8 T T
V| =1V Viep)=1V
A:}F:.P% v A\} = 1)
5 = 7F
RL =10 kQ R =10kQ
CL =20pF CL=20pF
[ TA = 25°C 6

\‘ Vpp=5V

e

SR - Slew Rate - V/us

SR - Slew Rate — V/us
FS

—r

Vpp =3 V=

/ 2 I ——
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 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 T 3.5
RL =10kQ V=10 mVv
RL =10 kQ
Vpp=5V CL=20pF
4|—| ‘DD g 29
AN\ :
3 é 2.3
: A\
Vpp=3V L] Vpp=5V
=
2 17
\ Ta = —40°C ‘:’; K
Tp = 25°C \ x :T L
1 L Ll \ - 1.1
Ta = 85°C m — Vpp=3V
LI ‘
] 05
10 100 1000 10000 -75 -50 -25 0 25 50 75 100
f — Frequency — kHz TA —Free-Air Temperature - °C
Figure 21 Figure 22
UNITY-GAIN BANDWIDTH
vs
SUPPLY VOLTAGE
2.1 r .
Vi=3mV "1
19| R =10kQ -~
N CL =20pF /
£ 17| Ta=25C
£ 15
°
£ 13
]
g /
'g 0.9 r
£
.7
T /
o 05
0.3
0.1

1 2 3

4 5 6

Vpp ~ Supply Voltage -V

Figure 23

7

125
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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
108 ~— 0°
104 300
Avp
108 N 60°
Phase Shift
102 \\ 90°
101 \\ 120°
, x\ o
: 180°

0.1
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
6 RL=10kQ J ..
10 cL=20pF |~
T = 25°C
N A o
104 \ 30°
\\ \\AVD
103 \ \ 60°
102 N 90°
Phase Shift \ \
101 \\\ 120°
1 \\\ 150°
180°

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

f — Frequency - Hz

Figure 25

Phase Shift

Phase Shift
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TYPICAL CHARACTERISTICS
PHASE MARGIN PHASE MARGIN
vs vs _
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
53° v 60°—T—T
Vi=10mV Vi=10mv
52° Ry =10 kQ 58°—R|_=10kﬂ
CL=20pF CL=20pF
Ta = 25°C s6°[~
51° ]
e \ g
< 50° E’ 52° \
© ©
= \ = \ Vpp=3V
[ 49° 8 50° a
‘"‘ \ “ =
T z N
] a8° I 48° \
£ £ B
© \ © 46° v sV
ar° DD =
N_1T w B
46° N 4z
45° 400
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
Ny 400 A
W N 2 Rg=1000
AN T 380 f\ TA=25C
45° N < \
\\ \VDD =3V §, 300 ‘\
£ ]
>
sg’ 40° \\\ 3 250 \
ﬁ Vpp=5V 2 200
5 '\
£ N ™ H N
1 N - 150
eE \ H Vpp=5V
300 N % 100 T
Vi=10mv N % 0 i *."n.
RL =10 kQ \ c ™S
Ta =25°C >
25° 0
0O 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.

Vpp . : VbD+
S B - e
vi—it v —{*
CL RL CL == RL
T
- - VDD—
(a) SINGLE SUPPLY (b) SPLIT SUPPLY
Figure 30. Unity-Gain Amplifier
10 kQ 10 kQ
VWV AAN—
Vpp VDD +
100 Q
12V, v - -
DD . — Vo R — Vo
100
100 Q i 100 Q
1 Vpbp-
(a) SINGLE SUPPLY (b) SPLIT SUPPLY
Figure 31. Noise Test Circuits
10 kQ 10 kQ
ANV ANV
Vpp VbD+

1000 1000
Vi —W\ D Vi —WA -

v v
12Vpp ———— 1+ g I — Yo . o
I "’ _

A

\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 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
0 0[0|C
010]0|0

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. 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-inear response and full-peak response. The full-linear response is

g
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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.

/S L/l A x

(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 BiIFET
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), Vpp
the design is optimized for single-supply

operation. This includes an input common-mode R2
voltage range that encompasses ground as well ANA-

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 R1 N
commonly available for TTL and HCMOS. Vi VW

->——<D——-—Vo
|

_ (VDD - Vl) r2 . Voo

Many single-supply applications require that a E
voltage be applied to one input to establish a v
reference level that is above ground. This virtual °
ground can be generated using two large L L
resistors, but a preferred technique is to use a B
virtual-ground generator such as the TLE2426. Figure 35. Inverting Amplifier With
The TLE2426 supplies an accurate voltage equal Voltage Reference

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

suitable for supply voltages of greater than 4 V.

2 R1 2
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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.
I I I J_ |
Logic Logic Logic §3‘,§'§|'y
— — L5
(a) COMMON-SUPPLY RAILS
I T [ - |

z 1 —= | Power
_< +| —~ | Logic Logic Logic Supply

(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 Tp = 25°C and at Vpp— 1.2 V at all other temperatures.

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

Because of the extremely high input impedance and resulting low bias-current requirements, the TLV2342 is
well suited for low-level signal processing; however, leakage currents on printed-circuit boards and sockets can
easily exceed bias-current requirements and cause a degradation in device performance. It is good practice to
include guard rings around inputs (similar to those of Figure 33 in the Parameter 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)

WA~

b Vi —WA——4
— V, — v, — V,
v, . ) oy ()

MV M-

(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 circuitimpedance greater than 50 kQ, since bipolar devices exhibit greater noise
currents.

feedback __E:I,f,:j_

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 >——4>——
capacitive loads and ignoring stray input
capacitance. A small-value capacitor connected L
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 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
sink and source relatively high amounts of current Ip Rp Voo - Vo
(see Typical Characteristics). If the output is Vi +—— o Rp =171
subjected to a short-circuit condition, this high- — vo FrLop
current capability can cause device damage I Ip = Puliup Current
under certain conditions. Output current capability ¢ <« 4 Required by the
. . perational Amplifier
increases with supply voltage. R2 (typically 500 pA)

Although the TLV2342 possesses excellent R1 "'liRL
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 Voy
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 Q, 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 Vipp) =1V -25V
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.

Vo

~ CL

Figure 40. Test Circuit for Output Characteristics

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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APPLICATION INFORMATION

output characteristics (continued)

B

(a) C =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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Wide Range of Supply Voltages Over
Specified Temperature Range:
-40°Ct0 85°C...2Vto8V

Fully Characterized at3Vand 5V
Single-Supply Operation

Common-Mode Input-Voltage Range
Extends Below the Negative Rail and 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 TLV2344 quad operational amplifier is one of
a family of devices that has been specifically
designed for use in low-voltage single-supply
applications. Unlike other products in this family
designed primarily to meet aggressive power
consumption specifications, the TLV2344 is
designed to offer ac performance approaching
that of a BIiFET operational amplifier while

D OR N PACKAGE
(TOP VIEW)
] 40UT
] 4IN-
] 4IN+
] Vpp-/GND
] 3IN+
] 3IN-
] 3oUT
PW PACKAGE
(TOP VIEW)
10UT |01 14{F= 40UT
1IN — = T 4IN -
1IN + = 11 4IN +
Vpp+ = — Vpp -/GND
2IN + T 1 3IN +
2IN - F— 3IN -
20UT |7 8 = 30UT

EQUIVALENT INPUT NOISE VOLTAGE
Vs
FREQUENCY

operating from a single-supply rail. At 3 V, the E 400 TTTTT
TLV2344 has a typical slew rate of 2.1 V/us and > Rg =100 Q
790-kHz unity-gain bandwidth. >$ TA=25°C
Each amplifier is fully functional down to a S 300 \
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 \
voltage range includes the negative rail and 2 N\ Vpp=5V
extends to within 1 V of the positive rail. = N v

S \\

[} N

£ 100 | \

o -

ul, Vpp=3V ~.

i <

(]
1 10 100 1000
f — Frequency — Hz
AVAILABLE OPTIONS
. Viomax PACKAGED DEVICES GHIP FORM
A AT 25°C | SMALL OUTLINE | PLASTIC DIP TSSOP %)
(D) (N) (PW)
—40°C to 85°C 10 mV TLV2344ID 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 current as of
mmey?MMmm does not necessarily Inciude
testing of all pmnm " Y

ublication date.
the terms of Texas I

*’?TEXAS

Copyright © 1992, 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. 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. 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
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 TLV23441. 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.
/

Dttebababtabetadnatatstsden bt d it bbbl

BONDING PAD ASSIGNMENTS Vbbp
r Y @ @
1INy —+ )
@ 10UT
1IN- —] < "
2IN —('L + \
+
() @ 20UT
2IN- — <
T e TN
@ 30UT
(9)
3IN- —1 5
12]
4IN+ 0z + (14)
N (13) 40UT
il ="
¢ 108 » Vpp-/GND

NN U RN N AU U AU AU S U R AU NN U N AR U RU T R
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)

Vop
° o—o °-
P3 P4 ;
Fl | Re
P1 P2 N5
IN- — L —
R1 z_‘ — R2 q g_
IN
' R5 ¢ 0—-‘1’ ° P?—-o
A I¢
e Zan
= 1—* .
2 |
N3 ouT
| N4
— L ——
— | —
N1 | N2 N6
— =
R3 D1 R4 D2 s I__w__' N7
%:7
L L *~—¢ ® *
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

Supply voltage, Vpp (SEENOte 1) v vttt i it i 8V
Differential input voltage, Vip (SEe NOte 2) ... iv et s VpD+

Input voltage range, V| (@ny iNput) «.......oineiiini i e e e e -0.3 Vto Vpp
INPUL CUITEBNT, 1] oo e et e ettt +5 mA
OULPUE CUITENE, 10« v v vttt ettt aaens +30 mA
Duration of short-circuit current at (or below) T =25°C (see Note 3) ...............ccovnennt unlimited
Continuous total dissipation ............ccooiiiiiiiiiiii e See Dissipation Rating Table
Operating free-air temperature range, TA .+ cveviiiiiii ittt iii i enes -40°C to 85°C
Storage temperature range ..........oieiiei i i i —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 selection).

DISSIPATION RATING TABLE
PACKAGE TA<25°C DERATING FACTOR TA =85°C
POWER RATING ABOVE Tp = 25°C POWER RATING
D 950 mwW 7.6 mW/°C 494 mW
N 1575 mW 5.6 mW/°C 364 mwW
PW 700 mW 12.6 mW/°C 819 mW
recommended operating conditions
MIN MAX | UNIT
Supply voltage, Vpp 2 8 \
. Vpp=3V -0.2 1.8
Common-mode input voltage, V|G - \'
Vpp=5V -0.2 3.8.
Operating free-air temperature, Tp -40 85 °C
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electrical characteristics at specified free-air temperature

TLV23441
PARAMETER TEST CONDITIONS Tat Vpp=3V Vpp=5V UNIT
MIN TYP MAX| MIN TYP MAX
Vo=1V, Vic=1V, [ 25 1.1 10 1.1 10
Vio Input offset voltage Rg=50Q, mv
Rp = 10kQ Full range 12 12
Average temperature coefficient 25°C to o
WIO  of input offset voltage 85°C 27 27 vIrC
| Input offset current (see Note 4) |Vg=1V, Vic=1V 25°C 0.1 o A
10 P o=1% Yic= 85°C 22 1000 24 1000] "
| Input bias current (see Note 4) |Vo=1V, Vig=1V 250 06 06 A
18 P o=1% Yic= 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) -0.2 -0.2
Full range to to v
1.8 3.8
’ Vic=1V, 25°C 1.75 1.9 3.2 3.7
VoH  High-level output voltage Vip = 100 mV, Vv
loH=—-1mA Full range 1.7 3
Vic=1V, 25°C 120 150 9 150
VoL Low-level output voltage V|p =-100 mV, mV
loL=1mA Full range 190 190
pyp  Large-sional difierenta Xf_’ 1‘01'9 25°C 3 M 5 28 "y
voltage amplification See Note 6’ Full range 2 35
Vo=1V, 25°C 65 78 65 80
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 95 70 95 dB
SVR  (avpp/avio) Rg =50 Q Fulrange | 65 65
Vo=1V, Vig=1V, | 25°C 13 27 64
[ Su current mA
DD pely No load Full range 8.8
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,Vpo=05Vto1.5V.
‘U TEXAS
INSTRUMENTS
POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 2-237



TLV2344I, TLV2344Y
LinCMOS™ LOW-VOLTAGE HIGH-SPEED
QUAD OPERATIONAL AMPLIFIERS

SLOS1156 - MAY 1992
R

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

TLV2344|

PARAMETER TEST CONDITIONS TA MN - TYP  MAX UNIT
Vic=1V, Vipp) =1V, 25°C 2.1
SR Slew rate at unity gain RL = 10kQ, CL=20pF, Vius
See Figure 30 85°C 1.7
) ) ) f=1kHz, Rg=1009Q, .
Vn Equivalent input noise voltage See Figure 31 25°C 25 nVAHz
. . . VO =VOH, CL =20pF, 26°C 170
Bom Maximum output swing bandwidth RL=10kD, See Figure 30 350 145 kHz
N . Vi =10mv, CL =20 pF, 25°C 790
B1 Unity-gain bandwidth RL =10k, See Figure 32 35°C 690 kHz
Vj=10mV, f=Bq, —40°C 53°
om Phase margin CL = 20 pF, RL =10k 25°C 49°
See Figure 32 85°C 47°
operating characteristics at specified free-air temperature, Vpp =5V
PARAMETER TEST CONDITIONS T, TLv2sadl UNIT
A MIN _TYP MAX
) 25°C 3.6
\F/l'C '110\'/;9’ VI(PP) =1V 350 28
o N L = o
SR Slew rate at unity gain cL= ?0 OF, : v 250 20 Vips
See Figure 30 I(PP) = 2- 85°C 2.3
) f=1kHz, Rg =100, o
Vn Equivalent input noise voltage See Figure 31 25°C 25 nVAHz
) ) VO = VOH, CL =20pF, 25°C 320
Bom Maximum output swing bandwidth RL = 10K, See Figure 30 550 250 kHz
. Vi=10my, CL =20 pF, 26°C 17
B Unity-gain bandwidth AL = 10 kO, See Figure 32 350 ™ MHz
Vi=10mV, f=By, —40°C 49
om Phase margin CL =20pF, RL=10kQ, 25°C 46°
See Figure 32 85°C 43°
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electrical characteristics, Tp = 25°C

TLV2344Y
PARAMETER TEST CONDITIONS Vpp=3V Vpp=5V UNIT
MIN TYP MAX| MIN TYP MAX
Vo=1V,Vic=1YV,
Vio Input offset voltage Rg =500, RL = 10k 1.1 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 Note4) |Vo=1V,Vic=1V 0.6 0.6 pA
v Common-mode input voltage -02  -03 -02  -03
ICR Note 5) to to to to \
range (see 2 23 4 42
I Vic=1V, Vip =100 mV,
VOH High-level output voltage lot = —1mA 1.75 1.9 3.2 3.7 '
N Vic=1V, Vip =-100 mV,
VoL Low-level output voltage loL =1mA 120 150 90 150 mV
Large-signal differential voltage [V|ic=1V, RL = 10kQ,
Avp amplification See Note 6 8 " 5 23 Vimv
CMRR  Common-mode rejection ratio | YO =1 V% VIC = VICRmin, 6 78 6 80 )
Rs=50Q
Supply-voltage rejection ratio Vo=1V, Vic=1V,
ksSVR (AVpD/AViD) Rs =500 70 95 70 95 dB
Vo=1V,Vig=1V,
IbD Supply current NG load 1.3 6 27 6.4 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=0.25Vto2V;atVpp=3V,Vo=05Vto1.5V.
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TYPICAL CHARACTERISTICS

Table of Graphs
FIGURE
Vio Input offset voltage Distribution 1,2
[wiV]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 vs Supply voltage 13
vs Temperature 14
is/o  Input bias and offset currents vs Temperature 15
Vic Common-mode input voltage vs Supply voltage 16
vs Supply voltage 17
oo Supply current vs Temperature 18
SR Slew rate vs Supply voltage 19
vs Temperature 20
Vo(pp) Maximum peak-to-peak output voltage vs Frequency 21
Bi  Unity-gain bandwidth vs Tomperature 2
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 TLV2344 DISTRIBUTION OF TLV2344
INPUT OFFSET VOLTAGE INPUT OFFSET VOLTAGE
50 T 60
Vpp=3V Vpp=5V
Ta =25°C Ta =25°C
N Package 50 ] NPackage
40
* *
40
£ g
S S
: : w
g 20 £
3 % 20
o 4
10
10
0 . 0 e
-5 -4 -3 -2 -1 0 1 2 3 4 5 -5 -4 -3 -2 -1 2 3 4 5
V|0 - Input Offset Voitage - 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 & Vpp=5V
TA = 25°C to 85°C TA = 25°C to 85°C
N Package s0 | N Package
40 Outliers:
alg alg (1) 20.5 mv/°C
40
£ g
S S
S S 30
% 5
£ 20 £
8 § 2
& 4
10 10
oL i i 0 S 53 255
-10 -8 -6 -4 -2 0 2 4 6 8 10 -10 -8 -6 -4 -2 0 4 6 8 10
ayjo ~ Temperature Coefficient — uV/°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
- Vig=1V Vic=1V
Vip = 100 mV Vip = 100 mV
Ta=25°C RL =10 kQ
4P~ TA =25°C
\ I 6 A /
\ Vpp=5V /
3 \‘.
\ /

/

2 ﬂn& /

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

\ 2
1 - /
0 0
0 -2 -4 -6 -8 0 2 4 6 8
loH — High-Level Output Current - mA " Vpp - Supply Voltage -V
Figure 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 650 loL=5mA |
> Vip = 100 mV > TA =25°C
o 24 E
g g 5%
s g
= —ﬁFz S 550
g 18 ] g \ Vip = ~100 mV
=
o ——t——] g 500
3 [ 171 S N
2 12 ] NN
2| on=ctoo : NN
| IoH=-1mA S 400 NN
T 06[ loH=-2mA 7 1 Vip=-1V \\
> IoH=-3mA — / 3 250 N TS
IoH=-4MA —— > \\\\
~75 -50 -25 0 25 50 75 100 125 0 05 1 1§ 2 25 3 35 4
TA —Free-Alr Temperature - °C V|c -~ Common-Mode Input Voltage ~ V
Figure 7 Figure 8
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VoL — Low-Level Output Voitage —~ mV

VoL — Low-Level Output Voltage - mV

TYPICAL CHARACTERISTICS
LOW-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE
vs vs
FREE-AIR TEMPERATURE DIFFERENTIAL INPUT VOLTAGE
200 T T 800 —
Vpp=3V Vpp=5V
Vic=1V Vic=IVip/2l
175} Vip=-100mv g 70 loL=5mA
loL=1mA | TA =25°C
g 600
150 ) % \
>
/ 3 ST\
pd g N
125 / O 400 N
L~ H "~~~
P 4 300
100 7 g
T 200
75 )
> 100
50 0
-75 -50 -25 0 25 50 75 100 125 o -1t -2 -3 -4 -5 -6 -7 -8
TA - Free-Alr 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 ™ 1 T -
Vpp=5V Vic=1V
800} Vic=05V 5 08f Vip=-100mv
Vip=-1V | Ta =25°C )
700} loL=5mA g 08
S Vpp=5V
pid s o7
600 >
P 3 o
500 L~ ' S os ” /
[
400 <] H / /
~ -él 0.4 Vpp=3V [/ ¥
300 H y.v4
_'| 0.3 / g
200 s 02 /r/
>
100 0.1 /
0 0
=75 -50 -25 O 25 50 75 100 125 1 2 3 4 5 6 7 8

TA - Free-Air Temperature - °C

Figure 11

loL ~ Low-Level Output Current - mA

Figure 12
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TYPICAL CHARACTERISTICS
LARGE-SIGNAL LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION DIFFERENTIAL VOLTAGE AMPLIFICATION
\'5 vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
60 - 50 T
RL =10 kQ
RL =10 kQ : 45
(] (]
£ o«
(<] o
z w0 Ta = —40°C —| 2 %
tE A— EE & ~
s 3 / s 3 N\l Vop=5V
E c 30 / E € 925 .
5= “ ~ T8 \\
¥ / — 1 i3 % .
4 :;; % -~ ‘2 :é' 15 ~ Vpp=3V
0, o =
§< Ta = 25°C S oo
1 — TA=85°C 1 10
a 10 =)
> >
< < 5
0 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 13 Figure 14
INPUT BIAS CURRENT AND INPUT OFFSET COMMON-MODE INPUT VOLTAGE
CURRENT POSITIVE LIMIT
vs Vs
FREE-AIR TEMPERATURE SUPPLY VOLTAGE
L W 8
- —
— Vpp=3V e
'g - Vic=1V >| Ta=25°C
E 1o3[nSoolotod | §
3 S 6
3 2 /
£ 5
S 102 B g /
[ A [
: z g -
8 =
< 1o 5 /
5 = o === 2
g - ~ E
1 7
o 17 9 2 4
e o
] = >
@ 7
0.1 LeZ 0
25 45 65 85 105 125 (] 2 C 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.

Figure 15

Figure 16
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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Ayp —Large-Signal Differential Voltage Amplification

Ayp - Large-Signal Differential Voltage Amplification

107
108
105
104
103
102
101

1

0.1

TYPICAL CHARACTERISTICS
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Figure 24
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TYPICAL CHARACTERISTICS
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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.

Vbb
+

* Vo Vo
V| — Vi —
CLT= RL CL ﬁ= RL

<
+ | o
o
/ +

4

il T
- . Vpp-
(a) SINGLE SUPPLY (b) SPLIT SUPPLY
Figure 30. Unity-Gain Amplifier
10 kQ 10 kQ
AN AN
Vbp Vob+
100Q
1/2Vpp _{ ’ - — Vo - — Vo
+ +
100 Q L
100 Q j 100 Q
= L = Vpp-
(a) SINGLE SUPPLY (b) SPLIT SUPPLY
Figure 31. Noise Test Circuit
10 kQ 10 kQ
—AN M~
Vpp VDD +
100 Q 100 Q
Vi —Wv = V| — WA~ >
Vo Vo
12Vpp —8M8M8 1+ | +
I CL 7": CL
= - = VDD—
(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 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:

® Isolate the device from other potential leakage sources. Use a grounded shield around and between the
device inputs (see Figure 33). Leakages that would otherwise flow to the inputs 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 adevice 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 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 aiso 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.

/S L/l A

(c) f=Bom (d)f>Bom

Figure 34. Full-Power-Response Output Signal

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

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-
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 pulis 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

R1

N
—— Vo

\*+

Vpp -V
(Yoo~ Vi\ R2
Vo-( 7 )m *

Vv,

DD
2

Figure 35. Inverting Amplifier With Voltage

Reference
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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.
1 1 I ~ 1
Logic Logic Logic f-ﬁ gg;’&';,
1T T |
(a) COMMON-SUPPLY RAILS
. 1
[ I T < |
—L :l == | Logic Logle Logic = | Sapely
L . . -~ |
® ® <

(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 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 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 uV/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)

A MW

q Vi —WWA—4
— Vo — Vo — Vo
' vi

>

(a) NONINVERTING AMPLIFIER (b) INVERTING AMPLIFIER (c) UNITY-GAIN AMPLIFIER
Figure 37. Guard-Ring Schemes

noise performance

The noise specifications in operational amplifier circuits are greatly dependent on the current in the first-stage
differential amplifier. The low input bias current requirements of the TLV2344 results in a very low noise current,
which is insignificant in most applications. This feature makes the 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 N
prerequisite for oscillation, a little caution is
appropriate. Most oscillation problems result from
driving capacitive loads and ignoring stray input i

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. 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, <P R. - Yoo~ Vo
subjected to a short-circuit condition, this » P Ig+1 +1p
high-current capability can cause device damage | ¢ Vo Ip = Pullup Current
under certain conditions. Output current capability ) , PLE Required by the
. . — VWW——¢ Operational Amplifier
increases with supply voltage. R2 (typically 500 uA)
Although the TLV2344 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

of a pullup resistor (Rp) connected from the output Figure 39. Resistive Pullup to Increase Von
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 v
approximately 60 Q and 180 Q, depending on

how hard the operational amplifier input is driven. T~ C
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 :f 1

operational amplifier is reduced at output voltage I(PP) = _25V

levels where N5 is not supplying the output
current. 'S not supplying utpu Figure 40. Test Circuit for Output Characteristics

Vo

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 (¢) CL = 150 pF, R = NO LOAD

Figure 41. Effect of Capacitive Loads

‘Q’ TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 2-255 .



2-256



TLV2362l, TLV2362Y
DUAL HIGH-PERFORMANCE, LOW-VOLTAGE
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® Low Supply Voltage Operation D OR P PACKAGE
Veec =1V Min (TOP VIEW)
®  Wide Output Voltage Swin
+2.4V ';yp atVee: = Y26V, RL = 10 kQ ’ﬁ;’IE ! U ; % Yooy
¢ Wide Bandwidth 1N+ 3 sf] 2IN-
7MHzTyp atVgg: =25V Voo-[ 4 s} 2IN+
® Low Noise...8nV/WHz Typ atf=1kHz

o High Slew Rate
4 V/iusec Typ at Voo =125V PW PACKAGE

OP VIE
® Available In Small TSSOP Packages a "
L 10UT CI]10 8 Veo+
description 1IN- CT2 7 20UT
The TLV2362] is a high-performance dual V"N+ gg i 2 g:m:
operational amplifier built using an original Texas cc-

Instruments bipolar process. This device can be

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 TLV23621 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 current as of mlluﬂon date. Copyright © 1993, Texas Instruments Incorporated
Products conform to specifications per the terms Instruments i
standard warranty. lno does not necessarlly include
testing of all parameters.
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equivalent schematic (each amplifier)

]

IN+

ouT

FIN\

@ @ @

I\ |
iTj .
|

2-258

[}
Vee-

ACTUAL DEVICE

COMPONENT COUNT

Capacitors 4

Diodes 1

Resistors 1

J-FET 1

Transistors 46
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TLV2362Y chip information

This chip, when properly assembled, displays characteristics similar to the TLV2362Il. 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-

ﬂ 2IN+

L ©) -

Vee-

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

, TOLERANCES ARE +10%.

% Lo ALL DIMENSIONS ARE IN MILS.

‘l'l‘lll'l'lllll‘l'l’lll'l‘l‘l'l'l'llll
PIN (4) IS INTERNALLY CONNECTED
TO BACKSIDE OF CHIP.

chotetatabvtvraranc ot bty
[~}
3

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

Supply voltage, Vo4 (SEBENOtE 1) .t i i i i i it it et 35V
Supply voltage, Voo (SeeNOte 1) ...t i i i s =35V
Differential input voltage, Vip (seeNote 2) ...t e 3.5V
Input voltage range, V| (any input) (see Notes 1and3) ........ccooviiiiiiiiiiiiniiiiiiinennns Vee+
Output VORAGE, VO v vv vt i i e e e e e +3.5V
L0 0o 10 o = 1 R 20 mA
Duration of short-circuit current at (or below) 25°C (output shortedto GND) ................... unlimited
Continuous total dissipation, Pp (TA<25°C) ......ccvvviiiiniiiiiinnnne, See Dissipation Rating Table
Operating free-air temperature range, TA .+« vvvvvieinurintie e rneiiirnerneinineneenns -20°C to 85°C
Storage temperature range . ..........iiiiiii i i it —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 VGG.

recommended operating conditions

MIN MAX | UNIT

Supply voltage, Voo ) 1 125 \'
Operating free-air temperature, Ta -20 85 °C
DISSIPATION RATING TABLE
PACKAGE Ta <25°C DERATING FACTOR TA <85°C
POWER RATING ABOVE T = 25°C POWER RATING
D 7256 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
‘V TEXAS
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electrical characteristics, Voo + = 1.5 V (unless otherwise noted)

TLV2362I
PARAMETER TEST CONDITIONS TA UNIT
MIN TYP MAX
Vio Input offset voltage Vo =0, Vic=0 25°C ! 8 mV
—20°C to 85°C 75
o Input offset current Vo =0, Vic=0 25°C 3 190 nA
—20°C to 85°C 150
B Input bias current Vo =0, Vic=0 25°C 20 150 nA
—20°C to 85°C 250
. 25°C +0.5
VICR Common-mode input voltage Vol £7.5 mV 2001085 | 205 \'
: RL=10kQ 25°C 1.2 1.4
VOM+  Maximum positive-peak output voltage \
RL> 10 kQ -20°Ct085°C | 1.2
RL = 10kQ 25°C -12 -14
VOM-  Maximum negative-peak output voltage v
RL 210 kQ -20°Cto85°C | —1.2
Icc Supply current (both amplifiers) Vo =0, No load 25°C 28 45 mA
—20°C to 85°C 5.5
AVD Large-signal differential voltage amplificaton |Vo=+1V, R =10kQ 25°C 55 . dB
CMRR  Common-mode rejection ratio Vic=105V 25°C 75 dB
ksvR Supply-voltage rejection ratio Vecr=+156Vto+25V 25°C 80 dB .
operating characteristics, Vgc+ = £1.5V, Tp = 25°C
TLV2362I
PARAMETER TEST CONDITIONS N TYP MAX UNIT
SR  Slewrate Ay =1, V=105V 25 Vips
B Unity-gain bandwidth Ay =40, RL = 10kQ, CL =100 pF 6 MHz
Vn Equivalent input noise voltage Rs=20Q, RF =2kQ, f=1kHz 9 nVAHz
*’J TEXAS
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electrical characteristics, Voo = £2.5 V (unless otherwise noted)

PARAMETER TEST CONDITIONS TA TLvzseal UNIT
MIN TYP MAX
Vio Input offset voltage Vo =0, Vic=0 250 ! 8 mvV
—20°C to 85°C 75
o Input offset current Vo =0, Vic=0 250 > 19 nA
~20°C to 85°C 150
B Input bias current Vo=0, Vic=0 25°C 20 150 nA
—-20°C to 85°C 250
VICR Common-mode input voltage Vol £7.5mV %0 15 \
. -20°Ct085°C | +1.4
RL = 10kQ 25°C 2 2.4
VOM+  Maximum positive-peak output voltage v
RL210kQ -20°C to 85°C 2
RL=10kQ 25°C -2 -24
VOM-  Maximum negative-peak output voltage \
RL210kQ —-20°C to 85°C -2
Icc Supply current (both amplifiers) Vo=0, No load 250 35 5 mA
—-20°C to 85°C 6
AvVD Large-signal differential voltage amplification Vo=+1V, RL=10kQ 25°C 60 dB
CMRR  Common-mode rejection ratio Vic=+05V '25°C 85 dB
ksVR Supply-voltage rejection ratio Vect=115Vto+25V 25°C 80 dB
operating characteristics, Voc+ = 2.5V, Tp = 25°C
PARAMETER TEST CONDITIONS TLvasezl UNIT
MIN TYP MAX
SR  Slewrate Ay=1, Vi=105V 3 Vips
By Unity-gain bandwidth- Ay =40, RL =10kQ, Cp =100 pF 7 MHz
Vn Equivalent input noise voltage Rg=20Q, RF = 2kQ, f=1kHz 8 nVAHz
i
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electrical characteristics, Vgc+ = $1.5 V, Ta = 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 £7.5mV +0.5 \'
VOM+  Maximum positive-peak output voltage RL = 10kQ 1.2 1.4 v
VOM-  Maximum negative-peak output voltage RL=10kQ -12  -14
lcc Supply current (both amplifiers) Vo =0, No load 2.8 45| mA
AVD Large-signal differential voltage amplification Vo=%1V, R =10kQ 565 dB
|CMRR  Common-mode rejection ratio Vic=t05V 75 dB
kSVR Supply-voltage rejection ratio Vect=t15Vtot25V 80 dB
operating characteristics, Vgc+ = £1.5V, Ta = 25°C
PARAMETER TEST CONDITIONS TLv2s62y UNIT
MIN TYP MAX
SR  Slewrate Ay =1, Vi=+05V 25 Vius
B4 Unity-gain bandwidth Ay = 40, RL=10kQ, Cp =100pF 6 MHz
Vn  Equivalent input noise voltage Rg=20Q, RF=2kQ, f=1kHz 9 nVAHz
electrical characteristics, Vgg+ = £2.5 V, Ta = 25°C (unless otherwise noted)
TLV2362Y
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX
Vio Input offset voltage Vo =0, Vic=0 1 6| mVv
o Input offset current Vo =0, Vic=0 5 100| nA
B Input bias current Vo =0, Vic=0 20 150 nA
VICR Gommon-mode input voltage Vol £7.5mV +1.5 Vv
VOM+  Maximum positive-peak output voltage RL=10kQ 2 2.4 v
VOM-  Maximum negative-peak output voltage RL=10kQ -2 24
Icc Supply current (both amplifiers) Vo =0, No load 3.5 5] mA
AvD Large-signal differential voltage amplification Vo=t1V, R =10kQ 60 ) dB
CMRR  Common-mode rejection ratio Vic=105V 85 dB
kSVR Supply-voltage rejection ratio Voor=+15Vto+25V 80 dB
operating characteristics, Vog+ =12.5 V, Tp = 25°C
TLV2362Y
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX
SR  Slewrate Ay =1, V=105V 3 Vius
B4 Unity-gain bandwidth Ay = 40, RL=10kQ, Cp =100pF 7 MHz
Vp  Equivalent input noise voltage Rs=20Q, Rp=2kQ, f=1kHz 8 nVAHz
‘U TEXAS
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TLV1393, TLV1393Y, TLV2393, TLV2393Y
DUAL DIFFERENTIAL COMPARATORS

SLCS121 -AUGUST 1993

® |ow-Voltage and Single-Supply Operation
Vec=2Vto7V

® Common-Mode Voltage Range That
Includes Ground

® Fast Response Time
450 ns Typ (TLV2393)

® Low Supply Current
0.7 mA Typ (TLV1393)

® Specified Fully at 3-V and 5-V Supply
Voltages

description

The TLV1393 and the TLV2393 are dual
differential comparators built using a new Texas

D OR P PACKAGE
(TOP VIEW)
10UT(] 1 Y 8 ]VCC
1IN-[] 2 7] 20UT
1IN+[] 3 6] 2IN-
GND[} 4 5[] 2IN+
PW PACKAGE
(TOP VIEW)
10ouT CI] 10 8 VoD .+
1IN- I 2 7 13 20UT
1IN+ I3 6 13 2IN-
GND T4 5 2IN+

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 suppfy 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
T SUPPLY CURRENT | RESPONSE TIME [ SMALL OUTLINE | PLASTIC DIP TSSOP ™
(TYP) (TYP) (D) (P) (PW)
—40°C 10 105°C 0.16 mA 0.7 ps TLV1393ID TLV1393IP_ | TL1393IPWLE | TLV1393Y
1.1 mA 0.45 s TLV2393ID TLV2393IP_ | TLV2393IPWLE | TLV2393Y

PW packages are only available left-ended taped and reeled, (e.g., TLV1393IPWLE).

symbol (each comparator)

IN+

out

PRODUCTION DATA Information Is current as of publication date. o
Products cont ton'ntotpoemml per the terms of Texas instruments /]
$ Mm"rramy ucﬁon processing does not necessarily include
testing of al

Copyright © 1993, Texas Instruments Incorporated
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TLV1393, TLV1393Y, TLV2393, TLV2393Y
DUAL DIFFERENTIAL COMPARATORS

SLCS121 ~AUGUST 1993

TLV1393, TLV1393Y equivalent schematic (each comparator)
Vee

!
I Ij

O

IN +

*—— WA\~

A ri»

@-

) i !

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

i
INSTRUMENTS

34 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265




TLV1393, TLV1393Y, TLV2393, TLV2393Y
DUAL DIFFERENTIAL COMPARATORS

SLCS121 - AUGUST 1993

TLV2393, TLV2393Y equivalent schematic (each comparator)

Vece

|

S

IN +

Y
e

I (u

GND OuT

COMPONENT COUNT

Transistors 44

Resistors 1

Diodes 7

Epi-FET 2

i/
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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 Vee
8|
1N O @
* (1)
@ 10UT
1N-—] -
5
) + —(—2‘ 2IN+
20UT ©
——— 2IN-
“)
GND

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

TOLERANCES ARE +10%.

ALL DIMENSIONS ARE IN MILS.

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

T T T (R H R (U (U S U SN (PR RS S SRS TP AU RO AP IO |

“ 32 >
TR L T T T T I L I A L O T IR NI I |

‘!{* TEXAS
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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)

BONDING PAD ASSIGNMENTS

@
§-

32 gl
L L T O O I e e R O I |

—(5')— 2IN+

_ﬂ 2IN-

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

TOLERANCES ARE +10%.

ALL DIMENSIONS ARE IN MILS.

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

*’? TEXAS
INSTRUMENTS
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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, Voo (SEBENOIE 1) .ttt e e e e e i e 7V
Differential input voltage, Vip (SEE NOte 2) ... ..t uiiri i i 7V
“Input voltage, Vi (ANY INPUL) ..ttt et e e e ettt e 7V
OUIPUE VORAGE, VO « i ettt i e it i i i e et et 7V
Output current, Ig (€aCh OUIPUL) .. ov vt i e e 20 mA
Duration of short-circuit currentto GND (see Note 3) .......ciiiiriiii i iiie e unlimited
Continuous total dissipation ............c.coiiiiiiiiiii et See Dissipation Rating Table
Operating free-air temperature range, TA  ....covvriiiiini it —40°C to 105°C
Storage temperature range . ..........ceiiiii i e e -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 VG can cause excessive heating and eventual destruction of the chip.

DISSIPATION RATING TABLE

PACKAGE TA<25°C  DERATING FACTOR  Tp=70°C TA = 85°C
POWERRATING ABOVE Tp=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 mwW
PW 5256 mW 4.2 mW/°C 336 mW 273 mW

recommended operating conditions

MIN MAX | UNIT
Supply voltage, Voo 2 71 v
Operating free-air temperature, Tp -40 105 °C

‘t’? TEXAS
INSTRUMENTS
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TLV1393, TLV1393Y, TLV2393, TLV2393Y
DUAL DIFFERENTIAL COMPARATORS

SLCS121 - AUGUST 1993

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

TLV1393
PARAMETER TEST CONDITIONS Tat WiN VP MAX UNIT
v Input offset voltage Vo=14V, V|c=V|crRmin 25°C 1.5 5 mv
10 P g 0= 145 FIC=TICRMN I i ange 120 9
o O0to Oto
. 25°C Vecc-15 Vgoc-1.2
VICR Common-mode input voltage range \Y
Full range Vgoto—z
VoL Low-level output voltage Vip=-1V, oL =500pA Full range 120 300 mv
25°C 5 50
o Input offset current Vo=14V nA
Full range 150
. 25°C -40 —250
B Input bias current Vo=14V nA
Full range -400 ’
) Vip=1YV, 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, VopL=15V 25°C 500 pA
| High-level supply current Vo=V 25%C 160 250
CCH ¢} PPy O=VOH Full range 300 "
! Low-level supply current Vo =V, 2570 160 250
coL Pe 0=VoL Full range 300

1 Full range is —40°C to 105°C.

switching characteristics, Vgg =3 V, C = 15 pF, Ta = 25°C

PARAMETER TEST CONDITIONS TLV1s93 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 ps

*Z‘ TEXAS
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 TLV1393 UNIT
MIN TYP MAX
VIO  Inputoffset voltage Vo=1.4V, V|c=V|cRmin 25°C 18 > mv
Full range 9
. 25°C ch ti)1 5 vcgtf1 2 k
'VIcCR Common-mode input voltage range o Vv
Full range Voo -2
VoL Low-level output voltage Vip=-1V, loL =500 pA Full range 120 300 mv
llo Input offset current Vo=14V 25°C > 20 nA
Full range 150
B Input bias current Vo=14V 25°C 40 ~250 nA
Full range -400
lo4  High-level output current Vip=1V. Vor=3V 25°C o1 nA
Vip=1YV, VoH=5V Full range 100
loL Low-level output current Vip=-1V, VoL=15V 25°C 600 pA
IccH High-level supply current Vo =VoH 270 200 300
Full range 350 uA
IccL Low-level supply current Vo=VoL 25°C 200 390
Full range 350
T Full range is —40°C to 105°C.
switching characteristics, Vgc =5V, C = 15 pF, T4 = 25°C
PARAMETER TEST CONDITIONS TLV1393 UNIT
MIN TYP MAX
. 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
‘@‘ TEXAS
INSTRUMENTS
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TLV1393, TLV1393Y, TLV2393, TLV2393Y
DUAL DIFFERENTIAL COMPARATORS
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electrical characteristics, Vgg = 3 V, Ta = 25°C (unless otherwise noted)

TLV1393Y
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX
Vio  Input offset voltage Vo=14YV, V|c=V|cRmin 1.5 5] mV
. Oto Oto
VIcR Common-mode input voltage range Vee-15 Vog-12 Vv
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, VpoL=15V 500 pA
IccH High-level supply current Vo = VOH 160 250 WA
IccL  Low-level supply current Vo=VoL 160 250
switching characteristics, Vgg =3 V, C_ = 15 pF, T = 25°C
TLV1393Y
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
electrical characteristics, Vgg = 5 V, Ta = 25°C (unless otherwise noted)
PARAMETER TEST CONDITIONS TLV1393Y UNIT
MIN TYP MAX
Vio Input offset voltage Vo=14V, V|g=V|crmin 1.5 5| mVv
. Oto Oto
VICR Common-mode input voltage range Veo-15 Vog-12 \
o Input offset current Vo=14V 5 50 nA
B Input bias current Vo=14V v -40 —250 nA
10H 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 JA
lcoL Low-level supply current Vo=VoL 200 300
switching characteristics, Vgg =5V, C = 15 pF, T = 25°C
TLV1393Y
PARAMETER TEST CONDITIONS 93 UNIT
MIN TYP MAX
. 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
INSTRUMENTS
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DUAL DIFFERENTIAL COMPARATORS
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electrical characteristics, Vg = 3 V (unless otherwise noted)

TLV2393
PARAMETER TEST CONDITIONS Tat UNIT
MIN TYF MAX
v Input offset voltage Vo=14V, V|g=V|cRrmin 250 15 il Y
10 P! g 0=14YV, IC = VICR Full range 9 !
o Oto Oto
. B°C lysc-15 Vog-12
VicR Common-mode input voltage range ot \
Full range Vo -2
Vip=-1V, loL=1mA 25°C 80 300
VoL Low-level output voltage mV
Vip=-1V, lpL=4mA Full range 250 700
. 25°C 5 50
llo Input offset current Vo=14V - nA
Full range 150
. 25°C -100 -250
B Input bias current Vo=14V nA
Full range -400
Vip=1YV, VoH=3V 25°C 0.1
loH  High-level output current ID OH 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 25°C 450 600 pA
GCH 9 PRY 0= YOH Full range 700
1 Low-level supply current Vo =V 25°C 1 1.3 mA
CCL PpY o=VoL Full range 1.4
1 Full range is —40°C to 105°C.
switching characteristics, Vog =3 V, C = 15 pF, Tp = 25°C
. TLV2393
PARAMETER TEST CONDITIONS UNIT
- MIN  TYP MAX
Response time 100-mV input step with 5-mV overdrive, RL connected to 5 V through 5.1 kQ 0.45 1 us
INSTRUMENTS
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TLV1393, TLV1393Y, TLV2393, TLV2393Y
DUAL DIFFERENTIAL COMPARATORS

SLCS121 ~AUGUST 1993

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

TLV2393
PARAMETER TEST CONDITIONS Tat UNIT
MIN TYP MAX
v Input offset voltage Vo=14V, V|c=V|cRrmin 250 12 >l v
10 P g o=14V, IC = VICR Full range 9
o Oto Oto
, %°C  |yee-15 Vog-12
VICR Common-mode input voltage range ™ v
Full range Voo -2
Vip=-1V, loL=1mA 25°C 70 300
VoL Low-level output voltage mv
Vip=-1V, loL=4mA Full range 200 700
25°C 5 50
ho 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
IoH High-level output current ID OH nA
Vip=1V, VOH=5V Full range 100
loL low-level output current Vip=-1V, VpopL=15V 25°C 6 mA
! High-level supply current Vo =V 25°C 550 L pA
CCH 9 PPl 0=YOH Full range 800
25°C 1.2 15
! Low-level ly current Vo=V
CcoL ow-level supply curre o=YoL Full range 1.6
T Full range is ~40°C to 105°C.
switching characteristics, Vgg =5V, C = 15 pF, Tp = 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
INSTRUMENTS ’
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TLV1393, TLV1393Y, TLV2393, TLV2393Y
DUAL DIFFERENTIAL COMPARATORS
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electrical characteristics, Vgc =3 V, Ta = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS TLV2393Y UNIT
MIN TYP MAX
Vio  Input offset voltage Vo=14V, V|c=V|crmin 1.5 51 mV
. Oto Oto
VicrR Common-mode input voltage range Veo-15 Vog-12 \
VoL Low-level output voltage Vip=-1V, loL=1mA 80 300 mv
llo 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 WA
IccL  Low-level supply current Vo=VoL 1.1 13| mA
switching characteristics, Vg =3 V, Cp = 15 pF, Ty = 25°C
TLV2393Y
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX )
Response time 100-mV input step with 5-mV overdrive, Ry connected to 5 V through 5.1 kQ 0.45 1 ps
electrical characteristics, Vgg = 5V, Ta = 25°C (unless otherwise noted)
PARAMETER TEST CONDITIONS TLV2398Y UNIT
MIN TYP MAX
Vio Input offset voltage Vo=14V, V|c=V|crmin 1.5 5| mV
. Oto Oto
VICR Common-mode input voltage range Vog-15 Vog-12 \Y
VoL Low-level output voltage Vip=-1V, loL=1mA 70 300 mv
llo Input offset current Vo=1.4V 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 15 mA
switching characteristics, Vgg =5 V, C = 15 pF, Tp = 25°C ,
TLV2393Y
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX
X 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, RL connected to 5 V through 5.1 kQ 0.15 0.3
INSTRUMENTS
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TLV1393, TLV1393Y, TLV2393, TLV2393Y
DUAL DIFFERENTIAL COMPARATORS

SLCS121 ~AUGUST 1993

V)p - Differential
Vo-Output Voltage -V Input Voltage - mV Vo - Output Voltage -V

Vip - Differential
Input Voitage — mV

TYPICAL CHARACTERISTICS

LOW-TO HIGH-LEVEL OUTPUT RESPONSE HIGH-TO LOW-LEVEL OUTPUT RESPONSE
FOR VARIOUS INPUT OVERDRIVES FOR VARIOUS INPUT OVERDRIVES
>
I
S
3 8 3
40 mV S
A=
10mV
s :v 1 g — 10 mV
2mv > ° g mz A\
m
. I ° WL
=2 Vec=3V
100 g? 100 TA=25°C
-3
Vec=3V | £2 0
0 Ta=25°C a2
a3
SE
0. 0.5 1 15 2 2.5 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 - s
Figure 1 Figure 2
LOW-TO HIGH-LEVEL OUTPUT RESPONSE ) HIGH-TO LOW-LEVEL OUTPUT RESPONSE
FOR VARIOUS INPUT OVERDRIVES FOR VARIOUS INPUT OVERDRIVES
>
1
[}
o
P
40 mV S
20 mv —3 5 gg m¥ )
10mVv m!
s :V — 'g' — 10 mv
2mv —f | ? 5mv \
(o] 2mv »
. J) e, |
=2 Vec=5V
100 % ? 100 oo 25 C
. g g
0 Vee=5V | £S
Ta=25°C ag 0
a3
SE
0 0.5 1 1.5 2 2.5 0 0.2 0.4 0.6 0.8
tpLH — Low-to High-Level Output tpHL — High-to Low-Level Output
Response Time — s Response Time — us
Figure 3 Figure 4

'ﬂ* TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 3-15



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
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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 Characterized at 3V and 5V sout (4 Y 1 Voo
® Very-Low Supply-Current Drain 1IN=-[] 2 7] 20UT
120 yA Typat3V 1IN+ ] 3 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
e Extremel . 10ouTH 8 lVpbp
y Low Input Bias Current 1IN 20UT
SpATYP o sfjon-
® Common-Mode Input Voltage Range aNo 14 521N+
Includes Ground
® Built-in ESD Protection ) NC — No internal connection
iotion
descriptio 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 typlcal 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 ‘;‘g;‘aé‘ SMALL OUTLINE | PLASTIC DIP TSSOP FORM
(D) (P) (PW) Y)
~40°C to 85°C 5mv__ | . TLV2352ID 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.

Pnooucnou DATA information Is current as of publication date. N Copyright © 1992, Texas Instruments Incorporated
roducts conform to spacifications per the mms of oxas Instruments .
mnwa warranty. does

U
testing of all parameters. " fneude T
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TLV2352l, TLV2352Y
LinCMOS™ DUAL LOW-VOLTAGE DIFFERENTIAL COMPARATORS

“SLCS011 — MAY 1992
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TLV2352l, 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

ol
L]

®)

[
~

)
GND
CHIP THICKNESS: 15 TYPICAL
BONDING PADS: 4 x 4 MINIMUM
TJmax = 150°C
TOLERANCES ARE +10%.
ALL DIMENSIONS ARE IN MILS.
< 57

-
(I'lll|IlI|I‘IlI'lII|l|||I'III|I|I|I|I'|II|I'I]I|III'I|||I'||I|I’I|I PIN (4) INTERNALLY CONNECTED
TO BACKSIDE OF CHIP.

1@-

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 voltage, Vpp (SBENOtE 1) ..ot i it it 8V
Differential input voltage, Vip (See Note 2) ...t e 8V
Input vOltage range, Vi .. .oue it e e v... =0.3t08V
L0000 Y1 - o T= T Y 8V
UL UMY, I e i e e i e e +5 mA
Output current, lg ..o e e 20 mA
Duration of output short-circuit currentto GND (seeNote 3) ...........cciiiiiiiiiiiiann... unlimited
Continuous total power dissipation ........... ...l See Dissipation Rating Table
Operating free-air temperature range, TA .. cvvvintnneient i i i i i neeaeress —40°C to 85°C
Storage temperature range . ..........ciiiiii i e e i ~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 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 heatingand eventual device destruction.

DISSIPATION RATING TABLE
TA <25°C DERATING Ta = 85°C
PACKAGE  bOWER RATING FACTOR POWER RATING
D 725 mW 5.8 mW/°C 377 mW
P 1000 mwW 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 v
Vpp=3V 0 175
Common-mode input voltage, V|c DD Vv
Vpp=5V 0 375
Operating free-air temperature, Tp -40 85 °C

3-20
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TLV2352l, TLV2352Y
LinCMOS™ DUAL LOW-VOLTAGE DIFFERENTIAL COMPARATORS

SLCS011 — MAY 1992

electrical characteristics at specified free-air temperaturet

TLV2352I
PARAMETER TEST CONDITIONS Ta¥ Vpp=3V Vpp=5V UNIT
MIN TYP MAX| MIN TYP MAX
] 25°C 1 5 1 5
Vio  Inputoffset voltage Vic = VicRmin, See Note 4 Full range 7 7 mv
25°C 1 1 pA
o Input offset current 35°C 1 1 oA
) 25°C 5 5 pA
B Input bias current 85°C 2 2 A
25°C Oto2 Oto4
v Common-mode oo 0to v
ICR input voltage range Full range 175 375
loH High-level output Vip=1V 25°C 0.1 0.1 nA
current Full range 1 1] pA
VoL Low-level output Vip=-1V, oL =2 mA 25°C 115 300 150 400 mv
OL  voltage 0 ’ Full range 600 700
Low-level output
oL gomert P Vip=-1V,  VoL=15V | 25°C 8 16 6 16 mA
25°C 120 250 140 300
Ipp  Supply current Vip=1V, No load Falrange 350 200 uA

T All characteristics are measured with zero common-mode input voltages unless otherwise noted.
¥ Full range is —40°C to 85°C. IMPORTANT: See Parameter Measurement Information.
NOTE 4: The offset voltage limits given are the maximum values required to drive the output above 4 V with Vpp =5V, 2V with Vpp =3 V,

or below 400 mV with a 10-k< 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, T =25°C

TLV2352I
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX
Responsetime [R =5.1kQ, CpL=15 pFS, SeeNote5 | 100-mV input step with 5-mV overdrive 640 ns
switching characteristics, Vpp =5 V, Tp = 25°C
PARAMETER TEST CONDITIONS TLV23521 UNIT
' MIN TYP MAX
Responsetime | R =5.1kQ, G =15pFS, SeeNote5 100-mV input step with 5-mV overdrive 650 ns
po L=> L=15P" TTL-level input step 200

§ CL 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=1.4VwithVpp=5V.

"5‘ TEXAS
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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 Inputoffset 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 pPA
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 ViD=-1V loL=2mA 115 300 150 400 mv
loL Low-level output current Vip=-1V, VoL=15V 6 16 6 16 mA
Ibb  Supply current Vip=1V No load 120 250 140 300 pA

T Al 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 =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.

3-22
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TLV2352l, TLvV2352Y

LinCMOS™ DUAL LOW-VOLTAGE DIFFERENTIAL COMPARATORS

SLCS011 — MAY 1992

TYPICAL CHARACTERISTICS

LOW-LEVEL OUTPUT VOLTAGE
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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’ C
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5, 3 = 5, 8 }
27 | '\ s | CL = 100 pF
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Figure 5 Figure 6
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PROPAGATION DELAY PROPAGATION DELAY
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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

Applied Vio
LJn:It

- - -4V

Applied Vio
LI!H

||'—(§

(@) 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.
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TLv2352l, TLV2352Y
LinCMOS™ DUAL LOW-VOLTAGE DIFFERENTIAL COMPARATORS

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 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 ioop
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 RS 0.68
TLC2344 1.8k, 1% - V”F
c2 ¢ VW iy

Buffer

Vio
(x100)
R1
240 kQ
—AAN

Uta 1/4
TLC2344

C1
0.1 uF
' Triangle VWv
Generator R9
R10 10 kQ, 1%
A 100 Q, 1%
R2
R3 10 kQ =

100 Q

Figure 10. Circuit for Input Offset Voltage Measurement
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TLV2352l, TLV2352Y
LinCMOS™ DUAL LOW-VOLTAGE DIFFERENTIAL COMPARATORS

SLCS011 — 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 Vo = 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 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 - 5.1k /‘1?
] Generator |
= 50Q
1V =
Input Offset Voltage 100 CcL
Compensation 10 Turn %_NW__F—— Note A
Adjustment -1 V N 1kQ ’_E 0.1pF I (seeNote A)
TEST CIRCUIT
Overdrive Overdrive
1 T T___" Input 100 mv L
nput _T 100 mV pt - MY )

High-to-Low
Level Output

Low-to-High
Level Output

Vo=1VwithVpp=3V
or
Vo=14VwithVpp=5V

VOLTAGE WAVEFORMS
NOTE A: Cy 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

® Wide Range of Supply Voltages D OR N PACKAGE

2Vto8V (TOP VIEW)
® Fully Characterized at3Vand 5V ' W)
® Very-Low Supply-Current Drain 10UT [ 1 14 % souT
240 pA Typ at3V 2(\)/UT E 2 13 ] éO’\lLIJDT
¢ Common-Mode Input Voltage Range 2"39[ 2 :? ] 4IN+
Includes Ground 2N+ 5 10 4IN—
® Fast Response Time. .. 200 ns Typ for 1IN- 6 of) 3IN+
TTL-Level Input Step 1IN+ '; 7 8] 3IN-
® High Input Impedance . .. 1012 Q Typ
® Extremely Low Input Bias Current PW PACKAGE
5 pA Typ (TOP VIEW)
® Output Compatible With TTL, MOS, and
CMOS 1ouT| ° 141 30UT
® Built-In ESD Protection 20UT(] 2 13]] 40UT
Vppl] 3 12[] GND
description 2IN-] 4 11[] 4IN+
. . 2IN+[} 5 10[] 4IN-
The TLV2354 consists of four independent, 1IN-(] 6 ofl 3N+
low-power comparators specifically designed for 1N+ 7 8f] 3IN-
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. symbol (each comparator)

The TLV2354 is designed using the Texas IN+
Instruments LinCMOS™ technology and therefore ouT
features an extremely high input impedance IN—

(typically greater than 1012 Q), which allows direct

interfacing with high-impedance sources. The

outputs are N-channel open-drain configurations that require an external pullup resistor to provide a positive
output voltage swing, and they can be connected to achieve positive-logic wired-AND relationships. The
TLV2354 is fully characterized for operation from — 40°C to 85°C.

The TLV2354 has internal electrostatic-discharge (ESD)-protection circuits and has been classified with a
2000-V ESD rating tested under MIL-STD-883C, Method 3015.1. However, care should be exercised in
handling this device as exposure to ESD may result in degradation of the device parametric performance.

AVAILABLE OPTIONS
PACKAGED DEVICES CHIP
Viomax
TA atesec | SMALLOUTLINE | PLASTIC DIP TSSOP FORM
(D) (N) (PW) Y)
—40°C to 85°C 5mV TLV2354ID TLV2354IN TLV2354IPWLE 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., TLV2354IPWLE)
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.

LinCMOS is a trademark of Texas Instruments Incorporated.
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LinCMOS™ QUADRUPLE LOW-VOLTAGE DIFFERENTIAL COMPARATORS
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TLV2354l, 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

' @
IN+ _(7?__ Py )
ouT
L o
(3] I INs
out
o L.
(9) -
IN¢ — + (14)
@ out
IN- ] )
+}—— IN+
our 13
09 in-
(12)

GND

»l
Ll

AN AN A A A AN e
a

> 20 > CHIP THICKNESS: 15 TYPICAL
L O U U N N N E U IO, BONDING PADS: 4 x 4 MINIMUM
Tymax = 150°C
TOLERANCES ARE +10%.
ALL DIMENSIONS ARE IN MILS.

PIN (11) INTERNALLY CONNECTED
TO BACKSIDE OF CHIP.
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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, Vpp (SEENOtE 1) ...t i e e ittt it et 8V
Differential input voltage, Vip (See Note 2) ...t i 8V
Input voltage range, V| .. .couinnii i i it e i i e e s -03to8V
L@ T (o TU L Yo )= T L= TN Y 8V
INPUL CUITENE, 1] ot it e et it it e +5 mA
OutpUt CUITENE, IO .ottt e i e e i i e 20 mA
Duration of output short-circuit current to GND (see Note 3) ..........oiiiiiiiiiiiiiinn, unlimited
Continuous total power dissipation .............coiiiiiiiiiiiiiiiiiia, See Dissipation Rating Table
Operating free-air temperature range, To  ....cvvvvevvnnivinnn e r e ranee e —=40°C to 85°C
Storage temperature range . .......c.ouiiiiiiiiii i e e e e ey —-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 pOWERRATING '~ FACTOR =~ POWER RATING
D 950 mwW 7.6 mW/°C 494 mW |
N 1150 mw 9.2 mW/°C 598 mW
PW - 700 mW 5.6 mW/°C 346 mW
recommended operating conditions
' MIN MAX | UNIT
Supply voltage, Vpp . 2 8 Vv
. : Vpp=3V 0 175
Common-mode input voltage, V| Vv
r-modeinpuivoiage, Yic INpp=5Vv 0 375
Operating free-air temperature, Tp -40 85| °C
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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 Tal Vpp=3V Vpp=5V UNIT
A
MIN TYP MAX| MIN TYP MAX
) 25°C 1 5 1 5
Vio  Inputoffset voltage V|c = Vicrmin,  See Note 4 Full rangs 7 7 mV
25°C 1 1 A
o Input offset current pyoys y r sA
. 25°C 5 5 pA
B Input bias current 350 P 2 oy
., 25°C Oto2 Oto4
v Common-mode input T ot v
ICR  voltage range Full range 1 7% 3 7%

IoH High-level output VD=1V 25°C 0.1 0.1 nA
current Full range 1 1] pA
Low-level output 25°C 115 300 150 400

V Vip=-1V, loL=2mA mA

OL  voltage ID oL Full range 600 700
Low-level output o
loL current Vip=-1V, VoL=156V 25°C 6 16 6 16 mA
25°C 240 500 290 600
IbpD  Supply current Vip=1YV, No load Full range 700 300 pA

1 All characteristics are measured with zero common-mode input voltage unless otherwise noted.
1 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 =5 V, 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 =3 V, Tp = 25°C

TEST CONDITION TLV2354|
PARAMETER ONS UNIT
) MIN TYP MAX
RL=5.1 =
Response time Sle_e Notek.sq CL=15pFS, 100-mV input step with 5-mV overdrive 640 ns
switching characteristics, Vpp = 5 V, Tp = 25°C
TLV23541
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX
i RL=5.1kQ, Cp = 15 pF§ 100-mV input step with 5-mV overdrive 650
Response time ’
P See Note 5 TTL-level input step 200 ns

§ G includes probe and jig capacitance.
NOTE 5: The response time specified is the interval between the input step function and the instant when the output crosses Vg = 1 V with
Vpp =3V or when the output crosses Vg = 1.4 with Vpp =5 V.

{5’ ’TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



TLV2354l, TLV2354Y ;
LinCMOS™ QUADRUPLE LOW-VOLTAGE DIFFERENTIAL COMPARATORS

SLCS012 ~ MAY 1992

electrical characteristics at specified free-air temperature, Tp = 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
lo Input offset current 1 1 pA
B Input bias current 5 . 5 pA
VIcR Common-mode input voltage range Oto2 Oto4 Vv

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 mV
loL Low-level output current Vip=-1V, VoL=15V 6 16 6 16 mA
IDD  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.
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TLV2354I, 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
vs
LOW-LEVEL OUTPUT CURRENT

VDDl =3 \7 /]
990 |- Tp =25°C /
880 /.
770
660

440 4
330 //
220 )

/

110 7

0 2 4 6 8 10 12 14 16
loL - Low-Level Output Current - mA

Figure 1
COMMON-MODE INPUT VOLTAGE RANGE

vs
FREE-AIR TEMPERATURE

3 T
Vpp=3V
25 Positive Limit
2 =
1.5
1
0.5
0 Negative Limit
-0.5
-1
-75 -50 -25 0 25 50 75 100 125

TA — Free-Air Temperature‘— °C

Figure 3

Ipp —Supply Current—pA

t - Output Fall Time —ns

SUPPLY CURRENT
vs
FREE-AIR TEMPERATURE
400 T
No Load
380
360 \VDD =5V
340 \
320 N
Vpp=3V \
300
\ N
280 N
N
260 \\
240 NS
220 \
200 N
-75 -50 25 O 25 50 75 100 125
Ta - Free-Air Temperature - °C
Figure 2
OUTPUT FALL TIME
vs
CAPACITIVE LOAD
50 y 1 y T T 1
DD=3
451 Overdrive = 10 mV
a0l RL = 5.1 kQ (pullup to Vpp)
Ta =25°C
35 |
—
30 — |
-t
25
20
15
10
5

0
0 10 20 30 40 50 60 70 80 90 100

CL - Capacitive Load - pF

Figure 4
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TLV2354l, TLV2354Y
LinCMOS™ QUADRUPLE LOW-VOLTAGE DIFFERENTIAL COMPARATORS

SLCS012 — MAY 1992

TYPICAL CHARACTERISTICS

0 100 200 300 400 500 600 700 800 900 1000

tpLH - Low-to-High-Level Output
Propagation Delay Time - ns

Figure 7

HIGH-TO-LOW-LEVEL OUTPUT HIGH-TO-LOW-LEVEL OUTPUT
PROPAGATION DELAY PROPAGATION DELAY
FOR VARIOUS OVERDRIVE VOLTAGES FOR VARIOUS CAPACITIVE LOADS
Vpp=3V S 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
3> 3 1 ' 3> 3 7 i
3. | n | g $ | I Cp. =100 pF
° 4 20 mv 5mv ?E’ CL=15pF
of of \
0 0
1omv | CL =50 pF
> >
8 E 8 E
- £ !
o 8100 o 8100
g s g5
9% 0 93 0
od od
] 5 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 i GDD =3V S
| 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> 3 t 3> 3 e
g ] 20 mv I g ® | | | [ [
1 8 1 8 CL=15pF
o3 J 5mv L] I ,
0 0
10mv CL =100 pF
ZE 5t
z g g
2 8100 2 &100
£ £
92 o T2 o
oa od
S e ]

0 100 200 300 400 500 600 700 800 900 1000

tpLH — Low-to-High-Level Output
Propagation Delay Time —ns

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

5.1 kQ

Applied Vio -
I.thilt l

- - -4V

Applied Vio
I.I\lt ‘

|||—-o<

(a) VioWITH Vg =0 (b) VioWITH Vic =4V
Figure 9. Method for Verifying That Input Offset Voitage 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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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 Uta 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.

Vbp c3
U1b 1/4 R5
TLV2354 O-G?IuF
Buffer "
Utc /4
TLV2354

S

Vio
/ (x100)
R1 .
240 kQ Integrator
MV R8
Utla 1/4 = 1.8kQ, 1% 1 e
P TLV2354 T §4u
Ct — ! =
0.1 uF
Triangle MV
Generator L R9
R10- 10 kQ, 1%
i 100 Q, 1%

Figure 10. Circuit for Input Offset Voltage Measurement
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TLV2354, 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 5.1 ka 1

Generator

= 50 Q

IwWA-9

Input Offset Voltage +1V — 1075 = cL
Cor::enstatlon 10 Turn 1o (see Note A)
ustment
Justment _ 4y T ot
TEST CIRCUIT
Overdrive Overdrive

! Y B L Input 100 mV L
nput —T 100 mV put e =

Low- to High-
Level Output

High- to Low-

Vo =1V With =3V
° Vop =3 Level Output

or
Vo=14VWithVpp=5V |

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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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 Volitage Tolerance at
Tg=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]
NG[
GND[]
GND[]
GND[]
NC{]
NC]

14[INC

13[] OUTPUT
12]] GND
11[] GND
10[] GND
gglNPUT
s[INC

N OsE WD =

NC - No internal connection

PW PACKAGE
(TOP VIEW)

HEAT SINK HEAT SINK
GND[] 5
INPU 15]] QUTPUT
HEAT SINK HEAT SINK

HEAT SINK — These pins have an internal resfstive
connection to ground and should be grounded.

The TLV2217-33N and TLV2217-33KC cannot be Kggg‘\’,'é“v‘ff
harmed by temporary mirror-image insertion. This
regulator is characterized for operation from 0°C ~7 ——————— OUTPUT
to 125°C virtual junction temperature. O ———— GND
S [ —— INPUT
application schematic
TLV2217-33
‘L—f INPUT OUTPUT I Vo=33V
GND
T 38V I 0.1puF : 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.

PRODUGTION DATA Intomnﬂon is current as of
cts conform to ifications per the 0&:! Texas Instruments
n

mndml warranty.

lication date.

testing of all parameters.
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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
- & INPUT (1)
- l Current
= Limiting
= ouTPUT
- @ 5%
- —o—o
-123 %
= GND (2, 3)T
-E CHIP THICKNESS: 11 TYPICAL
E BONDING PADS: 7x7 M|N|MUM
= | T max= 150°C
= »{H: TOLERANCES ARE +10%.
- I n=
= : &—- AR -— | ALL DIMENSIONS ARE IN MILS.
E Olags PLEJ{Y.J
— ¥ T Must connect pads 2 and 3 together
¢ 92 » ¥ Must connect pads 4 and 5 together
Il'lllll'llll||||||||C||Illlllllllllllllllll

“.’P TEXAS
INSTRUMENTS

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



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)
Continuous INPUt VORAGE . .. . .. .o e et e e 16V
Continuous total dissipation (seeNote 1) ............coiiiiiiiiiiit.. See Dissipation Rating Table
Operating virtual junction temperaturerange .............cooiiiiiieiiiininnnnnenn.. -55°C to 150°C
Storage temperature range . .........eiuuiiitiii i i i i —-65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10seconds  ...........c.oiiiiiiiiiiinnnn.. 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 =85°C T=125°C
AT POWERRATING -~ ABOVET=25°C  POWER RATING POWER RATING POWER RATING
‘G TA 2000 mW 16.0 mW/°C 1280 mW 1040 mW 400 mW
Tt 20000 MW 182.0 mW/°C 14540 mW 11810 mW 4645 mW
N TA 2250 mW 18.0 mW/°C 1440 mW 170 mW 450 mW
Tc 11850 mW 94.8 MW/°C 7584 mW 6162 mW 2370 mW
oW TA 950 mW 7.6 MW/°C 608 mW 494 mW 190 mw
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 \\
2000 2
1800 KC - N
- RoJa = 62.5°C/W
1600 8JA \ KC
1400 J N 15 ReJc =5.5°C/W __
1200 N\, 1 RoJa=55.6CIW

Pp — Maximum Continuous Dissipation - mW

. Qc = 1N0/.6°CIW
\\ N

5 [ — \\\
P’W\>~\

1000 \{
800 [~ N
600 ~ N\

a0l pw \
R = 133°C/W
200 0JA

Pp —Maximum Continuous Dissipation - W

' I oL_ReJc =27°C/W ] D
0
25 50 75 100 125 150 25 50 75 100 125 150
Ta - Free-Air Temperature — °C T¢ - Case Temperature — °C
Figure 1 Figure 2
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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 \
Output current, Io 0 500 mA
Operating virtual junction temperature range, T 0 125 °C
electrical characteristics at V; = 4.5 V, Ip = 500 mA, Tj = 25°C (unless otherwise noted)
PARAMETER TEST CONDITIONST L2178 UNIT
MIN  TYP MAX
l0=20mAto500mA, |TJ=25°C 3.267 3.30 3.333
Output voltage ! Vv
P 9 V|=38Vto55V Ty =0°Cto 125°C 3.234 3.366
Input regulation V|=3.8Vto55V 5 151 mv
Ripple rejection f=120 Hz, Vripple = 1 V peak-to-peak -62 dB
Output regulation 10 =20 mA to 500 mA 5 30 mv
Output noise voltage f =10 Hz to 100 kHz 500 uv
o =250 mA 400
Dropout voltage 0 mV
o = 500 mA 500
o=
Bias current 0=0 2 5 mA
lo =500 mA 19 49
electrical characteristics at V;= 4.5V, lg = 500 mA, Ty = 25°C (unless otherwise noted)
PARAMETER TEST CONDITIONST TLV2217-33Y UNIT
MIN TYP MAX
Output voltage lo=20mAto500mA, V|=38Vto55V 3.267 3.30 3.333 \
Input regulation V|=38Vt055V ) 15| mV
Ripple rejection f=120Hz, Vripple = 1 V peak-to-peak -62 dB
Output regulation 10 =20 mA to 500 mA 5 30| mv
Output noise voltage f=10 Hz to 100 kHz 500 pv
1o =250 mA 400
Dropout voltage - mV
1o = 500 mA 500
lo= 2 5
Bias current 0-0 mA
o =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-pF capacitor across the input and a 22-pF tantalum capacitor
with equivalent series resistance of 1.5 Q on the output.
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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

] 1 T L T T T
Not Recommended
XX Potential Instability

® Recommended Min ESR

1| | 1000 ¥ 8

%

(e}
|
8
§ T 1
2 Region of
% Max ESR Boundary _| Best Stability | V\\
§ 400 pF \§\\
2 1
"‘T‘- g: \s\\\\ gt')rll.lst?:ry 0 \\\\\\ \k\‘§ N
A NN AN - AR
a2 AR RNINARRNRNNNNNNRTR 22)F NNARUAN NN
o EOONNONNNNONTINNNNINNNNRNNNY 104F |
0 0.1 0.2 0.3 0.4 0.5 1 15 2 25 3 35 4 45 5
I - Load Current - A 1/ESR
Anolled Load & Al Figure 4
o Cun?:nt l'
Load
Voltage
AVL
v
AVL = ESR X Al
Figure 3
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TPS1100

SINGLE P-CHANNEL ENHANCEMENT-MODE MOSFET

SLVS078A - DECEMBER 1993 — REVISED FEBRUARY 1994

Low rpg(on) - - - 0.18Q Typ atVgg =-10V
3-V Compatible

Requires No External Voo

TTL and CMOS Compatible Inputs

Vasi(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 MOSFETSs in SOIC

packages.
AVAILABLE OPTIONS
PACKAGED DEVICEST
Ty SMALL OUTLINE TSSOP
(D) (PW)
—40°C to 150°C TPS1100D TPS1100PWLE

TTheD 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 [} 1 Y
SOURCE [] 2
SOURCE [} 3

GATE [] 4

DRAIN
DRAIN
DRAIN
DRAIN

g o N ®

D PACKAGE

e

PW PACKAGE

%

schematic

|  Circuitry | ¢

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 apocmeaﬂom per the terms of Texas Instruments
standard warranty. Production processing does not necessarlly include
testing of all parameters.
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TPS1100
SINGLE P-CHANNEL ENHANCEMENT-MODE MOSFET

SLVS078A - DECEMBER 1993 - REVISED FEBRUARY 1994

absolute maximum ratings at Tp = 25°C (unless otherwise noted)t

UNIT
Drain-to-source voltage, Vps -15 v
Gate-to-source voltage, Vgs 2,-15 Vv
TA =25°C +0.41
D package
TA = 125°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
) ) TA = 125°C +0.27
Continuous drain current (T, = 150°C), Ip¥ A
TA =25°C 11
D package
Ta =125°C +0.47
Vgs=-4.5V
Ta =25°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
E TA = 125°C +0.58
Pulsed drain current, Ipp¥ £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, T -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 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.

DISSIPATION RATING TABLE
PACKAGE TA<25°C  DERATING FACTORT  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 504 mW 4.03 MW/°C 323 mW 262 mW 100 mW

¥ Maximumvalues are calculated using a derating factor based on Rg a = 158°C/W for the D package and Rga = 248°C/W
for the PW package. These devices are mounted on an FR4 board with no special thermal considerations.
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TPS1100

SINGLE P-CHANNEL ENHANCEMENT-MODE MOSFET

SLVS078A - DECEMBER 1993 — REVISED FEBRUARY 1994

electrical characteristics at Ty = 25°C (unless otherwise noted)

static
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
VGs(th) Gate-to-source threshold voltage Vps=VGas, Ip=-250pA -1 =125 -1.50 '
Source-to-drain voltage (diode forward _ _
Vs voltage)T Ig=-1A, Vgs=0V -0.9 v
Iass Reverse gate current, drain short circuited to Vps=0V, Vgg =12V +100 nA
source
I Zero-gate-voltage drain current vV 12V, V, oV Ty=28%C 08 pA
DSs 0-g g DS = » V@GS = Ty=125°C -10
Vgs=-10V |Ip=-15A 180
. . . VGs=-45V |Ip=-05A 291 400
TDS(on) Static drain-to-source on-state resistancet mQ
Ves=-3V_| _ .4 476 700
Vgs--27v | 0T 606 850
dfs Forward transconductance Vps=-10V, Ip=-2A 25 S
1 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
di Gate-to-drain charge 1.4
td(on)  Turn-on delay time 4.5 ns
td(off)  Turn-off delay time Vpp=-10V, R =10Q, Ip=-1A, 13 ns
tr Rise time Rg=6Q See Figures 1 and 2 10
tf Fall time 2 ns
tr(SD)y  Source-to-drain reverse recovery time | IF =5.3 A, di/dt =100 A/ps 16
PARAMETER MEASUREMENT INFORMATION
vas | | | ov
o A—
‘ |
l | |
! | !
XL/
10% }
! | |
o N— T K
td(on) —p—»} I td(off) —n———ﬂl :
- tr 14— tf —¢——>

Figure 1. Switching-Time Test Circuit

Figure 2. Switching-Time Waveforms
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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
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 -7
ZL‘ Ves=-8V _ Vpg=-10V /
Vgs=-7V L1 | /
-6 T T A -6 |
Vas =/-s'v/ Vgs=-4V Ty=25°C W / Ty =150°C
< =5 | T <« -5 !
J A NVas= -5V L Ty=-40C / / /
E -4 / g -4
3 / Vas=-3V 3 / /
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7
1 Vgs=-2V 1
_——"'—_ I
T Ty=25°C
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Vps - Drain-to-Source Voltage - V Vgs — Gate-to-Source Voltage — V
Figure 3 Figure 4
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TPS1100

SINGLE P-CHANNEL ENHANCEMENT-MODE MOSFET

SLVS078A ~ DECEMBER 1993 ~ REVISED FEBRUARY 1994

' DS(on) — Static Drain-to-Source On-State Resistance

STATIC DRAIN-TO-SOURCE ON-STATE RESISTANCE

rDS(on) — Static Drain-to-Source
On-State Resistance - Q

\'3
DRAIN CURRENT
0.7 T
Ty=25°C
0.6 | i
/
vgs = -2.7 V’,/ /
0.5
_-"/
04| Vgs=-3V /
[
Vgs = -4.5V
03 | —88= 2 ==
1]
02 | VGs=-10V L
0.1
0
-0.1 -1 -10

Ip - Drain Current - A

Figure 5

STATIC DRAIN-TO-SOURCE ON-STATE RESISTANCE

(Normalized) - Q

1.5

1.4

13

1.2

11

0.9

0.8

0.7
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vs

JUNCTION TEMPERATURE

I
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- Ip=—1A //
/ f
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Ty —Junction Temperature - °C

Figure 7

C - Capacitance - pF

Igp — Source-to-Drain Diode Current — A

350

250

200

150

100

Crss = Cgd, Coss = Cds + .GM =~ Cgs + Cgd

-1

-0.1

TYPICAL CHARACTERISTICS

CAPACITANCET
vs
DRAIN-TO-SOURCE VOLTAGE
- s
= r
\\ ~<3—] Ty=25C
\ \\g\iiss
I~~~ Coss
T
— Crss T

0
0~-1~2-3 -4-5-6-7-8-9-10-11 -12

Vpg - Drain-to-Source Voltage — V
T Giss = Cgs + Cgd. Cds(shorted).

gs + Cgd

Figure 6

SOURCE-TO-DRAIN DIODE CURRENT

vs

SOURCE-TO-DRAIN VOLTAGE

- Pulse Test

Ty =150°C

N

Ty=25°C
!

T
J¥F Ty =-40°C

]
/
[

—
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/
|

|

0 -02-04-06 -08 -1 -1.2 -14 -1.6 -1.8
Vgp - Source-to-Drain Voltage -V

Figure 8
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TPS1100
SINGLE P-CHANNEL ENHANCEMENT-MODE MOSFET

SLVS078A - DECEMBER 1993 — REVISED FEBRUARY 1994

TYPICAL CHARACTERISTICS
STATIC DRAIN-TO-SOURCE ON-STATE RESISTANCE GATE-TO-SOURCE THRESHOLD VOLTAGE
vs vs
GATE-TO-SOURCE VOLTAGE ‘ JUNCTION TEMPERATURE
0.7 r 5 -15 T
o Ip=-1A ql’ Ip = ~250 A
Ty=25°C =
c% 06 S -14
[ >
o k-]
3 0.5 ]
5 £ -13
g9 £
8 é 0.4 ,E
£ € -1.2 N
" E3 \ 5 _
a 2 0.3 N ,$
L
& \ 3 -1
& g2 ~ $ N
! S
3 L AN
@ o1 g ! \
2 3
0 > _oe
-1 -3 -5 -7 -9 -11 -13 -15 -50 0 50 100 150
Vags — 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 /
& /
S
o
>
g -o /
3 /
L
$ -4 /
S /
[7/]
L 2 /
0
1 2 3 4 5 6
Qg —Gate Charge —nC
Figure 11
3 7
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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 : == 100 F=F—FFFr
Single Pulse f—3 0.001s [ F Single Pulse
See Note A H N +——+ [ See Note A
1 N, NI [T = m
\ \u A 0.01s ___‘ %
N N
< AR NN £3 .
< 7 ~ 01s 2
X Al s 8 14
§ 4 | = C 4
5 4 N 1 T 8
o +— €S 3
£ A 1s. > g v
5 NN ! =
2 -od N 10s '§ g ! =
_Q . - g &
DC e E
- Ty=150°C 3
- Tp =25°C N
ooor—L il ] 04
-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

= o =
Microcontroller —| -
I Driver
Microcontroller Charge] 4V | Gans FeT J
Load Pump Amplifier
T L L T

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 atVgg =-10V
3-V Compatible

Requires No External Vgg

TTL and CMOS Compatible Inputs

Vas(th) = —1.5 V Max

Avalilable in Ultrathin TSSOP Package (PW)

ESD Protected

description

The TPS1101 is a single, low-rpg(on), 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 LinBiICMOS™ process. With a
maximum Vgsth) of —1.5 V and an Ipgg of only
0.5 pA, the TPé1101 is the ideal high-side switch
for low-voltage, portable battery-management
systems where maximizing battery life is a primary
concern. The low rpgon) 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
TJ 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 Y 8 [] DRAIN
SOURCE [] 2 7 [] DRAIN
SOURCE [] 3 6 [] DRAIN
GATE [} 4 5[] DRAIN

PW PACKAGE

(TOP VIEW)

NC 10 16 NC
SOURCE 12 15 DRAIN
SOURCE I3 14 7T DRAIN
SOURCE I 4 13 13 DRAIN
SOURCE I 5 12 [C1 DRAIN
SOURCE I 6 11 1 DRAIN

GATE CI7 10 T3 DRAIN

Nc CI 8 93 NC

NC - No internal connection

*

schematic

SOURCE

r——gs5 0

| Protection |

|  Circultry |

| J

GATE —e

-
7
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 per the terms of Texas Instruments -
standard warranty. p g does not include ’
testing of all parameters.

Copyright © 1994, Texas Instruments Incorporated
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TPS1101
SINGLE P-CHANNEL ENHANCEMENT-MODE MOSFET

SLVS079A - DECEMBER 1993 — REVISED FEBRUARY 1994

absolute maximum ratings at Tp = 25°C (unless otherwise noted)t

UNIT
Drain-to-source voltage, Vps -15 \
Gate-to-source voltage, Vs 2,-15 \
TA =25°C 10.62
D package
Vac =27V Ta = 125°C +0.39
@s=-2 TA=256C_ | 2061
PW package
Ta =125°C +0.38
| Ta=25°C +0.88
D package
Ta = 125°C +0.47
Vgs=-3V
TA =25°C 1+0.86
PW package
) ) TA = 125°C +0.45
Continuous drain current (Ty = 150°C), Ip¥ A
TpA =25°C +1.62
D package
Ta =125°C +0.71
Vgs=-45V
PW package Ta =25°C +1.44
Ta = 125°C +0.67
TA =25°C +2.30
D package A
Vag=—10V Ta = 125°C +1.04
Gs Ta = 25°C £2.18
PW package
Ta=125°C +0.98
Pulsed drain current, Ipp¥ £10 A
Continuous source current (diode conduction), I : -1.1 A
Storage temperature range, Tstg -55t0 150 °C
Operating junction temperature range, T —40 to 150 °C
Operating free-air temperature range, To —~40to0 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 RgJA = 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
PACKAGE TA<25°C  DERATING FACTORF  Tp =70°C T = 85°C Ta = 125°C
POWERRATING ABOVETA=25°C POWER RATING POWER RATING POWER RATING
D 791 mW 6.33 MW/°C 506 MW 411 mW 158 mW
PW 710 mW 5.68 mMW/°C 454 mW 369 mW 142 mW

1 Maximum values are calculated using a derating factor based on Rg a = 158°C/W for the D package and Rg a = 176°C/W
for the PW package. These devices are mounted on an FR4 board with no special thermal considerations.

+ |
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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=VGs, ID=-250pA -1 -126 -15 v
Source-to-drain voltage (diode forward
Vsp voltage)t Ig==1A, Vgs=0V -1.04 v
Iass Reverse gate current, drain short circuited to Vps =0V, Vgg =-12V 100 nA
source
| Zero-gate-voltage drain current V 12V, V oV Ty=26C ‘ 05 pA
DSS 0-g g DS = . Vgs= T, = 125°C -10 )
Vgs=-10V |Ip=-25A 90
) ) VGs=-45V |Ip=-15A 134 190
DS(on) Static drain-to-source on-state resistance’ ” mQ
Vgs=-3V | 05A 198 310
Vas=-27v |2~ 232 400
dfs Forward transconductance Vpg=-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, Vgg=-10V, Ip=-1A 15 nC
Qgd  Gate-to-drain charge ' 26
_t_dion) Turn-on delay time 6.5 ns
| td(of) __ Tum-off delay time Vpp=-10V, R_=10Q, Ip=-1A, 19 ns
tr Rise time i RG=6Q, See Figures 1 and 2 55
t Fall time 13 ns
trr(SD)  Source-to-drain reverse recovery time | IF=5.3 A, di/dt = 100 A/us 16
PARAMETER MEASUREMENT INFORMATION
Vas | | | ov
ST\ 4 \lz
' |
I 1 |
l | |
X |
10% t
‘ I |
l
Vbs I /: A\ | /i I | \=-10V
td(on) —|<—>: : td(of) —ﬂ——JI }
4 tr—e—> 1t ——»|
Figure 1. Switching-Time Test Circuit Figure 2. Switching-Time Waveforms
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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
-10 T T -10 T
. Vqs:l—BVl Vpg=-10V I /
- hL Vgs=-5V Ty=25°C /
-8 —4 -8 i
Vgs=-4V | memet="1
< -7 I / = < Ty =-40°C
S I _—+"Vas=-3V S Ty=150°C
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8 -o — 5 -6
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1 1
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Vps — Drain-to-Source Voltage - V

Figure 3

Vgs — Gate-to-Source Voltage — V

Figure 4

{’:‘ TExAS
INSTRUMENTS

5-14 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



TPS1101

SINGLE P-CHANNEL ENHANCEMENT-MODE MOSFET

SLVS079A - DECEMBER 1993 — REVISED FEBRUARY 1994

STATIC DRAIN-TO-SOURCE ON-STATE RESISTANCE

TYPICAL CHARACTERISTICS

vs

DRAIN CURRENT
0.5 T
Ty=25°C
(]
E }
2 0.4
8 X
g /
2
[e]
t$ I 0.3 /
23 /
£ [
g% Vgs= -27V 1 »w
28 o2 —1
2 —
a vVgs= -3V Vgs= -45V _{
1
’g 0.1 I | |
73 vVgs= -1 V
g | 1
0
-0.1 -1 -10

Ip - Drain Current - A

C - Capacitance - pF

CAPACITANCET
vs
DRAIN-TO-SOURCE VOLTAGE
800 T ]
vVgs=0V
700 f=1MHz —
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600 ———
\ \55
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N Coss i
500
N
400 ~—
\\
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200 Crss
100
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1 Ciss = Cgs + Cgd Cas(shorted):

Figure 5
Crss = Cgd» Coss = Cds + 095 Ced _cye+ G
rs gd s s Cgs + ng 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
§ 1.5 T -10 T T
@ Vgs=-10V C Pulse Test ﬁ
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i / L 77
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TJ - Junction Temperature — °C Vsp — 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

TYPICAL CHARACTERISTICS
STATIC DRAIN-TO-SOURCE ON-STATE RESISTANCE GATE-TO-SOURCE THRESHOLD VOLTAGE
VS Vs
GATE-TO-SOURCE VOLTAGE JUNCTION TEMPERATURE
0.5 | > - 1.5 I
Ip=-1A Ip =-250 pA

5 Ty=25°C §‘ s
2 o4 s
3 3
5 g -1.3
% G 03 £

| -
8 g 12 N
] 3 ,
Q.2 02 @
1 S
T 01 P ————— = -1
S £ 7
..8 ' 8 \

0 > _os :

-1 -3 -5 -7

Figure 9

Vgs — Gate-to-Source Voltage -V

-9
Vgs - Gate-to-Source Voltage -V

-10

-1 -13 -15 -50 0 50 100 150
TJ - Junction Temperature - °C

Figure 10

GATE-TO-SOURCE VOLTAGE
vs
GATE CHARGE

T
Vps=-10V
Ip=-1A

Ty=25°C /

4
/

/

2 4 6 8 10 12
Qg - Gate Charge —nC

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
=100 ==y 100 EEF S FFAE—
- Single Pulse [ Single Pulse
[ See Note A - See Note A —
I -
10 0.001s 2 al
- A o
e E 3 P
< = TO 10
N —+ -
] 0.01s = é
£ N N [T T 2 E 2
3 -1 01s g 3 P
(3] € 3
E 1 1 - Q.
g —t z E Pq
o is 2§ 4
! N [ [ E
L2 o1 : 10s 'g ,'GE,
- T T [}
F Ty =150°C pc <
: TA =25°C qu m
oor L L1111 01 I
-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 o
= T4[
= sv —
Microcontroller -
l 1: Driver
J Charge | ~*V |GaAsFET ‘
Load Microcontroller Pump Amplifier
T L =
- - - T
Figure 14. Notebook Load Management Figure 15. Cellular Phone Output Drive
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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 LIinEPIC™ Technology DW, FK, J, OR N PACKAGE
® 3.3-V Supply Operation (TOP VIEW)
o 10-Bit-Resolution A/D Converter

A0} 4 20[) Ve
® 11 Analog Input Channels Al 2 19]] EOC
® Three Built-In Self-Test Modes A2(l 3 18f] /O cLOCK
® Inherent Sample and Hold A3[] 4 17[] ADDRESS
e Total Unadjusted Error ... +1 LSB Max A4lls  16]] DATA OUT
® On-Chip System Clock :g (75 :i % g:m
® End-of-Conversion (EOC) Output a7l s 13[] REF-
® Pin Compatible With TLC1543 Asflo 12[] A10

GND[j 1o 1]l Ae
description

The TLV1543C and TLV1543Mare 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 (I/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
(bw) (FK) (W) N
0°C to 70°C TLV1543CDW — — TLV1543CN
—55°C to 125°C — TLV1543MFK TLV1543MJ —

Advanced LinEPIC is a trademark of Texas Instruments Incorporated.

PRODUCTION DATA Information is cument as of publication date.

Products conform to specifications per the terms of Texas Instruments '

standard warranty. Production processing does not necessarily include

testing of
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functional block diagram
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A0 vy Sample and Analog-to-Digital
Al = Hold Converter
A2 -2_ (switched capacitors)
A3 —
s 2
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9 | Output 10 10-to-1 Data
Ag — Data Selector and |18 DATA
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TLV1543C, TLV1543M
3.3-V 10-BIT ANALOG-TO-DIGITAL CONVERTERS
WITH SERIAL CONTROL AND 11 ANALOG INPUTS
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Terminal Functions

NAME

TERMINAL

NO.

[I[e]

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. Atfter 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

Analogsignal. The 11 analoginputs are applied to these terminals and are internally multipiexed. The driving
source impedance should be less than or equal to 1 kQ.

15

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 I/0 CLOCK within a setup time plus two
falling edges of the internal system clock.

DATA OUT

16

The 3-state serial output for the A/D conversion result. This output 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 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 /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.

1/0 CLOCK.-

18

Input/output clock. This terminal receives the serial /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 /O
CLOCK with the multiplex address available after the fourth rising edge.

2) On the fourth falling edge of /0O 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 /0 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 I/0 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 1/0 CLOCK sequence to /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 1/0 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.
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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 fastmode 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, buta 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 /0 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

= NO. OF TIMING
MODES cs /O CLOCKS MSB AT DATA OUTt DIAGRAM
Mode 1 | High between conversion cycles 10 CS falling edge Figure 9
Mode 2 | Low continuously 10 EOC rising edge Figure 10
Fast Modes — .
Mode 3 | High between conversion cycles 11 to 16% CS falling edge Figure 11
Mode 4 | Low continuously 16% EOC rising edge Figure 12
Slow Modes Mode 5 | High between conversion cycles 11to16% | CS falling edge Figure 13
w
Mode 6 | Low continuously 16t 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 /0 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 /O CLOCK.

mode 1: fast mode, CS inactive (high) between conversion cycles, 10-clock transfer

In this mode, 'C__S_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 the /O 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.
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TLV1543C, TLV1543M
3.3-V 10-BIT ANALOG-TO-DIGITAL CONVERTERS
WITH SERIAL CONTROL AND 11 ANALOG INPUTS
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mode 3: fast mode, CS inactive (high) between conversion cycles, 11- to 16-clock transfer

Inthis 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 I/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 /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 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 I/O CLOCK data transfer is completed. A slow
mode requires a minimum 11-clock transfer into /0 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 /O CLOCK must occur
within 9.5 us after the 10th I/O clock falling edge.

mode 5: slow mode, CS inactive (high) between conversion cycles, 11- to 16-clock transfer

In this mode, CSis 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 I/O 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

Inthis 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 I/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/O CLOCK, and sampling continues for six
I/0O 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
A1 0001 1
A2 0010 2
A3 0011 3
A4 0100 4
A5 0101 5
A6 0110 6
A7 0111 7
A8 1000 8
A9 1001 9
A10 1010 A

Table 3. Test-Mode-Select Address

INTERNAL
VALUE SHIFTED INTO
SELF-TEST )
VOLTAGE ADDRESS INPUT OUTPUT RESULT (HEX)¥
SELECTEDT BINARY | HEX
Vref+ '2' Vref— 1011 B 200
Vref— 1100 [ 000
Vref+ 1101 D 3FF
T Vyef + isthe voltage appliedtothe REF +input, and Vyef—is the voltage appliedtothe REF —

input.
1 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 S¢ 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 S 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.

‘V TEXAS
INSTRUMENTS

6-8 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
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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

+

Threshold
Detector

( o
)
To Output
512 256 128 16 8 4 2 1 1 Latches
Node 512 4REF REFs $OR REF: REF+ REFs 04 REF, $OR REF:
REF- REF- REF- REF- REF- REF- REF- REF- REF -
St St St St St ‘_’
Vi ‘,— & >

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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TLV1543C, TLV1543M
3.3-V 10-BIT ANALOG-TO-DIGITAL CONVERTERS
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage range, Voc (see Note 1): TLV1543C .......ccooiniiiiiiiiiin ... -05Vto6.5V
TLVI643M .o -05Vto6V

Input voltage range, Vi (@ny input) ..ottt -0.3VtoVgg+03V
Output voltage range ...........oviiiiiii i ittt ittt -03VtoVgc+03V
Positive reference voltage, Vygfs «vovvevereieniinennnnn.. e eeseeeeetre i Vec+0.1V
Negative reference VORAgE, Vygfe .« «vrereeemmmennttiiiiiiiiaaiaae e e e tetaennannans -0.1V
Peak input current (@ny.iNput) ... e +20 mA
Peak total input current (all iINPULS) .....oviiiniiiii i e e e +30 mA
Operating free-air temperature range, Ta: TLV1543C ........ccoiiiiiiiiiiiiiiiiinan, 0°C to 70°C
TLVIS4A3M ..o -55°C to 125°C

Storage temperature range ...ttt i i i e i e -65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from the case for 10seconds ..................cooviiiatn 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.

NOTE 1: All voltage values are with respect to digital ground with REF~ and GND wired together (unless otherwise noted).

6-10
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TLV1543C, TLV1543M
3.3-V 10-BIT ANALOG-TO-DIGITAL CONVERTERS
WITH SERIAL CONTROL AND 11 ANALOG INPUTS
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recommended operating conditions

MIN NOM MAX UNIT

Supply voltage, VGG TLV1543C 3 3.3 55 Y

TLV1543M 3 3.3 3.6 \Y
Positive reference voltage, Vyef4. (see Note 2) Vce v
Negative reference voltage, Vyef— (see Note 2) 0 \
‘Differential reference voltage, Vref + — Vref— (see Note 2) 25 Voo Veoc+0:2 \
Analog input voltage (see Note 2) 0 \ole} Vv

_ . TLV1543C |Vcc=3Vto55V \

High-level control input voltage, V|4

TLV1543M |Voc=3Vto 3.6V \
Low-level control input voitage, V| TLVIS4SC |Vgc=8V1o55V 06 v

TLV1543M  |Voc=3Vto 3.6V 0.8 \
Setup time, address bits at data input before 1/0 CLOCKT, tsu(A) 100 ns
Hold time, address bits after I/O CLOCKT, th(A) 0 ns
Hold time, CS low after last /O CLOCK{, th(cs) 0 ns
Setup time, CS low before clocking in first address bit, tsu(CS) (see Note 3) 1.425 us
Clock frequency at I/O CLOCK (see Note 4) TLO1543C 0 11 MHz

TLC1543M 0 21
Pulse duration, I/O CLOCK high, twH(1/0) 190 ns
Pulse duration, /O CLOCK low, tw (1/0) 190 ns
Transition time, /0 CLOCK, tt(|/gl(see Note 5) 1 us
Transition time, ADDRESS and CS, t(Cs) 10 us
Operating free-air temperature, To TLV1843C 0 70 °C

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 downto 1V (Vyef 4+ — Vref—); 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 I/O CLOCK falling edge (< 2 V), at least 1 1/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 Vimin. In the vicinity of
normal room temperature, the devices function withinput 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 = Vrefs =3 V 10 5.5 V, I/0 CLOCK frequency = 1.1 MHz for the TLV1543C,

Ve = Vet =3V10 3.6 V, /0 CLOCK frequency = 2.1 MHz for the TLV1543M (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPT  MAX | UNIT
Vec =3V, loH=-1.6 mA 24 \"
TLV1543C  |—CC OH
v High-level output Vcc=3Vto55YV, IoH =20 pA Vco-0.1 \
OH " vottage Tvrssam |Moc=3V. IoH = —1.6 mA 2.4 v
Vec=3Vto38V, IoH = 20 pA Vce-0.1 \'
Vee =3V, loL=1.6 mA 0.4 \
TLV1543C |28 oL-18m
VoL Low-level output Vcc=3Vto55YV, loL =20 pA 0.1 v
OL " voltage Voo =3V, loL = 1.6 mA 0a| Vv
TLV1543M
Vcc=3Vto36V, loL =20 pA 0.1 Vv
\ Off-state (high-impedance-state) | VO =VCC: CSatVge L
0z output current Vo =0, CS at Voo -10
H High-level input current Vi=Vce 0.005 25 uA
liL Low-level input current Vi=0 -0.006 -25 pA
Icc Operating supply current CSatoVv 0.8 25| mA
Selected channel at Voo, Unselected channel at 0 V 1
Selected channel leakage current ce pA
Selected channel at 0 V, Unselected channel at Voo -1
Maximum static analog reference
current into REF + Vref+ = VCC, Vref- = GND L
Input capacitance, | TLV1543C 7 55 oF
o Analog inputs TLV1543M 7
! Input capacitance, | TLV1543C 5 15
Control inputs TLV1543M 5

T Al typical values are at VoG = 5 V, Ta = 25°C.
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operating characteristics over recommended operating free-air temperature range,
Vee = Vref+ =3 V 10 5.5V, /O CLOCK frequency = 1.1 MHz for the TLV1543C,
Vee = Vrefs =3V to 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 +1 LSB
Total unadjusted error (see Note 8) +1 LSB
ADDRESS = 1011 512
Self-test output code (see Table 3 and Note 9) ADDRESS = 1100 0
ADDRESS = 1101 1023
tconv Conversion time See timing diagrams 21 us
) . 21
to Total cycle time (access, sample, and conversion) ::g 't\;rggg: g lagrams élglé?( . us
periods
o See timing diagrams Vo
tacq Channel acquisition time (sample) and Note 10 6 CL(?CK
periods
ty Valid time, DATA OUT remains valid after /O CLOCKL See Figure 6 10 ns
td(/0-DATA)  Delay time, /O CLOCK/ to DATA OUT valid See Figure 6 240 ns
td(1/10-EOC) Delay time, 10th /O CLOCK{ to EOCL 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, CSL to DATA OUT (MSB driven) See Figure 3 13 | ps
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
t{(EOC) Fall time, EOC See Figure 7 300 ns
tr(bus) Rise time, data bus See Figure 6 300 ns
tf(bus) Fall time, data bus . See Figure 6 300 ns
Delay time, 10th /O CLOCK to CSJ to abort conversion
td(/0-C8) (see Note 11) ® Hs

1 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 1 V (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/(I/O CLOCK frequency) (see Figure 6).
11.  Any transitions 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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WITH SERIAL CONTROL AND 11 ANALOG INPUTS
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PARAMETER MEASUREMENT INFORMATION

Test Point Test Point

RL = 2.18 kQ RL =2.18 kQ
DATA OUT
CL =50 pF 12kQ CL =100 pF

Figure 2. Load Circuits

Address > |
| Valid |
|

|
[ 2V ADDRES! 2v
viL I DDRESS ViL

| |

| I
tpzH, tpzL. —¢—»] | touz & | —— t
| ﬂ'_'“l_ PHZ, tPLZ tsu(a) —h—}I (A) )
DATA 24V 90% /0 CLOCK ]
ouTt 04V 10% Vi

Figure 4. ADDRESS Setup Voltage Waveforms

Figure 3. DATA OUT to Hi-Z Voltage Waveforms

_ -2V
cs viL " /o

12
i P ‘
tsu(cs) : —>— thics)

|
o cLock vV First ‘ Last vV
1L Clock Clock L

Figure 5. CS and I/O CLOCK Voltage Waveforms
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PARAMETER MEASUREMENT INFORMATION

!

't(u0)——b|| ld— —s! l¢— two)

|
woctock 2V N| Vi viL
ViL Vi

|“_ 1/0 CLOCK Perlod-—bl

t4(1/0-DATA) —j¢—>|
ty —k—»l |
24V 24V
DATA OUT 0.4V 0.4V

[
— :‘— tr(bus): t(bus)
Figure 6. DATA OUT and I/0 CLOCK Voltage Waveforms

1/0 CLOCK
Ciot iL
) ock |
td(10-EOC) —r———b'l

EOC 24V \|
I'\ 0.4V

tie0c) —)| :4—

Figure 7. /0 CLOCK and EOC Voltage Waveforms

-——Nl }4— tr(EOC)

|
EOC ! 2.4V
0.4V

=' td(EOC-DATA)
;l’ 2.4V

DATA OUT \ oav

:4——— Valid MSB —p

Figure 8. EOC and DATA OUT Voltage Waveforms
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timing diagrams

& ] L

(see Note A)

|

|
mzs_ummm Pz T

-

h— Access Cycle B —bh— Sample Cycle B —H

oA — O W*‘(

|
e ~Previous Conversion Data »|
| MsB LsB | I
-4
sonness ZXOXOONL. | 3
| B3 B2 B1 BO - | | c8
| MsB ) LsB |

Edc_J I —

Shift in New Multiplexer Address, N I
{¢————————— Simultaneously Shift Out Previ L gnd »
Conversion Value A/D Conversion

Initialize Interval Initialize

Figure 9. Timing for 10-Clock Transfer Using CS

= Must be High on Power Up
(see Note A) P‘, -
| :
llo |1| |2| Ial |4| lsl Isl |1| Ial Iel |1o| ﬂ
{
]

CLOCK | {
h—— Access Cycle B —bh———-——- Sample Cycle B ————’l

D35¢ EM X A8 X A7 X A6 X A5 X A4 X A3 >< >< >< % Low Level Aj By X
’ !

I |
e fous Conversion Data P |
| MsB Ls8 |
| B3 B2 B1 BO : | |’ c8
| MsB LsB | |
. .
EOC 4
Shift in New Multiplexer Address, ' |
Simultaneously Shift Out Previ bie-
Converslon Value A/D Conversion

Interval

Initlalize Initialize

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.
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timing diagrams (continued)

See Note C
[ I
(see Note A)l |
| .
o | 1 2 3| [+ s| [ 71 [e] [*] [°] [#] [l ; 1
CLOCK

h— Access Cycle B -——Dh—— Sample Cycle B ————bl |

l |
DATA Level HI-Z
OUT_F A9 ><Aa ><A7 ><Ae ><A5 ><A4><Aa><A2>< >< )\ o7 ,‘,—<I B9 ><

le Previous Conversion Data |
| MsB Lse | |
§
wooness Z2XXDOOOONL. | S
| B3 B2 B1 BO 1 | cs
| MsB LsB |

!
EOC J

Shift in New Multiplexer Address, I |
Simultaneously Shift Out Previous e 4l
Conversion Value A/D Conversion

Initialize Interval Initialize

Figure 11. Timing for 11- to 16-Clock Transfer Using CS (Serial Transfer Interval Shorter Than Conversion)

. Must be High on Power Up
cs | . (0
(see Note A) M - )

o 1 2 3 4 5 ) 7 8 9 10 14] |15 16 1
CLOCK _H
| }4— Access Cycle B —’h— Sample Cycle B —————»I See Note B
|
DATA
ouT '|< manmnmnnm Lowlevel L8 X
le Previous Conversion Data »l l
| MSB LsB { I
B3 B2 B B0 | c3
| MSB LsB I |
s ‘
EOC | .
o
Shift in New Multiplexer Address, | AIDC ;
|<— Simultaneously Shift Out Previous ————————s¢— /0 “Onversion —p
Conversion Value nterval
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 1/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)

=] | ML

(see Note A)

I N
Vo | 1 2 5 6 7 8 9 10 1| {6 l 1
CLOCK __| |||||°| l‘llllllllllllllll_}l_
Ih— Access Cycle B —+—— Sample Cycle B ——-—p{ i See Note B
‘ |
I

|
|

Do —K a0 X as X a7 X as X as X a4 X a3 X a2 Xm IHlf/s,me‘,‘,—:(TX
|

|
le Previous Conversion Data »| |
| MsB LSB | | |
wooness 72X OOOKKL | .
| B3 B2 B1 BO - | ) | c8
| MsB LSB | |

EOCJ l

Shift in New Multiplexer Address, |
Simuitaneously Shift Out Previous ><¢ >
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 /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)

Q’ TEXAS
INSTRUMENTS

6-18 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)

o Must be High on Power Up
(see Note A) 5§

|
/o 1 2 3 4 5 6 7 8 9 10 14 15 16 1

CLOCK_H
h— Access Cycle B —h—— Sample Cycle B _—l See Note B See Note C |

' !
°35¢-<Z COXDEXEX XN vt [0

le Previous Conversion Data |

[
| MsB Lse | [ |
l |
sooress Z XXX, 2R
' B3 B2 B1  BO | [ c3
| MSB LSB | |
I

—Ls ,
oC | T
Shift in New Multiplexer Address, |
|4——- Simultaneously Shift Out Previous

Conversion Value A/D Conversion
Initialize 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 1/O CLOCK sequence must occur before the conversion is complete to prevent losing serial interface
synchronization.
C. The I/0 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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APPLICATION INFORMATION

1111111111 T T ‘ — 1023
See Notes A and B : &/ )
1111111110 \ 1022
1111111101 I pd — 1021
VFs
[ ] [ ]
° : v °
° 7 ] °
P # A VET=Vgs-12LSB
S 1000000001 + 513
8 -~ !
g 1000000000 I s12 &
3 V2T =Vzg + 1/2LSB I @
8
B o111 / ' 511
: |
°
P |— Vzs / 1 :
° 717
/ A | [ ]
0000000010 / / v : 2
|
0000000001 J 2 } 1
|
0000000000 |° ()}
0 00048 0.009 @@® 24528 2.4576 2.4624 YY) 4.9056 g 49104 4.9152
S d
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 0.0024 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
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— "1 A0
g GND
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Figure 16. Serial Interface
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® Advanced LInEPIC™ Technology

¢ 3.3-V Supply Operation
10-Bit-Resolution A/D Converter
Inherent Sample and Hold

Total Unadjusted Error . .. +1 LSB Max
On-Chip System Clock

Pin Compatible With TLC1549

description

D OR P PACKAGE
(TOP VIEW)

REF + [] J
ANALOG IN ]
REF- ||
GND ]

b OWN =

] Vo

] 1/0 CLOCK
] DATA OUT
1 CS

O O N ®

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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Advanced LinEPIC is a trademark of Texas Instruments Incorporated.
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Terminal Functions

NAME

TERMINAL
NO.

o

DESCRIPTION

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.

cs

Chip select. A high-to-low transition on this input resets the internal counters and controls and enables DATA OUT
and I/0 CLOCK within a maximum of a setup time plus two falling edges of the internal system clock. A low-to-high
transition disables /0O CLOCK within a setup time plus two falling edges of the internal system clock. :

DATA OUT

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
thelogic level corresponding to the MSB value of the previous conversion result. The next falling edge of /O 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 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.

GND

The ground return for internal circuitry. Unless otherwise noted, all voltage measurements are with respect to this
terminal.

/O CLOCK

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 /O CLOCK.

2) It shifts the nine remaining bits of the previous conversion data out on DATA OUT.

3) Ittransfers control of the conversion to the internal state controller on the falling edge of the tenth clock.

REF +

The upper reference voltage value (nominally V() 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.

Vee

8

1

Positive supply voltage

detailed description

With chip select (CS) inactive (high), the /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 /0 CLOCK and the removal of DATA OUT from the high-impedance state. The serial interface then
provides the /0 CLOCK sequence to /O CLOCK and receives the previous conversion result from DATA OUT.
1/0 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 CS inactive (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 CSin mode 1, mode 3, and
mode 5, within 21 ps from the falling edge of the tenth 1/O0 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
1/0 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 I/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

. == NO. OF TIMING
MODES [ /O CLOCKS MSB AT DATA ouTt DIAGRAM
Mode 1 | High between conversion cycles 10 CS falling edge Figure 6
Mode 2 | Low continuously 10 Within 21 ps Figure 7
Fast Modes - - T -
Mode 3 | High between conversion cycles 11 to 16% CS falling edge Figure 8
Mode 4 | Low continuously 16+ Within 21 ps Figure 9
Slow Modes Mode 5 | High between conversion cycles 1110 16% CS falling edge Figure 10
Mode 6 | Low continuously 16% 16th clock falling edge Figure 11

1 This timing also initiates serial interface communication.
1 No more than 16 clocks should be used.

All the modes require a minimum period of 21 s after the falling edge of the 10th /O CLOCK before a new
transfer sequence can begin. During a serial /O CLOCK data transfer, CS must be active (low) so that the /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 /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 /O CLOCK data transfer is completed within 21 ps 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 1/0-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 ce by returning DATA OUT to the high-impedance state within the specified delay
time. Also, the rising edge of CS disables I/0 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/O-CLOCK transfers and each transfer is 10 clocks long. After
the initial conversion cycle, CSis 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 ve (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 /0 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

Inthis 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. Within 21 ps after
the falling edge of the tenth I/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 ps from the falling edge of the 10th
1/0 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/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 6: slow mode, CS active (low) continuously, 16-clock transfer

In this mode, CS is active (low) between 1 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. The falling edge of
the 16th I/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.

analog input sampling '

Sampling of the analog input starts on the falling edge of the third /0 CLOCK, and sampling continues for seven
1/0 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 S¢ 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 S 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 Vo), 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, Voo (see Note 1) ..o et -05Vto6.5V
Input voltage range, V| (@ny input) ........cooeiiiiii i e -0.3VtoVgc +0.3V
Output voltage range .. ...ceoi i e e e -0.3VtoVgc +0.3V
Positive reference voltage, Vigfa -« v vreeteinii i e Vec +0.1V
Negative reference voltage, Vigfe .. vviiiirni i e e e -01V
Peak input current (any iNPUL) .. ..ottt i i it +20 mA
Peak total input current (@l iNPULS) .. .o et et e e +30 mA
Operating free-air temperature range, TA .« .vvvvineinniiii i eeaaens [ 0°C to 70°C
Storage temperature range .. ..ottt i i e —-65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from the case for 10seconds ............ccvvvvviinnnnnn. 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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TLV1549C

10-BIT ANALOG-TO-DIGITAL CONVERTER

WITH SERIAL CONTROL

SLAS071A - JANUARY 1993 — REVISED DECEMBER 1993

recommended operating conditions

MIN . NOM MAX UNIT
Supply voltage, VCc 3 3.3 3.6 Vv
Positive reference voltage, Vyef + (see Note 2) \ole} \'
Negative reference voltage, Vyef— (see Note 2) 0 \
Differential reference voltage, Vyef + — Vyef— (see Note 2) 25 Voo Vec+0.2 \
Analog input voltage (see Note 2) 0 vee \
High-level control input voltage, V|4 Voc=3Vto36V 2 \'
Low-level control input voltage, V| Vcc=3Vto36V 0.6 \
Clock frequency at 1/0 CLOCK (see Note 3) 0 21 MHz
Setup time, CS low before first /O CLOCKT, tsy(Gs) (see Note 4) 1.425 s
Hold time, CS low after last /0 CLOCK, th(CS) 0 ns
Pulse duration, /O CLOCK high, twH(1/0) 190 ns
Pulse duration, /O CLOCK low, twl (1/0) 190 ns
Transition time, /O CLOCK, ty(|/0) (see Note 5 and Figure 5) 1 us
Transition time, CS, tycs) 10 us
Operating free-air temperature, Tp 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 TLV 1549 is functional with reference voltages downto 1V (Vyef 4 — Vyef-); however,
the electrical specifications are no longer applicable.

3. For 11-to 16-bit transfers, after the tenth /O CLOCK falling edge (< 2 V), at least one /O CLOCK rising edge (= 2 V) must occur

within 9.5 ps.

4. To minimize errors caused by noise at CS, the internal circuitry walits 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 Vjymin to V|| max or to rise from V|| max to Vjqmin. In the vicinity of
normal roomtemperature, 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 = Vrefs =3V 10 3.6 V, /0 CLOCK frequency = 2.1 MHz (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPT MAX| UNIT
Voo =3V, loH=-1.6mA 2.4
VoH High-level output voltage cc OH v
Vcc=3Vt36V, Ilpy=-20pA |Vgc-0.1
Vec =3V, loL=1.6 mA 0.4
VoL Low-level output voltage oie oL \
Vcc=3Vto36V, IlpoL=20pA 0.1
‘ Vo =Vce, CSatV 10
loz Off-state (high-impedance-state) output current 0= CC — cC pA
Vo =0, CS atVce -10
Il  High-level input current Vi=Vce 0.005 25| pA
TN Low-level input current V=0 -0.006 -25 pA
icc  Operating supply current CSatov 04 25| mA
V)=V, 1
Analog input leakage current L= CC pA
Vi=0 -1
Maximum static analog reference current into
REF+ 9 Vref+ = VCC, Vref— = GND 10| pA
Analoginput | During sample cycle 30 55
Ci Input capacitance g - P g Py pF
Control inputs 5 15

1 All typical values are at Vo = 3.3 V, T = 25°C.
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TLV1549C
10-BIT ANALOG-TO-DIGITAL CONVERTER
WITH SERIAL CONTROL

SLAS071A - JANUARY 1993 — REVISED DECEMBER 1993

3perating characteristics over recommended operati
cC = Vref+ =3V 10 3.6 V, /0 CLOCK frequency = 2.1

nla 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
tconv Conversion time See timing diagrams 21 us

21
to Total cycle time (access, sample, and conversion) 2:3 rt\i‘r&ig%diagrams Er_oogﬁ us
periods
ty Valid time, DATA OUT remains valid after /O CLOCK. See Figure 5 10 ns
td(/0-DATA) Delay time, I/O 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
td/0-cS)  Delay time, 10th I/O CLOCK to TS to abort conversion (see Note 10) 9 us
NOTES: 2. Analoginputvoltages greater thanthat 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 + — Vref-); however,

the electrical specifications are no longer applicable.

between 1111111111 and the converted output for full-scale input voltage.

. Total unadjusted error comprises linearity, zero, and full-scale errors.
. 1/O CLOCK period = 1/(//0O 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).

the internal clock (1.425 us) after the transition.

. Linearity error is the maximum deviation from the best straight line through the A/D transfer characteristics.
. Zero error is the difference between 0000000000 and the converted output for zero input voltage; full-scale error is the difference

. 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

% TeEXAS
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TLV1549C
10-BIT ANALOG-TO-DIGITAL CONVERTER

WITH SERIAL CONTROL ’

SLAS071A - JANUARY 1993 — REVISED DECEMBER 1993

PARAMETER MEASUREMENT INFORMATION

Test Point Vee

RL=218kQ

DATA OUT

CL =100 pFI

12kQ

Figure 2. Load Circuit

_ 2v

cs 0.6V i
|

tpzH, tpzL —¢—M ' '
ﬂ——-ﬂ- PHZ tPLZ
| | '
24V 90%
DATA OUT

0.4V 10%

Figure 3. DATA OUT to Hi-Z Voltage Waveforms

_ 2v
cs \_06V .y :
)] '
tsu(CS)H : —>— tcs)

/0 CLOCK L/ First Last
98V # Clock Clock N28&VY

Figure 4. CS to 1/0 CLOCK Voltage Waveforms

tgio) —» Iq—— —", l+— two)
|

wocLock 2V N |2V
0.6V 0.6V

Ih— 1/0 CLOCK Period —>=
td(/0-DATA) —|<—-|->1

0.6V

ty —i¢>
24V 24V
DATA OUT 0.4V 0.4V

—>]I }4— tr(bus) t(bus)

Figure 5. /0 CLOCK and DATA out Voltage Waveforms
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TLV1549C
10-BIT ANALOG-TO-DIGITAL CONVERTER
WITH SERIAL CONTROL

SLAS071A - JANUARY 1993 - REVISED DECEMBER 1993

timing diagrams

o | I—“'_

(see Note A)
h————SampleCycleB | |
|
| Hi-Z State
oA
| A/D
}: Previous Conversion Data »i¢— Conversion -—pl
| Mss LSB | Interval I

Initialize (21 us) Initialize

Figure 6. Timing for 10-Clock Transfer Using CS

s Must be High on Power Up
(see Note A) M £
' .
CLOCK . ( ’

| }4—— Sample Cycle B ——vll See Note C
! |
DATA
ATA —ﬁ A9 m u u as X a4 Y A3 A2 X a1 Y a0 I Low Level 4<:: 8o X
le ale
¢ Previous Conversion Data »4— A/D Conversion
| MSB LSB | Interval
| (<21u8)  njtialize
Initialize
Figure 7. Timing for 10-Clock Transfer Not Using CS
See Note B
Ccs
(see Note A)[ |

| . |
/o 1 2 5 ) 7 8 9 10 1] (e 1
cLocK II I | I | I 8 I I 4 | I | I | I | I | I | I l I | 1"l

| h——— Sample Cycle B ———--———Dl
|

e I OCOC ).( OO *"“e' Hiz ‘,—(—X

le
*wse Previous Conversion Data op l‘_ Converslon _.|
Interval |
Initialize (€21u8) |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 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 I/0 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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TLV1549C
10-BIT ANALOG-TO-DIGITAL CONVERTER
WITH SERIAL CONTROL

SLAS071A - JANUARY 1993 — REVISED DECEMBER 1993

timing diagrams (continued)

55 Must be High on Power Up .
(see Note A) 46
/o 1 2 3 4 5 s| [7 8 9 10 14 15 16 1
CLOCK_H :
h—————— Sample Cycle B ——————ﬂ See Note C
DATA
-<j D mamnmumum towtam AT X
.- MSB Previous Conversion Data LSB AJD Conversion ]
Interval
(<21 ps) Inltlallze
Initialize

Figure 9. Timing for 16-Clock Transfer Not Using CS (Serial Transfer Completed Within 21 us)

(see Note A)
|
. o | 1 2 4 7 8 9 10 ]! el 1
cLocK 8 51 |¢® e
| |

r———— Sample Cycle B

Previous Conversion Data |

MsB Lse 1* AID 'ﬂ |
| Conversion
Initialize Interval Initialize
(s 21 ps)

Figure 10. Timing for 11- to 16-Clock Transfer Using CS (Serial Transfer Completed After 21 ps)

Must be High on Power Up
cs (0
(see Note A) )T

o 1 2 4 7 9 10 14 15 16 1
cLocK_H,J—LI—I_I"’—I_I_LFL_F'U"I_FI_I—L_I—L

h——— Sample Cycle B ———-———H See Note B See Note C

°35¢-<i» mamnmnmmn vt/

Previous Conversion Data
" MSB Ls8 k—q

| A/D Conversion Interval
Initialize (s21us)

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 I/O 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/0 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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TLV1549C
10-BIT ANALOG-TO-DIGITAL CONVERTER
WITH SERIAL CONTROL

SLAS071A - JANUARY 1993 — REVISED DECEMBER 1993

APPLICATION INFORMATION

111111111 T T 1023
See Notes A and B /y
111111110 \ 1022
111111101 I v IL Y 1021
: VFs
[ [ 4
° v I °
° s/ I .
® A Ver=Vps-12LSB
S 1000000001 > | 513
g ! §
S 1000000000 1- 512 2
o VzT =Vzs + 1/2LSB [
K
o ot va : 51
[=]
H / l °
A= :
0000000010 |— // 2
0000000001 J 1
|
0000000000 <—¥ .,,L 0
0 T 0003 0006 @@ 15315 15345 1.5375 1Y) 3.066 {3 3.069 3.072
Q o
=4 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 3.0675V. 1LSB=3mV.
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 12. Ideal Conversion Characteristics

TLV1549C
2 Ts e
Analog Input —»—1 ANALOG IN 7
/o cLocK ¢
Control
Processor Circuit
6,
DATA OUT |—>
3.V DC Regulated ——»—| REF +
:3 REF -
GND
4

To Source
Ground

Figure 13. Typical Serial Interface
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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) (TOP VIEW)

Operates With Single 3.3-V Power Supply
LinBICMOS™ Process Technology
Three Drivers and Five Receivers

C3+
GND
C3-
Vss
c1-
sTBY
DOUT1
DOUT2
DOUT3
RIN1

+30-V Input Levels (Receiver)

ESD Protection on RS-232 Lines Exceeds
6 kV Per MIL-STD-883C, Method 3015

® Applications

ElA-232 Interface

1
2
3
4
5
6
7
8.

©

Battery-Powered Systems RIN2
Notebook PC RIN3
Computers RIN4
Terminals RINS
Modems
® \Voltage Converter Operates With Low
Capacitance . . . 0.47 puF 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.

1 Patent-pending design
LinBiCMOS and LinASIC are trademarks of Texas Instruments Incorporated.

Copyright © 1994, Texas Instruments Incorporated

PRODUCTION DATA information Is cument as of ?p\lblmn date.
e i o e ey s *)
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SN75LV4735

3.3-V MULTICHANNEL RS232 LINE DRIVER/RECEIVER

SLLS135D — FEBRUARY 1992 ~ REVISED FEBRUARY 1994

logic symbolt

Vee

s %

logic diagram (positive logic)

sTBY 22| (pwR DOWN]

C1+ —:4—>e— Cl+ 95V
c1- 22 5] c1-
c2+ :—» c2s -8V
c2- — > c2-

C3+ A)(-— C3+

ca- -2 c3-

>—— Vpp

->¢—— Vss

n r

RNt 19| T b 19 pourt
RIN2 18 T 1 pour2
RIN3 T 12 pours
RINg 1€ T 13 pouts
RINs —15_] T 14 pours
DINY —— N > > 22 poutt
piN2 -3 > L »—2! pourz
DIN3 -2 > L, 2% pours

>|< 5,27

T This symbol is in accordance with ANSI/IEEE Std. 91-1984 and

IEC Publication 617-12.

s

9

10

RIN1 ROUT1
1
Nz 18 ROUT2
RiNg 7 2 Rpouts
Ring 18 13 RouTs
RINs 2 14 pouts
DINT —~ 2 pour
piNz -2 2 pourz
DIN3 —2 2 pours
Vop, Vss
1| 28
vee > switched-
Capacitor
STBYE— Circuit
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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
—— Vce -
] ] —e
| [ & (=
Input —_——
RECIN —
SS GND ® ® &— GND
EQUIVALENT OF DRIVER INPUT TYPICAL OF ALL DRIVER OUTPUTS | TYPICAL OF ALL RECEIVER OUTPUTS
——Vee —— Vpp —J—— Vee
Input —_—— _—| —— RECOUT
bout
A 300 Q@
Vss ——— GND | j —— GND

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

SUPPIY VORAGE, VoG  + v ittt ittt e ettt et et e e iy 4V
Positive output supply voltage, Vpp (see Note 1) .......c.iiiiiiiiiiiii i 15V
Negative output supply voltage, Vg ... ovvir it i e e -15V
Input voltage range,V): DIN1=DIN3, STBY ... i -03to7V
RINT=RINS .. e i it eneaens -30Vto30V

Output voltage range,Vo: DOUT1-DOUT3 .........cciiiiiiiiiiininnnn.. Vgg—0.3VtoVpp +0.3V
ROUT1=ROUTS ...ttt ceaaeeas -03Vto7V

Continuous total power dissipation ..............ccoiiiiiiiiiiiiii. See Dissipation Rating Table
Operating free-air temperature range, TA .. .cvviitiiini it iraenae e e 0°C to 70°C
Storage temperature range . ... ......uiiiiieiti i e e e —-65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10seconds ...........ccoiviiiiiinnnnnnn. 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.

NOTE 1: All voltages are with respect to network GND.

DISSIPATION RATING TABLE
PACKAGE TA <25°C DERATING FACTOR TA =70°C
POWER RATING ABOVE Tp = 25°C POWER RATING
DB 668 mW 5.3 mW/°C 430 mW
INSTRUMENTS
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SN75LV4735
3.3-V MULTICHANNEL RS232 LINE DRIVER/RECEIVER

&.51 35D — FEBRUARY 1992 - REVISED FEBRUARY 1994

recommended operating conditions

MIN NOM MAX| UNIT

Supply voltage, Voo 3 3.3 3.6 A
Positive output supply voltage, VﬁD : 8 10 \
Negative output supply voltage, Vgs -7 -8 \
Input voltage, V| (see Note 2) RIN1-5 +30 \
High-level input voltage, ViH DIN1-3, STBY 2 v
Low-level input voltage, Vi 0.8

External capacitor 0.47 1 uF
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
Icc Suppl){ current from Vg (normal operating mode) ;l;? ::::r’ inputs open STBYatoV, 8.5 201 mA
No load, STBY atVge,

lcc Supply current (standby mode) 10 A

All other inputs open

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, Vgc = 3.3 V £0.3 V (unless
otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPT MAX| UNIT
VOH High-level output voltage RL=3kQ 5.5 7 Vv
VoL Low-level output voltage (see Note 2) RL=3kQ -5 -55 Vv
IIH High-level input current ViatVgo 1 pA
) STBY V| at GND -1 RA
L Low-level input current -

Other inputs | V| at GND -10] pA
los(H) High-level short-circuit output current (see Note 3) Vec=36V, Vo=0 -10 -20| mA
l0s(L) Low-level short-circuit output current (see Note 3) Voc =38V, Vo=0 10 20| mA

. Vec=Vpp =Vss =0,
ro Output resistance Vo=-2V1t02V, SeeNote 4 300 Q

NOTES: 2. Thealgebraic convention, where the more positive (less negative) limitis 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, Tp = 0°C to 70°C

PARAMETER TEST CONDITIONS MIN TYPT MAX| UNIT
tPLH Propagation delay time, low-to-high-level output RL=3kQto GND, Ci =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 7| ms
tPzH Output enable time to high level (see Note 5) RL=3kQtoGND, Ci =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| Vius
- . RL =3kQtoGND, Cp =2500 pF,
SR(tr)  Transition region slew rate See Figure 4 3 Vlius

1 All typical values are at VGG = 3.3 V, T = 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 W
INSTRUMENTS
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SN75LV4735
3.3-V MULTICHANNEL RS232 LINE DRIVERIRECEIVER

SLLS135D - FEBRUARY 1992 — REVISED FEBRUARY 1994

RECEIVER SECTION

electrical characterlstlcs over recommended ranges of supply voltage and operatlng free-air
temperature (unless otherwise noted) -

PARAMETER TEST CONDITIONS MIN TYPT MAX| UNIT
ViT+ Positive-going input threshold voltage 2.2 2.6 \Y
VIT- Negative-going input threshold voltage " 06 1 \
Vhys Input hysteresis (V|T4+ = VIT-) 0.5 1.2 1.8 \
VOH High-level output voltage IOH =-2 mA, See Note 7 2.4 2.6 \
VoL Low-level output voltage loL=2mA 0.2 0.4 \
T Input resistance Vi=13Vtot256V 3 5 7 kQ
NOTE 7: If 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
PLH pagaonceay e, w019 P 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
t Output enable time to high level (see Note 5 4 10

PzH £ " " g - ¢ ) RL=3kQto GND, See Figure 6 o
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

T All typical values are at VGG = 3.3 V, Ta = 25°C.
NOTE 5: Output enable occurs when STBY is driven low. Output disable occurs when STBY input is driven hlgh

7-8
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SN75LV4735
3.3-V MULTICHANNEL RS232 LINE DRIVER/RECEIVER

SLLS135D — FEBRUARY 1992 — REVISED FEBRUARY 1994

APPLICATION INFORMATION

c1
+ | | -
i
! Vbp c3 28
"
catl e
= 2 cas ano |22 T= o !
t.l: 3ly 26 =
c2 cc c3-
- | cs
4 25 -
C2- Vss —"!
5 24
_L_ GND Ci-
= 6 23 Mode-
Cl+ STBY Control
Vee Logic
7 22
DIN1 (TTL In) Aé—Do—w\f —— DOUT1 (EIA-232 Out)
Vece
8 % 21
DIN2 (TTL In) > —— DOUT2 (EIA-232 Out)
Vece
20
DIN3 (TTL In) * >O—'V\/\r— —— DOUTS (EIA-232 Out)
19
ROUT{ (TTL Out) oq % RIN1 (EIA-232 In)
1 = 18
ROUT2 (TTL Out) —04—%—— — RIN2 (EIA-232 In)
12 = 17
ROUT3 (TTL Out) —Oq—%— —— RIN3 (EIA-232 In)
13 = 16
ROUT4 (TTL Out) —— RIN4 (EIA-232 In)
14 = 15
ROUTS5 (TTL Out) —— RIN5 (EIA-232 In)

Figure 1. Typical Operating Circuit
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SN75LV4735
3.3-V MULTICHANNEL RS232 LINE DRIVER/RECEIVER

SLLS135D - FEBRUARY 1992 — REVISED FEBRUARY 1994
PARAMETER MEASUREMENT INFORMATION

—————— 3V
Input 50% 50%
Output |h_ Sus —»] ov
Generator (EIA-232) tpHL—ﬂ-PI |4-N— tPLH
(see Note A) 500 I | e
RL Cy = 50 pF ttHL ¥ (& &
(see Note B) | | T VOH
ov Output 0% | | °
= = = 10% 0% voL
TEST CIRCUIT VOLTAGE WAVEFORMS
sr=_"8MVoH-Vou) , 0.8 (VoL - VOH)
e tTHL
Figure 2. Driver Test Circuit and Voltage Waveforms, Slew Rate at 5-us Input
————— 3V
Input 15V 1.5V
: | ov
Output |
3VoroVv | |
EIA-232 t
( ) tPHZ _JI — PHY &
CL=50pF  c—m——m_—_rl—— 1 __ VOH
AL (seeNoteB)  output |
Generat 2 I Y . [ -
ienerator
(see Note A) 500 = = : I T4
TEST CIRCUIT
VOLTAGE WAVEFORMS
Figure 3. Driver Test Circuit and Voltage Waveforms
mput L av . N 8v
&‘,';p"t ) I 1.5V 1.5V : oy
-232
Generator 20 us
(see Note A) 50Q CL = 2500 pF ¢ g

RL I (see Note B)
oV VOH
= = = Output 3V 8V
-3V =3V _ VoL

TEST CIRCUIT
VOLTAGE WAVEFORMS
6V

SR = ——
tTHL or tTLH
Figure 4. Driver Test Circuit and Voltage Waveforms, Slew Rate at 20-us Input

NOTES: A. The pulse generator has the following characteristics: 50% duty cycle, tr< 10 ns, tf = 10 ns.
B. Cg includes probe and jig capacitance.
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SN75LV4735
3.3-V MULTICHANNEL RS232 LINE DRIVER/RECEIVER

SLLS135D —~ FEBRUARY 1992 — REVISED FEBRUARY 1994

PARAMETER MEASUREMENT INFORMATION

out |\ ——— 3v
nput 50% 50%
| | ov
Output [{¢—— 500 ns —pj
Generator | |
(see Note A) s0Q AL CL = 50 pF PHL——> ;LM
(see Note B) | | VOH
ov Output 1.5V 15V
= = = ———— VoL
TEST CIRCUIT VOLTAGE WAVEFORMS
Figure 5. Receiver Test Circuit and Voltage Waveforms
_____ 3v
vee Input 1.5V 15V
RL é le—— 258 .._J ov
3VoroV tpHz —’ l— —’I l€— tpzH
S1atGND | | | I statanp
@';e SgtgFB) o | | | : VoH
utput _y —{ | F 15V
Generator — 03V |
(see Note A) - —»| -tpLz [
0.3V I StatVge
Output — 44— — I 1.5V
= |l VoL
TEST CIRCUIT ez
S1atVge
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. G includes probe and jig capacitance.
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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
SN .......... Tl Special Functions or Interface Products
A Tl Linear Products
STANDARD SECOND-SOURCE PREFIXES
AM Advanced Micro Devices
DPOrDS ..o e National
LT e Linear Technology
MAX Maxim Integrated Products
MC e e, Motorola
NBT i e Signetics
UA e Fairchild/National

Unique Circuit Description

MUST CONTAIN THREE TO EIGHT CHARACTERS
(From Individual Data Sheets)

Examples: 232 75160B
3695 75C1154
75115 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

¥ 1
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MECHANICAL DATA

MARCH 1994
D/R-PDSO-G** PLASTIC NARROW-BODY SMALL-OUTLINE PACKAGE
16-PIN SHOWN
A
| 16 9 PINS™ | . “
HHHHHHAA DIM
0.244 (6,20) , :
0.228 (5,80) T A MAX (°5',‘0%; ?é%
0.157 (4,00)
150 (3, 0.189 | 0337
0.150 (3,81) A MIN otse | 027
boobboogH
1 8
0.069 (1,75 0.020 (0,50) ..
0.053 :1,35; %’% - r 0.010 (0,25 **°
Y r—-———
’ OO i\

0.050 (1,27) TYP
(see Note C)

0.010 (0,25) ﬁo 009 (0,23)
0.004 (0,10) 0.020 (0,508) 0°-8° 0.007 (0,19) 0.044 (1,12)
0.014 (0,356) 014 (0,356) 0.016 (O 40)

4040047/A~10/93

NOTES: A. Alllinear 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).

mooOw>»
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MECHANICAL DATA

MARCH 1994
DW/R-PDSO-G** PLASTIC WIDE-BODY SMALL-OUTLINE PACKAGE
20-PIN SHOWN
A
20 1
HHHHHAAAAHA pINS™
DIM
0.419 (10,65) A MIN
0.400 (10,15)
0.299 (7,59) A MAX
0.293 (7,45) o

t}HI:IHHtIHHHEJ0

0.364 (9,24)
0.104 (2,65) Seating Plane 0.338 (8,58)

y'y /_——
- I Talainininininiaiali B SR |

0.012 (o 30) ﬁ 0.012 (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).

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 not exceed 0.006 (0,15).

_UOm
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MECHANICAL DATA

MARCH 1994

FK/S-CQCC-N** LEADLESS CERAMIC CHIP CARRIER PACKAGE
28-TERMINAL PACKAGE SHOWN

18 17 16 15 14 13 12 JEDEC NUMBERS A B
OUTLINE OF *
DESIGNATION | TERMINALS| MIN | MAX | MIN | MAX

0.342 | 0.358 | 0.060 | 0.100
(869) | 9,09) | (1,52) | (2,54)

MS004CB 20

26 27 28 1 2 3 4

0.020 051)
0.010 (0,25) _'l ' ‘ < °
% ¥ 0020 051)
s 0.010 (0,25)
0.055 (1,40)
0.045 (1,14) 0.045 (1,14) :
] 0.035 (0,89)

0.028 (0,71) 0.045 (1,14)
0.022 (0,54) -DI i‘— L—-PI-—0.0SO (1,27) l‘—b— m

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.

4040140/A-10/93

“!P TEXAS
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MECHANICAL DATA

MARCH 1994

J/R-GDIP-T** CERAMIC DUAL-IN-LINE PACKAGE

14-PIN SHOWN

¢4— B ———Pp 0.310
(7.,87)

14 8 0.290

alaTaTalate

0975
D) 4,77)

o —P

0.930

CULUUUUU @5
1

’
(7,62)

0.065 (1,65)

0.045 (1,14) 0.245
(6,22)

0.100 (2,54)
"l € 0.070(1,78) 0.020 (¢|>,51)M|N A
0.200 (5,08) MAX
i Seating Plane
[ A

0.130 (3,30) MIN e
0.100 (2,54) TYP — 0°-15

0.023 (0,58) 0.015 (0,38)
0.015 (0,38) 0.008 (0,20)
(see Note C & D)

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.

¥ Texas
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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)
0.156 (3,96 o42001067)
XE :3,71; DIA 0.380 (9,65) 0.100 (2,54) 0.175 (4,46) 0,052 (1,32)
(see Note H) _’1 - ﬂ?siu,?)
- :
/ N T i
0.270 (6,86)
0.230 (5,84) N
(see Note H) ]
0.625 (15,88) R
0.560 (14,22) N\ (see Note F)
v |
3
0.125 (3,18)
(see Note C) 0.250 (6,35)
MAX
E I
0.562 (14,27)
0.500 (12,70)
0.035 (0,89) 0.070 (1,78) | | 0.122(3,10)
002000790 |1 | P | * Goas (19 0.102 (2,59)
[0.010 (0,25) W) 025 (0,
08 © o100 5 | > I« somies
| [azoEmm]
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. Alllead 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

"J TEXAS
INSTRUMENTS
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MECHANICAL DATA

MARCH 1994
N/R-PDIP-T** PLASTIC DUAL-IN-LINE PACKAGE
16-PIN SHOWN
A
16 9
hnnnnnnirn PINS™ | 20
DIM
0.260 (6,60) 0.775 0.975
D, 0.240 (6,10) AMAX | (19,69) 24,77)
A MIN 0.745 0.940
ERVEVEVECEVEVAN (18,92) (23,88)
1 8
~>I L— 0.070 (1,778) MAX
A 0.310 (7,87)
- 0.020 (o 51) MIN 0.280 (7,37)

|¢~ 0.035 (0,89) MAX

M

E ' j 0.200 (5 08) MAX

. v

Sesing P I[

.._____!L
—'l L— 0.100 (2,54) TYP 0.125 (3,18) MIN
(see Note C)
0.014 (0,356)
— 0.010 (0,254)

[ 0.014 (0,356)
0.010 (0,254)

\./ 0°-15°

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
I I

0.260 (6,60)
0.240 (6,10)
Q !
LI L..J
1
‘J 0.070 (1,78) MAX
0.020 (0,51) MIN

—L + ,
0.200 (5,08) MAX
¢ Seating Plane

T

0.125 (3,18) MIN
0.100 (2,54) TYP

0.021 (0,53)
0.015 (0,38)

—p —

0.310 (7,87)
0.290 (7,37)

\‘/ 0°-15°

4040082/A-10/93

0.014 (0,36)
0.008 (0,20)

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

e— A —
PINS**
8 5 8 14 16 20
T R -
A MAX 3,30 5,30 5,30 6,80
6,70
6,10
4,70 A MIN 2,90 4,90 4,90 6,40
4,30
1 4
1,20 MAX
Seating Plane
, l D ol ¢\ L
0 15 ﬁ
I 0,32 0,20 l
0°-10° 310 0,70
0,10 put L
0.7 0,40
0,65 TYP
4040064/A-10/93
NOTES: A. Alilinear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Leads are within 0,127 radius of true position at maximum material condition
D. i

Body dimensions do not include mold flash or protrusion, not to exceed 0,15.
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