TLV2361, TLV2361Y, TLV2362, TLV2362Y
HIGH-PERFORMANCE LOW-VOLTAGE OPERATIONAL AMPLIFIERS

SLOS195B — FEBRUARY 1997 — REVISED OCTOBER 1998

® | ow Supply-Voltage TLV2361 ... DBV PACKAGE
Operation ... Vge =1V Min (TOP VIEW)

® \Wide Bandwidt h...7 MHz Typ at IN+[ |2 5 ] Vet
Vcci =125V

® High SlewRate...3V/us Typ at Vee-l ]2
Vcci =125V

® \Wide Output Voltage Swin g ... 2.4V Typ IN-[ |3 4| Jour
atVect =+2.5V, R, =10kQ

® Low Noise...8nV/VHz Typatf=1kHz TLV2362 ...D, P, OR PW PACKAGE

® Package Options Include SOT-23 (DBV) (TOP VIEW)
Package for the TLV2361 and Plastic )

. . . 10UT V

Small-Outline (D), Thin Shrink 1IN— ; 3 % 288:_
Small-Outline (PW), and Dual-In-Line (P) 1N+ [ 3 6 [] 2IN-
Packages for the TLV2362 Vo[l 4 5 [] 2N+

description

The TLV236x devices are high-performance dual operational amplifiers built using an original Texas
Instruments bipolar process. These devices can be operated at a very low supply voltage (x1 V), while
maintaining a wide output swing. The TLV236x devices offer a dramatically improved dynamic range of signal
conditioning in low-voltage systems. The TLV236x devices also provide higher performance than other
general-purpose operational amplifiers by combining higher unity-gain bandwidth and faster slew rate. With
their low distortion and low-noise performance, these devices are well suited for audio applications.

The C-suffix devices are characterized for operation from 0°C to 70°C and the I-suffix devices are characterized
for operation from —40°C to 85°C.

TLV2361 AVAILABLE OPTIONS

PACKAGED DEVICES CHIP
TA SOT-23 SYMBOL FORM¥
(OBV)T (Y)
0°C to 70°C TLV2361CDBV VAAC TLV2361Y
—40°C to 85°C TLV2361IDBV VAAI

T The DBV packages are only available taped and reeled.
¥ Chip forms are specified for operation at 25°C only.

TLV2362 AVAILABLE OPTIONS

PACKAGED DEVICES CHIP
A SMALL OUTLINES | PLASTICDIP [  TssoPf FORMY
() (P) (PW) (v)
—20°C to 85°C TLV2362ID TLV2362IP | TLV2362IPWR | TLv2362Y

¥ Chip forms are specified for operation at 25°C only.
8The D packages are available taped and reeled. Add an R to the package suffix (e.g., TLV2362IDR).
1 The PW packages are available left-ended taped and reeled only, (e.g., TLV2362IPWR).

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA information is current as of publication date. Copyright 0 1998, Texas Instruments Incorporated

Products conform to specifications per the terms of Texas Instruments i
standard warranty. Production processing does not necessarily include
testing of all parameters. EXAS
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equivalent schematic (each amplifier)
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ACTUAL DEVICE COMPONENT COUNT

COMPONENT TLV2361 TLV2362

Transistors 30 46

Resistors 6 11

Diodes 1

Capacitors 2 4

JFET 1 1

{’P TeEXAS
INSTRUMENTS
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TLV2361Y chip information

This chip, when properly assembled, has characteristics similar to the TLV2361. Thermal compression or
ultrasonic bonding can be used on the doped-aluminum bonding pads. This chip can be mounted with
conductive epoxy or a gold-silicon preform.

Bonding-Pad Assignments

Veet
(5)
1
IN+ < +\ (4)
(3) % ouT
IN— —/
2
Vee-

Chip Thickness: 15 Mils Typical

Bonding Pads: 4 x 4 Mils Minimum

Tj(max) = 150°C

Tolerances Are +10%.

All Dimensions Are in Mils.

Pin (2) is Connected Internally to Backside of Chip.

J@ TEXAS
INSTRUMENTS
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TLV2362Y chip information

This chip, when properly assembled, has characteristics similar to the TLV2362. Thermal compression or
ultrasonic bonding can be used on the doped-aluminum bonding pads. Chips can be mounted with conductive
epoxy or a gold-silicon preform.

Bonding-Pad Assignments

Veet
(8)
(3)
1IN+ + (1)
@) 10UT
1IN— - )
(7) + 2IN+
20UT (6)
- 2IN-
4
Vee-

Chip Thickness: 15 Mils Typical

Bonding Pads: 4 x4 Mils Minimum

Tj(max) = 150°C

Tolerances Are +10%.

All Dimensions Are in Mils.

Pin (4) is Connected Internally to Backside of Chip.

{’f TeEXAS
INSTRUMENTS
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) T
Supply voltage, Voot (SEE NOTE 1) ..o e 35V
Supply voltage, Voc— (See NOte 1) .o -35V
Differential input voltage, V|p (See NOE 2) ... . e 3.5V
Input voltage, V| (any input) (see Notes 1 and 3) . ...ttt e Veet
OUIPUL VOIAGE, VO« ottt ettt et e e e e e e e e e e e e e e 3.5V
OULPUL CUITENE, [0« v ettt e e e e e e e e e e e e e e 20 mA
Duration of short-circuit current at (or below) 25°C (output shortedto GND) ................... Unlimited
Package thermal impedance, 835 (see Note 4): Dpackage ................. ...t 197°C/W

DBV package ..........c.coviiiiiiiiiiiinn... 347°CIW
Ppackage .......... ... i 104°C/W
PWpackage ........... ... 243°C/IW

Storage temperature range, Tgtg

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds

—65°C to 150°C

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:

2. Differential voltages are at IN+ with respect to IN—.
3. Allinput voltage values must not exceed Vcc.
4. The package thermal impedance is calculated in accordance with JESD 51, except for through-hole packages, which use a trace

length of zero.

recommended operating conditions

1. All voltage values, except differential voltages, are with respect to the midpoint between Vcc+ and Vec—.

C SUFFIX | SUFFIX
UNIT
MIN  MAX MIN  MAX
Supply voltage, Vcc 1 £25 1 +25 \Y
Operating free-air temperature, Ta 0 70 -40 85 °C
3 15
EXAS
INSTRUMENTS
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TLV2361C electrical characteristics, V. cc* = 1.5 V (unless otherwise noted)

TLV2361C
PARAMETER TEST CONDITIONS TA UNIT
MIN TYP MAX
V Input offset volt; V 0 \% 0 257C ! ° V
nput offset voltage =0, = m
10 P g © Ic 0°C to 70°C 75
| Input offset t Vo=0 \ 0 25°C > 100 A
nput offset curren =0, = n
10 P © Ic 0°C to 70°C 150
| Input bi t Vo=0 \ 0 25°C 20 150 A
nput bias curren =0, = n
B P © Ic 0°C to 70°C 250
v C de input volt IViol £ 7.5 mV 25°C *0.5 Y,
ommon-mode input voltage <75m
Ic P g 10 0°Cto 70°C | 405
. » R =10kQ 25°C 1.2 14
Vom+ Maximum positive-peak output voltage \%
RL =210 kQ 0°Cto 70°C 1.2
) ] R =10 kQ 25°C -1.2 -14
Vom— Maximum negative-peak output voltage \%
RL =210 kQ 0°Cto 70°C -1.2
[ Suppl t (package) Vo =0 No load 25°C 14 2% A
u current (package =0, o loa m
ce PPy P g © 0°Cto 70°C 2.75
AvD Large-signal differential voltage amplification |Vo=%1V, R =10kQ 25°C 60 80 dB
CMRR Common-mode rejection ratio Vic=05V 25°C 75 dB
ksvr Supply-voltage rejection ratio Vcct=%15Vto 25V 25°C 80 dB
TLV2361C operating characteristics, V. ccx=+1.5V, Tp = 25°C
TLV2361C
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX
SR Slew rate Ay =1, V=405V 25 Vius
Bq Unity-gain bandwidth Ay =40, R =10 kQ, CL =100 pF 6 MHz
Vn Equivalent input noise voltage Rg =100 Q, RE =10 kQ, f=1kHz 9 nViHz

{’f TeEXAS
INSTRUMENTS
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TLV2361C electrical characteristics, V. cc* = 2.5 V (unless otherwise noted)

TLV2361C
PARAMETER TEST CONDITIONS TA UNIT
MIN TYP MAX
V Input offset volt V 0 V 0 25°C = 0 Vv
nput offset voltage =0, = m
10 P 9 © IC 0°C to 70°C 75
| Input offset t Vo=0 \ 0 25°C > 100 A
nput offset curren =0, = n
10 P © I 0°C to 70°C 150
| Input bi t Vo=0 \ 0 25°C 20 150 A
nput bias curren =0, = n
1B P © IC 0°C to 70°C 250
v C de input volt [Viol £ 7.5 mV 25°C = v
ommon-mode input voltage <75m
Ic P g 10 0°Cto70°C | +1.4
. » R =10 kQ 25°C 2 24
Vom+ Maximum positive-peak output voltage Y
R =10 kQ 0°C to 70°C 2
) ] Rl =10 kQ 25°C -2 24
Vom— Maximum negative-peak output voltage \%
R 210 kQ 0°Cto 70°C -2
I Suppl t (package) Vo=0 No load 2 Lo 2o A
u current (package =0, o loa m
cc pply p g (¢} 0°C 10 70°C
AvD Large-signal differential voltage amplification |Vo =1V, R =10kQ 25°C 60 80 dB
CMRR Common-mode rejection ratio Vic=%05V 25°C 85 dB
ksvr Supply-voltage rejection ratio Vcct=%15Vto+25V 25°C 80 dB
TLV2361C operating characteristics, V. cct =25V, Tp = 25°C
TLV2361C
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX
SR Slew rate Ay =1, V=05V Vius
B1 Unity-gain bandwidth Ay =40, R =10 kQ, CL =100 pF MHz
Vn Equivalent input noise voltage Rg=100Q, Rp=10kQ, f=1kHz nV/VHz
= =+ =
THD + N Total harmonic distortion plus noise ?\:/3 Ig-Hz Vo=#12V, RL=10kQ, 0.004%

J@ TEXAS
INSTRUMENTS
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TLV2361I electrical characteristics, V. ¢cc* = 1.5 V (unless otherwise noted)

TLV2361l
PARAMETER TEST CONDITIONS TA UNIT
MIN TYP MAX
V Input offset volt; V 0 V| 0 25°C ! ° V
nput offset voltage =0, = m
10 P g © Ic —40°C to 85°C 75
| Input offset t Vo=0 \ 0 25°C > 100 A
nput offset curren =0, = n
10 P © Ic —40°C to 85°C 150
| Input bi t Vo=0 Vv 0 25°C 20 150 A
nput bias curren =0, = n
B P © Ic —40°C to 85°C 250
Y C de input volt IViol £ 7.5 mV 25°C 205 \Y
ommon-mode input voltage <75m
Ic P g 10 40°C1085°C | 05
. » R =10kQ 25°C 1.2 14
Vom+ Maximum positive-peak output voltage \%
RL =210 kQ —40°C to 85°C 1.2
) ] R =10 kQ 25°C -1.2 -14
VOM-— Maximum negative-peak output voltage \%
RL =210 kQ —40°C to 85°C -1.2
[ Suppl t (package) Vo =0 No load 25°C 14 2% A
u current (package =0, o loa m
ce PPy P g © —40°C to 85°C 2.75
AvD Large-signal differential voltage amplification |Vo=%1V, R =10kQ 25°C 60 80 dB
CMRR Common-mode rejection ratio Vic=05V 25°C 75 dB
ksvr Supply-voltage rejection ratio Vcct=%15Vto 25V 25°C 80 dB
TLV2361l operating characteristics, V. cct=%1.5V, Tp = 25°C
TLV2361lI
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX
SR Slew rate Ay =1, V=405V 25 Vius
Bq Unity-gain bandwidth Ay =40, R =10 kQ, CL =100 pF 6 MHz
Vn Equivalent input noise voltage Rg =100 Q, RE =10 kQ, f=1kHz 9 nViHz

{’f TeEXAS
INSTRUMENTS
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TLV2361I electrical characteristics, V. cc* = #2.5 V (unless otherwise noted)

PARAMETER TEST CONDITIONS TA TLv2sel UNIT
MIN TYP MAX
_ _ 25°C 1 6
Vio Input offset voltage Vo =0, Vic=0 TN = mV
B _ 25°C 5 100
llo Input offset current Vo =0, Vic=0 TN 50 nA
) B _ 25°C 20 150
B Input bias current Vo =0, Vic=0 ol C Py nA
) 25°C +15
Vic Common-mode input voltage Viol 7.5 mV T 14 \
Vowm+ Maximum positive-peak output voltage RL=10k0 25°C 2 24 \
RL 210 kQ —40°C to 85°C 2
VOM— Maximum negative-peak output voltage RL=10ko 25°C 2 24 \Y
R 210 kQ —40°C to 85°C -2
_ 25°C 1.75 2.5
lcc Supply current (package) Vo =0, No load A0 C o 8eC mA
AvD Large-signal differential voltage amplification Vo =#1V, R =10kQ 25°C 60 80 dB
CMRR Common-mode rejection ratio Vic=%05V 25°C 85 dB
ksvr Supply-voltage rejection ratio Vcct=%15Vto+25V 25°C 80 dB
TLV2361I operating characteristics, V. ccx =25V, Tp = 25°C
PARAMETER TEST CONDITIONS TLv2sell UNIT
MIN TYP MAX
SR Slew rate Ay =1, V)=+05V Vius
B1 Unity-gain bandwidth Ay =40, R =10 kQ, CL =100 pF MHz
Vn Equivalent input noise voltage Rg =100 Q, RE =10 kQ, f=1kHz 8 nV/VHz
I
{‘ TEXAS
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TLV2361Y electrical characteristics, V. ccx =*1.5V, Tp = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS TLvasely UNIT
MIN TYP MAX
Vio Input offset voltage Vo =0, Vic=0 1 mVv
llo Input offset current Vo =0, Vic=0 5 nA
B Input bias current Vo =0, Vic=0 20 nA
Vom+ Maximum positive-peak output voltage R =10 kQ 1.4 \%
Vom- Maximum negative-peak output voltage RL =10 kQ -1.4 \%
Icc Supply current Vo =0, No load 14 mA
AvD Large-signal differential voltage amplification Vo ==1V, R =10kQ 80 dB
CMRR  Common-mode rejection ratio Vic=+#05V 75 dB
ksvR Supply-voltage rejection ratio Vcct=+15Vto 25V 80 dB
TLV2361Y operating characteristics, V. cct=%1.5V, Tp = 25°C
PARAMETER TEST CONDITIONS TLvasely UNIT
MIN TYP MAX
SR Slew rate Ay =1, V=405V 25 Vius
B1 Unity-gain bandwidth Ay =40, R =10 kQ, CL =100 pF 6 MHz
Vi Equivalent input noise voltage Rg =100 Q, RE =10 kQ, f=1kHz 9 nVAHz
TLV2361Y electrical characteristics, V. ¢cct =+2.5V, Tp = 25°C (unless otherwise noted)
PARAMETER TEST CONDITIONS TLvesely UNIT
MIN TYP MAX
Vio Input offset voltage Vo =0, Vic=0 1 mV
llo Input offset current Vo =0, Vic=0 5 nA
B Input bias current Vo =0, Vic=0 20 nA
Vom+ Maximum positive-peak output voltage R =10 kQ 2.4 \%
VoM— Maximum negative-peak output voltage R =10 kQ -2.4 \%
Icc Supply current Vo =0, No load 1.75 mA
AvD Large-signal differential voltage amplification Vo=%#1V, R =10 kQ 80 dB
CMRR  Common-mode rejection ratio Vic=+05V 85 dB
ksvr Supply-voltage rejection ratio Vcct=%15Vto 25V 80 dB
TLV2361Y operating characteristics, V. cct =%2.5V, Ta = 25°C
PARAMETER TEST CONDITIONS TLvesely UNIT
MIN TYP MAX
SR Slew rate Ay =1, V=05V Vius
Bq Unity-gain bandwidth Ay = 40, RL =10 kQ, CL =100 pF MHz
Vi Equivalent input noise voltage Rg =100 Q, RE = 10 kQ, f=1kHz 8 nvViHz

10
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TLV2362I electrical characteristics, V. ¢cc* = £1.5 V (unless otherwise noted)

TLV2362I
PARAMETER TEST CONDITIONS TA UNIT
MIN TYP MAX
V Input offset volt V 0 Vv 0 25°C ! 0 \%
nput offset voltage =0, = m
10 P g © I —20°C 10 85°C 75
| Input offset t Vo=0 \ 0 25°C > 100 A
nput offset curren =0, = n
10 P © I —20°C 10 85°C 150
| Input bi t Vo=0 \ 0 25°C 20 150 A
nput bias curren =0, = n
B P © Ic —20°C t0 85°C 250
\Y c de input volt Viol 37.5 mV 25°C *0.5 \Y
ommon-mode input voltage 5m
ICR P g 10 20°C1085°C | 205
) » RL =10kQ 25°C 1.2 1.4
Vom+ Maximum positive-peak output voltage Y
RL 210 kQ —20°C to 85°C 1.2
) ] Rl =10 kQ 25°C -1.2 -14
Vom— Maximum negative-peak output voltage \%
R 210 kQ —20°C to 85°C -1.2
I Suppl t (both amplifiers) Vo =0 No load 2°C 28 45 A
u current (both amplifiers =0, o loa m
ce PP P © —20°C to 85°C 5.5
AvD Large-signal differential voltage amplification |Vo =1V, R =10kQ 25°C 55 dB
CMRR Common-mode rejection ratio Vic=%05V 25°C 75 dB
ksvr Supply-voltage rejection ratio Vcct=%15Vto+25V 25°C 80 dB
TLV2362I operating characteristics, V. ccx =15V, Tp = 25°C
TLV2362I
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX
SR Slew rate Ay =1, V) =+0.5V 25 Vlus
B1 Unity-gain bandwidth Ay =40, R =10 kQ, CL =100 pF 6 MHz
Vn Equivalent input noise voltage Rg =100 Q, RE =10 kQ, f=1kHz 9 nV/VHz
‘Ui TEXAS
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TLV2362I electrical characteristics, V. ¢cc* = 2.5 V (unless otherwise noted)

TLV2362I
PARAMETER TEST CONDITIONS TA UNIT
MIN TYP MAX
V Input offset volt; V 0 V| 0 25°C ! ° V
nput offset voltage =0, = m
10 P g © Ic —20°C to 85°C 75
| Input offset t Vo=0 \ 0 25°C > 100 A
nput offset curren =0, = n
10 P © Ic —20°C to 85°C 150
| Input bi t Vo=0 Vv 0 25°C 20 150 A
nput bias curren =0, = n
B P © Ic —20°C to 85°C 250
Y C de input volt IViol 3 7.5 mV 25°C 1 \Y
ommon-mode input voltage 5m
ICR P g 10 20°C1085°C | 14
. » R =10kQ 25°C 2 2.4
Vom+ Maximum positive-peak output voltage \%
RL =210 kQ —20°C to 85°C 2
) ] R =10 kQ 25°C -2 24
Vom— Maximum negative-peak output voltage \%
RL =210 kQ —20°C to 85°C -2
| Suppl t (both lifiers) Vo=0 No load 25°C 35 A
u current (both amplifiers =0, o loa m
ce PPy P © —20°C to 85°C
AvD Large-signal differential voltage amplification |Vo=%1V, R =10kQ 25°C 60 dB
CMRR Common-mode rejection ratio Vic=05V 25°C 85 dB
ksvr Supply-voltage rejection ratio Vcct=%15Vto 25V 25°C 80 dB
TLV2362I operating characteristics, V. cct=%2.5V, Tp = 25°C
TLV2362I
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX
SR Slew rate Ay =1, VI =+05V Vlius
Bq Unity-gain bandwidth Ay =40, R =10 kQ, CL =100 pF MHz
Vn Equivalent input noise voltage Rg =100 Q, RE =10 kQ, f=1kHz 8 nViHz
‘Ui TEXAS
12 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265




TLV2361, TLV2361Y, TLV2362, TLV2362Y
HIGH-PERFORMANCE LOW-VOLTAGE OPERATIONAL AMPLIFIERS

SLOS195B — FEBRUARY 1997 — REVISED OCTOBER 1998

TLV2362Y electrical characteristics, V. ccx =*1.5V, Tp = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS TLv2362Y UNIT
MIN TYP MAX
Vio Input offset voltage Vo =0, Vic=0 1 mV
llo Input offset current Vo =0, Vic=0 5 nA
B Input bias current Vo =0, Vic=0 20 nA
Vom+ Maximum positive-peak output voltage R =10kQ 1.4 \%
Vom— Maximum negative-peak output voltage R =10kQ -1.4 Vv
Icc Supply current (both amplifiers) Vo =0, No load 2.8 mA
AvD Large-signal differential voltage amplification Vo =1V, RL =10 kQ 55 dB
CMRR  Common-mode rejection ratio Vic=+05V 75 dB
ksvr Supply-voltage rejection ratio Vccx=+15Vto+25V 80 dB
TLV2362Y operating characteristics, V. ccx =15V, Tp = 25°C
PARAMETER TEST CONDITIONS TLv2362Y UNIT
MIN TYP MAX
SR Slew rate Ay =1, V=05V 25 Vius
B1q Unity-gain bandwidth Ay =40, R =10 kQ, CL =100 pF 6 MHz
Vi Equivalent input noise voltage Rg =100 Q, RE =10 kQ, f=1kHz 9 nVAHz
TLV2362Y electrical characteristics, V. cct =+2.5V, Ta = 25°C (unless otherwise noted)
PARAMETER TEST CONDITIONS TLv2sezy UNIT
MIN TYP MAX
Vio Input offset voltage Vo =0, Vic=0 1 mV
llo Input offset current Vo =0, Vic=0 5 nA
B Input bias current Vo =0, Vic=0 20 nA
Vom+ Maximum positive-peak output voltage R =10kQ 2.4 Vv
Vom— Maximum negative-peak output voltage R =10 kQ 2.4 \Y
Icc Supply current (both amplifiers) Vo =0, No load 35 mA
AvD Large-signal differential voltage amplification Vo=%1V, R =10kQ 60 dB
CMRR  Common-mode rejection ratio Vic=+05V 85 dB
ksvr Supply-voltage rejection ratio Vcct=%15Vto+25V 80 dB
TLV2362Y operating characteristics, V. cct=%2.5V, Tp = 25°C
PARAMETER TEST CONDITIONS TLv2sezy UNIT
MIN TYP MAX
SR Slew rate Ay =1, V=05V Vius
Bq Unity-gain bandwidth Ay =40, R =10 kQ, CL =100 pF MHz
Vn Equivalent input noise voltage Rg =100 Q, RE =10 kQ, f=1kHz 8 nVAHz
POST OFFICE BOX ess&ojs ® DALLAS, TEXAS 75265 13



TLV2361, TLV2361Y, TLV2362, TLV2362Y
HIGH-PERFORMANCE LOW-VOLTAGE OPERATIONAL AMPLIFIERS

SLOS195B — FEBRUARY 1997 — REVISED OCTOBER 1998

TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS

SUPPLY CURRENT
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IMPORTANT NOTICE

Texas Instruments and its subsidiaries (TI) reserve the right to make changes to their products or to discontinue
any product or service without notice, and advise customers to obtain the latest version of relevant information
to verify, before placing orders, that information being relied on is current and complete. All products are sold
subject to the terms and conditions of sale supplied at the time of order acknowledgement, including those
pertaining to warranty, patent infringement, and limitation of liability.

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

CERTAIN APPLICATIONS USING SEMICONDUCTOR PRODUCTS MAY INVOLVE POTENTIAL RISKS OF
DEATH, PERSONAL INJURY, OR SEVERE PROPERTY OR ENVIRONMENTAL DAMAGE (“CRITICAL
APPLICATIONS”). TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, AUTHORIZED, OR
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS. INCLUSION OF TI PRODUCTS IN SUCH APPLICATIONS IS UNDERSTOOD TO
BE FULLY AT THE CUSTOMER'’S RISK.

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

Tl assumes no liability for applications assistance or customer product design. Tl does not warrant or represent
that any license, either express orimplied, is granted under any patent right, copyright, mask work right, or other
intellectual property right of Tl covering or relating to any combination, machine, or process in which such
semiconductor products or services might be or are used. TI's publication of information regarding any third
party’s products or services does not constitute TI's approval, warranty or endorsement thereof.
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