TLV246x-Q1, TLV246xA-Q1
LOW-POWER RAIL-TO-RAIL INPUT/OUTPUT OPERATIONAL AMPLIFIERS
WITH SHUTDOWN

SGLS008C — MARCH 2003 - REVISED OCTOBER 2007

Qualified for Automotive Applications ® Supply Current ...500 uA/Channel
ESD Protection Exceeds 2000 V Per ® |nput Offset Voltage ... 100 uVv
US|.|ng Macjlhlne Model FC =200 pF, R=0) ® SlewRate ... 1.6 Vius
Ra|_ “to-Ral Qutput Swing ® Micropower Shutdown Mode
Gain Bandwidth Product ... 6.4 MHz (TLV2460/TLV2463) . .. 0.3 pA/Channel
+80-mA Output Drive Capability ® Universal Operational Amplifier EVM
TLV2460 TLV2461 TLV2462
D OR PW PACKAGE D OR PW PACKAGE D OR PW PACKAGE
(TOP VIEW) (TOP VIEW) (TOP VIEW)
ne O 1° &[0 SADN ned:° s nC 10Ut 18 s Vpp+
IN- Z_FD_N [T vpp+ IN- 2—_[>_L7 [T vpp+ 1IN-0 2% 7 [ 20UT
IN+ [ 3- 6 |-IJ ouT IN+ [T 3 6 |-IJ ouT 1N+ 3 ge 11 2IN-
GND [ 4 5[] NC GND [ 4 5[] NC GND[I] 4 517 2IN+
TLV2463 TLV2464
D OR PW PACKAGE D OR PW PACKAGE
(TOP VIEW) (TOP VIEW)
10UT [ 1 1411 Vpp+ 10UT[I] 1 1411 40UT
1IN- O 2% 1311 20UT 1IN-CT 2%%13 [T14IN-
1IN+ [ 3 ﬁlzj:l 2IN- 1IN+ 3 12T 4IN+
GND [T] 4 1117 2IN+ Vpp+ [ 4 111 GND
NC [ s 101J NC 2IN+[1] 5 10T 3IN+
1SHDN [I] 6 9|11 2SHDN 2IN-[CT] 6%% oI TI3IN-
NC [ 7 8] NC 20uTCI] 7 s TI30uT

NC - No internal connection

description

The devices in the TLV246x family of low-power rail-to-rail input/output operational amplifiers are specifically
designed for portable applications. The input common-mode voltage range extends beyond the supply rails for
maximum dynamic range in low-voltage systems. The amplifier output has rail-to-rail performance with
high-output-drive capability, solving one of the limitations of older rail-to-rail input/output operational amplifiers.
This rail-to-rail dynamic range and high output drive make the TLV246x ideal for buffering analog-to-digital
converters.

The operational amplifier has 6.4-MHz bandwidth and 1.6-V/us slew rate with only 500-puA supply current,
providing good ac performance with low power consumption. Devices are available with an optional shutdown
terminal, which places the amplifier in an ultralow supply-current mode (Ipp = 0.3 pA/channel). While in
shutdown, the operational amplifier output is placed in a high-impedance state. DC applications are also well
served with an input noise voltage of 11 nV/YHz and input offset voltage of 100 pV.

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.

UNLESS OTHERWISE NOTED this document contains PRODUCTION

DATA information current as of publication date. Products conform to i
specifications per the terms of Texas | dard y
Production processing does not necessarily include testing of all EXAS

Copyright © 2007 Texas Instruments Incorporated
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LOW-POWER RAIL-TO-RAIL INPUT/OUTPUT OPERATIONAL AMPLIFIERS

WITH SHUTDOWN

SGLS008C — MARCH 2003 - REVISED OCTOBER 2007

ORDERING INFORMATIONT

TA \292'26? PACKAGE ¥ ORDERABLE PART NUMBER TOP-SIDE MARKING

SOP - D Reel of 2500 TLV2460QDRQ1 2460Q1
TSSOP - PW Reel of 2000 TLV2460QPWRQ1 2460Q1
SOP -D Reel of 2500 TLV2461QDRQ1 2461Q1
TSSOP - PW Reel of 2000 TLV2461QPWRQ1 2461Q1
SOP - D Reel of 2500 TLV2462QDRQ1 2462Q1

2000 v TSSOP - PW Reel of 2000 TLV2462QPWRQ1 2462Q1
SOP - D Reel of 2500 TLV2463QDRQ1 TLV2463Q1
TSSOP - PW Reel of 2000 TLV2463QPWRQ1 2463Q1
SOP - D Reel of 2500 TLV2464QDRQ18 2464Q1
TSSOP - PW Reel of 2000 TLV2464QPWRQ18 2464Q1

-40°C to 125°C

SOP - D Reel of 2500 TLV2460AQDRQ1 2460AQ
TSSOP - PW Reel of 2000 TLV2460AQPWRQ1 2460AQ
SOP - D Reel of 2500 TLV2461AQDRQ1 2461AQ
TSSOP - PW Reel of 2000 TLV2461AQPWRQ1 2461AQ

1500 v SOP - D Reel of 2500 TLV2462AQDRQ1 2462AQ
TSSOP - PW Reel of 2000 TLV2462AQPWRQ1 2462AQ
SOP - D Reel of 2500 TLV2463AQDRQ1 TLV2463AQ1
TSSOP - PW Reel of 2000 TLV2463AQPWRQ1 V2463AQ
SOP - D Reel of 2500 TLV2464AQDRQ18 V2464AQ
TSSOP - PW Reel of 2000 TLV2464AQPWRQ1 V2464AQ

1 For the most current package and ordering information, see the Package Option Addendum at the end of this document, or see the Tl web site

at www.ti.com.

¥ Package drawings, thermal data, and symbolization are available at www.ti.com/packaging.

8 Product preview
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SGLS008C — MARCH 2003 - REVISED OCTOBER 2007

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) T
SUPPlY VORAGET, VDD - o vttt 6V
Differential input voltage range, VID -+« vt -0.2VtoVpp +0.2V
Input current, [] (@NY INPUL) . ..o +200 mA
OULPUL CUITENE, [0 . oo e e e e e e e +175 mA
Total input current, I} (iNt0 VDD 4) ..o oot 175 mA
Total output current, Ig (out of GND) ... ... o 175 mA
Operating free-air temperature range, TA . ..o oottt e —-40°C to 125°C
Maximum JuNCioN tEMPEratUNe, T . ..ottt ettt et e e et et 150°C
Thermal impedance, junction to ambient8, 835: D (BPiN) . ... oo 176°C/W

D(AAPIN) « e 123°C/W
PW @Bpin) ... 259°C/W
PW (14 pin) . 174°C/W
Storage temperature range, Tgrg -« o v v vt e it e -65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ............c.cuiiiiiiiinennnn. 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.

A voltage values, except differential voltages, are with respect to GND.

§ Package thermal impedance is calculated in accordance with JESD 51-5.

recommended operating conditions

MIN MAX | UNIT
Single supply 2.7 6
Supply voltage, Vpp Split supply +1.35 +3 v
Common-mode input voltage range, V|cR -0.2 Vpp+0.2 \
Operating free-air temperature, Ta -40 125 °C
VIH 2
Shutdown on/off voltage levelt Y
ViL 0.7

1 Relative to voltage on the GND terminal of the device
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electrical characteristics at specified free-air temperature, V

DD = 3 V (unless otherwise noted)

PARAMETER TEST CONDITIONS TAJIL MIN TYP  MAX | UNIT
Vpp =3V, V46 25°C 100 2000
Vic=15V, Full range 2200
Vio Input offset voltage Vo =15V, 25 150 15001 “V
Rs =50 Q TLV246xA Full range 1700
IO Iglrpa%eerature coefficient of input offset ngz 1?;\\//\3(;: é.osg;/ 2 WV
lo Input offset current x?,D:;i\\// \Qg _ 5105g;/ Fuﬁsra(rige 28 7; nA
B Input bias current ch)[l_li\\//Y?lg _ ;Oi;/ Fuﬁsraige 2 i: nA
25°C 29
loH =-25mA Full range 2.8
VOH High-level output voltage 25°C 57 \4
loH =~10mA Full range 25
25°C 0.1
Vic=15V.loL =2.5mA Full range 0.2
VoL Low-level output voltage 750 03 \
Vic=15V.loL =10mA Full range 0.5
_ 25°C 50
Sourcing Full range 20
los Short-circuit output current 250G 20 mA
Sinking Full range 20
lo Output current Measured 1 V from rail 25°C +40 mA
ai i i 25°C 90 105
AvD ::gl?fiig?ci: dfferentalvoliage RL=10ka Full range 89 dB
li(d) Differential input resistance 25°C 109 Q
Ci(c) Common-mode input capacitance f=10 kHz 25°C 7 pF
Zo Closed-loop output impedance f=100 kHz, Ay = 10 25°C 33 Q
25°C 66 80
CMRR Common-mode rejection ratio VIicR=0Vto3V,Rg=50Q Full range 50 dB
Vpp =27Vt 6V, V|c=Vpp/2 25°C 80 8
ksVR (SAu\EJpIy voltage rejection ratio No load Full range s dB
DD/AVIO) Vpp=3V1t05V,Vic=Vpp/2, 25°C 85 95
No load Full range 80
25°C 0.5 0.575
IDD Supply current (per channels) Vo =1.5V, No load Full range 09 mA
" 'Srtj\?gge‘;"em in shutdown (TLV2460, m;g; I\; " 25°C 0.3 1A
utdown Full range 25

T Full range is -40°C to 125°C.
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TLV246x-Q1, TLV246xA-Q1
LOW-POWER RAIL-TO-RAIL INPUT/OUTPUT OPERATIONAL AMPLIFIERS
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operating characteristics at specified free-air temperature, V DD = 3 V (unless otherwise noted)

PARAMETER TEST CONDITIONS TaT MIN TYP MAX | UNIT
25°C 1 1.6
SR Slew rate at unity gain Vo(pp) =2V, C|_ =160 pF, R = 10 kQ Full 0.8 Vius
range '
. ) ) f=100 Hz 16 _
Vi Equivalent input noise voltage PR 25°C m nVAHz
In Equivalent input noise current | f=1 kHz 25°C 0.13 pA/\/E
Ay =1 0.006
Total harmonic distortion Vo(pp) =2V, _ R
THD+N plus noise RL =10k, f=1kHz Av =10 25°C 0.02 %
Ay =100 0.08
Both channels 7.6
t(on) Amplifier turnon time Ay =1, R =10kQ Channel 1 only, 25°C us
7.65
Channel 2 on
Both channels 333
Channel 1 only,
- . 328
t(off) Amplifier turnoff time Ay =1, R =10kQ Channel 2 on 25°C ns
Channel 2 only,
Channel 1 on 329
Gain-bandwidth product f=10kHz, C|_=160 pF R =10 kQ, 25°C 5.2 MHz
V(STEP)PP =2V, 0.1% 1.47
Ay=-1, C|_=10pF
Rl =10 kQ 0.01% 1.78
tg Settling time 25°C us
V(STEP)PP =2V, 0.1% L7
Ay =-1, CL=56pF,
RL =10 kQ 0.01% 1.98
Om Phase margin at unity gain R =10kQ, C|_ =160 pF 25°C 44 °
Gain margin R =10 kQ, C| =160 pF 25°C 7 dB

T Full range is —40°C to 125°C.
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LOW-POWER RAIL-TO-RAIL INPUT/OUTPUT OPERATIONAL AMPLIFIERS
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electrical characteristics at specified free-air temperature, V

DD = 5 V (unless otherwise noted)

PARAMETER TEST CONDITIONS TAT MIN TYP  MAX | UNIT
VDD =5V, TLV246x 25°C 150 2000
Vic=25V, Full range 2200
Vio Input offset voltage Vo =25V, 250 150 1500 uv
Rg=500Q TLV246xA - il range 1700
W0 Iglrg;eerature coefficient of input offset ngz 22 \\//\Qg i} 52055/ 2 Vee
o Input offset current xgz_zz\\// \Qg _ ;055/ Fuﬁsra(rige 03 6(7J nA
B Input bias current xgz_zss\\// \Qg ; 5205§;/ Fuﬁsraige L3 6152 nA
25°C 49
IoH =-2.5mA Full range 4.8
VOH High-level output voltage 2550 18 \Y
IoH =~10mA Full range 4.7
25°C 0.1
Vic =25V loL =2.5mA Full range 0.2
VoL Low-level output voltage 250 02 \%
Vic =25V loL =10 mA Full range 0.3
) 25°C 145
Sourcing Fullrange | 60
los Short-circuit output current 250 100 mA
Sinking Full range 60
lo Output current Measured at 1 V from rail 25°C +80 mA
AD Large-signal differential voltage Vic =25V, Ry =10k, 25°C 92 109 4B
amplification Vo=1Vto4V Full range 90
li(d) Differential input resistance 25°C 109 Q
Ci(c) Common-mode input capacitance f=10 kHz 25°C 7 pF
Zo Closed-loop output impedance f=100 kHz, Ay = 10 25°C 29 Q
CMRR Common-mode rejection ratio \IQSCS 5=OOQV 3V, Fuﬁsraige ;g & dB
Vpp=27V1t06V,V,c=Vpp/2, 25°C 80 85 dB
ksvR (SAu\?pIy voltage rejection ratio No load Full range 75
DD/AV|Q) Vpp=3V1to5V,Vc=Vpp/2 25°C 85 95 B
No load Full range 80
25°C 0.55 0.65
IDD Supply current (per channel) Vo =2.5V, No load Full range 1 mA
ootsHon) e ToveeD P s —]
, utdown Full range 3

T Full range is -40°C to 125°C.
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TLV246x-Q1, TLV246xA-Q1
LOW-POWER RAIL-TO-RAIL INPUT/OUTPUT OPERATIONAL AMPLIFIERS
WITH SHUTDOWN

SGLS008C — MARCH 2003 - REVISED OCTOBER 2007

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

PARAMETER TEST CONDITIONS TAT MIN TYP MAX | UNIT
25°C 1 1.6
. . Vopp) =2V, C| =160 pF,
SR Slew rate at unity gain R = 10 kQ Full 08 V/ius
range
f=100 Hz 14 WS
V Equivalent input noi | 25° nV/NHz
n quivalent input noise voltage =1 KHs 5°C n
In Equivalent input noise current f=100 Hz 25°C 0.13 pA/\/E
Ay=1 0.004
VoPp) =4V, 4
THD+N Total harmonic distortion plus noise R =10 kQ, Ay =10 25°C 0.01 %
f=10kHz Ay = 100 0.04
Both channels 7.6
Channel 1 only,
. ) 7.65
t(on) Amplifier turnon time Ay =1,R =10kQ [Channel 2 on 25°C us
Channel 2 only,
Channel 1 on 725
Both channels 333
Channel 1 only,
. . 328
t(off) Amplifier turnoff time Ay =1,R_=10kQ [Channel 2 on 25°C ns
Channel 2 only,
Channel 1 on 329
. . f=10 kHz R =10 kQ
Gain-bandwidth product ' ' 25°C 6.4 MH
ain-bandwidth produc CL = 160 pF z
V(STEP)PP =2V, | 0105 153
Ay =-1,
CL =10 pF,
RL = 10 kQ 0.01% 1.83
ts Settling time 25°C us
V(STEP)PP =2V: 0,19 3.13
Ay =-1,
CL =56 pF,
RL = 10 kQ 0.01% 3.33
om Phase margin at unity gain R =10kQ, C_ = 160 pF 25°C 45 °
Gain margin R =10kQ, C|_ =160 pF 25°C 7 dB

t Full range is -40°C to 125°C.
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TYPICAL CHARACTERISTICS
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LOW-POWER RAIL-TO-RAIL INPUT/OUTPUT OPERATIONAL AMPLIFIERS

WITH SHUTDOWN
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Vo~ Input Offset Voltage — mV

1B and | |0 - Input Bias and Input Offset Current — nA

TYPICAL CHARACTERISTICS

INPUT OFFSET VOLTAGE
VS
COMMON-MODE INPUT VOLTAGE
1 T
Vpp =3V
0.8 - Tp =25°C
0.6
0.4
0.2 /f
0 4
-0.2 /
-0.4
-0.6
-0.8
-1
0 0.5 1 1.5 2 2.5 3

V|cr — Common-Mode Input Voltage — V
Figure 1

INPUT BIAS AND INPUT OFFSET CURRENT
Vs
FREE-AIR TEMPERATURE

I I
Vpp=3V
~N Vi=15V |

. \ B

0.5
o /
0

-0.5
-55 -35

-15 5 25 45 65 85 105 125
Tp — Free-Air Temperature - °C

Figure 3

Vio~™ Input Offset Voltage — mV

g and | |o — Input Bias and Input Offset Current — nA

INPUT OFFSET VOLTAGE
VS
COMMON-MODE INPUT VOLTAGE
1 T
Vpp=5V
0.8 [ Ta =25°C
0.6
0.4
0.2 ~
: -
-0.2 /f
-0.4
-0.6
-0.8
-1
0 1 2 3 4 5
V|cr — Common-Mode Input Voltage - V
Figure 2
INPUT BIAS AND INPUT OFFSET CURRENT
'S
FREE-AIR TEMPERATURE
6 T T
Vpp=5V
V=25V
N
B
4 \\
2
1 —
o
0 —
-1
-55 -35 -15 5 25 45 65 85 105 125

Tp — Free-Air Temperature - °C
Figure 4
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TYPICAL CHARACTERISTICS

HIGH-LEVEL OUTPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE
VS VS
HIGH-LEVEL OUTPUT CURRENT HIGH-LEVEL OUTPUT CURRENT
3 T T 5 T T T
VDlD =3 \l/DC Vpp =5Vpc
45 -~ f f f
~ 0 X ]
25 \ N[ AT , :\\\\ Tp=-55°C |
N\
§\\‘/ ANAM
ENOVER ERSSEE N
Tp = 125°C — = 125°C —— \
A \ ,5| TA=125°C AN AN

Tp = 85°C ——
I

o \
I e it B
\‘\

\

LS5 Tp=85Cc— \
TIA _osc | \ /\\\
| AR
05 -

T
| Ta=-40°C—

\

\

Tp = -40°C

VoH - High-Level Output Voltage - V
VoH - High-Level Output Voltage - V

0.5

\
\

\
:
|_
|
|

e e | =

0
0 10 20 30 40 50 60 70 80 0 20 40 60 80 100 120 140 160 180 200
loH — High-Level Output Current — mA loH — High-Level Output Current - mA
Figure 5 Figure 6
LOW-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE
S Vs
LOW-LEVEL OUTPUT CURRENT LOW-LEVEL OUTPUT CURRENT
3 T T 4.5 T T I
VbD =3 VpC VDD =5VDC |
4 | |
. |
| Ta = —40°C——_ 35— Ta=-40°C—
) ™~ I c:) ™ [
) ~ | =] T~ |
= 2 | = 3 — o~ —]
| ik I e
Ei I I 3 -
2 | Ta=ssc I g 20 TA =85°C ]
S [ 1a=1251Cc ——] / o T =125°C /
g / : / /
| / = / /
z 1 / 7 z 15 /— 7
; N g A&
| / 7 ! / y Z
- 1
/ //K = ‘e
S os = g 2

L~ D
// e Tp = -55°C 0.5 // TA| = -55°C __
| |
0

0 10 20 30 40 50 60 70 0 20 40 60 80 100 120 140 160
loL — Low-Level Output Current - mA

loL — Low-Level Output Current - mA
Figure 7 Figure 8
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Vo(pp) — Peak-to-Peak Output Voltage — V

TYPICAL CHARACTERISTICS

PEAK-TO-PEAK OUTPUT VOLTAGE PEAK-TO-PEAK OUTPUT VOLTAGE
VS VS
FREQUENCY FREQUENCY
3 | T T T 117 55 T T 1717
Vpp=3V Vpp=5V
Ay =-10 5 Ay=-10 ]
25 THD = 1% HH ? THD = 1%
RL =10 kQ o 40 RL = 10 kQ
g 4
2 S
\ 5 35
s
]
3
1.5 2
\ 8§ 25
3 \
@]
1 \ % 2 \
£ 15
| \
05 \ g ! N
N © o5
s > : SN
0 ———— A 0 I —
10k 100k 1M 10M 10k 100k 1M 10M
f — Frequency — Hz f - Frequency — Hz
Figure 9 Figure 10
OPEN-LOOP GAIN AND PHASE
Vs
FREQUENCY
100 T T 40°
Vpp =*1.5V .
90 Sy RL = 10kQ 20
80 o N CL =0 0°
N Tp = 25°C
70 -20°
S 60 ht Im o
'cls \ -40
£ 50 AVD 1] -60°
o N A 2
o 40 -80° g
o o
O T —
S 3 ~ -100°
3;,_ 20 Phase ™ N\ )
) -120
10 -140°
N
0 -160°
~10 -180°
-20 -200°

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

Figure 11
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Ayp - Differential Voltage Amplification — V/imV

180

160

140
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100

80

60

40

20

100
90
80
70
60
50
40

30
20

Open-Loop Gain - dB

10

-10
-20

TYPICAL CHARACTERISTICS

OPEN-LOOP GAIN AND PHASE

VS
FREQUENCY
L A
Vpp =25V
NN R =10 kQ
- h CL=0
TN Ta = 25°C
A
\ Nu
N\
Y AVD TTT1
\N
\\nn
Phase N\ N
\
N

|
[0
o
o
Phase

10 100 1k 10k 100k M 10M

f — Frequency - Hz

Figure 12

DIFFERENTIAL VOLTAGE AMPLIFICATION

CAPACITIVE LOAD

VS VS
LOAD RESISTANCE LOAD RESISTANCE
T T T TTTT 10000
Ta = 25°C
——- \
a1 el
allpZ A
1Y N
/ / AN Phase Margin < 30 Il
i s A
VDD = +2.5V / -
y/ § \\\‘h
/ / Vbp=£15V o 1000 - i
/ / 3
/ o
IS
/ / o Phase Margin > 30
/ J .
p O
;/ | Vpp=5V
L~ Phase Margin = 30 °
Ta =25°C
100 L Lo |
100 1k 10k 100k 1M 10 100 1k 10k

R| - Load Resistance - Q

Figure 13

R| - Load Resistance - Q
Figure 14
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TYPICAL CHARACTERISTICS

OUTPUT IMPEDANCE

OUTPUT IMPEDANCE

VS VS
FREQUENCY FREQUENCY
1000 E = 1000 E
F VDD =+1.5V 1 E Vpp =+2.5V
[ TA=25°C 1] - Ta =25°C
100 e g 100 —
G V4 c /
\ I ) p | 7
[} / /1
g 10 A g / S8 10 a /
% E Ay =100 A 8 E Ay = 100 A
o ’ g B / 7
E p Y E y
: lEeemrea 2 1 Lo A
3 F Av =10 E Ay =10 7
| 7 | L /
Q [=)
N ]
01f Ay=1 : Nooa
m F Ay =1 §
0.01 0.01 m
100 1k 10k 100k M 10M 100 1k 10k 100k M 10M
f - Frequency — Hz f - Frequency — Hz
Figure 15 Figure 16
COMMON-MODE REJECTION RATIO
VS
FREQUENCY
90
g —
| 85
o N\
3
: \
5§ 80
8 Vpp=5V
& Vic=25V
s 75 N
'8 \
= Vpp=3V
c —
5 1o Vic=15V |
£
o
O
v 65
a4
s
O
60
10 100 1k 10k 100k 1M  10M
f - Frequency — Hz
Figure 17
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LOW-POWER RAIL-TO-RAIL INPUT/OUTPUT OPERATIONAL AMPLIFIERS
WITH SHUTDOWN
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TYPICAL CHARACTERISTICS

SUPPLY-VOLTAGE REJECTION RATIO
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS

EQUIVALENT INPUT NOISE VOLTAGE
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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PARAMETER MEASUREMENT INFORMATION

Rnull

RL

Te

Figure 48

APPLICATION INFORMATION

driving a capacitive load

When the amplifier is configured in this manner, capacitive loading directly on the output decreases the device’s
phase margin leading to high frequency ringing or oscillations. Therefore, for capacitive loads of greater than
10 pF, it is recommended that a resistor be placed in series (Ryyp L) With the output of the amplifier, as shown
in Figure 49. A minimum value of 20 Q works well for most applications.

RF

RG
Input —AN—0——> RNULL
Output

L I CLoAD

Figure 49. Driving a Capacitive Load

offset voltage

The output offset voltage (Vo) is the sum of the input offset voltage (V|p) and both input bias currents (Ijg) times

the corresponding gains. The schematic and formula in Figure 50 can be used to calculate the output offset
voltage.

RF

= B+

Re R,
VOO = VIO(l + (R_G>) + IIB+ RS (1 + (R—G>) + IIB— RF

Figure 50. Output Offset Voltage Model
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APPLICATION INFORMATION

general configurations

When receiving low-level signals, limiting the bandwidth of the incoming signals into the system is often
required. The simplest way to accomplish this is to place an RC filter at the noninverting terminal of the amplifier
(see Figure 51).

RG RE

Vo

Y

Ci1

I 308 = L

= 2nR1C1

Vo _ Re 1
v, " (1 + R_G)(l ¥ sRlCl)
Figure 51. Single-Pole Low-Pass Filter

If even more attenuation is needed, a multiple pole filter is required. The Sallen-Key filter can be used for this
task. For best results, the amplifier should have a bandwidth that is eight to ten times the filter frequency
bandwidth. Failure to do this can result in phase shift of the amplifier.

c1

‘ ‘ R1=R2=R

I Ci=C2=C
Q = Peaking Factor

Butterworth Q = 0.707
v :+ ( Q )
R1 R2 _ 1
Cc2 f—3dB ~ 27RC

Figure 52. 2-Pole Low-Pass Sallen-Key Filter
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APPLICATION INFORMATION

shutdown function

Two members of the TLV246x family (TLV2460 and TLV2463) have a shutdown terminal for conserving battery
life in portable applications. When the shutdown terminal is tied low, the supply current is reduced to
0.3 pA/channel, the amplifier is disabled, and the outputs are placed in a high-impedance mode. To enable the
amplifier, the shutdown terminal can either be left floating or pulled high. When the shutdown terminal is left
floating, care should be taken to ensure that parasitic leakage current at the shutdown terminal does not
inadvertently place the operational amplifier into shutdown. The shutdown terminal threshold is always
referenced to Vpp/2. Therefore, when operating the device with split supply voltages (e.g., £2.5 V), the
shutdown terminal must be pulled to Vpp— (not GND) to disable the operational amplifier.

The amplifier’s output with a shutdown pulse is shown in Figures 22, 23, 24, and 25. The amplifier is powered
with a single 5-V supply and configured as a noninverting configuration with a gain of 5. The amplifier turnon
and turnoff times are measured from the 50% point of the shutdown pulse to the 50% point of the output
waveform. The times for the single, dual, and quad are listed in the data tables.

circuit layout considerations

To achieve the levels of high performance of the TLV246x, follow proper printed-circuit board design techniques.
A general set of guidelines is given in the following.

® Ground planes - It is highly recommended that a ground plane be used on the board to provide all
components with a low inductive ground connection. However, in the areas of the amplifier inputs and
output, the ground plane can be removed to minimize the stray capacitance.

® Proper power supply decoupling — Use a 6.8-uF tantalum capacitor in parallel with a 0.1-uF ceramic
capacitor on each supply terminal. It may be possible to share the tantalum among several amplifiers
depending on the application, but a 0.1-uF ceramic capacitor should always be used on the supply terminal
of every amplifier. In addition, the 0.1-uF capacitor should be placed as close as possible to the supply
terminal. As this distance increases, the inductance in the connecting trace makes the capacitor less
effective. The designer should strive for distances of less than 0.1 inches between the device power
terminals and the ceramic capacitors.

® Sockets — Sockets can be used but are not recommended. The additional lead inductance in the socket pins
often leads to stability problems. Surface-mount packages soldered directly to the printed circuit board is
the best implementation.

® Short trace runs/compact part placements — Optimum high performance is achieved when stray series
inductance has been minimized. To realize this, the circuit layout should be made as compact as possible,
thereby minimizing the length of all trace runs. Particular attention should be paid to the inverting input of
the amplifier. Its length should be kept as short as possible. This minimizes stray capacitance at the input
of the amplifier.

® Surface-mount passive components — Using surface-mount passive components is recommended for
high-performance amplifier circuits for several reasons. First, because of the extremely low lead inductance
of surface-mount components, the problem with stray series inductance is greatly reduced. Second, the
small size of surface-mount components naturally leads to a more compact layout, thereby minimizing both
stray inductance and capacitance. If leaded components are used, it is recommended that the lead lengths
be kept as short as possible.
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APPLICATION INFORMATION

general power dissipation considerations

For a given 635, the maximum power dissipation is shown in Figure 53 and is calculated by the following formula:

_ TMAX B TA
Po ‘( 0:n

Pp = Maximum power dissipation of TLV246x (watts)

Where:

Tmax = Absolute maximum junction temperature (150°C)

Tp = Ambient free-air temperature (°C)
83a =83c*6ca N o
03c = Thermal coefficient from junction to case
Oca = Thermal coefficient from case to ambient air (°C/W)

2
1.75
? 1.5
c
S
g 125
0
0
o 1
o}
=
[e]
o 075
£
g
g 05
b=
0.25
0

-55-40-25-10 5 20 35 50 65 80 95 110 125

T T 1 ) 1508
\ PDIP Package 19 =150°C
N Low-K Test PCB
N \f IA =‘ 107°CIW
‘ J MSOP Package
Low-K Test PCB
| SOIC Package 03A = 260°C/W —
Low-K Test PCB \
63A = 176°C/W /
N\ N
\\( N
\\\ \/\
~ T~ / \\
I~ \\ \\ A\,
T
B \\ ™ ™.
SOT-23 Package I L
Low-K Test PCB \§\§
03 = 324°C/W

Tp — Free-Air Temperature - °C

NOTE A: Results are with no air flow and using JEDEC Standard Low-K test PCB.

Figure 53. Maximum Power Dissipation vs Free-Air Temperature
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APPLICATION INFORMATION

macromodel information

Macromodel information provided was derived using Microsim Parts™ Release 8, the model generation
software used with Microsim PSpice™. The Boyle macromodel (see Note 2) and subcircuit in Figure 54 are
generated using the TLV246x typical electrical and operating characteristics at Ty = 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
Maximum negative output voltage swing
Slew rate
Quiescent power dissipation
Input bias current
Open-loop voltage amplification

Unity-gain frequency
Common-mode rejection ratio
Phase margin

DC output resistance

AC output resistance
Short-circuit output current limit

NOTE 1: G. R. Boyle, B. M. Cohn, D. O. Pederson, and J. E. Solomon, “Macromodeling of Intergrated Circuit Operational Amplifiers”, IEEE

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

PSpice and Parts are trademarks of MicroSim Corporation.
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j1 11 2 10 jx1 .model dx D(Is=800.00E-18)
2 12 1 10 jx2 .model dy D(Is=800.00E-18 Rs=1m Cjo=10p)
r2 72 9 100.00E3 .model jx1 NJF(Is=1.0000E-12 Beta=6.3239E-3 Vto=-1)
rdl 3 11 2.8964E3 .model jx2 NJF(Is=1.0000E-12 Beta=6.3239E-3 Vto=-1)
rd2 3 12 2.8964E3 .model s1x VSWITCH(Roff=1E8 Ron=1.0 Voff=2.5 Von=0.0)
rol 8 70 5.6000 .model s2x VSWITCH(Roff=1E8 Ron=1.0 Voff=0 Von=2.5)
ro2 7 99 6.2000 .ends

Figure 54. Boyle Macromodels and Subcircuit
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PACKAGING INFORMATION

Orderable Device status @  Package Package Pins Package Eco Plan ® Lead/Ball Finish MSL Peak Temp ©
Type Drawing Qty
TLV2460AQDRG4Q1 ACTIVE SOIC D 8 2500 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sb/Br)
TLV2460AQDRQ1 ACTIVE SOIC D 8 2500 Pb-Free CU NIPDAU  Level-2-250C-1 YEAR
(RoHS) Level-1-235C-UNLIM
TLV2460AQPWRG4Q1 ACTIVE TSSOP PW 8 2000 Green (RoOHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)
TLV2460AQPWRQ1 ACTIVE TSSOP PW 8 2000 Green (RoHS & CU NIPDAU Level-3-260C-168 HR
no Sh/Br)
TLV2460QDRG4Q1 ACTIVE SOIC D 8 2500 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sb/Br)
TLV2460QDRQ1 ACTIVE SolIC D 8 2500 Pb-Free CU NIPDAU  Level-2-250C-1 YEAR
(RoHS) Level-1-235C-UNLIM
TLV2460QPWRG4Q1 ACTIVE TSSOP PW 8 2000 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)
TLV2460QPWRQ1 ACTIVE TSSOP PW 8 2000 Green (RoHS & CU NIPDAU Level-3-260C-168 HR
no Sh/Br)
TLV2461AQDRG4Q1 ACTIVE SOIC D 8 2500 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)
TLV2461AQDRQ1 ACTIVE SOIC D 8 2500 Pb-Free CU NIPDAU  Level-2-250C-1 YEAR
(RoHS) Level-1-235C-UNLIM
TLV2461AQPWRG4Q1 ACTIVE TSSOP PW 8 2000 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)
TLV2461AQPWRQ1 ACTIVE TSSOP PW 8 2000 Green (RoHS & CU NIPDAU Level-3-260C-168 HR
no Sbh/Br)
TLV2461QDRG4Q1 ACTIVE SOIC D 8 2500 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)
TLV2461QDRQ1 ACTIVE SOIC D 8 2500 Pb-Free CU NIPDAU  Level-2-250C-1 YEAR
(RoHS) Level-1-235C-UNLIM
TLV2461QPWRG4Q1 ACTIVE TSSOP PW 8 2000 Green (RoOHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)
TLV2461QPWRQ1 ACTIVE TSSOP PW 8 2000 Green (RoHS & CU NIPDAU Level-3-260C-168 HR
no Sh/Br)
TLV2462AQDRG4Q1 ACTIVE SOIC D 8 2500 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sb/Br)
TLV2462AQDRQ1 ACTIVE SolIC D 8 2500 Pb-Free CU NIPDAU  Level-2-250C-1 YEAR
(RoHS) Level-1-235C-UNLIM
TLV2462AQPWRG4Q1 ACTIVE TSSOP PW 8 2000 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)
TLV2462AQPWRQ1 ACTIVE TSSOP PW 8 2000 Green (RoHS & CU NIPDAU Level-3-260C-168 HR
no Sh/Br)
TLV2462QDRG4Q1 ACTIVE SoOIC D 8 2500 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)
TLV2462QDRQ1 ACTIVE SOIC D 8 2500 Pb-Free CU NIPDAU  Level-2-250C-1 YEAR
(RoHS) Level-1-235C-UNLIM
TLV2462QPWRG4Q1 ACTIVE TSSOP PW 8 2000 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)
TLV2462QPWRQ1 ACTIVE TSSOP PW 8 2000 Green (RoHS & CU NIPDAU Level-3-260C-168 HR
no Sb/Br)
TLV2463AQDRG4Q1 ACTIVE SOIC D 14 2500 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)
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Orderable Device status @  Package Package Pins Package Eco Plan ® Lead/Ball Finish MSL Peak Temp ©
Type Drawing Qty
TLV2463AQDRQ1 ACTIVE SOIC D 14 2500 Pb-Free CU NIPDAU  Level-2-250C-1 YEAR
(RoHS) Level-1-235C-UNLIM
TLV2463AQPWRG4Q1 ACTIVE TSSOP PW 14 2000 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)
TLV2463AQPWRQ1 ACTIVE TSSOP PW 14 2000 Green (RoOHS & CU NIPDAU Level-3-260C-168 HR
no Sh/Br)
TLV2463QDRG4Q1 ACTIVE SOIC D 14 2500 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)
TLV2463QDRQ1 ACTIVE SOlIC D 14 2500 Pb-Free CU NIPDAU  Level-2-250C-1 YEAR
(RoHS) Level-1-235C-UNLIM
TLV2463QPWRG4Q1 ACTIVE TSSOP PW 14 2000 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sb/Br)
TLV2463QPWRQ1 ACTIVE TSSOP PW 14 2000 Green (RoHS & CU NIPDAU Level-3-260C-168 HR
no Sb/Br)
TLV2464AQPWRG4Q1 ACTIVE TSSOP PW 14 2000 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)
TLV2464AQPWRQ1 ACTIVE TSSOP PW 14 2000 Pb-Free CU NIPDAU  Level-1-250C-UNLIM
(ROHS)

@ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in
a new design.

PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sh/Br) - please check
http://www.ti.com/productcontent for the latest availability information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TlI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoOHS requirements
for all 6 substances, including the requirement that lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered
at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.

Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and
package, or 2) lead-based die adhesive used between the die and leadframe. The component is otherwise considered Pb-Free (RoHS
compatible) as defined above.

Green (RoHS & no Sh/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame
retardants (Br or Sb do not exceed 0.1% by weight in homogeneous material)

® MSL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder
temperature.

Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is
provided. Tl bases its knowledge and belief on information provided by third parties, and makes no representation or warranty as to the
accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continues to take
reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on
incoming materials and chemicals. Tl and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited
information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by TI
to Customer on an annual basis.

OTHER QUALIFIED VERSIONS OF TLV2460-Q1, TLV2460A-Q1, TLV2461-Q1, TLV2461A-Q1, TLV2462-Q1, TLV2462A-Q1, TLV2463-Q1,
TLV2463A-Q1, TLV2464A-Q1 :

o Catalog: TLV2460, TLV2460A, TLV2461, TLV2461A, TLV2462, TLV2462A, TLV2463, TLV2463A, TLV2464A

e Enhanced Product: TLV2462A-EP, TLV2464A-EP
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http://www.ti.com/productcontent
http://focus.ti.com/docs/prod/folders/print/tlv2460.html
http://focus.ti.com/docs/prod/folders/print/tlv2460a.html
http://focus.ti.com/docs/prod/folders/print/tlv2461.html
http://focus.ti.com/docs/prod/folders/print/tlv2461a.html
http://focus.ti.com/docs/prod/folders/print/tlv2462.html
http://focus.ti.com/docs/prod/folders/print/tlv2462a.html
http://focus.ti.com/docs/prod/folders/print/tlv2463.html
http://focus.ti.com/docs/prod/folders/print/tlv2463a.html
http://focus.ti.com/docs/prod/folders/print/tlv2464a.html
http://focus.ti.com/docs/prod/folders/print/tlv2462a-ep.html
http://focus.ti.com/docs/prod/folders/print/tlv2464a-ep.html
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o Military: TLV2460M, TLV2460AM, TLV2461M, TLV2461AM, TLV2462M, TLV2462AM, TLV2463M, TLV2463AM

NOTE: Qualified Version Definitions:
o Catalog - Tl's standard catalog product
o Enhanced Product - Supports Defense, Aerospace and Medical Applications
o Military - QML certified for Military and Defense Applications
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NOTES: A.

OOw

All linear dimensions are in millimeters.

This drawing is subject to change without notice.
Body dimensions do not include mold flash or protrusion not to exceed 0,15.
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MECHANICAL DATA
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NOTES:  A. Al linear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.
@ Body length does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall
not exceed .006 (0,15) per end.
@ Body width does not include interlead flash. Interlead flash shall not exceed .017 (0,43) per side.
E. Reference JEDEC MS—-012 variation AB.
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NOTES: All linear dimensions are in inches (millimeters).

This drawing is subject to change without notice.

Body length does not include mold flash, protrusions, or
not exceed .006 (0,15) per end.

Body width does not include interlead flash.
Reference JEDEC MS—012 variation AA.

.

gate burrs. Mold flash, protrusions, or gate burrs shall

Interlead flash shall not exceed .017 (0,43) per side.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

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

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any TI patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from TI to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of Tl products or services with statements different from or beyond the parameters stated by Tl for that product or service voids all
express and any implied warranties for the associated TI product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the Tl products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by Tl as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications

Amplifiers pmplifier.ti.com Audio [vww.1r.com/audid

Data Converters Automotive [vww Tr.com/automofiv
DLP® Products [vww .dIp.comn] Broadband [pww i.com/broadband
DSP Fspicom Digital Control [pww ir-com/digitalcontrol
Clocks and Timers [yww Ti.com/cloc Medical [pww Ti.com/medical
Interface [nferfacedico Military [pww ir-com/military
Logic [oaicTiconi Optical Networking [xww Ti.com/opficalnetwor
Power Mgmt powerfr.com Security vww Tr.com/securt
Microcontrollers nicrocontroller.fi.conj Telephony lvww.tr.com/telephony
RFID [wWwiiirfid-co Video & Imaging [pww i-com/vided

RF/IF and ZigBee® Solutions | {r.com/prl Wireless [vww fi.com/wirelesy

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
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