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Dual, 200mA, Low-lg
Low-Dropout Regulator for Portable Devices

FEATURES

1

Very Low Dropout:

150mV at Igyt = 200mA and Vgyr = 2.8V
75mV at lgyt = 100mA and Vgyt = 2.8V
40mV at loyt = 50mA and Vgut = 2.8V
2% Accuracy Over Temperature

Low Ig of 35pA per Regulator

Multiple Fixed Output Voltage Combinations
Possible from 1.2V to 4.8V

High PSRR: 70dB at 1kHz
Stable with Effective Capacitance of 0.1uF®
Over-Current and Thermal Protection

Dedicated Vggr for Each Output Minimizes
Crosstalk

Available in 1.5mm x 1.5mm SON-6 Package

See the Input and Output Capacitor Requirements in the
Application Information section

APPLICATIONS

A

Wireless Handsets, Smart Phones, PDAs
MP3 Players and Other Handheld Products

TLV710
TLV711

DESCRIPTION

The TLV710 and TLV711 series of dual, low-dropout
(LDO) linear regulators are low quiescent current
devices with excellent line and load transient
performance. These LDOs are designed for
power-sensitive applications. These devices provide
a typical accuracy of 2% over temperature.

The TLV711 series provides an active pulldown
circuit to quickly discharge the outputs.

In addition, the TLV711-D series of devices have
pull-down resistors at the EN pins. This design helps
in disabling the device when the signal-driving EN
pins are in a weak, indeterminate state (for example,
the GPIO of a processor that might be three-stated
during startup). The pull-down resistor pulls the
voltage to the EN pins down to 0V, thus disabling the
device.

The TLV710 and TLV711 series are available in a
1.5mm x 1.5mm SON-6 package, and are ideal for
handheld applications.

1.5mm x 1.5mm SON-6
(TOP VIEW)

EN1 [1]

EN2 [ 3]

6| outt
5| ouT2

Typical Application Circuit

IN

VIN
o—| EN1
ON
c

OFF ON EN2

I

IN:|: _,g_

OFF

All trademarks are the property of their respective owners.

GND
L

OuT1 L 4 O VOUT1
ouT2 V,
OUTZJ Cour
coum 1uF
1uF Ceramic
Ceramic

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.
Products conform to specifications per the terms of the Texas
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.

Copyright © 2010, Texas Instruments Incorporated
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This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled with
appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

‘m ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may be more
susceptible to damage because very small parametric changes could cause the device not to meet its published specifications.

ORDERING INFORMATION®
2)

PRODUCT Vour

TLV710xxyygqwwwz | XX is nominal output voltage of channel 1 (for example 18 = 1.8V).

TLV711xxyygwwwz | YY is nominal output voltage of channel 2 (for example 28 = 2.8V).

Q is optional. Use "U" for devices with EN pin pull-up resistor, and "D" for devices with EN pin pull-down resistor.
WWW is package designator.

Z is package quantity. Use "R" for reel (3000 pieces), and "T" for tape (250 pieces).

(1) For the most current package and ordering information see the Package Option Addendum at the end of this document, or visit the
device product folder on www.ti.com.

(2) Output voltages from 1.2V to 4.8V in 50mV increments are available through the use of innovative factory OTP programming; minimum
order quantities may apply. Contact factory for details and availability.

ABSOLUTE MAXIMUM RATINGS®
At T, = -40°C to +125°C (unless otherwise noted).

VALUE
MIN MAX UNIT

IN -0.3 +6.0 \%
Voltage @ EN -03 Vy+03 \Y

ouT -0.3 +6.0 \
Current ouT Internally limited A
Output short-circuit duration Indefinite s

Operating junction, T, -55 +150 °C
Temperature

Storage, Tsig -55 +150 °C

Human body model (HBM) QSS 009-105 (JESD22-A114A) 2 kv
Electrostatic Discharge Rating Charged device model (CDM) QSS 009-147 500 v

(JESD22-C101B.01)

(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 is not implied. Exposure to
absolute-maximum-rated conditions for extended periods my affect device reliability.

(2) All voltages with respect to ground.

THERMAL INFORMATION®

TLV710, TLV711
THERMAL METRIC® DSE UNITS
6 PINS
Vot Junction-to-top characterization parameter 6 °C/W

(1) See the Power Dissipation section for more details.
(2) For more information about traditional and new thermal metrics, see the IC Package Thermal Metrics application report, SPRA953.

2 Submit Documentation Feedback Copyright © 2010, Texas Instruments Incorporated



|

Distributor of Texas Instruments: Excellent Integrated System Limited

== £ = Datasheet of TLV7113030DDSER - IC REG LDO 3V 0.2A 6WSON
o= Contact us: sales@integrated-circuit.com Website: www.integrated-circuit.com
S TL/710 Sariac
’ TEXAS e viiv Jul !\a\)
INSTRUMENTS TLV711 Series

www.ti.com

SBVS142A —JULY 2010—REVISED AUGUST 2010

ELECTRICAL CHARACTERISTICS

At TJ = +25°C, VIN = VOUT(TYP) + 0.5V or 2.0V (WhIChever is gl’eater), |OUT = 10mA, VENl = VEN2 = 09V, and COUTl = COUTZ =
1uF, unless otherwise noted.

TLV710, TLV711
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Vin Input voltage range 2.0 5.5 \%
Vo Output voltage range 1.2 4.8 \%
Vour DC output accuracy —40°C < T; £ +125°C -2 +2 %
AVo/AV |y Line regulation Vournomy + 0.5V = Vi 5.5V 1 5 mvV
AVp/Algyt | Load regulation OmA < lgyt < 200mA 5 15 mv
w0 | m
s m
Vbo Dropout voltage
Vin = 0.98V x Voyrnomy lout = 200mA, 150 215 mv
2.8V £ Vour < 3.3V
33V < Vour <. O o2 o 00 v
leL QOutput current limit Vour = 0.9V X Voyrnom) 220 350 550 mA
Vena = high, Vens = low, loyrs = OMA 35 A
lo Quiescent current Vent = low, Vene = high, loyt2 = OMA 35 A
Vena = high, Vens = high, loyr = OmA 70 110 A
lenp Ground pin current lout1 = lout2 = 200MmA 360 HA
Ishutpown | Shutdown current Veni2 < 0.4V, 2.0V sV 4.5V 2.5 4 A
f=10Hz 80 dB
f = 100Hz 75 dB
PSRR Power-supply rejection ratio Vour = 1.8V f = 1kHz 70 dB
f = 10kHz 70 dB
f = 100kHz 50 dB
Vn Output noise voltage BW = 100Hz to 100kHz, Voyr = 1.8V 48 UVRrms
tsTr Startup time® Cout = L.0pF, loyr = 200mA 100 us
Vi Enable high (enabled) 0.9 Vin \%
Vio Enable low (shutdown) 0 0.4 \%
TLV710, TLV711 0.04 A
len Enable pin current, enabled
TLV710-D, TLV711-D 6 A
UVLO Undervoltage lockout V) rising 1.9 \%
T, Operating junction temperature -40 +125 °C
Shutdown, temperature increasing +165 °C
Tsp Thermal shutdown temperature -
Reset, temperature decreasing +145 °C
(1) Startup time = time from EN assertion to 0.98 X Voyt(nom)-
Copyright © 2010, Texas Instruments Incorporated Submit Documentation Feedback 3



T = 2 Distributor of Texas Instruments: Excellent Integrated System Limited
== = ™= Datasheet of TLV7113030DDSER - IC REG LDO 3V 0.2A 6WSON
oo~ Contact us: sales@integrated-circuit.com Website: www.integrated-circuit.com
- th'll \IL7L1\ ﬂléﬁrsac
e vViAiv \Jbl!\/\) i TEXAS
TLV711 Se”es INSTRUMENTS
SBVS142A —JULY 2010-REVISED AUGUST 2010 www.ti.com
FUNCTIONAL BLOCK DIAGRAM
TLV711 and TLV711-D only\ { 3_4\:
|
|
! =
Bandgap : :
| |
TLV710-D | - F % |
and ! :
TLV711-D 1 1
only : :
l ! UVLO J |
: Current :
I — Limit !
| ermal
- : Shutdown J_ :
— | |
| JE2l . oUT1
Enable [~~~
EN1 and LHJ
Power
EN2 Control r“_j
Logic  f-———, . ouT2
T
150kQ | 11 !
— | Thermal :
= ! Shutdown Current I
IN 0 Limit !
|
UVvVLO |
| ] |
TLV710-D T |
and ; !
TLV711-D I
only : — + % i
|
Bandgap : :
|
| % 120Q
|
: -
TLV711 and TLV711-D only
GND
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PIN CONFIGURATION

DSE PACKAGE
1.5mm x 1.5mm SON-6

(TOP VIEW)
ENT [T} 6| outt
IN |2} '5] ouT2
EN2 |3} T4| GND

PIN DESCRIPTIONS

NAME PIN NO. DESCRIPTION
EN1 1 Enable pin for regulator 1. Driving EN1 over 0.9V turns on regulator 1. Driving EN below 0.4V puts regulator
1 into shutdown mode.
Input pin. A small capacitor is needed from this pin to ground to assure stability. See Input and Output
IN 2 . . . L . . .
Capacitor Requirements in the Application Information section for more details.
EN2 3 Enable pin for regulator 2. Driving EN2 over 0.9V turns on regulator 2. Driving EN2 below 0.4V puts
regulator2 into shutdown mode.
GND 4 Ground pin.
Regulated output voltage pin. A small 1uF ceramic capacitor is heeded from this pin to ground to assure
ouT2 5 stability. See Input and Output Capacitor Requirements in the Application Information section for more
details.
Regulated output voltage pin. A small 1uF ceramic capacitor is needed from this pin to ground to assure
OuUT1 6 stability. See Input and Output Capacitor Requirements in the Application Information section for more
details.
Copyright © 2010, Texas Instruments Incorporated Submit Documentation Feedback 5
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TYPICAL CHARACTERISTICS

Over operating temperature range of T; = —-40°C to +125°C, Ven1 = Ven2 = Viny Cin = 1pF, Couti = 1pF, and Coyr, = 1pF, unless otherwise
noted. Typical values are at T; = +25°C.

LINE REGULATION: Vour1 LINE REGULATION: Vours
(TLV7101828) (TLV7101828)
1.90 2.90
lourt = T0MA loutt = 10MA
1.88 lourz = 10mA 288 lourz = 10mA
1.86 2.86
1.84 2.84
s 182 s 282
5 1.80 5 2.80
O o
> 178 > 278
1.76 — +125°C 2.76 — +125°C ]
1.74 — +85°C || 2.74 — +85°C |
172 :jgg ! 2.72 :iigg !
1.70 ‘ 2.70 ‘
2.1 2.6 3.1 3.6 4.1 4.6 5.1 5.6 3.1 3.6 4.1 4.6 5.1 5.6
Vin (V) Vin (V)
Figure 1. Figure 2.
LINE REGULATION: Vour; LINE REGULATION: Voura
(TLV7101828) (TLV7101828)
1:99 I 200mA 290 I omA
ourt =<00m outt =9Ym
1.88 lorz = OMA 288 lours = 200mA
1.86 2.86
1.84 2.84
s 182 s 282
5 1.80 5 2.80
(] o
> 178 > 278
176 — +125°C ] 2.76 — +125°C ]
1.74 — +85°C | 274 — +85°C |
172 :iigg ! 2.72 :iigg !
1.70 ‘ 2.70 ‘
2.1 2.6 3.1 3.6 4.1 4.6 5.1 5.6 3.1 3.6 4.1 4.6 5.1 5.6
Vin (V) Vin (V)
Figure 3. Figure 4.
LINE REGULATION: Voyt1 LINE REGULATION: Voyt2
(TLV7103333) (TLV7103333)
3.40 3.40
lours = 10MA louts = 10MA
3.38 loura = 10MA 3.38 loute = 10MA
3.36 3.36
3.34 3.34
s 33 s 33
5 3.30 KR ————————————————————————————=
3 3
> 3.28 > 3.28
3.26 — +125°C | 3.26 — +125°C ||
3.24 — +85°C || 3.24 — +85°C |
3.22 :jgg ! 3.22 :iigg !
3.20 ‘ ‘ 3.20 ‘ ‘
36 38 40 42 44 46 48 50 52 54 56 36 38 40 42 44 46 48 50 52 54 56
Vin (V) Vin (V)
Figure 5. Figure 6.
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TYPICAL CHARACTERISTICS (continued)
Over operating temperature range of T; = —40°C to +125°C, Vgn; = Veng = Vine Civ = 1pF, Cours = 1uF, and Coyrp = 1pF,
unless otherwise noted. Typical values are at T; = +25°C.

LINE REGULATION: Voyt1 LINE REGULATION: Voyt2
(TLV7103333) (TLV7103333)
3.40 3.40
louTs = 200mA lours = OMA
3.38 loura = OMA 3.38 louta = 200MA
3.36 3.36
3.34 3.34
s 3.32 s 3.32
5 330 pmmmm———— 5 3.30
3 3
> 3.28 > 3.28
3.26 — +125°C ] 3.26 — +125°C ]
3.24 — +85°C || 3.24 — +85°C |
3.22 :jgg ! 3.22 :iigg !
3.20 ‘ ‘ 3.20 : :
36 38 40 42 44 46 48 50 52 54 56 36 38 40 42 44 46 48 50 52 54 56
Vin (V) Vin (V)
Figure 7. Figure 8.
LINE REGULATION: Voyt1 LINE REGULATION: Voyt2
(TLV7111525) (TLV7111525)
1.60 I oA 2.60
outs = 1UM louts = 1T0MA
1.58 lourz = 10MA 258 loyra = 10mA |
1.56 2.56
1.54 2.54
S 1.52 E 2.52
R — ————— | 5250 Fmmmree———e—————————————
O ]
> 148 > 248
1.46 — +125°C | 2.46 — +125°C ]
1.44 — +85°C | 2.44 — +85°C |
1.42 :figg | 242 ::’igg |
1.40 : 2.40 .
2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 3.0 3.5 4.0 4.5 5.0 5.5
Vin (V) Vin (V)
Figure 9. Figure 10.
LINE REGULATION: Voyt1 LINE REGULATION: VoyT2
(TLV7111525) (TLV7111525)
1.60 I 200 2.60
outt =200m loyr1 = OMA
1.58 Tours = OMA 258 1
1.56 2.56
1.54 2.54
E 1.52 g 2.52
SRR ———— S | 5 2.50
O ]
> 148 > 248
1.46 — +125°CH 2.46 — +125°C ]
1.44 — +85°C | 2.44 — +85°C |l
1.42 :figg | 242 :figg |
1.40 : 2.40 .
2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 3.0 3.5 4.0 4.5 5.0 55
Vin (V) Vin (V)
Figure 11. Figure 12.

Copyright © 2010, Texas Instruments Incorporated Submit Documentation Feedback 7
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TYPICAL CHARACTERISTICS (continued)

Over operating temperature range of T; = —40°C to +125°C, Vgn; = Veng = Vine Civ = 1pF, Cours = 1uF, and Coyrp = 1pF,
unless otherwise noted. Typical values are at T; = +25°C.

LOAD REGULATION: Voury LOAD REGULATION: Vouro
(TLV7101828) (TLV7101828)
1.90 2.90
Vi = 3.3V Vi = 3.3V
1.88 2.88
1.86 2.86
1.84 2.84
S 1.82 S 2.82
5 1.80 5280 p—
= 1.78 = 2.78
1.76 — +125°C ] 2.76 — +125°C ]
1.74 — +85°C ] 2.74 — +85°C ]
172 :iigg ! 272 ::’igg !
1.70 ‘ ‘ 2.70 ‘ ‘
0 20 40 60 80 100 120 140 160 180 200 0 20 40 60 80 100 120 140 160 180 200
lour (MA) lout (MA)
Figure 13. Figure 14.
LOAD REGULATION: Voury LOAD REGULATION: Vouro
(TLV7103333) (TLV7103333)
3.40 3.40
338 Vi = 3.8V 338 V| =3.8V
3.36 3.36
3.34 3.34
S 3.32 S 3.32
g 3.30 —— ’g KKy————————————————— |
> 3.28 > 328
3.26 — +125°C ] 3.26 — +125°C ]
3.24 — +85°C | 3.24 — +85°C |
3.22 :fgg ! 3.22 ::’igg !
3.20 : : 3.20 : :
0 20 40 60 80 100 120 140 160 180 200 0 20 40 60 80 100 120 140 160 180 200
lout (MA) lout (MA)
Figure 15. Figure 16.
LOAD REGULATION: Voyt1 LOAD REGULATION: VoyT2
(TLV7111525) (TLV7111525)
1.60 2.60
Viy = 3.0V Vi = 3.0V
1.58 2.58
1.56 2.56
1.54 2.54
s 1.52 s 2.52
SR BRI — == —————————
>O 1.48 >O 2.48
1.46 — +125°C ] 2.46 — +125°C ]
1.44 — +85°C | 2.44 — +85°C |l
e | e |
1.40 2.40
0 20 40 60 80 100 120 140 160 180 200 0 20 40 60 80 100 120 140 160 180 200
lout (MA) lout (MA)
Figure 17. Figure 18.
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TYPICAL CHARACTERISTICS (continued)
Over operating temperature range of T; = —40°C to +125°C, Vgn; = Veng = Vine Civ = 1pF, Cours = 1uF, and Coyrp = 1pF,
unless otherwise noted. Typical values are at T; = +25°C.

DROPOUT VOLTAGE DROPOUT VOLTAGE
vs INPUT VOLTAGE vs INPUT VOLTAGE
70 T T 120 T T
Vourt = Vourz = 4.8V Vourt = Vourz = 4.8V
60 \ loyT = 50MA 100 loyr = 100mA
50 ~ ) \\\
\ —~—
% 20 \\ % \\
< e = 60
>D 30 >C|
40
20 — +125°C — +125°C
— +85°C — +85°C
10 —s25°C ] 20 —125°C ]
—— —40°C — -40°C
0 ‘ 0 ‘
2.0 2.4 2.8 3.2 3.6 4.0 4.4 4.8 2.0 2.4 2.8 3.2 3.6 4.0 4.4 4.8
Vin (V) Vin V)
Figure 19. Figure 20.
DROPOUT VOLTAGE DROPOUT VOLTAGE
vs INPUT VOLTAGE vs INPUT VOLTAGE
180 ‘ ‘ 250 T T
160 Vourt = Voure = 4.8V Vours = Voure = 4.8V
lout = 150mMA loyt = 200mA
140 =~ 200 ~_
120 \\
< e —— < 150 —
£ 100 £ T~ ]
8 80 3
> > 100
60
— +125°C — +125°C
40 — +85°C || 50 — +85°C |
20 — +25°C || — +25°C
—— —40°C — -40°C
0 ‘ 0 ‘
2.0 2.4 2.8 3.2 3.6 4.0 4.4 4.8 2.0 2.4 2.8 3.2 3.6 4.0 4.4 4.8
Vin (V) Vin V)
Figure 21. Figure 22.
DROPOUT VOLTAGE vs OUTPUT CURRENT: Vour2 DROPOUT VOLTAGE vs OUTPUT CURRENT: Vouri/Vout?
(TLV7101828) (TLV7103333)
200 180
180 160
160 140 yz
140 120 “
< 120 <
2 Z 100
= 100 =
3 8 80
> 80 >
. / 60 —
60 Z — +125°C || 4 — +125°C
40 pZ — +85°C || 40 7 — +85°C ||
20 — +25°C 20 /// — +25°C ||
| — —40°C || ~ — -40°C
0 0
0 20 40 60 80 100 120 140 160 180 200 0 20 40 60 80 100 120 140 160 180 200
lout (MA) lour (MA)
Figure 23. Figure 24.
Copyright © 2010, Texas Instruments Incorporated Submit Documentation Feedback 9
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TYPICAL CHARACTERISTICS (continued)
Over operating temperature range of T; = —40°C to +125°C, Vgn; = Veng = Vine Civ = 1pF, Cours = 1uF, and Coyrp = 1pF,
unless otherwise noted. Typical values are at T; = +25°C.

www.ti.com

Vpo (MV)

2
=
=)
O

>

DROPOUT VOLTAGE vs OUTPUT CURRENT: Vour2

(TLV7111525)
250
200 >
150 //
/ ] —
100 =
?/ — +125°C
50 — +85°C |l
— +25°C
/ — —40°C
0 —
0 20 40 60 80 100 120 140 160 180 200
lour (MA)
Figure 25.
OUTPUT VOLTAGE vs TEMPERATURE: Vout2
(TLV7101828)
2.90 —
088 Vjy =33V |
2.86
2.84
2.82
2.80
2.78
2.76
2.74 — 10mA
— 150mA
2r2 — 200mA ||
2.70 —

-40 -25 -10 5 20 35 50 65 80 95
Junction Temperature (°C)

110 125

Figure 27.

OUTPUT VOLTAGE vs TEMPERATURE: Vourz

(TLV7103333)

3.40 T T
3.38 Vin = 3.8V7
3.36
3.34
3.32
3.30
3.28
3.26
3.24 — 10mA
— 200m |
3.20 L L

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

Junction Temperature (°C)

Figure 29.

Vour (V)

Vour (V)

Vour (V)

OUTPUT VOLTAGE vs TEMPERATURE: Vourt

(TLV7101828)
1.90 T T
1.88 V,N=3.3V7
1.86
1.84
1.82
1.80
1.78
1.76
1.74 — 10mA [
— 2ooma |
1.70 I I
-40 -25 -10 5 20 35 50 65 80 95 110 125
Junction Temperature (°C)
Figure 26.
OUTPUT VOLTAGE vs TEMPERATURE: Vour:
(TLV7103333)
3.40 T T
3.38 ViN =3.8V7
3.36
3.34
3.32
3.30
3.28
3.26
3.24 — 10mA |}
— zo0m |
3.20 L L
-40 -25 -10 5 20 35 50 65 80 95 110 125
Junction Temperature (°C)
Figure 28.
OUTPUT VOLTAGE vs TEMPERATURE: Vour:
(TLV7111525)
1.60 T T
158 V,N=3.0V7
1.56
1.54
1.52
1.50
1.48
1.46
1.44 — 10mA ||
— z00ma |
1.40 L L

-40 -25 -10 5 20 35 50 65 80 95

Junction Temperature (°C)

110 125

Figure 30.
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TYPICAL CHARACTERISTICS (continued)
Over operating temperature range of T; = —40°C to +125°C, Vgn; = Veng = Vine Civ = 1pF, Cours = 1uF, and Coyrp = 1pF,
unless otherwise noted. Typical values are at T; = +25°C.

OUTPUT VOLTAGE vs TEMPERATURE: Voyt2 GROUND PIN CURRENT vs INPUT VOLTAGE: lo1
(TLV7111525) (TLV7101828)
2.60 T T 50 T
2.58 Vin = 3.0V — 45 V) = 3.3V |
2.56 40
2.54 35— e e —
— 252 = 30
s 25 SO . —
5 250 < 25
] z
> 248 £ 20
246 15 — +125°C N
2.44 —10mA ] 10 — +85°C ]
— 150mA — +25°C
242 — 200mA || 5 — _40°C ||
2.40 ! ‘ 0 ‘
-40 25 -10 5 20 35 50 65 80 95 110 125 2.1 2.6 3.1 3.6 44 4.6 5.1 5.6
Junction Temperature (°C) Vin (V)
Figure 31. Figure 32.
GROUND PIN CURRENT vs INPUT VOLTAGE: lg2 GROUND PIN CURRENT vs INPUT VOLTAGE: lo1
(TLV7101828) (TLV7103333)
50 50
45 45
40 40
35 35
< 30 < 30
= =
- 25 s 25
£ 20 £ 20
15 — +125°C | 15 — +125°C ]
10 — +85°C | 10 — +85°C ]
5 — +25°C 5 — +25°C
—— ~40°C || — -40°C ]
0 ‘ 0 ‘
3.1 3.6 44 4.6 5.1 5.6 3.6 4.0 4.4 4.8 5.2 5.6
VIN (V) VIN (V)
Figure 33. Figure 34.
GROUND PIN CURRENT vs INPUT VOLTAGE: lg2 GROUND PIN CURRENT vs INPUT VOLTAGE: lo1
(TLV7103333) (TLV7111525)
50 50
45 45
40 40 E— —
/ —
35 35 — — |
/ /
< 30 < 30
= = | —
2 25 s 25
£ 20 £ 20
15 — +125°C | 15 — +125°C ]
10 — +85°C | 10 — +85°C ||
5 — +25°C 5 — +25°C
—— ~40°C || — -40°C ]
0 ‘ 0 ‘
3.6 4.0 4.4 4.8 5.2 5.6 2.1 2.6 3.1 3.6 44 4.6 5.1 5.6
VIN (V) VIN (V)
Figure 35. Figure 36.
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TYPICAL CHARACTERISTICS (continued)

Over operating temperature range of T; = —40°C to +125°C, Vgn; = Veng = Vine Civ = 1pF, Cours = 1uF, and Coyrp = 1pF,
unless otherwise noted. Typical values are at T; = +25°C.

GROUND PIN CURRENT vs INPUT VOLTAGE: lg2 GROUND PIN CURRENT vs LOAD: lo1
(TLV7111525) (TLV7101828)
50 350 1 T
45 Vi =3.3V
300
40 — /
35 250 é
g 30 < 200 ,/
< 25 2 /
5 o 5 150 /
15 — +125°C ] 100 — +125°C
10 — +85°C | — +85°C
5 — +25°C 50 — +25°C
—— —40°C || — -40°C
0 I 0 : -
2.8 3.2 3.6 4.0 4.4 4.8 5.2 5.6 0 20 40 60 80 100 120 140 160 180 200
Vin (V) lout (MA)
Figure 37. Figure 38.
GROUND PIN CURRENT vs LOAD: lg2 GROUND PIN CURRENT vs LOAD: lo1
(TLV7103333) (TLV7111525)
350 T T 350 T T
Vi = 3.8V Viy = 3.0V
300 300
250 = 250 e —
< 200 == < 200 ==
2 ~ 2 =
= // - %%
5 150 Z % 150 =
100 — +125°C ] 100 — +125°C
— +85°C — +85°C
50 — +25°C 50 — +25°C
— -40°C — —40°C
0 ‘ ‘ 0 ‘ ‘
0 20 40 60 80 100 120 140 160 180 200 0 20 40 60 80 100 120 140 160 180 200
lout (MA) lout (MA)
Figure 39. Figure 40.
SHUTDOWN CURRENT vs INPUT VOLTAGE SHUTDOWN CURRENT vs INPUT VOLTAGE
(TLV7101828) (TLV7103333)
4.0 4.0
35 35

3.0 / 3.0
/ 25 //

_ 25 —
<
=] =
2z 20 z 20
- 15 - 15
| — +125°C — +125°C
1. / * 1 1. 1
0 — +85°C 0 — +85°C
5 — +25°C |] 5 — +25°C |
—— —40°C — -40°C
0 ‘ 0 ‘
2.0 25 3.0 35 4.0 45 5.0 5.5 2.0 25 3.0 35 4.0 45 5.0 55
Vin (V) Vin V)
Figure 41. Figure 42.
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TYPICAL CHARACTERISTICS (continued)
Over operating temperature range of T; = —40°C to +125°C, Vgn; = Veng = Vine Civ = 1pF, Cours = 1uF, and Coyrp = 1pF,
unless otherwise noted. Typical values are at T; = +25°C.

SHUTDOWN CURRENT vs INPUT VOLTAGE CURRENT LIMIT vs INPUT VOLTAGE: ¢ 1
(TLV7111525) (TLV7101828)
4.0 500 :
— +125°C
83 ] 480 — +85°C ||
460 — +25°C ]
3.0
/ 440 — -40°C |
_ 25
El / / / < 420
2 20 € 400 —
b 15 —— — 3 250 R———F——1
10 == | — +125°C 360 ——
0 = H —
— +85°C 340 —
° e | %20
0 ‘ 300
2.0 25 3.0 3.5 4.0 45 5.0 55 2.1 2.6 3.1 3.6 4.1 4.6 5.1 5.6
Vin (V) Vin V)
Figure 43. Figure 44.
CURRENT LIMIT vs INPUT VOLTAGE: I¢i» CURRENT LIMIT vs INPUT VOLTAGE: ¢ 1
(TLV7101828) (TLV7103333)
500 : 500 :
480 — +125°C |} 480 — +125°C ||
—— +85°C — +85°C
460 — +25°C |} 460 — +25°C |}
440 — -40°C |l 440 — -40°C ]
z 420 g 420
E 400 —— E 400
= R ——— = E——
—= 380 —— —= 380
360 360
I —
340 340
320 320
300 300
3.1 3.6 4.1 46 5.1 5.6 3.6 4.0 4.4 4.8 5.2 5.6
VIN (V) VIN (V)
Figure 45. Figure 46.
CURRENT LIMIT vs INPUT VOLTAGE: I¢i» CURRENT LIMIT vs INPUT VOLTAGE: ¢ 1
(TLV7103333) (TLV7111525)
500 : 500
— +125°C — +125°C
480 —+85°C || 480 — +85°C
460 —— +25°C | 460 — +25°C
440 — -40°C |l 440 — -40°C
420 z 420 —]
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Vin (V) Vin V)
Figure 47. Figure 48.
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TYPICAL CHARACTERISTICS (continued)
Over operating temperature range of T; = —40°C to +125°C, Vgn; = Veng = Vine Civ = 1pF, Cours = 1uF, and Coyrp = 1pF,

unless otherwise noted. Typical values are at T; = +25°C.

CURRENT LIMIT vs INPUT VOLTAGE: I¢ >

(TLV7111525)
500
— +125°C
480 — +85°C
460 — +25°C
440 — -40°C
\
— =]
z 420
E 400
=
- 380
= —
360
340
320
300
28 31 34 37 40 43 46 49 52 55
Vin (V)
Figure 49.
POWER-SUPPLY RIPPLE REJECTION vs FREQUENCY POWER-SUPPLY RIPPLE REJECTION vs FREQUENCY
(TLV7101828) (TLV7103333)
100 100
% ‘ ‘ H ‘ ‘ loury = 30mA 90 lourz = 30mA loury = 30mA
Ay louta = 30MA Viy =33V Vi = 3.8V
g W | lour2 Vour = 2.8V g0 [y - Vour = 3.3V
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70 ol :\ 70 bl | LN
& \\\____/—..\ &
g loute = 150MA \\ N ) g € louts = 150MA \
T 50 R R~ € 50 ~—/
N I
P 40 =t I D 40 N
30 30
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10 10
0 0
10 100 1k 10k 100k 1LY 10M 10 100 1k 10k 100k 1M 10M
Frequency (Hz) Frequency (Hz)
Figure 50. Figure 51.
POWER-SUPPLY RIPPLE REJECTION vs FREQUENCY OUTPUT SPECTRAL NOISE DENSITY
(TLV7111525) vs FREQUENCY (TLV7101828)
100 T o somA = 1 V= 3.3V
= m. ouTt — T IN =%
90 |'out2 M‘ V) = 3.0V % ” Voure = 2.8V
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% 60 (=)
T 50 N 8 04 L
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L 40 5
30 s
2 o0t
20 a
3
10 2
0 © 0.001
10 100 1k 10k 100k 1LY 10M 10 100 1k 10k 100k 1M 10M
Frequency (Hz) Frequency (Hz)
Figure 52. Figure 53.
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TYPICAL CHARACTERISTICS (continued)
Over operating temperature range of T; = —40°C to +125°C, Vgn; = Veng = Vine Civ = 1pF, Cours = 1uF, and Coyrp = 1pF,
unless otherwise noted. Typical values are at T; = +25°C.

OUTPUT SPECTRAL NOISE DENSITY OUTPUT SPECTRAL NOISE DENSITY
vs FREQUENCY (TLV7103333) vs FREQUENCY (TLV7111525)
10 — _ 10
E == V) = 3.8V E Vi = 3.0V
2 ow \ Vours = 3.3V Z Vour = 1.8V
= | loyte = 30MA = louts = 30MmA
z 1 E
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.g 0.1 .g 0.1 ==
(=} o
4 z
s g
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2 0.01 2 001
%] 7]
=1 =]
= =
= =
© o.001 © 0.001
10 100 1k 10k 100k ™ 10M 10 100 1k 10k 100k 1M 10M
Frequency (Hz) Frequency (Hz)
Figure 54. Figure 55.
LINE TRANSIENT RESPONSE LINE TRANSIENT RESPONSE
Vout1 = 1.2V, Voyr2 = 1.2V Vour: = 1.2V, Voyr2 = 1.2V
3.0V Slew Rate = 1V/us 5.5V Slew Rate = 1V/us
1V/div \ . lour=30mAY4 i lor = 30mA
2.0V Vin 2V/div 2.0V Viy
5mV/div
Vour1 5mV/div Vour
- _ At
5mV/div o & Vourz 5mV/div Vourz
e e
Time (200us/div) Time (200us/div)
Figure 56. Figure 57.
LINE TRANSIENT RESPONSE LINE TRANSIENT RESPONSE
VOUTl =18V, VOUT2 =2.8V VOUTl =1.8V, VOUT2 =2.8V
; Slew Rate = 1V/us 5.5V Slew Rate = 1V/us
; lour = 30MA A lout = 30MA
aav i o,orER Greee)
1V/div 3.3V Vin 1V/div 33V | Viy
h 5mV/di
5mV/div Vourt mV/div 3 \,/ET_
5mV/din Y i o  a o w [ e M ow o w e VOUT2 5mV/div . % VOUT2
Time (200us/div) Time (200us/div)
Figure 58. Figure 59.
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TYPICAL CHARACTERISTICS (continued)
Over operating temperature range of T; = —40°C to +125°C, Vgn; = Veng = Vine Civ = 1pF, Cours = 1uF, and Coyrp = 1pF,
unless otherwise noted. Typical values are at T; = +25°C.

LINE TRANSIENT RESPONSE
VOUTl = 4.8V, VOUT2 =4.8V

: Slew Rate = 1V/us
BBV ..} R ‘I‘OU‘T‘% 307'7’5“
1V/div 5.3V Vin
5mV/div Vours
SMV/div <o dee b Vg
Time (200us/div)
Figure 60.
LOAD TRANSIENT RESPONSE AND CROSSTALK LOAD TRANSIENT RESPONSE AND CROSSTALK
Vour: = 1.2V, Voyrz = 1.2V Vout1 = 1.2V, Voure = 1.2V
200mA Slew Rate = 1\//us Slew Rate = 1V/us
- V= 2.0V ~ 200mA Vi = 2.0V -
o . j i
100mA/div OmA lours 100mA/div ‘. 50mA oy
50mV/div ouTi 50mV/div e Vours
ol )
10mV/div : S o Vourz 10mV/div : : : : Vourz
Time (50us/div) Time (50us/div)
Figure 61. Figure 62.
LOAD TRANSIENT RESPONSE AND CROSSTALK LOAD TRANSIENT RESPONSE AND CROSSTALK
Vour: = 1.8V, Voyrz = 2.8V Vour: = 1.8V, Voyrz = 2.8V
206mA Slew Rate = 1V/us ‘ - 200mA Slew Rate = 1V/us
Vi =3.3V | ‘ ’ | Vjy = 3.3V
100mA/div. - - - ] , lsOmA : louts
100mA/div omA louta
50mV/div Vours 20mV/div I \\ Vourz
s
Vourz '/
j &
50mV/div
Time (50us/div) Time (50us/div)
Figure 63. Figure 64.
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TYPICAL CHARACTERISTICS (continued)

Over operating temperature range of T; = —40°C to +125°C, Vgn; = Veng = Vine Civ = 1pF, Cours = 1uF, and Coyrp = 1pF,
unless otherwise noted. Typical values are at T; = +25°C.

LOAD TRANSIENT RESPONSE AND CROSSTALK LOAD TRANSIENT RESPONSE AND CROSSTALK
Vour: = 4.8V, Vout2 = 4.8V Vouri = 4.8V, Vour2 = 4.8V
: Slew Rate = 1V/us 200mA Slew Rate = 1V/us
: Vj = 5.3V Vi = 5.3V
200mA- . wullo i ;
100mA/div omA  loun 50mA/div 50mA Iyt
50mV/div vy 50mV/div b Vours
e R — ouT —rt l e =
5mV/div % o 0l : i - Vourz §my/d|v I o ‘“_nVOtJIZ
Time (50us/div) Time (50us/div)
Figure 65. Figure 66.
Vin RAMP UP, RAMP DOWN RESPONSE Vin RAMP UP, RAMP DOWN RESPONSE
Vour1 = 1.2V, Voyr2 = 1.2V Vour: = 1.8V, Voyr2 = 2.8V
i lOLJT = 30mA ! IOLJT = 30mA
VlN/VEN V|N/VEN
//\ R //’h"‘w\
/ \\ A N

1V/div ’/ \ 1V/div ’ / VO‘rUTZ \\\
/ Vours \
VouriVourz AN

' 4 \\ /
L/ NG 21

Time (200ms/div) Time (200ms/div)
Figure 67. Figure 68.

Vi RAMP UP, RAMP DOWN RESPONSE
VOUTl =4.8V, VOUT2 =4.8V

lor = 30mA

VinVen
N
/;4\

/ N

1V/div / VouriVourz \

Time (200ms/div)
Figure 69.
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APPLICATION INFORMATION

The TLV710 and TLV711 series of devices belong to
a new family of next generation, value LDO
regulators. These devices consume low quiescent
current and deliver excellent line and load transient
performance. These features, combined with low
noise, very good PSRR with little (V\y to Vour)
headroom, make these devices ideal for RF portable
applications. This family of LDO regulators offers
current limit and thermal protection, and is specified
from —40°C to +125°C.

INPUT AND OUTPUT CAPACITOR
REQUIREMENTS

1.0uF X5R- and X7R-type ceramic capacitors are
recommended because they have minimal variation
in value and equivalent series resistance (ESR) over
temperature.

However, the TLV710 and TLV711 are designed to
be stable with an effective capacitance of 0.1uF or
larger at the output. Thus, the device would also be
stable with capacitors of other dielectrics, as long as
the effective capacitance under operating bias
voltage and temperature is greater than 0.1uF. This
effective capacitance refers to the capacitance that
the device sees under operating bias voltage and
temperature conditions (that is, the capacitance after
taking bias voltage and temperature derating into
consideration.)

In addition to allowing the use of cost-effective
dielectrics, these devices also enable using smaller
footprint capacitors that have a higher derating in
size-constrained applications.

Note that using a 0.1uF rating capacitor at the output
of the LDO regulator does not ensure stability
because the effective capacitance under operating
conditions would be less than 0.1uF. The maximum
ESR should be less than 200mQ.

Although an input capacitor is not required for
stability, it is good analog design practice to connect
a 0.1uF to 1.0uF low ESR capacitor across the IN
and GND pins of the regulator. This capacitor
counteracts reactive input sources and improves
transient response, noise rejection, and ripple
rejection. A higher-value capacitor may be necessary
if large, fast-rise-time load transients are anticipated,
or if the device is not located near the power source.
If source impedance is more than 2Q, a 0.1uF input
capacitor may be necessary to ensure stability.

BOARD LAYOUT RECOMMENDATIONS TO
IMPROVE PSRR AND NOISE PERFORMANCE

Input and output capacitors should be placed as
close to the device pins as possible. To improve ac
performance such as PSRR, output noise, and
transient response, it is recommended that the board
be designed with separate ground planes for V,y and
Vout, With the ground plane connected only at the
GND pin of the device. In addition, the ground
connection for the output capacitor should be
connected directly to the GND pin of the device. High
ESR capacitors may degrade PSRR.

INTERNAL CURRENT LIMIT

The TLV710 and TLV711 internal current limits help
protect the regulator during fault conditions. During
current limit, the output sources a fixed amount of
current that is largely independent of output voltage.
In such a case, the output voltage is not regulated,
and is Vour = lumit X RLoap-

The PMOS pass transistor dissipates (Vv — Vour) X
[ymir until thermal shutdown is triggered and the
device is turned off. As the device cools down, it is
turned on by the internal thermal shutdown circuit. If
the fault condition continues, the device cycles
between current limit and thermal shutdown. See the
Thermal Information section for more details. The
PMOS pass element in the TLV710 and TLV711 has
a built-in body diode that conducts current when the
voltage at OUT exceeds the voltage at IN. This
current is not limited, so if extended reverse voltage
operation is anticipated, external limiting to 5% of
rated output current is recommended.

SHUTDOWN

The enable pin (EN) is active high. The device is
enabled when EN pin goes above 0.9V. This
relatively lower value of voltage needed to turn the
LDO regulator on can be used to enable the device
with the GPIO of recent processors whose GPIO
voltage is lower than traditional microcontrollers.

The device is turned off when the EN pin is held at
less than 0.4V. When shutdown capability is not
required, the EN pin can connected to the IN pin.

The TLV711 has internal pull-down circuitry that
discharges output with a time constant of:

120 - R,
120 + R,

ouT

Where:
R, = load resistance
Cout = output capacitor Q)
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DROPOUT VOLTAGE

The TLV710 and TLV711 use a PMOS pass
transistor to achieve low dropout. When (V\y — VouT)
is less than the dropout voltage (Vpo), the PMOS
pass device is in the linear region of operation and
the input-to-output resistance is the Rpgn) Of the
PMOS pass element. Vpo scales approximately with
the output current because the PMOS device
behaves as a resistor in dropout.

As with any linear regulator, PSRR and transient
response are degraded as (V\y — Vout) approaches
dropout.

TRANSIENT RESPONSE

As with any regulator, increasing the size of the
output capacitor reduces over/undershoot magnitude
but increases duration of the transient response.

The TLV710 and TLV711 each have a dedicated
Vger- Consequently, crosstalk from one channel to
the other as a result of transients is close to 0V.

UNDERVOLTAGE LOCKOUT (UVLO)

The TLV710 and TLV711 use an undervoltage
lockout circuit to keep the output shut off until the
internal circuitry is operating properly.

THERMAL INFORMATION

Thermal protection disables the output when the
junction temperature rises to approximately +165°C,
allowing the device to cool. When the junction
temperature cools to approximately +145°C, the
output circuitry is again enabled. Depending on power
dissipation, thermal resistance, and ambient
temperature, the thermal protection circuit may cycle
on and off. This cycling limits the dissipation of the
regulator, protecting it from damage as a result of
overheating.

Any tendency to activate the thermal protection circuit
indicates excessive power dissipation or an
inadequate heatsink. For reliable operation, junction
temperature should be limited to +125°C maximum.
To estimate the margin of safety in a complete design
(including  heatsink), increase the  ambient
temperature until the thermal protection is triggered,;

use worst-case loads and signal conditions. For good
reliability, thermal protection should trigger at least
+35°C above the maximum expected ambient
conditon of the particular application. This
configuration produces a worst-case junction
temperature of +125°C at the highest expected
ambient temperature and worst-case load.

The internal protection circuitry of the TLV710 and
TLV711 has been designed to protect against
overload conditions. It was not intended to replace
proper heatsinking. Continuously running the
TLV710/ TLV711 into thermal shutdown degrades
device reliability.

POWER DISSIPATION

The ability to remove heat from a die is different for
each package type, presenting different
considerations in the printed circuit board (PCB)
layout. The PCB area around the device that is free
of other components moves the heat from the device
to the ambient air.

Performance data for the TLV710 evaluation module
(EVM) are shown in Table 1. The EVM is a 2-layer
board with 2 ounces of copper per side. The
dimension and layout are shown in Figure 70 and
Figure 71. Using heavier copper increases the
effectiveness of removing heat from the device. The
additon  of plated through-holes in the
heat-dissipating layer also improves the heatsink
effectiveness. Power dissipation depends on input
voltage and load conditions.

Power dissipation (Pp) is equal to the product of the
output current and the voltage drop across the output
pass element, as shown in Equation 2:

Po = (Vin — Vour) * lour 2

PACKAGE MOUNTING

Solder pad footprint recommendations for the TLV710
and TLV711 are available from the Texas Instruments
Web site at www.ticom. The recommended land
pattern for the DSE (SON-6) package is shown in
Figure 72.

Table 1. TLV710 EVM Dissipation Ratings

PACKAGE RoJa Tp < +25°C T = +70°C Tp = +85°C
DSE 170°C/W 585mwW 320mw 235mwW
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Figure 70. Top Layer
< 33mm >
A
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v
Figure 71. Bottom Layer
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Example Board Layout Example Stencil Design
(Note E)

Note D
_L — r_ 40,5 - _—i r— 4x0,5

1,9 0,3 0,4

Non Solder Mask
Defined Pad

Non Solder Mask

Defined Pad  Solder Mask Opening
(Note F)

Solder Mask Opening
(Note F)

Pad Geometry
(Note C)

Pad Geometry
(Note C)

4206xxx/— xx,/05

NOTES: A. Al linear dimensions are in millimeters.

This drawing is subject to change without notice.

Publication IPC—7351 is recommended for alternate designs.

This package is a QFN that does not have a thermal pad on the board. Refer to Application Note, Quad Flat—Pack

Packages, Texas Instruments Literature No. SCBAO17, SLUA271, and also the Product Data Sheets

for specific thermal information, via requirements, and recommended board layout. These documents are available at

www.ti.com <http: //www.ti.com>.

E. Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Refer to IPC 7525 for stencil design considerations.

F.  Customers should contact their board fabrication site for minimum solder mask web tolerances between signal pads.

ocow

Figure 72. Land Pattern Drawing for DSE (SON-6) Package
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Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
@) Drawing Qty 2 (6) 3) (4/5)
TLV7101828DSER ACTIVE WSON DSE 6 3000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 125 Qw Samples
& no Sh/Br) -
TLV7101828DSET ACTIVE WSON DSE 6 250 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 125 Qw g
& no Sh/Br)
TLV7103318DSER ACTIVE WSON DSE 6 3000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 125 UE
& no Sh/Br) ples
TLV7103318DSET ACTIVE WSON DSE 6 250 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 125 UE Serles
& no Sh/Br) LA
TLV7111225DSER ACTIVE WSON DSE 6 3000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40to 125 BT Samples
& no ShiBr) e
TLV7111225DSET ACTIVE WSON DSE 6 250 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 125 BT S rales
& no SbiBr) P2
TLV7111233DSER ACTIVE WSON DSE 6 3000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 125 TP o
& no SbiBr) ples
TLV7111233DSET ACTIVE WSON DSE 6 250 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 125 TP -
& no Sh/Br) B
TLV7111323DDSER ACTIVE WSON DSE 6 3000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 125 WH Samp.
& no Sh/Br) L
TLV7111323DDSET ACTIVE WSON DSE 6 250 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 125 WH P _
& no Sh/Br)
TLV7111333DDSER ACTIVE WSON DSE 6 3000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 125 YY iy
& no Sh/Br) P2
TLV7111333DDSET ACTIVE WSON DSE 6 250 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 125 YY Serles
& no Sh/Br) ples
TLV7111518DDSER ACTIVE WSON DSE 6 3000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 125 uT Serles
& no Sh/Br) LA
TLV7111518DDSET ACTIVE WSON DSE 6 250 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 125 uTt Samples
& no ShiBr) el
TLV7111533DDSER ACTIVE WSON DSE 6 3000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 125 YD Bamg
& no SbiBr) P
TLV7111533DDSET ACTIVE WSON DSE 6 250 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 125 YD P
& no Sh/Br) P
TLV7111812DSER ACTIVE WSON DSE 6 3000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 125 BS Samples
& no Sh/Br) -
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Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp  Op Temp (°C) Device Marking Samples
@ Drawing Qty @ ® o (5)
TLV7111812DSET ACTIVE WSON DSE 6 250 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 125 BS Samp
& no Sb/Br)
TLV7111830DSER ACTIVE WSON DSE 6 3000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 125 GB B
& no Sh/Br) P
TLV7111830DSET ACTIVE WSON DSE 6 250 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 125 GB Serles
& no Sh/Br) ples
TLV7111833DDSER ACTIVE WSON DSE 6 3000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 125 uQ Serles
& no Sh/Br) LA
TLV7111833DDSET ACTIVE WSON DSE 6 250 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 125 uQ Samples
& no ShiBr) el
TLV7111930DSER ACTIVE WSON DSE 6 3000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 125 Ccv S rales
& no SbiBr) P2
TLV7111930DSET ACTIVE WSON DSE 6 250 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 125 Ccv ——
& no ShiBr) ples
TLV71125125DSER ACTIVE WSON DSE 6 3000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 125 ™ P
& no Sh/Br) 2
TLV71125125DSET ACTIVE WSON DSE 6 250 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 125 ™ Samp.
& no ShiBr) 5
TLV7112525DSER ACTIVE WSON DSE 6 3000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 125 SX Samples
& no Sh/Br) -
TLV7112525DSET ACTIVE WSON DSE 6 250 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 125 SX o
& no Sb/Br) ples
TLV71128518DDSER ACTIVE WSON DSE 6 3000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 125 wv Serles
& no Sh/Br) o
TLV71128518DDSET ACTIVE WSON DSE 6 250 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 125 wv Samples
& no Sh/Br) ]
TLV711285285DDSER ACTIVE WSON DSE 6 3000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 125 uu Samples
& no Sh/Br) -
TLV711285285DDSET ACTIVE WSON DSE 6 250 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 125 V]V] B
& no Sb/Br) P
TLV7113025DSER ACTIVE WSON DSE 6 3000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 125 BR
& no Sh/Br) ples
TLV7113025DSET ACTIVE WSON DSE 6 250 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 125 BR Serles
& no Sh/Br) LA
TLV7113030DDSER ACTIVE WSON DSE 6 3000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 125 ws Samples
& no Sh/Br) -
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Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp  Op Temp (°C) Device Marking Samples
6] Drawing Qty @ ® ® @)

TLV7113030DDSET ACTIVE WSON DSE 6 250 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 125 ws g
& no Sb/Br)

TLV7113318DDSER ACTIVE WSON DSE 6 3000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 125 VW g
& no Sh/Br)

TLV7113318DDSET ACTIVE WSON DSE 6 250 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 125 VW Serles
& no Sh/Br) ple

TLV71133285DDSER ACTIVE WSON DSE 6 3000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 125 YE Serles
& no Sh/Br) P e

TLV71133285DDSET ACTIVE WSON DSE 6 250 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 125 YE R mIEE
& no ShiBr) P &s

TLV7113330DDSER ACTIVE WSON DSE 6 3000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 125 wz S rales
& no SbiBr) p.Es

TLV7113330DDSET ACTIVE WSON DSE 6 250 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 125 wz ——
& no Sh/Br) ple

TLV7113333DDSER ACTIVE WSON DSE 6 3000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 125 RV -
& no Sh/Br) 2

TLV7113333DDSET ACTIVE WSON DSE 6 250 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 125 RV Sammples
& no Sb/Br) -

@ 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.

@ EcoPlan- The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/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 RoHS 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 Sb/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.

Addendum-Page 3
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® There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

© Lead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the finish
value exceeds the maximum column width.

Important Information and Disclaimer: The information provided on this page represents TlI'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 Tl to Customer on an annual basis.

OTHER QUALIFIED VERSIONS OF TLV7101828, TLV7103318 :
« Automotive: TLV7101828-Q1, TLV7103318-Q1

NOTE: Qualified Version Definitions:

o Automotive - Q100 devices qualified for high-reliability automotive applications targeting zero defects

Addendum-Page 4
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TAPE AND REEL INFORMATION

REEL DIMENSIONS TAPE DIMENSIONS

7 +‘ [+ KO |<—P1—>1

R R R T

Reel k |
Diameter
Cavity *I A0 I<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers

t Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE

I 1 I
Q31 Q4 Q3 1 Q4 User Direction of Feed

| & 4 | v

T T
N

Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel A0 BO KO P1 W Pinl
Type |Drawing Diameter| Width | (mm) | (mm) [ (mm) | (mm) | (mm) [Quadrant
(mm) |W1(mm)

TLV7101828DSER WSON DSE 3000 179.0 8.4 1.8 1.8 1.0 4.0 8.0 Q2
TLV7101828DSET WSON DSE 250 179.0 8.4 1.8 1.8 1.0 4.0 8.0 Q2
TLV7103318DSER WSON DSE 3000 179.0 8.4 1.8 1.8 1.0 4.0 8.0 Q2
TLV7103318DSET WSON DSE 250 179.0 8.4 1.8 1.8 1.0 4.0 8.0 Q2
TLV7111225DSER WSON DSE 3000 180.0 8.4 1.83 | 1.83 | 0.89 4.0 8.0 Q2
TLV7111225DSET WSON DSE 250 180.0 8.4 1.83 | 1.83 | 0.89 4.0 8.0 Q2
TLV7111233DSER WSON DSE 3000 180.0 8.4 1.83 | 1.83 | 0.89 4.0 8.0 Q2
TLV7111233DSET WSON DSE 250 180.0 8.4 1.83 | 1.83 | 0.89 4.0 8.0 Q2

TLV7111323DDSER WSON DSE
TLV7111323DDSET WSON DSE
TLV7111333DDSER WSON DSE
TLV7111333DDSET WSON DSE
TLV7111518DDSER WSON DSE
TLV7111518DDSET WSON DSE
TLV7111533DDSER WSON DSE
TLV7111533DDSET WSON DSE
TLV7111812DSER WSON DSE
TLV7111812DSET WSON DSE

3000 179.0 8.4 1.8 1.8 1.0 4.0 8.0 Q2
250 179.0 8.4 1.8 1.8 1.0 4.0 8.0 Q2
3000 179.0 8.4 1.8 1.8 1.0 4.0 8.0 Q2
250 179.0 8.4 1.8 1.8 1.0 4.0 8.0 Q2
3000 179.0 8.4 1.8 1.8 1.0 4.0 8.0 Q2
250 179.0 8.4 1.8 1.8 1.0 4.0 8.0 Q2
3000 179.0 8.4 1.8 1.8 1.0 4.0 8.0 Q2
250 179.0 8.4 1.8 1.8 1.0 4.0 8.0 Q2
3000 180.0 8.4 1.83 | 1.83 | 0.89 4.0 8.0 Q2
250 180.0 8.4 1.83 | 1.83 | 0.89 4.0 8.0 Q2

OO0 (0|00 |00 (0|00 |0 [0
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Device Package|Package|Pins| SPQ Reel Reel A0 BO KO P1 W Pinl
Type |Drawing Diameter| Width | (mm) | (mm) [ (mm) | (mm) | (mm) [Quadrant

(mm) |W1(mm)
3000 180.0 8.4 183 | 1.83 | 0.89 | 4.0 8.0 Q2
250 180.0 8.4 183 | 1.83 | 0.89 | 4.0 8.0 Q2
3000 178.0 8.4 1.7 1.7 095 | 4.0 8.0 Q2
3000 179.0 8.4 1.8 1.8 1.0 4.0 8.0 Q2
250 178.0 8.4 1.7 1.7 0.95 | 4.0 8.0 Q2
250 179.0 8.4 1.8 18 1.0 4.0 8.0 Q2
3000 180.0 8.4 183 | 1.83 | 0.89 | 4.0 8.0 Q2

TLV7111830DSER WSON DSE
TLV7111830DSET WSON DSE
TLV7111833DDSER WSON DSE
TLV7111833DDSER WSON DSE
TLV7111833DDSET WSON DSE
TLV7111833DDSET WSON DSE
TLV7111930DSER WSON DSE

TLV7111930DSET WSON DSE 250 180.0 8.4 1.83 | 1.83 | 0.89 4.0 8.0 Q2
TLV71125125DSER WSON DSE 3000 180.0 8.4 1.83 | 1.83 | 0.89 4.0 8.0 Q2
TLV71125125DSET WSON DSE 250 180.0 8.4 1.83 | 1.83 | 0.89 4.0 8.0 Q2
TLV7112525DSER WSON DSE 3000 179.0 8.4 1.8 1.8 1.0 4.0 8.0 Q2
TLV7112525DSET WSON DSE 250 179.0 8.4 1.8 1.8 1.0 4.0 8.0 Q2

TLV71128518DDSER WSON DSE
TLV71128518DDSER WSON DSE

3000 179.0 8.4 1.8 1.8 1.0 4.0 8.0 Q2
3000 178.0 8.4 17 17 0.95 4.0 8.0 Q2

TLV71128518DDSET WSON DSE 250 178.0 8.4 17 17 0.95 4.0 8.0 Q2
TLV71128518DDSET WSON DSE 250 179.0 8.4 1.8 1.8 1.0 4.0 8.0 Q2
TLV711285285DDSER | WSON DSE 3000 178.0 8.4 1.7 1.7 0.95 4.0 8.0 Q2
TLV711285285DDSER | WSON DSE 3000 179.0 8.4 1.8 1.8 1.0 4.0 8.0 Q2
TLV711285285DDSET | WSON DSE 250 178.0 8.4 1.7 1.7 0.95 4.0 8.0 Q2

TLV711285285DDSET | WSON DSE
TLV7113025DSER WSON DSE
TLV7113025DSET WSON DSE

TLV7113030DDSER WSON DSE
TLV7113030DDSET WSON DSE
TLV7113318DDSER WSON DSE
TLV7113318DDSET WSON DSE

250 179.0 8.4 1.8 1.8 1.0 4.0 8.0 Q2
3000 180.0 8.4 1.83 | 1.83 | 0.89 4.0 8.0 Q2
250 180.0 8.4 1.83 | 1.83 | 0.89 4.0 8.0 Q2
3000 179.0 8.4 1.8 1.8 1.0 4.0 8.0 Q2
250 179.0 8.4 1.8 1.8 1.0 4.0 8.0 Q2
3000 179.0 8.4 1.8 1.8 1.0 4.0 8.0 Q2
250 179.0 8.4 1.8 1.8 1.0 4.0 8.0 Q2

TLV71133285DDSER WSON DSE 3000 179.0 8.4 1.8 1.8 1.0 4.0 8.0 Q2
TLV71133285DDSER WSON DSE 3000 178.0 8.4 1.7 17 0.95 4.0 8.0 Q2
TLV71133285DDSET WSON DSE 250 179.0 8.4 1.8 1.8 1.0 4.0 8.0 Q2
TLV71133285DDSET WSON DSE 250 178.0 8.4 1.7 1.7 0.95 4.0 8.0 Q2

TLV7113330DDSER WSON DSE
TLV7113330DDSER WSON DSE

3000 179.0 8.4 1.8 1.8 1.0 4.0 8.0 Q2
3000 178.0 8.4 1.7 17 0.95 4.0 8.0 Q2

TLV7113330DDSET WSON DSE 250 179.0 8.4 1.8 1.8 1.0 4.0 8.0 Q2
TLV7113330DDSET WSON DSE 250 178.0 8.4 1.7 1.7 0.95 4.0 8.0 Q2
TLV7113333DDSER WSON DSE 3000 178.0 8.4 1.7 1.7 0.95 4.0 8.0 Q2
TLV7113333DDSER WSON DSE 3000 179.0 8.4 1.8 1.8 1.0 4.0 8.0 Q2
TLV7113333DDSET WSON DSE 250 178.0 8.4 1.7 1.7 0.95 4.0 8.0 Q2

[N NN E NN NN N NN Ko N o N No i No i ol Ho i Kol Neo I el Nl o i No i el Nexl Nl N i el el el N i e i el NepJi o) BN e I e I e 2 e BN e BN e I eI i ep)

TLV7113333DDSET WSON DSE 250 179.0 8.4 1.8 1.8 1.0 4.0 8.0 Q2
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*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TLV7101828DSER WSON DSE 6 3000 203.0 203.0 35.0
TLV7101828DSET WSON DSE 6 250 203.0 203.0 35.0
TLV7103318DSER WSON DSE 6 3000 203.0 203.0 35.0
TLV7103318DSET WSON DSE 6 250 203.0 203.0 35.0
TLV7111225DSER WSON DSE 6 3000 202.0 201.0 28.0
TLV7111225DSET WSON DSE 6 250 202.0 201.0 28.0
TLV7111233DSER WSON DSE 6 3000 202.0 201.0 28.0
TLV7111233DSET WSON DSE 6 250 202.0 201.0 28.0
TLV7111323DDSER WSON DSE 6 3000 203.0 203.0 35.0
TLV7111323DDSET WSON DSE 6 250 203.0 203.0 35.0
TLV7111333DDSER WSON DSE 6 3000 203.0 203.0 35.0
TLV7111333DDSET WSON DSE 6 250 203.0 203.0 35.0
TLV7111518DDSER WSON DSE 6 3000 203.0 203.0 35.0
TLV7111518DDSET WSON DSE 6 250 203.0 203.0 35.0
TLV7111533DDSER WSON DSE 6 3000 203.0 203.0 35.0
TLV7111533DDSET WSON DSE 6 250 203.0 203.0 35.0
TLV7111812DSER WSON DSE 6 3000 202.0 201.0 28.0
TLV7111812DSET WSON DSE 6 250 202.0 201.0 28.0
TLV7111830DSER WSON DSE 6 3000 202.0 201.0 28.0
TLV7111830DSET WSON DSE 6 250 202.0 201.0 28.0
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Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TLV7111833DDSER WSON DSE 6 3000 205.0 200.0 33.0
TLV7111833DDSER WSON DSE 6 3000 203.0 203.0 35.0
TLV7111833DDSET WSON DSE 6 250 205.0 200.0 33.0
TLV7111833DDSET WSON DSE 6 250 203.0 203.0 35.0
TLV7111930DSER WSON DSE 6 3000 202.0 201.0 28.0
TLV7111930DSET WSON DSE 6 250 202.0 201.0 28.0
TLV71125125DSER WSON DSE 6 3000 202.0 201.0 28.0
TLV71125125DSET WSON DSE 6 250 202.0 201.0 28.0
TLV7112525DSER WSON DSE 6 3000 203.0 203.0 35.0
TLV7112525DSET WSON DSE 6 250 203.0 203.0 35.0
TLV71128518DDSER WSON DSE 6 3000 203.0 203.0 35.0
TLV71128518DDSER WSON DSE 6 3000 205.0 200.0 33.0
TLV71128518DDSET WSON DSE 6 250 205.0 200.0 33.0
TLV71128518DDSET WSON DSE 6 250 203.0 203.0 35.0
TLV711285285DDSER WSON DSE 6 3000 205.0 200.0 33.0
TLV711285285DDSER WSON DSE 6 3000 203.0 203.0 35.0
TLV711285285DDSET WSON DSE 6 250 205.0 200.0 33.0
TLV711285285DDSET WSON DSE 6 250 203.0 203.0 35.0
TLV7113025DSER WSON DSE 6 3000 202.0 201.0 28.0
TLV7113025DSET WSON DSE 6 250 202.0 201.0 28.0
TLV7113030DDSER WSON DSE 6 3000 203.0 203.0 35.0
TLV7113030DDSET WSON DSE 6 250 203.0 203.0 35.0
TLV7113318DDSER WSON DSE 6 3000 203.0 203.0 35.0
TLV7113318DDSET WSON DSE 6 250 203.0 203.0 35.0
TLV71133285DDSER WSON DSE 6 3000 203.0 203.0 35.0
TLV71133285DDSER WSON DSE 6 3000 205.0 200.0 33.0
TLV71133285DDSET WSON DSE 6 250 203.0 203.0 35.0
TLV71133285DDSET WSON DSE 6 250 205.0 200.0 33.0
TLV7113330DDSER WSON DSE 6 3000 203.0 203.0 35.0
TLV7113330DDSER WSON DSE 6 3000 205.0 200.0 33.0
TLV7113330DDSET WSON DSE 6 250 203.0 203.0 35.0
TLV7113330DDSET WSON DSE 6 250 205.0 200.0 33.0
TLV7113333DDSER WSON DSE 6 3000 205.0 200.0 33.0
TLV7113333DDSER WSON DSE 6 3000 203.0 203.0 35.0
TLV7113333DDSET WSON DSE 6 250 205.0 200.0 33.0
TLV7113333DDSET WSON DSE 6 250 203.0 203.0 35.0
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MECHANICAL DATA
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NOTES: A. Al linear dimensions are in millimeters.

B. This drawing is subject to change without notice.

C.  Small Qutline No—Lead (SON) package configuration.
D

This package is lead—free.
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NOTES: A. All linear dimensions are in millimeters.

B. This drawing is subject to change without notice.

C. Publication IPC-7351 is recommended for alternate designs.

D. Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Refer to IPC 7525 for stencil design considerations.

E.  Customers should contact their board fabrication site for solder mask tolerances.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESD48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent TlI deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

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

TI does not 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 relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license 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 TI under the patents or other intellectual property of TI.

Reproduction of significant portions 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. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

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

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Ill (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, TI will not be responsible for any failure to meet ISO/TS16949.

Products Applications
Audio www.ti.com/audio Automotive and Transportation  www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom  www.ti.com/communications

Data Converters
DLP® Products

DSP

Clocks and Timers
Interface

Logic

Power Mgmt
Microcontrollers
RFID

OMAP Applications Processors
Wireless Connectivity

dataconverter.ti.com

www.dlp.com

dsp.ti.com
www.ti.com/clocks

interface.ti.com

logic.ti.com

power.ti.com
microcontroller.ti.com

www.ti-rfid.com
www.ti.com/omap

Computers and Peripherals
Consumer Electronics
Energy and Lighting
Industrial

Medical

Security

Space, Avionics and Defense
Video and Imaging

TI E2E Community

www.ti.com/wirelessconnectivity

www.ti.com/computers

www.ti.com/consumer-apps

www.ti.com/energy
www.ti.com/industrial

www.ti.com/medical

www.ti.com/security
www.ti.com/space-avionics-defense

www.ti.com/video

e2e.ti.com
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