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2-A, 6-lVgys, RF, LDO Voltage Regulator

Check for Samples: TPS7A8300

FEATURES

e Ultralow Dropout: 125 mV Maximum at 2 A
e Output Voltage Noise: 6 UWVWgrus
e Power-Supply Ripple Rejection:
— 40dB at 1 MHz
e Input Voltage Range:
— Without BIAS: +1.4V to +6.5V
— With BIAS: +1.1Vto +6.5V
e Two Output Voltage Modes:

— ANY-OUT™ Version (User-Programmable
Output via PCB Layout):

— No External Resistor or Feed-Forward
Capacitors Required

— Output Voltage Range: +0.8 Vto 3.95 V
— Adjustable Version:
— Output Voltage Range: +0.8 Vto 5.0V

e 1.0% Accuracy Over Line, Load, and
Temperature

e Stable with a 22-uF Output Ceramic Capacitor
e Programmable Soft-Start and Power-Good
(PG) Output
e Available Packages:
— 5-mm x 5-mm QFN-20
— 3,5-mm x 3,5-mm QFN-20

@ 3,5-mm x 3,5-mm QFN-20 package is product-preview.

APPLICATIONS

* RF, IF Components: VCO, ADC, DAC, LVDS

* Wireless Infrastructure: SerDes, FPGA, DSP™
» Test and Measurement

* Instrumentation, Medical, and Audio

DESCRIPTION

The TPS7A8300 is a low-noise (6 HVRrms), low-
dropout voltage regulator (LDO) capable of sourcing
a 2-A load with only 125 mV of maximum dropout.

The TPS7A8300 output voltages are fully user-
adjustable (up to 3.95 V) using a printed circuit board
(PCB) layout without the need of external resistors or
feed-forward capacitors, thus reducing overall
component count. For higher output voltage
applications, the device achieves output voltages up
to 5 V with the use of external resistors. The device
supports very low input voltages (down to 1.1 V) with
the use of an additional BIAS rail.

With very high accuracy (1% over line, load, and
temperature), remote sensing, and soft-start
capabilities to reduce inrush current, the TPS7A8300
is ideal for powering high-current, low-voltage devices
such as high-end microprocessors and field-
programmable gate arrays (FPGAS).

The TPS7A8300 is designed to power-up noise-
sensitive components in high-speed communication
applications. The very low-noise, 6-uVgrys device
output and high broad-bandwidth PSRR (40 dB at
1 MHz) minimizes phase noise and clock jitter in
high-frequency signals. These features maximize
performance of clocking devices, analog-to-digital
converters (ADCs), and digital-to-analog converters
(DACs).

For applications where positive and negative low-
noise rails are required, consider Tl's TPS7A33 family
of negative high-voltage, ultralow-noise linear
regulators.

TPS7A8300
RF LDO

7 ave

TPS7A33
Negative-Voltage
Regulator

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.

ANY-OUT, DSP, PowerPAD are trademarks of Texas Instruments.
All other trademarks are the property of their respective owners.

UNLESS OTHERWISE NOTED this document contains
PRODUCTION DATA information current as of publication date.
Products conform to specifications per the terms of Texas
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.
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This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled with
A 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®
PRODUCT DESCRIPTION

YYY is the package designator.
Z is the package quantity.

TPS7A8300YYYZ

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

ABSOLUTE MAXIMUM RATINGS®
Over operating free-air temperature range, unless otherwise noted.

VALUE
MIN MAX UNIT

IN, BIAS, PG, EN -0.3 +7.0 \%

IN, BIAS, PG, EN (5% duty cycle) -0.3 +7.5 \
Voltage SNS, OUT -0.3 Vp+03@ Y,

NR/SS, FB -0.3 +3.6 \%

50 mV, 100 mV, 200 mV, 400 mV, 800 mV, 1.6 V -0.3 Vouyt + 0.3 \%

ouT Internally limited A
Current ; : -

PG (sink current into device) 5 mA

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

Storage, Tsyg -55 +150 °C
Electrostatic discharge (ESD) Human body model (HBM), JESD22-A114A 2 kv
rat|ngs(3) Charged device model (CDM), JESD22-C101B.01 500 \%

(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 may affect device reliability.

(2) The absolute maximum rating is Viy + 0.3 V or +7.0 V, whichever is smaller.

(3) ESD testing is performed according to the respective JESD22 JEDEC standard.

THERMAL INFORMATION

TPS7A8300
THERMAL METRIC® RGW (QFN) UNITS
20 PINS

03a Junction-to-ambient thermal resistance 35.7
8ictop Junction-to-case (top) thermal resistance 33.6
038 Junction-to-board thermal resistance 15.2 CIW
Wit Junction-to-top characterization parameter 0.4
Wig Junction-to-board characterization parameter 154
B3chot Junction-to-case (bottom) thermal resistance 3.8

(1) For more information about traditional and new thermal metrics, see the IC Package Thermal Metrics application report, SPRA953A.
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ELECTRICAL CHARACTERISTICS

Over operating temperature range (T; = —40°C to +125°C), {1.1V<V,y<1.4Vand 3.0V £ Vgas<6.5V}or{V, =14V and
Veias 0pent®, Viy 2 Vourrarcen + 0.3 V@, Vourrarcen = 0.8 V, OUT connected to 50 Q to GND®, Vgy = 1.1V, Coyr =

22 YF, Cyriss = 0 nF, C = 0 nF, and PG pin pulled up to V,, with 100 kQ, unless otherwise noted.

Typical values are at T; = +25°C.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Vin Input supply voltage range 11 6.5 \%
Veias Bias supply voltage range® 3.0 6.5
V(rer) Reference voltage Vrer) = Vire) = Vinriss) 0.8 \
Vuviowanyy  Input supply UVLO with BIAS Vn increasing 1.02 1.085 \%
VHys1(n) VuvLoaqny hysteresis 320 mv
Vyviozgny — Input supply UVLO without BIAS | V) increasing 1.31 1.39 \%
Vhys2(n) Vuvrozqny hysteresis 253 mV
Vuvio@ias) Bias supply UVLO Vgias increasing 2.83 2.9 \%
Vhvseias)  Vuvioias) hysteresis 290 mv
Using voltage setting pins (50 mV, 100 mV, 200 mV,
0.8 -1.0% 3.95 + 1.0% \%
Output voltage range 400 mV, 800 mV, and 1.6 V)
Vour Using external resistors 0.8 - 1.0% 5.0+ 1.0% \
0.8V<Vour<5V,5mA<Igur<2A -1.0 +1.0 %
Output voltage accuracy®®)
Vin=15V,Vour=12V,5mA<Igyr< 1.2 A -1.0 +1.0 %
AVoavyy Line regulation lour=5mA,1.4V<V 65V 0.003 %IV
AVoaio) Load regulation S5mMA<Ioyr£2A 0.0001 %IA
Vin 2 1.4V and Vgias open, 0.8V <Vgoyr 5.0V,
lour = 2 A, Vgg = 0.8 V — 3% 2001 mv
Voo Dropout voltage
Vin=1.1V, Vgas=5.0V, 125 mV
Vourtarcer) = 0.8 V, loyr =2 A, Vg = 0.8V - 3%
o Vour forced at 0.9 x V,
I Output current limit ouT OUT(TARGET): 2.1 3.4 4.2 A
(L) P Vin = Vourrareer) + 300 mV
Minimum load, 2.8 4 mA
Vin = 6.5V, no Vgias supply, loyr =5 mA
. Maximum load, 3.7 5 mA
lienp) GND pin current Vi = 1.4V, N0 Vgias SUPPlY, lour = 2 A
Shutdown, PG = (open), 25 MA
Vin = 6.5V, no Vgias supply, Vigny = 0.5V
len) EN pin current Vin = 6.5V, no Vgas supply, Veny =0V and 6.5V -0.1 0.1 MA
" Vin=11V, Vgas=6.5YV,
| BIAS pin current 2.3 35 mA
BIAS) P Voutrarcer) = 0.8V, loyr =2 A
EN pin low-level input voltage
Vien (disable device) 0 05 v
EN pin high-level input voltage
Vinen) (enable device) 11 65 v

(1) BIAS supply is required when the V)\ supply is below 1.4 V. Conversely, no BIAS supply is needed when the Vy supply is higher than
orequalto 1.4 V.

(2) Vour(rarceT) is the calculated Voyr target value from the output voltage setting pins: 50 mV, 100 mV, 200 mV, 400 mV, 800 mV, and
1.6 V in a fixed configuration. In an adjustable configuration, Vourtarcer) iS the expected Voyt value set by the external feedback
resistors.

(3) This 50-Q load is disconnected when the test conditions specify an Igyt value.

(4) When the device is connected to external feedback resistors at the FB pin, external resistor tolerances are not included.

(5) The device is not tested under conditions where V|y > Voyt + 2.5 V and lgyt = 2 A, because the power dissipation is higher than the
maximum rating of the package. Also, this accuracy specification does not apply on any application condition that exceeds the power
dissipation limit of the package under test.
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ELECTRICAL CHARACTERISTICS (continued)

Over operating temperature range (T; = —40°C to +125°C), {1.1V<V,y<1.4Vand 3.0V £ Vgas<6.5V}or{V, =14V and
Veias 0pent®, Viy 2 Voyrrareen + 0.3 V@, Vourrarcen = 0.8 V, OUT connected to 50 Q to GND®), Vgy = 1.1V, Coyr =
22 YF, Cyriss = 0 nF, C = 0 nF, and PG pin pulled up to V,, with 100 kQ, unless otherwise noted.

Typical values are at T; = +25°C.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Viteo) PG pin threshold For the direction PG| with decreasing Voyr 0.82 Vour 0\'/872 0.93 Vour \Y
ouT
Viys(Pa) PG pin hysteresis For PG? 0.02 Vout \%
VoLre) PG pin low-level output voltage Vour < Viree) Ipg = —1 MA (current into device) 0.4 \%
likg(PG) PG pin leakage current Vout > Virpay Vipe) = 6.5V 1 MA
IiNRisS) NR/SS pin charging current Vnriss = GND, Viy=6.5V 4.0 6.2 9.0 MA
1= FB pin leakage current ViN=6.5V —100 +100 nA
) ) - f=1MHz, Viy=3.8V, Vour =3.3V, loyr = 2 A,
PSRR Power-supply ripple rejection Crmiss = 10 NF, Crr = 10 nF 40 dB
) BW = 10 Hz to 100 kHz, V\y = 1.4 V, Vour = 0.8 V,
Vi, Output noise voltage lour = 1.5 A, Caryss = 10 nF, Cer = 10 nF 6 UVRrms
Shutdown, temperature increasing +160 °C
Tsq Thermal shutdown temperature -
Reset, temperature decreasing +140 °C
T, Operating junction temperature —40 +125 °C
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RGW PACKAGE
5-mm x 5-mm QFN-20

PIN CONFIGURATIONS

RGR PACKAGE®W

(TOP VIEW) 3,5-mm x 3,5-mm QFN-20
(TOP VIEW)
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(1) 3,5-mm x 3,5-mm QFN-20 (RGR) package
is product-preview.
PIN DESCRIPTIONS
NAME PIN NO. DESCRIPTION
50 mV. 100 mV Output voltage setting pins. These pins should be connected to ground or left floating. Connecting these pins to ground
J ! 5,6,7,9, 10, |increases the output voltage by the value of the pin name; multiple pins can be simultaneously connected to GND to
200 mV, 400 mV, . ! - N
11 select the desired output voltage. Leave these pins floating (open) when not in use. See the ANY-OUT Programmable
800 mV, 1.6 V : ’
Output Voltage section for more details.
BIAS 12 BIAS supply voltage pin for the use of 1.1 V £ V| £ 1.4 V and to connect a capacitor between this pin and ground.
EN 14 Enable pin. Driving this pin to logic high enables the device; driving this pin to logic low disables the device. See the
Startup section for more details.
Output voltage feedback pin connected to the error amplifier. Although not required, a 10-nF feed-forward capacitor
EB 3 from FB to OUT (as close to the device as possible) is recommended for low-noise applications to maximize ac
performance. The use of a feed-forward capacitor may disrupt PG (power good) functionality. See the ANY-OUT
Programmable Output Voltage and Adjustable Operation sections for more details.
GND 8,18 Ground pin
IN 15-17 Input supply voltage pin. A 10-pF input ceramic capacitor is required. See the Input Capacitor Requirements section for
more details.
ouT 119. 20 Regulated output pin. A 22-pF or larger ceramic capacitor is required for stability (a 10-yF minimum effective
T capacitance is required). See the Output Capacitor Requirements section for more details.
Active-high power-good pin. An open-drain output indicates when the output voltage reaches 87% of the target. The
PG 4 use of a feed-forward capacitor may disrupt PG (power good) functionality. See the Power-Good section for more
details.
SNS 2 Output voltage sense input pin. Connect this pin only if the ANY-OUT feature is used. See the ANY-OUT
Programmable Output Voltage and Adjustable Operation sections for more details.
Noise-reduction and soft-start pin. Connecting an external capacitor between this pin and ground reduces reference
NR/SS 13 voltage noise and also enables the soft-start function. Although not required, a capacitor is recommended for low-noise
applications to connect a 10-nF capacitor from NR/SS to GND (as close to the device as possible) to maximize ac
performance. See the Noise Reduction and Soft-Start section for more details.
Thermal Pad pad Tl strongly recommends connecting the thermal pad to a large-area ground plane. The thermal pad is internally
connected to GND.
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FUNCTIONAL BLOCK DIAGRAM
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NOTE: 32R = 1.024 MQ (that is, 1R = 3.2 kQ).

Figure 1. Functional Block Diagram
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TYPICAL CHARACTERISTICS

AtT;=+25°C, {11V <V, <1.4Vand 3.0V < Vgas < 6.5 V}or{Vy 214V and Vgas open}®, Viy = Voyrrareen + 0.3 V,
Vourtrarcer) = 0.8 V, OUT connected to 50 Q to GND, Vegy = 1.1V, Coyr = 22 pF, Cygriss = 0 nF, Ce = 10 nF, and PG pin

pulled up to V,y with 100 kQ, unless otherwise noted.
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Figure 2. LINE REGULATION
(Vout(rarceT) = 0.8 V, ANY-OUT, Igyt = 5 MA, Vgjas = Open)
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Figure 4. LOAD REGULATION
(VOUT(TARGET) =0.8V, ANY-OUT, VlN =14V, VBIAS = Open)
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Figure 6. BIAS LINE REGULATION
(VOUT(TARGET) =0.8 V, ANY-OUT, VIN =11 V, IOUT =5 mA)
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Figure 3. LINE REGULATION
(VOUT(TARGET) =3.95V, ANY-OUT, loutr =5 MA, Vgjas = Open)
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Figure 5. LOAD REGULATION
(VOUT(TARGET) =3.95V, ANY-OUT, V|y=4.25V, Vgjas = Open)
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Figure 7. LOAD REGULATION
(VOUT(TARGET) =0.8 V, ANY-OUT, VIN =1.1 V, VBIAS =3 V)

(1) BIAS supply is required when the V,y supply is below 1.4 V. Conversely, no BIAS supply is needed when the V,y supply is higher than

orequalto 1.4 V.
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TYPICAL CHARACTERISTICS (continued)

AtT;=+25°C, {11V <V, <14Vand 3.0V < Vgus<6.5V}hor{V,y 214V and Vgas open}®, Viy 2 Vourrarcen + 0.3V,
Vourtrarcer) = 0.8 V, OUT connected to 50 Q to GND, Vegy = 1.1V, Coyr = 22 pF, Cygriss = 0 nF, Cee = 10 nF, and PG pin

pulled up to V,y with 100 kQ, unless otherwise noted.
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Figure 8. LOAD REGULATION
(VOUT(TARGET) =08V, Adjustable, Vin=1.1V, Vgas = 6.5 V)
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Figure 10. LINE REGULATION
(Vout(rarcer) = 5V, Adjustable, loyt =5 MA, Vgias = Open)
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Figure 12. LOAD REGULATION
(VOUT(TARGET) =5V, Adjustable, VIN =53V, VBIAS = Open)
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Figure 9. LINE REGULATION
(VOUT(TARGET) =08V, Adjustable, loutr =5 MA, Vgjas = Open)
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Figure 11. LOAD REGULATION
(VOUT(TARGET) =08V, Adjustable, Vin=14V, Vgias = open)
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Figure 13. DROPOUT VOLTAGE vs OUTPUT CURRENT
(VIN =1.4V YV, ANY-OUT, VBlAS = Open)
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TYPICAL CHARACTERISTICS (continued)

AtT;=+25°C, {11V <V, <14Vand 3.0V < Vgus<6.5V}hor{V,y 214V and Vgas open}®, Viy 2 Vourrarcen + 0.3V,
Vourtrarcer) = 0.8 V, OUT connected to 50 Q to GND, Vegy = 1.1V, Coyr = 22 pF, Cygriss = 0 nF, Cee = 10 nF, and PG pin
pulled up to V,y with 100 kQ, unless otherwise noted.
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> 200
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100
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Figure 14, DROPOUT VOLTAGE vs OUTPUT CURRENT
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(VlN =55 V, ANY-OUT, VBlAS = Open)
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Figure 16. DROPOUT VOLTAGE vs INPUT VOLTAGE
(lout =2 A, ANY-OUT, Vgjas = Open)
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Figure 18. DROPOUT VOLTAGE vs BIAS VOLTAGE
(IOUT =2 A, ANY-OUT, VIN =11 V)
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Figure 15. DROPOUT VOLTAGE vs INPUT VOLTAGE
(IOUT =05 A, ANY'OUT, VBlAS = Open)
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Figure 17. DROPOUT VOLTAGE vs BIAS VOLTAGE
(lout = 0.5 A, ANY-OUT, Vjy = 1.1 V)
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Figure 19. GROUND CURRENT vs INPUT VOLTAGE

(Vout(rarcer) = 0.8 V, ANY-OUT, loyr =5 mA, Vgjas = Open)
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TYPICAL CHARACTERISTICS (continued)

AtT;=+25°C, {11V <V, <14Vand 3.0V < Vgus<6.5V}hor{V,y 214V and Vgas open}®, Viy 2 Vourrarcen + 0.3V,
Vourtrarcer) = 0.8 V, OUT connected to 50 Q to GND, Vegy = 1.1V, Coyr = 22 pF, Cygriss = 0 nF, Cee = 10 nF, and PG pin

pulled up to V,y with 100 kQ, unless otherwise noted.

5
—40C s 0C
4 | =+25C +85C
3 —_— |
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£
o
=2
1
0
0 1 2 3 4 5 6 7

Bias Voltage (V)

Figure 20. GROUND CURRENT vs BIAS VOLTAGE
(VOUT(TARGET) =0.8 V, ANY-OUT, IOUT =5 mA, VlN =11 V)
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Figure 22. GROUND CURRENT vs OUTPUT CURRENT
(Vout(rarceT) = 0.8 V, ANY-OUT, Viy = 1.1V, Vgias =3 V)
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Figure 24. SHUTDOWN CURRENT vs BIAS VOLTAGE
(Vout(rarcer) = 0.8 V, ANY-OUT, V|y = 1.1V)
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Figure 21. GROUND CURRENT vs OUTPUT CURRENT
(VOUT(TARGET) =0.8V, ANY-OUT, V|N =14V, VBlAS = Open)
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Figure 23. SHUTDOWN CURRENT vs INPUT VOLTAGE
(Vout(rarcer) = 0.8 V, ANY-OUT, Vgjas = Open)
10
9
8
7
< 6
= 2
z 5
2
B 4
3 — 40T 0T
2 e $25C e +85C
1
e +125C
0
0 1 2 3 4 5 6 7

Input Voltage (V)

Figure 25. SOFT-START CURRENT vs INPUT VOLTAGE
(Vout(rarcer) = 0.8 V, ANY-OUT, Vgias = Open)
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TYPICAL CHARACTERISTICS (continued)

AtT;=+25°C, {11V <V, <14Vand 3.0V < Vgus<6.5V}hor{V,y 214V and Vgas open}®, Viy 2 Vourrarcen + 0.3V,
Vourtrarcer) = 0.8 V, OUT connected to 50 Q to GND, Vegy = 1.1V, Coyr = 22 pF, Cygriss = 0 nF, Cee = 10 nF, and PG pin

pulled up to V,y with 100 kQ, unless otherwise noted.

5
4
3 e
— —
< /
3
2
e -40C +25C
1
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0 0.3 0.6 0.9 1.2 1.5

Output Voltage (V)

Figure 26. CURRENT LIMIT vs OUTPUT VOLTAGE
(VOUT(TARGET) =1.5V, ANY-OUT, V|N =18V, VBlAS = Open)
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e— +1 25T
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Figure 28. CURRENT LIMIT vs OUTPUT VOLTAGE
(Vout(rarceT) = 0.8 V, ANY-OUT, Viy = 1.1V, Vgias =3 V)
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Figure 30. INPUT UVLO THRESHOLD vs TEMPERATURE
(Vout(rarcer) = 0.8 V, ANY-OUT, Vgjas = 3.0 V)
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Figure 27. CURRENT LIMIT vs OUTPUT VOLTAGE
(VOUT(TARGET) =3.95V, ANY-OUT, VlN =425V, VBlAS = Open)
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Figure 29. CURRENT LIMIT vs OUTPUT VOLTAGE
(Vout(rarcer) = 0.8 V, ANY-OUT, Viy = 1.1V, Vgjas = 6.5 V)
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Figure 31. INPUT UVLO THRESHOLD vs TEMPERATURE
(Vout(rarcer) = 0.8 V, ANY-OUT, Vgias = Open)
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TYPICAL CHARACTERISTICS (continued)

AtT;=+25°C, {11V <V, <14Vand 3.0V < Vgus<6.5V}hor{V,y 214V and Vgas open}®, Viy 2 Vourrarcen + 0.3V,
Vourtrarcer) = 0.8 V, OUT connected to 50 Q to GND, Vegy = 1.1V, Coyr = 22 pF, Cygriss = 0 nF, Cee = 10 nF, and PG pin

pulled up to V,y with 100 kQ, unless otherwise noted.

3
pes b L | L[|
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Figure 32. BIAS UVLO THRESHOLD vs TEMPERATURE
(VOUT(TARGET) =0.8 V, ANY-OUT, V|N =11 V)
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Figure 34. ENABLE THRESHOLD vs TEMPERATURE
(Vout(rarceT) = 0.8 V, ANY-OUT, Viy = 6.5 V, Vgjas = Open)
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Figure 36. PG LOW VOLTAGE vs PG CURRENT
(Vout(tarceT) = 0.8 V, ANY-OUT, V| = 6.5 V, Vgjas = Open)
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Figure 33. ENABLE THRESHOLD vs TEMPERATURE
(VOUT(TARGET) =0.8V, ANY-OUT, V|N =14V, VBlAS = Open)
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Figure 35. ENABLE CURRENT vs TEMPERATURE
(Vout(rareeT) = 0.8 V, ANY-OUT, V|y = Ven = 6.5V, Vpjas =

Open)
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Figure 37. PG LOW VOLTAGE vs PG CURRENT
(Vour(rarcer) = 0.8 V, ANY-OUT, Viy = 1.4V, Vgjas = Open)
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TYPICAL CHARACTERISTICS (continued)

AtT;=+25°C, {11V <V, <14Vand 3.0V < Vgus<6.5V}hor{V,y 214V and Vgas open}®, Viy 2 Vourrarcen + 0.3V,
Vourtrarcer) = 0.8 V, OUT connected to 50 Q to GND, Vegy = 1.1V, Coyr = 22 pF, Cygriss = 0 nF, Cee = 10 nF, and PG pin
pulled up to V,y with 100 kQ, unless otherwise noted.

95 95
04 Low-to-High 04 e |_OW-t0-High
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40 -25 -10 5 20 35 50 65 80 95 110 125 40 -25 -10 5 20 35 50 65 80 95 110 125
Temperature (°C) Temperature (°C)
Figure 38. PG THRESHOLD vs TEMPERATURE Figure 39. PG THRESHOLD vs TEMPERATURE
(VOUT(TARGET) =0.8V, ANY-OUT, V|N =65V, VBlAS = Open) (VOUT(TARGET) =0.8V, ANY-OUT, V|N =14V, VBlAS = Open)
1 100
0.75 %0
80
0.5
70
~ 0% g 60 .
3 S =
S @ 50
£ :
-0.25 a 40
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( Figure 40. PG CURRENT vs TEMPERATURE ( Figure 41. POWER-SUPPLY REJECTION vs CURRENT
Voutrarcet) = 0.8 V, ANY-OUT, V|y = Vpg = 6.5V, Vgjas = Voutrarcer) =3.3 V, ANY-OUT, V|y = Vey = 3.8 V, Vgjas =
Open}) 8 en, ¢ Cout = 22 MF, Cypss = Crr = 10 nF)
100 100
90 90
80 80
70 % 70 y S\ s
o 60 \ _ = o 60 ™M
s "N g =N\
% 50 — g S0 ~
40 n 20 H o N -
& 30 e CNr = 0 NF o Vin=14V
30 1 Vin =15V
20 Cnr=10nF 1
20 Vin=2V
0} ——cnr=100nF 10 H Vin=3V
0 0
10 100 1k 10k 100k M 10 100 1k 10k 100k M
Frequency (Hz) Frequency (Hz)
Figure 42. POWER-SUPPLY REJECTION vs CNRISS Figure 43. POWER-SUPPLY REJECTION vs
(VoutarceT = 3- 3V, ANY-OUT, V VB|AS = INPUT VOLTAGE
8pen ouT — =1. 5 A, COUT = 2£\‘[IF EFF = 10 n (VOUT(TARGE‘Ia_ 1. 2 V, ANY-OUT, VB s = Open lOUT =15A,
= 22 WF, Cyriss = Crr = 10 nF)
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TYPICAL CHARACTERISTICS (continued)

AtT;=+25°C, {11V <V, <14Vand 3.0V < Vgus<6.5V}hor{V,y 214V and Vgas open}®, Viy 2 Vourrarcen + 0.3V,
Vourtrarcer) = 0.8 V, OUT connected to 50 Q to GND, Vegy = 1.1V, Coyr = 22 pF, Cygriss = 0 nF, Cee = 10 nF, and PG pin
pulled up to V,y with 100 kQ, unless otherwise noted.
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Vo=3.95V| Vqo;r=0.8V, Vygise = 6 HWVWgrus e Cnr = 0 nF Cyr = 0 NF, Vyoise = 20 pVgys
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Vo=33V Vour =3.95V, Vyoisg = 11 UVgys Cnr=10nF Cir = 100 nF, Vyoise = 8 WVgys
BWgwsnoise (10Hz, 100kHz) BW gusnoise (10Hz, 100kHz)
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Figure 44. SPECTRAL NOISE DENSITY vs Figure 45. SPECTRAL NOISE DENSITY vs Cyriss
OUTPUT VOLTAGE (Vi =38V, VO”T(EAKGE =3.3V, ANY-OUT, Vs = Open,
(Vin= VOUE(%RSET) +0.5V, ANY-OUT, Vgjas = Open lout = lout out = 22 WF, Cee = 10 nF)
1.5 A Cour = 22 pF, Cyrsss = Crr = 10 nF)
1000 r .
e Cff = 0 NF Crr = 0 NF, Vyoise = 18 WVrys g 1
100 | Cre =10 nF, Vyoise = 10 WVpys 3 E
Cff =10 nF Cre = 100 nF, Vyoise = 8 UVrus F 1
BW pysnorse (L0Hz, 100kHz) PG (1V/div) 3
§ 10 [ e——=cff=100nF ; :
= F ]
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8 “\\\ - ]
2 o1 . | E
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- Co=22uF 7
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( Figure 46. SPECTRAL NOISE DENSITY vs Csg/nr Figure 47. LOAD TRANSIENT RESPONSE
Vin=3.8YV, VOU (TARGET) 3.3V, ANY-OUT, Vgias = Open,
lout = 1.5 A, 8OUT =22 pF, Cyriss =100

EN (0.5V/div)

EN (0.5V/div)

Vour (200 mV/div) ] weiar 14 Vo r (200 mV/div) Vneiay
PG (200 mV/div) ‘ ‘ ‘ ‘ a-or | 1 PG (200 mV/div) tourost
Time (20us/div) Time (500 us/div)
Figure 48. START-UP (Cyg = 0 nF) Figure 49. START-UP (Cyg = 10 nF)
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TYPICAL CHARACTERISTICS (continued)
AtT;=+25°C, {11V <V, <14Vand 3.0V < Vgus<6.5V}hor{V,y 214V and Vgas open}®, Viy 2 Vourrarcen + 0.3V,
Vourtrarcer) = 0.8 V, OUT connected to 50 Q to GND, Vegy = 1.1V, Coyr = 22 pF, Cygriss = 0 nF, Cee = 10 nF, and PG pin
pulled up to V,y with 100 kQ, unless otherwise noted.

I 1 I I I | ]
Viy=14Vto6Vto1.4Vat1Vis ]
Vour = 0.8V, Cyg = Cgg = 10 nF [
lo=2A]
A\, ]
Vour : M I
(20 mv/div) | I
Vin
(2 vidiv) F
Time (5ps/div)
Figure 50. LINE TRANSIENT
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APPLICATION INFORMATION
TYPICAL APPLICATION CIRCUIT

Output voltage is set by grounding the appropriate control pins, as shown in Figure 51. When grounded, all
control pins add a specific voltage on top of the internal reference voltage (Vggr = 0.8 V).

For example, when grounding the 400-mV pin, the voltage value of 400 mV is added to the 0.8-V internal
reference voltage for Voyrpowm €qual to 1.2 V; alternatively, when grounding the 200 mV pin, the voltage value of
200 mV is added to the 0.8-V internal reference voltage for Voyrnomy €qual to 1.0 V, as described in Equation 1
and Equation 2.

above 1.4V 11VsVys14V
* IN PG IN PG
L. TPS7A8300 I c TPS7A8300
I IN IN
L 12V = 0.8 Veer L 1.0V = 0.8 Vier
- +400 mV - +200 mV
. NR/SS out NR/SS ouT
Chriss SNS Cout Cnriss SNS Cout
L c €T €L S €T
- FF - = FF -
EN FB ——I_ EN FB _—I_
O— BIAS 1.6V [—0 T BIAS 16V —0
CBIASS
800mV ——0 1T 800mV ——0
GND 400mV GND 400mvV —o0
50mV 100mV 200mV 50mV  100mV 200mV
Typical Application Typical Application
V214V 11V<V, <14V
Figure 51. Maximize PSRR Performance and Minimize RMS Noise
Vournom = Vrer + 0.4V =08V +04V =12V (1)
Vourvom) = Vrer + 0.2V =08V +0.2V =10V (2)

ANY-OUT PROGRAMMABLE OUTPUT VOLTAGE

The TPS7A8300 does not require external resistors to set output voltage, which is typical of low-dropout voltage
regulators (LDOSs), but uses device pins 5, 6, 7, 9, 10, and 11 to program the regulated output voltage. Each pin
is either connected to ground (active) or is left open (or floating). ANY-OUT programming is set by Equation 3 as
the sum of the internal reference voltage (Vgrer = 0.8 V) plus the accumulated sum of the respective voltages
assigned to each active pin; that is, 50 mV (pin 5), 100 mV (pin 6), 200 mV (pin 7), 400 mV (pin 9), 800 mV (pin
10), or 1.6 V (pin 11). Table 1 summarizes these voltage values associated with each active pin setting for
reference. By leaving all program pins open, or floating, the output is thereby programmed to the minimum
possible output voltage equal to Vggg.

Vour = Vrer + (2 ANY-OUT Pins to Ground)

3
Table 1. ANY-OUT Programmable Output Voltage
ANY-OUT PROGRAM PINS (Active Low) ADDITIVE OUTPUT VOLTAGE LEVEL
Pin 5 (50 mV) 50 mV
Pin 6 (100 mV) 100 mV
Pin 7 (200 mV) 200 mVv
Pin 9 (400 mV) 400 mV
Pin 10 (800 mV) 800 mV
Pin 11 (1.6 V) 1.6V
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Table 2 shows a full list of target output voltages and corresponding pin settings. The voltage setting pins have a
binary weight; therefore, the output voltage can be programmed to any value from 0.8 V to 3.95 V in 50-mV
steps.

There are several alternative ways to set the output voltage. The program pins can be driven using external
general-purpose input/output pins (GPI10s), manually connected to ground using 0-Q resistors (or left open), or
hardwired by the given layout of the printed circuit board (PCB) to set the ANY-OUT voltage.

NOTE
For output voltages greater than 3.95 V, use a traditional adjustable configuration (see the
Adjustable Operation section).

Table 2. User-Configurable Output Voltage Settings

VOUTE{/A)RGEU 50mV | 100 mV | 200 mV | 400 mv | 800 mV | 1.6V VOUTE{/A)RGEU 50 mV | 100 mV | 200mV | 400mV | 800mV | 1.6V
0.80 Open Open Open Open Open Open 2.40 Open Open Open Open Open GND
0.85 GND Open Open Open Open Open 2.45 GND Open Open Open Open GND
0.90 Open GND Open Open Open Open 2.50 Open GND Open Open Open GND
0.95 GND GND Open Open Open Open 2.55 GND GND Open Open Open GND
1.00 Open Open GND Open Open Open 2.60 Open Open GND Open Open GND
1.05 GND Open GND Open Open Open 2.65 GND Open GND Open Open GND
1.10 Open GND GND Open | Open Open 2.70 Open | GND GND Open Open | GND
1.15 GND GND GND Open Open Open 2.75 GND GND GND Open Open GND
1.20 Open Open Open GND Open Open 2.80 Open Open Open GND Open GND
1.25 GND Open Open GND Open Open 2.85 GND Open Open GND Open GND
1.30 Open GND Open GND Open Open 2.90 Open GND Open GND Open GND
1.35 GND GND Open GND Open Open 2.95 GND GND Open GND Open GND
1.40 Open Open GND GND Open Open 3.00 Open | Open GND GND Open | GND
1.45 GND Open GND GND Open Open 3.05 GND Open GND GND Open GND
1.50 Open GND GND GND Open Open 3.10 Open GND GND GND Open GND
1.55 GND GND GND GND Open Open 3.15 GND GND GND GND Open GND
1.60 Open Open Open Open GND Open 3.20 Open Open Open Open GND GND
1.65 GND Open Open Open GND Open 3.25 GND Open Open Open GND GND
1.70 Open GND Open | Open GND Open 3.30 Open | GND Open Open GND | GND
1.75 GND GND Open Open GND Open 3.35 GND GND Open Open GND GND
1.80 Open Open GND Open GND Open 3.40 Open Open GND Open GND GND
1.85 GND Open GND Open GND Open 3.45 GND Open GND Open GND GND
1.90 Open GND GND Open GND Open 3.50 Open GND GND Open GND GND
1.95 GND GND GND Open GND Open 3.55 GND GND GND Open GND GND
2.00 Open Open Open GND GND Open 3.60 Open | Open | Open GND GND | GND
2.05 GND Open Open GND GND Open 3.65 GND Open Open GND GND GND
2.10 Open GND Open GND GND Open 3.70 Open GND Open GND GND GND
2.15 GND GND Open GND GND Open 3.75 GND GND Open GND GND GND
2.20 Open Open GND GND GND Open 3.80 Open Open GND GND GND GND
2.25 GND Open GND GND GND Open 3.85 GND Open GND GND GND GND
2.30 Open GND GND GND GND Open 3.90 Open GND GND GND GND GND
2.35 GND GND GND GND GND Open 3.95 GND GND GND GND GND GND
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ADJUSTABLE OPERATION

The adjustable version of the device has an output voltage range of 0.8 V to 5 V. The nominal output voltage of
the device is set by two external resistors, as shown in Figure 52.

Vin Qﬁ[ IN ouT ' O Vour
IN R, Vour
10 uF Where: ———— 25 pA, and
3 I EN Device FB l Ri+ R,

COUT

22 uF Vv
R, " Ry = Rz( VOUT - 1)
Cariss [ NR GND REF
10nF T_

Figure 52. Adjustable Operation for Maximum AC Performance

R; and R, can be calculated for any output voltage range using Equation 4. This resistive network must provide a
current equal to or greater than 5 yA for optimum noise performance.

V, Vv
R, =R OUT-1), where —2YT_ > 5 A
1 2( Vrer Ry + Ry 4)

If greater voltage accuracy is required, take into account the output voltage offset contributions because of the
feedback pin current and use 0.1% tolerance resistors.

Table 3 shows the resistor combination needed to achieve a few of the most common rails using commercially-
available, 0.1%-tolerance resistors to maximize nominal voltage accuracy while abiding to the formula shown in
Equation 4.

Table 3. Recommended Feedback-Resistor Values

VoOUT(TARGET) FEEDBACK RESISTOR VALUES®
\ R; (kQ) R, (kQ)

1.00 2.55 10.2
1.20 5.9 11.8
1.50 9.31 10.7
1.80 18.7 15

1.90 15.8 115
2.50 243 115
3.00 31.6 115
3.30 35.7 115
5.00 105 20

(1) Rjis connected from OUT to FB; R, is connected from FB to GND.

CAPACITOR RECOMMENDATION

The TPS7A8300 is designed to be stable using low equivalent series resistance (ESR) ceramic capacitors at the
input, output, and at the noise-reduction pin (NR, pin 13). Multilayer ceramic capacitors have become the
industry standard for these types of applications and are recommended, but must be used with good judgment.
Ceramic capacitors that employ X7R-, X5R-, and COG-rated dielectric materials provide relatively good
capacitive stability across temperature, whereas the use of Y5V-rated capacitors is discouraged precisely
because the capacitance varies so widely. In all cases, ceramic capacitance varies a great deal with operating
voltage and temperature and the design engineer should be aware of these characteristics. As a rule of thumb,
ceramic capacitors are recommended to be derated by 50%. To compensate for this derating, increase capacitor
size by 100%. The input and output capacitors recommended herein account for a capacitance derating of 50%.

18 Submit Documentation Feedback Copyright © 2013, Texas Instruments Incorporated
Product Folder Links: TPS7A8300


http://www.ti.com/product/tps7a8300?qgpn=tps7a8300
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SBVS197C&partnum=TPS7A8300
http://www.ti.com/product/tps7a8300?qgpn=tps7a8300

. TPS7A8300

13 TEXAS
INSTRUMENTS

www.ti.com SBVS197C —MAY 2013—-REVISED JULY 2013

Attention should be given to the input capacitance to minimize transient input droop during load current steps.
Input capacitances of 10 puF or greater provide the desired effect and do not affect stability. However, note that
simply using large ceramic input capacitances can also cause unwanted ringing at the output if the input
capacitor (in combination with the wire-lead inductance) creates a high-Q peaking effect during transients. For
example, a 5-nH lead inductance and a 10-uF input capacitor form an LC filter with a resonance frequency of
712 kHz that is near the edge of the control loop bandwidth. Short, well-designed interconnect leads to the up-
stream supply minimize this effect without adding damping. Damping of unwanted ringing can be accomplished
by using a tantalum capacitor, with a few hundred milliohms of ESR, in parallel with the ceramic input capacitor.

Input and Output Capacitor Requirements (C,y and Cgyr)

The TPS7A8300 is designed and characterized for operation with ceramic capacitors of 22 uF or greater at the
output and 10 pF at the input. Note especially that input and output capacitances should be located as near as
practical to the respective input and output pins.

Noise-Reduction and Soft-Start Capacitor (Cyr/ss)

The TPS7A8300 features a programmable, monotonic, voltage-controlled soft-start that is set with an external
capacitor (Cyr/ss)-This soft-start eliminates power-up initialization problems when powering field-programmable
gate arrays (FPGAS), digital signal processors (DSPs), or other processors. The controlled voltage ramp of the
output also reduces peak inrush current during start-up, minimizing start-up transients to the input power bus.

To achieve a linear and monotonic start-up, the TPS7A8300 error amplifier tracks the voltage ramp of the
external soft-start capacitor until the voltage exceeds the internal reference. The soft-start ramp time depends on
the soft-start charging current (Iyg/ss), the soft-start capacitance (Cygiss), and the internal reference (Vyrss)-
Soft-start ramp time can be calculated with Equation 5.

tss = (Vriss % Criss) / Inriss )

For low-noise applications, the noise-reduction capacitor (connected to the NR/SS pin of the LDO) forms an RC
filter for filtering out noise that might ordinarily be amplified by the control loop and appear on the output voltage.
For low-noise applications, a 10-nF to 1-pF Cyg/ss is recommended.

Feed-Forward Capacitor (Cgg)

Although a feed-forward capacitor (Cgg), from the FB pin to the OUT pin is not required to achieve stability, Tl
recommends using a 10-nF feed-forward capacitor in low-noise applications to maximize ac performance.

INTERNAL CURRENT LIMIT (I¢)

The internal current limit circuit is used to protect the LDO against high-load current faults or shorting events. The
LDO is not designed to operate at a steady-state current limit. During a current-limit event, the LDO sources
constant current. Therefore, the output voltage falls while load impedance decreases. Note also that when a
current limit occurs while the resulting output voltage is low, excessive power may be dissipated across the LDO,
resulting in a thermal shutdown of the output.

A foldback feature limits the short-circuit current to protect the regulator from damage under all load conditions. If
OUT is forced below 0 V before EN goes high, the device may not start up. In applications that function with both
a positive and negative voltage supply, there are several ways to ensure proper start-up:

« The TPS7A8300 should be enabled first and disabled last.

» Delaying the EN voltage with respect to IN voltage allows the internal pull-down resistor to discharge any
residual voltage at OUT. If a faster discharge rate is required, an external resistor from OUT to GND may be
used.

DROPOUT VOLTAGE (Vpo)

Generally speaking, the dropout voltage often refers to the voltage difference between the input and output
voltage (Vpo = Vin — VouT)- However, in the Electrical Characteristics, Vg is defined as the V|y — Vout voltage at
the rated current (Ixatep), Where the main current pass-FET is fully on in the ohmic region of operation and is
characterized by the classic Rpgon) Of the FET. Vpg indirectly specifies a minimum input voltage above the
nominal programmed output voltage at which the output voltage is expected to remain within its accuracy
boundary. If the input falls below this Vpg limit (V\y < Vout + Vpo), then the output voltage decreases in order to
follow the input voltage.
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Dropout voltage is always determined by the Rpsony Of the main pass-FET. Therefore, if the LDO operates below
the rated current, then the Vpo for that current scales accordingly. The Rpgony for the TPS7A8300 can be
calculated using Equation 6:

VDO

RATED (6)

Rosion) =

OUTPUT VOLTAGE ACCURACY

Output voltage accuracy specifies minimum and maximum output voltage error, relative to the expected nominal
output voltage stated as a percent. This accuracy error typically includes the errors introduced by the internal
reference and the load and line regulation across the full range of rated load and line operating conditions over
temperature, unless otherwise specified by the Electrical Characteristics. Output voltage accuracy also accounts
for all variations between manufacturing lots.

POWER-GOOD FUNCTION

The TPS7A8300 has a power-good function that works by toggling the state of the PG output pin. When the
output voltage falls below the PG threshold voltage (Virpg)), the PG pin open-drain output engages (low
impedance to GND). When the output voltage exceeds the Vg, threshold by an amount greater than Viygpg),
the PG pin becomes high-impedance. By connecting a pull-up resistor to an external supply, any downstream
device can receive PG as a logic signal. Make sure that the external pull-up supply voltage results in a valid logic
signal for the receiving device or devices. Use a pull-up resistor from 10 kQ to 100 kQ.

The power-good function is not valid when employing the feed-forward capacitor (Cgf).
START-UP

Enable (EN) and Undervoltage Lockout (UVLO)

The TPS7A8300 only turns on when both EN and UVLO are above the respective voltage thresholds. The UVLO
circuit monitors input and bias voltage (Vy and Vgas, respectively) to prevent device turn-on before V,y and Vgjas
rises above the lockout voltage. The UVLO circuit also causes a shutdown when V,y and Vgag falls below
lockout. The EN signal allows independent logic-level turn-on and shutdown of the LDO when the input voltage is
present. EN can be connected directly to V,y if independent turn-on is not needed.

Soft-Start and Inrush Current

Soft-start refers to the ramp-up characteristic of the output voltage during LDO turn-on after EN and UVLO have
achieved threshold voltage. The noise-reduction capacitor serves a dual purpose of both governing output noise
reduction and programming the soft-start ramp during turn-on.

Inrush current is defined as the current into the LDO at the IN pin during the time of the turn-on ramp up. Inrush
current then consists primarily of the sum of load and charge current to the output capacitor. This current is
difficult to measure because the input capacitor must be removed, which is not recommended. However, this
soft-start current can be estimated by Equation 7:

| - [COUT X dVOUT(t)] + [VOUT(t)]
ouT(Y) at

RLOAD

where:
e Vgyur(t) is the instantaneous output voltage of the turn-on ramp,
e dVgyur(t)/dt is the slope of the Vgt ramp, and
*  Ryoap is the resistive load impedance. ©)
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AC PERFORMANCE

LDO ac performance is typically understood to include power-supply rejection ratio, load step transient response,
and output noise. These metrics are primarily a function of open-loop gain and bandwidth, phase margin, and
reference noise.

Power-Supply Ripple Rejection (PSRR)

PSRR is a measure of how well the LDO control loop rejects ripple noise from the input source to make the dc
output voltage as noise-free as possible across the frequency spectrum (usually 10 Hz to 10 MHz). Even though
PSRR is therefore a loss in noise signal amplitude (the output ripple relative to the input ripple), the PSRR
reciprocal is plotted in the Electrical Characteristics as a positive number in decibels (dB) for convenience.
Equation 8 gives the PSRR calculation as a function of frequency where input noise voltage [Vsy)(f)] and output
noise voltage [Vsour)(f)] are understood to be purely ac signals.

VS(IN)(f) ]

PSRR (dB) = 20 Log;, [
S(OUT)(f)

®

Noise that couples from the input to the internal reference voltage for the control loop is also a primary
contributor to reduced PSRR magnitude and bandwidth. This reference noise is greatly filtered by the noise-
reduction capacitor at the NR pin of the LDO in combination with an internal filter resistor (Rss) for optimal
PSRR.

The LDO is often employed not only as a dc-dc regulator, but also to provide exceptionally clean power-supply
voltages that are free of noise and ripple to power-sensitive system components. This usage is especially true for
the TPS7A8300.

Load-Step Transient Response

The load-step transient response is the output voltage response by the LDO to a step change in load current,
whereby output voltage regulation is maintained. The worst-case response is characterized for a load step of
10 mA to 2 A (at 1 A per microsecond) and shows a classic critically-damped response of a very stable system.
The voltage response shows a small dip in the output voltage when charge is initially depleted from the output
capacitor and then the output recovers as the control loop adjusts itself. The depth of charge depletion
immediately after the load step is directly proportional to the amount of output capacitance. However, to some
extent, recovery speed is inversely proportional to that same output capacitance. In other words, larger output
capacitances act to decrease any voltage dip or peak occurring during a load step but also decrease the control-
loop bandwidth, thereby slowing response.

The worst-case off-loading step characterization occurs when the current step transitions from 2 A to 0 mA.
Initially, the LDO loop cannot respond fast enough to prevent a small increase in output voltage charge on the
output capacitor. Because the LDO cannot sink charge current, the control loop must turn off the main pass-FET
to wait for the charge to deplete, thus giving the off-load step its typical monotonic decay (which appears
triangular in shape).

Noise

The TPS7A8300 is designed, in particular, for system applications where minimizing noise on the power-supply
rail is critical to system performance. This scenario is the case for phase-locked loop (PLL)-based clocking
circuits (for instance, where minimum phase noise is all important), or in-test and measurement systems where
even small power-supply noise fluctuations can distort instantaneous measurement accuracy.

LDO noise is defined as the internally-generated intrinsic noise created by the semiconductor circuits alone. This
noise is the sum of various types of noise (such as shut noise associated with current-through-pin junctions,
thermal noise caused by thermal agitation of charge carriers, flicker noise, or 1/f noise that is a property of
resistors and dominates at lower frequencies as a function of 1/f, burst noise, and avalanche noise).

To calculate the LDO RMS output noise, a spectrum analyzer must first measure the spectral noise across the
bandwidth of choice (typically 10 Hz to 100 kHz in units of pV/YHz). RMS noise is then calculated in the usual
manner as the integrated square root of the squared spectral noise over the band, then averaged by the
bandwidth.
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Behavior when transitioning from steady dropout into regulation

When the device is in a steady dropout state (defined as when the device is in dropout, Viy < Vournom) + Voo,
right after being in a normal regulation state, but not during startup), the pass device is driven as hard as
possible, while the control loop is out of balance. During the normal time it takes the device to regain regulation,
Vin 2 Voutmom + Voo, Vour overshoots if the input voltage slew rate is 0.1 V/us or faster.

THERMAL INFORMATION

Thermal Protection

The TPS7A8300 contains a thermal shutdown protection circuit to turn off the output current when excessive
heat is dissipated in the LDO. Thermal shutdown occurs when the thermal junction temperature (T;) of the main
pass-FET exceeds +160°C (typical). Thermal shutdown hysteresis assures that the LDO again resets (turns on)
when the temperature falls to +140°C (typical). The thermal time-constant of the semiconductor die is fairly short,
and thus the output oscillates on and off at a high rate when thermal shutdown is reached until power dissipation
is reduced.

For reliable operation, the junction temperature should be limited to a maximum of +125°C. To estimate the
thermal margin in a given layout, increase the ambient temperature until the thermal protection shutdown is
triggered using worst-case load and highest input voltage conditions. For good reliability, thermal shutdown
should occur at least +45°C above the maximum expected ambient temperature condition for the 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 TPS7A8300 is designed to protect against thermal overload conditions.
The circuitry is not intended to replace proper heat sinking. Continuously running the TPS7A8300 into thermal
shutdown degrades device reliability.

Power Dissipation (Pp)

Circuit reliability demands that proper consideration be given to device power dissipation, location of the circuit
on the printed circuit board (PCB), and correct sizing of the thermal plane. The PCB area around the regulator
should be as free as possible of other heat-generating devices that can cause added thermal stresses.

Power dissipation in the regulator depends on the input-to-output voltage difference and load conditions. Py can
be calculated using Equation 9:

Pp = (Vour = Vin) % lour 9)

An important note is that power dissipation can be minimized, and thus greater efficiency achieved, by proper
selection of the system voltage rails. Proper selection allows the minimum input voltage necessary for output
regulation to be obtained.

The primary heat conduction path for the QFN (RGW) package is through the thermal pad to the PCB. The
thermal pad should be soldered to a copper pad area under the device. This pad area should then contain an
array of plated vias that conduct heat to any inner plane areas or to a bottom-side copper plane.

The maximum power dissipation determines the maximum allowable junction temperature (T;) for the device.
Power dissipation and junction temperature are most often related by the junction-to-ambient thermal resistance
(8;4) of the combined PCB and device package and the temperature of the ambient air (T,), according to
Equation 10.

Ty =Ta+ (0,0 x Pp) (10)
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Unfortunately, this thermal resistance (6;,) is highly dependent on the heat-spreading capability built into the
particular PCB design, and therefore varies according to the total copper area, copper weight, and location of the
planes. The 6;, recorded in the Thermal Information table is determined by the JEDEC standard, PCB, and
copper-spreading area and is to be used only as a relative measure of package thermal performance. Note that
for a well-designed thermal layout, 8;, is actually the sum of the QFN package junction-to-case (bottom) thermal
resistance (8;cpot) Plus the thermal resistance contribution by the PCB copper. When 0;cp; is known, one can
estimate the amount of heat-sinking area required for a given 8;,, refer to Figure 53. 8;cp0: Can be found in the
Thermal Information table.

120
100 \\
80
2
€ 60 \
< \
=]
40 ~ 0, (RGW)
T A
20
0
0 1 2 3 4 5 6 7 8 9 10

Board Copper Area (in2)
NOTE: 83, value at a board size of 9-in? (that is, 3-in x 3-in) is a JEDEC standard.
Figure 53. 0;, vs Board Size

Estimating Junction Temperature

The JEDEC standard now recommends the use of psi (W) thermal metrics to estimate the junction temperatures
of the LDO while in-circuit on a typical PCB board application. These metrics are not strictly speaking thermal
resistances, but rather offer practical and relative means of estimating junction temperatures. These psi metrics
are determined to be significantly independent of copper-spreading area. The key thermal metrics (W;r and W)
are given in the Thermal Information table and are used in accordance with Equation 11.

Vi Ty =T+ ¥ x Py

Wi T,=Tg +¥3x Py

where:
* Py is the power dissipated as explained in Equation 9,
e Ty is the temperature at the center-top of the device package, and

e Tgis the PCB surface temperature measured 1 mm from the device package and centered on the package
edge. (11)

BOARD LAYOUT

For best overall performance, place all circuit components on the same side of the circuit board and as near as
practical to the respective LDO pin connections. Place ground return connections to the input and output
capacitor, and to the LDO ground pin as close to each other as possible, connected by a wide, component-side,
copper surface. The use of vias and long traces to create LDO circuit connections is strongly discouraged and
negatively affects system performance. This grounding and layout scheme minimizes inductive parasitics, and
thereby reduces load-current transients, minimizes noise, and increases circuit stability.

A ground reference plane is also recommended and should be either embedded in the PCB itself or located on
the bottom side of the PCB opposite the components. This reference plane serves to assure accuracy of the
output voltage, shield noise, and behaves similar to a thermal plane to spread (or sink) heat from the LDO device
when connected to the PowerPAD™. In most applications, this ground plane is necessary to meet thermal
requirements.
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish ~ MSL Peak Temp Op Temp (°C) Device Marking Samples
I Drawing Qty 0) ®3) (4/5)

TPS7A8300RGRR PREVIEW VQFN RGR 20 3000 Green (RoHS CUNIPDAU Level-2-260C-1 YEAR -40 to 85 PA9Q
& no Sh/Br)

TPS7A8300RGRT PREVIEW VQFN RGR 20 250 Green (RoHS  CU NIPDAU  Level-2-260C-1 YEAR -40 to 85 PA9Q
& no Sh/Br)

TPS7A8300RGWR ACTIVE VQFN RGW 20 3000 Green (RoHS CUNIPDAU Level-2-260C-1 YEAR  -40to 125 PZGM Samples
& no Sh/Br)

TPS7A8300RGWT ACTIVE VQFN RGW 20 250 Green (RoHS  CU NIPDAU  Level-2-260C-1 YEAR  -40to 125 PZGM Samples
& no Sh/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.

@ Eco Plan - 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): TI'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.
@ 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.

Important Information and Disclaimer:The information provided on this page represents Tl'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
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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 Tl 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.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO
: |
© Bo W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
BO | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O Qf Sprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 I Q4 User Direction of Feed
[ 8
T
A
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
TPS7A8300RGWR VQFN RGW 20 3000 330.0 12.4 5.3 5.3 15 8.0 | 12.0 Q2

Pack Materials-Page 1
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INSTRUMENTS
www.ti.com 13-Aug-2013
TAPE AND REEL BOX DIMENSIONS
At
4
///
// S
/\g\‘ /}#\
. 7
~ . /
. T -
Tu e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS7A8300RGWR VQFN RGW 20 3000 367.0 367.0 35.0
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MECHANICAL DATA

RGW (S—PVQFN—=N20)

PLASTIC QUAD FLATPACK NO—-LEAD

¢“——

8

5,15

5

=l
(@3]

PIN 1

\\+
INDEX AREA —
TOP AND BOTTOM
A

f 0,20 REF.

t Tt
[©]0,08] 0,05
0,00
0,65 0,65
0,45 1
wwuu@
20 ) THERMAL PAD |6
D) |
SIZE AND SHAPE
“SHOWN ON SEPARATE SHEET

N

O

Jc

2,60

anQnn

[
11 0,38
aH«zox @
<i

SEATING PLANE

4204100,/C 07 /11

NOTES:

All linear dimensions are in millimeters.

Dimension

This drawing is subject to change without notice.

ing and tolerancing per ASME Y14.5-1994.

The package thermal pad must be soldered to the board for thermal and mechanical performance.
See the additional figure in the Product Data Sheet for details regarding the exposed thermal pad features and dimensions.

Falls within JEDEC M0-220.

A
B.
C. Quad Flat pack, No—leads (QFN) package configuration
D
E
F

w3 TExas
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THERMAL PAD MECHANICAL DATA

RGW (S—PVQFN—-N20) PLASTIC QUAD FLATPACK NO—-LEAD

THERMAL INFORMATION

This package incorporates an exposed thermal pad that is designed to be attached directly to an external
heatsink. The thermal pad must be soldered directly to the printed circuit board (PCB). After soldering, the

PCB can be used as a heatsink. In addition, through the use of thermal vias, the thermal pad can be attached
directly to the appropriate copper plane shown in the electrical schematic for the device, or alternatively, can be
attached to a special heatsink structure designed into the PCB. This design optimizes the heat transfer from the
integrated circuit (IC).

For information on the Quad Flatpack No—Lead (QFN) package and its advantages, refer to Application Report,
QFN/SON PCB Attachment, Texas Instruments Literature No. SLUA271 This document is available at www.ti.com.

The exposed thermal pad dimensions for this package are shown in the following illustration.

PIN 1 INDICATOR

C 0,30 \

1 5
U U U U | — Exposed Thermal Pad
T 20 | rar
D) (-
3,15+0,10 ——|— — |1
D) (-
l 16 [ | 10
ANAN(NANA
15 "

[— 3,15+0,10—>

Bottom View

Exposed Thermal Pad Dimensions

4206352-2/K 12/12

NOTE: All linear dimensions are in millimeters

i3 TEXAS
INSTRUMENTS

www.ti.com


http://www.ti.com/lit/slua271

LAND PATTERN DATA

RGW (S—PVQFN—N20)

PLASTIC QUAD FLATPACK NO-LEAD

Example Board Layout

Example Stencil Design

(Note E)
— 164065 20x0,3 — s R
Note D —— U U U U Jj U 20x£).95
F RO15 _:J__o,; ]
C > o o0 o (G o (
— — — [ |
L Ol O O O | C_] 3 ss I D . C | 38 575
D 1] () w3 0.3 [
O O O PR ‘ )
nonon 1000
\I\‘D 38 NN . 3;5 ’
8 AN 575

0,125mm Stencil Thickness

68% Printed Solder Coverage
1Non Solder Mask Defined Pad
1

- e ~ N Center Pad Layout
e . Example (Note D)
Solder Mask Opening
(Note F) o
/ ( )
' 9x90,3 -/O f

Pad Geometry
(Note C)

(1)‘ 3 z@ 3,15
1,0

o O O

\ T a1 %% /

3,15

4207623 /F 12/12

These documents are available at

Customers should
Refer to IPC 7525 for stencil design considerations.

NOTES: A. All linear dimensions are in milimeters.

B. This drawing is subject to change without notice.

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

D. This package is designed to be soldered to a thermal pad on the board. Refer to Application Note, QFN
Packages, Texas Instruments Literature No. SLUA271 and also the Product Data Sheets
for specific thermal information, via requirements, and recommended board layout.
www.ti.com <http: //www.ti.com>.

E. Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release.
contact their board assembly site for stencil design recommendations.

F.  Customers should contact their board fabrication site for solder mask tolerances.

wi3 TExAs
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MECHANICAL DATA

RGR (S—PVQFN—N20)

PLASTIC QUAD FLATPACK NO—LEAD

3,65
« ,
3,35 E
15 | 1
|
16 ‘ 10
|
_ + 1 3,65
‘\\\ 3,35
20 6
Pin 1 Index Area /

Top and Bottom 1 5
¢ 0,20 Nominal
1,00 Lead Frame

r

0,00
Seating Height

j ? ‘ Seating Plane
0,05

0,30
0,18
0,10@]c[A]B]
©
0,06]|c
Bottom View 4210217 /A

04,/2009

All linear dimensions are in millimeters.

Dimensioning and tolerancing per ASME Y14.5M-1994.

This drawing is subject to change without notice.

QFN (Quad Flatpack No-Lead) package configuration.
The package thermal pad must be soldered to the board for thermal and mechanical performance.
See the Product Data Sheet for details regarding the exposed thermal pad dimensions.
Pin 1 identifiers are located on both top and bottom of the package and within the zone indicated.
The Pin 1 identifiers are either a molded, marked, or metal feature.
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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 JESDA48, 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.

Tl 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 Tl 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.

Tl 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 Tl 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 Tl 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, Tl 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 TI components are authorized for use in FDA Class Il (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.

Tl has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl 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

Tl 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
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